Univof 
Toronto 
Library 


Digitized  by  the  Internet  Archive 

in  2008  with  funding  from 

IVIicrosoft  Corporation 


http://www.archive.org/details/engineeringcontr43chicuoft 


Engineering  and  Contracting 


Devoted    to  the    Economics  of  Civil   Engineering  Design 
and  to  Methods  and  Costs  of  Construction 


VOLUME  XLIIl 


[xingitj 


January-June,  1915 


-*1 


0^ 


|£> 


K^ 


0- 


THE  MYRON  C.  CLARK  PUBLISHING  CO. 

608  South  Dearborn  St.,  Chicago,  III. 


Page  to  Date  Conversion  Table. 

Pages.  Date  of  Issue. 

1  to     20  inc Jan.       6- 

21  to     44  inc Jan.     13 

45  to     64  inc Jan.     20 

65  to     8S  inc Jan.     27 

S9  to  112  inc ■- Feb.      3 

11.3  to  13S  inc Feb.     10- 

139  to  160  inc Feb.     17 

161  to  186  inc Feb.     2t 

1 87  to  208  inc Mar.      3 

200  to  234  inc Mar.    10 

235  to  258  inc Mar.    17 

259  to  282  inc Mar.    24 

2S3  to  304  inc Mar.    31 

305  to  328  inc Apr.      7 

329  to  348  inc Apr.    14 

349  to  368  inc Apr.     21 

369  to  388  inc Apr.     28 

389  to  414  inc May      5 

415  to  436  inc May    12 

437  to  458  inc May    1» 

459  to  .480  inc May    26 

481  to  504  inc June      2 

505  to  526  inc June      » 

527  to  546  inc June    16 

547  to  566  inc June    23 

567  to  582  inc June   30 


I 


VOL.  XLIII,  JANUARY=JUNE,   1915 


N 


R  A   L.       I    N    D 


Aberdeen,    S.    D.,     Sewage    Disposal    Plant; 

Design,    Construction    and    Cost 

Abutments,    Bridge: 

Concrete;    Design 179,    270,    272. 

Concrete;     Geary,     Okla 

Concrete;  Reinforced,  Curves  for  Estimat- 
ing   Quantities 

Construction    Methods 

Design 31,  125.  179,  270,  272,  312, 

Reconstruction     Methods 

Accidents; 

Brass   and    Bronze   in   Water  Works    Con- 
struction;    Failures     of 

Dams;    Failures    and    Partial    Failures    in 

Pennsylvania,    Study    of 

Water     Main;      Failure     by     L.ongitudinal 

Compression    

Accounting: 

Municipal;    Inaccurate    Methods 

Water  Works;   Municipal;   Suggestions.... 

Acetylene    Torch,   Use   in  Wrecking 

Advertising    Pages    of    Technical    Journals; 

Value    to    Engineers 

Air    Compressors; 

Small    Portable 19,     261, 

Steam-Driven.    High-Speed,     Small    Com- 
pressor      

Air  Lift: 

Pumping  System  at  South  Orange,  N.   J.. 
Pumping  Systems;   Installation  and   Oper- 
ation      

Pumps:    Proper   Installation    of 

Air  Line   Junction.   Ohio..   Engine   Terminal 

of   L.    S.    &    M.    S.    Ry 

Akron,     Ohio;     Large    Capacity     Sand     and 

Gravel    Washing    Plant 

Alaskan    Railway    Commission 96, 

Alkali;   Effects  on  Concrete  Canal  Linings.. 
Alley  Impi'ovements;   Aj^sessments  for;   Dia- 
gram   for    Computing 

Alloys;     Non-Corrodible     Metallic,     Used     in 

Water   Works   Construction. ..  ..'57,    331. 

Alton,  111.,  Design,  Construction  and  Cost  of 

New   Sanitary   Sewerage   System 

Alum;     Manufacture     at     Columbus     Water 
Softening   and    Purification    Works.... 

American   Concrete   Institute 

American    Society    of    Civil    Engineers 

American  Water  Works  Association. ..  .283, 
Anchor  Block  for  Asphalt  Block  Pavement. 
Appraisal: 

City    Real     Estate 

Court  Decisions;    "Present  Value" 

Depreciation:  Can  Anything  New  be  Said 

.-^bout   It?    

Engineer's  Idea  of  Values  Confu.sed? 

Railway;     Prof.     Commons'     Criticism     of 

Engineers     

Railway:    Right    of    Way    Valuation:    Im- 
portant   Consider.ations     

Railway   Valuation;   Tangled   Theories  on. 

Water    Works;    Depreciation;     Estimating 

Accrued     481, 
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Appraisal:    (Continued.) 

Water   Works;    Inventorying   a   Plant 394 

Water  Works;  Paving  over  Water  Mains  532 
Water   Works;    Series    of   Articles    on 389 

Aqueducts; 

Catskill;      Alloys     Used      in     Construction 

Work     57,    331,  333 

Catskill;    Cement    Grout    Costs 22 

Catskill;    Laying   Narrows    Syphon 218 

Catskill;   Reinforced  Concrete  Posts  Used.   28'7 

Catskill;    Synthetic    Stone;    Use    of 340 

Catskill;   Use   of  Brass 57,  133 

Hartford,    Conn.,    Nepaug    Water    Supply; 

Design    and    Construction 23 

Los   Angeles;    City   Trunk    Line;    Connect- 
ing  to   Distribution    System 390 

Los  Angeles;  Concrete  Lining 136 

Los  Angeles;    Truth   About 65 

Los   Angeles;    Underestimated    Costs 161 

Winnipeg    Shoal   Lake;    Test    Borings 316 

Arches;    Reinforced  Concrete,   Three-Hinged 

Ribbed    Viaduct    211 

Arches;    Roof;   Design   of   Supports  and 558 

Arkansas  River;   Drainage  of  Bottom  Lands  490 

.-Vrmored    Wire    Rope 581 

Armory  at  University  of  Illinois;  End  Fram- 
ing   and    General    Features 141 

Asphalt: 

Block;     Analyses     of     Pavement    Laid     in 

Washington,    D.    C.    in    1914 43 

Block  Pavement;   Anchor   Block  for 503 

t:ost  of  Pavement,  Compared  with  Brick..   504 

Costs;    Resurfacing    Macadam    Walks 512 

Lining    Reservoir    273 

Melting  Point;  Cube  Method  of  Determin- 
ing      87.  167 

Mixing    Plant;    Portable 581 

Natural     Rock;     Water-proofing 81 

Purchase    on    Bituminous    Basis 85,  160 

Re-surfacing   Macadam    Walk;    Costs,    Lin- 
coln   Park,     Chicago 512 

Sheet;  Chicago;  Wearing  and  Cost  Data..   433 

Surface    Heater    for    Repairing 328 

Type    B,    or    Asphalt    Concrete,    Wearing 

Records     433 

Waterproofing;    Specifications    80 

Asphaltic   Concrete;    Analyses   of 43 

Assessments: , 

Paving;    Tftble    for    Computing 447 

Street  and   Alley  Improvements;   Diagram 

for    Computing    229 

Street     Imiirovements;     Methods     of    Two 

Iowa   Cities 344 

Water      Main      E.xtensions;      Methods      in 

IHiIuth      447 

Atlantic   City,    N.    J..   Cast   Iron   Force   Main 
Across   S.alt   Mar.sh.    Provision   Against 

Corrosion      77 

Austin    Nichols    Building,    New    York;    Con- 
struction   Methods     296 

Austin,  Texas;   New  Dam  and   Power  Plant 

459,    465,    492,  535 

Autobus    (see    "Motor   Vehicles"). 

Azuza    Hydrant     248 


B 

Bacteriology: 

Laboratory    Control   of   Small  Water   Sup- 
plies          56 

Sewage    Treatment    Tests 4 

Standard    for    Drinking     Water    Supplied 

by    Common    Carriers 77 

Baltimore.   Md. : 

Annual    Report   of   Water   Board 140 

Design  of  Loch  Raven  Dam 150 

Leakage   from   Cast  Iron   Mains 568 

Tests  on  Brass  Strainer  Plates  for  Water 

Filters     103 

Beams: 

Bending     Moments     and     Shears;     Tables 

for    Determining     335 

Concrete;  Burnt  Clay  as  Aggregate;  Tests  453 
Concrete;        Reinforced,        Comprehensive 

Charts    for   Designing 236,  239 

Continuous;    Simplified    Derivation    of    the 

Theorem    of    Three    Moments 27 

Design    of    Reinforced    Concrete    T-Beams 
and     Rectangular     Beams     with     Steel 

in    Compression     182 

Design      of      Simple,      Double      Reinforced 

Concrete    and    T-Beams 236,239 

Loads    and    Stresses 516 

Rein  forcement     517 

Tests;    M.    I.     T.    Buildings 515 

Belleville,  Wis.;  Reinforced  Concrete  Stand- 

plpe     332 

Berkeley.    Calif..    Methods    and    Results    of 

Making    Sewage    Gagings 547,565 

Bexar   County.     Texas.     Poor     Farm     Build- 
ing,    Construction    Camp 319 

Binders:    Bituminous    39 

Bituminous   Materials: 
Asphalt    (see   "Asphalt"). 

Binders:   Cementing  Value;   Tests 39 

Bituminous-Concrete     Pavement;     Wash- 
ington,   D.    C 325 

Carpets  for  Concrete  Roads;  Service  Tests 
at    Philadelphia    350 

Costs     of     Application;     Monroe     County, 

N.    T..    Roads 511 

Maintenance     of     Roads;     Use    of     Large 

Stone    Chips    460 

Purchase    of    Materials 85 

Tar-Concrete     Pavements:     Methods    and 

Mixtures     256 

Tar  or  Asphalt  Macadam,   Study  of  Chi- 
cago   Pavements    433 

Blacksmith    Shops    98 

Blasting: 

Boulrter-Rreaking  Tests;  Adobe  Shots  and 

Block-Holing     203 

Mine  Tunnel  in  Alaska 153 

Safety    in    Wrecking    Buildings 100 

Bloomfield    Bridge,    Pittsb\irt,-h.    Pa 6 

Bonds:     Re.ady    Sales,    Indication    of    Pros- 
perity       140 
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Book    Reviews: 
American  Sewerage  Practice;  Metcalf  and 

Eddy     387 

Concrete    Stone    Manufacture;    Whipple...   387 
Construction  of  Masonry  Dams;    Smith...   388 

Design    of    Steel    Bridges;     Kunz 387 

Engineering   Economics;    Fish 386 

Engineering  Office  Systems  and  Methods; 

Davies     386 

Land   Drainage ;    Parsons 388 

Masonry ;    Howe    386 

Panama  Canal,  The;  Bakenhus,  Knapp  & 

Johnson     386 

Plain    and    Reinforced    Concrete    Arches; 

Melan     386 

Practical  Irrigation  and   Pumping;   Flem- 
ing       387 

Preservation       of       Structural       Timbers; 

Weiss     386 

Regulation   of  Rivers;   Van   Orniim 64 

Scientific    Management;    Thompson 64 

Some    Consideration    Regarding   Cast   Iron 

and  Steel  Pipes;  Sharp 388 

Song   of    Service;    Mackintosh 64 

Structural  Design,   Volume  II.      Design   of 

Simple    .Structures;    Thayer 64 

Structural    Engineering;     Kirkham 64 

Structural     Engineer's     Handbook;      Ket- 

chum     64 

"Trautwine";     Spanish     Edition 415 

Tunneling;    Lauchli     387 

Use  of  W^ater  in  Irrigation;   Fortier 64 

Water  Works   Engineering;   Uren 387 

Working   Data    for    Irrigation    Engineers; 

Moritz    388 

Bookkeeping   (see    "Accounting"   and    "Cost 
Keeping"). 

Boom   Swinger;    Reversing   Gear 327 

Borings;    Test,    Winnipeg   Aqueduct 316 

Boston,  Mass.,  Experiences  in  Metering  City  425 
Boulder    BreaJting;     Comparative    Tests    of 

Mud    Capping  and   Block  Holing 203 

Brasses  and  Bronzes  Used  in  Water  Works 

Construction   57,  331,  333 

Brick: 

Paving;    Flat    Laid    374 

Paving;   Illinois  Highways;    Notes  on  Ma- 
terials        254 

Paving;    Vertical   Fibre 406 

Paving;    Vitrified    345 

Pavement;   Asphalt  Costs  Compared  With  504 
Pavement;    Chicago;    Service    Records   and 

Costs     433 

Pavement  Costs.. 61,  345.  374.  406,  433,  471,  504 
Pavement;    Flat    Laid,    on    Thin    Concrete 

Base     374 

Pavement    on    Old    Gravel    Road    Founda- 
tion;   Lincoln    Highway 546 

Pavement;    Trench    Work    for   Wire    Con- 
duits.   Costs     504 

Pavement;   Trenching  Through.   Costs.. 61,  504 
Road  Construction  in  Illinois;  Features  of  159 

Roads;     Costs;     Illinois 471 

Roads:    Reduction    of    Cost 374,406 

Vertical    Fiber;    Costs    of    Paving 406 

Vitrified;  Pavement;  Price  of,  in  Illinois..  345 

Bridges : 

Abutments;    Concrete    

125,   179,   270,   272.   312,   398 

Abutments;    Design    and    Construction... 

6,   31,    125,   179,   270.    272,   312,  497 

Abutments;    Estimating    Quantities 125 

Abutments;    Reconstruction   Methods 360 

Arched;  Concrete 122,  211,  217 

Bascule;  Counterweight  Pits;  Waterproof- 
ing          81 

Beams:    Continuous;    Theorem    of    Three 

Moments   27 

Beams:    Design    182 

Bloomfleld;  Pittsburgh;  Construction  Fea- 
tures   of    6 

Bridal  Veil,  Multnomah  County,  Oregon..  123 

Caissons    397 

Cantilever    7,   271.   312,  496 

Columbia  Highway    Oregon;   Design  Fea- 
tures of  Various   Types 121 

Concrete;     Highway;     Design;     Standard- 
ization   of     268 

Concrete;  Highway;   Permanency  of  Light 

Sectioned     259 

Concrete;    Reinforced    Cantilever    312 

Concrete;    Reinforced;  Columbia  Highway, 

Oregon     121 

Concrete:   Reinforced.  Deck  Slabs;  Stand- 
ard  Types   for   Railroads    ' 29 

Concrete;    Reinforced;    Design    of    Canti- 
lever      271 

Concrete:         Reinforced;         Three-Hinged 

Arched     211 

Construction   Plant  and  Equipment 7,  210 

Costs;    Reinforced   Concrete 180,  217 

Crown    Point   Viaduct,    Multnomah   Coun- 
ty.   Ore 122 

Culvert   Pipe    Piers 579 

Design;    Abutments    

6.   31,  125.  179,   270,  272,   312,  497 

Design;    Cantilever     271,  496 

Design;   Columbia  Highway   TjTJes 121 

Design;    DetaiUng;   Importance  of 114 

Design:    Floor    System : 8.    313,498 

Design;  Highway;   Concrete;  Iowa  Stand- 
ards        268 

Design:    Illinois   Highway   Standards 124 

Design;  Reinforced  Concrete  Deck  Slabs..     29 

Design:  Reinforced   Concrete   Viaduct 211 

Design;    Substructure 125,   179,   211,  269.  272 


Bridges:    (Continued.) 
Design;   Superstructure.  .124,   179,  211,    269,  272 
Designing  Reinforced  Concrete  Slabs  Sub- 
jected  to   Bending   and   Compression..   454 
East  Kansas  Avenue,  Kansas  City,  Kan..   496 
Estimating    Curves    for   Highway;    Illinois 

Standards     123 

E.xcavation    for    Foundations 6 

Floor  System;  Unusual  Type  of  Construc- 
tion        541 

Floors;    Girder    Spans 498 

Floors;    Methods   of   Waterproofing 399 

Floors;    Reinforced    Concrete   Design 179 

Floors;   Reinforced     Concrete     for     Beam 

Spans    313 

Floors;  Standards  for  Illinois  Steel  High- 
way Bridges    8 

Foundations;    Pile    6 

Foundations;    Subsoil   Conditions 497 

Girder      Spans,      Erection      Methods      and 

Equipment    Used    539 

Highway;  Columbia  River  Crossings;  Dif- 
ficulties  of    528,  540 

Highway;  Design  of  Concrete;  Standard- 
ization  of    Iowa   Commission 268 

Highway;    Illinois;    Estimating    Curves....  123 
Highway;     Illinois;     Standard    Floors     for 

Steel    8 

Highway;  Light-Sectioned  Concrete,  Per- 
manency       259 

Highway;  Oregon;  Types  Along  Colum- 
bia   River     121 

Highway;  Pennsylvania  Standards 32 

Highway;    Wisconsin    457 

Illinois;    Standards     for    .Floors     of     Steel 

Highway  Bridges    8 

La    Tourelle,    Oregon    121 

Legislation    Affecting   Work;    Dangerous..   162 

Loads   and    Stresses 122,   212.   271,  497 

Main  Street  Viaduct,  Fort  Worth,  Texas.  211 

Materials;    Quantities    and    Cost 8 

McKinley  Ford.   La  Salle  County,   lUinois.   179 
Milwaukee,   Wis.,   C.   &  N.   W.    Ry.    Swing 

Span;    Shifting    ■ 356,359 

Pacific  Highway  Interstate;  Over  Colum- 
bia River    528,   540,  576 

Painting;    Estimating  Costs 33 

Pennsylvania     Avenue     Viaduct,     Kansas 

City,    Mo 539 

Pennsylvania  Highway  Department;  In- 
structions   to    Bridge    Companies 79 

Pennsylvania  Highway  Department;  In- 
structions   to    Employes    32 

Pennsylvania;    Proposed    Legislation 162 

Piers 7,   31,   ISO,    212,  312,   356,   397,   498,  542 

Piers;    Construction    Methods 7 

Piers;    Corrugated    Culvert    Pipe 579 

Piers:   Design  of  Standard  Railroad 31 

Pile    Foundations    312,  542 

Piles;    Concrete,   Tests 6 

Piles;    Driving    Foundation 6 

Piles;   Reinforced   Concrete 272 

Pratt-Truss  Span,  Support  During  Abut- 
ment   Reconstruction     360 

Railing:    Reinforced    Concrete 122 

Railroad:     Reinforced    Concrete;    Data    on 

Types  and  Extent  of  Usage! 29 

Renewal  Under  Traffic,  Wheeling  &   Lake 

Erie    R.     R 314 

Retaining     Wall;     Plain     and     Reinforced 

Concrete;    Relative    Costs 457 

Retaining  W'alls,  Design 576 

Roadway    Paving    Base 8 

Runnymede  Avenue,   Cincinnati,   Ohio. 271,  312 
Shepherd's      Dell;       Multnomah       County, 

Oregon     122 

Shifting     Double     Track     Swing     Bridge, 

Milwaukee    356,  359 

Sidewalks:     Reinforced    Concrete 8 

South   Canadian    River.    Geary.    Okla 397 

Steel;    Erection    Features 7 

Steel:    Illinois    Highway   Standards 8 

Steel  Span,  Viaduct;  Kansas  City,  Kan...   49S 

Steel;    Waterproofing    Floors 399 

Supporting      During      Reconstruction      of 

Abutments     360 

Waterproofing  for  Solid  Steel-Floor;  Spec- 
ifications    for 79 

Waterproofing    of    Counterweight    Pits....     SI 
Wisconsin;  Work  of  Highway  Commission  457 
British    Columbia:    Cost    of    Topography    for 

Irrigation   "Work    3S4 

Brooklyn,  N.   T. : 

Granite   Block  Pavement;   Service  Tests..   158 
Measuring    Sewage    Flow 510 

Buckets: 

Dragline,  Brownhoist   580 

Dragline  Excavator   419,  580 

Grab:   Designed  for  Heavy  Service 232 

Building  Code;  New  Tork  City:  Procedure 
Adopted  to  Secure  Passage  of  Satis- 
factory        389 

Buildings: 

Armory:  End  Framing  for;  University  of 
Illinois    141 

Austin   Nichols,   New  Tork 296 

Beams:     Bending     Moment     and     Shears; 

Tables    for  Determining    335 

Beams:  Concrete:  Burnt  Clav  as  Aggre- 
gate;   Tests     453 

Beams:     Continuous:     Theorem     of    Three 

Moments:    Simplified    Derivation    of...     27 

Beams:    Design    182 

Beams;    Graphical   Method   for   Designing 

236.    239 

Beams;    Reinforced    Concrete.    Chart    for 

Designing    236.  239 

Bearing    Power    of    Soils,    Data    Requested 

460,  475 


Buildings:    (Continued.) 

Chicago    Hebrew   Institute 547,  558 

Chimney;  Reinforcement  of  Corroded  Iron 

with   Concrete    100 

Column    Piers    for   Western    Union    Tele- 
graph   Building,    New    York 428 

Concrete,  Reinforced;  Interesting  Example 

of   Construction    547,  558 

Concreting    Plant;    Mast    and    Boom 427 

Construction    Plant    Described 53,    296,  514 

Contracts;    Arbitration,   Provision   for 199 

Cost   Elements:    Data   on 101 

Costs  of  Different  Slab  Designs.  Relative.   517 

Costs ;     Structural    Framework 143 

Costs;    "Tower    of    Jewels 54 

Design;   Detailing;    Importance   of 114 

Design;    Factor    in    Edison   Fire 196 

Design;    Steel-Framed   Tower   of  Jewels..     47 
Edison  Fire;    Preliminary  Report. 145.    193,  196 

Engine  Houses;  Plan  of  Stalls  and  Pit 97 

Engine  Houses;  Principles  of  Design 300 

Engineers'    License    Law;    Illinois 299 

Excavation   of   Site;    Unit   Costs   and   Or- 
ganization   for     453 

Exposition  Structures;   Engineering  Data, 

Publishing    of    43,     47 

Factor  Costs  and  Specific  Data 101 

Factories;    Model   Structure 139,144 

Factories;   Treatment  of  Timber  Used  in.   563 

Factories;    Ventilation    Standards 519 

Fire  Protection,   Tower  of  Jewels 54 

Fires;    Edison:     Preliminary     Report 

145,     193,  196 

Floors:    Armory    142 

Floors;     Cinder     Concrete 301,379 

Forms    for   Concrete    Construction;    Metal 

Lap    Sheathing   for 18 

Foundations;    Tower    of    Jewels 52 

Heating,    Ventilating    and    Lighting    Sys- 
tems   Described     142,  144 

Loads    and    Stresses 516 

Machine     Shops 98,  262 

Massachusetts   Institute   of  Technology...  513 

Material   Piles   in   City    Streets 377 

Power  Houses    98,    287.535 

Quantity     Surveyor;     Ordinance     Proposed 

by  St.   Louis  Engineers'  Club 187.  341 

Quantity    Surveys:     Costs    and    Proposed 

Guarantee     349,  51S 

Reinforced    Concrete;    Fires    in 193 

Roofs;    Concrete  Arched    558 

Stadium;   Palmer  Memorial,  Princeton,  N. 

J..    Design   and   Construction   Features  472 
Structural     Engineers,     Proposed     Act     to 

License:    Illinois    243 

Synthetic     Stone     in     Catskill     Aqueduct 

Structures 340 

Tower  of  Jewels:  Panama  Exposition,  De- 
sign  and    Construction 45,     47 

Tower   of    Jewels,    Wooden    Framing 377 

Ventilating    Fans;    Data    on    Operation...   197 

Ventilation    Standards    for    Factories 519 

Wrecking:     Safe    Methods 98 

Bureaus;  Government:   Failure  of  Engineers 

to   Utilize   Information    Supplied   by. . .   369 
Burlington,  la. :    Design  and  Construction  of 

the    Market    Street    Flood    Channel 127 

Buses,   Motor   (see   Motor  Vehicles). 


Cableways    260 

Caissons: 

Bridge   at   Gear>-.    Okla 397 

Building   Foundations.    New   York 428 

Floating:   Reinforced  Concrete;  for  Marine 

Construction    548 

California: 

Road    Reconnaisance   and    the   Application 
of    Sound     Engineering    Principles    to 

Road    Location     258 

Roads:    State;    Methods   and   Cost   of  Con- 
structing  Nine    Miles    of    Concrete....   107 

Calking  of  Lead  Wool  Joints  in  Large   Gas 

Slains,    Pneumatic    520 

Camp    Arrangement    318,  417 

Canada:     Government     Railway;    High    De- 
velopment   Cost     369 

Canadian    Pacific     Railway    Irrigation    Pro- 
jects       345 

Canals: 

Costs;   Erie    139 

Costs;    Lining  with   Concrete 489 

Erie;     Enlargement     Exceeds     Estimated 

Cost     139 

Irrigation;   Abancloned,   Causes  of 339 

Irrigation:  Combined  Turn-out  and  Drop.   411 

Irrigation:   Concrete   Lining 71,    130,  489 

Irrigation:     Plaster    Lining 441 

Panama   (see   "Panama   Canal"). 
Cantiliver  Bridges   (see  "Bridges").  " 

Capacity,    Usage    of   Term 505 

Carlisle.    Pa..    Method    and    Cost    of    Street 

Oiling    in     613 

Carrollton,     111.,     Design.     Construction     and 

Cost  of  New  Sanitary  Sewer  System..   507 

Cars:    Koppel;    Industrial    Railway 322 

Cast     Iron     Pipe     

25.  27.  77.  149,  218,  424.  523,  529,  568 

Cast    Iron    Tunnel    Lining 90 

Catskill   Aqueduct: 

Alloys   Used    in   Construction 331.  333 

Brass  Used   in   Construction 57 

Cement  Grout,    Costs    22 

Defign  and  Cost  of  Concrete  Posts  Used.   287 

Laying    the    Narrows    Syphon 218 

Synthetic    Stone    Used   in   Buildings;   Data 

on     340 


Engineering   and    Contracting 


Caterpillar    Traction     114 

Cement-Gun    113 

Cement: 

Grouting     as     a     Method    of     Engineering 

Construction     21 

Grouting;    Costs    22 

Grouting;    Ejector;    Development   of 113 

Grouting;    Review    of    Recent   Practice....  21 

Handling   Sacks    116 

Los   Angeles  Aqueduct    65 

Mortar;    Tests   of    Temperature    Effects...  196 
Pennsylvania   Highway    Bridges   and    Cul- 
verts;   Standards    33 

Portland;    Production   in  United   States  in 

1914      2 

Cement   Show    96,    113,  139 

Champaign,     III. ;    Pushing     Water     Service 

Pipes    Under    Pavements 14 

Chicago    Hebrew     Institute 547,  558 

Chicago,  111.: 

Disposal  of  Wastes   from   the   Stockyards 

and   Packingtown    3S 

Laying  Submerged  Pipe  Line  Across  Lit- 
tle   Calumet    River    424 

Lincoln  Park  Macadam  Walks;   Resurfac- 
ing  with  Asphalt 512 

Meterage   and   Human   Rights 528 

Pavements;    Comparative   Study   Based   on 

Local     Conditions     432 

Pneumatic    Calking   of   Lead    Wool   Joints 

in    Large    Gas   Main 520 

Sewage    Treatment    Plant   at   Stockyards; 

Sampling   Effluents    83 

Wheel  Tax;    Legality  of 438 

Chicago    &    Northwestern    Swing    Bridge    at 

Milwaukee,    Shifting    356,359 

Chimney;    Iron;     Repaired    with    Reinforced 

Concrete     100 

Chlorine  and  Hypochlorite;  Water  Steriliza- 
tion       173 

Chlorine     Sterilization;     Liquid,     St.     Cath- 
arine's. Ont.,  Water  Supply ISS 

Chutes,    Concrete    

113,    235,    265.    298,    312,    474,    515,   562 

Cincinnati,  Ohio: 
Failure   of  60-in.    Water   Main   by   Longi- 
tudinal   Compression    14S 

High    Pressure   Fire   System;   Design  De- 
tails        529 

Runnymede   Avenue    Bridge    271,  312 

Cinder    Concrete    for    Floors 301,379 

Cipolletti   Weir    250 

City    Managers 92 

Cities'    Population,    Methods    of    Estimating 

Future     426 

Clarinda,  la..  Assessing  for  Street  Improve- 
ments        344 

Clay  Products,   (see  also  "Brick"): 

Burnt    Clay    as    Concrete    Aggregate 453 

Vitrified   Block   Sewer    361 

Vitrified    Brick    Paving 345 

Cleveland,  Ohio,  Traffic  Census 502 

Clothes    and    the    Engineer 305 

Cofferdams,    Wooden    428 

Columbia   Highway,    Oregon;    Types    of    Re- 
inforced   Concrete    Bridges 121 

Columbia     River;     Pacific     Highway     Inter- 
state  Bridge    528,    540,  576 

Columbus,   Ohio: 
Manufacture    of    Alum     at    Water     Soft- 
ening   and    Purification    Plant 448 

Results  of  Meterage,   Restriction   of  Lawn 

Sprinkling     190 

Columns; 
Concrete  Piers  for;   Western  Union  Tele- 
graph    Building     428 

Design;     M.     I.     T.     Buildings 517 

Footing  Plan;  Chicago  Hebrew  Institute..   559 

Reinforced    Concrete;    Edison    Fire 196 

Commission-Manager    Form    of    City    Gov- 
ernment          92 

Commons,   Prof.   John   R.,   Criticism   of  En- 
gineers       284 

Compressor  Plants   19,   261,  410 

Concrete: 

Abutments 125,    179,    270,    272,    312,398 

Aggregate;    Selection   of 119 

Ancient   Block   at   Cement   Show 96 

Aqueducts;   Defects  of  Los  Angeles 65 

Asphaltic;   Analyses  of    43 

Atomizer     199 

Beams;     Comprehensive     Chart     for     De- 
signing      236,  239 

Beams;     Reinforced,     Design     of     Simple, 

Double-Reinforced   and   T-Beams..236,  239 
Beams;    Reinforced    T-    and    Rectangular; 

Design    of    182 

Bituminous;    Pavements    in    Washington, 

D.     C 326 

Bridges;    Highway;    Light-Sectioned 259 

Bridges;  Pennsylvania  State  Highway  De- 
partment   Standards     32 

Bridges;  Reinforced;  Cantilever  Type;  De- 
sign      271.  312 

Bridges;    Reinforced,   Deck  Slabs 29 

Bridges;     Reinforced;     Estimating     Quan- 
tities;   Diagram     124 

Bridges;         Reiinjforcod;         Three- Hinged, 

Ribbed    Arches    211 

Bridges;  Reinforced;  Types  and  Extent  of 

Usage     on     Railroads 29 

Bridges;    Reinforced;    Types   on   Columbia 

Highway     121 

Bridges;    Reinforced,    McKinley   Ford,    La 

Salle    County,    111 179 

Buildings;  Hebrew  Institute,  Chicago 

547,  558 

Buildings  of  M.   I.    T 514 


Concrete:    (.Continued.) 

Buildings;    Reinforced;    Edison    Fire,    Re- 
port       193 

Buildings;   Reinforced;   Interesting  Exam- 
ple   of    Construction 547,558 

Burnt   Clay    as   Aggregate 453 

Caissons;    Reinforced,    Floating;    for    Ma- 
rine   Construction    548 

Canal  Lining    71,   130,  489 

Canal   Lining;   Details   of   Seventy  Irriga- 
tion   Ditches     130 

Chutes 113,    235.    265,    298,    312,    474,    515,  562 

Cinder,   Floor   Slabs;    Results   of  Tests 379 

Cinder;  Strength  and  Other  Properties,  for 

Floor   Construction    301 

Conduit;    Reinforced;    Stream    Enclosure..   126 
Conduits    and     Tunnels     of     Los     Angeles 

Water    Supply    Trunk    Line 391 

Conveyors  of  Materials;  Wear  of  Pipe  and 

Trough     235 

Corner    and    Joint    Bars    for 282 

Costs;    Irrigation   Canal  Lining 489 

Costs;    Mixing    and    Placing 137 

Costs;  Placing  by  Compressed  Air  Method  138 

Costs;    Pavement    345,  436 

Crushing  Plant;   Truck  Mounted  for  Small 

Scattered    Work    409 

Culverts;    Arch    and    Box   Type    of    Rein- 
forced;   Railroad    Standards 29 

Culverts;    Michigan    Standards 44> 

Culverts;   Mold  for  Precast  Block 581 

Culverts;    Pennsylvania   Highway   Depart- 
ment   Standards    32  . 

Curb;      Analysis      of      Construction,      New 

York    Suburbs    58 

Curb;    Costs    59 

Curb;   Integral;    Construction   Methods....  117 

Dams;    All-Concrete  vs.    Rubble 89 

Dams;    Austin,    Texas 459,    466,492 

Dams;    Coosa   River,    Ala 260 

Depositing    Under   Water 128 

Designing    Reinforced    Slabs    Subjected    to 

Bending    and    Compression 454 

Duration  of  Mixing.    Effect  on  Strength..     78 

Effects   of   Alkali    72 

Expansion    and    Contraction 73 

Factory;     Reinforced     144 

Floors   for   Steel  Highway  Bridges 9 

Frost    Action    on    Roads 367,  436 

Frostproofing   Admixture    112 

Frostprooflng;    Methods    and    Costs;    Rec- 
lamation  Service    346 

Gravel;    Effect   of  Proportions  on  Density  314 

Gravity    Conveyors    235 

Gutters,    Cost     544 

Header   Along   Rails;    Cost   of 545 

Headgate ;    Irrigation    383 

Iron     Chimney     Repaired     by     Reinforced 

Concrete     100 

Irrigation    Drops;     Reinforced;     Construc- 
tion   Methods    and    Costs 345 

Joints;  Tests   of  Adhesion  and  Resistance 

to    Sliding    367 

Lining   for   Irrigation    Canals;    Design   and 

Structural    Details     71 

Lining     Irrigation     Canals;     Methods    and 

Costs     130,  489 

Lining    Reservoir    273 

Mast    and    Boom    Plant    for    Mixing    and 

Placing    427 

Metal  Lap  Sheathing  for  Forms  for  Build- 
ing   Construction    18 

"Mixerette"      20 

Mixers;    Paving,    New    Types 326 

Mixers;     Pelton-Wheel    Driven 112 

Mixers,   Road;    Power  Driven  Distributing 

Spout    582 

Mixers:   Small  Batch,   Gasoline  Operated..   234 
Mixers:     Special    Road     Construction,     at 

Cement    Show    139 

Mixing  and   Placing  Equipment 

96,  108,  110,  111,  112,  113,  116,  138, 

199,  205.  235,  261,  296.  371,  428.  442.  474.  562 
Mixing,     Curing    and    Placing    with    High 

Pressure    Steam    199 

Mixing;    Development    of    Machinery    for 

Placing   and    116 

Mixing;    Duration  of.    Effect   on    Strength 

65,     78 

Mixing;    Illinois    Highway    Commission....  119 
Mixing;   Specification  Writing  for  Roads..   116 

Molding  and   Casting;    Growth   of   Use 113 

Monuments;   New  Form  of   Street;   Pitts- 
burgh,   Pa 574 

New    Processes   and    Appliances 113 

Paving    Materials:    Illinois    Highways.....  254 
Pavements;    Chicago;    Data    on    Life   and 

Costs     433 

Pavements;    Costs    in    Twenty    States    in 

1914     436 

Pavements;    Curing    118,120 

Pavements:   Frost  Action 436 

Pavements;    Illinois;    Price   of    345 

Pavements;    Repairing    After    Cutting    for 

Trenches     504 

Pavements;    Spacing   of   .Joints 407 

Pavements;      Split     Float      for     Finishing 

Jolnt.-^     546 

Pavements;     Tar- Concrete — Methods     and 

Mixtures     257 

Pelton-Wheel  Driven   Mixer 112 

Piles;  Design  and  Cost  for  Railroad  Work  452 
Piles:    Driving    and    Load    Tests;    Bridge 

.    Foundation    6 

Piles:   Reinforced;  Casting  and  Driving...  312 

Plant  and   Equipment   Described 138 

Pneumatic  Mixing  and  Placing  Machinery 

Posts    for    Guard    liails .' .'  106 

Post.s:   Reinforced:   Design  and   Costs 287 

Pumping    Station,     Reinforced;    Marshall, 

Texas     550 


Concrete:  (Continued.) 
Reinforced;  Iron  Chimney,  Repaired  by...  100 

Repairing  and    Patching   Methods 500 

Reservoir;    Montreal    138 

Reservoir;    Reinforced;    Design,    Construe- 

tion   and    Cost    ?=? 

Retaining  Walls,  Design ai6 

Retaining    Walls;    Plain    and    Reinforced; 

Relative   Costs    457,  497 

Roads       and       Pavements       Construction 

Methods     }l° 

Roads;     Bituminous    Carpets SaO 

Roads;  California;  Construction  and  Costs 

of    State    1*7 

Roads;    Carrying   Over    Trenches 504 

Roads;    Construction;    Practical    Kinks 114 

Roads;     Construction;     Tendency    Toward 

Refinement    of    Materials 482 

Roads;     Construction     Water    Supply    by 

Pumping     467 

Roads;    Costs;    Illinois 470 

Roads;      Estimating      Costs;      Milwaukee 

County,    Wisconsin    207 

Roads;    Frost    Action 367,  436 

Roads;  Handling  Materials.   New  Methods  113 

Roads;    Illinois;    Day    Labor 118 

Roads;     La    Salle    County,     Illinois;     Con- 
struction   Methods    and    Costs 109 

Roads;   Method  of  Estimating  Costs 446 

Roads;    Michigan    166 

Roads:    Oregon    203,  227 

Roads;   Reconstruction  of  Old  National...   227 
Roads;    Split   Float  for   Finishing  Joints..   546 

Roads ;    Steel    Side    Form 281 

Roads;     Testing    Aggregates;     New    York 

Highway    Commission    294 

Roads;  Two-Track  Construction  on  Curve 

on    Grade     513 

Roofs,    Arched,    Design 559 

Settling  Basin,    San  Diego.   Cal.,   Design..   137 
Sewer    Pipe;    Manufacturing    and    Laying, 

Philadelphia    245 

Sewer     Pipe;     Reinforced;     Circular     and 

Egg-Shaped;    Tests     307 

Sewer  Syphon  Under  Subway;  Reinforced.  128 
Sewer    Tunnel;     Reinforced,     Block,     Ed- 
monton.   Alta 361 

Sewers:    Reinforced:    Cost 400 

Shaft    Lining;    Modification   of    Shaft   De- 
sign       370 

Sidewalks;    Cutting     Holes     for    Lighting 

Posts     61 

Sidewalks;    Reinforced.    Bridges 8 

Slide  Rule  for  Computing  Reinforced  Con- 
crete   Slabs    and    Beams 281 

Standpipes:    Costs    331,  465 

Standpipes:      Design,      Construction      and 

Cost,    Data    and    Discussion 331 

Standpipes;  Reinforced;  Serviceableness  of  330 
Synthetic     Stone     in     Catskill     Aqueduct 

Structures    340 

Testing   Aggregates    294 

Tunnel    Lining    353,  371 

Tunnel  Lining;   Reinforced  Block   Type...   361 

Turbine    Ceasing;    Reinforced 586 

Viaduct:    Reinforced;    Fort  Worth.   Texas.   211 

Waterproofing:    Methods   and   Costs 346 

Water- Wheel-Driven  Mixer    112 

Conduits: 

Concrete;   Reinforced,   Enclosing  Stream..   126 

Cottonwood,  San  Diego.  Cal.,  Design  Fea- 
tures       136 

Design;    Hartford.    Conn.,    Nepaug    Water 

Supply    23 

Los    Angeles    Aqueduct    Connecting    Sys- 
tem      391 

Pickup  Tool  for  Recovering  Rods  or  Tools 
In    Underground     186 

Wire:    Cost   of   Trenching   Through    Brick 

Pavement     504 

Conservatism   and  Engineering  Progress....   506 
Construction  Camp;  Plan,  Arrangement  and 

Feeding   Costs   of   Small 318,  417 

Construction  Plant;  Machines,  Devices,  and 
Materials: 

Air  Compressor  of  High  Efficiency 525 

Air  Compressors:  Small  Portable 19 

Automatic    Control    Apparatus    for    Hy- 
draulic  Gate   Valves 408 

Boom   Swinger,    Improved   Reversing  Gear  327 

Bucket;   Dragline,   New  Form 580 

(Compressed   Air  Plant;   Portable 410 

(Concrete   Atomizer    199 

Concrete;  New  Processes  and  Appliances.   112 
(Concrete   Roads;    Ijabor   Saving  Devices..  114 

Cone    Bit    for    Rotary    Drilling 525 

(Corner  Bars  and  Joint  Bars  for  Concrete 

Con.struction     282 

Corrosion    Testing   Apparatus     for     Metal 

Tubing     582 

Crane:    Electric- Steam   Tunnel    184 

Cru.shlng  Plant;  Truck  Mounted,  tor  Scat- 
tered   Concrete    Work    409 

Culvert;  Mold  for  Precast  Concrete  Block  581 

Dam:    (Coosa   River,    Alabama 260 

Derrick:     Portable    Circle    Swing 477 

Drag  Line  Kxcavator,   New  Type Ill 

Drag  I,ine   Excavator,  Oglesby 417 

Drag   Line  Kxcavator;   Sectional  Planking 

or   Track    for    154 

Dredge.      Klootric     Hydraulic,      Cuyahoga 

River    Improvements    110 

Drill   Making   and    Sharpening  Machine. . .   475 

Drill    Rig    and    Hollow    Piston    Drill 1S6 

Drill    Wagons    In    Quarry   Work 20 

Dump   Car;    Improved    Side   Door 186 

Dump  Wagon  with  Patented  Spring  Ten- 
sion   Equalizer    233 

Electric   Shovel   for  Removing   SUdes   and 

Side    Cutting    154 

Equipment    Used    In    Erection    of    Austin 
Nichols    Building     296 


VI 


Engineering   and    Contracting 


Construction    Plant:    (Continued.) 

Equliirnent     Used    in     Renewing    Railroad 

Bridges  Under  Traffic    314 

Evinrude      Rowboat    Motor    for    Operating 

Centrifugal    Pump    410 

Excavating  Machine,  Plowing  and  Scrap- 
ing          20 

Excavation  for  Building  Site;  Steam 
Shovels  and  Elevating  Grader  Out- 
fit        454 

Excavators.      Dragline,      New      Form      of 

Bucket     580 

Excavators;  Drag  Line;  Sectional  Plank- 
ing   or    Track    tor    154 

Excavators;   New  Type  of  Drag  Line Ill 

Excavators;    Oglesby    Tower   Drag    Line..   417 
Frostproofing   Admixture   for  Concrete....   112 
Grab   Bucket;    Designed    for   Heavy    Serv- 
ice       -32 

Grade    Board    and    Clamp    for    Scaffolding; 

Adjustable     282 

Gravel   Washing   Plant 232,   497,  526 

Lifting  Jack  with  Wide  Range  of  Action..   525 

Lifting   Jacks;    Use   and    Care   of 499 

Locomotive;    Double    Truck    Electric 185 

Locomotive  for  Contractor's  Service  Rail- 
way;   Small   Shay 327 

Locomotive,    "Oil   Geared" 579 

Massachusetts     Institute     of    Technology; 

New    Buildings    of    514 

Mazda   Lamps,    Small,    with    Concentrated 

Filaments     233 

Metal  Lap   Sheathing   for  Concrete  Forms 

for   Building    Construction IS 

Meter,   Water,   Nilo   Compound 525 

Miller  Device   for  Preventing   Backflow  in 

Water  Supply   Systems 409 

Mixer  and   Grouter  for   Paving  Work 2S2 

Mixers;  Compact  Small  Batch 234 

Mixers:     New     Paving;     with     Boom     and 

Bucket   Discharge    327 

Mixers;  Pelton  Wheel-Driven 112 

Mixers:  Road  in  Cement  Show 139 

Mixers:   Road,   Power  Driven   Distributing 

Spout   for    582 

Mixers:    Small    "Mixerette" ._. .     20 

Mixers;   Twelve  Cubic  Foot   Road 326 

Mixing  Plant.   Portable  Asphalt 581 

Mortar   and    Plaster   Jlixer 62 

Oxy-Acetylene  Welding  a  Broken  Crusher 

Spider     328 

Paving   Block;   Non-Slip  Wood 234 

Pelton  Wheel  Driven  Concrete  Mixer 112 

Pickup    Tool    for    Conduit    Work 186 

Pile  Hammer,    Compound,    Valveless 63 

Portable    Railways    in    Road   Construction 

306,  322 

Printing   Telegraph    459 

Road;  High  Cost  of  Contractors'  Equip- 
ment        188 

Road  Mixers  at  the  Cement  Show 139 

Road   Roller;   Bowlby  Concrete 203 

Roads;   Machinery  for  Handling  Materials  113 

Rope.   Armored  Wire 581 

Roughen  Adjustable  Paving  Gage 234 

Safety  Block   for  Incline  Hoists 18 

Sand    and    Gravel    Plant;    Floating 477 

Sand  and   Gravel   Washing  Plant,  Large..   526 
Sand  and   Gravel  Washing  and   Screening 

Plant     232 

Sewage  Ejector  Svstem;  Electrically  Con- 
trolled        524 

Shovel;    Electrically     Driven;     for     Street 

Railway  Construction    *     19 

Shovel  for  Concrete  Work;  Special  An- 
nealed  and   Tempered    234 

Shovels:    "Single   Line"    Steam 19 

Shovels:  Steam:  Revolving:  with  Auto- 
matic  Crowding   Device    327 

Slide  Rule  for  Computing  Reinforced  Con- 
crete   Beams    and    Slabs 281 

Sprinkler   and    Sweeper,    Combined 61 

Steel     and     Timber    Erection.     Tower     of 

.Jewels.     Panama    Exposition 53 

Steel  Side  Form  for  Concrete  Road  Con- 
struction       281 

Steel   Testing   Device 526 

Street   Flushing    and    Sprinkling   Machine; 

Motor-Driven    409 

Stump-Cutting  Machine.   Rotary    63 

Surface  Heater  for   Asphalt  Repairs 328 

Sweeper    and     Snrinkler    Combined,    Two 

Speed  Broom"  Rotary    281 

Swing  and  Rip  Saw,  Electric-Driven  Com- 
bination        410 

Tank     for     Concrete     Mixer,     Automatic 

Water     Ill 

Tool  for  Making  Lead  Flange  Joint  Con- 
nections          410 

Tractor;    Knox    Ten-Ton 232 

Tractor  Truck   for  Contractors'  Hauling..   18n 

Trenching  Machines    507 

Tunnel   Construction    in    San   Francisco...     96 
Valve  Box  and   Box  Bases,  Improved   Ad- 
justable       410 

Venturi  Meter  for  Irrigation  Water  Meap- 

urement     61 

Wagon   Loader,  Portable,  Variable  Height  282 
Wagon   Loader  with   Duplex  Bucket   Ele- 
vator,   Portable    .-..   32R 

Wall   Form    Tie   and  Spacer 281 

Water  Service  Shut-Off  Box  and  No-Bolt 

Cover    62 

Water  Sunplv  Reservoir:  Concreting  Plant  iss 
Wire  Rope,   Waterbury  Armored 581 

Contractors: 

Camp  Arrangement   318,  417 

Irregularity     of    Employment;     Effect    on 

Workmen    415 

Plant;    Ft.   Worth   Viaduct 216 

Road;    Efficiency    System   for 5.''i2 

Road  Engineer;  Daily  Cost  System 187 

Road;   "Going   Broke"    188 


Contracts; 

Bridge:     Columbia    River    Highway;     Bid- 
ding   Prices     543 

Building;    Arbitration,    Provision    for 199 

Ruad;    Limited    Competition    305 

Road:    One  Hundred   Years  Ago 307,  323 

Conveyors,    Belt:    Development   of,    for    Con- 
crete  Work    11;' 

Convict   Labor: 

Georgia;    Equipment   and    Maintenance    of 

Gangs     290 

Georgia;    Organization    of    Camps 433 

Road   Construction  Camps;   Georgia 500 

Cooli   County,    Illinois,    Road   Inspection   and 

Cost    Record    System    206 

Coon   Rapids  Dam,   Minnesota   151 

Co-Operative    Organization    of    Engineers. .  .   547 

Coosa    River.   Alabama,    Lock   Twelve   Dam, 

Construction    Work     260 

Copper  Alloys   Used   in    Water   Works    Con- 
struction     331.  333 

"Coppering"    Water     Supply     Reservoir     to 

Prevent    Weed    Growth 572 

Corrosion: 

Cast   Iron    Pipe;    Provision   Against;    Main 

Across   Salt   Marsh    77 

Iron    Chimney:    Repaired    with    Reinforced 

Concrete    100 

Pipe,    Metal;    Apparatus    for    Making   Ac- 
celerated   Tests     582 

Steel;    Tests    of    Effects    of    Various    Ele- 
ments  on   Resistance   of 574 

Corydon,   la..  Assessing  for  Street  Improve- 
ments        344 

Cost   Estimating; 

Concrete    Roads    446 

Painting    Steel    Bridges 33 

Roads;    Concrete,   Milwaukee   County.   Wis  207 

Cost  Keeping  Systems: 

Cook  County,   111..   Road  System 206 

Inaccurate    Municipal    Accounting 43S 

Philadelphia  Bureau  of  Highways 283.  292 

Road   Engineer;    Contractor   as 187 

Costs: 

Asphalt    and    Brick    Pavement;     Compar- 
ison     432,    504,  543 

Asphalt;     Resurfacing     Macadam     Walks 

with     512 

Bituminous    Surfacing;    Application 511 

Brick    Paving 432,    504,  54i 

Bridg:e    179.    217,  313 

Buildings-Factor;   Data  on 101 

Canal    Lining.    Concrete 130 

Canals;   Brie    133 

Concrete;    Curb    Construction 58 

Concrete;  Depositing  Under  Water  in  Bags  128 

Concrete   Header  Along   Rails 545 

Concrete;   Lining  Irrigation  Canals 490 

Concrete;    Mixing   and    Placing 137 

Concrete;    Pavement    436.  444 

Concrete;      Placing     by     Compressed     Air 

Method     138 

Concrete;    Road  Construction,   Oregon 205 

Concrete;    Roads    120,446 

Culverts;    Estimating    Small 260 

Curb;    Concrete    58 

Drainage  of  Over-Irrigated  Lands 2 

Drilling;    Ore    Prospecting 202 

Excavating  and  Grading  for  Small  Pump- 
ing  Plant    318 

Excavation;   Building   Site 453 

E.xcavation;    Electric    Shovel 154 

Excavation;   Tower  Dragline  Excavator...   420 

Feeding  Men   in   Construction  Camp 318 

Fence,  Wire;  North  Dakota 554 

•     Fences;   Board;   Three  Types 446 

Grading     17 

Grouting     22 

Haulage;    Motor    Trucks 284 

Hauling  Machinery;   Road   Materials 156 

Hauling:    Road    Construction 139 

Hydraulic  Sand  and  Gravel  Mining 573 

Irrigation;   Canal  Lining  with  Piaster 443 

Irrigation;    Construction    Work 654 

Irrigation:  Draining  Over-Irrigated  Lands  2 
Irrigation  Drops;  Reinforced  Concrete....  346 
Irrigation;    Keeping   Down   Vegetation    on 

Canal  Banks   347 

Irrigation;  Lining  Canal  with  Concrete....  489 
Irrigation;     Lining     Canals     with     Toncan 

Metal     411 

Irrigation:    Operating:    Pumping 348 

Irrigation:    Pumping    Plants 491 

Irrigation:   Small  System  for  Orchard 347 

Irrigation;    Topography    384 

Labor;    Convict   Gangs.   Maintenance 291 

Levee   Enlargement   with    Tower  Dragline 

Excavator     417 

Macadam   Roads    544 

Motor  Trucks;  Meter  Division.  Milwaukee 

Water    Works    334 

Motor  Trucking;    Under-Estimating 210 

Municipal;   Independent  Audits 161 

Oiling   Streets    513 

Parks;  Planting  Grass  and  Making  Paths.   320 

Pavement;    Brick    254 

Pavement;   Brick;  Vertical  Fibre 406 

Pavement;   Asphalt  and   Brick 432.    504.  545 

Pavement:    Comparative  Studies  Based  on 

Chicago  Conditions    432 

Pavement;   Concrete 120,   205,  254,   436i  444 

Pavement;    Repairs    277,280 

Piles;    Concrete    452 

Pipe ;    Sewer    508 

Pipe,    Water    464 

Pipe;    Wooden    Stave 146 

Posts ;    Reinforced    Concrete 287 

Pumping    Plants;    Irrigation 491 

Quantity  Surveys  of  Buildings 518 


Costs;  (Continued.) 

Railroads      vs.      Roads;      Alignment      and 

Grades     21 

Reservoir;  Reinforced  Concrete 287 

Reservoir;    Water   Works;    Concrete 318 

Retaining    Wall;     Plain    and     Reinforced; 

Comparative    457 

Retaining  Walls    578 

River  Improvement    34 

Road   Construction;    Recommended    Forms 

for   Reports    107 

Roads;    Alignment  and   Grading 21 

Roads;   Brick    374.  471 

Roads.    Concrete    446 

Roads ;    Concrete ;   California ; 197 

Roads;   Concrete;   Day  Labor 120 

Roads;    (Concrete;    Illinois 109.  470 

Roads;    (Concrete;    Oregon 205 

Roads;    Macadam    322.544 

Roads;  Maintenance  in  New  York  State..   511 
Roads;     Mountain    Construction    in    West 

Virginia     341 

Roads;    Water    Supply     for     Constructing 

Concrete     468 

Sewage  Disposal  Plant 38 

Sewage    Treatment    Works    at    Fitchburg, 

Mass. ;    Operation    560 

Sewers;   Concrete;    Philadelphia 400 

Sewers;  Sanitary   130.  508 

Shaft  Sinking  in  Hard  Rock 227 

Shoveling;     Economic    Choice    of    Shovels 

for  Handling  Various  Materials 302 

Slab    Designs;    Relative    Costs    of    Various 

Types     517 

Standpipes;   Reinforced   Concrete 331 

Standpipes:   Steel  vs.   Concrete 405 

Street    Cleaning    with    Motor    Driven    Ap- 
paratus       324 

Street   Maintenance  Work,    Philadelphia.. 

283.  292 

Street  Repairs   280 

Structural   Framing.   Armory 143 

Test  Borings  on  Winnipeg  Aqueduct 316 

Test   Pitting    138 

Ties     155 

Tower    of    Jewels 54 

Trees;    Caring    for 88 

Trenching  Through  Brick  Pavement 61 

Tunnel;    Driving  Rock;    Alaska I."i3 

Tunnels ;    Grouting   Lining 22 

Walks;        Resurfacing       Macadam       with 

Asphalt    512 

Water  Main  E'xtensions;  Assessing  for.  in 

Duluth     447 

Water    Mains;    Comparisons     of     Various 

Sizes    of   Pipe 374 

Water  Mains:  S-in.  Screwed  Pipe 222 

Waterproofing   Concrete   Surfaces 346 

Waterproofing.    Sewer    Pipe 508 

Water  Works    520 

Water    Works;    Installing    Small    Systems 

in   Massachusetts    461 

Wells;   Driven  and  Dug;  Massachusetts...   463 

Wells;    Iowa    76 

Cottonwood  Conduit  San  Diego.   Cal 136 

Counterweight     Pits     for      Bascule      Bridge. 

Waterproofing   for    81 

Cranes : 

Electric    Steam    Wrecking 184 

Locomotive    262 

Credit  for  Articles  Appearing  in  E.  &  C 369 

Credit  Where   Credit  is  Due,   a  Principle   of 

Management     416 

Creosoted    Wood    Block    Pavements 365.  433 

Crown  Point  Viaduct.  Oregon 123 

(Crushers:   Power  Driven;   Road  Construction     S3 
Crushing  Plant;    Truck   Mounted:    for  Scat- 
tered  Small  Concrete  Work 409 

Cube   Method   for  Determining  the   Melting 

Point   of   Asphalts 167 

Culverts:  , 

Arch;  Design;  Michigan  Roads 164^ 

Concrete   Block,    Mold   for   Precast 581 

Concrete;    Michigan    Standards 44  ■•, 

Concrete;    Reinforced;    Standard    Railroad 

Arch   and    Box   Structures 50 

Corrugated   Pipe   for   Bridge   Piers 57!l. 

Cost;    Estimating    260' 

Cost    Under    Fills 288 

Costs;  Long  and  Short  Barrels.   Compara- 
tive       288   - 

Design   for  Various  Depths   of  Fills;   Eco- 
nomic        288 

Pennsylvania         Highway  Department 

Standards     32 

Stone    Arch,    Design 288   •■ 

Vitrified   Pipe;    Michigan  Standards 164 

Curb: 

Concrete;     Analysis     of    Construction     for 
Suburban     Improvements     near     New 

York     58 

Concrete;    Costs    59 

(r:oncrete;    Forms    60 

Concrete;  Integral;  Construction  Methods  117 
Cuvahoga  River  Improvement:  Dredge  for..  110 
Cypress   Creek   Drainage  District.   Arkansas  490 

D 

Dams: 

All-Concrete;    PossibiUties   of 89 

Austin.    Texas    459,   465,    492.  535 

Coon     Rapids.     Minnesota;      Construction 

Plant   and   Equipment    151 

Coosa  River;  Alabama;  Construction  Plant 

and  Methods  for  Concrete  Work 260 

Design;    Common    Errors 75 

Design:     Provision    for    Upward    Pressure 

and   Interior  Drainage 150 

Design;    Safety    Factors    for    Overturning 

and   Sliding    26j 
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Earns:   (Continued.) 

Estacada;    Grouting   Costs 23 

Failures;    Pennsylvania,    Study   of 75 

Grouting   Foundations    23 

Hydro- Electric    Development    151 

Lahontan ;   Grouting  Costs 23 

Loch   Raven,    Baltimore,    Design 150 

Water    Supply,    Montreal;    Concreting    by 

Compressed    Air    13S 

Day  Labor: 

Concrete  Road  Construction  in  Illinois....  118 

Duluth,   Minn.,    Paving  by 445 

Daytona,  Fla.,  Fine   Screening  Plant 5 

De  Laval  Centrifugal  Pumps  and  Turbine..  54S 
Del  Rio,  Te.Kas;  Irrigation  Pumping  Project: 

Humphrey    Pump    Installation 66 

Delaware,  Ohio,  Experience  in  Deriving  Wa- 
ter Supply  from  Wells  in  Gravel 449 

Depreciation;   Can  Anything  New  Be  Said?.  481 

Derricks    261,   298,  477 

Portable  Circle  Swing;   Sasgen 477 

Design:    Detailing,    Importance   ot 114 

Des  Plaines,  111.,  Methods  and  Costs  of  Con- 
crete   Pavement    444 

Dethridge  Meter   251 

District  of  Columbia: 

Pitometer  Survey   26 

Water  Waste  Surveys 275 

Ditches  (see  also  "Drainage"  and  "Trench- 
ing") 

Cross-Sectioning;   A   Simple   Method 443 

Design    of    Drainage 439 

Drainage;     Proposed    System,    Mississippi 

and  Arkansas  River  Lands 490 

Irrigation;    Plaster   Dining 441 

Draft  Tube  Forms 259,  260 

Drag  Line  Excavators: 

New   Form   of   Bucket    for 5Sii 

New    Type    of Ill 

Levee    Work    417 

Oglesby   Tower    417 

Sectional  Planking  or  Track  for 154 

Drainage : 

Bottom  Xjand   Reclamation  in  Mississippi; 

Development  of   Sedimentation  Areas.   443 
City;   (see  also  "Sewers") 
City:    Stream    Enclosed    in    Concrete    Con- 
duit.   Mansfield,   Ohio 126 

Computing  Run-Off   in  Draining  Irrigated 

Lands     481 

Cost  to  U.  S.  of  Over-Irrigated  Lands 2 

Cross-Sectioning  on  Ditch  Work;  A  Sim- 
ple  Method 443 

Design  of  Ditches:   Diagrams  and  Notes..   439 
Mississippi      Bottom      Land;       Plans      for 

Typical    490 

Mosquito  Prevention    45S 

Road    Crossings    of   Ditches;    Planning   to 

Permit  Enlargement 209 

Roads;   Country    86 

Silt  Basin  Constructed  of  Sewer  Pipe 348 

Standard     Lateral     Culvert,     St.     Mary's 

Canal,  Milk  River  Project 385 

Surveys;    Use   of   Stadia 571 

Dredges : 

Dipper;    Record   of  Work 34 

Electric    Hydraulic;    Cuyahoga    River    Im- 
provements       110 

Orange  Peel  Bucket;   Record  of  Operation    35 
Dredging:     River    Improvement    in    Massa- 
chusetts;   Cost   Data 34 

Drilling: 

Costs     321 

Diamond;    Survey  for  Water  Supply  Con- 
duit         24 

Drill  Wagons  for  Quarry  Work 20 

Mine   Tunnel    in   Alaska 152 

Ore    Prospecting    with    Well   Drilling   Ma- 
chines;  Cost  of 202 

Preparing  Rock  for  Steam  Shovels 321 

Rotary:   Cone  Bit  for 525 

Test  Boring  Records;    Court  Decision  on.    .416 

Drills: 

Hollow  Piston;  Autotraction  Drill  Rig 186 

Rock;   Machine  for  Making  and   Sharpen- 
ing   Bits    475 

Rock  Tunnel  Construction   96 

Self-Rotating    Jackhamer 321 

Dry    Rubble    Retaining   Walls   for   Highway 

Embankment    in   Hawaii 323 

Duluth,  Minn.: 

Cost  of  Water  Main   Extensions;    Method 

of  Assessing   447 

Paving  by  Day  Labor 445 

Repairing  Crack   in   Cast  Iron   Tee 31S 

Reservoir;     New    Middle    System;    Design 

and    Cost    318 

Sewage   C^oUection   and   Pumping  Systems 

on  Low-Lying  Park  Point 309 

Dump  Cars  and  Carts,  Improved  Side  Door 

for    186 

Dump  Wagons,   Cars  and  Carts 233 

Dust  Prevention    (see  also  "Oiling")   Appli- 
cation of  Oils;  Methods 435,  445 

E. 
Earth  Roads: 

Grading:  Power  Machinery  for 83 

Gravel-Coated.   Polk  County,  Minn 61 

Wise   County,   Va 342 

Earth      Slides;      Removing      with      Electric 

Shovel,   Costs    154 

Earth  Work   (see  also  "Excavation"   etc.) 
Diagrams  for  Computing  Volumes  in  Rail- 
road or   Ditch  Work 304 

East    River    Tunnel,    New    York;     Grouting 

Costs     22 


Edison   Fire;    Preliminary   Report 145,  193 

Edmonton,  Alberta: 

Construction  Plant  and  Methods  in  Build- 
ing  Tunnel    Sewers 361 

Design  Features  of  New  Sewerage  Works  400 

Education: 

Engineering:   Comprehensive  Investigation  481 

Engineering;     Factors     for      Success      and 

Leadership     350 

Highway  Department,    Field   for  State....   230 

Highway  Engineering;  Value  of  Short  Col- 
lege Courses    45 

Industrial  Service  Movement  and  the  En- 
gineering   Student    329 

School  for  Water  Works  Employes  in  San 

Diego,    Cal 90 

Water    works    Associations;     Possibilities 

for     283 

Efficiency  System  for  Road  Contractors 552 

Electric  Apparatus: 

Dredge.     Electric      Hydraulic;     for      River 

Improvement     110 

Locomotive ;   Double   Truck 185 

Printing    Telegraph    459 

Shovel,    Slide    Removal 154 

Shovels  for  Street  Railway  Construction..  19 

Steam   Tunnel  Crane 184 

Electric   Steel;    Recent   Progress   in   Produc- 
tion      210 

Emigi-ation  to  America;   Results  of  War....  349 
Employment   Bureau    Under   Federal   Direc- 
tion      437 

Employment;    Irregularity   of;    Its  Effect   on 

Workman   and    Contractor 415 

Engine  Houses;   Principles  of  Design 300 

Engine    Terminal   of   D.    S.    &   M.    S.    Ry.    at 

Air  Line  Junction.  Ohio 97 

Engineering: 

Criticism  of  Los  Angeles  Aqueduct 65 

Designing  of  Details;  Importance  of 114 

Education;   Comprehensive  Investigation..   481 

Education.   Success  and  Leadership 350 

Financial   Safety    in 209 

Highway:  Short  College  Courses  vs.  Asso- 
ciations   of    Engineers 45 

Index  of  Articles,  Pocket 18 

Research    and   Progress 527,  537 

Water  Power  Development  Problems.  .209,  222 

Engineers: 

Advisability  of  Self- Advertisement 370 

Broadening  Field  of  Service 1 

City    Managers    92 

Clothes:  Value  of 305 

Consulting;    Inviting   and   Avoiding  Direct 

Competition    Between    349 

Co-operative    Organization  of   Engineers..   547 
Education;  Factors  for  Success  and  Lead- 
ership  in  Profession 350 

Failure  to  Utilize   Bureaus  of  Information  369 
Highway:  Employment  of  Natives  by  State 

Commissions     437 

Hysteresis    in   the   Profession 162 

Illinois    State    Highway    and   Public   Utili- 
ties Commissions 421 

Industrial  Service  Movement,  Value   to...   329 
Knowledge  of  Water   Rights   Required....   412 

Licensing   in    Pennsylvania 422 

Licensing    of    Structural;     Proposed    Law 

in  Illinois    243 

New    York    State    Constitution.    Proposed 

Alterations  Affecting    415,  421 

Panama  Canal;  Honors  for 209 

Paving;    Consulting;    Advisability    of   Em- 
ployment  by    (Cities 505 

Profitable  Reading  in  Advertising  Pages..   305 

Public    Service  Commissions;   Idaho 161 

Public    Service    Commissions;    New    York 

State     236 

Road  Maintenance   505 

Salaries:  Effective  Means  of  Raising 161 

Structural;   Proposed  Illinois  License  Law 

243,  299 

Taking  Inventory   437 

I'^rie     Canal;     Enlargement     Exceeds     Esti- 
mated  Costs    139 

Fstacada  Dam,  Oregon;  Grouting  Costs 23 

Evinrude     Rowboat     Motor      for      Operating 

Centrifugal    Pump    410 

Excavation: 

Boulder  Breaking,  Adobe  Shots  and  Block 

Holing   Teats    203 

Bridge    Foundations    6 

Building   Site;    Unit   Costs  and   Organiza- 
tion        453 

Computing  Volumes  bv  Diagrams 304 

Costs:   Pumping  Plant  Site 318 

Dredging    34,  110 

Electric  Shovel,  Removing  Slides 154 

Elevating    Grader:    Costs 454 

Intake  Tunnels.  Milw.aukee 354 

Irrigation    System.    Small   Structures 557 

Levee    Work     with    Tower    Dragline    Ex- 
cavator       417 

Machinery;    Trenchers    507 

Methods  and   Costs 154 

Rock;  nrlllinp  Ahead  of  Steam  Shovel 321 

Rock:    Grab    Bucket   Designed    for    Heavy 

Service     232 

Rock:  n.artford.  Conn.,  Water  Supply  Line     24 
Rock:    Methods    and    Costs    of    Preparing 

for   Steam    Shovels 321 

Rock:    Mine    Tunnel    in    Alaska;    Methods 

and    Costs    152 

Rook:    Shaft   Sinking 276 

Rock:   Speed  Records  In  Tunnels 161 


Excavation:  (Continued.) 
Rock:   Stockton  Street  Tunnel,  San  Fran- 
cisco       94 

Sewer  Trenches    507 

Sewers:    Edmonton,    Alta..._ 362 

Shovels,   Hand,   Choice  of 302,  306 

Steam  Shovel:   Comparative   Methods  and 

(iosts  of  Preparing  Rock 321 

Steam   Shovels:    Methods  and   Costs 24,  454 

Test  Boring  Records:  Court  Decision  on..  416 

Trenching  for  Sewer  System 507 

Water  Supply   Conduit:    Hartford.    Conn. .  24 

Excavators: 

Drag  Line.  New  Form  of  Bucket  for 5S0 

Drag    Line;    New    Type Ill 

Drag  Line;   Oglesby  Tower 417 

Drag  Line,  Planking  or  Track  for 154 

Plowing  and  Scraping 20 

Expansion  Joints: 

Brick    Roads  in   Illinois 160 

Concrete    Pavement    407 

Illinois  Highway   Commission.   Practice   of  119 

Exposition.   Panama    43,   45,   47,  377 

Exposition     Structures;     Engineering     Fea- 
tures      45 

European  War   65,  349 


Factories: 

Model    Building    Possessing    Co-operative 

Features     139.  144 

Timber   Used   in   Construction;   Treatment 

of 563 

Ventilation   Standards    519 

Failures  (see  "Accidents"). 

Fans;  Ventilating;  Data  on  Operation 197 

Fargo.  N.  D. ;  Referendum  Adopts  New  Wa- 
ter Works  Ordinance 389,  396 

Farmers;    Public   Regulation  of? 437 

Fatigue    Element    in    Production:    An    Ex- 
ample       390 

"Favored  Son"   in  State  Highway  Work 437 

Feeding  Construction  Force;   Costs  of 318 

Fences: 

Board;    Three    Types    of 446 

Cost   of  Building  in   North  Dakota 554 

Field  Signals  for  Engineers:   Standardizing.   370 
Filtration: 

Bubbly      Creek      Plant;      Liquid     Chlorine 

Treatment     276 

Quincy,  111.,  Plant;  Design  and  Operation.  355 
Ransonie     Drifting     Sand     Water     Filter; 

Tests   at   Toronto 351 

River  Sand:  Economy  in  Use  of:  Moline,  111.  236 
Sand    and    Gravel    Analyses;    Desirability 
of    Standardizing    Methods    and    Ap- 
paratus      481,  488 

Sand:   Locating  Deposits  Suitable  for  Use  389 
Strainer  Plates;  Tests  of  Brass;   Baltimore  103 
Fire   in   Edison   Buildings;    Preliminary   Re- 
port of  Committee 145,  193 

Fire  Protection: 
Cincinnati  High  FYessure  System;  Design 

Details     529 

Service  Meters:   Washington,  D.  C 26 

System    Adopted     in    Tower    of    Jewels, 

Panama  Expo.sition  54 

Fitchburg.    Mass.:    Costs    and    Operation    of 

Sewage  Treatment  Works 566 

Flanging  Device  for  Lead   Pipe  Joint  Con- 
nections       410 

Floating  Caissons  for  Marine  Construction. 

Reinforced  Concrete   548 

Flood  Control: 

Burlington.      la..      Market      Street     Flood 

Channel     127 

Ohio  Conservancy  Law;  Unwise  Amend- 
ment       187 

Stream  Enclosure  in  Concrete  Conduit, 
Mansfield,  Ohio   127 

Floors : 

Armory,  University  of  Illinois 142 

Austin  Nichols  Building 296 

Bridge;   Concrete    9,   179,  313 

Bridge;    Creosoted    Plank 9.  49S 

Bridge;    Design    of 498 

Bridge:    Reinforced    Concrete;    Minnesota 

Highway    Standards 313 

Bridge:   Steel  Higlnvay;  Illinois  Standards  S 

Bridge;    Unusual   Type  of   Construction...  541 

Bridge;    Waterproofing  Methods 390 

Cinder   Concrete;    Results  of  Tests 379 

(binder     Concrete:     Strength      and      Other 

Properties:   New   York 301 

Concrete:    Type   of   Reinforced,   for  Beam 

Spans     313 

Creosoted   Plank   Bridge 9,  498 

Design:   M.  I.   T.   Buildings 517 

Reservoir     2Si> 

Flume;   Hess  Metal 137 

Foote    Inch    Box 249 

Forms  for  Concrete  Construction: 

Arched   Roof.   Chicago  Hebrew  Institute..  561 

Bridge  Piers    7 

Bridges:  Pennsylvania  Highway  Standards  32 
Culverts;    Pennsylvanl.a    Highway    Stand- 
ards       32 

Costs:  Steel  vs.  Wood 564 

Curb    60 

Dam   Construction.   Coon  Rapids,  Minn,..  151 

Dams;    Cantilever,    Sections 263 

Draft   Tube    1 52 

Irrigation   Construction   Work 657 
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Forms:   (Continued.) 

Metal  Lap  Sheathing  for 18 

Penstocks     263 

Power  House  Construction 263 

Reservoir     2S7 

Scroll  Casings  and  Draft  Tube  Form  Con- 
struction    152,   259,  260 

Sewer   Pipe,    Manufacturing 245 

Sewer  Tunnel,  Lining  Blocks 363 

Steel;    Concrete   Arch   Bridge 216 

Steel;  Development  of  Recent  Tears 113 

Steel;   Side  Forms  for  Koad  Construction.   281 

Tunnel    Lining    94,    363.371 

Wall;   New   Tie  and   Spacer 2S1 

Wooden  Stave  Pipe;  Forms  and  Centering 

for    Laying    483 

Fort   Worth,   Texas;   Design   and   Construc- 
tion of  the  Main  Street  Viaduct 211 

Foundations: 

Bridge;   Piles,   Concrete 6 

Bridge:   Subsoil   Conditions 497 

Retaining  Wall;  Design  for;  on  Soft  Ma- 
terials        576 

Tower    of    Jewels 52 

Wrecking  Buildings    100 

Foundry   Products: 

Alloys  Used  in  Water  Works  Construction 

33^    233 

Brass  in  Water  Works  Construction. .'     57 

Cast   Iron   Pipe 

25.  27,  77.  149,  218,  424,  623.  529.  568 

Cast  Iron  Tee;  Method  of  Repairing  Crack  318 

Cast  Iron  Sub-Aqueous  Tunnel  Lining 90 

Pipe  Hydrants  and  Specials 485,  529 

Meter  Fittings   522 

Meters   (see  "Meters"). 

Shoes   for  Wood   Stave   Pipe 14 

Strainer  Plates;  Brass;   Strength  Tests...  103 

Valves;    Experiences    in   Packing 523 

Frost  Action  on  Concrete   Roads 367.  436 

Frostproofing  Admixture  for  Concrete 112 

Frostprooflng  Reclamation  Service  Concrete 

Structures    346 

Fuel;  Consumption  of  Various  Pumping  En- 
gines          67 


Gage  Hydrant    24S 

Gages  and   Measuring  Devices  and  Methods 

for    Estimating    Sewage    Flow 508 

Garage  Records.   Municipal.   Oakland,  Cal...   311 

Garbage   Collection   and   Disposal 81.  477 

Gas: 

Humphrey  Pump  Installation  at  Del   Rio, 

Texas     66 

Mains:    Pneumatic  Calking  of  Lead  Wool 

Joints   520 

Producer    Plant    68 

Gate  for  Mine  Cars;  Automatic  End... '.  185 

Geary.    Okla.;    Substructure   Features   of  C. 

R.   I.   &   P.    Bridge 397 

Geodetic  Survey:  Call  for  Support  of 45 

Georgia:      Convict      Camps;      Organization. 

Equipment  and  Maintenance.  .290,  433.  500 

Goethals,    Col.    Geo.    W 209,   235.  349 

Grade  Board  and  Clamp  for  Scaffolding.  Ad- 
justable        282 

Grading: 

Costs:  Pumping  Plant  Site 318 

Costs:    Railroad   v.';.    Country  Roads 21 

Earth    Roads;    Power   Machinery   for S3 

Roads;    Concrete.    California    State 108 

Roads:    Concrete;    Practical   Labor-SavIng 

Methods     114 

Roads;  Conditions  Determining  Maximum 
Grades  and  Methods  and  Costs  in 
West    Virginia     16 

Granite   Block   Pavement: 

Brooklyn;    Service    Tests 158 

Chicago:   Service  Records  and  Costs 433 

Grant    Mitchell    Meter 251 

Gravel : 

Analyses;     Desirability     of     Standardizing 

Apparatu.s   and    Methods 481,  4SS 

Concrete;       Effect       of       Proportions       on 

Strength    and   Density 314 

Floating  Sand  and  Gravel  Plant.  Large..  476 
Haulin.e:     .Sacramento     Vallev     Irrigation 

Prelect     557 

Hydraulic    Mining,    Costs 573 

Roads:    Maintenance    369 

Roads:    Michigan    364 

Washing  and  Screening  Plant:  Compact..  232 
Washing     Plant     of    Large     Capacity     at 

Akron.     Ohio     526 

Grazing;      Keeping     Down     Vegetation      on 

Canal  Banks  by   347 

Grouting: 

As  a  Method  of  Engineering  Construction    21 

Austin,    Texas,    Dam    466 

Brick    Road    Construction    in   Illinois 159 

Cost   Data    22 

Dams;    Foundations;    Costs 23,466 

Grout    Ejector;    Development    of 113 

Mixer  and  Distributor  for  Paving  Work..   282 

Tunnel   Linings    22,  371 

Various  Uses  and  Recent  Practice 21 

Guard     Rail;     Concrete     Posts;     New     York 

Standards     106 

Gutters: 

Concrete ;    Costs    544 

Single;  Advantages  of  Center  Gutter  Type 
of   Pavement    229 


H 

Harbors   (see  "Rivers  and  Harbors"). 

Hartford,  Conn.: 

"Coppering"    Reservoir;    Data   on 277 

Design  and  Construction  of  Nepaug  Water 

Supply    Conduit     23 

Haulage: 

Computing  Average  Haul  of  Road  Ma- 
terial, New  York  Highway  Commis- 
sion         17 

Country  Roads;  Economic  Hauling  Dis- 
tances        528 

Concrete    Road    Materials;    New    Methods 

of   Handling    113 

Costs;    Estimating;    Road   Materials 156 

Costs;    Motor    Trucks 210,248 

Costs;    Road   Construction 139 

Gravel   and   Other   Construction  Materials 

for  Irrigation  Work 557 

Los  Angeles  Aqueduct;   Materials  for 65 

Motor  Trucking  Costs;  Underestimating..  210 
Motor     Trucks;     Danger     of     Incomplete 

Costs     284 

Road    Materials,    Concrete 113.  118 

Road   Materials;    Portable    Railway 306.  322 

Road  Materials;  Power  Machinery  for...  S3 
Road    Materials;     Selection    of    Machinery 

and  Estimating  Costs   156 

Traction   Engine    228 

Tractor    Truck    for    Contractors*    Use 185 

Hawaii;    Dr>-    Rubble    Retaining    Walls    for 

Highway    Embankment     323 

Headgate    for   Irrigation    Canal.    Concrete...   383 
Heating  and  Ventilating  Systems  Described 

142.   144.   371.  519 

Hebrew    Institute.    Chicago 547,558 

High     Pressure     Fire     System;     Cincinnati; 

Design    Details    529 

Highway  Departments.    Work   of: 

Associations  of  Engineers;  Advantages  of 

Meetings   45 

Bridge  Standardization  by  State  Commis- 
sions     259,  268 

California;    Road    Location 258 

Engineering  Courses;  Short  College 45 

Favored  Son  as  Engineer  for  State  Com- 
missions       437 

Illinois;   Brick  Road   Specifications 159 

Illinois;     Concrete    Construction    by    Day 

Labor    118 

Illinois;    Curves   tor   Estimating   Standard 

Bridge  Types    123 

Illinois;  Examinations  for  Engineering  Po- 
sitions       421 

Illinois:     Notes    on     Concrete    and    Brick 

Paving    Materials     254 

Illinois:    Organization  for  Road  Work 468 

Illinois:  Standard  Floors  for  Steel  Bridges  8 
Michigan:  Standard  Concrete  Culverts....  44 
New   York    State;    Maintenance    Costs    in 

Monroe  County   511 

New  York   State;   Testing  Aggregates  for 

Concrete    Roads    294 

Officials;    Local   Associations   of 306 

Pennsylvania;  Instructions  to  Bridge  Com- 
panies          79 

Pennsylvania:    Instructions    to    Employes 

as  to  Bridge  Work 32  , 

Philadelphia  Bureau.  Cost  Keeping  Svstem 

283,  292 

State  Commissions  and  Practical  Politics  66 
State  Departments;   Educational  Field  for  230 

Wisconsin;    Bridge    Work    of 457 

Hill    Irrigation    Meter 253 

Hoists: 

Material  Carriage;  Chicago  Hebrew  Insti- 
tute       562 

Safety    Block    for    Incline 18 

Safety   Precautions    100 

Household   Water    Sterilization    with   Hypo- 
chlorite of  Lime 572 

Humphrey  Gas  Explosion  Pump;  Design  and 

Operation  of  First  Large  American...     66 

Hvdrants  and  Pipe  Specials 27.  57,   485.  529 

Hydraulic   Formulas;    Plotting;    Logarithmic 

Diagram    239 

Hydraulic  Mining  of  Sand  and  Gravel.  Costs  573 
Hydraulic    Surveys;    Uses    of    Stadia,    Ex- 
amples        570 

Hydraulics;  Flow  of  Water  in  Wooden  Stave 

Pipe     11 

Hydroelectric  Development: 

Comparative   Resources  and  LTtilization  of 

United   States.   Canada  and  Europe...   156 
Coon  Rapids,   Minn. ;  Construction  of  Dam  151 

Engineering   Business    Problems 209.  222 

Tennessee    Eastern    Electric   Co 223 

Turbine    Installation.    Scroll    Casings    and 

Draft    Tubes    259.  260 

Hypochlorite  of  Lime   for  Household  Water 

Sterilization     572 

Hysteresis  in  the  Professions 162 

I 

Idaho;  Engineers  Urge  Appointment  of  En- 
gineer to  Public  Service  Commission..   161 

Illinois: 

Brick  Road  Construction;  Features  of....  159 
Bridges:   Estimating  Curves  for  Standard; 

Highway   Department    123 

Concrete    Road   Construction    In   La   Salle 

County   109 

i^oncrete  Roads;  Day  Labor  Construction.  118 
EYigineerlng  Positions  with  State  Highway 

and   Public   Utilities   Commissions 421 

Floors    for    Steel    Highway    Bridges 8 

Highway  Commission;  Brick  Road  Speci- 
fications        159 

Highway  Commission;  Bridges;  Standard 
Estimating  Curves  123 


Illinois:  (Continued.) 
Highway  Commission;   Bridges,  Standard; 

Steel  Floors  8 

Highway     Commission;     Concrete     Roads; 

Day  Labor   System 118 

Highway  Commission;  Engineering  Posi- 
tions   With    421 

Highway    Commission;    Paving    Materials; 

Notes   on  Concrete  and  Brick 254 

Highway     Commission;     Organization     for 

Road  Work    468 

Laboratorj'  Control  of  Small  Water  Sup- 
plies          56 

Licensing  Structural  Engineers;  Pro- 
posed   Act     243,  299 

McKInley  Ford  Bridge,  La  Salle  County..   179 
Proposed     Waterway     from     Lockport    to 

Utica     201 

Road  Inspection  and  Cost  Record  System 

in   Cook   County    206 

Roads:   Three   Popular  Types;   Price  of...  345 

Imhoft   Tanks    82,    177,  266 

Incinerators,    Refuse     477 

Index    of    Engineering    Articles,    Convenient 

Pocket     18 

Industrial   Railways: 
Milwaukee    Intake    Tunnel    Construction..   371 

Road  Construction  with 306,  322 

Small  Shay   Locomotive   for 326 

Industrial  Service  Movement  and  Its  Value 

to    Engineers    329 

Industrial    Wastes    39,  363 

Injector  as  an  Emergency  Pump 432 

Intake,     Water     Supply;     Milwaukee.     Wis.: 
(Construction  Plant  and  Methods  Used 

on    Tunnel    352,371 

International  Engineering  Congress 138 

International  Falls,  Minn.;  Small  Refuse  In- 
cinerator   at    477 

Interstate    Commerce    Commission 1,  567 

Iowa: 

Highway  Bridges;  Concrete;  Standardiza- 
tion       268 

Notes  on  Representative  Water  Supplies..     76 

Sewage  Treatment  Plants;  Degree  of 
Purification    Practicable    479 

Street  Improvements;  Assessing  Methods 
at  Clarinda  and  Corydon 344 

Iron    (see   also    "Cast   Iron"    and    "Foundry 
Products"): 
Chimney;     Corrosion,    Repaired    by    Con- 
crete       100 

Corrosion   77,  100 

Report  of  U.  S.  Steel  Corporation  for  1914.  329 
Tunnel  Lining,  Sub- Aqueous   90 

Irrigation: 

Abandoned  Canals   330 

Canadian  Pacific  Projects   345 

Canal     Lining;      Concrete;      Design     and 

Structural   Details    71 

Canal     Lining;     Concrete;     Methods     and 

Costs    71.   130,  489 

Canal    Lining;    Plaster;    Methods 441 

Canal  Lining;   Toncan  Metal   411 

Concrete  Headgate    383 

Cost   of  Draining  Over-Irrigated  Lands...       2 

Costs:  Lining  Canal  With  Concrete 490 

Costs;    Pumping   Plant  and   Operation. 348,  491 

Devices    for    Measuring   T^'ater 

61,    1S9.    190.    235.    248,414 

Drainage    Culvert;    Standard    Lateral;    St. 

Mary's   Canal    385 

Drainage   of  Over-Irrigated    Lands 2 

Draining      Irrigated      Lands;      Computing 

Run^^Oft     481 

Drops:   Reinforced  Concrete;  Construction 

Methods    and    Costs    345 

Kansas;    Progress   in   Pumping 253 

Labor  Efficiency    557 

Measuring  Devices;    Tests   at   Davis  Field 

Laboratory    235.    248,  414 

Measurement  of  Water;  Immediate  Prob- 
lem  of    235 

Meters:  Special  Venturi  Type  for  Meas- 
uring Irrigation  Waters   61 

Milk    RiVer    Project;    U.    S.    Reclamation 

Service     385 

Minidoka    Project     348 

Nebraska;    Abandoned   Canals;    Causes 330 

Okanogan   Project    441 

Operating  Costs;  Increase  Due  to  Pump- 
ing       348 

Proportional  Division  Box.  Design  for....  347 

Pumping   Costs    348 

Pumping  Plants;   First  Cost  and  Cost  of 

Operation    491 

Pumping  Project:   Del  Rio,  Texas 66 

Sacramento   Valley    Project;    Construction 

Methods  and  Costs   554 

Seepage    Losses    71 

Small     System;     Structural    Details     and 

Costs     347 

Stadia  Surveying;   Examples  of 570 

Stanislaus  River,  Cal.;  Concrete  Head- 
gate 383 

Topography;    Cost   of,    British   Columbia..  384 
Turlock    District;     California:     Automatic 

Check  Gate   Structure    412 

Turnout  and   Drop.   Combination 411 

Vegetation    on    (5anal    Banks;     Costs    of 

I^eeplng    Down     347 

Water   Rights;    What   an   Engineer  Ought 

to  Know    412 

Isolation  of  Average  Water  Department 527 


Jack,  Lifting,  with  Wide  Range  of  Action..  525 

Jacks,   Lifting;   Use  and  Care  of.. 499 

Jackson,    William    B 46 

Jitney   Bus;    Discussion   of 187,    283,  303 

Judge  for  County  Surveyor 140,  167 
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Kansas: 

Examples      of      Poorly      Designed      Water 

Works     172 

Irrigation;    Progress   in   Pumping 253 

Kansas     City.     Mo..     Pennsylvania    Avenue 

Viaduct;  Erecting  Girder  Spans 530 

Kansas    River   Bridge,    Kansas    City,    Kan..   496 
Kokomo.      Ind.;      Syphoning      Water      from 

Drilled    Wells    to    a    Common    Pump 

Well    191 

L 

La    Salle    County,    Illinois;     Concrete    Road 

Construction   109 

Lator: 

Construction    Gang    Payrolls;    Methods    of 

Checking   by   Louisville   Water  Co....  102 
Convict    Camps   in    Georgia;    Organization 

and  Equipment    290.   433.  500 

Costs;    Wooden    Stave    Pipe 146 

Country-Wide  Employment  Bureau  Under 

Federal    Direction    427 

Day;  Concrete  Road  Construction  in  Illi- 
nois        118 

Day;   Paving  by;   Duluth.    Minn 445 

Fatigue  Element  in  Production:  An  Ex- 
ample        390 

Feeding  Construction  Gang;  Costs 318 

Irrigation ;    Efflciency    557 

Irregularity  of  Employment:   Its  Effect  on 

the  Workman  and  the  Contractor. . . .   415 
Railroad;    Solution    of    the    Section   Labor 

Problem     259 

Roads;  Efficiency  Svstem  for  Contractors.  552 
Laboratory:  Plan  of  Small  Water  Works..  56 
Lahontan  Dam,  Nevada;  Grouting  Costs...  2.f 
Lake    Shore    &    Michigan    Southern    Engine 

Terminal  at  Air  Line  Junction,   Ohio.     97 
Land   Reclamation     (see   "Drainage,"    "Irri- 
gation,"  etc.). 

Latourelle   Bridge,    Oregon    121 

Lawn    Sprinkling:    Results    of    Meterage    at 

Columbus.  Ohio   190 

Lead    Wool   Joints    in   Cast   Iron   Mains 523 

Lead  Wool  Joints  in  Gas  Mains;  Pneumatic 

Calking    520 

Legislation: 

Bridge  Work;  Proposed  Law  in  Pennsyl- 
vania       162 

Court  Decisions  Showing  "Present  Value" 
to  be  the  Only  Value  for  Rate  Making 
Purposes 302 

Illness  Caused  by  Impure  Water  Supply; 
New  Jersey  Supreme  Court  on  Dam- 
ages        42.1 

License   Law   for  Engineers 243 

License    Law    for    Structural    Engineers; 

Proposed    in   Illinois    299 

Test  '  Boring  Records;  Decision  on  In- 
violability   of    416 

Lethhridge,       Alta. ;       Sewage       Treatment 
Works;   Design.  Construction  and  Oper- 
ation        401 

Levees;  Mississippi  River;  Enlargment  with 

Tower  Dragline   Excavator 417 

Lifting   Jacks: 

Emergency;  Combination  Crane  and 52.'. 

Use   and   Care   of 499 

Lighting: 

Costs;  Cutting  Holes  in  Concrete  Side- 
walks  for  Posts    61 

Laying     Conduits;      Costs     of     Trenching 

Through    Pavement     61 

System  at  Illinois  University  Armory 142 

Lincoln    Highway;    Brick    Pavement    on    Old 

Gravel   Foundation    546 

Lincoln  Park,  Chicago;  Cost  of  Resurfac- 
ing  Macadam    Walks    With    Asphalt..    512 

Liquid    Chlorine;    Novel   but   Simple   Method 

of  Applying  Under  Pressure 519 

Liquid   Chlorine   Sterilization    18S 

Little     Calumet     River,     Water    Pipe     Line 

Across;   Laving   424 

Loading  and   Unloading  Devices 282,  322,  32.'* 

Loch    Raven  Dam,   Baltimore 15C 

Locomotives: 

Electric;    Double    Truck 185 

Oil-Geared     579 

Small     Shay;     For     Contractor's     Service 

Railways     326 

Loetschberg   Tunnel    153 

Ix)ng    Island    Railroad,    Solution    of    Section 

Labor   Problem    259 

Los  Angeles.  Cal. ;  City  Trunk  Line,  Con- 
necting Aqueduct  to  Distribution  Sys- 
tem       390 

Los   Angeles   Aqueduct: 

Concrete   Lining    136 

Underestimated   Costs    161 

What    is    the    Truth    About 65 

Liouisville,  Ky. ;  Field  and  Office  Methods 
Employed  by  Water  Co.  in  Checking 
Construction  Gang  Payrolls   102 

M 
Macadam: 

Chicago:    Service  and    Cost  Data 433 

Resurfacing  Walk   with    A.sphalt.    Costs...  512 

Roads:   Built  with  Industrial  Railway 322 

Waterbound;   Illinois;    Price   of 345 

Wise  County,  Va..  Mountain  Road  Sys- 
tem      342 

Machine    Shops    98,  262 


Machinery   and    Appliances: 

Air  Compressors;    Small   Portable 19 

Air     Compressors;      Small      Steam-Driven 

High-Speed    525 

Automatic  Control  Apparatus  for  Hydraul- 
ic  Gate   Valves    408 

Automatic    End    Gate    tor    Mine    Car 186 

Boom  Swinger,  Improved  Reversing  Gear     327 

Bucket,    Dragline,    Brownhoist 580 

Centrifugal  Pump,    Steam   Turbine  Driven  548 

Compressed    Air   Plant;    Portable 410 

Compressor    Plants    261 

Concrete    Atomizer    199 

Concrete   Mixer   and    Grouter    for    Paving 

Work    282 

Concrete    Mixer;    Mortar   and    Plaster 62 

Concrete     Mixer;      Pelton     Water     Wheel 

Driven    112 

Concrete    Mixer    Plant 261 

Concrete    Mixer,    Small    Batch,    Gasoline- 
Operated     234 

Concrete   Mixer;    Small,    "Mixerette" 20 

Concrete  Mixer;  Street  Paving;  Boom  and 

Bucket    Design    326 

Concrete  Mixer;   Twelve  Cubic  Foot  Road  326 

Concrete    Road    Roller    203 

Cone    Bit    for    Rotary    Drilling 526 

Corrosion    Testing    Apparatus    for    Small 

Metal  Pipes  582 

Cranes;    Electric-Steam   Tunnel    184 

Cranes;    Locomotive    262 

Crushing  Plant;  Truck  Mounted;  for  Scat- 
tered  Small   Concrete  Work 409 

'     Culvert;    Mold   for   Concrete    Block 581 

Derrick    Cars    314 

Derrick;    Portable   Circle    Swing 477 

Derricks     261,  298 

Device  for  Preventing  Backflow  in  Water 

Supply    Systems    408 

Drag  Line  Excavator;   New  Type  of Ill 

Drag  Line  E'xcavators;  Planking  or  Track 

for    154 

Dredge;     Electric     Hydraulic;     Cuyahoga 

River  Improvements    110 

Drill  Making  and  Sharpening  Machine....   475 
Drill   Rig  and  Hollow   Piston   Drill;   Auto- 
traction     186 

Drill  Wagons  in   Quarry  Work 20 

Drills;  Self-Rotating  Jackhamer 321 

Dump  Car;  Improved  Side  Door 186 

Dump  Wagon  with  Patented   Spring  Ten- 
sion  Equalizer    233 

Electric   Shovels    154 

Evinrude    Rowboat    Motor    for    Operating 

Centrifugal    Pump    410 

Excavating  Machine;   Plowing  and  Scrap- 
ing        20 

Excavator,   Drag  Line    Ill,  154 

Excavators,  Dragline,  New  Type  of  Bucket  580 
Lifting  Jack  with   Wide   Range   of  Action  525 

Lifting  Jacks;   Use  and  Care  of 499 

Grab   Bucket  for  Heavy  Work 232 

Grade   Board  and  Clamp  for  Scaffolding. .  282 

Gravel  Washing  and  .Screening  Plant 232 

Hauling;    Road    Materials;    Selection    and 

Costs     156 

Locomotive    Crane    262 

Locomotive;    Double-Truck   Electric 185 

Locomotive,    "Oil-Geared"     579 

Locomotive;    Small   Shay,   for  Contractor's 

Service    Railways    326 

Meter,   Nilo   Compound  Water 525 

Mixers 20,  62,   112.   234.  261.   282.  326 

Mixers;    Roads;    Power-Driven    Distribut- 
ing Spout    582 

Mixing  Plant,   Asphalt,    Portable 581 

Paving  Mixers    139,    282.  326 

Paving    Gage.    Adjustable    234 

Pickup   Tool   for   Conduit   Work 186 

Pile    Driving    298 

Pile   Hammer;    Compound,   Valveless 63 

Pile  Hammers;  PuUing  Steel  Piling  with..  217 

Portable    Railways    306,  322 

Power  Road;  Development  of   113 

Printing   Telegraph    459 

Pumps  (see   "Pumps"  and  "Pumping  Ma- 
chinery"). 
Rip-Saw;     Electric     Driven     Combination 

Swing    and     410 

Road  Mixers  at  the   Cement  Show 139 

Road;   Power  Machinery   for  Grading  and 

Hauling   83 

Safety   Block   for  Incline  Hoists IS 

Sand    and    Gravel    Plant,    Floating 477 

Sand    and    Gravel   Washing   Plant 526 

Sewage  Ejector  Svstem;  Electrically  Con- 
trolled        524 

Sewage    Ejector    Plant;    Test    of    Shone...   564 
Shovel:    Special   Annealed    and    Tempered, 

for   Concrete    Work 23  I 

Shovels;      Electrically      Driven:      Used      in 

Street  Railway  Construction 19 

Shovels;    "Single    Line"    Steam 19 

Shovels;   Steam;   Costs;   Building  Site  Ex- 
cavation        454 

•Shovels;    Steam;     Revolving;    With    Hori- 
zontal Crowding  Motion    327 

Sprinkler   and    Sweeper;    Combined 61 

Steel    Testing    Device     526 

Street   Flushing   and    Sprinkling    Machine.   409 
Street    Sweeper   and    Sprinkler;    Combined 

Two-Speed    Rotary    281 

Stump-Cutting    Machine;    Rotary 63 

Surface  Heater   for   Asphalt   Repairs 328 

Tanl!      for      Concrete      Mixer,      Automatic 

Water     HI 

Tool   for  Making  Lead   Flange  Joint   Con- 
nections      410 

Tower  Dragline  Excavator 417 

Tractor;   Knox   Ten-Ton 232 

Tractor  Truck  for  Contractors'  Hauling. .  185 

Tractors:    Caterpillar    114 

Trenching  Machines   507 


Machinery;   (Continued.) 

Turbine  Installations  259.  260 

Valve  Bo.x  and  Box  Bases;  Adjustable....  410 
Venturi  Meter  for  Irrigation  Water  Meas- 
urement          61 

Wagon    Loader    282,   322,  328 

Water    Service    Shut-Off    Box 62 

Wire   Rope,   Armored 581 

Mains,  Gas: 

Pneumatic  Calking  of  Lead  Wool  Joints..  520 
Mains,   Water: 

Cast  Iron:   Leakage  from;  Data  and   Dis- 
cussion       568 

Cast    Iron;    Provision    Against    Corrosion; 

Salt   Marshes,    New   Jersey 77 

Cast  Iron;   Use  of  Lead  Wool  Joints 523 

(iosts  of  Laying   222 

Design  of  Elevated;  Across  Salt  Marsh...     77 

Duluth    E.xtensions;    Assessing    for 447 

Economy    of    Large    Mains    374 

Failure    at    Cincinnati;     by    Longitudinal 

Compression    148 

High  Pressure  System;  Cast  Iron  Bell  and 

Spigot;    Design    629 

Laying;    San  Diego,   Cal.;   Methods  Used..     26 
Joints;   Pneumatic  Calking  of  Lead   Wool.   620 
New   Orleans;   Methods  and   Cost   of  Con- 
structing a  6-Mile,  3-in.   Screwed  Pipe 

Main   222 

Paving     Over;     Allowance     in     Valuation 

Work     532 

San  Diego,  Cal.;  Field  and  Office  Methods; 

Laying  and  Repairing 26 

Testing  During  Construction;   Inexpensive 

Plug    for     14 

Management,   Scientific: 

Frederick  W.    Taylor    329 

Principle     of;     "Credit     Where     Credit     is 

Due"      416 

Scientific    Methods;    Application    to    Con- 
struction   Work     428 

War  and   Navy   Department   Plants 606 

Water    Works;    Suggestions    for    Improve- 
ments        569 

Mansfield,   Ohio;   Enclosing   Stream   in  Con- 
crete   Conduit    126 

Marlboro,   Mass.;    Measuring  Flow   of   Sew- 
age        509 

Marshall,     Texas;     Developments    in    Water 

Works     549 

Massachusetts      Institute      of      Technology; 

Buildings    of     513 

Massachu.setts;  Water  Works  Systems;  Cost 

of   Installing   Small    461 

Mast  and  Boom  Concreting  Plant 427 

Mathematics    and    Logic 482 

McKinley    Ford    Bridge,    La    Salle     County, 

Illinois    179 

Mercury    Column    Alarm   for   Prevention   of 

Standpipe    Overflow    550 

Meters;   Irrigation 61,  189,  190,  235,   248,  414 

Meters,  Venturi    61,   189,  190.  414 

Meters,  Water: 

Boston    E'xperiences    425 

Human  Rights  and  Meterage  in  Chicago..  528 

Lawn    Sprinkling,    Restriction    of 190 

Milwaukee;    Shop    Equipment    and    Motor 

Trucking  Costs    334 

Nilo    Compound;     For    Large    and    Small 

Flows    525 

Rate  Schedules:  Suggestions  for  Making..  191 
Reading;   Washington,   D.   C,  Waste  Cur- 
tailment       26 

Results  at  Columbus,  Ohio 190 

St.   Albans,  Vt.,   Results  of  Adopting 65 

Standard  Fittings 622 

Miami  River  Flood  Control  Plans 187 

Michigan: 
Concrete  Culverts  Recommended  by  High- 
way Departments  44  ■ 

Road    Construction;    Trunk    Line,    Surveys 

and    Plans    162 

Milw.aukee: 
Meter      Division.      Water      Works,      Shop 

Equipment  and  Motor  Trucking  Costs  334 
Shifting  C.   &  N.   W.   Ry.  Swing  Bridge... 

...    356,  359 

Water  Works  Intake  Tunnel;  Construction 

Plant    and    Methods 352,  371 

Milwaukee  County,  Wis.,  Concrete  Roads...   207 

Mine  Shafts;  Sinking  Methods  and  Costs 276 

Mine   Tunnel:    Rapid   Construction,   Methods 

and  Costs    152 

Minidoka    Irrigation   Project 348 

Mining;   Sand  and  Gravel,  Hydraulic,  Costs.   5i3 

MiTmcsota: 
Gravel-Coated  Earth  Roads  in  Polk  County     61 
Highway  Commission's  Standard  Concrete 

Kridge  Floor   313 

Mississippi   River: 

Drainage    of    Bottom     Lands;     Plans     for 

Typical  Conditions   490 

Levee    Work    with    Tower    Dragline    Ex- 
cavator       417 

Missouri;  Judge  for  County  Surveyor 140,  167 

Mixers: 

Asphalt,   New   Portable   Plant 681 

Concrete 20.  96,  108,  110,  111, 

112,  113.  116,  199.  205.  234.  261.  296,  371.  428 

Grout;   for  Paving  Work 282 

Mortar  and  Plaster 62 

Paving:   Boom  and  Bucket  Discharge 326 

Polton   Wheel  Driven 112 

rower   Driven;    Road   Construction 85 

Road  Mixer,   Special,   at  Cement  Show .  . .  .  139 

Road   Mixer,   Twelve   Cubic  Foot 328 

Road;   Power  Driven  Distributing  Spout..  582 

Mold   for   Precast  Concrete   Block  Culverts.  581 


Engineering   and    Contracting 


Moline.    Ill,,    Use    of    River    Sand    as    Filter 

Medium     236 

Monroe  County.  New  York,  Road  Main- 
tenance Costs   511 

Monticello,  Ark.,  Neglected  Sewage  Treat- 
ment Plant:  Placing  in  Operation 247 

Monticello,  Wis. :  Reinforced  Concrete  Stand- 
pipe    332 

Montreal;  Water  Supply  Reservoir;  Concret- 
ing Wall  and  Dam  by  Compressed 
Air   Method    138 

Moore  Irrigation  Project,  Texas 6G 

Monuments,   Street   Line,   Pittsburgh,   Pa...   574 

Mortar: 

Cement:  Tests  of  Temperature  Effects 196 

Effect   of   Fineness   of   Sand   and   of   Clay 

and  Loam  on  tiie  Strength  of 403 

Machine    Mixer    62 

Mosquito  Prevention   by  Land  Drainage 459 

Motor  Vehicles: 

Buses;  Jitney  vs.   Street  Cars 187,     283,  303 

Street     Cleaning     Apparatus,     Springfield, 

Ohio     324 

Street  Sprinkler  and  Flusher 409 

Trucks:   Costs;   Haulage;    Underestimating  210 
Trucks;  Costs;  Meter  Division,  Milwaukee 

Water  Works    334 

Trucks;    Geodetic   Survey  Work 170 

Trucks:    Haulage;    Danger    of    Incomplete 

Costs     284 

Trucks:   Hauling  Concrete  Road  Materials  114 

Trucks:   Road   Construction  Work 84 

Mountain  Road  Construction  in  Virginia 341. 

Multnomah  County,  Oregon,  Concrete  High- 
way Bridges    121 

Municipal: 

Accounting  and  Cost  Keeping;   Inaccurate  438 
Costs;   Desirability  of  Independent  Audits  161 

<3arage  Records,  Oakland,  Cal 311 

Government;  Commissioner-Manager  Form     92 
Eecords    of    Water    Distribution    Systems; 

Importance   of    66 

Transportation   Problems:    "Jitney  Buses" 

187,     283,  303 

Water   Works,    State    Regulation   in   Wis- 
,  <^nsin     427 

N 

Narrows  Syphon.  Catskill  Aqueduct;  Meth- 
ods   of   Laying 218 

National    Road,    Oliio,    Reconstruction   of 227 

Navy  and  War  Department  Plants;  Scien- 
tific Management    506 

Nebraska:    Abandoned   Irrigation   Canals 330 

Nepaug  River  Water  Supply  Conduit;  Hart- 
ford,  Conn 23 

Neponset  River  Improvement;   Cost  Data...     34 

New  England  Water  Works  Association 283 

Newr  Jersey: 

Sewage  Collection  and  Disposal  at  Sea- 
side  Resorts    175 

Supreme  Court  Decision  on  Damages  for 
Illness     Caused     by     Impure     Water 

Supply    423 

New    Mexico:    Road    Construction    in    Solid 

Rock    Side    Hill 504 

New  York  City: 

Building  Code;  Efforts  to  Secure  Satis- 
factory        389 

Cinder  Concrete  Floor  Construction;  Prop- 
erties  of    301 

Concrete  Curb  Construction  in  Suburbs...     58 

Leakage   from   Cast  Iron   Mains.   Data 568 

Sewer  Syphons  Under  Subway,  Design  and 

Construction    128 

Western  Union  Telegraph  Building,  Con- 
struction   of   Column    Piers 428 

New  York  State: 

Constitution:      Recommended      Alterations 

Affecting   Engineers    421 

Engineer   for  Public   Service   Commission- 

ership:   Daily  Paper  Advocates 230 

Engineering   Department    140 

Guard    Rail:      Concrete     Posts;     Highway 

Commission    Standards    106 

Highway   Commission    and   Practical  Poli- 

„.    tics     66 

Highway    Commission;    Methods    of    Com- 

puting  Average  Haul  of  Road  Material     17 
Proposed   New    Constitution   and    Its    Pro- 
visions  for   Engineers 415,  421 

Road  Maintenance  Costs  in  Monroe  County  511 
Testjng    Aggregates    tor    Concrete    Roads 

by  Highway  Commission 294 

Newark,  N.  J.,  Cost  of  Caring  for  Trees 88 

Newton,  Mass.,  Measuring  Sewage  Flow 510 

North  Carolina: 

Cost  of  Macadam  Object  Les.son  Roads...   544 
Sand-Clay  Road  Construction 375 

O 

Oakland.  Cal.,  Municipal  Garage  Records...   311 

Ocean   Grove,   N.   J.,    Sewage  Collection   and 

Disposal    179 

Ohio: 
Conservancy  Law,  Unwi.se  Amendment...   187 
Nationril  Road;   Reconstruction  of 227 

Oiling  Streets  and  Roads: 

Carlisle.  Pa..  Methods  and  Costs 513 

Costs;   Monroe   County.   New  York 512 

Dust  Prevention:  Kinds  of  Oil  and  Meth- 
ods of  Applying 435,  445 

Okanogan    Irrigation    Proiect '  441 

Ore  Prospecting  with  Well  Drilling  Ma- 
chines,   Cost   of 202 

Oregon : 

C'^l'imbia   Highway:    Types   of   Reinforced 

Concrete    Bridges    121 

Roads;  Rolled  Concrete;  Methods  and 
Costs   of   Construction 203 


Oxy-Acetylene    Welding    a    Broken    Crusher 

Spider     328 

Oxy-Acetylene  Welding  and  Cutting  Equip- 
ment:  Some  Data  on 543 

P 
Pacific    Highway    Interstate      Bridge      Over 

Columbia  River    528,   540,  576 

Packing  Valves,   Some   Experiences  in 523 

Painting: 

Costs;    Wood    Stave   Pipe 147 

Railroad;     Methods    and    Kinds    Used     on 

Steel   Work    270 

Steel   Bridges;    Estimating  Costs 33 

Palmer    Memorial    Stadium;     Princeton,    N. 

J.,   Design   and   Construction   Features  472 

Panama  Canal: 

Civilian  Builders;   Col.   Goethal's  Credit  to  349 

Colonel  Goethal's  Own   Story 235 

Contract  vs.  Day  Labor  Argument 235 

Honors    for    Engineers 209 

Panama-Pacific  E.xposition;  Tower  of  Jewels 

45,  47,  377- 

Park  Point,  Duluth,  Sewage  Collection  Sys- 
tem       309 

Parks:    Cost    of    Planting    Grass    and   Hedge 

and    Making    Paths 320 

Pasadena,  Calif.,  Organization  and  Pro- 
cedure  in  the   Water  Department 372 

Pavements:  (see  also  "Roads"  and  "Streets") 

Adjustable  Gage   234 

Asphalt   and   Asphaltic   Cement;   Purchase 

on    Bituminous    Basis 85,  160 

Asphalt  Block;  Anchor  Block  for 503 

Asphalt  Block;   Washington,   D.  C;   Anal- 
yses   of    43 

Asphalt;    Comparative   Cost   of  Brick   and 

504    545 

Asphalt-Concrete:    Chicago,    Data.'.'.'. .'433 

Asphalt:    Costs    504,  545 

Asphalt  Macadam;   Service  and  Cost  Data  433 
Asphalt:    Melting    Point;    Cube    Method    of 

Determining     87,  167 

Asphalt:   Sheet;  Chicago;  Data: 433 

Asphalt:  Surface  Heater  for  Repairing....   328 
Asphaltic    Concrete;    Washington,    D.    C; 

Analyses  of    43 

Assessments:  Method  of;  Two  Iowa  Cities  344 

Assessments:   Table  for  Making 447 

Bituminous     Binders:     Cementing     Value; 

Tests     39 

Bituminous  Concrete;  Washington,  D.  C. ..  325 

Block;    .A.cme   Non-Slip 234 

Brick;  Chicago;  Data  on  Service  and  Costs  433 

Brick;  Costs   254,  433.  504 

Brick ;    Illinois    159 

Brick;    Illinois    Highways 254 

Brick;  On  Old  Gravel  Foundation;  Lincoln 

Highway     546 

Brick:    Proposed    Construction    to    Reduce 

Cost     374 

Brick;  Trench  Work  for  Conduit;  Cost 504 

Brick;    Trenching  Through;   Costs 61 

Brick ;  Vertical  Fiber 406 

Bridge   Roadways    8 

Brooklyn:    Service    Tests 158 

Comparative     Study     Based     on     Chicago 

Conditions    432 

Concrete:   Construction;   Pi-actical  Kinks..   114 

Concrete;  Costs   2f)5,  254,  433,  444 

Concrete:  Costs  in  Twenty  States  in  1914..   436 

Concrete;    Curing    118,  120 

Concrete;    Des   Plaines,   111.,   Methods   and 

Costs     444 

Concrete;   Finishing 116,  120 

Concrete ;   Frost  Action 436 

Concrete;  Notes  on  Illinois  Highways 254 

Concrete:    Oregon;    Costs 205 

Concrete;    Plain;    Service   and   Cost   Data, 

Chicago    433 

Concrete;   Portland  Cement;   Price  of,   III- 

nois     345 

Concrete;  Repairs  When  Cut  for  Pipes 504 

Concrete;   .Spacing  of  Joints 407 

Concrete;   Split   Float  for  Finishing  Joints  546 

Costs;   .\sphalt  vs.    Brick 504 

Costs:  Concrete   205 

Day  Labor;   Duluth,  Minn '.   445 

Dust     Prevention:     Methods    of    Applying 

Tars    445 

Granite   Block;    Service  Tests 158,  433 

Grout   Mixer  and  Distributor  for 282 

Gutter    in    Center 229 

Illinois    Popular  Types:    Price   of 345 

Lincoln   Highway    546 

M.aoadam:    Tar    or    A.sphalt:    Service    and 

Cost    Data    433 

Macadam:   Waterbound:    Chicago.   Data...   433 

Macadam:   Waterbound:   Price;   Illinois 345 

Maintenance,   Cost  Keeping  System,   Phil- 
adelphia      283,  292 

Manufacturing    of    Paving    Materials;    Ef- 
fect of  Improved  Methods 209 

Mixers:   Boom  and   Bucket  Discharge 326 

Mixers:  Twelve  Cubic  Foot 326 

Over  W.ater  Mains;  Allowance  in  Valuation  532 
Pushing    Service    Pipes    Under;     Urbana- 

Champaign     14 

Repair   Costs,    Philadelphia 280 

Repairs :   Economic  I.iimit 277 

Street  Car  Track;  Cost  of  Concrete  Header 

Along    Rails     545 

Tar    Concrete:    Methods    and   Mixtures 256 

Tar   IMacadam:    Chicago   Data 433 

Testing    of    Materials    and    Insnection    of 

Construction:    Consulting    Engineer...   505 

Vitrified  Brick:  Illinois:   Price  of 345 

Wood    Block:    Creosoted;    Service    Records 

and  Costs   433 

Wood   Block;    Treated:   United -States 365 

Pennsylvania: 

Dana-erous     Legislation     Affecting    Bridge 

Work    162 

Fnilnres    and    Partial    Failures    of    Dams; 

Study  of   75 


Penns.vlvania — (Continued) : 

Highway      Commission.      Instructions      to 

Bridge    Company    79 

Highway  Department:  Instructions  to  Em- 
ployes Governing  Bridge  Work 32 

Licensing  Engineers;  Report  of  Committee  422 

State    Regulation    of    Operation    of    Small 

Water  Works    103 

Pennsylvania  Ave.  Viaduct,  Kansas  City,  Mo  539 

Philadelphia: 

Cost  Keeping  System  of  Bureau  of  High- 
ways     283,  292 

Cost   of   Reinforced  Concrete  Sewers 400 

Rent  for  Street  Occupation  by  Stock  Piles  260 
Service   Tests    of    Bituminous    Carpets   for 

Concrete  Roads   350 

Sewer   Pipe,    Tests    of   Circular   and    Egg- 

.Shaped  Concrete   307 

Sewer  System;  Manufacturing  and  Lay- 
ing Reinforced  Concrete  Pipe 245 

Sewerage  Report   460,  478 

Street  Repair  Costs  in  1914 280 

Water   Works   System;    Profit  of 21 

Pelton  Wlieel-Driven  Concrete  Mixer 112 

Piers: 

Bridge;   Concrete:   Construction  and  Costs 

Bridge;    Construction    Methods 

Bridge;    Corrugated   Culvert    Pipe 

Bridge;  Dpuble-Track  Swing  Span,  Mil- 
waukee     

Bridge;    Reinforced    Concrete 

Bridge;  South  Canadian  River,  Geary, 
Okla :. 

Bridge;  Timber  Crib  and  Pile  Founda- 
tions      

Column;  Construction:  Western  Union 
Telegraph    Building     

Designing   Bridge    

Steel  Viaduct,  Truss  Span 

Pile  Hammer,  Compound  Valveless,  New 
Type     


ISO 

579 

356 
312 

397 

542 

428 
212 
49S 

63 

542 

6 
452 

6 
312 
298^ 

77 

312 

456 

428 
217 


Piles: 

Bridge  Substructure,   Columbia  River 

Concrete:    Bridge.    Driving 

Concrete;  Design  and  Cost;  Railroad  Work 

Concrete;    Loading   Tests 

Concrete;    Reinforced    272, 

Driving  Equipment    

Pine;  Foundation  for  Force  Main  Across 
Salt    Marsh    

Reinforced  Concrete:  Data  on  Casting  and 
Driving    

Wooden:  Why  Not  a  Rational  Specifica- 
tion  for   

Piling; 

Steel   Sheet    

Steel  Sheet;   Pulling  With  Steam  Hammer 

Pipe: 

Cast  Iron   25,  27,  77,  149,  218,  424,  529,  56S 

Cast  Iron;  Lead  Wool  Joints 623 

Concrete:    Reinforced   Sewer 245.  307 

Corrosion    Testing    Apparatus 582 

Lead ;  Tool  for  Flanging 410 

Sewer;  Concrete:  Manufacturing  and  Lay- 
ing   at    Philadelphia 245 

Sewer:    Concrete;    Tests    of    Circular   and 

Egg-Shaped     307 

Sewer:    Costs    50S 

Sewer;    Silt  Basin   Constructed  of 348 

Sewer;    Waterproofing    508 

Steel    25 

Wood   Stave 10,    146,  483 

Pipes;  Water: 

Bids  on  Hartford,  Conn.,  Supply  Line 25 

Cast    Iron:    Bell    and    Spigot    Joints,    Fire 

Mains     529 

Cast  Iron,  Failure  by  Longitudinal  Com- 
pression   149 

Cast  Iron;  Leakage  from.  Data  and  Dis- 
cussion        568 

Cast  Iron  Tee,  Method  of  Repairing  Crack 

in  Large    318 

Cast    Iron    vs.    Steel;    Bids    on    Hartford, 

Conn.,   Supply  Line 25 

Cincinnati  Fire   Mains 529 

Costs.    Comparative,   of  Different   Sizes...   374 
Costs:    Small    Town    Systems    in    Massa- 
chusetts        464 

Flow  of  Water:  Method  of  Platting  For- 
mula       239 

Plug    for    Testing 14 

Service  Pipes;  Pushing  Under  Pavements; 

Champaign-Urbana    14 

Stre.am    Crossings    25,  424 

Submerged,        Flexible-Jointed        Syphon; 

Catskill  Aqueduct 218 

Submerged    Line    Across    Little    Calumet 

River     424 

Wooden  Stave;  Construction  Organization 

and    Methods    483 

Wooden    Stave;    Cost 146 

Wooden   Stave:    Design 10 

Pitometer  Surveys:  Washington,  D.  C....26,  275 

Pitting,   Costs  of  Test 138 

Pittsburgh,    Pa.: 

Bloomfleld  Bridge.- Construction  Features.       6 

Street   Line  Monuments,    New  Form 574 

Plaster  Lining  Irrigation  Canals  and  Later- 
als       441 

Pneumatic  Calking  of  Lead  Wool  Joints,   in 

Gas   or  Water   Mains 520 

Population   of   Cities;   Methods   of  Estimat- 
ing  Future    426 

Portland   Cement   (see   "Cement") 

Posts: 

Concrete;  New  York  Standard  Guard  Rail  106 
Reinforced    Concrete:    Catskill    Aqueduct; 
Design   and    Costs 287 

Power  Houses   98,   287,  535 


Engineering   and    Contracting 


Power  Plants; 

Austin,   Ttxas   465,  535 

Coon    Kapius,    Minn..    ilyuro-Klectric    De- 
velopment        151 

Hydro-Electric     225 

Power,  Water   (see   "Hyaro-Electric") 
Princeton      University;      Palmer      Memorial 

Stadium     472 

Printing    Telegraph    459 

Professions;  Hysteresis  in 162 

Proviaence,  R.  I.,  Measuring  Flow  ot  Sewage  5ua 

Public  Regulation  of  P  armers 437 

Public  Service  Commissions: 

Capable  Men  as  Members 2 

Engineers   as   Members 1 

Idaho;  Engineer  as  a  Member IGl 

Illinois;      Examinations     lor     Engineering 

Positions     431 

New   York   State;    Daily  Advocates   Engi- 
neer   for    236 

New    York   State;  New   Constitution;   Pro- 
visions   of    415,  421 

Public    Service    Publications 2S3 

Public    Utilities    Regulation;    Application    to 

Farmers     437 

Public   Work;    laio   Prospects S9 

Publicity    Measures    ot    Terre    Haute    Water 

Works  Co   523 

Pump  House;  Sewage  Disposal  Plant,  Aber- 
deen,   S.    D 37 

Pumping: 

Air   Lift    System;    Installation   and   Opera- 
tion       422 

Air  Lift  System,   South  Orange,  N.  J 5ia 

Cost  of  Installing  Small  Water  Works  Sys- 
tems  in   Massachusetts 461 

Irrigation;  First  Cost  and  Operation  Costs  491 
Irrigation;  Increase  ot  Operating  Costs  Due 

to     34S 

Irrigation ;    Progress    in    Kansas 253 

Irrigation  Project  at  Del  Rio,  Texas 66 

Machinery;    Costs    464 

Machinery;  Deep  Well;   Selection  of 104 

Plant;    Cost    of    Excavating    and    Grading 

Sitg.    31S 

Plants;  Sewage;  Daytona,  Fla 5 

Plants;      Sewage;      Park     Point,      DuUith; 

Specifications    , 309 

Plants;    Toronto  Water  Works 548 

Plants;  Water  Works;   Marshall,   Texas...   549 
Water  W'orks  Station;  So.  Orange,  N.  J...   520 
Pumps: 

Air  Lift;    Proper  Installation 238 

Centrifugal;    Evinrude    Motor  Attachment.  410 
Centrifugal;     Steam-Turbine-Driven,     To- 
ronto  Water   Works 54S 

Costs;    Centrifugal    and    Belt    Driven    Tri- 
plex ;   Irrigation    491 

Humphrey  Gas;  Design  and  Operation;  Del 

Rio   Irrigation  Project 66 

Use  of  Injector  as  Emergency 432 

Water  Works;   Choice   for 171 

Q 
Quantity  Surveys: 

Comment    on    Cost    and    Proposed    Survey 

Guarantee     349,  518 

St.    Louis    Ordinance 187,  341 

Quarrying;  Drill   Wagons  for 20 

Quincy,    111.,    Design   and   Operation   of   New 

Filtration    Plant    355 

Quoted    Articles    in    Engineering    and    Con- 
tracting       369 


R 

Railings,    Bridge    122,  123 

Railways: 

Bridges  (see  also  "Bridges") 

Bridges;  Data  on   Reinforced  Concrete....     29 

Bridges:    Waterproofing    for     Solid     Steel 

Floor;    Specifications    79 

Computing  Overhaul  by  Diagrams 304 

Concrete  Piles;  Data  on   Design  and  Cost  452 
Development    Cost    of    Canadian    Govern- 
ment       369 

Electric;  "Jitnev"  vs.  Street  Car.  .187,  283.  303 
Engine  Terminal;    L.   8.   &  M.    S.   Ky.,  Air 

Line   Junction,    Ohio 97 

Excavation.   Method.s  and  Costs i54 

Industrial;  Milwaukee  Intake  Tunnel  Con- 
struction       371 

Industrial;  Road  Construction.  Using.  .306,  322 

Industrial;  Small  Shay  Locomotive  for 326 

Labor;    Section;    Solution    of    the    Problem 

by  Long   Island    Railroad 259 

Paints  and   Painting;   Steel  Work 270 

Rates;  Effect  on  Business  of  the  Five  Per 

Cent    Increase    1 

Retaining  Walls 199.   323.    457,  497 

Right  of  Way  Valuation;  Important  Con- 
siderations        572 

Screw    Spikes  on   the  D.   L.   &   W.    R.    R., 

Data  on  Use  of 450 

Street;   Jitney   Buses,   vs.   Street  Cars 

187,  283,  303 

Surveying;   Examples  of   Stadia 571 

Ties;  Method  for  Finding  Annual  Charges  155 
Ties;    Tie    Plates:    Delaware,    Lackawanna 

&    Western    450 

Valuation;  E'ngineer's  Prof.  Common  Crit- 
icism       284 

Valuation;    Tangled  Theories 667 

Ransome  Drifting  Sand  Water  Filter;  Tests 

at  Toronto   351 

Rainfall  and   Run-oft: 
Computing;  in  Draining  Irrigated  Lands..   481 
Drainage      Problem      in      Mississippi      and 

Arkan.sas  River  Valleys 490 

Edmonton.    Alberta,    Records 400 


Rates: 

"Present  Value";  Basis  for  Appraising...  302 
Railway;    Effect   on   Business   of   the   Five 

Per  Cent  Increase 1 

Water;   Meter   Schedules;   Suggestions   for 

Making     191 

Water,  St.  Albans,  Vt.,  Experience  with..  54 
Water:    State    Regulation;    Care    of    Small 

Plant  in  Pennsylvania 103 

Real  Estate;  Appraisal  of  City 167 

Reclamation  (see  "Irrigation."  "Drainage.") 

etc. 
Referendum  In  Fargo.  N.  D..  on  Water  Ques- 
tion      389,  396 

Refuse  Collection  and  Disposal: 

Incinerator    at    International   Falls,   Minn., 

Design   and   Operation 477 

Prevention  of  Odors  at  City  Works 81 

Regina.  Sask..  Water  Works  Reservoir,  De- 
sign.  Construction  and  Cost 285 

Reinforcement  for  Concrete  Work: 

Arch  Ribs  and  Piers  of  Viaduct 213 

Beams;   F'ormulas  for  Designing 182 

Beams;  M.  I.  T.  Buildings 517 

Bending  and  Placing,  Chicago  Hebrew  In- 
stitute       562 

Bridges;  Pennsylvania  Highwav  Depart- 
ment;   Standards    32 

Columns:    Edison   Fire 196 

Equipment    for    Handling 298 

Reservoir    2S6 

Sewer   Pipe    245 

Steel  Used  in  M.  I.   T.   Buildings 515 

Steel    Used    in     Standard     Railroad    Deck 

Slabs     30 

Relation  of  Research  to  Progress 527,  537 

Reports   of    Road    Construction    Costs;    Rec- 
ommended   Standard    Forms 107 

Reports;    Pubhc    Works;    Examples   of  Very 

Good  and  of  Very  Poor 140 

Research  and  Progress  in  Engineering  Field 

527,  537 

Reservoirs: 

Design    of     Reinforced      Concrete      Water 

Works    285,  313 

Irwin,    Pa..    Waterworks 273 

Concrete.  Reinforced;  Design.  Construc- 
tion  and  Cost 285 

Relining  with  Concrete   and  Asphalt 273 

Surveying  Site;   Use  of  Stadia 571 

Water  Supply;  Costs;  Small  Massachusetts 

System     465 

Water    Supply;     "Coppering"     to    Prevent 

Weed    Growth    572 

Water     Supply:     Data     on    "Coppering." 

Hartford.    Conn 277 

Water  Supply;   Los  Angeles 392 

Water    Supply:    Montreal;    Concreting    by 

Compressed    Air    138 

Waterworks;  Regina,  Sask 285 

Water  Works:  Reinforced  Concrete;  Du- 
luth   Middle    System 318 

Retaining  Walls: 

Bridge;    Reinforced     Concrete,    Cantilever 

Type   497 

Concrete;    Plain   and   Reinforced;    Relative 

Costs     457 

Costs  of  Different  Types,  Comparative....  578 
Design  of  Foundations  on  Soft  Materials.  576 
Dry   Rubble;    Road  Embankment.    Hawaii.   323 

Repairing  with  Concrete  Atomizer 199 

Riensch-Wiirl    Sewage    Screens 5 

Right    of   Way    Valuation;    Some    Important 

Considerations     572 

Ripon,    Wis.,     Mercury    Column     Alarm    for 

Standpipes.    Successfully    Employed...   550 

Rivers  and  Harbors: 

Cuyahoga     River    Improvement;      Electric 

Hydraulic  Dredge  110 

Floods   (see    "Flood   Control") 
Illinois    Waterway;    Proposed    S-Ft.    Chan- 
nel from  Lockport  to  Utica 201 

Miami  Valley  Flood  Prevention  Work 187 

Neponset  River  Improvement,  Massachu- 
setts;   Cost   Data  on 34 

Riverside  Measuring  Box  for  Irrigation  Wa- 
ter       249 

Road   Roller:    Bowlby   Concrete 204 

Roads : 

Bituminous  Concrete;  Methods  and  Mix- 
tures        256 

Bituminous;  Use  of  Large  Stone  Chips  in 

Maintenance    460 

Bituminous  Surfacing;  Costs  ot  Applica- 
tion        5U 

Brick;    Costs;    Illinois 471 

Brick;    Illinois    Highways 159.  254 

Brick;    Proposed    Construction    to    Reduce 

Costs    374.  406 

Bridges  (see  "Bridges") 

Bybcrry  and   Bensalem  Experimental 350 

California;  Construction  and  Costs  of  Nine 

Miles  of  State  Concrete  Road 107 

California;  Reconnaisance  and  the  .\{)pli- 
cation  of  Sound  Engineering  Princi- 
ples  to   Location 258 

Cement  Concrete;    Michigan 166 

College  Courses   in    Engineering 45 

Concrete;      Bituminous     Carpets;      Service 

Tests    350 

Concrete;  California  State  Highways;  Con- 
struction   and    Costs 107 

Concrete;    Carrying  Over  Trenches 504 

Concrete:  Construction  by  Day  Labor 118 

Concrete;   Construction,   Practical   Kinks..   114 
-  Concrete;     Cost     Estimating;     Milwaukee 

County.    Wisconsin 207 

Concrete:    Costs    118.  20S 

Concrete:    E.>cpansion   Joints 119 

Concrete:  Frost  Action 367.  436 

Concrete;   Grading    114,119 


Roads;    (Continued.) 

Concrete;   Growing  Tendency  Toward  Re- 
finement in  Quality  of  Materials 4S2 

Concrete;    Handling   Materials 113 

Concrete;   Illinois;   Contract  Prices 4i0 

Concrete:  Illinois;  Day  Labor 118 

Concrete:    Illinois  Highways 254 

Concrete:    Illinois;   Price  01 34o 

Concrete;    La   Salle    County,   Illinois,    Con- 
struction   and    Costs 109 

Concrete;  Methoa  of  Estimating  Costs 446 

Concrete;    Old   National;    uhio 22; 

Concrete,    Rolled ;    Oregon 203,  227 

Concrete ;   Spacing  ot  j  oints 407 

Concrete;    Special   Mixers    at    the    Cement 

Show     139 

Concrete;  Steel  Side  Forms  for  Construc- 

cion    281 

Concrete;    Testing   Aggregates 294 

Concrete;     Two-Ti-ack*    Construction,     on 

Curve   on    Grade 513 

Concrete;     Water    Supply     by     Pumping; 

Construction  with    467 

Construction     Costs:     Reporting;     Recom- 
mended   Standard   Forms 107 

Construction    Equipment    544 

Construction  in    United   States   in  1915....  1 

C^onstruction   Methods;   Water  Supply 115 

Contract  of  100  Y'ears  Ago;  National 323 

Contracting;    Causes'  of   Failures 188 

Contractor   as   Engineer,    Daily   Cost   Rec- 
ords     187 

Contractors;    Efficiency    System    for 552 

Contracts  and  Competition 305 

Convict    Camps    in    Georgia;    Organization 

and  Equipment  433,  500 

Convict    Labor;    Equipment    and    Mainte- 
nance of  Gangs  in  Georgia 290 

Costs;   Brick    374,  471 

Costs;    Concrete 118,    205,  470 

Costs:    Culverts    260 

Costs;    Inspection   and    Recording   System, 

Cook    County,    111 206 

Costs;  Macadam    544 

Costs;   Maintenance    208,  511 

Costs;     Railroad      Location      vs.      Country 

Roads     21 

Country;    Alignment   and   Grades 21 

(iountry;  Designing  and  Drainage  of 86 

Country;    Economic   Elements   Involved   in 
Transportation      and      Communication 

Problems     528 

Country;    Lightly    Traveled;    Improvement 

with   Limited  Funds 86 

Crossings   of  Drainage  Ditches 209 

Culverts   (see  "Culverts") 

Culverts;      Estimating      Costs      of      Small 

Structures    260 

Designing   Lightly    Traveled    Country 86 

Determining  Voids  in  Fills  by  Puddling...-  503 

Drainage;    Country 86 

Dust  Prevention;  Methods  of  Applying  Oil  435 
Earth;  Grading,  Power  Machinery  tor....  83 
Earth;  Gravel- Coated;  Polk  County,  Minn.  61 
Economics:  Location,  Improvements. .  .15,  21 
Educational  Field  for  State  Highway  De- 
partments       230 

Embankment;  Dry  Rubble  Retaining  Wall; 

Hawaii     323 

Engineer  and  Maintenance   Work 505 

Engineering;     Short     College    (iourses    vs. 

Associations   of   State    Engineers 45 

"Favored    Son    Idea"    in   Elnploying   Engi- 
neers by  State  Commissions 437 

Financing    Permanent    Construction 231 

Georgia;     Convict     Camps;      Organization, 

Equipment  and  Maintenance.  .290,  433,  500 

Grading;    Concrete    114,  119 

Grading;  Costs,  and  Conditions  Determin- 
ing Maximum  Grades  in  West  Virginia     16 

Grading;   Power  Machinery  for 83 

Gravel;    Construction    anti    Maintenance.. 

369,  376 

Gravel;    Michigan    164 

Guard    Rails;    Standards     of     New     York 

Highway    Commission    106 

Haul;   Computing  Average 17 

Hauling   Construction  Materials;   Portable 

Railway    306,  322 

Hauling  Costs;   Comparative 139 

Hauling    Machinery;    Selection    and   Esti- 
mating  Costs    156 

Hauling    Materials,    Concrete 118 

Hauling  Materials;  Development  of  Power 

Machinery    113 

Highw'ay    Associations;    Local 307 

Illinois;   Brick;  Features  of  Construction..    159 
Illinois;  Coolv  County;  Inspection  and  Cost 

Keeping  System    206 

Illinois    Highwav    Commission;    Organiza- 
tion of   Work  Under 468 

Illinois;    Methods   and    Costs  ot   Construc- 
tion  by  Dav    Labor 118 

Illinois:   Price  of  Three  Popular  Types 345 

Index  of  Articles  on;   Pocket 18 

Industrial   Railway   Used    in   Construction. 

: 306.  322 

Inspection;    Cook   County.    Illinois 206 

Lincoln   Highway    546 

Location   and    Economics   of   Improvement     15 
Location;    California;    Reconnaisance    and 
the    Application   of   Engineering   Prin- 
ciples      258 

T>ocation:    Importance    of 21 

Macadam;    Construction     with     Industrial 

Railway    322 

Macadam;   Cost  of   Object   Lesson;   North 

Carolina     644 

Macadam.   Waterbound:    Illinois:   Price  of.   345 

Machinery:   Power;  Development  of 113 

Machinery:  Power:  With  Special  Reference 

to  llaulini?  and  Grading 83 

Macliinery;     Special     Concrete    Mixers    at 

Cement  Show    139 

Maintenance  and  the  Engineer 505 
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Roads;    (Continued.) 

Maintenance    Costs    in     Monroe     County, 

New   York    511 

Maintenance;  Country   87 

Manufacture   of  Paving  Materials;   Effect 

of  Improved  Methods 209 

Michigan  Trunk  Lines;  Surveys  and  Plans  Ifii; 

Millionaire  Foreman    140 

Milwaukee    County,    Wisconsin,    Concrete, 

Cost  Estimating  and  Maintenance....  207 
Minnesota;  Gravel-Coated  Earth  Roads  in 

Polk   County    61 

Mixers;  Power  Driven  Distributing  Spout  582 
National   Road;    Contract  of  One  Hundred 

Years  Ago  30",  323 

National  Road,  Ohio;  Reconstruction  of...  227 
New    Mexico;    Construction   in    Solid   Rock 

Side  Hill   504 

New    York;    Computing   Average    Haul   of 

Materials    17 

New  York;  Standard  Guard  Rail 106 

New    York;    State     Highway     Commission 

and    Practical   Politics 66 

New    York    State    Highway    Commission; 

Testing  Aggregates  294 

New  York  State,  Monroe  County  Main- 
tenance   Costs    511 

North  Carolina;  E.xperimental  Macadam..  544 
North  Carolina:  Sand-Clay  Experiments..  375 
Ohio;  Old  National  Road.  Reconstruction.  227 
Oregon;      Rolled      Concrete,      Construction 

Methods  and  Costs 203,  227 

Price;    Discussion   of 331.  345 

Relative   Area  Occupied   by  Diagonal  and 

Parallel     420 

Requirements   of  Ideal 15 

Rock    Side- Hill,    Construction     in;      New 

Mexico    504 

Sand-Clay;  Methods  and  Costs  on  Experi- 
mental       375 

Specifications;   Michigan  Trunk  Lines 166 

Sub-Contracts;    Regulation   100  Years  Ago 

307,  323 

Surveys  and  Plans;  Michigan  Trunk  Lines  162 

Surveys;   Examples  of   Stadia 571 

Terms  Used  in  Construction:  Definitions..  278 
Two-Track     Construction     on     Curve     on 

Grade    513 

Vitrified  Brick;  Price  of  in  Illinois 345 

Washington  State  Laws.  Digest  of 503 

West  Virginia;  Grading  Methods  and  Costs  16 
Wisconsin;    Concrete:     Estimating     Costs, 

Milwaukee  County   207 

Rochester.   N.  Y.,   Report  of  Department  of 

Engineering     ....  140 

Rock  Crushers;  Power  Driven 85 

Rock  Excavation: 
Boulder  Breaking;  Adobe  Shots  and  Block 

Hohng    Tests    , 203 

Bucket,  Grab,  Designed  for  Heavy  Serv- 
ice       232 

Conduit.  Hartford.  Conn.,  Water  Supply..     24 

Drilling  Ahead  of  Steam  Shovel 321 

Mine  Tunnel  in  Alaska,  Methods  and  Costs  152 

Shaft    Sinkini;    276 

Steam    Shovels;    Methods     and     Costs     of 

Preparing  Rock   321 

Tunneling;   Speed   Records   161 

Tunneling:  Stockton  Street,  San  Francisco     94 
Rock  Island.  III.;  River  Sand  Used  as  Filter 

Medium    236 

Roofs: 

Arched;  Chicago  Hebrew  Institute,  Design  558 

Reser\'oir;  Reinforced  Concrete 286 

Rope.   Armored  Wire 581 

Rove  Tunnel  on   the   Canal  from  Marseilles 

to   the    Rhone 536 

Rules;  Slide;  Winslow's  Concrete  Computing  281 

Run-Off: 

Computing  in  Draining  Irrigated  Lands...   481 
Drainage   Problem   in  Mississippi  and  Ar- 
kansas River  Valleys 490 

Edmonton,   Alta.,  Rainfall  Records 400 

Runnymede  Avenue  Bridge,  Cincinnati,  Ohio 

271,  312 

S. 

Sacramento    Valley    Irrigation    Project 554 

St.    Albans,    Vt.,    Experiences    with    Water 

Waste.   Famines,  Meters  and  Rates...     54 

St.  Catharines.  Ont..  Liquid  Chlorine  Steri- 
lization of  Water  Supply 188 

St.    Louis:    Ordinance    Governing    Quantity 

Surveyors     187,  341 

Salt  Marshes  of  New  Jersey;  Provision 
Against  Corrosion  of  Cast  Iron  Water 
Main   Crossing    77 

San  Diego,   Cal. : 
Cottonwood    Conduit    and    New    Concrete 

Settling   Basin,   Design   Features 136 

Field  and  Office  Methods  in  Connection 
with  the  Laying  and  Repair  of  Water 

Mains    26 

School  for  Water  Works  Employes 90 

Water  Works  Distribution   System 174 

San   Fernando  Inverted   Steel   Syphon 392 

San  Francisco,  Cal.: 

Stockton  Street  Tunnel 93 

Wooden  Framing  of  Tower  of  Jewels 377 

Sand: 

Clay-Sand   Roads:  North  Carolina 375 

Filter;  Desirability  of  Better  Methods  and 

Apparatus  for  Analyses 481,  488 

Floating  Sand  and  Gravel  Plant.  Large...  476 
Locating  Deposits  for  Water  Filtration  Use  389 

Hydraulic    Mining.    Costs 573 

Washing  and  Screening  Plant 232 

Washing    Plant    for    Gravel    and;    Akron, 

Ohio     526 


Sanitation:   (See  also   "Filtration";   "Sewage 
Treatment";       "Water      Purification," 
etc.) 
Land   Drainage  and   Mosquito   Prevention.   459 

Sanitary  Survey  at  Vincennes,  Ind 268 

Trade    Wastes;     Processes     Available     for 

Treatment     363 

Wastes  from  Stockyards  and  Packing- 
town.   Chicago.   Disposal  of 3S 

Saw,     Electric-Driven     Combination     Swing 

and  Rip    410 

Scaffolding;     Adjustable     Grade     Board     and 

Clamp     282 

Scientific  Management: 

Frederick  W.  Taylor 329 

Principle  of  "Credit  Where  Credit  is  Due"  416 
Scientific    Methods;    Application    to    Con- 
struction  Work    42S 

War   and   Navy  Department  Plants 506 

Water  Works   Properties 569 

Screening  Plant,   Daytona,    Fla 5 

Screens,   .Sewage;   Riensch-Wurl 5 

Screw  Spikes  on  D.  L.  &  W.  R.  R.,  Data  on 

Use  of  450 

Scroll  Casings   259.  260 

Sedimentation  Tanks   37 

Seepage  Losses   in  Irrigation  Canals 71 

Self-Elected     370 

Septic    Tanks    82 

Settling  Basin;  Concrete;  Desigrt.  San  Diego, 

Cal 137 

Sewage  Treatment  and  Disposal: 

Aeration;   Experiments  at   Urbana.   111....  310 
Aeration    in    the    Presence    of    Activated 

Sludge    306.  310 

Collection     and     Pumping     System;     Park 

Point,    Duluth     309 

Design.     Cost    and    Operation    of    Institu- 
tional;  Warren,   Pa.,  State  Hospital...   266 
Disposal    Plant    at   Aberdeen.    S.    D..    De- 
sign, Construction  and  (IJost 37 

F^ne  Screening  Plant;  Adoption  at  Day- 
tona,  Fla 5 

Fitchburg,  Mass..  Treatment  Plant;  Costs 

and    Operation    566 

Iowa;  Degree  of  Purification  Practicable..   479 
Lethbridge.   Alberta;   Design.    Construction 

and    Operation    of   Plant 401 

Measuring  Flow  of  Sewage;   Devices  for..   508 
Monticello.    Ark..    Method    of    Placing   Ne- 
glected Plant  in  Successful  Operation.   247 
Operation  of  Small  Plants;  Suggestions  on     82 
Philadelphia;    Report    of    Bureau    of    Sur- 
veys     460,  478 

Promisinr'  New  Method 306 

Pumping   Plant   Specifications 310 

Pumping  Plants    5 

Sampling   Methods;    Chicago    Stockvards. .     83 
Seaside    Resorts;    Considerations   Affecting 

Collection   and   Disposal   at 175 

Shone  Ejector  Plant;  Results  of  an  Effi- 
ciency   Test     564 

Sludge:    Handling   and    Disposal   of 4,       5 

Sterilizing   Stations   5 

Tests  for  Use  in  Laboratory  Control  of 
Sew.age  Works  Operation;  Recom- 
mended Procedure   3 

Sewers: 
Alton.   111..   Design,   Construction  and   Cost 

of   New   Sanitary   System 129 

Carrollton,    111.,    Design,    Construction   and 

Cost   of  New   Sanitary   System 507 

Concrete;     Costs,     Philadelphia 400 

Costs;  Sanitary  Systems  in  Small  Towns.. 

129,  50S 

Design,    Sanitary    System 129,  507 

Design:  Sewer  Syphon;  Reinforced  Con- 
crete   .  128 

Design;    Storm   Water 127 

Edmonton.  AJta..  Design  Features  of  Sys- 
tem       400 

Edmonton.   Alta..  System  in  Tunnels 361 

Ejector    System:     Electrically    CJontroUed 

Automatic     524 

Gagings;    Berkeley.    Calif 565 

Gagings   for   Small   Cities;   More  Needed..   647 
Outfall.    Submerged:    Depositing    Concrete 

Under  Water   in   Bags 128 

Outlet  Tunnel  Construction 130 

Park  Point,   Duluth;   Installing  System  in 

Lowland     309 

Philadelphia;     Reinforced    Concrete    Pipe, 

Tests     307 

Pipe:   Silt  Basin  Constructed  of 348 

Pipe:    Tests   of   Circular   and   Egg-Shaped 

Reinforced    Concrete    307 

Reinforced     Concrete    Pipe;     Manufacture 

and    Laying.    Philadelphia 245 

Sanitary.    Alton,    111 129 

Sanitary;  Carrollton.  Ill 507 

Syphons:  Reinforced  Concrete.  Under  Sub- 
ways.   New    York 128 

Storm    Water:     Butrllngton,     la..     Market 

Street  Flood  Channel 127 

Tunnel  System;  Construction  at  Edmon- 
ton.   Alta 361 

Shafts: 
Design:    Modification    Caused   by  Concrete 

as    Lining   Material 370 

Sinking,  in  Hard  Rock.  Costs 227 

Sinking  Mine:  Methods  and  Costs 226 

Sheep  Creek  Tunnel 152 

Shepherd's    Dell    Bridge.    Oregon 123 

Shone   Ejector   Plant;    Results   of  Efficiency 

Test     564 

Shops: 

Blacksmith     ^ 98 

Carpenter    262 

Machine    98.  262 


Shovels: 

Economic    Choice    of 302 

Electric;  Removing  Slides  and  Side  Cut- 
ting.  Methods   and   Costs 154 

Electrically    Driven,    for     Street     Railway 

Construction    19 

Hand;  for  Concrete  Work.  Special  An- 
nealed  and  Tempered 234 

Hand;    Importance   of  Choice 306 

Steam;  Drilling  Ahead  of 321 

Steam;     Excavation     for     Building     Site; 

Costs     454 

Steam;  New   "Single  Line" 19 

Steam:     Revolving,     Horizontal    Crowding 

Device    327 

Steam ;    Tunnel   Excavation "96 

Sidewalks:     Concrete;  Cost  of  Cutting  Holes 

for  Light  Posts 61 

Silt   Basin   Constructed  of  Sewer  Pipe 348 

Slide    Rule    for    Computing    Reinforced    Con- 
crete   Beams    and    Slabs 281 

Sludge   Disposal   (see   "Sewage.") 
Soils:  Bearing  Power;  Data  Requested. .  .460.  475 
South  Canadian  River  Bridge.  Geary.  Okla. .   397 
South  Orange.  N.  J..  Design  Features  of  the 

New  Water  Works  Plant 519 

South    San    Joaquin    and    Oakdale    Irrigation 

District   in    California 383 

Spanish   "Trautwine"    415 

Specifications: 

Bridge :    Ft.    'Worth.    Main   Street 212 

Concrete-Stone  Used  in  Catskill  Aque- 
duct  Buildings    340 

Piles.    Wooden:      Why     Not     a     Rational 

Specification?     456 

Pumping  Plants:  Sewage,  in  Low  Land....   310 

Roads:    Brick:    Illinois i 159 

Roads:    Concrete  Mixing 116 

Roads:   Michigan  Trunk  Lines 164 

Waterproofing  of  Solid  Steel-Ploor  Rail- 
road   Bridges    79 

Wooden    Stave    Pipe 14 

Spikes:  Screw;  Use  on  D.  L.  &  W.  R.  R 460 

Split  Float  for  Finishing  Joints  in  Concrete 

Road   Work    546 

Springfield.   Ohio;   Street  Cleaning  with   Mo- 
tor    Driven    Apparatus 324 

Sprinklers,    Street    61 

Sprinkling     Filters 38 

Sprinkling,  Lawn;  Restriction  at  Columbus. 

Ohio     190 

Stadia   Surveying  in   Preliminary  Hydraulic 

Surveys         570 

Stadium  at  Princeton  University;  Design  and 

Construction   Features   472 

Standpipes: 

Concrete;    Costs    464 

Costs  of  Installing  in  Small  Massachusetts 

Towns     461 

Design       and       Construction       of       Steel; 

Youngstown.    Ohio    237 

Mercury   Column  Alarm  for  Prevention  of 

Overflows    550 

Reinforced  Concrete;  Design.  Construc- 
tion. Cost  and  Service;  IJata  and  Dis- 
cussion     330.  331 

Steam   Shovels: 

Excavation  for  Building  Site;  Costs 454 

Preparing  Rock   for 321 

New    "Single   Line" 19 

Revolving:     Horizontal    Crowding    Device; 

Three    Lever    Control 327 

Tunnel   Excavation    96 

Steel: 

Bands  for  Wood  Stave  Pipe 14.  146.  484 

Beams;    Bending  Moments  and   Shears....   335 
Bridge    Floor.    Waterproofing    Methods....   400 
Bridges     (see    also    "Bridges"). 
Bridges;   Estimating  Quantities;  Diagrams 

for    124 

Device  for  Detecting  Imperfections  in 526 

Electric;  Recent  Progress  in  Production  of  210 

End    Framing.    Armory 141 

Equipment  for  Handling  Reinforcing 29S 

Flume;   Cottonwood  Conduit 137 

Forms ;    Bridge    216 

Forms;   Costs;  Compared  with  Wood 564 

Forms;    Dam    Building 151 

Forms:  Development  of  System  for  Con- 
crete Construction   113 

Forms;  Draft  Tube  and  Scroll  Casings.259.  260 

Forms:   Road  Construction.  Side 2S1 

Forms:    Tunnel    Lining 371 

Framework   of  Tower  of  Jewels 45.     47 

Paints    and    Painting    Methods    Used    by 

Various    Railroads    270 

Reinforcement  (see  under  "Reinforce- 
ment"). 

Reinforcement  in  M.   I.   T.   Buildings 515 

Report  of  U.  S.  Steel  Corporation  for  1914.    329 

Sheet    Piling    217.  428 

Standpipes;    Cost    461 

Standpipes;    Youngstown.    Ohio '. . .  237 

Syphon :    Inverted.   Water  Supply 392 

Tanks:  Massachusetts;  Cost  of  Small  Wa- 
ter  Works    464 

Tests   of   Effects  of  Various   Elements   on 

Resistance   to  Corrosion 574 

Viaduct;  Kansas  City.  Kan 498 

Waterproofing  of  Railroad  Bridges;  Speci- 
fications          79 

Stockton    Street    Tunnel.    San    Francisco. ...     93 
Stone   Chips  in   Maintenance  of  Bituminous 

Roads    460 

Stone:    Synthetic    (Concrete);    Use    in    Cats- 
kill    Aqeduct    Buildings 340 

Storm  Water  Sewers  (see  "Sewers"). 
Strainer  Plates  for  'Water  Filters;  Tests  of 

Strength    of   Brass 103 

Stream      Improvement.      Mansfield.      Ohio. 

Enclosure  in  Concrete  Conduit 126 

Street    Cleaning;    Motor    Driven    Apparatus. 

Springfield.  Ohio   324 
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street    Railways;      "Jitney"      vs.    the    Street 

Car    187.    2S3, 

Street     Sprinkling     and     Flushing     Machine, 

Motor-Propelled     

Street   Sweeper  and   Sprinkler.   Combination 

Two-Speed   Broom  Rotary 

Streets: 
Assessing  for  Improvements;  Iowa  Cities. 
Assessments    for   Improvements;    Diagram 

for  Computing    

Brick:  Cutting  Holes  in 

Concrete  Curb,  Cost  of  Constructing 

Chicago  Wheel  Tax:   Legality  of 

Costs  of   Repairs,   Philadelphia 

Dust  Prevention;  Methods  of  Applying  Oil 
Experts    for    Paving    Work;    Employment 

by  Cities   

Gutter  in  Center 

Maintenance  Costs;   Record  System,  Phil- 
adelphia     2S3, 

Monuments;    Concrete:   Pittsburgh,    Pa... 

Occupation  bv  Stock  Piles;  Rent  for 

Oiling  in    Carlisle.    Pa..    Method   and   Cost. 
Paving  Over  Water   Mains:   Allowance   in 

Valuation    

Piling  Building  Material  in;  Philadelphia. 
Traffic  Census;   Euclid  Avenue,  Cleveland, 

Ohio     

Width  in  Residence  Districts 

Stump-Cutting  Machine,  Rotary 

Superintendence  of  Water  Works;  Problems 

of    

Superintendent's  Day  at  A.   W.  W.   A.  Con- 
vention  


303 
409 
281 

344 

229 
61 
58 
438 
280 
435 

505 
229 

292 
574 
260 
513 

533 
377 

502 

36S 

63 

5fi7 
351 


Surveying: 

Cost    of   Topography   for   Irrigation   Work 

in   British   Columbia    384 

Geodetic.   U.    S.,  Adequate  Support  for. ...  45 

Hartford.   Conn.,   Water  Supply,   Aqueduct  24 

Hydraulic;   Examples  of   Stadia   Surveys..  570 
Monument    of    Corrugated     Culvert     Pipe, 

Filled  with  Concrete 3G8 

Pitometer;     Increasing    Precision:    Wash- 
ington, D.  C 26 

Road  Location  in  California 258 

Roads;  Michigan  Trunk  Lines 162 

Sanitary:    Vincennes.    Ind 2fi8 

Standardizing   Field   Signals 370 

Water  Waste;  Continuous,  District  of  Co- 
lumbia      275 

Wire-Drag,   Key  West.  Pla 458 

Surveyors: 

County,  A  Judge  for 140,  167 

Michigan;  Legislation  on  County 534 

Quantity    187,   341.   349.  518 

Quantity:  Proposed  New  Office  in  St.  Louis  341 

Sweepers,  Street   61 

Svphons: 

Narrows:  Catskill  Aqueduct;  Laying  Flexi- 
ble-Jointed  Pipe    21S 

Sewer    33S 

Water  Supply.  Kokomo,  Ind 191 


Taking    Inventory     437 

Tangled  Theories  of  Railway  Valuation 567 

Tanks: 

Imhoff    37,  82,  177 

Sewage;  Sedimentation   37 

Water;  Automatic,  for  Concrete  Mixer 111 

Water;    Steel:    Costs 464 

Tar-Concrete  Pavement,  Methods  and  Mix- 
tures      256 

Tars  for  Dust   Prevention;    Methods  of  Ap- 
plying       445 

Tavlor,    Frederick    W 329 

Telegraph,   New   Printing 459 

Terre    Haute.    Ind.,    Publicity    Measures    of 

Water  Works  Co 396,  523 

Testing   Materials   and   Appliances: 

Arch    Roof.    Reinforced   Concrete 562 

Beams  in  M.    I.   T.   Buildings 513 

Bituminous  Binders;  .Cementing  Value 39 

Bituminous  Carpets  for  Concrete   Roads..  350 

Borings;   Winnipeg  Aqueduct 316 

Boulder-Breaking    bv    Adobe     Shots      and 

Block-Holing     203 

Brass  and   Bronze   in  Water  Works   Con- 
struction          57 

Burnt  Clay  as  Concrete  Aggregate 453 

Cinder   Concrete    in   Floor   Construction...   301 

Cinder   Concrete   Floor   Slabs 379 

Concrete  Aggregates:  Roads  Built  by  New 

York    Highway    Commission 294 

Concrete;  Duration  of  Mixing  and  Strength 

of    65.     78 

Concrete;  Expansion  and  Contraction 73 

Concrete;  Frostprooflng  Admixture 112 

Concrete,  Gravel;  F.ffect  of  Proportions...  314 
Concrete  Joints;  Adhesion  and  Resistance 

to  Sliding   367 

Concrete:   M.   I.  T.    Buildings 514 

Concrete-Stone  Used  in  Catskill  Aqueduct 

Buildings     340 

Filters:  Ransome  Drifting-Sand:  Toronto.  351 
Grouting:  Fine  Sand  vs.  Coarse  Material..  23 
Melting  Points  of  Asphalts:  Cube  Methods     87 

Mortar,    Cement:    Temperature 196 

Mortnr;    Strength:    F.ffert    of    Fineness    of 

Sand.  Clav  and  Loam 403 

Paving  Materials:  Advi.sability  of  Employ- 
ing Con.sulting  Knginccr 505 

Piles:    Concrete;    Loading 6 

Pipe.   Small   Metal;   Apparatus   for  Corro- 
sion Tests    582 

Pitometer;      Washington.     D.      C,    Water 

Waste   Prevention    26 

Pitting  in  Hardpan,  Costs  of 13R 

Pumps:    Humphrev    Gas 69 

■Sewage   Elector;    Shone.    Efficiency   Test..   564 
■Sewage    Treatment;    Recommended    Pro- 
cedure           3 


Testing:   (Continued) 

Sewer    Pipe;    Circular     and     Egg-Shaped 

Concrete    307 

Steel;  Effect  of  Various  Elements  on  Re- 
sistance   to    Corro.sion 574 

Strainer   Plates    for  Water  Filters;    Meth- 
ods  and  Results 103 

Water    Mains;    Inexpensive    Plug    for    Use 

During  Construction   14 

Water    Meters;    Milwaukee 335 

Tie  and  Spacer  for  Wall  Forms 281 

Ties: 

Delaware,    Lackawanna   &   Western   Rail- 
road;  Use  of  Screw  Spikes 450 

Finding   Annual    Charges 155 

Timber  Products: 

Exterior    Wooden    Framing    of    To^wer    of 

Jewels    377 

Fences;    Three  Types  of  Board;   Costs 448 

Forms  and  Wooden  Centering   for  Laying 

Wood  Stave  Pipe 483 

Forms    for    Concrete     Construction      (see 
"Forms") 

Forms;   Relative  Cost  of  Wood  and  Steel.  564 

Framing  for  Tower  of  Jewels 51,  377 

Guard  Rail;  New  York  Highway  Commis- 
sion   Standards    106 

Piles;    Why   Not   a   Rational   Specification 

for    Wooden    456 

Pine    Piles    77 

Scaffolding;   Necessity  of   Safe 99 

'Pjgg  155 

Ties;   Creo'soted    ".'.'..['..'...'.'.'.'.'.'.  ..'.['.'.'.\'.'.'.  450 

Timbering  for  Intake  Tunnel 371 

Treating    Timber    Used    in    Factory    Con- 
struction       563 

Trestle   Supporting  Steel  Flume 137 

Wood  Block  Pavement 146,  365.  433,  483 

Wood  Paving  Block,  Acme  Non-Slip 234 

Wood  Stave  Pipe 10,  14,  146,  483 

Toledo.  Ohio:  Model  Factory  Building. .  .139.  144 

Toncan  Metal  Lining  for  Irrigation  Canals. .  411 

Topeka   Specifications    256 

Toronto.  Ont.: 
Ransome  Drifting-Sand  Filter;  Demonstra- 
tion   Plant    351 

Steam-Turbine-Driven  Centrifugal  Pumps 

at    Water    Works 548 

Tower  Dragline   Excavator 417 

Tower  of  Jewels;  Panama-Pacific  Exposition 

45,    47.  377 

Towers,  Concrete   515 

Tracks:  Ties,  Tie  Plates  and  Screw  Spikes; 

D.  L.  &  W.  R.  R 450 

Traction  Engines: 

Caterpillar  Type    114 

Hauling  Concrete  Road  Materials 114 

Hauling:   Road  Construction 228 

Tractor  Truck   for   Contractors'   Hauling....   185 

Tractors;  Ten-Ton  Knox  of  Peculiar  Design  232 

Trade  Wastes: 
Chicago    Stockyards:    Recommended    Pro- 
cedure in  Disposal  of  Wastes 39 

Treatment:   Processes  Available  for 363 

Traffic  Conditions  and  Control: 

Brooklyn,    N.    Y. ;    Service   Tests    of    Stone 

Block  Pavements    158 

Cleveland,    O.,    Interesting   Example 502 

Monroe  Countv,   New  York 512 

Motor  Buses  in  Cities 187,  283,  303 

Transmission    Lines    226 

Surveys;   Examples  of  Use  of  Stadia 571 

Transportation   (see  also   "Haulage"): 

Countrv  Road ;  Problems  of 528 

Passenger;  Motor  Buses  in  Cities.. 187,  283,  303 

Trautwine,    Spanish    415 

Trees:  Cost  of  Caring  for 88 

Trenching: 

Costs:   Through  Brick  Pavement 61 

Costs:   Wire    Conduit   Under   Brick   Pave- 
ment      504 

Curb   Construction  in  New  York 59 

Machinery    507 

Repairing   Concrete   Pavement 504 

Sewer  System  at  Carrollton,   III 507 

Trestles:  Wooden;  Supporting  Metal  Flume, 

Design    13"7 

Truckee-Carson  Irrigation  Project,  Nevada.  132 

Tunnels: 

Cast    Iron   Lining 90 

Concrete   Lining    353 

Concreting    371 

Contractors'  Plant  and  Layout 96 

Costs;    Lining;   Grouting 22 

Driving  Rock.  Methods  and  Costs 152 

Driving;    Speed    Records 161 

Fast  River,  Pennsylvania  Railroads 22 

Grouting  and   Packing 22,  371 

Intake;   Milwaukee    371 

Lining;   Cast  Iron;   Stresses  and  Design..     90 

Twining;    Concrete    371 

Lining:   Grouting  Costs 22 

Mine:    Rapid    Construction.    Methods    and 

Costs     152 

Rock;  Construrtion  Methods.  Stockton  St.. 

San   Francisco.    Cal 9S 

P.ove:    Marseilles-Rhone    Canal 536 

Sfwers  in;  Edmonton,  Alberta 361 

Sub- Aqueous;   Lining  for 90 

Timbering     95,371 

Waban  Hill   22 

Water  Intake;    Milwaukee 352 

Water  Supplv.  T.03  Angeles 393,  394 

Widest    In   the    World 527,536 

Turbines: 

Casing.    Reinforced   Concrete 536 

Contrifngal    Pumps    Driven    by,    Toronto 

Water    Works    B4S 

Installations;     Scroll    Casings    and    Draft 

Tube    Forms    259.  260 

Turlock   Irrigation  District,   California 412 


U 

Ultra-Conservatism;  and  How  to  Expose  It  50G 
University  of  Illinois;  End  Framing  of  New 

Armory    I4i 

United  States  Steel  Corporation's  Report  for 

1914    32^ 

Urbana,  111,: 
Pushing  Water  Service  Pipes  Under  Pave- 
ments,   Method    Used 14 

Sewage    Treatment    by    Aeration,    Experi- 
ments        310 


Valhalla,  N.  Y. ;  Studies  of  Relative  Effi- 
ciency of  Liquid  Chlorine  and  Hypo- 
chlorite   of    Lime 173 

Valuation    (see   "Appraisal") 

Valve  Box  and  Box  Bases,  Adjustable 410 

Valves : 

Costs;     Small    Town    Water    Distribution 

Systems     464 

Exhaust  and  Mixture,   for  Humphrey  Gas 

Pumps    70 

Gate:  Golden- Anderson  Automatic  Control 

Appliance     408 

Packing;   Some   Experiences  in 523 

Ventila,ting  Fans;   Data  on  Operation 197 

Ventilating  System  in  Water  Intake  Tunnel  371 

Ventilation;    Standards   for   Factories 519 

Venturi  Meters    61.  189,    190,  414 

Viaducts  (see  also  "Bridges"): 

Crown  Point,  Ore 122 

Main  Street,  Fort  Worth,  Texas 211 

Pennsylvania  Avenue,  Kansas  City,  Mo...   539 
Vincennes.  Ind..  Surprising  Results  of  Sani- 
tary   Survey    268 

Virginia;  Wise  County  Mountain  Road  Con- 
struction       341 

Vitrified  Block  Sewers 361 

Vitrified  Brick  Pavement;  Illinois 345 

W. 

Waban   Hill  Tunnel;   Grouting  Costs 22 

Wagon   Loaders    282,    322,  32S 

Wagons,    Dump    233 

Walks:  Macadam;  Costs  of  Resurfacing  with 

Asphalt;   Lincoln   Park,    Chicago 512 

Walls: 

Footing  Plan;   Chicago  Hebrew  Institute..   559 

Form  Tie  and  Spacer 281 

Reservoir;     Placing     Concrete     by     (Com- 
pressed Air  Method 138 

Retaining    199.    323,    457.     197.    576. 

War  and  Navy  Department  Plants;  Scien- 
tific Management   506 

War,   European: 

Effect    on    Business 65 

Emigration   to  America 349 

Warren.  Pa..  State  Hospital  Sewage  Treat- 
ment   Plant    265 

Wash    Boring    Records;    Court    Decision    on 

Inviolability    of    ■ 416 

Washington,   D.   C. : 
Asphaltic     Concrete     and     Asphalt     Block 
Pavements  Laid  in  1914;  Analyses  of.. 
Bituminous  Concrete  Pavement  Construc- 
tion     

Leakage  from  Cast  Iron  Mains,  Data 

Pitometer  Survey  Work  and  Meter  Read- 
ing in  Prevention  of  Water  Waste.... 

Water  Waste   Surveys,   Continuous 2 

Washington  State  Road  Laws,  Digest  of....  503 
Waterloo,  Iowa;  Ornamental  ■Well  House  at.   449 


43 


325 

568 


26 


Data  and  Dis- 


Water   Mains: 

Cast  Iron:   Leakage  from 

cussion     

Cast    Iron:    Provision    against    Corrosion; 

Salt  Marshes,  New  Jersey 

Cast  Iron;  Use  of  Lead  Wool  Joints 

Cost   of   Laying 

Design  of  Elevated,   -Across  Salt  Marsh... 
Duluth,    Minn.;    Method    of   Assessing   for 

Extensions    

Economy  of  Large  Mains 

Failure     at     Cincinnati     by     Longitudinal 

Compression    

High  Pressure  System;  Cast  Iron,  Bell  and 

Spigot:    Design     

Laying;  San  Diego,  Cal..  Methods  Used... 
Joints;   Pneumatic;   Calking  of  Lead  Wool 
New   Orleans;    Methods   and   Cost  of  Con- 
structing a  6-mile.  3-in.  Screwed  Pipe 

Main     

Paving     Over;     Allowance     in     Valuation 

Work     

San  Diego,  Cal, 

Laying  and 
Screwed     Pipe. 

Orleans     

Testing  During  Construction;  Inexpensive 

Plug   for    

Water   Meters: 


Field  and  Office  Methods: 

Repairing 

3-in.:     6-mlIe    Line.    New 


568 

77 
523 
222 


447 
374 

148 

529 

26 

520 


532 

26 


14 


Boston  Experiences   425 

Human    Rights  and   Meterage   in   Chicago.   528 

Lawn    Sprinkling.    Restriction    of 190 

Milw.aukee;     Shop    Equipment    and    Motor 

Trucking    Costs    334 

Nilo    C'liinponnd;      for     Large     and     Small 

Flows    525 

Rate  .Schedides.   Suggestions  for  Making..  191 
Reading;   Washington,   D.   C,  Waste  Cur- 
tailment          26 

Results   at  Columbus.   Ohio 190 

St.  Alb.ins.  Vt.,  Results  of  Adopting 55 

Standard  Fittings 522 


XIV 


Engineering   and    Contracting 


Water  Pipe: 

Bids  on  Hartford,   Conn.,   Supply  Line....     25 
Cast  Iron;   Bell  and  Spigot  Joint;  Laying.  529 
Cast   Iron,   Failure   by   Longitudinal   Com- 
pression       149 

Cast    Iron:    Leakage 568 

Cast  Iron  Tee;  Method  of  Repairing  Crack 

in   Large    31S 

Cast    Iron    vs.    Steel;    Bids    on    Hartford, 

Conn.;   Supply  Line 25 

Cincinnati   Fire   Mains 529 

Costs:   Comparative,  of  Different  Sizes....   374 
Costs;     Small    Town    Systems    in    Massa- 
chusetts        464 

Flow:   Method  of  Plotting  Formula 23!i 

Plug    for    Testing 14 

Service  Pipes;  Pushing  Under  Pavements. 

Champaign-ITrbana    14 

Stream   Crossing;    Submerged  Line;   Little 

Calumet  River    424 

Submerged.        Flexible-Jointed        Narrows 

Syphon;  Laying,  Catskill  Aqueduct....   21S 
Tee,  Large  Cast  Iron;    Repairing  Cracked.  31ii 

Wooden   Stave ;    Costs 146 

Wooden     Stave;     Construction,     Organiza- 
tion  and   Methods    4S:-; 

Wooden  Stave :  Design 1  u 

Water  Power  (see  "Hydro-Electric"). 
Waterproofing: 

Brick-Lined  Reservoir:  Relining  with  As- 
phalt  and   Concrete 273 

Bridge  Floors    39u 

Concrete  Surfaces;  Costs  and  Methods....  346 
Counterweight  Pits  for  Bascule  Bridge....     81 

Materials  and   Application 80 

Sewer   Pipe   Joints 50S 

Specifications:    Solid    Steel-Floor    Railroad 

Bridges     79 

Water    Purification: 

Columbus.    Ohio:   Manufacture  of  Alum  at 

Softening  Plant    44S 

Household  Sterilization  with  Hypochlorite 

of    Lime    572 

Hypochlorite  of  Liine  vs.   Liquid  Chlorine; 
Data      and      Discussion      on      Relative 

Efficiency    173 

Liquid    Chlorine    Application    Under    Pres- 
sure, Novel  Method 519 

Liquid    Chlorine    Sterilization;    St.   Cathar- 
ines,  Ont 1S5 

Miller  Device    408 

Pollution    Through    Connections    of    Public 

with  Industrial  Supplies 219.  40S 

Sterilization    by    Liquid    Chlorine:    Bubbly 

Creek    Filters    27C 

Water  Rates: 

Pennsylvania:    State    Regulation:    Case    of 

Small  Plant   : 103 

St.    Albans,   Vt..    Experience  of 54 

Schedules;  Suggestions  for  Making  Meter.   191 
Water    Rights:    What    an    Engineer    Should 

Know    about    412 

Water  Supply: 

Bacteriological  Standard  for  Drinking  Wa- 
ter Supplied  by  Common  Carriers 77 

Concrete  Road  Construction:   Pumping....   467 
Damages    for    Illness    Caused    by    Impure; 

New  Jersey    423 

Delaware,  O. :  Wells  in  Gravel 449 

Hartford,  Conn.,   Nepaug  River  Supply 23 

Iowa;    Notes    on    Representative 76 

Laboratory   Control    of    Small   Supplies....     56 

Loch   Raven   Dam,    Baltimore 150 

Los    Angeles    Aqueduct 65 

Los  Angeles  City  Trunk  Line,   Connecting 

Aqueduct    and    Distribution    System...  390 
Montreal;    Wall    and    Dam    of    Reservoir; 

Concreting  by  Compressed  Air 138 

Pollution    Through    Connections    to    Indus- 
trial   Supplies    219 


Water  Supply    (Continued.) 

Syphon:   Los  Angeles,  Inverted  Steel 392 

Syphoning  Irom  Series  of  Drilled  Wells  to 

Pump  Well,  Kokomo,  Ind 191 

Weed  Growth  in  Reservoir;  Prevention  by 

"Coppering"    572 

Wells  in  Gravel 523 

Water  Waste: 

Meter  Reading  Methods;   Washington 2iJ 

Pitometer  Surveys    26 

Prevention;   Washington,   D.   C,   Pitometer 

Survey   Work    26 

St.   Albans,   Vt.,    Experiences  of 54 

Surveys,     Continuous;     Methods    and     Ap- 
paratus  Used  in   District  of  Columbia.  275 

Water  Works: 

Air    Lift    Pumping    Systems;    Installation 

and   Operation    422 

Alloys    Used    in    Construction 331,333 

Associations;     Suggested    Publicity    Com- 
mittees        283 

-Automatic     Control    Apparatus     for    Hy- 
draulic Gate  Valves   40S 

Brass     in      Construction:      Experience     on 

Catskill  Aqueduct    57 

Conduits:      Supply;      Nepaug,      Hartford, 

Conn.,  Design  of 23 

"Coppering"    Reservoir    to    Prevent    Weed 

Growth    572 

Cost  of  Plant    520 

Costs    of    Installing      Small      Systems      in 

Massachusetts     461 

Design;  Faulty;  Kansas  Examples  of 171 

Design    of    Structures:    Combining    Utility 

and    Good    Appearance 459.  461 

Distribution    Systems:    Importance   of   Full 

Knowledge  of    66 

Distribution      Systems;      Relocation       and 

Mapping  of  Uncharted  Portions 74 

Distribution   System,   San  Diego,   Cal..  De- 
velopment   Plan 174 

Duluth;  Method  of  Assessing  Cost  of  Main 

Extensions    447 

Fargo,    N.    D..    Referendum    Adopts    New 

Ordinance    389,  396 

Fire   System:    High   Pressure:   Cincinnati..   529 

Hartford,   Conn.:   Design  and  Construction 

of   Nepaug   Supply    Conduit 23 

Intake  Tunnel:   Milwaukee,  Wis 352 

Inventorying  a  Plant 394 

Isolation  of  Average  Department 527 

Kansas:   Faulty  Design  and  Operation....  172 

Leakage  from  Cast  Iron  Mains;  Data  and 

Discussion     568 

Louisville:     Checking    Construction     Gang 

Payrolls     102 

Main    Extensions:    Assessing;    Methods    in 

Duluth    447 

Management;     Suggestions    for     Improve- 
ments        569 

Marshall,   Texas,   Developments  in   Recent 

Years    549 

Massachusetts:    Installing   Small   Systems: 

Cost     461 

Miller  Device  for  Preventing  Backfiow. . . .   408 

Milwaukee:    Meter   Division:    Shop    Equip- 
ment and  Motor  Trucking  Costs 334 

Milwaukee  Intake  Tunnel 352,  371 

Municipal:     Accounting    System:     Sugges- 
tions       551 

Municipallv    Owned;    State    Regulation    in 

Wisconsin     426 

New  Ordinance  Adopted  by  Referendum  at 

Fargo,    N.    D 396 

Operation:    Faulty    172 

Pasadena,    Cal.,    Organization    of    Depart- 
ment        372 

Payrolls;    Construction    Gang,    Methods    of 

Checking    102 

Philadelphia;     Operation    of    System    not 
Profitable    21 


Water  Works:  (Continued.) 

Publicity     Measures     Adopted     at     Terre 

Haute    396,  523 

Pumping  Plant,   Toronto:    Steam-Turbine- 
Driven   Centrifugal   Pumps    548 

Pumps;   Choice  for  City 170 

Reservoir;   "Coppering,"  Hartford,  Conn...  277 

Reservoir;    Duluth    Middle    System aiS 

Reservoir;  Irwin,  Pa.,  Methods  of  Relining  273 

Reservoir:   Los  Angeles 392 

Reservoir;     Regina,     Sask. ;     Design,     Con- 
struction   and    Cost 285 

Ripon,  Wis..  Standpipe  Overflows;  Method 

of  Prevention   550 

San    Diego,    Design    Features    of    Conduit 

and    Settling   Basin 136 

School  for  Employes;  San  Diego,  Cal 90 

Service  Shut-Off  Box,  Improved  Form  with 

No-Bolt  Cover    62 

Small:  State  .Regulation  in  Pennsylvania..  103 
Some  Comments  and  Queries  on  .Superin- 
tendence of    567 

South   Orange,   N.   J.,   Design  Features   of 

New  Plant   519 

Standpipe    Overflows:      Mercury     Column 

Alarm    for    Prevention 550 

Standpipes;    Reinforced    Concrete;    Review 

of  E.xperience  to  Date 330,  331 

Standpipes:  Youngstown,  Ohio;  Design  and 

Construction    237 

Superintendents'   Day,   A.  W.    W.  A.   Con- 
vention        351 

Valuation  of  Properties:  Series  of  Articles  389 
Valuation      of      Properties;      Inventorying 

of  Plant   394 

Valuation;    Depreciation;    Estimating   Ac- 
crued     481,  486 

Weed  Growth   in  Water  Reservoir,   Preven- 
tion       572 

Weirs: 

Irrigation    Measuring   Devices 250 

Sewage  Flow;  Measuring  Devices 509 

Welding;    Oxy-Acetylene    Equipment,    Data 

on     543 

Well  House  at  Waterloo,  Ornamental 449 

Wells: 

Costs:   Driven  and  Dug;   Massachusetts...   463 

Costs:    Iowa    76 

Deep;   Pumping  Machinery:   Selection  of..   104 
Deep;    Syphoning    Water    from;    Kokomo, 

Ind 191 

Gravel:  Notes  on  Water  Supplies  from 523 

Iowa  Water  Supplies:  Data  on 7S 

Rock  and  Gravel;  Delaware,  Ohio 449 

West    Virginia:     Roads;     Maximum    Grades, 

and  Grading  .Methods  and  Costs 16 

Western  Society  of  Engineers 46,  299 

Western    Society   of  Engineers;    New   Presi- 
dent          46 

Western     Union     Telegraph     Building,     New 

York,   Construction   of  Column   Piers..   42S 

Wheel  Tax  in  Chicago:   Legality  of 438 

Winnipeg  Shoal  Lake  Aqueduct 316 

Wire   Rope,   Armored 581 

Wisconsin: 

Bridge  Work   Done   by  Highway  Commis- 
sion  from   1911-1915 457 

Milwaukee   County    Concrete    Roads 207 

Municipally    Owned    Water    Works,    State 

Regulation     426 

Wise  County.  Virginia:  Mountain  Road  Con- 
struction        341 

Wood  Block  Pavement    234,   355.  433 

Wood  Preservation  (see  "Timber  Products") 

Wood  Stave  Pipe - 10,  14,  146,  483 

Wrecking  of  Buildings,  Safe  Methods 98 


Youngstown,  O.:  Design  and  Construction  of 

Stsel    Standpipe    23" 
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The  Broadening  Field  of  the  Engineer's 
Services. 

The  right  of  the  engineer  in  his  professional 
capacity  to  an  official  place  in  the  direction  of 
all  public  works  and  services  has  been  cried 
in  this  journal  to  the  point,  we  think  some- 
times, of  tiresomeness.  It  is  encouraging, 
therefore,  when  one  can  listen  to  another 
sounding  the  call,  particularly  when  it  is 
sounded  so  effectively  as  it  is  in  the  address  of 
Interstate  Commerce  Commissioner  W.  M. 
Daniels  to  the  Washington  (D.  C.)  Society  of 
Engineers.  This  address  may  not  be  given 
here  in  full  but  the  feature  that  distinguishes 
it  that  we  wish  to  emphasize  is  capable  of 
being  presented  in  the  short  quotation  which 
follows : 

It  is  interesting  to  note  that  in  its  evolution 
from  the  status  of  an  exceptional  employment 
to  that  of  a  recognized  profession,  engineering 
has  been  forced,  little  by  little,  to  take  account 
of  other  laws  and  forces  than  those  of  mathe- 
matics and  physical  science.  Primarily  designed 
to  effect  certain  well  defined  technological  re- 
sults, it  has  increasingly  had  to  take  account  of 
economic  and  social  considerations,  of  the  fluc- 
tuation of  prices  and  price  levels,  and  of  vary- 
ing rates  of  pecuniary  return.  Besides  mathe- 
matics, it  has  had  to  study  markets:  besides 
excavation,  it  has  had  to  study  sanitation;  be- 
sides strength  of  materials,  it  has  had  to  study 
strength  of  motives  to  save  and  Invest;  and 
thus  eventually  engineering  has  been  forced  to 
embrace  within  its  horizon  the  age-long  prob- 
lem of  the  Sphinx — the  ascertainment  and  the 
quantitative  appraisal  of  matters  relating  to 
justice  and  equity  between  man  and  man. 

This  last  demand  which  has  been  Imposed  up- 
on the  engineer  has  been  particularly  manifest 
where  engineering  has  been  enlisted  In  problems 
of  public  administration.  First,  this  was  shown 
in  the  simple  problems  involving  condemnation 
proceedings,  where  private  property  was  taken 
by  the  state  under  the  law  of  eminent  domain, 
where  the  engineer  was  called  upon  to  make 
his  estimate  in  order  to  protect  against  confis- 
cation the  individual  whose  property  was  taken. 

Next  in  order,  the  engineering  profession  has 
been  called  upon  to  afford,  in  the  more  complex 
problems  of  tax  appraisals  and  assignments,  a 
verdict  to  determine  the  relative  measure  of  tax 
obligations  as  between  individual  taxpayers  In 
their  entirety  on  the  one  hand,  and  great  cor- 
porations on  the  other. 

Going  one  step  farther,  in  the  domain  of  gov- 
ernment regulation  of  public  utilities,  the  engi- 
neer has  been  called  upon  to  furnish  a  just  basis 
on  which  to  predicate  the  approval  of  security 
issues.  Here  the  respective  interests  of  the 
corporation,  the  consumer,  and  the  investor 
have  been  weighed  in  the  engineering  scales. 

And  last  of  all  and  most  Important  of  all,  we 
have  had  to  resort  to  the  engineer  for  the  data 
indispensable  in  the  fixing  of  Just  and  reason- 
able rates  for  the  service  rendered  to  the  public 
by  various  public  utilities. 

In  all  this  varied  and  complex  matter  of  pub- 
lic administration  the  engineering  profes.sion 
has  evidenced  its  ability  to  grasp  these  prob- 
lems of  public  equity  and  Justice.  Nor  do  I 
know  of  any  justifiable  basis  for  the  allegntlfin 
that  the  engineering  profes.slon  has  shown  evi- 
dence of  a  bias  in  Its  solution  of  these  problems 
by  reason  of  the  prevailing  employment  of  the 
engineer  in  earlier  days  mainly  by  private  In- 
terests. The  most  frequent,  the  most  pains- 
taking and  the  most  illuminating  discussions  of 
these  very  problems  involving  relative  claims  of 
the  public  as  against  corpor.ate  Interests  are  to 
be  found  in  engineering  literature,  engineering 
reports,  and  engineering  discussions.     The  econ- 


omist certainly  has  no  monopoly  of  vision  into 
the  Just  relationship  between  public  and  private 
interests,  and  certainly  is  not  warranted  in  as- 
suming an  attitude  of  Olympian  infallibility  and 
graciously  extending  to  the  engineer  the  per- 
mission to  act  as  a  satellite  and  humble  re- 
tainer. 

There  has  been  no  development  in  the  history 
of  engineering  so  fraught  with  possibilities  as 
the  development  of  the  engineer  from  a 
technician  to  the  positions  of  administrator 
and  manager  of  public  utilities  and  of  arbiter 
between  these  utilities  and  the  public  which 
they  serve.  But  the  development  has  come 
about  little  by  little  and  is  yet  only  partially 
recognized.  It  has  been  the  work  of  only  a 
comparatively  few  members  of  the  engineer- 
ing profession  and  they  have  worked  only  as 
individuals.  Organized  engineering — clubs,  so- 
cieties, associations,  institutes  of  engineers, 
with  here  and  there  an  exception — still  clings 
to  the  old  doctrine  that  engineering  is,  as  Mr, 
Daniels  puts  it,  an  exceptional  employment 
taking  cognizance  only  of  the  laws  and  forces 
of  mathematics  and  physical  science.  Organ- 
ized engineering  has  done  little  directly  to  aid 
the  engineer  to  attain  the  position  of  service 
to  society  and  state  which  Mr,  Daniels  so 
highly  commends. 


Road  Construction  in  the  United  States 
in   1915. 

The  bright  spots  in  the  rather  gloomy  fields 
of  engineering  and  contracting  at  the  present 
time  are  the  opportunities  for  work  in  road 
construction  and  municipal  improvement  dur- 
ing the  coming  year.  Engineers  and  contrac- 
tors are  truly  children  of  prosperity — blood 
kin  in  that  respect — and  improvements  in  con- 
ditions that  affect  one  no  less  surely  affect  the 
other.  The  past  year  has  been  one  full  of  ac- 
tivity in  the  fields  named.  What  has  the  com- 
ing year  in  store  for  us  ? 

Looking  back  over  the  work  accomplished 
a  number  of  the  problems  of  road  building  ap- 
pear to  have  crystallized,  so  that  we  can  see 
a  path  to  follow  during  the  year  to  come. 
The  importance  of  economic  studies,  prior  to 
extensive  road  construction  to  determine  the 
roads  to  be  improved  and  the  economic  type 
of  improvement  has  been  emphasized.  The 
adoption  of  concrete,  brick  and  bituminous 
concrete  pavements  for  use  on  country  roads 
has  been  quite  general  in  those  localities 
where  traffic  is  heavy.  It  has  become  the  gen- 
eral policy  to  let  large  contracts  rather  than 
many  small  ones — a  most  obvious  method  of 
saving  money.  The  various  states  in  which 
road  construction  is  largely  supervised  by  road 
commissions  have  in  most  cases  emphasized 
the  great  need  of  efficient  maintenance.  .\lso 
they  have  perfected  local  organizations  in 
counties  so  that  contractors  may  bid  on  road 
work  in  the  counties  of  those  states  having 
highway  commissions,  with  some  degree  of  as- 
surance that  they  will  not  be  at  the  mercy 
of  a  politically  able  engineer. 

With  reference  to  methods  of  construction,  a 
vast  amount  of  new  and  improved  plant  has 
been  developed  for  the  use  of  road  builders. 
Special  types  of  concrete  paving  mixers  have 
been  perfected  and  many  smaller  items  of 
equipment  introduced.  Hauling  with  motor 
trucks  and  trailers  has  been  extended  to  in- 
clude many  fields  of  construction  and  the  use 
of  industrial  railways  and  car  unloading  de- 
vices has  come  into  vogue.  Small  plants  for 
the  preparation  of  bituminous  materials  have 
been  devised  for  the  benelit  of  road  contrac- 
tors. 

During  the  coining  year  present  conditions 


indicate  a  material  increase  in  the  amount  of 
pavement  construction.  It  is  authoritatively 
estimated  by  the  sales  department  of  a  large 
cement  company  that  60  per  cent  more  Port- 
land cerpent  will  be  used  in  road  construction 
than  was  used  during  the  past  year,  and  a 
large  bituminous  paving  company  states  it  has 
3.3^  per  cent  more  work  in  sight  than  at  the 
same  time  last  year.  The  excellent  condition 
of  the  market  for  municipal  and  county  securi- 
ties as  compared  with  the  market  for  other 
types  of  financial  investments,  coupled  with 
the  easy  condition  of  the  money  market  and 
the  excellent  opportunity  afforded  of  accom- 
plishing construction  work  at  a  low  cost  due 
to  the  plentiful  supply  of  labor  will  undoubt- 
edly influence  favorably  the  undertaking  of 
many  large  public  improvement  projects  dur- 
ing the  coming  year. 

It  is  probable  that  in  the  near  future  some 
form  of  national  supervision  or  aid  in  the 
construction  of  certain  types  of  roads  will  be 
adopted  by  the  federal  government.  The  form 
that  this  will  assume  we  do  not  venture  to 
predict,  but  the  success  that  has  attended  the 
supervision  of  the  construction  of  post  roads 
by  the  Office  of  Public  Roads  of  the  U.  S. 
Department  of  Agriculture  leads  us  to  be- 
lieve it  will  be  an  extension  of  this  work. 

In  street  paving  and  the  construction  of  sub- 
urban roads  by  municipalities  increased  activ- 
ity is  apparent  daily.  The  need  for  this  work 
is  great  and  the  present  time  is  most  favor- 
able for  its  prosecution.  For  the  most  part 
construction  of  this  type  should  open  up  in 
March.  On  the  whole  those  interested  in  this 
class  of  work  can  well  afford  to  be  optimistic. 


What  Will  Be  the  Effect  on  Business 

of  the  Five  Per  Cent  Rate 

Increase? 

Transmuted  into  dollars  the  five  per  cent 
rate  increase — with  limitations — allowed  the 
railways  by  the  modified  ruling  of  the  Inter- 
state Commerce  Commission,  gives  from  $15,- 
000,000  to  $20,000,000.  These  are  comfortable 
sums  but  it  is  obvious  that  alone  they  permit 
no  great  extra  expenditure  for  railway  con- 
struction and  renewal.  The  promise  of  benefit 
to  business  which  lies  in  the  new  ruling  is 
found  elesewhere  than  in  the  figures  named. 

This  will  be  seen  better  if  we  analyze  the 
decision.  First,  the  material  facts  are  these : 
The  present  ruling  is  a  supplemental  ruling. 
Based  on  last  year's  volume  of  business,  esti- 
mates of  increased  revenue  coming  from  the 
latest  ruling  range  from  $15,000,000  to  $20,000,- 
000;  with  the  advances  allowed  in  Central 
Freight  Association  territory  by  the  original 
ruling,  the  entire  increase  is  estimated  at  from 
$30,000,000  to  $35,000,000.  The  original  ruling 
gave  privilege  of  increased  passenger  rates  and 
established  added  rates  on  reconsignnient  and 
diversion  service,  and  the  advantage  taken  of 
these  rights  increases  still  further  the  amounts 
named.  The  full  effect  of  the  two  rulings  may 
be,  according  to  published  estimates,  an  in- 
creased revenue  to  the  railways  of  $50,000,000. 

The  increase  of  $50,000,000  in  railway  in- 
come means  of  course  a  corresponding  in- 
crease in  the  ability  of  the  railways  to  buy. 
This  is  the  least  benefit  of  the  Interstate 
Commerce  Commission  ruling.  Its  greatest 
benefit  comes  from  the  fact  that  any  disposi- 
tion of  the  Commission  to  oppress  the  rail- 
ways is  denied,  and  confidence  in  railway  in- 
vestments is  strengthened.  The  result  will  be 
beneficial  to  business ;  the  railways  may  be  ex- 
pected to  do  a  reasonable  amount  of  buying 
from   now   on ;    with   farming  prosperous  and 
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financial  conditions  improving,  increased  buy- 
ing will  assuredly  follow.  As  an  act  of  ex- 
pediency the  ruling  of  the  Interstate  Com- 
merce Commission  seems  justified,  -i^s  a  solu- 
tion of  the  broad  problem  of  railway  manage- 
ment economics  it  counts  for  little. 


The    Cost   to    the    U.    S.    Reclamation 
Service  of  Draining  Over-Irri- 
gated Lands. 

Editorially  in  our  issue  of  Oct.  iiS,  1914,  we 
inadvertantly  promulgated  an  error  in  credit- 
ing the  Reclamation  Service  with  only  40,000 
acres  of  overirrigated  land  reclaimed  by  its 
expenditure  of  about  $2,500,000  for  drainage 
works.  The  area  given  was  quoted  from  the 
"Reclamation  Record"  which  has  since  been 
found  to  have  been  in  error.  The  accompany- 
ing table,  showing  conditions  as  of  July,  1914, 
gives,  as  will  be  seen,  143,462  acres  as  the 
area  reclaimed.  This  figure  makes  the  cost 
far  dift'erent  than  that  commented  on  in  our 
issue   of   Oct.    28.     As   a   matter   of   fact   the 


Whether  better  men  will  be  attracted  by  re- 
quiring that  they  devote  their  entire  time  to 
the  business  of  the  commission,  or  only  a 
part  of  it,  remains  to  be  determined.  In  this 
connection  the  following  extracts  from  a  let- 
ter accompanying  the  resignation  of  George 
W.  Anderson  as  a  member  of  the  Massachu- 
setts Public  Service  Commission  are  of  inter- 
est. The  quoted  comments  are  based  mainly 
on  the  legislative  requirement  that  each  mem- 
ber of  this  commission  shall  devote  all  of  his 
time  to  the  work  of  the  commission.  Mr.  .'\n- 
derson  gives  as  the  reason  for  his  resignation 
the  fact  that  he  cannot  qualify  in  the  class  of 
men  living  easily  on  inherited  or  acquired 
wealth,  and  zvill  not  qualify  in  the  class  de- 
pendent for  livelihood,  present  and  future, 
upon  the  emoluments  of  public  office.  He 
says,  in  part : 

The  inevitable  tendency  of  tliis  legislation  is 
to  limit  the  commonwealth  to  filling  places 
upon  such  commissions  with  men  drawn  from 
two  classes: 

1.  From  those  who  by  virtue  of  inherited  or 
acquired     wealth     are     financially     independent. 


The  importance  of  permitting  this  class  of 
public  servants  to  retain  some  outside  business 
or  professional  work  is  not  that  such  servants 
may  have,  during  office,  a  larger  income — it  is 
that  they  may  be  independent — not  anxious  for 
reappointment — ready  on  any  necessary  and 
proper  occasion  to  risk  their  ofBcial  lives  in 
defense  of  their  convictions  of  what  public  duty 
requires. 

To  get  a  strong  public  service  commission, 
the  state  must  either  appoint  for  life  or  for 
long  term.s — as  judges  are  appointed — ^or  the 
field  must  be  kept  open,  as  it  has  hitherto  been 
kept  open,  for  those  who  retain  outside  busi- 
ness in  order  not  to  be  over-anxious  for  reap- 
pointment. 

Tour  new  policy  magnifies  the  importance  of 
clerkly  observance  of  office  hours  and  min- 
imizes the  importance  of  vision,  of  sense  of 
public  need  and  public  right,  of  independence 
of  control  of  financial  interests.  It  disregards 
the  vital  distinction  between  places  in  which 
mediocre  administrative  fidelity  is  the  essen- 
tial, and  places  which  call  for  the  best  there  is 
in   our   best   men.      It    would   be   far   better   to 


-Drains,    length,    miles. - 


Constructed. 


Open. 


Arizona — Salt  River   

Arizona — Cal.  Yuma   

California — Orland 

Colorado — Grand  A'alley   

Colorado — tlncomphgre"  Valley 

Idaho — Boise    

Idaho — Minidoka 

Kansas — Garden  Cltv  

Montana — Blackfeet    

Montana — Flathead    

Montana — Fort  Peck   

Montana — Huntley    

Montana — Milk  River  

Montana — .Sun  River   

M.-N.  D. — Lr.   Yellowstone 2.0 

Nebraska-Wyoming^North  Platte   6.n 

Nevada — Truckee-Carson   174.1 

New  Mexico — Carlsbad    4.S 

New  Mexico — Hondo    

New  Mexico-Texas — Rio   Grande    

North  Dakota — North  Dakota  Pumping 1.5.0 


Closed. 


11.2 


2n.o 

ti7.fl 


r.c.o 


Oregon — Umatilla 

Oregon-California — Klamath    

South  Dakota — Belle  Fourche 

Utah — Strawberry  Valle'-   

Washington — Okanogan    

Washington — Yakima-Sunnyside 

Washington — Yakima-Tieton   

Wyoming — Shoshone    


10. fi 
lO.f. 
12.0 


4.0 


0.2.5 


20.6 


0,4 
S.6 
3.0 
2.97 


Total    437.0 

♦Drains  must  be  deepened  for  full  protection. 


30.0 
09.82 


Authorized 

(incl.  const'd.) 

Open.  Closed. 


11.2 


38.0 
102.6 


2.0 
7.2 
174.1 
4.75 


15. 
10. 
48. 
12. 


9.S 
500.55 


4.0 


0.25 


31.7 


5.3 
9.4 

4.4 
2.97 


34.1 
92.12 


, Area,    acres. - 

Protected 
Waterlogged  by 

and  injured    constructed 
by  seepa.ge.       drains. 


To  be 

protected. 

including 

all  drains 

authorized. 


-Est.   cost  per  acre.- 


1,250 


10.500 
5.568 


1,000 

'1,912 
SSO 
5,000 
1,700 
3,260 


337 

200 

1,437 

1,800 

22 


4,100 
38,966 


10,000 


4.000 
30,000 


10,000 
30,000 

75 

3,200 

20.000 

1,065 


3,79; 

2.000 

19.000* 

2.000 

22 


8.600 
143.759 


10,000 


7.500 
33.200 


16,000 
40,000 

"2,200 
3,700 

23,000 
3.065 


3,797 

2,000 

25,000 

5,000 


13,000 

187,462 


Constructed 

di-alns 

for  area 

protected. 


$10.00 


25.00 
18.61 


13.75 
3.00 

'  io.'fo 

21.36 
10.00 
25.95 


1.90 

27.50 

7.71 

1.81 

'28.50 


33.75 


All 

drains 

authorized. 


$10.00 


25.00 
19.31 


17.50 
3.00 

'  30  .'do 

22.26 
10.00 
15.00 


1.90 
27.50 
10.00 
15.00 

'28.'5'6 


28.10 


area  reclaimed  by  the  constructed  drains  and 
drains  planned  within  the  estimated  cost  of 
$2,500,000  will  be  187,462  acres:  the  cost  per 
acre  being  $13.34  instead  of  $62.50  derived 
from  the  erroneous  figure  of  40,000  acres.  It 
is  due  to  the  Reclamation  Service  to  credit 
it  with  this  very  reasonable  cost  of  drainage 
and  it  is  also  due  to  the  Service  to  empha- 
size that  the  faults  in  using  water  which  have 
led  to  the  necessity  of  drainage  have  been  re- 
peatedly exposed  and  protested  against  by 
the   engineers  of  the   Service. 


Capable  Men  as  Public  Commissioners. 

To  get  the  best  men  on  our  ever-increasing 
list  of  public  commissions  is  a  problem  which 
merits  the  attention  of  all  public-spirited  men. 
Obviously,  the  amount  of  time  and  en- 
ergy which  a  man  should  give  to  public 
affairs  without  direct  compensation  can- 
not be  expressed  in  the  form  of  a  gen- 
eral equation,  as  the  variables  are  too 
nijmerous.  In  a  measure  it  should  increase 
with  the  benefits  which  society  as  a  whole  con- 
fers upon  the  man.  Unquestionably  this  de- 
pends to  a  very  great  extent  upon  the  man's 
capacity  and  zeal  for  work.  The  problem  is 
one  of  particular  interest  to  engineers,  as  their 
training  is  such  as  to  make  them  especially 
wxll  equipped  for  service  on  public  commis- 
sions of  various  kinds.  Broad  educational 
work  in  public  affairs,  as  one  of  the  functions 
of  our  colleges  and  universities,  should  do 
much  toward  making  attractive  positions  on 
these  commissions,  but  the  matter  must  be 
considered    as   a   personal    one    in    the   end. 


From  this  class  some  very  excellent  public 
servants  have  in  the  past  been  obtained;  doubt- 
less it  will  be  so  in  the  future.  But  (political 
parties  deleted  as  not  pertinent. — Editors) 
would  not  look  with  equanimity  upon  a  public 
service  commission — charged  with  the  duty  of 
regulating  great  corporations — dominated  by 
men  living  easily  upon  inherited  or  acquired 
wealth. 

2.  The  commonwealth  may  draw  in  abun- 
dant numbers  from  men  whose  demonstrated 
earning  capacity  is  less  than  the  salary  now 
paid  public  service  commissioners.  From  this 
class  also  excellent  service  has  been  and  will  be 
obtained. 

But  men  dependent  entirely  upon  the  emolu- 
ments of  office  for  the  livelihood  of  themselves 
and  of  their  families  are  almost  certain  to  be 
constant,  conscious  (or  unconscious)  candidates 
for  reappointment;  they  cannot  live  and  act  in 
an  atmosphere  of  independence  and  freedom. 
They  are,  almost  necessarily,  continuously 
measuring  forces  which  make  for  or  against 
their  own  continuance  in  office. 

The  mere  fact  that  the  salary  paid  public 
service  commissioners  is  as  much  as  that  paid 
to  superior  court  judges  makes  the  situation 
no  better.  Appointments  to  judgeships  are  for 
life,  with  pensions  provided  for  disability  and 
old  age.  But  the  bench  is  a  great  career,  and 
many  of  our  ablest  lawyers  prefer  it — with  its 
honor,  dignity,  freedom  from  strife  and  from 
either  poverty  or  riches — to  the  struggle  and 
possibly  larger  prizes  of  the  bar.  But  these 
short-lived  appointments  on  commissions  must 
necessarily  he  but  episodes  in  the  careers  of 
men  of  real  force  and  ambition. 


reduce  the  salaries  one-half  and  keep  the  field 
open  to  men  of  genuine  public  spirit  and  inde- 
pendent earning  capacity,  rather  than,  by  mak- 
ing the  salary  substantial,  to  increase  the  avid- 
ity and  number  of  the  job-hunters. 

Mr.  Anderson  strikes  the  keynote  when  he 
says :  "Rut  these  short-lived  appointments  on 
commissions  must  necessarily  be  but  episodes 
in  the  careers  of  men  of  real  force  and  am- 
bition." As  long  as  the  appointments  to  im- 
portant commissions  are  political  and  are  for 
short  terms  they  do  not  offer  a  career  to  men 
of  force  and  ability.  We  do  not  believe  that 
the  other  points  brought  out  in  the  letter  are 
so  pertinent,  provided,  of  course,  the  com- 
pensation is  sufficient  to  permit  a  really  capable 
man  to  maintain  his  proper  position  in  society, 
and  provided  further  that  the  man  is  subject 
to  some  form  of  recall. 


Portland    Cement    Production   in    1914. — 

Accorduig  to  preliminary  returns  from  all  the 
operating  mills  in  the  United  States  except 
one  it  IS  estimated  by  Ernest  F.  Burchard,  of 
the  United  States  Geological  Survey,  that  the 
quantity  of  Portland  cement  manufactured  in 
the  United  States  in  1914  was  approximately 
88,514,000  barrels,  compared  with  92,097,131 
barrels  in  1913,  a  decrease  of  about  3,583,000 
barrels,  or  nearly  4  per  cent.  The  estimated 
shipments  of  Portland  cement  during  1914 
were  86,715,000  barrels,  compared  with  88,689,- 
377  barrels  in  1913,  a  decrease  of  about  1,975,000 
barrels,  or  2.2  per  cent.  On  account  of  the  sur- 
plus of  production  over  shipments  stocks  of 
cement  at  the  mills  apparently  increased  more 
than  14  per  cent. 


January  6,  1915. 
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Recommended  Tests  for  Use  in  Labor- 
atory Control  of  Sewage  Works 
Operation. 

In  Engineering  and  Contracting  of  Dec. 
16,  1914,  we  published  an  article  entitled : 
Recommended  General  Procedure  in  Sewage 
Works  Operation.  As  stated  in  tlie  article  it 
was  from  the  report  of  the  Committee  on 
Sewage  Works  Operation  and  Analytical 
Methods  to  the  Sanitary  Engineering  Section 
of  the  American  Public  Health  Association. 
The  present  article  deals  wholly  with  the  sec- 
ond portion  of  the  report,  that  is,  with 
analytical  methods.    This  is  a  progress  report. 

The  latest  edition  of  "Standard  iVIethods  of 
Water  Analysis"  of  the  American  Public 
Health  Association  supplies  sanitary  engi- 
neers, chemists  and  bacteriologists  with  a 
nearly  complete  set  of  analytical  procedures, 
many  of  which  are  of  assistance  to  sewage 
works  operators ;  they  do  not,  however,  state 
which  of  the  many  tests  described  are  most 
useful  for  the  practical  purpose  of  sewage 
works  operation. 


Hence,  the  outline  of  tests  submitted  is  to 
be  considered  as  broadly  suggestive  and  not 
as  a  specification  for  every  conceivable  con- 
dition. 

Laboratory  facilities  are  frequently  limited 
and  help  lacking,  so  that  it  is  impossible  to 
^  carry  on  extensive  investigations.  The  tests 
recommended  are,  therefore,  limited  to  the 
most  important  and  useful,  -ealizing  that 
where  opportunity  exists  other  work  will  be 
carried  on,  as  in  the  case  of  testing  stations. 

COLLECTION    OF    SAMPLES. 

Due  to  its  heterogeneous  nature,  the  com- 
position of  crude  sewage  is  very  variable  and 
chance  samples  taken  at  short  intervals  of 
time  will,  upon  analysis,  yield  very  different 
results;  but  when  the  sewage  is  submitted 
to  increasing  refinements  of  treatment,  this 
variability  in  composition  is  lessened.  It  is, 
therefore,  advisable  for  all  tests  in  which  the 
samples  can  be  properly  kept  for  a  time  before 
analysis,  to  obtain  a  composite  sample  made 
up  of  a  number  of  small  portions  and  thus 
automatically  obtain  an  average  sample  for 
analysis.      To    do    this    prooerly,    the    size    of 


Commission  on  Sewage  Disnosal  developed 
a  technique  for  such  a  test  (see  Sec.  2,  Vol. 
11,  Appendix  8th  Report  1913,  or  Engineering 
Record  Oct.  25,  1913,  page  453).  Another 
method  was  developed  by  Mr.  C.  E.  Hoover 
and  is  in  use  at  the  sewage  treatment  works 
at  Columbus,  Ohio  (see  Engineering  News 
May  28,  1914,  page  1187)  and  still  another 
has  been  devised  by  Dr.  Arthur  Lederer  and 
is  in  use  in  the  laboratories  of  the  Sanitary 
District  of  Chicago  (see  Journal  Infectious 
Diseases,  May,  1914).  At  iresent,  a  Com- 
mittee of  the  Laboratory  Section  is  about  to 
propose  a  provisional  procedure  for  such  a 
test. 

This  test  is  conside.-ed  to  be  of  prirne  im- 
portance; but  as  there  is,  as  yet,  no  definitely 
recognized  technique  nor  name  it  is  here  in- 
definitely  designated   by   the   symbol   X. 

For  the  present  it  is  urgently  recommended 
that  some  form  of  the  test  be  used  even 
though  all  workers  may  not  asree  on  the  exact 
procedure  to  adopt. 

Test  y.  By  this  designation  is  meant  a 
test   for  measuring  not  only  the   amount  but 


(a)  For  Sewage  Treatment  Works  Erimarily  Designed  to  Prevent  Nuisance. 


TYPE     OF 
WORKS. 

,    TESTS     FOR     OPERATING     CONTROL     AND     DETERMINATION   OF   EFFICIENCY. 

Tests    to    Determine 
Sufficiency    cf    Treatment. 

Influent     and     effluonf     of 
preliminary  processes. 

Sludge    drawn    from 

Kffluent    of 
oxidation    process. 

Final    eflluent    as 

discharged    into   the 

receiving    body    of    water. 

Rereiving    bndy    of    water. 

One   story       1       Two   story 
tanks.        1        tanUs, 

Works       consisting       of 
preliminary  processes  only 
such    as    fine    screens    or 
sedimentation. 

1  Test  for  tlie  avidity  for 
oxysen   called    X    in    te.\t. 

2  Test  for  suspended  mat- 

ter called  Y  in  text. 

1  Specific   gravity. 

2  Percentage  moisture  in 

wet  sludge, 
o     Percentage  of  dry  res- 
idue that  is  volatile. 
1  4    Reaction  of 
!        wet  sludge. 

i     Test     for     avidity     for 
oxygen   called    X   in    text. 
2    Test  for  suspended  mat- 
ter called  Y  in  text. 

1  Dissolved   oxygen. 

2  Test     for     avidity     for 
oxygen   called    X   in    text. 

Works       consistinf?       of 
preliminary   and   oxidation 
processes  such    as   contact 
beds  or  percolating  filters. 

1  Nitrogen   as   nitrates. 

2  Tf^st     for     avidity      for 
oxygen    called   X   in    test. 

3  Dissolved  oxvgen. 

4  Relative    stability.* 

1  Test     for     avidity     for 
oxygen   called    X    in    text. 

2  Nitrogen   as   nitrates. 

3  Dissolved   oxygen. 

4  Test  for  suspended  mat- 

ter called  Y  in  text. 

5  Relative   stability.* 

(b)  For  Sewage  Treatment  Works  Primarily  Designed  to  Protect  Sources  of  Water  Supply. 


TYPE     OF 
WORKS. 

TESTS     FOR     OPERATING     CONTROL     AND     DETERMINATION    OF   EFFICIENCY. 

Tests    to   Determine 
Sufficiency    of    Treatment. 

Influent     and     effluent     of 
preliminary   processes. 

Sludge    drawn    from 

Ellluent    of 
oxidation    process. 

Final    Disinfected    effluent 
as     discharged     into     the 
receiving    body    of    water. 

Receiving    body    of    water. 

One  story      t      Two  story 
tanks.        (        tanks. 

Work.s       consisting      of 
preliminary   processes   and 
disinfection. 

,1     Test  for  the  avidity  for 
oxygen   called  X   in   text. 
2     Test  for  suspended  mat- 
ter called  Y  in  text. 

1  Specific  gravity. 

2  Percentage  moisture  in 

wet  sludge. 
.'1     Perrentage  of  dry  res- 
idue that  is  volatile. 
4    Reaction  of 
'         wet  sludge. 

1  Presumptive     test     for 

B.    Coli. 

2  Test     for    avidity     for 
oxygen    called    X   in    text. 

3  Test  for  suspended  mat- 
ter  called   Y   in    text. 

1  Presumptive     test     for 

B.  Coli. 

2  Dissolved  oxygen. 

3*  Test     for     avidity     for 
oxygon    called    X    in    text. 

Works      conslstine:       of 
preliminary  and   oxidation 
processes  and  disinfection. 

1  Nitrogen  as  nitrates. 

2  Tob-t     for     avidity     for 
oxygen    called    X    in    text. 
:!     Dissolved   oxvgon. 

4     Relative    stability.' 

1  Presumptive     test     for 

B.   Coli. 

2  Test     for     avidity     for 
oxygen   called    X   in   text. 

3  Nitrogen     as     nitrates. 

4  Test  for  suspended  mat- 

ter called  Y  in  text. 

5  Relative    stability." 
C     Dissolved    oxygen. 

•Ill    sni.'ill    pliiiits    not    prnviilod    wltli    ft    l.Tlj.natory  ifl.Tl  ivi'   stMhilit.v   iii;i.v   tako   first   placf 

Fig.  1.    Diagram   of   Recommended  Tests  for  Purposes  of  Operating  Control   and  for  Determining    Efficiency    and    Sufficiency     of     Treat- 
ment in   Sewage  Treatment  Works  of  the  Two  General  Classes. 


Certain  tests  arc.  therefore,  submitted  here- 
with and  their  use  and  relative  value  are 
commented  upon.  The  following  outline  of 
recommended  tests  has  been  prepared  in  the 
light  of  modern  sewage  investigations  rather 
than  by  following  established  practice  in  water 
analysis;  it  is  the  result  of  careful  thought, 
based  on  experience  in  the  actual  operation  of 
sewage   treatment   works. 

Different  works  obviously  require  the  use 
of  different  sets  of  tests  for  their  study  and 
control,  based  upon  pecidiar  needs  and  con- 
ditions and,  therefore,  no  definite  set  of  tests 
can  be  laid  down  to  suit  all  conditions,  h'or 
example,  a  nlant  for  nreliminary  treatment 
only,  such  as  fine  screening  or  sedimentation, 
might  well  be  operated  without  any  considera- 
tion of  the  amount  of  nitrate  present  in  the 
sewage  at  any  stage;  but  in  the  ope.ation  of 
bacterial  processes,  such  as  sprinkling  filters, 
the  formation  of  nitrate  is  of  prime  im- 
portance to  indicate  the  efficiency  of  the 
filter. 


the  individual  portions  should  be  oruuortional 
to  the  rate  of  flow  of  sewage  at  the  lime  of 
sampling,  but  it  is  recognized  that  with  the 
class  of  labor  usuallv  available  at  sewage 
treatment  works,  this  ideal  cannot  be  realized. 
The  frequency  of  sampling  will  largely  de- 
pend upon  the  available  force  at  the  plant. 
Crude  sewage  should  be  sampled  at  more 
frequent  intervals  than  effluents  of  refined 
processes   of   treatment. 

It  is  of  great  importance  for  the  proper 
interpretation  of  published  data,  that  in  con- 
nection with  reported  analyses  a  statement 
be  made  of  the  frequency  of  sampling  and 
whether  the  figures  given  are,  for  instance, 
the  average  of  certain  chance  samples  or  the 
averages   of   continuous  comnosite   sampling. 

COMMENTS     ON    TESTS     RIvCOM  MENIlKP. 

'Test  X.  By  this  designation  is  meant  a 
test  for  measuring  by  incubation  the  avidity 
of  the  sample  of  sewage  or  effluent  for  dis- 
solved oxygen   or  its  equivalent.     The   Royal 


also  the  condition  and  physical  characteristics 
of  the  suspended  matter  in  sewage. 

Suspended  matter  was  first  determined  by 
the  ditTerence  in  the  weight  of  the  residue 
upon  evaporation  of  a  portion  of  the  sample 
filtered  through  paper  and  another  unfiltered. 
.-\t  the  present  time,  the  Gooch  Crucible  is 
generally  used  to  obtain  the  weight  direct. 
In  both  procedures  the  organic  portion  of 
the  suspended  matter  was  estimated  by  de- 
termining the  loss  of  weight  upon  ignition. 
The  Royal  Commission  on  Sewage  Disposal 
attempted  to  devise  a  method  for  determining 
the  amount  of  suspended  matter  by  means 
of  the  centrifuge.  In  the  works  of  the 
Kmschergenossenschaft  a  simple  field  method 
is  in  use  for  determining  the  bulk  of  the 
settleable  matter  by  subsidence  in  graduated 
conical  glasses. 

None  of  these  methods,  however,  furnish 
information  concerning  the  size,  physical  con- 
dition  or  other  characteristics   so  essential  to 
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know  in  the  preliminary  treatment  of  sewage. 
One  of  the  reasons  for  this,  is  the  small  size 
of  the  sample  examined  and  the  difficulties 
of  obtaining  a  representative  portion  for 
analysis ;  for  the  inclusion  or  exclusion  of  a 
large  size  piece  of  suspended  matter  in  a 
small  sized  sample  will  cause  large  variation 
in  the  result  obtained. 

The  efficiency  of  all  preliminary  processes 
depends  upon  the  removal  of  the  settleable 
solids  and,  therefore,  a  test  to  measure  them 
is  of  great  importance.  It  is,  therefore,  recom- 
mended that  in  sewage  works  operation  some 
procedure  for  the  determination  of  suspended 
matter  be  used  and  that  analysis  be  urged  to 
devise  a  technique  to  supply  the  information 
required. 

Nitrates. — This  test  is  very  useful  because 
its  place  in  the  interpretation  of  analyses  is 
well  understood  and  it  is  a  delicate  indicator 
of  the  activity  and  efficiency  of  oxidation  proc- 
esses. Moreover,  the  results  are  available 
witliin  a  comparatively  short  time  after  the 
samples   are  taken. 

Dissolved  Oxygen. — This  test  is  of  great 
value  because  of  the  light  it  throws  on  the 
condition  of  the  receiving  body  of  water.  Its 
use  is  recommended  also  in  connection  with 
effluents   from   oxidation   processes. 

The  amount  of  dissolved  oxygen  present  in 
a  stream  at  any  particular  place  or  time,  or  in 
an  effloient,  should,  however,  be  considered  in 
connection  w^ith  either  the  results  of  the  test 
designated  X  or  relative  stability,  for  the  pres- 
ence in  the  sample  of  sufficient  decomposable 
matter  might  exhaust  in  a  short  time  the  dis- 
solved oxygen  found  by  the  analysis. 

Relative  Stability. — Methylene  Blue. — This 
test  has  a  definite  value  in  connection  with  the 
dissolved  oxygen  and  nitrate  tests  in  explain- 
ing the  records  of  past  operation,  but  its  great- 
est value  is  as  a  control  for  small  works. 
Obviously,  many  small  works  cannot  be  kept 
under  the  continual  observation  of  a  trained 
chemist  or  engineer  and  in  such  cases  the  rela- 
tive stability  test  can  be  readily  made  by  an 
attendant  incapable  of  the  more  elaborate  pro- 
cedures. Under  these  conditions  relative  sta- 
bility is  of  primary  importance  and  its  daily 
use  is  strongly  recommended  in  preference  to 
occasional  tests  of  other  kinds. 

Caution  should  be  used  in  regard  to  the 
relative  stability  of  tank  effluents,  sterile 
effluents  or  effluents  containing  certain  indus- 
trial wastes. 

Tests  of  Sludge. —  (a)  Specific  gravity;  (bl 
percentage  moisture;  (c)  percentage  of  the 
dry  residue  that  is  volatile;  (d)  reaction — al- 
kalinity  or   acidity. 

These  tests  made  on  sludge  especially  from 
two-story  tanks  and  separate  sludge  digestion 
tanks  are  of  great  value  in  operation,  as  they 
interpret  the  biological  digestion  of  the  organic 
matter.  The  reaction  test  is  particularly  im- 
portant as  an  aid  in  detecting  the  cause  and 
pointing  out  the  remedy  for  poor  sludge  pro- 
duction. It  has  been  found  that  tanks  pro- 
ducing bad  sludge  can  be  made  to  produce 
good  sludge  by  adjusting  the  reaction  from 
acid  to  alkaline.  In  sludge  obtained  from  fine 
screening  it  is  advisable  to  determine  the 
weight  per  unit  volume  and  percentage  mois- 
ture. 

Bacteria. — Presumptive  Tests  for  B.  Coli. — 
For  sewage  treatment  works  intended  solely 
to  prevent  nuisance  in  water  courses,  tests  for 
bacteria  are  superfluous.  They  are,  however. 
of  the  utmost  importance  in  ca'es  where  the 
works  are  intended  to  protect  sources  of  water 
supplies  or  shell  fish  layings. 

It  is  unnecessary  to  carry  on  the  confirma- 
tory tests  for  B.  Coli.  used  in  water  works  con- 
trol, as  the  presumptive  tests  are  much  simp- 
ler and  more  conservative.  The  formation  of 
gas  or  the  red  colonies  having  appearance  of 
B.  Coli.  on  Litmus  lactose  agar  at  .37°  are  both 
in  successful  use  for  this  purpose.  When  used, 
the  test  should  primarily  be  made  on  the  re- 
ceiving body  of  water  and  secondarily  on  the 
effluents  from  disinfection  processes. 

TESTS     OF    CRUDE    SEWAGE    FOR    COMPARISON. 

For  the  purpose  of  record  and  comparison 
it  is  advisable  to  make  at  intervals  tests  upon 
composite    samples    of   the   crude    sewage    re- 


ceived at  the  works.  These  tests  should  indi- 
cate the  character,  condition  and  strength  of 
the  sewage. 

It  is  recommended  that  at  least  the  follow- 
ing determinations  be  made:  (1)  Test  for 
suspended  matter  called  Y  above;  (2)  test 
for  avidity  for  oxygen  called  X  above;  (3) 
nitrogen  as  organic;  (4)  nitrogen  as  free  am- 
monia;   (5)   chlorine. 

Special  cases  may  require  other  tests  to 
show  the  characteristics  of  the  sewage. 

Particular  attention  is  called  to  the  notes 
on  Test  X.  dissolved  oxygen  and  bacteria  in 
connection  with  the  receiving  body  of  watery 
Tests  when  applied  to  sewage  and  effluents 
are  of  value  as  tools  for  operating  control,  but 
as  a  measure  of  sufficiency  of  treatment  they 
do  not  always  supply  adequate  information. 
This  is  on  account  of  the  difficulty  of  formulat- 
ing precise  standards  for  effluents  discharged 
into  different  kinds  of  receiving  bodies  of 
water,  and.  therefore,  the  final  criterion  of  suf- 
ficiency of  treatment  must  logically  rest  in  the 
effects  produced  upon  the  receiving  body  of 
water  considered  in  the  light  of  expediency 
and  local  needs.  Investigations  of  the  effects 
of  effluents  on  bodies  of  water  are,  therefore, 
urgently  recommended. 

For  the  different  purposes  of  operating  con- 
trol, determination  of  efficiency  and  determin- 
ing sufficiency  of  treatment,  the  tests  com- 
mented upon  above  are  grouped  in  a  diagram- 
matic table  submitted  herewith  as  Fig.  1. 

CONCLUSION. 

One  of  the  functions  of  this  committee  is 
co-operation  with  the  Laboratory  Section.  It 
is  therefore  recommended  that  the  proper  com- 
mittee of  that  Section  take  up  for  considera- 
tion tlie  improvement  of  the  test  for  sus- 
pended matter  in  sewage  called  Y  in  this  re- 
port and  that  during  the  coming  year  analyists 
direct  their  attention  to  the  simplification  and 
standardization  of  the  test  for  avidity  for  oxy- 
gen called  X  in  this  report. 

The  committee  considers  this  a  progress  re- 
port and  request  engineers  and  chemists  in 
charge  of  sewage  treatment  works  to  send 
their  views  and  criticisms  of  the  outline  of 
tests  to  the  chairman  of  the  committee,  Mr. 
W.  L.  Stevenson,  address  412  City  Hall.  Phila- 
delphia, Pa.,  in  order  that  complete  data  may 
be  collected  and  a  final  report  submitted  next 
year. 

The  other  members  of  the  committee  are 
Messrs.  C.  B.  Hoover,  H.  C.  McRae,  Langdon 
Pearse  and  George  C.  Whipple. 


Data  and  Discussion  on  the  Handling 
of  Sewage  Sludge. 

The  most  difficult  part  of  the  problem  of 
sewage  disposal  is  the  handling  of  the  sludge 
which  results  from  every  known  method  of 
treatment.  As  removed  from  settling  tanks 
sludge  is  a  dark,  slimy  mass  containing  about 
DO  per  cent  moisture,  and  its  consistency  is 
such  that  it  cannot  be  shoveled,  but  can  read- 
ily be  pumped.  Experience  with  sewage 
w'orks  indicates  that  upon  an  average  1,000 
persons  produce  4.5  tons  of  dry  solid  matter 
per  annum.  If  this  were  deposited  in  tanks 
as  sludge  containing  90  per  cent  moisture  it 
would  make  524  cu.  yds.,  but  if  the  sludge 
contained  95  per  cent  moisture  its  volume 
would  be  1,060  cu.  yds.,  or  about  double  the 
former  amount.  In  other  words,  every  ton  of 
dry  solid  matter  contained  in  sludge  90  per 
cent  moisture  which  is  removed,  requires  9 
tons  of  water  to  be  conveyed  with  it,  and 
if  the  sludge  contains  95  per  cent  moisture,  it 
requires  19  tons  of  water  to  be  handled.  One 
of  the  most  important  considerations,  there- 
fore, in  handling  sludge  is  the  percentage 
moisture  which  it  contains,  as  this  is  a  con- 
trolling factor  in  its  bulk.  It  is  highly  desira- 
ble to  obtain  sludge  with  as  low  a  moisture 
content  as  possible. 

Of  the  dry  residue  in  the  sludge,  approxi- 
mately one-half  is  organic  and  one-half  min- 
eral. A  large  part  of  the  organic  matter  in 
freshly  deposited  sludge  is  highly  putrescent 
and  if  improperly  handled  produces  offensive 
odors.  It  is,  therefore,  also  of  importance 
that  such 'processes  of  sludge  treatment  shall 


he  used  that  reduce  this  offensiveness  by  the 
destruction  of  the  easily  decomposed  organic 
matter. 

The  final  disposal  of  sludge  is  accomplished 
by  (a)  discharge  of  wet  sludge  in  the  sea; 
(b)  depositing  wet  sludge  on  land ;  (c)  the 
use  of  partially  dried  sludge  for  filling  in  low 
waste  lands;  and  (d)  where  circumstances 
warrant,  the  use  of  sludge  as  a  fertilizer, 
fertilizer  base  or  as  fuel.  These  methods  are 
here  discussed,  the  matter  given  being  taken 
frotn  a  paper  before  the  American  Society  of 
Mechanical  Engineers  by  Mr.  George  S.  Web- 
ster, Chief  Engineer  of  the  Philadelphia 
Bureau   of   Surveys. 

DISCHARGE    OF    WET    SLUDGE    IN    THE    SEA. 

Large  cities  located  near  the  ocean  dispose 
of  the  wet  sludge  most  economically  by  car- 
rying it  to  sea  in  specially  constructed  tank 
steamers.  The  sludge  is  pumped  from  the 
sedimentation  tanks  to  reservoirs  on  the 
wharf  from  which  the  steamers  are  filled  by 
gravity.  When  the  boat  reaches  the  dump- 
ing ground  in  the  open  sea  the  outlet  valves 
are  opened  and  the  sludge  diffused  in  the  sea 
water  as  the  boat  moves  along. 

This  method  of  sludge  disposal  is  used  at 
London.  England,  where  the  sewage  is  col- 
lected by  sewers  to  two  works  located  on  the 
banks  of  the  Thames.  Chemicals  are  added 
to  the  sewage  to  form  a  fiocculent  precipitate 
and  free  it  from  most  of  its  suspended  mat- 
ter. The  sludge  thus  produced  after  settle- 
ment contains  about  92  per  cent  moisture  and 
is  carried  bv  6  tank  steamers  ho  miles  to 
Black  Deep  in  the  open  sea,  which  is  20  miles 
below  Southend.  On  an  average  8,300  tons  of 
sludge  are  thus  disposed  of  every  week  day  at 
a  cost  of  about  9  cts.  per  ton  (including  in- 
terest and  sinkinc  fund  charges). 

At  Manchester,  England,  the  sludge  from 
the  septic  tanks  is  similarly  carried  by  a  tank 
steamer  to  the  open  sea  beyond  Mersey  Bar. 
During  the  last  fiscal  year  215,082  tons  of 
wet  sludge  were  dumped  at  sea  at  a  coSt  of 
$32,000  or  about  15  cts.  per  ton. 

DEPOSITING     WET     SLUDGE     ON     LAND. 

Cities  situated  inland  are  confronted  with 
the  problem  of  reducing  the  bulk  of  the 
sludge  bv  removing  the  water,  either  by 
drainage  and  evaporation  on  drying  beds  or 
by  mechanical  processes  such  as  presses  and 
centrifuges  and  of  handling  it  so  as  to  mini- 
mize offense. 

The  tvpe  of  sedimentation  tank  adopted,  the 
use  of 'chemical  precipitants  or  the  oppor- 
tunitv  afforded  for  sludge  digestion  have  a 
marked  effect  upon  the  volume  of  sludge  pro- 
duced on  account  of  the  moisture  content. 
Generally  speaking  it  may  be  said  that  chem- 
ical precipitation  will  produce  between  20 
and  25  cu.  yds.  of  wet  sludge  containing 
about  92  per  cent  moisture  from  each  1,000,000 
gals,  of  sewage  treated;  plain  sedimentation 
from  4  to  7  cu.  yds.  between  87  and  93  per 
cent  moisture;  septic  tanks  from  1.5  to  3.0 
cu  vds  between  80  and  90  per  cent  moisture ; 
and'  Imhoff  tanks  from  1  to  2.5  cu.  yds.  be- 
tween 75  and  85  per  cent  moisture. 

The  disposal  of  wet  sludge  without  prior 
dewatering  may  be  accomplished  by  its  appli- 
cation to  land  in  several  ways.  The  earliest 
method  used  was  called  lagooning  in  which 
case  earth  embankments  were  built  enclosing 
an  area  of  suitable  land  and  the  wet  sludge 
run  into  a  depth  of  as  great  as  10  ft.  The 
clogging  of  the  soil  preventing  free  drainage 
of  the  "moisture;  the  scum  formation  upon 
the  surface  retarding  evaporation,  and  the 
frequent  great  depth  of  the  sludge,  all  tend 
to  prevent  the  sludge  from  drying.  As  an 
example,  there  are  sludge  lagoons  at  Bir- 
mingham, in  which  the  sludge  deposited_  many 
years  is  practically  in  the  same  condition  as 
shortly  after  being  placed  except  that  a  heavy 
crust  has  formed  upon  the  surface.  This 
method  is  rapidly  beinc  abandoned. 

To  overcome  these  objections  and  to  dis- 
pose of  the  sludge  more  quickly,  it  was  run 
upon  the  surface  of  farm  land  to  form  a 
shallow  laver  which  would  dry  in  a  reason- 
able time  and  could  then  be  plowed  m  and 
the  field  cultivated.  But  the  gross  nuisance 
created  bv  the  exposure  of  such  large  areas 
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of  foul  smelling  sludge  led  to  the  adoption 
of  what  is  called  trenching.  As  practiced  at 
Birmingham,  England,  the  trenches  were  dug 
about  3  ft.  wide  and  18  ins.  below  the  sur- 
face of  the  soil,  the  e.xcavated  earth  forming 
banks  between  the  trenches  so  that  they  can 
be  filled  to  a  depth  of  from  24  to  30  ins.  with 
wet  sludge,  after  which  the  tops  of  the  earth 
banks  are  thrown  over  the  sludge  to  prevent 
nuisance  from  smell  or  flies.  The  porus  earth 
absorbs  the  moisture  and  later  the  land  is 
plowed  across  the  trenches  and  placed  under 
cultivation.  This  process  can  be  repeated  at 
intervals  of  from  18  months  to  two  years. 

The  cost  of  trenching  at  Birmingham 
amounted  to  about  8  cts.  per  ton  of  wet 
sludge.  This  is  exclusive  of  the  cost  of  sludg- 
ing tanks,  but  includes  interest  on  capital 
outlay  at  5  per  cent  and  rent  of  land.  This 
method  is  not  being  used  in  new  plants  and 
is  being  abandoned  in  old  plants  on  account 
of  the  area  required,  tlie  interference  which 
is  caused  in  times  of  heavy  storms,  the  in- 
creased difficulty  of  operating  caused  by  win- 
ter weather  and  the  general  ciimbersomeness 
of  the  method. 

MECHANICAL         PROCESSES         FOR         DEWATERING 
SLUDGE. 

.^mong  the  early  mechanical  methods  of  re- 
ducing the  bulk  of  the  wet  sludge  by  de- 
watering  was  pressing  in  machines  which  con- 
sist of  a  number  of  cast  iron  plates  generally 
9  sq.  ft.  in  area  with  corrugated  faces  and 
surrounded  by  a  machined  rim  so  that  when 
placed  together  they  form  watertight  cells  2 
ins.  thick.  A  central  pipe  about  6  ins.  in  di- 
ameter extends  through  the  middle.  Over 
each  plate  a  canvas  cloth  is  placed  and  sludge 
forced  into  the  press  and  subjected  to  a  pres- 
sure of  from  60  to  To  lbs.  per  square  inch. 
This  squeezes  the  water  out  and  the  resultant 
cake  contains  between  50  and  Go- per  cent 
moisture  and  is  about  one-fifth  the  bulk  of 
the  original  wet  sludge. 

It  is  necessary  to  add  to  the  sludge  before 
pressing  from  %  to  1  per  cent  of  lime,  the 
fine  particles  of  which  facilitate  the  passage 
of  water,  the  dissolved  lime  agglomerating 
the  solids  of  the  sludge.  The  cost  of  press- 
ing largely  depends  on  the  amount  of  lime 
added,  the  kind  of  sludge  pressed  and  the 
magnitude  of  the  works:  in  large  cities  the 
average  cost  is  10  cts.  per  ton  of  wet  sludge. 

At  Worcester,  Mass.,  about  18,000,000  gals, 
of  sewage  a  day  is  received  at  the  chemical 
precipitation  works.  There  are  added  5-5. -5 
lbs.  of  lime  to  each  1,000  gals,  of  sludge, 
which  contains  on  an  average  about  90  per 
cent  moisture  when  pumped  from  the  tanks. 
The  presses  reduce  the  moisture  to  about  70 
per  cent  and  0.167  tons  of  sludge  cake  are  ob- 
tained from  each  cubic  yard  of  the  wet  sludge. 
The  pressed  cake  is  hauled  in  electrically  pro- 
pelled cars  about  a  mile  and  disposed  of  for 
filling  low  waste  land. 

Another  mechanical  method  of  dewatering 
sludge  is  by  means  of  centrifuges  which  oc- 
cupy less  space  than  presses  and  do  not  re- 
quire the  addition  of  lime  to  the  sludge.  Such 
machines  are  continuous  in  action  and  the 
work  of  extracting  the  moisture  consists  of 
two  distinct  and  constantly  repeated  periods. 
During  the  first  period  the  wet  sludge  is  in- 
troduced into  the  machine  and  by  the  action 
of  centrifugal  force  the  moisture  content  re- 
duced. During  the  second  period  the  sludcc 
thus  partly  dried  is  automatically  ejected.  The 
final  product  contains  about  60  per  cent 
moisture  and  occupies  aliont  one-eighth  the 
volume  of  the  wet  sludge. 

The  largest  installation  df  these  machines 
is  in  Frankfort-on-Main,  Germany,  where  the 
sewage  of  400,000  people  is  subjected  to  plain 
sedimentation  and  about  310  tons  of  wet 
sludge  90  per  cent  moisture  olitained  per  diem. 
The  sludge  is  pumped  tu  overhead  reservoirs 
and  kept  agitated  by  revolving  paddles.  From 
thence  it  is  fed  to  8  centrifugal  driers  capa- 
ble of  handling  325  cu.  yds.  of  wet  sludge  a 
day  of  10  hours;  after  drying  it  is  carried 
by  a  conveyor  through  a  tunnel  heated  by 
the  exhaust  gases  from  the  power  station 
and  as  a  20  per  cent  moisture  mass  resem- 
bling soft  coal  of  a  gray  color  is  mixed  with 


garbage  and  both  disposed  of  by  destructors, 
the  steam  being  used  for  generating  electricity 
for  power  and  lighting. 

DIGESTION   OF  SLUDGE. 

In  the  methods  of  sludge  handling  above 
described  efforts  were  directed  toward  pre- 
venting the  dissemination  of  the  foul  odors 
from  the  wet  mass.  Within  recent  years 
much  thought  has  been  given  to  devise  proc- 
esses of  treatment  by  the  digestion  of  the 
putrescent  matters  to  produce  an  inoffensive 
sludge  both  as  withdrawn  from  the  tanks  and 
during   drying. 

One  of  the  methods  to  accomplish  this  pur- 
pose is  to  remove  the  freshly  deposited  sludge 
from  the  sewage  sedimentation  tanks  at  in- 
tervals and  place  it  in  separate  tanks.  Usual- 
ly a  scum  forms  upon  the  surface  beneath 
which  more  or  less  active  fermentation  and 
decomposition  develops.  New  sludge  is  add- 
ed and  digested  sludge  withdrawn  from  time 
to  time  and  placed  upon  underdrained  sand 
or  cinder  beds  for  drying.  On  account  of  the 
digestion  of  the  sludge  it  dries  more  rapidly 
and   is   much   less  offensive  than  when   fresh. 

This  method  is  now  in  use  at  Baltimore. 
Md.,  where  the  sewage  is  freed  of  its  settle- 
able  solids  in  large  tanks.  The  accumulated 
sludge  is  removed  at  intervals  by  centrifugal 
pumps  and  discharged  into  adjacent  concrete 
tanks  where  considerable  digestion  occurs,  as 
indicated  by  the  continuous  ebulition  of  gas 
which  is  inoffensive.  At  first  the  sludge  was 
withdrawn  from  the  digestion  tanks  and  dried 
upon  underdrained  sand  beds.  It  could  be 
removed  in  a  much  shorter  time  than  undi- 
gested sludge  and  but  little  offense  was  creat- 
ed. .At  the  present  time,  the  wet  sludge  from 
the  digestion  tanks  12  being  sold  to  farmers 
for  use  on  truck  farms.  The  same  method  of 
separate  sludge  digestion  is  in  use  at  Bir- 
mingham, England,  the  dried  material  being 
used  to  fill  in  a  deep  ravine  between  railway 
fills. 

For  the  last  20  years  it  has  been  known  that 
the  retention  of  sludge  in  the  tank  in  which 
it  is  deposited,  which  is  known  as  the  septic 
treatment  of  sewage,  resulted  in  the  reduction 
of  the  bulk  and  offensiveness  of  the  sludge, 
but  experience  showed  that  while  the  sludge 
was  benefited,  the  water  leaving  the  tank, 
known  as  the  effluent  was  seriously  fouled 
by  the  decomposition  of  the  organic  matter  in 
the  sludge.  The  first  attempt  to  obviate  this 
fouling  of  the  effluent  was  the  digestion  of 
the  sludge  in  a  separate  tank  above  described. 
Another  attempt  was  made  by  Dr.  Travis  at 
Hampton,  England,  who  built  a  septic  tank 
divided  into  upper  and  lower  compartments; 
four-fifths  of  the  sewage  was  passed  through 
the  upper  part  and  the  sludge  settled  through 
slots  into  the  lower  part  through  which  the 
remaining  one-fifth  of  the  sewage  flowed. 
Thus  four-fifths  of  the  sewage  remained 
fresh,  but  when  the  foully  contaminated  one- 
fifth  was  added  to  the  tank  effluent  it  frustrat- 
ed the  purpose.  Furthermore,  the  passage 
of  sewage  through  the  lower  part  maintained 
conditions  favorable  to  the  development  of 
sulphur  bacteria  and  produced  a  malodorous 
sludge. 

The  principles  involved  in  the  construction 
of  the  Imhoff  or  Emscher  tank  are  familiar 
to  our  readers.  Thi  type  of  tank  was  de- 
veloped to  obviate  the  fouling  of  the  effluent 
referred  to  in  the  preceding  paragraph. 

When  such  a  tank  is  first  put  in  operation 
it  is  entirely  filled  with  sewage;  as  there  is 
no  flow  through  the  sludge  compartment,  de- 
composition develops  therein  and  the  putres- 
cent matters  in  solution  and  as  colloids  large- 
ly destroyed.  The  sludge  deposited  in  the 
lower  compartment  is,  therefore,  covered  by 
a  water  having  characteristics  different  from 
those  of  fresh  sewage  and  it  is  the  opinion 
of  some  that  this  is  the  cause  of  the  inof- 
fensive sludge  digestion.  The  gases  evolved 
under  these  conditions  being  principally 
methane  and  carbon-dioxide,  these  cases  while 
in  the  sludge  are  under  a  hydrostatic  pressure 
due  to  the  depth  of  the  tank  and  when  the 
sludge  is  withdrawn  upon  the  drying  bed  the 
bubbles  expand,  lightening  the  mass  and  aid- 
ing in  a  separation  of  the  water  which  flows 


to  the  bottom  and  is  carried  away  by  the 
drains  of  the  drying  bed.  The  digestion  of 
the  sludge  also  reduces  its  sticky  tenacious 
nature  and  facilitates  its  parting  with  the 
water. 

In  normal  weather  sludge  from  a  matured 
Emscher  tank  will  dry  on  sand  beds  in  from 
3  to  .5  days  to  a  consistency  fit  to  remove, 
while  sludo-e  from  septic  tanks  requires  at 
least  2  weeks'  time,  and  sludge  from  plain 
sedimentation  tanks  will  require  about  8 
weeks  in  summer  and  at  least  twice  that 
length  of  time  in  winter,  to  be  dry  and  firm 
enough  to  handle. 

Dried  Emscher  sludge  is  suitable  for  filling 
low  land  or  use  in  agriculture,  particularly  in 
lightening  heavy  soils,  as  it  is  very  spongy 
in  texture  due  to  the  entrained  gas.  But  ex- 
perience has  demonstrated  that  the  use  of 
air-dried  sludge  from  any  source  will  not 
give  results  comparable  with  those  obtained 
from  the  use  of  artificial  fertilizers. 

The  rapid  drying  of  sludge  digested  in 
Emscher  tanks  allows  of  very  much  smaller 
sand  beds  than  for  other  kinds  of  sludge;  in 
fact,  it  is  usual  to  nrovide  only  1  sq.  ft.  of 
bed  for  each  three  persons  tributary  to  the 
tank. 

The  ingredients  of  sludge  having  value  are 
usually  more  costly  to  recover  than  they  are 
worth.  In  some  cases  grease  is  recovered, 
fertilizer  or  fertilizer  base  prepared  and  the 
fuel  value  partially  recovered. 


The   Adoption    of    Fine   Screening  at 
Daytona,  Fla. 

In  our  issue  of  Dec.  2,  1914.  we  published 
an  article  on  the  new  combined  sewage  pumo- 
ing.  screening  and  sterilizing  station  at  Day- 
tona, Fla.  The  details  of  the  station  design 
were  shown  and  the  specifications  prepared 
bv  the  consulting  engineer.  Mr.  George  W. 
Fuller,  to  govern  the  design,  installation  and 
operation  of  the  screening  and  sterilizing  at)- 
paratus  were  quoted.  The  following  addi- 
tional information  pertaining  to  this  work  re- 
lates to  the  considerations  which  led  to  the 
adoption  of  fine  screening  and  to  the  opera- 
tion of  the  plant.  • 

Davtona  is  a  winter  resort  city  in  Florida, 
on  the  Halifax  River.  The  permanent  popu- 
lation is  6,000,  the  winter  population  10.000. 

In  the  design  and  construction  of  clarifica- 
tion apparatus  for  Daytona,  the_  engineers 
were  confronted  with  the  following  condi- 
tions and  the  Riensch-Wurl_  screen  was  se- 
lected for  meeting  the  conditions  in  the  most 
economical    and    sanitary    manner. 

1.  Ample  dilution  water  in  the  Halifax- 
River,  thus  not  requiring  the  removal  of  all 
the  organic  matter. 

2.  Local  topography  and  arrangement  of 
city,  suggesting  a  combination  of.  pumping 
station  built  practically  in  the  middle  of  the 
citv  with  accompanying  screen. 

.3.  Conditions  of  the  soil,  quicksand  uni- 
formly under  the  surface  a  few  feet,  making 
tanks  of  any  depth  or  size  very  expensive. 

4.  Local  topography,  permitting  ready  and 
inexpensive  means  of  disposing  of  fresh 
screenings  by  burying  them. 

5.  Convenience  of  operation  afforded,  in  that 
a  screening  and  pumping  plant  could  be  at- 
tended to  in  a  single  location  while  settling 
tanks  would  probably  require  construction  and 
attention  in  two  places. 

OPERATION   FEATURES. 

Of  the  station  equipment,  the  interesting 
feature  is  the  clarification  and  disinfection 
of  fresh,  raw  sewage  by  the  combination  of 
a  Reinsch-Wurl  sewage  screen  and  automatic 
chlorine  disinfecting  apparatus.  The  effluent 
from  this  combination  is  discharged  without 
further  treatment  of  any  kind. 

Sew^age  will  enter  the  disposal  station 
through  a  24-in.  vitrified  sewer  and  will  first 
pass  through  a  fixed  screen  having  bars  %  bv 
2  ins.  on  2%-in.  centers.  The  bar  screen  is  3 
ft.  6  ins.  wide,  affording  an  effective  open 
area  through  the  screen  with  a  maximum 
sewer  capacity  of  approximately  150  per  cent 
of  the  area  of  the  sewer. 

The  bar   screen   will   be   cleaned   manually. 
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The  screenings  will  be  collected  in  special 
cans  with  perforated  bottoms  to  allow  them 
to  drain  into  the  influent  channel.  From  the 
bar  screen  the  sewage  will  flow  onto  the 
screen,  8  ft.  in  diameter,  placed  on  an  in- 
clination of  10°  in  the  sewage,  providing  a 
ma.ximura  effective  screening  surface.  The 
total  area  of  the  8  ft.  screen  is  43  sq.  ft.  and 
imder  maximum  flow  conditions  the  sub- 
ferged  effective  area  is  30  sq.  ft.,  which  is 
about  70  per  cent  of  the  total  screen  area. 

The  screening  plates  are  made  of  %-in. 
monel  metal,  arranged  in  sections  on  the 
screen  frame.  The  screening  plate  perfora- 
tions are  5/64  in.  wide  by  2  ins.  long,  stag- 
gered. With  the  above  effective  area  and 
size  of  slots,  the  present  capacity  of  the 
screen  will  be  about  1,000,000  gals  per  day, 
ultimate  capacity  of  about  2,000,000  gals,  per 
day.  This  is  based  on  50  per  cent  run  off  in 
eight   hours. 

The  arrangement  of  the  screen  varies  from 
German  practice  inasmuch  as  no  bearings  or 
wearing  parts  are  in  the  sewage.  All  screens 
installed    in    Germany    have    had    the    lower 


bearing  and  the  driving  gear  operating  in  the 
sewage.  American  engineers  objected  to  this 
even  in  view  of  the  fact  that  in  none  of  the 
55  installations  of  the  Riensch-Wurl  screens 
in  Europe  has  any  trouble  arisen  due  to  such 
an   arrangement. 

The  screen  will  be  driven  from  a  counter- 
shaft in  the  station  bv  oil  engines,  two  being 
installed,  to  furnish  power  for  the  entire  sys- 
tem, including  the  ejectors,  one  at  each  end 
of  the  countershaft  to  provide  against  emerg- 
ency. The  screen  will  require  about  V2  HP. 
for  operating  the  disc  and  the  cleaning  mech- 
anism. 

The  effluent  from  the  screen  will  be  steril- 
ized by  chlorine  gas  fed  by  an  automatic  chlori- 
nator  suitable  for  the  treatment  of  raw  sew- 
age. The  chlorinator  is  of  such  size  that  it 
is  capable  of  feeding  chlorine  gas  at  any  de- 
sired uniform  rate  between  the  limits  of  10 
and  150  lbs.  in  24  hours.  The.  system  is 
equipped  with  reducing  and  regulation  con- 
trol valves,  together  with  gages  and  all  other 
necessary  appurtenances  and  is  piped  to  allow 
sterilization,  both  of  raw  sewage  entering  the 


pumping  station  and  of  clarilied  sewage  after 
passing  the  screen.  From  the  screen  the  ef- 
fluent flows  into  the  pump  well  from  which 
point  it  is  pumped  through  the  outfall  into  the 
Halifa.x   River. 

The  advantages  of  this  arrangement  of 
pumps  and   screens   are  as   follows : 

1.  The  screens  protect  the  pumps.  2.  With 
the  pumps  after  the  screens  the  solids  are  not 
disintegrated  and  the  maximum  cleaning  ef- 
fect is  obtained.  2.  The  pumps  provide 
thorough  mixing  of  the  disinfection  agent 
and  the  effluent. 

The  screenings  from  the  screen  will  be  dis- 
charged into  cans  which  are  handled  by  a 
small  wall  hoist  and  disposed  of  by  burial. 

The  plans  and  specifications  for  the  work 
were  prepared  by  George  W.  Fuller,  Consult- 
mg  Hydraulic  Engineer  and  Sanitary  Expert, 
New  York  City.  The  engineer  in  charge  of 
the  work  is  C.  M.  Rogers,  Engineer  for  Board 
of  Public  Works,  Daytona.  The  apparatus 
for  fine  screening  and  disinfection  is  being 
furnished  and  installed  by  The  Sanitation 
Corporation,   New  York   City. 


Construction   Features   of  the   Bloom- 
field  Bridge,  Pittsburgh,  Pa. 

Contributed  by  A.  E.  Sortore,  Assistant  Engi- 
neer, Division  of  Bridges,  Pittsburgh,  Pa. 
(In  our  issues  of  Sept.  9  and  23,  1914,  we 
published  articles  on  the  design  of  the  super- 
structure, and  of  the  substructure  and  ap- 
proaches, respectively,  of  the  Bloomfield 
Bridge,  Pittsburgh,  Pa.  In  these  articles  we 
described  in  detail  and  gave  working  drawings 
of  the  design  features  of  this  important  struc- 
ture. The  bridge,  which  is  a  highway  deck 
structure,  has  a  total  length  of  about  1,962  ft., 
the  superstructure  of  which,  exclusive  of  re- 
inforced concrete  retaining  wall  approaches, 
consists  of  the  following  spans :  Ten  60-ft. 
girder  spans;  three  r20-ft.  truss  spans;  and  a 
cantilever  system  consisting  of  two  120-ft. 
anchor  arms,  two  140-ft.  cantilever  arms,  and 
a  120-ft.  suspended  span.  On  accoimt  of  the 
depth  of  the  ravine,  the  girder  and  truss  spans 
are  supported  on  steel  towers  and  bents  rest- 
ing on  concrete  piers,  many  of  which  have  con- 
crete foundations.  The  roadway  has  a  clear 
width  of  34  ft.,  and  each  cantilevered  side- 
walk has  a  width  of  8   ft.     The  bridge  is  on 
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Fig.  1.     Locations  of  Concrete  Piles  Tested 

During  Construction  of  Bloomfield  Bridge, 

Pittsburgh,  Pa. — Piles  Tested  Were  No. 

10  in   Bent   15,   No.   17  in   Bent  20 

and  No  30  in  North  Abutment. 

a  3,907  per  cent  grade  throughout,  the  curb  of 
the  roadway  being  185  ft.  above  the  tracks  of 
the  Pittsburgh  Junction  R.  R.  In  the  follow- 
ing article  the  construction  features  of  the 
work  are  described. — Editors.) 

PILE    FOUNDATIONS. 

The  abutment  at  the  north  (Bloomfield)  end 
of  the  bridge  and  the  piers  as  far  out  as  pier 
No.  12  (which  is  about  640  ft.  from  this  end 


of  the  bridge)  are  founded  on  "Simplex''  con- 
crete piles,  as  the  soil  to  a  depth  of  from 
30  to  60  ft.  is  filled  material.  In  this  part  of 
the  work  235,  16-in.  piles,  varying  in  length 
from  16  to  60  ft.,  were  used.    These  piles  were 


Fig.    2.      Shoring    and    Excavation   for   South 
Abutment     of     Bloomfield     Bridge — Toe 
Wall  and  Pilaster  Bridge  Seats  Car- 
ried   to    Rock. 

driven  to  a  penetration  of  from  4  to  G  ins.  in 
the  last  ten  blows.  The  pile  driver  used  was 
of  the  drop  hammer  type,  the  weight  of 
the  hammer  being  3,200  lbs.  and  its  fall,  15  ft. 
After  the  piles  were  driven,  three  of  them 
were  tested  as  follows :  A  platform  5  ft. 
square,  made  up  of  two  layers  of  3-in.  oak 
planks,  was  grouted  onto  the  head  of  the  pile. 
A  load  of  30  tons  of  pig  iron  was  then  placed 
on  the  platform  and  allowed  to  remain  36 
hours,  when  the  load  was  increased  to  60  tons 
and  left  in  place  another  86  hours.  During  the 
loading  and  unloading  of  the  pile,  readings 
were  taken  on  a  steel  dowel  grouted  into  the 
top  of  the  pile.  Nine  readings  per  test  were 
taken.  The  piles  tested  were:  Pile  No.  10, 
in  bent  No.  15;  pile  No.  17,  in  bent  No.  20; 
and  pile  No.  30,  in  the  north   abutment    (see 
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Fig.  1).  (A  detail  drawing  of  the  piers  for 
bent  No.  17,  together  with  data  on  the  entire 
substructure  design,  are  given  in  our  issue  of 
Sept.  23,  1914.— Editors.) 

The  following  data  and  Table  I  give  essen- 
tial information  on  the  results  of  these  tests: 


Fig.  3.     Excavation  and   Disposal   Equipment 

for   Main   Piers  Nos.  5  and  6  of 

Bloomfield    Bridge. 

Pile  No.   10,  bent  No.  15: 

Order  of  driving  piles,  9.  10,  11,  8,  7,  12. 

Length  of  pile  No.  10,  64  ft.  10  ins. 

Penetration  from  last  10  blows,  4%  ins. 

Penetration  from  last  blow,  %  in. 
Pile  No.   17,  bent  No.  20: 

Order  of  driving  piles,  IS,  13,  12,  11,  14,  17.  16, 
15,   10. 

Length  of  pile  No.   17,  45  ft.  9  ins. 

Penetration  from  last  10  blows,  6  ins. 
Penetration  from  last  blow,   ^  In. 
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Pile  No.  30,  north  abutment: 

Order  of  driving  piles,  29,  30,  31.  2S,  26,  27,  32, 

34. 
Penetration  from  last  10  blows,  4  ins. 
Penetration  from  last  blow,    %  in. 

It  was  specified  tliat,  in  order  to  be  accepted, 
no  test  should,  show  a  settlement  exceeding  Vi 
in.  between  the  first  and  third  readings,  nor 
more  than  ^i  in.  between  the  first  and  seventh 
readings,  nor  more  than  %  in.  between  the 
first  and  ninth  readings. 


nearly  as  possible  to  the  size  of  the  piers, 
forms  being  used  only  for  the  exposed  parts. 
Figure  3  shows  the  manner  of  excavating  for 
main  piers  Nos.  4  and  .5,  and  of  disposing  of 
the  excavated  material.  On  the  other  two 
piers,  which  are  located  near  Lorigan  St., 
forms  were  used  on  all  four  sides,  from  the 
footings  to  the  top.  This  was  done  to  get 
away  from  any  danger  of  having  the  hill  dug 
away  from  them  and  exposing  a  rough  surface. 
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Fig.  4.  View  Showing  Erection  of  120-ft. 
No.  10  of  Bloomfield  Bridge- 
While  the  load  was  being  changed  2lt-ton 
jack  screws  were  placed  under  the  corners  of 
the  platform.  Before  the  jacks  were  removed 
the  pile  of  pig  iron  was  balanced  as  nearly  as 
possible,  and  side  supports  were  set  in  place  tn 
keep  it  from  tipping  over.  The  full  60-tnn 
load  of  pig  iron  made  a  pile  about  16  ft.  high. 

CONSTRUCTION    OF    SUESTRtTCTURE. 

The  south  abutment  (a  detailed  drawing  of 
which  is  given  in  our  Sept.  23,  1914,  issue.— 
Editor)  is  located  over  an  old  stone  quarry, 
which,  for  a  number  of  years  after  it  was 
abandoned,  was  used  for  dumping  purposes- 
Test  pits  showed  practically  a  horizontal  layer 
of  rock  about  12  ft.  below  the  surface  of  the 
ground  at  the  front  of  the  abutment,  and  about 
30  ft.  at  the  end.  The  front  wall  and  40  ft. 
of  the  adjoining  sidewalls  were  built  with 
their  bases  on  fair  earth  foundations  from  9  to 
13  ft.  above  the  rock,  and  with  a  toe  wall  3  ft. 
wide  running  down  to  the  rock.  The  pilaster 
l)ridge  seat  was  also  founded  on  rock.  This 
type  of  construction  proved  to  be  very  satis- 
factory. Figure  2  is  a  view  of  the  site  of  the 
south  abutment.  This  view  shows  the  shoring 
used  for  carrying  the  pilaster  bridge  seats  and 
the  toe  wall  down  to  rock.  It  also  shows  tlio 
excavation  required  for  the  remainder  of  thi-. 
abutment.  The  other  side  walls,  however,  weri- 
not  provided  with  the  toe  wall,  but  were  de- 
signed with  exceptionally  wide  bases.  For 
example,  the  highest  wall  was  20  ft.  high  and 
had  a  base  Vj  ft.  wide;  while  the  lowest  one 
was  10  ft.  high  and  had  an  8-ft.  base.  Soon 
after  these  walls  were  built,  and  before  much 
back-fill  was  placed,  they  began  to  show  settle 
ment.  As  soon  as  this  was  noticed  the  coping.-; 
were  omitted,  the  abutment  was  filled  to  sub- 
grade,  and  the  walls  were  watched  for  settle- 
ment during  the  winter.  This  settlement  va- 
ried from  1  to  3  ins.,  most  of  which  was  in  a 
vertical  direction,  with  very  little  tilting.  By 
spriiig  the  walls  seemed  to  have  reached  their 
bearings,  and  the  copings  were  put  on  during 
this  sumrner.  The  side  walls  were  built  in 
20-ft.  sections,  with  tar  paper  expansion  joints 
at  the  end  of  each  section. 

The  four  main  piers,  which  are  located  in  the 
bottom  of  the  valley,  are  founded  on  solid 
rock.  The  excavation  for  these  piers  was 
mostly  shale  rock  and  hard  blue  stone.  For 
the  two  piers  nearest  the  Pennsylvania  R.  R. 
(Nos.  5  and  6)  the  excavation  was  trimmed  as 


Trusses  Between  Anchor  Pier  No.  9  and  Pier 
-     Note  Type  of  Creeper   Used. 

The  material  excavated  for  the  anchor  piers 
(No.  4)  was  extremely  hard.  Close  under  the 
surface  of  the  ground  hard  blue  stone  was  en- 
ccnmtered,  and  in  order  to  place  the  anchor 
.grillage  and  to  get  the  required  weight  for 
ihe  anchorage  it  was  necessary  to  e.xcavate 
about  30  ft.  into  this  rock.  All  the  other  piers 
have  good  foundations,  either  on  hard  shale, 
rock  or  concrete  piling. 

During  the  pouring  of  all  concrete  care  was 
taken  to  have  it  properly  spaded  against  the 
forms,  and  as  soon  as  possible  the  forms  were 
removed  and  all  exposed  surfaces  were  fin- 
ished by  rubbing  with  clear  water  and  a  wood- 
en float,  which  gave  the  desired  sand  finish. 
The  time  of  removing  the  forms  varied  from 
l.j  to  48  hours,  depending  upon  the  weather 
and  the  size  and  position  of  the  parts  poured. 

In  constructing  the  substructure  the  contrac- 
tor used  both  electrically-driven  and  steam- 
rlriven  equipment.  For  the  north  abutment  and 
lor  the  piers  out  as  far  as  bent  No.  12,  a  %-cii. 
yd.,  motor-driven  batch  mixer  was  used.  This 
mi.xer  was  mounted  on  w-heels  and  was  easilv 


V  and  8.  The  one  at  bent  No.  4  served  the 
piers  for  this  bent  and  the  main  piers  Nos.  5 
and  G.  The  concrete  was  distributed  from  the 
two  mixers  by  means  of  chutes  laid  along  the 
slopes  of  the  hills. 

At  the  south  abutment  a  stiff-leg  derrick 
equipped  with  an  orange-peel  bucket  was  used 
for  excavating  and  back-filling.  The  derrick 
was  also  used  for  moving  forms  and  placing 
concrete  in  the  walls.  There  was  a  motor- 
driven  batch  mixer  located  near  the  front  wall, 
which  served  this  abutment  and  the  piers  in 
bents  Nos.  1  to  3,  the  concrete  being  carried  to 
the  piers  by  means  of  chutes  laid  along  the 
side  of  the  hill. 

A  stiff-leg  derrick  located  on  Melwood  Ave. 
was  used  in  excavating  for  anchor  pier  No.  4. 
Most  of  this  excavation  was  a  good  grade  of 
blue  stone,  and  the  contractor  sold  it  for 
building  purposes. 

For  handling  the  excavation  from  main 
piers  Nos.  5  and  (J  a  14-in.  continuous  link 
belt  conveyor,  electrically  driven,  was  installed 
under  the  four  tracks  of  the  Pennsylvania 
R.  R.  The  material  was  fed  into  the  conveyor 
by  chutes  from  the  excavation  and  was  dis- 
charged into  a  hopper  on  the  side  of  the  bank, 
from  which  it  was  loaded  into  wagons  and 
hauled  to  a  near-by  dump.  The  excavation 
from  main  piers  Nos.  7  and  8  was  loaded 
directly  into  wagons  and  hauled  to  the  dump. 
The  remainder  of  the  excavated  material  was 
used  either  as  back-fill  in  the  two  abutments 
or  was  wasted  along  the  line  of  the  work. 

The  electric  power  was  obtained  from  one 
of  the  power  companies  in  the  city,  and  it  was 
distributed  along  the  line  of  the  work  by  a 
branch  cable  which  was  run  from  the  com- 
pany's main  feeder  on  Liberty  Ave. 

ERECTION  OF  SUPERSTRUCTURE. 

The  erection  of  the  steelwork  was  started 
from  both  abutments  by  means  of  stiff-leg  der- 
ricks of  eleven  tons  capacity,  mounted  on  slid- 
ing bases.  These  derricks  were  used  for  all  of 
the  60-ft.  plate  girder  spans  and  their  towers, 
which  constituted  the  work  out  to  bent  No.  12 
on  the  north  end  and  out  to  bent  No.  3  on  the 
south  end.  Here  they  were  used  in  the  assem- 
l-)Iing  of  the  two  "creepers,"  which  were  used 
for  the  erection  of  the  remainder  of  the  steel- 
work. The  stiff-leg  derricks  were  afterwards 
used  as  yard  derricks,  one  being  located  at  bent 
No.  1.5  and  the  other  at  the  south  abutment. 

The  two  creepers  were  specially  designed  for 


Fig.   5.      View  of    East   Portion   of   Bloomfield    Bridge    Showing    Manner    of    Erecting    Canti- 
lever   Arm — Note    Supports    Under    Lower   Chord  Panel  Points  of  Anchor  Arm. 


moved  along  the  line  of  work  by  the  auto 
truck  which  delivered  the  sand  and  gravel.  At 
this  abutment  there  also  was  erected  a  40-ft. 
tower  for  distributing  the  concrete.  The  hoist 
in  this  tower  also  was  motor  driven. 

At  the  anchor  piers  for  bents  Nos,  4  and  9 
%-cu.  yd.  batch  mixers  were  installed,  both  of 
which  were  driven  by  steam  from  portable 
boilers.  The  mixer  at  bent  No.  9  served  for 
all  piers  from  bent  No.  13  to  main  piers  Nos. 


this  bridge.  They  were  120  ft.  long,  65  ft.  of 
which  were  in  the  cantilever  arm.  The  trusses, 
which  were  spaced  32  ft.  on  centers,  were  de- 
signed for  a  load  of  20  tons  on  any  one  of  the 
six  panel  points,  together  with  10  tons  at  the 
end  of  the  cantilever  arm,  thus  giving  each 
triiss  a  capacity  of  70  tons,  or  a  total  capacity 
of  140  tons.  Each  creeper  was  operated  by 
two  engines  mounted  at  the  rear  end,  one  hav- 
ing a  capacity  of  45  HP.  with  six  spools  and 
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the    other    a   capacity    of    40    IIP.,    with    four 
spools. 

The  two  1'20-ft.  truss  spans  from  bents  Nos. 
9  to  12  are  on  a  side  hill,  which  slopes  at  an 
angle  of  about  .50°  with  the  horizontal.  For  a 
part  of  the  distance  this  hill  consists  of  a 
loamy  fill,  and  for  the  remaining  distance  it 
consists  of  slippery  clay.  To  erect  falsework 
along  this  slope  would  have  required  consid- 
erable excavation,  on  account  of  the  difficulty 
of  providing  suitable  foundations.  To  over- 
come this  it  was  decided  to  assemble  the  truss- 
es on  the  ground;  and  in  order  to  do  this,  a  set 
of  blocking  was  laid  out  along  the  line  of  the 
bridge  between  the  two  bents  at  the  proper 
elevations  to  allow  for  the  camber  in  the  truss- 
es.     The    bottom    chord    was    placed    on    this 


tract.  To  obtain  the  proper  crown  for  this 
base  a  steel  templet  was  used,  which  slid  along 
the  top  of  the  curbs  and  was  kept  at  right 
angles  to  the  curb  by  means  of  braces  from  the 
templet  to  the  face  of  the  curb. 

The  wearing  surface  of  the  pavement  is  of 
asphaltic  concrete  2  ins.  thick,  and  it  was  put 
down  by  the  city's  asphalt  plant. 

The  reinforced  concrete  sidewalk  slabs  are 
3%  ins.  thick.  These  slabs  are  1:2:4  concrete, 
with  %-in.  square  twisted  bars  on  5-in.  cen- 
ters for  reinforcing.  The  slabs  are  supported 
on  the  sides  by  shelf  angles  (which  are  riv- 
eted to  the  fascia  and  curb  girders)  and  in  the 
center  by  an  8-in.  I  beam  stringer,  the  distance 
between  supports  being  4  ft.  The  slabs  are 
laid  in  20-ft.  sections,  at  the  ends  of  which  are 


Fig.  6.     View  of  Cantilever  System  of  Bloom  field  Bridge — The  Two  Creepers  Are  In  Posi- 
tion for  Erecting  Suspended  Span. 


blocking  and  the  truss  then  assembled,  .\fter 
all  the  connections  were  made  by  means  of 
bolts  and  drift  pins,  the  truss  (which  wei.;hed 
about  34  tons)  was  raised  to  position,  the  out- 
standing bent  having  been  erected  by  means 
of  a  gin-pole  which  was  operated  from  the 
engines  on  the  creepers.  Each  set  of  blocking 
served  for  the  two  trusses  of  the  span.  Fig- 
ure 4  is  a  view  of  the  creeper  engaged  in  the 
erection  of  the  r20-ft.  span  between  the  anchor 
bent  No.  9  and  bent  No.  10.  This  view  shows 
clearly  the  construction  features  of  the  creep- 
er; it  also  shows  the  blocking  on  which  the 
lower  chords  were  assembled  and  the  trusses 
erected  before  being  raised  to  position. 

The  120-ft.  truss  span  from  bent  No.  3  to 
bent  No.  4  (which  spans  Melwood  Ave.)  was 
erected  on  falsework  in  the  usual  way.  This 
method  proved  to  be  considerably  longer  and 
more  expensive  than  that  used  for  the  other 
two  truss  spans,  but  it  permitted  Melwood 
Ave.  to  be  kept  open  to  traffic. 

In  erecting  the  cantilever  arms  the  bottom 
chords  of  the  anchor  arms  were  blocked  up 
as  shown  in  Fig.  5.  This  view,  which  shows 
the  east  portion  of  the  bridge,  also  illustrates 
the  procedure  used  in  erecting  the  cantilever 
arm.  One  of  the  stiff-leg  derricks  is  shown  in 
the  background. 

In  the  erection  of  the  suspended  span,  an 
interesting  method  was  used.  Since  the  Balti- 
more &  Ohio  tracks  are  directly  under  this 
span,  it  could  not  be  assembled  on  the  ground 
and  then  raised  to  position.  To  erect  it,  the 
two  creepers  were  moved  out  until  their  ends 
practically  met  (see  Fig.  6).  The  bottom 
chord,  which  is  in  three  40-ft.  sections,  was 
then  hung  from  the  creepers  by  means  of 
adjustable  slings,  and  after  it  was  properly 
connected  and  placed  the  rest  of  the  truss  was 
assembled  on  it.  The  view  of  Fig.  6  shows 
the  cantilever  span  and  the  west  portion  of 
the  bridge. 

ROADW.W     P.WING     BASE     AXD    REINFORCED     CON- 
CRETE   SIDEWALKS. 

The  paving  base,  which  rests  directly  on  the 
buckle-plate  floor  of  the  bridge,  is  of  1 :2 :4  con- 
crete, this  part  of  the  work  bein^  done  by  con- 


provided  5.-2 -in  expansion  joints.  The  forms 
for  the  slabs  consist  of  sheets  of  No.  20  gage 
black  corrugated  iron.  They  were  laid  on  the 
shelf  angles  and  I  beams,  and  the  concrete 
then  deposited  on  them.  At  the  expansion 
joints,  instead  of  lapping  the  iron  sheets,  the 
two  sides  were  turned  up  and  made  the  end 
forms  of  the  slab. 

QUANTITIES   OF   MATERIALS    AND   COST. 

The  substructure  contains  5,012  cu.  yds.  of 
plain  and  reinforced  concrete,  8,443  lin.  ft.  of 
16-in.  "Simplex"  concrete  piles,  44  tons  of  steel 
reinforcing  bars,  and  68  tons  of  structural  steel 
grillage.  It  was  built  during  the  summer  of 
1913  at  a  cost  of  $82,630.  The  superstructure 
contains  3,590  tons  of  steel,  and  its  cost,  erect- 
ed, was  $250,535.  The  roadway  paving  base 
and  the  reinforced  concrete  sidewalks  were 
constructed  at  a  cost  of  $19,879.  The  total 
contract  cost  of  the  bridge,  exclusive  of  pave- 
ment wearing  surface,  was  $353,044. 

PERSONNEL. 

The  entire  structure  was  designed  and  its 
construction  supervised  by  the  Bureau  of  Engi- 
neering, of  Pittsburgh,  N.  S.  Sprague,  super- 
intendent, T.  J.  Wilkerson,  division  engineer, 
and  A.  E.  Sortore,  assistant  engineer.  Division 
of  Bridges. 

The  substructure  was  built  by  the  Dravo 
Contracting  Co.,  the  superstructure  was  fabri- 
cated and  erected  by  the  Fort  Pitt  Bridge 
Works,  and  the  paving  base  and  reinforced 
concrete  sidewalks  were  constructed  by  the 
M.  O'Harron  Co.,  all  of  Pittsburgh. 


Definite  statistics  in  regard  to  the  number 
and  length  of  highway  bridges  for  any  con- 
siderable mileage  of  highways  are  difficult  to 
obtain  and  are  not  at  present  available.  In 
some  states,  however,  we  are  able  to  ascertain 
the  amount  of  the  total  expenditure  for  bridge 
work  of  all  kinds.  Available  information  of 
this  kind  seems  to  indicate  that  approxiinately 
one-half  of  the  funds  raised  for  ordinary  road 
and  bridge  purposes  are  expended  in  the  re- 
newal and  maintenance  of  bridges. 

It  is  evident,  therefore,  that  if  maintenance 
expenditures  are  to  be  reduced  to  the  min- 
imum highway  bridges  and  bridge  floors  should 
receive  careful  consideration. 

Judging  from  conditions  in  Illinois  it  is 
probable  that  at  least  90  per  cent  of  all  exist- 
ing highway  bridges  are  provided  with  nothing 
better  than  plank  floors,  and  that  the  mainte- 
nance of  these  floors  costs  approximately  15 
per  cent  of  the  total  expenditure  for  road  and 
bridge  maintenance,  or  about  $10  per  mile  of 
road  per  annum. 

FLOORS    FOR    NEW    BRIDGES. 

It  is  a  simple  matter  to  provide  sufficient 
strength  in  the  design  of  a  new  bridge  to  ac- 
comodate any  of  the  various  modern  types  of 
floors  or  wearing  surfaces. 

It  seems  desirable  to  select  a  type  of  floor 
which  will  permit  the  use  of  a  wearing  sur- 
face of  the  same  kind  as  that  on  the  adjacent 
highway,  so  that  the  same  method  of  mainte- 
nance may  be  used  on  the  bridge  floor  else- 
where. 

The  difference  in  weight  of  various  types  of 
floors  has  but  little  effect  on  the  design  and 
cost  of  concrete  bridges.  Steel  bridges,  how- 
ever, are  materially  affected,  both  in  design 
and  cost,  by  a  comparatively  small  variation 
in  the  weight  of  the  floor.  The  saving  in 
the  weight  and  cost  of  the  steel  in  the  trusses 
and  floor  system  for  the  lighter  floors  may 
out-weigh  the  advantage  of  having  the  same 
wearing  surface  on  the  bridge  as  elsewhere 
on  the  highway. 

Floors  for  steel  bridges  only  will  be  con- 
sidered  in   this   discussion. 

It  is  desirable  to  provide  an  independent 
wearing  surface  so  that  even  though  the  pave- 
ment mav  be  worn  practically  through,  the 
bridge  wi'll   still  carry  traffic  with  safety. 

The  bridge  floor  should  then  preferably  con- 
sist of  two  elements:  The  sub-floor,  which 
should  be  as  permanent  as  the  bridge  super- 
structure, and  should  provide  the  necessary 
strength  to  transmit  the  highway  loads  to  the 
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Floors  for  Steel  Highway   Bridges  in 
Illinois. 

The  following  data  on  highway  bridge  floors 
in  general,  and  on  the  standard  floor  designs  for 
steel  bridges  used  by  the  Illinois  Higlnvay  De- 
partment, will  be  found  of  particular  value 
by  those  interested  in  highway  bridge  con- 
struction. The  data  were  taken  from  a  paper 
by  Clifford  Older,  bridge  engineer,  Illinois 
Highway  Commission,  presented  at  the  annual 
convention  of  the  American  Road  Builders' 
Association  in   Chicago,  Dec.   14-18,   1914. 
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Fig.    1.  Standard    Types    of    Bridge     Floors 
Used   By   Illinois  Highway  Department. 

floor  supports ;  and  a  wearing  surface  of  such 
character  as  to  permit  of  economical  mainte- 
nance. . 

In  considering  construction  materials  tor 
both  of  these  elements  the  matter  of  weight 
increases  in  importance  with  the  length  of 
span.  For  sub-floors  of  the  more  permanent 
tvpe  buckle-plates  with  concrete  covering,  re- 
inforced concrete,  and  creosoted  plank  cover 
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the  field.  For  wearing  surfaces,  brick,  con- 
crete, creosoted  blocks,  macadam  gravel,  mix- 
tures of  bituminous  materials  with  sand, 
gravel  or  stone,  piank,  ordinary  soil,  and 
practically  all  other  varieties  of  surfacing  ma- 
terials have  been  used. 

In  comparing  costs  it  is  necessary  to  con- 
sider, not  only  the  cost  of  the  floor  and  its 
maintenance,  but  also  the  effect  of  the  weight 
of  floor  selected  on  the  design  and  cost  of 
the  remainder  of  the  bridge. 


STANDARD    TYPES    OF    FLOORS. 

Figure  1  shows  standard  designs  used  by 
the  Illinois  Higliway  Department  for  the  floors 
above  mentioned. 

The  creosoted  plank  sub-floors  (Class  C  and 
Class  D)  are  crowned  by  bending  the  plank 
over  the  stringers  and  anchoring  the  ends  to 
the  nailers  by  means  of  lag-screws. 

The  creosoted  blocks  (Class  B  and  Class 
C)  are  laid  on  a  %-in.  bituminous  felt  cushion, 


from  no  to  160  ft.,  riveted  Pratt  trusses  are 
used.  This  range  of  span  length  covers  at 
least  90  per  cent  of  the  highway  bridges  m 
Illinois. 

The   average   contract  price   of   materials  is 
as  follows: 
Structural    steel    complete    in    place,    per 

lb »  O.Ui>% 

Concrete  sub-floors,  including  reinforcing 

steel,  per  cu.  yd ■.  •  •  ■   12.00 

Concrete    wearing    surface,    4    ins.    thick. 

per  sq.  yd 0.90 


Fig.    2.  Through    Truss    Bridge    With    Concrete    Sub-floor   Ready 
for   Wearing   Surface. 


Fig. 


3.    Bridge    With    Concrete    Sub-floor  and  Macadam  Wearing 
Surface. 


CLASSIFICATION-     OF     FLOORS      WITH      RESPECT     TO 
WEIGHT. 

For  the  purpose  of  considering  the  effect  of 
the  weight  of  the  floor  on  the  design  of  the 
superstructure  the  various  types  of  floors  are 
herein  grouped  in  four  classes,  as  follows : 

Class  A  Floors. — Floors  which  weigh  ap- 
proximately 100  lbs.  per  square  foot  of  road- 
way surface  are  included  in  Class  A.  Floors 
consisting  of  a  reinforced  concrete  sub-floor, 
assumed  to  weigh  50  lbs.  per  square  foot,  on 
which  is  placed  a  wearing  surface  of  concrete, 
brick,  macadam  or  gravel,  are  of  this  class. 
The  wearing  surface  is  assumed  also  to  weigh 
•"lO  lbs.  per  square  foot  of  roadway  surface. 

Class  B  Floors.— Floors  which  weigh  ap- 
pro.ximately  (35  lbs.  per  square  foot  of  road- 
way surface  are  included  in  Class  B.  Floors 
consisting  of  a  concrete  sub-floor,  with  a 
creosoted  block  wearing  surface,  and  floors 
consisting  of  creosoted  plank  sub-floors  with 
a  brick  wearing  surface,  are  of  this  class. 

Class  C  Floors. — Floors  which  weigh  ap- 
proximately 32  lbs.  per  square  foot  are  in- 
cluded in  Class  C.  Floors  consisting  of  a 
creosoted    plank    sub-floor,    with    a    creosoted 


which  is  coated  with  asphalt  immediately  be- 
fore laying  the  blocks. 

Ship-lap  sub-plank  are  used  for  floors  hav- 
ing a  bituminous  gravel  wearing  surface.  Ihe 
use  of  this  form  of  sub-plank  has  been  found 
to  be  the  cheapest  and  most  effective  method 
of  preventing  the  leakage  of  the  bituminous 
material. 

Figure  2  shows  a  through  truss  bridge  with 
a  concrete  sub-floor  ready  for  the  wearing 
surface,  and  Fig.  3  shows  a  bridge  with  a 
concrete  sub-floor  and  a  macadam  wearing 
surface. 

EXPLANATION    OF    CURVES    OF    FIGS.    4,   '5    AND    6. 

The  curves  shown  in  Fig.  4  give  the  weight 
of  the  structural  steel  in  bridge  superstruc- 
tures as  a  percentage  of  the  weight  of  the 
steel  in  superstructures  having  Class  A  floors, 
that  is,  the  weight  of  superstructure  steel  in 
bridges  having  floors  weighing  100  lbs.  per 
square  foot  is  taken  as  100  per  cent  and  the 
weight'  of  steel  required  for  the  lighter  floors 
is  expressed  as  a  percentage  of  this  weight. 

These  curves  are  based  on  the  weight  of 
steel  in  spans  which  conform  to  the  standard 
designs  of  the  Illinois  Highway  Department. 
The  designs  used  provide  for  16-ft.  road- 
ways. The  curves  were  checked  at  a  number 
of  points,  however,  for  18-ft.  roadway  de- 
signs, and  were  found  to  conform  very  close- 
ly. These  curves  are  sufliciently  accurate  to 
enable    a    designer    to    determine    the    relative 


Creosoted    sub-plank    (12-lb.    treatment), 

complete  in  place,  per  M    ft.  B.  M 70.00 

Creosoted  block  wearing  surface,  per  sq. 
yd ISO 

Bituminous  gravel  wearing  surface,  per 
sq.  yd ".60 

The  average  cost  of  sub-floor  and  wearing 
surface  per  linear  foot  of  16-ft.  wide  road- 
way (1.78  sq.  yds.  including  curbs)  is  as 
follows : 

Perlin.  ft. 
of  bridge. 
Concrete  sub-floor  with  concrete  wearing 

surface  (wt.   100  lbs.   per  sq.  ft.) $4.25 

Concrete    sub-floor    with    creosoted    block 

wearing  surface  (wt.  65  lbs.  per  sq.  ft.).     5. SO 
Creosoted   plank   sub-floor  with    creosoted 

block  wearing  surface  (wt.  32  lbs.  per  sq. 

ft.)    T.30 

Creosoted  plank  sub-floor  with  bituminous 

gravel  wearing  surface   (wt.  26  lbs.   per 

sq.  ft.)    5.1o 
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Fig.  4.   Relative   Weights  of  Steel   in   Super- 
structures of   Bridges    Having    Different 
Types  of  Floors — Class  A  Taken  as 
100    Per   Cent. 

block  wearing  surface,  arc  included  in  this 
class. 

Class  D  Floors. — Floors  which  weigh  a|)- 
liroxiniatcly  2(>  lbs.  per  square  foot  arc  in- 
cluded in  Class  D.  Floors  consisting  of  a 
creosoted  plank  sub-floor,  with  a  wearing  sur- 
face about  %  in.  thick  and  composed  of  a 
mixture  of  gravel  and  bituminous  material, 
are  of  this  class. 

Buckle-plate  floors  are  not  considered,  as 
they  weigh  as  much  and  cost  more  than  con- 
crete sub-floors. 
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Fig.    5.  Variation     In     Weight    of     Steel     for 

10-lb.    Variation    in    Floor   Weight. 

cost  of  steel  superslructures  having  lluors  of 
various  types  and  weights. 

The  curve  shown  in  h'ig.  5  is  based  on  the 
curves  of  Fig.  4,  and  it  shows  the  average 
per  cent  variation  in  weight  of  steel  for  a 
variation  of  10  lbs.  per  square  foot  in  the 
weight  of  the  floor. 

Figure  0  shows  the  average  contract  prices 
for  the  Illinois  Highway  Department  stand- 
ard 15-ft.  roadway  steel  spans  with  floors 
complete.  For  spans  up  to  80  ft.,  inclusive, 
riveted  pony  trusses  are  used,  and    for  spans 


60 


80  100         IZO 

Span  in  Feef 


140 


160 


Fig.   6.  Average  Contract  Prices  for   Illinois 
Highway    Department   Standard    16-ft. 
Roadway   Steel   Spans   Having  Vari- 
ous Types  of   Floors. 

"A." — Sub-floor  concrete,  surface  concrete. 

*'B." — Sub-iloor  concrete,   siu-face  blocks. 

"C." — Sub -floor  plank,  surface  blocks. 

"D." — .Sub-ilooi   plank,  surface  bituminous. 

"Di."--Sub-lloor  iil.ink,  surface  bituminous— 
includes  capitalized   maintenance. 

"E." — Untreated  plank  floor — includes  capital- 
ized maintenance. 
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It  seems  probable  that  under  average  con- 
ditions the  length  of  life  of  the  floors  repre- 
sented by  the  upper  three  full-line  curves  of 
Fig.  6  may  equal  that  of  the  remainder  of 
the  superstructure  and  that  the  cost  of  mainte- 
nance  for  this  period  would  be  small. 

The  experience  of  the  Illinois  Highway  De- 
partment seems  to  indicate  tliat,  under  aver- 
age conditions,  the  bituminous  wearing  sur- 
face requires  a  light  treatment  of  oil  and 
stone  chips  or  screened  gravel  at  intervals  of 
about  four  years,  at  a  cost  of  about  JO  cts. 
I)er  square  yard,  and  a  probable  complete  re- 
surfacing once  in  about  twelve  years,  at  a 
cost  of  approximately  60  cts.  per  square  yard. 
This  amounts  to  7%  cts.  per  square  yard  per 
annum.  Adding  to  the  first  cost  of  the  bridge 
the  maintenance  charge  capitalized  at  6  per 
cent  there  results  the  values  represented  by 
curve  Dl,  Fig.  6.  The  position  of  this  curve 
indicates  that  it  would  be  preferable  to  use 
creosoted  block  or  other  floor  in  building  new 
structures. 


Probably  S)5  per  cent  of  existing  steel  high- 
way bridges  were  originally  designed  for  or- 
dinary plank  floors.  Under  average  condi- 
tions, and  at  the  present  price  of  yellow  pine, 
which  is  the  material  now  quite  generally  used, 
the  annual  cost  of  maintaining  such  floors  is 
about  35  cts.  per  square  yard.  The  first  cost 
plus  the  maintenance  charge  capitalized  at  6 
per  cent  gives  the  results  represented  by  curve 
E,  Fig.  6. 

CONCLUSIONS. 

It  is  evident  that  ordinary  plank  floors,  hav- 
ing an  average  life  of  not  more  than  SV2 
years,  are  to  be  avoided  whenever  possible. 

It  is  to  be  noted  that,  witli  the  exception  of 
the  floor  with  the  bituminous  surface,  the 
cost  of  the  floor  increases  as  the  weight  de- 
creases, yet  the  cost  of  the  entire  superstruc- 
ture decreases  as  the  weight  of  floor  decreases. 

The  saving  in  cost  for  the  lighter  floors  in- 
creases with  an  increase  in  the  unit  cost  of 
structural   steel   in   place,   and   decreases   with 


an  increase  in  the  cost  of  the  materials  used 
in  such   floors. 

In  re-flooring  old  steel  bridges  of  satisfac- 
tory design,  creosoted  sub-planks  with  a  bitu- 
rninous  wearing  surface  have  been  found  to 
give  reasonable  service.  The  weight  is  some- 
what greater  than  that  of  a  plank  floor,  but 
the  effect  of  the  added  weight  is  orobably 
offset  by  the  reduction  of  impact,  due  to  the 
comparatively  smooth  and  yielding  surface. 

The  cost  of  maintaining  the  bituminous  sur- 
face is  only  about  20  per  cent  of  that  of  an 
ordinary  plank   floor.  .     - 

There  seems  to  be  no  place  in  the  economic 
design  of  new  highway  bridges  for  floors  con- 
sisting of  a  creosoted  plank  sub-floor  with  a 
brick  wearing  surface,  as  the  life  of  such  a 
floor  could  hardly  be  greater  than  that  of 
Class  C,  Fig.  1,  while  the  cost  of  the  complete 
superstructure  would  be  greater  than  that 
represented  by  curves  B  and  C,  Fig.  6. 

The  floors  listed  under  Class  A  seem  hard- 
ly to  be  justifiable,  except  for  short  spans, 
unless  other  considerations  outweigh  first  cost. 


M3. 


The   Use,    Design,   Construction,   Cost 

and  Durability  of  Wooden 

Stave  Pipe. 

III. 

The  Design  of  Wooden   Stave  Pipe. 

Contributed  by  Andrew  Swickard,  Hj-draulic 
Engineer,   Palo  Alto,  Calit. 

(Due  to  the  transposition  of  two  lines  of 
type,  in  the  mechanical  process  of  making  up 
the  paper,  the  reading  at  one  point  in  iVIr. 
Swickard's  second  article,  as  published  in  our 
issue  of  Dec.  2,  1914,  lacked  the  coherence  it 
possessed  when  it  left  the  hands  of  the  author. 
The  transposition  occurred  in  the  third  and 
fourth  paragraphs  of  the  third  column  on 
page  .518.  As  corrected,  at  the  point  mentioned, 
those  paragraphs  should  read : 

"In  bandmg  continuous  pipe  the  rods  should 
not  be  hammered  so  hard  in  an  endeavor  to 
give  them  the  proper  seating  that  the  matter  is 
overdone  and  the  fibre  of  the  wood  broken. 
The  same  thing  applies  to  the  machine  banded 
pipe;  if  the  tension  in  the  wire  is  too  great 
when  being  wrapped  the  wood  will  be  broken. 
Injuring  the  wood  in  any  way  makes  spots 
where  decay  will  start  first  and  will  be  particu- 
larly active.  Staves  are  often  injured,  so  as  to 
produce  this  result  by  striking  them  with  a 
hammer  hard  enough  to  break  the  fibre. 

"It  is  not  probable  that  natural  conditions 
will  often  be  found  under  working  circum- 
stances that  will  absolutely  prevent  decay  and 
rust,  but  advantage  can  be  taken  of  favorable 
conditions  to  such  an  extent  as  largely  to 
inhibit  destruction  from  these  sources."' — 
Editors.) 

Size  of  Pipe. — After  arriving  at  the  conclu- 
sion to  use  wooden  pipe.  The  first  step  in  the 
matter  of  design  is  the  computation  of  size  or 
sizes  to  be  used. 

The  available  experimental  data,  that  are  the 
results  of  elaborate  and  painstaking  tests,  are 
meager.  The  results  obtained  by  the  different 
experimenters  do  not  conform  with  suflicient 
closeness  to  permit  of  the  deduction  of  a 
formula  with  constant  co-eflicients  that  ex- 
presses, even  approximately,  the  results  of  the 
l)est  and  most  accurate  experiments  that  have 
been  made.  It,  therefore,  remains  to  use  the 
information  that  we  have  in  a  way  that  will 
give  safe  results. 

The  elaborate  tests  referred  to  are  those 
made  by  Messrs.  Marx,  Wing  and  Hoskins  on 
a  72-in.  pipe  at  Ogden,  Utah,  recorded  in 
Transactions  Am.  Soc.  C.  E.,  Vol.  XL,  p.  471, 
and  Vol.  XLIV,  p.  -34;  by  T.  A.  Noble  on  44 
and  54-in.  pipe  at  Seattle,  recorded  in  Trans- 
actions Am.  Soc.  C.  E.,  Vol.  XLIX,  p.  112; 
and  by  Mr.  E.  A.  Moritz  on  pipe  from  4  to  5ti 
ins.  in  diameter  at  Sunnyside,  Wash.,  recorded 
in  Transactions  Am.  Soc.  C.  E.,  Vol.  LXXIV, 
p.   411.    Other   experiments   have   been   made. 


but  none  with  the  forethought  and  care  that 
these  received. 

While  the  results  of  these  three  sets  of  ex- 
periments do  not  conform"  closely  when  the 
comparison  is  made  through  the  medium  of  a 
formula,  having  constant  co-eflicients,  based 
on  one  or  other  of  the  experiments,  there  is 
no  justification  in  accepting  the  results  of  one 
and  rejecting  the  others.  The  safest  result  will 
proceed  from  a  co-ordination  of  the  results  of 
the  three. 

A  new  formula  is  unnecessary  and  therefore 
undesirable.  The  Chezy  formula  is  extensively 
used  and  generally  preferred.  It  will  express 
practical  results  if  the  coefficient  c  is  deter- 
mined as  the  result  of  actual  measurements. 
Ihe  Kutter  formula  is  generally  used,  either 
in  the  original  or  same  modified  form  for 
determining  the  coefiicient  c.  The  writer  has 
endeavored  to  co-ordinate  the  results  of  the 
experiments  referred  to  by  a  comparison  of 
the  values  of  n  (Kutter's  formula)  as  deter- 
mined by  the  experiments.  By  platting  on  co- 
ordinate paper  the  average  values  of  n  for 
each  size  of  pipe  e.xperiniented  upon,  using 
values  of  n  as  abscissas  and  diameters  of  pipe 
as  ordinates,  there  results  an  apparently  pro- 
miscuous spread  of  points,  but  bj'  representing 
the  center  of  gravity  of  different  groups  by 
secondary  points,  they  line  up  in  one  general 
direction,  and  can  be  well  represented  by  a 
straight  line.  This  result  was  obtained  by 
allowing  full  weight  to  all  primary  points, 
excepting  that  for  the  r2-in.  pipe  of  Mr. 
Moritz's  experiments,  to  which  was  allowed 
one-half  weight.  It  is  quite  apparent  that  n 
is  not  a  constant  for  wooden  pipe,  but  a 
variable  that  varies   directly   with  the  size  of 

P'Pe-  .  .  .  ,  . 

The     equation     representing     this     resultmg 

straight  line  is, 

D 

n— -F  0.01115 

30,000 

where  D  represents  the  inside  diameter  of  the 

pipe  in  inches.    By  means  of  this  formula  the 

value  of  n  can  be  determined  for  any  size  of 

pipe,    and    used    in    the    Kutter    formula    for 

determining   the   coefficient   c   in   the   formula, 

v^  c  "\I  r  s 

where    v^tht    velocity    in    feet    per    second; 

r^^the   mean    hydraulic    radius    in    feet,    and 

j  =  the  slope  of  the  hydraulic  grade  line. 

However,     by     substituting     in     the     above 

Q 

formula for  v,  Kutter  s  formula  for  c, 


%  T  D'- 


in  Kutter's  formula,  and  there  results  the 
formula, 

.0062  3.022  +  2  Bn 

Q  = D'  M^^- 

n  D^-    +2B» 

where  Q  =  discharge  in  cubic  feet  per  second; 
J!  =  the  variable  to  be  determined  by  the  for- 
mula above;  jD=:the  inside  diameter  in  feet; 
i1/  =  the  loss  in  head  in  feet  per  1,000  ft.;  5  = 


/  2.81      \ 

I     41.65  -t-  —      j  .  The  result 


M 


Vi  D  for  r,  and for  s,  and  letting  B  repre- 

1000 

.00281 
sent  the  expression   |    41.65  + )  found 


(.00281  \ 
.«  +  —  ) 


s  obtained  by 


this  formula  will  probably  be  criticized  as  be- 
ing unfavorable  to  the  larger  sizes  of  pipe,  but 
it  has  the  virtue  of  conforming  to  an  average 
of  the  best  experimental  data  available,  and 
thus  of  being  on  the  safe  side. 

While  the  formula  is  quite  lengthy  its  use  is 
by  no  means  laborious.  For  general  purposes 
a  diagram,  representing  graphically  some  of 
the  results  that  can  be  obtained  by  the  formula, 
is  given  in  Fig.  1. 

Thickness  of  Staves. — Having  settled  upon 
the  size  of  pipe,  the  next  consideration  is  the 
thickness  of  staves.  This  must  be  determined 
before  the  spacing  of  the  bands  can  be  com- 
puted, because  the  thickness  of  staves  enters 
directly  into  that  problem. 

The  wooden  staves  answer  a  two-fold  pur- 
pose :  by  providing  the  watertight  skin  of  the 
pipe,  and  by  imparting  to  the  structure,  as  a 
whole,  the  rigidity  necessary  to  enable  the 
pipe  to  resist  external  loads,  with  a  deforma- 
tion of  form  that  is  within  the  maximum  allow- 
able. Under  an  external  load  the  pipe  will 
flatten,  assuming  an  oval  form.  This  assump- 
tion of  an  oval  form  is  not  particularly  harm- 
ful until  it  is  carried  far  enough  to  open  some 
of  tlie  seams  on  the  inner  surface.  The  maxi- 
mum allowable  deformation  is  marked  by  the 
beginning  of  the  opening  of  the  seams,  or 
better,  just  before  the  beginning. 

The  size  of  the  external  head  that  a  pipe 
will  sustain  without  opening  the  seams,  de- 
pends on  the  amount  of  compression  between 
the  edges  of  the  staves.  In  the  case  of  dry 
staves  the  amount  of  stave  compression  de- 
pends on  the  initial  tension  in  the  bands,  and 
might  be  as  high  as  500  or  000  lbs.  per  square 
inch  of  stave  edge.  In  the  case  of  water 
soaked  staves,  the  compression  will  never  be 
high ;  not  much,  if  any,  above  150  lbs.  per 
square  inch,  and  often  not  over  125  lbs.,  de- 
pending on  whether  or  .not  the  initial  com- 
pression in  the  staves  was  high  or  low  when 
water  was  turned  into  the  pipe.  If  the  initial 
compression  is  low  for  dry  staves,  say  about  70 
lbs.  per  square  inch,  this  will  increase  grad- 
uallv  as  the  staves  become  water  soaked  until 
it  reaches  from  125  to  150  lbs.  per  square 
inch  and  will  then  remain  stationary.    On  the 
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other  hand  if  the  initial  compression  of  dry 
staves  is  say  about  300  lbs.  per  square  inch, 
this  will  decrease  rapidly  at  first  and  then 
gradually  more  slowly,  as  the  staves  become 
water  soaked,  and  will  become  stationary  at 
about  150  lbs.  per  square  inch.  That  wood  will 
behave  in  this  manner  was  ascertained  by  Mr. 
D.  C.  Henney,  in  a  series  of  experiments,  the 
results  of  which  are  recorded  in  the  Transac- 
tions Am.  Soc.  C.  E.,  Vol.  XLI,  p.  76.  Mr. 
Henney's  experiments  were  with  separate 
pieces   of   wood,   and   the   results   are  various. 


It  is  safe  to  assume  that  the  compression 
between  stave  edges,  for  the  woods  used,  will 
not  in  ordinary  practice  ever  exceed  150  lbs. 
per  square  inch,  and  that,  as  most  pipe  lines 
stand  long  enough  after  being  banded  to 
shrink  sufficiently  to  reduce  the  initial  com- 
pression very  low,  before  water  is  turned  on, 
the  compressive  strain  due  to  the  swelling  of 
the  wood  will  seldom  if  ever  exceed  125  lbs. 
per  square  inch.  This  quantity  will  be  used  as 
the  ma.ximum  compressive  strain  in  the  staves 
in  determining  band  spacing. 


pression  at  the  inner  surface  will  decrease  and 
at  the  outer  surface  will  increase,  until  it 
becomes  naught  at  the  inner  surface,  when  the 
increase  in  load  should  stop. 

The  center  of  compression  in  the  seams 
under  the  load  has  been  determined  by  the 
writer  by  actual  experiment  to  be  6/6  of  the 
thickness  of  the  staves  from  the  inner  surface. 
Considering  that  the  compression,  when  under 
maximum  external  load,  increases  uniformly 
from  inside  to  outside,  then  there  will  be  150 
lbs.    per    square    inch    at    the    outer    surface. 


Loss  of  Head  in  Feet  per  One  Thousand  Ff 


I  li  2         Z4-        3  4 

Fig.  1.     Diagram  for  Determining  the  Flow  of  Water    in  Wooden   Stave   Pipe. 

Based  on  formuln.  V   =  c  Vrs.     By  sulistitutiiif;  and  reducing  there    results   Q 

n 
dia.  in  inches 


0062  1^^-022  +  2  Bn 

D^M^ ill  which  Q    =   cu.   ft.  per  second;   D  :^ 


D'-^'+  2  Bn 


diameter  in  feet;  M  =  loss  of  head  in  feet  per  1,000  ft.;  B  =  (41.65  +  ^— - )    " 


+  .0103. 


30,000 
The  value  of  n  is  the  equation  of  a  line  representing  a  co-ordination   iif   the  values  of  n  as  determined   by   the  experiments  of  Marx,   AVing  and 
llosliins  at  Ogden,  T,  A.    Noble  at  Seattle  and   K.  A.  Morltz  at  Sunnyside,    Wash. 


depending  on  varying  conditions.  The  writer 
has  recently  obtained  the  compressive  strains 
given  above,  by  submerging  short  sections  of 
wooden  pipe,  bound  with  one  band,  to  which 
was  attached  a  device  for  measuring  the  strain 
in  the  band.  The  government  experiments  on 
timber  indicate  that  dry  timber  is  75  per  cent 
stronger  than  wet  timber.  The  elastic  limit 
of  dry  redwood  and  fir,  in  compression  across 
the  grain,  is  about  GOO  lbs.  per  square  inch  ;  25  t 
per  cent  of  this  is  lot)  lbs.  per  s'luare  inch,  the 
elastic  limit  for  wet  redwood  and  fir. 


An  external  pressure  on  a  pipe  will  open 
or  tend  to  open  the  seams  immediately  under 
the  pressure  applied  ;  the  opening  will  be  on 
the  inner  surface  of  the  pipe.  That  the  exter- 
nal load,  which  will  generally  be  the  earth 
covering,  shoidd  never  be  heavy  enough  to 
actually  open  the  seams,  will  without  doubt  be 
accepted  without  question.  With  no  external 
I      •    ■ 


load  the  compressive  strain  will  be  evenly  dis- 
tributed over  a  section  of  the  stave,  that  is  125 
lbs.  per  square  inch  at  both  outer  and  inner 
surfaces.     As    the    load    increases    the    com- 


Saturated   wood    will   sustain   this   amount   of 
compression. 

The  bands  act  with  the  staves  in  resisting 
the  action  of  the  external  load;  therefore,  in 
the  detenninaticui  of  the  resisting  moment,  a 
length  of  pipe  equal  to  the  band  spacing  should 
be  considered.  The  total  resistance  of  the 
staves,  which  in  effect  is  acting  at  the  center 
of  compression  is 

3/5  C  /  / 
and   taking  moments  about  the  center  of  the 
band  there  results : 
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Max.    resisting   moment  —  %  C // 1     — "I"'') 

V  6  / 
Where  C  =  125  lbs.  per  square  inch ;  t  = 
thickness  of  staves ;  /  =  band  spacing  in  inch- 
es;  and  r  =  radius  of  rod  or  wire  in  inches. 
For  vertical  loads  the  moment  is  a  maximum 
at  the  top  of  the  pipe  and  diametrically  op- 
posite. 

The  maximum  bending  moments  for  ex- 
ternal loads  on  pipes  and  rings  are  as  follows: 
(See  Bulletin  No.  '22,  University  of  Illinois, 
Engineering   Experiment    Station.) 

For   vertical   concentrated    loads,   0.159  WD. 
For  vertical  distributed  loads,  0.0625  IVD. 
For  the  following  ratios  of  distributed  hori- 
zontal to  distributed   vertical   loads : 
Value  of 
ratio.  Maximum  moment. 

0     0.06250  WD 

0.1 0.05625  WD 

0.2 0.05000  WD 

0.3 0.04375  WD 

0.4 0.03750  WD 

0.5 0.03125  WD 

0.6 0.02500  WD 

0.7 0.01975  WD 

0.8 0.01250  WD 

0.9 0.00625  WD 

1.0 0.000      WD 

In  the  foregoing  IV  equals  total  load  in 
pounds  on  the  length  of  pipe  considered,  and 
D  equals  the  diameter  of  pipe  in  feet. 

The  bending  moment  is  equal  to  the  resist- 
ing  moment;    therefore, 

For  vertical  concentrated  loads,  0.159  WD  = 

Substituting  wl  for  W  and  /  will  disappear, 
and 

/  =  :p  V  0.0126  wD  +  9  r  —  .3r. 
A  solution  of  this  equation  gives  two  roots 
but  the  positive  root  does  not  apply,  and 
as  we  are  not  concerned  with  the  direction  of 
signs,  the  formula,  for  practical  purposes,  can 
be  written ; 

f  =    V  0.0126  wD  +  Qr  +  Sr 
For  vertical  distributed  loads 

0.0625  WD   =   %  C//  j   —  -f  r    ) 

and  '.  =   V  0.005  ivD  +  9?  +  .3)-. 

For  vertical  and  horizontal  distributed  loads, 
ratio  =  0.5, 

/  =  V  0.0025  tt'Li-t-9r  -I-  3r, 

'£;  =  the  load  per  lineal  inch  of  pipe  in 
pounds. 

As  an  example,  take  an  8-in.  pipe,  banded 
with  No.  6  wire,  buried  under  6  ft.  of  soft 
earth;  the  distributed  load  will  be  about  30 
lbs.  per  lineal  inch,  which  substituted  for  w  in 
the  formula  gives 

t  =  V  0.005  X  30  X  .66  -f  9  X  .01  -|-  3  X  .1 
=  .73  in. 
which  would  be  the  minimum  allowable  thick- 
ness under  the  assumed  conditions,  but  the 
staves  for  an  8-in.  pipe  would  be  milled  from 
commercial  sizes  of  lumber,  which  would  be 
paid  for  iii  the  rough,  and  there  would  be 
no  economical  advantage  in  making  a  deep 
cut  with  the  planer  when  a  lighter  cut  would 
give  say  %  in.  more  thickness.  In  the  manu- 
facture of  these  staves  1%  x3  in.  or  iy2  x  4-in. 
rough  lumber  would  be  used  and  as  a  thick- 
ness of  1  in.  can  be  obtained  from  these  sizes 
of  rough  material,  the  staves  would  be  made 
of  that  thickness.  The  extra  thickness  would 
be  desirable  because  of  the  probability  of 
heavier  external  pressures  than  assumed 
above.  Also  the  reduction  of  percolation  un- 
der high  heads  would  demand  the  greater 
thickness.  It  is  doubtful  whether  it  would  be 
wise  to  consider  the  horizontal  pressures  due 
to  a  backfilling  of  earth.  There  would  be 
much  uncertainty  concerning  it  and  the  safest 
course  would  be  not  to  take  it  into  account, 
except  where  conditions  permit  of  thoroughly 
tamping  the  backfill  under  and  along  the  sides 
of  the  pipe. 

As  another  example,  consider  a  6-ft.  pipe 
banded  with  %-in.  bands,  and  backfilled  with 
earth  to  a  depth  of  4  ft. ;  the  backfilling  being 
lamped  under  and  around  the  pipe.  The  dis- 
tributed earth  load  would  be  about  200  lbs.  per 
lineal  inch  of  pipe.  Using  the  ratio  of  hori- 
zontal to  vertical  pressure  of  0.5  we  have 


t—    V. 0025  X  200  X  6 -f  9  X  (%)=-!- 
3  X  %=3.16  ins. 

If  a  pipe  should  be  laid  on  the  surface  with 
a  supporting  bed  of  only  incidental  width,  the 
reaction  due  to  the  weight  of  the  pipe  and 
water  becomes  a  concentrated  load  acting  up- 
ward, and  the  formula  for  concentrated  ver- 
tical loads  becomes  applicable  for  determining 
whether  a  given  thickness  of  staves  will  stand 
the  strain  produced. 

In  backfilling  under  and  over  a  large  pipe, 
it  is  very  essential  that  the  earth  be  thor- 
oughly compacted  under  the  pipe;  the  pur- 
pose being  to  distribute  thoroughly  the  re- 
active load  due  to  the  weight  of  earth,  water 
and  pipe  material.  This  applies  more  par- 
ticularly to  sizes  from  3  ft.  in  diameter  up  to 
6  ft.  Above  6  ft.  in  diameter  the  earth  cov- 
ering would  necessarily  decrease  in  depth,  or 
the   staves   be  made   excessively  thick. 

It  is  preferable  to  build  large  pipe  above 
ground  supporting  it  in  yokes  or  cradles.  The 
spacing  of  these  yokes  can  be  determined  by 
the  aid  of  the  formula  for  thickness  of  staves 
for  distributed  vertical  loads. 

Spacing  of  Bands. — The  spacing  of  the 
bands  on  a  pipe  depends  primarily  on  the 
water  pressure.  The  pressure  is  transferred, 
by  means  of  the  staves  to  the  bands  where  it 
is  resolved  into  a  tensile  strain,  that  is  resisted 
by  the  tensile  strength  of  the  material  in  the 
bands.  In  addition  to  the  strain  in  the  band 
caused  by  the  water  pressure,  there  is  that  due 
to  the  permanent  compressive  strain  in  the 
staves  due  to  the  initial  tightening  of  the 
bands,  after  having  been  modified  by  the  sat- 
uration of  the  staves  with  water.  This  modi- 
fication was  specifically  mentioned  when  con- 
sidering  the    thickness   of   staves. 

The  water  pressure  and  the  compression  in 
the  staves,  combined,  tend  to  shove  the  staves 
outward.  But  any  material  movement  is  pre- 
vented by  the  bands,  provided  that  the  width 
of  the  indentation  made  by  the  bands  in  the 
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Fig.  2.     Detail  Sections  of  Wooden  Stave  of 

Minimum   Thickness  of  2^8   Ins.,   Milled 

From  3x6-in.  Stock,  for  72-in. 

Pipe   Line. 

staves  furnishes  enough  bearing  surface  to  pre- 
vent any  movement.  It,  therefore,  is  evident 
that  there  are  two  distinct  considerations  en- 
tering into  the  determination  of  the  spacing  of 
bands;  the  tensile  strength  of  the  bands,  and 
bearing  strength  of  the  wood  under  the  bands. 
For  all  the  smaller  pipe,  up  to  26  ins.  in 
diameter,  the  bearing  strength  of  the  wood  un- 
der the  bands  controls  the  spacing;  for  all 
sizes  larger  than  26  ins.  the  tensile  strength  of 
the  bands  control.  However,  the  diameter  of 
the  rod,  forming  the  band,  influences  the  de- 
markation  between  the  two  conditions  that 
control.  For  bands  made  from  %-in.  rods, 
the  bearing  strength  of  the  wood  will  control 
the  spacing  even  on  a  30-in.  pipe,  while  for  a 
%-in.  band  it  will  control  for  no  larger  than 
a  22-in.  pipe. 

In  deducing  a  formula  to  be  used  in  deter- 
mining band  spacing,  the  following  notation 
will  be  used : 

.?  =  working  tensile  strain  in  lbs.  per  size 
of  band. 

P  =  water  pressure  in  lbs.  per  square  inch. 

R  =  inside  radius  of  pipe  in  inches. 

t  ^=  thickness  of  staves  in  inches. 

/  =  pressure  on  indented  strip  under  bands, 
in  pounds  per  lineal  inch  of  band. 

A  ^  a  variable  representing  the  permanent 
compressive  strain  in  staves,  in  pounds  per 
square  inch,  for  various  water  pressures. 

/  =  spacing  of  bands,  center  to  center,  in 
inches,  when  strength  of  band  material  alone 
controls. 

/'  =  spacing  of  bands,  center  to  center,  in 
inches,  when  pressure  on  indented  strip  under 
bands  controls. 


PRl  —  band  strain  in  terms  of  water 
pressure. 

Att  =  band  strain  in  terms  of  stave  com- 
pression. 

Therefore,   5"  =   PRl  +  Atl  =  l  (PR  +  At) 
__         S 

and    /  =  =    band     spacing     when 

PR  +At 
strength   of   band   material   alone   controls. 

(R  +  t)  I  —  band  strain  in  terms  of 
piessure  on  the  indented  strip  of  wood  under 
bands. 

Substituting   for  i"  in  the   expression-  for   / 
(R  +  i)I 

above,   and   /'  =  =  band   spacing 

PR  +  At 
when  pressure  on  indented  strip  under  bands 
controls. 

In  considering  the  values  for  /  and  /'  for 
any  given  conditions,  the  smaller  value  should 
be  used. 

P,  R  and  (  are  known  quantities ;  having 
been  settled  upon,  before  the  determination  of 
band   spacing  is   undertaken. 

S,  I  and  A  are  terms  the  values  of  w-hich 
can  be  determined  by  experiment  only. 

The  value  of  5  is  determined  for  any  size 
of  rod  or  wire  by  an  actual  measurement,  by 
means  of  suitable  apparatus,  of  the  loads 
necessary  to  strain  the  samples  up  to  the 
elastic  limit,  or  to  rupture  them.  For  Besse- 
mer or  Open  Hearth  steel  58,000  lbs.  per 
square  inch  will  be  a  close  average  for  ulti- 
mate strength  and  30,000  lbs.  per  square  inch 
for  the  elastic  limit.  Using  a  factor  of  safety 
of  four  against  rupture  and  5",  or  the  allow- 
able working  strain,  for  various  sizes  of 
rods  will  be  as  follows : 
Diameter 
of  rods,  ins.  Value  of  S  in  lbs. 

13/64 420 

1/4  710 

•i/lfi 1,110 

o/S    1,600 

7/16 .• 2,180 

1/2  2,850 

5/8  4,450 

3/4  6,400 

7/S  8,720 

1     11.390 

The  values  for  /,  or  the  pressure  per  lineal 
inch  of  band,  for  the  area  of  contact  between 
band  and  staves,  has  been  experimentally  de- 
termined by  Mr.  D.  C.  Henney.  The  results 
of  his  experiments  are  recorded  in  Transac- 
tions Am.  See.  C.  E.,  Vol.  XLI,  p.  74.  While 
his  results  were  obtained  with  redwood 
samples,  they  will  apply  to  fir  staves,  as  wet 
fir  is  not  materially  stronger  than  wet  red- 
wood. The  direction  of  the  grain  of  the  wood  . 
afTects  the  bearing  strength  materially;  the 
edge  grain  bearing  much  heavier  pressures 
than  flat  grain.  The  following  are  safe  bear- 
ing loads  for  wet  redwood  and  wet  fir  in 
pounds  per  lineal  inch  of  band,  when  the 
width  of  the  indentation  does  not  exceed  the 
radius  of  the  rod  or  wire: 

Diameter  Safe  bearing  loads, 

of  rods,  ins.  lbs.  per  lin.'inch. 

5/32 70 

13/64 85 

1/4   100 

5/16 120 

3/S   140 

7/16 155 

1/2   170 

5/8   200 

3/4    230 

7/8   260 

1           290 

If  these  pressures  per  linear  inch  are  re- 
duced to  equivalent  pounds  per  square  inch, 
the  results  will  be  found  to  be  much  larger 
than  the  sustaining  strength  of  the  wet  staves 
in  edge  compression,  and  also  pounds  per 
square  inch  increase  as  the  diameter  of  the 
rod  decreases.  The  explanation  is  that  the 
wood  outside  the  indented  strip  aids  in  sup- 
porting the  band  pressure  ifi  general,  and  that 
the  increase,  accompanying  the  decrease  in 
size  of  rod,  is  because  a  short  bent  (not 
broken)  fiber  will  sustain  more  load  than  a 
long  bent  fiber,  for  the  same  reason  that  a 
short  beam  supports  more  load  than  a  long 
one  of  the  same  dimensions. 

The  values  of  A  or  the  compressive  strain 
in  the  staves  decreases  with  an  increase  of 
the  water  pressure  when  a  pipe  is  being  put 
into  operation.  With  a  low' initial  compres- 
sion of  dry  staves  there  will  be  an  increase  in 
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compression,  while  the  staves  are  becoming 
saturated  under  a  merely  nominal  head,  until 
the  maximum  permanent  strain  is  reached. 
Then  as  the  pressure  is  increased  there  will 
be  a  corresponding  decrease  in  stave  com- 
pression. Practice  and  experiment  indicate 
that  these  reductions  are  permanent.  If,  on 
the  other  hand,  the  initial  comp'ression  is  high 
when  water  is  turned  on  there  will  be  a  de- 
crease in  compression,  due  to  the  saturatii  i 
of  the  staves  with  water,  arid  then  as  the 
pressure  is  increased  there  will  be  a  corres 
ponding  decrease,  caused  probably  by  a  slight 
outward  movement  of  the  staves  due  to  tlie 
water  pressure.  What  actually  takes  place 
depends  on  varying  conditions  and  circum- 
stances, but  it  is  known  that  if  a  new  oipe  is 
filled  with  water,  under  merely  a  nominal 
head,  and  allowed  to  remain  so  for  15  or  20 
days  the  stave  compression  will  have  changed 
largely  and  will  be  tending  toward  a  per- 
manent compressive  strain  of  125  to  150  lbs, 
per  square  inch.  Then  as  the  water  pressure 
is  increased  this  compressive  strain  will  de- 
crease. The  experiments  of  Mr.  D.  C.  Hennev, 
Trans.  Am.  Soc.  C.  E.,  Vol.  XLI,  p.  69,  con- 
firm this  conclusion.  The  writer  has  deduced 
values  of  A  from  these  experiments  by  com- 
puting the  percentage  of  decrease  in  stave 
compression  due  to  various  increases  in 
pressure,  and  deducing  therefrom  what  ap- 
pears to  be  the  general  law  of  this  decrease. 
It  is  the  writer's  opinion  that  it  is  not  neces- 
sary to  consider  a  greater  degree  of  stave 
compression  than  125  lbs.  per  square  inch,  as 
affecting  the  strain  in  the  bands.  Starting 
with  123  lbs.  compression  at  10  lbs.  pressure 
and  applying  the  percentage  of  decrease  de- 
duced we  have  the  following  values  for  A: 


Head  in  ft. 

Lbs.  per  sq.  in.  Lbs.  per  sq.  in 

0  to  10 

0  to  4.34 

125 

20 

8.68 

120 

.■iO 

13.02 

114.5 

40 

17.36 

109 

50 

21.70 

103.5 

60 

26.04 

99 

70 

30.38 

94.5 

SO 

34.72 

90 

125 

54.25 

75 

185 

80.29 

60 

245 

106  33 

45 

300 

130.20 

33 

400 

173.60 

15 

Values  of  A  for  water  pressures  between 
those  given  can  be  computed  by  a  straight 
line  formula,  or  perhaps  more  conveniently 
by  platting  the  figures  given  on  co-ordinate 
paper  and  drawing  a  curve  through  the  points, 
then  taking  intermediate  values  from  the 
diagram. 

For  the  higher  heads,  say  over  125  ft.,  where 
the  band  spacing  becomes  close,  the  com- 
pressive strain  in  the  staves  has  a  compara- 
tively small  effect  on  the  band  strain,  because 
of  the  reduction  in  the  length  of  stave  that 
is  contributing  this  strain  to  each  band,  as 
well   as  the   reduction  in  the  value  of  A. 

As  an  example,  determine  the  band  spacing 
for  a  pipe  30  ins.  in  diameter  banded  for  a 
185-ft.  head  of  water  with  %-in.  rods.  As- 
sume for  the  vertical  distributed  external 
load,  4  ft.  of  earth,  which  is  equivalent  to 
about  80  lbs.  per  lineal  inch  of  pipe,  and  a 
horizontal  distributed  pressure  equal  to  one- 
half  of  the  vertical. 

Then   t  =   V0l)025  X  80  X  2%r+  9  X  (%)  = 
+  (3X  Vi}—1%.  ins.; 

5-                              2850 
and  /  = = ^ 


PR+At 
2.177   ins.; 
(R  +  t)  I 
or  /'  =  


1.29  X  15  +  60  X  1% 
(15-M?i)  170 


PR  +  At 
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=  2.17 


It  happens  that  in  this  case  the  two  c.n- 
trolling  conditions  give  practically  the  same 
result.  If  there  was  any  practical  difference 
the  smaller  result  should  be  used. 

StazY  Section. — The  first  requisites  in  a 
properly  formed  stave  is  that  the  sides,  which 
will  make  up  the  outer  and  inner  surfaces  of 
the  pi[)c,  sliould  be  arcs  of  concentric  circles, 
and  that  the  edges  should  be  radial.  Unless  the 
staves  are  milled  for  a  radius  a  little  in  ex- 
cess of  the  nominal  radius  of  the  pipe,  the 
finished    diameter    will    be    smaller    than    re- 


quired. The  amount  of  reduction  will  de- 
pend on  the  character  of  the  wood,  the  spac- 
ing of  the  bands,  and  the  initial  tension  in  the 
bands  due  to  cinching ;  but  if  the  staves  are 
milled  for  a  radius  1  per  cent  greater  than  the 
nominal,  any  practical  reduction  in  size  will 
be  taken  care  of. 

As  an  e.xample,  design  a  stave  for  a  72-in. 
pipe,  with  a  minimum  thickness  of  2%  ins. 

Nominal  inside  radius  +  1  per  cent  =  36% 
ins. 

Outside    radius  =  36% -I- 2%  =  39   ins. 

Outside  circumference  =  245.0448  ins. 

Inside  circumference  =  228.6514  ins. 

There  must  be  an  integral  number  of  staves, 
and  as  rough  lumber  is  not  always  up  to  full 
dimensions,  Vi  in.  in  thickness  and  width 
must  be  allowed;  therefore,  if  milled  from 
3xU-in.  the  width  of  stave  cannot  exceed  5%  ins., 
which  means  43  staves  to  complete  the  ring ; 
if  milled  from  3x8-in,,  there  will  be  required 
32  staves.  Sectional  views  of  a  stave  milled 
from  3.x6-in.   stock   are   shown   in   Fig.  2. 

Chord  of  inner  arc  =  2  (sin.  %  subtended 
angle  X  inside  radius). 

Chord  of  outer  arc  ^  2  (sin.  Vz  subtended 
angle  X  outside  radius). 

Max.  thickness  =  3  ins. —  (%  in.  -f-  mid.  or- 
dinate of  inner  arc). 

Middle  ordinate  =  Ver,  sin.  of  ^-i,  subtended 
angle   X   radius. 

Metal  Tongues. — The  tongues  used  in  the 
end  jomt  of  the  staves  can  be  made  of  iron  or 
wood,  but  the  general  practice  is  to  use  iron. 
There  is  no  trouble  from  this  source  due  to 
tongues  rusting,  even  in  the  oldest  pipe  lines. 
The  tongue,  whether  of  wood  or  metal,  should 
be  about  3/32  in.  wider  than  twice  the  depth 
of  the  slot  and  about  %  in.  longer  than  the 
slot;  allowing  a  projection  of  1/16  in.  at  each 
end  into  the  adjoining  staves. 

Shoes  or  Band  Couf<Iiiigs. — The  band  coup- 
lings should  be  made  of  malleable  cast  iron. 
It  is  no  longer  necessary  to  design  and  have 
ihese  shoes  specially  manufactured,  because 
there  are  iron  works,  now,  that  manufacture 
these  shoes  as  one  of  their  staple  products. 
However,  before  the  length  of  a  band  can  be 
determined  it  must  be  known  how  much  lap- 
over  of  the  rod  there  is  in  the  shoe.  This 
differs  in  the  shoes  for  different  sizes  of  pipe; 
increasing  with  the  increase  in  size  of  rod. 
However,  this  quantity  will  average  about  as 
lollows  for  various  sizes  of  rods: 

Diameter  Lap-over  of 

of  rod,  ins.  rod  in  shoe.  ins. 

5/16 1/2 

3/S   5/8 

7/16 3/4 

1/2   7/8 

9/16 15/16 

5/8   1    1/16 

3/4    1    1/4 

7/S   1    1/2 

1  1    5/8 

The  type  of  shoe  referred  to  above  was  il- 
lustrated in  Article  I  of  this  series  which  was 
published  in  the  issue  of  Nov.  4,  1914. 

For  estimating  purposes  it  is  necessary  to 
know  approximately  the  weight  of  shoes.  The 
weights  vary  with  the  size  of  rod  and  diameter 
iif  pipe,  but  the  following  are  average  weights 
for  various  sizes  of  bands : 
Diameter 
of  rod,  ins.  Weight  of  shoo,  lbs. 

5/16 0.35 

3/8   0.40 

7/16 0.65 

1/2   1.00 

5/8   1.75 

3/4   2.75 

7/8 4.00 

1  6.00 

Length  of  Bauds. — Up  to  and  including  48 
in.  pipe  it  is  the  general  practice  to  use  a 
!)and  made  in  one  part,  necessitating  the  use 
of  but  one  shoe,  but  for  larger  sizes  of  pipe 
the  band  is  composed  of  two  parts,  necessi- 
tating the  use  of  two  shoes.  It  is  a  convenience 
in  construction  to  have  one  pari  of  the  band 
headed  at  both  ends  and  the  otlier  threaded 
at  both  ends.  Care  must  be  taken,  however, 
in  the  manufacture  of  the  part  headed  at 
both  ends  to  have  corresponding  sections  of 
the  heads  in  the  saine  plane.  This,  of  course, 
applies  to   square  or  tee  heads. 

The  determination  of  the  size  of  the  rod  to 
be  used  is  largely  an  economic  matter.  It  is 
desirable    to    have    the    minimum    amoimt    of 


steel  per  unit  length  of  pipe,  but  the  life  of 
the  bands  as  affected  by  their  size  must  be  a 
factor  in  the  solution  of  the  problem.  In  all 
cases  where  the  spacing  of  the  bands  is  con- 
trolled by  the  bearing  strength  of  the  wood  in- 
dented by  the  rod  or  wire,  a  saving  of  metal 
is  made  by  using  the  smaller  sizes,  in  fact  the 
reduction  in  the  size  of  the  wire  in  the  small- 
er sizes  of  pipe  can  be  carried  to  such  ex- 
tremes that  an  exceedingly  cheap  article  is 
turned  out,  that  will  successfully  withstand 
the  pressures  for  which  it  is  banded,  but  which 
has  no  lasting  qualities.  In  this  case  economy 
demands  that  a  surplus  of  metal  be  used; 
wire  large  enough  to  withstand  the  action  of 
rust  for  a  reasonable  length  of  time.  In  all 
cases  where  the  stress  of  the  metal  controls 
the  spacing,  the  amount  of  metal  is  theoretic- 
ally and  practically  the  same  for  all  sizes  of 
rods,  but  the  price  per  pound  for  rods  de- 
creases slightly  with  the  increase  in  size.  The 
cost  of  bending,  painting,  putting  on,  spacing, 
and  tightening  bands  is  greater  per  any  given 
length  of  pipe,  in  the  case  of  the  smaller  rod, 
because  of  the  greater  number  of  bands  per 
unit  length.  As  an  example,  take  a  72-in,  pipe 
banded  for  a  100  ft.  head,  and  compare  the 
relative  costs  for  %  and  %,'  in.  bands : 
Factory  cost — 

%-in.,  126  lbs.  per  foot  at  2.20  cts..$2.77 
%-in.,  124  lbs.  per  foot  at  2.10  cts..  $2.50 

Bending,  painting,  etc. — 
'^s-in..  4.09  bands  per  toot  at  18  cts.  0.S4 
34 -in..  3.26  bands  per  toot  at  18  cts.  0.59 

$3.61  $3.09 
Notwithstanding  that  economy  is  with  the 
larger  rod  for  sizes  of  pipe  above  about  30  ins., 
practical  considerations  demand  that  this  be 
deviated  from.  The  following  sizes  are  gen- 
erally representative  of  the  best  practice: 
Machine  Banded  Pipe — 
Diameter,  ins.  Size  of  wire.  No. 

2    to      8    inclusive 6 

10    to    14    inclusive 3 

16    to    20    inclusive 0 

22    to    30    inclusive 000 

Continuous  Stave  Pipe — 
Diameter,  ins.  Size  of  rod,  ins. 

Up  to    20  inclusive 3/8 

22  to    26  inclusive 7/16 

28  to    44  inclusive 1/2 

46  to    66  inclusive 5/8 

68  to  lOS  inclusive 3/4 

108    up 7/8 

The  rod  used  in  the  band  for  continuous 
pipe  should  have  a  liberal  length  of  thread ; 
not  less  than  4%  ins.  for  %  in.,  5  ins.  for  7/16 
in.,  and  6  ins.  for  other  sizes  of  rod.  There 
are  three  types  of  heads  in  use ;  button,  square, 
and  tee  heads.  The  writer  prefers  the  tee 
head,  as  it  permits  of  keeping  both  ends  of 
the  rod  closer  to  the  staves  and  shortens  the 
space  over  which  the  rod  is  raised  from  the 
staves;  it  permits  of  a  shoe  of  less  length.  If 
stock  shoes  are  used,  the  shape  and  dimen- 
sion of  the  bolt  heads  that  they  are  made  for 
should  be  learned  before  ordering  the  rods. 
The  length  of  rods  under  the  head  should  be 
such  that  after  the  pipe  is  finally  tightened, 
at  least  1%,  ins.  of  thread  will  remain  ahead 
of  the  nut.  The  length  of  the  rod  excluding 
the  head  is  determined  in  the  following  man- 
ner, where  the  rod  is  in  one  part,  and  6  ins. 
of  thread  is  being  used : 

Total  length  =  (D  -1-  2t  -F  r )  tt  -|-  k  -|-4%  ins. 

Where  D^  nominal  diameter  of  pipe  in 
inches. 

t  =  thickness  of  staves  in  inches. 

r  =  diameter  of  rod  in  inches. 

k  =  la|)  of  rod  in  shoe  in  inches. 

If  the  rod  is  in  two  parts  the  following 
would  be  the  method  : 

Total    length  =  (D  4-  2t  -f  r)  tt  -|-  2k  -t-  9  ins. 

Where  the  notation  is  the  same  as  above. 

The  total  length  is  distributed  to  the  two 
parts  of  the  band  so  as  to  bring  the  shoes 
about  diametrically  opposite.  This  would  make 
the  part  headed  at  both  ends,  measured  under 
the  heads,  a  little  less  than  one-half  the  cir- 
cumference, at  the  center  of  the  rod,  or  as 
follows : 

Length  of  headed  part  of  band  =: 

CD  +  2t  +  r)  T 

(length  of  shoe  —  2k). 

2 
The    length    of    the    threaded    part    would,    of 
course,  be  the  remainder  of  the  total  length. 

.'\.  cold  rolled  thread  is  preferable;  the  out- 
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side  diameter  of  the  thread  will  be  greater 
than  the  nominal  diameter  of  the  rod,  and 
while  the  diameter  at  the  base  of  thread  is 
less,  the  cold  rolling  process  increases  the 
strength  of  the  threaded  part  sufficiently  to 
make  it  stronger  than  the  body  of  the  rod. 
The  nuts  should  be  hexagonal  and  of  liberal 
dimensions;  the  thickness  should  be  at  least 
30  per  cent  greater  than  the  diameter  of  the 
rod.  Washers  of  a  liberal  thickness  should 
be  used  under  the  nuts. 

SPECIFICATIONS   FOR  CONTINUOUS   PIPE. 

Staz'es. — The  following  short  specification 
for  staves  and  bands  covers  all  the  essentials: 

Staves — Redwood. — The  staves  shall  be  man- 
ufactured from  absolutely  clear  California  Red- 
wood (lumber),  that  has  been  well  seasoned; 
containing,  by  weight,  not  more  than  12  per- 
cent of  moisture,  and  with  this  content  of 
moisture,  weighing  not  less  than  SO  lbs.  per 
cubic  foot.  It  shall  be  free  from  sap-wood, 
spongy  grain,  all  indications  of  decay,  curly 
grain,  shakes,  checks,  warp  or  wind,  and  any 
other  defects  that  are  not  admissible  in  pipe 
works. 

Shape. — The  staves  shall  have  a  finished 
thickness  of  ....  inches.  The  concave  side 
shall  be  the  arc  of  a  circle,  conforming  ac- 
curately to  the  nominal  radius  of  the  pipe 
plus  1  per  cent.  The  chord  of  this  arc  shall 
be  ....  inches.  The  convex  surface  shall  be 
concentric  to  the  concave.  The  edges  shall 
be  milled  to  true  radial  planes.  The  ends  of 
the  staves  shall  be  trimmed  square  and  shall 
be  slotted  to  allow  the  insertion  of  a  metal 
tongue.  The  width  of  the  slot  shall  be  such 
that  the  tongue  will  fit  snugly,  but  without 
danger  of  splitting  the  staves.  The  depth  shall 
be  3/64  in.  less  than  V2  the  width  of  the 
tongue.  The  position  of  the  slot  shall  be 
uniform  in  the  ends  of  the  staves. 

Length. — The  staves  shall  not  be  less  in 
length  than  10  ft.,  but  may  vary  from  10  ft. 
to  24  ft.,  but  not  more  than  10  per  cent  shall 
be  less  than  12  ft.,  and  not  more  than  10  per 
cent  less  than   14  ft. 

fir  Staves. — The  specifications  for  best 
quality  of  fir  staves  will  diflfer  from  the  above 
in  the  following  essentials : 

The  staves  shall  be  manufactured  from 
clear  Douglas  Fir,  weighing  not  less  than  34 
lbs.  per  cubic  foot,  with  a  moisture  content 
of  12  per  cent.  In  addition  to  the  imperfec- 
tions forbidden  in  redwood  should  be  added 
pitch  seams  longer  than  8  ins.  and  e-xtending 
more  than  one-fourth  of  the  distance  through 
the  staves.  The  percentage  of  short  lengths 
can  be  reduced. 

The  specifications  for  a  second  quality  of 
fir  staves  allow  tight  knots  not  greater  than 
1  in.  in  diameter,  and  not  more  than  one  to 
any  three  or  four  foot  length  of  stave.  While 
these  knots  are  allowed  in  the  outer  and  in- 
ner faces  they  should  not  be  permitted  in 
the  edge  faces  of  the  stave.  A  thin  layer  of 
sap  on  the  inside  surface  of  the  stave  is  per- 
missible. 

SPECIFICATIONS    FOE   BANDS. 

The  bands  shall  consist  of  long  steel  bolts 
bent  to  conform  to  the  outside  radius  of  the 
pipe,  joined  at  the  ends  with  malleable  cast 
iron  shoes. 

Bolts. — The  bolts  shall  be  made  from  rods 
made  by  "Open  Hearth"  (or  Bessemer)  proc- 
ess, having  an  ultimate  tensile  strength  from 
56,000  to  62,000  lbs.  per  square  inch,  and  an 
elastic  limit  of  not  less  than  30,000  lbs.  per 
square  inch.  The  percentage  of  elongation 
in  8  ins.  shall  not  be  less  than  2.5  per  cent, 
and  the  rod  shall  be  capable  of  being  bent 
back  flat  upon  itself  without  showing  signs 
of   fracture. 

The  section  of  the  bolt  shall  be  a  circle  with 
a  diameter  of  . .  .  inches.  The  bolt  shall  be 
made  in  two  parts;  one  part  being  a  ...X... 
X...  in.  head  at  each  end  and  the  other  part 
6  in.  of  cold  rolled  thread  at  each  end.  (If 
the  bolt  is  in  one  part,  then  headed  at  one  end 
and  threaded  at  the  other.) 

The  nuts  shall  be  hexagonal,  have  a  short 
diameter  of  . .  .  inches  and  . . .  inches  thick, 
and  shall  fit  close  but  turn  easy  upon  the 
threads.  Under  each  nut  shall  be  a  . .  .  X  . . . 
X  . .  .  washer. 


SJwes. — The  shoes  shall  be  malleable  iron 
castings,  made  from  gray  pig  iron,  containing 
low  percentages  of  phosphorus,  sulphur,  and 
manganese.  They  shall  test  a  bolt  of  the  size 
for  which  intended,  to  rupture  without  show- 
ing signs  of  weakness.  They  shall  fit  close 
upon  the  outside  of  the  pipe,  and  shall  be 
smooth,  clean,  and  free  from  flaws  and  tags. 

Band  Spacing. — The  bands  shall  be  spaced 
with  reference  to  the  pressures  to  be  sustained 
as  follows : 

Heads    0  to  10  ft.  ...  ins. 
Heads  10  to  15  ft.  ...  ins.,  etc. 

SPECIFICATIONS  FOR  TONGUES. 

The  tongues  shall  be  cut  from  No.  12  (or 
No.  10)  band  steel  1%  ins.  in  width;  cut  at  a 
right  angle  and  long  enough  to  project  1/16  in. 
at  each  end  of  the  slot  in  the  stave.  They 
shall  be  painted  before  being  put  in  place. 

BAND    COATING. 

The  bolts,  after  being  bent  to  the  proper 
form  and  before  being  put  on  the  pipe,  shall 
be  thoroughly  coated  with  a  good  quality  of 
paint  that  will  form  an  elastic  coat  that,  when 
hardened,  will  not  crack  and  fly  from  the 
band  when  struck  with  a  hammer.  The  shoes 
and  tongues  shall  be  coated  with  the  same  qual- 
ity of  paint. 

SPECIFICATIONS    FOR    MACHINE    BANDED    PIPE. 

The  specifications  for  staves  relative  to 
quality  will  not  differ  from  those  for  con- 
tinuous pipe,  with  the  exception  that  in  prac- 
tice only  the  first  quality  of  fir  staves  are 
used.  White  pine  is  used  by  Eastern  manu- 
facturers in  this  type  of  pipe.  It  probably 
finishes  smoother  than  redwood  or  fir. 

Bands. — The  pipe  shall  be  banded  by  cold 
drawn  "open  hearth"  steel,  annealed  and  gal- 
vanized, having  a  tensile  strength  of  .58.000 
to  60,000  lbs.  per  square  inch.  The  bands  shall 
be  wound  on  spirally  under  sufficient  tension 
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to  seat  the  wire  in  the  wood  to  a  depth  of 
one-eighth  of  the  radius  of  the  wire.  The 
ends  of  the  wire  shall  be  secured  by  a  suit- 
able malleable  cast  iron  clip.  The  wire  for 
any  one  section  of  pipe  shall  be  continuous; 
splices  will  not  be  permitted.  The  diameter  of 
the  wire  shall  be  . .  .  inches.  The  spacing  of 
the  wire  shall  be  as  follows : 

For  heads     0  to     25  ft.   ...   inches. 

For  heads  25  to     50  ft.   ...   inches. 

For  heads  50  to  100  ft.   ...    inches. 

Etc. 

Pipe  Coating. — After  banding  the  pipe  shall 
be  covered  with  alternate  layers  of  hot  asphal- 
tum  and  sawdust  until  a  tough,  elastic  coating" 
of  sufficient  thickness  is  formed  to  thoroughly 
protect  the  bands  against  injury  and  act  with 
the  galvanizing  as  another  barrier  against  rust. 

Couplings. — The  pipe  couplings  shall  be  made 
of  staves  banded  in  a  manner  similar  to  the 
pipe,  and  treated  with  asphaltum  in  the  same 
manner. 

Tenons. — The  tenons  at  the  ends  of  the  pipe 
sections  shall  be  cut  uniform  in  length,  and 
each  shall  be  one  half  the  length  of  connec- 
tion or  coupling.  The  outside  of  the  tenon 
shall  be  concentric  to  the  inside  of  the  pipe 
and  shall  be  of  a  dimension  that  will  fit 
snugly  in  the  coupling. 

The  next  article,  the  fourth  in  this  series, 
will  deal  in  detail  with  the  estimation  of  cost 
of  the  manufacture  and  installation  of  wood- 
en stave  pipe. 


An  Inexpensive  Plug  for  Use  in  Test- 
ing Sections  of  Water  Mains 
Durir     Construction. 

The  ajcom]),-  ,ing  diagram  illustrates  the 
design  of  a  cheap,  home-made  test  plug  for 
water  mains,  devised  by  Mr.  W.  E.  Haseltine, 
Manager  of  the  Ripon,  Wis.,  Light  and  Water 
Co.,  and  described  by  him  in  the  December 
number  of  the  Journal  of  the  American  Water 
Works  Association. 

The  test  plug  consists  of  a  clamp,  _A,  sur- 
rounding the  pipe  directly  back  of  the  bell. 
Attached  to  the  l^olts  which  fasten  this  clamp 
together  are  eye  bolts,  C,  with  long  threads. 
These  eye  bolts  extend  through  holes  in  the 
bar  D  and  are  supplied  with  long  threads  to 
receive  the  wing  nuts  E.  A  ring  of  %-in.  or 
%-in.  rainbow  tubular  manhole  gasket  F  is 
put  into  the  bell  and  against  this  is  placed  an 
ordinary  cast  iron  water  main  plug.  The  wing 
nuts  E  are  then  turned  down,  clamping  this 
plug  against  the  gasket  by  means  of  the  bar  D. 

The  entire  adjustment  can  be  made  in  a  few 
minutes  and  the  cost  of  the  outfit  is  very  small. 
With  the  exception  of  the  clamp,  the  same  out- 
fit can  be  employed  for  various  sizes  of  pipe  by 
having  the  bar  D  long  enough  for  the  largest 
size  and  drilling  holes  at  various  points  in  its 
length.  This  clamp  has  proved  very  satisfac- 
tory in  service. 

Methods  Employed  at  Champaign-Ur- 

bana.  111.,  in  Pushing  Service  Pipes 

Under  Pavements. 

Mr.  F.  C.  .^msbary.  Manager  of  the  Cham- 
paign and  Urbana  (111.)  Water  Co.,  gives  the 
following  description  of  the  methods  employed 
by  his  forces  in  pushing  service  pipes  under 
pavements,  in  the  December  number  of  the 
Journal  of  the  American  Water  Works  Asso- 
ciation : 

Champaign  and  Urbana.  111.,  the  municipal- 
ities we  serve,  with  a  combined  population  of 
25,000,  have  a  large  percentage  of  their  streets 
paved.  It  is  the  practice  of  our  company  to 
lay  all  water  mains  in  the  parking,  that  is, 
between  the  curb  and  the  sidewalk.  Before 
beginning  the  pushing  of  the  service  pipe  it  is 
necessary  to  dig  a  trench  about  18  ft.  long, 
to  take  a  full  length  galvanized  wrought  iron 
pipe,  the  material  we  use  for  service  pipe.  The 
pipe  pusher  is  first  laid  in  the  trench  and  fas- 
tened down  by  means  of  wooden  stakes.  It 
consists  of  an  iron  frame  on  which  is  a  steel 
carriage.  The  pipe  is  laid  in  position  on  the 
carriage  and  fastened  securely  by  a  locking 
device.  The  carriage  and  pipe  are  moved  for- 
ward by  means  of  a  ratchet  with  a  long  handle, 
the  carriage  traveling  about  2  ft.  When  it  has 
reached  the  end  of  the  frame  the  locks  are  re- 
leased, leaving  the  pipe  and  carriage  free  and 
the  carriage  is  moved  back  and  the  pipe  is 
again  locked.  This  operation  is  repeated  until 
the  pipe  has  gone  the  required  distance.  In 
order  to  keep  the  pipe  from  drifting  out  of 
the  straight  line  we  turn  it  frequently  with  an 
ordinary  pipe  wrench.  We  seldom  have  any 
trouble  in  pushing  the  pipe  to  the  point  desired. 

The  soil  in  our  streets  is,  in  most  cases, 
heavy  clav;  in  sandy  soils  of  course  the  push- 
ing would  be  much  easier. 

When  we  have  a  leak  in  the  service  pipe 
under  the  pavement,  instead  of  tearin?  up  the 
pavement  to  repair  it,  we  push  a  new  service 
through  and  abandon  the  old  one.  finding  it 
much  cheaper  than  digging  up  the  pavement 
and  relaying  it.  and,  what  is  equally  important, 
we  help  preserve  the  pavement;  for  no  matter 
how  well  the  work  is  done,  a  pavement  cannot 
be  put  back  quite  as  good  as  it  was  before. 

The  advantage  of  laying  water  and  gas 
mains  in  the  parking  is  not  well  understood  by 
many  water  works  people.  The  writer  has 
known  cases  in  neighboring  cities  w-here  pav- 
ing jobs  have  been  held  up.  waiting  for  the 
water  companv  to  lay  its  mains,  when  there 
were  wide  parkings  on  either  side  of  the  -ave- 
ments,  where  the  mains  should  be  laid.  With 
the  mains  in  the  parkings  the  pavements  will 
never  be  disturbed  by  reason  of  leaks  and  in 
putting  in  new  services. 

There  are  several  good  pushing  devices  on 
the  market. 


January  6,  1915., 
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Eoad  Location  and  the  Economics  of 
Road  Improvement. 

Contributed   by   D.    Tucker   Brown,    Chapel   Hill, 
N.  C. 

REQUIREMENTS    OF    AN    IDEAL   ROAD. 

The  proper  location  of  a  road  consists  in 
determining  and  marking  out  those  points  on 
the  ground  through  which  the  road  should 
pass,  in  order  to  satisfy  as  nearly  as  possible 
the  requirements  of  an  ideal  road.  An  ideal 
road  is  one  which  meets  the  requirements 
necessary  to  make  it  perfect,  not  only  from  a 
physical  or  engineering  standpoint,  but  also 
from  the  standpoint  of  its  usefulness  to  the 
community  through  which  it  runs.  It  may 
be  perfect  from  an  engineering  standpoint  and 
yet  not  satisfy  at  all  the  demands  of  the 
traveling  public,  and  vice  versa;  therefore  the 
requirements  of  an  ideal  road  may  be  classi- 
fied under  the  following  two  groups,  neither 
of  which  is  dependent  upon  the  other : 

Group  I — Those  which  made  a  road  perfect 
from   an  engineering  or  physical  standpoint. 

Group  II — Those  which  make  a  road  per- 
fect in  regard  to  its  serviceability  to  the  com- 
munity through  which   it  runs. 

The  requirements  for  an  ideal  road  under 
Group  I  are:  (1)  As  to  direction — that  it 
should  be  straight;  (2)  as  to  grades — that  it 
should  be  level ;  (3)  as  to  cost — that  the 
amount  of  work  on  grading,  draining,  me- 
chanical structures,  and  surfacing  should  be 
the  least  that  will  make  the  road  what  it 
ought  to  be;  (4)  as  to  e.\posure^that  it 
should  have  the  best.  Under  Group  II  they 
are:  (1)  that  it  should  be  of  equal  benefit  to 
all;  (2)  that  it  should  shorten  the  distance 
from  every  man's  house  to  the  point  where  he 
wishes  to  go;  (-3)  that  it  should  run  through 
every  man's  land  where  he  thinks  it  should; 
(4)  that  it  should  shorten  the  distance  be- 
tween communities  and  markets. 

It  is  evident,  that  to  satisfy  the  requirements 
of  Group  I  it  is  necessary  for  the  ground  lie- 
tween  the  termini  of  the  road  to  be  a  straight 
level  ridge  with  adequate  drainage  to  either 
side  and  sufficient  exposure  to  the  sun;  and 
to  satisfy  the  requirements  of  Group  2,  it  is 
necessary  that  the  road  be  located  according 
to  the  wishes  and  desires  of  every  affected 
citizen  in  the  community  along  the  proposed 
route. 

Conditions  under  which  the  requirements 
of  Group  I  may  be  satisfied  are  rarely  ever 
met  with  in » practice,  and  certainly  not  on 
roads  of  any  great  length,  nor  can  we  ever 
hope  to  fulfill  the  conditions  imposed  by  the 
requirements  of  Group  II.  Therefore,  the 
problem  to  be  solved  by  the  engineer  consists 
in  the  economical  and  equitable  adjustment  of 
each  requirement  of  (JroUp  I  to  the  other 
requirements  of  that  group;  of  each  require- 
ment of  Group  II  to  the  other  requirements  of 
that  group;  of  all  requirements  of  Group  I  to 
all  requirements  of  (irnup  II;  and  of  all  re- 
quirements of  Group  11  to  all  requirements 
of  Group  I.  To  do  this,  the  requirements 
of  each  group  must  each  be  sacrificed  to  some 
extent,  and  to  what  extent  is  left  for  the  en- 
gmeer  to  decide.  There  are  limits  beyond 
which  neither  .should  be  sacrificed,  and  as  the 
costs  of  construction,  maintenance,  and  trans- 
portation depend  upon  Group  I  its  require- 
ments should  not  be  sacrificed  beyond  eco- 
nomic limits,  for  by  so  doing  lasting  expense 
will  be  incurred.  The  limits  bevond  which  the 
requirements  of  Group  11  should  not  be  sacri- 
ficed, are  neither  as  definite,  nor  as  impori.uit 
as  those  of  Group  I,  for  the  effect  of  not  ob- 
serving them  will  only  be  temporary.  The 
citizens  inconvenienced  by  the  location  of  the 
road  will  sonn  adjust  themselves  to  the  new 
conditions,  and  become  reconciled. 

I'HYSICAI.   IMrR0VEMENT.S. 

I    shall    consider    first.    Group    I,    and    shall 
endeavor   to  give  a   clear   idea   of   the   proper 


methods  which  should  be  pursued  in  order 
to  determine  how  far,  and  to  what  extent, 
in  a  properly  located  road,  one  or  more  re- 
quirements may  be  sacrificed  in  order  that 
the  others  may  be  more  nearly  fulfilled. 

The  limits  which  should  not  be  exceeded 
are:  (1)  No  curve  should  be  of  less  than 
100  ft.  radius;  (2)  no  grade  should  be  less 
than  0.5  per  cent  (unless  proper  drainage  can 
be  obtained  with  less  grade)  ;  (4)  the  cost  of 
construction  should  be  governed  entirely  by 
the  saving  made  possible  by  the  contemplated 
improvement;  (5)  locations  should  not  be 
made  on  slopes  of  mountains  w"hich  are  never 
e.xposed  to  the  sun's  rays. 

In  a  flat,  level  country  the  conditions  im- 
posed by  the  requirements  of  Group  I  can  usu- 
ally be  satisfied.  It  is,  however,  in  such  sec- 
tions very  difficult  to  keep  grades  above  0.5 
per  cent  and  as  this  is  essential  for  proper 
drainage,  great  care  should  be  exercised  in 
securing  grades  greater  than  this  minimum 
limit.  Proper  drainage  is  most  difficult  to 
obtain  in  level  countries,  and  without  it  a 
road  is  useless;  therefore,  all  else  should  be 
sacrificed  for  this  most  important  factor,  the 
requirements  of  Group  I  as  well  as  those  of 
Group  II. 

In  the  piedmont  and  mountainous  sections 
vastly  dififerent  conditions  exist.  The  coun- 
try is  so  broken  by  mountains  and  valleys,  hills 
and  vales,  as  to  prevent  great  difficulties  to 
securing  a  location,  which  will  even  approach 
the  ideal,  so  far  as  Group  I  is  concerned,  and 
the  engineer  is  confronted  with  the  propo- 
sition of  securing  the  best  location  that  the 
topography  of  the  country  will  permit,  with- 
out sacrificing  to  too  great  an  extent  any  of 
the  requirements  of  an  ideal  road. 

To  enable  him  to  accomplish  this,  it  is 
necessary  that  he  have  a  general  knowledge 
of  those  features  of  the  earth's  surface  which 
govern  the  location  of  roads,  and  a  more 
thorough  knowledge  of  the  topography  of 
the  country  immediately  adjacent  to  the  pro- 
posed line  of  road. 

It  is  an  undisputed  fact  that  hilis  are  the 
natural  enemies  to  the  road-maker,  and  water 
courses  are  his  guides  and  assistants.  It  is 
essential,  therefore,  that  their  relation  to  one 
another,  the  advantages  and  disadvantages 
which  they  each  present,  be  most  carefully 
studied.  In  this  connection,  the  following 
facts  will  be  noted:  (1)  If  a  principal  ridge 
is  met  by  two  secondary  ridges  at  the  same 
point — that  point  is  of  maximum  height.  (2) 
If  a  principal  ridge  is  met  by  two  valleys  at 
the  same  point — that  point  is  of  minimum 
height.  (3)  If  a  principal  ridge  is  met  by  a 
secondary  ridge  and  a  valley  at  the  same 
point — nothing  can  be  inferred.  (4)  If  two 
parallel  streams  with  a  ridge  between  sudden- 
ly diverge — the  ridge  between  will  be  found 
to  increase  in  height.  (5)  If  two  parallel 
streams  with  a  ridge  between  suddenly  con- 
verge— the  ridge  between  will  be  found  to 
decrease  in  height. 

The  facts  mentioned  in  the  preceding  para- 
graphs will  be  of  great  help  in  making  recon- 
noissance  surveys  and  in  reading  topographic- 
al maps. 

Surveys — For  the  purpose  of  determining 
the  proper  route  through  any  section  of  coun- 
try, so  far  as  the  requirements  of  Group  I 
are  concerned,  it  is  customary  to  proceed  in 
the  following  manner. 

A  reconnoissancc  survey  should  be  made, 
and  it  is  generally  made  by  the  eye  alone, 
without  instruments.  It  is  intended  to  he  only 
approximate,  and  to  serve  to  determine 
through  what  points  routes  should  be  instni- 
mentally  surveyed.  No  time,  or  labor  should 
be  spared  in  these  first  explorations,  for  they 
will  save  much  expense  in  subsequent  detailed 
surveys. 

If  a  topographic  map  is  at  hand,  it  will  be  of 
great  survice,  and  it  is  not  infrequent  that 
sufficient  information  may  be  obtained  from  it 


to  enable  one  to  decide  what  routes  are  the 
best  to  be  surveyed  with  the  instruments,  and 
thereby    save   such    reconnoissance   work. 

After  having  become  familiar  with  the  topo- 
graphical features  adjacent  to  the  proposed 
route,  either  by  the  aid  of  maps,  or  an  actual 
reconnoissance  survey,  it  will  be  found  that 
there  are  governing  points  through  which  the 
road  must  pass.  There  may  be  a  low  gap,  a 
narrow  point  in  a  stream  (suitable  for  a 
bridge),  or  some  other  point  of  equal  strate- 
gic importance  to  the  final  location.  Between 
these  governing  points  the  straight  line  join- 
ing them  is  marked  out,  and  the  routes  adopt- 
ed for  instrumental  surveys  must  continually 
fend  to  coincide  with  it ;  except  when  de- 
flected to  the  right  or  left  by  weighty  reasons, 
such  as  the  requirements  of  Group  I  demand, 
and  the  topography  of  the  country  will  permit, 
all  routes  which  are  to  be  instrumentally  sur- 
veyed will  pass  through  these  ruling  points. 
It  may  be  necessary  to  instrumentally  sur- 
vey only  one  route,  and  again  as  many  as 
five,  depending  entirely  upon  how  many 
routes  meet  so  nearly  the  requiremnts  as  to 
make  it  impossible  to  decide  upon  the  proper 
one  without  more  specific  information  than 
can   be  obtained  by  a  reconnoissance  survey. 

The  instrumental  surveys  to  be  complete 
should  consist  of  a  transit  line,  level  line, 
cross  section  notes,  classification  notes,  topo- 
graphical notes,  and  notes  on  all  conditions 
which  may  in  any  way  affect  the  construction 
or  maintenance  cost  of  the  road.  Maps, 
profiles,  and  estimates  of  the  costs  of  con- 
struction, maintenance  and  transportation  of 
each  route  should  be  made,  and  from  them  it 
can  be  determined  which  is  the  route  that 
will  more  nearly  satisfy  the  requirements  of 
Group  I. 

The  cost  of  construction,  and  the  unit  cost 
of  transportation  can  be  estimated  very  close- 
ly from  the  information  obtained  by  the  in- 
strumental surveys,  but  the  cost  of  mainte- 
nance and  the  total  cost  of  transportation 
while  depending  to  a  great  extent  upon  the 
alignment,  grades,  drainage,  and  exposure, 
will  have  to  be  determined  largely  lay  the 
amount  of  traffic  that  will  pass  over  the  road, 
and  a  traffic  census  is  necessarj'  for  this. 

A  traffic  census  consists  of  an  estimate  (if 
an  old  road  is  to  be  improved)  and  of  approx- 
imations (if  a  new  road  is  to  be  opened)  of 
the  tonnage,  number,  and  class  of  teams,  which 
do,  or  may  be  expected  without  much  doubt, 
to  pass  over  the  road  in  a  specified  length 
of  time.  It  must  be  remembered  that  the 
traffic  on  a  road  will  be  materially  increased 
by  any  form  of  improvement  that  will  de- 
crease the  cost  of  transportation. 

The  cost  of  construction  is  determined  by 
the  survey;  the  unit  cost  of  transportation  by 
the  survey;  the  total  cost  of  transportation 
by  the  survey  and  the  traffic  census ;  and  the 
total  cost  of  maintenance  by  the  survey  and 
traffic  census.  Therefore,  with  the  survey 
and  traffic  census  complete  the  costs  of  con- 
struction, maintenance,  and  transportation  can 
be  determined. 

As  the  costs  of  construction,  maintenance 
and  transportation  are  affected  by  the  altera- 
tion of  any  of  the  requirements  of  Group  I, 
the  total  ;ost  may  be  determined  for  any  ad- 
justment of  the  requirements  of  Group   I. 

The  economical  adjustment  would  be  the 
one  in  which  the  cost  of  construction,  the 
unit  cost  of  maintenance,  and  the  unit  cost 
of  transportation,  were  reduced  to  a  minimum. 
Criterion  for  Cost  of  Impro^'ewcut.— Any 
improvement  of  an  old  road  should  be  un- 
dertaken without  delay,  if  the  sum  of  the  in- 
terest on  the  first  cost  of  construction,  plus 
the  costs  of  maintenance,  and  transportation 
would  be  reduced  by  the  improvement,  below 
what  it  was  for  the  same  amount  of  traffic 
on  the  old  road. 

To  demonstrate :  suppose  it  were  proposed 
to  make  an  improved  road  out  of  an  old  earth 
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road    10   miles    long,    and    that   the    following 

assumptions  were  true: 

Sand- 
Earth.     clay  road. 

6%  int.  on  orig'inal  cost  one 
year    $      ISO.OO      $    720.00 

Cost  of  maintenance  one 
year    250.00  800.00 

Cost  of  transporting  per 
year  20  tons  per  day  at 
10c  per  ton-mile  on  sand- 
clay.  30c  per  ton-mile  on 
earth    21,900.00         7,300.00 

Total $22,330.00       ?S, 820.00 

It  will  be  readily  seen  that  a  community 
could  easily  afford  to  spend  the  difference 
between  $22,330  and  $8,820  or  $13,510  in  im- 
proving the  road  for  a  traffic  of  20-tons  per 
day.  This  does  not  take  into  account  the 
possible  development  along  the  road  after 
its  improvement. 

A  new  road  should  be  opened  if  the  sav- 
ing in  transportation  costs  due  to  it  be  greater 
than  the  interest  on  its  first  cost  plus  its  main- 
tenance. 

To  demonstrate:  suppose  it  were  proposed 
to  open  a  road  10  miles  long  and  the  follow- 
ing assumptions  were  true : 

6%    interest  on  first  cost $    720.00 

Cost  of  maintenance  one  year SOO.OO 

Total     $1,520.00 

It  would  be  necessary,  if  the  improvement 
were  an  economical  proposition,  for  the  saving 
in  cost  of  transportation  due  to  new  road  to 
be  more  than  $1,520. 

REQUIREMENTS    OF    IMPROVED    SERVICE. 

The  requirements  of  Group  II  can  never  be 
satisfied,  as  there  are  not  only  physical  impos- 
sibilities, but  human  impossibilities.  To  carry 
out  the  suggestions,  and  wishes,  of  the  citizens 
of  a  section  in  regard  to  road  location  would 
require  the  performance  of  miracles  or  an  en- 
tire disregard  of  all  the  requirements  of  Group 
I.  There  are  people  in  all  communities  who 
have  never  seen  a  properly  located  road,  but 
think  they  know  all  the  essential  details. 
They  can  tell  you  without  a  moment's  thought, 
the  cheapest,  shortest,  and  most  level  route 
between  any  two  points.  They  will  in  most 
cases  suggest  the  route  which  suits  them  best, 
and  it  is  peculiar  to  note  that  a  great  majority 
of  the  average  laymen  will  oppose  road  im- 
provement unless  their  wishes  are  carried  out. 

The  effect  of  trying  to  satisfy  the  wishes  of 
the  individuals  of  a  community  frequently  ne- 
cessitates a  sacrifice  of  one  or  more  of  the  es- 
sential requirements  of  Group  I  and  in  conse- 
quence the  community  is  burdened  with  a 
road,  either  costly  in  construction  or  mainte- 
nance. 

It  will  be  well  to  bear  in  mind,  when  making 
locations,  that  a  great  aeal  ot  trouoie  with 
rights  of  way  may  be  avoided  if  it  is  found 
out  just  where  the  people  of  the  locality  wish 
the  road.  It  frequently  happens  that  through 
property,  there  are  two  routes  of  equal  value, 
one  may  be  the  landowners'  choice,  and  the 
other  just  what  he  does  not  want.  Again,  if 
there  are  two  routes  one  ot  which  is  not  de- 
sired either  by  the  engineer  or  the  property 
owner,  it  should  be  surveyed ;  the  property 
owner  will  then  be  more  willing  to  give  right 
of  way  on  the  proper  route. 

I  do  not  believe  there  will  ever  Pe  a  proper 
adjustment  of  the  requirements  ot  Group  II 
to  those  of  Group  I  until  the  road  is  taken  out 
of  politics,  and  the  people  become  willing  to 
leave  their  road  problems  to  people  who  have 
studied  them. 

I  shall  try  to  explain  just  how  far  I  think 
the  requirements  of  Group  I  should  be  sac- 
rificed for  those  of  Group  II.  I  hope  by  so 
doing  I  will  convince  some  people  that  good 
roads  are  money  well  invested,  provided  the 
requirements  of  Group  I  are  not  ignored. 

It  is  seldom  economy  to  build  a  road  be- 
tween two  important  points  and  sacrifice  to  a 
great  extent  its  alignment,  its  grades,  its  cost 
or  its  exposure,  in  order  that  it  may  be  ac- 
cessible to  some  outlying  community.  It  is 
far  better  to  build  less  expensive  spur  or 
branch  roads  from  the  main  roads  into  such 
communities. 

No  improvement  that  will  increase  the  cost 
of    construction    or    maintenance    of    a    road 


should  be  made  for  any  person  or  persons 
unless  it  is  economy. 

For  demonstration,  suppose  it  were  proposed 
that  a  road  be  built  between  two  thinly  settled 
communities,  A  and  B,  Fig.  1,  and  that  there 
were  a  question  as  to  whether  or  not  it  should 
go  by  C. 

In  Fig.   1  let 
D  =  distance  A  to  B  proposed  road. 
D'=  distance  A  to  B  old  road. 
E  =  distance  A  to  C  proposed  road. 
i3'=  distance  A  to  C  old  road. 
F  =^  distance  C  to  B  proposed  road. 
F'=  distance  C  to  B  old  road. 

T  —  tonnage  hauled  between  A  and  B  per  year. 
T'=  tonnage  hauled  between  B  and  C  per  year. 
T"  =  tonnage  hauled  between  A  and  C  per  year. 
N  =  total  cost  construction  proposed   road  A  to 

B. 
N'^  total  cost  construction   proposed  road  A   to 

B  via  C. 
N"=  total  cost  construction  old  road  A  to  B. 
N"'=  total  cost  construction  old  road  A  to  B  via 

C. 
M  —  maintenance    cost   per   mile   per    year    pro- 
posed road. 
M'=  maintenance    cost    per    mile    per    year   old 

road. 
X  =  cost    hauling    one    ton    one    mile    proposed 

road. 
Y  —  cost  hauling  one  ton  one  mile  old  road. 
R  —  usual  rate  of  interest  on  money. 
Z  =  net  amount  saved  per  ton  mile   by  citizens 
on  account  of  proposed  road.  =Y — X  when 
old  road  is  considered. 
Then, 

It:  RN  -I-  DM<    ZTD  the  direct  line  from  A  to 
■    B    is    an    economical    proposition    and    vice 
versa. 
If:   RN'  +    (E  -I-  F)  M  <  Z  (T'F  -)-  T"E  +  T)   (E 
-1^  F)  the  line  from  A  to  B  via  C  would  be  an 
economical  proposition  and  vice  versa. 
If:  RN'   -I-    (E    -h   F)   M    <    Z  (T'F  -|-   T"E)   the 
line   from   A   to   B   via  C  would   be  an   eco- 
nomical proposition  and  vice  versa,  whether 
or  not  there  was  any  through  trart;c  from  A 
to  B. 


Fig.  1. 

Suppose  an  old  road  were  in  existence  be- 
tween A  and  B,  between  A  and  C,  and  be- 
tween B  and  C,  and  improvements  were  con- 
templated. By  the  use  of  the  following  equa- 
tions it  may  be  determined  whether  or  not  the 
improvement  is  warranted. 

If:  RN  +  DM  -(-  TX  <  RN"  -|-  D'M'  +  TY  the 
improvement  from  A  to  B  should  be  made 
and  vice  versa. 
If:  RN'  -)-  (E  -t-  F)  M  -t-  (T'  -I-  T")  X  <  RN'" 
+  (E'  -I-  F')  M'  +  (T'  -I-  T")  Y  tJie  im- 
provement from  A  to  C  and  from  B  to  C 
should  be  made  and  vice  versa  whether  or 
not  there  were  any  through  traffic  from  A 
to  B. 
If:  RN'  -t-  (E  -f  F)  M  -f  (T  -I-  T'  T")  X  < 
RN"'  -I-  (E  -fF')  M'  4-  (T'  -f  T")  Y  the  im- 
provement from  A  to  B  via  C  should  be 
made  and  vice  versa. 
If:  TX  (E  -H  F)  —  TXD  >  RN  -|-  DM  and  RN 
-I-  DM  <  ZTD  then  the  through  traJHc  from 
A  to  B  should  not  be  made  to  go  via  C. 

HINTS   ON   LOCATION. 

In  conclusion  I  will  make  a  few  suggestions 
which  should  be  borne  in  mind  by  a  locating 
engineer. 

(1)  When  possible  cross  streams  at  nar- 
row points  and  at  right  angles. 

(2)  Make  openings  for  all  streams  amply 
large. 

■  (3)  When  following  or  crossing  a  stream 
be  sure  that  your  grade  line  is  well  above  high 
water. 

(4)  If  necessary  to  ford  a  stream,  do  so  at 
a  point  where  the  least  length  of  road  will  be 
subject  to  overflow. 

(5)  Make  your  streams  crossing  as  well  as 
gaps  governing  points  in  your  survey. 

(6)  Cross  streams  where  you  can  secure 
solid    foundations. 

(7)  Generally  speaking,  when  crossing  a 
ridge  parallel  to  a  stream  ascend  down  stream 
and  descend  up  stream.  This  will  shorten 
your  line. 


(8)  Compensate  for  curves  on  maximum 
grades. 

(9)  VVhen  following  streams  the  least  ex- 
pensive line  is  usually  the  one  just  above  high 
water  line. 

(10)  It  is  economy  practically  in  all  cases 
to   cross  a  ridge  at  its   lowest  point. 

(11)  The  aesthetic  features  should  receive 
consideration  but  not  at  the  expense  of  the 
serviceability  of  the  road. 

(12)  Above  all  things,  if  called  upon  to 
locate  a  mountainous  road,  always  go  to  the 
gap  and  wofk  down  on  the  proper  grade  to 
the  stream  below. 


Conditions      Determining      Maximum 

Grades  and  Methods  and    Cost   of 

Road  Grading  in  West  Virginia. 

The  conditions  limiting  the  selection  of  max- 
imum grades  in  the  improvement  of  rural 
roads  and  the  methods  and  cost  of  earth  ex- 
cavation were  discussed  in  an  interesting  man- 
ner by  A.  D.  Williams,  chief  road  engineer 
of  West  Virginia,  in  a  paper  before  the  Amer- 
ican Road  Congress  and  his  paper  is  given 
here  in  part. 

CONDITIONS   DETERMINING  THE   M.^XIMUM   GRADE. 

There  are  a  number  of  factors  that  enter 
into  the  maximum  grade,  but  before  attempt- 
ing to  locate  any  road  or  to  establish  any 
grade  the  engineer  should  make  a  thorough 
study  of  the  territory  to  be  developed  by  the 
proposed  road,  giving  due  consideration  to  the 
following  points : 

(1)  What  will  be  the  present  and  future 
demands  of  the  territory  adjacent  to  the  pro- 
posed improvement? 

(2)  What  are  the  possible  developments  in 
the  territory  from  an  industrial,  agricultural, 
educational  and  social  standpoint? 

(3)  What  part  will  the  proposed  road  be 
of  a  general  system  of  roads  reaching  to 
other  communities  and  what  will  be  the  effect 
of  the  improvement  on  other  sections? 

(4")  Tlie  nature  of  traffic  that  the  road  will 
be  called  upon  to  take  care  of,  making  due  al- 
lowance for  development,  considering  the 
present   and   future  tonnage; 

(5)  The  general  direction  in  which  the 
greatest  amount  of  tonnage  will  be  transport- 
ed, the  class  of  tonnage  and  the  lime  necessary 
to  move  it  in  order  to  make  it  the  most  mar- 
ketable; 

( ij )  The  direction  in  wdiich  the  ascending 
grade  will  be  in  comparison  with  the  possible 
traffic   demands; 

( T )  The  maximum  load  that  a  horse  can 
pull  based  upon  the  length  of  grade  and  the 
time  required  to  make  the  trip,  from  the 
standpoint  of  the  horse  and  the  time  neces- 
sary to  get  the  best  results  for  the  kind  of 
material  the  country  will  produce ; 

(8)  Consideration  should  always  be  given 
to  climatic  conditions  and  to  the  season  that 
the  roads  will  be  required  to  take  care  of  the 
heaviest  traffic,  'as  well  as  a  study  of  the 
foothold  for  horse-drawn  vehicles.  The  possi- 
ble amount  of  frozen  or  icy  weather  should 
be  noted  in  determining  a  maximum  grade; 

(9)  The  class  of  material  over  which  the 
road  is  to  be  made  and  the  cost  of  construc- 
tion on  the  longer  distance  compared  with 
the  steeper  grade  and  shorter  distance  have  a 
certain  bearing  upon  the  subject,  because  the 
most  important  subject  in  connection  with  the 
cost  of  roads  on  grades  is  that  of  rnainte- 
nance,  which  increases  very  rapidly  with  the 
increase  of  grade.  Roughly  speaking  the  de- 
structive effect  of  violent  and  periodical 
storms  is  four  times  as  great  on  a  5  per  cent 
as  on  a  level  ground,  and  nine  times  as  severe 
on  a  10  per  cent  as  on  level  grade.  Thus,  if  no 
other  factors  were  to  be  considered  on  earth 
roads  alone,  the  cost  of  upkeep  in  a  very  few 
years  would  justify  the  elimination  of  bad 
grades ; 

(10)  The  condition  of  the  right  of  wav  and 
the  possible  chances  for  disposition  of  water 
and  drainage  are  factors  of  much  importance 
when  considering  the  maximum  grade,  be- 
cause on  steeper  grades  the  increasing  velocity 
demands   more   drainage   and   greater   skill   in 
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handling  the  water,  which,  if  kept  on  or  near 
the  road  will  soon  destroy  it. 

(11)  The  consideration  of  a  grade  from  the 
ascension  is  not  the  only  angle  of  approach 
in  the  location  of  highway  grades  because 
important  items  enter  into  the  descending 
grade  that  should  be  given  as  much,  if  not 
more,  consideration  than  the  ascendmg  direc- 
tion :  ,  , 

(12)  .\  grade  should  not  be  steeper  than 
a  horse  can  descend  safely  in  a  trot; 

(13)  A  grade  should  not  be  steeper  than  a 
team  can  safely  descend  with  a  load  that  it 
can  handle  for  10  hrs.  under  normal  condi- 
tions, exerting  its  normal  tractive  force. 

(14)  The  amount  of  time  necessary  to 
descend  a  grade  should  be  considered,  making 
due  allowance  for  the  maximum  speed  that 
can  safely  be  used  on  that  grade; 

(15)  The  highway  engineer  of  today  must 
remember  that  as  time  passes  the  motor  trathc 
requirements  of  the  public  highway  will  be 
more  and  more  exacting.  Experiments  as  to 
gasoline  consumption  and  its  efficiency  on  dif- 
ficult grades  and  materials  are  now  being  con- 
ducted near  Uniontown,  Pennsylvania,  by  K. 
O  Gill  experimental  engineer  for  the  Chalm- 
ers Motor  Co.  of  Detroit,  Mich.  In  this  con- 
nection we  have  but  little  data.  Some  recent 
experiments  made  by  H.  Kerr  Thomas  and  D. 
Ferguson  of  Buffalo,  N.  Y.,  for  the  Fierce- 
Arrow  Motor  Co.,  show  that  the  class  and 
kind  of  surface  exert  more  influence  upon  the 
motor-driven  truck  than  the  percentage  of 
grade  and  that  it  requires  practically  the  same 
tractive  force  on  a  1  per  cent  grade  in  sand 
and  loose  stone  to  handle  the  same  load  as  it 
does  on  a  '27  per  cent  grade  on  concrete,  as- 
phalt, new  brick  and  first-class  macadam.  But 
observations  of  the  speaker  lead  to  the  con- 
clusion that  grades  of  any  length  exceeding 
5  or  6  per  cent  are  not  as  satisfactory  and  as 
economical  as  lighter  grades  for  motor  traffic 
owing  to  the  increased  hazard,  increased  con- 
sumption of  gasoline,  and  loss  of  power  due 
to  the  resistance  to  gravity.  The  speaker's 
observation  further  concludes  that  in  frozen 
or  icy  weather  motor  traffic  is  extremely  haz- 
ardous on  grades  exceeding  10  per  cent,  and 
entirely  unsafe  on  grades  exceeding  16  per 
cent. 

TRACTIVE  POWER  OF  A  HORSE. 

By  reference  to  Gillespie,  whose  work  con- 
tains about  all  we  have  upon  tractive  power 
of  a  horse,  which  embraces  the  experiments 
of  Sir  John  McNeil,  Sir  Henry  Parnell,  and 
Gayffier,  some  of  whose  works  are  quoted  by 
nearly  every  writer,  we  find  that  a  horse 
traveling  at  the  rate  of  2%  miles  per  hour 
can  exert  10  per  cent  of  his  weight,  and  trav- 
eling at  the  rate  of  4  miles  per  hour,  can  exert 
fi  per  cent  of  his  weight.  These  observations 
prior  to  1850  and  just  before  the  advent  of 
the  steam  road  into  our  field  of  engineerin:-;. 
embrace  about  all  the  experiments  we  havi- 
excepting  the  work  of  E.  B.  McCormick  of 
Kansas  State  Agricultural  College  and  the 
works  of  J.  H.  Waters  of  the  University  of 
Missouri,  and  other  work  by  McCormick  is 
now  being  done  for  the  Office  of  Public 
Roads,  at  Washington. 

The  writer's  personal  observations  have 
shown  that  a  horse  for  a  limited  period  can 
exert  one-fourth  and  sometimes  even  greater- 
percentage  of  his  weight,  this  depending  in  a 
measure  upon  the  kind  of  shoes  on  the  hor-r 
and  the  foothold  on  the  grade.  A  horse  on  a 
road  material  that  offers  safe  footing  can  be 
safely  trotted  down  a  5  per  cent  grade,  but 
cannot  be  trotted  down  this  heavv  a  grade 
for  any  great  length  of  time  without  injury 
by  "jamming  or  stoving  him  up."  Therefore, 
the  ruling  grade  should  not  exceed  5  per  cent, 
if  for  a  horse-drawn  vehicle,  over  which  speed 
must  be  made  on  the  descending  grade  because 
the  average  horse  in  walking  down  a  grade 
will  not  make  over  4  miles  per  hour,  while  he 
will  trot  12  miles  per  hour;  thus,  from  this 
standpoint,  we  can  double  the  distance  of  the 
road  and  increase  the  time  33%  per  cent.  The 
speed  of  12  miles  per  hour  should  not  be  un- 
dertaken down  a  grade  of  more  than  3  per 
cent  with  a  vehicle  bearing  any  kind  of  a  load. 
In  ascending  a  5  per  cent  grade  the  capacity 


of  the  team  is  about  four-tenths  of  its  capacity 
on  level  ground  and  about  one-fourth  of  its 
capacity  on  10  per  cent  grade,  on  a  loading 
for  the  same  tractive  exertion,  but  a  point 
here  that  should  not  be  forgotten  is  that  for 
a  short  duration  a  horse  can  exert  from  25  to 
40  per  cent  of  his  weight,  thus  doubling  and 


casting  work  on  heavy  hillside  grade.  Thus 
the  contract  price  to  the  county  was  $13,000 
for  the  20,000  cu.  yds.  The  cost  of  the  labor 
and  explosives,  upkeep  of  the  machine  was 
$3,800.  The  cost  of  the  machine,  including 
drill  and  compressor,  was  $5,500,  or  a  total 
of  $9,300,  including  the  cost  of  the  machine. 


TABLE  I.— 1 

:;OST  OF  MOVING  EARTH 

VARIOUS  DISTANCES,  ' 

USING  DIFFERENT  METHODS. 

. ComDarative 

cost  per 

cubic  yard  for  moving  earth  with , 

Distances 

No.  1 

No.  2 

One 

'    Tractor 

hauled. 

Wheel-       Drag 

wheel 

wheel 

horse 

and 

Casting 

ft. 

barrow,    scraper. 

scraper. 

scraper. 

cart. 

Wagon. 

trucks. 

Grader.       over  bank. 

100 

$0,057         $0,090 

$0,100 

$0,100 

$0,050 

$0,095 

$0,080 

$0,022              

200 

0.114           0.135 

0.130 

0.125 

0.06S 

0.103 

0.080 

300 

0.170           O.ISO 

0.160 

0.150 

0.080 

0.111 

O.OSO 

400 

0.230           0.225 

0.190 

0.175 

0.090 

0.119 

0.080 

500 

0.285           0.270 

0.220 

0.200 

0.101 

0.127 

O.OSO 

600 

0.342           0.315 

0.250 

0.225 

0.112 

0.135 

0.080 

SOO 

0.457           0.405 

0.31O 

0.275 

0.135 

0.151 

0.080 

1,000 

■     0.570           0.495 

0.370 

0.325 

0.160 

0.167 

0.090 

1.500 

0.875           0,720 

0.520 

0.450 

0.214 

0.207 

0.090 

2,000 

1.143           0.945 

0.670 

0,575 

0.271 

0.247 

0.100 

3,000 

1.713           1.395 

0.970 

0.S25 

0.38S 

0.327 

0.100 

4,000 

2.280           1.845 

1.270 

1.075 

0.500 

0.407 

O.IOO 

Loading  by 

hand — 

0.050          0.010 

n.oio 

0.010 

0.130 

0.130 

$0,100 

Loading  by 

steam  shovel — 

0.060 

0.060 

0.060 

Picking, 

5  cts.;   plowing,  : 

2  cts. ;  steam  plowir 

ig.  1.5  c 

ts.  per  cu 

bic  yard. 

Hauling  by  wagon,  ap- 

proximately 

35  cts.  per  cubic 

yard.     Hauling  by  trucks  a 

ind  tram, 

14  cts.  per  cubic  yard,  per  mile. 

quadrupling  its  normal  tractive  force  and  in 
this  connection  it  is  often  economy,  consid- 
ering the  financial  condition  of  the  community, 
to  put  in  a  short  piece  of  6  and  even  7  per 
cent  grade,  than  to  expend  a  large  amount  of 
money  in  making  an  exhaustive  and  expensive 
cut,  especially  so  if  the  cut  must  be  made  at 
the  expense  of  development  in  some  other 
part  of  the  community. 

One  thing  that  should  be  borne  in  mind 
is  that  each  year's  development  of  our  coun- 
try makes  the  chances  for  changing  of  grades 
and  their  elimination  less  possible,  and  that, 
while  the  improvement  of  the  surface  of  a 
road  iiicreases  its  tractive  efficiency  about  200 
per  cent  on  level  ground,  it  only  increases 
about  one-fourth  for  a  horse-drawn  vehicle 
on  a  10  per  cent  grade;  thus  money  expended 
in  decreasing  the  grade  within  a  reasonable 
amount  of  distance  is  the  best  possible  invest- 
ment. With  these  conclusions  drawn  and  a 
decision  as  to  the  kind  of  surface  that  will 
possibly  be  placed  upon  the  road  at  some  fu- 
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Fig.    1.      Method   of    Determining    Average 
Haul  From  One  Quarry. 

ture   time,    we   are    in    position    to    determine 
what  should  be  the  maximum  grade. 

THE    MINIMUM    GRADE. 

The  principal  factor  entering  into  the  de- 
termination of  a  minimum  grade  is  the  ques- 
tion of  sufficient  drainage.  Except  on  fills 
over  2  ft.  the  minimum  grade  should  not  be 
less  than  three-tenths  of  1  per  cent  and  pref- 
erably not  less  than  five-tenths  of  1  per  cent. 

METHODS    AND   COSTS   OF   GRADING    AND   EXCWAT- 
ING. 

This  is  a  machine  age  and  wherever  grad- 
ing can  be  done  by  macliinery  it  is  usually 
more  economical.  Table  I  based  upon  figures 
taken  from  different  pieces  of  work  is  approx- 
imately correct  to  a  wage  scale  of  15  cents  per 
hour  and  capable  supervision.  It  will  be  seen 
that  22  cts.  per  vard,  or  at  the  same  cost  for 
any  given  ratio,  the  ratio  cost  distances  are  for 
wheelbarrow,  200  ft.;  drag  scraper,  400  ft.; 
wheel  scrapers,  500  and  COO  ft. ;  one  horse  cart, 
1,500  ft.;  wagon,  1,800  ft.,  while  tractorand 
truck  on  track  do  not  reach  the  amount  within 
one  mile.  The  cost  of  grading  depends  material- 
ly upon  the  class  of  material,  the  location  and 
the  management  of  the  operation.  In  Mc- 
Dowell County,  West  "Virginia,  a  contractor 
failed  on  a  contract  at  (55  cts.  per  cubic  yard, 
for  a  material  running  about  60  per  cent  soft 
sandstone  rock,  and  40  per  cent  earth.  The 
county  purchased  a  steam  shovel  and  moved 
the  m'aterial  at  a  cost  of  19  cts.,  including  ex- 
plosives,   drilling     and     shooting.      This    was 


leaving  the  county  a  profit  of  $3,700  in  cash 
and  the  equipment. 

In  Marion  County,  West  "Virginia,  a  con- 
tractor recently  contracted  for  a  piece  of 
work  unclassified  at  46  cts.  and  the  work  cost 
52  cts.  This  was  done  by  steam  shovel,  be- 
ing about  70  per  cent  rock  and  30  per  cent 
earth. 

In  Mercer  County,  West  Virginia,  Walton 
&  Co.  have  contracted  for  grading  of  9  miles 
of  road  at  48  cts.  per  cubic  yard  unclassified, 
which  work  is  running  about  7,360  cu.  yds. 
per  mile. 

In  Pleasants  County,  West  Virginia,  ma- 
terial running  about  80  per  cent  rock,  and  20 
per  cent  earth  costs  83  cts.  per  cubic  yard  to 
grade  by  day  labor  at  20  cts.  per  hour;  teams 
at  $3.50  per  day.  On  the  same  piece  of  work 
with  prison  labor  on  the  honor  system,  which 
costs  75  cents  per  day  and  teams  $3.50  per 
day,  the  grading  cost  30  cts.  per  cubic  yard, 
in  Kanawha  County,  West  Virginia,  the 
Atlantic  Bitulithic  Co.  has  a  contract  for  3 
miles  of  road  grading  and  surfacing.  The 
grading  is  contracted  at  $1.25  for  stone  and 
34  cts.  for  earth  classifications  running  about 
70  per  cent  and  30  per  cent  earth,  or  an  aver- 
age of  97.7  cts.  per  yard.  The  state  has  a 
prison  camp  working  on  the  honor  system 
under  a  comptent  engineer,  and  is  moving  the 
same  class  of  material  at  24  cts.  per  cubic 
yard. 

On  ground  free  from  roots  and  stone,  where 
a  road  machine  can  be  used,  the  material  can 
be  moved  at  a  cost  of  less  than  5  cents  per 
yard,  and  on  hillside  grading  where  the  work 
is  casting  a  small  steam  shovel  is  an  econom- 
ical machine  to  use.  With  this  should  go  a 
drilling  outfit  and  attachments  so  it  can  be 
operated  with  the  same  power.  Barbour 
County,  West  Virginia,  this  season  purchased 
a  tractor  and  heavy  grader  for  each  district, 
equipped  them  with  drilling  outfit  and  with 
less  money  than  they  expended  in  1913  with- 
out showing  visible  improvement  upon  their 
roads,  have  graded  nearly  all  of  the  roads  of 
the  county  in  good  shape. 


Method   of  Computing  Average   Haul 

of  Road  Material  Used  by  the  New 

York    Highway    Commission. 

The  method  of  computing  average  haul  of 
road  material  used  in  the  construction  of 
New  "Vork  state  roads  is  given  in  a  pamphlet 
of  instructions  issued  by  the  commission  as 
follows : 

The  average  haul  must  be  computed  by  the 
method  of  weighted  values.  Thus,  if  all  stone 
is  estimated  to  be  hauled  from  one  quarry  or 
from  one  railroad  siding,  multiply  the  average 
haul  from  the  source  of  supply  in  stations,  for 
each  end  of  the  road,  by  the  length,  in  stations, 
of  that  portion  of  the  road  covered  by  this 
average  haul ;  add  together  the  two  products 
thus  obtained   and   divide  bv  the  total   !cn.gth, 
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in  stations,  of  the  road  to  be  built  from  this 
source  of  supply.  The  result  will  be  the 
average  haul  for  the  entire  road,  in  stations. 
Figure  1  illustrates  a  typical  example. 

If  the  stone  for  the  road  is  to  be  hauled 
from  more  than  one  quarry  or  siding,  the 
average  haul  should  be  computed  in  the  same 
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Fig.   2.      Method   of   Determining   Average 
Haul  From  Several  Quarries. 

general  manner  as  when  a  single  source  of 
supply  is  used.  The  portions  of  the  road  esti- 
mated to  be  built  from  each  source  of  supply 
must  be  carefully  considered.  On  a  compara- 
tively level  road,  this  length  would  depend 
entirely  on  the  relative  locations  of  the  sources 
of  supply.  On  a  road  with  heavy  grades  the 
portion  to  be  served  from  each  source  of  sup- 
ply will  depend  largely  on  the  grades,  avoiding, 
if  possible,  a  heavy  uphill  haul.  Having  gotten 
the  average  haul  from  each  source  of  supply 
for  the  portion  to  be  built  from  it,  in  the  same 
manner  as  when  a  single  source  of  supply  is 
used,  proceed  as  follows : 

Multiply  the  average  haul  from  each  source 
of  supply  by  the  length,  in  stations,  of  the 
portion  of  the  road  to  be  built  from  this  source 
of  supply.  Add  together  the  products  thus 
obtained  and  divide  by  the  total  length  of  the 
road  in  stations.  The  result  will  be  the  average 
haul  in  stations.  Figure  2  illustrates  a  typical 
example. 

The  price  of  transferring  broken  stone  from 
cars  or  boats  to  wagons  should  be  estimated 
at  from  15  cts.  to  20  cts.  per  cubic  yard.  If 
the  stone  is  quarried  on  the  road,  and  loaded 
from  bins  directly  into  the  wagons,  no  price 
should  be  estimated  for  transfer  to  wagons. 

The  cost  per  cubic  yard  mile  haul  should 
run  from  ?i(>  cts.  to  35  cts.  when  estimating 
team  haul,  on  the  basis  of  a  day's  team  travel 
of  20  miles,  and  loads  of  IVz  cu.  yds. 


The  following  manipulation  costs  should  be 
used  in  estimatmg  the  cost  of  different  types 
of  macadam  pavement : 

Screen- 
Stone,      Ings, 
per  per      Binder. 

Class.  cu.  yd.     cu.  yd.        per 

Macadam —  loose.       loose.         gal. 

Bottom    30  .25  

Top;    waterbound 30  .30  

Top;  penetration  meth- 
od  25  .20  .015 

The  following  manipulation  costs  should  be 
used  in  computing  the  cost  of  various  other 
types  of  pavement : 

Item.  Per  cu.  yd. 

Concrete  foundation  for  pavement....       $0.05 

Concrete  pavement  1.00 

Brick  pavement    .17 

Stone  t)lock  pavement .17 

Wood  block  pavement .17 

A  Pocket  Index  of  Engineering 
Articles. 

To  the  Editors :  A  useful  loose-leaf  pocket 
index  of  engineering  articles  has  been  devised 
and  used  by  the  writer  with  gratifying  results. 
It  has  often  saved  much  valuable  time  in  sup- 
plying a  wealth  of  information  readily  on  any 
given  subject.  The  index  is  a  4%x7%  in. 
loose-leaf  book  with  the  various  subjects  hand 
printed  on  cloth — index  tabs  pasted  to  the 
margin  of  each  sheet,  and  arranged  alphabet- 
ically. My  list  of  sixty-five  subjects  was  for 
convenience  selected  from  the  general  index 
of  the  Proceedings  of  the  American  Society  of 
Civil  Engineers ;  but  I  have  .confined  my  index 
to  only  those  articles  appearing  in  Engineer- 
ing &  CoNTR.'iCTiNG  to  avoid  duplication  of 
subject  matter  for  there  seem  to  be  few  im- 
portant engineering  projects  written  up  in  any 
journal  that  are  not  also  covered  authoritative- 
ly and  efficiently  in  this  magazine.  The  accom- 
panying sheet  (Fig.  1)  is  a  sample  page  taken 
at  random  from  my  index  to  show  the  method 
of  making  the  weekly  entries.  The  symbols  in- 
dicate which  articles  contain  illustrations  (*)  ; 
plans  (□)  ;  tables  (t)  :  diagrams  or  charts 
(A),  and  specifications  (s).  Entries  are  made 
only  on  one  side  of  each  leaf  so  that  blue- 
prints may  be  made  of  any  page,  for  which 
purpose  I  use  black  carbon  ink  in  my  fountain 
pen.  The  sample  page  herewith  shows  only 
one  of  three  index  pages  of  articles  appearing 
on  the  subject  of  "Concrete  Roads,"  of  which 
the  writer  has  successfully  supervised  the 
building  of  28  miles  during  the  past  two  years 


and    he   attributes   his    success    largely   to   the 
valuable   fund  of   information  on  this  subject 
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Concrete    Pavtmcnts    and  Correct  fVletbods 
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V   Reinforced  Concrete  Paying  at  Port  Huron,Mich. 
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Methods  and  Time  Cost  of  Re.oforceaCoocrete 
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Szryicc.   Records  of  Concrete  Pai'zmeit  with 
t  Critical  Swggestidns  for  Obtaining  Improved 

Service  E?<,C  10-22  I3  V.40,P450 
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Methods  2^  Costs  of  Constructing  aConcrctc  Road 
+  D      Near  Mason  City,  Iowa.  E&c  11-2613  V40.P60S 

Staff  Article 
Organization  for  and  Methods  and   Costs  of  Con- 
10*       strcicting  Concrete  Roads  m  Milwaukee  Co„Wia. 

AJ  Kaclling.Co.Hwy  Enjr     E.!nC.5  13-14.  V4I.  R55I, 
"The  Use  of  Hydrated  Lime  in  Concrete  Roads. 

Robert  SEdwards.  E.^C.  6  10  14  VA\    ?.l>?9. 

Eqwipmeot  Llscd  in  Constructing  12  Miles  of  Con- 
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Metal    Lap    Sheathing    for    Concrete 

Forms  for  Building  Construction. 

The  accompanying  illustration  shows  details 
of  "Blaw  Lap  Sheathing."  and  indicates  the 
use  of  this  metal  sheathin.g  in  the  construction 
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Details   of   Metal    Lap   Sheathing. 


of  flat-slab  and  beam-and-girder  floors  for 
buildings.  As  noted  in  the  illustration  the 
sheathing  unit  is  in  the  form  of  an  angle  hav- 


ing legs  of  GVi  and  1%  ins.  and  a  length  of  3 
ft.  Special  lengths  may  be  obtained,  but  at 
higher  prices  than  the  standard.  In  a  typical 
framing  plan  for  flat-slab  floors  the  wood 
joists  are  spaced  .3  ft.  %  in.  on  centers.  The 
bearing  strips,  which  are  bolted  to  the  joists, 
are  notched  as  shown  in  the  illustration  to 
receive  the  short  leg  of  the  sheathing,  these 
notches  being  5%  ins.  apart.  The  removal  of 
the  bearing  strips  permits  the  removal  ofthe 
sheathing  without  disturbing  the  joists.  Where 
beam-and-girder  floors  are  to  be  constructed, 
wood  forms  are  used  for  the  beams  and-  gird- 
ers and  metal  lap  sheathing  for  the  slabs. 
The  metal  lap  sheathing  described  above  is 
manufactured  and  furnished  by  the  Blaw  Steel 
Construction   Co.,  of   Pittsburgh,   Pa. 


piece    prevents    their    swinging    in    the    other 
direction.     To  release  the  car.  the  lever,  which 


A  Safety  Block  for  Incline  Hoists. 

The  safety  block  illustrated  was  designed 
primarily  for  mine  w-ork  but  is  applicable 
wherever  cable  incline  hoists  are  employed.  It 
is  a  design  suggested  by  the  State  Mine  In- 
spector of  New-  York.  It  consists  of  two  al- 
most upright  timbers  a,  fastened  to  the  square 
shaft  d  by  the  straps  c.  The  shaft  is  turned 
in  two  places  to  fit  the  boxes.  The  bottoms 
of  the  timbers  a  are  bolted  to  a  transverse 
piece  b.  The  hoisted  car  hits  the  timbers  a, 
which  revolve  with  the  shaft,  permitting  the 
car  to  pass.  The  weight  of  b  then  brings 
them   to   the   upright   position   and   the   cross- 


Fig.     1.     Safety     Block     for     Cable     Incline 
Hoists. 

is  attached  to  a  square  portion  of  the  shaft, 
is  used  to  force  the  timbers  down  below  the 
level  of  the  axles. 
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A  New  "Single  Line"  Shovel. 

The  novel  feature  of  the  shovel  illustrated 
is  the  use  of  a  single  sheave  of  large  diameter 
at  the  point  of  the  boom,  the  engines  being 
compound  geared.  Their  arrangement  dis- 
penses with  the  padlock  sheave  entirely  and 
permits  of  an  increased  reach  and  a  liigher  lift 
to  the  dipper. 


izontally.  The  combination  of  the  horizontal 
trackway  and  the  boom  channels  results  in 
a  structure  braced  and  reinforced  to  with- 
stand the  severe  strains  which  the  boom  is 
called  upon  to  endure. 

The  trolley  motion  is  controlled  by  a  lever. 
This  lever  is  further  connected  to  a  trip  rod 
which    is    operated    automatically    when    the 


A   New  "Single  Line"  LigPit  Steam  Shovel. 


This  machine  is  claimed  to  be  a  true  one- 
man  shovel.  The  few  levers  necessary  for 
control  are  banked  near  the  left-hand  forward 
corner  of  the  cab.  The  operator  has  a  clear 
platform,  an  unobstructed  view  and  a  wide 
passageway  to  the  boiler.  The  crowding  en- 
gines on  the  boom  are  so  geared  in  relation  to 
the  speed  of  the  hosting  engines  that  a  level 
grade  may  be  cut.  The  boom  may  be  readily 
lowered  to  any  angle  permitting  easv  passage 
under  obstructions  and  a  steel  gudgeon  in- 
verted from  above  permits  of  rapid  assembly 
and  dismantlement.  No  iron  castings  are  used 
on  the  shovel  except  in  the  engine  cylinders. 
All  parts  on  the  shovel  are  standardized  and 
are  machined  on  the  interchangeable  principle 

The  dipper  has  a  %  cuv  yd.  capacity  and  tlie 
shipping  weight  of  the  shovel  complete  is  about 
33,000  lbs.  The  boom  is  16  ft.  long  and  will 
dump  12%.  ft.  above  tne  wheel  level.  The 
radius  of  cut  at  the  wheel  level  is  15  ft.  The 
spread  of  the  traction  wheel  is  8%  ft. 

The  shovel  is  manufactured  by  the  American 
Steel  Dredge  Co.,  Fort  Wayne,  Ind. 


trolley    reaches    the    limit    of    its    motion    in 
either  direction. 

The  entire  motive  power  for  traction,  hoist- 
ing, and  swinging  consists  of  one  20-hp.  West- 


An  Electrically  Driven  Shovel  Used  on 
Street  Railway  Construction. 

In   building  its  T.Oth   Street   line,  the   Cleve- 
land Railways   Company  had  to  do  a  consid 
erable  amount  of  excavation  for  which  it  em- 
ployed the  electrically  driven  Thew  automatic 
shovel  illustrated  herewith. 

This  shovel  is  of  the  horizontal  crowding 
motion  type  and  has  several  other  features  of 
interest.  It  weighs  13  tons,  has  a  dipper  with 
a  capacity  of  %  cu.  yd.  and  a  clearance  height 
over  the  house  of  12  ft.  2  ins.  It  is  mounted 
on  regular  car  wheels  on  which  it  travels  on 
the  car  tracks  and  in  addition  is  equipped  with 
a  set  of  auxiliary  traction  wheels,  33  ins.  in 
diameter,  and  1.5  ins.  tread,  which  permits  it 
1o  run  under  its  own  power  over  the  ground, 
jiavcment.  or  wherever  it  is  desired  to  take  it. 

The  horizontal  dipper  crowding  motion 
utilized  is  said  to  be  particularly  adapted  t" 
the  application  of  electric  drive  because  of 
the  case  of  control  and  power  demands.  In 
excavating  material  with  a  shovel,  it  is  necr>- 
sary  first  to  crowd  the  dipper  forward  into 
the  material,  then  to  hoist  it  upward  througli 
the  material.  In  this  case,  the  first  motion  is 
made  horizontally,  being  obtained  as  follows: 

The  dipper  is  suspcndccl  by  an  adjustable 
arm,  hinged  to  a  carriage  or  trolley  moving 
horizontally  along  a  suitable  trackway.  This 
enables  the  shifting  of  the  point  of  rotation 
for  dipper,  so  that  the  hoisting  force  is  at 
all  times  exerted  in  the  most  effective  man- 
ner, while  the  crowding  force  is  applied  hor- 


An    Electrically    Driven    Shovel    Used   on 
Street    Railway   Construction. 

inghouse  compound-wound  550-voIt  direct-cur- 
rent motor  with  a  starting  and  reversing  con- 
trol equipment.  The  motor  operates  at  ap- 
proximately constant  speed,  the  various  mo- 
lions  being  controlled  through  suitable  friction 
and  gears. 

The  current  is  usually  admitted  to  the  shove! 
through  a  flexible  insulated  cable  connected 
to  a  switch  on  the  truck  frame  and  trans- 
mitted through  copper  rings  to  brushes  sus- 
pended from  the  sw'inging  turntable.  The  use 
of  one  motor  appears  to  be  a  particularly  de- 
sirable feature,  for  reducing  the  initial  cost, 
and  affording  greater  flexibility  of  action  in 
the  frequent  reversals  of  the  various  operat- 
ing motions;  it  also  means  the  operation  of 
three  levers  instead  of  three  sejiarate  con- 
trollers, and  a  gain  in  time  over  starting  and 
stopping  three  separate  motors.  It  is  distinct- 
ly a  one-man  machine. 

The  boom  is  of  the  Jack  Knife  type  with 
an  adjustable  section  that  can  easily  be  low- 
ered, allowing  the  shovel  to  pass  under  the 
trolley  wire,  without  interfering  in  any  way 
with  the  efficiency  of  its  operation.  The  shovel 
swings  through  a  complete  circle  delivering 
the  excavated  material  at  any  desired  point. 


A  bufifer  is  furnished  wdiich  takes  up  the 
shock  that  occurs  when  the  shovel  strikes  a 
hard  piece  of  excavation.  This  allows  the 
shovel  to  be  released  and  relieves  the  whole 
inachine  from  the  strain  to  which  it  would 
otherwise  be  subjected.  The  cab  is  cut  away 
so  as  to  allow  plenty  of  room  for  passing 
cars,  a  feature  of  particular  importance  when 
used  on  street  raiUvay  work. 

The  illustration  shown  herewith  affords  an 
e.xcellent  idea  of  the  class  of  work  being  done 
by  the  Cleveland  Railways  Company  and  the 
manner  in  which  the  shovel  is  operated,  while 
the  following'  data  obtained  through  the 
courtesy  of  Mr.  J.  J.  Stanley,  president,  and 
C.  H.  Clark,  engineei  maintenance  of  way, 
show  the  cost  of  the  entire  operation. 
Ijoadins — 

Shovel  man  at  40  cts $  4.00 

Four  laborers  at  21  cts 8.40 

Current,  oil,  repairs,  etc.- 1.50 

Loading  cost  per  day $13.90 

Hauling — 

Four  men  at  26  cts $10.40 

Four  men  at  19  cts 7.60 

Two  men  at  30  cts 6.00 

Hauling  cost   per  day $24.00 

Dumping — 

1  foreman  at  30  cts $  3.00 

6  laborers  at  20  cts 12.00 

Dumping  cost  per  day $15.00 

Cu.   yds.  loaded  in  10  hours  May  S 540 

Cts. 

Cost  of  loading  per  cu.  yd 2.6 

Cost  of  hauling  per  cu.  yd 4.4 

Cost  of  dumping  per  cu.  yd 2.8 

Cost  of  loading,  hauling  and  dumping 9.8 

Lineal  feet  excavated  on  this  work 2,700 

Number  of  10-hour  shifts  operated 12 

Lineal  feet  excavated  per  10-hour  shift 225 

Cu.  vds.  loaded  (place  measure,  per  10-hour 

shift)    450 

Average   loading   cost.   450   yds.   at  $13.90 — 

3  cts.  per  cu.  yd. 
Average  hauling   cost,   -iSO   yds.   at  $24.00 — 

,")',4  cts.  per  cu.  yd. 
.Average  dumping  cost.  4.'"ifl  yds.  at  $25.00 — 

31,3   cts.  per  cu.  yd. 
Average     loading,     hauling     and     dumping 

cost— 11%  cts. 
Length  of  haul — approximately  6  miles. 

Average  HP.  used  in  moving  shovel 15.0 

Maximum  HP.  used  in  moving  shovel 20.2 

.\verage  HP.  used  in  operating  shovel 11.7 

Mnximum  HP.  used  in  operating  shovel. . .  .     43.6 

The  shovel  is  built  by  the  Thew  Automatic 
.Shovel  Co.,  of  Loraine,  Ohio,  and  the  elec- 
trical equipment  by  the  Westinghouse  Electric 
&  Mfg.  Company  of  East  Pittsburgh,   Pa. 

A  Small  Portable  Air  Compressor. 

The  small  gasoline  engine  driven  portable 
air  compressor  illustrated  has  been  developed 
by  the  Ingersoll-Rand  Co..  particularly  to  meet 
the  needs  of  the  contractor  doing  work  of  a 
temporary  character  requiring  compressed  air 
in  small  quantities,  such  as  the  laying  of  gas 
and   water   mains,   where  air  tools   of  various 


A  Portable  Gasoline  Driven  Air  Compressor. 

types  are  used  for  cutting  asphalt,  tearing  up 
roadways,  rock  cutting,  calking  lead  joints, 
<lrillina  and  riveting  on  steel  pipes,  tamping  dirt, 
etc.    The  compressor  is  operated  by  a  simple  sin- 
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gle  cylinder  gasoline  engine  which  is  coupled 
directly  to  the  compressor,  both  pistons  working 
on  the  same  crank  shaft.  The  engine  is  of  the 
single  acting  two  cycle  type,  closely  following 
the  well  known  marine  designs.  The  air  com- 
pressor, which  is  one  of  the  company's  stand- 
ard types,  known  as  "Imperial  XII,"  has  a  ca- 
pacity of  45  cu.  ft.  per  minute  at  a  pressure  of 
90  lbs. ;  it  is  fitted  with  an  air  unloader  and 
the  engine  with  a  centrifugal  governor.  Cool- 
ing is  provided  for  by  a  gear  driven  pumo  and 
an  automobile  type  radiator  with  large  tank 
capacity,  serving  both  the  compressor  and  en- 
gine.    The  radiator  is  assisted  by  a  large  fan. 

The  frame,  axles  and  wheels  are  of  steel, 
the  front  axle  is  arranged  with  a  swivel  con- 
nection to  the  frame,  permitting  horizontal 
rotation  for  turning  corners  and  sulhcient  ver- 
tical movement  to  accommodate  the  wheels  to 
inequalities  of  the  road  without  strain  on  the 
frame. 

An  air  receiver  tested  to  300  pounds  water 
pressure  and  fitted  with  safety  valve,  pressure 
gage,  necessary  piping,  outlets,  etc.,  is  hung  at 
one  end  of  the  frame  and  a  gasoline  tank  of 
1.5  gals,  capacity  is  supported  on  a  large  tool 
box  as  shown  in  the  illustration. 

The  outfit  complete  weighs  1,600  lbs.;  it  is 
designed  for  hand  transportation,  but  can  be 
fitted  with  tongue  and  singletree  if  desired. 
The  makers  rate  this  outfit  in  term  of  pneu- 
matic tools  of  its  make  as  follows ;  Three  me- 
dium size  "Little  David"  chippers:  two 
"Crown"  pneumatic  picks :  two  "Little  David" 
riveting  hammers;  one  "Little  David"  wood 
boring  drill  or  one  metal  drill;  two  "Crown" 
sand  rammers;  two  small  plug  drills  or  one 
iackhamer;  one  medium  size  "Imperial" 
hoist;  ten  small  stone  tools  or  six  larger  sizes. 


Drill  Wagons  in  Quarry  Work. 

Contributed  by  Frank  Richards. 

M  the  quarry  of  the  Dewey  Portland  Cem- 
ent Co.,  Dewey,  Okla.,  the  one  thing  to  be 
accomplished  is  the  getting  out  of  the  material 
in  condition  suitable  for  the  crushers  and  at 
as  low  a  cost  as  possible  for  the  operation. 
The  surface  of  the  rock  is  practically  level  and 
the  general  scheme  is  to  drill  holes  to  a  uni- 
form depth  and  about  10  ft.  apart,  loading 
them  with  3  in.  40  per  cent  gelative  and  firing 
a  large  area  at  once,  the  object  being  to  raise 
the  rock  and  break  it  up,  and  not  to  throw  it 
out  into  the  quarry,  the  subsequent  handling  of 
the  rock  being  done  by  a  steam  shovel. 


Fig.    1.      Drill    Wagon   for  Quarry    Work. 

During  the  present  year  the  drilling  has  all 
.been  done  by  one  drill  wagon  equipment.  This 
comprised  a  standard  Ingersoll-Rand  H-64,  20 
ft.  feed,  turntable  drill  equipped  with  a  35  hp. 
boiler.  Ordinarily  the  machine  is  operated  by 
one  drill  runner  and  one  helper,  and  when 
necessary  to  move  the  track  additional  help  is 


called  up  from  the  steam  shovel  and  switching 
gang  in  the  quarry.  It  is  considered,  however, 
that  there  should  be  three  men  constantly  at- 
tached to  the  drill  to  run  it  most  efficiently, 
as  even  though  the  boiler  is  gas  fired,  it  re- 
quires considerable  attention  to  keep  the  steam 
right,  and  the  one  helper  can  hardly  find  time 
to  keep  things  going  all  right  at  each  end  of 
the  wagon. 


veyor.      The   conveyor    discharges    into    dump 
wagons  at  either  side  of  the  machine. 

The  machine  is  8  ft.  wide  and  38  ft.  long.  It 
weighs  about  12  tons.  About  150  ft.  of  V/s- 
in.  steel  cable  is  used  so  there  can  be  several 
loads  handled  without  moving  the  engine.  The 
machine  is  drawn  from  place  to  place  behind 
the  traction  engine.  It  is  ready  to  work  as 
soon  as  the  motor  on  the  machine  is  started, 


View  of  New  L.  C.  Wood  Plowing  and    Scraping  Excavator. 


When  demonstrated  for  acceptance  this  drill 
did  from  140  ft.  to  200  ft.  of  3%  in.  hole  per 
10  hr.  day,  the  holes  being  from  18  to  20  ft. 
deep.  The  drill  was  sold  under  a  150  ft. 
guarantee,  which  was  easily  made  to  the  satis- 
laction  of  the  quarry  owners,  and  no  attempt 
was  made  by  the  demonstrator  to  make  or 
lireak  any  records,  most  of  his  time  being  spent 
in  teaching  the  new  operator  how  to  get  the 
best  results.  Another  reason  for  not  attempt- 
ing any  astonishing  records  in  this  case  was 
in  the  fact  that  there  was  great  objection  to 
the  water  used  in  washing  the  cuttings  out  of 
the  hole,  as  the  rock  mixed  with  this  water 
becomes  more  or  less  muddy  and  does  not 
go  through  the  crusher  as  well,  so  that  it  was 
necessary  to  reduce  the  supply  of  water  to  a 
minimum  and  then  the  drill  throttle  could  not 
be  opened  to  take  full  advantage  of  the  power 
available.  Under  other  conditions  the  drill 
would  not  be  under  this  handicap,  and  could 
make  a  still  better  showing. 

At  each  setting  of  the  wagon  on  the  track 
one  hole  would  be  drilled  on  the  side,  with  the 
rlrill  in  the  position  shown  in  the  photo,  Fig. 
1  and  then  the  turntable  would  be  given  half  a 
turn  for  drilling  a  corresponding  hole  on  the 
other  side  of  the  track;  after  moving  the  ma- 
chine along  10  ft.  on  the  track  two  more  holes 
would  be  drilled  in  the  same  wav.  and  so  on. 


and  begins  loading  as  soon  as  the  engine  is 
unhooked,  the  cables  hooked  together  and  the 
engine  run  out  to  the  end  of  the  cable.  The 
small  motor  on  the  machine  furnishes  power 
to  operate  the  conveyor,  to  control  the  plows, 
to  steer  the  machine  and  to  raise  and  lower 
the  front  end  of  the  machine.  When  the  ma- 
chine is  working  the  front  wheels  are  on  top 
of  the  ground  and  the  rear  ones  travel  be- 
hind the  scraper  where  the  plowing  has  been 
picked  up.  The  machine,  therefore,  always 
works  on  the  level. 

In  operation  one  man  is  required  on  the 
machine  and  two  on  the  engine.  The  engine 
is  of  special  design  for  operating  the  machine. 
Both  are  built  almost  entirely  of  steel  and 
steel  castings.  The  machine  is  constructed  to 
handle  very  hard  material,  such  that  if 
plowed  whh  teams  three  or  four  teams  would 
be  required  on  a  single  plow.  A  full  load  is 
handled  in  20  seconds  and,  in  service,  from 
80  to   100  loads  are  handled  per  hour. 


A  New  Excavating  Machine. 

The  essential  elements  of  the  excavator 
illustrated  herewith,  which  is  manufactured 
by  L.  C.  Wood  &  Co.  of  Alden,  la.,  are  gang 
plows  and  a  scoop.  The  machine  plows  seven 
furrows,  6  to  12  ins.  deep,  and  the  scoop 
handles  56  cu.  ft.  at  each  trip.  The  machine 
is  designed  for  loading  dirt  onto  dump  wagons 
in  railway  grading,  reservoir  dam  construc- 
tion, and  in  ditching  for  irrigation  and  road 
work.  It  is  operated  by  a  35-HP.  double  cyl- 
inder traction  engine,  constructed  with  a 
winding  drum  and  anchors  so  that  the  engine 
remains  stationary  while  the  excavator  is  in 
operation.  The  machine  is  drawn  ahead  about 
7  ft.  for  a  load  then,  without  stopping  the  en- 
gine, the  scraper  is  unlocked,  fills  and  is 
drawn  up  the  track  and  dumped  onto  the  con- 


Small  Concrete  Mixer. 

A  small,  low-priced  concrete  mixer,  recently 
placed  on  the  market,  weighs  2,500  lbs.  com- 
plete. It  takes  a  batch  of  5  cu.  ft.  of  loose 
sand,  stone  and  cement.  It  holds  3  cu.  ft.  of 
wet  concrete  without  splashing  and  mixes  40 
to  60  cu.  yds.  of  concrete  per  day.  It  is  known 
as  the  "Smith  Mixerette,"  and,  it  is  claimed, 
is  economical  and  will  wear  indefinitely, 
costing  little  for  repairs.  When  equipped 
with  geared  loader  two  batches  can  be 
handled  at  once.  Both  men  and  ma- 
chine are  busy  all  the  time.  The  feed 
level  is  low,  the  -skip  is  broad  and  easy  to  fill. 
In  construction  this  loader  is  unique.  It  is 
gear-driven — no  sheaves,  no  hoisting  ropes. 
The  "Mixerette"  is  manufactured  by  the  T.  L. 
Smith  Co.,  1128  32nd  St.,  Milwaukee,  Wis. 
It  sells  for  the  price  of  $315  f.  o.  b..  Milwau- 
kee, with  all  equipment. 

One  of  the  largest  underground  water  sys- 
tems in  the  world  was  recently  completed  at 
Prague,  Bohemia.  The  water  is  supplied  by 
nearly  600  artesian  wells  15  miles  from  the 
citv,  and  is  carried  by  a  gravity  pipe  line. 
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ENGINEERS:     Broadening  Field. 
The    Broadening    Field    of    the    Engineer's 
Services    I 

Editorial  calling  attention  to  the  recent  ad- 
dress of  Interstate  Commerce  Commissioner 
Daniels  in  which  he  insists  upon  the  right  of  tht- 
engineer  to  an  official  place  in  the  direction  ol 
public  works  and  services.  E.  &  C,  Jan.  C, 
1915;  1  col. 

ROADS:     Construction   in   1915. 

Road  Construction   in  the   United  States  In 


SEWAGE:    Fine  Screening;  Daytona.  Fla. 

The   Adoption    of   Fine   Screening    at    Day- 
tona,   Fla 


1915 
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Discusses  editorially  progress  made  in  ro.ail 
construction  during  the  past  year  and  shows 
•that  the  prospect  for  the  coming  year  is  en- 
couraging. Comments  on  the  work  to  be  done. 
E.   &  C,  Jan.   6,    1915;    1  col. 

RATES,  RAILWAY:  Effect  of  Increase. 

What    Will    Be   the    Effect   on    Business    of 
the   Five   Per   Cent   Rate    Increase? 1 

Points  out  the  way  in  which  tiie  ruling  will 
benefit  business  in  general  and  tire  prospective 
increase  in  buying  by  the  railroads  and  rene%ved 
confidence  in  railway  investments  which  will 
probably  follow.     E.  &  C,  Jan.  6,  1915;   %   col. 

DRAINAGE:    Over  Irrigated  Lands;  Costs. 

The  Cost  to  the  U.  S.   Reclamation   Service 
of    Draining    Over    Irrigated    Lands 2 

Table  giving  costs  of  drainage  work  done  b,\' 
the  U.  S.  Reclamation  Service  and  editorial 
comment  on  same.     E.  &  C,  Jan.  6,  1915;   1  col. 

COMMISSIONS:        Obtaining    Capable    Men 
for. 

Capable    Men    as    Public   Commissioners...       2 

Editorial  comment  on  the  qualifications  of  men 
for  service  on  public  commissions.  Calls  atten- 
tion to  the  letter  of  resignation  of  one  of  thf 
members  of  the  Massachusetts  Public  Servic:' 
Commission,  and  comments  on  same.  E.  &  C. 
Jan.   6,  1915;   IVz   cols. 


SEWAGE    WORKS    OPERATION: 

tory  Control  of. 


Labora- 


Recommended  Tests  for  Use  in   Laboratory 
Control  of  Sewage  Works  Operation 3 

Outlines  tests  for  operating  control  of  sewa^-' 
treatment  works  and  for  determining  efficienc\ 
and  sufficiency  of  treatment  effected  in  such 
works;  covers  plants  built  to  prevent  nuisanc  ■ 
and  to  protect  water  supplies.  E.  &  C,  Jan  i; 
1915;   41/1  cols. 

SEWAGE  SLUDGE:   Handling  of;  Data  and 
Di.scussion. 

Data    and    Discussion    on    the    Handling    of 
Sewage  Sludge    4 

Discusses  disposal  of  sludge  by  dumping  at  sea 
and  on  land,  by  drying,  and  by  its  use  as  a  fe-  - 
tilizer.  Gives  cost  and  quantitative  data  E  & 
C.  Jan.  6,  1915;  4  cols. 


Gives  additional  information  on  plant  de- 
scribed in  issue  of  Dec.  2,  1914.  Gives  local  con- 
ditions which  led  to  the  adoption  of  this  form 
of  treatment.  Describes  operation  conditions. 
E.  &  C,  Jan.  6,  1915;  lyi.  cols. 


BRIDGES:        Construction       of       Bloomfield 
Bridge,  Pittsburgh.   Pa. 

Construction     Features    of    the    Bloomfield 
Bridge,    Pittsburgh,    Pa 6 

Describes  and  illustrates  the  construction  fea- 
tures of  the  Bloomtield  Bridge,  Pittsburgh,  Pa. 
This  structure  has  a  total  length  of  about  1,960 
ft.  and  contains  girder  and  simple  truss  spans 
and  a  cantilever  system.  The  methods  used 
in  erecting  the  superstructure  are  of  special  in- 
-lerest.  This  article  is  Part  III  of  a  series  of 
articles  which  cover  completely  the  design  and 
construction  features  of  this  bridge.  Part  I  and 
II  were  published  in  our  Sept.  9  and  23,  1914, 
issues.     E.  &  C,  Jan.  6,  1915;  7  cols. 


BRIDGE  FLOORS:  For  Highway  Bridges  in 
Illinois. 

Floors   for   Steel    Highway    Bridges    in    Illi- 
nois           8 

.Some  essential  data  by  Cliffoid  Older,  bridge 
engineer,  Illinois  Highway  Commission,  on  floors 
lor  steel  highway  bridges  in  Illinois.  Illustrates 
standard  types  of  floors  used  by  Illinois  High- 
way Department,  and  gives  classification  of 
types  and  cost  data.  E.  &  C,  Jan.  ti,  1915;  IVi 
cols. 


PIPE,  WOODEN  STAVE:  Use,  Design,  Con- 
struction,  Cost  and   Durability  of. 

The   Design   of  Wooden   Stave   Pipe 


10 

Third  in  a  series  of  five  articles  on  the  use, 
design,  construction,  cost  and  durability  of 
wooden  stave  pipe.  Discusses  experimental  data 
on  flow  of  water  in  this  class  of  pipe,  and  gives 
a  diagram  for  use  in  the  computation  of  pipe 
sizes.  The  design  of  every  part  of  continuous 
and  machine  banded  pipe  is  fully  analized  from 
both  the  practical  and  algebraic  standpoints.  All 
limiting  factors  and  conditions  are  discussed  and 
recorded.  Specifications  for  both  types  of  pipe 
are  given.     E.  &  C,  Jan.  6,  1915;  13Vz  cols. 


WATER    MAINS:     Test    Plug  for. 

An  Inexpensive  Plug  for  Use  In  Testing 
Sections  of  Water  Mains  During  Con- 
struction           14 

Describes  and  Illustrates  simple,  inexpensive, 
home-made  test  plug  for  use  in  testing  tight- 
ness of  newly  caulked  joints  during  water  main 
construction.     E.  &  C,  Jan.  6,  1915;  i/.  col. 


PIPES;    WATER    SERVICE:     Under    Street 
Pavements.   Method   of  Pushing. 

Methods  Employed  at  Champaign-Urbana, 
III,,  in  Pushing  Service  Pipes  Under 
Pavements     14 

A  brief  description  of  the  device  and  methods 
employed  by  the  Champaign  and  Urbana  Water 
Co.  in  this  work.  Calls  attention  to  desirability 
of  laying  water  mains  in  parking  rather  than 
under  pavements.     E.   &  C,  Jan.  6,  1915;   %  col. 
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Road   Location  and  the  Economics  of  Road 
Improvement     15 

States  requirements  of  an  ideal  road  from  the 
standpoint  of  service  and  economy.  Discusses 
the  principles  of  road  location  on  new  projects 
and  the  improvements  of  old  roads.  Gives  an 
example  of  the  correct  solution  of  a  problem  in 
road  economics.     E.  &  C,  Jan.  6,  1915;  5%  cols. 
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Conditions  Determining  Maximum  Grades 
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imum grades;  hauling  with  regard  to  motor 
trucks  and  horses  and  costs  of  grading  on 
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ROADS:     Haul  of  Material,  New  York. 
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Describes  the  method  of  determining  average 
haul  by  weighted  averages.  Methods  and  value 
assigned  in  estimating  haul.  E.  &  C,  Jan.  6, 
1915;  1%   cols. 
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Letter  explaining  a  loose  leaf  pocket  index 
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FOREIGN  TRADE  NOTES 

The  following  foreign  trade  opportunities 
are  listed  by  the  Bureau  of  Foreign  and  Do- 
mestic Commerce.  Where  addresses  are  omit- 
ted in  the  items  they  may  be  obtained  from 
the  office  of  the  Burear;  at  Washington,  D. 
C,  or  from  the  branch  offices  ?t  337  Custom 
House,  New  York;  629  Federal  Bldg.,  Chi- 
cago, 111. !  76  Appraiser's  Stores  Bldg.,  San 
Francisco.  Cal.  ,and  Association  of  Commerce 
Bldg.,  New  Orleans,  La.  In  applying  for  ad- 
dresses reference  should  be  made  to  the  tile 
numbers. 

Building  Material — Manufacturer's  agent 
would  like  to  be  put  in  touch  with  manufac- 
turers of,  or  dealers  in,  all  kinds  of  building 
materials,  with  a  view  to  obtaining  exclusive 
agencies  for  that  territory.    No.  1.5004. 

Locomotive  Fire  Box  Plates. — European  lo- 
comotive manufacturer  desires  to  communi- 
cate with  .American  manufacturers  of  copper 
plates  used  in  making  locomotive  fire  boxes. 
It  is  desired  to  purchase  and  import  direct 
from  manufacturers  in  the  L'nited  States.  Nn. 
15O0.5. 

Cement  and  Automoliile  Tires. — A  Portu- 
guese importing  firm  is  in  the  market  for  large 
quantities  of  yellow  and  white  cement  and 
automobile  tires  for  its  branch  house  in  South 
.'America.  Prices  f.  o.  b.  New  York  or  c.  i.  f. 
South  American  port  are  desired.  Corre- 
spondence may  be  in  English.    No.  1-5007. 

Builders'  Hardware,  Etc. — Canadian  firm 
wishes  to  enter  into  communication  with 
American  manufacturers  and  exporters  of 
builders'  hardware,  hardware  specialties  and 
tools.     No.  15025. 

Machinery. — Commission  firm  in  Southern 
Europe  desires  to.  buy,  for  shipment  to  South 
-America,  machinery,  etc.,  for  a  brewery.  It  is 
desired  to  install  a  plant  of  a  daily  capacity 
of  about  100  gals.,  costing  about  $17,000.  Cor- 
respondence may  be  in  English,  but  catalogues 
should  be  in  Spanish,  if  possible.    No.  14969. 

Iron  and  Steel  Products. — East  Indian  firm 
wishes  to  be  placed  in  communication  with 
.\merican  firms  shipping  iron  and  steel  prod- 
ucts.   No.  14974. 

Dynamos,  Transformers,  Etc. — A  merchant 
in  a  European  capital  desires  to  act  as  agent 
in  this  countr-  for  an  American  manufacturer 
of  electric  supplies,  such  as  accumulators,  elec- 
trical appliances  for  automobiles,  dynamos, 
transformers  and  wire  installation.    No.  14977. 

Machines  and  Machine  Tools. — European 
firm  of  machinery  dealers  is  in  the  market 
for  a  large  variety  of  machines  and  machine 
tools.  Catalogues  and  offers  from  American 
manufacturers  are  requested.     No.  15030. 


INDUSTRIAL  NOTES 

The  three  contractors  for  the  1,800  ft.  sec- 
tion of  the  Mill  Creek  intercepting  sewer,  re- 
cently let  in  St.  Louis,  Mo.,  have  purchased 
Sullivan  air  compressors  and  shields  for  the 
work.  The  contractors  are  Brocklehurst  &  Pot- 
ter of  New  York,  James  T.  McMahon  Construc- 
tion Co.,  St.  Louis,  and  Thomas  Connor  & 
Sons,  St.  Louis.  The  tunnel  is  to  be  driven 
through  medium  soft  lime  rock  vifith  a  section 
of  lOiixin  ft.  Brocklehurst  &  Potter  are  sink- 
ing two  shafts,  one  at  Armstrong  St.  95  ft. 
deep,  11  ft.  of  which  is  in  dirt;  one  at  Ewing 
St.  84  ft.  deep,  23  ft.  of  which  is  in  dirt.  AI: 
12th  St.  a  shaft,  which  is  8%  ft.  deep,  40  ft. 
teing  in  dirt,  is  being  dug  by  the  McMahon 
Co.,  and  the  second  McMahon  shaft  is  at  6th 
and  Rudger  Sts..  38  ft.  deep.  Thomas  Connor 
&  Sons  are  putting  in  two  shafts,  one  98  ft. 
deep  at  Theresa  St.,  of  which  95  ft.  is  in  dirt; 
and  one  at  Tamm  St.  (i3  ft.  deep.  -35  feet  in 
dirt.  Some  quicksand  was  encountered  in  the 
last  shaft  and  sheet  steel  pihng  was  used  down 
to  the  rock.  All  these  shafts  are  concrete 
throughout.  Six  belt-driven  two-stage  com- 
pressors are  in  use,  five  having  a  piston  dis- 
placement of  1,015  cu.  ft.  per  minute  and  one 
having  a  piston  displacement  of  628  cu.  ft.  per 
minute.  These  are  being  operated  by  short 
"heh   drive   from   electric   motors.     It  is  inter- 


esting to  note  that  the  rock  drills,  of  which 
46  are  now  in  use,  are  all  of  the  Sullivan 
"FF-12"  2%  in.  Liteweight  pattern  with  water 
attachment.  This  is  the  size  and  make  of  drill 
used  so  successfully  on  the  Mount  Royal  Tun- 
nel of  the  Canadian  Northern  R.  R.  at  Mon- 
treal, and  with  which  a  record  of  810  ft.  of 
8x12  ft.  heading  in  hard  limestone  was  made 
last  year,  in  31  working  days.  Sullivan  Rota- 
tors or  self-rotating  hammer  drills  are  em- 
ployed by  the  contractors  at  St.  Louis  for 
sinking  their  shafts. 

The  Cement  Gun  Co.  of  New  York  an- 
nounces that  Thomas  A.  Edison  has  installed 
two  cement  guns  for  use  in  the  reconstruction 
of  his  plant  at  West  Orange,  N.  J.,  recently 
destroyed  bv  fire. 

The  A.  Milne  Co.,  steel  and  iron  merchants, 
with  main  offices  at  741  Washington  St.,  New 
York  City,  has  opened  a  branch  warehouse  at 
5.50  Washington  Blvd.,  Chicago,  IK.,  and  will 
carry  there  a  complete  stock  of  tool  steel  and 
hollow  and  solid  drill  steel. 

The  Gallon  Iron  Works,  Gallon,  O.,  manu- 
facturers of  culvert  pipe,  road  makers'  ma- 
chinery, and  contractors'  and  municipal  sup- 
plies, has  presented  each  one  of  its  employes, 
from  the  oresident  down,  with  an  insurance 
policy.  The  policy  guarantees  that  in  the  event 
of  death  from  any  cause  whatsoever,  the  sal- 
aries of  such  employes  will  be  paid  to  their 
families  each  month  for  an  entire  year. 


NEW  CATALOGUES 

Ro-^D  AND  Farm  Machinery. — Paper,  8%xll 
ins.;  4  pp.  The  Utility  Road  and  Farm 
Machinery  Co.,  143  N.  Wabash  Ave.,  Chi- 
cago. 

Consists  of  brief  description  and  photo- 
graphs of  the  Clark  Traction  Grader  and 
Trenching  Machines.  Shows  two  types  of 
graders  which  can  be  readily  transformed 
into  trenching  machines,  and  which  are  built 
to  handle  earth,  clay,  sand,  gravel,  broken 
stone  or  small  boulders. 

Concrete    Mixers. — Paper,   6x9   ins. ;    16    pp. 

Archer     Iron     Works,    2402    W.    34th    PL, 

Chicago. 

Catalogue  No.  25,  devoted  to  the  No.  1 
Archer  Special  Concrete  Mixer,  a  small 
capacity  mixer,  with  end  discharge  and  en- 
gine mounted  on  top  of  steel  mixing  frame. 
Shows  views  of  mixer  equipped  with  hoist, 
batch  hopper  and  gate,  steel  engine,  housing, 
etc.,  and  also  shows  actual  operations.  General 
specifications  and  testimonial  letters  are  in- 
cluded. 

P  &  H  Products. — Paper,  8x10  ins. ;  52  pp.  Paw- 
ling and  Harnischfeger  Co.,  Milwaukee, 
Wis. 

An  interesting  and  artistically  compiled 
souvenir  booklet  entitled  "Thirty  Years  of 
Progress,"  giving  a  history  of  the  inception, 
progress  and  organization  of  the  firm  of  Paw- 
ling &  Harnischfeger  and  a  Ijrief  resume  of  P 
&  H  products.  Cranes  and  hoists  form  the 
chief  of  these,  and  a  number  of  photographs 
of  the  manufacturing  departments,  of  the  ma- 
chines, and  of  the  men  at  the  head  of  the  com- 
pany are  shown. 

Steam'  Shovels. — Paper,  9x16%  ins.:  .36  pp. 
The  Thew  Automatic   Shovel  Co.,  Lorain.   O. 

Catalogue  No.  9  describing  Thew  full  circle 
swing  shovels,  and  the  horizontal  dipper 
crowding  motion  which  is  its  distinguishing 
feature.  Shows  views  of  the  shovels  at  work 
and  describes  and  illustrates  the  various  types. 

Air  Compressors. — Paper,  6x9  ins.;  24  pp. 
Chicago  Pneumatic  Tool  Co.,  Chicago. 

Bulletin  No.  34-K,  devoted  to  Class  N-S  O 
and  N-S  G  fuel  oil  and  gas-driven  compressors 
and  their  application  to  the  unit  system  of  air 
power  plants.     Illustrated. 

Steel  Forms. — Paper,  circulars.  Concrete 
Engineering  Co.,  Omaha,  Neb. 

Meyer  system  steel  form  concrete  floor  con- 
struction and  Ceco  bar  chairs  are  described  in 
these   circulars.      Show   photographs   and   sec- 


tions of  the  steel  forms  and  bar  chairs  which 
are  wire  supports  for  the  reinforcing  bars.  A 
table  of  safe  live  loads  is  given. 

Piston  Rings.— Paper,  41/2x6%  ins.;  68  pp. 
Burd  High  Compression  Ring  Co.,  Rockford, 

Directory  of  piston  ring  sizes,  for  automo- 
biles, motor  cycles,  cycle  cars,  trucks,  tractors 
and  engines.  Introduction  consists  of  a  brief 
summary  of  the  qualities  of  Burd  High  Com- 
pression Rings.     Illustrated. 

Rotary  Pumps.— Paper,  SVzxG  ins.;  16  pp. 
Blackmer  Rotary  Pump,  Power  &  Mfg.  Co., 
Petoskey,  Mich. 

Describes  and  illustrates  the  various  types  of 
Blackmer  rotary  pumps,  particularlv  oil,  sani- 
tary creamery,  and  bilge  pumps.  Points  out 
the  distinctive  Blackmer  features,  such  as  the 
lined  pump  as  applied  to  rotaries  and  the  in- 
terchangeability  of  parts. 

Hoists  and  Derricks.— Paper,  6y2x9%  ins.; 
112  pp.  Minneapolis  Steel  &  Machinery  Co., 
Minneapolis,  Minn. 

Catalogue  B201,  giving  construction  details, 
specifications,  tables  of  sizes,  etc.,  with  half- 
tone illustrations  of  the  various  types  of  Twin 
City  hoists  and  derricks.  Also  briefly  describes 
engines,  buckets,  wire  rope  and  other  appur- 
tenances. 

Road  Binder. — Paper,  SVaxG'/z  ins. ;  20  pp. 
Robeson  Process  Co.,  20  E.  41st  Si.,  New  York 
City. 

Briefly  explains  the  nature  and  action  of 
Glutrin  and  its  advantages  as  a  road  binder. 
Shows  photographs  of  various  macadam,  clay- 
gravel  or  shale  roads  treated  with  this  sub- 
stance. 

Electrical  Equipment. — Paper,  8x10%  ins.; 
3  bulletins.    General  Electric  Co.,  Schenectady. 

Bulletin  No.  45,602,  8  pages,  describes  horn 
and  aluminum  lighting  arresters  for  series 
lighting  circuits.  Illustrations  and  dimension 
diagrams  are  given. 

Bulletin  No.  42,010,  14  pp.,  an  attractive 
booklet  on  small  turbo-generator  sets,  7  KW. 
to  300  KW.    Illustrated. 

Bulletin  No.  42,300,  12  pp.,  steam  engine- 
driven  generator  sets,  2%  KW.  to  75  KW. 
Illustrated.  Both  engine  and  generator  are 
described  in  detail. 

Threshing  Machinery.  —  Paper,  9x11% 
ins. ;  88  pp.  J.  I.  Case  Threshing  Machine  Co., 
Racine,  Wis. 

Complete  illustrated  and  descriptive  cata- 
logue and  price  list  of  Case  threshing  machin- 
ery. Gives  specifications,  photographs  and  de- 
scription of  operation,  etc.  Also  describes 
Case  road  graders,  scarifiers,  drags,  rock  crush- 
ers and  stone  graders. 

Dump  Wagons. — Paper,  9x10%  ins.;  20  pp. 
Studebaker,  South  Bend,  Ind. 

Catalogue  No.  805,  showing  Studebaker  bot- 
tom dump  wagons  and  dump  boxes.  Gives  de- 
tailed illustrated  description  of  the  construc- 
tion of  these  wagons  and  views  and  specifi- 
cations of  the  various  styles. 

Wagons,  Trucks,  Drays,  etc.— Paper,  14 
bulletins.    Studebaker,  South  Bend,  Ind. 

Catalogue  No.  600,  9x10%.  ins..  96  pp.  Stude- 
baker farm  wagons.  Price  lists  and  dimen- 
sional tables.     Illustrated. 

Catalogue  No.  1001,  5x8  ins.,  172  pp.  Stude- 
baker delivery  wagons.  Illustrations,  specifica- 
tions and  price  list. 

Catalogue  No.  1002,  5x8  ins. ;  176  pp.  Stude- 
baker carriages.  Complete  data,  prices  and 
illustrations  of  various  kinds  of  buggies. 

Serial  No.  916,  giving  data  and  illustrations 
of  Studebaker  wagons  for  draying  and  truck- 
ing..   5x8  ins. ;  14  pp. 

Serial  No.  873,  5x8  ins.;  4  pp.;  eight-wheel 
log  wagons.    Illustrated. 

Serial  No.  A874,  5x8  ins. ;  8  pp..  Removable 
sleeve  bar  axle  wagons.    Illustrated. 

Serial  Nos.  851  and  8.52,  circulars,  describmg 
Studebaker  street  sprinklers  and  dump  wagons. 

Serial  Nos.  A890  to  A897,  circulars  calling 
attention  to  various  points  in  favor  of  Stude- 
baker construction. 


A  continued  improvement 
The  Doings      in    general    business    condi- 
tions is  indicated  by  tbe  de- 
of  veloiiments      of      the      past 

,      ...      ,  weelc.     Many  factories  have 

the  Week.  started  up  again  and  oth- 
ers are  preparing  to  re- 
sume operations.  Railroad  shops  in  various 
sections  of  the  country  have  been  re-opened, 
and  some  2,000  coke  ovens  in  the  Connells- 
ville  District  which  liave  been  banked  for 
months  have  been  relighted.  The  Chamber  of 
Commerce  of  the  United  States,  which  has 
been  gathering  statistics  on  general  crop  and 
business  conditions,  in  its  report  issued  Mon- 
day, predicts  slowly  improving  business  con- 
ditions during  the  first  three  months  of  the 
year.  In  the  construction  field  there  have 
been  few  important  developments  during  the 
past  week.  .4  fair  amount  of  improvements 
came  up  for  bids,  but  witli  a  few  exceptions 
most  of  the  undertakings  are  small.  The  holi- 
day season  and  close  of  the  business  year  un- 
doubtedly held  back  many  advertisements,  es- 
pecially for  municipal  work.  In  the  highway 
field  there  is  quite  a  bit  of  new  activity  this 
week,  as  indicated  by  the  calls  for  bids.  The 
same  condition  also  applies  to  the  drainage 
field.  In  the  Steel  and  Iron  market  the  main 
development  of  the  last  week  of  1914,  accord- 
ing to  The  Iron  Age,  was  the  action  of  a  num- 
ber of  manufacturers  of  bars,  structural 
shapes  and  plates  in  advancing  prices  from 
1.05  cts.  Pittsburgh  on  early  deliveries  to  1.10 
cts.  The  U.  S.  Steel  Corporation  received 
many  orders  during  December  and  it  is  esti- 
mated that  the  unfilled  tonnage  at  the .  close 
of  the  month  will  show  an  increase  of  over 
200,111111  tons  as  compared  with  the  figures  for 
November.  More  inquiries  for  cast-iron  pipe 
from  private  companies  were  received  in  De- 
cember than  in  any  other  time  since  190C.  Rail- 
road demands  are  also  increasing,  the  Pennsyl- 
vania R.  R.  in  particular  having  asked  bids  on 
a  large  tonnage  of  structural  steel  and  rein- 
forcing rods. 

Railroads. — Little  activity  as  regards  con- 
struction undertakings  has  been  shown  as  vet 
by  the  railroads.  This,  of  course,  is  to  be  ex- 
pected. It  is  not  likely  that  many  of  the  im- 
provements and  betterments  planned  by  the 
carriers  will  be  placed  under  contract  before 
spring.  One  or  two  lines  have  already  an- 
nounced construction  programs  for  the  pres- 
ent year.  The  Erie  R.  R.  is  understood  to 
contemplate  beginning  work  on  66  miles  of 
double  track  work,  the  longest  section  cover- 
ing 30  miles  of  line  between  Lomax  and 
Griffith,  Ind.  .'\mong  the  construction  con- 
tracts awarded  recently  are  the  following : 
W.  J.  Newman  Co.,  Chica.go,  III.,  20-mile 
electric  railway  from  Hamilton'  to  Conners- 
villc,  Ind, ;  Essex  Construction  Co.,  Omaha. 
Neb.,  for  drag  line  work  near  Carbon,  Ind.: 
Board  &  Duffield,  Charleston,  W.  Va.,  3  miles 
nf  line  on  Peter  Cave  Fork  for  Horse  Creek 
I-and  &  Mining  Co. 

Roads  and  Streets. — Some  very  fair  con- 
struction tmdertakijigs  in  the  highway  and 
mtmicipal  paving  field  reached  the  call  for 
bids,  stage  during  the  last  week.  Flint,  Mich,, 
IS  calling  for  proposals  on  110.000  sq.  yds.  nf 
pavement;  the  State  Roads  Commission  .il 
Maryland  opens  bids  Jan.  19  for  ,5  sections  <.t 
highway  ag.gregating  10.5(i  miles;  the  County 
•Auditor  at  Plymouth,  Ind,,  opens  bids  Jan.  12 
for  12  roads  in  German  Township;  James  K, 
Masker,  State  Highway  Commissioner  of 
I  )hio,  is  asking  proposals  on  a  brick  paved 
road,  estimated  to  cost  $91,279.  The  Coiintv 
Commissioners  at  Chehalis,  Wash.,  open  bids 
Feb.  1  on  2  miles  of  concrete  road  to  C'>st 
$32,500,  Pueblo,  Colo.,  will  call  for  bids  pr.J)- 
ably  sotne  time  this  month  on  the  constnution 
of_  $185,000  worth  of  improvements  in  tbe 
Mineral  Palace  paving  district,  the  work  con- 
sisting of  gravel  macadam  paving  to  cost  $57,- 
^"0,  curb  and  gutter  to  cost  $63,000,  excava- 
tion ,$15,000,  and  sewer  $50,000.  Houston,  Te.x., 
also  is  planning  to  ask  bids  this  month  on  a 


$300,000  job,  the  work  calling  Lor  the  con- 
struction of  the  Main  St.  boulevard  to  the 
Rice  Institute,  Hillsborough  County,  Florida, 
awarded  a  contract  for  16  miles  of  brick  road; 
Louisville,  Ky.,  let  a  $76,000  paving  job;  tlw; 
contract  for  the  Somers  Point-Longport 
Boulevard  in  Atlantic  County,  New  Jersey,  was 
awarded  to  the  Atlantic  Construction  &  Sup- 
ply Co.,  -Atlantic  City,  N.  J.,  at  $182,212. 
Providence,  R.  I.,  opened  bids  on  paving  work 
to  cost  about  $150,000. 

Biidges. — Two  or  three  good  sized  bridge 
contracts  have  been  let  in  the  past  few  days, 
and  a  number  of  new  undertakings  are  now 
ready  for  bids.  Hillyer  &  Sperring  Co.,  Jack- 
sonville, Fla.,  were  awarded  the  contract  at 
about  $120,000  for  the  reinforced  concrete  via- 
duct at  Duval  St.,  Jacksonville ;  Cole  Bros., 
Inc.,  Baltimore,  Md.,  secured  the  contract  for 
a  reinforced  concrete  arch  bridge  at  Morgan- 
town,  W.  Va.,  at  $53,331;  J.  J.  Jobst,  Peoria, 
III,  was  awarded  the  contract  at  $80,000  for 
reinforced  concrete  Ijridge  at  Bridge  -St,,  Dan- 
ville. Bids  are  being  asked  for  the  construc- 
tion of  a  197-ft.  steel  highway  bridge  over 
Rondout  Creek  at  Wawarsing,  N.  'Y. ;  the 
County  Commissioners  at  Anthony,  Kan.,  open 
proposals  Jan.  11  on  five  reinforced  concrete 
structures,  23  ft,  to  300  ft,  in  length.  A  num- 
ber of  western  counties  also  are  taking  bids 
on  their  bridge  construction  to  be  done  dur- 
ing 191.5. 

Drainage  and  Irrigation. — A  considerable 
amount  of  work  in  tly;  drainage  field  has  come 
up  for  advertising  for  bids  durin.g  the  past 
week.  The  Commissioners  of  Drainage  Dis- 
trict No.  4.  Edna,  Tex.,  open  bids  Jan.  12  on 
about  100  miles  of  ditches  requiring  400,000 
cu.  yds.  of  excavation;  the  New  River  Drain- 
age District  of  Gonzales,  La.,  is  asking  pro- 
posals on  drainage  canals  involving  2,000,000 
cu,  yds,  of  excavation;  Beltrami  County, 
Minnesota,  is  calling  for  bids  on  three  Ju- 
dicial Ditches,  the  aggregate  estimated  cost 
being  about  $130,000.  The  U.  S.  Reclamation 
Service  is.  calling  for  bids  on  about  158,000 
cu.  yds.  of  excavation  and  7,00f)  cu.  yds.  of 
concrete  near   Payson   City.  I'tah. 

Water  Works  and  Sewerage. — No  partic- 
ularly large  undertakings  in  either  the  water- 
works or  sewerage  fields  appears  to  have 
reached  the  advertising  stage  during  the  past 
few  days.  Montreal,  Que,,  is  readvertising 
the  construction  of  the  El.cin  Basin  pumpin.g 
station:  the  Board  of  Water  Supply  of  New 
York  City  is  callin.g  for  liids  for  about  8,000 
sq.  ft.  of  face  cutting  of  stones  for  the 
Kensico  Dam ;  Lockport,  111.,  is  reported  to 
be  calling  for  bids  for  a  sewer  system.  The 
New  York  &  New  Jersey  Construction  Co., 
Essex  Bldg.,  Newark,  N.'j.,  at  $179,.53I  was 
Inw  bidder  for  Section  17  of  the  Main  in- 
tercepting sewer  for  the  Passaic  Valley  Sew- 
a.cc  Commissioners ;  Harrison  &  Burton,  New 
York  City,  were  awarded  the  contract  for 
the  collecting  sewers,  and  Frank  Puglia,  Pat- 
erson,  N.  J.,  the  contract  for  the  collecting 
system  for  North  Plainfield,  N.  J.;  Guthrie- 
McDougall  Co.  at  $168,907  was  low  bidder  for 
the  E.  82nd  St.  and  Willow  St,  sewer  for  the 
litv  of  Portland,  Ore. 


The  outlook  for  construc- 
The  Outlook    tional    activities    in    1915    is 
encouraging.      Many  things 
for  make    this    sol    the   abund- 

iQie  Bnce     of     idle     capital,    the 

opening  of  the  Federal  re- 
serve bank  system,  the  fa- 
vorable decision  in  the  Eastern  rate  case,  and 
the  tremendous  crops  of  last  year  are  all  im- 
portant factors.  The  new  year  opens  ausiiic- 
iously.  The  period  of  greatest  unsettlcment 
has  been  passed  and  general  business  condi- 
tj^ons_  are  returning  gradually  to  the  normal. 
Confidence  and  optimism  are  widespread,  and 
there  is  every  reason  to  believe  that  financial 
and  industrial  affairs  will  continue  to  show 
iniprovep-'"it.     Ninct'^c-   fifteen  m.--  not  be  a 
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record  breaker  for  construction  undertakings, 
Init  it  would  seem  a  safe  prediction  that  the 
amount  of  work  undertaken  will  be  greater 
than  in  1914,  and  will  be  well  up  to  the  aver- 
age of  other  years.  In  the  railroad  field  espe- 
cially prospects  are  brighter  now  than  they  have 
been  for  several  years.  If  the  carriers  are 
able  to  handle  the  necessary  financing  there 
is  little  doubt  but  they  will  make  a  start  this 
season  on  a  considerable  part  of  their  long 
held  up  improvements  and  betterments.  One 
or  two  of  the  larger  lines  already  have  an- 
nounced substantial  construction  programs  for 
the  year.  An  encouraging  feature  of  the  finan- 
cial side  is  that  during  December  over 
$50,000,000  of  new  railroad  securities  were 
sold.  Municipal  work  will  furnish  many  op- 
portunities. The  e.xtent  of  these  improvements, 
of  course,  will  depend  on  the  ability  of  the 
cities  and  towns  to  dispose  of  their  securities. 
There  has  been  a  steady  improvement  in  the 
demand  for  municipal  bonds  and  last  month 
over  $20,000,000  worth  were  disposed  of.  The 
market  for  securities  of  this  sort  is  now  very 
active  and  all  conditions  point  to  its  continuing 
in  that  condition.  Construction  prospects  also 
are  excellent  in  the  highway  field.  Several 
states,  notably  California  and  New  York,  have 
large  unexpended  balances  from  bond  issues 
authorized  some  years  ago,  that  will  be  avail- 
able for  work  during  the  present  season.  Other 
states  will  carry  on  their  improvements  under 
direct  appropriations.  There  is  no  reason  to 
think  that  their  legislatures  will  be  less  lib- 
eral this  year;  in  fact,  in  three  or  four  states 
the  allowances  will  be  larger  than  ever  be- 
fore. Many  counties  and  road  districts  autho- 
rized bonds  last  year  for  highway  improve- 
ments. In  Illinois  alone  two  counties  voted  a 
total  of  $3,500,000  of  bonds  for  road  purposes. 
Practically  all  of  the  work  for  these  various 
political  units  will  be  ready  for  letting  during 
this  season.  In  the  highw-ay  field,  state,  coun- 
ty and  district,  1915  should  be  a  banner  12 
months.  Many  notably  large  construction  un- 
dertakings probably  will  be  commenced  this 
year.  These  include  the  $75,000,000  Hetch 
Hetchey  water  supply  project  of  San  Francisco  ; 
the  $05,000,000  union  station  and  terminal  at 
Chicago ;  the  $10,000,000  sewage  disposal  sys- 
tem for  Milwaukee,  Wis. ;  the  $17,000,000  flood 
prevention  project  for  the  Miami  Vallev  Ohio, 
and  the  $3,000,000  8-ft.  waterway  for  'Illinois. 
A  start  also  may  be  made  late  in  the  year  on 
the  construction  of  the  government  railway 
in  Alaska.  No  one  can  say  with  any  definite- 
ness  what  this  year  w'ill  bring  forth.  At  the 
present  time,  however,  every  indication  points 
to  a  busy  and  prosperous  season  for  engineers 
and  contractors. 


Alien 

Labor 

Decision. 


A  decision  of  importance 
to  contractors  operating  in 
states  that  have  labor  laws 
providing  that  only  citizens 
of  the  LTnited  States  should 
be  employed  upon  public 
works,  was  handed  down 
on  Dec.  31  by  the  .Appellate  Division,  First  De- 
partment, of  New  York.  The  court  held  that 
tlie  alien  labor  provisions  of  the  state 
labor  law  were  unconstitutional.  This  labor 
question  having  arisen  in  the  case  of  one  of 
the  contractors  for  the  new  subways  of  New 
Vork^  City,  a  taxpayers'  action  was  begun  in 
the  Supreme  Court  for  an  injunction  to  re- 
strain the  Public  Service  Commission  for 
the  First  District,  which  is  in  charge  of  the 
construction  of  tlic  new  dual  system  of  rapid 
transit,  from  declaring  forfeited  any  subway 
contract  because  of  the  employment  of  aliens 
by  the  contractor.  The  Commission  demurred 
to  the  complainant,  and  the  demurrer  was  sus- 
tained by  a  lower  court,  but  on  appeal  the  Ap- 
pellate Division  reversed  this  decision  and  held 
the  law  unconstitutional.  The  Commission  ha.s 
taken  steps  to  appeal  from  this  decision  in 
order  that  a  final  construction  of  the  statute 
may  be  obtained  from  the  highest  court  in  the 
state. 
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DREDGING   HUDSON   RIVER  AT 
NEW  YORK. 


600,000  Cu.  Yds.  of  Material  from  Westerly 
Side  of  River. 


Bids  to  Be  Opened  Jan.  22  at  New  York  City. 


A  fair-sized  contract  for  dredging  in  the 
Hudson  River  is  now  being  advertised  for 
bids  by  the  U.  S.  Engineer  at  New  York  City. 
The  work  provides  for  the  improvement  of 
\ew  York  Harbor  by  dredging  in  the  Hud- 
son River  channel.  The  section  of  the  river 
to  be  improved  under  this  project  extends 
from  the  Battery  and  Ellis  Island  to  the 
northern  limits  of  New  York  City,  about  2^ 
miles  north  of  Spuyten  Duyvil  Creek,  a  length 
of  about  16  miles.  The  least  width  of  the 
river  in  this  section  measured  between  pier- 
head lines  is  2,725  ft.  and  the  greatest  width  is 
about  5,400  ft-  A  depth  of  more  than  40  ft. 
at  mean  low  water  can  be  carried  through 
the  easterly  side  of  the  river  up  to  and  be- 
yond  tlie  northern  limits  of   New  York   City. 

The  work  to  be  done  under  the  contract 
now  being  advertised  lies  in  the  westerly  side 
(■f  the  river  along  the  Jersey  City  waterfront. 
The  object  is  to  make  a  channel  adjacent  to 
the  pier  head  line  extending  from  opposite 
Newark  St.,  Hoboken,  N.  J.,  to  deep  water 
opposite  Ellis  Island,  this  channel  to  be  30 
ft.  deep  at  mean  low  water  and  of  such  width 
as  available  funds  will  permit.  The  shoal 
through  whicli  this  channel  is  to  be  dredged 
has  a  least  mean  low  water  depth  over  it  off 
Communipaw,  N.  J.,  of  about  20  ft.,  gradual- 
ly increasing  in  depth  as  it  approaches  deep 
water  off  Newark  St.,   Hoboken. 

The  mean  range  of  tides  at  the  Battery  is 
about  4.2  ft.  It  probably  does  not  vary  from 
this  to  an  appreciable  extent  in  the  area  to 
be  deepened.  Though  navigation  is  not  like- 
ly to  be  closed  during  the  winter  months,  ice 
will  probably  delay  operation  at  intervals  dur- 
ing the  period  Dec.  16  to  March  15.  The  site 
of  the  work  is  not  exposed  to  severe  wave 
action,  nor  is  the  work  likely  to  be  affected 
by  ordinary  storms.  The  average  number 
of  days  during  the  year  of  dense  fog,  as  re- 
ported by  the  U.  S.  Weather  Bureau,  is  25. 
No  work  has  been  done  since  1877  by  the 
United  States  in  the  area  to  be  deepened.  The 
work  to  be  done  under  the  contract  consists 
in  dredging  all  material,  except  ledge  rock, 
above  a  plane  30  ft.  below  mean  low  water. 
The  bottom  width  of  the  channel  is  to  be 
800  ft.,  but  the  funds  now  available  are  in- 
sufficient to  make  a  channel  of  this  adopted 
width.  It  is  intended,  therefore,  to  first 
dredge  a  through  channel  30  ft.  deep  at  mean 
low  water  and  about  150  ft.  bottom  width 
from  deep  water  about  off  the  foot  of  New- 
ark St.,  Hoboken,  to  deep  water  about  oppo- 
site Ellis  Island,  a  length  of  about  3  miles, 
and  then  to  widen  this  through  channel  to 
such  an  extent  as  the  available  funds  will 
permit.  On  the  basis  of  a  channel  width  of 
200  ft.  the  amount  of  material  to  be  removed 
under  this  contract,  exclusive  of  allowable 
overdepths,  is  estimated  at  600,000  cu.  yds. 
scow  measurement.  The  average  depth  of 
cut  to  the  required  depth  is  estimated  at  5^/2 
ft.  It  is  also  estimated  that  50  cu.  yds.  of 
rock  and  boulders,  varying  in  size  from  % 
to  3  cu.  yds.  and  25  cu.  yds.  over  3  cu.  yds. 
in  size  will  have  to  be  removed.  The  mate- 
rial is  believed  to  be  mainly  mud.  some  sand 
and  gravel,  a  com.paratively  small  amount  of 
small  stones  and  possibly  a  few  lioulders  and 
some  clay.  In  disposing  of  the  excavated 
material,  the  contractor  may  provide  his  own 
dumping  grounds  outside  of  the  waterways, 
subject  to  the  approval  of  the  contracting 
officer.  He  also  can  transport  it  and  dispose 
of  it  at  such  places  as  may  be  designated  by 
the  Supervisor  of  the   Harbor  of  New  York. 

The  contractor  will  be  required  to  start 
work  not  later  than  March  10,  1915,  and  to 
complete  the  contract  within  0  months.  About 
$100,000  is  available  for  payment  of  contract- 
or's estimates.  Bids  for  dredging  in  Hudson 
River  channel.  New  York,  will  be  received 
"ntil  noon,  Tan.  22.  bv  Col.  W.  M.  Black,  U. 
S.    Engineer,     30    Whitehall     St.,-  New   Y'ork. 


A      $1,500,000      ROAD      IMPROVE- 
MENT PLAN. 


Bids  to  Be  Asked  in  Spring  for  Highway 

Construction  in  Vermilion  County, 

Illinois. 


Brick  and   Concrete   Roads,  with   Gravel  or   Rock 
Shoulders. 

Contracts  probably  will  be  let  some  time 
before  June  1  for  the  construction  of  180 
miles  of  concrete  or  brick  roads  in  Vermilion 
County,  Illinois.  The  work  will  be  paid  for 
from  a  $1,500,000  bond  issue  authorized  at  the 
general  election  on  Nov. '3,  1914.  The  accom- 
panying map  shows  the  location  of  the  roads 
in  Vermilion  County,  the  highways  to  be  im- 
proved under  the  bond  issue  being  indicated 
by  the  heavy  dark  lines.     The  bond  roads,  in 
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Location  of  Roads  to  Be   Improved. 


general,  will  extend  through  all  towns  of  the 
county  and  will  connect  with  hard  surface 
roads  already  built  or  under  way  from  Dan- 
ville. The  proposed  mileage  of  the  roads  in 
the  various  townships  is  as  follows : 

Township.  Miles. 

Blount     lOVs 

Butler     15% 

Carroll    7 

Catlin lOV. 

Danville    1% 

Elwood   4»^ 

Georgetown    7*4 

Grant     1S% 

.Jamaica    5% 

Love    5V4 

McKendree   2 

Middlefork    16H 

Newell    ■ 8i,i 

Oakwood    17% 

Pilot     11 

Ross    111,4 

Sidell    lO'-!. 

Vance    lOVi 

The  plan  of  improvement  provides  for  a 
road  16  ft.  wide,  with  brick  or  concrete  cen- 
ters 10  ft.  wide,  and  gravel  or  rock  shoulders  '1 
ft.  wide  on  each  side.  The  cost  of  such  concrete 
roads  is  estimated  at  $8,100  per  mile;  the  cost 
of  brick  roads  is  estimated  at  $12,500  per  mile. 
The  work  will  be  done  according  to  plans  and 
specifications   approved   by   the   Illinois   High- 


way Commission.  Very  little  bridge  work 
probably  will  be  required,  as  it  is  proposed  to 
use  the  present  structures. 

It  is  planned  to  divide  the  system  into  sec- 
tions and  to  commence  work  on  the  different 
sections  at  approximately  the  same  time  so 
that  construction  will  be  going  on  in  all  parts 
of   the   county. 

The  work  will  be  in  charge  of  Wm.  S.  Dil- 
lon, County  Superintendent  of  Highways,  Dan- 
ville, 111. 


RAILROAD    CONSTRUCTION    IN 
SOUTHERN  STATES. 


Work  Contemplated  by  Various  Companies 
During  Present  Year. 


Railroad  construction  in  1914  in  the  South- 
ern states  showed  a  great  falling  off  as  com- 
pared with  the  mileage  constructed  in  the  pre- 
vious year.  According  to  statistics  collected  by 
the  Manufacturers'  Record  only  911  miles  of 
line  were  completed  last  year  in  the  South. 
This  is  a  decrease  of  842  miles  over  the  figures 
for  1913.  The  largest  amount  of  new  line 
was  laid  in  Florida,  the  total  for  the  state  be- 
ing 203  miles.  Texas,  which  for  a  number  of 
years  has  been  first,  is  now  second,  its  record 
amounting  to  only  1-38  miles.  Of  the  mileage 
in  Florida  the  Atlantic  Coast  Line  is  responsi- 
ble for  51  miles,  the  Florida  East  Coast  Ry. 
for  49  miles,  and  the  Tampa  &  Gulf  Coast  R. 
R.  for  47  miles.  The  statistics  show  that  at 
this  time  only  576  miles  of  new  line  is  pro- 
posed for  construction  in  1915.  The  following 
table,  which  has  been  abstracted  from  the  data 
in  the  ^lanufacturers'  Record  shows  some  of 
the  principal  new  undertakings  proposed  for 
this  year ; 

Name  01  railway  and  state.  Miles. 

Asherton  &  Gulf,   Texas 50 

Atlantic,  Waycross  &  Northern,  Georgia...  22 
Beaumont    &    Saratoga    Transportation    Co, 

Texa.s 


Birmingham  &   Chattanooga,   .\labama 

Birmingham-Tuscaloosa  Ey.  and  Utilities 
Co.,    Alaban^a    

Buffalo  Creeli  &  Gauley,  West  Virginia 

Cache   Valley,   Arkansas    

Chattahoochee  Valley,   Alabama 

Cherry  River  &  Southern,  West  Virginia.... 

Clarksburg  Northern.   West  Virginia 

Cumberland,    Kentucky    

Gushing  Traction  Co.,  Oklahoma 

E.astern  Texas  Traction  Co.,  Texas 

Elkin  Alleghany,   North  Carolina 

i5nsign  Yellow  Pine  Co.,  Alabama 

Fayette  Traction  Co.,  West  Virginia 

Fellsmere,   Florida    

Florida  East   Coast,   Florida 

Fort  Smith,   Subiaco  &  Eastern,   Arkansas.. 

Gainesville  &  Northwestern,  Georgia 

Georgia  Southwestern  &  Gulf,  Georgia- 
Florida   

Glen  Rose  &  Walnut  Springs,  Texas 

Gulf,  Florida  &  Alabama.  Alabama 

Gulf,   Freeport  &    Northern.   Texas 

Hagei  Etown  &  Frederick,  Maryland 

Hiawassee,    North  Carolina 

Horse  Creek  Land  &  Mining  Co.,  West  Vir- 
ginia     

Houston  &  Brazos  Valley,  Texas 

Kansas  City,  Mexico  &  Orient,  Texas 

Lulu  &  Homer.  Georgia 

Memphis.  Dallas  &  Gulf,  Arkansas 

Meridian  &  Memphis,  Mississippi 

Middle  Tennessee  Traction  Co.,  Tennessee.. 

Monongahela  Valley  Traction  Co..  West  Vir- 
ginia     

Monroe  .%   Texas,   Louisiana 

Morgantown  &  Wheeling,  West  Virginia 

Morgantown  Interurban,  West  Virginia 

Norfolk  &  Western.  West  Virginia 

Oil  Belt  Terminal.  Oklahoma 

Oklahoma,  New  Mexico  &  Pacific,  Oklahoma 

Oklahoma,   Oklahoma    

Old  River  &  Kis.=atchie.  Louisiana 

Orleans-Kenner   Interurban,    Louisiana 

owlng.sville  &  Olympic,  Kentucky 

Pecos  VaUey  Southern,  Texas 

Peoples.  Alabama   

Piedmont  Northern.  North  Carolina 

Pine  Bluff  &  Northern,  Arkansas 

Richmond  &  Rappahannock  River,  Virginia. 

Rio   Grande,    Texas    

Ft.    Andrew's   Bay.    Florida 

South  Florida  &  Gulf,  Florida 

Southern  Traction  Co.,  Texas 

Tampa  &   Gulf  Coast.  Florida 

Tennessee,  Kentucky  &  Northern,  Tennessee 

Tennessee.    Tennessee    

TH'alde   &-   Northern.   Texas ■•■■.•■.• 

Vicksburg,  Alexandria  &  Southern,  Louisi- 
ana       ; 

Virginia-Blue  Ridge.  Virginia. 

Virginia-Carolina.   North   Carolina 

Wntauga  &  Yadkin  River.  North  Carolina... 
Wilmington  &  Carolina  Beach.  North  Caro- 
lina             
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January  6,  1915.                   .     Engineering    and    Contracting  ^^ 

T  nCK    AND    DAM    NO.    33,    OHIO  oak-  timber  will  be  used  for  the  upper  leaves  Grade  Separation  Work  at  Milwaukee, 

RTVFR  °               '""^P    weirs.  -rj^. 

KlVr^ri.  ^11  (-oncrete   work,  except  where  otherwise  WIS. 

.  directed  or  approved  will  be  built  in  alternate  The  grade  separation  project  of  the  Chica- 
Bids    Asked     on     Contract     Amounting    to  monoliths  not  exceeding  40  ft.  in  length.    The  go,  Milwaukee  &  St.  Paul  Ry.  for  the  north- 
Si, 140,000.  concrete  will  be  composed  of  1  bbl.  cement,  11  western    part   of    Milwaukee,    Wis.,    has    been 

.     Q,.., cu,    ft.    of    sand   and   24   cu.   ft.   of   gravel   or  brought  one  step  nearer  the  construction  stage. 

Concrete-Piling-S^eet.ng— Structural     s,teei  hroken  Stone.     All  mortar  used  separately   for  On  Dec.  24  the  State  Railroad  Commission  is- 
facing  or  other  purposes  will  be  composed  of  sued    a    tentative   order    for    track   depression 

A  contract  requiring  the  expenditure  of  over  1  part  cement  to  2  parts  sand.    Only  the  pump-  and  directed  that  the  work  must  be  started  be- 

$1  000  ll'X)  is  now  being  advertised  for  bids  bv  pit   floor,   wheel-pit   floor   of    the    river   wall,  fore  July  1,  1916,  and  must  be  finished  by  Dec. 

the   US     Engineer   at   Cincinnati,    O.      This  pintle  blocks,  turbine  pit  and  pipe  support  at  13,   1918.     The  order  calls   for  the  separation 

work  calls   for  the  construction  of  Lock  and  center   of   lock   will   be   classed   as    reinforced  of  street  grades  between  38th  St.  and  Fond  du 

D-im*^  \o    33  in  the  Ohio  River.     For  this  im-  concrete.     The  contractor  will  be  required  to  Lac  Ave.  With  one  exception  the  streets  cross- 

nrovement  an  allotment  of  $1,140,000  has  been  provide  two  mixing  plants  having  a  combined  ing  the  track  will  either  be  closed  or  be  above 

made      This  sum  is  expected  to  be  sufficient  capacity  to  make  and  place  at  least  300  cu.  yds.  the   tracks.     The   exception   to   this   plan   will 

to  cover  the  entire  cost  of  the  work  connected  of  concrete  in  8  hours.  be    at    Clark    St.,    where     a     subway     for   pe- 

■fh  the  first  general  contract      The  amount  The  approximate  quantities  are  as  follows:  destrians  will  be  built, 

now    on    hand   available    for   payment    to   the  g""^;:^^™;  ^^^i;  H^;  ^f;; !  i  i! ::;;:: ;         J'j^S  The   following  are  the  crossing  changes  to 

contractor   is   about   $1,000,000.                                   Common  excavation,  cu.  yds 40,021  be    carried    out:    35th    St.,    bridge    above    the 

The  work  is  located  in  the  Ohio  River,  about       Fill,  cu.  yds.  5^'?^°  railroad    tracks;    no   approach     on     McKinley 

3%   miles  above  the  public  landing  at   Mays-  fi^i,^i^%^/y^- -,//_::::::::::■_       ^6,522  3,,.^  .   vHet   St.,   bridge  crossing,   7   ft.  above 

ville   Ky     The  Chesapeake  &  Ohio  K.  K.  pass-       jtoimd  piles,  lin.  ft 147.270  present  grade;  34th  St.,  side  approach  4%   ft. 

es  the  site  on  the  Kentucky  (lock)  side  of  the       Sheet  piles,  ft.  B.M^ H^i'Vit  ^bove    present    grade;    33rd    St.,    bridge    over 

river      The  Maysville  street  car  hne   reaches  g^nimbe^'^n/R-^?-. ."":::::::::::::::     25o;4So  tracks  7  ft.  above  present  grade;   Galena  St. 

to  within  about  J^  mile  of  the  site.                           Oalt  timber, 'ft.  B.  M 72,426  bridge  1  ft.  above  present  grade;  Lisbon  Ave., 

The  work  on  which  bids  are  now  asked  calls       l^einforced  concrete,  cu.  yds 25(  Brown   St.   and   North   .Ave.  overheard   cross- 

for  the  construction  of  the  fixed  parts  of  the  g°^^J|f|'  pavin|,%u.' 'yds'. ! .' .' .' .' ." .' .' !  1 .' ! .' !         6:S42  '"gs  at  present  grade;  Clark  St.,  cut  10  ft.  for 

lock    including  lighting  towers   and   gate   an-       structural  steelT'lbs.  .". sogicis  subway ;  Center  St.,  crossing  at  a  cut  of  9^2  ft. 

chorages,  the  guide  walls,  the  river  wall  tur-  R;^i,af°l<='"y„<j;^|'i„'^''- -  -  ht 'j^^^^^^^                ^l\-f^°  The  cost  of  the  improvement  is  estimated  at 

bine  pit,  the  dam  (including  the  fixed  parts  of  ^.'^^^^l^^^^'^i^^^'^^r .        !^   . .       } .       .      ISI.'SM  about  $3,000,000,   apportioned   as   follows:     70 

the    navigable   pass,    both    fixed    and    movable       j,.„^  castings,  lbs 296,083  per  cent  to  the  Chicago,  Milwaukee  &  St.  Paul 

parts  of  the  bear  traps,  and  the  fixed  parts  ot       Steel  castings,  lbs 194.123  j^     .  35          ^^^^  ^-      ^j  Milwaukee,  and  5  per 

the  Chanoine  weir)    the  abutment  and  grading  ^l^^^'l'J^^/  „„;  Yt ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! '.         bss  cent  Milwaukee  Electric  Ry.  &  Light  Co. 

and  paving  the  esplanade  and  the  banks  back       pjpg^  4_in__  !;„    jt 2,164 

of  the  abutment  and  esplanade.     The   follow-       i^ipe,  3-in.,  lin.  ft 2,702  

ing  items  are  not  included  in  this   contract:  ^l^^'  f^i^^^li^u.::::::::;:::::::::;:           I90  Survevs    ComoleteH    for    Lake    Erie    & 

.    Trestles,  wickets,  horses,  props,  lock  gates,  op-      'p\^ll  Ui.]^--  \]^;  W;; ; 696  S>urveys   i^ompieted   tor    Lake    line   & 

crating  machinery  for  lock  valves  and  gates.      Tile  drain,  lin.  ft 754  Ohio  Kiver  Ship  Lanal. 

corner  plates  for  gate  machinery  pits  and  tile  Bids  for  construction  of  Lock  and  Dam  No.  Surveys  of  the  proposed  route  for  the  Lake 

gages.                                                           ,       ,  33  will  be  received  until  2  p.  m.,  Jan.  26.  by  Lt.  Erie   and   Ohio   River   Ship   Canal  have  been 

The  order  of  the  work  will  be  prescribed  by  Col.  H.  Jervey,  U.  S.  Engineer,  Cincinnati,  O.  completed    and    the    engineers    are    now    en- 

the    contracting   officer,    but    unless    otherwise                              gaged   on   their  report  and  estimates  of  cost. 

directed  at  least  3.50  ft.  of  navigable  pass  will  First    Building   Contract    Let   for    Cot-  Legislation    providing    for    elections     in     the 

be  included  in  the  lock  cofferdam  and  will  be  ^^j^   Warehouses     New   Orleans.  counties  in  Ohio,  Pennsylvania  and  West  Vir- 

completed  and  the  cofferdam  about  it  removed  ^^^^   ^^^^^^^^^   ^^^  ^^^'  ^.^^^   ^^^   ^^   buildings  p"i^   '^e  states  that  will  be  affected  directly 

.   before   the   bear  trap    foundations  are  begun  .^^  ^^^  ^^^^^^  warehouses   and   terminal    for  by  the  construction  of  the  watervvay,  has  been 

The  bear  trap  leaves  will  not  be  erected  until  ^^^^    p^^^    ^j    ^^^    Orleans,     La.,     has     been  Passed,  and  it  is  believed   that  1     these  coun- 

after   the    lock     excep     giiide   walls     and    tl  e  .^^^^^^^    t^    t^^    Jefferson    Construction    Co.,  ''«  Y^te  next  fall  to  guarantee  the  bonds,  the 

foundations  and  piers  for  both  bear  traps  haNe  ^^^   Orleans,   at  $994,047.     The   original   bki  ""a'  '"^'^  be  opened  in  1920. 

been   constructed.     To  comply  with  these  re-  ^  ^  ^^.^  concern   was  $1,323,4M.     As  this   was  The  estimated  cost  of  the  improvement  will 

quirements  It  is  expected  that  the  work  ordi-  ^^^   ^^^^^^   ^^   ^^^   ^^^^    j,^^   p^^^    Commission  be    between    $40,000,000    and    $50,000,000.      As 

narily  will  have  to  be  carried  on  in  two  cotter-  ^^,-^^Yied  to  expend,  modifications  were  made  in  proposed  the  canal  will  have  a  depth  of  12  ft.. 

i?L'       IX     J             -,11-       i!    u     i_  t'le  plans.    The  contract  covers  Compress  No  a   width  of   178   ft.  and   a  capacity   for  4,000- 

The  cofferdams  will  be  of  the  box  type,  ex-  ,  sorting  sheds  1  and  2.  the  power  house,  ton  self-propelled  barges.  The  northern 
cept  that  for  guide  walls  and  elsewhere  as  di-  „arage,  office  and  warehouses  G,  H,  J  and  K.  terminus  probably  will  be  at  the  mouth  of  In- 
rected  a  modified  type  may  be  used,  such  as  a  j^^^^^  buildings  in  general  will  be  of  heavy  dian  Creek,  about  5  miles  west  of  Ashtabula 
bank  of  earth  or  box  cotterdani  of  reduced  reinforced  concrete  construction  on  creosoted  on  Lake  Erie,  and  the  southern  end  is  pro- 
height  or  a  combination  of  both.  The  standard  pj,g  foundations.  Their  combined  ground  posed  for  the  junction  of  the  Ohio  and  Beaver 
box  cofferdams  will  be  built  to  an  elevation  of  .^^ea  will  be  about  727,000  sq.  ft.  and  with  Rivers,  26  miles  below  Pittsburgh.  Of  the 
at  least  Ifa  ft.  and  the  width  between  sheeting  ,|^g  exception  of  the  office  and  garage  they  total  length  of  103  miles,  .53  miles  would  in- 
wiH  be  at  least  equal  to  the  full  weight  of  the  ^^.jii  be  1-story  (36  ft.)  in  height.  volve  the  canalization  of  the  Beaver  and  Ma- 
cofferdam  at  that  pointy  This  width,  how-  -phe  total  e.xpenditure  for  the  warehouses  honing  River,  and  the  remaining  distance 
ever,   will   not   be   less   than    10    ft    nor  more  .,„d  terminal   is  estimated   at  $.3,500,000.    The  would  be  new  construction. 

than   20   ft.     The   modified   cofferdam   will  be  g^ard    of    Port    Commissioners    already     has 

of  such  height  as  to  permit  work  to  be  car-  ,„id  ^  $3^000,000  bond  issue  and  has  the  money 

ned  on  at  all  stages  ot  the  river  of  10  ft.  nr  „„  deposit.     The  plant  will  be  erected  on  an  Water  Works  Improvements  for  Day- 

'^'i,-  80-acre  site  on  the  Mississippi  River  and  will  |.„n    q 

The   stone    for   riprap   unless   shown   other-  include   yards    for   the    Public    Belt    R.    R.,    a  ^            ,        .                ' 

wise   on  the   drawings   will   be  one   and   twd-  wharf,    six     warehouses,     four   of     which   are  Comprehensive  plans  have  been  prepared  for 

man   stones.     All   riprap   back  of   the   line   of  included  in  the  contract  just  let,  and   several  water    works    improvements    for    Dayton,    O., 

land  wall  and  the  abutment  will  include  a  6-  other  buildings  also  included  in  this  contract.  which  when  completed  will  give  a  supply  ade- 

in.  bed  of  quarry  spalls  or  gravel.     The  stone  Qf  the  six  warehouses,  four  will  be  for  con-  quate   for  a  population   of  over  200,000.    Im- 

paving  will  consist  of  one  and  two-man  stone,  signed  and  f.  o.  b.  cotton  and  two  for  through  provements  will  be  made  in  the  source  of  sup- 

rnughly  squared,  and  carefully  hand  placed  on  cotton.     These'la'tter  will   each  he   102  by  672  P'y.  '"  the  pumping  equipment  and  in  the  dis- 

a  6-in.  bed  of  quarry  spalls  or  gravel.     Con-  ft.  in  size.    Two  of  the  consigned  warehouses  tributing  mains.     The  total  cost  will  be  about 

Crete   paving  0   ins.   and  8   ins.   thick   may   be  ^vill    each    be    203  by  512   ft.  in   size  and   the  $2,000,000,  hut  this  expense  will  be  spread  over 

substituted   for  the  stone  paving.     The  round  other  two  will  each  occupy  a  space  203  by  672  a  period  of  about  16  years,  as  needed.     In  the 

piles  for  the  foundations  will  be  of  oak,  ash,  ft.     The  wharf  will  be  doulilc  decked,   120  ft.  next  two  years,  however,  it  is  proposed  $1,000,- 

hickory,  beech,  maple,  gum  or  other  acceptable  wide   on   the   first   floor   and    100    ft.    wide  on  "00.     Of   this   sum  $500,000  will   be   used   for 

hardwood.     They  will  be  not  less  than  14  ins.  the  second.     It  will  be  2,000  ft.  in  length  and  the   distribution    system    and    $500,000    on    the 

diameter  2  ft.  from  the  butt  and  9  ins.  in  di-  will  have  a  creosoted  pile  apron  wharf  44   ft.  reservoir  and  pumping  station.     The  distribu- 

L         ameter  at  the  small  end.     It  is  believed   that  wide     extending     its     entire     length,     which  tion  facilities  will  be  improved  by  uniting  the 

B        30  ft.  piles  will  be  sufficient.     The  sheet  piles  will    carry    two   railroad    tracks.      The   wharf  present  disconnected  system  of  mains  and  fecd- 

■        will  be  made  of  oak,  ash,  hickory,  beech,  ma-  wdll    be    of    reinforced    concrete    construction  crs  and   by  laying  mains   sufficiently   large   to 

\        pie,  ,giim,  yellow  pine  or  other  acceptable  tim-  resting    on    untreated    piles.      The    equipment  carry   the  amount  of   water   demanded.     It  is 

ber.    They  will  be  10  ins.  by  12  ins.  full  length  for  mechanically  handling  the  cotton  will  con-  proposed    to    expend    during    the    year    about 

with    hardwood    strips    spiked     on     to     form  ,sist   of   electrically   operated   overhead   travel-  .$250,000  for  laying  large  size  main  extensions, 

tongues  and  grooves.  ing  cranes  and  electric  storage  battery  trucks  These  will  consist  of   10-in..  12-in.,   16-in.,  20- 

The  deck  timber   for  the  cribs  will  be  oak,  and  trailers.  in.,  24-in.,  30-in.  and  36-in.  pipe.     It  is  expected 

ash,  hickory,  beech,  maple,  gum  or  other  ac-  Ford,    Bacon    &    Davis,    New    Orleans    and  that  all  of  this  work  will  be  done  directly  by 

ceptable  hard  wood.     The  common  timber  for  New  York,  are  the  engineers  in  charge  of  the  the    city    and     a    contract     already    has     been 

the  cribs,  4-in.  sheeting,  etc.,  will  be  hemlock,  design    and    construction    of    the    warehouses  awarded  for  5,000  tons  of  pipe.    J.  E.  Barlow 

pine  or  other  wood  of  equal  quality.     White  and  terminal.  is  Director  of  Public  Service  at  Dayton. 
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A  $500,000  Bridge  at  Kansas  City,  Kan. 

Bids  probably  will  be  asked  early  this  spring 
on  a  good  sized  bridge  undertaking  at  Kansas 
City,  Kan,  The  work  calls  for  the  erection 
of  a  bridge  over  the  Kansas  River  at  Central 
Ave.  The  improvement  provides  for  a  3-span 
steel  structure  744  ft.  long  with  approaches  at 
each  end  750  ft.  long.  The  piers  will  be  of 
concrete,  and  will  extend  to  bed  rock,  the  pneu- 
matic process  being  used  in  their  construction. 
Concrete  piles  will  be  used  in  the  shore  piers. 
The  highway  floor  of  the  bridge  will  be  paved 
with  creosoted  blocks  on  reinforced  concrete 
27  ft.  wide.  The  bridge  also  will  carry  a 
double  track  street  railway. 

The  present  structure,  consisting  of  three 
double  deck  spans  198  ft.  each,  will  be  re- 
moved, the  old  approaches  cut  down  and  the 
river  bed  dredged  clear  of  large  obstructions. 
It  is  expected  that  the  total  cost  of  the  work 
will  be  about  $-500,000.  Plans  are  now  being 
prepared  by  R.  L.  McAlpine,  County  Surveyor, 
Kansas  City.  Kan.,  and  the  work  will  be  ready 
for  advertisement  about  April  1. 


engineering.     University     of     Michigan,     .'\nn 
Arbor. 


The    Eleventh   Annual   Convention    of 
the  American  Road  Builders'  As- 
sociation. 

The  notable  features  of  the  eleventh  annual 
meeting  of  the  -American  Road  Builders'  As- 
sociation at  Chicago,  Dec.  14-18,  1914,  was  the 
excellent  display  of  road  machinery  and  ma- 
terials and  the  excellent  attendance  upon  the 
sessions  of  the  association,  at  which  papers 
upon  various  phases  of  road  building  and 
maintenance  were  read.  Extreme  cold  weather 
interfered  somewhat  with  the  success  of  the 
show  but  in  spite  of  this  the  attendance  ex- 
ceeded 3,-500.  The  attendance  for  the  most 
part  included  only  engineers  and  contractors 
engaged  in  active  road  construction.  At  the 
final  business  meeting  it  was  decided  to  leave 
the  election  of  officers  for  a  letter  ballot,  to  be 
taken  in  the  near  future.  The  place  of  hold- 
ing the  next  annual  meeting  was  not  decided 
at  that  time,  and  this  will  be  left  to  a  com- 
mittee. 


Short  Course  in  Highway  Engineering  at 
the  University  of  Michigan,  Feb.  15-20, 
1915. — The  Department  of  Engineering  of 
the  University  of  Michigan  announces  a  short 
course  in  Highway  Engineering  for  the  benefit 
of  highway  engineers,  highway  commissioners 
and  others  intersted  in  the  construction  and 
maintenance  of  roads  and  pavements.  This 
course  will  be  given  during  the  week  in  Febru- 
ary, beginning  ISIondav.  the  1.5th,  1915. 

The  work  will  consist  of  a  thorough  discus- 
sion, particularly  of  Michigan  road  conditions 
and  materials.  The  course  as  given  will  be 
entirelv  free  from  the  influence  of  commercial- 
ism. The  faculty  of  instruction  will  be  com- 
posed of  members  of  the  faculty  of  engineer- 
ing of  the  University  of  Michigan,  with  the 
addition  of  several  outside  lecturers,  among 
whom  may  be  mentioned  Thomas  H.  McDon- 
ald, Iowa  state  engineer;  Prof.  Charles  AI. 
Strahan,  dean  of  engineering  of  the  University 
of  Georgia;  Mr.  Frank  Rogers,  Michigan  state 
highwav  commissioner ;  Mr.  Prevost  Hubbard, 
chief  of  division  of  roads  and  pavements  of 
the  Institute  of  Industrial  Research,  Wash- 
ington, D.  C. ;  Ira  O.  Baker,  professor  of  civil 
engineering  of  the  University  of  Illinois ;  Mr. 
O.  L.  Grover,  chief  bridge  engineer  of  the  U. 
S.  Office  of  Public  Roads,  and  W.  W.  Crosby, 
consulting  highway  engineer.  Baltimore.  Md. 
These  lecturers  were  selected  from  highway 
engineers  of  the  United  States,  who  are  in  no 
way  connected  with  the  sale  of  machinery  or 
road  building  materials.  It  is  hoped  this  fact 
will  result  in  the  saving  of  time  to  those  in 
attendance,  and  also  will  secure  for  this  short 
course  the  same  favorable  opportimity  for  an 
open  discussion  that  is  enjoyed  in  the  ordi- 
nary courses  of  study  at  the  University  of 
Michigan.  There  will  be  no  laboratory  fees  or 
charges  of  any  kind  in  connection  with  this 
course. 

Anv  information  desired  can  be  had  by  ad- 
dressing Mr.  H.  E.  Riggs,  professor  of  civil 


Philadelphia  Association  of  American  So- 
ciety of  Civil  Engineers. — The  next  meet- 
ing of  the  Philadelphia  Association  of  Mem- 
bers of  American  Society  of  Civil  Engineers 
will  be  held  at  the  Engineers'  Club  of  Phil- 
a  delpbia,  1317  Spruce  St.,  at  8  p.  m.  on 
Jan.  18.  Prof.  Chas.  D.  Marx,  president- 
elect. Am.  Soc.  C.  E.,  will  deliver  an  illus- 
trated address  on  the  Panama-Pacific  Ex- 
position and  the  Engineering  Congress  of 
1915.  As  this  is  a  subject  of  interest  to  all 
engineers,  a  cordial  invitation  has  been  ex- 
tended to  members  of  the  other  engineering 
societies  of  Philadelphia  to  attend  the  meet- 
ing. 


Lyttle  Creek  Flood  Control  and  Conser- 
vation Project. —In  our  issue  of  Dec.  9  we 
described  the  proposed  plan  for  controlling 
the  flood  waters  of  Lyttle  Creek  in  San 
Bernardino  County,  California.  The  con- 
sulting engineer  for  this  improvement  is 
Mr.  F.  C.  Finkle,  I.  W.  Hellman  Bldg.,  Los 
Angeles,  Cal.  In  the  issue  referred  to  the 
name  of  the  engineer  was  erroneously 
printed  F.  C.  Hinkle. 


The  fourth  annual  meeting  of  the  Arkan- 
sas Engineering  Societv  will  be  held  at 
Little  Rock,  Ark.,  Jan.  18  and  19. 


PERSONALS 

Messrs.  H.  M.  Haven  and  W.  W.  Crosby 
have  formed  a  partnership  under  the  firm 
name  of  Haven  &  Crosby,  engineers  and  archi- 
tects, with  offices  at  40  Central  St.,  Boston. 
Both  were  formerly  members  of  the  firm  of 
F.  W.  Dean,  Inc.,  of  Boston. 

Mr.  O.  H.  Lang  has  been  chosen  as  county 
surveyor  and  engineer  for  Colquitt  County, 
Georgia,  and  is  engineer  in  charge  of  $50,000 
worth  of  paving  and  sidewalks  in  Quitman, 
Ga.  Mr.  Lang  was  form.erly  instructor  in 
the  Department  of  Experimental  Engineering 
of  the  Georgia  School  of  Technology 
at  Atlanta,  Ga.  Since  1911  he  has  conducted 
a  general  civil  engineering  practice  at  Moul- 
trie,  Ga. 

Mr.  H.  C.  Westover  has  opened  an  office  at 
988  Pearl  St.,  Beaumont,  Texas,  to  pr.ctice 
municipal  engineering.  He  is  prepared  to  un- 
dertake the  preparing  of  plans  and  specifica- 
tions, the  supervision  and  construction  of 
municipal  water,  sewer  and  electric  light  plants, 
and  the  compiling  of  commercial  reports,  ap- 
praisals and  prospectus  work.  Mr.  Westover 
was  formerly  a  member  of  the  firm  of  Rollins 
&  Westover  of  Kansas  City,  Mo.,  where  he 
was   engaged   in   similar   work. 

Mr.  C.  P.  Howard,  formerly  a  member  of 
the  firm  of  Berrj'.  Howard  &  Roberts,  dis- 
solved, as  announced  elsewhere  in  this  col- 
umn, announces  the  opening  of  an  office  as  con- 
sulting engineer,  specializing  in  railway  sur- 
veys, location,  re-location,  plans,  estimates  and 
studies  of  economics,  of  operation  as  afifected 
by  grade  and  line  improvement.  Oflices  are 
at  1603-4  Transportation  building,  Chicago. 
Mr.  Howard  is  a  member  of  the  .\nierican  So- 
ciety of  Civil  Engineers,  the  .'\merican  Railway 
Engineering  Association  and  the  Western  So- 
ciety of  Engineers. 

Mr.  Thad  McKay  entered  upon  the  duties 
of  County  Surveyor  for  Lassen  County,  Cali- 
fornia, Jan.  1,  l9l5,  for  the  third  consecutive 
term.  Mr.  McKa)'  received  his  technical  train- 
ing at  the  Van  der  Naillen  School  of  Engineer- 
ing at  San  Francisco,  graduating  with  the 
class  of  1900,  and  taking  advanced  work  in 
1901.  After  a  varied  practice  as  land  and 
mine  surveyor  he  was  in  1906  elected  to  the 
office  of  county  surveyor  of  Lassen  County, 
California,  and  again  in  1910.  During  his  past 
eight  years  of  office  he  has  been  an  important 
factor  in  Lassen  County  progress  for  good 
roads  and  bridges. 

Mr.  J.  B.  Berry  and  Mr.  S.  S.  Roberts  an- 
nounce the  dissolution  of  the  firm  of  Berry, 
Howard  &  Roberts  and  the  continuance  of 
business  in  the  general  practice  of  civil  engi- 


neering  under  the  firm  name  of  Berry  &  Rob- 
erts, with  offices  at  1640  Transportation 
Buildmg,  Chicago.  Both  Mr.  Berry  and  Mr 
Roberts  are  members  of  the  .'\merican  So- 
ciety of  Civil  Engineers  and  of  the  -American 
Railway  Engineering  Association.  The  firm 
IS  prepared  to  make  investigations,  estimates 
and  reports  of  existing  and  proposed  lines 
railway  location,  yard  and  terminal  plans,  val- 
uations for  private,  state  and  federal'  use 
and  studies  and  reports  of  the  economics  of 
railway  operation  due  to  changes  of  line  or 
gradients. 

Mr.  R.  L.  Fitzgerald  has  been  appointed  to 
the  office  of  municipal  business  manager  for 
the  village  of  Winnetka,  111.  This  office  has 
just  been  created,  and  its  duties  are  largely 
a  matter  of  experiment,  but  the  manager  will 
have  charge  of  the  business  affairs  of  the  com- 
munity. The  position  also  involves  the  super- 
vision of  the  water  works  and  electric  plant 
that  are  owned  by  the  village.  Mr.  Fitzgerald, 
who  assumed  office  on  Jan.  1,  is  a  graduate  iii 
mechanical  engineering  of  Purdue  University. 
He  was  emploj'ed  bv  the  Houston,  Texas,  Gas 
Co.  from  1904  to  1906,  and  bv  the  Gary  Heat, 
Light  &  Water  Co..  Garv,  Iiid..  from  1907  to 
1911.  In  1912  and  part  of  1913  he  was  on  the 
engineering  staff  of  the  Wisconsin  Railroad 
and  Tax  Commissions.  Since  August,  1913, 
he  has  been  employed  by  Sloan,  Huddle,  Feu- 
stel  &  Freeman,  consulting  engineers  of  Madi- 
son, A\'is..  and  has  been  chiefly  engaged  in  en- 
gineering investigation  of  public  service  prop- 
erties in  many  parts  of  the  L^nited  States. 

OBITUARIES 

F.  X.  Dion,  president  of  the  Lauzon  Engi- 
neering Co.,  Ltd.,  engineers  and  contractors, 
127  Commercial  St.,  Levis,  Quebec,  died  De- 
cember 17  at  his  home  in  Lauzon.  Quebec.  Mr. 
Dion  was  a  well-known  figure  in  business  cir- 
cles of  Quebec.  The  firm  of  which  he  was 
the  head  is  engaged  largely  in  railway  and 
municipal  work,  and  has  made  a  specialty  of 
wharves,  piers,  dams  and  of  reinforced  con- 
crete construction. 

Richard  J.  Evans,  a  civil  engineer  of  New 
Orleans,  died  in  that  city  Dec.  21,  aged  74. 
Mr.  Evans  was  for  a  number  of  years  en- 
gaged in  railroad  construction  in  the  South 
and  West.  He  was  at  one  time  connected 
with  the  \J.  S.  Geodetic  Survey.  He  was  a 
member  of  a  commission  of  three  civil  engi- 
neers appointed  to  pass  upon  plans  for  the 
drainage  of  New  Orleans  and  its  protection 
from  the  overflow  waters  of  the  Mississippi. 


CIVIL  SERVICE  NEWS 

The  U.  S.  Civil  Service  Commission  an- 
nounces examinations  as  follows : 

Physical  Laboratorian ;  $3.04  per  diem.  New 
'York  Navy  Yard  or  LT.  S.  Naval  Department 
at  Washington.  Technical  education  and  some 
experience  involving  a  knowledge  of  the 
strength  of  structural  materials,  elementary 
physics  and  mechanics,  etc.    Feb.  3. 

Electrical  Draftsman;  V.  S.  Navy  Yards  or 
Department  at  Washington ;  $3.-52  to  $5.-52  per 
diem.     Feb.  3-4. 

Marine  Engine  and  Boiler  Draftsman.  U. 
S.  Navv  Yards  or  Department  at  Washington ; 
$5.04  per  diem.     Feb.  3-4. 

Copyist  Marine  Engine  and  Boiler  Drafts- 
man ;  $2.80  per  diem.    Feb.  3. 

Sanitary  Engineer;  Public  Health  Service; 
$2,500  per  annum.  Graduation  from  college  or 
university,  including  full  course  in  sanitary 
engineering  and  four  years'  laboratory  and 
field  practice  required.     Feb.  2. 

Copyist  Electrical  Draftsman;  Navy  Yards; 
$3.28  per  diem;   Feb.  3. 

Copvist  Ordnance  Draftsman;  Navy 
Yards;  $2.80  per  diem;  Feb.  3. 

Civil  Engineer  Student ;  U.  S.  Office  of  Pub- 
lic Roads;  $720  per  annum;  Feb.  3. 

Topographic  Aid;  temporary;  Geological 
Survey;  $40  to  $75  per  month;  Feb.  3. 

Junior  Topographer;  Geological  Survey; 
$720  to  $1,200  per  annum;   Feb.  4-5. 

Structural  Steel  Draftsman;  LT.  S.  Naval 
Station;   $3.-52  to  $5.-52  per  diem;   Feb.  -3-4. 
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Alignment    and    Grades    on     Country 

Roads  Requiring  a  Pavement  Not 

Readily   Replaceable. 

It  is  contended  by  tliose  advocating  tlie 
construction  of  relatively  permanent  surfaces 
for  countrv  roads  that  such  pavements  will 
have  a  considerable  value  as  foundations  for 
other  pavements  after  the  expiration  of  their 
life  as  a  wearing  surface.  This  is  undoulit- 
ablv  true  if  the  alignment  and  grades  on  the 
highwav  are  satisfactory  at  that  time.  Other- 
wise the  old  pavement  will  constitute  a  lia- 
bilty  rather  than  an  asset.  May  not,  then. 
the  added  cost  of  right-of-way  and  grading 
necessary  to  make  the  location  the  best  ob- 
tainable he  otTset  to  some  degree  by  the  value 
of  the  old  pavement  at  the  expiration  of  its 
life? 

The  following  comparison  between  the  cost 
of  a  light  western  railroad,  several  hundred 
miles  long,  as  given  by  Wellington  and  2ii 
miles  of  gravel  road  in  Mississipoi  descrilied 
in  Engineering  and  Contr.»lCting,  p.  30i', 
Vol.   XLII,  is  interesting: 

Rail-         High- 
road, way. 

Item.  pel  cent,  per  cent. 

Engineering    2.8  3.1 

Grading 34.0  Sfi.S 

Culverts   and   bridges 16,2  7.i.T 

Right    of   way,    fencing,    cross- 
ings,   etc 2.3  2.6 

Ballast,     cross-ties,     rails     and 

track-layinsr  or  gravel   road..     27.0  14.6 

Office    and     incidental     expense 

up  to  opening  of  line 2.4  .6 

Interest  and  discount  on   bonds 

to  opening   15.3  5.0* 

100.0  100.0 

tNo  bridges.     *Estimated. 

It  will  be  noted  that  while  the  cost  of 
grading  is  approximately  one-third  of  the 
total  cost  for  both,  the  cost  of  ballast,  tracK'- 
laying,  etc..  is  approximately  one-fourth  iii 
the  case  of  the  railroad  and  almost  one-half 
-  for  the  corresponding  feature — the  gravel 
pavement — in  the  case  of  the  highway. 

The  following  statistics  from  a  recent  pub- 
lication of  the  U.  S.  Office  of  Public  Roads 
are  derived  from  a  study  of  224  sections  of 
road : 

Drainage  and 

grading.  Paving, 

per  cent  of       per  cent  of 

Type.  total  cost.         total  cost 

Gravel.  20  ft.  wide 41.15  58.83 

Waterbound     macadam. 

15  ft.  wide 36.89  63.11 

Bituminous    macadam, 

15  ft.  wide 26.85  73.15 

While  these  figures  are  of  themselves  fi 
no  very  great  value,  they  are  sufficiently  ac- 
curate to  illustrate  the  economy  of  securing; 
the  best  possible  alignment  and  grades  before 
the  highway  is  paved.  In  fact  it  can  be 
stated  that  the  improvement  of  the  align- 
ment of  railroads  may  be  accomplished  at  a 
lower  comparative  first  cost  than  similar 
work  on  highways  after  the  paving  is  down. 
.'\Iso  tracks  and  ties  may  be  taken  up  and 
used  over  again  but  an  abandoned  gravel  or 
other  pavement  is  of  no  value  if  relocation 
'ir  rcgrading  is  necessary. 

A  comparison  from  the  standpoint  of  econ- 
omy and  safety  of  operation  would  perhaps 
not  illustrate  the  point  so  clearly.  It  is  be- 
lieved, however,  that  there  is  a  material 
advantage  to  be  gained  from  a  straight  align- 
ment and  low  grades  on  country  roads.  The 
old  maximum  grade  fetish  inherited  from 
railroad  engineers  is  still  worshiped  bv  many 
road  builders.  This,  combined  with  the 
beauties — perhaps — of  a  curving  road,  have 
led   many   to    follow   prehistoric   windings    in 


the  reconstruction  of  old  roads  and  tortuous 
developments  in  the  location  of  new  roads. 
.\s  long  as  a  road  remains  unpaved  such 
shortcomings  of  alignment  and  grade  are  per- 
missible, but  ultimate  economy  is  sacrificed  if 
these  faults  are  not  corrected  wdien  the  pave- 
ment is  laid.  The  ideal  location  may  perhaps 
never  be  obtained,  but  it  must  be  held  clearly 
in   mind  and  striven   for  mightily. 


Is  the  Philadelphia  Water  Works  Sys- 
tem Profitable? 

In  the  recent  elections  in  Philadelphia  a 
proposed  million  dollar  loan  for  water  works 
extensions  led  to  discussion  as  to  whether  the 
water  works  plant  is  profitable:  In  round 
numbers  the  investment  in  the  plant  is  said 
to  be  $102,000,000.  The  gross  revenue  in  1913 
was  $.5,010,000,  and  the  operating  expense  was 
$2,013,000,  leaving  net  $3,000,000.  This  shows 
apparent  net  earnings  of  3  per  cent.  We  say 
"apparent,"  for  it  is  evident  that  but  a  small 
part  of  the  depreciation  was  provided  for  in 
the  operating  expenses. 

The  apparent  net  earnings  during  the  six 
years  ending  1913  averaged  less  than  2.4  per 
cent  per  annum  on  an  investment  of  a  hun- 
dred million  dollars.  It  is  likely  that  a  com- 
plete audit  would  disclose  a  true  investment 
exceeding  that  shown  on  the  books,  for  it 
rarely  happens  that  municipal  accounts  have 
been  so  kept  as  to  show  all  the  construction 
costs. 

Those  who  have  claimed  that  the  Philadel- 
phia water  works  are  profitable  have  not  only 
ignored  the  question  of  depreciation  but  have 
considered  merely  the  interest  and  sinking 
fund  charges  on  $;30,000,000  bonds.  This  is  a 
point  of  view  as  to  profitableness  that  will 
hardly  appeal  to  the  ordinary  business  man. 

Whether  a  municipal  water  works  need 
show  a  profit  at  all  is  subject  for  debate;  but, 
nuce  it  is  claimed  that  a  water  works  is  prof- 
itable, the  ordinary  business  standards  should 
be  applied.  A  plant  that  has  shown  only  3  per 
cent  net  earnings  on  the  investment  that  has 
not  had  to  pay  taxes  (almost  2  per  cent  on 
actual  values  in  Philadelphia),  and  for  which 
no  depreciation  fund  is  prnvided  out  of  earn- 
ings, can  certainly  not  be  called  a  profitable 
]ilant. 

It  is  to  be  hoped  that  every  state  public 
service  commission  will  ultimately  have  the 
same  jurisdiction  over  municipally  owned  utili- 
ties as  over  utilities  owned  by  companies. 
Then  there  will  be  uniform  accounting,  which 
will  not  only  disclose  the  true  net  earnings  but 
will  enable  comparisons  to  be  made  between 
operating  costs  in  difl^orent  cities.  The  Wis- 
consin Railroad  Commission  has  done  remark- 
able picmeer  work  in  this  respect. 


Grouting  as  a  Method  of  Engineering 

Construction. 

Grout  is  a  liquid  mixture  of  cement  and 
water  or  of  cement,  sand  and  water.  The 
treatises  on  masonry  consiruction  tell  only  of 
the  use  of  grout  as  .i  substitute  for  mortar 
in  rubble  masonry  or  for  making  solid  cracked 
or  shaken  stonework.  It  is  used  for  cement- 
ing joints  in  paving,  masonry  or  concrete 
work;  as  a  paint  for  finishing,  making  water- 
tight or  protecting  from  corrosion  concrete, 
masonry  or  metal  surfaces;  as  a  void  filler, 
as  in  tunnel  lining,  where  concrete  or  ma.sonry 
cannot  be  readily  placed  to  fill  corners  or  ir- 
regularities in  the  surfaces  built  against;  as 
a  means  for  solidifying  seamed  and  fissured 
rock,  porous  soils,  cracked  and  shaken  ma- 
sonry,   loose   rubble  or   rip-rap   in   w-alls,    IJII- 
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ing  or  foundations ;  as  a  means  of  closing 
water  carrying  seams  in  tunneling,  shaft  sink- 
ing, dam  foundations,  etc. ;  as  a  means  of 
stopping  leaks  in  walls,  tunnel  linings,  coffer- 
dams, etc.  The  reason  that  these  uses  of 
grout  are  not  recorded  in  the  treatises  is  that 
they  are  for  the  most  part  newer.  Grouting 
as  a  widely  used  method  of  engineering  con- 
struction  has  developed  since  190.5. 

It  is  too  early  to  assert  that  grouting  prac- 
tice has  matured,  but  a  study  of  the  records 
of  its  use  permits  conchisions  on  many  im- 
portant features.  Considering  first  grout  ma- 
terials, any  cement  employed  for  concrete  or 
mortar  may  be  employed  for  making  grout. 
Portland  cement  is  most  commonly  em- 
ployed. The  only  property  of  cement  which 
is  called  for  in  grout  different  from  the  prop- 
erties called  for  in  concrete  and  mortar  is  its 
activity.  Grouting  frequently  demands  that 
the  cement  shall  set  and  harden  rapidly.  Grout 
is  deposited  by  flow'ing  it  into  place;  this  fact 
determines  the  sand  requirements.  A  sand  is 
required  which  will  remain  in  suspension  in 
the  mixture  while  it  is  flowing  and  which  will 
not  segregate  when  flow  ceases.  This  necessi- 
tates regulation  of  density  and  dimension  of 
grains  in  selecting  sand  for  grout.  Size  of 
grains  has  also  to  be  regulated  to  prevent 
clogging  in  grout  injecting  apparatus. 

Practice  is  about  the  only  available  criterion 
of  proper  granulometric  composition  for  grout 
sand.  Some  tests  are  recorded  by  the  engi- 
neers of  the  Metropolitan  Railway  of  Paris 
which  showed  that  best  results  were  given  by 
a  sand  having  a  density  of  1.14,  leaving  a 
residue  of  .5V->  per  cent  on  a  900-mesh  (centi- 
meter) screen  and  of  75  per  cent  on  a  4, 900- 
mesh  (centimeter)  screen.  This  is  an  ex- 
ceedingly fine  sand  and  practice  in  the  United 
States  records  its  equal  for  fineness  only  in 
instances  where  sand-cement  has  been  used 
for  grout.  In  sand-cement  the  sand  is  ground 
with  the  cement  to  approximately  equal  fine- 
ness. In  grouting  the  lining  of  the  Pennsyl- 
vania tunnel  at  New  York  City  it  was  found, 
with  the  apparatus  used,  that  sand  must  be 
screened  of  all  grains  exceeding  0.1  in.  in  size 
to  prevent  clogging  at  valves.  On  the  Catskill 
aqueduct,  where  grouting  was  employed  to  an 
unprecedented  degree,  all  grout  sand  passed  a 
100-mesh  screen  and  50  per  cent  passed  a  l.tiOO- 
mesh  screen.  .At  Waban  Hill  tunnel  of  the 
Metropolitan  Water  District  of  Massachu- 
setts the  sand  for  grout  was  all  required  to 
pass  a  64-niesh  screen  and  40  per  cent  was  re- 
quired  to  pass   a   1,600-mesh  screen. 

Roughly,  practice  has  determined  that  sand 
having  all  grains  less  than  1/10  in.  in  diameter 
and  from  40  to  -50  per  cent  of  its  grains  less 
than  1/40  in.  in  diameter  is  a  suitable  sand 
for  grout.  Finer  sands  can  be  considered  to 
have  had  only  isolated  use.  Sand-cement  grout 
comes  under  a  different  classification  than  does 
a  grout  of  cement  and  sand.  It  classes  more 
nearly  as  a  neat  cement  grout,  since  physically 
an<l,  according  to  some  authorities  at  least, 
chemically,  sand-cement  is  a  distinctive  kind 
of  hydraulic  cement  and  not  an  admixture  of 
a  hydraulic  ceuu-ul  and  a  coarser,  inert  ma- 
terial. In  cement  and  saud  grout,  sand  is  used 
solely  to  give  body  and  is  used  only  where 
such  thickening  is  possible  without  diminish- 
ing the  required  flowing  and  penetrating  abil- 
ity of  the  grout.  In  sand-cement  grout,  sand 
is  an  equally  fine  constituent  part  of  the  cem- 
ent, is  not  added  to  thicken  the  mixture  and 
has  very  slight,  if  any,  effect  on  the  flowing 
and  penetrating  qualities  of  the  grout.  These 
thoughts  bring  us  to  the  next  consideration 
in  the  practice  of  grouting  which  is  the  con- 
sistency and  proportions  of  grout. 
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In  grout  making,  consistency  and  propor- 
tions are  differently  interrelated  than  they  are 
in  concrete  making.  In  concrete,  the  term  pro- 
portions indicates  the  relative  volumes  of  cem- 
ent, sand  and  coarse  aggregate ;  the  term  con- 
sistency indicates  the  degree  of  liquidity  to 
which  the  solid  ingredients  are  mixed  vv-ith 
water.  In  grout,  the  term  proportions  means 
the  relative  volumes  of  solids  (cement  or 
cement  and  sand)  and  of  water,  and  it 
means  in  addition,  when  cement  and  sand 
grout  is  considered,  the  relative  volumes  of 
cement  and  sand.  Consistency  and  proportions 
are  not  separable  properties  in  grout.  Every 
grout  must  have  sufficient  liquidity  to  flow  into 
place,  and  this  degree  of  liquidity  is  deter- 
mined by  the  openness  of  the  voids  to  be  filled 
and  by  the  distance  of  penetration  demanded. 
Thus,  for  filling  loose  stone-packed  cavities 
directly  behind  a  tunnel  lining  a  very  thick 
grout  can  be  used  because  the  voids  are  of 
size  and  the  distance  of  penetration  is  small, 
but  to  solidify  a  finely  fissured  rock  over  con- 
siderable areas  a  very  thin  or  highly  liquid 
grout  is  required  because  the  voids  are  minute 
and  the  distance  of  penetration  is  great. 
Whence  it  comes  that  practice  shows  grout 
mixtures  ranging  from  1  part  cement  and  lo 
parts  water  to  1  part  cement,  5  parts  sand  and 
just  enough  water  to  produce  smooth  flow. 

The  surplus  water  used  in  grout  as  a  ve- 
hicle to  convey  the  solid  materials  into  place 
disappears  and  the  volume  of  hardened  grout 
in  place  is  less  than  the  volume  of  liquid  grout 
placed.  Tests  made  when  grouting  the 
Catskill  aqueduct  gave  the  following  values : 
For  a  1  cement  1  sand  grout  (0.89.5  cu.  ft. 
cement,  0.82-2  cu.  ft.  sand  and  1.21  cu.  ft. 
water),  2.9.3  cu.  {t.  added  volume  of  mate- 
rials gave  2.2  cu.  ft.  of  grout  mixture.  For 
a  1  cement  P  sand  grout  (0.89.5  cu.  ft.  cement 
and  0.8  cu.  ft.  water)  1.695  cu.  ft.  added  vol- 
ume of  materials  gave  1.04  cu.  ft.  of  grout 
mixture.  For  a  %  cement  0  sand  mixture 
(0.447  CH.  ft.  cement  and  0.8  cu.  ft.  water) 
1.247  cu.  ft.  added  volume  of  materials  gave 
0.7  cu.  ft.  of  grout  mixture.  The  1 — 1  mixture 
above,  gave  1  cu.  ft.  of  saturated  hardened 
grout  per  1.21  cu.  ft.  of  liquid  grout  mixture. 
A  1 — 1  grout  is  a  thick  grout ;  for  thin  grouts 
the  shrinkage  is  of  course  correspondingly 
greater.  Since  the  ratio  of  grout  mixture 
pumped  to  hardened  grout  in  place  is  large 
economy  dictates  in  all  grouting  work  the 
use  of  the  thickest  mixture  which  will  meet 
the   penetration   requirements. 

In  grouting,  water  is  the  vehicle  which 
carries  the  cement  to  the  place  where  it  is 
wanted  to  harden  and  fill  voids;  power  is  re- 
quired to  produce  flow  of  the  water.  In  grout- 
ing a  rubble  wall  gravity  will  provide  the 
requisite  flow,  but  in  grouting  water-bearing 
rock  to  close  leaks  positive  pressure  of  several 
hundred  pounds  per  square  inch  may  be  re- 
quired. Counter  pressure  due  to  head  of 
water,  friction  due  to  fine  or  tortuous  passages, 
distance  of  penetration  required,  determine 
the  grouting  pressure  necessary  and  they  must 
be  ascertained  by  estimate  and  trial  in  each 
case.  Though  pumps  are  used  to  force  grout 
into  place,  the  standard  method  of  grouting  as 
of  present  development  is  compressed  air  in- 
jection and  the  special  and  remarkably  perfect 
compressed  air  grouting  machines  available 
furnish  one  of  the  positive  proofs  of  the  as- 
sured place  that  grouting  has  come  to  occupy 
as  a  method  of  engineering  construction.  Air 
pressure  of  350  lbs.  per  square  inch,  secured 
by  means  of  booster  compressors  on  the  main 
100-lb.  air  line,  were  employed  on  the  Catskill 
aqueduct  in  grouting  timne!  lining.  Air  con- 
sumption for  grouting  is  a  matter  about  which 
records  of  grouting  operations  give  almost  no 
information ;  this  is  a  deficiency  which  should 
be  supplied. 

From  what  has  been  stated  and  from  exam- 
ination of  the  list  of  purposes  for  which  grout- 
ing has  been  employed,  it  is  a  logical  infer- 
ence that  the  constructional  efficiency  of  grout- 
ing is  determined  by,  or  must  be  measured  by, 
(1)  the  degree  of  penetration  which  may  be 
obtained  in  grouting,  and  (2)  the  precision 
with  which  penetration  may  be  controlled.  To 
illustrate   by   example:      In   consolidating   for 


foundations, a  gravel  bed  under  a  bridge  pier 
or  a  ledge  of  fissured  rock  under  a  dam,  it  is 
obvious  that  success  of  the  grouting  process 
predicates  a  very  high  degree  of  penetration 
by  grout  of  the  seams  and  voids;  the  circle  of 
thorough  grout  impregnation  from  one  point 
of  application  must  be  considerable  or  else 
the  multiplicity  of  points  (drill  holes  or  well 
points)  required  to  be  provided  for  grout  ap- 
plication will  be  economically  prohibitive. 
Also  in  grouting  to  clog  or  stopper  water- 
bearing rock  seams  or  leaks  in  a  tunnel  lining 
cr  cofferdam,  unless  the  penetration  of  .  the 
grout  can  be  controlled  so  that  the  filling  ac- 
cumulates and  hardens  close  to  and  within 
the  mouth  of  the  opening  to  be  closed  waste 
of  grout  going  far  afield  will  economically 
prohibit  use  of  the  method.  Records  of  prac- 
tice offer  only  very  general  answers  to  (1) 
what  is  the  degree  of  penetration  possible  in 
grouting?  and  (2)  to  what  degree  can  grout 
impregnation  or  filling  be  confined  or  localized? 

The  distance  which  grout  will  penetrate  de- 
pends finally  upon  the  size,  continuity  and 
diameters  of  the  passages  taking  the  grout. 
Liquidity  of  mixture  is  under  absolute  control 
and  grouting  pressure  can  be  made  what  one 
will  within  reason  to  overcome  hydrostatic 
counter  pressure.  A  sand  full  of  fine,  tortu- 
ous passages  allows  small  penetration  of 
grout ;  the  grains  of  cement  wedge,  friction 
makes  the  speed  of  flow  very  slow  and  sedi- 
mentation follows,  and  finally  setting  of  the 
cement  begins  and  clogs  flow.  Practice  indi- 
cates practical  failure  in  all  attempts  to  grout 
fine  sand ;  gravel  and  broken  stone  take  grout 
satisfactorily  if  moderately  free  from  sand  or 
other  fine  material.  Fissured  rock  takes  grout 
directly  in  proportion  to  the  size,  continuity 
and  directness  of  its  fissures.  Practice  records 
all  degrees  of  success  in  grouting  rock  and 
about  the  only  definite  conclusion  possible  is 
that  each  rock  deposit  is  a  separate  problem 
to  be  solved. 

The  localization  of  grout  deposition  in  plug- 
ging leaks,  stoppering  water-bearing  fissures 
and  filling  local  voids  is  not  completely  possi- 
ble. Practice  records  the  following  means: 
Employ  a  thick  grout  using  as  much  sand  as 
possible  to  increase  its  clogging  qualities,  and 
a  quick-setting  cement  to  secure  rapid  setting; 
place  the  grout  with  pressures  which  are  reg- 
ulated so  as  not  to  drive  or  scatter  the  grout 
away  from  the  place  where  it  is  wanted.  Ad- 
dition to  the  grout  of  some  fibrous  material 
like  horse  manure  often  assists  the  preliminary 
clogging  action,  and'  surface  caulking,  dam- 
ming and  plugging  as  conditions  allow  are 
other  aids  in  confining  grout. 

Cost  records  of  grouting  are  few  and  are 
valuable  largely  only  for  showing  wherein 
better  cost  recording  is  essential.  The  terms 
in  which  grouting  costs  are  stated  are  dif- 
ferent for  grouting  tunnels,  for  grouting 
fissured  rock  and  for  grouting  other  works, 
and  indeed  it  is  not  altogether  clear  that  a 
common  term  for  all  grouting  costs  is  pos- 
sible. Grouting  tunnel  involves  placing  of 
grout  and  vent  pipes,  surface  handling  of  ma- 
terials and  hauling  in  tunnel,  besides  the 
grout  injecting  operations  proper.  Grouting  a 
rock  foundation  involves  besides  grout  injec- 
tion drilling  operations  often  of  considerable 
magnitude.  Other  works  of  grouting  show 
similar  differences  of  tasks  to  be  performed. 
Under  such  conditions  itemized  cost  recording 
is  essential  if  very  useful  records  are  to  be 
had.  .\lso  it  is  clear  that  separate  itemized 
records  are  required  for  grouting  operations 
proper  and  for  operations  preparatory  to  or 
providing  for  grouting  operations.  In  grout- 
ing rock  foundations,  for  example,  separate 
itemized  costs  of  drilling  operations  and  of 
grouting  operations  are  required.  The  prime 
requisite  of  grouting .  cost  records  is  com- 
pletely  itemized  cobts. 

A  term  or  terms  in  which  grouting  costs 
can  be  stated  is  a  secondary  but  important 
requisite  of  grouting  cost  records.  Practice 
shows  costs  of  grouting  tunnel  lining  stated 
per  lineal  foot  of  tunnel,  per  cubic  yard  of 
grout  mixture  injected  and  per  barrel  "set 
volume''  of  grout  injected.  Costs  of  grouting 
rock    foundations    are    stated    per    lineal    foot 


of  hole  drilled.  It  is  not  sufficient  to  state 
grouting  costs  in  any  one  of  these  units.  To 
have  costs  of  grouting  a  rock  foundation  so 
that  they  can  be  widely  utilized,  they  should 
include  cost  per  cubic  yard  of  specified  grout 
mixture  injected  and  per  lineal  foot  of  hole 
drilled  with  a  statement  of  the  number  of 
holes  and  their  average  length,  of  the  super- 
ficial area  of  rock  surface  grouted  and  of  the 
cube  of  probably  grout  impregnated  rock.  To 
have  similarly  usable  costs  of  grouting  tunnel 
one  needs  data  on  volume  of  specified  grout 
mixture  injected,  length  of  lining  grouted, 
number  of  grouting  connections  required^ 
volume  and  character  of  voids  filled,  etc.  All 
of  these  units  obviously  cannot  always  be 
precisely  ascertained,  but  the  desirability  of 
knowing  what  they  are  urges  that  no  reason- 
able effort  to   ascertain  them   is  spared. 

As  indicated  cost  records  of  grouting  are 
few  and  generally  incomplete,  but  it  is  not 
excusable  to  neglect  such  records  as  there 
are.  We  believe  that  the  most  complete 
published  record  of  cost  of  grouting  tunnel 
lining  is  that  which  appeared  in  our  issue  of 
July  22,  1914,  referring  to  the  Waban 
Hill  tunnel.  These  costs  submit  to  brief 
quotation  and  are  therefore  repeated  here  as 
follows  : 

Cost  Cost  Per  cent 
per  per     of  total 
Item.                            cu.  yd.  lin.  ft.  cost. 
Superintendence  and  gener- 
al labor   $0.60  $0.09         4.5 

Labor     3.34  0.4.8  25.2 

Teaming    0.01  0.002  0.1 

Sand     0.76  0.11         5.7 

Cement   4.5S  0.65  34.6 

Small    tools,    etc 0.50  0.07         3.8 

Incidental   expenses   and   in- 
surance       0.30  0.04         2.3 

Rental,     transportation    and 

repairs  of  grout  machine.  0.09  0.013       0.7 
Plant- 
Transportation,      erection, 
repairs,     operation      and 

dismantling     2.83  0.40  21.4 

Interest   and   depreciation.  0.22  0.03         1.7 

Total    cost    $13.23       $1.884  100.0 

There  are  no  other  exactly  comparable 
records.  For  grouting  the  Pennsylvania  R.  R. 
East  River  tunnels,  however,  the  following 
records   are  given : 

Normal    Comp. 
Air.  Air. 

Barrels  set  volume  per  lin.  ft 14.m:1         14.9:; 

Top  charges,   per  barrel $  1.63       $  2.77 

Labor,    per    barrel 0.68  0.93 

Total  per  barrel $  2.31       $  3.70 

These  figures  include  all  charges  except 
costs  of  materials.  Assuming  one  barrel 
"set  volume"  as  4  cu.  ft.,  the  cubic  yard  costs 
were  in  round  figures  $16  and  $25.  These 
much  higher  costs  than  those  at  Waban  Hill 
are  probably  attributable  to  "top  charges," 
which  here  included  cost  of  contractor's  staff 
and  roving  laborers  such  as  pipemen,  elec- 
tricians, yardmen,  etc.,  and  the  cost  of  the 
whole  tunnel  plant  and  its  operation  prorated, 
and  which  were  $1.63  per  barrel  and  $2.77  per 
barrel. 

On  the  Catskill  Aqueduct  records  show 
from  300  to  400  one-bag  (cement)  batches  of 
grout  placed  in  three  8-hour  shifts.  About 
four-fifths  of  this  grout  appears  to  have  been 
the  1-1  mix  noted  previously  and  one-fifth  the 
1-0  mix.  Then  the  volume  of  grout  mixture 
placed  per  three-shifts  must  have  run  from 
about  22  to  about  30  cu.  yds.  Excluding  su- 
perintendence a  grouting  gang  on  top  and  in 
tunnel  consisted  of  about  17  men  which  at 
the  average  wage  of  $2.25  per  shift  recorded 
for  tunnel  workers  gives  a  labor  charge  per 
shift  of  $38.25  or  for  three  shifts,  say  about 
$11-5.  The  labor  cost  of  mixing  and  placing 
a  cubic  yard  of  grout  was  then  from  $3.85 
to  $5.25."  These  are  naturally  very  rough 
estimates  only,  but  they  are  indicative  of  tun- 
nel  grouting  costs. 

Costs  of  grouting  foundation  rock  given 
in  any  detail  are  available  only  for  dam 
work  'at  Lahontan,  Nev..  and  at  Estacada, 
Oregon.  At  Lahontan  83  holes  of  an  aver- 
age depth  of  32  ft.  were  drilled  and  295  bbls. 
of  cement  were  injected  mixed  with  from  1 
to  8  parts  water.  At  Estacada  555  holes  of 
an  average  depth  of  about  61  ft.  were  drilled 
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and  1,526  bbls.  of  cement  were  injected  mixed 
with  from  1%  parts  to  o  parts  water.  The 
costs  of  grouting  at  these  two  dams  as  given 
by   different   records  were: 

Estacada     Lahontan 

Labor  and  Dam. Dam. 

materials.  Fisher.     Rands.       Cole. 

Labor,     drilling $0.58         50. 5S)         $0.93 

Labor,    grouting 0.18  O.IS  0.29 

Cement     0.12  0.12  0.31 

Repairs   and    supplies....   0.17  0.17  0.23 

Plant     0.30  

Plant    depreciation 0.1.j  0.35 

Power     0.05  ....  0.03 

Other    items ....  0.94 

$1.40  $1.21  $.... 

Salvage  on  plant,   credit.   0.17  

Direct    cost    1.23  1.21 

Total   field    cost ••■■  3. US 

General   plant,    etc 0.32  0.45  0.12 

Coffers   and    pumping 0.15  .... 

Engineering    and    super- 
intendence      O.IJ  0.27 

Clerical   and   office ..■■  0.10 

Total   cost  per  foot $1.55         $2.00         $3.57 

Not  much  better  is  possible  than  a  guess  of 
the  volume  of  grout  mixture  injected.  As- 
suming the  average  mixture  at  both  dams  to 
have  been  1  cement,  4  water,  then  somewhere 
about  900  to  1,000  cu  yds.  of  grout  mixture 
were  injected  at  Estacada  and  from  IT-J  to 
200  cu.  yds.  at  Lahontan.  Taking  the  greater 
volumes  the  cost  per  cubic  yard  of  grout 
mixture  at  Estacada  was  about  $7  and  at 
Lahontan  about  $5.  Again  it  should  be  noted 
that  these  costs  are  not  much  better  than 
guesses. 

Attempt  to  give  from  the  record  pubhshed 
precise  figures  of  the  efficiency  of  grouting 
is  a  more  uncertain  task  even  than  attempting 
precise  figures  of  cost.  At  the  Catskill  Aque- 
duct such  measurements  as  were  made  in- 
dicated that  by  grouting  leakage  was  re- 
duced from  50  to  70  per  cent.  Grouting  at 
Lahontan  was  estimated  by  the  engineer  to 
have  saved  some  $.3,300  as  compared  with  a 
cut-off  wall.  At  Estacada  the  efficiency  of 
the  grouting  done  is  a  matter  of  dispute. 
These  figures  compel  us  to  fall  back  onto  gen- 
eral records,  which  are  numerous,  that  in 
many  cases  grouting  has  provided  means  for 
doing  work  which  no  other  resort  could  equal. 

From  the  preceding  it  is  clear  that  grouting 
is  not  a  process  which  can  be  defined  by  set 
rules.  The  engineer  must  adapt  his  procedure 
by  trial  and  elimination  to  the  local  conditions 
and  in  the  light  of  the  objects  sought.  While 
definite  procedure  cannot  be  stated,  records 
of   practice    permit    conclusions   to   be    drawn 


that  are  of  assistance  in  conducting  trials  to 
ascertain  the  best  procedure  in  any  particular 
case.  Some  of  these  conclusions  which  have 
not  been  previously  stated,  or  which  amplify 
those  already  stated,  are  enumerated. 

Grouting  behind  tunnel  lining  on  the  Catskill 
aqueduct  led  to  the  following  conclusions: 
Where  impervidusness  is  a  controlling  factor 
grouting  should  be  carried  on  at  reasonably 
low  temperatures;  where  joints  are  to  be 
plugged  they  will  be  at  their  maximum  open- 
ing under  these  conditions.  A  quick-setting 
cement  is  required.  A  1  cement  1  sand  grout 
with  sufficient  water  to  lift  it  into  place  should 
be  used  whenever  possible ;  the  amount  of 
water  is  in  part  controlled  by  the  character  of 
the  grouting  machine  used;  the  sand  is  the  im- 
portant factor  in  clogging  large  leaks.  Where 
fine  seams  carrying  water  are  met  the  sand 
should  be  omitted.  Grout  pipes  should  be 
free  from  bends ;  vent  pipes  should  be  placed 
well  up  in  the  roof.  Grout  the  lining  in  sec- 
tions 80  to  100  ft.  long  by  building  cut-off 
walls  outside  of  the  lining  to  rock ;  begin 
grouting  at  center  of  section,  increasing  pres- 
sure as  the  filling  proceeds;  maintain  pressure 
several  minutes  to  give  the  grout  time  to  pene- 
trate fine  cracks  and  irregularities.  After  sec- 
tion has  been  filled  two  or  three  hours  reopen 
highest  point  to  release  air  and  water,  and 
then   regrout. 

In  groutjng  fissured  and  rather  heterogeneous 
rock  at  Estacada  Dam  in  Oregon  the  knowl- 
edge gained  is  summarized  as  follows:  Do  all 
drilling,  grouting  and  testing  through  casings ; 
test  by  means  of  elevated  tanks  instead  of  by 
pumps ;  test  and  grout  each  hole  as  soon  as 
drilled  and  for  a  few  days  thereafter  keep 
the  drills  away  from  the  probable  zone  of 
diffusion.  In  grouting,  especially  at  high  pres- 
sure, it  is  best  to  close  the  valve  before  the 
tank  is  entirely  empty,  as  the  air  following 
the  grout  into  the  hole  is  apt  to  make  trouble. 
Begin  grouting  with  a  comparatively  thin  mix- 
ture and,  if  taken  poorly,  thicken  until  each 
succeeding  batch  requires  either  an  increased 
time  for  discharging  or  an  increased  pressure. 
In  grouting  for  a  dam  foundation  at  Hales 
Bar  on  the  Tennessee  River,  fissured  and 
chambered  rock  under  water,  it  was  found 
that  the  more  thoroughly  the  seams  and  cavi- 
ties were  cleaned,  the  more  certain  was  the 
effect  of  the  grout.  Cleaning  may  be  accom- 
plished by  pumping  water  down  one  drill  hole 
and  letting  it  escape  at  an  adjacent  hole,  thus 
scouring  the  seam  between  holes.  A  small  ex- 


cess head  of  water  in  the  coffeidam  enclosing 
the  area  being  grouted  is  required;  it  should 
not  exceed  by  more  than  1  or  2  ins.  the  head 
outside ;  the  grouting  pressure  should  not  ex- 
ceed 5  lbs.  per  square  inch.  The  grout  should 
be  as  thick  as  will  pump. 

All  records  of  attempts  to  grout  fine  sand 
indicate    failures.      Coarser    materials   can    be 
grouted  with  increasing  success  with  increasing 
coarseness  of  material.     Tests  made  of  grout- 
ing natural   gravel   bar   and   sand   and   gravel 
mi.xtures   in   tank   by   the   Louisville-Nashville 
R.   R.   furnish  the  most  complete  conclusions 
available.     The  coarser  and  cleaner  the  mate- 
rial is  the  more  thorough  will  be  the  grout  pen- 
etration ;  with  very  fine  material  the  success  of 
grouting  is  small.     The  greatest  difficulty  is  to 
get  rid  of  the  excess  water  in  the  grout  with- 
out also  carrying  away  much  of  the  cement. 
In   open  gravel  bar  the  grout  spreads  out  in 
wide,  thin  ledges  along  planes  of  least  resist- 
ance and  therefore  gravel  in  bar  to  be  grout- 
ed   should    be    enclosed     by    piling    or     other 
means  to  restrict  lateral  spread  of  the  grout. 
E.xcessive  air   pressure  should  be  avoided,  as 
it  stirs  up  the  gravel  and  disturbs  the  deposit- 
ing of  the  cement.     The  grouting  machine  re- 
quires attention  to  see  that  choking  does  not 
occur  in   any  of   the   pipes  and  valves.     Well 
points  should  be  perforated  with  holes  which 
will    not    admit    fine    particles    from    the    sur- 
rounding gravel.     A  heavy  pipe  is  required  to 
stand    driving;    to   clean    a   clogged    pipe    the 
best   method   is   to   lower   a   hose   into   it   and 
jet  out  the  material.     Clogging  can  be  avoid- 
ed in  sinking  pipe  by  keeping  a  strong  pres- 
sure of  air  passing  through  it. 

In  thus  reviewing  the  available  records  of 
grouting  practice  one  sees  first  that  these  rec- 
ords have  many  gaps.  They  do,  however,  as- 
sure one  that  grouting  is  a  practical  develop- 
ment of  very  wide  usefulness  in  engineering 
construction.  Adoption  of  grouting  calls  for 
judgment.  It  is  not  universally  applicable;  it 
will  not  replace  older  structural  means  en- 
tirely in  any  case  and  in  most  cases  is  merely 
their  aid.  To  substitute  grouting  of  founda- 
tion rock  for  cut-off  walls  in  dam  construc- 
tions is,  for  example,  unwarranted  by  any 
success  that  can  be  claimed  for  the  process  of 
grouting  fissured  rock.  On  the  other  hand 
the  engineer  who  has  a  wet  rock  shaft  to 
sink,  a  tunnel  lining  to  make  tight,  a  sub- 
terranean leak  to  close,  a  mass  of  loose  ma- 
terial to  make  solid,  is  not  considering  all 
the  means  available  unless  he  considers 
crouting. 
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Design  and  Construction  of  the  New 

Supply   Conduit    (Nepaug)    of  the 

Hartford,  Conn.,  Water  Works. 

Hartford,  the  capital  of  Connecticut,  is  lo- 
cated on  the  river  of  the  same  name  a  little 
north  of  the  geographical  center  of  the  state. 
The  population  of  the  city  in  September,  1914, 
was  130,914. 

The  first  public  water  supply  was  obtained 
from  the  Connecticut  River  by  pumpint;  in 
1855.  One  pump  with  an  estimated  daily  ca- 
pacity of  3,000,000  gals,  was  installed,  which 
forced  water  to  a  reservoir  holding  about 
8,000,000  gals,  located  on  a  hill  about  125  ft. 
above  the  river.  Hartford  at  this  time  had  a 
population  of  about  23,000,  and  it  is  possible 
that  a  large  proportion  of  these  did  not  use 
the  city  water.  In  1809  the  consumption  of 
water  was  at  the  rate  of  1,900,000  gals,  per 
day;  in  1876,  4,955,000  gals.,  and  for  the  year 
1913  the  amount  drawn  was  at  a  rate  of  9,040,- 
000  gals,  per  day.  In  1867,  probably  due  to 
the  inadequacy  of  the  pump  and  the  desire 
of  the  inhabitants  to  obtain  a  more  sanitary 
water  than  it  was  possible  then  to  obtain 
from  the  Connecticut  River,  a  gravity  supply 
was  developed  on  the  east  slope  of  Talcott 
Mountain  in  West  Hartford,  about  six  miles 


distant  from  City  Hall.  The  river  supply 
was  abandoned  then  except  for  emergency 
service.  During  the  succeeding  years  five 
more  reservoirs  have  been  built,  the  12  square 
miles  of  tributary  drainage  area  has  been 
fully  developed  and  there  is  no  possibilty  of 
further  extension  in  this  locality.  Based  on 
the  Sudbury  run  off  data,  it  is  estimated  that 
the  safe  daily  capacity  of  the  West  Hartford 
sources  is  7,300,000  gals,  per  day,  which  mark 
was  passed  about  five  years  ago. 

The  last  constructed  reservoir  of  the  West 
Hartford  group  was  finished  in  1895  and, 
like  many  other  cities,  Hartford  deluded  her- 
self with  the  thought  that  she  now  had  an 
adequate  supply  for  many  years  to  come.  In 
only  a  few  years,  however,  it  was  again  rea- 
lized that  a  larger  and  more  abundant  source 
must  be  secured.  Reports  on  additional  sup- 
plies were  submitted  in  1901  by  Rudolph  Hcr- 
ing  and  in  1902  and  1908  by  Allen  Hazen. 
Several  sources  were  investigated  and  report- 
ed upon  at  some  length,  and  a  supply  from 
the  Nepaug  River  in  New  Hartford  was 
finally  decided  upon.  Because  the  Nepaug 
River  was  one  of  the  principal  feeders  of  the 
Farmington  River  and  because  this  stream  is 
very  fully  developed  by  mills  and  factories 
using  water  power,  considerable  opposition 
was  encountered  when  the  cty  endeavored  to 


get  legislative  permission  to  take  this  Nepaug 
water.  The  controversy  was  waged  through 
two  legislative  sessions,  and  the  opposition 
of  the  principal  power  users  was  finally  with- 
drawn on  an  agreement  of  the  Water  Board 
to  construct  an  additional  reservoir  solely  to 
store  water  for  use  in  dry  periods  and  so 
compensate  for  the  water  diverted  from  the 
Farmington  River. 

After  the  legislative  fight  was  finished,  the 
first  real  steps  toward  the  development  of  the 
additional  supply  were  taken  in  the  first  part 
of  1912  when  an  engineering  department  was 
organized  and  survey  and  designing  work  was 
begun. 

The  location  of  the  proposed  storage  reser- 
voir (Nepaug  Reservoir)  is  about  1.25  miles 
west  of  the  town  of  CoUinsvillc,  about  8 
miles  west  of  the  West  Hartford  system  and 
about  14  miles  in  a  direct  line  west  of  the 
City   Hall   in   Hartford. 

The  plan  contemplates  a  collecting  and 
storage  reservoir  on  the  Nepaug  River  with 
a  capacity  of  about  9,000,000,000  gals. ;  a  com- 
pensatin.g  reservoir  on  the  East  Branch  of  the 
Farmington  River  at  New  Hartford  with  a 
capacity  of  about  3,000,000,000  gals.;  a  pipe 
line  connecting  the  proposed  storage  reser- 
voir with  the  present  reservoir  system  in 
West  Hartford  ;   a   filtration   plant  capable  of 
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treating  all  of  the  city  supply:  and  a  large- 
size  main  supply  line  reinfon-ing  the  present 
mains  from  the  West  Hartford  reservoirs  to 
the  city.  The  total  drainage  area  which  will 
be  developed  by  this  plan  for  city  supply  is 
about  -32  square  miles  and,  based  on  the  run- 
ofl  records  of  the  Wachusett  watershed  in 
Massachusetts,  the  safe  yield  to  lie  depended 
upon  is  estimated  at  about  .'iO.dOO.Odd  gals, 
per  day  or  aljout  four  times  the  supply  at 
present  available. 

The  Nepaug  Reservoir,  when  completed, 
will  have  a  surface  elevation  of  485  ft.  above 
sea  level.  It  is  expected  to  use  Reservoir 
No.  .5  of  the  West  Hartford  system  as  a  re- 
ceiving basin  and  its  elevation   is  320. 

To  bring  the  water  from  Nepaug  Reservoir 
to  Reservoir  No.  -5,  a  conduit,  tunnel  and  pipe 
line  have  been  constructed  in  part,  there  yet 
remaining  to  be  built  a  connecting  link  of 
conduit  about  a  mile  long  at  the  easterly  end 
of  the  line.  An  article  published  in  Engi- 
neering AND  Contracting  of  Dec.  17,  1913, 
shows  the  sections  and  gives  the  elements  of 
the  new  aqueduct.  The  work  now  completed 
comprises  3,6(17  ft.  of  conduit  on  the  east  and 
west  approaches  to  Talcott  Mountain,  2,333 
lin.  ft.  of  tunnel  through  the  mountain  and 
:l!),(i(i(l  lin.  ft.  of  pipe  line  extending  across 
the  Farmington  River  valley  and  over  the 
spurs  of  several  intervening  ridges. 

The  conduit  is  of  concrete  masonry,  horse 
shoe  section,  of  the  cut-and-cover  type,  -5  ft. 
by  4.75  ft.,  vertical  and  horizontal  dimen- 
sions, respectively.  The  tunnel  is  concrete-lined 
throughout,  horse-shoe  section,  (100  ft.  high 
and  5.33  ft.  wide  to  neat  lines.  The  pipe  line 
is  of  cast  iron  and  42  ins.  in  diameter.  The 
present  article  describes  the  new  Nepaug 
supply  conduit  and  is  taken  from  a  paper  be- 
fore Section  D  of  the  American  Association 
for  the  Advancement  of  Science  at  the  Phil- 
adelphia meeting,  Dec.  30-31.  1014,  by  Mr. 
Caleb  Mills  Saville,  Chief  Engineer,  Board 
of  Water  Commissioners,  Hartford,  Conn. 

Previous  to  1912.  several  surveys  of  a 
reconnaissance  character  had  been  made,  and 
in  the  early  part  of  that  year  surveys  with  a 
definite  purpose  in  mind  were  started  and  in- 
vestigations with  diamond  and  wash  drills 
undertaken  along  the  line  of  the  proposed 
tunnel.  At  the  same  time  the  Designing  Di- 
vision was  working  on  problems  relating  to 
economical  and  efficient  construction  so  that. 
when  the  surveys  were  completed,  it  would 
be  possible  quickly  to  prepare  the  plans  for 
construction. 

Diamond  Drilling. — The  contract  for  this 
work  was  let  to  the  Sprague  &  Henwood  Co., 
of   Scranton,   Pa.,  at  the   following  prices : 

1.  Sinking-  casing  and  core  drilling  for  cores 
of  less  than  2  ins.  in  diameter.  $4  per  linear  foot. 

2.  Sinking  casing-  and  core  drilling  for  cores 
of  2  ins.  rmd  larger  Jiameter,  $5.50  per  linear 
foot. 

It  was  specified  that,  when  rock  was  en- 
countered, a  diamond  drill  should  be  used 
which  would  furnish  a  core  of  rock  not  less 
than  1%  ins.  in  diameter.  In  soft,  friable  or 
seamy  rock,  when  1%-in.  cores  could  not  be 
obtained,  it  was  provided  that  cores  up  to 
3%,  ins.  in  diameter  could  be  ordered  by  the 
Engineer.  As  large  a  percentage  of  recovery 
as  possible  of  the  core  was  desired,  and  to 
this  end  it  was  provided  that  the  speed  of 
the  drill  and  the  frequent  removal  of  core 
should  be  regulated  by  order  of  the  engineer. 

Seven  diamond  drill  holes  were  put  down, 
three  on  either  side  of  the  crest  of  the  moun- 
tain to  develop  the  depth  and  character  of 
the  material  underlying  the  rock  and  to  de- 
termine the  nature  of  the  rock  itself,  and  one 
hole  was  drilled  near  the  crest  in  order  to 
locate  the  line  of  contact  between  the  two 
radically  different  rock  formations  shown  by 
the   other   drill   exploration. 

Geological  Structure. — Talcott  Mountain  is 
a  low-lying  ridge  with  an  elevation  of  400  ft. 
(m.s.l.  ■)  directly  over  the  tunnel.  It  was 
formed  by  laval  (basalt)  flow,  and  underly- 
mg  the  basalt  sheet  is  a  red  shaly  sand.stone. 
Both  lava  and  sandstone  are  of  the  Trassic 
Age,  laid  down  on  a  practically  flat  floor  and 
then  tilted  to  the  southeast  at  an  angle  of 
about  15°.    The  sandstone  varied  from  a  very 


fine-grained  shale  to  a  coarse  sandstone.  This 
formation  was  thin  bedded,  of  a  reddish  color 
and  composed  principally  of  fragments  of 
quartz  and  feldspar  held  together  chiefly  with 
ferruginous  clay.  The  boring  indicated  that, 
except  in  the  coarse  sandstone,  all  this  forma- 
tion was  liable  to  flake  and  sluff  off  when 
freely  exposed  to  water.  Decomposed  rock 
was  noted  at  various  depths,  and  the  indica- 
tions were  that  the  cavities,  joints  and  bed- 
ding planes  were  so  located  as  to  allow  sur- 
face water  to  flow  down  into  the  tunnel.  It 
did  not  appear,  however,  that  water  would  be 
encountered  in  sufficient  quantities  to  hamper 
construction  and  subsequent  experience  justi- 
fied this  view.  It  was  feared  that  the  bedding 
planes  might  be  at  such  an  angle  that,  when 
lubricated  by  the  running  water,  they  would 
slide  into  the  tunnel  and  so  necessitate  con- 
siderable timbering.  Fortunately  this  condi- 
tion did  not  obtain.  It  was  found  that  the 
bedding  was  practically  horizontal  and  only  a 
very  little  timbering  was  required. 

The  basalt  sheet  on  the  easterly  side  of  the 
ridge  was  commonly  found  to  be  full  of 
cavities,  pipes,  seam  cracks  and  joints,  either 
open  or  filled  with  some  mineral.  In  some 
instances  the  rock  was  dense  and  firm  :  when 
freshly  quarried  it  was  dark  blue  in  color, 
but  wdiere  weathered  or  exposed  to  the  air 
it  assumed  a  purple  brown  or  yellow  hue.  The 
portion  of  the  lava  flow  penetrated  at  this 
location  was  evidently  very  near  the  top  of 
the  original  sheet,  the  cavitjes  and  tubes  en- 
countered representing  the  action  of  escaping 
steam  while  the  basalt  was  molten.  Numer- 
ous cracks,  either  open  or  filled  with  soluble 
material,  were  encountered  and  then  were 
readily   connected  with   water  channels. 

As  in  the  case  of  the  standstone,  the  in- 
dications w-ere  that  there  was  ample  passage 
for  sub-surface  waters,  either  in  chambers 
actually  existing  or  in  others  that  might  de- 
velop after  the  tunnel  was  completed.  In  the 
course  of  excavating  the  tunnel  through  the 
portion  of  the  mountain  composed  of  basalt, 
several  considerable  streams  were  encoun- 
tered which  gushed  out  from  seams  in  the 
sides  of  the  tunnel.  When  the  concrete  lin- 
ing was  put  in,  these  streams  were  led  into 
the  tunnel  by  small  pipes  ("weepers")  left 
in   the   side  walls. 

On  account  of  the  above  conditions,  it  was 
decided  to  line  the  tunnel  throughout  in  the 
sandstone  to  prevent  damage  and  possible  fill- 
ing of  the  bore,  due  to  caving,  sluffing  or  so- 
lution :  in  the  basalt  to  prevent  local  falls 
of  rock  from  the  roof  of  the  tunnel  and 
guard  against  any  loss  of  water  through 
cracks  or  seams.  The  lining  of  the  tunnel 
also  not  only  provided  a  smooth  channel  for 
the  flow  of  water  through  it  and  thus  added 
very  greatly  to  the  discharging  capacity,  but 
also  will  greatly  facilitate  future  cleaning  op- 
erations. 

Construction. — Bids  were  called  for  Nov. 
21,  1912,  and  10  were  received.  The  contract 
was  awarded  to  the  Stobaugh  Contracting  Co. 
of  New  York.  The  contractor  began  at  once 
to  get  material  and  plant  onto  the  ground 
and  work  was  fairly  started  about  three' 
weeks  later.  The  principal  plant  was  located 
near  the  easterly  end  of  the  work,  and  com- 
prised a  building  containing  air  compressors, 
engines  for  running  rock  crusher  and  black- 
smith shop.  Near  by  was  located  a  rock 
crusher  with  storage  bins  and  a  cement  shed. 

The  easterly  slope  of  Talcott  Mountain  is 
in  the  watershed  supplying  the  city  of  Hart- 
ford with  water  and,  in  order  to  protect  the 
health  of  the  city,  a  small  hypochlorite  steril- 
izing plant  was  established  on  the  brook,  re- 
ceiving the  drainage  at  a  point  about  1,500 
ft.  below  the  contract  work.  This  plant  con- 
sisted of  an  embankment  about  4  ft.  high 
built  across  the  brook  valley  with  a  4-ft.  over- 
flow weir  in  the  center.  Over  this  weir  was 
built  a  small  shelter  to  contain  the  dosing  ap- 
paratus. This  consisted  of  two  storage  tanks 
about  3  ft.  in  diameter  made  from  two 
lengths  of  reinforced  concrete  pipe  with  wa- 
tertight bottoms ;  a  mixing  tank  of  wood 
and  a  small  constant-level  tank  lined  with 
lead  and  controlled  by  a  glass  ball  valve.  The 


rate  of  flow  was  regulated  by  a  special  brass 
valve,  and  the  setting  for  the  amount  to  be 
discharged  taken  from  the  height  of  the  water 
on  the  weir.  The  discharge  from  the  con- 
stant-level tank  led  down  into  the  channel 
below  the  weir  and  here  were  placed  four 
baffle  plates  set  at  an  angle  with  the  flow.  The 
function  of  these  plates  was  to  mix  thorough- 
ly the  chlorine  with  the  passing  water.  The 
scheme  was  entirely  successful.  No  illness  of 
any  kind  is  suspected  to  have  resulted  from 
the  work  and  the  bacterial  counts  of  raw  and 
treated  water  showed  percentages  of  removal 
above  98  per  cent. 

In  order  to  take  other  precautions,  the  la- 
borers' camp  was  located  on  the  westerly  side 
of  the  mountain,  entirely  removed  frorn  the 
city   water   supply. 

Excavation  for  the  cut-and-cover  conduit 
was  started  on  each  side  of  the  ridge,  and 
the  cut  reached  a  maximum  of  about  30  ft. 
before  suitable  material  for  the  tunnel  head- 
ings was  uncovered.  The  material  was  for 
the  most  part  excavated  by  a  Thew  W,-cu. 
yd.  steam  shovel  and  loaded  into  2-horse 
bottom-dumping  carts  for  removal  to  the 
spoil  banks.  The  average  removal  of  ma- 
terial being  about  3.000  cu.  yds.  per  month. 
The  tunnel  excavation  was  undertaken  at 
both  the  east  and  west  portals  and  from  a 
shaft  sunk  about  600  ft.  east  of  the  west 
portal.  Very  good  progress  was  made,  the 
work  being  begun  May  23  and  completed 
Oct.  7,  1913.  The  work  proceeded  continu- 
ously throughout  the  24  hours  and  without 
any  intermission  Sundays.  A  total  of  2,.33.3 
lin.  ft.  were  excavated  or  an  average  prog- 
ress of  about  17  ft.  of  completed  tunnel  ex- 
cavation per  day. 

The  materials  encountered  were  generally 
as  indicated  by  the  diamond  drill  explora- 
tions, the  sandstone  formation  being  found 
from  St.  13  4-33  to  Sta.  21  and  trap  (basalt) 
from  Sta.  21  to  Sta.  36  -|-  06.  After  careful 
consideration  before  writing  the  specifica- 
tions, it  was  decided  to  pay  for  the  tunnel 
excavation  by  the  linear  foot  rather  than  by 
the  cubic  yard.  In  order  that  the  contractor 
should  be  careful  in  his  excavation  and  not 
remove  an  excessive  amount  of  rock  and  leave 
holes  that  would  later  have  to  be  filled  with 
concrete,  certain  limits  were  given  and  care- 
fully defined  in  the  specifications,  designated 
as  the  "A"  line  and  the  "B"  line.  These  were 
clearly  shown  on  the  contract  drawings  as 
well  as  referred  to  in  the  specifications. 
These  lines  are  shown  in  the  tunnel  section, 
p.  679,  Engineering  and  Contracting,  Dec. 
17,  1913.  The  "A"  line  was  the  line  within 
which  no  unexcavated  material  of  any  kind, 
no  timbering,  bracing  or  other  support  for 
the  sides,  roof  or  other  part  of  the  excava- 
tion shall  be  permitted  to  remain.  The  "A" 
line,  therefore,  was  the  line  defining  the  min- 
imum thickness  of  the  masonry  lining.  The 
"B"  line  in  certain  specified  cases  was  the 
payment  line  for  masonry  and  dry  packing. 
The   "B"   line   was   fixed   arbitrarily. 

Considerable  water  was  encountered  in  the 
excavation,  mostly  from  seepage  and  con- 
tinuous dropping,  but  in  several  places  quite 
consideraljle  inflows  came  in  through  crev- 
ices in  the  rock.  The  greatest  single  leak 
was  at  the  rate  of  a  gallon  per  second.  Dur- 
ing construction  the  total  inflow  from  the 
whole  tunnel  was  estiinated  to  be  at  the  rate 
of   about   650,000  gals,  per   day. 

On  account  of  the  fact  that  the  inflow  gen- 
erally came  from  the  entire  length  of  the 
tunnel,  it  was  found  possible  to  put  in  the 
invert  without  an  underdrain.  which  was  a 
decided  advantage  owing  to  the  flat  grade 
and  long  distance  to  carry  the  water.  The 
bottom  was  kept  rather  low  and  filled  to  sub- 
grade  with  broken  stone.  Rather  soft  con- 
crete was  placed  on  this  and  worked  into  it. 
On  top  was  placed  to  the  required  depth  the 
invert  masonry  of  rather  stiff  mixture  and 
kept  about  Vi  in.  below  finished  grade,  .\fter 
this  had  had  a  chance  to  stiffen  up  a  bit,  it 
was  floated  with  a  finished  coating  well  com- 
pacted with  wooden  screeds  and  worked  to 
a  smooth  finish.  After  setting  for  24  hours 
water   was  allowed   to   run   over   the   finished 
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work.  To  keep  water  from  the  invert  during 
construction  permanent  sand  bag  dams  were 
placed  upstream  from  the  work  and  the  in- 
tiowing  water  backed  up  and  was  forced  out 
through  the  conduit  above.  The  concrete 
•work  was  started  from  the  shaft  so  that,  by 
backing  the  water  above  out  through  the  con- 
duit, the  concrete  work  on  the  invert  pro- 
ceeded downstream,   forcing  all   water  ahead. 

Arch  construction  first  was  started  on  nar- 
row lagging  laid  against  ribs  placed  as  near 
together  as  necessary  to  prevent  bulging.  The 
face  of  the  concrete,  however,  was  found  to 
be  quite  rough,  due  to  the  spaces  between 
the  lagging  and  also  to  the  mortar  running 
out  and  leaving  voids.  The  finishing  of  the 
work  was  unsatisfactory  and  the  expense  to 
the  contractor  considerable.  To  obviate  this, 
sections  of  lagging  of  different  widths  to  be 
handled  easily  were  covered  witli  thin  sheet 
iron  and  the'  results  were  very  satisfactory. 
Concrete  of  the  proportion  of  1  ;8  was  used 
in  the  tunnel  lining  except  in  the  key  where 
a  1  ;5  mi.xture  was  used. 

Between  Sta.  .S3  +  57  and  .33  -f  89  a  very 
interesting  and  in  some  respects  annoying 
condition  was  encountered.  Up  to  this  point 
the  material  passed  through  had  been  the 
ordinary  red  shaly  sandstone,  and  a  diamond 
drill  boring  put  down  at  Sta.  33  +  50  had  in- 
dicated this  formation.  When  the  tunnel  ex- 
cavation had  reached  this  point  the  rock  in 
the  northerly  side  suddenly  ended  and  in- 
stead there  was  found  a  mass  of  loose,  coarse 
and  well  washed  gravel.  This  condition  ex- 
tended only  half  way  across  the  tunnel,  but 
its  length  was  about  .32  ft.  Exploration  of 
this  deposit  showed  that  it  was  undoubtedly 
a  pot  hole  in  the  shale  formed  by  a  prc- 
glacial  stream  and  subsequently  filled  witli 
glacial  detritus.  On  account  of  this  condi- 
tion it  was  necessary  to  heavily  timber  this 
section  and  the  side  walls  of  the  tunnel  were 
made  thicker. 

In  the  cut-and-cover  conduit  the  propor- 
tions of  the  concrete  were  1:6.  The  thick- 
ness of  the  invert  and  of  the  arch  at  its 
crown  was  6  ins.  Expansion  joints  were 
placed  every  30  ft.  and  water  stops  of  ingot 
iron  6  ins.  wide  and  5/16  in.  thick  were  em- 
bedded at  the  end  of  each  section.  The  arch 
of  the  conduit  was  built  on  Blaw  collapsible 
forms  and  the  outside  formed  with  ribs  and 
wooden    lagging. 

The  concrete  was  mixed  in  a  gasoline  power 
mixer  which  was  moved  as  occasion  required. 
The  concrete  was  dumped  from  the  mixer 
into  wheelbarrows  and  conveyed  in  them  to 
the   point    needed. 

Lehigh  cement  was  used  on  all  parts  of  thi... 
work.  The  sand  was  obtained  from  a  local 
pit  and  hauled  in  carts,  the  coarse  aggregate 
was  obtained  by  crushing  trap  rock  from  the 
tunnel  excavation  and  from  boulders  found 
in  old  stone  walls.  In  computing  the  ca- 
pacity of  the  concrete  conduit  and  tunnel, 
values  of  coerticient  "C"  in  the  Chezy  fornuila 
were  taken  from  a  curve  which  had  its  ori.i.;in 
in  the  design  work  of  the  New  York  Board 
of  Water  Supply.  The  elevation  of  the  top 
of  the  conduit  at  its  upper  end  is  434.(5.  There 
are  3,007  lin.  ft.  of  conduit  with  a  grade  of 
0.0000  and  2,333  lin.  ft.  of  lined  tunnel  with 
a  grade  of  O.OdOo.  With  the  water  at  the  top 
of  the  conduit  at  entrance,  the  capacity  of 
the  conduit  is  estimated  to  be  50,0011,000  gals. 
per  day,  and  with  1.0  ft.  head  at  entrance  the 
amount  of  water  would  be  increased  by  10 
ni.g.d.  This  latter  amount  is  about  double 
the  estimated  safe  yield  of  the  Nepaug  and 
Phelps  Brook  development.  Taking  into  ac- 
count many  considerations  of  efficiency,  per- 
manency and  general  upkeep,  it  is  estini;ited 
that  the  construction  of  the  conduit  effected 
a  saving  of  about  $15,000  over  what  similar 
capacity  would  have  cost  if  a  pipe  line  had 
been  substituted  in   its  stead. 

The  Pipe  Line. — From  the  end  of  the  con- 
crete conduit  to  the  intake  at  the  Phelps 
Brook  Dam  the  distance  is  about  7.5  miles. 
Various  studies  were  made  in  an  endeavor  to 
construct  the  most  economical  and  efficient 
conduit.  High  w-atcr  in  the  Nepaug  Reser- 
voir will  be  at  El.  485.     Reservoir  No.  5  of  the 


present  system  is  planned  for  a  receiving  and 
sedimentation  basin.  Its  elevation  is  321  and 
the  top  of  the  conduit  at  its  junction  with  the 
pipe  hue  is  El.  334.6.  With  these  governing 
conditions  and  after  a  close  study  of  the  to- 
pography and  questions  connected  with  the 
use  and  operation  of  the  line,  the  choice 
finally   rested  on 

(a)   A    44-in.    riveted    steel    pipe. 


Bad  bell  lace 
.Shrunk  hole  . . 
Shrunk    gate    . 

Bad   Bead    

Thin     

Heavy     

-Miscellaneous 


10 
8 
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17 
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Average  weight   per  length,   lbs.. 

Standard  weight,  lbs 

Per  cent  variation 

Number  of  pipe  cut  at  foundi-y, .. 

and  aveiage  length,  ft.  and  ins.. 

Per  cent  of  cut  pipe 


(b)  .-X  42-in.  lock  liar  or  welded  steel  pipe, 
and 

(c)  A  42-in.  cast  iron  pipe. 

The  other  materials  considered  were  wood 
stave  pipe  and  sections  of  concrete  conduit 
connected   by   pipe   siphons   across   the   valley. 

Both  steel  and  cast  iron  pipe  are  used  on 
work  similar  to  the  proposed,  and  the  choice 
between  the  two  materials  rests  largely  on 
the  following  considerations:  Carrying  ca- 
pacity, durability,  leakage,  strength  and  re- 
liabilty,  first  cost  and  cost  of   maintenance. 

As  a  result  of  closely  analyzing  and  sum- 
marizing the  various  factors  entering  into 
the  question,  it  seemed  reasonable  in  this  par- 
ticular case,  in  order  that  a  uniform  basis 
might  be  used  which  would  take  into  account 
the  ultimate  value  of  the  pipe  line  to  the 
city,  to  add  15  per  cent  to  the  prices  received 
for  all  kinds  of  steel  pipe  for  comparison 
with  the  bids  for  cast  iron  pipe.  Bids  were 
called  for  on  the  above  basis  on  June  16, 
1013,  and  11  bids  were  received,  five  for  fur- 
nishing and  laying  rivited  steel  pipe,  two  for 
furnishing  and  laying  lock  bar  steel  pipe,  and 
four  for  laying  cast  iron  pipe.  At  the  same 
time  bids  were  received  for  furnishing  cast 
iron  pipe  and  three  bids  were  submitted.  The 
lowest  bid  of  all  was  that  of  the  Beaver  Engi- 
neering &  Construction  Co.  for  furnishing 
and  laying  44  in.  riveted  steel  pipe  for  $376,344. 
With  15  per  cent  added  this  amount  became 
$428,952.60  for  comparison  with  cast  iron 
pipe.  The  lowest  bid  for  furnishing  cast  iron 
pipe  was  that  of  the  United  States  Cast  Iron 
Pipe  and  Foundry  Co.  for  $251,390,  and  for 
laying  the  pipe  the  lowest  bid  was  that  of  the 
Hanover  Contracting  Co.  of  New  York,  for 
$170,148.  The  sum  of  these  last  two  bids  was 
$427,.538,  an  amount  $H,425  less  than  the 
weighted  bid  for  steel  pipe,  but  $51,194  above 
the  actual  first  cost  of  a  steel  line.  In  ac- 
cord with  the  advertisement  the  contract  was 
let  to  the  lowest  bidders  for  furnishing  and 
for  laying  cast  iron  pipe.  The  cast  iron  pipe 
were  cast  at  the  foundries  of  the  United 
States  Co.  in  both  Burlington,  N.  J.,  and 
Scottdale,  Pa.  The  pipe  was  inspected  for 
the  board  in  both  places  before  acceptance 
with  the  following  results: 

Straight  pipe.   Specials. 
Tons  of  2,000  Ib.s. 

Total    weight    inspected 12,049.27     109.996 

Total  weight  paid  for 10,8S5.SS       9.S.19.i 


Total    weight    rejected 1,103.35       U.SOl 

Itejcctions  of  total  cast 9.7%         10.7% 

Tons  cast  for  eych   ton  accepted      1.11  l.IJ 

Total   number  of  pipe   Inspected     3,646 
Total   number   of   pipe    rejected.        352 

Total   number  of  pipe  accepted.  3,294 

Rejections  of  total  cast 9.6% 

Pipe  made  for  each  pipe  accept- 
ed      1,11 

Following  is  a  summary  of  the  principal 
causes  of  rejection  of  42  in.  pipe  from  both 
Scottdale  and  Burlington  foundries  for  Con- 
tract 4-A : 

Cause  of  Pipe  rejected 

Rejection.  for  this  cause. 


Mold  scabs  . . . 

I.,eaked     

Core  crushed  . 
Fooket  out    . . . 

Light     

Uneven   

Scabbed     

Bad   bell    

Core  buckled   . 

.Sand    hole    . . . 

L'ncven — light 

thin     


S 
26 
36 

60 

21 

34 

24 

7 

19 

5 

5 


Total     352 

The  following  tabulation  gives  additional 
information  regarding  the  pipes  furnished  un- 
der this  contract : 

Class  of  Pipe— X.  E.  W.  W.  Spec. 

B.  C.  D.  E.  F. 

o,:,7i6  6,S77  7.076  7,S20  X.506 

5,560  6,270  6,970  7,720  8,360 

—0.05  -f-1.7  4-1.52  -fl.29  -f-1.75 

34  87  17  5  1 

11—6  11— eVz  11—6%  11—7%  11—7% 

6.7  6.0  1.4  10.0  1.0 


Pipe  laying  began  Aug.  i),  1913,  and  the  line 
was  practically  completed  Nov.  1,  1914.  The 
location  of  this  pipe  line  was  a  straight-away 
cross  country  course,  crossing  twice  under  the 
Farmington  River  and  through  valley  and 
over  hill,  mostly  in  rough  wood  and  pasture 
land,  but  for  some  distance  alongside  coun- 
try roads.  The  following  are  the  principal 
items  of  construction  with  the  bid  prices: 

Unit 
Quantity.         Price. 
Laying  cast  iron  pipe  fur- 
nished by  the  Board 39,644  lin.  ft.  $       3.6S 

Itock   excavation    4,987  cu.  yds.         3.00 

Upper     Farmington    Kiver 

crossing    (lump    sum)...  5,000.00 

Lower     Farmington   River 

crossing    (lump    sum)...  7,500.00 

In  order  to  make  partial  payments  to  the 
contractor  on  the  basis  of  value  of  work  done, 
the    following   schedule   was   established : 

Per  cent  of 
Per  linear  Contract 
Foot.     Price. 
Laying    cast    iron    pipe,     com- 
pleted  v/ork    $3.68  100. 

Pipe  laid,  backfilled  and  tested, 

surface  not  cleaned 3.55  96.5- 

Pipe    laid    and    backfilled,    not 

tested  or  cleaned 3.40  92.5 

Pipe  laid,  partiallv  backfilled..  3.20   '         87.0 

Pipe    laid,    not    backfilled 3.00  S1.5 

Pipe  laid,  not  leaded,  calked  or 

backfilled    l.SG  49.0- 

Trench    to    grade :...  1.00  27.2 

Trench   partially   to  grade .50  13.6- 

Pipe  hauled  to  trench .50  13.6 

Pipe  laving  was  in  progress  from  .Aug.  9. 
1913,  to  Jan.  15,  1914,  and  from  April  1,  1914 
After  July  1  the  work  of  the  pipe  laying 
gangs  was  scattering.  During  the  periods 
mentioned  above  the  average  daily  rates  of 
progress  resjiectively  were  168  and  148  lin. 
ft.,  equivalent  to  about  14  and  12.5  lengths 
per  day.  On  20  days  during  the  construction 
period  20  or  more  pipes  were  laid,  the  max- 
imum number  in  any  one  day  being  38.  The 
pipe  were  delivered  to  the  contractor  on  board 
cars  at  the  railway  station  nearest  to  the 
work.  They  were  unloaded  with  a  stiff-legged 
derrick  and  hand-operated  winch.  In  trans- 
ferring the  pipes  both  auto  trucks  and  4-horse 
wagons  were  used.  Tlie  former  proved  quite 
effective,  readily  taking  most  of  the  roughest 
country  without  trouble  and  easily  outdis- 
tancing the  teams  in  amount  of  pipe  delivered. 
The  country  passed  through  was  for  the  most 
part  of  very  rough  character  and  the  digging 
was  comparatively  easy  for  the  greater  part 
of  the  way.  At  the  upper  end  of  the  line  ;t 
large  amount  of  ledge  rock  was  encoun- 
tered and  for  short  distances  elsewhere  many 
large  Ijouldcrs  were  found  embedded  in  the 
glacial  deposit. 

The  contractor  experienced  the  most  diffi- 
culty at  the  river  crossings.  In  October,  1913, 
the  coffer  dams  at  both  crossings  were  de- 
stroyed by  a  freshet.  The  luaterials  encoun- 
tered at  both  crossings  were  rather  loose 
.gravels  and  line  sands  and  at  the  upper  cross- 
ing many  boulders  were  found.  These  latter 
inter ferred  with  the  driving  of  the  sheeting 
and  made  the  progress  rather  slow.  Several 
methods  of  handling  these  crossings  were 
tried  l)y  the  contractor  and  the  irost  satis- 
factory was  that  employed  in  the  last  section 
of  the  upper  crossing.  Ilere  tlic  coffer  dam 
was  constructed  at  a  considerable  distance  u|> 
and  downstream  from  the  pipe  laying  trench, 
a  portion  of  the  river  bed  laid  bare  and  pipe 
layin.g  proceeded  without  any  difficulty  and  as 
well   as   if   on   dry   land.     On   account   of   the 
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materials  encountered,  the  method  of  con- 
struction and  the  advantage  tliat  would  obtain 
if  at  some  future  time  it  were  necessary  to 
get  at  the  pipe  line,  all  sheeting  used  in  the 
coffer  dams  was  left  in  place  after  being  cut 
ofif  below  the  river  bed.  The  pipe  rests  on  a 
reinforced  concrete  floor  about  8  ins.  thick 
and   extending   entirely  across  the  river. 

After  completion  the  pipe  line  was  tested 
under  hydrostatic  pressure  corresponding  to 
about  100  ft.  above  the  hydraulic  gradient 
which  it  is  proposed  to  operate.  The  total 
cost  of  testing  amounted  to  about  4  cts.  per 
linear   foot  of   pipe  tested. 


Increasing  Precision  in  Pitometer  Sur- 
vey Work  at  Washington,  D. 
C. — Meter  Reading. 

The  result  of  the  pitometer  survey  in  the 
District  of  Columbia  for  the  fiscal  year  1913-14 
was  the  detection  and  prevention  of  2,552,800 
gals,  of  underground  leakage  per  day.  This 
is  the  eighth  year  these  pitometer  waste- 
water surveys  have  been  carried  on  at  Wash- 
ington. This  leakage  was  due  to  the  usual 
sources,  and  was  found  scattered  throughout 
the  first  high  service,  two  districts  of  the 
gravity  service  and  about  one-half  of  the  sec- 
ond high  service.  A  total  of  452  individual 
leaks  was  found,  giving  an  average  of  5,600 
gals,  per  day.  This  average  leakage  is  much 
smaller  than  that  found  upon  the  first  sur- 
veys in  1907,  20,700  gals,  per  day,  the  dififer- 
ence  being  due  to  several  natural  causes.  These 
causes,  in  the  order  of  importance,  are  the 
elimination  of  large  leaks  which  had  prob- 
ably been  running  for  years  before  the  inaug- 
uration of  the  pitometer  service,  the  repeated 
surveys  checking  leaks  practically  at  the  time 
of  their  starting,  and  the  reduction  in  the 
number  of  special  investigations  in  the  fed- 
eral buildings,  etc.,  where  large  leaks  and 
waste  were  previously  found. 

Throughout  the  year  the  increasing  scarcity 
of  leaks  and  waste  was  very  noticeable,  and 
the  e.xtremely  low  rates  of  flow  detected  in 
the  various  sections  of  mains  introduced  en- 
tirely new  conditions  to  be  overcome  in  the 
successful  prosecution  of  the  work.  Hereto- 
fore the  flows  have  nearly  always  been  of 
sufficiently  large  size  to  permit  effective  use 
of  the  aquaphone  in  the  daytime,  and  the 
neglect  of  slightly  imperfect  isolations ;  but 
now,  because  of  the  traffic  noises  and  the 
smallness  of  the  flows  under  investigation, 
most  of  the  aquaphone  inspection  has  to  be 
done  at  night,  and  as  old  valves  and  stop- 
cocks seldom  give  perfect  shut-ofTs,  mislead- 
ing indications  are  frequent,  causing  delay 
and  sometimes  failure  properly  to  account  for 
suspicious  flows.  Also,  in  addition  to  these 
troubles,  there  is  that  of  the  continuous  fluc- 
tuation in  the  rate  of  flow  in  the  mains  due 
to  pressure  changes.  The  effect  of  this  can 
readily  be  appreciated  when  it  is  known  that 
the  change  in  the  rate  of  flow  due  to  this 
cause  is  frequently  several  times  as  great  as 
the  effect  produced  by  the  flows  under  in- 
vestigation. The  result  of  this  state  of  afifairs 
is  that  the  ability  of  the  operators  is  being 
taxed  to  a  greater  extent  each  year,  and  sev- 
eral whose  services  were  previously  satis- 
factory have  been  dismissed  because  of  their 
inability  to  produce  results  under  the  new 
conditions.  The  personal  element  enters  into 
the  work  of  this  division  to  a  very  great  ex- 
tent ;  but,  due  to  the  use  of  recording  instru- 
ments and  complete  records,  it  has  been  re- 
duced considerably  during  the  last  few  years. 
Experiments  are  now  being  made  to  increase 
the  sensitiveness  of  the  pitometers,  so  that 
they  may  be  used  for  reading  small  flows 
direct  instead  of  by  differences,  and  with 
pressure-regulating  valves  on  fire  hydrants 
to  control  the  flow  and  reduce  fluctuation 
during  tests.  Any  success  along  these  lines 
■will  be  of  great  assistance  in  making  pito- 
meter surveys  an  exact  science. 

The  inspection  of  fixtures  in  all  unmetered 
houses  was  continued  throughout  the  year  and 
resulted  in  turning  over  to  the  water  regis- 
trar's   office    about    1,600    cases    where    leaks 


were  found.  This  represents  9.4  per  cent  of 
the  total  number  of  houses  inspected  and  indi- 
cates that  very  satisfactory  results  are  com- 
ing from  this  work,  as  the  lowest  percentage 
during  any  previous  year  was  14.1  per  cent. 
Of  course  it  is  only  a  question  of  a  few  years 
before  the  complete  metering  of  all  houses 
will  eliminate  this  branch  of  the  work,  but  in 
the  meantime  the  saving  of  water  is  undoubt- 
edly  being  felt. 

As  a  source  of  under  ground  waste,  iron 
services  have  each  year  been  the  leaders,  and 
last  year  was  no  exception.  A  total  of  166 
iron  service  pipes  were  found  discharging 
through  porous  soil  924,000  gals,  of  water 
each  day.  Joints  on  mains  follow  as  a  close 
second,  with  9.3  cases  wasting  596,700  gals,  per 
day.  The  split  lead  and  pewter  services  and 
broken  w-iped  joints  on  lead  services  and  on 
lead  connection  to  iron  services  are  also  blam- 
able  for  a  very  heavy  waste  of  water. 

The  largest  individual  leak  found  was  a 
break  on  a  4-in.  main,  discharging  57,000  gals, 
per  day.  Considerable  difficulty  was  experi- 
enced in  locating  this  leak,  because  of  the 
fact  that  it  was  in  a  section  of  main  that  was 
not  recorded  on  the  plats.  This  case,  there- 
fore, not  only  shows  the  direct  results  of 
the  work  in  saving  water,  but  the  indirect  re- 
sults in  the  weeding  out  of  errors  in  the  maps 
of  the  department.  Hundreds  of  feet  of  old 
unrecorded  mains  have  been  located  since  this 
division  started  work  in  1906,  and  during  the 
past  year  approximately  200  ft.  of  unrecorded 
4-in.  main  was  added  to  the  total  previously 
found. 

While  in  the  majority  of  cases  where  the 
pitometer  tests  indicate  trouble  flows  can  be 
heard  or  some  other  indication  found  to  help 
locate  the  leak,  during  the  past  year  a  num- 
ber of  cases  were  handled  where  none  of  the 
usual  methods  were  applicable,  because  of  the 
absence  of  these  customary  indications.  The 
leak  of  37,000  gals,  per  day  mentioned  above 
was  an  example  of  such  a  case.  This  being  on 
an  unrecorded  main,  it  was  obviously  imprac- 
ticable to  sink  test  holes  at  random,  and  the 
leak  was  found  only  by  the  application  of  the 
process  of  elimination  carried  to  a  point  of 
actual  elimination  of  all  known  connections. 

METER     READING     IN     CONNECTION     WITH     WASTE 
CURTAILMENT. 

Meters  are  grouped  as  follows :  Private 
meters  where  the  consumption  exceeds  100,000 
cu.  ft.  per  quarter ;  private  meters  where 
the  consumption  does  not  exceed  100,000  cu. 
ft.  per  quarter;  fire  service,  and  district 
meters. 

Private  meters  in  business  establishments 
that  exceed  100,000  cu.  ft.  per'  quarter  are 
read  weekly  and  a  card  is  provided  which  is 
posted  in  some  convenient  place  on  the  prem- 
ises, and  it  is  the  duty  of  the  meter  reader 
to  record  the  consumption  on  this  card.  This 
plan  has  proved  satisfactory  both  to  the  con- 
sumer and  the  office,  inasmuch  as  it  has  re- 
duced the  number  of  complaints  in  regard  to 
large  bills  to  a  minimum,  and  also  keeps  the 
owner  of  the  place  in  touch  with  his  account 
from  week  to  week,  which  has  resulted  in 
prompt  action  on  his  part  in  cutting  down  all 
waste  of  water. 

Private  meters  where  the  consumption  does 
not  exceed  100,000  cu.  ft  per  quarter  are 
read  eight  times  a  year.  When  it  is  found 
that  there  has  been  an  extraordinary  con- 
sumption of  water  an  examination  is  made  for 
leaks,  and  if  any  are  discovered  the  respons- 
ible party  is  notified. 

Fire-service  meters  are  read  monthly,  and  if 
any  show  registration  an  investigation  is  im- 
mediately made  as  to  the  cause  and  an  ex- 
planation demanded. 

District  meters  in  municipal  institutions  are 
read  monthly,  and  the  responsible  department 
notified  if  leaks  or  wastes  are  found. 

District  meters  installed  on  service  pipes 
supplying  private  residences  are  read  at  fre- 
quent intervals,  averaging  about  eight  times 
a  year.  Special  reading  cards  are  made  out 
and  the  premises  kept  under  constant  observa- 
tion where  the  rate  of  consumption  is  much 
in  excess  of  the  proportion  based  upon  the 
minimum  payment  in   advance.     Where   leaks 


are  found  in  metered  premises  the  occupants 
and  the  agents  (if  they  have  a  request  filed 
for  such  information)  are  notified,  and  in  case 
no  attention  is  paid  to  such  warnings  and  the 
leaks  are  large  enough  to  justify  such  action 
the  supply  is  discontinued  until  the  proper 
repairs  are  made.  For  convenience  in  hand- 
ling such  accounts  houses  are  divided  into 
three  classes :  First,  large  houses,  where  con- 
siderable water  is  required.  In  such  places  if 
abnormal  use  of  water  is  indicated  by  the 
meter  the  occupant  is  notified  by  card  to  that 
effect  and  the  case  is  dropped.  Second",  med- 
ium-sized houses.  If  the  consumption  is  found 
to  be  excessive  a  notice  is  sent  to  that  effect, 
and  if  after  a  reasonable  time  no  change  is 
observed,  an  examination  is  made,  and  if  any 
leaks  are  found  the  occupant  is  again  noti- 
fied that  if  this  condition  is  allowed  to  con- 
tinue large  bills  will  naturally  result.  Third, 
small  houses,  which  are  occupied  in  many  in- 
stances by  irresponsible  parties.  In  such  cases 
where  an  extraordinary  wastage  of  water  is 
found  the  supply  is  discontinued  after  one 
notice  has  been  served. 

In  the  first  two  classes  the  notices  are  gen- 
erally met  with  prompt  action  on  the  part  of 
the  occupant  or  agent,  but  in  the  third  class 
considerable  trouble  is  experienced,  as  the 
principal  waste  can  be  traced  to  these  small 
houses. 

In  every  examination  for  leaks  or  wastes  a 
reading  of  the  meter  is  taken  and  the  per  diem 
rate  of  consumption  computed,  and  by  this 
means  the  office  is  enabled  to  determine  the 
size  and  character  of  the  leak  or  waste. 
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Field  and  Office  Methods  in  Connec- 
tion With  the  Laying  and  Repair  of 
Large  Water  Mains  at  San 
Diego,  Calif. 

Monthly  meetings  are  held  by  the  officials 
and  foremen  of  the  Department  of  Water  of 
San  Diego,  Calif.  These  meetings  are  for  the 
benefit  of  the  department  as  a  whole  and  were 
instituted  two  years  ago  by  the  superintendent, 
Herbert  R.  Fay.  The  meetings  are  held  during 
the  winter  season.  The  matter  here  given  is 
from  a  paper  presented  at  the  meeting  of  Dec. 
9,  1914.  It  is  by  the  foreman  of  construction, 
Mr.  W.  W.  Albin,  who  has  charge  of  the  lay- 
ing of  all  water  mains  4  ins.  in  diameter  and 
over.     The  procedure  described  is  as  follows : 

An  enabling  ordinance  is  issued  by  the  coun- 
cil to  the  superintendent  of  the  Department  of 
Water.  Requests  calling  for  the  work  orders 
to  proceed  with  the  actual  construction  of  this 
work  are  issued  by  the  engineering  division 
and  submitted,  together  with  the  necessary 
blue  prints,  to  the  department  auditor,  who 
inserts  the  book  charges  in  red  pencil;  then  it 
passes  to  the  secretary  of  the  department, 
who  officially  O.  K.'s  it  with  the  blue  pencil, 
passing  then  to  the  hydraulic  engineer  for  final 
approval,  after  which  it  is  given  to  the  chief 
clerk,  who  gets  out  the  necessary  work  orders 
to  the  foreman  of  construction  to  proceed  with 
the  actual  construction  in  accordance  with  the 
blue  prints  attached.  These  work  orders  are 
copied  verbatim  from  the  original  request. 
Other  work  orders  pass  through  the  same 
channels,  with  the  exception  of  the  enabling 
ordinance,  issued  by  the  city  council,  which  is 
only  used  in  connection  with  bond  work. 

If  at  any  time  work  devolves  upon  any  of 
the  foremen,  and  especially  the  foreman  of 
construction,  and  it  is  found  necessary  for  him 
to  proceed  with  the  work  without  the  work 
orders,  he  makes  out  requests  to  cover,  which 
pass  through  the  channels  mentioned.  This 
method  is  only  used  in  case  of  an  emergency, 
and  is  executed  under  verbal  instruction  of 
either  the  superintendent  or  the  hydraulic  engi- 
neer and  is  covered  later  by  work  orders,  upon 
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which  the  cost  data  are  inserted  for  the  bene- 
fit of  the  bureau  of  accountabihty  and  depart- 
ment records.  A  work  order  is  also  issued  to 
the  foreman  of  operation  to  haul  pipe,  valves, 
fittings  and  hydrants,  in  accordance  with  the 
blue  prints  submitted,  and  he,  in  turn,  in- 
structs the  yard  foreman  to  deliver  so  many 
pieces  of  a  certain  class  pipe  to  the  job  desig- 
nated. 

Everything  has  been  standardized  in  the  de- 
partment, depth  and  width  of  ditches,  location 
of  pipe,  hydrants,  hydrant  ells,  gates,  gate  cov- 
ers and  all  fittings.  All  mains  are  laid  10  ft. 
east  and  south  of  the  center  of  the  street  and 
have  not  less  than  2  ft.  of  covering.  It  is  on 
account  of  the  lengths  of  the  stems  on  the 
gates  that  some  mains  are  laid  deeper  than 
others.  The  bottom  of  the  ditch  for  4-in. 
mains  is  2  ft.  6  ins.  and  for  a  12-in.  main  it  is 
4  ft.  2  ins.,  when  there  is  only  a  little  over  8 
ins.  difference  in  the  pipe.  It  is  advisable  to 
have  some  standard  to  go  by,  so  it  will  not  be 
necessary  to  make  a  dip  in  the  pipe  whenever 
a  gate  is  to  be  set.  That  is  the  reason  we  have 
so  much  trouble  in  this  city,  with  the  gates  on 
the  old  mains  that  were  laid  a  few  years  ago; 
all  the  sediment  in  the  pipe  collects  under  the 
gate  disc  and  the  gates  cannot  be  closed. 

When  using  a  Vs  bend,  or,  in  other  words,  a 
45°  bend,  and  it  is  wanted  to  make  an  off-set 
in  the  pipe  on  account  of  a  jog  in  the  street, 
or  for  other  reasons,  it  is  well  to  know  what 
to  do.  If,  for  instance,  it  is  desired  to  off-set. 
say  12  ft.,  add  5  ins.  to  every  foot  off-set  and 
you  will  have  17  ft.  to  the  next  4.5°,  then  cut 
the  pipe  and  it  will  fit  exactly.  Then  form  a 
square  with  the  ditch  already  dug,  measure 
off  12  ft.,  then  square  ahead  12  ft.  and  that  is 
where  the  other  45°  will  come,  and  the  17  ft. 
of  pipe  will  come  right.  It  is  better  to  use  as 
few  fittings  as  possible,  though,  in  making  a 
turn,  but  the  turn  should  be  made  by  breaking 
with  short  pieces  of  pipe.  All  fittings  cut  down 
the  flow  of  the  water. 

In  laving  cast  iron  mains,  the  bottom  of  the 
trench  should  be  on  an  even  grade,  so  that 
when  the  pipe  is  lowered  in  place  it  will  rest 
with  even  weight  the  whole  length.  The  pipe 
should  be  laid  so  the  spigot  end  is  tight  against 
the  back  of  the  bell.  All  pipe  should  be  laid 
up  hill;  that  is,  begin  at  the  bottom  of  any 
incline  and  lay  toward  the  top  and  connect 
with  the  pipe  that  is  already  laid,  either  by 
buckling  in  or  with  a  sleeve.  What  is  known 
as  buckling  is  to  raise  both  ends  of  the  pipe 
high  enough  so  they  will  clear  and  then  lower 
into  the  ditch ;  in  that  way  the  pipe  can  be 
cut  so  the  ends  will  come  together  tight. 
Whenever  it  is  necessary  to  sleeve  the  pipe 
there  is  always  a  space  between  the  ends  of 
the  pine  and  oflentimes  it  is  advisable  to  place 
a  wedge  between  the  ends  before  the  sleeve 
is  put  in  place  so  the  pipe  can  not  move  end- 
ways and  cause  a  leak  by  loosening  the  lead 
joint.  After  the  pipe  is  laid  properlv  the  joints 
should  be  yarned,  poured  and  caulked. 


The  most  important  part  of  laying  pipe  is 
the  yarning.  In  yarning  enough  space  should 
be  left  so  the  lead  will  run  just  back  of  the 
lead  lock  in  the  bell  of  the  pipe,  about  1%  ins. 
for  IG-in.  pipe.  If  the  yarn  is  placed  and 
tamped  properly  it  is  very  easy  for  any  one 
with  a  little  experience  to  make  a  tight  joint. 
It  is  often  said  anyone  can  pound  lead,  but  it 
takes  a  good  yarner  to  make  a  good  joint. 

The  joints  should  all  be  left  exposed  until 
the  water  is  turned  in  and  the  mains  are  tested 
with  a  force  pump  to  a  pressure  at  least  one- 
third  over  the  normal  pressure  at  the  locality 
and  then  if  there  is  no  leak,  either  from  a 
cracked  pipe  or  a  joint,  it  is  safe  to  fill  in  the 
ditch  with  a  verv  little  chance  of  any  leak  in 
the  future.  In  backfilling  a  ditch  it  is  advis- 
able to  place  only  about  a  foot  of  earth  over 
the  pipe,  then  wet  it  thoroughly  and  use  bars 
to  work  the  earth  well  around  the  pipe  and 
then  add  about  6  ins.  more  each  time  and  tamp 
thoroughly.  If  a  main  is  laid  in  a  street  that 
has  been  surfaced  with  decomposed  granite, 
we  always  lay  that  to  one  side  and  when  the 
ditch  is  thoroughly  tamped  to  a  level  of  the 
grade,  this  surfacing  is  added  and  tamped 
again,  which  leaves  a  slight  crown  so  that  this 
will  take  care  of  any  settlement  which  may 
occur. 

Three  lengths  of  hydrant  ells  are  made  so 
that  no  matter  wdiat  size  of  main  is  laid,  the 
hydrant  lead  is  on  an  even  grade  with  the 
main,  and  the  top  of  the  hydrant  ell  is  even 
with  the  top  of  the  curb.  In  laying  8-in.  and 
l(j-in.  pipe  use  a  hydrant  ell  2  ft.  5  ins.  long; 
for  10-in.,  20-in.,  24-in,  and  30-in.  use  a  hydrant 
ell  -3  ft.  1  in.  long;  for  12-in.  pipe  use  a  hydrant 
ell  3  ft  8  ins.  long. 

All  gate  covers  for  16-in.  and  over  are  all 
the  same  size.  Each  one  has  lettering  on  the 
cover  denoting  the  size  of  the  gate  and  the 
year  it  was  installed.  For  gates  up  to  12  ins., 
0  ins.  or  8  ins.  gate  caps  are  placed  on  either 
cast  iron  or  kalamein  pipe  cut  to  the  desired 
length  so  the  top  of  the  cap  is  even  with  the 
finished  grade  of  the  street. 

To  show  to  what  state  of  efficiency  the 
Water  Department  has  been  brought  in  the 
last  few  years  in  the  construction  division 
alone  I  will  use  as  an  illustration  the  installing 
of  the  30-in.  pipe  that  has  just  been  finished 
through  East  San  Diego  under  the  direct  su- 
pervision of  Foreman  Chas,  O'Neill.  The 
engineers  set  hubs  and  stakes  every  50  ft., 
showing  the  cut  to  the  bottom  of  the  ditch. 
After  the  ditch  was  dug  to  the  required  depth 
the  foreman  took  a  straight  edge  and  placed 
it  across  the  ditch,  measured  down  the  re- 
quired depth  in  the  center  of  the  trench,  set 
stakes  about  every  20  ft.  and  stretched  a  chalk 
line,  which  was  a  guide  for  the  men  grading 
the  bottom  of  the  trench.  In  this  way  the  bot- 
tom of  the  trench  was  on  an  even  grade  and 
when  the  pipe  was  laid  it  never  had  to  be 
moved  again  and  so  good  results  in  laying  the 
pipe  was  made  possible.     One  day  in  GV2  hours 


the  pipe  gang  laid  40  lengths  of  30-in.  pipe,  or 
552  ft.  Another  day  in  7V4  hours  they  laid  41 
lengths,  cut  one  pipe  and  set  a  30-in.  gate.  This 
record  could  have  been  kept  up  every  day, 
but  we  could  not  get  the  pipe  fast  enough.  In 
the  last  shipment  of  30-in.  pipe  the  pipe  ran  in 
such  uneven  lengths  that  Mr.  O'Neill  made 
regular  trips  to  the  pipe  yard  and  measured 
every  length  of  pipe  and  requested  the  yard 
foreman  to  haul  them  in  such  a  rotation  so 
that  he  did  not  have  to  dig  a  bell  hole  over  or 
cut  a  length  of  pipe  except  where  a  fitting  or 
a  gate  was  placed.  Nor  was  there  a  leak  in  a 
.-ingle  joint  in  about  two  miles  of  pipe. 

On  all  new  work  on  streets  running  east 
and  west  the  gates  are  placed  on  the  east  side 
of  the  street  intersection,  and  the  hydrants  on 
the  southeast  corner.  On  streets  running 
north  and  south  the  gates  are  placed  on  the 
south  side  of  the  street  intersection,  and  the 
hydrants  on  the  southeast  corner. 

When  repairing  a  break  in  a  large  main  we 
always  endeavor  to  notify  the  consumers  y/ha 
will  be  out  of  water  and  if  the  break  is  not 
too  serious,  get  down  to  it  and  get  all  material 
ijn  the  job  before  shutting  off  the  water.  On 
all  the  new  work  we  have  placed  gates  at 
stated  intervals  and  cut  in  other  gates  on  the 
old  mains,  so  we  have  been  able  to  cut  dowit 
the  districts  between  gates  to  a  minimum  so- 
that  in  but  a  very  few  districts  in  town  only 
a  few  consumers  will  be  out  of  water  when  a 
lireak   occurs. 

When  the  30-in.  main  broke  at  Park  Blvd. 
and  University  Ave.,  it  being  the  main  feeder 
for  the  west  part  of  town,  Pt.  Loma  and  La 
Jolla,  we  stationed  a  man  at  the  gate  and  kept 
just  enough  water  going  through  to  feed  all 
consumers  but  not  enough  water  to  cause  a 
pressure  and  hamper  the  men  finding  the 
break.  We  waited  to  cut  the  pipe  until  about 
8  p.  m.,  when  the  consumption  was  light,  then 
we  shut  the  30-in.  gate  and  opened  the  12-in. 
from  the  standpipe,  started  the  pump  and  kept 
it  going  till  the  break  was  repaired  and  no 
one  was  inconvenienced  for  the  lack  of  water. 
The  main  was  split,  so  it  was  necessary  to 
make  one  cut  in  the  ditch  and  break  a  bell,  and 
then  we  sleeved  in  a  bell  piece  a  few  inches 
shorter  than  the  one  we  had  taken  out.  To 
show  how  readily  the  men  of  the  department 
respond  to  any  call,  in  less  than  half  an  hour 
enough  men  were  working  on  the  job  so  they 
could  work  in  relays,  some  men  digging  the 
ditch,  some  men  were  in  the  yard  cutting  an- 
other piece  of  pipe,  while  others  were  eating 
lunch  :  in  this  way  the  work  was  moving  all 
the  time.  Some  of  the  men  worked  24  hours 
straight  without  a  complaint. 

The  watchwords  of  the  department  are  Loy- 
alty, Efficiency  and  Harmony.  You  can  see 
these  in  the  everyday  workings  of  the  depart- 
ment and  if  it  continues  in  the  next  few  years 
as  it  has  in  the  last  four  it  will  be  known  as 
one  of  the  best,  if  not  the  best,  water  system 
in  the  country. 
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A    New  and   Simplified    Derivation   of 

the    Most    General    Form    of    the 

Theorem  of  Three  Moments. 

Contributed    by    G.     A.     Maney,     University    of 
Minnesota,   MinneaiJOlls,   Minn. 

A  property  of  the  M/BI  curve  for  beams  is 
here  made  use  of  to  simplify  the  difficulties  in- 
volved in  the  derivation  of  the  most  general 
form  of  the  theorem  of  three  moments  for 
continuous   beams. 

The  general  case  considered  is  that  where 
the  three  supports  are  not  in  the  same  straight 
line  (see  Fig.  2),  and  where  the  following  con- 
ditions hold  for  the  adjacent  spans : 

(a)  The  spans  have  different  lengths. 

(b)  There  is  a  different  uniform  load  on 
each  span. 

(c)  Each  span  has  a  different  concentrated 
load  at  any  point. 


(d)  The  beam  section  has  a  different  mo- 
ment of  inertia  for  each  span,  and  the  ma- 
terial in  each  span  has  a  different  modulus  of 
elasticity. 

.1/,  E  and  /  are  symbols  for  the  bending  mo- 
ment, tlie  modulus  of  elasticity  of  the  material, 
and  the  moment  of  inertia  of  the  sectional  area 
of  the  beam. 

The  property  of  the  M/E!  curve,  which  is 
made  use  of,  may  be  stated  as  follows : 

The  statical  moment  of  the  area  under  the 
M/E!  curve  between  any  two  points  on  the 
elastic  curve,  about  one  of  these  points,  gives 
the  deflection  of  this  last-mentioned  point 
about  which  the  moment  is  lakcn,  this  deflec- 
tion being  measured  from  the  tangent  to  the 
clastic  curve  at  the  other  point. 

As  this  property  is  not  generally  recognized 
in  this  particular  form  a  short  proof  of  it  will 
be  given.     It   is  assumed   in   this  proof,  as  is 


also  done  in  the  derivation  of  the  differential 

d'y 
equation    of    the    elastic    curve.    El =  jV, 

that  the  length  of  the  projection  of  the  neutral 
axis  after  bending,  upon  the  neutral  axis  be- 
fore bending,  is  the  same  as  the  length  before 
bending. 

Let  c  (Fig.  1)  be  the  distance  from  the  ex- 
treme fiber  to  tlie  neutral  axis. 

Let  </9  be  the  change  of  angle  between  two 
plane  sections  of  the  beam  perpendicular  to 
the  neutral  a.xis  and  distant  ds  apart.  This 
change  of  angle  is  due  to  bending  and  equals 
the  change  of  slope  between  two  points  on  the 
neutral  axis  at  a  distance  ds  apart. 

The  unit  stress  on  the  extreme  fiber  equals 
Mc/Jj  the  unit  deformation  on  the  extreme 
fiber   equals   Mc/El,  aijd   the   deformation  of 
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the   extreme   fiber   for  a   distance   ds  along  it 
equals   (Mc/EIj  ds. 

Then  (see  Fig.  1)  rfe  equals  (Mc/EJ)ds 
divided  by  <-,  or  (M/EI)  ds,  which  equals  the 
area  under  the  M/E/  curve  for  a  distance  ds 
along  it. 

Figure  1  shows  that  the  effect  of  the  change 
of  slope  rf©,  in  a  distance  ds  along  the  neutral 
axis,  on  the  deflection  X-X,  from  the  tangent 
M  N,  is  measured  by  the  product  sdQ,  where 
J  equals  the  distance  from  A'  (where  the  de- 
flection is  to  be  found)  to  the  center  of  the 
distance  ds,  which  is  considered. 

The  sum  of  all  these  products  of  sdO  for 
the  consecutive  distances  ds  along  the  beam 
gives  the  total  deflection. 

Since  (M/EI)  ds,  or  rfO,  equals  an  increment 
of  area  under  the  M/EI  curve  the  product  of 
all  these  increments  multiplied  by  the  cor- 
responding values  of  .s  equals  the  statical  mo- 
ment of  the  area  under  the  M/EI  curve  about 
.Y.  Thus  we  see  that  the  moment  of  the  M/EI 
curve  between  any  two  points  on  the  elastic 
curve,  about  one  of  them,  gives  the  deflection 
of  this  point  from  a  tangent  at  the  other  point. 
^  The  application  of  this  property  to  the  solu- 
tion of  the  problem  depends  for  its  validitv 
upon  the  continuity  of  the  beam  at  the  support, 
as  do  all  other  solutions  of  this  problem.  We 
may  assume  a  slope  or  direction  of  tangent  at 
any  support  which  is  common  to  both  adjacent 
spans,  and  then  may  express  a  relation  between 
the  deflections  from  this  common  tangent  at 
the  two  adjoining  supports. 

The  conditions  existing  before  and  after 
bending,  respectively,  with  all  the  different 
quantities  affecting  the  solution  are  given  in 
Figs.  2  and  .3.  In  this  general  case  the  beam 
will  not  be  resting  on  all  the  three  adjoining 
supports. 

Let  Hi,  Ha  and  Hi  be  the  vertical  distances 
from  the  supports  to  some  assumed  straight 
line  above  them   (see  Fig.  2). 

By  proportion  from  similar  triangles  we  get 
the  relation  : 

«.  +  Vi  ~H,       H,  —  H, 
^^ ,    from    which: 


(H,  —  H,)  L, 

-  —   iH,~H,) 


U 


.(!' 


Distance  along  Neutral  Axis 


Fig.  1.    Diagram  Showing   Nomenclature  and 
M    El   Curve. 

In  Fig.  :^,  where  QKP  is  the  direction  of  the 
common  tangent  at  the  support  after  bending, 
we  have  the  relation, 

OQ  __  MP         D,  +  y,  _       D, 

■ ,  or ,  from  which 

QN       PX  L,  /_.. 

'    i.  1  L, 

D:   +  dA  =(H,  —  H,  ) 

.   i.  J  L. 

—  (//.-  H,)   (2) 

Therefore,    L-.D,  +  L.D,  =  (H,  —  H-.)L,  + 
(H,  —  H,)L,    (3) 


Di  and  D,  are  the  deflections,  due  to  bending, 
from  this  common  tangent  to  the  two  adjacent 
supports. 

It  is  in  the  application  of  the  differential 
equation  of  the  elastic  curve  to  determine  these 
values  of  deflection  that  the  difficulty  of  the 
ordinary  derivation  arises.  Cumbersome  alge- 
braic expressions  for  bending  moments  must  be 
twice  integrated,  and  values  of  the  constant 
of  integration  for  slope  and  for  deflection  must 
l5e  obtained.  In  the  general  case  for  which  this 
simplified  solution  is  offered  the  operations 
above  indicated  involve  much  tedious  alge- 
braical transformation  in  which  a  liability  to 
error  arises. 

By  the  method  here  proposed  this  problem 
is  _reduced  to  the  writing  of  one  linear  equa- 
tion, which  gives,  without  any  further  trans- 
formation, the  value  of  the  deflection,  D,  from 
the  tangent  at  the  support  in  terms  of  the 
M/EI  values  involving  the  unknown  bending 
moments  at  the  supports. 

Both   of   these  equations   for   the   values   of 
D  may  be  written  by  an  inspection  of  the  M/EI 
curve  given  in  Fig.  8,  which  simply  expresses 
the  result  obtained  by  dividing  the  values  of 
M ,   shown   graphically   in   Fig.   7,   by   the  cor- 
responding   values   of   the   EI   product.      This 
resultant   bending  moment  curve  is   found  by 
combining   tlie   moment   diagrams     shown     iii 
Figs.  4  and  o  for  simply  supported  spans  loaded 
with  uniform  and  concentrated  loads  so  as  to 
produce    the    combined    moment    diagram    for 
simply  supported  spans  shown  in  Fig.  (5.  Then, 
as   indicated  in  Fig.  7,  the  moment  curve   for 
the  continuous  soan  considered  will  have  the 
same  variation  between  supports  as  if  it  were 
simply   supported,  and  the  values  of  the  mo- 
ments  at   the    supports    will    be   the    unknown 
values  of  the  bending  moment  at  the  support, 
between  which  we  desire  to  find  the   relation 
which   is   usually   designated   as   the   "theorem 
of   three   moments."     In   Fig.   7   the   moments 
represented  by  the  ordinates  to  the  curves  RST 
and  TUV  from  the  base  lines  RT  and  TV  have 
the  same  values  as  the  corresponding  ordinates 
of  the  curves  MNO  and  OPQ.  shown  in  Fig. 
6,  measured  from  the  base  lines  MO  and  OQ. 
That   this   must  be   true   is   evident,   since  the 
variation  in  shear  throughout  the  span   (which 
is  the  same  in  botli  cases  since  it  is  due  to  the 
same  applied  loads)   measures  the  variation  in 
the  bending  moment  between  the  supports,  re- 
gardless of  the  moment  values  at  the  support. 
Referring  to  Fig.  8,  we  know  from  the  be- 
fore-mentioned properties  of  the  elastic  curve 
that  the  moment  of  the  M/EI  area  in  span  L,. 
about   point   2,   equals   the   deflection   D,,   and 
that  the  moment  of  the  M/EI  area  in  span  L:. 
about  point  12,  equals  the  deflection  D:.  There- 
fore, Di  equals  tiie  moment  of  the  areas  1-2-3 
and  5-0-7  minus  the  moment  of  the  area  .3-4-5 
about  point  2.    This  is  the  same  as  the  moment 
of  the  area  1-7-6-2  minus  the  moment  of  the 
area  1-7-4,  or  as  the  moment  of  the  areas  1-7-2 
and    7-2-11    minus    the    moment    of    the    areas 
ADC  in  Fig.  4  and  HIJ  in  Fig.  5.  when  these 
two  latter  areas  are  reduced  from  M  to  M/EI 
areas. 

The  values  of  the  moments  of  the  M/EI 
areas  measuring  Di,  about  point  2,  are  as  fol- 
low-s  : 


Area  1-7-2 


-£, /,V2/V3/-6"£, 7,  ' 


Area  13-8-12 


Volume  X  LI II.     No.  2. 


M,U 


6EJ.2 


i2  ^  Fig.4.Moment  Due  To  Concentrated  Loads 
■"O.M J li 


■^Fiq.5.  Moment  Due  To  Uniform  Loads 
I      M 0_ 


Fig.6.Moment  DueToAII  Loads  on  theSpan 


Fiq.7. Resultant  M  Curve    , 


Fiq.S.M  Curve 
EI 


E.8lC. 


Figs.   2-8.      Diagrams    Used    in    Deriving    the 
Theorem    of   Three    Moments. 


area   8-12-6,    = 


MiLi 


3£,/.>   ■ 


area  FGC.  =  ECG  +  FEG  = 


2E2I, 


[*.L.(i-*..|)...(l-«4^^)z,]; 


P,U' 


^^■'  =   SE.,I,  \  3  A  2  /  =  2iEj2  ' 


Therefore  £)..  = 


6E2I-2 


aTeaADC.=BCD  +  ABD= 


P,ki{l-k,)L, 


2E,I 
"^■^    -  8£i/,V  3  )\2/-  24EJ, 


\m3  +  2M.2  -  P,L2{2k,  -  3kj*  +  k./)  -  "''^^"T 


D 


Therefore 
^'^  6E 


t{ 


A/,  +  2M8-P,L,(*,-M- 


wi  L\*'\ 


Likewise,  the  values  of  tlie  moments  of  the 
M/EI  areas  measuring  D2  about  point  12  are 
as  follows : 


Substituting  these  values  of  £>i  and  D2  in 
equation  (3),  and  assuming  that  the  sign  of 
the  moments  M^,  M-.  and  M,  are  minus  at  the 
support,  we  get  the  following  equation,  which 
expresses  directly  the  relation  between  these 
three  moments  for  the  most  general  case  as- 
sumed : 


Tanuary  13,  1915. 


Engineering   and    Contracting 


29 


6£: 


=  (Hi  -  H.i)U  +  (H^  -  H.)L2. 
Then,  assuming  that  £ 


:  £2  and  that  M,,  Ms 
G£ 
and  Ml  are  negative,  and  multiplying  by  

and  transposing,  we  get : 

47, 

■t-  6£l -, + T I (-i) 


Equation  (4),  which  is  the  most  general 
form  of  the  useful  theorem  of  three  moments, 
or  "Clapyrons"  theorem,  shows  in  a  very  in- 
teresting manner  the  effect  of  varying  mu- 
ments  of  inertia. 

SPECIAL  CASES. 

The  effect  of  varying  moments  of  inertia  un 
the  moments  for  continuous  beams  is  usually 
neglected  in  building  construction,  although 
this  formula  indicates  that  it  may  become  an 
important  factor. 

To  show  the  effect  of  different  values  of  / 
for  the  adjacent  spans,  let  us  assume  the  case 

H,  —  H,        Hx  —  H, 
where  +  =  0,  (whicli  indi- 


L, 


U 


cates  that  the  beam  touches  all  the  supports  in 
its  unstressed  condition)  and  where  there  arc 
no  concentrated  loads,  tlie  uniform  load  being 
the  same  throughout  and  all  spans  being  of 
the  same  length.  Then  equation  (4)  takes  the 
form 

Equations  for  all  the  special  cases  of  this 
theorem  which  are  encountered  in  theory  or 
practice  may  be  written  by  inspection  from  the 
general  equation   (4). 

For  the  case  where  I,  equals  !■  and  the  sup- 
ports are  not  on  the  same  straight  line,  ami 
where  there  are  different  spans  and  concen- 
trated loads  at  any  point  with  no  uniform 
loads,  equation  (4)  becomes 

-M,Li-  2M^{Li  +  U)  -  MiU  =  PiL,--  (A,  -  K')  + 

P.L.}{2k,  -  3*=' + ki^)  f  6£;  ^}~  +  — £7^1- 

For  the  above  case  where  there  are  no  loads 
at  all  on  the  beam  equation   (4)   becomes 

-  M.Z,,  -  2Mi{U  +  X.,)  -  M,U 
=  6£/  I ? +  


'1      / 


When  there  are  no  concentrated  loads,  when 
/i  equals  h,  when  the  supports  are  all  on  the 
same  straight  line  or  level,  and  when  there 
are  different  spans  and  uniform  loads,  we 
get  the  well   known   form 

1 
— MiL,  —  2JV/,  (L,  +  /.,)  _  AhU  —  —  tf,/.r 

4 
1 
+  —  -mU. 
4 

For  the  simplest  case  of  the  aliove  c(|uali(in, 
when  the  uniform  load  and  the  spans  are 
equal,   we  get  the   form 


— A/,— 4M2— A/, 


—  tcL". 
2 


It   thus  becomes   evident   that   equation    (4) 
will  liold  for  any  special  cases  which  may  arise. 


Tile  Muscatine.  Iowa,  water  ticpanment  con- 
templates the  installation  of  .")0(l  water  meters 
this  year. 


Data  on  Reinforced  Concrete  Railroad 

Bridges  and  Extent  to  Which  Such 

Bridges  Are  Used. 

The  report  of  the  "Committee  on  Rein- 
forced Concrete  Bridges''  of  the  American 
Railway  Bridge  and  Building  Association, 
presented  at  the  annual  convention  of  this 
society,  held  in  Los  Angeles,  Cal.,  Oct.  20-22, 
1914,  contains  some  interesting  and  valuable 
data  on  reinforced  concrete  railroad  bridges. 
It  was  the  aim  of  the  committee  to  deter- 
mine to  what  extent  reinforced  concrete  is 
in  use,  in  the  United  States  and  Canada,  for 
railroad  bridges,  the  types  developed  and  in 
most  general  use,  and  the  practice  of  dif- 
ferent railroads  regarding  standard  types 
and  specifications  for  design.  The  following 
data  were  abstracted  from  the  committee's 
report : 

TYPES    IN    USE   AND   EXTENT   OF   USAGE. 

Table  I  gives  the  types  of  reinforced  con- 
crete structures  in  use  on  various  railroads, 
the  number  and  mileage  of  railroads  report- 
ing use  of  same,  and  the  number  reporting 
no    reinforced   concrete    structures. 


The  two  types  of  structures  most  in  favor 
are  the  box  culvert  and  the  deck  slab.  On 
two  large  systems  the  deck  slab  is  the  only 
type  of  reinforced  structure  in  use.  Fol- 
lowing these  are  the  retaining  wall  and  the 
trestle. 

There  is  considerable  diversity  among  the 
various  railroads  in  the  specifications,  design 
and  details  of  practically  every  type  in  use. 
On  only  a  few  points  is  there  anything  like 
uniformity.  A  1:2:4  mixture  and  a  moduli 
ratio  of  15  appear  to  be  quite  generally  ac- 
cepted as  correct  for  fully  reinforced  struc- 
tures. 

REINFORCED     CONCRETE     DECK     SLADS. 

Table  11  (  p.  30)  gives  essential  data  on  the  de- 
sign of  reinforced  concrete  deck  slabs,  appli- 
cable to  the  various  railroads  using  this  type. 
These  data  cover  the  concrete  proportions, 
types  of  reinforcement,  allowable  stresses  in 
concrete  and   steel,   and   loads  assumed. 

The  types  of  reinforced  concrete  slabs 
shown  in  Figs.  1-6,  inclusive,  have  been  se- 
lected to  bring  out  distinctive  features  in  de- 
sign and  detail  of  types  in  use  on  different 
railroads.      Figures    1    and   2   show   details   of 


Fig.  1.     Details  of  Reinforced  Concrete  Deck  for  Steel   Girder  Spans  in   Use  on    D.   M.  & 

N.   Ry. 


It  will  be  noted  from  this  summary  that 
there  are  no  reinforced  concrete  structures 
on  a  large  percentages  of  the  mileage  report- 
ed. It  is  very  likely  that  if  full  information 
could  be  obtained,  it  would  be  found  that  the 


the  reinforced  concrete  deck  slabs  for  steel 
girder  spans  in  use  on  the  D,.  M.  &  N.  R.  R. 
and  the  C,  M.  &  St.  P.  Ry.,  respectively.  It 
will  be  noted  that  there  is  considerable  dif- 
ference in  the  concrete  details  and  in  the  ar- 


TABLE    r.— DATA    ON    USE    OF    REINFORCED    CONCRETE    STRUCTURES    ON    RAILROADS. 

, Typep  of  reinforced  concrete  structures  In  use. v 

•         1              ^             f                             I                                                        I  ^ 

_     V         %i        %^      I.        1%         „.         ^           I          a  " 

'    :  '^,    lig,         ■sg        9a      5=        ^o         .ji          £            %           X  r 

■     ^i'           Ujd          0«        i!°          -<£           Oh            H               Q              K  O 
Number  of  roads  on  which 

type  is  reported  in  use.        It;              .10            !,->            18            13            15            17              28            23  l.i 
MlIeaKe  of  roatis  on  whlcli 

type  is  reported  in  use.    61,270     106,972     48..';59     07,580     52,992     55,932     76,808     104,776     81.120  10,801 

Totai  number  of  roads  reported 54 

Total  miieage  of  roads  reported 163.449 

Number  of  roads  reporting  no  reinforced  concrete  structures  13 

Mileage  of  roads  reporting:  no  reinforced  concrere   structures   24,664 


proportion  of  roads  on  which  reinforced  con- 
crete is  not  in  use  would  be  greater  than  that 
shown  in  Table  I,  as  some  of  the  railroads 
failed  to  send  in  reports  because  they  had 
no  structures  of  this  kind. 


rangeinent  of  the  reinforcement  in  these  two 
designs   of   the    same   type   of   structure. 

Figures  3  and  4  show  details  of  the  slab 
tops  for  culverts  used  on  the  Pennsylvania 
R.   R.    (lines  west  of   Pittsburgh)   and  on  the 
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TABLE  II.— DATA  COVERING  DESIGN  OF   REINFORCED  CONCRETE 
SLABS    ON    VARIOUS    RAILWAYS. 


DECK           SLABS                           1 

.1         \       i       \       3 

■4        15          \        i         17         1        A 

9 

io    1    1;     1 

1 

RAILROAD 

PROMMK 

Of 

INSKOIEKIS 

IN  EACH 

m^  OF 

STRUCTURE 

CHARACTtR 

OF 
A6GRE6ATE 

REIN- 
FORCING 
BAS 

MAyi!,lUM   ALLO'/ABLE   oTRESS 
P0UMD5  PER.  SQUARE  INCH 

i 

g5S 

n 

1- 
0 
■< 

J; 

TEHSION 

in 

JTEEL 
F! 

ION  IN 
CONCRETE 

Fc 

3HEAR 

IM 
CoJKRETE 

S 

ADHESION 
OF  STEEL 

AND 

CONCRETE 

A 

/C.L 

rz  4 

j.'.t'MA//mM 
cuAMirie 

D£FOnM;D 
BULtJ 

srocH 

16000 

600 

30 

too 

175 

1 

15 

£-60 

l' 
I'D 

8  SI  V. 

ML  HCIN 

oaao  CONCH 

'ft  smuc 

URFS  IN  A 

copo  tvir 

t-  Af?£A 

PFCIFICA1 

ONS 

A.TsiJl 

124 

oiFoeueo 
tiiur 

ITOCi^ 

IS  000 

100 

SO 

150 

15 

no 

S.sO 

11  A 

CRUIHES 
iTONt 

PLAIN  on 

ocFomso 

It  000 

600 

60 

50 

15 

[-50 

sor., 

SFL  L. 

cm  OF  6 A. 

l^2--4 

CSUSH£D 

iimt  on 

rwiiUD  on 
OLFonuio 
Sli'FrsfeCF 

16000 

650 

120 

ISO 

15 

£55 

I00~, 

ofLL. 

c.ssa 

70  4  C^fvlL 

cifAm  cmiirs 
ortMermcb 
2rAeri<M>itm 
rrmmmio 

omnmo 

Slll£T 
STOCK 

IS  000 

SOO 

200 

200 

15 

£36 

onoifB 

107' 
OFLL 

C6.W 

1-14 

cmi/tnsmc 
w  Hits  /<• 

Mm.  MM 

emnnio 

nooo 

150 

120 

100 

150 

15 

555 

50% 

sn.L 

CMilrP 

124 

CROimOiTOUt 

on  CSV  into 

QRmi  Z'Mtx. 

NWMLD 

onwiTEO 

BIL^llbCX 
ORRtnoLLlO 

16000 

•lOOFORlY 

mwt  nan 

INBCNomo 

SO 

ti5il 
560 

fo'nii 

a.c.sff.i 

n2:4 

C^UIHCO 
UMirOK 

0£F0nK£O 

StLLST 

iTOCK 

16000 

m 

SO 

PL^IUBfniSO 

otFom\,„ 
lobabY 

15 

560 

^m 

CiNW. 

1-2:4 

CSUSHCO  jrov 

soTivisno 
onosmm 

SUlFinOCK 

11000 

660 

15 

155 

907. 
erL.L 

CRISP^ 

1:2:4 

cftima  sroHi 

CiltAVCL 

PLAIN  ANO 
OFFOnuto 

15000 

650 

JO 

15 

155 

50  7. 
OFLL 

Ln  N. 

1-2:4 

KOKIH  imi 
on  OMvcL 

WIITEO 

eiiiiniiiK 

Hfcowui 

VOATIONi  0: 

Joint  Coi 

WITTFF 

15 

for. 

SFL  I 

HJ-iE 

1:2:4 

WASHCD 
CiRAKl. 

m  wnuo 

16000 

650 

40 

100 

15 

£-60 

S07- 
OF  LL 

ILL  am 

1:2:4 

CPUJH!OSTofll 
Of!  6l?Aif£L 

PLFOntfSO 
on  FLAW 

FincrjToCit 

nooo 

750 

40 

pimBAiasa 

tOBAnil'" 

15 

555 

i'h> 

KC  SOUTH. 

1:2:4 

auSHtOiroNi 
ony/Aitito 

ifAVCL 

(onnuOAifO 
w;;r«  on 

FtlM 

BmnrntK 

15000 

600 

JS  TO  100 
D£FIN0/NC 
OH  HIND  Of 

niiNFoecm 

IMTLD  110 

conn  -ISO 

15 

£60 

40  7. 
IfLL 

UHI6H  mi. 

1:2:4 

cmmosmc 

OntVASMiOAftD 

tcmtuDsmii 

PLAIN  Alio 
WISILD 

mtTsrocK 

16000 

650 

SO 

PLAIN    60 
7<¥IST£0  100 

15 

£60 

L' 
L*D 

M.SStL 

1  i  4 

somm'cf 

JUB.BLaffjrett 

OUAVCL 

PFFOPMLD 

BmnroCH 

nooo 

650 

15 

155 

m 

Mi  PmSyst. 

1:24 

CeUiHlD  SOCK 

orquav^l 

ULFOPNCO 

Buicnrscti 

16000 

650 

120W1TNWIB 
mimncm. 

150 

15 

£-50 

![&] 

NCHtL 

1:2:4 

CSUiH[0  STOfiC 
(PeiFtSRCD) 

AmodAm 

PLAIN  on 

7wnjFD 

16  000 

150 

40 

80 

15 

£-50 

m 

NYNHiH 

1:24 

ctmtomip 

HOCKOSmiluNi 
2-MAX.OlAK 

'jOVAPL 
wisrCD 

SIllLTSTA-X 

14000 

650 

40 

SO 

15 

aoo'- 

PLP"' 

oru 

NYO.iW 

1:2:4 

CHUSHtD 
Ll.y£'^TON£ 

OFFORMLO 
MUiJloCK 

16000 

650 

■W 

50 

15 

£50 

100% 
OfLL 

Pfm([m) 

1:1-4 

VA'GRAreL 

oeV4'cifuma 

:ront 

PiAINMIlT 

iOSAPl 

BliLSTHOlH 

nooo 

600 

50 

100 

15 

£55 

wsim 

IFICfiTM 

P£m(iffsrJ 

1:24 

CHiJiHfOSTOHC 
PHFtafutt 

iHTmiFO 
on  FLAM 

<jm:[0 
mrm.10) 

15625 

i-e 

„  OL  MOM 

i25 

50 

BAnsomL 

opcofvmin 

SOOIA.JWD 
in  KOIA 

15 

KA/AS 

lsin:ia 
s/pyicc 

onuoac 

mi 

"■  TOliltllli 

NlfCt:HP. 

!-2:4 

SPOKSnSTOHt 
on  6HAVCL 

msiTD  on 

OC.'OPNFO 
BlUtTS^K 

14000 

650 

JO 

PLAIH-  60 

ittm  ISO 

15 

£60 

P] 

SOUTHEPN 

1:2:4 

Cffu:H£0 

:tqnl 

flAjunooioi 
BILILUIOCH 

16000 

650 

JO  PLAIN 
120  n£ INF 

so 

15 

£55 

507. 
OFLL 

VfiL.C 

12  4 

cfUiM!a;roN[ 

0^  iLAO 

TwIiTFOon 

coPBiio: 

ED 

16000 

650 

120 

SO 

15 

90  7. 
OFLL 

Figures  0  anci  6  show  details  of  the  piers 
and  abutments,  and  of  the  floor  slabs,  re- 
spectively, of  the  reinforced  concrete  trestle 
in    use   on   the   C,   M.   &   St.    P.    Ry.    These 


Fig.  3.     Details  of  Typical    Reinforced    Concrete   Slab  for 
Culverts  in  Use  on  P.  R.  R.  Lines  West  of  Pittsburgh. 
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Fig.   4.     Details   of   Standard    Reinforced   Concrete   Culvert 
of  E.  P.  &  SW.  System. 


E.,  P.  &  S.  W.  system.  The  distinctive  fea- 
ture of  the  first  mentioned  slab  is  the  sep- 
aration into  track  slabs  and  side  slabs,  while 
the    latter    plan    shows    a    unique    method    of 


carrying  the  track  on  pedestals  during  the 
construction  of  the  slab.  It  will  be  noted  that 
different  types  of  reinforcement  are  used  in 
these   two  designs. 
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Fig.    2. 


Details    of    Standard    Reinforced    Concrete    Deck    Slab    for    Deck    Girders    of    C. 

M.  &  St.   P.   Ry. 


drawings  show  clearly  the  distinctive  fea- 
tures of   this  type  of   construction. 

Figure  7  gives  details  of  street  and  side- 
walk slabs  used  by  the  C,  B.  &  Q.  Ry.  on 
track   elevation   work. 

REINFORCING  STEEL. 

Three  types  of  reinforcing  bars  are  in 
quite    general    use:      (1)    plain    round    bars; 

(2)  square   bars,   straight   and   twisted;    and 

(3)  deformed  bars.  Many  roads  use  all  three 
types,  the  square  and  the  deformed  bars  be- 
ing generally  preferred  to  the  plain  round 
bars.  Unit  systems  of  reinforcement  appear 
to  be  very  little  used  for  railroad  bridge 
work,  as  none  of  the  reports  showed  this 
type  in  use   for   bridge  construction. 

There  are  marked  differences  in  the  ar- 
rangement of  the  bars  in  the  structures  of  dif- 
ferent roads.  This  is  apparently  due  more 
to  methods  of  construction  than  to  design. 
Some  roads  use  only  straight  bars,  or  bars 
with  short  bends  at  the  ends,  while  others 
do  not  hesitate  to  use  bars  with  four  to  six 
bends. 

It  is  quite  generally  accepted  that  bent 
bars,  if  made  true  to  form  and  properly 
placed  in  the  structure,  will  fulfill  the  re- 
quirements of  design  better  than  a  combina- 
tion of  straight  bars.  They  eliminate  the 
sharp  turns  in  the  direction  of  reinforcement, 
and  give  a  continuity  of  reinforcement  that  is 
not  obtainable  with  straight  bars.  An  ad- 
vantage in  construction  from  using  bent  bars 
is  the  smaller  number  of  bars  to  be  handled 
and  placed,  a  single  bent  bar  being  made  to 
do   duty   for  several   straight  ones. 
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There  are,  however,  other  considerations 
than  design  that  enter  into  the  selection  of 
reinforcement,  such  as  methods  of  handling, 
shipping  and  placing  bars,  .  'ilities  for  bend- 
ing bars  in  the  field,  skill  anc  Gaining  of  the 


men  on  the  work.  Manifestly  a  road  with  a 
good  organization  of  well  trained  foremen 
and  workmen,  and  ample  facilities  for  bend- 
ing and  handling  bars,  would  be  less  restrict- 
ed in  the  type  of  reinforcement  than  a  road 


dependent  on  contractors,  or  with  a  less  ef- 
fective   organization    of    its    own. 

All  roads  except  one  specify  billet  stock 
for  reinforcing  material.  Some  go  so  far  as 
to    state    specifically    that    re-rolled    steel   will 
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Fig.    5. — Details    of    Piers    and    Abiitments    of    Reinforced    Concrete  Trestle   in   Use  on  C.   M.  &   St.   P.   Ry. — See   Also    Fig.   6. 
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Fig.    6.     Details    of   Typical    20-Ft.    Reinforced    Concrete    Trestle    Slab 
in  Use  on  C.  M.  &  St.  P.  Ry. — See  Also  Fig.  5. 


not  be  accepted.  The  one  road  which  now 
includes  re-rolled  deformed  bars  in  its  speci- 
fications reports  that  none  have  ever  been 
used  because  they  have  never  yet  been  avail- 
able. 

There  is  found  considerable  variation  in 
the  allowable  working  stresses  of  both  steel 
and  concrete.  .A.  certain  amount  of  variation 
would  be  expected,  due  to  differences  in  the 
material  used  in  the  concrete  and  to  the  im- 
pact allowances  in  the  load,  but  the  wide 
range  of  working  stresses  cannot  be  fully 
accounted  for  by  those  differences.  They 
must  be  attributed,  in  part,  to  the  confidence. 
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Fig.    7.       Details     of    Standard     Street    and 

Sidewalk    Slabs    for    Track    Elevation 

Work   on   C.   B.  &  Q.   Ry. 


or  lack  of  confidence,  that  designing  engi- 
neers have  in  the  strength  of  the  material 
and  in  their  ability  to  analyze  the  conditions 
of  the  structure  under  load.  It  is  not  to 
be  expected  that  the  working  stresses  for  re- 
inforced concrete  can  be  brought  even  near 
the  uniformity  that  obtains  in  the  working 
stresses  specified  for  steel  structures.  There 
are    too   many   Uncertainties   in   both   analysis 
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and  construction,  and  these  can  best  be  cov- 
ered by  a  liljeral  excess  of  strength  in  the  de- 
sign. Designers  will  have  more  confidence 
in  their  analyses  when  they  have  been  veri- 
fied by  the  results  of  exhaustive  tests.  Such 
tests  can  best  be  carried  on  at  the  engineer- 
ing experiment  stations  of  the  universities. 
To  be  conclusive,  they  should  be  compre- 
hensive and  exact  enough  to  eliminate  the 
possibility  of  abnormal  results,  and  they 
should  lie  conducted  under  conditions  that 
approximate  actual  working  conditions  as 
nearly  as  practicable. 

It  is  evident  from  the  records  of  tests 
made  at  the  University  of  Illinois  Engi- 
neering E.xperiment  Station,  by  D.  A. 
Abrams  (see  Engineering  and  Contracting 
of  June  24,  1914,  for  a  summary  of  these 
tests')  that  the  value  of  plain  round  bars  as 
reinforcing  material  may  have  been  under- 
estimated, and  also  that  twisted  and  de- 
formed bars  may  have  been  credited  with 
much  merit  which  they  do  not  possess,  or 
which  does  not  become  effective  under  prac- 
tical working  conditions.  However,  the  fact 
should  not  be  overlooked  that  vibration, 
which  is  so  large  an  element  in  working  con- 
ditions, could  not  enter  into  tlie  results  of 
the  lalioratory  tests.  Designing  engineers 
may  feel  that  the  deformed  bar  offers  a  se- 
curity against  vibration  and  initial  failure 
that  fully  justifies  its  use  in  spite  of  the  ex- 
cellent showing  made  by  the  plain  round  bar 
in  the  laboratory  tests.  However,  since  the 
claims  for  superiority  of  twisted  and  de- 
formed bars  over  plain  bars  are  based  on 
their  capacity  for  developing  greater  bond 
resistance,  it  would  not  be  amiss  for  design- 
ing engineers  to  review  their  specifications  in 
the  light  of  these  tests,  with  a  view  to  mak- 
ing such  revisions  in  the  working  bond 
stresses  of  the  different  types  of  bars  as  may 
he  justified. 


Instructions  to  Employees  Governing 

Bridge    Work   by    Pennsylvania 

State  Highway  Department. 

The  following  data  on  the  design,  construc- 
tion and  maintenance  of  highway  bridges 
were  abstracted  from  the  "Instructions  to  Em- 
ployees," issued  by  the  Pennsylvania  State 
Highway  Department.  They  will  be  found  of 
value  to  those  engaged  in  the  design,  con- 
struction and  maintenance  of  highway 
bridges. 

Design   and   Construction. 

The  sites  of  all  proposed  new  bridges  of  12- 
ft.  span  or  over,  and  smaller  ones  presenting 
any  special  difficulties,  must  be  examined  by 
the  Bridge  Engineer  or  an  assistant  designated 
by  him  before  any  requisition  for  material  will 
be  approved  by  the  Maintenance  Engineer. 

SIZES  OF  CULVERTS. 

The  usual  formula  for  determining  the  sizes 
of  culverts  is  as  follows : 

4 

a  =  C  V  A\  in  which, 

^^^  drainage  area  in  acres, 

0==  cross  section  of  culvert  opening  in 
square  feet, 

C  =  a  coefficient  varying  in  value  from  Vi: 
to  2,  according  to  the  character  and  slope  of 
the  drainage  area. 

Make  C^2  in  mountainous  districts  in 
which  the  district  drained  is  short.  Make  C" 
=  Vn  w'here  the  drainage  area  is  long  and 
level. 

E.xperience  with  the  old  brid,ge,  or  with 
others  crossing  the  same  stream  nearby,  is  a 
much  better  guide  than  any  formula. 

ST.'iNn.VRD    PL.\NS. 

Standard  plans  will  be  furnished  whenever 
practicable.  If  the  new  bridge  is  on  a  skew, 
the  material  shown  on  the  standard  plan,  to 
be  suitable  for  a  bridge  of  the  same  span, 
measured  in  a  parallel  direction  to  the  center- 
line  of  the  road,  should  be  used.  Whatever 
the  standard  plan  calls  for,  as  to  the  depth  of 
the  foundation,  should  be  interpreted  to  mean 
either   that   it  should   be   carried   down   below 


frost  or  to  durable  rock.  If  quicksand  or  any 
other  special  difficulty  is  encountered,  the 
Bridge  Engineer  should  be  notified.  The  same 
care  should  be  exercised  in  the  foundations  of 
the  wing-walls  as  with  the  foundation  of  the 
abutments.  Wing-walls  should  generally  make 
an  angle  of  30°  with  the  line  of  the  stream  and 
in  general  should  be  finished  approximately 
flush  witli  the  abutment,  so  as  not  to  interfere 
with  the  side  ditches.  They  need  be  made  no 
longer  than  is  necessary  to  hold  the  fill,  for  if 
the  bank  requires  additional  paving  it  can  be 
done  by  rip-rapping,  at  little  expense. 

paving  bed  of   STREAM. 

If  a  paved  slope  is  built  it  should  be  laid  on 
a  slope  of  not  more  than  4.5°  with  the  ground, 
the  bend  of  the  stream  being  excavated  to 
proper  depth.  It  should  be  finished  at  right 
angles  with  the  surface  of  the  paving  to  pre- 
vent the  paving  from  sliding  into  the  stream 
or  being  undermined.  The  paving  should 
generally  be  extended  above  high  water.  If 
the  stream  has  a  rapid  current,  or  heavy  ice, 
it  may  be  necessary  to  grout  the  bed. 

STEEL    reinforcing. 

Plans  will  be  sent  to  you  from  time  to  time 
showing  different  types  of  reinforcing  which 
may  be  used  on  state  highway  bridges  and 
culverts.  These  are  designed  to  be  all  of 
practically  the  same  working  strength,  and  the 
assistant  engineer  will  be  expected  to  use  his 
best  judgment,  taking  all  things  into  consid- 
eration, as  to  which  is  the  cheapest  and  the 
best  to  build  of  the  different  types  shown. 

UNIT   reinforcement. 

The  types  employing  rod  reinforcement  will 
generally  be  found  to  be  the  cheaper,  but  they 
require  more  care  and  skill  in  their  construc- 
tion. Some  types  of  good  reinforcement  c.nr 
be  obtained  built  in  units  ready  to  lay  in  place. 
This  is  as  convenient  to  erect  as  I-beams  and 
effects  a  considerable  saving  in  the  cost  of 
the  steel  and  requires  no  additional  cost  for 
forms  or  concrete.  Reinforcing  units  can  be 
made  of  plain  bars  but  they  require  mechani- 
cal skill  for  their  construction.  If  the  assist- 
ant engineer  intends  to  use  that  type  to  any 
great  extent  it  would  be  good  economy  for 
him   to   secure  a  rod-bending  device. 

rail  reinforcement. 

When  steel  bar  reinforcement  is  shown  on 
the  plan  it  is  sometimes  practicable  to  use  old 
rails  instead.  In  that  case  the  amount  of 
steel  per  square  foot  would  be  greater  than 
is  the  case  with  plain  rods,  and  if  the  distance 
between  the  rails  is  greater  than  the  thickness 
of  the  slab  small  rods  should  be  laid  crosswise, 
directly  on  top  of  the  rails,  to  prevent  the 
slab  from  breaking  through  between  the  rails. 

In  buying  old  rails  allowance  must  be  made 
for  defects  which  may  have  developed  in  them. 
When  estimating  the  cost,  allowance  should 
he  made  for  the  fact  that  the  purchaser  usually 
has  to  pay  for  the  cutting  of  crop  ends.  The 
assistant  engineer  should  be  careful  about 
such  things  in  making  'bargains  with  the 
dealer. 

OTHER  reinforcement. 

Old  pipe  or  wire  rope  can  sometimes  be 
used  for  reinforcement,  but  wire  rope  is  apt 
to  be  greasy  and  may  contain  many  broken 
wires,  and  the  pipe  is  apt  to  be  badly  wasted 
by  corrosion.  Second-hand  I-beams  can  be 
obtained,  but  allowance  must  be  made  for  their 
weakness  due  to  bolt  holes,  corrosion,  defects, 
etc.  I-beams  should  never  be  laid  flatwise 
when  intended  for  reinforcement,  owing  to  the 
difficulty  of  filling  properlv  the  space  under 
them  with  concrete  and  of  securing  proper 
bond  between  the  concrete  under  the  beams 
and  that  above.  I-beams  may  be  purchased 
directly  from  the  mills  or  from  a  dealer.  The 
former  method  is  generally  cheaper,  but  it 
usually  results  in  considerable  delay  in  de- 
livery. 

FORMS. 

It  is  not  usually  necessary  to  build  forms 
for  concrete  foundations.  The  additional 
concrete  required  by  the  slopes  of  the  excava- 
tion  will   generally  cost   less   than   the   forms. 


and,   besides,   the   foundation   concrete   will   be 
quite  useful  in  preventing  scour  in  the  bed  of 
the  stream.     If  it  is  necessary  to  deposit  con- 
crete under  water  care  must  be  taken  that  the 
water  is   perfectly  still,   otherwise   the  cement 
will   be    washed   out   of   the   concrete.      If  an 
attempt  is  made  to  keep  an  excavation  dry  by 
pumping  while  depositing  concrete  the  cement 
is    almost    sure   to   be    pumped    out    with    the 
water.     The   best   method  to   deposit  concrete 
under   water   is   what   is   known   as   a  tremie, 
which  consists  of  a  pipe  long  enough  to  reach 
to  the  bottom  of  the  excavation  and  some  dis- 
tance  above   the   water   and   provided  ■  with   a 
funnel  into  which  the  concrete  is  to  be  poured.       Ji 
The  bottom  of  the  pipe  should  be  stopped  with       \ 
a  board,  the  pipe  filled  with  concrete,  and  the 
whole  lowered   to  the  bottom  of  the   excava- 
tion ;    then    remove   the   board    and    move   the        j 
pipe  slowly   from  one  part  of  the  excavation        | 
to  the  other,  keeping  it  always  filled  with  con- 
crete   above   the    surface   of   the   water.      The 
work  should  be  kept  going  continuously  until 
the   excavation  is   filled.     If  the   water   comes        ■ 
in  entirely  at  the  bottom  of  the  excavation  it       ^ 
is  often  sufficient  to  seal  up  the  bottom  with  a 
foot  or  more  of  concrete,  deposited  under  the 
water,    allowing   that    to    set    and    then    pump 
out  the  excavation,  finishing  the  work  in  the 
dry. 

Forms  for  concrete  which  is  not  exposed, 
may,  of  course,  be  made  of  rough  lumber  and 
the  cracks  luted  with  clay,  but  the  forms  for 
exposed  concrete  should  be  made  of  dressed 
lumber  usually  1%  ins.  or  over  in  thickness,  I 
and  with  the  edges  slightly  beveled  so  that  the 
joints  are  closed.  Tongued  and  grooved  lum- 
ber may  be  used  for  sections  of  forms  that 
are  to  be  handled  in  one  place,  but  if  it  has 
to  be  taken  apart  it  is  liable  to  split  and  be 
damaged  in  the  process.  If  the  lumber  is 
dry  trouble  is  sometimes  caused  by  its  ab- 
sorbing moisture  from  the  concrete  and  swell- 
ing or  binding  and  even  cracking  off  copings 
and  other  projecting  concrete.  The  inside  of 
the  forms  should  be  covered  with  soap  or 
petroleum  to  prevent  adhesion  to  the  concrete. 
It  is  sometimes  lined  with  paper  to  prevent 
leakage  and  to  prevent  the  form  lumber  from 
absorbing  water.  The  paper,  however,  is 
likely  to  adhere  to  the  concrete,  entailing 
some  difficulty  in  its  removal.  An  excellent 
way  to  make  the  joints  tight  is  to  calk  them 
with  oakum,  but  clay  can  usually  be  made  to 
answer  the  purpose.  Exposed  corners  should 
be  filleted  to  prevent  them  from  spalling  off 
when  using  forms,  or  afterwards. 

Acute  angles,  whether  salient  or  re-entrant 
should  be  chamferred  or  rounded  for  the 
same  purpose,  sharp  re-entrant  angles  being 
liable  to  start  cracks.  The  forms  should  be 
designed  with  a  view  to  easy  removal  with 
a  minimum  damage  to  the  lumber  and  to  the 
concrete.  They  can  be  tied  across  with  wires, 
but  care  should  be  taken  to  cut  the  wires 
somewhat  below  the  surface  before  the  con- 
crete has  set  hard.  Great  care  should  be 
taken  to  build  the  forms  accurately  to  line  and 
to  brace  them  firmly,  because  a  slightly  in- 
accuracy in  alignment  spoils  the  appearance 
of   the  'finished   structure. 

Vertical  surfaces  should  be  carefully  spaded 
during  the  placing  of  the  concrete,  and  forms 
should  be  removed  from  such  surfaces  as  soon 
as  the  concrete  is  set  hard  enough  to  permit 
it,  which  will  genrally  be  from  12  to  48  hours, 
according  to  the  weather.  Concrete  sets  much 
more  slowlv  in  cool  weather  than  in  warm. 
Aher  the  forms  are  removed  the  surface 
should  lie  dampened  and  rubbed  with  a  wooden 
float  to  get  a  sand  finish.  Forms  supporting 
the  floorlhould  generally  be  left  in  place  above 
two  or  three  weeks,  and  longer  in  cold  weather, 
after  the  pouring  of  the  concrete,  and  still 
longer  before  permitting  it  to  carry  traffic.  It 
is  well  to  design  forms  so  that  they  may  be 
used  on  different  bridges  with  as  little  cutting 
as  possible. 

concrete. 

Concrete  must  be  made  of  1  part  American 
Portland  cement,  2  parts  clean,  sharp  river 
sand  and  4  parts  broken  stone  or  gravel  of  a 
size   that   will   pass   through   a    1%-in.    screen 
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and  not  pass  a   V4-in.  screen,   and   it  must  be 
mixed  as  herein  specified. 

Machine  mixed  concrete  will  be  preferred. 
When  necessary  to  mi.x  concrete  by  hand  a 
smooth,  clean  and  close  fitting  wood  or  metal 
platform  of  ample  area  must  be  used.  The 
volume  of  gravel,  stone  or  slag  must  be  spread 
out  on  one  side  in  a  flat  layer  not  over  1  ft.  in 
thickness,  and  the  dry  sand  and  cement  mi.xed 
adjacent  thereto  until  of  a  uniform  color. 
The  stone  or  gravel,  previously  wet,  must 
have  the  cement  and  sand  spread  over  it  in  a 
uniform  layer  and  properly  moistened  with  a 
rose  sprayer.  The  batch  so  prepared  must  be 
turned  over  4  times  by  shovelers  approaching 
each  other  from  opposite  sides.  Care  must 
be  taken  not  to  heap  up  the  batch  in  turning, 
but  to  maintain  its  uniform  thickness  after 
each  turning. 

Concreting  must  be  carried  on  continuously 
and  if,  for  any  reason,  the  work  is  delayed, 
before  resuming  concreting,  the  old  surface 
must  be  roughened,  cleaned,  dampened,  and 
.ikim  coated  with  mortar. 

When  a  concrete  mixing  machine  is  used  the 
cement  and  sand  must  be  mixed  as  above  and 
precaution  must  be  taken  to  insure  the  proper 
portion  of  each  of  the  materials  so  that  the 
results  of  the  mixture  will  be  uniform  in  qual- 
ity. 

No  concrete  must  be  used  in  the  construc- 
tion if,  in  the  opinion  of  the  enginer,  it  is  in 
poor  condition  either  from  imperfect  mix  or 
mitial  set.  Rapid  transportation  of  concrete 
must  be  made  from  the  mixer  to  the  work  so 
that  only  freshly  mixed  concrete  shall  be  put 
in  place. 

CEMENT. 

All  cement  used  must  be  Portland  cement. 
Briquettes  of  neat  cement  24  hours  in  air  and 
6  days  in  water,  must  show  a  tensile  strength 
of  at  least  500  lbs.  per  square  inch ;  when 
mi.xed  with  sand  in  proportion  of  3  parts  sand 
and  1  part  cement,  at  least  200  lbs.  per 
square  inch.  On  a  28-day  test  of  sand  and 
cement  mixture  it  must  show  a  gain  in 
strength  of  at  least  one-third  over  the  7-day 
test.  Pats  of  neat  cement  with  thinned  out 
edges  kept  24  hours  in  moist  air  and  then  im- 
mersed in  water  and  maintained  at  a  tem- 
perature of  as  near  70°  F.  as  practicable,  or 
exposed  in  air,  and  observed  at  intervals  for 
28  days,  must  show  no  signs  of  cracking  or 
checks  at  any  interval  of  time.  All  cement 
must  be  finely  ground,  and  92  per  cent  must 
pass  through  a  No.  100  sieve  and  75  per  cent 
must  pass  through  a  No.  200  sieve.  The  ce- 
ment must  be  delivered  in  sound  barrels  or 
well  protected  packages  and  kept  thoroughly 
protected  from  the  weather.  .A.  sufficient 
amount  must  be  kept  in  store,  ahead  of  re- 
quirements, to  permit  of  proper  testing  with- 
out undue  haste. 

When  broken  stone  is  used  in  composing 
concrete  it  must  be  of  trap-rock,  granite, 
gneiss,  hard  sandstone  or  limestone  acceptable 
to  the  State  Highway  Commissioner  and  must 
be  free  from  dirt  or  dust  or  any  foreign  ma- 
terials and  must  have  a  crushing  strength  of 
not  less  than  8,000  lbs.  per  square  inch. 

All  sand  used  must  be  river  sand  and  must 
be  clean,  sharp,  free  from  loam,  coal,  oil,  mud 
or  other   foreign   materials   or   impurities. 

When  gravel  is  used  it  must  be  a  clean  river 
gravel,  of  mixed  sizes,  free  from  loam,  coal, 
oil  or  other  foreign  matter. 

Crushed  slag,  acceptable  to  the  State  High- 
way Commissioner,  may  be  used  in  compos- 
ing concrete  for  foundation  work  and  the  size 
of  the  same  must  be  from  1  in.  to  sand,  and 
it  must  weigh  at  least  2,400  lbs.  to  the  cubic 
yard. 

All  water  used  nust  be  free  from  sulphur, 
oil,  and  nnuldy  solution. 

General  Inspection,  Maintenance  and  Repair. 

All  bridges  on  state  highways  should  be  in- 
spected at  least  once  a  year  and  complete  re- 
port (Ivirni  No.  904)  filed  prior  to  May  1  each 
\ear.  Careful  notes  shouhl  be  taken  as  to  the 
material,  length  of  span,  construction  of  abut- 
ments, sufficiency  of  foundation  as  far  as  can 
be  learned,  character  of  the  bottom  of  stream, 
exposure  to  destruction,  obstruction  or  damage 


by  high  water,  driftwood,  floating  ice,  special 
traffic,  etc.  If  the  abutments  are  of  stone  note 
whether  or  not  they  are  laid  with  mortar. 
Bridges  which  appear  to  be  weak  should  be 
examined  at  least  once  in  every  two  months. 
Abutments  which  appear  to  be  in  danger  of 
falling  down  should  be  examined  at  least  once 
in  every  two  months,  or,  preferably,  arrange- 
ments should  be  made  with  people  living  in 
that  vicinity  to  look  at  them  frequently  and 
report  to  the  department  any  changes  they 
may  note. 

BRIDGES    LIABLE    TO    DANGER    FROM    HIGH    WATER. 

Bridges  which  apoear  to  be  liable  to  danger 
from  high  water  should  be  examined  after 
every  heavy  rainfall  or  period  of  high  water, 
and  when  the  ice  goes  out  in  the  spring. 
Wooden  bridges  which  are  submerged  by  high 
water  should  be  examined  immediately  after- 
wards, to  see  if  any  planks  or  other  parts  have 
been  floated  or  washed  away.  This  should  be 
done  before  traffic  is  permitted  to  be  resumed 
over  them. 

UNDERMINING. 

Bridges  which  appear  to  be  liable  to  under- 
mining should  be  examined  with  a  view  to 
ascertaining  whether  or  not  that  has  hap- 
pened. Tests  should  be  made  after  every 
period  of  heavy  rain  or  high  water,  preferably 
by  long  poles  or  iron  rods.  It  should  be  re- 
membered that  the  deeper  the  water  in  the 
stream,  the  more  rapid  and  the  greater  liability 
to  scour. 

INSPECTING    FLOORS. 

In  inspecting  the  floors,  examine  every  plank 
and  look  for  rotten  spots,  cracks  and  large  or 
loose  knots  or  knot  holes. 

If  the  stringers  are  of  wood,  one  or  more 
planks  should  be  lifted  in  order  to  ascertain 
if  the  stringers  are  decayed,  remembering  that 
the  stringers  may  appear  sound  from  below, 
but  be  decayed  within  and  from  the  top  down. 

STEEL    BRIDGES    IN     NEED    OF    PAINT. 

Steel  bridges  should  be  examined  as  to  their 
need  of  paint,  also  to  ascertain  if  they  are 
materially  weakened  by  corrosion.  Take  spe- 
cial care  to  examine  parts  which  are,  or  were, 
covered  by  dirt,  being  careful  to  remove  all 
dirt  from  the  abutments  and  from  around  the 
steelwork. 

CRACKS,   ETC.,    IN    STONE   AND    CONCRETE    BRIDGES. 

Examine  stone  and  concrete  bridges  for 
cracks  and  signs  of  undermining,  as  it  some- 
times happens,  in  the  case  of  a  stone  or  con- 
crete bridge,  that  the  head-wall  breaks  loose 
from  the  remainder  of  the  bridge.  In  such  a 
case  the  bridge  engineer  should  be  notified. 

FLOOR    PLANKS    AND    STRINGERS. 

If  floor  planks  or  stringers  show  signs  of 
decay  or  weakness,  send  a  requisition  for  the 
material  required  to  the  engineer,  stating  the 
facts  of  the  case. 

SPIKING    FLOOR    PLANKS. 

All  floor  planks  should  be  securely  spiked  to 
the  stringers.  This  strengthens  the  structure 
and  reduces  the  noise.  Use  l-iO-penny  spikes 
for  2-in!  planks,  40-penny  for  2'/4-in.,  and  fiO- 
l)enny  for  3-in.  planks. 


See  that  railings  are  reasonably  firm  and 
rail  is  of  such  a  character  that  Horses  can 
sec  it  in  a  dim  light.  If  there  is  a  liability  of 
children  or  others  falling  into  the  water  and 
being  injured  or  drowned,  one  board  should 
be  nailed  to  the  side  of  the  railing  1  ft.  clear 
above  the  floor,  and  another  2  ft.  ti  ins.  clear. 

BRIDGE    ABUTMENTS    AND    PIERS. 

Many  bridge  abutments  arc  built  of  good 
square  stone,  well  laid,  with  or  without  mor- 
tar, but  entirely  too  thin.  If  they  show  signs 
of  weakness,  or  of  falling  down  through  this 
cause,  it  is  usually  sufficient  to  dig  out  the 
back  of  the  abutment,  a  section  at  a  time,  clean 
the  stone  thoroughly  and  back  with  concrete, 
care  being  taken  to  bond  the  concrete  well  with 
the  stones.  The  thickness  of  the  wall  at  every 
point   should  not  be  less  than   four-tenths  of 


the  height  of  the  top  of  the  abutment  above 
that  point. 

SCOUR    UNDER    ABUTMENTS    OR    WING-WALLS. 

If  water  has  scoured  out  under  the  abut- 
ment or  wing-walls  at  any  point,  and  the  re- 
mainder of  the  abutment  is  in  tirst-class  con- 
dition, it  is  often  feasible,  with  care,  to  ex- 
tend the  wall  down  to  proper  foundation  with- 
out disturbing  it,  by  excavating  a  short  sec- 
tion at  a  tune,  supporting  individual  stones 
with  small  props,  filling  with  concrete,  and 
removing  the  props  as  the  work  progresses  if 
possible.  Props  should  be  made  of  green 
wood,  because  dry  wood  absorbs  moisture  rap- 
idly and  swells  with  great  force. 

FOUNDATIONS. 

Foundations  in  general  shouH  be  carried  be- 
low frost  or  down  to  durable  rock. 

STONE   WALLS. 

If  a  stone  wall  laid  dry  shows  signs  of 
weakness  it  is  usually  cheaper  to  tear  it  down 
and  rebuild  it  on  proper  foundation  than  to 
repair  it.  In  doing  so  it  should  be  rebuilt 
with  cement  mortar. 

OBSTRUCTIONS    IN    CHANNEL. 

All  obstructions  should  be  removed  from  the 
channel  of  the  stream,  as  far  as  practicable,  in 
order  to  make  the  channel  as  smooth  and  as 
straight  as  possible.  Waterfalls,  even  though 
low,  scour  rapidly  if  on  earth,  and  isolated 
stones  in  the  channel,  even  though  of  mod- 
erate size,  reduce  the  velocity  of  the  water 
considerably.  A  fence  rail  across  the  channel 
of  the  stream  will  often  reduce  the  velocity 
of  the  water's  flow  25  per  cent.  Where  per- 
sons wish  to  fence  up  a  bridge,  the  fence 
must  be  placed  at  the  downstream  end  and  so 
arranged  that  it  will  be  lifted  up  when  the 
channel  fills.  If  waterfalls  are  encountered 
in  such  a  position  as  to  threaten  the  bridge 
masonry,  stones  of  ample  size  should  be  placed 
under  the  falls  in  such  a  position  as  to  prevent 
erosion.  If  flat  stones  are  used  each  stone 
should  lap  over  the  next  one  on  the  down- 
stream side. 

WING-WALLS. 

Wing-walls  should  generally  make  an  angle 
of  about  30°  with  the  line  of  abutment.  This 
not  only  prevents  reducing  the  velocity  of 
the  water,  which  occurs  with  a  square  abut- 
ment, but  also  reduces  the  formation  of  ed- 
dies, which  often  cause  erosion,  whether  at  the 
upstream  or  downstream  end  of  the  abutment. 

STONE    ARCHES. 

If  stone  arches  show  signs  of  weakness 
they  can  often  be  very  effectively  repaired  by 
removing  all  of  the  earth  fill  from  above  the 
defective  spot,  putting  forms  under  the  inner 
side  of  the  arch,  filling  the  loose  stone  with 
grout  and  the  large  openings  with  concrete.  ' 

STEEL  BRIDGES. 

If  Steel  bridges  show  signs  of  weakness  or 
of  deterioration,  the  engineer  must  notify  the 
bridge  engineer,  who  will  inspect  all  steel 
bridges  at  as  early  a  date  as  possible.  Special 
care  should  be  taken  to  report  to  the  bridge 
engineer  steel  bridges  in  need  of  painting,  giv- 
ing length  of  span,  etc. 

WASHOUTS. 

Washouts  should  be  reported  immediately  to 
the  .Assistant  Engineer  and  to  the  Engineer 
of  Hridges,*  stating  whether  the  abutments  are 
beyond  repair  and  if  there  is  any  considerable 
saiva.ge  in  the  steelwork.  In  such  cases  the 
questions  of  line  and  grade  of  improved  roads 
and  of  the  length  of  span  required  must  be 
settled  before  any  permanent  work  can  be 
done. 

F.STIMATING     COST    OF     PAINTING     .STEEL    BRIDGES. 

In  making  estimates  of  the  cost  of  painting, 
the  following  may  serve  as  a  guide: 

For  each  per  IOC  sq.   ft.   of  surface 
covered: 

CIe:inin.<sr    $0.50  to  $1.50 

faint,    first   coat 0  50  to  0.75 

r.-iint,  second  and  third  coats O.-'iO  to  0.50 

Labor,    first  coat 1.00  to  2.00 

Livbor,  second  and  third  coat 0.75  to  1.25 
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Certain  Cost  Data  on  the  Work  of  Im- 
proving the  Neponset  River  in 
Massachusetts. 

Contributed  by  Edmund  M.  Blake,  Engineer  in 
Charge. 

The  work  of  improving  the  Neponset  River 
has  been  in  progress  under  the  Massachusetts 
State  Board  of  Hieahh  since  Jan.  28,  1913, 
on  which  date  dredging  operations  were  be- 
gun. Under  the  Legislative  authority  of 
1911,  this  work  covers  the  deepening,  rectify- 
ing and  enlarging  of  the  old  channel  from 
the  dam  at  the  paper  mill  of  Tileston  &  Hol- 
lingsworth  at  Mattapan  up  to  a  point  above 
Traphole  Brook  in  the  towns  of  Sharon  and 
Norwood,  passing  through  Hyde  Park,  Mil- 
ton, Dedham,  Westwood  and  Canton  in  addi- 
tion to  the  above  two  towns. 

The  contractor  for  this  work  is  the  Barge 
Canal  Construction  Co.  of  New  York.  The 
plant  in  use  consists  of  a  1%-cu.  yd.  dipper 
dredge  with  a  60-ft.  boom,  a  1-cu.  yd.  orange 
peel  bucket  dredge  with  a  50-ft.  boom  and 
an  hydraulic  sluicing  boat  for  leveling  the 
ipoil  banks.  The  dipper  dredge  was  installed 
for  use  on  the  meadow  divisions  of  the  work 
while  the  smaller  orange  peel  bucket  dredge 


TABLE   I.— SUMMARY   OF    TIME  LOST    BY   DIPPER    DREDGE    FOR    TWELVE    MONTHS. 


(January    2S,    1913,    through    January    27,    1914.) 


Montli.  Total, 

1913— 

January   4 

February   24 

March   26 

•April    26 

May   27 

June    25 

July   27 

August     26 

September    26 

October    27 

November    25 

December    26 

1914— 

January   23 


-Working  days- 
Actually 
worked. 

3.75 
22.25 
24.00 

0.00 
15.50 
24.00 
25.00 
22.00 
20.17 
18.25 
14.50 
22.00 

22.00 


Lost. 

0.25 

1.75 

2.00 

26.00 

11.50 

1.00 

2.00 

4.00 

5.83 

8.75 

10.5U 

4.00 


, — Working  hours v 

Actually 
Total.  worked.  Loet. 


1.00 


32 
376 
416 
416 
432 
448 
648 
624 
624 
612 
400 
416 

368 


30 

348 

384 

0 

248 

424 

600 

528 

484.08 

372 

232 

352 

352 


t 
2S 
3t 

416 
184 

24 

48 

96 
139.92 
140 
168 

64 

16 


Total.i   312  233.42  78.58  5,V.i  4,354.08        1,357.»J 

Percentage  of  total  working  days  in  operation 74.8% 

Time  lost  in  percentage  of  total  working  days 25^2 % 


Percentage  of  total   working  hours  in   operation. 
Time  lost  In  percentage  of  total  working  hours. . 


100.0% 
76.2% 
23.8% 

100.0% 


•During  this  month  the  dredge  was  being  moved  overland  around  Pauls  Bridge  in  Milton. 
If  the  time  thus  lost  were  not  taken  into  account  in  the  above  table,  the  relative  percentages 
would  be  changed,  making  the  time  lost  in  percentage  of  total  working  days  18.3  per  cent,  and 
In  percentage  of  total  working  hours,  17.7  per  cent.  This  lost  time  was  due  to  breakdowns, 
minor  repairs  and  replacements,  injury  to  electric  lighting  system,  etc.  One.  two  and  thYee  shifts 
of  8  hours  each  were  In  operation  at  various  times. 


Fig.   1.  View  of   Dredged   Channel,   Neponset  River    Improvement,    Massachusetts.    (Bank  on    Left    as    Deposited    by    Dipper    Dredge; 

on   Right  as  Leveled  by  Hydraulic  Jet  Boat.) 


Fig.  2.    View/    Showing   Hydraulic  Jet  Boat   Leveling    Spoil    Banks,   Neponset    River    Improvement,  Massachusetts. 


was  designed  for  the  two  divisions  of  the 
work  through  Hyde  Park  where  many 
bridges,  buildings  and  pipe  crossings  inter- 
fere, requiring  "knocking  down"  at  seven 
points   for  passage  under  bridges. 


The  approximate  total  yardage  to  be  re- 
moved by  both  dredges  is  300,000  cu.  yds.  and 
the  length  of  river  to  be  improved  is  about 
twelve  miles.  The  dredging  of  meadow  cut- 
offs  will  reduce  this  original  length  to  about 


10.4  miles,  thereby  increasing  the  available 
head  and  rectifying  the  alignment  with  the 
resultant  decrease  in  loss  of  head  at  sharp 
bends. 

The    data    contained    in    this    article   covers 


January  13,  1915. 
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TABLE  II.— SUMMARY  OF  TIME  LOST  BY  ORANGE  PEEL  BUCKET  DREDGE  FOR  12 

MONTHS. 
(June  3,   1913,   through   January  27,   1914.) 


Month.  Total. 

1913— 

June    24 

July    27 

August    26 

September    , 26 

October    27, 

November   25' 

December    ;..... 26 

1914— 

January   23 

Totals    204  160.25  43.75  3,120  2,468  652 

Percentage  of  total  working  days  in  operation 78.5% 

Time  iosi  in  percentage  ot  total  worlting  days 21.5% 


rKing  days- 

., 

/ 

-VA  orking  hours- 

Actually 

Actually 

worked. 

Lost. 

Total 

worked. 

Lost 

18 

6 

240 

192 

48 

15.50 

11.50 

432 

248 

184 

23 

3 

416 

368 

48 

18 

8 

416 

2»8 

128 

19 

8 

432 

304 

128 

20 

5 

400 

320 

80 

26 

0 

416 

416 

UU 

20.75 

2.25 

363 

332 

36 

Percentage  of  total  working  hours  in  operation.. 
Time  lost  in  percentage  of  total  working  hours. 


100.0% 
79.1 7o 
20.9% 

100.0% 


This  lost  time  was  due  to  breakdowns,  minor  repairs  and  replacements,  injury  to  electric  light- 
ing system,  rigging  for  dragging  under  bridges  and  knocking  down  for  passage  unde'r  bridges 
and    re-rigging    above    them. 

TABLE  III.— SUMMARY  OF  RESULTS  OF  DREDGING  OPERATIONS  FOR  TWELVE  MONTHS 
FROM    JANUARY    28,    1913,    THROUGH  JANUARY  27,    1914. 

Orange    peel 
Item —  Dipper   dredge. 

Gross  yardage  dredged 187,335.4    cu.  yds. 

Net   yardage,   paid   for 153,199.2    cu.  yds. 

Excess    yardage    34,136.2    cu.  yds. 

Percentage  of  gross  yardage  not  paid  for.  19.87  % 

Total    distance    dredged 23,S00.O0  ft. 

8.0    cu.  yds. 

6.4    cu.  yds. 

491.02  cu.  yds. 

600.43  cu.  yds. 


Average  gross  yardage  per  lineal  foot.... 

Average  net  yardage  per  lineal  foot 

Average  net  yardage  per  working  day. . .  . 
Average  gross  yardage  per  working  day.  . 
Average    net    yardage    per    day    actually 

worked    656.32  cu.  yds. 

Average   gross   yardage   per   day   actually 

worked    802.57  cu.  yds. 

Largest  record  yardage   for   3   continuous 

8-hour  shifts    1,800.00  cu.  yds. 

Average  net  yardage  per  working  hour...  26.78  cu.  yds. 

Average   net    yardage    per    hour   actually 

worked    35.12  cu.  yds. 

Possible  monthly  rate,   net  yardage  for — 

24  Says  actually  worked 15,750.00  cu.  yds. 

26  days  actually  worked 1^,400.00  cu.  yds. 

26  days  actually  worked 17.050.00  cu.  yds. 

27  days  actually  worked 17,700.00  cu.  yds. 

Possible  monthly  rate,  gross  yardage  for — 

24  days  actually  worked 19,250.00  cu.  yds. 

25  days  actually  worked ; 20,050.00  cu.  yds. 

26  davs  actually  worked 20,850.00  cu.  yds. 

27  days  actually  worked 21,650.00  cu.  yds. 


Total,  boulders  larger  than  9.0  cubic  feet. 
Price  paid  for  earth,  per  cu.  yd.  in  place. 
Price    paid    for    boulders    larger    than    9.0 

cu.  ft.,  per  cu.  yd 

Average  amount  earned  per  working  day. 
Average  amount  earned  per  day  actually 

worked    

Average  amount  earned  per  working  hour 
Average  amount  earned  per  hour  actually 

worked    

Note:      The    above    four    items    include 
earth  and  boulders. 
Total   labor   cost,    not   including   superin- 
tendent   

Average  labor  cost  per  working  day 

Average     labor     cost     per     day     actually 

worked    

Average  labor  cost  per  working  hour 

Average     labor    cost    per    hour    actually 

worked    

Average    labor    cost    per    cu.    yd.    of    net 

yardage     

Average   labor   cost   per  cu.   yd.   of  gro.ss 

yardage     

Total  coal  consumed,  both  operating  and 

banking,   approximately    

Total    coal    cost   at    $6    per    ton   on    either 

dredge,  approximately  

Average  coal  cost  per  working  day 

Average     coal     cost     per     day     actually 

worked    

Average  coal  cost  per  working  hour 

Average  coal  cost  per  hr.  actually  worked 
Average    coal    cost    per    cu.    yd.    of    net 

yardage    

Average    coal    cost   per   cu.    yd.    of  gross 

yardage     

Total  labor  and  coal  cost 

Average  labor  and  coal  cost  per  working 

day    

Average  labor  and  coal  cgst  per  day  actu- 
ally  worked    

Average  labor  and  coal  cost  per  working 

hour    

Average    labor    and    coal    cost    per    hour 

actually  worked    

Average   labor  and   coal   cost  per  cu.   yd. 

of   net   yardage 

Average   labor  and   coal   cost   per  cu.    yd. 

of  gross  yardage 


32.90  cu.  yds. 
42  cts. 


i     7.50 
207.02 


276.71 
11.29 


14.81 


bucket  dredge. 
18,495.0    cu.  yds. 
18,495.0    cu.  yds. 
00.00  cu.  yds. 
00.00  % 
3,886.00  ft 

4.76  cu.  yds. 

4.76  cu.  yds. 

90.66  cu.  yds. 

90.66  cu.  yds. 

115.41  cu.  yds. 

115.41  cu.  yds. 

400.00  cu.  yds. 
5.93  cu.  yds. 

7.49  cu.  yds. 

2,775.00  cu.  yds. 
2,875.00  cu.  yds. 
3,000.00  cu.  yds. 
3,125.00  cu.  yds. 

2.775.00  cu.  yds. 
2,875.00  cu.  yds. 
3,000.00  cu.  yds. 
3,125.00  cu.  yds. 

78.90  cu.  yds. 

42  cts. 

$     7.50 
40.98 

52.17 
2.68 

3.39 


Total  for 

both  dredges. 

205,830.4    cu.  yds. 

171,694.2    cu.  yds. 

34,136.2    cu.  yds. 

16.58  % 

27,686.00  ft. 

(av.)    7.B    cu.  yds. 

(av.)    6.2    cu.  yds. 

581.68  cu.  yds. 

691.09  cu.  yds. 

771.73  cu.  yds. 

917.98  cu.  yds. 

2,200.00  cu.  yds. 
32.71  cu.  yds. 

42.61  cu.  yds. 

18,525.00  cu.  yds. 
19.275.00  cu.  yds. 
20.050.00  cu.  yds. 
20.825.00  cu.  yds. 

22,025.00  cu.  yds. 
22,925.00  cu.  yds. 
23.S50.0O  cu.  yds. 
24,775.00  cu.  yds. 
111.80  cu.  yds 
42  cts. 

$    7.50 
248.00 

328.8S 
13.97 

18.20 


11.752.55 
37.67 

4.150.16 
20.34 

15.902.70 
58.01 

50.35 
2.06 

2.70 

7.7   cts. 

6.3   cts. 

25.90 
1.33 
1.68 

22.4  cts. 

22.4  cts. 

76.25 
3.39 

4.38 

(av.)    9.3    cts. 

(av.)    7.7    cts. 

iSl.95    tons 

409.88   tons 

1.091.83  tons 

$4,091.70 
13.11 

$2.4.59.28 
12.06 

$6,550.98 
25.17 

17.53 
71    cts. 
94    cts. 

15.35 

79   cts. 
$1.00 

3t.U 

1.60 
1.94 

2.6   cts. 

13.3  cts. 

(av.)    3.8    cts. 

2.2   cts. 
$15,844.25 

13.3  cts. 
$6,609.43 

(av.)    3,2    cts. 
$22,453.68 

50.78 
67.88 


3.64 


32.40 
41.24 


2.12 


83.18 
109.12 


4.89 
6.32 


10.3  cts. 
8.5  eta. 


35.7  cts. 
35.7   cts. 


13.1   cts. 
10.9   cts. 


The  labor  cost  for  both  dredges,  as  given  above.  Includes  the  cost  of  labor  employed  by  the 
contractor  in  filling  In  the  cut-offs  on  the  meadow  areas  and  In  leveling  and  grading  the  spoil  banks 
above  Pauls  Brlf^ge  by  use  of  the  hydraulic  sluicing  boat,  as  both  of  those  Items  are  covered  In 
the  agreement  by  the  price  paid  to  the  contractor  per  cubic  yard  of  earth  dredged.  The  cost  of 
V&sollne   used   in    the   oper.ition   of  the   hydr.aullc  sluicing  boat  has  not  been  taken  Into  .account. 

The  labor  cost  also  Includes  the  runners  of  the  two  motor  boats  installed  hy  the  contractor, 
ased  for  towing  coal  on  a  small  scow,  for  transferring  the  dredge  crews  and  for  v.arlous  other 
parpoees.  One  of  these  motor  boats  is  used  and>  oper.ated  largely  by  the  superintendent.  The 
vasoline  used  by  these  two  boats  has  not  been  charged  against  the  above  costs.  In  the  case  of 
the  orange  peel  bucket  dredge,  coal  was  sometimes  placed  directly  on  It  from  the  banks  of  th« 
Hver   in    the    lower   Hyde    Park   section. 

The  labor  costs  above  stated  do  not  Include  labor  employed  on  any  special  work,  for  which 
written  orders  were  given  at  a  fixed  price,  or  under  the  terms  of  the  agreement  providing  for 
■TCxtTTi  Work  " 


.he  work  done  by  both  dredges  from  Jan  28, 
i913,  to  Jan.  28,  1914,  a  period  of  twelve 
.Tionths.  The  dipper  dredge  started  operat- 
ing on  Jan.  28,  1913,  while  the  orange  peel 
oucket  dredge  did  not  begin  work  until  June 
i,  1913.  Very  careful  records  have  been  kept 
of  the  time  lost  during  the  daily  working 
periods  and  of  the  causes  for  this  loss  of 
time;  of  the  amount  of  coal  used  for  oper- 
ating and  banking;  and  through  the  cour- 
tesy of  the  Barge  Canal  Construction  Co., 
access  has  been  had  to  their  labor  pay  rolls 
from  which  exact  data  have  been  obtained 
on  the  labor  cost  for  each  dredge.  This 
labor  cost  covers  the  dredge  runners,  cranes- 
man,  fireman  and  deck  hands,  the  foreman 
and  crew  engaged  in  filling  in  cut-offs,  the 
motor  boat  runners  and  the  foreman  and 
crew  on  the  hydraulic  sluicing  boat,  but  does 
no;  include  the  contractor's  superintendent. 
No  exact  figures  have  been  secured  on  the 
cost  of  repairs  and  general  maintenance,  nor 
on  plant  cost,  interest  and  insurance  charges, 
overhead  charges  or  the  amounts  charged  off 
lo  depreciation.  It  is  hoped  that  the  data 
Kiven  here  will  prove  of  direct  interest  and 
value  to  engineers  and  others  engaged  upon 
or  contemplating  similar  work  under  condi- 
tions which  may  be  reasonably  compared  with 
;hese. 

'iVORK     ACCOMPLISHED     BY     THE     DIPPER     DREDGE. 

The  dipper  dredge  covered  the  drain- 
age divisions  from  the  railroad  bridge  south 
of  Glenwood  Ave.  in  Hyde  Park  up  as  far 
as  the  railroad  bridge  at  Dedham  Road  on 
the  main  line  of  the  Providence  Division  of 
the  New  York,  New  Haven  &  Hartford  R. 
R.,  with  the  exception  of  the  east  half  of 
the  channel  for  a  short  distance  above  Green 
Lodge  St.,  a  total  distance  of  about_  23,800  ft. 
or  about  4. ,5  miles.  ,Jn  this  section  is  the 
heaviest  yardage  on  the  entire  work,  approx- 
imating to  an  average  of  8  cu.  yds.  per  foot 
of  river  center  line.  In  general,  it  was  de- 
posited by  the  dredge  in  about  equal  quanti- 
ties on  both  banks  of  the   river. 

The  nature  of  the  material  encountered  was 
of   five  general  classes  as   follows: 

Mud,  including  river  silt  and  the  accumu- 
lated deposit  from  factory  and  mill  wastes, 
besides  top-soil  at  the  cut-offs. 

Gravel,  including  large  beds  of  pure  river 
gravel,  sandy  gravel  and  partly  cemented 
gravel,  all  containing  scattered  boulders  both 
large  and  small. 

Sand,  including  gravelly  sand,  very  exten- 
sive beds  of  clean,  sharp  sand,  much  of  it 
almost  white  in  sunlight  after  drying,  some 
of  it  being  of  a  brown  color  and  coarser. 

Clay,  tough  and  bluish  in  color,  underly- 
ing gravel   and   in   some  cases   sand. 

Hardpan,  most  of  it  in  one  extensive  out- 
crop, a  large  percentage  of  which  was  very 
compact  and  difficult  to  handle,  with  many 
large  and   small  boulders   embedded   therein. 

The  total  amount  of  mud  was  relatively 
umall  in  the  above  work,  it  being  expected 
that  much  more  will  be  encountered  above 
Dedham  Road.  The  gravel  deposits  were 
met  with  below  Pauls  Bridge  and  in  two  out- 
crops just  below  the  railroad  bridge  at  Ded- 
ham Road.  The  hardpan  was  all  encoun- 
tered in  a  section  extending  about  1,000  ft. 
each  way  above  and  below  Pauls  Bridge,  the 
bridge  itself  being  located  on  one  of  the 
hardest  ridges  of  that  material.  The  clay 
d'as  found,  m  scattered  strata  underlying  the 
gravel  below  Pauls  Bridge  and  at  a  few 
points  underlying  sand  aliove  Pauls  Bridge. 
By  far  the  largest  amount  of  material 
dredged  was  sand,  a  few  deposits  being  en- 
countered below  Pauls  Bridge,  but  the  main 
part  running  from  the  disappearance  of  the 
hardpan  about  1,000  ft.  above  Pauls  Bridge 
to  the  .gravel  out-crops  just  below  Dedham 
Road,  a  distance  of  about  17,8.")0  ft.  or  about 
8.4  miles. 

While  accurate  data  on  the  total  quantity 
of  each  of  the  above  classes  of  material  re- 
ri'ivcd  bv  the  dipper  dredge  are  not  available, 
information  which  may  be  relied  upon  with 
a  fairly  close  degree  of  accuracy  is  at  hand 
and  the  results  of  the  study  of  this  informa- 
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tion  show  the  following  as  the  probable  per- 
centages of  the   total  quantity   dredged: 

Cu.  yds. 
Material —  Pet.  appro.x. 

Jrfud,    silt  and   top  soil 7  13,100 

Hardpan     ,'i  9,400 

Gravel 15  28,100 

Sand     73  136,S00 

Totals     100  187,400 

VVifli  this  relative  proportion  between  the 
quantities  of  the  different  classes  of  ma- 
terial removed  by  the  dipper  dredge  in  mind, 
a  clearer  interpretation  can  be  made  of  the 
figures  contained   in  the  accompanying  tables. 

It  should  also  be  noted  that  the  contractor 
used  a  special  gasoline  motor  boat  for  towing 
/oal  to  the  dipper  dredge  in  a  small  scow 
from  the  various  points  along  the  line  se- 
lected   for  the  storage  of   his  coal   supply. 

During  this  period  of  twehe  months,  aside 
from  all  other  causes,  tlie  dipper  dredge  was 
held   up   as    follows : 

From  March  27.  1913,  to  May  8,  1!)13,  for 
removal  from  the  river  just  below  Pauls 
Bridge,  transferring  overland  around  Pauls 
Bridge  and  launching  again  in  the  river  above 
the  tralley  trestle  bridge  about  1.50  ft.  above 
Paints    Bridge. 

From  Nov.  '22  to  25,  1913,  for  pulling  piles 
in  the  trestle  bridge  above  Pauls  Bridge,  the 
superstructure  -having  been  removed  pre- 
viously. 

On  Dec,  S,  191.3,  for  pulling  18  old  piles 
at   the   Green   Lodge   St.   highwav   bridge,   the 


Ave.  and  under  the  double  arch  concrete  high- 
way bridge  at  Dana  .^ve.  The  total  distance 
is  about  3,88(5  ft.  or  about  0.73  miles.  The 
yardage  has  approximated  to  an  average  of 
4.7(j  cii.  yds.  per  foot  of  river  center  line. 
The  downstream  terminal  of  this  work  was 
at  the  plate  girder  bridge  of  the  Midland 
Division  of  the  New  York,  New  Haven  & 
Hartford  R.  R.  below  Fainnount  .Ave.  m 
Hyde  Park.  Four  bridges  were  encountered 
above  that  one — the  highway  bridge  at  Fair- 
mount  Ave.,  the  plate  girder  railroad,  bridge 
above  Fairmount  Ave.,  the  highway  bridge  at 
Dana  .\ve.  and  the  reinforced  concrete  foot 
bridge  at  B  St.  This  section  is  fairly  closely 
settled  and  all  of  the  material  deposited  upon 
the  banks  was  required  to  be  graded  and 
leveled.  Many  trees  had  to  be  cut  down  or 
trimmed.  Two  sets  of  old  pile  lients  had  to 
be  removed,  one  on  each  side  of  the  railroad 
bridge  above  Fairmount  .'\ve.  The  city  of 
Boston  installed  four  new  brick  catch  basins 
of  the  largest  type  to  prevent  tlie  deposit  of 
material  in  the  river  from  four  surface  drains 
from  the  steep  slopes  of  the  Fairmount  Hill 
and  Mount  Neponset  districts.  The  New- 
Haven  Railroad  removed  the  old  stone  center 
pier  in  the  bridge  north  of  Fairmount  Ave. 
and  replaced  it  with  a  new  concrete  pier 
running  down  about  4  ft.  deeper  to  allow  us 
later  to  get  the  hydraulic  cross  section  re- 
quired at  that  bridge. 

Less   than  5  per  cent   of   mud   and   silt  de- 


own    isolated    value    as    contributing    to    the     ji 
fast    accumulating    volume    of    authentic    cost     | 
data    and    are    to    be    interpreted    from    that     I! 
standpoint.     The  labor  and  coal  costs  on  this     f 
work   actually   represent   but   a   small   part  of 
the  total  actual  cost  to  the  contractor  in  carr\- 
ing  out  the  terms  of  his  agreement  with  the      i 
Commonwealth    of    Massachusetts.      The    re-      i 
pair  and   maintenance  charges  have  been  un-      1 
usually   high   and   the   rilanf  installation   costs 
on  an  inland  river,  with  no  direct  connection 
with  tidal   water,  have  been  largely  in  excess      i 
of  the  costs  of  iristalling  a  siinilar  plant   for      j 
harbor   or   tidal   river   work.     Also,   as   stated      i 
above,  no  allowance  has  been  made  for  inter-      | 
est    and    insurance    charges,    depreciation    of 
plant   and   machinery,   nor    for   the   importani 
item   of    "overhead    charges." ' 

Acknowledgment  is  made  here  of  the 
courtesy  of  the  Barge  Canal  Construction 
Co,  in  allowing  access  to  their  labor  pay- 
rolls. That  company  is  now  coinposed  of 
Mr.  George  W.  Beeinan,  who  has  recently 
completed  several  dredging  contracts  in  the 
State  of  New  York  and  has  others  under 
way  there  at  present,  and  Mr.  Charles  Longe- 
necker,  of  New  Y'ork  city,  a  designer  and 
constructor  of  dredging  and  stone  crushing 
machinery.  Mr.  O.  S.  Proctor  is  the  com- 
pany's superintendent   for   this.  work. 

The  Neponset  River  Improvement  is  under 
the  supervision  of  Mr.  X.  H.  Goodnough. 
Chief    Engineer    of    the    Massachusetts    State 


Fig.   3.    View  of   Hydraulic   Jet   Boat   Leveling  Spoil    Bank,   Neponset   River. 


center  span  of  the  bridge  having  been  pre- 
viously removed  so  that  the  delay  to  the 
dipper  dredge  was  reduced  to  a  minimum. 

The  transfer  around  Pauls  Bridge  was  let 
to  a  sub-contractor  who  was  not  equipped 
with  the  proper  machinery  for  removal  of 
the  dredge  body  from  the  river  channel,  this 
accounting  for  the  rather  long  time  required 
for  this  transfer.  The  moving  overland  was 
accomplished  rapidly  by  the  use  of  blocking, 
capstans  and  horses  as  in  moving  a  building. 

Filling  in  of  all  cut-ofifs  to  a  distance  of 
:iOO  ft.  from  either  river  bank  and  the  level- 
mg  of  the  deposited  material  to  a  grade  -4 
tt.  above  the  average  meadow  level  was  re- 
quired by  the  contract  under  the  price  paid 
for  material  dredged.  The  former  has  been 
done  so  far  by  the  use  of  men,  teams  and 
wheelbarrows  and  was  stopped  in  the  fall  of 
1913  when  the  meadows  became  too  wet  for 
that  work.  The  latter  has  been  done  by  u.se 
of  the  hydraulic  sluicing  boat  and  was  stopped 
in  December,  1913,  when  tlie  weather  became 
too  cold  for  operation  of  the  gasoline  engine. 

WORK      ,\CCO.MPLISHED      BY      THE      OR.ANGE      PEEt. 
BUCKET    DREDGE. 

The  orange  peel  bucket  dredge  covered 
the  river  channel  in  the  Hyde  Park  district 
from  the  railroad  bridge  north  of  Fairmount 
Ave.  through  the  foot  bridge  at  B  St.  near 
the  plant  of  the  American  Tool  Co.  The 
work  has  been  completed  Ijetween  the  above 
limits  with  the  e.xception  of  a  small  amount 
of  dragging  yet  to  be  done  under  the  single 
arch    concrete    highway    bridge   at    Fainnount 


posits  were  encountered  here,  the  balance  of 
the  material  being  coarse,  clean  river  gravel 
of  varying  grades  of  compactness  and  with 
many  large  and  small  boulders  embedded  in 
it.    Much  debris  was  removed  in  this  section. 

During  the  period  of  twelve  months,  the 
orange  peel  bucket  dredge  was  held  up,  aside 
from  all  other  minor  causes,  for  passing  un- 
der the  above  four  bridges.  In  each  case 
this  required  the  knocking  down  of  the 
dredge  below  the  bridge  and  its  re-rigging 
above.  As  it  was  designed  and  built  with 
these  difficulties  in  mind,  the  lost  time  was 
reduced  to  a  minimum.  As  each  bridge  had 
to  be  dragged  under  first  to  secure  sufficient 
water  depth  for  the  passage  of  the  hull,  addi- 
tional time  was  lost  for  the  special  rigging 
required  for  dragging.  It  was  decided  that 
a  dipper  dredge  would  not  be  as  satisfactory 
as  the  orange  peel  type,  largely  on  account 
of  the  many  bridges  to  be  encountered.  In 
the  compact  gravel  met  with,  however,  the 
rate  of  progress  by  the  orange  peel  bucket 
dredge  has  been  relatively  slow  but  the  re- 
sults have  been  extrenieb-  satisfactory  in  the 
accuracy  of  the  channel  obtained,  its  con- 
formity to  the  base  and  side  slope  lines  given 
being   rather  unusual. 

The  data  contained  in  the  Tables  I  to  III 
have  been  very  carefully  compiled  and  refer 
to  the  operating  records  and  labor  and  coal 
costs  for  both  dredges,  individually  and  com- 
bined. The  figures  on  labor  and  coal  costs 
for  w^ork  under  the  conditions  prevailing  in 
this    particular    contract    are    given    for    their 


Department  of  Health,  with  the  writer  as  En- 
gineer in  Charge  in  the  held  with  local  offices 
in  Hyde  Park.  The  engineering  assistants  are 
Mr.  Newton  L.  Hammond,  Principal  .Assist- 
ant, and  -Mr.  Harry  S.  Wright,  Mr.  William 
G.  .\'orteman  and  Mr.  Chester  C.  Topham. 

(Editor's  Note. — .At  the  time  of  publishing  the 
above  article  we  are  advised  that  the  work  of 
improving  the  Neponset  River  will  probably  be 
completed  early  in  1915,  the  Massachusetts  Leg- 
islature having  appropriated  an  additional  sum 
of  $10,000  in  July,  1914.  Very  nearly  SO  per  cent 
has   been  finished  at  the  present  time.) 


Decision  in  Se-wer  Case.^An  opinion 
Iianded  down  by  tlie  Circuit  Court  at  Towson, 
Md.,  recently,  set  aside  an  order  of  the  Mary- 
land State  Board  of  Healtli,  which  demanded 
that  the  county  commissioners  build  a  sewer- 
age system  at  Govans,  Md.  The  order  was 
issued  Oct.  23,  1914,  and  the  commissioners 
filed  a  petition  asking  the  court  to  vacate  the 
order.  In  the  opinion  the  court  deems  that 
the  order  was  unreasonable,  and  that  such  sys- 
tens  should  be  built  under  local  law. 

The  act  of  the  last  legrslature,  by  which 
the  State  Board  of  Health  was  given  full  au- 
thority to  issue  such  orders,  provided  for  bond 
issues,  and  the  court  holds  that  this  is  un- 
constitutional. The  court  also  holds  that  the 
act  of  1912,  giving  the  county  commissioners 
the  right  to  construct  sewerage  systems  sub- 
.iect  to  the  approval  of  the  State  Board  of 
Health,  is  still  in  effect.  The  decision  -will  re- 
sult in  tying  up  all  sewerage  work  under  the 
state  law  throughout  the  state  until  the  ques- 
tion is  settled  by  the  Court  of  .-Kppeals. 


anuar\    i.i. 


1915. 


Engineering   and    Contracting 


••)/ 


Design,  Construction  and  Cost  of  New 

Sewage    Disposal   Plant   at 

Aberdeen,  S.  D. 

Aberdeen,  S.  D.,  is  a  prairie  town  of  12,000 
population,  four  square  miles  in  area,  with  an 
extreme  variation  in  elevation  of  15  ft.  The 
only  stream  available  for  sewage  discharge 
is  Sloccasin  Creek,  a  small,  sluggish  stream. 
Both  storm  and  sanitary  sewage  discharge 
into  this  creek,  and  for  tlie  larger  part  of  the 
vear  the  only  current  in  the  stream  is  from 
this  flow  of  sewage,  increased  from  the  waste 
and  overflow  from  the  artesian  wells  from 
which   the   entire  city  water  supply  is   drawn. 

Aberdeen,  being  in  the  artesian  belt  of  South 
Dakota,  derives  all  of  its  water,  both  for  the 
municipal  supply  and  for  a  large  number  of 
private  supplies,  from  artesian  wells.  The 
pressure  from  these  wells  is  verj'  high,  the 
static  pressure  amounting  in  some  instances 
to  as  much  as  240  lbs.,  while  the  hydrant 
pressure  around  town  usually  runs  about  60 
lbs.,  with  a  night  pressure  sometimes  up  to 
or  over  100  lbs.  One  city  well  of  8  ins.  diam- 
eter gave  at  first  about  2,300  gals,  per  minute 
discharge  from  a  depth  of  1,270  ft.  Many  of 
these  wells  of  smaller  size  are  left  flowing  all 
the  time,  and  because  the  storm  sewer  sys- 
tem is  as  yet  very  limited,  this  overflow  goes 
into  the  sanitary  sewers,  thus  greatly  increas- 
ing the  volume  to  be  pumped  and  purified, 
-Aside  from  this  the  sanitary  sewers  contain 
very  little  except  domestic  sewage  and  the 
wastes   from  several  laundries. 

The  present  article  describes  the  design  and 
construction  and  gives  .--ome  unit  costs  of  the 
new  sewage  disposal  plant.  The  information 
given  is  from  a  paper  before  the  Western  So- 
ciety of  Engineers  by  W.  G.  Potter,  which 
is  published  in  full  in  the  journal  of  the  soci- 
ety. Vol.  XIX,  No.  8,  October,  1914. 

THE  OLD   DISPOSAL   SYSTEM. 

The  system  in  use  heretofore  was  as  fol- 
lows; All  sewage  had  to  be  pumped.  The 
pump  station  was  located  within  a  mile  of  the 
business  district,  and  the  sewage  of  the  city 
was  collected  at  this  place  in  a  36-in.  concrete 
sewer  about  2-5  ft.  deep.  From  this  main  the 
sewage  entered  three  concrete  wells  inside 
the  pump  house,  each  8  ft.  in  diameter,  and 
each  extending  about  5  ft.  below  the  36-iii 
inlet  pipe.  In  these  wells  were  three  cen- 
trifugal pumps,  operated  not  continuously,  but 
with  periods  of  rest  lasting  not  over  three 
hours,  during  which  the  sewage  rose  some  10 
ft.  or  more  in  the  wells  and  hacked  up  in  the 
main  sewer  correspondingly.  The  pumps  were 
all  submerged  and  hard  to  get  at  for  repairs. 
They  were  operated  by  a  vertical  shaft  and 
belted  to  a  countershaft  under  the  floor.  The 
engine  was  a  55  H.P.  Muenzel  gas  engine,  de- 
riving its  power  from  one  60  H.P.  and  one 
100  H.P.  gas  producers.  With  this  engine 
the  sewage  was  lifted  about  10  ft.,  run  through 
a  16-in.  force  main  about  1,000  ft.  and  then 
again  lifted  about  10  ft.  into  the  septic  tank. 
This  tank  was  of  concrete,  partly  with  flat 
concrete  roof  and  partlv  covered  with  a  con- 
crete block  building.  The  windows  and  doors 
were  all  boarded  up,  and  there  was  absolutely 
no  ventilation,  with  the  result  that  in  places 
the  concrete  was  entirely  disintegrated  by  the 
sewage  gases,  leaving  holes  through  the  roof. 
There  was  no  further  treatment,  and  the  sew- 
age entered  the  stream  almost  as  foul  as  it 
entered  the  tank,  this  pollution  continuing  for 
a  mile  below  the  outlet  of  the  stream  and 
emitting  an  odor  that  often  reached  the  res- 
idence district.  lioth  the  pump  station  and 
the  septic  tank  were  of  poor  concrete  or  con- 
crete blocks,  and  as  the  former  was  in  a  dan- 
gerous condition  it  was  considered  advisable 
to  build  an  entirely  new  plant. 

THE    NEW    DISPOSAL    SYSTEM, 

The  new  disposal  system  was  planned  to 
consist    of    a    new    pump    house    with    larger 


pumping  capacity,  a  force  main  to  the  new- 
plant,  a  sedimentation  tank,  a  sprinkling  filter, 
sludge  filter,  and  final  settling  tank. 

The  location  decided  upon  was  about  two 
miles  south  of  the  town  at  the  junction  of 
Moccasin  Creek  with  another  small  stream, 
Foote  Creek,  where  some  little  additional  flow 
would  be  obtained,  at  least  in  the  spring  and 
in  wet  seasons. 

Pitinp  House. — Because  of  the  concrete 
pump  wells  and  the  main  sewer  being  in  good 
condition  it  was  decided  to  locate  the  new 
pump  house  upon  the  site  of  the  old  one.  The 
problem  became  to  remove  the  old  building, 
erect  the  new  one,  put  in  an  additional  engine 
and  producer,  put  in  three  new  pumps,  and 
change  the  position  of  the  old  engine  and  pro- 
ducers, and  still  keep  the  pumps  going  with 
no  shutdown  of  over  the  three-hour  period. 
The  first  thing  done  was  to  remove  the  old 
building  and  erect  the  new  one  with  the  walls 
on  new  foundations  just  outside  the  old  ones, 
thus  making  the  new  building  slightly  larger 
than  the  old  one.  This  new  building  was 
made  of  brick  with  concrete  roof  on  steel 
girders.  Then  the  old  pumps  were  removed 
one  at  a  time,  the  wells  were  filled  with  con- 
crete to  the  grade  of  the  incoming  sewer,  and 
cast-iron  inlet  pipes  and  gates  were  concreted 
into  the  old  terra  cotta  inlets.  Connected 
with  these  inlet  pipes  are  the  three  pumps — 
one  8-in.  and  two  10-in.  Lawrence  centrifugal 
pumps — so  that  all  will  be  operated  in  the 
dry,  and  easily  accessible  for  repair.  Each 
pump  has  a  vertical  shaft  running  to  a  beveled 
gear  connection  with  a  horizontal  shaft  above 
the  floor.  This  horizontal  shaft  is  built  in 
three  sections  so  that  either  pump  may  be 
operated  independent  of  the  other.  By  direct 
belts  this  horizontal  sliaft  is  connected  to  the 
old  55  H.P.  and  the  new  100  H.P.  engines. 
Both  are  of  the  Muenzel  type  of  gas  engine, 
built  by  the  Minneapolis  Steel  and  Machinery 
Co.  The  horizontal  shaft  is  also  connected 
to  a  30  H.P.  motor  for  emergency,  and  this 
receives  its  power  by  wire  from  the  Aberdeen 
Light  and  Power  Co.  In  the  producer  room 
of  the  pump  house  the  old  producers  have 
been  changed  in  position  and  a  new  producer 
and  wet  scrubber  added.  .Adjoining  the  pro- 
ducer room  is  a  hopper-bottomed  coal  room, 
from  which  the  coal  is  elevated  to  a  point 
above  the  producers  and  distributed  to  each. 
.Another  room  is  equipped  with  a  forge  and 
small  tools  for  repairing,  cutting  pipe,  etc., 
for  the  city  forces.  A  soft-water  well  of  2-in. 
size,  about  1,000  ft.  deep,  was  bored  to  fur- 
nish water  to  the  producers,  as  it  was  found 
that  the  hard  water  from  the  deeper  wells 
bad   a  corrosive  effect  on   the   steel   pans. 

The  reason  for  continuing  the  use  of  the 
l)roducer  gas  engines  was  that  this  method 
lias  been  very  successful  and  very  cheap  for 
llie  old  plant,  and  we  did  not  wish  to  dis- 
lard  the  old  machinery.  While  I  can  give  no 
accurate  cost  figures  for  the  operation  of  the 
imuips,  the  cost  has  been  within  Ws  cts.  per 
kw.-hr.,  against  a  G-ct.  rate  from  the  light 
and  power  company  for  electricity.  The  pump- 
age  from  the  new  station  will  be  continuous 
instead  of  periodical. 

Force  Main. — From  the  pump  station  the 
new  system  will  utilize  about  300  ft.  of  the  old 
16-in.  force  main,  and  will  then  connect  to 
the  plant  with  a  new  11-in.  main  about  0,400 
ft.  long.  The  pumpage  through  this  main 
will  be  normally  about  1,500,000  gals,  per 
day.  which  will  give  a  barely  self-cleansing 
velocity.  It  is  considered  that  this  pipe  will 
carry  the  sewage  without  excessive  friction 
until  the  discharge  is  about  doubled,  when 
another  parallel  pipe  will  be  necessary.  The 
force  main  is  laid  on  a  gravity  grade  from  the 
pump  station  to  the  plant  with  a  by-pass  at 
the  plant,  so  that  in  case  of  not  being  able 
to  pump  into  the  plant  at  any  time  they  could 
either  pump  through  the  main  to  the  stream, 
or  they  could  empty  the  main  entirely  by  force 
of  gravity. 


Sedimentation  Tank.  —  The  sedimentation 
tank  is  rectangular  in  shape,  64  ft.  by  73  ft, 
outside,  and  consists  of  three  units,  any  one 
or  all  of  which  may  be  used  at  one  time.  Each 
unit  has  three  pockets  20  ft.  by  23  ft.  at  the 
top  and  2  ft.  by  5  ft.  at  the  bottoni,  in  the 
shape  of  an  inverted  square  pyramid.  Sus- 
pended angle  walls  form  the  upper  story  from 
which  the  sludge  falls  into  the  pockets.  As 
the  sewage  is  almost  altogether  domestic  in 
quality,  no  grit  chambers  are  used,  and  the 
entrance  of  the  sewage  will  be  at  one  end  of 
the  tank  only,  through  a  14-in.  pipe  in  each 
unit  from,  the  force  main,  this  pipe  turning 
up  inside  the  tank  to  a  point  about  6  ins.  below 
the  flow  line.  The  depth  of  pockets  and  of 
sewage  will  be  17  ft.  The  flow  line  of  the 
tank  is  about  10  ft.  above  the  natural  ground 
line.  The  outside  walls  of  the  tank  are  15  ins. 
thick  at  the  coping  near  the  top  and  24  ins. 
at  the  bottom,  with  piers  extending  well  below 
the  frost  line  at  the  corners  and  at  the  inter- 
section of  the  unit  walls  with  the  pocket  cross 
walls  and  outside  walls.  All  are  heavily  rein- 
forced. Above  the  coping  of  the  outside  walls 
the  concrete  is  3  ft.  high  and  about  8  ins. 
thick,  with  a  facing  of  brick  outside.  Above 
the  concrete  is  a  building  of  brick  and  hard- 
burned  tile  for  the  purpose  of  keeping  the 
sewage  warm  and  accessible  during  the  win- 
ter. This  building  covers  both  the  sedimenta- 
tion tank  and  siphon  tanks,  and  has  a  roof  of 
wood  construction  supported  by  posts  on  the 
unit  walls  and  covered  with  Carey  roofirig. 
Ventilation  is  secured  by  means  of  doors,  win- 
dows and  three  ventilators  in  the  roof. 

No  waterproofing  was  necessary,  except 
painting  the  inside  surfaces  with  asphalt 
paint.  Very  few  seeps  were  found  on  filling 
the  sedimentation  tank,  and  those  were  caused 
by  water  following  the  wires  used  in  holding 
the  forms  together.  All  seeps  were  easily 
stopped  by  using  a  little  pitch  on  the  inside  at 
these    places. 

Each  pocket  has  its  sludge  pipe  and  an  8-in. 
valve,  and  the  pipes  from  the  corresponding 
pockets  in  the  three  units  combine,  forming 
three  main  sludge  pipes  which  extend  through 
the  east  wall  of  the  sedimentation  tank  to  the 
sludge  filter. 

The  Sludge  Filter. — The  sludge  filter  is  lo- 
cated 30  ft.  east  of  and  parallel  to  the  sedi- 
mentation tank.  It  is  32  ft.  by  67  ft.  in  size. 
uncovered,  and  built  of  plain  concrete  with 
12-in.  walls.  It  is  laid  with  a  6-in.  floor,  in 
which  are  shaped  concrete  drains  about  5  ft. 
apart.  The  walls  of  the  filter  come  up  to 
about  the  natural  ground  line,  and  the  depth 
is  4%  ft.  at  the  north  end  and  5  ft.  at  the 
south  end.  The  filter  material  consists  of 
about  18  ins.  of  crushed  stone  from  2  to  4  ins. 
in  size,  above  which  is  12  ins.  of  coarse  gravel. 
.  The  three  mains  from  the  sedimentation  tank 
enter  the  filter  just  below  the  top  of  the  wall 
on  the  west  side,  and  each  divides  into  a  sys- 
tem of  4-in.  cast-iron  laterals  supported  on 
piers  just  above  the  surface  of  the  gravel. 
Each  of  these  laterals  is  slotted  for  nearly 
its  full  length  and  open  at  the  end  to  facilitate 
cleaning.  In  operation,  after  receiving  the 
charge  from  the  sedimentation  tank,  the 
sludge  is  allowed  to  dry  on  the  filter.  The 
liquid  filters  down  to  the  sub-drains  and  is 
carried  away  through  a  12-in.  main  to  the 
filter  by-pass,  and  runs  through  that  around 
the  outside  of  the  sprinkling  filter  to  the 
filter  trough,  thus  getting  the  benefit  of  pass- 
ing through  the  final  settling  tank.  To  facili- 
tate removal  of  the  dried  sludge  two  tracks 
of  24-in.  gage  for  industrial  cars  are  laid  on 
concrete  piers  over  the  surface  of  the  filter. 
The  dried  sludge  will  be  spaded  by  hand  into 
llic  cars  and  then  removed  to  low  ground  and 
used  for  filling  material. 

Siphon  Tanlc.\. — The  liquid,  after  passing 
through  the  sedimentation  tank,  passes  over 
an  8-ft  weir  in  each  unit,  and  into  a  trough, 
from  which  it  goes  through  two  18-in.  sluice 
gates  into  the  two  siphon  tanks.     These   arc 
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adjoining  the  sedimentation  tank,  and  are  cov- 
ered by  the  same  building.  They  are  each  16 
ft.  square  at  the  top,  with  three  sides  sloping, 
10  ft.  square  at  the  bottom,  and  are  fitted  with 
a  14-in.  Miller  siphon  of  5  ft.  maximum  dis- 
charge depth.  Each  one  of  the  siphon  tanks 
contains  about  7,000  gals,  when  at  discharge 
depth,  and  when  running  together  each  will 
discharge  about  once  in  15  minutes.  Veeder 
trip  counters  will  be  used  with  float  attach- 
ments to  register  the  number  of  discharges 
of  each  siphon. 

The  siphons  discharge  into  a  14-in.  main 
between  siphon  tanks  and  sprinkling  filter, 
and  branch  14-in.  mains  enter  the  filter  in  two 
places.  By  control  of  the  gate  valves  either 
siphon  may  be  used  for  either  half  of  the 
sprinkling  filter,  or  all  of  it ;  and,  if  necessary, 
the  discharge  of  the  siphon  may  by-pass  the 
filter  altogether  and  come  into  the  final  set- 
tling tank. 

Sprinkling  Filler. — The  sprinkling  filter  is 
143  ft.  by  209  ft.  inside,  with  plain  concrete 
walls  8  ins.  thick  at  the  top  and  16  ins.  at  the 
bottom.  A  6-in.  concrete  floor  is  laid  through- 
out, and  in  it  about  4  ft.  apart  are  8-in.  terra 
cotta  half  tile  sub-drains.  Each  sub-drain  has 
a  flat  concrete  cover  18  ins.  long,  10  ins.  wide 
and  1%  ins.  thick,  with  two  ribs  which  raise 
it  1%  ins.  above  the  floor  to  allow  the  water 
to  enter.  These  covers  were  designed  and 
cast  in  Aberdeen,  and  were  well  seasoned  be- 
fore using.  The  filter  floor  has  a  fall  to  the 
south  of  1  ft.  in  the  width  of  143  ft.  On  this 
floor  crushed  granite  of  2  in.  to  4  in.  in  size 
was  spread  to  a  depth  of  5%  ft.  at  the  north 
end  and  6%  ft.  at  the  south  side.  One  hun- 
dred and  seventy-two  carloads  of  rock  were 
necessary  to  fill  the  filter  to  the  required 
depth. 

The  14-in.  main  distributer  enters  the  filter 
from  the  siphon  tank  in  two  places,  each  con- 
trolled by  its  gate  valve.  These  mains  run 
south  through  the  filter  on  concrete  piers 
about  1  ft.  above  the  floor.  Every  13  ft.  on 
each  main  a  6-in.  lateral  extends  east  and 
west,  and  at  each  13  ft.  on  each  lateral  is  a 
3-in.  riser  pipe,  on  which  is  a  Taylor  square 
nozzle.  There  are  88  of  these  nozzles  on 
each  main,  or  176  altogether  in  the  filter.  Each 
lateral  is  laid  on  a  grade  to  drain  to  its  main, 
and  each  main  drains  to  the  south  end.  There 
each  main  has  a  2-in.  drain  running  to  the 
filter  trough,  which  may  be  opened  by  a  stop- 
cock, thus  draining  the  entire  distribution  sys- 
tem if  necessary  at  any  time. 

On  account  of  the  usual  extreme  cold  dur- 
ing the  winter  season  some  precautions  were 
necessary  to  prevent  freezing  of  the  nozzles 
and  filter.  For  this  purpose  concrete  piers 
were  built  midway  of  the  nozzles  and  13  ft 
apart  in  each  direction.  On  these  piers,  ris- 
ing above  the  surface  of  the  stone  about  6 
ins.,  4x4-in.  posts  were  erected  with  4x6-in. 
stringers  across  the  post  tops,  and  on  this 
framework  a  temporary  winter  cover  of  2-in. 
plank  is  laid.  The  plank  cover  only  will  be 
removed  during  the  warm  season,  the  frame- 
work being  left  in  place,  although  this  frame- 
work is  so  built  as  to  be  removable  without 
drawing  a  nail.  This  roof  is  of  a  flat  hip 
roof  construction,  with  3  ft.  rise  to  the  cen- 
ter. All  wood  used  on  this  was  painted  with 
a   wood   preservative  before   using. 

The  sprinkling  filter  covers  0.68  acre,  and 
with  the  present  normal  flow  of  about  1,- 
500,000  gals,  per  day  it  will  have  a  loading  of 
about  2,200,000  gals,  per  day  per  acre. 

Collecting  Trough. — Running  along  the 
south  side  of  the  sprinkling  filter,  and  sepa- 
rated from  it  by  the  filter  wall  only,  is  the 
collecting  trough.  It  is  3  ft.  wide,  with  a  floor 
slightly  below  the  filter  floor;  the  outer  wall 
is  about  4  ft.  lower  than  the  filter  wall  and 
comes  up  only  to  the  ground  line.  Arches 
are  built  in  about  25  ft.  apart  over  the  trough 
to  counteract  earth  pressure  from  the  outside. 

All  of  the  filter  sub-drains  pass  through  the 
filter  wall  and  empty  into  this  trough.  At 
the  east  end  of  this  trough  also  the  filter  by- 
pass mentioned  above  enters,  carrying  the 
water  from  the  sludge  filter  and  from  the 
siphon  tanks  in  case  the  filter  should  for  any 
reason  be  put  out  of  service.  Likewise,  the 
force  main  by-pass  has  a  connection  by  which 


the  entire  plant  above  this  point  could  be  put 
out  of  service,  if  necessary,  and  still  give 
the  sewage  the  benefit  of  the  final  settling 
tank.  This  trough  could  also,  in  case  of  a 
typhoid  epidemic  or  similar  trouble,  be  used 
for  a  hypochlorite  trough.  After  the  liquid 
passes  into  this  trough  it  flows  from  either 
way  to  the  center,  and  then  through  a  covered 
trough  to  the  final  settling  tank. 

Final  Settling  Tank. — This  is  a  plain  con- 
crete tank  63  by  103  ft.  in  size,  divided  into 
two  parts  by  a  middle  longitudinal  wall.  From 
the  collecting  trough  the  flow  enters  a  shal- 
low, reinforced  hanging  trough,  the  flow  into 
either  half  being  controlled  by  a  gate.  From 
this  trough  it  passes  over  a  weir  the  entire 
width  of  the  tank  to  the  tank  proper.  Here 
it  passes  slowly  through  under  several  rein- 
forced baffle  walls  to  the  outlet  end.  The 
tank  is  about  4  ft.  deep  below  the  flow  line, 
and  it  takes  the  normal  flow  about  two  hours 
to  pass  through,  thus  allowing  the  suspended 
solids  a  final  chance  to  settle  to  the  bottom. 
The  floor  of  the  final  tank  is  below  the  out- 
fall creek,  and  when  either  compartment  is 
emptied  for  cleaning  it  will  have  to  be  done 
1)1-  gasoline  pumps.  From  the  final  tank  the 
effluent  passes  over  two  weirs  in  each  half 
into  a  final  trough,  and  from  there  through 
about  200  ft.  of  20-in.  terra  cotta  pipe  to  the 
final  outfall  into  the  stream. 

HEAD     CONSUMED     THROUGH     PLANT. 

The  elevation  of  the "  main  sewer  at  the 
pumping  station  is  about  74.  The  sewage  is 
pumped  up  to  elevation  100  at  the  flow  line 
of  the  sedimentation  tank.  The  discharge  of 
the  siphon  tanks  is  at  about  99.5  and  the  ele- 
vation of  the  sprinkler  sprays  is  91.5.  The 
floor  of  the  sprinkling  filter  is  84.5  at  the 
south  end.  the  flow  line  of  the  final  settling 
tank  is  84.0.  and  the  grade  of  the  pipe  at  the 
final  outlet  is  83.2.  This  makes  a  total  head 
consumed  in  the  disposal  plant  of  16.8  ft. 

AUXILIARY    WORK. 

Part  of  the  auxiliary  work  connected  with 
the  proposition  was  the  construction  of  two 
small  reinforced  dams  across  the  two  streams 
for  the  purpose  of  preventing  the  backing  up 
of  the  effluent  towards  town  in  case  of  a 
south  wind  and  no  current.  A  2-in.  artesian 
well  was  also  bored  about  1,000  ft.  deep  to 
furnish  water  for  construction  and  for  other 
uses.  .-X  living  house  was  moved  from  the  site 
of  .\berdeen's  new  city  hall,  about  three 
miles  to  the  disposal  plant,  set  up  on  a  con- 
crete foundation  and  remodeled.  It  was  con- 
nected with  the  well  and  given  sewer  con- 
nection, and  is  being  used  by  the  caretaker  as 
a  residence. 

About  1,800  ft.  of  railroad  track  was  put 
in  by  the  M.  &  St.  L.  Railroad  to  facilitate 
unloading  material. 

CONSTRUCTION    AND    COST. 

.Ml  concrete  was  composed  of  Northwest- 
ern States  Portland  cement  and  pit-run  Kam- 
peska  gravel,  in  proportions  varying  from  1  to 
4%  to  1  to  6.  This  gravel  was  taken  from 
below  the  water  of  Lake  Kampeska.  about 
100  miles  from  Aberdeen,  and  is  remarkably 
free  from  dirt  or  other  foreign  material.  It 
made  a  very  dense  and  solid  concrete. 

In  construction  a  35-ft.  tower  was  erected 
lictween  the  main  sedimentation  tank  and  the 
sludge  filter,  and  all  concrete  for  these  and 
for  the  siphon  tanks  was  spouted  from  the 
tower  to  position.  Gravel  and  cement  were 
brought  to  the  mixer  by  Koppel  cars.  The 
concrete  v^as  raised  in  the  tower  and  the 
gravel  was  drawn  up  an  incline  to  a  pocket 
above  the  mi.xer  by  the  use  of  one  team. 

For  the  sprinkling  filter  and  the  final  tank 
the  mixer  was  erected  along  the  railroad  spur 
and  all  gravel  was  shoveled  direct  from  the 
railroad  car  to  the  mixer.  The  concrete  was 
run  from  the  mixer  into  Koppel  cars  on  24- 
in,  gage  tracks,  and  pushed  by  hand  to  the 
place  of  dumping.  The  crushed  stone  for 
the  filters,  of  which  175  carloads  were  used, 
was  unloaded  mostly  by  rigging  up  a  block 
and  tackle  so  that  a  drag  scraper  could  be 
pulled  lengthwise  of  the  car,  dumping  at  the 
end  over  a  trip  into  a  Koppel  car  beneath. 
This  arrangement  cut  the  cost  of   unloading 


and  moving  the   stone   into  position  by  about 
50  per  cent  from  unloading  by  hand. 

Labor  was  paid  22%  cts.  per  hour  at  first, 
followed  for  the  most  of  the  work  by  25  cts. 
per  hour,  and  was  very  hard  to  get  during  the 
summer  and  fall  seasons.  Form  carpenters 
were  paid  from  35  cts.  to  45  cts.  per  hour, 
and  brick  masons  from  70  cts.  to  80  cts.  per 
hour. 

The  total  cost  of  the  plant  is  about  $130,000, 
of  which  about  $20,000  is  for  reconstruction 
of  the  pump  house  and  its  new  machinery, 
$9,000  for  land  and  right-of-way  costs,  about 
$20,000  for  the  force  mains,  $17,000  for  crushed 
stone,  and  the  balance  for  concrete  materials, 
labor,  etc.  The  bond  issue  for  this  work  was 
$200,000,  so  that  there  is  an  unexpended  bal- 
ance of  $70,000.  Sewage  was  started  through 
the  new  plant  about  April  1,  1914. 

The  entire  work,  e.xcepting  part  of  the  ex- 
cavation, part  of  the  pipe  hauling  and  the 
construction  of  the  pump  house  building  above 
the  foundation,  was  done  for  the  commission- 
ers of  the  city  of  Aberdeen  by  city  forces 
without  contract,  Mr.  Potter  being  the  de- 
signing and  constructing  engineer,  and  W.  D 
Northen  of  Chicago  the  general  foreman 
Most  of  the  changes  of  machinery  in  the 
pump  station  were  made  by  Mr.  W.  F.  Hob- 
erton,  superintendent  of  water  and  sewers  at 
.-Aberdeen.  It  is  a  good  example  of  non 
political  municipal  work,  and  politics  wa^ 
one  of  the  incidental  troubles  that  was  en- 
tirely absent  from  this  work. 

The  cost  of  concrete  work  ran  from  $3.2."i 
for  the  concrete  floor  in  the  sprinkling  filter 
up  to  about  $8.25  on  part  of  the  reinforced 
concrete  work.  The  cost  of  unloading  stone 
in  the  sprinkling  filter  at  first  ran  from  45  cts. 
to  60  cts.  per  cubic  yard.  This  was  later  cut 
down  to  19  cts.  to  24  cts.  per  cubic  yard  by 
working  the  drag  scraper  lengthwise  of  the 
car  and  dumping  through  a  trap  into  Koppel 
cars.  Most  of  the  cars  used  were  gondolas. 
The  average  final  cost  was  about  32.4  cts.  for 
unloading  stone  from  the  cars  and  putting  it 
in  place  in  the  filter. 

The  sprinkling  filter  cost  $35,000,  including 
the  rock  in  place.  The  rock  amounted  to 
5,500  cu.  yds.  The  rock  cost  was  $2.96  per 
cubic  yard  f.  o.  b.  cars.  The  cost  of  unload 
ing  it,  including  placing,  was  about  32  cts.  per 
cubic  yard.  The  sedimentation  tank  cost 
$13,000.  These  figures  are  approximate  only. 
The  siphon  tank  cost  $1,500,  the  sludge  tank 
$2,000,  and  the  final  settling  tank  about  $4,000. 
The  pumping  station,  including  the  new  ma- 
chinery and  changing  the  position  of  the  old 
machinery,  cost  $25,000.  The  cost  of  land 
was  $9,000  for  80  acres,  of  which  about  threc 
acres  are   in  use. 


Recommended  Procedure  in  Disposal 

of  Wastes  from  the  Stockyards 

and  Packingtown  in  Chicago. 

-\  report  on  industrial  wastes  from  the 
stockyards  and  Packingtown  in  Chicago  has 
just  been  made  to  the  engineering  committee 
of  the  Sanitary  District  of  Chicago.  The 
report  contains  about  3-50  pages  devoted  to  the 
study  of  the  packing  industry,  its  units  and  its 
wastes,  and  to  a  project  for  the  improvement 
of  the  famous  Bubbly  Creek  into  which  sew- 
age from  Packingtown  is  now  discharged. 
The  report,  which  is  preliminary,  is  based  on 
a  study  extending  over  three  years.  The  full 
report  will  be  of  great  value  to  all  interested 
in  the  treatment  of  industrial  wastes.  We 
give  an  abstract  of  its  summary  and  con- 
clusions. 

The  original  testing  station  layout  was 
equipped  with  a  coarse  screen  with  %-in. 
clear  openings,  a  2-in.  centrifugal  pump,  a 
grit  chamber,  an  Emscher  and  a  Dortmund 
tank.  To  this  has  been  added  a  fine-mesh 
rotary  screen  of  the  Weand  type,  having  30 
meshes  to  the  inch ;  a  sprinkling  filter  and  a 
chemical  precipitation  tank  with  devices  for 
mixing  and  applying  chemicals.  A  screen 
testing  device  was  also  added,  as  well  as  sed- 
imentation cans. 

The  crude  sewage  tested  is  very  strong, 
containing   large   amounts   of  both   suspended 
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and  soluble  matter.  At  different  hours  of 
.  the  day  the  strength  varies  greatly,  accord- 
■  ing  to  the  discharge  of  wastes  from  the  stock- 
!  yards  and  Packingtown.  Night  and  Sunday 
I  strengths  are  practically  identical.  The  sew- 
I  age  was  weakest  during  spring  and  sumrner 
I  and  strongest  during  late  fall  and  early  win- 
i  ter.  The  biologic  oxygen  consumption  of  this 
I  crude  sewage  (daytime  strength)  was  rough- 
I  ly  1,000  p.  p.  m.  The  corresponding  figure 
for  crude  purely  domestic  sewage  was  100  to 
I    150  p.  p.  m. 

I  At  present  there  is  practically  no  treatment 
\  of  the  industrial  sewage  from  Packingtown 
other  than  a  partial  removal  of  fat  by  grease- 
skimming  basins.  The  basins  are  seldom  built 
to  retain  settling  material,  except  at  the  hog 
houses,  and  then  are  insufficient.  The  screens 
in  use  are  very  coarse  and  hold  back  little 
except  intestines. 

GENERAL  CONCLUSIONS. 

The  operation  of  the  testing  station  has 
demonstrated  that  it  is  entirely  practicable  to 
treat  to  any  desired  degree  sewage  mixed 
from  industrial  and  domestic  origin  as  it 
issues  from  the  sewer  outlet.  Of  the  devices 
tried  fine  screening,  sedimentation  in  double- 
deck  tanks,  and  sprinkling  filters  appear  most 
suitable.  The  combinations  are:  1.  Fine 
screening.  2.  Fine  screening  in  combination 
with  sedimentation.  3.  Fine  screening  in  com- 
bination with  sedimentation,  followed  by  bio- 
logical treatment  on  sprinkling  filters  and  sec- 
ondary sedimentation. 

Under  any  circumstances  the  removal  of 
settling  suspended  matter  from  industrial 
wastes  is  needed.  Fine  screening  alone  does 
not  appear  adequate  to  meet  this  test.  In 
almost  every  case  screens  can  be  installed  at 
the  individual  houses,  and  on  the  fresh  sew- 


age will  undoubtedly  be  more  effective.  Hence 
screening  appears  to  be  an  individual  prob- 
lem for  each  house  or  firm.  Sedimentation 
requires  more  space,  both  for  equipment  and 
disposal  of  sludge,  and  hence  is  best  han- 
dled as  a  community  problem,  because  at 
most  houses  space  is  lacking. 

In  any  case,  fine  screening  is  the  logical  first 
step  to  remove  the  coarser  suspended  matter, 
and  will  fit  with  sedimentation  in  that  it  ma- 
terially reduces   the   scum-forming  material. 

Ultimately  biological  treatment  of  indus- 
trial wastes  is  a  necessity.  Sprinkling  filters 
followed  by  secondary  settling  tanks  seem 
most  desirable.  But  with  a  gradual  installa- 
tion opportunity  is  afforded  on  a  large  scale 
to  watch  the  effect  of  the  removal  of  suspend- 
ed matter  from  a  gross  source  of  pollution. 
Preliminary  screening  and  settling  are  nec- 
essary as  a  preparatory  treatment  for  sprink- 
ling filters,  and  would  be  advantageous  in  the 
operation  of  a  long  intercepting  sewer  by  pre- 
venting deposits  from  a  sewage  so  heavily 
laden  with  settling  suspended  matter. 

From  the  sanitary  standpoint  the  filling  of 
Bubbly  Creek  would  be  desirable,  although 
mere  filling  alone  would  simply  transfer  the 
nuisance  from  one  locality  to  another.  With 
suitable  treatment  of  the  industrial  wastes 
it  is  entirely  proper  that  this  channel  be  filled 
and  that  the  area  thus  reclaimed  be  used  as 
a  site  for  sedimentation  tanks. 

Consideration  of  various  alternatives  led 
to  the  belief  that  the  best  project  comprises 
an  intercepting  sewer  for  industrial  wastes 
and  domestic  sewage,  fine  screening  at  the 
individual  houses  or  firms,  sedimentation  at 
the  outlet  of  the  intercepting  sewer  in  a  com- 
munity plant  built  in  the  present  bed  of  Bub- 
bly Creek,  and  an  outfall  sewer  to  the  Thirtv- 


ninth  street  conduit  for  the  effluent  from  the 
treatment  plant. 

Such  a  project  for  screening  and  sedimenta- 
tion handles  the  wastes  as  separately  as  pos- 
sible, with  the  presence  of  some  domestic 
sewage,  and  is  flexible  with  regard  to  the 
future. 

The  ultimate  solution  will  require  biological 
treatment.  As  space  is  lacking  in  the  immedi- 
ate vicinity  of  Packingtown,  this  means  an 
extended  intercepting  sewer  running  west- 
ward from  the  outfall  of  the  sedimentation 
plant,  which  would  carry  the  screened  and 
settled  sewage  to  a  pumping  station  where  the 
sewage  would  be  pumped  onto  sprinkling  fil- 
ters. The  effluent  would  require  settling  in 
secondary  settling  tanks.  Sludge  drying  beds, 
an  outfall  sewer,  and  other  collateral  works 
are  required.  This  fits  directly  onto  the  set- 
tling plant  just  described.  Screening  and  sed- 
imentation are  necessary  as  a  preliminary 
treatment,  and  will  materially  aid  in  main- 
taining the  intercepting  sewer  free  from  de- 
posits. 

The  results  observed  at  the  testing  station 
do  not  indicate  hope  of  recovering  much  ma- 
terial of  value,  from  the  commercial  stand- 
point, other  than  grease.  It  is  possible  that 
use  may  be  found  for  the  sludtre  as  filler  for 
fertilizer,  and  that  the  screenings  may  be 
burned.  The  smaller  houses  should  endeavor 
to  save  all  offal  or  other  material  now  reach- 
ing the  sewers,  which  is  saved  by  the  larger 
houses,  by  some  co-operative  arrangement. 
The  chief  object  to  attain,  however,  is  not 
commercial  recoveries,  but  the  destruction  of 
a  nuisance  of  long  standing. 

The  report  represents  the  work  of  the  sani- 
tary division  which  is  under  the  direction  of 
Mr.  Langdon  Pearse,  division  engineer.  Mr. 
George  M.   Wisner  is  chief  engineer. 
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The   Cementing   Value  of   Bituminous 

Binders  and  Results  Obtained  in 

Some  Commercial  Tests. 

A  modification  and  improvement  of  the  duc- 
tility test  for  bititminous  road  materials  has 
been  made  by  Lester  Kirschbraun  which  is 
described  fully  in  the  Journal  of  Industrial 
and  Engineering  Chemistry,  Vol.  6,  No.  12, 
page  976.  A  portion  of  his  paper  is  given 
here. 

PRIMARY    CONSIDERATIONS. 

During  the  past  ten  years  there  has  been 
a  great  development  in  the  methods  of  valuat- 
ing  paving  bitumens.  Early  attempts  at  de- 
termining these  values  were  directed  towards 
chemical  determinations  of  properties  or  con- 
stituents which  were  thought  to  have  an  in- 
fluence upon  the  quality  of  materials  of  this 
kind.  Later  developments  have  indicated  that, 
with  few  exceptions,  the  valuable  properties 
"f  paving  materials  are  included  more  direct- 
ly in  their  physical  characteristics.  The  pres- 
ent status  of  the  determination  of  paving  val- 
ues includes  physical  tests  as  the  more  impor- 
tant ones,  leaving  a  few  chemical  tests  direct- 
ed towards  determining  the  permanency  of 
these  products,  asd  the  care  with  which  they 
have  been  prepared. 

It  will  be  generally  agreed  that  a  most  im- 
portant, if  not  primary  physical  property, 
which  paving  bitumens  must  possess  is  that  of 
cementitiousness.  For  a  long  time  efforts 
have  been  directed  towards  devising  a  means 
of  measuring  cementitiousness  of  bituminous 
binders,  but  so  far  nothing  has  been  offered 
in  this  direction  which  has  met  with  general 
approval.  Among  the  tests  commonly  em- 
ployed, that  of  ductility  has  been  assumed  to 
measure,  or  to  be,  in  a  general  way,  an  indi- 
cation of  cementitiousness.  While  possibly 
there  is  some  relationship  between  ductility 
and  the  cementing  value  of  a  given  type  of 
bitumen,  it  will  be  admitted  that  no  mathe- 
matically direct  relationship,  if  any,  exists 
at  all.     So  far,  then,  as  our  present  means  of 


determining  cementing  values  are  concerned, 
this  most  important  feature  must  be  arrived 
at  by  indirect  interpretation  of  data  which 
afford  no  exact  means  of  determining  such 
values. 

DEVELOPMENT   OF   TEST. 

The    writer   has    for   the   past    four   or   five 
years    directed    his    attention   to   the   develop- 


Fig.   1.     Apparatus   Used   in   Making  the  Ce- 
menting Value  Test. 

ment  of  a  method  for  directly  and  mathe- 
matically expressing  the  cementing  value  of 
plastic  binders.  Various  means  have  been  em- 
ployed in  the  effort  to  determine  this  factor, 
but  all  have  been  discarded  as  it  developed 
that  they  fell  short  of  measuring  the  proper- 
ties sought  for.  The  writer  has.  at  various 
times,  devised  bending  or  shearing  tests;  has 
investigated  the  tensile  strength  of  briquettes 
of  binders  and  mixture  of  same  with  mineral 
particles:  has  investigated  the  strength  of  bri- 
quettes joined  together  by  films  of  binder,  and 
has  experimented  with  methods  of  determin- 
ing adhesiveness  and  cohesivcness.  These  vari- 
ous attempts,  while  in  some  cases  giving  valu- 
able information,   have   failed,   cither  through 


the  inability  to  devise  a  means  of  obtaining 
concordant  results,  or  for  the  reason  that  the 
properties  actually  measured  in  these  efforts 
did  not  directly  represent  the  cementing  value 
property  sought  for.  For  example,  in  making 
tests  of  briquettes  of  non-bituminous  ma- 
terial stuck  together  with  a  film  of  binder,  it 
is  not  only  difiicult,  if  not  impossible,  to  ob- 
tain concordant  results  on  account  of  varia- 
tions in  thickness  of  film,  etc.,  but  results  ob- 
tained do  not  measure  binding  value,  but 
measure  cohesivcness.  When  tests  of  this 
kind  are  made,  the  briquettes  fracture  with  a 
cleavage,  leaving  a  film  or  part  of  a  film  on 
either  end  of  the  briquette.  The  property  so 
recorded  is  cohesk'eness  or  the  ability  of  the 
material  to  stick  to  itself.  Any  method  which 
measures  strain  endured  by  the  film  of  asphalt 
in  detaching  itself  without  cleavage  or  frac- 
ture from  a  foreign  surface  measures  ad- 
hcsiveness.  In  either  case,  the  operation  fails 
to  determine  the  cementing  value  or  the  abil- 
ity of  the  material  to  bind  particles  together 
under  the  conditions  of  service. 

Cohesivcness. — If  we  analyze  the  results  ob- 
tained upon  a  number  of  materials  through  a 
series  of  tests  for  tensile  strength  (meaning 
in  this  case  the  maximum  strain  endured  in 
fracturing  a  briquette  of  bitumen)  we  shall 
find  that  two  different  materials  may  sustain 
the  same  maximum  stress  and  indicate  the 
same  cohesivcness,  but  that  one  material  will 
sustain  this  strain  for  but  a  short  time  before 
fracture,  while  another  material  will  not  only 
sustain  the  same  maximum  strain,  but  will  en- 
dure it  during  a  longer  period  or  through  a 
much  longer  distance  of  elongation.  For  ex- 
ample, a  given  type  of  asphalt  cement  at  a  cer- 
tain penetration  will,  during  application  of 
strain,  withstand  a  maxinuuii  of  say,  three  units 
before  fracturing.  Another  asphalt  of  certain 
penetration  will  withstand  the  same  strain. 
In  the  former  case,  however,  after  this  maxi- 
mum is  reached,  an  appreciable  strain  can  be 
sustained  for  many  times  the  elongation  that 
may  be  sustained  with  the  latter  material.   Co- 
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hcsivencss  results  in  such  cases  would  indicate 
equality,  but  as  a  practical  consideration,  the 
latter  material  might  be  entirely  unfit  for  pav- 
ing purposes,  and  even  from  superficial  ob- 
servation might  not  indicate  nearly  the  cement- 
ing qualities  of  the  former.  Sucli  results, 
then,  not  only  become  misleading  and  con- 
trary to  practical  observations,  but  fail  en- 
tirely to  give  us  an  indication  of  the  property 
sought  for. 

Adhesiveness. — The  adhesiveness  of  bitumi- 
nous binders  may  be  determined  by  means  of  a 
suitable  apparatus.    While  the  adhesiveness  is 


to  prevent  cracking  of  pavements.  The  effect 
of  advancing  the  softness  of  the  binders  is 
to  favor  their  ability  to  yield  and  elongate 
under  strains.  Cracking  is  therefore  minim- 
ized by  superior  ability  of  a  soft  binder  to 
elongate  over  <i  hard  binder  of  the  samt  kind. 
1  f  this  ability  to  elongate  were  not  essential, 
and  if  it  actually  did  not  take  place  in  the 
binder  between  the  particles  of  aggregate,  it 
is  apparent  that  the  hardest  binders  would  be 
the  best,  as  they  would  be  capable  of  sustain- 
ing greater  strains  than  the  softer  binders. 
It   w-ill   be   seen   therefore   that   the   ability   to 
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RETURH 
Position   of    Briquette   and    Dynamometer   at   Various  Stages  of  Test. 


a  mailer  of  importance  in  the  effectiveness  of 
bituminous  application  to  cold  road  metal  by 
pouring  process,  nevertheless,  in  considering 
lint  mechanical  mixtures,  the  adhesiveness  ap- 
liears  to  play  little  part  in  holding  together  the 
mineral  aggregate.  When  asphalt  pavement 
cracks  or  fractures  or  displaces,  an  examina- 
tion of  the  points  of  fracture  discloses  that  the 
films  of  bitumen  coating  the  particles  have 
fractured  or  cleaved,  and  not  that  the  bitumen 
has  pulled  off  the  mineral  particles  through 
lack  of  adhesiveness.  In  other  words,  the  ad- 
hesiveness is  always  greater  than  the  cohesive- 
ness  and  the  binding  value.  No  mechanically 
measured  results  of  adhesiveness  need  there- 
fore be  considered  as  a  factor  in  this  discus- 
sion, although  the  adhesiveness  is  a  factor  in 
considering  pavements  built  by  penetration 
method. 

Basis  of  Test. — What,  then,  represents  the 
cementing  value  of  a  material  of  this  kind? 
Cementing  value  must  mean  the  ability  of  the 
bitumen  to  bind,  or  hold  together  against  rup- 
ture, particles  of  mineral  matter  which  it  coats 
or  covers.  Upon  analyzing  the  conditions  apply- 
ing, it  becomes  evident  that  to  break  apart  the 
bond  between  any  two  mineral  particles  held 
together  by  a  coating  of  plastic  bitumen  a  cer- 


elongate  is  an  essential  feature,  and  must  oper- 
ate, otherwise  our  conclusions  would  lead  us 
in  the  direction  contrary  to  actual  experience. 
Referring  again  to  our  consideration  of  two 
particles  of  aggregate  bound  together,  it  is 
necessary,  in  order  to  produce  fracture  or  to 
disrupt  the  bond,  to  apply  a  certain  tension 
over  a  necessary  distance.  The  product  of 
these  factors  is  work  done.  The  binding 
value  of  a  plastic  binder  is  then  limited  to  the 
amount  of  tension  it  can  sustain  over  a  given 
distance,  or  is  directly  proportionate  to  the 
work  done  in  producing  fracture  or  failure  of 
a  given  unit  of  material. 

APPARATUS. 

.\n  apparatus  was  accordingly  devised  for 
the  purpose  of  recording  the  factors  above 
mentioned,  namely,  strain  applied  over  dis- 
tance. The  apparatus  in  its  final  form  is 
shown  in  Fig.  1.  It  consists  of  a  rectangular 
box  insulated  and  lined  with  galvanized  iron 
or  copper.  An  inclined  plane  or  runway  is 
attached  to  the  box,  the  lower  end  of  which 
reaches  the  bottom  of  the  box,  and  the  other 
end   projects  an  equal  distance  outside.     This 


tree  passage  of  the  briquettes.  The  arrange- 
ment and  position  of  the  carriage  makes  it 
possible  to  apply  a  tension  through  the  rod  in 
a  straight  line  to  briquettes  at  the  lower  end 
of  the  runway  with  the  box  filled  with  water. 
.At  the  lower  end  of  the  runway  is  perma- 
nently fastened  a  small  boss  or  projection  to 
which  one  end  of  the  briquette  is  attached, 
the  other  end  being  attached  to  the  rod  con- 
nected with  the  dynamometer.  The  position 
of  the  bridge  gives  readings  of  elongation  of 
the  briquette,  regardless  of  the  movement  of 
the  carriage  and  dynamometer.  The  form  of 
liriquette  adopted  is  that  commonly  known  as 
the  '"Dow"  moulds  which  are  used  for  making 
ductility  tests.  These  moulds  have  a  minimum 
cross  section  of  1  sq.  cm. 

In  working  out  the  method  of  manipulation, 
it  was  of  course  necessary  to  determine  a 
constant  temperature  at  which  the  test  should 
be  made.  The  temperature  selected  was  5° 
C.  or  41°  F.  This  was  selected  for  several 
reasons.  In  the  first  place  it  was  necessary 
to  obtain  sufficiently  large  readings  upon  the 
dynamometer.  At  normal  temperatures,  bi- 
tuminous materials  of  this  kind  are  ordinarily 
capable  of  withstanding  but  very  little  strain. 
Secondly,  the  strains  which  produce  fracture 
and  cracking  in  a  pavement  in  actual  service 
are  greatest  during  cold  weather.  Again,  a 
low  temperature  being  necessary,  the  tempra- 
lure  of  0°  C,  was  selected  as  being  easy  t.  • 
maintain  constantly  with  ice   and  water. 

On  account  of  the  plastic  nature  of  the  ma- 
terial operated  upon,  and  its  tendency  to  elon- 
gate under  strain,  it  was  necessary  to  deter- 
mine upon  a  uniform  means  of  application  of 
load.  It  was  evidently  impossible  to  set  a 
uniformly  increasing  load  for  the  reason  that, 
as  the  material  elongated,  and  its  cross  sec- 
lion  became  smaller,  it  would  be  necessary  lu 
rapidly  accelerate  the  rate  of  elongation  or 
travel  of  the  dynamometer  towards  the  end 
of  the  operation,  in  order  to  increase  the 
strain.  This  would  become  impracticable  as 
a  matter  of  manioulation,  and  would  be  sub- 
ject to  large  variation  through  personal  equa- 
tion and  through  inability  to  take  the  required 
readings  sufficiently  capidly.  It  was  found 
necessary  after  many  trials  to  adopt  a  uni- 
foriii  rale  of  travel  of  carriage  and  dynamom- 
eter. This  is  in  accord  with  practical  con- 
ditions, inasmuch  as  any  strain  set  up  in  a 
pavement  would  be  induced  at  a  variable  rate 
of  application,  depending  on  the  ability  of 
various  binders  to  yield  or  elongate  without 
fracture.     It  is  apparent  that  under  the  same 
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Fig.  3.  Results  Obtained  from  Same  Material    at  Different  Consis- 
tencies. 
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Fig.  4.  Results  Cbtained  from  Various  Fluxes    at  Different  Consis- 
tencies. 


tain  tension  must  be  applied  for  a  certain  time 
or  space  of  action.  The  application  of  a  tension 
over  a  certain  distance  infers  the  necessity  for 
the  film  of  binder  to  elongate  at  the  point  of 
contact  of  the  two  particles.  The  actual  amount 
of  elongation  may  be  e.xtremely  small,  but  the 
relative  amount  in  proportion  to  the  thick- 
ness of  the  coating  may  be  very  great.  That 
elongation  does  necessarily  take  place  must 
be  admitted  from  practical  experience  which 
has  taught  us  that  a  certain  degree  of  plas- 
ticity or  softness   of  our  binders  is  essential 


runway  carries  a  carriage  through  which 
passes  a  screw  actuated  by  a  set  of  gears  ad- 
justable to  the  desired  speed.  Upon  the  car- 
riage is  maintained  a  dynamometer,  to  the 
end  of  which  is  connected  a  flat  brass  rod, 
which  extends  along  the  runway  to  within  a 
few  centimeters  of  the  end,  and  of  the  bot- 
lom  of  the  box.  This  rod  is  graduated  in 
metric  units,  and  passes  under  an  adjustable 
bridge  at  which  the  readings  are  recorded 
during  travel  of  the  rod.  The  runway  is 
edged  with   guides  of  sufficient  width   for  the 


conditions  of  volume  change  in  a  pavement 
a  soft  binder  would  yield  and  conform  more 
easily  to  the  necessary  change,  thereby  allow- 
ing much  less  strain  to  be  set  up  than  with  a 
hard  binder. 

Various  trials  were  made  at  different  speeds 
in  order  to  determine  what  speed  was  most 
adapted  to  securing  concordant  results,  and 
distinguishing  to  the  greatest  degree  the  dif- 
ferences between  various  materials.  Speeds 
between  1  to  10  cm.  per  minute  were  tried 
upon  the  same  materials.     It  was   found  that 
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the  higher  speeds  had  a  tendency  to  effect  too 
sudden  appHcation  of  strain,  and,  with  the 
harder  materials,  to  produce  fracture  in  the 
corner  of  the  briquettes  rather  than  at  the 
point  of  minimum  cross  section.  Again,  at 
the  faster  speeds,  it  became  difficult  to  take 
the  readings  near  the  time  of  fracture  owing 
to  the  rapid  travel  of  the  rod  and  the  pointer 
of  the  dynamometer.  After  various  trials  it 
was  found  that  a  speed  of  travel  of  the  car- 
riage and  dynamometer  at  the  rate  of  1  cm. 
per  minute  provided  to  the  greatest  extent 
for  the  factors  indicated  above.  It  will  be 
understood  that  in  applying  strain  to  the  bri- 
quette by  means  of  a  dynamometer  traveling 
at  a  uniform  speed,  the  briquette  has  at  first 
slight   tendency  to  elongate  under  application 


The  distances  elongated  are  recorded  as  ab- 
scissae, and  the  strain  as  ordinates.  Fig.  3 
gives  a  typical  example  of  results  obtained 
upon  the  same  material  of  different  consist- 
encies under  this  method  of  test.  The  areas 
enclosed  by  these  curves  represent  the  prod- 
uct of  the  strain  applied  and  the  distance  of 
its  application,  or  the  work  done.  The  unit 
of  value  is  expressed  as  kilogrammeters.  This 
area  may  be  obtained  from  the  graphical  plot 
of  the  result,  or  may  be  secured  much  more 
quickly,  and  sufficiently  accurately,  by  addi- 
tion of  the  ordinates.  The  readings  are  taken 
for  every  0.5  cm.  or  0.005  a  meter.  Every 
unit  of  ordinate  therefore  represents  0.005 
kilogram  meters,  and  the  sum  of  the  ordinates 
multiplied  by  this  factor  gives  the  area  or  the 


determining  the  value  sought  for,  it   was  de 
sired  to  outline  a  series  of  investigations  cov- 
ering the  following  points : 

1.  Survey  of  the  characteristics  of  com- 
mercial products  with  special  reference  to  de- 
termining the  degree  of  differentiation  pos- 
sible with  the  various  materials. 

■2.  The  possibility  of  valuating  fluxes  by 
this  method.  , 

3.  Test  of  the  commercial  products,  the 
chemical  characteristics  of  which  indicate  in- 
ferior  preparation. 

4.  The  determination  of  a  possible  effect 
upon  cementing  value  induced  by  improper 
preparation  upon  a  series  of  products  made 
known   under  known  conditions. 

5.  The  determination  of  standards  of  value 
necessary  for  practical  application. 

TABLE  I.— FLUX   TESTS— FIG.   4. 
Refined  Asphalt  and  Paraffine  Flux. 


~a3 — m 
Cms  Elongation  ct  5  C 


Fig.  5.    Cementing   Value  and    Elongation   of  Commercial 

tencies. 


Cementing  Value  at  6°C.   (Kilogrammeters) 

IVIaterial     at     Different 


Consls- 


of  strain,  until  a  maximum  is  reached,  when 
the  rate  of  elongation  of  the  briquette  exceeds 
the  rate  of  travel  of  the  carriage  and  dynamo- 
meter, at  which  point  the  dynamometer  be- 
gins to  register  values  below  the  maximum 
attained,  until  finally  the  briquette  is  either 
fractured  at  a  reduced  cross  section  through 
elongation  of  the  material,  or  the  dynamo- 
meter returns  to  zero  without  fracture  of  the 
briquette.  An  essential  difference  from  the 
method  of  determining  ductility  is  that  during 
the  entire  period  of  elongation  the  material 
is  under  substantial  strain.  Ductility  or  elon- 
gation values  that  include  the  distance  trav- 
eled by  an  extremely  fine  thread  or  filament 
of  bitumen  are  misleading  and  immaterial. 

In  making  the  test,  as  finally  adopted,  the 
briquettes  are  prepared  in  the  usual  manner 
as  for  ductility  test,  and  are  placed  in  the  test 
box  at  5°  C.  They  are  held  for  about  three- 
quarters  of  an  hour  at  this  temperature  be- 
fore making  the  test.  When  ready,  one  end 
of  the  briquette  is  hitched  to  the  fixed  post 
at  the  bottom  of  the  box  on  the  runway,  and 
the  dynamometer  brought  into  position  so  that 
the  end  of  the  rod  attached  to  same  may  be 
fastened  to  the  other  end  of  the  briquette. 
The  apparatus  is  driven  mechanically,  and  the 
carriage  is  started  by  closing  the  split-nut 
which  brings  it  into  contact  with  the  screw. 
When  the  end  of  the  dynamometer  begins  to 
move  over  its  zero  mark,  the  bridge  over  the 
rod  is  adjusted  to  the  zero  mark  on  the  rod. 
Carriage  and  dynamometer  continue  to  travel 
at  the  rate  of  1  cm.  per  minute,  and  readings 
of  the  dynamometer  are  taken  at  every  lialf 
centimeter  of  elongation  as  shown  by  the  rod. 
This  is  continued  until  the  briquette  fractures 
or  elongates  through  its  maximum  back  to 
zero  strain.  The  dynamometer  carries  a  max- 
imum pointer  and  is  graduated  in  tenths  of  a 
kilogram,  and  the  zero  mark  is  taken  as  one- 
tenth  kilogram,  whicli  includes  the  weight  of 
the  briquette  and  the  frictional  resistance  of 
parts.  The  position  of  the  rod  and  boss  are 
such  as  to  lift  the  briquette  slightly  off  the 
runway  when  the  strain  is  applied,  so  that  no 
friction  results  on  this  account  during  the  ap- 
plication of  strain.  Fig.  2  illustrates  the  posi- 
tion (if  the  briquette  and  dyn.imometer  at 
various  stages  of  test. 

The  results  of  the  data  obtained  in  these  de- 
terminations   may    be    graphically     recorded. 


work  done  in  kilogram  meters.  Expressed 
mathematically,  the  formula  for  calculating 
tlie  result  is  2  y  X  (1.005.  This  is  sufficiently 
accurate  for  practical  purposes.  Referring 
again  to  Fig.  3,  it  will  be  noted  that  the  same 
material  at  different  consistencies  requires 
widely  varying  amounts  of  work  for  failure. 
With  the  harder  materials,  a  comparatively 
sharp  curve  is  obtained,  which  reaches  a  cer- 
tain maxinnim,  and  then  becomes  less  as  the 
material  elongates  faster  than  the  carriage 
travels.  When  the  cross  section  is  reduced 
to  a  point  at  which  it  is  unable  to  withstand 
the  strain  induced,  it  breaks.  With  the  ma- 
terials of  the  softer  consistency  there  is  a 
tendency  of  the  curve  to  flatten  and  to  become 
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In  order  to  take  complete  information  of 
the  characteristics  of  coiumercial  products, 
it  is  necessary  to  collect  such  data  as  would 
represent  a  wide  range  of  consistency  for 
each  material.  The  refined  asphalt  was  ac- 
cordingly used  and  fluxed  with  the  kind  of 
flux  ordinarily  used  in  practice.  Determina- 
tions were  made  upon  each  material  at  a  num- 
ber of  different  consistencies,  and  these  ce- 
menting values  were  graphically  expressed  as 
abscissae  and  the  consistencies  as  ordinates. 
The  various  materials  examined  were  grouped 
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Fig.  6.     Cementing  Value  and  Elongation  of  Cracked   Materials  at  Different  Consistencies. 


larger  as  the  material  is  more  plastic.  A  con- 
sistency is  finally  reached  at  which  the  ma- 
terial is  able  to  progress  through  to  its  maxi- 
mum and  back  to  zero  (or  0.1  kg.)  without 
fracture.  All  tests  were  obtained  in  dupli- 
cate, and  the  results  indicate  a  limit  of  ac- 
curacy of  0.02  kg.  meter  from  an  average, 
on  the  highest  results,  to  a  much  closer  agree- 
ment upon  the  lower  values.  Exception  to 
this  .iccuracy  is  noted  upon  the  hard  brittle 
materials,  which  are  unable  to  elongate  uni- 
formly without  setting  up  internal  strain,  due 
to  the  corners  of  the  briquettes. 

Having  established  a  satisfactory  method  of 


into  three  classes,  according  to  their  origin. 
Record  was  made  of  the  cementing  value  as 
determined  by  the  data  presented  before,  to- 
gether with  the  elongation  and  the  maximum 
strain  sustained.  (These  data  were  included 
in  the  paper  but  are  not  given  here.) 

TESTS    OF    FLUXES. 

Table  I  is  given  .showing  the  results  of  in- 
vestigations made  in  the  effort  to  determine 
the  possibility  of  valuatin.g  various  fluxes.  In 
this  scries  of  tests  the  same  asphalt  was  used 
throughout,  and  was  fluxed  with  different 
fluxes,  the  cementing  values  and  other  data 
being  determined  as  indicated  before. 
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Graphical  results  are  shown  in  Fig.  4.  It 
will  be  noted  that  the  cementing  values  of 
these  materials  arc  progressively  greater  as 
the  fluxes  tend  towards  asphaltic  base,  with 
this  exception  that  the  paraffine  combination 
shows  slightly  better  values  than  the  light- 
semi-asphaltic.  This  is  due  to  the  fact  that 
much  less  parafifine  base  tlu.x  was  used  to  pro- 
duce the  consistencies  noted  than  in  the  case 
of  the  light  semi-asphaltic  flux.  When,  how- 
ever, the  elongation  curves  are  examined,  a 
progressive  increase  without  exception  is 
noted  in  ability  to  elongate  as  the  fluxes  used 
partake  more  of  an  asphaltic  character.  It 
will  be  noted  that  the  ability  to  elongate  would 
become  even  a  more  sensitive  indication  of  the 
character  of  the  flux  itself  than  the  cement- 
ing value.  The  practical  necessity  for  con- 
sidering this  ability  to  elongate  is  aptly  illus- 
trated here.  This  refined  asphalt  used  with 
paraffine  fluxes  has  proven  unsatisfactory  in 
nractice.  Under  light  traffic,  pavements  laid 
with  this  have  shown  sufficient  binding  qual- 
ities to  hold  the  mineral  particles  together, 
but  the  tendency  to  crack  is  very  decided.  On 
the  other  hand,  this  refined  asphalt  with  light 
semi-asphaltic  flux  has  shown,  in  a  practical 
way,  that  the  cracking  tendency  is  greatly  re- 
duced in  laying  at  a  sufficiently  high  penetra- 
tion, and  it  has  been  much  more  satisfactory 
than  the  previous'  combination,  even  though 
its  cementing  value  is  not  greater.  The  ma- 
terial with  the  asphaltic  flux  and  the  heavy 
semi-asphaltic  flux  have  been  eminently  suc- 
cessful under  service  conditions.  It  is  evident 
from  the  above  that  the  method  described 
furnishes  a  means  of  determining  the  value 
of  various  fluxes  and  their  suitability  in  as- 
phalt combinations. 

TESTS    FOR    POOR     PREPARATION. 

During  the  course  of  commercial  practice, 
various, materials  have  been  encountered  which 
gave  indication,  from  analysis,  of  having  been 
poorly  prepared — so  much  as  to  warrant  their 
rejection  for  use.  A  few  of  these  samples 
were  on  file,  and  were  available  for  cement- 
ing value  tests.  These  materials  were  gen- 
erally refined  asphalts  of  from  .30  to  40  pene- 
tration, reduced  from  liquid  bitumen.  They 
were  subjected  to  the  cementing  value  test 
at  the  consistency  at  which  they  were  obtained, 
and  then  fluxed  with  the  same  asphaltic  flux 
to  a  consistency  corresponding  to  paving  pene- 
tration, in  order  to  afford  comparison  with 
normal  products  of  the  safe  type.  The  de- 
termination of  cementing  value  and  elongation 
are  given  in  Table  II,  together  with  the  prin- 
cipal analytical  characteristics. 

These  results  are  graphically  shown  in  Fig. 
5,  and  are  given  in  connection  with  a  curve 
showing  the  quality  of  an  average  acceptable 
commercial  sample  of  material  prepared  from 
similar  crude.  It  is  evident  from  the  study 
of  these  results  that  the  chemical  indications 
of  inferior  preparation  shown  by  the  high 
fixed  carbon  and  per  cent  insoluble  in  carbon 
tetrachloride   are   confirmed    by   actual   lower- 


pushed  to  a  hard  penetration,  but  of  the  last 
two  runs  at  850°  F.,  one  was  pushed  to  a  very 
hard  consistency.  In  order  to  obtain  an  in- 
dication as  to  the  comparative  extent  of  crack- 
ing which  took  place,  composite  samples  of 
the  distillate  were  tested  for  gravity.  In  the 
first  two  runs,  samples  were  taken  from  the 
still  at  various  points  of  consistency  indicated 
hereafter.  In  the  fourth  run,  the  material,  as 
stated,  was  pushed  to  a  very  hard  penetra- 
tion and  fluxed  back  with  well  prepared  as- 
phaltic base  flux  from  the  same  crude.  All 
of  these  samples  were  tested  for  cementing 
value,  and  those  samples  most  nearly  corre- 
sponding in  consistency  or  penetration  were 
examined  for  their  main  chemical  character- 
istics. These  results  are  given  in  Table  III 
and  are  shown  graphically  on  F"ig.  ti.     On  ac- 


of  the  introduction  of  so  large  a  quantity  of 
well  prepared  flux  has,  of  course,  minimized 
the  loss  of  cementing  value.  Nevertheless,  it 
is  astonishing  to  note  the  persistency  with 
which  material  prepared  from  this  crude  re- 
tains its  cementing  value  even  when  badly  de- 
composed ;  and  although  showing  evidences 
in  this  direction  which  would  cause  its  re- 
jection under  standard  specifications,  its  ce- 
menting value  has  not  been  reduced  below  an 
acceptable  minimum.  As  to  whether  or  not 
materials  so  prepared,  and  possessing  the 
characteristics  of  the  last  named  product 
would  retain  the  cementing  value  indicated, 
is  a  matter  requiring  investigation  before  any 
conclusion  can  be  drawn  as  to  the  eff'ect  of 
the  features  noted.  It  will  be  seen,  in  refer- 
ring  to   commercial    products   prepared    from 


T-4  hard. 
850°  F. 


25.6 


TABLE  III   (FIG.   6).— CEMENTING  VALUE  AND  POOR  PREPARATION, 

Sample.                     T-1  T-2 

Temperature  still. .  552°  F,  700"  F. 

Gravity  of  distillate 

at    60°    F 21.2  21.2 

Pushed  to  penetra- 
tion        50  42 

Fluxed   to  penetra- 
tion  at   77°    F....    59  66 

Ductility  at  77°  F..115  +  cm.  115  +  cm. 

Fixed   carbon    5.5  per  cent,  7.0  per  cent 

Soluble  in  CS. 99.6  99,7 

Soluble  in   CCI.....    99.6  99.7 

Cementing  value  at 

5°  C 0.478  0.439 

Elongation  at  5°  C.     7.7  cm,  11.5  cm. 

Melting  point   .... 


T-3 

850°  F. 


26.2 
66 


102  cm. 
13.1  per  cent, 
98.9 
97.5 

0.311 
17.0  cm. 


26.4  per  cent, 

85.3 

67.9 


217°  F. 


T-4  fluxed. 


62 

57.0  cm. 

15.2  per  cent. 

93.3 

87.3 

0.212 
13.75 


count  of  the  insufficient  number  of  points  of 
elongation  secured,  no  attempt  was  made  to 
draw  a  smooth  curve  covering  these  points. 
Inspection  of  the  above  tabulated  results 
shows  that  very  little  change  or  decomposi- 
tion has  occurred  under  700°  P.,  in  running 
down  to  the  consistencies  noted.  The  ma- 
terial prepared  at  860°  F.  gives  evidences  of 
substantial  decomposition.  This  is  indicated 
by  a  lighter  gravity  of  distillate  and  falling 
ofif  in  solubility  in  carbon  disulfide.  The  grav- 
ity of  distillate  in  runs  T-3  and  T-4  hard  are, 
of  course,  not  strictly  comparable  owing  to 
the  different  consistencies  to  which  these  were 
pushed.  As  a  consequence  of  the  decomposi- 
tion that  has  occurred,  there  follows  a  sub- 
stantial increase  of  fixed  carbon  ozvr  normal. 
and  the  conversion  of  part  of  the  bitumen  to 
a  form  insoluble  in  carbon  tetrachloride.  The 
differences  between  products  obtained  in  the 
two  T-4  runs  show  that  not  only  is  tempera- 
ture a  factor  in  decomposition,  but  also  the 
degree  to  which  the  operation  is  pushed,  or 
tlie  degree  of  "concentration"  resulting.  This 
latter  is  in  confirmation  of  the  investigations 
made  by  the  writer  some  time  ago. 

It  will  be  observed  from  the  inspection  of 
the  graphical  data  that  the  most  cementitious 
materials  were  produced  at  the  lower  tempera- 
tures, and  that  the  cementing  values  decrease 
as  the  conditions  of  nreparation  become  more 
severe.  While  the  differences  in  cementing 
value  between  materials  produced  at  525°  and 


TABLE  II  (FIG.  5),— CEiVIENTING  VALUE  AND    ELONGATION     OF    ACCEPTABLE     COMMER- 


CIAL   MATERIAL   AND    POOR    MATERIAL. 


No. 


7199 


Flxd. 


7222 


Flxd. 


7223 


Flxd. 


7260 


Flxd. 


7324 


Flxd. 


Pent,   at  77°   F 32 

Duct,   at  77°  F 60     cm. 

5   hr.   loss 0.4  % 

%     hardening 25.0 

CS.  soluble 99,7 

Mineral    0.2 

Difference     0.1 

ecu    soluble 97.0 

Fixed    carbon 16.6 

Cementing  value  at 

5°    C 0.289 

Elongation  at  5°  C.    5.0 


53       ' 

32 

4.5  cm 

0.6  % 
25.0 
98.9 

0.2 

0.9 
90,0 
18.6 

0,085 
1,2 

60 

0.096 
2.9 

e 
46 

7.5  cm 

0.8  % 
36.9 
99.0 

0.2 

0.8 
94.4 
17.7 

0.126 
2,5 

68 

0.082 
3.0 

40 
7.0  cm 

99.6  % 

95!9 

n.l36 
2.5 

65 

0.117 
3.75 

41 

1.2% 
65     cm 
43.9 
99.7 

0.2 

0.1 
97.9 
16.9 

0.258 
6.5 

71 

0.141 
5.5 

0.141 
9.75 

ing  of  the  cementing  qualities,  and  elongation 
values. 

In  order  to  confirm  the  indications  of  lower- 
ing of  cementing  qualities  with  accompany- 
ing evidences  of  poor  preparation,  products 
were  made  in  the  laboratory  from  the  same 
asplialtic  base  crude  oil  under  known  condi- 
tions. These  were  made  in  a  small  still,  and 
were  prepared  at  temperatures  of  525°,  700° 
and  825°  to  850°  F.  at  the  end  of  the  distilla- 
tion. Four  runs  were  made,  two  of  which 
were  conducted  at  the  last  named  temperature. 
In  the  first  three  runs,  the  materials  were  not 


700°  F.  are  slight,  there  is  a  substantial  dif- 
ference between  these  results  and  those  ob- 
tained with  the  materials  produced  at  850° 
F,,  and  between  these  latter,  prepared  at  sub- 
stantially the  same  temperature,  but  pushed 
to  a  varying  degree  of  hardness.  There  is 
marked  loss  in  cementing  value  in  the  ma- 
terial pushed  to  hard  penetration  and  fluxed 
back,  and  the  evidences  of  decomposition  are 
very  decided.  In  fluxing  this  hard  material 
(T-4)  back  with  well  prepared  flux,  approxi- 
mately equal  quantities  of  flux  were  required 
to  bring  it  back  to  62  penetration.  The  effect 


crude  of  this  character,  that  the  loss  of  ce 
menting  value  is  much  greater  with  slighter 
evidences  of  decomposition  than  is  obtained 
from  the  products  prepared  in  the  laborator> 
No  explanation  of  these  variations  is  offered, 
aside  from  the  indications  given  by  these  com 
mercial  products  of  having  been  prepared  b\ 
other  methods,  than  those  involving  straight 
distillation, 

CONCLUSIONS. 

It  is  evident  that  this  method  of  deternnnnig 
cementing  values  is  capable  of  distinguishing 
between  products  prepared  with  more  or  less 
care,  and  that  a  reduction  in  cementing  prop- 
erties follows  as  a  consequence  of  decomposi- 
tion occurring  during  preparation. 

In  the  previous  discussion,  various  commer- 
cial asphalts  which  have  been  used  in  paving 
work  have  been  examined,  together  with  their 
appropriate  and  inappropriate  fluxes.  There  i 
has  also  been  observed  the  effect  on  asphalt 
derived  from  liquid  bitumen,  of  improper  con- 
ditions of  preparation.  It  remains,  therefore, 
to  analyze  the  data  obtained,  in  connection 
with  practical  results,  and  to  determine,  if 
possible,  what  cementing  characteristics  ap- 
pear to  be  necessary  for  the  successful  binder 
Discussion  of  this  phase  of  the  matter  will  be 
confined  to  only  one  form  of  construction, 
namely,  sheet  asphalt  pavements. 

From    long    experience    with    various    ma 
terials  observed  in  this  discussion,  and  in  sej4 
regaling  those  binders  which,  in   the   writer'^ 
observations,  have  been  successful  and  unsuc- 
cessful,   certain    tentative   values    may    be    set 
which    should    differentiate    the    successful    m 
acceptable    cement    from    the    non-acceptabU 
Carefully  considering  this   matter   in   connec 
tion  with  practical  results,  the  lowest  cement 
ing  value  which  is  considered  acceptable  undei 
conditions  of  light  traffic  is  set   at  0.08  kilo 
grammeters.     This  value,  if  taken  alone,  will 
include   some   materials   which,   although   able 
under  light  traffic  to  bind  the  mineral  particles 
in    a    sheet    asphalt    pavement    together,    arc 
prone    to    develop    cracking.      As    stated    pre 
viously,   it   is   necessary   not   only   to   consider 
the   cementing   value   alone,   but   also    to   con- 
sider the  ability  of  the  binder  to  elongate,  in 
order  to  prescribe  those  which  have  the  prop- 
erty   of    holding    together    mineral    aggregate 
without  undue  tendency  to  cracking.    For  light 
traffic,    this    elongation    value    is    set    between 
ibe  limits  of  8  cm.  and   14  cm.   for  the  pure 
bitumen.      Below    these    values    are    found,    in 
the    writer's    experience,    imsuccessful   materi 
als   for  the  class  of  construction  referred  to. 
and  corresponding  to  these  values  are   found 
those    which    have    demonstrated    satisfactor\ 
use  under  light  traffic. 

-As    previously    indicated,    pavements    under 
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I  lieavy  traffic  require  stronger  and  more  ce- 
mentitious  binders  with  less  need  of  these 
binders  to  elongate.  It  is  difficult  to  describe 
accurately  conditions  which  would  be  under- 
stood by  all  to  be  designated  as  heavy  traffic. 
Keeping  in  mind,  however,  service  records  of 
materials  laid  under  traffic,  calling  for  a  pene- 
tration of  35  to  40,  with  materials  of  the  first 
group,  the  writer  would  prescribe  for  such 
traffic  a  minimum  cementing  value  for  the 
bitumen  used  of  about  0.24  kilogrammeters, 
and  elongation  limits  between  four  and  six 
centimeters.  Maximum  limits  of  elongation 
are  set  as  well  as  minimum  limits  for  the  rea- 
son that  above  the  maximum  limits  of  elonga- 
tion, is  the  accompanying  higher  consistency, 
which  results  in  too  soft  a  cement  under  con- 
ditions of  hot  weather.  These  limits  are,  of 
course,  suggestive,  and  will  be  modified  ac- 
cording to  the  individual  experience  and  ideas 
of  those  who  might  employ  these  tests.  It  is 
probable  that  an  empirical  formula  may  be 
devised  giving  the  relationship  between  traffic 
units  and  cementing-elongation  values  in  such 
a  way  as  to  indicate  the  necessary  character- 
istics applicable  for  any  intensity  of  traffic. 

There  remains  another  factor  which  may 
influence  the  valuating  of  materials  in  accord- 
ance with  these  characteristics,  and  that  is, 
the  possible  rate  of  loss  of  cementi;  g  value 
which  will  be  shown  upon  tests  carried  out 
over  a  prolonged  period  of  time.  As  is  well 
known,  various  bituminous  materials  harden 
with  age  and  suffer  marked  loss  of  ductility 
upon  standing,  sometimes  for  comparatively 
short  periods  of  time.  It  is  likely  that  the 
materials  here  examined  would  likewise  show 
variable  rate  of  loss  of  cementing  value  and 
elongation  with  age,  particularly  those  ma- 
terials showing  the  effects  of  severe  treatment 
in  preparation.  Data  of  this  kind  covering 
a  period  of  time  or  indicating  the  same  effect 
of  accelerated  tests  will  be  of  considerable 
importance  in  fully  determining  the  relative 
values  of  various  types  of  binders. 

It  is  the  intention  of  the  writer  to  take  up 
these  phases  of  the  subject,  but  owing  to  the 
time  necessary  to  compile  complete  data,  it  is 
considered  advisable  to  present  the  foregoing 
in  the  expectation  that  the  methods  employed 
may  be  improved  upon  by  others  interested, 
and  that  the  features  indicated  may  be  sim- 
ultaneously investigated  by  independent  ob- 
servers. 

It  is  suggested  that  this  test  not  only  cov- 
ers all  of  the  data  heretofore  furnished  by  the 
ductility  test,  but  in  addition  furnishes  direct 
information  as  to  the  cementing  values  of  the 
materials  examined.  The  elongation  values 
determined  during  the  cementing  value  tests 
afford  a  more  accurate  and  truly  representa- 
tive indication  of  ductility  than  the  test  usu- 
ally employed.  The  elongation  values 
determined  by  this  method  have  an  ad- 
varitage  of  being  taken  at  a  temperature  at 
which  such  properties  come  into  play  most 
effectively  in  pavements,  and  are  recorded  only 
while  the  binder  is  capable  of  withstanding  an 
appreciable  strain.  These  values  are  not 
I'louded  by  the  fine  hair-like  filaments  into 
which  bitumen  is  drawn  at  normal  tempera- 
tures, and  which  have  no  significance  in  de- 
termining any  valuable  property.  In  addi- 
tiin,  it  is  difficult,  if  not  impossible,  by  the 
usual  method,  to  differentiate  between  ma- 
terials having  a  ductility  in  excess  of  certain 
limits  fixed  by  the  devices  usually  employed, 
which  cannot  be  extended  much  beyond  100 
lentimeters  with  any  significant  results. 


Analyses    of    Asphaltic    Concrete    and 
Asphalt  Block   Laid  in   Washing- 
ton, D.  C,  in  1914. 

Average  analyses  of  asphaltic  concrete  mi.\- 
Uires  used  for  jiaving  work  in  Washington, 
1'.  ('..  during  1014  are  given  in  the  report 
of  the  Engineer  Department  of  the  District 
'if  Columbia  for  1014.  The  specifications 
under  _  which  this  pavement  was  laid  were 
given  in  Engineering  and  Contracting,  Vol. 
XI-I.  p.  fi78. 

ASl'HAI.TIC    CONCRETE. 

During    the      ear    there    were    laid    by    tlie 


Cranford  Paving  Co.  under  contract  about 
57,833  sq.  yds.  of  asphalt  concrete,  laid  on 
crushed  stone,  or  6-in.  concrete  base.  The 
asphalt  concrete  mixture  consisted  of  two 
parts  trap  rock,  crushed  to  a  size  from  %  in. 
to  dust,  and  one  part  concrete  sand,  to  which 
was  added  5  per  cent  limestone  dust. 

The  stone  and  sand  were  heated  to  a 
temperature  of  about  300°  F.,  the  limestone 
being  added  in  the  cool  state  to  the  hot  mix- 
ture and  thoroughly  mixed  in  an  asphalt 
mixer.  Hot  asphalt  cement  (Bermudez)  was 
then  added  and  the  whole  thoroughlv  mixed 
for  about  five  minutes ;  it  was  then  hauled 
from  the  paving  plant  to  the  site  of  the  work 
and  spread  over  the  roadbed  to  a  thickness 
of  3  ins.,  then  rolled  with  5  and  10-ton  steam 
rollers  until  thoroughly  compact.  Over  this 
surface  was  then  spread  a  thin  coating  of  as- 
phalt cement  for  the  purpose  of  filling  voids. 
A  light  coating  of  trap-rock  screenings  % 
to  %  in.  was  then  spread  on  the  surface  as  a 
top  coating  and  rolled  with  a  IO-ton  steam 
roller. 
The  following  is  a  table  showing  average  of 
laboratory  tests  of  asphalt  cement  and  min- 
eral aggregate  used  in  the  preparation  of  the 
asphalt  concrete : 

Asphalt  Cement. 
Bitumen     soluble    in    carbon    bisulphide 

(not  including  flush  coat) "-5 

Penetration    at    77°    F.,    5    seconds.    100 

srams    ^.•c 

Concrete  Mixture— Mineral   Aggregate  Mesh 


There  were  examined  230  samples  of  as- 
phalt concrete  mixture,  representing  about 
ii.375  cu.  yds.  This  material  was  a  mixture 
composed  of  old  asphalt  surface  mixture 
(topping  and  binder)  which,  after  being  re- 
moved from  the  street,  was  hauled  to  the 
municipal  asphalt  plant  and  crushed  in  a 
-Noyes  rotary  crusher  to  a  fineness  ranging 
from  1  in.  to  dust ;  to  this  material  was  then 
added  trap-rock  screenings,  fine  sand,  lime- 
stone dust,  and  asphalt  cement  in  about  the 
following  proportions :  Old  asphalt  surface 
material,  Gd  per  cent ;  fine  sand,  23  per  cent ; 
trap-rock  screenings,  6  per  cent;  limestone 
dust,  2  per  cent :  and  asphalt  cement,  3  per 
cent  (penetration  at  77°  F.,  5  seconds.  KHi 
grams  53).  the  whole  being  mixed  as  above 
described,  under  asphalt  concrete,  and  used 
for  the  same  purpose. 

Following  are  average  results  of  tests  show-- 
ing  percentage  of  asphalt  and  mesh  compo- 
sition of  mineral  aggregate  of  the  old  asphalt 
surface   material : 

Old   Asphalt  Surface  Mixture  (After  Crushing). 

Per  cent. 

Bitumen  soluble  in  carbon  bisulphide....       (! 
Mineral  Aggregate,  Me.sh   Composition. 

Retained  on —  Per  cent. 

V4-in.  mesh  11. S 

H-in.  mesh   '. 18.9 

S  mesh  per  linear  inch 11.6 

10  mesh  per  linear  inch 1.3 

20  mesh  per  linear  inch 3.9 

40  mesh  per  linear  inch 14.7 

60  mesh  per  linear  inch 14.6 


TABLE  I.— AVERAGE  RESULTS  OF  TESTS  OF  THE  ASPHALT  CEMENT  AND  MINERAL  AG- 
GREGATE USED  IN  THE  MANX.TFACTURE  OF    PAVING  BLOCK. 


.\sphalt  Cement. 


Bitumen  soluble  in  carbon  bisulphide,  per  cent 

Penetration  at  77°  F.,  100  grams 

Penetraticn  at  115°  F.,  50  grams i' ■  \-^- \- 

Per  cent  of  hardening  after  heating  300°  F.  for  IS  hours 

Per  cent  of  loss  after  heating  300°  F.  for  IS  hours 

Brittleness  in  centimeters,  drop  of  25  grams,  weight  at  32     F 


Red 

uced    to   50 

per 

cent   purity 

As  origi- 

by 

addition   of 

nally  used 

limestone   dust 

in  mixture. 

for 

laboratory 
test. 

60.44 

50.86 

22 

17 

115 

71 

10.8 

4 

15 


15 


0.0 
5.0 


Composition. 

Retained  on — 

1-in.   mesh  screen,  per  cent 

%-in.  mesh  screen,  per  cent 

li-in.  mesh  screen,  per  cent 13.7 

■4 -in.  mesh  screen,  per  cent 25.0 

s  mesh  per  linear  inch,  per  cent 14.5 

10  mesh  per  linear  inch,  per  cent 2.9 

20   mesh  per  linear  inch,  per  cent 7.9 

10  niesh  per  linear  inch,  per  cent 12.2 

(10  mesh  per  linear  inch,   per  cent 6.0 

SO  mesh  per  linear  inch,  per  cent 3.3 

1110  mesh  per  linear  inch,  per  cent 9 

Passing  100  mesh  per  linear  inch,  per 

eent 8.  b 

Specific  gravity  of  stone 2.900 

Specific  gravity  of  sand „  „ 

Voids   in  aggregate,  per  cent 19.9 

ASPHALT     SURF.'\CE     MIXTURE     (ASPHALTIC     CON- 
CRETE)— MUNICIP.'VL   ASPHALT   PLANT. 

During  the  year  there  were  examined  4 
samples  of  asphaltic  concrete,  representing 
about  70  cu.  yds.  This  material  was  a  mix- 
lure  composed  of  traprock  screenings  74  per 
cent,  fine  sand  15  per  cent,  limestone  dust  4 
per  cent,  and  asphalt  cement  7  per  cent 
(penetration  at  77°' F.,  5  seconds,  100  grams, 
."li).  The  average  mesh  compositon  of  this 
mineral  aggregate  is  shown  in  the  table  be- 
liiw.  The  stone,  sand,  and  limestone  dust 
were  heated  to  a  temperature  of  about  350° 
!■".,  in  the  heating  drum  of  a  Warren  portable 
;i.sphalt  mixer.  The  hot  asphalt  vvas  then 
added  and  the  whole  thoroughly  mixed  for 
;;bout  five  minutes ;  it  was  then  discharged 
into  carts  and  hauled  to  the  site  of  work, 
which  consisted  principally  of  repairs  to  as- 
jilialt  pavements.  Examination  of  the  ma- 
Urial  produced  showed  an  average  of  bitumen 
^iihililc  in  carlion  bisulphide  0  per  cent  (not 
imduding   flush   coat). 

Mineral   Aggregate  Mesh   Composition. 

Retained   on--  "  Per  cent. 

%-\n.    mesh    4.2 

J/4-in.    mesh    18.6 

%-ln.    mesh    26.2 

8  mesh  per  linear  Inch 9.6 

10  mesh  per  linear  Inch 1.4 

20  mesh  per  llne.ar  inch 3.2 

40  mesh  per  linear  inch 10.9 

60  mesh  per  linear  inch 11." 

80  mesh  per  linear  inch 4.4 

too  mesh  per  linear  inch 1.0 

Passing  100  mesh  per  linear  Inch 8.8 


.80  mesh  per  linear  inch 8.5 

100  mesh  per  linear  inch 2.2 

Passing  100  mesh  per  linear  inch 13.0 

Asphaltic  Concrete  Mixture  (-After  Production 
Average). 

Bitumen  soluble  in  carbon  bisulphide...."     S 
Mesh   Composition.   Mineral  Aggregate. 

Retained  on —  Per  cent. 

",4-in.  mesh  3.2 

'A-in.  mesh  12.2 

S  mesh  per  linear  inch 10.0 

10  mesh  per  linear  Inch 1.7 

20  mesh  per  linear  inch 5.1 

■to  mesh  per  linear  inch 19.8 

fiO  mesh  per  linear  inch 20.1 

SO  mesh  per  linear  inch 10.1 

100  mesh  per  linear  inch 2.5 

Passing  100  mesh  per  linear  inch 15.3 

ASPHALT    BLOCK. 

.\bout  882.(109  paving  block  manufactured 
by  the  Washington  Asphalt  Block  &  Tile  Co. 
were  used  in  the  paving  of  avenues,  streets, 
and  alleys  of  this  city  during  the  year,  in  the 
manufacture  of  which  was  used  Trinidad 
Lake  asphalt  fluxed  with  petroleum  residuum 
and  a  mineral  aggregate  composed  of  Po- 
tomac  granite,   trap   rock,   and   limestone. 

Mesh  Composition  of  Aggregate  Used  in  Mixture. 

Retained  on  sieve  having —  Per  cent. 

20  mes>i  pel-  linear  inch 6.8 

40  mesh  per  linear  inch 23.1 

60  mesh  per  linear  inch 28.8 

SO  mesh  per  linear  inch 15.6 

100  mesh  per  line;u-  inch 6.9 

Passing  100  mesh  per  linear  inch 18.S 

Asphalt    Block    Mixture. 

Specific  gravity  (manufactured  block)...  2.430 

Per  tent. 

Bitumen  soluble  in  carbon  bisulphide....  7.0 
Mesh  composition  of  mineral  aggregate: 

Retained  on  'A-in.  mesh  sieve 1.8 

Retained  on  20  mesh  per  linear  inch...  59.0 

Retained  on  100  mesh  per  linear  Inch..  16.3 

Passing  100  mesh  per  linear  inch 22.9 

Limestone  Dust  Used  in  Surface  Mixture. 
— This  material  is  used  as  a  filler  to  reduce 
the  void  in  the  sand  used  in  asphalt  surface 
mixtures.  During  the  year  there  were  ex- 
ainined  14  samples,  all  of  which  passed  the 
required  degree  of  fineness,  i.  e.,  all  to  pass 
a  30  and  not  less  than  85  per  cent  to  pass  a 
100-mcsh   sieve. 


44 


Engineering    and    Contracting 


Volume  XLIII. 


Roodwoy  and  Culvert 
L  =  Length  of  barrel 
1'  'Rood<^ay~dO^O' 

I 


OSfor-fills  over/0 
f'a'  ■•  I'O'depfh  of  fill 


I  Top  surface  to  be  struck  wi+h  a 
\siraighf  edge  and  irowel  led  down 
/llo  a  smooth  surface.then  add 
•     \one  coat  of  waterproof  pain  f 


fcofs 


■Make  construct'n 
Joint  on  this  tine 
I  ■■£4  Concr  above 
1:3:6       '        below 


1            * 

0  h 

<- lo'-O''-  — 

1 

~n      r 

— 1 

1 

ZJ       ^ 

— 

Detail  of  A  Bars 

Standard    Concrete    Culverts    Recom- 
mended By  the  Michigan  High- 
way Department. 

The  standard  type  of  concrete  culvert  for 
spans  varying  from  6  ft.  to  15  ft.  are  shown 
in  the  accompanying  drawings.  The  tables  and 
drawings  are   self-explanatory. 

In  reference  to  Table  No.  I.  it  may  be 
added  that  No.  18  wire  is  required  to  wire  all 
reinforcement  securely  in  place;  all  reinforce- 
ment to  be  structural  steel  with  either  a  round 
or  square  section.  If  other  bars  are  used  the 
total  number  of  bars  and  the  total  area  of 
.steel  must  not  be  reduced. 


Span    . . . 

A  Bars- 
Number. 

Size    

Length. . 
Spacing.. 

T    

U   

V    

W    

X     

B  Bars- 
Number.  . 
Size    . . . . 
Length. . 
Spacing.. 

C  Bars- 
Number. . 
Size    . . . . 
Lengtti.. 
Spacing. . 

D  Bars 
Number.. 

Size    

Length. . 
Spacing.. 


16  Ton  Rood  Pol  ler  Loading 


TABLE  I.— RODS  REQUIRED  FOR  21'  6"  LENGTH  OF  BARREL. 
"     0".         S'     0"         9'     0"     10'     0"        11'     0"       12'     0"       13'     0"       14'     0" 


17 
%"sq. 
7'     4" 
1'     3" 

V  7" 
0'  10" 
2'  4" 
0'  5" 
0'  11" 

17 
%"sq. 
7'     2" 
1'     3" 

4 
%"  sq. 
21'     0" 
1'     0" 

6S 

y  0" 
0'     7%" 


IS 


20 


S' 
1' 
1' 
1' 
3' 
0' 


0" 
0" 
6" 


sq. 
9" 
1" 
9" 


1'     1%" 

IS 
%"sq. 
S'     4" 
1'     2" 


1'     2" 
3' 
0- 
1' 


3%" 


21 
%"sq. 
11'  0" 
1'  0" 
1'  10" 
1'  4" 
4'  4" 
0'  8" 
1'     6" 


14 
1"  sq. 
12'  2" 
1'  7" 
1'  11" 
1'  6" 
.5'  0" 
0'  9" 
1'     S" 


19 
?4"sq. 
9'     6" 
1'     1" 


21  13 

%"  sq.  1"  sq. 

10'     8"  11'  10" 

1'     0"  1'     7" 


14 
1"  sq. 
13'  2" 
1'  6" 
1'  11" 
1'  6" 
6'  0" 
0'  9" 
1'     8- 

14 
1"  sq. 
11"  10" 
1'     6" 


16 
1"  sq. 
14'  2" 
1'  4" 
1'  11" 
1'  6" 
0" 


17 

1"  sq. 

15'     7" 


3" 
0" 


IS 

1"  sq. 

16'     9" 

1'     2" 

2'     1" 

r  10" 

S'     4" 


0'     9"         C  10%"     0'  1H4" 


1" 
IS' 
V 

2' 
2' 
9' 


20 
sq. 
0" 
1" 
2" 
0" 
0" 


1'     S" 

16 
1"  sq. 
13'  10" 
1'     4" 


1'  11%"  2'     1%" 

17  IS 

1"  sq.         1"  sq. 

15'     n"  16'     2" 

1'     3"  1'     2" 


5  G 

W  sq.  %"  sq. 

21'     0"  21'     0" 

1'     0"  1'     0" 


7 
•sq. 
0" 
0" 


s 

%"sq. 

31'     0" 

r     0" 


21' 
1' 


"sq. 
0" 
0" 


10  11  12 

%"  sq.  %"  sq.  %"  sq. 

21'     0"  21'     0"  21'     0" 

1'     0"  1'    0"  V     0" 


72  7S  81 

V  sq.  %"  sq.  %"  sq. 

3'     3"  3'     4"  3'     6" 

0'     7"  0'     6%"  0'     6" 


V     0" 
0'     9%" 


56 
%".sq. 
4'     0" 
0'     9" 


64 
%"  sq. 
4'     0" 
0'     8" 


68  72 

%''sq.  %"sq. 

4'     3"  4'     6" 

0'     7%"  0'     7" 


1'     OH  ' 
2'     4" 

19 

1"  sq. 

17'     4" 

1'      1" 

13 

%"  sq. 

21'     0" 

1'     0" 

78 
%"  sq. 
4'     9" 
0'     6Mr" 


TABLE  II.— DIMENSIONS  AND  QUANTITIES. 


Size  o; 
Span. 

.•;'  r." 
6'  0" 
6'  0" 
6'     0" 


V  0" 

7'  0" 

7'  0" 

7'  0" 

S'  0" 

8'  0" 

(,.  ,,., 

S'  0" 

9'  0" 

9'  0" 

9'  0" 

9'  0" 

10'  0" 

10'  0" 

10'  0" 

10'  0" 

11'  0" 

11'  0" 

ir  0" 

1 1'  0" 

12'  0" 

12'  0" 

12'  0" 

12'  0" 

13'  0" 

13'  0" 

13'  0" 

13'  0" 


culvert. 
Height 

3'  0" 

■I'  0" 

.-,'  0" 

6'  0" 

4'  0" 

5'  0" 

6'  0" 

7'  0" 

4'  0" 

5'  0" 

6'  0" 

7'  0" 

4'  0" 

5'  0" 

6'  O" 

7'  0" 

.-.'  0" 

6'  0" 

7'  0" 

S'  0" 

W  0" 

IV  n" 

7'  0" 

8'  0" 

V  0" 
6'  0" 
7'  0" 
S'  0" 

6'  0" 

7'  0" 

8'  0" 

9'  0" 


A 

0'  11" 
0'  11" 
0'  11" 
0'  11" 


V 
V 
V 

y 


14' 
14' 


14'     0" 


15' 
15' 
15' 


1'  1" 

1'  1" 

r  1" 

1'  1" 

r  2" 

1'  2" 

1'  3" 

1'  2" 

1'  3" 

1'  3" 

1'  3" 

V  3" 

r  4" 

V  4" 
1'  4" 
1'  4" 

1'  5" 

1'  5" 

1'  5" 

r  5" 

1-  6" 

1'  6" 

1'  6" 

r  6" 

V  7" 

r  7" 

]'  7" 

r  7" 

r  8" 

r  8" 

1-  8" 


B 

d'     9" 

0'  9" 

0'  9" 

0'  9" 

0'  10" 

0'  10" 

0'  in" 

0'  10" 

0'  11" 

0'  11" 

0'  11" 

0'  11" 

1'  0" 
1'  0" 
1'  0" 
1'     0" 

1'  1" 
1'    1" 

T     1" 

1'  1" 


D 

1'  0" 
1'  0" 
1'  3" 
1'     6" 


r    3" 


1'  1" 

1'  1" 

1'  1" 

1'  1" 

1'  2" 

r  2" 

1'  2" 

1'  2" 


1'  3" 

1'  6" 

1'  9" 

2'  0" 

1'  3" 

1'  6" 

1'  9" 

2'  0" 

1'  6" 

1'  9" 

2'  0" 

2'  3" 


E 
2'     0" 
2'     6" 
3'     0" 
3'     6" 

2'  6" 

3'  0" 

3'  6" 

4'  0" 

2'  6" 

3'  0" 

3'  6" 

4'  0" 

2'  6" 

3'  0" 

3'  6" 

4'  0" 

0" 
6" 
0" 
6" 

0" 
6" 

0" 

6" 

0" 
6" 
0" 
6" 

3'  6" 

4'  0" 

4'  6" 

5'  0" 


-Dimensions  for  ooncrete- 


F 
2'     3" 
2'     9" 
3'     3" 
3'     9" 


G 

7'     1%" 
8'     1" 
9'     5" 
10'  10%" 


K 

3'  0" 
3'  0" 
3'  0" 
3'     0" 


2'  10"  S'  4"  3'  6" 

3'     4"  9'  9"  3'  6" 

3'  10"  10'  10"  3'  6" 

4'     4"  12'  21/2"  3'  6" 

2'  11"  8'  7%"  4-  0" 

3'     5"  10'  0%"  V  0" 

3'  11"  11'  1%"  4'  0" 

4'     5"  12'  5%"  4'  0'< 

3'     0"  9'  0"  -1'  6" 

3'     fi"  9'  9"  4'  6" 

V     0"  11'  4"  4'  6" 

4'     6"  12'  9"  !■*  6" 


7" 
1" 
7" 
1" 

S" 
2" 
8" 
2" 

9" 
3" 
9" 
3" 

4" 
10" 

4" 
10" 


10'  4%" 

11'  10"' 
13'     1" 

14'  3%" 

10'  7" 

U'  U%' 

12'  11" 

14'  6" 


U'     0%"  «'  0" 

12'     2"  C  0" 

13'     3%"  6'  0" 

14'  11%"  6'  0" 

12'     5"  6'  G" 

13'  10%"  6'  6" 

15'     2%"  6'  6" 

16'     4"  6'  6" 


1' 
1' 
1' 
1' 

1' 
1' 
1' 

r 


3' 

4' 
4' 
n' 

3' 
4' 
4' 


4'  5"  12'  9%"  7'  0" 

4'  11"  \V  0%"  7'  0" 

5'  5"  15'  3%"  7'  0" 

5'  11"  16'  S"  7'  0" 

4'  6"  13'  1%"  7'  6" 

5'  0"  14'  3"  7'  6" 

5'  6"  15'  8%"  7'  6" 

6'  0"  16'  11"  7'  6" 


M 

1'  11%" 

2'  4%" 

2'  9%" 

3'  3" 

2'  5%" 

2'  10%" 

3'  4" 

3'  8" 

2'  6%" 

2'  II  %" 

.3'  4%" 

3'  10" 

2'  7H" 

3'  0%" 

3'  5%" 

3'  10%" 

3'  114" 

3'  6" 

3'  11%" 

4'  4%" 

3'  2" 

3'  7%" 

4'  0%" 

4'  5%" 

3'  3" 

3'  Wi" 

4'  1%" 

4'  6%" 

3'  9" 

4'  214" 

4'  7%" 

5'  0%" 

3'  10" 
4'     3" 

4'  81,4" 

5'  1%" 

.3'  10%" 

4'  4" 

4'  9" 

5'  3" 


1'     1" 

r  4" 
r    6" 

1'     9" 

V  1" 
1'  4" 
1'     7" 

r    9" 

V  2" 

r    4" 

1'  7" 
T     9" 

V  4" 

V  7" 
1'     9" 

r  11" 

r  4" 
r    7" 

1'     9" 

1'  11" 

1'  4" 
1'  7" 
1'     9" 

1'  11" 

1'     7" 

r  9" 
1'  11" 

2'     2" 

1'  7" 
1'  9" 
1'  11" 
2'     2" 

1'  7" 
1'  9" 
1'  11" 
2'     2" 


P 

3'  11" 
4'     9" 
5'     71A" 
6'     6"' 

4'  11" 
5'     9%" 
6'     8" 
7'     6" 

5'     0%" 
5'  11" 
6'     9%" 
7'     8" 

5'  2%" 

6'  0%" 

6'  11" 

7'  9%" 

6'     2%" 
7'     0" 
7'  1114" 
8'     9%" 

6'     41/4" 
7'     2%" 
8'     1" 
8'  11%" 


Q 

4%" 

1%" 

10%' 

7%" 


Cu.  yds.  in 
Cu.  yds.  per  two  wings 
linear  ft.      and  one 


4'  3" 

5'  0" 

5'  9" 

0'  6" 

4'  4%" 

5'  1%" 

5'  10%" 

6'  7%" 

4'  6" 

5'  3" 

6'  0" 

6'  9" 

5'  4%" 

6'  1%" 

6'  10%' 

7'  7%" 


6' 


6" 

7'  4%" 

8'  3" 

9'  1" 

7'  6" 

8'  4%" 

9'  2%" 

10'  IVi" 


5' 
6' 
7' 

7' 

5' 
6' 


S' 

9' 

10' 


9 
10' 


6" 

4%" 

3" 

9%" 


6" 
3" 
0" 
9" 

7%" 

4%" 

T-      1%" 

7'  10%" 

6'  6" 

7'  3" 

8'  0" 

8'  9" 

6'  7%" 
7'  4%" 
8'  1%" 
S'  10%" 


6' 

7' 

9'     GVi"     8' 

-      5%"    9' 


9" 
6" 
3" 
0" 


of  barrel, 
0.684 
0.748 
0.888 
1.044 

0.827 
0.967 
1.130 
1.307 

0.908 
1.051 
1.216 
1.397 

0.995 
1.142 
1.310 
1.493 

1.248 
1.416 
1.606 

I.SIO 

1.311 
1.47S 
1.669 
1.874 

1.376 
1.544 
1.735 
1.938 

1.662 
1.855 
2.062 
2.288 

1.795 
1.988 
2.200 
2.433 

1.926 
3.143 
3.335 
2.572 


Depth  of  fill 

Length  of  barrel 


LENGTH  OF  BARREL  REQUIRED  FOR  20-FT. 

1'     0'' 

21'     6" 


ROADWAY  AND  DEPTHS  OF  FILL  UP  TO  10-FT. 
2'     0"         3'     0"         4'     0"         5'     0"    6'     0"         7'     0"         8' 
24'     6"       27'     6"       30'     6"       33'     6"  36'     6"       39'     6"       42' 


guard  wall. 
2.96 
4.16 
5.68 
7.94 

4.37 

6.16 

8,13 

10.68 

4.70 

6.55 

8.76 

11.16 

5.32 

6.85 

9.09 

11.91 

7.50 

9.83 
12.63 
15.95 

7.69 

9.81 
12.7s 
16.36 

8.15 
10.48 
13.13 
17.09 

11.02 
14.08 
17.93 
22.05 

11.66 
14.90 
18.53 
23.02 

12.20 
15.40 
19.40 
23.75 


9' 
4B' 


Good 
for  fills 
up  to — 
10'  0" 
10'  0" 
10'  0" 
10'     0" 

7'  0" 

7'  0" 

7'  0" 

7'  0" 

4'  0" 

4'  0" 

4'  0" 

4'  0" 


3' 
3' 


0" 
0" 

3'  0" 

3'  0" 

3'  0" 

3'  C" 

3'  0" 

3'  0" 

3'  0" 

3'  0" 

3'  0" 

3'  0" 

3'  0" 

3'  0" 

3'  0" 

3'  0" 


3'     0" 


10' 
48' 


^    J 


irmg  mm 


CoMffaeiLaim^ 


Published    every    Wednesday    by    The    Myron    C.    Clark    Publishing    Company.    608    So.     Dearborn    Street,    Chicago 

Entered  as  second-class  matter,  April  17,  1907,  at  the  Post  Office  at  Chicago.  Illinois,  under  Act  of  March  3,  1879. 
Copyright,  1914. by  The  Myron  C.  Clark  Publishing  Company. 

EDITORS:    H.P.Gillette.    C.S.Hill.    C.T.Murray.    S.  C.  Hadden,    C.  W.  Malcolm,      C,  R.  Thomas.  MANAGER:  F.  P.  Burt. 

SUBSCRIPTIONS  (payable  in  advance) :  $2.00  a  year  (52  issues)  in  the  United  States,  Cuba.  Mexico,  Alaska,  Hawaii.  Guam,  Porto  Rico,  Philippine  Islands,  Republic  of  Panaxnsi 
Canal  Zone  and  Island  of  Tutuila.    $3.00  a  year  in  the  Dominion  of  Canada.    $4>00  a  year  in  all  other  countries. 


Vol.  XLIII.     No.  2. 


INDEX  TO  TECHNICAL  ARTICLES. 


January  13,  1915. 


ROADS:    Economics,  Location. 

Alignment  and  Grader  on  Country  Roads 
Requiring  a  Pavement  Not  Readily  Re- 
placable    21 

Discusses  editorially  the  importance  of  secur- 
ing the  best  possible  location  prior  to  paving  a 
country  road.  Gives  a  comparison  with  railroad 
conditions.    E.  &  C,  Jan.  13,  1915;  1  col. 


WATER    WORKS,   OPERATION:     Unprofit- 
able, Philadelphia. 

Is  the   Philadelphia   Water  Works  System 
Profitable?    21 

.A.n  editorial  pointing  out  that  the  Phila- 
delphia water  system  is  not  operated  at  a  profit 
In  the  ordinary  business  sense.  Depreciation 
and  con-atruction  costs  are  not  properly  allowed 
for.     E.  &  C,  Jan.  13,  1914;  %  col. 


GROUTING:    In    Engineering    Construction. 

Grouting  as  a  Method  of  Engineering  Con. 
structlon    21 

Editorial  commenting  on  the  increasing  use 
of  cement  grouting  in  engineering  construction 
work,  and  a  brief  account  of  its  development 
and  of  present  practice.  E.  &  C,  Jan.  13,  1915; 
5V4  cols. 


AQUEDUCTS:     Hartford,    Conn.      (Nepang.) 

Design  and  Construction  of  the  New  Sup- 
ply Conduit  (Nepang)  of  the  Hartford, 
Conn.,   Water  Works    23 

Describes  conditions  calling  for  this  aqueduct 
and  describes  features  of  design.  Gives  many 
details  of  handling  the  construction  work.  Con- 
duit consists  of  tunnel,  cut-and-cover  horseshoe 
section  and  42-in.  cast  iron  pipe.  E.  cS:  C,  Jan. 
13,    1915;   71/2   cols. 


WATER  WASTE:    Prevention  of;  Washing- 
ion,  D.  C. 

Increasing  Precision  In  Pitometer  Survey 
Work  at  Washington,  D.  C.  —  Meter 
Reading    26 

Describes  improved  methods  made  necessary 
by  decreasing-  leakage  after  eight  years  of  work. 
Describes  meter  reading  methods  in  connection 
with  waste  curtailment.  E.  &  C,  Jan.  13  1915; 
2   cols. 


WATER      MAINS: 
Cai. 


Laying    at    .San    Diego. 


Field  and  Office  Methods  in  Connection 
With  the  Laying  and  Repair  of  Large 
Water  Mains  at  San  Diego,  Calif 26 

Describes    procedure    from    the    ordinance    of 


council  to  the  completion  of  the  work  in  the 
field.  A  description  by  the  foreman  of  con- 
struction.    E.  &  C,  Jan.  13,  1915;  21/2  cols. 


BEAMS,  CONTINUOUS:    Simplified  Deriva- 
tion of  Theorum  of  Three  Moments. 

A  New  and  Simplified  Derivation  of  the 
Most  General  Form  of  the  Theorem  of 
Three  Moments   27 

Gives  a  new  and  simplified  derivation  of  the 
most  general  form  of  the  theorem  of  three  mo- 
ments. This  derivation  consists  in  making  use 
of  a  property  of  the  M/EI  curve.  E.  &  C.  Jan. 
13,   1914;  41/2  cols. 


BRIDGES:      Reinforced    Concrete;    Use    on 
Railroads. 

Data     on     Reinforced     Concrete     Railroad 
Bridges     and     Extent     to     Which     Such 

Bridges  Are  Used 29 

Gives  some  important  data  on  the  extent  to 
which  various  types  of  reinforced  concrete 
bridges  are  used  on  railroads.  Also  gives  con- 
crete proportions,  allowable  stresses  and  loads 
used  in  designing  reinforced  concrete  deck  slabs, 
and  shows  design  drawings  of  distinctive  types 
used  on  various  railroads  in  the  United  States 
and  Canada.     E.  &  C,  Jan.   13,  1915;  SVs  cols. 


BRIDGE    WORK:     Instruction   to   Employes 
on. 

Instructions  to  Employes  Governing  Bridge 
Work  by  Pennsylvania  State  Highway 
Department     32 

Gives,  in  condensed  form,  the  instructions  to 
employes  engaged  in  bridge  work,  issued  by  the 
Pennsylvania  State  Highway  Department.  These 
instructions  contain  much  of  value  to  those  en- 
gaged in  the  design,  consti'uction  and  mainte- 
nance of  highway  bridges.  E.  &  C,  Jan.  13, 
1915;  5V4  cols. 


DREDGING:     Records  and  Costs. 

Certain  Cost  Data  on  the  Work  of  Im- 
proving the  Neponset  River  In  Massa- 
chusetts         34 

Outlines  Improvement;  describes  conditions  of 
work  and  materials  dredged;  gives  account  and 
tabulations  of  delays;  tabulates  complete  oper- 
ating records  of  dredges.  E.  &  C  Jan.  13,  1915; 
9  cols. 


SEWAGE       TREATMENT: 
Dak.,  Plant. 


Aberdeen, 


Design,  Construction  and  Cost  of  New 
Sewage  Disposal  Plant  at  Aberdeen,  S. 
Dak 37 

Describes  details  of  design  of  new   treatment 


plant  comprising  pump  house,  pumping  equip- 
ment, producer  gas  plant,  sedimentation  tank, 
sprinkling  filter,  sludge  filter  and  final  settling 
tank.  Plant  all  housed  in  to  permit  of  opera- 
tion under  severe  winter  conditions.  Construc- 
tion plant  and  methods  are  described,  and  wages 
paid  and  unit  costs  are  given.  E.  &  C,  Jan.  13, 
1915;    5%    cols. 


INDUSTRIAL     WASTES:     Chicago     Stock- 
yards; Disposal  of. 

Recommended  Procedure  In  Disposal  of 
Wastes  From  the  Stockyards  and  Pack- 
ingtown    In    Chicago 38 

Brief  digest  of  summary  and  conclusions  of  a 
350-page  report  on  the  packing  industry,  its 
units  and  wastes,  on  the  tests  of  promising 
methods  of  treatment,  and  on  a  project  for  the 
improvement  of  Bubbly  Creek.  E,  &  C  .  Jan.  13, 
1915;   1%   cols. 


PAVEMENTS:  Bituminous,  Cementing  Value 
Test. 


The  Cementing  Value  of  Bituminous  Bind- 
ers and  Results  Obtained  In  Some  Com- 
mercial  Tests    


39 


Describes  in  detail  apparatus  for  and  results 
obtained  from  a  modification  of  the  ductility 
test.  The  new  test  is  named  the  cementing 
value  test.  The  various  steps  in  the  develop- 
ment of  the  test  are  given  and  typical  results 
are  shown  bv  means  of  tables  and  diagrams.  E. 
&  C,  Jan.  13,  inrj;  10  cols. 


PAVEMENTS:   .^sphaltic  Concrete,   .\sphalt 
Block. 

Analyses  of  Asphaltic  Concrete  and  As- 
phalt Block,  Laid  in  Washington,  D.  C, 
in    1914    


43 

Gives  data  on  mixtures  used  in  asphaltic  con- 
crete and  asphalt  block  pavement  derived  from 
tests  of  material  used  in  the  construction  of 
pavements  in  Washington,  D.  C.  E.  &  C,  Jan. 
13,   1915;   2   cols. 


CULVERTS:  Concrete;  Jlichigaii   Standards. 
Standard  Concrete  Culverts  Recommended 
by   the    Michigan    Highway    Department.     44 

Tables  and  diagrams  .showing  the  standard 
type  of  concrete  culvert  for  spans  varying  from 
G  ft.  to  15  ft.  as  reccinuiiended  bv  the  Michigan 
State  Highway  Department.  E.  &  C.  Jan.  13, 
1915;    3   cols. 


INDEX  TO  WORKS  AND  PRODUCTS  DEALT  WITH  IN  THIS  ISSUE. 


EARTH    EXCAVATION: 

Steam  Shove],   24 — Dredging. 

ROCK   EXCAVATION: 

fiiamond    Drilling 


34 


24 


CONCRETE    CONSTRUCTION: 

Reservoir.  24 — Conduit,  24  —  Reinforced 
Floor,  26— Reinforced  Concrete  Railway 
Bridges,  29— Culverts,  29— Deck  Slabs, 
29 — Piers  and  Abutments,  31 — Sidewalks, 
31— Highway  Bridges  and  Culverts,  32— 
Proportions,  33 — Pump  House,  37 — Tank, 


37— Sludge    Filter,     37— Concrete     Pave- 
ment,    43 — Culverts 44 


STEEL  CONSTRUCTION: 

Steel     Pipe,     2.'— Beams, 
Spans,     29 — Reintorcins 
Steel     Bridges 


27— Steel    Giroer 
Steel,    30,    32— 


S3 


BITUMINOUS    PRODUCTS: 


Bituminous    Binders,      39 — .\sphaltic    Con- 
crete, 43— .\sphalt  Block 43 


FOUNDRY   PRODUCTS: 
Cast  Iron  Pipe.   25— Meters,   26— Cast  Iron 
.M:uns,     27— Hydrants 27 

TIMBER    PRODUCTS: 

Forms,    32 — Bridge    Floorin.g 33 


MACHINERY    AND    APPLIANCES: 

Dipper  Dredge,  34— Orange  Peel  Bucket, 
:M— Hydraulic  Sluicing  Boat,  34— Pump- 
ing Plant  Equipment.  37 — Concreting 
Plant,  38- Bituminous  Testing  -Appa- 
ratus           39 
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FOREIGN  TRADE  NOTES 

The  following  foreign  trade  opportunities 
are  listed  by  the  Bureau  of  Foreign  and  Do- 
mestic Commerce.  Where  addresses  are  omit- 
ted in  the  items  they  may  be  obtained  from 
the  office  of  the  Bureau  at  Washington,  D. 
C,  or  from  the  branch  offices  at  337  Custom 
House,  New  York;  629  Federal  Bldg.,  Chi- 
cago, 111. !  76  Appraiser's  Stores  Bldg.,  San 
Francisco,  Cal.  ,and  Association  of  Commerce 
Bldg.,  New  Orleans,  La.  In  applying  for  ad- 
dresses reference  should  be  made  to  the  rile 
numbers. 

Machinery,  Steels,  Etc. — Italian  firm  wishes 
to  act  as  local  representative  for  American 
manufacturers  of  and  dealers  in  steel,  metals, 
industrial  machinery,  tools,  and  teclmical  in- 
struments, etc.    No.  15137. 

Brick  Machinery. — Merchant  in  Spain  wishes 
to  communicate  with  American  manufacturers 
of  machines  for  making  brick.  Catalogues, 
prices,  etc.,  should  be  sent  immediately.  Cor- 
respondence should  be  in  Spanish.     No.  15149. 

Railway  Motor  Cars. — Business  man  in 
South  America  desires  to  establish  commer- 
cial relations  with  American  manufacturers  of 
gasoline  and  electric  motor  cars  for  railroad 
service.     No.  15058. 

Spruce  Wood. — English  firm  wishes  to  pur- 
chase spruce  wood.    No.  15070. 

Catalogs,  Publications. — The  Russian-Ameri- 
can Chamber  of  Commerce,  Miasnitsky 
Proiesd  No.  1,  Moscow,  would  appreciate  the 
receipt,  regularly,  of  leading  American  com- 
mercial publications  for  the  use  of  its  mem- 
bers. Catalogues  of  manufacturers  of  all 
goods  imported  by  Russia  will  also  be  ac- 
ceptable. 

Presses  for  Tile  Making. — Russian  company 
desires  to  be  put  in  touch  with  manufacturers 
of  hydraulic  presses  for  making  terra-cotta 
tiles.  Correspondence  should  be  in  Russian, 
French,  or  Gerrnan.     No.  15115. 

Tools. — Firm  in  southern  Europe,  which 
has  hitherto  imported  its  stock  of  tools  and 
machine  tools  from  European  countries,  in- 
forms an  American  consul  that  it  desires  to 
purchase  similar  supplies  from  the  United 
States.  The  firm  solicits  catalogues,  prices, 
etc.  Correspondence  may  be  conducted  in 
English.     No.  1512-1. 

Wire,  Nails,  Etc. — Firm  in  United  Kingdom 
desires  to  purchase  wire  netting,  barbed  wire, 
strand  wire,  round  and  oval  wire  nails,  and 
carriage  bolts.     No.  15117. 

Wire  Nails,  Fencing,  Etc. — Spanish  Com- 
mission agent  is  desirous  of  importing  tool 
grinders,  plumber's  supplies,  wire  nails,  wire, 
and  wire  fencing.  Catalogues  and  corre- 
spondence should  be  in  Spanish.     No.  15087. 

Wire  Nails. — British  firm  desires  to  place 
an  order  for  wire  nails  to  be  shipped  to  the 
East  Indies.     No.  15068. 

Machinery. — European  firm  is  interested  in 
gear  cutters,  milling  machines,  and  cylindrical 
grinders,  and  is  an.xious  to  represent  reliable 
American  manufacturers.  If  possible,  prices 
should  be  quoted  in  English  currency,  and  be 
made  c.  i.  f.  British  ports.     No.   15048. 

Lathes. — .A.  firm  in  the  British  Isles  is  inter- 
ested in  turret,  canstan,  and  automatic  bar 
lathes.  The  firm  wishes  to  represent  Ameri- 
can manufacturers.  Prices  should  be  quoted 
in  English  currency,  if  possible.  Quotations 
should  be  c.  i.  f.  British  ports.    No.  15050. 

Locomotive  Boiler  Tubing. — Firm  in  South- 
ern Europe  desires  to  communicate  with 
American  manufacturers  of  steel  boiler  tubing 
for  railway  locomotives.  The  tubing  should 
be  P/i  ins.  in  diameter.  Catalogues,  etc., 
should  be  sent  at  once.  Correspondence  may 
be  in  English.     No.  15159. 


Bridge  &  Iron  Works,  Chicago,  111.,  has  been 
placed  in  charge  of  a  new  office  which  the 
company  has  opened  at  MonticcUo,  Fla.  He 
will  look  after  the  interests  of  the  company 
m  the  states  of  Georgia,  Florida  and  Alabama. 

The  Aetna  Powder  Co.,  of  Chicago,  has  re- 
cently become  part  of  the  newly  organized 
merger  of  several  independent  explosive  con- 
cerns. The  new  name  of  the  company  is  the 
.\etna  E-xplosive  Co.,  2  Rector  St.,  New  York. 
.\mong  the  companies  absorbed  is  the  Miami 
Powder  Co.  The  new  corporation  also  takes 
over  the  Aetna  Co.'s  two  plants  at  Thebes, 
111. ;  the  dynamite  mills  at  Aetna,  Ind.,  and  fac- 
tories at  Xenia  and  Goes,  O.  In  addition  it 
acquires  the  entire  town  of  Aetna,  three  miles 
east  of  Gary,  Ind.,  and  650  acres  of  land.  It 
is  said  that  in  the  future  the  Aetna  plant  also 
will  make  chemicals. 

Mr.  George  P.  Du  Bose  has  been  appointed 
superintendent  of  the  plant  of  the  Holt  Manu- 
facturing Co.  at  Stockton,  Cal.  Mr.  Du 
Bose  has  been  with  the  Holt  Co.  only  a  short 
while  in  charge  of  constructing  exhibition 
machines  for  the  two  1915  Expositions,  but 
the  ability  shown  here  and  his  record  else- 
where made  him  a  choice  for  the  position. 
Since  the  retirement  of  Geo.  W.  Haines  from 
active  work  several  years  ago,  no  general  su- 
perintendent had  been  appomted,  and  the  se- 
lection of  Mr.  Du  Bose  comes  only  after  a 
very  careful  canvass  of  available  men  in  vari- 
ous parts  of  the  country-.  ;\Ir.  Du  Bose  has 
had  extended  experience  in  construction  work. 
He  also  has  had  a  variety  of  experience  in 
modern  shops,  all  of  which  will  be  applied  to 
the  Holt  plant  as  occasion  arises.  No  other 
changes  in  shop  personnel  are  involved  in  this 
move,  the  need  of  a  superintendent  for  sim- 
plifying routine  and  exercising  a  general  su- 
pervision over  production  work  having  been 
demonstrated  repeatedly  during  the  almost 
continuous   rush  of   the   last  year. 


INDUSTRIAL  NOTES 

The  name  of  the  Utah  Cuhert  Co.  of 
Woods  Cross,  Utah,  has  been  changed  to  the 
Utah  Corrugated  Culvert  &  Flume  Co. 

Mr^  E.  G.  Ladd,  for  the  past  20  years  in 
the    Contracting   Department   of    the    Chicago 


NEW  CATALOGUES 

Ro.-\D  Leveler  and  Gr.^der. — Paper,  circular. 
Bresee  Manufacturing  Co.,  Mattoon,  111. 

Describes  the  Uncle  Jim  road  machine  and 
shows  a  number  of  views  of  work  being  done 
by  this  leveler  and  grader.  .\lso  gives  a  few 
testimonial  letters. 

Wire  Rope.— Paper,  SxlOVz  ins.;  8  pp.  A. 
Leschen  &  Sons  Rope  Co.,  914-926  N.  First  St., 
St.  Louis,  Mo. 

The  January  number  of  Leschen's  Hercules, 
consisting  of  articles  and  photographs  showing 
work  done  with  Leschen  wire  rope. 

Vanadium. — Paper,  8x10  ins. ;  12  pp.  Amer- 
ican Vanadium  Co.,  341  \'anadium  Bldg.,  Pitts- 
burgh, Pa. 

The  December  number  of  American  Vana- 
dium Facts,  containing  articles  on  the  use  of 
vanadium  steel  in  locomotives,  for  piston  rods, 
stamping  and  forming  dies,  etc.    Illustrated. 

Dump  Wagons. — Paper,  10%x7%  ins.;  12 
pp.    A.  Streich  &  Bro.  Co.,  Oshkosh,  Wis. 

Illustrates  and  describes  Streich  steel  body 
sanitary  garbage  wagons,  built  in  one  and  two- 
horse  sizes.  Shows  wagons  equipped  with  vari- 
ous attachments  and  in  loading  and  dumping 
positions.  Gives  tables  of  sizes,  weight,  capac- 
ity, etc.,  for  the  several  types. 

Segment  Block  Sewers. — Paper,  5.x7  ins.. 
16  pp.     American  Sewer  Pipe  Co.,  Akron,  O. 

The  December  number  of  The  Segment 
Block,  a  little  publication  devoted  to  the  ad- 
vancement of  Amco  Segment  Block  for  Sewer 
Construction.  It  is  composed  of  cheerful 
philosophy,  quips  and  rhymes,  together  with 
photographs  and  brief  descriptions  of  Amco 
construction. 

White  Portland  Cement. — Paper,  6x9  ins. ; 
18  pp.  Sandusky  Portland  Cement  Co.,  San- 
dusky, Ohio. 

The  January  number  of  the  Medusa  Review, 
consisting  of  photographs,  articles  and  brief 
notes  showing  the  uses  of  Medusa  White  Port- 
land Cement.     This  number  shows  its  applica- 


tion to  barns,  reservoir,  bathing  pool,  silo  and 
residence  construction. 

Asbestos  Protected  Metal. — Paper,  8V4x 
10%  ins.;  32  pp.  Asbestos  Protected  Metal 
Co.,  100  Main  St.,  Beaver  Falls,  Pa. 

"Asbestosteel  for  Roofs  and  Walls"  is  the 
title  of  Bulletin  No.  54,  a  handsome  publica- 
tion devoted  to  the  type  of  concrete  and  steel 
construction  called  "Asbestosteel."  Contains 
views  and  diagrams,  reports  of  tests,  brief  spe- 
cifications and  a  number  of  tables  giving  perti- 
nent data. 

Electrical  .\ppar.\tus. — Paper,  leaflets,  6-x9 
ins.  Steel  City  Electric  Co.,  1207-1219  Co- 
lumbus Ave.,  Pittsburgh,  Pa. 

Four  leaflets  for  insertion  in  the  loose  leaf 
binder  furnished  by  the  company.  Bulletin 
No.  25,  Superior  Fish  Wire ;  No.  26,  Star  Fix- 
ture Stems  and  Beam  Strips;  No.  27,  "Steel 
City"  Outlet  Boxes  for  Concrete  Work ;  No. 
28,  Conduit  Bushing  Adapters  and  Hickey  Fix- 
ture Hangers.    All  illustrated. 

Cableways,  Hoists  and  Derricks. — Paper, 
8y2.x7%  ins.;  20  pp.  S.  Flory  Mfg.  Co.,  Ban- 
gor, Pa. 

Illustrations  showing  the  work  of  Flory 
productions  used  in  construction  of  the  Ken- 
sico  dam  of  the  Catskill  water  supply  system 
and  a  brief  description  of  the  work  comprise 
this  booklet.  The  apparatus  shown  include 
Flory  cableways,  traveling  towers,  derricks 
and  boom  swingers. 


CATALOGUE  REVIEWS 

Steam  Sho\els. — Paper,  y.xlOVs  ins. ;  36  pp. 
The  Thew  Automatic  Shovel  Co.,  Lorain,  O. 

Catalogue  No.  9,  issued  by  the  Thew  Shovel 
Co.,  describes  the  full  circle  swing  steam 
shovels  with  horizontal  crowding  motion  man- 
ufactured by  that  company.  A  general  de- 
scription of  the  Thew  type,  illustrated  by 
views  of  tjpical  Thew  shovel  operations,  is 
followed  by  a  brief  sketch  of  the  theory  and 
practice  of  the  horizontal  dipper  crowding 
motion  and  a  summary  of  its  advantages.  The 
various  types  are  then  shown  and  described 
in  detail  with  data  as  to  weight,  size  of  dip- 
per, etc. 

The  mechanism  of  the  Thew  shovel  is  ex- 
plained, and  then  the  various  modifications 
are  taken  up.  Illustrations  of  the  shovels 
equipped  with  clam  shell  buckets,  sewer  trench 
boom,  jackknife  boom,  etc.,  accompany  these 
descriptions.  Electrically  operated  shovels  are 
shown  and  described,  as  are  also  Thew  shov- 
els for  electric  railroads,  for  handling  clay 
and  shale,  for  road  construction  and  street 
grading  and  for  contractors'  requirements  in 
general.  Some  data  as  to  operating  costs, 
labor,  fuel,  etc.,  are  also  given.  The  book  con- 
cludes with  views  and  notes  on  the  work  of 
Thew  shovels  for  mining  and  ore  handling. 

Hoists  and  Derricks. — Paper,  6%x9%  ins.; 
112  pp.  Minneapolis  Steel  &  Machinery  Co., 
Minneapolis,  Minn. 

Twin  City  hoists  and  derricks  are  presented 
in  catalogue  B-201  with  great  detail  and  elab- 
orately illustrated.  The  first  part  of  the  book 
is  devoted  to  Twin  City  hoists.  General  con- 
struction details  with  cuts  showing  the  vari- 
ous parts,  the  boiler,  patent  friction  device  and 
splash  lubricating  device,  etc.,  are  followed  by 
cuts  and  description  of  the  various  types. 
Tables  of  dimensions  are  given.  Electric,  gas- 
oline and  oil  motor  hoists  and  a  number  of 
special  applications  are  described ;  also  Twin 
City  car  pullers,  tractor  hoists  and  tractors  for 
road  construction  and  street  paving  work. 

Twin  City  derricks  are  then  described  with 
numerous  illustrations  and  diagrams  showing 
construction.  Tables  of  sizes,  descriptions  and 
cuts  showing  the  equipment,  boom,  buckets, 
bull  wheel,  sheaves,  step  and  foot  blocks,  etc., 
are  given.  Specially  designed  derricks  for 
various  kinds  of  work  are  shown  in  operation. 
The  latter  part  of  the  book  is  given  over  to 
the  equipment  used,  such  as  wire  rope  and 
fastenings,  buckets,  blocks,  trolleys,  post 
cranes,  etc. 
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General     business     condi- 
The  Doings      tions  have  shown   a   steady 
improvement      during      the 
of  past  week.     An     important 

,      ^iT      ,  feature    of     the     industrial 

tne  WeeK.  situation  has  been  the  re- 
turn of  the  railways  to  the 
buying  market.  Orders  placed  by  the  steam 
lines  since  Jan.  1  for  equipment,  rails  and 
supplies  are  estimated  to  amount  to  fully  $7,- 
OOO.OlX),  and  inquiries  from  the  larger  systems 
calling  for  an  addition  of  perhaps"  $10,000,000 
are  pending.  The  money  market  is  becoming 
more  favorable  for  new  enterprises  and  the 
sale  of  bonds  for  constructive  improvements. 
Some  of  the  larger  railways  are  preparing  for 
new  financing.  The  Pennsylvania  System  will 
bring  out  a  $100,000,000  bond  issue  "in  March, 
while  the  Chicago,  Milwaukee  &  St.  Paul  Ry. 
has  made  an  offering  of  $29,000,000  of  se- 
curities. Both  of  these  roads  intend  to  apply 
some  of  the  funds  for  improvements.  In  the 
construction  field  there  has  been  decided  im- 
provement over  the  previous  week.  Bids  were 
opened  on  several  good  sized  contracts  and  a 
great  deal  of  new  work  came  up  for  adver- 
tising. In  the  south  a  number  of  municipal- 
ities are  asking  proposals  on  water  works, 
sewers,  and  street  paving.  Northern  cities 
have  not  as  yet  began  asking  bids  to  any  great 
extent  on  this  season's  construction  activities, 
but  prospects  are  good  that  a  great  deal  of 
this  work  will  be  ready  for  figuring  in  the  next 
few  weeks.  In  the  Iron  and  Steel  trade  the 
buying  of  the  railroads  has  brought  out  con- 
siderable activity.  Prices  are  firmer,  more 
inquiries  are  being  received,  and  mill  opera- 
tions are  showing  better  schedules.  Increased 
activity  in  new  structural  work  is  reported. 
The  Iron  Age  prices  for  finished  iron  and 
steel  and  for  sheets,  nails  and  wire  ^or  the 
week  ending  Jan.  6  were  as  follows : 
Finished    Iron   and   Steel.  Jan.  6.     Dec.  "0. 

Per  lb.  to  large  buyers.  Cts.  Cts. 

Bess,  rails,  heavy,  at  mill 1.2."i  1.25 

Iron  bars,  Philadelphia 1.17'/4         1.17^ 

Iron  bars,  Pittsburgh I.I.t  1.1.5 

Iron  bars.  Chicago n.97%         0.95 

Steel   bars,   Pittsburgh 1.10  1.0.5 

Steel  bars.  New  York 1.21;  121 

Tank  plates,   Pittsburgh 1.10  1.0.5 

Tank  plates,  New  Tork 1.26  1.21 

Beams,    etc..    Pittsburgh 1.10  1.05 

Beams,  etc..  New  Tork 1.2(5  1.21 

Skelp,  groover]  steel,  P'gh 1.10  1.10 

Skelp,  sheared  steel,  P'gh 1.1.5  1.15 

Steel  hoops,  Pittsburgh 1.20  1.20 

Sheets,   Nails  and  Wire. 
Per  lb.  to  large  buyers. 

Sheets,  black.  No.  2S,  P'gh l.SO  l.SO 

Galv.  sheets.  No    28,  P'gh....     2.7.5  2.75 

Wire  nails,  Pittsburgh 1.50  1.50 

Cut  nails,   Pittsburgh 1.50  1.50 

Fence  wire,  base,  P'gh l.'iO  1..30 

Barb  wire,  galv.,  P'gh 1.90  1.90 

For  structural  material  f.  o.  b.  Pittsburgh 
The  Iron  Age  prices  were  as  follows :  I-beams, 
3  to  15  in. ;  channels,  3  to  15  in. :  angles,  3  to 
6  in.  on  one  or  both  legs,  %  in.  thick  and 
over,  and  zees,  3  in.  and  over,  1.10  cts. 
Extras  on  other  shapes  and  sizes  are  as  fol- 
lows :  I-beams  over  15  ins.,  H-beanis  over  S 
ins.,  angles  over  6  ins.,  on  one  or  both  legs, 
0.10  cts.  per  pound.  Tees,  structural  sizes, 
0.05  cts.  per  pound ;  channels  and  tees  under 
3  ins.  wide,  0.20  to  0.80  cts.  per  pound;  deck 
beams  and  bulb  angles,  0.20  cts.  per  pound. 

Railways. — No  developments  of  particular 
importance  in  the  railroad  construction  field 
have  taken  place  during  the  past  week.  As 
noted  elsewhere  in  this  column  the  carriers  are 
now  showing  considerable  activity  in  placing 
orders  for  equipment  and  supplies.  Later  on 
it  is  likely  that  they  will  take  up  their  con- 
struction needs.  One  good  sized  contract  has 
been  placed  in  the  last  few  days  and  bids 
are  in  on  several  smaller  inidertakings.  The 
work  let  calls  for  7  miles  of  double  tracking 
from  Ogden,  Utah,  to  the  Gatewav  bridge  for 
the  Oregon  Short  Line  R.  R.  Phela'n  &  Shirley, 
Omah.i,  Neb.,  secured  the  work,  and  have  sub- 
let part  of  it  to  the  Christensen  Construction 
Co..   Salt  Lake  City,  Utah. 

Roads  and  Streets. — No  especially  large 
highway  or  street  paving  contracts  appear  to 


have  reached  the  call  for  bids  stage  during  the 
past  week.  The  State  Roads  Commission  of 
Maryland  is  asking  proposals  on  two  jobs. 
Ohio  opened  bids  on  several  good  sized  high- 
way improvements,  and  will  call  for  bids 
shortly  on  several  other  undertakings.  In  In- 
diana a  number  of  counties  are  advertising 
road  improvements,  some  of  the  work  calling 
for  brick  and  concrete  pavements.  Lake  Coun- 
ty, Florida,  has  postponed  its  200-mile  road 
letting  for  possibly  60  days.  A  fair  amount 
of  highway  construction  was  placed  under 
contract,  none  of  these  undertakings,  how- 
ever, being  especially  large.  Owens  Construc- 
tion Co.,  Vicksburg,  Miss.,  secured  a  $66,500 
contract  for  14  miles  of  road  near  Bonham, 
Tex.:  Betz  &  Boyce,  Albany,  N.  Y.,  were 
awarded  a  $42,272  concrete  road  job  by  the 
Maryland  Roads  Commission;  Garver  & 
Wirtz,  Hamilton,  O.,  secured  the  Synnes 
Corner  road  in  Butler  County,  Ohio,  at  $57,- 
470 ;  Bryant  &  Austin,  Los  Angeles,  obtained 
a  $127,000  paving  contract  at  Los  Angeles : 
Levy  &  Levy,  Muskogee,  Okla.,  were  awarded 
4  miles  of  street  paving  for  Muskogee,  Okla. 

Bridges. — Most  of  the  new  work  that  has 
come  up  for  bids  during  the  past  week  is  for 
comparatively  small  structures.  Six  small 
concrete  bridges  in  Illinois  are  being  adver- 
tised, the  estimated  cost  of  the  largest  being 
$6,450.  Bradentown,  Fla.,  is  calling  for  pro- 
posals on  a  lift  bridge;  the  State  Roads  Com- 
mission of  Maryland  opens  bids  Jan.  19  on  a 
reinforced  concrete  bridge  of  16  30-ft.  spans 
and  one  32-ft.  span  and  a  similar  structure  of 
seven  15-ft.  spans ;  Calgary,  Alberta,  is  ask- 
mg  tenders  for  steel  superstructure  consisting 
of  four  Pratt  truss  spans  each  135  ft.  long, 
refiuiring  400  tons  of  steel. 

Waterworks  and  Sewerage. — .\  consid- 
erable amount  of  work  in  both  the  waterworks 
and  sewerage  field  reached  the  call  for  bids 
stage  in  the  last  few  days.  St.  Louis,  Mo.,  is 
asking  proposals  for  furnishin.g  a  20,000,000- 
gal.  steam  turbine  driven  centrifugal  pump; 
Columbia,  S.  C,  is  calling  for  bids  for  10 
miles  of  water  main  extensions  and  a  like 
amount  of  sewer  extensions;  Eastover,  S.  C. 
opens  bids  Jan.  18  on  tank  and  tower  and 
water  mains;  Sweetwater,  Tex.,  is  asking  pro- 
posals on  250,000-gal  stand  pipe,  supply  of 
hydrants,  etc.,  and  lay  6%  miles  pipe  line; 
.Xu.gusta.  Ga.,  opens  bids  Jan.  19  on  3.000  ft. 
of  brick  and  concrete  sewer,  the  work  includ- 
,ing  900  lin.  ft.  7x4'-2  reinforced  concrete  box 
'sewer.  Ledingham  &  Cooper  at  $115,662  were 
low  bidders  for  the  waterworks  for  West  Van- 
couver, B.  C. 

Rivers  and  Harbors. — Bids  were  opened 
last  week  on  several  large  government  river 
and  harbor  contracts.  For  the  breakwater  for 
the  proposed  harbor  of  refuge  at  Cape  Look- 
out, N.  C,  D.  L.  Tavlor  &  Co.,  N.  Y.,  at 
$2,435,400  was  the  low  bidder.  The  American 
Dredging  Co.,  Philadelphia,  Pa.,  at  $209,575 
was  low  bidder  for  2,525,000  cu.  yds.  of  dredg- 
ing in  Delaware  River  on  Bellevue  Light 
House  Range.  R.  A.  Perrv.  San  Francisco, 
was  low  bidder  at  5.69  cts.  for  800,000  cu.  yds. 
of  dredging  in  Oakland  Harbor;  H.  B.  Blanks 
Levee  Co.,  Vicksburg,  Miss.,  at  12.24  cts.  was 
low  bidder  for  630.000  cu.  yds.  of  levee  in 
Lower  Yazoo  Levee  District.  W.  II.  F.llis  & 
Son  Co.,  749  Meridian  St..  East  Boston,  Mass., 
were  awarded  the  contract  for  the  pier  and  2- 
story  steel  shed  at  New  Bedford,  Mass.,  for 
the  State  Harbor  and  Land  Commissicm.  Bal- 
timore. Md.,  is  asking  bids  for  2,000.000  cu. 
vds.  of  dredging ;  Augusta,  Ga.,  opens  pro- 
posals Jan.  19  on  250,000  cu.  yds.  earth  fill. 


Competition      from     con- 
Good  Time      tractors      for     construction 
inidertakings   has   been   un- 
to  Call  usually    active    this    winter. 
Nearly  every  letting  of  any 
size  has  received  careful  at- 
tention    from    many    pros- 
pective   bidders.      On   certain    jobs   an    excep- 
tionalh-   large   luunber  of  bids   have   been  oh- 
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tained.  Recently  proposals  were  asked  for 
constructing  warehouses,  the  work  calling  for 
an  expenditure  of  something  like  $1,000,000. 
Between  40  and  50  sets  of  plans  and  specifica- 
tions for  this  improvement  were  sent  out  to 
prospective  bidders,  each  of  whom  put  up  a 
deposit  of  $100  for  their  safe  return.  For  a 
recent  Government  contract  for  the  construc- 
tion of  a  concrete  storehouse  for  the  Bureau 
of  Yards  and  Docks,  over  155  sets  of  plans 
and  specifications  were  taken  out  by  contrac- 
tors. A  letting  for  the  construction  of  a  de- 
structor plant  for  the  Borough  of  Queens, 
New  York  City,  was  postponed  because  the 
demand  for  blanks  and  bidding  forms  was 
greater  than  the  supply.  The  competition  for 
these  three  improvements  was  unusual,  but 
almost  as  satisfactory  results  have  been  ob- 
tained at  practically  every  other  letting  held 
in  the  past  two  months.  This  is  the  dull  period 
in  the  construction  field  and  many  contractors 
are  looking  for  chances  to  figure  on  work. 
Municipalities  by  taking  bids  at  the  present 
time  on  their  undertakings  will  secure  decid- 
edly better  contract  prices  than  if  tjiey  wait 
until  later  in  the  season  for  advertismg  their 
iiTiprovements.  Materials  are  cheaper  now 
than  they  will  be  later  on.  labor  is  abundant, 
and  contractors  are  willing.  This  combination 
makes  possible  a  saving  on  almost  any  con- 
struction job. 


Alien 
Labor 
Law. 


Most  of  the  state  laws 
regarding  the  employment 
of  citizens  of  a  foreign 
country  have  had  reference 
only  to  their  labor  on  pub- 
lic works.  Contractors, 
therefore,  have  been  prac- 
tically the  only  persons  affected  by  alien  labor 
legislation.  At  the  general  election  last  No- 
vember, the  citizens  of  .^rizona  decided  to 
remove  the  construction  profession  from  the 
privileged  class,  and  accordingly  voted  in  favor 
of  a  law  extending  the  alien  labor  provisions 
to  all  classes  of  employers.  This  statute  pro- 
vided that  at  least  80  per  cent  of  the  employes 
on  the  pay  roll  of  any  concern  employing  more 
than  five  persons,  must  be  American  citizens. 
The  British  and  Italian  governments  entered 
protests  against  the  Arizona  law  and  the  mat- 
ter was  taken  to  the  Federal  District  Court  at 
San  Francisco  for  adjudication.  The  court 
rendered  a  decision  last  week,  declaring  the 
law  unconstitutional,  on  the  ground  that  it 
was  in  conflict  with  the  fourteenth  amendment 
to  the  United  States  Constitution,  which  guar- 
antees equal  protection  to  all  in  this  country. 
An  appeal  will  be  taken  to  the  United  States 
Supreme  Court  in  order  to  obtain  a  final  de- 
cision from  the  highest  judicial  l)ody  in  the 
countrv. 


for  Bids. 


Many    miles   of    modified 
Sand  asphalt  improved  roads,  pat- 

terned  somewhat   after  the 
Oil  celebrated    sand    oil    high- 

.p      J  ways  of  the  Cape  Cod  sec- 

KoadS.  (i,,„  „f  Massachusetts,  may 

be  constructed  in  h'lorida  in 
the  ne.xt  few  years.  Already  Lake  County. 
Florida,  thinks  \\'ell  euough  of  the  possibilities 
of  this  surfacing  to  ask  bids  on  over  1,0(10.000 
sq.  yds.  of  it.  Polk  County.  Florida,  also  is 
considerin.g  this  method  of  improvin.g  its  sandy 
highw.ays,  and  last  week  opened  bids  for  con- 
structing experimental  quarter  mile  sections  of 
sand  oil  road  in  each  of  its  \ne  commissioner 
districts,  with  the  understanding  that  if  the 
pavement  proved  a  success,  several  hundred 
miles  of  highway  would  be  surfaced  with  tlie 
material.  .V  short  time  ago  a  section  of  modi- 
fied asphalt  pavement  was  laid  at  Fustis,  Fla., 
by  a  contracting  company  which  has  done  con- 
siderable work  of  this  sort  in  Massachusetts. 
This  development  of  southern  highway  con- 
struction should  be  of  interest  to  many  con- 
tractors, as  well  as  to  manufacturers  of  port- 
able and  semi-portable  asphalt  plants  and  deal- 
ers in  asphalt. 
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COUNTY,  FLORIDA. 


About   200    Miles   of   Highway   to    Be    Im- 
proved. 


Modified   Asphalt   Surfacing  —  Sand-Clay  —  Oil 
Macadam. 

Some  200  miles  of  highway  improvement 
will  be  placed  under  contract  shortly  by  the 
Commissioners  of  Lake  County,  Florida.  Bids 
on  this  undertaking  were  to  have  been  opened 
Dec.  31,  but  on  account  of  the  bonds  not  hav- 
ing been  passed  by  the  attorneys  for  the  bond 
buyers,  the  letting  v\'as  postponed.  It  probably 
will  be  about  60  days  before  new  bids  are 
asked.  The  approximate  quantities  involved 
in  this  work  include  the  following; 

Roadway     1,091,046  lin.  ft. 

Excavation    329,630  cu.  yds. 

Pavement    1.147,610  st).  yds. 

Concrete     301. 6L'  cu.  yds. 

Square  deformed  steel    1,554  lbs. 

R.    C.    Steel 5,140  lbs. 

Terra  cotta  drains,  12  in.  to  24  in.  885  lin.   ft. 

Pole  line  lo  be   moved   1,552  ft. 

Bridges  to  be  raised    57 

In  general  three  classes  of  surfacing  are 
proposed  for  the  road  system,  namely,  sand- 
clay,  sand  and  asphalt  (modified  asphalt)  and 
oiled  macadam.  It  is  probable  that  the  first 
mentioned    type    will   be    used    on   the    lateral 


tlie  surfacing  used,  are  to  be  graded  and  pro- 
vided with  proper  drainage  facilities. 

Tlie  sand-clay  is  to  consist  of  a  layer  of 
10  in.  of  clay  placed  on  the  prepared  roadbed 
and  watered  and  rolled.  During  the  rolling, 
sand,  if  necessary,  will  be  added.  The  shell 
road  surfacing  will  consist  of  a  layer  of  shell 
obtained  from  a  bank  about  1  mile  from  Crown 
Bluff  Ferry,  spread  on  the  prepared  road  bed 
to  a  thickness  of  8  in.,  thoroughly  wetted  and 
rolled. 

The  oiled  macadam  will  be  composed  of 
local   stone.     The  lower  courses  will  be  4  in. 


Lake   County    Road   System. 


roads,  and  the  last  two  on  the  main  and  semi- 
trunk  highways,  the  oiled  macadam  being  em- 
ployed on  those  having  the  'heaviest  traffic. 
In  the  bidding  sheets,  however,  alternate  bids 
were  asked  on  all  three  classes  of  pavement, 
and  in  addition  bids  on  shell  surfacing  on  one 
road  were  requested.     All  roads,  regardless  of 


deep  after  rolling  and  will  consist 
of  stone  passing  a  ring  3  ins,  in 
diameter  and  retained  on  a  ring  1% 
ins.  in  diameter.  The  upper  course 
will  be  "2  ins.  deep  after  rolling  and 
will  be  composed  of  stone  passing, 
a  1%  in.  ring  and  retained  on  a  % 
in.  ring.  After  the  two  courses  are 
compacted  screenings  will  be  ap- 
plied, and  the  surface  watered  and 
rolled.  The  oiling  will  consist  of 
the  application  of  a  coating  of  light 
asphalt  oil  applied  cold  at  the  rate 
of  %  gal.  per  square  yard  under 
pressure.  A  blanket  of  Vi  in.  of 
ilne  sand  will  complete  the  road. 

The  modified  asphalt  surfacing 
proposed  for  the  Lake  County 
roads  is  a  comparatively  new  type 
of  construction  in  the  South.  In 
fact,  it  has  not  been  used  to  any 
great  extent  except  on  the  Cape 
Cod  roads  in  Massachusetts.  A 
few  sections  of  this  type  have  been 
laid  in  the  South,  one  of  the  first 
being  at  Eustis,  Fla.  This  was 
constructed  by  the  Lane  Construc- 
tion Co.,  Meriden,  Conn.,  which  has 
done  considerable  of  this  work  in 
Massachusetts. 

The  specifications  for  modified 
asphalt  for  the  Lake  County  work  provide  that 
the  asphalt  cement  shall  be  composed  of  refined 
asphalt  or  asphalts  and  flux.  The  refined 
asphalts  must  be  prepared  from  a  natural  min- 
eral bitumen,  either  solid  or  liquid,  or  a  com- 
bination. The  fluxes  must  be  residues  ob- 
tained by  the  distillation  of  paraffin,  asphaltic 
or  semi-asphaltic  petroleum.  The  sand  will 
be  of  the  best  qualitj-  locally  available.  It  will 
be  tested  and  graded  for  size  so  that  the  fine 


sand  will  as  nearly  as  possible  fill  the  voids 
in  the  coarse  sand.  In  grading  the  sand,  the 
contractor  will  not  be  called  upon  to  combine 
more  than  three  different  sands  to  secure  the 
desired  sand  grading,  unless  otherwise  arranged 
between  the  contractor  and  the  officials.  The 
amount  of  asphalt  cement  to  be  used  will  be 
governed  by  the  sand  grading  selected  and 
will  be  sufficient  to  cover  the  surface  of  all 
particles.  Particles  of  stone,  granite,  gravel 
or  other  hard  substances  not  larger  than 
%  in.  in  their  largest  measurements,  will  be 
accepted  in  the  mineral  aggregate,  but  must 
not  exceed  15  per  cent  of  such  aggregate. 
With  the  mineral  aggregate  3  per  cent  of  min- 
eral matter  passing  a  200  in.  mesh  will  be 
mi.xed. 

The  construction  requirements  are  as  fol- 
lows : 

After  the  road  bed  has  been  graded  it  will 
be  thoroughly  watered  and  rolled  with  a 
roller  weighing  at  least  10  tons.  The  sand 
and  asphalt  will  be  mixed  in  a  regulation 
asphalt  paving  plant,  having  twin  pug  mixers 
with  revolving  blades,  rotating  in  opposite 
directions  to  secure  a  complete  mixture  of  the 
sand  and  asphalt.  Heating  kettles  and  appur- 
tenances for  heating  the  asphalt  and  sand 
must  be  supplied  by  the  contractor.  In  fact, 
the  plant  must  be  of  such  character  and  ca- 
pacity that  the  work  can  be  carried  out  in 
accordance  with  the  best  asphalt  construction 
practice.  The  mineral  aggregate  complete 
when  heated  and  mixed  with  the  asphalt  ce- 
ment in  mixing  plant  will  be  at  a  temper- 
ature of  from  2.50^  F.  to  375°  F.  The  mix- 
ture will  be  hauled  to  the  road  at  a  temper- 
ature of  not  less  than  200°  F.  The  modified 
asphalt  surfacing  mixture  will  be  spread  so 
that  it  will  have  a  finished  depth  of  3^/a  in. 
After  the  nii.xture  is  in  place  and  shaped  with 
hot  rakes,  etc.,  it  will  be  rolled  with  a 
roller  weighing  not  less  than  1  ton  and  then 
re-rolled  with  a  tandem  roller  w'eighing  5  to  ti 
tons.  .After  final  rolling  the  finished  surface 
will  be  lightly  dusted  with  Portland  cement 
or  other   inorganic  dust. 

In  their  report  on  the  proposed  system  of 
improved  roads  for  Lake  County,  the  engi- 
neers estimated  the  cost  of  the  modified  as- 
phalt surfacing  at  80  cts.  per  square  yard,  or 
$4,224  per  mile  for  a  9-ft.  road.  Analysis 
of  sands  in  the  county  were  made  and  it  was 
found  that  in  general  there  were  two  classes 
of  this  material  available:  the  coarser  sands 
or  underlying  material,  and  the  finer  sands  or 
surface  material  represented  by  samples  ob- 
tained in  the  present  highway.  The  former, 
while  showing  some  distribution  on  the  vari- 
ous screens  were  deficient  in  the  80  and  100 
mesh  particles.  The  latter,  however,  was  de- 
cidedly better  in  this  respect  in  some  cases, 
showing  a  total  of  20  per  cent  passing  the 
two  screens.  The  report  states  that  it  is 
believed  that  by  the  proper  selection  of  these 
sands,  which  can  be  done  at  no  great  ex- 
pense, and  increasing  the  asphalt  content  to 
9  to  10  per  cent  and  by  the  use  of  an  asphalt 
having  a  penetration  of  77°  of  50  to  60  instead 
of  100  to  118,  such  as  was  used  in  the  work  at 
Eustis,'  Fla.,  a  very  satisfactory  pavement 
can  be  laid. 

The  engineers  in  their  report  estimated  the 
cost  of  sand-clay  surfacing  at  19.8  cts.  per 
square  yard  or  about  $1,045  per  mile  for  a  9 
ft.  road.  This  cost  was  based  on  labor  at  $1.50 
per  day  and  teams  at  $4  per  day,  with  an 
average  haul  on  clay  of  1  mile  with  no  charges 
for  the  clay.  The  cost  of  the  oil  macadam 
was  estimated  at  $1.02  per  square  yard. 

The  work  in  general  calls  for  the  improve- 
ment of  old  roads.  Bids  were  asked  on  19  of 
these  highways,  separate  figures  being  re- 
quired on  each  road.  In  the  engineer's  report 
the  estimated  cost  for  these  19  roads  for  the 
type  of  surfacing  shown  was  as  given  in 
Table  I. 

In  the  first  call  for  bids  alternate  proposals 
on  all  of  these  roads  were  asked  on  sand- 
clay,  modified  asphalt  and  oiled  macadam.  On 
the  work  for  the  Altoona  to  Cro'wn  Bluff 
Roads,  alternate  bids  were  asked  in  the  above 
three  clases  and  also  on  shell  surfacing. 

The  road  system  for  Lake  County,  Florida, 
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TABLE  I 

Name  Length, 

Tavares   to   Leesburg „F I'^r 

Leesburg  City  Limits  to  County  Line  54,746 

Leesburg  to  L;idy  Lake   32,369 

Leesburs  to  Mascotte    60,537 

Mascotte  to  Bay  Lal<e    116,651 

Mascotte  to  Groveland  and  Polk  County ''J'?"^ 

Groveland  to  Double  Run 93.83s 

Wilson's   Bridge   to   Groveland    62, OSS 

Evans  Still    43,181 

Mlnneola  to  Orange  County   11,694 

Tavares   to   Clermont '. 34,800 

Monteverde  to  West  Apopha  102,103 

Tavares  to  Eustis   48,315 

Bustis  to  Orange  Bend   30,100 

Mount   Dora    69,815 

Mount  Dora  to  Sorrento   28,790 

Eustis  to  Astor  74,633 

Altoona  to  Crows   Bluff    138,798 

Umatilla   to    Negrotown    92.163 

28,843 


Width 

Surfacing,  Kind  of 

Ft. 

Surface              Est.   Cost. 

15 

Oil   Macadam 

$100,140 

9 

Oil  Macadam 

37,979 

S 

Oil  Macadam 

67,728 

9 

Sand  Clay 

35,237 

9 

Sand  Clay 

14,379 

9 

Sand  Clay 

32,037 

9 

Modified  Asphalt 

57,525 

9 

Modified  Asphalt 

40,197 

9 

Modified  Asphalt 

11,005 

9 

Modified  Asphalt 

32.507 

n 

Modified  Asphalt 

96,880 

9 

Modified  Asphalt 

46,683 

15 

Modified  Asphalt 

43,805 

9 

Modified  Asphalt 

63,248 

9 

Modified  Asphalt 

25,094 

9 

Modified  Asphalt 

67,205 

9 

Sand  Clay 

44,419 

9 

Sand  Clav 

33,210 

9 

Sand  Clay 

S,9o7 

will  be  constructed  under  the  direction  of  the 
•County  Commissioners,  of  which  A.  L.  Rus- 
sell is  Chairman  and  H.  H.  Duncan,  Tavares, 
Fla.,  is  Clerk.  The  J.  B.  McCrary  Co.,  1408 
Third  National  Bank  Bldg.,  Atlanta,  Ga.,  is 
the   engineer. 


STATUS  OF  CALIFORNIA  STATE 
1  HIGHWAY  WORK. 


Surveys 


Completed     for 
Road. 


2,063     Miles     of 


Work  Completed   or  Under  Contract   1.036   IVIiles. 


The  State  Highway  System  of  California 
■calls  for  the  construction  of  3,000  miles  of 
Toad.  On  Dec.  1-5,  1914,  surveys  had  been  fin- 
ished for  2,062.84  miles  of  highway  and  the 
work  completed  or  under  contract  on  that 
date  amount  to  1,036.3  miles.  Some  1-54  lay- 
outs had  been  finished,  totaling  1,108.1  miles. 
The  routes  already  established  and  the  status 
•of  the  work  on  them,  according  to  the  Cali- 
fornia Highway  Bulletin,  are  as  follows : 

Route  1.  along  the  Pacific  Coast  north  of 
San  Francisco  Bay,  through  Marin,  Sonoma, 
Mendocino,  Humboldt  and  Del  Norte  Coun- 
ties. Length  as  surveyed  and  with  surveys 
ordered,  .381.2  miles;  completed  or  under  con- 
tract. 111.6  miles. 

Route  2.  along  the  coast  south  from  San 
Francisco  to  San  Diego,  through  San  Mateo, 
Santa  Clara,  San  Benito,  Monterey,  San  Luis 
Obispo.  Santa  Barbara,  Ventura,  Los  Angeles, 
Orange  and  San  Diego  Counties.  Length,  ex- 
clusive of  Los  Angeles  County  highway,  as 
surveyed.  464.6  miles ;  completed  or  under 
construction,  302.3  miles. 

Route  3.  through  Sacramento  Valley,  from 
Sacramento  to  the  California-Oregon  boundary 
line,  through  Sacramento,  Placer,  Yuba,  Sut- 
ter. Butte.  Tehama,  Shasta  and  Siskiyou  Coun- 
ties. Length  as  surveyed,  277.6  miles ;  com- 
pleted or  under  construction,  1-58. -5  miles. 

Route  4.  through  the  San  Joaquin  Valley, 
from  Sacramento  to  Los  Angeles,  through 
Sacramento.  San  Joaquin,  Stanislaus,  Merced, 
Madera,  Fresno,  Tulare,  Kern  and  Los  Ange- 
les Counties.  Length  as  surveyed,  270.8  miles ; 
■completed  or  under  construction.  211.1   miles. 

Route  ."p,  from  the  San  Joaquin  Valley  sys- 
tem to  Santa  Cruz  via  Oakland  and  San  Jose. 
Length  as  surveyed,  92.2  miles  ;  completed  or 
under  construction,  -55.7  miles. 

Route  6.  from  Sacramento  across  the  Yolo 
by-pass  to  a  connection  with  route  7  near 
Davis.  Length  as  surveyed,  14,.")  miles;  under 
contract,  3.1  miles. 

Route  7,  from  Tehama  Junction  to  Benicia, 
connecting  the  county  seats  of  Glenn,  Colusa, 
Yolo  and  Solano  Counties.  Length  as  sur- 
veyed. 1.51.3  miles;  under  construction,  93.7 
tniles. 

Route  8,  from  a  connection  with  route  1 
near  Ignacio  to  a  connection  with  route  7 
either  at  Benicia  or  Cordelia  via  Xapa.  through 
Marin,  Sonoma  and  Napa  Counties.  Length 
as  surveyed,  26.2  miles;  under  construction, 
4.5  miles. 

Route  9.  connecting  San  Bernardino  with 
the  main  highway  system,  through  Los  Ange- 
les and  San  Bernardino  Counties.  Length  as 
surveyed,  31.8  miles;  completed  or  under  con- 
struction, 17.9  miles. 


Route  10,  connecting  Hanford  with  the  main 
route  and  runing  to  Visalia.  Length  as  sur- 
veyed, 18.5  miles. 

Route  11,  connecting  Placerville  with  the 
main  route  at  Sacramento.  Length  as  sur- 
veyed, 29.1  miles;  completed  or  under  con- 
struction, 18.7  miles. 

Route  12,  connecting  El  Centro  with  the 
main  system  at  San  Diego  and  running 
through  Imperial  and  San  Diego  Counties. 
Length  as  far  as  surveys  are  completed,  102.5 
miles;  under  construction,  21.4  miles. 

Route  13,  connecting  Sonora  with  the  main 
system  in  the  San  Joaquin  Valley,  through 
Stanislaus  and  Tuolumne  Counties.  Length 
as  surveyed,  49.5  miles ;  under  construction, 
10.9  miles. 

Route  14,  in  Contra  Cosla  County.  Length 
as  surveyed,  20.8  miles;  under  construction, 
10.6  miles. 

Route  15,  connecting  Colusa  with  route  7 
at  Williams.     Length,  8.5  miles. 

Route  16.  connecting  Lakeport  with  route  1 
at  Hopland.     Reconnaissance  made. 

Route  17,  connecting  Auburn  with  the  main 
road  in  the  Sacramento  Valley.  Length  as 
surveyed,  15.6  miles. 

Route  18.  connecting  Mariposa  with  the  main 
system  in  the  San  Joaquin  Valley  at  Merced. 
Surveys  in  progress.  Approximate  length,  33.9 
miles. 

Route  19,  connecting  Riverside  with  the 
main  system  at  Los  Angeles.  Length  as  sur- 
veyed, 10.9  miles ;  completed  or  under  con- 
struction, 16.3  miles. 

Route  20,  connecting  Weaverville  with  the 
main  system  at  Redding.  Length  as  surveyed, 
47.9  miles. 

Route  21,  from  Richvale  to  OroviUe  in  Butte 
County.     Length  as  surveyed,  8.7  miles. 


Proposed  $15,000,000  Union  Depot  at 
St.  Paul. 

The  new  union  depot  project  for  St.  Paul. 
Minn.,  has  been  advanced  another  step  toward 
the  construction  stage.  The  plans,  as  agreed 
upon  by  the  nine  railroads  forming  the  Union 
Depot  Co.,  have  been  submitted  to  the  City 
Council  for  its  approval.  As  the  undertaking 
contemplates  changes  in  the  river  channel,  the 
U.  S.  War  Department  also  will  have  to  ap- 
prove the  plans  before  actual  work  can  be 
started.  A  considerable  amount  of  legislation 
by  the  City  Council  regarding  the  changing  or 
closing  of  streets  and  other  concessions  like- 
wise will  be  necessary.  The  plan  in  general 
provides  for  a  .3-story  depot  extending  315  ft. 
on  Sibley  St.  and  220  ft.  on  Third  St.  The 
depot  and  terminal  tracks  will  cover  about  54 
acres. 

This  project  calls  for  a  change  in  the  Mis- 
sissippi River  channel  by  dredging  on  the  west 
side  and  filling  in  to  a  width  of  about  300  ft. 
on  the  opposite  bank  to  provide  for  public 
levee  and  terminal  trackage.  .About  1%  miles 
of  channel  is  involved.  According  to  the  plans 
the  track  level  in  the  Lhiion  depot  will  be 
raised  18  ft.  This  will  cause  grade  changes 
through  the  entire  terininal  and  in  an  area  of 
about  200  acres.  The  first  work  undertaken 
will  be  the  river  channel  changes.  It  is  hoped 
to  start  this  in  the  spring.  The  cost  of  the  en- 
tire project  will  be  about  $15,000,000. 


$3,000,000    Harbor    of    Refuge,    Cape 
Lookout,  N.  C. 

Bids  were  opened  last  week  for  the  large 
government  breakwater  undertaking  at  Cape 
Lookout,  N.  C.  This  work  is  part  of  the  proj- 
ect for  the  construction  of  a  harbor  of  refuge 
that  will  have  an  area  of  575  acres  and  a  depth 
of  30  ft.  or  more.  The  estimated  cost  of  the 
scheme  as  adopted  by  Congress  is  $3,526,000. 

The  main  portion  of  the  breakwater  will  ex- 
tend seaward  for  a  distance  of  7,000  ft.  It 
will  have  a  top  width  of  20  ft.  and  a  height 
above  mean  low  water  of  6%  ft.  In  addition 
there  will  be  a  2,000  ft.  shore  connection  of 
the  following  dimensions :  Height  above 
mean  low  water,  8  ft. ;  top  width,  20  ft. ;  side 
slopes,  3  vertical  on  5  horizontal.  The  main 
breakwater  will  have  natural  side  slopes. 

Three  classes  of  stone  will  be  used :  Class 
A,  consisting  of  stone  weighing  V2  lb.  to  -50  lbs. 
with  at  least  60  per  cent  in  pieces  weighing 
5  to  10  lbs.  each ;  Class  B  stone,  weighing  from 
.50  to  150  lbs.  each,  and  Class  C,  quarry  run 
stone.  For  the  latter  class  operations  at  the 
quarry  must  be  so  conducted  that  at  least  10 
per  cent  of  the  output  will  be  in  pieces  weigh- 
ing 10  tons  or  over,  40  per  cent  in  pieces 
weighing  7  tons  or  over  and  70  per  cent  pieces 
of  2  tons  or  over.  For  the  complete  construc- 
tion of  the  breakwater  proper  it  is  estimated 
that  78,700  tons  of  Class  A  and  1,143,000  tons 
of  Class  C  stone  will  be  required.  The  shore 
connection  will  require  3,000  tons  Class  A  and 
5.300  tons  of  Class  B  stone. 

The  bids  received  on  Jan.  5  were  submitted 
on  two  propositions;  First  on  the  work  for 
which  $1,260,000  is  now  available,  and  second 
on  the  entire  work  on  the  supposition  that 
$3,170,000  would  be  available.  In  all  12  bids 
were  subinitted,  the  lowest  being  as  follows : 
D.  L.  Tavlor  &  Co.,  Medina,  N.  Y.,  $1,073,358 
on  the  basis  of  $1,260,000  available,  and  $2,4.35,- 
400  on  the  basis  of  $3,170,000  being  available. 
The  unit  prices  of  the  low  bidders  were  as 
follows:  (1)  Standing  for  figures  of  D.  S. 
Taylor  &  Co.;  (2)  H.  P.  Converse  &  Co.,  Bos- 
ton, Mass.;  (3)  Roderick  G.  Ross,  Jackson- 
ville. Fla.,  and  (4)  Hardaway  Contracting  Co., 
Columbus,  Ga. : 
Proposition  No.  1,  $1,260,000 

available:  (1)       (2)       (3)       (4) 

Class  A,  shore,  3,000  tons.$1.9S  $2.38  $2.51  $2.85 

Class  B,  shore.  5.300  tons.  1.98     2.28     2.51     2. 85 

Class  A,   breakwater,   36,- 

100  tons  1.98     2,38     2.51     2.80 

Class  C.  breakwater,  497,- 

700  tons   1.98     2.28     2.51     2.30 

Propositioa  No.  2,  $3,170,000 
available: 

Class  A,  shore.  3,000  tons.  1.9S     2.34     2.43     2.55 

Class  B,  shore,  5,300  tons.  1.9S     2.24     2.49     2.55 

Class   A.   breakwater,   78,- 

700  tons   1.9S     2.34     2.43     2.55 

Class    C,    breakwater,    1, - 

143,000  tons   1.9S     2.24     2.43     2.25 


Nine  600-Ft.    Steel  Towers  for   High- 
Power  Radio  Station. 

Several  uiuisually  tall  steel  towers  are  to 
be  erected  for  the  high-power  radio  stations 
of  the  federal  government.  Bids  are  now  be- 
ing asked  for  the  construction  of  nine  of  these 
towers,  three  to  be  erected  at  the  U.  S.  Naval 
Reservation.  Las  Chollas  Heights,  San  Diego, 
Cal.;  three  at  the  U.  S.  Naval  Station,  Pearl 
Harbor,  Hawaii,  and  three  at  the  I'.  S,  Naval 
Station,   Cavite,   P.   I. 

Each  tower  will  lie  approximately  600  ft. 
in  height,  of  the  self-supporting  type,  tri- 
angular in  plan,  the  base  of  each  leg  forming 
the  corner  of  a  triangle  150  ft.  on  a  side. 
Each  tower  leg  will  be  supported  on  and 
ancliorcd  to  a  concrete  foundation  with  in- 
sulating material  between  the  base  of  the  leg 
and  the  top  of  the  concrete.  Foundation  and 
insulators  will  be  furnished  by  the  govern- 
ment. Based  only  on  the  general  drawings 
the  estimated  total  net  weight  of  one  600-ft. 
tower  is  approximately  600,000  lbs. 

The  various  portions  of  the  work  must  be 
completed  within  the  following  periods  from 
date  of  the  contract :  San  Diego — Fabricat- 
ed material  delivered  on  site  within  0  calen- 
dar months ;  tower  completely  erected  within 
11  calendar  months.  Pearl  Harbor — Fabri- 
cated    material     delivered    on    site    within    7 
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calendar  months ;  tower  completely  erected 
within  12  calendar  months.  Cavite — Fabri- 
cated material  delivered  on  site  within  8 
calendar  months ;  tower  completely  erected 
within  13  calendar  months. 

Bids  for  the  construction  and  erection  of 
the  towers  will  be  received  until  11  a.  m.,  Feb. 
27,  by  Bureau  Yards  and  Docks,  Navy  De- 
partment, Washington,  D.  C.  Bids  will  be 
on  the  nine  towers  and  also  on  groups  of 
three   towers. 


Railways   Purchasing   Equipment  and 
Supplies. 

One  of  the  most  encouraging  developments 
of  the  past  few  days  is  the  activity  of  the  rail- 
roads in  purchasing  equipment  and  supplies. 
Large  orders  have  been  placed  and  many  con- 
tracts are  pending.  The  Pennsylvania  R.  R. 
came  into  the  market  for  170,000'  tons  of  rails, 
nearly  40,000  tons  more  than  the  require- 
ments in  1914.  The  Louisville  &  Nashville 
R.  R.  placed  an  order  for  38,000  tons,  the 
Pere  Marquette  for  8,000  tons  and  Ohio  rail- 
roads for  1.5,000  tons.  Other  orders  or  negotia- 
tions for  eastern  railroads  include  4,500  tons 
for  the  Boston  &  Albany,  3,000  tons  for  the 
New  York,  Ontario  &  Western,  40,000  tons 
for  the  Philadelphia  &  Reading,  25,000  tons 
for  the  Baltimore  &  Ohio,  10,000  tons  for  the 
Boston  &  Maine  and  40,000  tons  for  the  New 
York  Central  &  Hudson  River.  Several  west- 
ern railroads  also  are  in  the  market  for  large 
tonnages  of  rail. 

The  Baltimore  &  Ohio  R.  R.  has  placed 
orders  for  2,000  freight  cars,  and  also  has 
taken  options  on  an  additional  2,000  freight 
cars.  Announcement  has  been  made  that  this 
company  will  expend  $30,000,000  for  new  roll- 
ing stock,  general  equipment,  replacement  and 
extensions.  A  considerable  amount  of  new 
equipment  is  to  be  supplied  to  the  Chicago,  St. 
Louis  &  New^  Orleans  Ry.  According  to  a 
statement  filed  by  the  Central  Trust  Co.  of 
New  York,  the  railway  will  be  supplied  with 
1,000  gondola  cars,  500  refrigerator  cars,  5.000 
box  cars,  50  mikado  type  locomotives  and  22 
switch  engines. 

RAILWAY     CONSTRUCTION     IN 
UNITED  STATES. 


Statistics   of   Work  Accomplished   in    1915. 

A  disappointing  but  not  unexpected  record 
for  railroad  construction  in  the  United  States 
was  made  last  year.  According  to  statistics 
collected  by  the  Railway  Age  Gazette  the  mile- 
age of  new  lines  completed  in  1914  was  the 
smallest  in  any  year  since  1895.  The  figures 
of  our  contemporary  show  that  during  the 
past  12  months  only  1,5.32  miles  of  new^  first 
^rack,  .566  miles  of  second  track  and  30 
miles  of  third  and  fourth  tracks  were  com- 
pleted in  this  country.  In  1913  a  total  of  3,071 
miles  of  first  track  was  built  and  placed  in 
operation.  In  Canada  the  mileage  of  new 
first  track  and  second  track  completed  last 
year  was  1,978  miles  and  1-52  miles  respect- 
ively. No  new  construction  was  reported  from 
Mexico. 

Comparative  figures  showing  the  status  of 
work  on  Jan.  1  of  this  year  and  Jan.  1,  1914, 
are  as   follows : 

Jan.  1,  1915,  Jan.  1.  1914. 
Miles.  Miles. 
New  fir.st  track  under  con- 
struction              1,015  1,522 

New    lines    surveyed 1.229  1,511 

Lines    projected    2,031  1,296 

Second     track     under     con- 
struction       71  40S 

Second    track    projected 194  249 

The  largest  amount  of  new  line  in  1914 
was  built  in  Florida,  the  total  for  this  state 
being  220  miles.  Other  states  with  over  100 
miles  were  California,  Idaho  and  Washing- 
ton. The  Chicago,  Burlington  &  Quincy  R.  R. 
built  the  longest  continuous  stretch  of  new 
line,  this  being  the  61-mile  extension  from 
Casper,  Wyo.,  to  Orin  Junction.  The 
Charleston.  Atlantic  &  Western  R.  R.  con- 
structed 57  miles  of  line  from  Andrews,  S.  C, 
to  Charleston,  S.  C,  and  the  Atlantic  Coast 
Line     completed    a   50-mile     extension      from 


Dunnellon,  Fla.,  to  Wilcox.  The  greatest 
aggregate  mileage  completed  by  any  one  road 
was  built  by  the  Chicago,  Milwaukee  &  St.  Paul 
Ry.,  its  total  being  122  miles.  The  Southern 
Pacific  Ry.  built  92  miles. 

Of  the  566  miles  of  second  track  completed 
in  1914,  271  miles  were  built  by  four  roads, 
the  Chicago  Milwaukee  &  St.  Paul  leading 
with  110  miles  between  Green  Island,  la.,  and 
Manila,  la.  The  Atlantic  Coast  Line  built 
62  miles  of  second  track  in  North  Carolina : 
the  Northern  Pacific  55  miles  in  Washington 
and  the  Norfolk  &  Western  54  miles  in  Vir- 
ginia. Approximately  64  per  cent  of  the 
second  track  work  was  done  in  five  states. 

A  summary  of  the  new  track  built  in  1914 
in  the  various  states  is  as  follows : 


United  States- 
Alabama     

Arkansas     

California    

Connecticut    . . . 
Delaware     

No.  Cos 
building 

4 
5 
9 
1 

2 
'.  .          7 

.     First 

.     track. 

1.00 

27.10 

103.91 

"  i.is 

220.46 

14.66 

117.22 

3.17 

12.80 

26.16 

11.00 

31.57 

7.79 

.21 

"is.  si 

8.42 
-19.15 

4.32 
48.13 
.88 
10.01 
.80 
29.47 
10.45 
34.00 
63.24 
17.05 

4.00 
90.42 
62.74 

"66'.  60 
41.30 
11.21 
50.86 
41.95 
66.05 

142.73 
19.80 
29. 7S 
61.43 

Second 
track. 
33.81 
.50 
18.94 
2.10 

V.84 

12.89 

9.24 

13.15 

110.00 

.49 

16.68 

"  '  .61 

12;14 

.13 

"  4'.S9 
2.00 

■  ■  ■  '.70 

9.90 
71.61 

4.33 
2S.30 

5.00 

2.30 
.97 

"45"  .56 
.80 

"74.06 

61.30 

5.99 

9.41 

565.58  : 
152.50  : 

Total 

miles. 

34.81 

27.60 

122.85 

2.10 

2.151 

220.46 

5 

22.50 

Idaho     

Illinois 

3 
6 

130.11 
16  31= 

Indiana     

4 

28,21 

4 

136.10 

Kansas     

11.49 

Kentucky     

Louisiana    

4 
3 
2 

4S.25 

7.79 

.82 

Maryland     

Massachusetts 

2 
2 
4 

12.14 

2.98= 

18  81 

Minnesota     

Mississippi    .... 
Missouri 

2 
4 

S.42 
19.15 
13.01* 

50.13 

Nebraska    

Nevada     

1 
. . .         3 

.88 
10.71 

New   Jersey    . . . 
New   Mexico    . . 
New    York    .... 
North  Carolina 
North    Dakota 
Ohio     . .  . 

2 
6 
5 
4 

s 

6.495 
29.47 
21.03" 
105.61 
67.57 
45  35 

Oklahoma    

1 

7 

9.00 
92.72 

Pennsylvania    .. 
Rhode   Island    . 
South  Carolina 
South  Dakota  . 
Tennessee    

. ..        12 
1 

'.'.'.          1 

•1 
6 

69.53' 
1,328 
66.60 
41.30 
56.77 
51.66 

Utah    

Virginia     

1 

41.95 
140.05 

Washington    . . . 
West   Virginia 

^Visconsin     

Wj'oming     

6 
4 
3 
1 

....    166 
21 

206.34" 
26.001'- 
39.19 
61.43 

Total     

Canada     

1.531.80 
1,987.07 

.137.22 
,130.57 

ilncludes  1  mile  of  fourth  or  more  track.  =In- 
chides  3,9  miles,  third  or  fourth  track.  "Includes 
2.85  miles,  third  and  fourth  track.  'Includes  3.S 
miles,  third  and  fourth  track.  ^Includes  5.69 
miles,  third  and  fourth  track,  "IncUides  68  miles 
of  third  track.  "Includes  5.82  miles,  third  and 
fourth  track.  'Third  and  fourth  track.  'In- 
cludes 2.31  miles,  third  track.  i»Includes  21 
miles,  fourth  track. 


$445,000  to  Be  Expended  for   Harbor 
Work  in  Ohio  Cities. 

Bids  will  be  asked  in  the  near  future  so  that 
work  may  be  started  early  in  the  season  on 
Government  improvements  for  the  river  and 
harbor  district  of  Cleveland,  O.  Approximate- 
ly $445,000  is  available  for  dredging,  break- 
water construction  and  repairs  in  this  district. 

This  sum  is  apportioned  as  follows : 

Toledo    $  95,000 

Cleveland    140.000 

Conneaut    210,000 

The  work  at  Toledo  harbor  consists  of 
dredging  about  750,000  cu.  yds.  of  mud  and 
sand  to  complete  the  channel  from  Maumee 
Bay  to  the  city  to  a  depth  of  23  ft.  The  ex- 
isting depth  varies  from  about  21  ft.  in  the 
center  of  the  channel  to  17  ft.  at  the  sides.  The 
dredged  material  may  be  deposited  on  the 
dumping  ground  in  Maumee  Bay,  or  may  be 
placed  behind  bulkheads  along  the  river  where 
the  contractor  can  make  suitable  arrangements 
with  the  owners  of  the  water   front. 

.^t  Cleveland  harbor  a  section  of  the  timber 
crib,  east  breakwater,  about  1.500  ft.  in  length, 
is  to  be  repaired  by  removing  the  timber  above 
the  lake  surface  and  rebuilding  the  super- 
structure with  stone  in  a  manner  similar  to 
the  rubble-mound  breakwaters  recently  built 
in  the  Cleveland  District,  The  work  will  re- 
quire about  .30,000  tons  of  stone. 


The  work  at  Conneaut  harbor  calls  for  the 
extension  of  the  east  breakwater  about  900  ft. 
into  the  lake  and  the  construction  of  a  pier- 
head at  the  outer  end.  The  structure  will  be 
rubble-mound  and  will  require  about  120,000 
tons  of  stone. 

Maj.  P.  S.  Bond,  Corps  of  Engineers,  Cleve- 
land, O.,  is  District  Engineer  Officer. 


Two    Small   Concrete   Bridge  Jobs   in 

Illinois. 

Two  bridge  contracts  of  interest  to  con- 
tractors engaging  in  small  bridge  undertakings 
are  now  being  advertised  for  bids.  Both  proj- 
ects are  located  in  Winnebago  County,  Illi- 
nois, and  both  call  for  the  construction  of  re- 
inforced concrete  bridges  under  the  plans  of 
the  State  Highway  Commission.  The  main 
dimensions  of  the  structures  are  as  follows: 

Denny  Slough 

Bridge.  Bridge. 

Span,    ft 30  30 

Roadway,   (t IS  20 

-Height   over  all.   ft 16  11% 

Total  concrete,  cu.  yds 97.1  *S7.1 

Reinforcing  steel,  lbs 12,666  1?,731 

Distance    to    nearest    railroad 

station,    miles    3y<.  14 

Estimated  cost   $1,625  $1,525 

The  nearest  railroad  station  to  the  Slough 
Bridge  is  Pecatonica,  this  being  V2  mile  from 
the  work.  The  present  bridge  is  wood,  10  ft. 
span,  on  store  abutments.  At  low  water  flow 
the  stream  is  dry;  but  at  high  water  the  stream 
is  over  the  highway.  The  average  depth  of 
excavation  is  6  ft.  in  clay  and  muck  and  will 
extend  about  3  ft.  below  stream  bed.  Piles 
probably  will  be  required.  The  work  is  to  be 
completed  on  or  before  June  15,  1915. 

The  Denny  Bridge  is  located  about  3Vi  miles 
from  Pecatonica,  which  is  the  nearest  rail- 
road station.  It  will  replace  a  steel  beam 
structure,  80  ft.  span,  on  stone  abutments.  The 
low  water  flow  is  1  ft.  deep  ;  high  water  flow. 
7  ft.  deep.  Average  depth  of  excavation  is 
13%  ft.  in  clay  and  loam  and  will  extend  about 
5  ft.  below  stream  bed  to  hard  pan  founda- 
tion. The  work  is  to  be  completed  on  or  be- 
fore July  1.  1915.  It  is  reported  that  gravel 
may  be  had  for  both  bridges  f.  o.  b.  station 
at  $1.15  to  $1.25  per  cubic  yard.  Bids  for  the 
construction  of  the  Denny  Bridge  will  be  re- 
ceived by  H.  R.  Schreider,  Town  Clerk,  Sew- 
ard Township,  at  Town  Clerk's  office,  Peca- 
tonica, until  2  p,  m,,  Jan,  27.  Bids  on  the 
Slough  Bridge  will  be  received  by  J.  S.  Tar- 
bert.  Town  Clerk.  Pecatonica,  until  1 :30  p.  m., 
Jan,  27, 


Levee    and    Sewer    Construction    at 

Augusta,  Ga. 

The  River  and  Canal  Commission  of 
Augusta,  Ga,,  is  now  calling  for  bids  on  an- 
other contract  in  connection  with  the  flood 
protection  scheme  for  the  city.  The  work 
now  being  advertised  calls  for  Section  4  of 
the  levee,  and  requires  250,000  cu.  yds.  of 
earth  fill  and  30,000  cu.  yds.  of  excavation. 
This  will  be  scraper  or  wagon  work.  After 
this  contract  has  been  placed  there  will  re- 
main only  one  other  section  and  this  w'ill  be 
let  probably  in  March  or  April.  The  Com- 
mission also  is  calling  for  bids  for  sewer  con- 
struction for  changing  a  portion  of  the  drain- 
age from  the  river  to  the  drainage  canal  which 
has  been  constructed  south  of  the  city.  This 
w^ill  involve  the  following: 

960  lin,  ft.  of  reinforced  concrete  box  sewer, 
7  ft.  by  4V2  ft. 

420  lin.  ft.  of  4S-in.  brick  sewer. 
530  lin.  ft.  of  42-in,  brick  sewer. 
760  lin.  ft.  of  36-in.  brick  sewer. 
330  lin.   ft.  of  24-in.  pipe  sewer. 

Bids  for  the  levee  work  and  sewer  con- 
struction will  be  received  by  the  River  and 
Canal  Commission,  747  Broad  St.,  Augusta, 
until  noon,  Jan.  19.  Nisbet  Wingfield  is  Chief 
Engineer  of  the  Commission. 


.•\ccording  to  a  recent  decision  by  the  Idaho 
Public  Utilities  Commission,  an  auto-bus  line 
is  not  a  common  carrier. 


January  13,  191; 
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Central    Heating,    Light    and    Power 

Plant,  Washington,  D.  C. 

Plans  and  specifications  are  now  approach- 
ing completion  for  a  central  heating,  lighting 
and  power  plant,  to  be  erected  in  Washington, 
D.    C,    under    the    direction    of    Supervising 
Architect's      Office,      Treasury        Department. 
,  These  plans   and   specifications   will   be   ready 
for  delivery  on   or  after  Jan.   lo.     Bids  may 
be  submitted  for  the  entire  work  or  for  any 
one  of   the    following   sections:    Power   plant 
building   complete,   with   steel    stacks,   boilers, 
generating     apparatus,     pumping     equipment, 
condensers,  coal  and  ash  handling  apparatus, 
steam  and  water  piping,   switching  gear,  tun- 
nels,  sub-station   apparatus,    etc.      Prospective 
bidders    should    immediately    submit    applica- 
tions  for  plans  and   specifications,  stating  the 
portions  of  the  work  upon  which  they  desire 
to  bid.     If  it  appears  that  the  applicant  is  in 
a  position  to   bid   on  all  of  the   work  in  any 
one  of  the  sections  of  the  project,  or  upon  the 
entire  work,   the  plans  and   specifications  will 
he  forwarded.     No  plans  or  specifications  will 
be    furnished   sub-bidders   or   others   not   in  a 
position   to   submit  a  bid  on  all  of  the  work 
comprised   in  at   least  one   section.     The   De- 
partment will  be  able  to  allow  only  about   l-"i 
clays  for  the  preparation  of  estimates.     At  the 
time    plans    and    specifications    are    forwarded 
to  bidders  the  date  for  the  opening  of  bids  will 
be  stated,  and  this  date  will  not  be  extended. 


2,000,000   Cu.  Yds.  of  Excavation  and 
i  Levee  Fill  to  Be  Let. 

■  Bids  will  be  opened  next  week  on  a  large 

■  earth  moving  contract  for  the  Falaius  River 
T  Drainage  District  of  i\Iarion  and  Lewis  Coun- 
ties. Missouri.  The  work  calls  for  about  _,- 
ui  10,000  cu.  yds.  of  ditch  and  channel  excava- 
tion and  levee  fill.  It  provides  for  the  con- 
struction of  the  Durgan's  Creek,  North  Fabius 
River  and  South  Fabius  River  diversion  chan- 
nels and  levees,  the  South  Fabius  River  cut- 
offs, the  North  Fabius  River  cut-off,  Bonney 
levee.  Mississippi  River  levee  and  interior 
drainage  ditches.  The  work  is  divided  into 
10    sections    as    follows,    all    which    may    be 

,  awarded  separately  or  to  one  or  more  con- 
tractors : 

Section  1,  Durgan's  Creek  diversion  chan- 
nel and  levee  covering  l(i,.500  ft.  of  channel 
and  levees,  requiring  238,000  cu.  yds.  excava- 
tion, and  the  Mississippi  River  levee  Sta.  43  to 
^'■"i.   requiring  45,400  cu.  yds. 

Section  2.  Mississippi  River  levee.  31,540  lin. 
ft..  6-ft.  crown,  5  to  1  side  slopes  20-ft.  berm. 
requiring  .333.800  cu.  yds.  material  for  em- 
l-ankment  and  exploration  trench. 

Section  3,  North  and  South  Fabius  River 
diversion  levees.  19,260  lin.  ft..  3-ft.  crown. 
4  to  1  slopes,  20-ft.  berm,  271,200  cu.  yds. 

Section  4,  North  Fabius  River  diversion 
levees,  10,.500  lin.  ft.,  .3-ft.  crown,  4  to  1 
slopes,   20-ft.   berm,  211,100  cu.  yds. 

Section  5,  North  Fabius  diversion  channel, 
15.250  lin.  ft.,  30-ft.  bottom  width,  170,500  cu. 
yds.  excavation,  and  S5uth  Fabius  River  cut- 
offs 1,  2  and  3,  8,480  lin.  ft.,  20-ft.  bottom, 
P0,700  cu.  yds. 

Section  6,  Laterals  A  (south  of  railroad), 
A-1,  A-1-1,  B  and  C,  66,300  lin.  ft.  in  all,  10- 
ft.  bottom,   10-ft.  berm,  270,200  cu.  yds. 

Section  7,  Laterals  A  (north  of  railroad). 
n.  D-1  and  D-2.  .59,000  lin.  ft.  in  all,  10-ft. 
bottom,   10-ft.  berm,  307,000  cu.  yds. 

Section  8,  North  Fabius  River  cut-off,  960 
lin.  ft.,  20-ft.  bottom,  11,000  cu.  yds. 

Section  9,  North  Fabius  River  diversion, 
last  levee,  540  lin.  ft.,  3-ft.  crown,  2,600  cu. 
yds..  Bonney  levee,  6-ft.  and  14-ft.  crown, 
2,600  lin.  ft.,  19,000  cu.  yds. 

Section  10,  Mississippi  River  levee,  2.000  lin. 
ft.,  6-ft.   crown,    16,400   cu.  yds. 

Bids  for  the  work  for  the  Fabius  River 
Drainage  District  will  be  received  at  the  office 
of  the  Secretary,  J.  H.  Best,  Illinois  State 
Bank.  Quincy,  111.,  until  9:30  a.  m.,  Jan.  20. 
The  Marmaii  Engineering  Co.,  Peoria,  111.,  is 
the   engineer. 


PERSONALS 

Mr.  S.  B.  Bobbins,  luember  of  the  American 
Society  of  Civil  Engineers,  has  opened  an  of- 
fice in  the  new  Ford  building,  Great  Falls, 
Mont.,  as  consulting  engineer,  specializing  in 
irrigation,  drainage  and  agricultural  develop- 
ment. 

Mr.  G.  W.  Rice,  who  for  the  past  seven  years 
has  been  chief  engineer  of  the  Goose  Lake 
Valley  Irrigation  Co.  in  the  construction  of 
their  irrigation  system  near  Lakeview,  Ore., 
has  resigned  upon  completion  of  the  construc- 
tion work. 

Mr.  Arthur  G.  McKee  announces  that  Mr. 
Robert  E.  Baker  and  Mr.  Donald  D.  Herr, 
his  business  associates  during  a  number  of 
years  past,  have  joined  him  in  the  incorpora- 
tion of  his  engineering  and  contracting  busi- 
ness under  the  name  of  Arthur  G.  McKee  & 
Co.,  contracting  engineers,  Cleveland,  Ohio. 

Mr.  Chester  M.  Everett,  who  for  the  past 
eight  years  has  been  an  employe  of  the  firm 
of  Hazen  &  Whipple,  consulting  engineers,  30 
E.  42nd  St.,  New  York  City,  has  been  admitted 
to  partnership  in  that  firm.  It  is  also  an- 
nounced that  the  firm  name  has  been  changed 
to  Hazen,  Whipple  &  Fuller.  This  change  is 
made  on  the  twentieth  anniversary  of  the 
foundation  of  the  business.  The  firm  name 
was  first  Noyes  &  Hazen,  and  this  continued 
for  two  years.  After  Mr.  Noyes'  death  the 
business  was  conducted  first  under  Mr.  Hazen's 
name,  and  for  the  last  eleven  years  under  the 
name  of  Hazen  &  Whipple. 

Mr.  Edward  D.  Boyer,  cement  and  concrete 
expert  of  the  Atlas  Portland  Cement  Co.,  de- 
livered a  lecture  on  Dec.  14  on  "The  Con- 
struction and  Maintenance  of  Cement  Con- 
crete Pavements"  before  the  graduate  stu- 
dents in  highway  engineering  at  Columbia 
University.  Other  December  lecturers  and 
their  subjects  were  as  follows:  Mr.  William 
A.  Howell.  M.  .Am.  Soc.  C.  E..  engineer  of 
streets  and  highways  of  Newark.  N.  J.,  on 
Dec.  16,  illustrated  lecture  on  "Specifications 
for  Physical  Properties  of  Paving  Bricks  and 
Stone  Blocks."  Mr.  Nelson  P.  Lewis,  M.  Am. 
Soc.  C.  E.,  chief  engineer  Board  of  Estimate 
and  Apportionment,  New  York  City,  Dec.  23, 
illustrated  lecture  on  "Planning  of  Streets  and 
Street  Systems;"  Mr.  C.  N.  Forrest,  Assoc.  M. 
-Am.  Soc.  C.  E.,  chief  chemist.  Barber  .Asphalt 
Co.,  on  Dec.  28,  illustrated  lecture  on  "Pro- 
duction of  Bermudez  and  Trinidad  .A.sphalts." 

Mr.  Claude  E.  Chappell  has  been  appointed 
city  manager  for  Jackson,  Mich.,  by  the  new 
cnmmission  of  that  city  which  took  office  on 
Jan.  1.  Mr.  Chappell,  who  for  the  past  eight 
months  has  been  city  manager  of  Big  Rapids, 
Mich.,  was  chosen  from  a  field  of  twenty  or 
more  applicants,  including  several  who  have 
had  actual  experience  with  the  new  form  of 
numicipal  government.  A  brief  biographical 
sketch  and  a  photograph  of  Mr.  Chappell  ap- 
peared in  our  issue  of  June  24,  1914,  shortly 
after  his  acceptance  of  the  position  at  Big 
Rapids.  He  has  had  wide  experience  in  all 
lines  of  municipal  engineering  work,  and  dur- 
ing his  tenure  of  office  as  city  n;anager  has 
added  experience  in  financial  supervision,  fire 
and  police  department  work  and  other  non- 
engineering  municipal  matters.  Jackson,  a  city 
of  .38,000,  is  one  of  the  largest  cities  to  adopt 
the  commission-manager  system  so  far,  and 
.Mr.  Chappell's  work  will  be  watched  with  in- 
terest. 

Mr.  George  A.  Warner  has  resigned  as  city 
engineer  of  York,  Pa.,  to  enter  into  business 
as  consulting  and  contracting  engineer,  with 
office  at  230  Carlisle  Ave.,  York,  Pa.  He  is 
prepared  to  handle  all  kinds  of  municipal 
work,  farm  surveys,  etc.,  and  will  make  a 
specialty  of  road  construction  and  street  pav- 
ing. Mr.  Warner  was  for  seven  years  in  pri- 
vate practice  as  a  landscape  architect,  engaged 
in  park,  cemetery  and  private  estate  develop- 
ment, constructing  roads,  lakes,  dams,  sewers, 
etc.  In  1902  he  entered  upon  other  lines  and 
for  a  time  was  employed  in  railroad  construc- 


tion and  location,  mine  development,  furnace 
and  mill  construction,  as  engineer  for  the  .-\la- 
bama  Steel  &  Wire  Co.  and  for  Edward  Camp- 
bell of  Ardmore,  Pa.  Later  he  did  consider- 
able county  and  borough  work  and  was  for 
two  years  engineer  and  superintendent  of  con- 
struction on  water  supply  and  municipal  im- 
nrovements.  In  1907  he  became  engineer  for 
the  state  highway  department  of  Pennsylvania 
and  resigned  that  position  in  1911  to  become 
city  engineer  of  York,  Pa. 

Mr.  George  P.  Du  Bose  has  been  appointed 
superintendent  of  the  plant  of  the  Holt  Manu- 
facturing Co.  at  Stockton,  Cal.  Mr.  Du  Bose 
has  been  with  the  company  only  a  short  while 
in  charge  of  constructing  exhibition  machines 
for  the  two  1915  expositions,  but  his  ability 
shown  in  that  work  and  his  record  elsewhere 
made  him  a  choice  for  the  position.  Since  the 
retirement  of  Mr.  George  W.  Haines  from 
active  work  several  years  a.go  no  general  su- 
perintendent had  been  appointed,  and  the  se- 
lection of  Mr.  Du  Bose  comes  only  after  a 
very  careful  canvass  of  available  men  in  vari- 
ous parts  of  the  country.  After  the  San  Fran- 
cisco fire  Mr.  Du  Bose  took  an  active  part  in 
the  rebuilding  of  the  city,  acting  as  superin- 
tendent of  construction  for  D.  H.  Burnham  & 
Co.  and  the  Thompson-Starrett  Co.  ."Ks  gen- 
eral superintendent  of  bridge  construction  for 
the  Western  Pacilic  Railway  he  built  most  of 
the  bridges  in  Nevada  and  upper  California. 
He  was  also  consulting  engineer  in  the  con- 
struction of  the  Chilkoot  and  Spring  Garden 
tunnels  in  Feather  River  Canyon.  He  was  en- 
gineer in  charge  of  work  on  the  Solano  Irri- 
gated Farms.  In  building  a  ditch  for  this 
company  he  took  out  1,500,000  cu.  yds.  of  dirt 
in  4-5  days.  Previous  to  his  construction  work 
Mr.  Du  Bose  had  a  variety  of  experience  in 
modern  shops. 


OBITUARIES 

James  W.  McCabe,  railroad  contractor  of 
New  York  City,  died  suddenly  Jan.  3. 

J.  H.  Jennings,  railroad  contractor  of  Joplin, 
Mo.,  died  in  that  city  Dec.  28,  aged  50.  He 
had  been  in  railroad  building  work  for  over 
thirty  years. 

Chauncey  Ives,  for  many  years  chief  engi- 
neer of  the  Cumberland  Valley  Railroad,  died 
suddenly  at  Hood  River,  Ore.,  Jan.  5,  aged  73. 
Mr.  Ives  was  also  formerly  chief  engineer  of 
the  Bay  Ridge  Improvement  Co.,  Long  Island. 

Arthur  R.  Lester,  grading  contractor  of 
Denver,  Colo.,  died  at  his  home  in  that  city 
Dec.  27,  aged  57.  For  many  years  he  was 
associated  with  Peter  McGurk  of  Denver.  He 
went  to  Colorado  thirty  years  ago  from  Mt. 
Sterling,  111.,  and  has  been  in  the  railroad  con- 
tracting business  there  ever  since. 


CIVIL  SERVICE  NEWS 

The  State  Civil  Service  Commission  of  Illi- 
nois announces  an  examination  as  follows : 

-Assistant  LJtilities  Engineer.  —  Saturday, 
Feb.  6,  1915,  at  Anna,  Chicago,  Dunning,  East 
St.  Louis,  Elgin,  Jacksonville,  Kankakee,  Lin- 
coln, Macomb,  Mt.  Vernon,  Peoria,  Pontiac, 
Springfield,  LIrbana  and  Watertown.  Open 
to  men  over  21  years  of  a,ge  who  are  resi- 
dents of  Illinois.  Salary,  $9()  a  month,  possi' 
ble   increase   to   $125. 

Principal  ciutie.s  are  to  investigate  cost  records!, 
checlf  inventories  of  public  utility  properties, 
and  investigate  cperatins  methods  to  deti'imine 
fair  value  of  such  properties.  Candidates  should 
h.ave  the  equivalent  of  two  years  of  technical 
training  in  an  ensineering  school  of  recognized 
standing:  and  should  have  experience  in  con- 
nection vvith  the  operation,  design,  or  construc- 
tion of  public  utility  properties.  Experience  in 
the  vahuiilon  of  such  properties  is  very  desir- 
able. Familiarity  with  the  Illinois  Public  Util- 
ity Act  is  necess.ary.  Applications  must  be  on 
file  at  the  odiee  of  the  Commission  in  Sprinprdeld 
not  later  than  .'i  p.  m.,  Saturday,  Januai-y  30, 
Ifllfi.  The  proper  forms  may  be  secured  by  ad- 
dressing the  State  Civil  Service  Commission, 
Kpringfleld,  Illinois. 

Junior  Engineer,  Stale  Highway  Commis- 
sion.— Salary,  $75  per  month  and  expenses. 
Residence  in  Illinois  not  necessary.  Mini- 
mum age,  21.  Applications  must  be  filed  be- 
fore Feb.  27.     Examination  hcbl  Mar.  6. 
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California : 

San  Diego,  Cal. — State  Railroad  Commis- 
sion has  approved  agreement  of  John  D.  and 
A.  B.  Spreckels  to  purchase  $3,000,000  of  stocli 
of  San  Diego  &  Arizona  Ry.,  and  also  plans 
for  construction  of  Mexican  link  of  the  com- 
pany. 
Illinois : 

Carbondalc,   111. — Election  was  held  Jan.  12 
to  vote  on  franchise  for  line  for  Murphysboro 
&  Southern  Illinois  Ry.  Co.,  Murphysboro,  to 
connect  Carbondale  and  Murphysboro. 
Minnesota : 

St.  Paul,  Minn.— 'Plans  for  new  union  depot 
have  been  submitted  to  City  Council  by  Union 
Depot  Co.,  representing  nine  interested  rail- 
roads. Improvement  will  cost  $15,000,000  and 
will  include  3-story  building;  ground  area  of 
depot  and  terminals  will  cover  54  acres;  diver- 
sion of  Mississippi  River  channel  is  included. 
Missouri : 

Kirksville,  Mo. — Commercial  Club  is  raising 
bonus  of  $20,000  for  securing  2-mile  spur  of 
Big  Creek  R.  R.  to  open  up  coal  and  clay  fields 
west  of  the  town. 
North  Carolina: 

Andrews,  N.  C. — Hiawassee  Valley  R.  R.  is 
reported   to   be   about   to   let   contract    for   14 
miles  of  its  proposed  line.     O.  L.  Anderson, 
Hayesville,  N.  C,  is  President. 
Ohio: 

Portsmouth,  O. — Portsmouth  Street  Ry.  & 
Light  Co.  is  reported  to  have  sold  $500,000 
bond  issue  and  will  begin  construction  soon 
on  new  line  to  Ironton.  R.  D.  York,  Ports- 
mouth, is  General  Manager-. 
Oregon: 

Pendleton,  Ore. — Oregon- Washington  Ry.  & 
Navigation   Co.  may  start  work  in  spring  on 
proposed  freight  terminal  at  Pilot  Rock  Junc- 
tion near  Pendleton. 
Pennsylvania : 

Chambersburg,  Pa. — Charter  will  be  secured 
^oon  for  electric  railway^  to  connect  McCon- 
nellsburg  and  Fort  Louden.  Line  will  be  about 
10  miles  long,  and  preliminary  surveys  will  be 
started  soon.  Edward  J.  Post,  D.  H.  Patter- 
son and  Herbert  A.  Duffy  are  interested. 
Virginia : 

Winchester,  Va. — Baltimore  &  Ohio  R.  R.  is 
reported  to  be  securing  right  of  way  in  Berke- 
ley and  Jefferson  Counties,  West  Virginia,  for 
new  cutoff  from  Cumbo  to  Harpers  Ferry.  It 
is  stated  that  there  are  some  prospects  that 
work  will  be  started  this  spring. 
South  Dakota: 

Winner,  S.  Dak.— Chicago  &  Northwestern 
Ry.  is  reported  planning  to  start  work  in 
spring  for  extension  westward  from  Winner 
through  Tripp  County  and  into  Mellette 
County.  . 

Washington : 

Seattle,  Wash. — Citizens  may  vote  at  March 
election  on  purchasing  Seattle,  Reuton  & 
Southern  street  car  system  for  $1,. 500,000. 

BIDS  OPENED; CONTRACTS  LET 

Arizona : 

Douglas,  .A.riz. — Bids  are  reported  to  have 
been  taken  for  construction  of  the  Mascott  & 
Western  R.  R.  This  will  be  a  -SG-mile  line 
connecting  the  Mascott  Mine  in  the  Dos  Cab- 
esas  District  with  the  El  Paso  &  Southwestern 
R.  R.  near  Kelton.  Grading  work  will  be 
light.     C.  P.  Hennings  is  engineer  in  charge. 

Minnesota : 

International  Falls.  Minn. — Minnsota  and 
Ontario  Power  Co.,  Minneapolis,  is  reported 
to  be  awarded  contract  for  25  miles  extension 
of  Minnesota,  Dakota  &  Western  Ry.  from 
Littlefork  to  Craig. 

South  Carolina: 

Charleston,  S.  C. — Smith  &  Kyle  have  start- 
ed work  on  their  contract  for  grading  for 
2-miIe  extension  of  Consolidated  trolley  car 
track  to  North  Charleston. 


Utah: 

Ogden,  Utah. — Phelan-Shirley  Co.,  New 
Omaha  National  Bank  Bldg.,  Omaha,  Neb., 
has  been  awarded  contract  for  7  miles  of 
double  tracking  between  Ogden  and  Gateway 
Bridge  for  Oregon  Short  Line  Ry.  Sub- 
contract for  part  of  work  has  been  let  to 
Christensen  Construction  Co.,  Salt  Lake  City. 
Contract  involves  team  work,  steam  shovel 
work  and  250-ft.  tunnel. 
Wisconsin : 

Oshkosh,  Wis. —  Wisconsin  &  Northern  R.  R. 
has  awarded  a  contract  clearing  10  miles  of 
right  of  way  at  the  Shawno  end  of  its  pro- 
posed 27  miles  of  new  line  between  that  place 
and  Crandon.  contract  for  10  miles  of  grad- 
ing south  from  Crandon  also  has  been  let. 
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BIDS  ASKED. 
Alabama : 

Tuskegee,    Ala.— Until    Jan.    14,    by    E.    M. 
Thompson,  Mayor,  for  10,000  ft.  concrete  curb 
and  gutter. 
Arizona : 

Phoenix,   Ariz. — Until   5   p.   m.,   Jan.   18,   by 
Earl  H.  Parker,  Supt.  of  Streets,   for  paving 
with  bitulithic  the  roadway  of  Madison  St. 
Indiana : 

Rensselaer,  Ind. — Until  2  p.  m.,  Feb.  2,  by 
Joseph  B.  Hammond,  County  Auditor,  for  16,- 
000  ft.  of  stone  road  in  Carpenter  Township, 
5.300  ft.  of  stone  road  in  Walker  Township. 

Fowler,  Ind. — Until  1  p.  m.,  Feb.  1,  by  War- 
ren Waukey,  County  Auditor,  for  gravel  road 
in  Center  Township.     Estimated  cost  $16,040. 

Brazil,  Ind.— Until  10:30  a.  m.,  Feb.  2,  by 
Wm.  O.  Grasser,  County  Auditor,  for  stone 
road  in  Lewis  Township. 

Crawfordsville,  Ind.— Until  10  a.  m.,  Feb.  2, 
by  B.  E.  Engle,  County  Auditor,  for  concrete 
road  in  Warner  Township,  gravel  and  stone 
road  in  Union  Township,  brick  and  concrete 
road  in  Franklin  Township,  stone  road  in 
Clark  Township  and  concrete  road  in  Union 
Township. 

Tipton,  Ind. — Until  10  a.  m.,  Feb.  1,  by  Os- 
car Van  Ness,  County  .\uditor,  for  gravel  road 
on  boundary  line  between  Prairie  and  Liberty 
Townships. 

Valparaiso,  Ind. — Until  2  p.  m.,  Feb.  1,  by 
C.    A.    Blachly,    County    Auditor,    for    gravel 
road   contracts   estimated   to   cost   $17,230. 
Maryland : 

Baltimore,  Md. — Until  noon,  Jan.  11),  by 
State  Roads  Commission,  Wm.  L.  Marcy,  Sec- 
retary, for  roads  as  follows :  Dorchester 
County,  Contract  No.  D-11,  road  from  Link- 
wood  to  Mt.  Holly,  about  2.69  miles  in  length, 
concrete  or  macadam. 

Baltimore,     Md. — L'ntil    noon,    Jan.    19,    by 
State  Roads  Commission,  Wm.  L.  Marcy,  Sec- 
retary,  for   1.5   miles  of   sheet  asphalt  paving 
for  Hanover  St.  bridge  and  approaches. 
New  Jersey: 

Camden.   N.   J.— Lentil   8   p.   rii.,   Jan.   18,  by 
A.  B.  Sparks,  Chairman,  Committee  on  Streets, 
for  repair  of  brick  and  cement  sidewalks  and 
pa\ing  new  sidewalks  for  1915. 
New  York: 

New  York,  N.  Y.— Until  11  a.  m.,  Jan.  20. 
by  L.  H.  Pounds,  President  Borough  of 
Brooklyn,  for  8  street  improvement  contracts. 
Largest  calls  for  grading,  curbing  and  laying 
sidewalks  on  E.  12th  St.  Contract  includes 
14,680  cu.  yds.  of  fill,  2,840  lin.  ft.  steel  bound 
concrete  curb  and  13,540  sq.  ft.  cement  side- 
walks. 

New  York,   N.  Y.— Until   11    a.  m.,  Jan.  20, 
liy  L.  H.  Pounds,  President  Borough  of  Brook- 
lyn, for  2,000  tons  limestone  or  other  suitable 
inorganic  dust  for  municipal  asphalt  plant. 
Ohio: 

Ashtabula.  O. — Until  noon,  Jan.  23,  by  Di- 
rector Public  Service,  for  about  16,000  sq.  yds. 
of  brick  pavement. 

Mt.  Gilead,  O.— Until  11  a.  m.,  Jan.  29,  by 
C.  O.  Higgins,  County  .\uditor,  for  %  mile 
of  road  in  Washington  Township. 


Marion,  O.— Until  noon,  Jan.  16,  by  V.  Perle 
Garfield,    Clerk    Board    of    County    Commis- 
sioners,  for   regrading  and     resurfacing     the 
Crissinger  Pike  road;  estimated  cost  $6,081. 
Texas : 

Waco,  Tex.— Until  Feb.  8,  by  County  Audi- 
tor,   for   iron   culverts    for   road   maintenance 
work  during   1915. 
Virginia : 

Alexandria,  Va.— Until  Jan.  22,  by  Board  of 
Awards,  at  office  of  Chief  Clerk,  .Office  of 
Public  Roads,  Washington,  D.  C,  for  experi- 
mental road  on  Mt.  Vernon  Ave.  requiring 
about  29,000  cu.  yds.  excavation  and  42,000  sq. 
yds.  bituminous  surfacing. 
Washington : 

Everett,  Wash.— Until  Jan.  25,  by  County 
Commissioners,  for  filling  in  trestle  on  Cava- 
lero  Road,  requiring  placing  of  30,000  cu.  yds. 
of  earth. 

Chehalis,  Wash.— Until  Feb.  6,  by  Lewis 
County  Commissioners,  for  paving  one  mile  of 
18-ft.  concrete  road  between  Chehalis  and 
Centralia ;   estimated   cost,  $1-5.500. 

PROSPECTIVE  WORK. 

California : 

Porterville,  Cal.— It  is  proposed  to  cover  the 
entire  residence  section  within  the  city  limits 
with  concrete  walks  next  spring. 
Colorado : 

Denver.  Colo.— Board  of  Public  Works  has 
decided  upon  alley  paving  that  will  cost  ap- 
proximately $17,000.  Work  will  be  ordered 
finally   Feb.   17. 

Connecticut : 

Hartford,  Conn.— Street  Board  has  decided 
to    take    preliminary    steps    towards    widening 
JIaple  Ave.  10  ft.  front  Bond  St.  to  the  city 
line.     Roscoe  N.  Clark  is  City  Engineer. 
Delaware : 

Wibnington.  Del.— Council  favors  plan  to 
issue  $360,000  in  bonds  for  street  improve- 
ments. 

Georgia : 

Macon,  Ga. — Voters  will  be  asked  to  pass 
upon  the  question  of  issuing  $300,000  in  bonds 
at  a  special  election  to  be  held  March  4,  for 
paving,  sewers  and  hospital  needs. 

Illinois : 

Naperville,  111. — Proposition  to  pave  11 
streets  at  an  estimated  cost  of  $104,000  has 
been    postponed. 

El  Paso,  111. — Village  Board  passed  ordi- 
nance providing  for  $50,000  worth  of  brick 
pavement  to  he  put  down  ne.xt  summer. 

Ottawa,  111. — Local  Improvement  Board  de- 
cided to  extend  the  pavement  on  Jackson 
and  Jefferson  Sts.,  from  Sanger  St.  to  Arm- 
strong St.  City  Engineer  Geo.  Farnsworth 
estimates   the   cost  at  $19,369. 

Peoria.  111. — Local  Improvement  Board 
passed  resolution  authorizing  the  opening  of 
Locust  St.,  Adams  St.  to  Warner  .\ve. 

Rockford,  111. — Board  of  Local  Improve- 
ments approved  a  petition  for  paving  North 
Prospect  with  macadam.  Estimated  cost,  $11,- 
000. 

Belleville,  111. — A  bill  is  before  Council  pro- 
viding for  tlie  paving  of  Rock  road  at  a  cost 
estimated  over   $100,000. 

Indiana : 

Indianapolis,  Ind. — Board  of  Public  Works 
postponed  until  March  1  hearings  on  resolu- 
tions for  paving  Pennsylvania  St..  Maryland 
to  Georgia  .Sts.,  and  from  Virginia  .\ve.  to 
Maryland  St. ;  Pearl  St.,  Pennsylvania  to 
Illinois  Sts.,  and  Court  St..  Illinois  St.  to 
Capitol   Ave. 

Indianapolis,  Ind. — Board  of  Park  Commis- 
sioners adopted  resolution  to  include  the  ac- 
quisition of  land  and  construction  of  a  boule- 
vard along  the  stream  from  Madison  Ave.  to 
Garfield  Park.  It  was  estimated  the  cost  will 
be  $60,000. 

Indianapolis,  Ind. — Board  of  Park  Conimis-' 
sioners  adopted  resolution  for  the  acquisition 
of  land  and  construction  of  a  boulevard  alotig 
both  sides  of  Pleasant  Run  from  Raymond  to 
Beecher  Sts.  The  estimated  cost  is  $87,500, 
of  which  $31,000  is  for  construction  work. 
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I  A  Call  for  Adequate  Support  of  the  U. 
I         S.  Coast  and  Geodetic  Survey. 

j      The    great    importance    ul    the    work    which 
I  lias  been  done  and  is  being,  done  by  the  Coast 
'  and  Geodetic   Survey  of  the  United  States  is 
j  known   to    engineers.        Very    few    engineers, 
1  however,    have    knowledge    of    the    handicaps 
'  under  which  this  work  has  'been  and  is  being 
I  carried  nn.     The  assertion  that  the  Survey  is 
I  inadequately  provided  with  housing  accommo- 
(  dations,  with  vessels,  with  apparatus  and  with 
I  funds  only  partially  indicates  the   facts.     The 
housing  accommodations  are  not   only  inade- 
quate  and   uneconomical,   but  are   unsafe  and 
unsanitary.        These   statements   are   from   re- 
ports of  the  building  ofiicials  of  the  District 
of  Columbia  and  of  the  Federal  Public  Health 
Service.     The  vessels  provided   for  coast  sur- 
vey work  are  in  no  single  instance  thoroughly 
modern  in  accommodations  and  equipment  and 
in  three  instances  are  practically  unseaworthy. 
So    lacking    in    all    requisites    for    wholesome 
living  is  one  of  these  vessels  that  in  his  last 
leport  Secretary  of  Commerce  Redfield  says: 
"I   protest  in   the  name  of   ordinary   decency, 
against  being  obliged  to  continue  such  a  vessel 
in  service."     This  is  not  an  isolated  example. 
All  through  the  forty  pages  of  his  report  on 
the    Survey   the    Secretary   is   citing   examples 
of   obsolete,    uneconomical,    unsafe   and    crude 
apparatus,   equipment  and   methods   compelled 
by  lack  of  funds.     In  comment  on  the  service 
as   a    whole   it    is   pointed   out   that    it   is   the 
oldest    scientific    service   of    the    Government: 
that  it  has  invented  and  made  instruments  of 
precision   of   the  highest  value ;   that   its   geo- 
detic and  coast  survey  work  has  been  a  model 
in  ^peed,  accuracy  and  economy;  that  it  oper- 
ates  under   conditions   which   "put   the   nation 
to  the  blush."     Engineers  have  an  opportunity 
here  to  perform  a  needed  service.     They  can, 
through    their    organizations,    take    concerted 
action  which  will  compel  consideration  of  the 
Survey's    requirements.      They    should    justify 
their   doctrines  by   taking  action. 


Exposition  Structures,  with  Particular 

Reference  to  the  Tower  of  Jewels. 

The  great  expositions  of  the  past  have  all 
requireil  the  cf^mstruction  of  large  and  care- 
fully planned  buildings  and  other  structures 
of  special  interest.  After  the  close  of  these 
expositions  most  of  the  buildings  have  been 
wrecked,  the  sites  have  been  cleared,  and 
there  is  left  to  us  only  a  memory  of  the  princi- 
pal features  presented.  Even  though  the 
structures  were  generally  of  a  temporary  char- 
acter, they  did,  however,  possess  engineering 
features  of  considerable  interest;  in  fact  the 
necessity  of  accomplishing  something  definite 
at  a  minimum  expenditure  often  required  the 
highest  type  of  engineering  skill  and  ingen- 
uity. It  is  to  be  regretted  that  our  engineer- 
ing literature  does  not  contain  specific  and 
complete  data  on  these  structures  for  the  gen- 
eral use  of  engineers  in  the  practice  fif  their 
profession.  The  advisability  of  keeping  per- 
manent records  concerning  engineering  work 
was  not  appreciated  by  those  in  charge  of 
former  expositions,  and  few  data  are  now 
available.  The  engineering  department  of  the 
fanama-Pacific  International  Exposition  is  to 
he  commended  for  the  attitude  it  has  taken 
in  making  public  the  engineering  features  of 
tlic  structures  built  by  it.  Not  only  has  in- 
fortnation  been  made  readily  available  to  en- 
gineering publications,  but  the  various  engi- 
neers in  charge  of  the  design  and  erection 
of  certain  structures  have  prepared  articles 
describing  and  illustrating  in  detail  the  essen- 


tial features  of  their  work.  These  engineers 
are  serving  the  engineering  profession  in  a 
substantial  way  and  are  establishing  a  prece- 
dent wdiich  should  be  followed  by  those  in 
charge  of  succeeding  expositions.  By  making 
public  the  information  in  advance  of  the  open- 
ing date  they  have  also  been  able  to  do  effi- 
cient advertising  work  and  thus  make  their 
services  of  increased  value  to  their  employers. 

In  previous  issues  of  Engineering  and 
CoNTR.\CTI^■G  we  have  published  articles  on 
various  projects  connected  with  this  e.xposi- 
tion.  In  the  "Buildings"  section  of  this  issue 
there  appears  an  article  on  the  design  and  con- 
struction of  the  435-ft.  steel  framed  "Tower 
of  Jewels,"  which  possesses  many  interesting 
features,  and  which  was  built  at  a  cost  of 
about  $420,000.  The  details  of  the  steelwork 
are  fully  described  and  illustrated,  while  the 
main  architectural  features  are  also  set  forth. 
The  design  and  erection  features  of  the  tim- 
ber work  are  described,  but  no  illustrations 
for  this  part  of  the  work  are  shown,  as  they 
will  be  given  in  a  later  issue. 

The  steelwork  consists  principally  of  six 
main  frames,  parallel  in  plan,  which  are  de- 
signed as  two-hinged  arches,  and  which  form  a 
monumental  archway — the  main  entrance  to 
the  exposition  grounds.  The  ends  of  each 
arch  are  connected  by  steel  ties  and  rest  on 
segmental,  spherical  cast-steel  bases.  By  means 
of  these  specially  designed  and  carefully  fab- 
ricated bases  the  loads  are  equalized  on  the 
reinforced  concrete  footings  and  pile  founda- 
tions. The  magnitude  of  the  structure,  the 
care  with  which  each  part  of  it  has  been  ana- 
lyzed, and  the  completeness  of  the  published 
data  make  the  article  one  of  special  value  to 
structural  engineers,  as  many  of  the  princi- 
ples are  also  applicable  to  other  types  of  steel 
structures. 


Short  College  Courses  in  Highway  En- 
gineering or  Annual   Meetings  of 
State  Associations  of  Highway 
Engineers:   Which  is  the 
Better  Plan? 

Within  the  past  few  weeks  announcements 
have  been  made  by  a  number  of  prominent 
engineering  schools  that  short  courses  in  high- 
way  engineering  from  one  to  eight  weeks  in 
length  would  be  offered.  Announcements 
have  also  been  made  of  various  state  meetings 
of  road  foremen  and  engineers  for  the  pur- 
pose of  discussing  methods  of  construction 
and  the  interchange  of  ideas,  these  meetings 
lasting  from  a  few  days  to  several  weeks. 
.\pparently  the  object  of  both  is  to  increase 
the  efficiency  of  men  engaged  in  road  con- 
struction work.  The  motive  is  undoubtedly 
good :  which  is  the  better  plan  ? 

The  object  of  thorough  engineering  schools 
is  to  train  men  in  the  fundamentals  of  en- 
gineering, of  the  associations  to  increase  the 
efficiency  of  men  already  employed  in  high- 
way work.  To  what  extent  is  this  object 
attained  by  short  college  courses?  If  such 
a  course  is  taken  by  an  engineer  already  ex- 
pert in  other  branches  of  engineering  does  he 
need  the  elementary  training  in  fundamental 
principles  of  engineering  that  arc  the  same  for 
all  branches,  and  docs  he  receive  practical  in- 
formation that  would  be  of  service  in  con- 
structing roads?  For  instance,  would  a  rail- 
road engineer  after  taking  a  short  course  in 
highway  engineering  be  competent  to  inspect 
the  laying  of  a  brick  pavement  or  supervise 
the  operation  of  a  Toad  maintenance  crew. 
Can  details  and  methods  be  learned  from  lee- 
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tures  or  should  they  be  absorbed  on  the  actual 
work? 

On  the  other  hand,  does  a  short  course  in 
highway  engineering  train  a  road  superintend- 
ent, experienced  in  the  details  of  road  con- 
struction, in  the  economics  of  engineering  and 
instill  in  him  the  engineering  view-point,  or 
the  faculty  to  weigh  and  judge  matters  per- 
taining to  engineering  designs,  that  it  has  been 
held  by  many  requires  years  of  broadening 
study  to  achieve?  At  such  a  short  course  does 
a  man  obtain  a  clear  grasp  of  the  subject  or 
does  he  merely  acquire  the  patter  of  the  art 
and  a  multitude  of  ideas  that  previous  train- 
ing has  not  prepared  him  properly  to  digest? 

It  must  not  be  inferred  that  these  short 
courses  are  absolutely  lacking  in  value.  They 
give  men  a  certain  superficial  familiarity 
with  road  work  that  enables  them  to  under- 
take the  construction  of  roads  and  obtain 
actual  experience  in  the  work  from  the  con- 
tractor, or  liy  a  series  of  experiments  while 
the  work  is  in  progress  that  will  aid  them 
in  digesting  the  rather  large  dose  of  ideas 
given  in  the  short  course. 

Graduate  courses  in  road  engineering  given 
to  graduate  or  experienced  engineers  that  deal 
exclusively  with  the  theory  of  road  construc- 
tion are  timely  and  have  a  well  defined  place 
in  our  engineering  schools.  Also  trade  schools 
that  teach  the  details  of  a  subject  have  a  grow- 
ing field.  But  the  average  short  course  cov- 
ers neither  field  thoroughly,  it  is  neither  "meat 
nor  flesh."  Radical  modification  of  these 
courses  is  necessary  if  they  deserve  to  be 
continued. 

Meetings  of  state  associations  of  road  en- 
gineers and  foremen,  or  the  road  school  as  it 
is  called  in  Wisconsin,  have  for  their  object 
the  interchange  of  ideas  and  the  development 
of  "esprit  de  corps"  among  state  employes. 
.At  one  such  meeting  the  following  subjects 
were  discussed :  accounting  details,  the  im- 
provement of  main  highways  and  radiating 
roads,  the  use  of  asphaltic  oil  on  gravel  roads, 
sectiring  right  of  way,  and  helpful  lines  of 
study  for  engineers.  At  another  meeting  va- 
rious types  of  road  machinery  are  studied  in 
detail  and  other  subjects  of  a  similar  practical 
nature  discussed,  .\ttendance  is  required  of 
employes  but  others  may  attend  should  they 
so  desire.  These  meetings  are  similar  in  na- 
ture to  the  annual  schools  of  study  required 
of  teachers  and  are  a  distinct  aid  in  securing 
efficiency. 

.'\n  important  problem  of  road  construction 
and  maintenance  is  the  securing  of  competent 
inspectors  and  foremen  with  initiative  and  a 
knowdedge  of  details,  in  short,  trade  school 
men.  A  large  number  of  engineers  is  not 
needed  for  any  construction  work  and  compe- 
tent and  well  trained  men  are  available.  The 
training  of  an  engineer  in  the  w'ork  of  a  fore- 
man is  unsatisfactory,  since  as  soon  as  trained 
he  leaves  the  work  to  follow  his  profession. 
Similarly,  the  engineering  patter  acquired  by 
the  average  foreman  or  inspector  comes  not 
from  the  reasoning  mind  but  from  the  mem- 
ory. 

Meetings  and  schools  supervised  by  state 
highway  departments  that  have  for  their  end 
the  increasing  of  the  efficiency  of  employes 
deserve  the  utmosj  encouragement.  Results 
obtained  have  been  excellent  and  the  principles 
upon  which  they  are  based  are  sound.  The 
undertaking  of  trade  school  work  by  engineer- 
ing schools,  however,  is  fraught  with  grave 
danger  to  the  school,  to  the  standards  of 
the  engineering  profession,  and  to  the  man 
who  attends  such  a  course  and  perhaps  re- 
ceives false  ideas  as  to  its  eflfectiveness  in  aid- 
ing him  to  secure  the  training  desired. 
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WILLIAM  B.  JACKSON,  President  of  the  Western  Society  of  Engineers. 


William  B.  Jackson,  member  of  the  firm  of 
D.  C.  and  William  B.  Jackson,  consulting 
engineers  of  Chicago,  was  elected  president  of 
the  Western  Society  of  Engineers  at  the  an- 
nual meeting  held  in  Chicago,  January  13-14, 
1915.  Mr.  Jackson  has  long  been  actively 
identified  with  the  Electrical  Section  of  the 
society,  and  when  the  members  decided  that 
it  was  time  that  a  president  be  elected  from 
that  section,  the  choice  fell  on  him. 

Mr.  Jackson  was  born  in  Kennett  Square, 
Pa.,  in  1870.  His  father,  Josiah 
Jackson,  was  a  professor  of 
mathematics  at  the  Penn- 
sylvania State  College,  and  the 
son  received  his  technical 
training  at  that  institution.  He 
took  the  mechanical  engineer- 
ing course,  graduating  with 
the  degree  of  B.  S.  in  1890. 
Five  years  later  he  received  his 
degree  in  mechanical  engi- 
neering in  recognition  of  cer- 
tain field  work  and  a  thesis. 

After  graduation  Mr.  Jack- 
son began  a  varied  career  by 
taking  a  position  in  a  bank  in 
Colorado  Springs.  In  1893  he 
had  charge  of  the  Pennsyl- 
vania Mining  exhibit  at  the 
World's  Fair  in  Chicago,  and 
at  the  close  of  the  fair  he  in- 
stalled that  exhibit  at  the 
Pennsylvania  State  College. 
He  also  spent  some  time  at 
that  institution  in  studying 
electrical  engineering.  Later 
in  1894  he  became  inspector 
for  the  United  Electric  Light 
&  Power  Co.  of  New  York 
City,  and  then  for  a  time  was 
connected  with  the  Stanley 
Electric  Manufacturing  Co.,  in 
the  shops  and  testing  depart- 
ment, becoming  later  engineer 
in  charge  of  specifications.    In 

1895  he  was  transferred  to  Chi- 
cago as  engineer  for  the 
Northwest,  having  charge  of 
all  plant  installation  and  engi- 
neering work  in  that  district 
for  the  company. 

It  was  while  holding  this 
position  that  Mr.  Jackson  un- 
dertook the  completion  and 
starting  up  of  the  Lowell- 
Grand  Rapids  Power  Trans- 
mission system  in  Michigan,  which  was  the 
first  high  tension  electric  tranmission  system 
to  be  started  east  of  the  Rocky  Mountains.   In 

1896  he  became  manager  and  chief  engineer 
of  the  Lowell  Water  &  Light  Co.  and  the 
Peninsula  Light,  Power  &  Heating  Co.  of 
Grand  Rapids.  He  developed  an  improved 
method  of  charging  for  light  and  power 
wherein  a  uniform  basic  charge  is  made  per 
unit  of  translating  devices  operated  by  the 
consumer,  to  which  is  added  an  equitable 
charge  for  each  unit  of  power  actually  used. 


This  system  of  charging  has  been  widely 
adopted  as  a  just  one  for  both  consumer  and 
company. 

Mr.  Jackson  also  devised  means  for  work- 
ing upon  the  live  circuits  of  the  high  tension 
transmission  line  replacing  the  line  insulators 
while  the  line  was  in  service. 

In  1897  he  re-entered  the  service  of  the 
Stanley  Electric  Manufacturing  Co.,  hav- 
ing charge  of  ihc  installation  and  test- 
ing    of     the     two-phase     alternating     cur- 


rent generator  sets  at  the  West  New 
Brighton  plant  of  the  New  York  &  Staten 
Island  Electric  Co.  He  later  became  superin- 
tendent and  chief  engineer  of  that  system. 

In  1899  he  became  general  superintendent 
and  chief  engineer  of  the  Colorado  Electric 
Power  Co.,  and  while  holding  that  position 
he  perfected  several  other  valuable  devises 
now  in  use. 

He  again  joined  the  Stanley  Electric 
Manufacturing  Co.  in   1901  as  traveling  en- 


gineer, his  work  including  the  inspection  of 
and  reporting  on  all  lighting  and  power 
projects  in  which  the  company  was  in- 
terested. 

During  this  time  he  designed  the  20,000  hp. 
hydro-electric  station  of  the  York,  Haven 
Water  &  Power  Co.  on  the  Susquehanna  river, 
and  also  carried  out  work  of  this  kind  in 
Austria  and  Hungary. 

With  his  brother,  Dugald  C.  Jackson  of 
Madison,  Wis.,  Mr.  Jackson  in  1902  opened 
the  consulting  engineering  office 
which  has  become  well  known 
under  the  firm  name  of  D.  C. 
and  ^^■illiam  B.  Jackson.  The 
firm  was  first  established  in 
Madison,  but  removed  to  Chi- 
cago in  1907,  and  is  now  lo- 
cated in  the  Harris  Trust 
building  on  Monroe  street.  A 
second  office  was  later  estal)- 
lished  in  Boston. 

Tlie  firm  has  been  engaged 
on  the  design  and  supervision 
of  construction  of  many  impor- 
tant electrical  projects,  in  valu- 
ation and  rating  examinations, 
in  the  laying  out  and  carrying 
out  of  improvements  of  the  phys- 
ical and  operating  features  of 
electrical  properties  and  other 
lines  of  civil  and  electrical  en- 
gineering work.  Mr.  Jackson's 
experience  has  included  pioneer 
work  in  the  manufacture  of 
polyphase  electrical  apparatus, 
and  the  installation  and  oper- 
ation of  central  stations  and 
electrical  transmissions..  Mr. 
Jackson  is  also  a  director  of  the 
Cutler  Hammer  Mfg.  Co.  of 
Milwaukee. 

Mr.  Jackson  has  always  been 
actively  interested  in  the  work 
of  the  engineering  societies.  He 
is  a  member  of  the  American 
Institute  of  Electrical  Engi- 
neers, being  also  a  member  of 
the  board  of  managers  of  that 
society.  He  is  a  member  of 
the  council  of  the  American 
Society  of  Mechanical  Engi- 
neers, and  a  member  of  the 
American  Society  of  Civil  En- 
gineers, the  American  Gas  In- 
stitute, the  National  Electric 
light  Association,  the  American  Electric  Rail- 
way Association,  the  Engineers'  Club  of  Chi- 
cago, the  Engineers'  Club  of  Boston,  the  As- 
sociation of  Commerce  and  the  Union  League 
Club,  of  Chicago,  the  City  Club,  the  Press 
Club,  the  Mid-Day  Club  and  Flossmoor  Coun- 
try Club,  -all  of  Chicago,  and  the  Association 
of  Commerce  of  Milwaukee. 

Mr.  Jackson  makes  his  chief  headquarters 
at  the  Chicago  office  of  the  firm,  his  residence 
being  in  Winnetka,  111. 
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January  20,  1915. 
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Design  and  Construction  of  the  435-Ft. 
Steel  Framed  Tower  of  Jewels 
at  the  Panama-Pacific  In- 
ternational Exposition. 

Contributed   by   Frank    S.    M.    Harris.    Assistant 

Structural    Engineer,    Panama-Pacific 

International  Exposition. 

(In  this  article  the   design  and  erection   of 

the   steel    frame    of   the   tower   are    fully   de- 


the  timber  details  are  exceptional  they  will  be 
given  in  a  later  issue. — Editors.) 

The  main  entrance  tower  at  the  Panama- 
Pacific  International  E.xposition  occupies  a 
commanding  position  at  the  head  of  the 
"Court  of  Honor."  Rising  to  a  height  of  435 
ft.,  it  overtops  the  surrounding  domes  and 
arches  by  2.50  ft.  or  more,  thereby  fulfilling 
its  function  as  the  dominant  feature  of  the 
architectural   scheme. 


ng  strut  4-L'^V3V,V 


cube  being  pierced  in  a  north-and-south  di- 
rection by  a  barrel  arch,  the  soffit  of  which  is 
119  ft.  above  the  court.  Above  the  top  of 
the  cube  the  structure  consists  mainly  of  a 
series  of  cylindrical  portions  of  variable  and 
rapidly  decreasing  diameter,  composed  of 
balustrades,  colonnades,  and  heavy  belt  courses. 
The  outstanding  ornament  upon  these  upper 
decks  is  elaborate.  The  structure  gains  its 
name,  "The   Tower  of  Jewels,"  by  the  stud- 
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Fig.    1.      stress    Sheet    Showing    Exterior,    Intermediate,    Interior  and   West   Batter   Steel    Frames   of   Tower   of   Jewels,    Panama-Pacific 

International    Exposition,    San    Francisco,  Cal. — Also  see  Fig.  2. 

scribed  and  illustrated.     The  design  and  erec-  To  an  elevation  of  152  ft.  above  tlie  ground       ding   of   its   exterior   with   thousand   of   cut- 

tion  features  of  the  timber  framing  are  also      the  walls  of  the  tower  rise  vertically,    form-       glass  jewels  which,  in  the  bright  sun  or  under 
described,   but    no    details     are      shown.       As       ing  a  huge  cube,   120   ft,   square  in  plan;  this       the   searchlight   beams   at   night,  are  expected 
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to  present  a  brilliant  and  dazzling  spectacle. 

Flanking  the  tower  proper,  to  the  east  and 
west,  and  extending  the  whole  width  of  the 
"Court  of  Honor,"  are  colonnades  surround- 
ing rectangular  courts  which  contain  the 
"Fountains    of    Youth." 

The  main  frame  of  the  tower  is  of  steel 
(see  Figs.  1  and  2)  supporting  an  exterior 
shell  of  timber,  plaster,  and  staff.  The  great 
rectangular  box,  below  elevation  1-52  ft.,  as 
well  as  the  flanking  colonnades  are  self-sup- 
porting timber  structures,  but  slightly  tied 
back  to  the  steel  frame.     The  coffered  ceiling 


as  the  "interior  frames,"  rise  to  an  elevation 
of  3(J4  ft.,  being  spaced  20  ft.  center  to  cen- 
ter, throughout.  The  two  "exterior  frames" 
are  battered  so  as  to  meet  the  vertical  in- 
terior frames  at  elevation  .33.")  ft.  The  "in- 
termediate frames"  also  batter,  at  half  the 
rate  of  the  exterior  frames,  and  if  produced 
they  would  also  intersect  the  interior  frames 
at  elevation  335  ft.  The  intermediate  frames, 
however,  are  discontinued  at  elevation  227 
ft.,  to  simplify  the  construction.  Above  ele- 
vation 33.5  ft.  all  columns  are  vertical. 

Below  elevation  1-52  ft.  the  six  frames  are 


form  of  square  upset  rods,  except  in  the  im- 
mediate vicinity  of  the  portals  on  the  east  and 
west  axis,  and  adjacent  to  the  elevator  shaft 
in  the  northeast  quadrant,  where  stiff  diago- 
nals composed  of  four  angles  and  lacing  are 
employed  to  take  either  the  tension  or  com- 
pression that  may  come  upon  them,  due  to 
the  discontinuity  of  the  tension  diagonals. 

Horizontal  bracing  is  placed  at  20-ft.  inter- 
vals, vertically,  in  the  lower  legs  of  the  frame, 
and  at  approximately  2-5-ft.  vertical  intervals, 
immediately  below  the  floors,  throuj:h(>ut  the 
upper  reaches  of  the  frame. 
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of  the  barrel  vault  is  suspended  from  the 
steel  arches.  Above  the  rectangular  section 
the  successive  decks  are  carried  on  timber 
brackets,  resting  in  seats  provided  on  the 
steel  frame  and  secured  to  it  by  rods  and 
clip  angles.  Upon  these  decks  are  framed 
the  walls  and  outstanding  ornaments  of  the 
tier  above.- 

THE     STEEL     FR.MIE. 

The  steel  structure  consists  mainly  of  six 
frames  (see  Fig.  1)  parallel  to  each  other 
in  plan,  two  of  them  vertical,  the  other  four 
battered.    The  two  vertical  frames,  designated 


constructed  as  two-hinged  arches,  witli  elas- 
tic ties,  their  feet  resting  on  twelve  cast  steel 
spherical  bases,  which  are  in  turn  supported 
upon  reinforced  concrete  slab  footings,  cap- 
ping pile  clusters. 

Cross-bracing  is  introduced  between  the 
six  frames,  both  in  the  planes  of  the  main 
batter  posts  and  in  the  planes  of  the  lower 
vertical  members  of  the  main  arches,  from 
elevation  126  ft.  to  the  ground.  Bracing  is 
further  provided  in  the  planes  of  the  knee- 
braces  and  in  the  hip  members  of  the  arthes. 
These    diagonal    tension    members      take     the 


DE..\D   LO.VDS. 

The  exterior  walls  consist  only  of  staff  and 
plaster  on  metal  lath,  spiked  to  the  studding 
and  furring  timber.  With  the  exception  of  a 
loose  plank  floor  at  elevation  l.j2  ft.,  intend- 
ed to  protect  the  main  plaster  arch  from 
injury  by  falling  objects,  there  are  no  com- 
plete floors  in  the  building,  the  several  decks 
extending  only  a  few  feet  inside  the  exterior 
walls. 

Inasmuch  as  spectators  are  not  to  be  per- 
mitted within  the  tower,  even  these  floor  sys- 
tems  were   considerably   lightened   in   the  de- 
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sign.  A  live  load  of  50  lbs.  per  square  foot 
was  taken  to  insure  stiffness,  but  this  load 
was  not  carried  into  the  column  investiga- 
tions. There  are  no  interior  partitions.  Ihe 
staff  was  taken  at  25  lbs.  per  square  foot,  in- 
cluding the  timber  backing  sticks  but  exclud- 
ing the  main  studding  of  the  walls.  Plaster 
on  metal  lath  was  taken  at  20  lbs.  per  square 

foot. 

The  dead  loading  was,  therefore,  quite 
definitely  known,  and,  with  the  estimated 
weight  of  the  steel  itself,  could  be  combined 
with  the  wind  loads,  as  described  later,  and 
carried  to  the  next  level  below. 

WIND    LO.\DS. 

.\s  a  wind  load  of  30  lbs.  per  square  foot 
of  vertical  projection  was  assumed  upon  all 
exterior  surfaces  the  pressure  which  is  to  be 
expected  is  that  froin  a  wind  velocity  of  100 
miles  per  hour,  by  the  accepted  formulas. 
This  high  velocity  was  chosen  in  view  of  the 
isolated  position  of  the  tower,  as  regards 
other  high  structures,  and  the  unobstructed 
sweep  of  winds  from  the  Pacific  Ocean.  Full 
reduction  for  cylindrical  surface,  by  the  appli- 
cation of  a  two-thirds  factor  was  not  made, 
it  being  thought  that  the  outstanding  orna- 
ment would  form  pockets  which  would  retain 
the  wind  sufficiently  to  offset  considerably  the 
tffect  of  the  cylindrical  surface  in  reducing 
pressure.  A  compromise  was  therefore  made 
in  the  use  of  an  eight-tenths  factor,  making 
the  wind  load,  as  used,  24  lbs.  per  square  foot 
i,i   vertical   projection. 

Wind  concentrations  were  then  determined 
for  the  several  levels,  the  wind  between  panel 
points  on  the  steel  frame  being  carried  equally 
to  the  floors  above  and  below  by  the  wall 
studding.     The   wind  loads  thus  concentrated 


foundations.  The  partial  and  local  effects 
of  the  interior  transverse  frames,  m  the  up- 
per portions  of  the  tower  and  the  exterior 
transverse  frames  in  the  planes  of  the  vertical 
columns  below  elevation  150  ft.,  were,  there- 
fore, taken  as  additional  factors  of  safety, 
and  were  neglected   in  the  analysis. 

Having  the  panel  point  concentrations  for 
the  main  frames,  in  accordance  with  the 
above  assumptions,  a  graphical  stress  diagram 
of  the  usual  form  was  carried  through.  Where 
too  many  concurrent  meinbers  resulted  in 
graphical  indetermination  about  a  panel  point, 
auxiliary  members  were  introduced.  Having 
completed  the  analysis  of  the  above  device  the 
auxiliary  members  were  later  resolved  into 
the  actual  members  of  the  frame  by  consid- 
ering the  large  panel  with  its  auxiliary 
diagonal  as  an  independent  figure.  The 
stresses  about  each  individual  panel  point  were 
then  closed  graphically  as  a  check  upon  the 
resolution  and  summation  of  the  partial 
quantities. 

Below  elevation  152  ft.  the  main  frames 
were  considered  to  act  as  two-hinged  arches, 
carrying  the  vertical  and  horizontal  loads 
from  the  structure  above  as  concentrations 
on  their  upper  chords  at  the  points  of  the 
column  connections.  About  the  east-and- 
west  axis  of  the  tower  the  stresses  and,  there- 
fore, the  frames  are  symmetrical,  requiring 
three  types  of  frame,  two  in  each  type,  desig- 
nated respectively  as  the  "exterior,"  the  "in- 
termediate" and   the  "interior." 

For  the  compelte  analysis  of  stress  in  each 
nf  these  types  of  frames,  three  cases  of  load- 
ing were  investigated,  as  follows  : 

Case  I.     Dead  loads  alone. 

Case    II.     Dead    loads    plus    loads    from    wind 
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Two   Adjacent   Transverse   Bays  of  Tower  of  Jewels,  and   Their  Stresses,    Illustrat- 
ing   Method   of   Analysis   Used. 


at  the  floor  levels  were  distributed  aiuong  the 
several   frames  as   follows : 

II)  Wind  parallel  to  the  main  frames,  i.  e., 
ill  an  ea.-)t-and-wcst  direction,  wa.s  a.ssunied  to 
ue  distributed  equally  between  as  many  frames 
as  were  active  at  that  elevation,  two,  four  or 
six,  as  the  case  may  have  been.  (See  Figs.  1 
and  2.) 

(2)  Wind  perpendicular  to  the  main  frames, 
i.  p.;  in  ,'■  north-anr)-south  direction,  was  as- 
sumed to  be  carried  equally  by  the  two  main 
transverse  frames,  in  the  planes  of  the  batter 
post.s.  This  is  seen  to  be  a  reasonable  as.sump- 
tlon  when  the  distributing  action  of  the  exten- 
sive horizontal  bracing  systems  is  considered, 
rne  stiff  timlier  lloors  are  very  effective  also  in 
aistributina:  the  wind  loads. 

While  it  is  true  that  other  vertical  transverse 
frames  act  between  certain  levels,  the  main 
transverse  frames  in  the  planes  of  the  batter 
posts  offer  the  only  direct  and  continuous 
means    of    transmitting   these    stresses   to    the 


parallel  to  the  main  frames,  i.  o.,  east  and  west 
winds. 

Case  III.  Dead  loads  plus  loads  from  wind 
perpendicular  to  the  main  frames,  i.  e.,  north 
and  south  winds. 

In  the  adaptation  of  these  three  cases  to 
the  analysis  nf  an  clastic  arch  it  is  necessary 
to  depart  from  the  usual  method  of  procedure 
by  which  the  stresses  resulting  from  the  dead 
loads  are  selectively  combined  with  those  re- 
sulting from  live  or  wind  loading,  for  maxima 
and  minima.  Since  the  theory  of  least  work 
assumes  that  the  stress  in  any  particular 
member  is  dependent  upon  the  stress  existing 
simultaneously  in  all  of  the  other  members 
nf  the  frame,  it  is  evident  that  the  total  load 
at  each  panel  point  resulting  from  whatever 
cause,  dead,  live  or  wind,  must  be  put  upon 
the  frame  as  a  unit,  and  the  analysis  carried 
through    for   that   cnml)ination   of   loading. 


The  application  of  the  three  cases  to  the 
frame  in  question  resulted  in  the  following  ; 

Case  I.     Vertical  dead  loads  alone. 

Case  II.  Vertical  dead  loads  as  for  the  pre- 
ceding case  plus  vertical  wind  concentrations  of 
either  tension  or  compression,  and  horizontal 
wind  concentrations  on  the  upper  chord  of  the 
arch  at  the  bases  of  the  columns  to  the  total 
horizontal  wind  shear  from  above. 

Case  111.  Vertical  concentrations  alone,  com- 
posed of  the  dead  loads  plus  or  minus  the  uplift 
or  down  thrust  from  the  overturning  moment  ol 
the  wind  on  the  frame  above. 
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4.     Quarter  Plan  of  Piling  for  Footings 
of  Main  Steel   Frames  of  Tower 
of    Jewels. 


Xo  wind  was  assumed  on  the  steel  frame 
below  elevation  1."j2  ft.,  as  the  timber  struc- 
ture, which  is  self  supporting  protects  the 
steel  frame  from  the  horizontal  wind  loads. 

Having  determined  the  loads  upon  any 
frame  the  distribution  of  stress  was  accom- 
plished by  the  application  of  the  principles 
of  least  work  to  the  two-liinged  arch.  In 
this  analysis  Prof.  Kctchuni's  graphical  and 
analytical  method,  as  outlined  in  his  "Steel 
Mill  Buildings,"  was  followed  very  closely. 
Pins  were  assumed  at  the  bottom  of  the  legs 
and  an  elastic  tie  supplied  between  them. 

The  maximum  stress  in  each  member  under 
the  tlircc  cases  of  loatling  was  determined, 
and  the  alisolutc  maximum  of  the  three  taken 
as  the  design  stress.  Inasmucli  as  the  gross 
section   of   the   member   enters   into>  the  least 
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work  analysis,  it  will  be  seen  that  the  gross 
area  of  the  member  as  determined  under  one 
case  of  loading  enters  into  the  analysis  of  the 
other  two,  revising  the  distribution  of  stress 
under  those  cases.  A  revision  of  section,  to 
suit  one  case,  therefore,  required  an  investi- 
gation of  the  stress  distribution  in  the  other 
two  cases  as  well.  With  a  little  experience 
as  to  the  effect  of  such  changes,  it  was  pos- 
sible to  determine  by  inspection  whether  fur- 
ther analysis  was  necessary.  The  analysis  of 
a  frame  under  each  of  the  three  preceding 
cases  was  therefore  advanced  to  a  fair  clos- 
ure separately  and  then  all  carried  to  a  com- 
plete  closure,   more   or   less   simultaneously. 

The  checking  of  the  computations  was 
painstaking.  The  interrelation  of  the  suc- 
cessive stress  sheets  in  the  analysis  of  tlie 
two-hinged  arches  was,  in  itself,  a  satisfac- 
tory check  against  all  but  compensating  er- 
rors, and  even  these  would  scarcely  re-occur 
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This  is  equivalent  to  the  effect  of  an  axial 
force  of  56,300  lbs.,  which  is  only  30  per  cent 
of  the  total  stress  in  the  tie  member.  It  was 
therefore  thought  justifiable  to  neglect  further 
consideration  of  the  temperature  stresses,  par- 
ticularly in  view  of  their  rare  occurrence  in 
this  magnitude,  and  also  since  there  is  a  con- 
siderable factor  of  safety  in  the  tie  members 
offered  by  the  lateral  resistance  of  the  foun- 
dation piers  to  spreading. 

As  a  further  precaution,  in  the  event  that 
for  any  reason  the  frames  below  elevation 
152  should  not  act  as  two-hinged  arches,  the 
stresses  were  investigated,  considering  that 
portion  of  the  arch  between  elevations  126 
and  152  to  act  as  a  simply  supported  truss 
resting  upon  the  lower  legs  of  the  arch.  This 
assumption,  as  is  to  be  expected,  greatly  in- 
creased the  stresses  in  the  upper  and  lower 
chords  at  the  center  of  the  span.  While  this 
condition  of  stress  could  never  obtain  in  full 
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Fig.  5.    Plan  of  Footings  and  Details  of  Typical    Footing   for   Exterior   Frames   of   Tower  of 

Jewels. 


in  the  third  diagram.  Wind  and  dead  load 
concentrations  on  the  frames  were  recom- 
puted and  checked  by  two  parties  independent- 
ly. Nearly  all  graphic  moment  and  stress 
diagrams  were  checked  by  analytic  computa- 
tions, and  vice  versa. 

TEMPERATURE   STRESSES    IN    TWO-HINGED  ARCHES. 

In  the  matter  of  temperature  stresses  it  is 
evident  that  the  enclosing  of  the  steel  frame 
within  the  timber  and  plastered  walls,  and 
the  burying  of  the  tie  members  under  the 
pavement  of  the  court,  materially  reduce  the 
temperature  range  to  which  the  steel  arches 
are  subjected.  For  the  two-hinged  arch  with- 
in an  elastic  tie  temperature  stresses  arise 
only  from  a  difference  in  temperature  between 
the  tie  and  the  arch  proper.  A  difference  of 
40°  F.  if  distributed  equally  above  and  below 
the  closing  temperature,  causes  a  change  in 
length    in    the    tie    member    of    only   8/16    in. 


degree  it  was  thought  advisable  to  limit  the 
intensity  of  stress  in  the  several  members 
under  these  assumptions  to  30,000  lbs,  per 
square  inch.  To  satisfy  this  requirement  it 
was  found  necessary  to  increase  slightly  the 
section  of  two  of  the  chord  members.  Though 
there  was  considerable  question  as  regards 
just  which  members  would  compose  the  truss, 
under  those  assumptions,  the  investigation 
gave  additional  assurance  in  the  strength  of 
the  frame  to  meet  all  conditions  of  load  upon 
it,  and  served  to  show  the  very  considerable 
saving  of  weight  of  metal  effected  by  design- 
ing the  lower  frames  to  act  as  two-hinged 
arches. 

Following  the  assumptions  of  the  foregoing 
paragraph  the  legs,  themselves,  were  investi- 
gated for  stiffness  in  column  action,  under 
the  reactions  of  the  simply  supported  truss. 
.■\  radius  of  gyration  was  taken,  at  one-third 


the  height  from  the  ground,  while  the  length 
was  taken  as  the  distance  from  the  knee- 
brace  to  the  ground,  unsupported  in  a  direc- 
tion parallel  to  the  plane  of  the  frame.  These 
were  found  ample  by  the  most  conservative 
formulas. 

TRANSVERSE    FRAMES. 

The  transverse  frames  were  found  more 
difficult  of  analysis,  the  concurrence  of  the 
members  rendering  the  panel  points  indeter- 
minate to  the  second  degree.  The  'following 
method  was  evolved: 

(1)  The  panel  point  concentrations  at  the 
several  levels  were  first  computed,  and  a  gra- 
phical moment  diagram  constructed,  consider- 
ing the  entire  structure  as  a  cantilever  fixed 
at  the  base. 

(2)  Knowing  the  bending  moment  at  the  I 
various  horizontal  sections  from  the  'moment! 
diagram,  it  was  assumed  that  the  columns 
would  take  vertical  reactions  due  to  over- 
turning moments  in  proportion  to  their  dis- 
tances out  from  the  center  or  neutral  axis  of 
the  frame.  These  vertical  tensions  and  com- 
pressions were  then  computed  for  the  several 
columns   at  each   horizontal   section. 

(8)  The  total  horizontal  shear,  at  the  sev- 
eral levels,  was  distributed  at  the  bases  of  the 
columns  equally,  inasmuch  as  these  columns 
take  this  shear,  not  in  proportion  to  their 
stiffness  in  bending,  but  receive  it  as  a  result 
of  the  truss  action  of  the  diagonals  coming 
in  at  their  feet.  When  it  is  recalled  that  the 
various  sections  are  so  thoroughly  braced 
horizontally  it  is  reasonable  to  assume  this 
uniform  distribution  of  shear  at  least  for 
the  panel  next  below  that  in  which  the  wind 
increment   is  received   into  the   frame. 

(4)  Having  the  horizontal  and  vertical 
loading,  as  above,  it  was  possible  to  take  one 
of  the  transverse  bays  out  of  the  frame  and 
analyze  it  as  a  unit,  stressed  under  the  above 
mentioned  loads.  For  the  upper  and  lower 
chords  of  these  transverse  bays,  which  serve 
in  common  in  two  adjacent  frames,  the  alge- 
braic sum  of  these  stresses  was  taken. 

Putting  the  stresses  thus  obtained  back  into 
the  frame  as  a  whole  it  was  found  possible 
to  close  the  stresses  about  each  of  the  other- 
wise indeterminate  panel  points.  As  in  the 
case  of  the  analysis  of  the  main  frames,  men- 
tioned before,  auxiliary  members  were  in- 
troduced where  necessary  to  simplify  the 
analysis,  and  resolution  was  later  made  to 
obtain  the  stresses  in  the  actual  framing.  As 
a  typical  case  two  adjacent  transverse  bays 
and   their  stresses  are  shown  in  Fig.  3. 

DIAGONAL    WIND    STRESSES. 

There  still  remained  to  be  investigated  the  j 
stresses  resulting  from  a  wind  striking  the 
tower  at  an  angle  of  45°  with  the  axis.  It 
was  reasonable  to  suppose  that  this  might 
give  a  conditon  of  maximum  stress  in  the 
four  corner  columns,  acting,  as  they  do,  simul- 
taneously, in  the  main  and  the  transverse 
frames.  For  this  purpose  it  was  again  as- 
sumed that  the  columns  took  vertical  wind 
stresses  in  proportion  to  their  distances  out 
from  the  neutral  axis  of  the  tower.  Sec- 
tion moduli  were  therefore  computed  for  the 
different  horizontal  sections  that  were  to  be  ) 
investigated,  about  an  axis  perpendicular  to 
the  wind,  i.  e.,  at  an  angle  of  45°  with  the 
axis  of  the  tower. 

Combining  the  vertical  wind  stresses,  so 
computed,  with  the  dead  loads  in  the  columns 
it  was  found  that  the  load  under  45°  wind  was 
in  every  case  from  5  to  25  per  cent  lower  than 
the  maximum  load  under  wind  parallel  to  the 
frames. 

(After  working  out  the  structural  analysis 
along  the  foregoing  lines.  Prof.  Charles  D. 
Wing,  of  Leland  Stanford  Jr.  University, 
was  retained  in  a  consulting  capacity  to  as- 
certain particularly  whether  the  application 
of  the  methods  of"  least  work  to  the  analysis 
of  so  massive  a  frame  was  justifiable,  as  well 
to  settle  the  matters  of  temperature  stresses 
and  the  stiffening  of  the  upper  chords  of  the 
two-hinged  arches  for  simple  truss  action.  In 
these  particulars  he  concurred  fully  with  the 
methods  adopted.) 
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WORKING    STRESSES    IN    STEEL    FRAME. 

The  working  stresses  used  in  the  design 
may  be  briefly  summarized  as  follows : 

(1)  For  truss  and  column  members  the  axial 
dead  io-Ad  was   taken   at   16,000   lbs.   per  square 

inch  for  tension  and  16,000  —  70  —  (or  compres- 
sion Where  axial  wind  loads  were  combined 
with  dead  loads  an  eightli-tenths  factor  was  in-. 
troduced  into  the  former  before  combining  with 
the  dead  load,  which  was  in  effect  working  the 
steel  at  20,000  lbs.  per  square  inch  under  the 
wind  load. 

(2)  Horizontal  members  of  floor  systems  under 
combined  direct  stress  and  bending  were  so  de- 
signed that  the  extreme  fiber  stress  in  bending 
plus  the  intensity  of  axial  stress,  uniformly  dis- 


be  taken  up  before  they  would  be  thrown  into 
action,  an  initial  tension  stress  of  5,000  lbs.  was 
added  to  each  rod,  in  addition  to  Its  computed 
load. 

For    the    structural    details,    the    following 
unit  loads  were  used  : 

Libs,  per 
sq.  in. 

Shcvp  rivets  in  single  shear 11,000 

Shop   rivets  in  bearing 22,000 

Field  rivets  in  single  shear 8,800 

Field  rivets  in  bearing 17,600 

Turned  bolts  in  single  shear 8,800 

Turned  bolts  in  bearing 17,600 


The  north  and  south  elevations  of  the  ctibe 
are  framed  with  four-post  columns  also  tied 
together  with  bracing  trusses.  Above  the 
main  arch  the  walls  and  the  floor  at  elevation 
152  are  carried  on  heavy  timber  trusses  of 
64-ft.  span.  These  trusses  are  placed  in  pairs, 
one  above  the  other,  and  are  so  tied  together 
as  to  form  a  thoroughly  stiff  portal  across  the 
arch  way.  From  these  trusses  circular  furring 
arches  of  timber  were  suspended  for  the  sup- 
port of  the  arch  ceiling. 
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Fig.   7.     Details   of   Cast   Steel    Bases  for  Exterior  and  Interior 
Frames    of    Tower    of    Jewels — Note    Segmental 
Spherical    Bearing. 


tributcd   over  the   cross-section,   should  not   ex- 
ceed 10,000  lbs.  per  square  inch. 

(3)  Wind  loads  in  diagonal  tension  rods  were 
taken  at  SO  per  cent  of  the  stresses  resulting 
from  a  30-lb.  wind  load  and  were  designed  at 
20,000  lbs.  per  square  inch.  This  was  thought 
justifiable  in  view  of  the  considerable  stiffness  of 
the  frame  itself,  and  the  Improbability  that  thi' 
whole  frame  would  be  loaded  with  a  :i0-lb.  wind 
pressure  at  any  one  time.  The  partial  trans- 
verse frames  mentioned  before,  which  were  neg- 
lected in  the  analysis,  further  operate  to  reduce 
the  Intensity  of  the  wind  stresses  in  these  rods. 

(4)  To  guard  against  any  weakness  due  to 
faulty  end  connections  between  rods  and  gusset 
plates  the  pins  and  clip  angles  were  designed 
on  a  basis  of  20,000  lbs.  per  square  inch,  thus 
!?lvlng  them  20  per  cent  additional  strength  over 
the  main  section  of  the  rods  coming  upon  them. 
To  Insure  the  snug  fitting  of  the  rods  against 
the  pins,  so  that  no  slack  would  be  present  to 


Ordinary  bolts  in  single  shear 7,000 

Ordinary   bolts   In   bearing 14,000 

Turned  bolts  were  used  in  vertical  splices 
in  columns,  ordinary  bolts  being  used  in  all 
other  positions. 

TIMBER    FRAMING. 

The  main  cube  of  the  tower  below  elevation 
1.52,  and  the  colonnades  to  the  east  and  west 
of  the  tower  proper  are  self-supporting  tim- 
ber structures. 

Along  the  cast  and  west  walls  of  the  cube 
a  scries  of  two-post  columns  extend  from  the 
foundations  to  elevation  152  ft.  These  are 
tied  together  by  bracing  trusses  which,  in 
addition  to  their  stiffening  function,  support 
the   studding    for   the   exterior   plaster   walls. 


The  colonnades  are  also  self-supporting  tim- 
ber structures,  the  tops  of  the  colonnade  col- 
umns being  built  into  horizontal  trusses,  which 
in  turn  are  carried  into  the  steel  frame  at 
the  interior  or  tower  end  and  into  a  large 
four-post  abutment  tower  at  the  outboard  end. 

The  timber  framing  above  elevation  152  ft., 
although  comparatively  light,  was  considerably 
complicated  by  the  batter  of  the  steel  'frame, 
and  by  the  diagonal  bracing  rods.  The  cir- 
cular plan  of  the  decks  necessitated  the  scarf- 
ing of  many  of  the  large  sticks. 

In  the  timber  design  the  following  working 
values  were  used : 
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Lbs.  per 
sq.  ill. 

Tension  with  grain l,20o 

Compression,   end   bearing l.GOO 

Compression,   cross  grain 350 

Bending,   extreme  fiber L.'iOO 

Shearing  with  grain 150 

Modulus  of  elasticit.v.  dead  load 1,000,000 

Modulus  of  elasticit.v,  live  load l,500.00n 

Columns  under  1/d  =  15,   P= 1,20U 

1 

Columns  over  1/d  =  15,  P= l.COO 

60  d 
FOUND.\TIONS. 

Considerable   attention   was   given     to     the 
foundations,  in  view  of  the  unknown  stresses 


ameter  at  the  tip  of  y  ins.  for  piles  not  ex- 
ceeding 50  ft.  in  length  and  of  7  ins.  for 
lengths  e.Nceeding  50  ft.  In  all,  about  GOO 
piles  were  driven,  which  at  an  average  length 
of  45  ft.  gave  27,000  lin.  ft.  of  driving. 

The  piles  arc  in  clusters  under  the  feet  of 
the  twelve  main  columns,  the  number  of  piles 
in  the  groups  ranging  from  25  to  42,  as  shown 
in  Fig.  4.  This  drawing  is  a  quarter  plan  of 
the  footings  for  the  main  steel  tower.  These 
footings  are  arranged  in  two  rows  of  six 
footings  each,  the  rows  being  spaced  119  ft. 
on  centers.  The  two  interior  footings  are 
spaced  20  ft.  on  centers;  the  distance  between 
the  interior  and  intermediate  footings  is  24 
ft.  on  centers,  and  that  between  the  inter- 
mediate and  exterior  footings  also  24  ft.  on 
centers.  The  arrangement,  spacing,  and  cut- 
off of   the   piles   are   shown  in   the   drawing.. 

The  piles  in  each  footing  are  capped  with 
a  block  of  concrete,  rectangular  in  plan  to 
suit  the  arrangement  of  the  piles.  Figure  5 
shows  the  details  of  a  typical  'exterior  foot- 
ing. Tlie  reinforcement  consists  of  a  mesh 
of  1-in.  and  1%-in.  square  bars,  with  particu- 
lar attention  given  to  the  placing  of  the  bars 
to  take  care  of  the  excessive  diagonal  tension 
to  which  such  thick  slabs  are  subjected. 
Punching  shear  from  the  column  bases  had 
also  to  be  investigated.  In  general,  the 
analysis  used  follows  that  outlined  in  Bulletin 
Xo.  ()7  of  the  University  of  Illinois  Engineer- 
ing Experiment  Station.  See  Encixeerinc 
AND    C0^'TR.^CTING    of    Julv    30,    1913.) 

The  intermediate  footings  are  12  ft.  square 
and  3  ft.  3%  ins.  high,  to  the  base  of  the 
steel  castings,  and,  as  shown  in  Fig.  4,  are 
each  supported  on  25  piles.  The  interior 
footings  are  12  ft.  wide,  14  ft.  6  ins.  long  and 
■')  ft.  9%  ins.  high,  and  are  each  supported  on 
;!0  piles. 


Fig.  8.     View  of  Two-Hinged  Steel  Arches  of 
Tower   of  Jewels,   and    Wooden   Trav- 
eler  Used   in   Their   Erection. 

to  which  the  two-hinged  arches  would  be  sub- 
jected if  serious  unequal  settlements  were  to 
take  place. 

Ten  test  borings  were  put  down  at  sym- 
iTietrically  disposed  points  over  the  area  of 
the  tower.  These  resulted  in  the  finding  of  a 
vellow  hardpan  at  elevations  ranging  from 
—35  ft.  to  —47  ft.,  the  ground  surface  being 
af  +4  ft.  Immediately  overlying  the  hardpan 
was  a  softer  layer  of  sand  and  clay  from 
12  to  15  ft.  thick.  Superimposed  upon  this 
were  successive  strata  of  a  wet  blue  clay 
and  sand,  and  a  loose  vellow  sand,  each  from 
10  to  12  ft.  in  depth. 

In  driving  the  piles  it  was  found  practically 
impossible  to  secure  a  penetration  of  more 
than  10  to  12  ft.  without  serious  brooming 
and  splitting,  the  worst  feature  of  which  was 
the  uncertainty  as  to  whether  or  not  the  dam- 
age was  serious,  as  telescoping  was  frequent. 
Moreover,  this  depth  was  considered  insuf- 
ficient to  offer  security  against  the  horizontal 
wind  shears,  .\rrangements  were  made  for 
the  simultaneous  driving  and  jetting  of  the 
piles,  a  thoroughly  satisfactory  solution  of  the 
difficulty,  although  even  with  the  jet  the 
penetration  per  blow  under  the  5-ton  hamtper 
was  frequently  less  than  1  in.  after  the  first 
10  ft.  of  driving. 

After  this  first  bringing  up  the  piles  drove 
slowly  and  uniformly  until  the  hardpan  was 
reached,  in  which  they  were  practically 
brought  to  refusal.  Although  designed  for  a 
20-ton  load  these  piles  as  driven  would  hardly 
be  expected  to  settle  under  a  load  of  twice 
this  amount. 

The  specifications  called  for  yellow  pine,  or 
red  Douglas  fir  (Oregon  pine)  piles,  un- 
pealed,  with  a  butt  diameter  of  14  ins.  clear 
of  the  bark,  after  cut-off.  and  a  minimum  di- 
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pins  of  the  main  arches.  These  troughs  were 
for  the  dual  purpose  of  lieat  msulation  and 
protection  from  bending  under  settlement  of 
the  roadway,  the  ties  being  placed  as  close  to 
the  surface  as  practicable,  .^fter  the  steel 
erection  was  complete  these  troughs  were 
filled  with  a  1  ;8  concrete. 

With  the  exception  of  the  large  timber  col- 
■  umns   of   the   tower   proper   all   timber    fram- 
ing in  the  colonnades  and  in  the  small  courts 


Fig.  9.     South    Elevation   of  Steel   Frame  of 
Tower  of  Jewels. 

In  addition  to  the  main  rectangular  blocks 
considerable  concrete  was  poured  subsequent- 
ly in  and  about  the  cast  steel  bases  for  the 
support  of  timber  columns.  A  well-graded 
1:6  mixture  was  used  for  the  piers.  Six 
concrete  troughs  were  placed  for  the  sup- 
port   of    the    steel    tie    members    between   the 
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Fig.  10.     View   Showing   Timber   Framing   in 
Place — Tower   of   Jewels. 

is  carried  on  spread  footings,  with  sand  boxes 
introduced  where  necessary  to  provide  an- 
chorage   against    overturning    wind    moments. 

C.\ST    STEEL    B.\SES. 

For  the  feet  of  the  two-hinged  arches  it  was 
thought  that  some  provision  should  be  made 
to  guard  against  indeterminate  bending  in 
the  legs,  such  as  might  result  from  unequal 
settlement  of  the  foundations,  from  unsym- 
metrical  wind  or  temperature  loads,  or  from 
other  such  cases.  A  uniform  distribution  of 
the  load  was  of  course  desired  between  the 
cast  steel  base  and  the  concrete  of  the  foot- 
ing. All  of  these  ends  were  accomplished  by 
the  use  of  a  segmental  spherical  bearing. 
Such  a  bearing  also  greatly  facilitated  the 
closing  of  the  arches  during  erection. 

These  bases  are  of  cast  steel,  circular  in 
plan,  and  0  ft.  in  diameter.  \  concave 
spherical  bearing,  turned  to  a  radius  of  3  ft., 
was  supported,  concave  upward,  upon  l'> 
radial  ribs.  Into  this  socket  there  was  placed 
the  convex  bearing  shown  which  is  bolted 
to  the  structural  steel  of  the  leg.  Figure  6 
shows  details  of  the  lower  section  of  one  of 
the  interior  frames,  and  indicates  the  manner 
of  reinforcing  this  member  and  of  connecting 
it  to  the  steel  base.  Anchor  bolts,  2%  ins.  in 
diameter,  embedded  in  the  concrete  of  the 
piers,  extend  up  through  the  upper  and 
lower  sections  of  the  cast  steel  base  and 
through  the  structural  steel  of  the  main  mem- 
ber, thereby  insuring  against  any  tendency 
of  the  ball  portion  of  the  bearing  to  leave  its 
seat,  as  would  be  likely  under  excessive  wind 
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pressure  or  earthquake  impact.  Figure  7 
shows  details,  of  one  of  the  cast  steel  bases 
used  for  the  exterior  and  interior  frames. 
The  castings  used  for  tlie  intermediate  frames 
are  similar,  but  have  bases  o   ft.  in  diameter. 

The  specifications  covering  the  manufacture 
of  the  cast  steel  were  explicit,  as  regards 
chemical  composition  and  mechanical  proper- 
ties. It  was  required  that  the  percentage  of 
phosphorus  and  sulphur  be  not  over  O.Oo  per 
cent  each,  and  drillings  for  analysis  were 
taken  from  the  test  ingot.  ]\Iechanically,  the 
requirements    were   as    follows ; 

Tensile  strength,  lbs.  per  sq.  in 70.000 

yield  point    (drop   of  the   beam),   lbs.    per 

sq.   in 31,500 

Elongation  in  2  ins.,  per  cent IS 

Reduction   in  area,   per   cent 30 

The  form  of  the  test  specimens  and  the 
methods  of  testing  were  in  conformity  witli 
the  recent  recommendations  of  the  American 
Society  for  Testing  Materials. 

.As  regards  the  finishing  of  the  bases  the 
specifications  were  unusually  rigid,  it  being 
provided  that,  after  turning  and  grinding  to- 
gether to  a  true  fit,  no  point  on  the  spherical 
surface  should  be  out  more  than  0.04  in.  from 
a  turned  test  ring,  18  ins.  in  diameter,  when 
placed  to  bear  at  three  points  at  least  90'^ 
apart  on  the  arc.  As  actually  finished  these 
requirements  were  satisfactorily  met,  the  ina- 
jority  of  the  castings  refusing  even  the  0.025- 
in.   feeler. 

STEEL   ERECTION. 

For  the  erection  of  the  tw'o-hinged  arches 
the  steel  contractor  constructed  a  timber 
traveler  50  ft.  square  in  plan  and  of  sufficient 
height,  with  blocking,  to  reach  the  lower  chord 
of  the  arches.  The  traveler  was  erected  in 
position  for  the  setting  of  the  two  interior 
arches,  the  bottom  of  it  resting  upon  steel 
rollers  which  traveled  noon  a  timber  track, 
shod  with  V4-in,  plates.  The  lower  timbers 
of  the  traveler  were  protected  by  short 
lengths  of  12-in.  channel,  placed  with  flanges 
up.  A  view  of  this  traveler  and  of  the  two- 
hinged   steel  arches  is   shown   in   Fig.  8. 

The  upper  deck  of  the  traveler  projected 
over  the  face  of  the  framework  about  2  ft., 
thus  permitting  the  erection  of  the  steel  arch 
immediately  against  the  side  of  the  timber 
work.  This  overhang  prevented  interference 
during  the  setting  of  the  knee-braces.  Upon 
the  upper  deck  of  the  traveler  a  20-ton  stifY- 
leg  derrick  was  so  placed  as  to  pick  up  the 
material  directly  from  the  receiving  and 
sorting  yard  located  to  the  south  and  west  of 
the   tower  site. 

The  twelve  first-tier  columns,  which  arc 
about  50  ft.  in  height,  were  first  set  around 
the  entire  building,  and  were  guyed  back  to 
dead-man,  with  sufficient  of  the  horizontal 
struts  in  place  to  steady  them  laterally.  The 
second-tier  columns,  on  the  four  central 
frames  were  then  placed,  after  which  tlie  two 
interior  frames  were  carried  to  completion. 
By  manipulation  of  the  guys  and  the  anchor 
bolts  through  the  spherical  bearings  it  was  a 
simple  matter  to  bring  the  trusses  to  closure 
at  the  center.  Before  removing  the  traveler 
from  under  the  erected  portion  the  trusses 
were  so  thoroughly  pinned  and  bolted  that 
no  deflection  was  detected  before  riveting, 
which  was  begun  as  soon  as  it  was  assured 
that  the  next  adjacent  frame  was  closing 
properly. 

Having  completed  the  two  interior  frames, 
the  south  intermediate  and  the  south  exterior 
frames  were  completed  in  order,  after  which 
the  traveler  was  taken  through  the  tower  to 
the  north  intermediate  and  north  exterior 
frames.  The  filling  in  of  the  small  steel- 
work, including  the  rods,  was  carried  on  by 
two  other  gangs,  simultaneously  with  the 
main  erection. 

Above  the  arches  the  stiff-leg  was  dis- 
carded for  a  guyed  derrick,  which  was  raised 
to  the  successive  decks,  thereby  reaching  all 
points,  by  the  simple  shifting  of  the  guys. 
No  particular  difficulty  was  experienced  until 
the  section  above  elevation  .500  ft.  was  reached, 
where  outriggers  were  required  for  the  guys. 
Ahme  elevation  31)4  ft,  a  single  gin-pole  was 
left  for  the  setting  work,  all  pieces  having 
been   sent   up   to   elevation   400    ft.   before  the 


removal  of  the  guy  derrick.  Figure  0  shows 
the  south  elevation  of  the  steel  frame  of  the 
tower. 

The  total  steel  contract  amounted  to  1.460 
tons,  and  it  was  detailed,  fabricated,  and 
erected  in  220  days.  Only  a  small  amount  of 
the  steel  could  be  obtained  on  the  Pacific 
Coast,  which  required  the  ordering  and  de- 
livery of  the  major  portion  of  the  large  sec- 
tions from  the  East.  The  upset  rods,  clevises 
and  turnbuckles  were  a  further  source  of 
delay. 

TIMBER  ERECTION. 

By  reason  of  the  fact  that  the  completion 
of  the  steel  contract  had  preference  over  the 


frame,  where  convenient.  The  heaviest  single 
hoist  of  timber  work  was  the  large  four-post 
trussed  column  at  the  corners  of  the  main 
tower  frame.  These  columns  were  5x7  ft. 
in  plan,  loO  ft.  in  length,  and  contained  l(i,800 
ft.  B.  M.,  which,  together  with  the  iron  fit- 
tings, weighed  approximately  35  tons.  These 
columns  were,  as  were  all  other  large  parts, 
framed  with  their  feet  in  approximate  posi- 
tion, so  that  in  raising  only  hold-back  lines 
were  necessary  to  guide  them  into  position. 
Practically  all  timber  construction  below  ele- 
vation  152   ft.   was  erected   in  this   manner. 

.Above    that    level    a    "Chicago"    boom    was 
used,   its   font   being   set   at   elevation   300   ft., 
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Fig.    11.      View   Showing   Tower   of  Jewels   Practically     Completed — Note     Elaborate     Orna- 
mentation. 


timber  construction  all  of  the  general  con- 
tract work,  which  was  carried  on  simul- 
taneously with  the  steel  erection,  had  to  be 
so  performed  as  not  to  interfere  with  the 
steel  contract.  This  resulted  in  tlie  flat  fram- 
ing of  a  large  percentage  of  the  lower  col- 
ums  and  trusses,  far  in  advance  of  the  time 
for  the  erection  of  the  inemliers  in  place.  The 
tower  site  was  at  times  severely  conjested. 
the  framed  material  being  piled  higli,  in  the 
inverse  order  of  its  erection. 

When  the  steel  erection  had  progressed  suf- 
ficiently so  as  not  to  be  interfered  with  bv  the 
timber,  this  framed  material  was  rapidly 
swung  up  into  place,  either  by  raising  shears 
or  by  a  tackle  hooked   dircctlv   into  the   steel 


and  its  topping  lift  at  elevation  364  ft.  Thisr, 
with  its  70-ft.  lioom,  was  very  efficient  in- 
setting  the  major  portion  of  the  upper  con- 
struction. Of  the  1,500,000  ft.  B.  M.  used 
in  the  construction  of  the  tower,  two-thirds 
were  below  elevation  152  ft.  Of  the  third 
above,  the  greater  portioiywas  in  the  form  of 
floor  material  and  wall  studding,  which  re- 
(piired  but  little  framing  out  of  place.  There 
were  few  heavy  pieces,  therefore,  to  be  moved 
with  this   rig. 

As  a  result  of  the  procedure  of  the  steel 
contractor  it  was  possible  practically  to  com- 
plete the  timber  framing  of  the  east  colon- 
nades and  the  basins  of  the  east  court  while 
the    corresponding    area    to    the    west   of    the 
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tower  was  being  utilized  as  a  storage  yard 
for  the  steel.  When  finally  this  was  avail- 
able the  general  contractor  carried  on  the 
framing  of  that  portion  simultaneously  with 
the  construction  of  the  upper  portions  of  the 
tower  proper.  Three  parts  of  the  work,  en- 
tirely independent  of  each  other,  were  there- 
fore worked  upon  and  brought  to  completion 
at  the  same  time.  Figure  10  shows  the  tower 
with  the  timber  framing  in  place. 

FIRE  PROTECTION    MEASURES. 

In  view  of  the  eminent  risk  from  fire  in  a 
structure  of  so  inflammable  a  construction  it 
was  decided  early  that  spectators  should  be 
excluded  from  the  building.  For  this  reason 
no  attempt  was  made  toward  fireprooling 
either  the  elevator  shaft  or  the  stairways. 

Other  fire  protection  consists  of  high- 
pressure  monitor  standpipes  and  cornice 
sprinkler  systems,  under  a  maximum  static 
head  of  .320  lbs.  per  square  inch.  The  moni- 
tors are  required  to  deliver  smooth  solid 
streams  of  1.500  gals,  per  minute  through  a 
2-in.  tip.  A  test  pressure  of  400  lbs.  per 
square  inch  is  to  be  maintained  for  a  period 
of  15  minutes  without  excessive  leakage. 
Sprinkler  nozzles  are  installed  at  all  cornices, 
and  are  so  set  as  to  throw  either  fan  shaped 
or  continuous  arc  jets.  These  results  in  a 
possible  complete  water  curtain  over  the  en- 
tire outer   surface  of  the  building. 

The  outstanding  portions  of  the  tower  are 
isolated  from  the  adjoining  buildings  on  each 
side  by  continuous  fire  walls  of  reinforced 
concrete  60  ft.  high,  which  form  parapet  walls 
above  the   level  of   the  adjoining  roofs. 

The  timber  work,  in  general,  may  be  char- 
acterized as  slow  burning  mill  construction, 
as  few  timbers  of  less  than  8-in,  e.xposed  di- 
mensions were  permitted.  Six-inch  faces 
were  used  only  where  absolutely  necessary. 
These  remarks  do  not  apply  to  small  furring 
lumber  which  are  entirely  closed  in  plaster 
and  staff,  as  the  fire-resisting  properties  of 
the  latter  are  ample. 


COST    DATA. 

The  total  cost  of  this  structure  is  approxi- 
mately $420,000,  divided  as   follows: 

Driving  piles    $     G.GOO 

Furnishing  and  erecting  steel 137,400 

General   construction    216,000 

Models    18.200 

Lumber,  1,500,000  ft.  B.  M 22,700 

Decorative  painting   4,000 

Additional  electric  wiring  not  in  general 

contract    2,000 

Additional    plumbing   and   piping   not    in 

general  contract  1,500 

Paving    ■ 500 

Additional   incidental   requirements 11,100 

Total    $420,000 

The  following  data  apply  to  the  unit  costs 
of  the  steel  frame  and  of  the  entire  struc- 
ture. In  compiling  these  data  the  cubic  con- 
tents of  the  structure,  for  determining  the 
unit  cost  of  the  steel  frame,  were  taken  to  be 
that  of  the  main  structure  exclusive  of  the 
two  side  colonnades.  Further  computations 
were  made  to  include  the  cubic  contents  of  the 
colonnades  in  order  to  arrive  at  the  unit 
cost  of  the  entire  structure.  Computations 
were  made  on  a  basis  of  excluding  the  cubic 
contents   of   all    sculptured    features. 

The  volume  of  the  tower  is  .3,440,300  cu. 
ft.,  and  it  contains  1,403  tons  of  structural 
steel,  or  0.816  lbs.  per  cubic  foot.  Its  cost 
in  place  was  4  cts.  per  cubic  foot. 

The  entire  architectural  feature  contained 
3.907,500  cu.  ft.,  and  cost  10.67  cts.  per  cubic 
foot   of   enclosed  contents. 

PERSONNEL  AND  GENERAL  REMARKS. 

The  plans  were  prepared  by  the  Division 
of  Works  of  the  Exposition  Company,  of 
which  H.  D.  H.  Connick  is  director  and  A.  H. 
Markwart,  assistant  director.  The  structural 
work  and  the  substructure  were  designed  by 
the  writer  and  others,  under  the  immediate 
supervision  of  H.  D.  Dewell,  chief  structural 
engineer  of  the  Division  of  Works.  The 
architectural  design  was  by  Thomas  Hastings, 
of   New   York. 


The  steel  contractors  were  Dyer  Bros.,  of 
San  Francisco,  while  the  general  contract, 
including  all  except  the  steel  frame,  was  exe- 
cuted by  the  Commary-Peterson  Co.,  Inc., 
also  of   San   Francisco. 

The  first  design  of  the  structural  part  of 
the  tower  was  made  by  J.  D.  Galloway,  con- 
sulting engineer,  of  San  Francisco,  the  writer 
acting  as  his  principal  assistant.  At  that 
time  the  program  of  conditions  was  more 
ambitious.  It  provided  for  a  continuous  fire- 
proof wall  between  the  main  tower  and  the 
adjacent  parts,  for  four  elevators  in'the  lower 
portion,  and  for  three  fire-resisting  ceilings  at 
elevations  154,  255  and  336  ft.  respectively,  as 
a  means  of  localizing,  temporarily,  a  con- 
flagration. Furthermore,  the  several  decks 
were  completely  floored,  and  were  designed  j 
for  a  total  load  of  150  lbs.  per  square  foot, 
the  intention  at  that  time  being  to  use  the 
tower  for  observation  purposes.  Steel  fram-  i 
ing  was  used  in  other  parts,  such  as  in  the  j 
four  corner  pylons  of  the  first  main  deck.  On 
taking  preliminary  prices  and  making  esti-  • 
mates  from  the  completed  plans  it  was  found  | 
that  the' cost  of  this  design  exceeded  the  ap- 
propriations, and  that  the  program  of  require- 
ments must  be  revised — those  structural  as 
well  as  those  architectural.  The  changes 
were  so  numerous,  and  the  necessity  of  re- 
ducing the  cost  so  apparent,  that  a  new  de- 
sign was  made,  as  noted  above. 

Figure  11  is  a  view  of  the  tower  practically 
completed  showing  the  architectural  treatment 
and  its  general  effect. 

The  contract  time  for  the  general  contract, 
which  included  the  foundations,  the  timber 
construction,  the  ornamental  staff  and  plaster, 
and  the  high-pressure  and  electrical  installa- 
tions was  originally  200  days,  120  days  of 
which  were  guaranteed  to  be  after  the  com- 
pletion of  the  steel  contract.  The  overlap- 
ping of  the  two  contracts,  however,  operated 
to  extend  the  total  time  on  the  general  con- 
tract to  approximately  270  days. 
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Experiences  of  a  City  of  6,000  Popula- 
tion With  Water  Waste,  Famines, 
Meters  and  Rates. 

In  the  sale  of  water  it  seldom  happens  that 
a  municipality  changes  over  completely  from 
flat  rates  to  a  meter  system  of  charging  with- 
in a  comparatively  short  period  of  time. 
Cities  and  towns  usually  start  by  metering 
the  water  services  of  their  largest  consum- 
ers and,  gratified  with  the  results  effected, 
proceed  gradually  to  meter  other  connections 
until  only  a  few  are  left.  These  unmetered 
few  are  generally  the  connections  of  the  pub- 
lic buildings,  and  they  are  a  constant  source 
of  trouble  if  the  buildings  are  not  regularly 
inspected. 

The  present  article  records  the  experience 
of  St.  Albans,  Vt.,  a  city  of  6,300  population, 
with  water  waste,  water  famines,  water  meters 
and  water  rates.  St.  .Mbans  is  the  center  of 
a  farming  community,  has  one  or  two  fac- 
tories and  the  offices  and  shops  of  the  Central 
Vermont  Railway.  The  public  water  supply 
is  municipally  owned  and  is  managed  bv  the 
Superintendent  of  Water  and  the  City  Coun- 
cil. There  are  three  reservoirs  supplying  the 
city  through  a  gravity  system,  with  a  com- 
bined water  shed  of  1,581  acres  and  a  ca- 
pacity of  36.3,000,000  gals.  The  third  of  these, 
with  200  acres  of  watershed  and  128,000,000 
gals,  capacity,  was  Jjuilt  in  1913.  The  infor- 
mation here  given  is  from  an  article  by  C.  J. 
Renner  of  New  Rochelle,  N.  Y.,  in  a  recent 
issue  of  The  American  City. 

TWO    WATER   FAMINES. 

The  water  situation  in  St.  Albans  first  at- 
tracted serious  attention  in  August,  1908, 
when  the  supply  on  hand  began  to  decrease 
rapidly.  The  park  fountain  was  turned  oflf. 
plumbing  was  inspected,  and  all  other  means 


possible  were  taken  to  reduce  the  consump- 
tion. In  spite  of  all  efforts,  however,  by 
November  the  supply  was  exhausted.  Mean- 
while a  two-mile  line  of  C-in.  pipe  had  been 
laid  over  the  ground  to  Lake  Champlain, 
where  a  pumping  station  was  installed.  By 
this  means  the  consumers  were  kept  partially 
supplied  until  water  again  flowed  from  the 
reservoirs. 

In  1911.  owing  to  the  wasting  of  water  and 


10.750  ft.  G-in.  pipe,  in  place $  5,817.56 

Pump  and  pump  station,  in  place 1,810.04 

Pumping,    coal,    etc 4,795.17 

Interest,  at  5  per  cent,  on  cost  of  plant, 

five   yaars   1,908.40 

Total     $14,337,17 

The  plant  has  now  been  disconnected  and 
dismantled.  The  lead  in  the  pipe  joints  near- 
ly compensated  for  labor  of  disjoining.  Af- 
ter dismantling,  the  value  to  the  city  was, 
approximately : 
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Fig.   1.     Average   Daily    Water  Consumption  at  St.  Albans,  Vt.,  During   1912-13. 


the  extremely  dry  season,  a  water  famine 
was  again  precipitated,  making  it  necessary  to 
use  the  reserve  plant  previously  mentioned. 
It  was  with  difficulty  that  the  plant  could 
keep  up  pressure,  though  it  was  supplying 
only  a  portion  of  the  citv  and  furnishing 
600,000  gals,  per  day.  This  state  of  affairs 
lasted  64  days. 

It  is  needless  to  say  that  the  water  taken 
from  Lake  Champlain  was  in  no  respect  equal 
to  the  water  in  the  regular  supply,  which  was 
generally   found  to  be  wholesome  and  pure. 

The  direct  financial  costs  of  the  two  water 
famines   were   as   follows : 


10,750  ft.  C-in.  pipe,  at  40  cts.  per  foot.   $4,300.00 
One   pump    500.00 

Total     $4,800.00 

This  leaves  a  net  loss  of  $9,587.17  gone 
forever  that  might  have  been  avoided  by  the 
timely  installation  of  meters  or  by  additional 
water  supply. 

PRELIMINARY     REMEDIES. 

In  1909,  after  the  first  water  troubles,  the 
spillway  of  one  reservoir  was  raised,  but 
on  account  of  more  or  less  rainy  weather 
with  accompanying  full  reservoirs,  no  fur- 
ther action  was  taken. 


January  20,  1915. 


In  1910,  Mr.  D.  F.  McCarthy,  then  Su 
perintendent  of  Water,  maintained  a  rigid 
inspection  of  fixtures  and  reported  that  in- 
spection alone  could  not  prevent  the  large 
waste  of  water  caused  by  the  use  of  direct 
flushing  closets  and  by  the  running  of  faucets 
in  cold  weather.  Flat  rates  made  conditions 
such  that  but  few  cared. 

The  increasing  waste  led  to  making  meas- 
urements at  the  sewer  outlets.  From  the  re- 
sults of  these  it  was  estimated  that  6,000  peo- 
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survey  reduced   this  to  800,000  gals,  per  day, 
but  it  crept  up  again  in  December. 

During  the  first  four  months  of  1912  the 
domestic  and  other  meters  were  installed. 
The  work  was  done  economically,  because 
there  were  several  handy  men  in  the  water 
department  and  plumbers  were  needed  only 
occasionally.  Persons  who  maintained  pri- 
vate meters  for  their  own  use  were  rebated 
$8.40  upon  surrender  of  same  to  the  city, 
whether  in  .good  or  poor  condition. 
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Fig.    2.      Consumption    and    Amounts    Paid    by    Special    Rates    In    St.    Albans    by    Different 
Classes    of    Consumers    Under   Flat-Rate    System. 


pie  connected  with  the  sewers  were  using 
900,000  gals,  per  day,  or  150  gals,  per  capita, 
for  domestic  purposes  only.  It  was  plain  that 
the  situation  was  causing  anxiety  to  the  su- 
perintendent, for  he  constantly  advocated  and 
recommended  the  installation  of  meters. 

It  should  be  remembered  that  there  are  al- 
ways some  people  in  every  community  who 
will  oppose  anything  which  they  think  will 
adversely  affect  their  individual  interests,  and 
others  who  on  general  principles  dislike  any- 
thing which  restrains  them.  For  instance, 
the  first  class  would  rather  see  the  water 
wasting  every  day,  so  long  as  it  is  free,  than 
pay  a  plumber  to  fi.x  the  leak ;  and  the  sec- 
ond class  would  be  very  careful  of  the  water 
in  many  instances,  but  do  not  care  to  have  a 
meter  forcing  them  to  this  end.  Opposition 
to  meters  is  felt  all  the  lime,  from  these  peo- 
ple and  from  persons  who  deliberately  waste 
water,  feeling  that  the  city  is  rich  and  can 
stand  it,  and  also  from  the  conservatives, 
who  think  that  installing  meters  is  an  un- 
necessary e.xpense  and  at  best  only  an  ex- 
periment. 

The  opposition  in  St.  Albans  held  the  mat- 
ter of  meter  installation  in  check  until  the 
city  was  brought  to  face  a  second  water 
famine  in  1911.  This  convinced  all,  for  the 
time  being  at  least,  that  something  must  be 
done.  A  city  meeting  was  called  at  once, 
and  it  was  promptly  voted  to  install  a  me- 
ter system  along  with  other  measures  of 
relief.  Mayor  Cirecnc's  efforts  were  largely 
responsible  for  the  success  of  the  plans. 

A  14-in.  Venturi  meter  was  purchased  and 
installed  so  as  to  register  the  entire  city. 
In  the  latter  part  of  November  it  showed  a 
consumption  of  1,000,000  gals,  per  day.  Con- 
tinued   rigid    inspection    and    a    water    waste 


The  cost  of  installing  meters  was  as  fol- 
lows : 

One  Venturi  meter,  in  place $      6S6.74 

1,295  domestic  meters,  in  place 13,356.18 

Total     $14,042.92 

which    amount    is    less   than    the   cost   of    the 
two    water    famines   as   already   given. 

RESULTS   OF   METERING. 

The  net  results  of  metering  the  city  may 
be  seen  in  Fig.  1  in  which  the  average  con- 
sumption in  gallons  per  day  for  each  month 
is  given. 

The  chart  shows  a  drop  in  consumption  due 
to  meters  of  200,000  gals,  per  day.  In  five 
months  this  amounts  to  30,600,000  gals.  To 
this  quantity  we  may  add  40,100,000  gals., 
which  is  the  saving  for  the  same  period  of 
time,  due  to  rigid  inspection  and  water  waste 
surveys.  The  total,  70,700,000  gals,  is  far  in 
excess  of  what  was  needed  to  avert  either 
water  famine.  Practically  all  the  saving  was 
in  the  domestic  consumption,  the  commercial 
interests  contributing  only  a  small  amount. 
Previous  to  a  famine  it  took  five  months  for 
the  reservoirs  to  go  dry. 

RATE    M.\KIN(:. 

Up   to   the   time   of   the   meter   installation, 
the  rates  for  water  were  as  follows : 
DwellinB  houses,  stores  and  offices  occupied 

by  five  persons  or  less $6.00 

Each   additional   person 1.00 

One   bath   tub 3.00 

One  water  closet. 3.00 

Each    wa.sh    basin 1.00 

Each  private   laundry 3.00 

Each   sprinklinpr   hose 3.00 

Each    carriage    horse l.Ofl 

Extra  water  closet  or  bath  tuVj L.'JO 

Each  commercial  rate  fixed  by  special  agree- 
ment. 

Payment  due  in  advance,  semi-annually. 

.•\s  may  be  seen,  persons  with  houses  hav- 
ing modern  improvements  were  taxed  the  most 


by  this  schedule,  though  they  were  not  al- 
ways the  largest  users.  A  family  of  six 
people  dwelling  in  a  house  where  one  faucet 
was  installed  would  obviously  use  more 
water  than  a  family  of  two  living  among  a 
few  improvements.  It  did  not  follow  that  the 
family  of  two  could  any  better  aiiford  to  pay 
the  higher  water  rent,  and  they  certainly 
should  not  have  been  expected  to  do  so. 

The  item  relating  to  commercial  rates  is 
particularly  interesting.  This  matter  was 
analyzed  and  a  curve  of  the  results  was 
drawn  which  showed  some  amazing  facts. 
Men  in  the  same  line  of  business  were  paying 
all  out  of  proportion  to  the  amounts,  of  water 
used.  This  curve  is  here  reproduced  as 
Fig.  2. 

Comparing  the  hotels  in  the  chart,  Fig.  2,  it 
is  seen  that  one  man  using  2.5,000  cu.  ft.  per 
year  paid  $100,  while  his  neighbor  who  used 
four  times  as  much  paid  only  $40.  Differences 
like  this  were  the  result  of  knowing  nothing 
definite  concerning  how  much  water  really 
was  used,  the  rates  being  based  on  the  judg- 
ment of  the  City  Council  when  applications 
were  made.  With  fair  rates  for  all,  however, 
the  dashed  line  showing  amounts  paid  should 
ascend  smoothly  in  the  sarne  manner  as  the 
consumption  line,  and  not  zigzag  all  over. 

With  the  coming  of  the  meters  came  the 
necessity  to  devise  a  system  of  rates  which 
would  be  satisfactoi-y  to  all  To  this  end 
meter  schedules  and  rules  of  other  cities 
were  consulted,  but  there  were  always  ob- 
jections. It  was  impossible  to  satisfy  every- 
body. One  thing  finally  agreed  upon  was 
that  there  should  be  a  yearly  charge  of  $6 
per  year  to  each  consumer,  with  .3,000  cu.  ft. 
of  water  allowed,  whether  used  or  not. 
Pressure  was  and  is  being  brought  to  bear 
to  have  this  allowance  increased  and  the 
price   lowered. 

The  water  plant  being  publicly  owned,  there 
was  no  reason  to  make  the  rates  higher 
than  was  necessary  to  meet  expenses.  Under 
the  old  flat  rates'  the  revenue  each  year 
amounted  to  approximately  $16,860,  which 
was  sufficient.  It  was  planned  to  make  the 
new   rates   aseregate   the   same   amount. 

What  was  wanted  was  a  schedule  so  made 
that,  as  the  consumption  of  any  user  iii- 
creased,  the  rate  per  100  cu.  ft.  would  di- 
minish, though  the  amount  of  the  water  bill 
would  always  increase.  By  this  arrange- 
ment the  large  consumer  would  get  his  water 
at  a  cheaper  rate,  but  his  water  tax  would  be 
larger  than   that   of   a  small   consumer. 

In  St.  Albans,  where  the  commercial  in- 
terests are  the  backbone  of  the  community, 
and   where   evacuation   by   any   one   of    them 
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Fig.  3.    Percentage  of  Consumers  Paying  Va- 
rious Yearly   Amounts  Before  and  After 
Meter  Installation  at  St.  Albans,  Vt. 

would  be  serious,  provision  had   to  be  made 
to    give    them    especially    cheap    rates.      The 
new  rates  are  given  below  for  classes  1  and 
2,  those  of  class  3  not  being  for  publication. 
ST.   ALBANS  WATER  RATES. 

Class  1. — Domestic  users:  Houses,  blocks, 
stores.  Where  water  must  be  supplied  for  liv- 
ing purposes. 

Class  2.— Industries  dependent  on  city  for 
their  existence;  those  that  employ  labor,  but 
draw  the  revenue  to  pay  for  s,ame  from  city  or 
by  virtue  of  the  city's  existence,  such  as  laun- 
di'ies.  restaurants,  garages,  hotels,  gas  com- 
panies, newspapers,  etc. 

Class  3. — Industries  necessary  for  the  welfare 
(existence)  of  the  city;  those  that  employ  labor, 
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but  do  not  secure  the  money  to  pay  for  same 
from  city,  such  as  the  railroad,  manufactories 
and  wholesale  distributors  of  St.  Albans  prod  ■ 
wets  to  the  outside  world. 

The  City  Council  reserves  the  right  to  specify 
the  class  of  any  consumer. 

Class    1 — Domestic. 
Minimum  Minimum       Kquivalent      Rate  for 

cu.  ft.  fiat  rate  rate  per      additional 

per  year.  per  year.  100  cu.  ft.      100  cu.  ft. 

.3.000  $         6.00  50.20  $0.20 

6,000  12.00  .20  .20 

12,000  24.00  .20  .20 

18,000  36.00  .20  .IS 

24,000  46.80  .19^4  .17 

48,000  87.00  .18>4  .16 

96,000  164.40  .17  1/10  .l.','/' 

192,000  313.20  .16»4  .ir. 

384.000  601.20  .15%  .14 

768,000  1,138.80  .14%  .13 

1.536,000  2,137.20  .14  .12 

Class  2 — Local  Industries. 
3,000  $     COO  $0.20  $0.13 

6,000  9.90  .16%  12 

12,000  17.10  .14%  .10 

24,000  29.10  .12%  .08 

48,000  48.30  .10  .07 

96,000  81.90  .08^  .06 

192,000  139.50  .07%  .05 

384,000  235.50  .06  .04 

768,000  389.10  .05  .03Vi 

1,536,000  657.80  .Ol'i  .03% 

These  rates  and  quantities  plot  smooth 
curves. 

RESULTS    OF    METER    .li-\TES. 

The  results  in  revenue  obtained  under  this 
schedule  for  the  first  year  of  the  new  system 
are   tabulated   thus : 

First   quarter    $  5.907.8S 

Second   quarter    3,498  60 

Third    quarter    4,353.71 

Fourth   quarter    4,631.78 

Total   for  year .-. .  .$18,392.00 

This  includes  all  classes  of  consumers.  The 
railroad  was  still  paying  by  flat  rate,  though 
metered  and  using  290,000  gals,  daily  aver- 
age. The  low  figure  for  tlie  second  quarter 
was  due  to  credits  allowed  to  consumers 
when  their  meter  rates  amounted  to  less  than 
the  old  flat  rates,  which  they  had  already  paid 
in  advance.  That  the  great  majority  of  the 
people  benefited  is  clearly  shown  bv  Fig.  3 
in  which  the  per  cent  of  connections  and 
revenue  furnished  before  and  after  meter  in- 
stallations is  given.  There  were  about  1,275 
meters    in    all. 

A  study  of  the  curves  shows  that  45  per 
cent  of  the  connections  yielded  $12  per  year 
or  less  by  the  old  rates.  After  meters  were 
installed  the  number  paying  $12  or  less  rose 
to  68  per  cent.  The  result  is  still  more 
striking  with  minimum  rate  consumers  who 
paid  $6. 

The  expenses  of  maintaining  the  meter 
system  meant  no  extra  man  in  the  water  de- 
partment and  eight  weeks'  work  by  the  other 
men.  The  summary  of  the  whole  matter  is 
that  meters  are  indispensable  where  the  eco- 
nomical management  of  a  water-works  is  con- 
cerned. They  prevent  water  famines  and  un- 
necessary waste,  and  also  give  us  the  only 
fair  basis  for  governing  the  sale  of  water. 
While  maintenance  charges  are  an  extra  ex- 
pense, this  expense  is  small  when  compared 
•,vith   the   benefits   resulting. 

The  Laboratory  Control  of  Small 
Water  Supplies. 

In  Illinois  the  State  Water  Survey  has  been 
promoting  the  establishment  of  laboratories 
for  the  chemical  and  bacteriological  control 
of  the  water  supplies  wherever  such  control 
is  needed.  During  the  last  few  years  a  num- 
ber of  water  works  in  the  state  have  estab- 
lished such  laboratories.  Sometimes  it  has 
been  difficult  to  show  the  various  water  works 
operators,  whether  in  the  employ  of  companies 
or  municipalities,  the  \-aIue  of  water  analyses 
made  either  by  themselves  or  by  the  state 
laboratory.  Many  of  the  operators,  however, 
are  easily  persuaded  to  install  laboratories, 
and  those  who  have  installed  them  have  lieen 
delighted  with  the  results.  Tlie  present  arti- 
cle, which  is  from  a  pancr  by  Dr.  Edward 
Rartow,  director  of  the  Illinois  State  Water 
Survev,  in  the  December  number  of  the  Jour- 
nal of  the  American  Water  Works  Associa- 
tion, discusses  the  laboratory  control  of  small 
water  supplies. 

The  owners  of  large  water  supplies  can 
employ   their   own    experts    and    can    establish 


the  necessary  laboratories  for  control.  They 
will,  of  course,  have  a  bacteriological  labora- 
tory that  will  contain  all  that  is  needed  to 
make  bacteriological  investigations.  They  will 
have  a  sanitary-chemical  laboratory  contain- 
ing the  equipment  necessary  f(U'  sanitan,- 
chemical  analyses.  They  may  even  have  a 
laboratory  for  the  determination  uf  the  min- 
eral content  of  the  water;  for  such  deter- 
minations are  often  necessary  when  waters 
of  varying  composition  from  a  river  or  from 
a  combination  of  several  sources  have  to  be 
treated.  One  suggestion  with  regard  to  such 
laboratories  is,  do  not  make  the  rooms  too 
large.  A  compact  arrangement  increases  effi- 
ciency. 

In    Illinois    there    are    very    few    plants    ex- 


ette  and  some  pipettes.  These  are  installed 
on  a  simple  laboratory  table  in  one  corner  of 
the   pump   house.  I 

For  the  control  of  filter  plants  using  river 
water  a  more  extensive  outfit  is  needed.  Tests 
for  number  of  bacteri  ,  gas-forming  bacteria, 
turbidity,  color  and  alkalinity  must  be  made. 
Several  laboratories  of  this  type  have  been 
established   and   have   given   satisfaction. 

It  often  seems  difficult  to  find  space  for  the 
laboratory,  but  the  difficulty  can  be  overcome. 
At  Pontiac,  which  has  one  of  th.e  old-style 
plants,  the  laboratory  has  been  constructed 
in  one  corner  of  the  filter  house  and  partly 
over  one  of  the  filters.  It  is  9  by  14  ft.  in 
size,  and  contains  sufficient  apparatus  for  the 
satisfactory  control   of   this   small   plant. 
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ceeding  5.000,000  gals,  daily  capacity.  We 
recommend  simple  laboratories  that  are  suit- 
able for  such  small  plants,  where  the  operator 
hesitates  to  undertake  extra  work  that  will 
require  extra  help.  We  must  also,  necessar- 
ily, advocate  only  the  simple  and  necessary 
tests.  The  simplicity  of  the  outfit  required  is 
illustrated  by  one  of  the  smallest  laboratories 
in  the  state  of  Illinois,  or  even  in  the  United 
States.  This  is  a  laboratory  for  the  control 
of  the  iron-removal  plant  of  the  Champaign 
and  Urbana  Water  Co.  The  water  treated 
is  from  deep  wells  and  contains  no  bacteria. 
The  chemical  constituents  are  constant,  there- 
fore the  test  for  iron  is  the  only  one  required. 
The  necessary  apparatus  consists  of  a  few 
collecting  bottles,  bottles  for  re-agents,  a  bur- 


of 


More  elaborate  structures  may  be  erected. 
The  Danville  Water  Co.  recently  constructed, 
adjacent  to  the  plant,  a  building  for  an  oflice 
and  laboratory  that  adds  considerably  to  the 
attractiveness  of  the  plant.  Charts  are  pre- 
pared each  month  by  Mr.  H.  M.  Ely  of  the 
Danville  Water  -Co.  to  show  the  results  ob- 
tained by  this  laboratory.  The  chart  for 
March,  1913,  for  example,  shows  some  of  the 
results  which  impressed  upon  the  minds  of 
the  operators  the  necessity  for  complete  and 
continuous  control.  Tlie  amount  of  bleach- 
ing powder  was  indicated  by  the  available 
chlorine,  which  was  discontinued  on  the  20th 
of  the  month  and  was  not  used  for  tlie  fol- 
lowing six  days.  During  this  period  the  num- 
ber  of    bacteria,    as    clearly    indicated    by   the 
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chart,  increased  very  largely,  dropping  as 
soon  as  the  use  of  the  hleaching  powder  was 
resumed.  Positive  tests  for  the  gas  formers 
were  also  evident  during  this  period,  and 
ceased  immediately  on  the  resumption  of  the 
use  of  the   hleaching  powder. 

In  order  to  assist  operators  in  establishing 
laboratories  a  list  of  the  necessary  apparatus 
and  chemicals  has  been  prepared.  (See  Uni- 
versity of  Illinois  Bulletin,  Water  Survey 
Series  No.  8.)  The  list  is  so  arranged  that 
an  operator  can  choose  what  is  needed  for 
a  small  lalioratory,  or  for  a  more  extensive 
laboratory. 

A  diagrannnatic  plan  showing-  the  fixtures 
needed  in  a  small  laboratory,  Fig.  1,  has  been 
of  value  to  those  who  have  established  lab- 
oratories. The  table  can  be  easily  construct- 
ed, and  the  detailed  plan  has  been  used  as 
the   basis    for   several    lalioratorv    tables    now 


were  made  in  connection  with  his  work  on  the 
Catskill  aqueduct  and  while  they  clearly  in- 
dicate the  importance  of  careful  inspection  of 
water  works  brass  goods  they  do  not  at  all 
signify  that  brass  is  becoming  structurally  or 
economically  obsolescent  in  water  systems. 
The  following  matter  is  based  on  Mr.  Flinn's 
paper : 

Claims  of  brass  or  bronze  makers  backed 
up  by  tests  and  experience  led  the  engineers 
of  the  Catskill  aqueduct,  after  careful  investi- 
gation, to  adopt  some  of  these  copper-zinc 
alloys  for  extensive  use  where  their  non- 
corrodibility  and  other  good  qualities  claimed 
for  them  made  them  especially  suitable.  It  is 
safe  to  say  that  on  no  other  single  engineer- 
ing enterprise  have  such  large  quantities  ever 
been  used,  the  total  being  nearlv  3,000,000  lbs. 
More  than  2,000,000  lbs.  of  this  was  in  the 
form  of  castings  ranging  from  a  fraction  of  a 
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Fig.   2.      Plan   Showing    an   Arrangement  of  Furniture  in  a  Small  Water  Works  Laboratory. 


in  use  in  the  state.  If  a  larger  outfit  is  de- 
sired the  table  can  be  doubled.  Fig.  2.  For 
example,  two  units  may  be  placed  back  to 
back  in  the  center  of  the  room,  and  the  re- 
mainder of  the  furniture  distributed  around 
the   sides  of  the  room. 

The  suggestions  which  have  been  briefly 
described  have  been  accepted  by  several  of 
the  water  works  operators,  and  we  think  we 
can  safely  say  that  those  who  have  estab- 
lislicd  laboratories  and  given  them  a  thorough 
trial  would  be  unwilling  to  dispense  with 
tlum. 


The    Use    of   Brass    in    Water   Works 
Construction  With  Special  Refer- 
ence to  Experience  on  the  Cat- 
skill  Aqueduct. 

For  about  40  years  several  kinds  of  forgeable 
copper  alloys  of  high  tensile  strength,  known 
as  bronzes  and  brasses,  have  enjoyed  a  wide 
use  in  water  works  construction.  These  alloys 
have  been  adopted,  of  course,  for  their  re- 
sistance to  corrosion  in  the  presence  of  water 
or  moisture  in  the  air.  Only  a  few  months 
ago  a  paper  was  read  before  the  New  Eng- 
land Water  Works  Association  Ijy  a  practical 
water  works  superintendent  who  strongly 
urged  the  advisability  of  using  more  brass  in 
the  construction  of  water  gate  valves.  Since 
then  some  of  the  limitations  of  brass  in  water 
works  construction  have  been  pointed  out  by 
Mr.  .Alfred  D.  Flinn,  Deputy  Chief  l''.ngineer 
of  the  New  York  Hoard  of  Water  Supply,  in 
a  paper  before  the  Municii)al  Engineers  of  the 
City  of   New  York.    Air.   b'liim's  oliservations 


pound  to  22,000  lbs.  each.  Forgings  consti- 
tuting a  large  proportion  of  the  remainder, 
varied  from  small  bolts  to  sluice  gate  stems 
about  b  ins.  in  diameter  and  31  ft.  long,  weigh- 
ing 3,200  lbs.  each.  The  balance  was  made  up 
of  plates,  rods  and  shapes.  Manganese  bronze 
constituting  a  very  large  proportion  of  the 
total,  "naval  brass,"  including  Tobin  bronze, 
was  used  in  large  amounts  and  various  com- 
mon brasses  and  special  compositions  made  up 
the  relatively  small  remaining  quantity. 

It  was  not  in  the  large  castings,  however, 
that  trouble  was  experienced,  but  in  the  small- 
er objects,  such  as  bolts,  ladder  rungs  and 
pipes.  These  numerous  and  various  brass 
articles  had  been  made  by  a  number  of  manu- 
facturers scattered  through  New  h'.ngland. 
New  Y'ork,  Pennsylvania  and  New  Jersey.  The 
experience  of  the  Catskill  aqueduct  with 
these  brass  articles  may  be  summarized  as 
follows : 

Large  numbers  of  brass  bolts  have  been 
found  cracked  and  broken  in  their  packing 
lioxes  after  storage  through  a  winter,  but  hav- 
ing never  been  stressed ;  others  never  exposed 
to  low  temperatures  and  never  stressed  have 
been  found  in  similar  condition.  These  bolls 
ranged  from  %  in.  to  2'/i  ins.  in  diameter. 
Similarly,  fla"-  bars,  rolled  plates  and  long  rods 
supporting  only  their  own  weight  have  been 
found  cracked  or  severed  after  a  lapse  of  a 
few  or  many  months.  Flanged  %-in.  plates 
riveted  together,  after  careful  inspection  Ijcing 
in  apparently  good  condition,  were  found  some 
months  later  to  have  incipient  and  well  de- 
veloped cracks,  with  many  rivets  cracked  or 
yielding  to  relatively  light  blows  from  a  hand 
hammer.    Many   upset  rivet  heads  have  come 


off.  Hundreds  of  bolts  have  broken  under 
tension  after  short  or  long  intervals.  The  fail- 
ures have  been  so  numerous  and  important  as 
to  have  caused  the  gravest  apprehension  and 
led  to  the  substituting  of  steel  for  brass  in 
many  cases,  in  spite  of  the  recognized  disad- 
vantage of  steel  as  to  corrosion  which  the 
engineers   had   sought  earnestly  to  avoid. 

No  brand  or  make  of  brass  or  bronze  has 
wholly  escaped.  Manganese  bronze,  naval 
bronze  (including  a  well-known  bronze,  and 
its  imitation),  and  Muntz  metal,  from  all  the 
manufacturers  W'ho  have  furnished  any  con- 
siderable quantity,  all  have  failed.  Hitherto 
castings  and  large  forgings  have  been  exempt, 
or  at  least  failures  in  them  have  not  been  dis- 
covered, except  in  a  few  cast  bolts  and  nuts. 
When  studying  the  extent  and  cost  of  these 
failures,  it  was  found  that  other  users  also 
have  had  trouble  of  one  kind  or  another, 
knowledge  of  which  has  come  to  hand  within 
relatively  recent  time.  At  just  what  date  or 
when  in  the  state  of  development  of  brass 
manufacture  these  troubles  began,  or  how  ex- 
tensive they  have  been,  has  not  yet  been 
learned.  Possibly  they  might  have  been  con- 
sidered occasional  or  accidental  but  for  the 
large  use  of  these  alloys  on  the  Catskill  aque- 
duct under  supervision  which  led  to  a  de- 
tection of  these  defects. 

The  discovery  of  these  failures  in  the  fall 
of  1913  was  all  the  more  disappointing  because 
the  speciiications  had  been  drawn  carefully  in 
the  light-  of  information  which  is  in  hand  and 
practically  all  the  metal  accepted  had  been  sub- 
jected to  careful  inspection,  including  the 
standard  physical  tests  and  chemical  analyses. 
Much  of  the  metal  accepted  had  shown  phys- 
ical qualities  in  generous  excess  of  the  spec- 
ified requirements,  and  it  is  quite  unthinkable 
that  the  manufacturers  were  not  honestly  en- 
deavoring to  fulfill  the  specifications  and  fur- 
nish  satisfactory  materials. 

Among  the  physical  characteristics  required 
were  that  manganese  bronze  should  have  a 
tensile  strength  of  not  less  than  65,000  lbs.  per 
square  inch,  an  clastic  limit  of  not  less  than 
45  per  cent  of  the  ultimate  tensile  strength 
and  an  elongation  of  not  less  than  25  per 
cent.  That  rods  for  brass  rivets  should  have 
a  tensile  strength  of  not  less  than  55,000  lbs. 
per  square  inch,  an  elastic  limit  of  not  less 
than  30,000  lbs.,  and  an  elongation  not  less 
than  20  per  cent.  It  is  known  that  in  brasses 
the  elastic  limit  or  yield  point  is  not  well  de- 
lined  and,  judging  from  some  experiments  re- 
cently performed,  must  under  prolonged  stress 
be  regarded  as  the  ultimate  strength.  It  -was 
known  that  apparently  sound  brass  pipes  and 
some  kinds  of  brass  wire  would  occasionally 
crack  -without  evident  reason;  but  leading 
manufacturers  of  brass  pipe  have  discovered 
how  to  modify  the  details  of  manufacture  so 
as  to  overcome  these  troubles  in  a  large  meas- 
ure, and  little  trouble  has  been  experienced 
with  pipes  furnished  by  reputable  manufac- 
turers in  recent  years.  There  is,  therefore, 
small  excuse  for  supplying  other  than  de- 
pendable  brass   pipe   nowadays. 

Experiments  carried  on  by  Inspector  Jon- 
son  of  the  Catskill  aqueduct  laboratory  dem- 
onstrated that  improperly  cold-worked  rods 
were  in  a  state  of  initial  stress,  and  that  these 
stresses  w-crc  frequently  of  important  magni- 
tude, so  that  in  many  cases  a  small  or  moder- 
ate increment  of  stress,  like  temperature 
change  or  load,  would  produce  failure.  By 
placing  round  rods  in  a  lathe  and  removing 
their  exterior  surface,  accurate  msasurements 
showed  that  the  length  of  the  rod  gradually 
increased,  demonstrating  that  the  interior 
metal  had  been  under  compression  and  the 
exterior  surface  in  tension.  Conversely,  on 
boring  a  good-sized  core  from  the  inside  of 
rods,  the  rods  shortened,  again  demonstrating 
the  same  condition.  From  the  amount  of  ex- 
pansion or  contraction  in  length  it  was  pos- 
sible to  calculate  with  dose  approximation 
the  stresses  and  strains  in  the  material. 

Martens  and  Hcyn.  the  eminent  German 
physicists,  have  developed  a  method  for  de- 
termining the  tendency  of  brass  to  crack  by 
applying  a  solution  of  mercury  salt  to  the 
surface  of  a  brass  rod  under  initial  stress. 
Cracks  would  be  developed  almost  instantane- 
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ously  or  in  a  few  minutes  in  some  specimens, 
while  in  others  the  cracks  would  not  become 
apparent  for  a  number  of  days.  This  mercury 
test  has  been  used  by  the  Board  of  Water 
Supply  and,  while  useful,  has  not  proved  in- 
fallible, some  rods  which  gave  negative  re- 
sults under  this  test  subsequently  cracking. 
Moreover  it  would  be  manifestly  impracticable 
to  apply  this  accelerated  test  to  the  whole  sur- 
face of  every  rod  of  a  large  shipment,  and  a 
more  practical  test  is  desired  by  which  one 
can  make  sure  that  brass  rods  or  other  articles 
being  purchased  or  already  in  place  are  per- 
manently free  from  the  tendency  to  crack. 

After  the  discovery  of  the  extensive  crack- 
ing referred  to,  it  was  decided  to  use  plain 
extruded  or  hot-rolled  rods  wherever  prac- 
ticable and  to  anneal  all  material  which  had 
to  be  drawn  or  rolled  whole.  Unfortunately, 
the  method  of  manufacture  did  not  avoid  fur- 
ther trouble  of  this  kind.  Plain  extruded,  hot- 
forged  and  annealed  brass  rods  supposedly 
free  from  initial  stress  have  also  failed  in 
disturbingly  large  quantities. 

Some  experiences  and  observations  indicate 
that  corrosion  has  much  to  do  with  the  crack- 


ing of  brass  under  some  circumstances.  Ap- 
parently certain  kinds  of  corrosion  greatly  re- 
duce the  cohesion  of  the  affected  part  of  the 
material,  thus  destroying  the  ductility  so  that 
cracks  develop  as  soon  as  the  dfeformation  ex- 
tends to  or  beyond  the  yield  point.  If  this  con- 
clusion be  true,  it  should  be  possible  to  pro- 
duce season  cracking  in  bars  free  from  appre- 
ciable initial  stress  by  stressing  them  by  means 
of  an  external  force  and  then  corroding  the 
surface.  Experiments  made  in  the  laboratory 
of  the  Board  of  Water  Supply  demonstrated 
that  such  results  -were  obtained,  both  strong 
ammonia  and  mercury  salt  solution  being  used 
as  corroding  agents.  Tests  made  indicate  that 
brass,  especially  when  subjected  to  a  tensile 
strength  approaching  the  yielding  point,  is 
liable  to  inter-granular  oxidation  which  may 
penetrate  indefinitely  along  certain  planes  of 
weakness.  This  opinion  is  confirmed  by  the 
appearance  of  breaks  which  indicate  that  the 
metal  is  not  torn  apart,  as  in  a  tensile  test, 
but  parts  gradually  along  the  boundaries  of 
the  grain  which  are  supposed  to  be  groups  of 
very  small  and  intimately  mixed  copper,  zinc 
and  tin  crvstals. 


QUERIES   IN   CONCLUSION. 

For  designing  and  constructing  engineers 
the  following  questions  should  be  satisfac- 
torily answered  if  thev  are  to  continue  the 
use  of  these  brasses  or  bronzes  for  important 
purposes : 

Can  a  brass  or  bronze  of  high  tensile 
strength  be  reliably  produced  which  can  be 
used  safely  for  important  permanent  struc- 
tures in  such  parts  as  bolts  and  other  rolled, 
drawn,  extruded  or  forged  shapes? 

What  should  be  the  specifications  for  such 
brasses  or  bronzes? 

What  inspection  methods  and  tests  should 
be  used? 

By  what  tests  can  the  tendency  to  subse- 
quent failure  be  detected  at  any  time  after 
manufacture? 

What  working  stresses  may  be  used  safely 
for  these  various  alloys? 

Will  these  brasses,  or  bronzes,  deteriorate 
by  reason  of  constantly  applied  or  frequently 
repeated  stress ;  that  is,  will  they  fail  from 
fatigue  ? 
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Analysis   of   Concrete   Curb  Construc- 
tion for  Suburban  Improvements 
Near  New  York  City. 

Contributed  by  Allen  C.  Haskell,  15  Williams  St., 
New  York. 

The  Construction  Service  Companv  was 
engaged  recently,  in  the  capacity  of  efficiency 
engineers,  upon  the  initia'  development,  for 
residential  building  purposes,  of  a  large  tract 
of  land  not  far  from  New  York  City. 


Observations  extending  over  a  period  of 
almost  one  month  were  made  upon  the  laying 
of  concrete  curb,  and  represent  the  perform- 
ance after  the  work  had  been  organized.  The 
process  was  divided  into  the  following  parts : 
Trenching,  Placing  Forms,  Removing  Forms, 
Mixing  and  Handling  Concrete,  Mixing  and 
Handling  Fine  Stuff,  Finishing,  Cleaning  and 
Scrubbing^  and  Backfilling.  Daily  reports, 
like  the  one  shown,  Fig.  1.  were  made  out 
for  each  gang  by  the  cost  keeper,  who  had 
been     properly     instructed,     and     these     were 


CURB  AND  SIDEWALK  WORK. 

CONSTRUCTION  SERVICE   COMPANY. 

JOB Curbs WORK  ORDER  No.  i50 

LOCATION. . .  .Road  -X" . . . .                                                                                      WEATHER-.^."'. %/a?"; ! ! ! ! 

Work 
Order 

No. 
Men 

Work 

Reg. 
Hours 

Reg. 
Rate 

Extra 
Hours 

Extra 
Rate 

Total 
Hours 

Total 
Amount 

Work  Done 

Unit 
Costs 

1 
1 

Foreman 

Waterboy 

Trenching 

10 
10 

37i 
10 

10 
10 

%3.75 
1.00 

Cu.fl. 
1.7 
0.5 

9.0 
0.4 

5.9 

1.7 

2.6 

1.6 

0.4 
6.8 
1.3 
7.0 
0.5 

Sta 

Sta 108'    

114' 

4 

1 
7 

2 

2 
3 

Placing  and 
removing  forms 

1     20 

J7i 

10 
10 

25 
35 

40 
3 

9.60 
0.52 

3 

1  ..  .  . 

n\ 

Mixing  and  han- 
dling concrete. 

Mixing  and  plac- 
ing fine  stuff  . . 

Finishing 

Cleaning 

Distrib.  material 

Backfilling 

Cement 

10 
10 

10 

m 

20 
20 

Sta 214'-4" 

Sta 214'^" 

2 14' -4" 

1    50 
10 

l/o 

10 

40 

70 
f5 



12.60 

3.75 
5.75 

214'-4'' 

5 

35 

15 

3.50 

114' 

1 

3 

17h 

3 

0.53 

Sand 

Gravel 

Pebbles 

'.'.'.'.'.'. 

No.  Men  in  Gang;    17.    Cost  per  ft.  curb  exclusive  of  trenching cu.  ft.    39.4 

Cement:    48    Bags. 

Gravel:        *    Yards. 

Water:        . .     Cu.  ft. 

Curb— Width;    *    Inches. 

Kind  of  Finish:     1  :  H  :  li 

Material  on*Hand  in  charge  of  Foreman  at  6  P.  W 

Sand:                 3.S    Yds. 
Fine  Gravel:     0.69  Yds. 

Thickness:    24    Ins. 
Concrete:    1  :  2i  :  6 

Forms  set  included  1  corner. 

A.  B.  Smith,  Timekeeper.                                                                                      C.  D.  Jones,  Foreman. 

Fig.    1.     Specimen    Daily    Cost    Report  for     One   Gang. 


When  they  undertook  their  duties  work  had 
already  been  started  and  was  progressing  as 
best  it  could  under  the  system  of  management 
then  in  vogue.  The  mission  of  the  efficiency 
engineers  was  to  reduce  unit  costs  by  properly 
organizing  and  scientifically  standardizing  the 
various  tasks.  Their  first  step  in  this  direc- 
tion was  to  make  time  studies  of  the  grad- 
ing work,  transporting  of  materials,  trench 
work,  pipe  laying,   concrete  curb  work,  etc. 


checked  by  the  field  observations  of  the  Con- 
struction Service  Company's  inspector.  The 
writer  can  personally  vouch  for  the  accuracy 
of  the  reports  from  which  the  data  below 
are  computed,  both  as  to  the  division  of  man 
hours  spent  upon  each  operation  and  as  to 
quantities  of  materials  used  and  measurements 
of  work  accomplished.  The  costs  given  are 
naturally  correct  for  the  period  of  observation 
only,   and,   as   mentioned   above,   the   observa- 


tions upon  which  they  are  based  were  made 
after  the  work  had  been  organized,  and  there- 
fore the  average  cost  of  all  curb  work,  includ- 
ing the  period  of  organization,  etc.,  is  some- 
what higher  than  that  shown,  but  the  data 
and  costs  of  the  performance  after  organiza- 
tion, as  presented,  are  considered  to  be  more 
of  a  criterion  than  would  be  the  case  were 
the  period   of  organization  included. 

There  were  two  gangs  engaged  in  the  actual 
curb  work.  Each  averaged  about  17  men  in 
number,  and  as  far  as  was  feasible  the  same 
men  in  each  gang  performed  the  same  work 
day  after  day  so  that  they  became  proficient 
in  executing  their  individual  duties.  A  sepa- 
rate gang  dug  all  trenching  for  the  two  curb 
gangs,  thus  not  only  becoming  adept  but  also 
being  able  to  keep  trench  open  in  front  of  the 
curb  gangs  in  proportion  to  the  latters'  rate 
of  working,  and  thereby  enabling  them  to  lay 
curb    without   interruption. 

The  curb  was  of  the  cross-section  shown 
in  Fig.  2.  It  was  laid  in  6-ft.  lengths,  with 
metal  section  plates.  The  coarse  stuff  was 
poured  into  the  form  to  within  10  ins.  of  the 
top,  then  a  strip  of  thin  board  was  placed 
longitudinally  in  a  section  1  in.  back  from  the 
face.  Behind  this  the  coarse  stuff  was  poured 
and  rammed,  and  in  front  of  it  the  fine  stuff, 
to  within  1  in.  of  the  top.  The  thin  strip  of 
wood  was  then  removed  and  the  top  facing  of 
fine  stuff  put  in.     .-^fter  finishing,  as  soon  as 
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Fig.  2.    Cross  Section  of  Curb. 

the  mi.xture  had  set  sufticiently  the  front  forms 
were  removed  and  the  curb  was  scrubbed. 
Steel  brushes  were  used  for  this  purpose 
where  the  material  had  set  hard  enough  to 
require  them,  but  usually  the  final  scrubbing 
was  done  with  a  common  stiff-bristle  brush. 
A  small  hose  furnished  running  water  where 
connections  were  possible.  Fig.  4,  but  at  other 
points  it  was  necessary  to  use  water  m  pails. 
This   latter   method   was   less   satisfactory,   as 
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the  water    soon   became   dirty    from   too   con- 
stant re-use  and  the  curb   showed   the  effects 


by    presenting,    when    dry,    a    surface    coated 
over  with  a  thin  lilni  of  sediment.     After  the 
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Fig.  3.    Showing    Evetiness  of  Trench,   Also 
Forms. 


Fig.  4.    Scrubbing  Curb  and  Washing  With 
Running    Water. 


scrubbing  was  completed  the  back  forms  were 
removed  and  earth  backfilled  along  the  curb 
to  the  desired  depth. 

OPERATIONS   IN   DETAIL. 

Trenching.— The  trenching  gang  averaged 
about  seven  men  in  addition  to  the  foreman 
and  water  bov.  The  digging  was  in  a  mixture 
of  sand  and 'clay,  enough  of  the  latter  being 
present  to  require  the  almost  constant  use  of 


Fig.  5.    Showing  Mixing  Platform  and  Sand 
and  Gravel  Measure. 


TABLE  I.— PERFOKMANCE  IN  MAN-HOURS  BASED  ON  38  SEPARATE  TIME  STUDIES. 


g 

u 

Placing 

Removing    Mixing  and  handling 

Mixing  and  placing 

33 

0) 

Trench 

ng. 

forms. 

forms. 

concrete. 

fine 

stuff. 

Finishing 

Sc 

rubbing. 

Backfiinng. 

U 

d 

Man 

Amt. 

Man 

- 

Amt. 

Man 

- 

Amt. 

Man 

Amt. 

Man- 

Amt. 

Mar 

- 

Amt. 

Man 

Amt. 

Man- 

Amt.  71s 

fc 

^ 

Hrs.Amt.M.-H. 

Hrs. 

Amt.M.-H. 

Hrs.Amt.M.-H. 

Hrs 

An.t.  M 

-H. 

Hrs.     Amt. 

M.-H. 

Hrs 

.     Amt. 

M.-H 

Hrs 

Amt.M.-H. 

Hrs. Amt.M.-H. 

10 

10 

40 

160' 

4.0 

20 

216' 

10.8 

30 

105' 

5" 

3.5 

10 

105' 

5" 

10.5 

15 

105' 

5" 

7.0 

15 

105' 

7.0 

20 

216' 

10.  S 

16 

10 

10 

■-■>■' 

o.'e's  1 

4.4    J 

40 

120' 

3.0 

S 

1S6' 

23.3 

28 

74' 

5" 

2.7 

8 

74' 

5" 

9.3 

20 

74' 

5" 

3.7 

6 

74' 

12.4 

12 

ID 

10 

114 

500' 

13 

10 

10 

40 

200' 

5.0 

25 

228' 

'g.'i 

40 

i86' 

\" 

4. '7 

io 

is  6' 

i" 

is.'e 

26 

ise' 

1" 

'g.'s 

io 

ise' 

is.'e 

is 

228' 

is.'i 

20 

10 

10 

'is'' 

6.'7.5  ] 
5.0    J 

40 

ios' 

'2.'7 

3 

114' 

38.0 

70 

214' 

4" 

3.1 

20 

214' 

4" 

10.7 

15 

214' 

4" 

14.3 

15 

214' 

14.3 

3 

114' 

38.0 

17 

2 

2 

24 

120' 

6 

10 

10 

40 

2i6'' 

's.'i 

it 

i32'' 

'9.'4 

54 

225' 

li-'' 

4. '2 

i2 

225' 

li'' 

is.'s 

30 

225' 

li" 

'7.'5 

is 

226' 

ii'e 

ii 

250' 

\Y.i 

19 

10 

10 

38 

236' 

6.2 

12 

154' 

12.8 

63 

119' 

9" 

1.9 

18 

119' 

9" 

6.7 

IS 

119' 

9" 

6.7 

7 

120' 

17.1 

12 

154' 

12.8 

17 

10 

10 

27 

68' 

2.5 

10 

144' 

14.4 

63 

157' 

1" 

2.5 

18 

157' 

1" 

8.7 

16 
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Note. — The  averaK"  number  of  feet    of  forms  placed  and  forms  removed  does  not  agree  with   the  average  number  of  feet  of  curb  laid  for  the 
reason  that   the  averages  of  the   former  were  not  taken  over  the  same   period  as  the  latter. 

Under  "No.  men  In  gang"  the  upper  figures  at  mln..  av.  and  max.   are  for  trench  gangs,  the  lower  ones  are  for  the  concrete  gangs. 
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picks.  There  were  many  boulders  and  it  was 
frequently  necessary  to  blast.  In  many  in- 
stances the  land  had  not  yet  been  graded  to 
the  level  of  the  top  of  the  curb,  and  it  was 
necessary  to  make  the  trench  somewhat  deeper 
than  the  24  ins.  required  for  the  curb.  The 
cuts  over  all  the  work  averaged  about  seven 
lineal  feet  of  trench  to  a  cubic  yard.  The 
work  was  carried  on  with  few  delays  and  the 
trench  when  finished  presented  a  line  appear- 
ance,  Fig.   .3.  being  even  and   straight. 

Forms. — Wooden  forms  were  used  and 
were  made  up  of  three  12-ft.  by  8-in.  by  1%- 
in.  spruce  boards  cleated  together.  Fig.  3,  thus 
making  each  completed  form  section  12  ft.  by 
24  ins.  by  IVj  ins.  in  size.  These  were  used 
upon  the  straightaway  portions.  One-half 
inch  cypress,  cut  and  curved  to  suit  conditions. 


per  gang  was  spent  in  handling  and  mixing 
concrete,  including  fine  stut?.  Usually  about 
seven  men  were  engaged  in  mi.xing  coarse 
stuff  and  two  in  mixing  fine  stuff  for  a  total 
of  6  hours  during  the  day.  For  the  balance 
of  the  time  they  assisted  in  removing  forms, 
in  scrubbing  the  curb,  in  backfilling  or  in 
screening,  as  their  services  were  required. 
For  the  most  part  the  cement,  sand  and  gravel 
had  been  distributed  previously  at  such  points 
along  the  curb  trenches  and.  in  such  quanti- 
ties that  the  average  haul  'from  materials  to 
mixing  platform  was  a  minimum.  The  mix- 
ing platform  was  moved  to  keep  pace  with  the 
progress  of  the  work  and  occupied  the  middle 
of  the  street,  so  that  both  curbs  could  be 
laid  simultaneously  with  the  least  shifting  of 
apparatus. 


required  to  shovel  the  gravel  was  saved.  Il 
was  also  much  easier  to  distribute  in  thi; 
form  and  it  prevented  waste.  I 

Finishing. — In  each  gang  there  were  twu 
finishers  whose  whole  time  was  devoted  tc! 
this  work.  Great  care  was  taken  that  thei 
curb  should  present  an  even,  uniform  appear-, 
ance,  and  at  each  joint  the  edges  were  care-! 
fully  beveled  and  finished.  And  in  this  con-i 
nection  it  may  be  well  to  mention  here  that! 
great  care  was  exercised  in  every  branch  oi 
the  work  to  have  it  of  the  b£st  possible! 
quality. 

Scrubbing. — From  one  to  three  men  scrubbed 
the  curb,  and  this  operation  required  about 
15  man-hours  per  day.  Figure  4  gives  a  clear 
idea  of  how  the  work  was  conducted,  the 
methods  being  described  above. 


Fig.  6.    Screening  Gravel  and  Putting  Fine   Stuff  Into  Bags. 


Fig.    7.     Handling    Concrete    From    Mixing    Board  to  Forms. 


was  used  at  the  corners,  because  it  did  not 
split  easily.  The  form  sections  were  kept  at 
the  proper  distance  apart  by  8-in.  strips  of 
wood  set  in  at  frequent  intervals,  and  were 
held  together  tightly  against  these  strips  by- 
metal  screw  clamps.  This  arrangement  is 
clearly  shown  in  Figs.  4  and  8. 

In  each  curb  gang  there  was  a  carpenter  and 
helper  placing  forms.  The  carpenter  con- 
structed the  forms,  made  the  gauge  pieces  in- 
serted at  intervals  to  maintain  the  required 
distance  between  sections,  placed  the  forms  in 
their  proper  positions  in  the  trench,  gauged, 
braced  and  aligned  them.  The  lielper  saw- 
to  it  that  the  requisite  materials  were  on  hand 
so  that  the  carpenter  need  nof  spend  more 
valuable  time  in  searching  for  lumber,  nails, 
etc.  He  assisted  in  the  heavier  handling,  filled 
in  behind  the  forms  when  they  were  properly 
set  in  the  trench,  and  acted  as  general  handy 
man  for  the  carpenter.  When  necessary  the 
services  of  another  helper  were  incorporated. 
.\n  average  of  about  2-5  man-hours  per  day 
was  spent  on  this  work — full  time  for  car- 
penter and  helper  and  o  man-hours  of  extra 
help. 

The  number  of  men  per  gang  who  removed 
forms  depended  upon  the  progress  of  the 
concrete  workers,  but  ordinarily  one  man  de- 
voted his  entire  time  to  this  part  of  the  work 
and  was  assisted  as  necessity  arose  by  others 
to  the  extent  of  6  man-hours  per  day — a  total 
of  16  man-hours.  The  average  amount  of 
curb  laid  per  day  was  a  little  over  Itil  ft.,  and 
each  man.  therefore,  removed  an  average  of 
about  10  ft.  per  hour.  This  includes  not  only 
the  actual  removal  of  the  forms  from  the 
trench,  but  also  cleaning  them  and  putting 
them  in  condition  to  be  used  again,  carrying 
them  to  the  next  point  where  they  were  to 
be  used,  and  there  so  arranging  them  with 
their  gauge  pieces  and  metal  braces  as  to 
facilitate  their  handling. 

Concrete. — .A.t  first  a  1 :2  .o,  but  later  a  1  : 
2%  :6,  mixture  of  concrete  was  used.  It  w-as 
mixed  on  a  wooden  platform  in  batches  con- 
sisting of  6  bags  of  cement,  12  cu.  ft.  of  sand 
and  30  cu.  ft.  of  coarse  stuff.  For  the  fine 
stuff  a  1:1%  :1%  mixture  was  used  and  mixed 
in  batches  consisting  of  3  bags  of  cement,  18 
shovelfuls  of  sand  and  18  shovelfuls  of  gravel. 

.\n  average  of  about  54  man-hours  per  day- 


Measures  for  the  sand  and  gravel  of 
the  type  shown  in  Fig.  o  and  of  such  size  as 
to  give  the  proper  proportions  for  each  batch 
were  used.  The  4-ft.  by  3-ft.  by  1-ft.  measure 
was  first  placed  upon  the  platform,  the  sand 
poured  in  from  wheelbarrows,  the  measure 
lifted  and  the  sand  spread  about.  Then  the 
4-ft.   by   3-ft.   by   2%-ft.   gravel   measure   was 


A- Misc. ,  Wafer.  Elfc   3 
B- Lumber  2.  I  •/. 
C- Fine  Stuff  1.3?: 
D- Gravel  14  ?■/. 
E-Sand  5-Oy. 
F- Cement  \bZt 
6-Back Filling  Z&r. 
H-Scrubbing  3.6'A 
I-  Finishing  10.5  •/. 


9%  J  -Mixing,  Handling 
Fine  Stuff  3  6% 
K  -Mixing,  i-londling 
L   Concrete  9.£°/, 
L-Removing  Forms S 8% 
M:  Placing  Forms  9.0  k 
N- Trenching  10.5%. 
0-  Waferboy  I.3X. 
P-  Foreman  4.7%, 


Fig.  8.  Diagram  Showing  the  Percentages  of 
the  Various  Items  of  Labor  and  Material 
to  the  Total  Cost  Per  Linear  Foot  of 
Curb. 

placed  thereon,  filled  and  raised.  The  gravel 
was  cratered  out  on  the  top  and  the  cement 
poured  in.  The  required  water  was  added  and 
the  batch  mixed. 

The  coarse  gravel  was  screened  and  the 
resulting  fine  stuff  put  into  cement  bags,  Fig. 
6.  in  the  proper  amounts  for  a  batch,  so  that 
when  it  was  neecsarv  to  make  a  mix  the  time 


Backfilling. — After  tlie  outside  forms  were 
removed  the  earth  was  backfilled  and  this 
work  required,  on  the  average,  12  man-hours 
per  day. 

Foreman  and  ll'ater  Boy. — It  will  be  ob- 
served that  tim.e  for  foreman  and  water  boy 
has  not  been  included  above.  This  averages 
10  hours  per  day  for  each  and  may  be  di- 
vided among  the  various  operations  in  pro- 
portion to  the  time  spent  on  each,  thus : 

Average 

man-hours  Foreman  > 

spent  on  Per  and  watij 

each  class  cent  boy's  tinif. 

of  work,    of  total,  man-hours. 

Placing   forms    25  17.7  l.S 

Removing  forn  s   ...       16  11.4  1.1 
Mixing  and  handling 

concrete     39  27.7  2.8 

Mixing  and  handling 

fine    stuff    15  10.6  1.1 

Finishing    19  13.5  1.." 

Scrubbing  15  10.6  1.1 

Backfilling    12  S.5  on 


100.0 


10.0 


Total  141 

COSTS. 

The  costs  of  labor  and  materials  on  the 
work  were  as   follow-s : 

Item 

Material — 

Cement,   per  bbl $1.20 

Sand,  per  cu.  yd 0.75 

Gravel,  per  cu.  yd 1.30 

Fine  stuff,  per  cu.  yd 175 

Labor — 

Foremen,    per   10-hr.    day 3.7u 

■Water  bov,   per  10-hr.  day 1.00 

Common  labor,  per  hour $0.17^2,  $0.1S14.  0.20 

Carpenters,  per  hour 0.35 

Carpenters'  helpers,  per  hour 0.25 

Finishers,    per   hour 0.35 

Scrubbers,   per  hour 0.35 

Table  I  is  a  record  of  performance,  showirig 
the  amount  of  work  done  per  man-hour  in 
the  various  divisions  outlined  above.  Of  the 
three  columns  under  each  division  the  first 
represents  the  number  of  man-hours  spent, 
the  second  the  total  amount  of  work  per- 
formed and  the  third  the  amount  of  work 
per   man-hour. 

.\n  average  of  16 1  lin.  ft.  of  finished  curb 
was  laid  per  working  day.  The  amount  of 
concrete  required  for  this  was  about  '2.30  cu. 
ft.,  of  which  210  cu.  ft.  were  coarse  stuff  and 
20  cu.  ft.  fine  stuff :  while  5.4  cu.  ft.  of  coarse 
stuff  were  mixed  and  placed  per  man-hour 
and  1.3  cu.  ft.  of  fine  stuff. 

Table   II   is   a   summary   of   costs   and   per- 
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formance,  giving  the  minimum,  average  and 
maximum  for  each  item.  The  percentage  of 
each  to  the  total  cost  is  given,  and  also  a  dia- 
gram, Fig.  9,  which  conveys  a  little  more 
clearly  than  the  table  the  relative  weight  of 
each  item  of  labor  and  material  in  contribut- 
ing to  the  final  cost. 

TABLE  II.— SUMMARY  OF  COSTS  AND  PER- 
FORMANCE BASED  ON  38  TIME  STUDIES. 


Cost  in 
cts.  per  lin.  ft 
Min.Av.Max. 
L.^lKir — 

Foreman    1.1 

Water  boy O.t 

Trenching    2.2 

Placing    forms...   1.0 
Removing   forms.   0.5 

Concrete    2.6 

Fine   stuff 0.9 

Finishing    1.8 

Scrubbing    0.4 

Baclifllling    0.3 

Materials — 

Cement    6.2 

Sand    1.2 

Gravel    6.0 

Fine   stuff 0.4 

Forms    (lumber).   1.0 
Miscel.    (water, 

waste,    etc.)....   1.5 


Total     27.5  46.8  80.5  100.0 

Summaiyof  above  items: 

Foreman  and 
water  boy 1.5 

Trenching      and 
baciifilling   2.5 

Forms   1.5 

Concrete    5.7 


Pet.       Amount 
of  av.     done  per 

to    man  hour,  ft. 
total. Min.Av.Max. 


2  ^ 

3.9 

4.7 

0.6 

1.3 

1.3 

4.9 

9.4 

10.5 

1  9 

4  1 

9  6 

4.2 

1((.4 

9.0 

2.5 

7.3 

36,4 

1.8 

6.2 

3.S 

3.3 

10.6 

3S.0 

2.(1 

4  6 

7  3 

4.3 

9.5 

9.2 

1.9 

4.2 

6,S 

1.2 

3  1 

5  4 

l.V 

2.9 

3.6 

6,5 

106 

20  4 

4.8 

10.7 

10.3 

3.7 

«.3 

20  4 

1.7 

3.4 

3.6 

5.0 

11.4 

4X1 

1.3 

2.U 

2.8 

5.9 

14.1 

51.0 

7.6 

S.9 

16.2 

1.4 

1.5 

3.0 

6.9 

7.7 

14.7 

0.6 

0.7 

1.3 

1.0 

1.0 

2.1 

l.S 

2.0 

3.9 

2.8     5.2       6.0 


6.2  11.4 
6.0  15.6 
12.5  26.5 
Materials    16.3  19.3  21.8 


13.8 
12.8 
26.2 
41.2 


Total    27.5  46.8  80.5  lOO.O       

NOTE. — These    costs   do   not   include   superin- 
tendence or  overhead  charges  of  anv  kind. 


Cost    of    Trenching    Through     Brick 

Pavement    for     Laying     Lighting 

Conduit    and    Cutting    Holes 

in  a  Concrete  Sidewalk. 

To  the  Editors:  I  am  enclosing  herewith, 
some  cost  data  on  brick  steel  work  that  may 
be  of  interest  to  some  of  the  reader,-;  of  Engi- 
neering and  Contracting.  I  greatly  appreciate 
many  articles  of  a  similar  nature  that  I  get 
from  that  magazine. 

The  fiillowing  costs  nf  work  accomplished 
in  Kankakee,  111.,  include  the  operation  of 
tearing  up  a  cement  grouted  brick  pavement, 
trenching  the  sand  cushion  to  provide  a  space 
for  laying  wire  conduit  between  ornamental 
street  lights  and  relaying  and  grouting  tlie 
brick.     The  trench  followed  the  street  curb  as 


k 


closely  as  practicable,  crossing  two  street  in- 
tersections and  two  street  car  lines. 

Cost  per 
,  Total  lin.  ft.  nf 

i^abor:  cost,     trench. 

Tearing  up  and  cleaning  bricli..  .$21.37     $0,019 

Relaying  and   grouting  bricli 27.95         .025 

Hauling  material 4.00         .001 


$53.32 
Material: 

Cushion   sand,    2   cu.   yds $  3.00     

Cement,  4  bbls 6.00     

New  bricli,  300 4.00     

Insurance,      cleaning     up,      lights 

and  other  incidentals 5.00     

.$18.00     $0,016 


Total  cost  of  labor  and  matei'ial..$71.32     $0,061 
Conditions: 

Width  of  trench,  IS  ins. 
Length  of  trench,   1,130  ft. 

The  following  are  the  costs  of  cutting  III 
holes  through  a  concrete  sidewalk  down  to  the 
concrete  pavement  being  a  distance  of  about 
16  ins.,  filling  the  holes  with  concrete  and 
setting  4  bolts  in  each  liole  to  fit  in  the 
bases  of  ornamental  lighting  posts: 

Total  Cost  per 
Labor:  cost.      hole. 

Cutting  holes,  25  hrs.  at  50  cts... $12. 50     $0.7S 

Concreting    holes    5.00         .31 

Material: 

Wood    templates   to   hold   bolts   in 

place,  12  in  ail 3.00         .19 

Concrete,  2  cu.  yds.  at  $3.60 7.20         .45 

Insurance,    red  lights,   cleaning  up, 

etc 1.12        .07 


Total  cost  of  labor  and  material. .$28.82     $1.80 
Conditions: 

Size  of  holes,  IS  ins.  by  IS  ins. 
Number  of  holes,  16. 
Depth  of  holes,  16  ins. 
Labor,   per  hour,   25   cts. 

Yours  truly, 
Frank    L.    Shidler. 

General    Contractor. 
Kankakee,  111. 
January  T,  191-5. 


Method  of  Constructing  Gravel  Coated 

Earth     Roads     in     Polk     County, 

Minnesota. 

To  the  Editors :  The  method  of  applying  a 
thin  coat  of  gravel  to  earth  roads  that  has 
been  successfully  used  in  Polk  County,  Minn., 
is  as  follows: 

In  the  first  place  it  is  necessary  to  have  a 
well-drained  and  well-crowned  dirt  road  for  a 
foundation.  The  road  should  be  well  packed 
or  one  that  has  been  traveled  for  several 
years,  and  should  be  at  least  20  ft.  wide  on 
top,  and  should  have  a  crown  from  6  ins.  to 
1  ft. 

The  next  step  is  to  haul  gravel  and  place 
it  along  the  center  of  the  road  using  about  1 
cu.  yd.  to  every  10  ft.,  or  length  of  wagon  box. 


This  amounts  to  about  530  cu.  yds.  per  mile. 

The  gravel  is  then  spread  with  a  lalade  ma- 
chine, with  shovels,  or  left  to  spread  itself 
and  be  beaten  in  by  traffic.  It  becomes  a 
smooth,  hard,  well  beaten  road  in  2  or  3 
months.  This  coat  is  left  on  the  road  from  3  to 
6  years  or  till  clay  begins  to  show  on  the  sur- 
face and  the  road  becomes  rough,  then  a  sec- 
ond coat  is  put  on  in  the  same  manner  as  the 
first  coat.  This  coat  also  becomes  smooth 
and  hard  after  a  few  months  travel.  The  sec- 
ond coat  should  last  a  great  deal  longer  than 
the   first   coat. 

All  methods  for  graveling  roads  that  I  have 
seen  described  recommend  earth  shoulders  to 
hold  the  gravel  in  place.  In  the  above  method 
earth  shoulders  are  not  necessary.  They  only 
increase  the  cost  of  construction  and  prevent 
the  top  of  the  road  from  draining  off  prop- 
erly. 

Most  of  our  gravel  is  hauled  in  the  winter 
after  the  ground  freezes  since  teams  can  be 
got  in  abundance  at  that  time  of  the  year  and 
at  a  lower  price  than  at  other  seasons.  In 
the  winter  the  price  per  cubic  yard  per  mile 
for  hauling  will  range  from  12%  to  20  cts. 
Gravel  generally  costs  from  10  to  15  cts.  per 
cubic  yard  in   the  pit  in  this  county. 

Maintenance  is  much  cheaper  on  gravel 
roads  than  on  earth  roads.  Much  less  drag- 
ging is  required.  A  few  yards  of  gravel  is 
required  per  mile  for  a  few  years  to  fill  in 
soft  spots  that  develop  in  the  road. 

A  soil  survey  of  the  U.  S.  Department  of 
Agriculture  classifies  the  soil  area  that  is  be- 
ing graveled  in  this  manner  as  black  silty 
clay.  This  soil  bears  up  well  under  heavy 
loads  but  is  very  sticky  in  wet  weather  and 
if  roads  are  not  graveled  the  clay  will  stick  to 
the  wheels  of  wagons  making  hauling  heavy 
in  wet  weather  and  roads  rough  in  dry 
weather.  For  these  reasons  a  thin  coat  of 
gravel  is  sufficient  to  make  the  road  hard 
and  smooth.  Yours  truly, 

S.  Stef.nerson,  District  Engineer, 
State  Highway  Commission. 

Crookston,  Minn.,  Jan.  9,  1915. 

[The  method  of  improving  earth  roads  out- 
lined in  the  above  letter  has  been  used  for 
many  years  in  sections  of  the  country  where 
.soil  conditions  are  as  stated  above.  For  roads 
that  bear  a  light  traffic  during  the  seasons 
of  the  year  where  the  earth  is  saturated  with 
water  it  has  proved  an  economical  and  satis- 
factory method  of  road  improvement.  While 
this  superficial  coating  of  gravel  cannot  be 
termed  a  gravel  road  it  represents  a  success- 
ful type  of  road  improvement  that  might  pos- 
sibly be  called  a  gravel  coated  earth  road. — 
Editors.] 
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The    Studebaker    Combined    Sprinkler 
and  Sweeper. 

The  combination  street  sprinkler  and 
sweeper  illustrated  consists  of  a  complete 
sweeping  apparatus,  upon  the  frame  of  which 
is  mounted  an  iron  watering  tank,  providing 
a  means  of  sprayin.g  water  directly  in  front  of 
the  broom  when  the  sweeper  is  in  operation. 

A  steel  A  frame  is  mounted  upon  four 
Sarven  patent  wheels  and  is  covered  with  a 
tight  deck.  The  Iiroom  is  operated  Ijy  three 
simple  gears  bcneatli  the  platform.  The  broom 
may  be  adjusted  by  means  of  a  turnbucklc 
to  any  desired  angle  and  an  adjustment  in 
suspension  provides  for  the  shortening  of  fiber 
due  to  wear.  Iron  sliields  at  the  sides  prevent 
the  dust  from  flying  when  the  sweeper  is  in 
operation.  Operation  of  the  broom  is  con- 
trolled from  tile  driver's  seat. 

The  sprinkling  altacliment  consists  of  a 
IT.'i-gal.  galvanized  tank  from  which  the  water 
is  discharged  through  tlie  bi)ttoni  by  means  of 
a  perforated  pipe  that  is  parallel  to  and  just 
in  front  of  the  broom.  The  lever  at  the  side 
of  the  driver's  seat  opens  and  closes  the  valves 


for  tile  discharge  of  water.  The  valves  are 
constructed  so  that  more  or  less  water  may  lie 
delivered,  according  to  the  needs  for  dust- 
laying  purposes. 
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The     studebaker     Combined     Sprinkler     and 
Sweeper. 

The  apparatus  is  manufactured  by  the 
Studebaker  Corporation,  South  Bend,  Ind. 
The   following  cities   arc   among  those   using 


this  sweeper  at  the  present  time:  Salem,  VV. 
Va. ;  West  Newton,  Pa. :  Moultrie,  Ga. ; 
Winston-Salem,  \.  C. ;  Jacksonville,  Fla. ; 
EI  Paso,  Tex.;  Kingman,  Ind.;  Portage,  Wis.; 
I'cru.    Ind..  and  Van  Buren,   Ind. 


Special    Venturi    Meter   for    Irrigation 
Water  Measurement. 

(Contributed.  1 
I'he  illustration  shows  the  \'entiiri  meter 
outfit  developed  for  measuring  water  in  ir- 
rigation and  as  installed  on  a  numbeV  of  ir- 
rigation works  in  California.  Briefly  described, 
the  Venturi  meter  consists  of  two  parts,  the 
meter  tube  through  which  the  water  flows, 
and  the  instrument  which  shows  the  rates  at 
which  it  flows.  The  meter  tube  consists  of 
a  peculiarly  shaped  pipe  having  both  ends 
ctuiical,  of  different  tapers,  and  joined  by  a 
small  section  of  straight  pipe.  The  meter 
tube  is  set  directly  in  the  ditch  or  the  pipe 
line.  To  the  inlet  section  and  to  the  throat 
or  constricted  sections  are  connected  vertical 
pipes  in  which  the  water  levels  assume  differ- 
ent  positions    depending  on   the   head   in  the 
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meter  lube  and  the  rate  of  flow  through  it. 
The  level  of  water  in  the  iniet  pipe  is  the 
same  as  that  in  the  ditch  in  which  the  meter 
tube  is  placed.  If  no  water  were  flowing 
through  the  ditch — that  is.  if  the  meter  tube 
were  placed  in  a  stagnant  trench — the  columns 
of  water  in  both  tubes  would  be  at  the  same 
height.  When  a  flow  takes  place  through  the 
ditch,  liowcver,  the  columns  of  water  at  the 
inlet  of  the  meter  tube  remains  at  the  same 
level  as  the  water  in  the  ditch,  but  the  height 


The  chart  is  12  ins.  in  diameter  and  is 
usually  graduated  for  one  week's  run.  Each 
chart  is  correctly  graduated  in  second  feet, 
nr  other  desired  units  for  the  size  of  meter 
with  which  it  is  to  be  used.  It  is  revolved  by 
clockwork  and  a  line  is  traced  upon  it  by  the 
pencil  of  the  recorder,  which  moves  in  re- 
sponse to  the  variations  of  the  water  level-i 
in  the  float  tubes,  which  in  turn  are  dependent 
upon  the  velocity  of  flow  through  the  meter 
tube.      The    curve    so    described- shows    everv 


The  Venturi  irrigation  meter  is  made  by 
Biulders  Iron  Foundry,  Providence,  R.  I. 

A  Machine  Mortar  and  Plaster  Mixer. 

The  machine  illustrated  will  mix  cement 
mortar  or  plaster  and  can  be  used  for  con- 
crete mixing  in  small  quantities.  As  in  the 
Ime  of  concrete  mixers  of  the  same  make 
the  mixing  is  done  by  a  rotating  shaft  set 
with  detachable  blades  and  operating  in  a 
cylindrical  steel  drum  open  at  the  top  and  hav- 
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Venturi   Meter  Outfit  for   Measuring  Water   for  Irrigation. 


of  the  water  column  at  the  throat  is  less  be- 
cause at  this  point,  as  previously  mentioned, 
the  water  gains  in  speed  and  suffers  a  tem- 
porary diminution  of  head.  After  the  water 
has  passed  the  throat  section  its  velocitv  be- 
comes less  and  it  regains  practically  all  of  the 
head  which  it  had  at  entrance,  50  that  the 
water  in  the  canal  beyond  the  meter  tube  is  at 
practically  the  same  level  as  the  water  at  the 
entrance  of  the  meter  tube.  It  will  be  noted 
that  the  outline  of  the  meter  tube  consists  of 
straight  lines  and  smooth  curves.  These  pro- 
portions are  the  result  of  a  quarter  of  a  cen- 
tury of  study  and  experience  in  determining 
that  contour  of  the  interior  which  gives  max- 
imum accuracy  with  minimum  friction  loss. 
The  meter  tubes  are  constructed  of  cast  iron 
(with  galvanized  iron  cone  pieces)  concrete, 
or  wood  staves,  whichever  material  is  most 
suitable  for  the  local  conditions  and  most  eas- 
ily transported. 

On  the  surface  of  the  water  in  each  vertical 
tube  or  pipe  rests  a  spherical  float.  This  float 
is  of  convenient  size  to  permit  a  vertical 
movement  without  binding  in  the  float  pipe 
and  without  undue  freedom  of  move- 
ment in  a  horizontal  direction.  These 
two  floats  transmit  their  movements  to  the 
recorder — placed  immediately  above — by  means 
of  special  float  cable  designed  for  this  par- 
ticular purpose.  The  recorder  receives  the 
two  movements  and  automatically  interprets 
them  into  rates  of  flow.  The  chart  plainly 
shows  the  rates  of  flow  at  the  moment  of 
observation  and  also  provides  an  accurate 
record  of  all  variations  in  the  rate  of  flow. 
Most  of  the  interior  parts  are  of  bronze  and 
aluminum  and  the  workmanship  employed  is 
of  high  grade.  The  recorder  is  protected  from 
the  weather,  dust,  insects,  and  unauthorized 
persons  by  a  rugged  cast  iron  case  which  is 
fastened  with  a  padlock.  It  would  be  ex- 
tremely difficult  for  anyone  to  tamper  with 
the  instrument  and  impossible  to  do  so  with- 
out leaving  a  trace.  In  the  top  of  the  hinged 
cover  is  a  peep-hole  protected  by  glass,  en- 
abling the  rate  of  flow  to  be  obsenfed  at  any 
time,  together  with  a  portion  of  a  chart  rec- 
ord. 


irregularity  in  the  rate  of  discharge  through 
the  meter  tube  and  the  time  at  which  it  oc- 
curred. The  total  flows  for  a  period  of  one 
week,  or  less,  may  be  obtained  by  following 
the  curve  on  the  chart  with  a  special  plani- 
nieter. 

The  charts  may  form  a  basis  for  the  study 
of  water  waste,  and  also  provide  the  irriga- 
tion manager,  superintendent  or  ditch-rider 
with  indisputable  evidence  of  hourly  perform- 
ance and  the  time  of  starting  and  stopping. 
The  charts  supply  the  man  receiving  the  water 
not  only  the  above  information,  but  also  give 
him  an  absolute  record  of  how  much  water  is 


An    Improved   Form   of  Water  Service  Shut- 
off    Box    and    No-Bolt    Cover. 

:ng  oyer  one  end  a  hopper  into  which  the 
materials  are  shoveled.  The  drum  is  18  ins.  in 
diameter  and  16  ft.  long  with  its  end  closed 
by  a  special  discharge  door.  The  shoveling 
height  of  the  hopper  tops  is  45  ins.  The 
The  engine  is  IVi  hp.  gasoline  with  belt  drive 
to  the  paddle  shaft.  The  total  weight  of  the 
mixer  is  24.50  lbs.  The  capacity  of  the  machine 
with  two  men  is  mortar  supply  for  from  -50  to 
7.5  masons.  The  mixer  is  made  by  the  Eureka 
Machine  Co.,  Lansing,  Mich. 


Improved    Form    of    Water    Shut-Off 
Box  and  No-Bolt  Cover. 

The  accompanying  illustration  shows  a  new 
and  improved  form  of  water  service  or  shut- 


The  Eureka   Mortar  and   Plaster   Mixer. 


applied  to  any  particular  tract  he  may  select, 
regardless  of  its  size.  He  simply  remembers 
the  time  he  turned  the  water  on  and  shut  it 
off.  It  also  serves  as  a  most  decided  check  on 
the  efficiency  of  his  irrigators,  this  latter  being 
an  important  item. 


off  box  and  a  no-bolt  cover  for  this  box,  which 
also  fits  the  old  style  box.  The  cover  is  the 
important  development  in  this  design  and  it 
was  introduced  to  obviate  certain  difficulties 
which  arose  in  connection  with  the  old  style 
cover  secured  by  means  of  a  brass  bolt.  Such 
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bolts  were  often  broken  off  accidentally  or  by 
designing  brass  thieves.  These  bolts  also 
often  stuck  fast  as  a  result  of  corrosion,  and 
it  was  not  an  uncommon  experience  for  a 
phnnbcr  to  spend  an  hour  in  removing  a  c.r- 
FMiled  bolt.  The  loss  of  the  bolt  meant  tlu 
n moval  of  the. cover  and  the  shaft  soon  fdled 
\\itli  dirt,  sticks  and  stones.  Eventually  this 
lucessitated  the  digging  up  of  the  bo.x  and, 
if  it  were  located  in  a  concrete  sidewalk,  this 
was  expensive.  The  no-bolt  cover,  here  illus- 
trated, fits  over  the  rim  of  the  old-style  box. 
As   long   as    a   part   of   the   lug    remains    this 


removed  at   any   time  Iiy   a   tap   from   a  ham- 
mer. 

The  boxes  and  covers  are  manufactured  an<l 
marketed  by  tlie  Sanitary  Company  of  Amer- 
ii:i,  IJnfield,  Pa. 


New  Type  of  Valveless  Pile  Hammer. 

The  accompanying  illustration  gives  details 
1)1  the  "Wilhelm"  compound,  valveless  pile 
hammer,  a  new  type  of  hammer  with  a  single 
moving  part — the  plunger.  The  hammer  oper- 
ates either  w'ith  steam  or  air,  and  it  is  pos- 
sible so   to   control   the   force  of  the  blow   as 
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Compound,  Valveless  Pile  Hammer. 


i-MVcr  can  be  locked  and  will  make  a  perma- 
nent job.  .All  that  is  rcciuired  after  setting  the 
lid  on  is  a  tap  of  the  hammer  to  tighten  it. 

The  foregoing  uses  of  the  no-bolt  cover  are 
fnr  repair  purposes.  It  is  also  used  on  the 
new  style  Ixix  shown.  In  this  case  it  fits  iii- 
side  of  the  top  of  the  shaft  of  the  box.  This 
is  so  the  l)ox  can  be  located  in  the  sidewalk 
without  projecting  above  the  grade  of  the  walk 
to  facilitate  removal.  This  removes  the  source 
of  some  personal  injury  suits.  It  sets  flush 
with  the  walk  surface  and  the  cover,  being 
inside  the  shaft,  does  not  bind  and  is  easily 


to  make  it  as  hard  or  light  as  desired.  It  is 
compound  in  operation,  using  steam  expan- 
sively, and  is  operated  without  the  use  of 
wooden  plugs  or  pile  bands.  The  cylinder  has 
a  total  length  of  11  ft.  8%  ins.,  an  outside 
<liameter  of  2  ft,  2  ins.,  an  inside  diameter  of 
18  ins.,  and  weighs  10,500  lbs.  The  piston  lias 
a  diameter  of  13  ins.  and  operates  a  driving 
head  weighing  2,500  lbs.  Other  details  arc 
clearly  shown  in  the  illustration.  The  ham- 
mer IS  manufactured  and  sold  Iiv  the  Con- 
tractors Machinery  Co.,  care  J.  E.  Wilhelm, 
president,  1355  W.  87th  St.,  Cleveland,  O. 


A  Rotary  Stump-Cutting  Machine. 

(Contributed.) 

1  he  accoiii|)anying  illustration  shows  a  ma- 
i.liine  that  removes  stumps  in  an  entirely  dif- 
ferent way.  from  any  previous  device.  It  is 
known  as  the  Moore  rotary  stump  cutter.  The 
novel  features  of  this  machine  are  its  simple 
mechanism,  its  portability,  and  the  rapidity 
with  which  it  cuts  out  a  stump. 

The  machine  is  mounted  in  an  A-frame, 
and  can  be  attached  to  the  front  of  any  stand- 
ard oil  engine  tractor  of  30  hp.  The  power 
lo  drive  the  cutter  is  transmitted  with  either 
a  link  or  rubber  belt  from  the  main  engine 
shaft  on  the  tractor ;  the  puUies  are  sized  so 
that  the  cutter  will  develop  500  rpm.,  and  the 
feed  regulated  to  .give  it  a  boring  speed  of  ■' 
ft.  per  minute,  or  1/16  in.  per  revolution.  The 
cutter  has  a  ran.ge  of  6  ft.,  and  is  capable  of 


Rotary  Stump  Cutting  Machine. 

boring  20  ins.  beneath  the  surface  of  the  earth. 
The  chips  arc  recovered  from  the  cutter  by  a 
\  acuum  vvliich  deposits  them  to  the  rear  to 
be  cither  sacked  or  baled.  Chips  from  the 
pine  stump  are  very  valuable,  as  they  contain 
rich  resinous  materials,  from  which  the  re- 
duction plants  manufacture  various  by-prod- 
ucts. Quoting  Mr.  R.  E.  Doolittle's  (acting 
chief  of  the  Bureau  of  Chemistry)  report  on 
May  9,  1912,  there  are  $48.17  of  different 
resinous  by-products  to  the  curd  of  pine 
stumpage. 

This  machine  is  best  adapted  to  operate  in 
the  cut-over  ]iine  fiats  of  this  country  where- 
from  it  will  reclaim  the  land  for  agricultural 
liurposes  and  at  the  same  operation  recover 
the  valuable  resinous  material  that  is.  going 
to  waste.  The  machine  weighs  -1,000  lbs,,, is 
inexpensive  and  economical  to  operate,  and 
opens  up  a  new  field  for  contractors.  The  ma- 
chine is  controlled  and  manufactured  by  the 
Moore  Rotary  Stumn  Cutter  Co.,  Inc.,  213 
1  lennen  Bldg.',  New  Orleans,  La. 
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Scientific  IVIanagement:  A  Collection  of  the  More 
Significant  Articles  Describing  the  Taylor  Sys- 
tem of  Management.  Edited  by  Clarence  Ber- 
trand  Thompson.  Harvard  University  Press, 
Cambridge,  Mass,  Cloth,  6x9  ins.;  pp.  S7S;  il- 
lustrated.    $4. 

This  volume  reprints  37  articles  selected  so 
as  to  answer  the  "wide-spread  demand  for 
more  detailed  information  regarding  certain 
phases  of  scientific  management  than  is  given" 
in  the  books  of  Taylor  and  Gantt.  The 
articles,  being  selected  to  meet  the  demands 
in  some  measure  of  the  "practical  man,"  tlie 
"thorough  student"  and  the  "public  at  large" 
are  necessarily  various  in  character  and  of 
widely  different  value.  As  a  collection  the 
articles  are  perhaps  as  representative  as  any 
collection  possible ;  the  editor's  work  has  been 
careful.  It  is  worth  while  also  that  an  effort 
has  been  made  to  preserve  in  permanent  form 
scattered  articles  otherwise  likely  to  disap- 
pear. 


Use  of  Water  in  Irrigation.  By  Samuel  Fortier. 
McGraw-Hill  Book  Co.,  New  York.  Cloth,  5',4 
xS>4  ins.;  pp.  264;  illustrated.     $2. 

This  volume  deals  with  the  agricultural  side 
of  irrigation.  It  is  a  treatise  for  the  irrigator, 
discussing  the  selection,  location  and  soil  re- 
quirements of  farms  for  irrigation,  the  neces- 
sary equipment  and  structures,  the  methods  of 
preparing  land  and  supplying  water,  the  waste, 
measurement,  duty  and  delivery  of  water  and 
methods  of  irrigating  staple  crops.  There  is  no 
other  book  in  English  that  covers  this  field  of 
irrigation  as  practiced  in  the  United  States. 
This  fact  alone  gives  the  book  a  certain  dis- 
tinction. There  is,  however,  much  more  of 
merit  to  be  credited  to  the  book.  Keeping  in 
mind  that  its  purpose  is  to  serve  the  irrigator 
primarily,  the  book  is  a  very  thorough  discus- 
sion of  its  subject. 


The  Regulation  of  Rivers.  By  J.  L.  Van  Ornum. 
McGraw-Hill  Book' Co.,  New  York.  Cloth,  fixO 
ins.;   pp.   393;   illustrated.     $4. 

This  volume  is  a  noteworthy  addition  to 
American  engineering  literature.  The  United 
States  is  a  land  of  great  river  systems  and  it 
is  a  country  of  large  expenditures  both  useful 
and  wasteful  for  river  improvement.  There  is 
in  the  aggregate  a  considerable  volume  of 
American  literature  on  river  improvement 
works.  This  literature,  however,  exists  in 
scattered  papers  and  reports.  One  modern  book 
only  having  a  claim  to  completeness  has  been 
previously  published  and  this  book  by  Thomas 
and  Watt  is  a  discussion  chiefly  of  the  design 
and  construction  of  the  structures  for  river 
improvement.  With  these  features  so  well 
covered  there  was  need,  in  a  new  volume, 
concentrating  on  the  philosophy  of  the  sub- 
ject and  fortunately  Prof.  Van  Ornum  chose 
this  way  in  developing  his  discussion.  His 
book  is  a  remarkably  symmetrical  treatise  on 
the  fundamental  theory  and  practice  of  riv- 
er improvement,  and  it  is  in  the  end  a  judicious 
blending  of  theory  and  practice  in  their  fun- 
damental values  that  gives  success  in  the  so- 
lution of  any  river  improvement  problem. 
Practice  establishes  no  design  whose  equal 
success  is  certain  in  any  two  places ;  theory 
gives  no  values  that  can  be  applied  similarly 
in  any  two  problems;  a  knowledge  of  the 
principles  underlying  improvement  operations 
and  of  the  experiments  and  practice  deinon- 
strating  these  principles,  is  therefore,  essential 
to  the  beginning  of  efficiency  in  tasks  of  river 
improvement.  It  is  this  idea  that  has  domi- 
nated the  author  in  writing  the  book  being 
considered. 

The  book  contains  ten  chapters,  five  of 
which  relate  to  types  of  river  improvement 
works  as  channel  construction  works,  bank 
protection  works,  dredging,  levee  work  and 
current  control  works.  In  each  of  these  chap- 
ters   statement    of    theory    and    principles    is 


co-ordinated  with  results  from  experiments 
and  citation  of  works  built.  Investigations 
and  surveys  for  river  improvement  are  the 
subjects  of  one  chapter  and  a  statement  of 
methods  of  river  improvement  is  the  subject 
of  another.  For  the  general  engineering 
reader  the  chapters  of  widest  interest  will  be 
perhaps  Chap.  I,  Commercial  Considerations ; 
Chapter  II,  Accurate  Phenomena,  and  Chapter 
V,  Principles  of  Regulation.  One  reading 
these  chapters  wishes  that  in  some  way  their 
study  by  every  legislator  were  compulsory. 
They  alone  make  the  reading  of  the  book 
worth  while  to  every  engineer,  regardless  of 
his  line  of  work,  because  it  will  strengthen 
him  as  a  guide  to  the  action  of  the  public  in 
policies  of  waterway  improvement. 


Structural  Engineering.  By  J.  E.  Kirkham.  The 
Myron  C.  Clark  Publishing  Co.,  Chicago,  111. 
Cloth,  6x9  Ins.;  665  pp.;  illustrated.     $5.00. 

As  stated  by  the  author  the  book  is  intended 
as  a  te.xt  book  for  college  students  and  as  a 
self-e.xplanatory  manual  of  structural  engi- 
neering for  practical  men.  It  has  also  been 
the  aim  of  the  author  to  arrange  for  college 
use  the  drawing  room  exercises  throughout 
the  text  so  that  the  work  in  the  class  room 
and  drawing  room  will  go  hand  in  hand.  As  a 
review  of  elementary  mechanics  is  considered 
essential  there  are  given  data  on  the  materi- 
alistic phase  of  that  subject.  The  designs 
given  are  entirely  the  work  of  the  author  and 
are  the  result  of  his  nineteen  years'  experi- 
ence, most  of  wliich  was  spent  in  structural 
work.  The  work  treats  only  of  "Simple 
Structures,"  as  it  is  the  author's  intention  to 
cover  "Higher  Structures"  in  another  volume. 

The  scope  of  the  book  is  indicated  by  the 
following  data,  which  include  the  fourteen 
chapter  headings  and  the  space  devoted  to 
each  subject:  Preliininary,  pp.  1-8;  Struc- 
tural Draughting,  pp.  9-13;  Fundamental  Ele- 
ments of  Structural  Mechanics,  pp.  14-50; 
Theoretical  Treatment  of  Beams,  pp.  51-105; 
Theoretical  Treatment  of  Columns,  pp.  106- 
114;  Rivets,  Pins,  Rollers  and  Shafting,  pp. 
115-123;  Maximum  Reactions,  Shears  and 
Bending  Moments  on  Beams  and  Trusses,  and 
Stresses  in  Trusses,  po.  124-143 ;  Graphic 
Statics,  pp.  144-161 ;  Influence  Lines,  pp.  162- 
171 ;  Design  of  I-Beams  and  Plate  Girders, 
172-194 ;  Design  of  Simple  Railroad  Bridges, 
pp.  195-532 ;  Design  of  Simple  Highway 
Bridges,  pp.  .5.33-569;  Skew  Bridges,  Bridges 
on  Curve,  Economic  Height  and  Length  of 
Trusses,  and  Stresses  in  Portals,  pp.  .570-582 ; 
Design  of  Buildings,  pp.  583-652.  The  book 
also  contains  13  pages  of  tabular  data  to 
facilitate  the  designing  and  detailing  of  struc- 
tural steelwork. 


Structural  Design — Volume  II.  Design  of  Sim- 
ple Structures.  By  Horace  B.  Thayer.  D.  Van 
Nostrand  Co.,  New  Y'ork.  Cloth,  6x9  ins.;  4s;7 
pp.;  illustrated.     $4.00. 

This  volume  is  the  second  of  three  volumes 
which  will  constitute  a  series  on  structural 
designs.  The  work  presupposes  a  knowledge 
of  mechanics,  stresses,  and  the  mathematics  on 
which  they  depend.  Although  it  assumes  that 
the  reader  has  Vol.  1,  the  independent  use  of 
this  volume  has  been  given  consideration. 

The  text  treats  of  such  structures  as  beams, 
girders,  viaducts,  trusses,  buildings,  standpipes, 
and  elevated  tanks.  The  headings,  and  the 
space  devoted  to  each  of  the  eight  chapters  of 
the  book,  beginning  with  Chap.  VI,  the  first 
chapter  of  this  volume,  are :  Chap.  VI,  Beam 
Bridges — Plate  Girders,  pp.  1-132;  Chap.  VII, 
Steel  Viaducts  and  Elevated  Railroads,  pp. 
13.3-185;  Chap  VIII,  Simple  Riveted  Truss 
Bridges,  pp.  186-256;  Chap.  IX,  Simple  Pin- 
Connected  Bridges,  pp.  257-291  ;  Chap.  X, 
Steel  Mill  Buildings,  pp.  292-342;  Chap  XI, 
High  Office  Buildings,  pp.  343-435;  Chap.  XII, 
Miscellaneous   Building     Work,     pp.  436-460 ; 


and    Chap.    XIII,      Standpipes     and    Elevated 
Tanks,  pp.  461-487.  • 

It  will  be  noted,  from  the  foregoing  chapter 
headings  that  the  author  has  attempted  to 
cover  the  design  of  the  various  types  of  struc- 
tures— including  both  bridges  and  buildings — 
in  a  single  volume  of  the  length  noted.  More- 
over, he  has  attempted  to  approach  the  sub- 
jects both  from  theoretical  and  practical 
standpoints,  and  to  give  concrete  examples. 
It  is  obvious  that  the  author's  program  has 
been  too  ambitious,  although  he  has  remedied 
this  defect,  in  part,  by  frequent  references  to 
various  original  sources.  However,  the  te.xt 
is  well  arranged  and  illustrated  and  should 
prove  of  particular  value  to  those  practicing 
engineers  and  students  who  do  not  care  to  go 
into  the  various  subjects  exhaustively. 


Structural  Engineers'  Handbook.  By  Milo  S. 
Ketchum.  McGraw-Hill  Book  Co.,  New  York. 
Leather,  6x9  ins.;  599  pp.  +  281  pp.  tables;  ilUi.s- 
trated.     $5.00. 

The  stated  aim  of  the  author  has  been  to 
give  data,  details  and  tables  for  the  design 
and  construction  of  steel  bridges  and  build- 
ings. The  book  has  been  written  for  the  struc- 
tural engineer  and  for  the  students  who  have 
had  a  thorough  course  in  applied  mechanics 
and  in  the  calculation  of  stresses  in  struc- 
tures. The  work  covers  the  design  of  the 
simple  structures  ordinarily  met  with;  swing 
and  movable  bridges,  cantilever  and  suspen- 
sion bridges  have  not  been  considered.  Data 
to  facilitate  the  calculation  of  the  stresses  in 
walls,  bins,  standpipes  and  other  structures 
have  been  included.  The  work  is  a  source 
book  and  is  not  a  treatise. 

The  seventeen  chapter  headings  and  the 
space  devoted  to  each  subject,  which  follow, 
indicate  the  scope  and  character  of  the  book: 
Steel  Roof  Trusses  and  Mill  Buildings,  pp. 
3-68;  Steel  Office  Buildings,  pp.  69-106;  Steel 
Highway  Bridges,  pp.  107-147;  Steel  Railway 
Bridges,  pp.  149-224;  Retaining  Walls,  pp. 
225-244 ;  Bridge  Abutments  and  Piers,  pp. 
24.5-276 ;  Timber  Bridges  and  Thestles,  pp. 
277-298;  Steel  Bins,  pp.  299-318;  Steel  Grain 
Elevators,  pp.  319-3.38;  Steel  Head  Frames  and 
Coal  Tipples,  pp.  3.39-363;  Steel  Stand-Pipes 
and  Elevated  Tanks  on  Towers,  pp.  365-387; 
Structural  Drafting,  pp.  .389-423;  Estimates  of 
Structural  Steel,  pp.  425-440;  Erection  of 
Structural  Steel,  pp.  441-485;  Engineering  Ma- 
terials, pp.  487-522 ;  Structural  Mechanics, 
pp.  525-570;  The  Design  of  Steel  Details,  pp. 
571-599;   Structural  Table,  pp.  1-281. 

The  book  contains  much  material  which  has 
been  taken  directly,  or  with  slight  modifica- 
tion, from  the  other  works  of  the  author. 
Atout  one-sixth  of  the  contents,  exclu- 
sive of  tables,  is  devoted  to  reprints  of  speci- 
fications, obtained  from  various  sources.  Al- 
though it  is  stated  in  the  preface  that  the  book 
is  written  for  engineers  and  students  who 
have  had  a  thorough  course  in  applied  me- 
chanics and  in  the  calculations  of  stresses,  the 
author  devotes  an  entire  chapter  to  the  sub- 
jects, "Structural  Mechanics"  and  "Stresses." 
The  engineer  will,  however,  find  much  valu- 
able data  in  the  handbook,  arranged  in  con- 
venient form  for  reference.  The  tabular  data, 
some  of  which  were  prepared  especially  for 
this  work,  are  exceptionally  complete.  An 
innovation  adopted  by  the  author  consists  in 
using  a  flexible  leather  binding  for  a  6x9-in. 
handbook. 

Song  of  Service. — By  Charles  H.  Mackintosh. 
M.  I.  Stewart  Co.,  Duhith,  Minn.  Paper,  6x9 
ins.     Price,   $1.00. 

The  well  known  editor  of  "Steam  Machin- 
ery" and  advertising  manager  of  the  Clyde 
Iron  Works  of  Duluth,  has  brought  out  a 
pleasing  little  book  of  verse,  artistically  print- 
ed and  bound,  which  sings  of  the  joys  of  par- 
ticipation in  the  work  of  the  world,  whether 
it  be  as  poet,   artist  or  laborer. 


EsuCTineairmg  anidl  C^imitraeitmg 

published    every   Wednesday   by    The    Myron    C.    Clark    Publishing   Company,    608   So.     Dearborn   Street.   Chicago 

*^  Entered  as  second-class  matter,  April  17,  1907,  at  the  Post  Office  at  Chicago,  Illinois,  under  Act  of  March  3,  1879. 

Copyright,  1914, by  The  Myron  C.  Clark  Publishing  Company. 

C.  R.  Thomas.         MANAGER:  F.  P.  Burt. 


EDITORS:    H.P.Gillette,    C.S.Hill,    C.  T.  Murray,    S.  C.  Hadden,    C.W.Malcolm. 
BCBSCRIPTIONS  (payable  in  advance)  :  $2.00  a  year  (52  issues)  in  the  United  States,  Cuba,  Me.ico,  Alaska,  Hawau,  Guam.  Porto  Rico,  Philippine  Islands,  RepubUc  of  Panama. 
°  Canal  Zone  and  Island  of  Tutuila.    $3.00  a  year  in  the  Domimon  of  Canada. 


$4.00  a  year  in  all  other  cotmtries. 


Vol.  XLIII.     No.  3. 


INDEX  TO  TECHNICAL  ARTICLES. 


January  20,   1915. 


1    GEODETIC  SURVEY:     .\de(|U.ite  SlipiJOrt  of. 

A   Call   for  Adequate   Support  of  the   U.   S. 
Coast  and  Geodetic  Survey 45 

Points  out  the  value  of  work  done  by  this 
I  service,  and  calls  attention  to  the  inadequate. 
(  unsafe  and  insanitary  accommodations  and  in- 
'  ferior  and  insufficient  apparatus  by  which  it 
:    is  handicapped.     E.  &  C,  Jan.  20,  1915;   Yz  col. 


BUILDINGS:     E.xposition    Structures,    Com- 
ments on. 

Exposition      Structures,      With      Particular 
Reference  to  Tower  of  Jewels 45 

Editorial  comment  on  the  advisability  of  puli- 
lishing  complete  data  on  the  various  important 
structures  required  for  expositions.  Commends 
policy  followed  by  engineers  for  Panama-Pacifl. 
International  Exposition,  and  emphasisies  som- 
features  of  the  4:;,'j-ft.  Tower  of  Jewels.  E.  .■<: 
C,   Jan.    20,    1915;    1   col. 


ROADS:    Short    Courses    in    Engineering-   v.s 

.State  Road   Associ:itions 

Short  Courses   in   Highway   Engineering   or 

Annual    Meetings    of    State    Associations 

of    Highway     Engineers:     Which     Is    the 

Better    Plan?    45 

T 'iscusses   the    advantages    and    disadv:iutages 
I    of   short   courses    in   road    building   as   given    by 

!  engineering  schools  and  state  highw'ay  depart  - 
ments.  The  importance  of  training  foremen  i.-^ 
discussed.  E.  &  C,  Jan.  20,  1915;  Hi  cols. 


JACKSON,   WM.    B.:     I'lesidcnt    Western   So- 
■ietv. 

1        WilliarTi     Benjamin    Jackson,    President    of 

!■       the   Western    Society   of   Engineers 46 

■    Brief  biographical  sketch  of  the  new  i)resideni 

with  porti'ait  and  reproduction  of  .signature.     E. 

&  r..  Jan.  20,  1915;  3  cols. 


BUILDINGS:     Tower   of   Jewels,    San    Fran- 
Design    and    Construction    of     the     435-ft. 
Steel    Framed    Tower    of    Jewels    at    the 
Panama-Pacific      International      Exposi- 
tion          47 

Describes   in   detail   and   illustrates   the   struc- 
tural   design    and    erection     of    .a    4:!5-ft.     steel 


framed  tower  ("The  Tower  of  Jewels")  at  the 
Panama-Pacific  International  Exposition,  San 
Francisco,  Cal.  The  design  features  of  this 
steel  tower  are  of  particular  interest,  as  the 
analysis  has  been  made  and  stated  with  excep- 
tional care.     E.   &  C,  Jan.  20.  1915;  22ii  cols. 


WATER    WASTE:     Experiences    at    St.    -Al- 
bans, Vt. 
Experiences   of   a   City   of   6,000    Population 
With  Water  Waste,  Famines,  Meters  and 

Rates     54 

Discussion,  data  and  diagrams  showing  good 
effects  of  adopting  meterage  at  St.  Albans. 
Resulted  m  waste  curtailment,  removed  danger 
of  further  water  famines  and  reduced  payments 
for  water  to  an  equitable  basis.  E.  &  C,  Jan. 
211.    1915;    5    cols. 


WATER      SUPPLIES:        Small;       l>aboiatory 
Control  of. 

The    Laboratory    Control    of    Small    Water 
Supplies     56 

Uesci  ibes  laboratories  fitted  out  for  the  con  ■ 
trol  of  small  water  supplies  in  Illinois  towns. 
Show's  plan  of  small  laboratory  and  detail  cf 
table;  also  shows  plan  of  arrangement  of  fur- 
niture in  small  water  works  laboratory.  E.  & 
C,  Jan.  20,  1914;  31/2  cols. 


WATER   WORKS:    Brass  in  Construction. 
The    Use    of    Brass    in    Water    Works    Con- 
struction   with   Special    Reference   to   Ex- 
perience on  the  Catskill  Aqueduct 57 

Details  some  of  the  failures  of  water  works 
brass  and  bronze  goods  on  the  Catskill  Aciue- 
(liict  and  discusses  the  geneial  aspects  of  these 
failures.     E.   &  C,  Jan.  20,  1915;  2  cols. 


STREETS:     Concrete    Curb,     Cost    of    Con-    " 
structing. 
Analysis    of    Concrete    Curb     Construction 
for    Suburban    Improvements    Near    New 

York   City 58 

Detailed  time  studies  of  perforn  ance  and  cost 
of  construction  in  building  concrete  curb  for  a 
suburban  development  project  near  New  York. 
Methods  of  construction  detailed.  E.  &  C, 
Jan.   20,   191.5;  8  cols. 


ROADS:     Gravel-Coated   Earth. 

Method      of      Constructing      Gravel-Coated 
Earth   Roads  in   Polk  County.  Minnesota.      60 

Describes  method  of  spreading  a  thin  coat  of 
gravel  (about  550  cu.  yds.  per  mile)  over  the 
surface  of  an  earth  road  on  a  soil  very  sticky 
when  wet.  Comments  by  editors.  E.  &  C,  Jan. 
20,   1915;    i/i   col. 


STREErS:     Brick,  Cutting  Holes  in. 

Cost  of  Trenching  Through   a   Brick   Pave- 
ment   for    Laying    Lighting    Conduit    and 
Cutting    Holes   in   a   Concrete  Sidewalk.       60 
Gives  d"tailed  cost  of  work  in   Kankakee,   III. 
Cost  per  linear  foot  of  brick  pavements  was  H.  1 
cts.     Cost   of   cutting  and    filling   a    hole   IS    ins. 
square  and  placing  anchor  bolts   was    $1.S0.     E. 
&  C,  Jan.   20,  1915;   %  col. 


CONSTRUCTION     PLANT:      Machines,    De- 
vices,   Materials; 

The    Studebaker    Combined    Sprinkler    and 
Sweeper 61 

Special  Venturi   Meter  for  Irrigation  Water 
Measurement     61 

A   Machine   Mortar  and   Plaster   Mixer 62 

Improved     Form     of    Water    Shut-off     Box 
and    No-Bolt   Cover 62 

New  Type  of  Valveless  Pile  Hammer 53 

A   Rotary  Stump-Cutting   Machine 63 

IC.  &  C  Jan.  20,  191.'.;  2',:^  pages. 


SOOK    REVIEWS; 

Scientific    Management;    Thompson 6^ 

Use   of   Water   in    Irrigation:   Fortier 64 

The   Regulation   of  Rivers:   Van   Ornum      .  .  64 
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Structural    Design;    Thayer 54 

Structural   Engineer's  Handbook;   Ke$chiim  64 

Song  of  Service;  Mackintosh 64 
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FOREIGN  TRADE  NOTES 

The  following  foreign  trade  opportunities 
are  listed  by  the  Bureau  of  Foreign  and  Do- 
mestic Commerce.  Where  addresses  are  omit- 
ted in  the  items  they  may  be  obtained  from 
the  office  of  the  Bureau  at  Washington,  D. 
C,  or  from  the  branch  offices  at  337  Custom 
House,  New  York;  629  Federal  Bldg.,  Chi- 
cago, 111. !  76  Appraiser's  Stores  Bldg.,  San 
Francisco,  Cal.  ,and  Association  of  Commerce 
Bldg.,  New  Orleans,  La.  In  applying  for  ad- 
dresses reference  should  be  made  to  the  tile 
numbers. 

Steel. — Manufacturer  of  agricultural  imple- 
ments in  Great  Britain  wishes  to  communicate 
with  American  manufacturers  of  steel  suitable 
for  welding.  Dead,  soft,  open-hearth  steel,  cut 
to  dimensions,  is  wanted.  Quotations  should 
be  made  c.  i.  f.  destination,  if  possible.  No. 
15382. 

Construction  Machinery,  Etc. — Italian  firm 
wishes  to  purchase  compressors  and  pneumatic 
drills,  steel  forms  for  concrete  construction 
work,  concrete  post  molds,  wire  ropes,  motor 
trucks  and  equipment  and  supplies  for  railroad 
and  mine  contractors.     No.  1.5162. 

Mining  Machinery. — Dealer  in  Far  East  de- 
sires to  receive  price  lists,  etc.,  and  catalogues 
on  mining  shovels,  picks,  etc.,  steel  rope,  etc. 
Catalogues,  etc.,  should  be 'in  the  Russian  or 
German  languages.     No.  1516.5. 

Electric  Cranes. — Spanish  Government  will 
purchase  four  electric  cranes  for  use  in  the 
port  of  Valencia.  Plans  and  specifications  are 
on  file  in  the  office  of  the  Secretaria  de  la 
Junta  de  Obras  del  Puerto  de  Valencia,  Va- 
lencia, and  in  the  office  of  the  Ministerio  de 
Fomento,  Section  de  Puetos,  Madrid.  A  list 
of  persons  who  are  in  a  position  to  represent 
.A.merican  firms  may  be  obtained  from  the  Bu- 
reau of  Foreign  and  Domestic  Commerce. 
No.   15182._ 

Locomotives  and  Rails. — One  of  the  neutral 
countries  of  Europe  is  in  the  market  for  20 
locomotives  and  about  27,000  tons  of  steel  rails. 
No.  15230. 

Technical  Implements  and  Machines. — Rus- 
sian engineer  desires  the  names  of  American 
firms  exporting  or  manufacturing  technical  im- 
plements and  machines.  Correspondence  may 
be  in  Russian,  French  or  German.     No.  15256. 

Pumps,  Steam  Engines,  Etc. — Business  man 
in  Russia  desires  names  and  addresses  of  firms 
in  the  United  States  manufacturing  or  dealing 
in  dynamos,  steam  engines,  tools  of  every 
description,  hand  and  steam  pumps  and  belt- 
ing. Correspondence  mav  be  in  Russian,  Ger- 
man  or  French.     No.   15260. 

Steam  Engines,  Electric  Machinery. — Firm 
in  Far  East  desires  catalogues,  prices  lists, 
and  discounts  on  steam  engines  and  boilers  for 
electric  power  plants  and  electric  machinery 
(direct  current).  Correspondence  mav  be  in 
English.— No.  15265. 

Sand-Clay  Brick. — Business  man  in  British 
India  wishes  to  correspond  with  American 
firms  manufacturing  special  machine  for  mak- 
ing brick  of  sand  and  clay.    No.  1.5291. 

Structural  Steel. — Civil  engineer  in  a  Euro- 
pean country  would  like  to  hear  from  Ameri- 
can manufacturers  of  steel,  to  be  used  for 
structural  purposes,  bridge  building  and  rail- 
way construction.    No.  15320. 

Road  Machinery. — Engineer  in  Latin-Ameri- 
can country  recently  placed  in  charge  of  all 
Government  construction  work,  desires  to  re- 
ceive catalogues,  price  lists,  etc.,  in  English, 
on  road  machinerv,  rock  crushers,  dump  cars, 
steam  shovels,  traction  engines  using  wood 
and  gasoline  fuel,  contractors'  outfits,  concrete 
mixers,  pile  drivers,  dredges,  excavators,  build- 
ing materials,  cenjent,  iron  and  steel  construc- 
tional material,  instruments  for  surveyors, 
etc.,  electrical  meters,  etc.,  office  furniture, 
structural-steel  bridges.    No.  1.5.327. 

Railwav  Ties. — Company  in  Near  East  will 
ask  bids  for  80,000  railway  ties.    No.  1530f<. 

Excavating  Materials,  Etc. — An  .'\merican 
consul  in  Europe  has  transmitted  a  detailed 
report  relative  possibilities  for  the  sale  of 
American  electrical  supplies,  excavating,  hy- 
draulic, and  mining  materials  in  his  district. 
No.  15312. 


.'\utijniijbilcs  and  Motors. — Representative  of 
a  large  firm  in  Norway  has  sailed  for  the 
United  States  for  the  purjiosc  of  establishing 
commercial  relations  with  American  manufac- 
turers and  exporters  of  automobiles,  motors, 
and  accessories.    No.  15214. 

Telephont  Plant. — Firm  in  South  America  is 
negotiating  with  the  Government  for  the  in- 
stallation of  a  modern  telephone  system.  It  is 
stated  that  one  member  of  the  firm  is  an 
American.    No.  15251. 

Pneumatic  Post  Machinery. — Dealer  in  Italy 
desires  to  obtain  offers,  accompanied  by  cata- 
louges,  on  pneumatic  post  machinery  and  de- 
vices, with  a  view  to  obtaining  the  exclusive 
agency  for  that  country.    No.  15192. 

Flour  Plant  Machinery, — Large  flour  manu- 
facturing firm  in  South  America  wishes  cata- 
logues of  all  machinery  and  materials  used  in 
the  manufacture  of  flour.  The  firm  desires  to 
make  purchases  at  once.    No.  1.5337. 

Sugar  Plant. — Owner  of  large  tract  of  land 
in  West  Indies  contemplates  the  erection  this 
year  of  a  sugar  i)lant,  with  a  grinding  capacity 
of  7.50  tons  (2,500  lbs.)  of  cane  per  day. 
Propositions  may  be  submitted  in  writing,  or 
by  personal  interview'  with  the  owner  of  the 
land  while  he  is  in  New  York,  where  he  ex- 
pects to  be  for  several  davs  after  Jan.  25.  No. 
15313. 

Glass  Plant. — Capitalists  in  Far  East  are 
investigating  the  possibilities  of  establishing  a 
glass-manufacturing  plant.  It  is  desired  to  use 
.\merican  methods  and  to  employ  American 
experts  in  building  up  the  industry.    No.  1.5300. 

Agricultural  Machinery  and  Motor  Cars. — 
Firm  in  Sweden  wishes  to  enter  into  com- 
mercial relations  with  .\merican  firms  which 
are  in  a  position  to  supply  agricultural  ma- 
chinery and  motor  cars.    No.  15108. 

Electrical  Supplies. — Electrical  engineer  of 
one  of  the  leading  cities  in  South  America 
wishes  catalogues,  etc.,  for  electrical  supplies, 
including  wire,  cable,  and  conduit,  etc.  Prices 
should  be  f.  o.  b.  New  York,  or,  preferably,  c. 
i.  f.  destination.  Catalogues  in  Portuguese  are 
preferred.     No.  15184. 


INDUSTRIAL  NOTES 

The  Cement-Gun  Construction  Co.,  Chicago, 
111.,  has  been  given  the  contract  to  encase  all 
the  structural  steel  works  in  the  new  power- 
house now  being  erected  by  the  Ford  Motor 
Co.,  at  its  Detroit  factory. 

The  Corrugated  Bar  Co.,  St.  Louis,  Mo.,  has 
received  the  contract  for  the  supply  of  about 
(1,000,000  lbs.  of  steel  bars  and  reinforcing 
work  for  the  new  municipal  cotton  ware- 
houses at  New  Orleans,  La. 

On  February  1,  the  general  offices  of  the  As- 
bestos Protected  Metal  Company,  including 
the  executive,  accounting,  sales  and  engineer- 
ing staffs,  will  be  moved  from  the  Beaver 
Falls  plant  to  the  First  National  Bank  Build- 
ing, Pittsburgh.  The  manufacturing  opera- 
tions of  the  company  will  continue  as  hereto- 
fore, at  Beaver  Falls,  Pa.,  and  at  Walthani, 
Mass. 

The  L'nderpinning  &  Foundation  Co.,  290 
Broadway,  New  York,  has  been  awarded  the 
contract  for  the  Hercules  steel  piles  specified 
on  the  revised  plans  for  the  foundations  of 
the  McKinlev  School.  8th  Ave.  &  Factory  St., 
Newark,  N.  J.  E.  M.  Waldron  &  Co.,  New- 
ark, N.  J.,  are  the  general  contractors.  The 
work  is  being  done  under  the  supervision  of 
Mr.  E.  F.  Guilbert,  architect,  for  the  Board  of 
Education. 


NEW  CATALOGUES 

Dr.-\\\1NU    M.MKKI.^LS    ANti    SURXEVINO    INSTRU- 
MENTS.— Cloth,    6x9%,    ins. ;    440    pp.     B.    K. 
Elliott  Co..  120  Federal   St.,  Pittsburgh,  Pa. 
Complete  illustrated  catalogue  and  price  list 
of    the    drawing    materials,    surveying   instru- 
ments,    blue     printing     apparatus,     scientific 
books,  etc.,  manufactured  or  imported  by  the 
above  company.    It  is  neatly  bound,  carefully 
arranged  and  well  illustrated,  giving  compre- 
hensive   instructions    for    use    of    the    instru- 
ments where   necessary,   and   all   the  essential 
data,  with  complete  alphabetical  index. 


CoNCKiiTic  ANu  MoRTAR  MiXERS. — Paper,  G%x 
9%  ins.;  32  pp.  Eureka  Machine  Co.,  Lans- 
ing, Mich. 

Describes  in  detail  the  construction  and 
operation  of  the  Eureka  mixer  and  the  self- 
mixing  device  which  is  its  distinguishing 
feature.  Gives  instructions  as  to  proportions, 
testing,  etc.  Photographs,  specifications  and 
brief  descriptions  of  the  several  types  occupy 
the  latter  half  of  the  book. 

Road     Machines. — Paper,    6x9    ins.;    8    pp. 

Ruggles-Coles   Engineering   Co.,  52   Church 

St.,  Chicago. 

Describes  and  illustrates  Ruggles-Coles 
portable  and  semi-portable  dryers  and  heaters, 
giving  details  of  construction  and  principle  of 
operation,  with  views  of  plants  in  use  and 
data  as  to  capacities,  fuel  saving,  etc. 

Fan  Motors. — Paper,  6%xl0  ins. ;  48  pp.   The 

Emerson   Electric   Manufacturing   Co.,   2024 

Washington  Ave.,  St.  Louis,  Mo. 

Catalogue  No.  6700,  listing  practically  every 

type  of  fan  offered  by  the  above  company  last 

season,   with  the  addition  of  a   few  new  and 

improved   models  for   1915.    Descriptions   and 

cuts  showing  the  various  styles  are  given  with 

complete    specifications.     Emerson    ventilating 

fan    motors    are    particularly    described,    with 

diagram     and     tables     showing     installation, 

dimensions,  etc. 

Steel   Bound   Concrete   Curb. — Paper,   4y2x7 

ins.;    16  pp.     Steel   Protected   Concrete   Co.. 

Real    Estate    Trust    Building,    Philadelphia, 

Pa. 

Pamphlet  giving  explicit  directions  for  lay- 
ing steel-bound  concrete  curb,  including  ex- 
cavation, setting  frames  and  corner  bars,  set- 
ting curves,  laying  gutters,  etc.  Contains  tan- 
gent table  and  diagrams.  Shows  use  of  the 
Wainwright  galvanized  steel  corner  bar. 

Field     Instruments,     Drawing     Materials, 
Etc. — Paper,   circulars  and  bulletins   as  be- 
low.  W.  &  L.  E.  Gurley,  Troy,  N.  Y. 
"Gurley's   Solar   Ephemeris,"    for   1015,   3.\6 
ins.,   an   abridgetnent  of  the  nautical   almanac 
with   table   of   mean   refractions   and   declina- 
tion, with  pages  for  memoranda. 

"A  Reading  on  the  Rod,"  3y2x9%  ins.,  50 
pp.,  descriptive  of  the  manufacture  of  leveling 
rods.  The  third  edition  of  this  booklet,  illus- 
trated by  color  plates  and  half  tones. 

"Gurley  Light  Mountain  Transit,"  4%x7% 
ins.;  32  pp.,  describing  this  light  instrument, 
especially  adapted  to  mine  or  mountain  sur- 
veying, but  of  equal  use  in  general  work. 
Gives  specifications  and  a  fine  color  plate 
engraving  of  the  transit  and  description  and 
illustrations  of  the  various  attachments. 

"Current  Meters,"  6x9  ins. ;  12  pp.  Shows 
the  various  types  of  current  meters,  points  out 
distinguishing  features  and  gives  instructions 
for  use  and  care  and  price  list. 

"Gurley  .'\utomatic  Water  Stage  Registers,'' 
6x9  ins..  32  pp. ;  explains  the  use,  construction, 
installation  and  particular  advantages  of  the 
w-ater  stage  register,  with  photographs,  dia- 
grams and  price  list. 

"Beaman  Stadia  Arc."  6x9  ins.,  4  pp. ;  tells 
of  the  origin  and  application  of  this  specially 
graduated  vertical  arc,  gives  suggestions  for 
stadia  w'ork  and  points  out  the  advantages  of 
this  attachment. 

"Gurley  Engineers'  Transit  No.  16,"  "Miner's 
or  Dip  Compass":  "Cox  Stadia  Coinputer," 
"The  Batson  Sketching  Case,"  all  5%x6%  ins., 
4  pp.,  each  containing  detailed  descriptions  and 
illustrations. 

"Gurley  Explorers'  Level" ;  "The  Compass 
X^eedle,  Instructions  for  Adjusting  and  Sug- 
gestions for  Using" ;  "Gurley  JNIetal  Hook 
Gage,  a  New  and  Improved  Type";  "Gurley 
Reconnoissance  Transits" ;  "Vaughn  Flow 
Meter,"  all  3^/^x6  ins. ;  4  pp.  each. 

Miscellaneous  circulars  describing  briefly 
and  showing  cuts  of  (1)  The  "Wilder"  As- 
phalt or  Tar  Testing  Thermometer;  (2)  The 
.■\rmy  Sketching  Case;  (3)  Explorer's  Transit : 
(4)  Gurley  products  in  general,  a  reprint  from 
Sweet's  catalogue:  (5  and  6)  Spanish,  describ- 
ing Gurley  transits  and  other  instruments. 
Hiving  data  and  price  lists. 
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Many    favorable   develop- 
'     ThA  ■nnincrc      ments   in    financial   and   in- 
I     j.ne  uoingb     jiistrial  conditions  took 
of  place  during  the  past  week. 

the  Week         -Marked    improvement    was 
shown    in   many   lines,   and 
real  progress  was  made   in 
]  the    basic     industries.      Money   was   distinctly 
I  easier    and      the     reduced    discount    rate    was 
j  favorable  for  new  enterprises  and  investment. 
The  improved  feeling  in  bond  circles  has  re- 
I  .^lIlted  in  bringing  out  many  offerings  of  niu- 
!  iiicipal    and    state    securities.      The    Board    of 
I  Public   Works   of   Maryland   opened  bids   last 
I  week  on  $3,600,000  of  4  per  cent  road  bonds, 
and  Philadelphia,  Pa.,  is  offering  $5,000,000  of 
it'r  cent  bonds.   The  railways  continued  their 
livity    in    the    supply    and    equipment    m.'ir- 
t.S   and   while   no    remarkably   large   orders 
re  placed,  the  aggregate  was  very  satisfac- 
y.     Improvement  was  shown  in  the  copper 
i    lumber    industries.      In    the    construction 
,iil  a  great  deal   of  new  work  made  its  ap- 
pearance.    The   amount  of   new   work  adver- 
is;-d    for   bids   shows   a   great   gain   over   the 
eding   week.      Many    municipalities    began 
'ing  for  proposals  on  improvements,  and  as 
'^ult  a  considerable  amount  of  work  is  now 
ly  for  contractors.     In  the  iron  and  steel 
ira'le    there    has    been   great    improvement    in 
I  the  last  few  days.     The  U.  S.  Steel  Corpora- 
'i^'ii  is  running  at  about  50  per  cent  capacity 
'    some   of   the   independent   companies   are 
;   1  ating  at  about  (J5  per  cent.     Five  or  six 
werks  ago  these  plants  were  running  around 
!('  and  35  per  cent  capacity.     It  is  estimated 
■li.il   the  railroads  placed  about  $50,000,000  of 
■u^iness   with   steel   concerns   and   supply  and 
:ipment   companies     during      the    first   two 
i<5  of  this  year.  Tlic  Iron  Age  prices   for 
lied   iron   and   steel   and    for   sheets,   nails 
I  wire  for  the  week  ending  Jan.  13  were  as 
■  iws : 
nished    Iron    and   Steel.  Jan.  13.       Jan.  6. 

I'fi-  lb.  to  huge  buyers.  Cts.  Ct.s. 

^'.^s.  rails,  heav.\',  at  mill 1.25  1.2.5 

loll  bars,   Philadelphia 1.17V4         1.17^2 

"11  bars,  Pittsburgh LLi  1.1.5 

i^n    bars,    Chicagro 0.97yo         0.97i'i 

~i..-el  bars,   Pittsburgh 1.10  1.10 

-icel   bars.    New  York ].2ti  1.2ii 

I'mk  plates.    Pittsburgh 1.10  1.10 

l':ink  plates.  New' York l.L'i;  l.JG 

l^ams,    etc.,    Pittsburgh I.IU  1.10 

Jiuams,  etc.,  New  York 1.2ii  1.2(1 

.^l-.elp.  grooved  steel,  P'gh....     1.10  1.10 

Sl<elp,  sheared  steel,  P'gh....     l.ir.  l.l.-) 

SU-el    hoops,    Pittsburgh 1.20  1.20 

Sheets,  Nails  and  Wire. 
Per  lb.  to  large  buyers. 

.-^lieets,  black.  No.  28,  P'gh l.SO  l.SO 

ilnlv.  sheets.  No.  28,   P'gh 2.7i;  2.75 

Wire  nails,  Pittsburgh 1..55  L.'iO 

,       I'ut  nails.   Pittsburgh 1.50  1.50 

j   ■  Fence  wire,   base,   P'gh 1..35  1.30 

)  I  Barb  wire.,  galv..  Pgh 1.95  1.90 

lor  structural  material   f.   o.  b.   Pittsburgh 
Iron  Age  prices  were  as  follows :  I-beams, 
i  15  in.;  channels.  3  to  15  in.:  angles,  3  to 
11.   on   one  or   both    legs,    %    in.   thick  and 
'  1,   and   zees,  3  in.  and  over,   1.10  cts. 
I  I  Railways.  —  Developments  of     the     past 
I  Week  indicates  that  two  important  railway  con- 
■iniction  undertakings   may  be  started   in  the 
iii.u-   future.     One  of  these  is  the  $fi5,0(l0.0uu 
:Mn  terminal  at  Chicago  and  the  other  is  the 
crnment    railway    in    .Alaska.       Press    dis- 
■  hes    quote   the    Secretary    of    the    Interior 
I'partment  as  stating  that  actual  construclimi 
'    nld  be  started  in  the  spring  on  the  Govern- 
ing iit  railway  to  connect  tlie  Alaskan  coal  fields 
»i  li  the  coast.     The  commencement  of  work 
'  11    the   Chicago   project   now   depends   on   tin- 
MiiU-mcnt  of  certain  grants  to  the  Baltimore 
'V  I  ihio.     It  is  e-Npcctcd  that  this  arrangement 
mil  lie  effected  next  month.     The  directors  of 
ill'    l.Inion  Station  Co.  are  understood  to  have 
iliriilcd  on  measures  for  securing  a  consider- 
•il'lr    sum    of    money    for    starting    the    work. 
'       ^iderablc  activity  has  been  displayed  by  tin- 
I    nays   during   the   past   week   in   advancing 
tluir  construction  undertakings  and  prospects 
are   good    that    quite    a   bit    of    work   will   be 
placed    under    contract    soon.      An    important 
Contract   is   reported   to   have  been   let   by   the 
,  Southern  Pacific  Ky.    This  is  said  to  call  for  a 
)  line   from   Los   Angeles   to   San   Diego.     The 


work  is  stated  to  have  been  awarded  to  Ivob- 
ert  Sherer  &  Co.,  Los  Angeles.  The  Wiscon- 
sin &  Northern  Ry.  awarded  the  grading  con- 
tract for  the  27  miles  of  new  line  in  Wisconsin 
to  Peter  Nelson  &  Co.,  Minneapolis,  Minn. 
.  Roads  and  Streets. — Several  good-sized 
municipal  paving  contracts  have  been  awarded 
recently  and  a  number  of  large  road  jobs  have 
also  been  let.  In  the  state  highway  field  no 
particularly  large  undertakings  appear  to  have 
reached  the  call  for  bids  stage.  California  is 
asking  proposals  on  a  1'2.6  mile  section  of 
concrete  road ;  the  County  Commissioners  at 
Palo  Pinto,  Te.x.,  open  bids  Feb.  8  on  about 
33  miles  of  gravel  road.  A  number  of  munici- 
pal street  .jobs  also  are  being  advertised.  Most 
of  these,  how-ever,  are  small.  Bell  County, 
Texas,  awarded  a  contract  for  40  miles  of 
gravel  roads ;  Tampa,  Fla.,  let  a  78,305  sq.  yd. 
brick  pavement  contract;  A.  H.  Barnes  &  Co. 
Logansport,  Ind.,  secured  the  contract  at  $86,- 
702  for  11  roads  in  German  Township. 

Bridges. — Bids  are  now  being  asked  on  a 
notably  large  bridge  undertaking.  This  is  the 
Interstate  Bridge  over  the  Columbia  River  in 
Oregon.  Its  construction  calls  for  9,.500  tons 
of  steel,  29,000  cu.  yds.  of  concrete  and  1,000,- 

000  cu.  yds.  embankment.  A  considerable 
amount  of  smaller  bridge  work  also  is  being 
advertised.  The  Harrison  &  Baum  Bridge  Co., 
Memphis.  Tenn.,  was  awarded  the  contract  at 
$10,404  for  60  small  bridges  in  Calcasieu  Par- 
ish, Louisiana. 

Dfednage  and  Irrigation. — No  particularly 
large  drainage  or  irrigation  undertakings  ap- 
pear to  have  come  up  for  advertising  for  bids 
during  the  past  week.  Beltrami  County,  Min- 
nesota, is  calling  for  proposals  on  a  Judicial 
ditch  requiring  about  281,182  cu.  yds,  of  ex- 
cavation and  estimated  to  cost  $^52,214.  Fred 
M.  Crane,  Omaha,  Neb.,  was  awarded  contract 
at  $115,000  for  work  for  Drainage  District  No. 

1  by  Otoe  and  Johnson  counties.  Nebraska. 
Water  Works  and  Se-werage. — .\  consid- 
erable amount  of  work  in  both  the  water  works 
and  sewerage  fields  reached  the  call  for  bids 
stage  in  the  last  few  days.  Fitchburg,  Mass., 
opens  proposals  Feb,  8  on  its  Ashby  reservoir 
supply  project,  the  improvement  calling  for 
(iO  acres  of  clearing,  54,000  cu.  yds.  earth  exca- 
vation, 4,700  cu.  yds.  rock  excavation  and  3,000 
cu.  yds.  of  concrete.  The  Bureau  of  Water  of 
Philadelphia,  Pa.,  is  calling  for  bids  on  a  sedi- 
mentation basin  at  the  Torresdale  Filters 
Among  the  larger  water  works  contracts 
awarded  recently  are  the  following ;  William 
O'Gara  and  Philips  Construction  Co.  for  0-mile 
water  conduit  to  cost  $300,000  for  the  Union 
Water  Co.,  Denver,  Colo,;  Louis  Lock,  Mon- 
roe. La.,  at  $'280,211  for  water  works  improve- 
ments for  Corpus  Christi,  Tex.  In  the  way  of 
sewerage  work  the  following  are  among  the 
larger  new  undertakings  advertised  for  bids  in 
the  last  few  days:  San  Antonio,  Tex.,  for  the 
Cherry  St.  sanitary  intercepting  sewer.  Grove 
.\ve.  storm  sewer  and  the  Cherry  St.  storm 
sewer,  the  work  involving  a  considerable 
amount  of  24  in.  to  70  in.  concrete  and  seg- 
mental block  sewer;  Rockford.  111.,  for  the 
sewer  system  for  the  southeast  end,  esti- 
mated to  cost  about  $140,0011  and  requiring 
57,000  ft.  of  9  in.  to  33  in.  sewer;  Pas- 
saic Valley  Sewerage  Commission,  Newark. 
N".  J.,  for  southerly  portion  of  Section  18 
main  intercepting  sewer  in  Passaic,  N.  J.  In- 
dianapolis, Ind.,  awarded  a  $122,<H«l  sewer  con- 
tract: Baltimore,  Md„  awarded  two  contracts 
totaling  over  $109,000. 


The  Public  Service  Corn- 
Handy  mission    for   ibe   h'irst   Dis- 
Laborers        ''"'ct   New    \'>r\<.   City,  has 
pnrl  Form        'I'smissed   Hk'  complaint  of 

and  horm       j,,^  lirothcrb 1  of  Carpen- 

Construction.  tcrs  against  the  Bradley 
Contractin.L;  t.o„  alleging  a 
violation  of  the  labor  law  in  iailure  to  pay  the 
lirevailing  rate  of  wages  to  carpenters.  The 
work  involved  was  that  of  <  ■Mistructing  and 
setting  into  position  wooden  f^rms  for  con- 
crete construction.     The   Bradlcv  Contracting 
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Co.  was  having  this  work  done  by  a  class  of 
men  known  as  "handy  laborers,"'  who  were 
paid  $2.50  per  day.  The  caroenters  claimed 
that  it  was  carpenter  work  and  should  be  done 
by  men  receiving  carpenters'  wages,  or  $5  per 
day.  The  same  question  was  decided  in  1913 
by  William  C.  Rogers,  Acting  Commissioner 
of  Labor,  who  held  that  $2.50  per  day  was 
the  prevailing  rate  of  wages  paid  for  this  kind 
of  work.  The  Commission's  decision  followed 
that  of  the  Acting  Commissioner  of  Labor. 
.•\t  the  same  meeting  the  Commission  refused 
to  adopt  a  motion  to  the  effect  that  only  one 
helper  he  allowed  to  each  journeyman  electri- 
cian engaged  in  city  subway  work.  It  was  one 
of  the  complaints  of  the  Electrical  Workers' 
Union  that  electricians'  woik  in  connection 
with  subway  construction  was  being  performed 
by  helpers  and  that  the  contractors  would  em- 
ploy six  or  eight  helpers  to  one  journeyman 
electrician.  While  the  Commission  indicated 
that  this  practice  is  an  evasion  of  the  law, 
it  held  that  it  had  no  power  to  specify  the 
number  of  helpers  to  be  allowed  to  each  elec- 
trician, but  it  instructed  its  Chief  Engineer  to 
see  that  the  spirit  of  the  Irfw  is  obeyed. 


An  interesting  but  by  no 
means    new   suggestion   has 

Frpp   Wa1-#»r       '°^'^^  ™^'^^  ^^  ''^^  governor 
l-ree   Water,     ^f    ^    western    state.      He 

suggests  that  municipalities 
should  furnish  their  citizens 
with  free  water.  The  plan 
naturally  has  met  with  much  favor  and  it  is 
reported  a  bill  will  be  introduced  into  the 
legislature  to  permit  cities  owning  waterworks 
to  supply  water  free  to  each  citizen.  L'nder 
the  scheme  the  amount  of  free  water  would 
be  limited  and  a  charge  made  for  all  water 
used  above  the  maximum.  Each  person  would 
be  allowed  say  50  gals,  of  water  per  day.  .A 
family  of  11,  therefore,  would  be  given  550 
gals,  of  water  on  which  to  subsist  for  24  hours. 
If  they  used  more  than  this  quantity  they 
would  have  to  pav  for  the  extra  amount.  So  far 
the  plan  sounds  liek  a  politician's  pre-election 
promise.  But  the  dream  of  Utopia  vanishes 
when  it  is  dis  overed  that  the  cost  of  operating 
the  plant  is  to  be  charged  against  the  entire 
city  and  that  its  maintenance  would  be  under 
the  same  method  as  is  now  followed  for  main- 
taining the  streets.  In  other  words,  the  cit- 
izen would  pay  for  his  water,  even  to  the  50 
gals,  of  "free"  liquid,  in  taxes.  Interest,  de- 
preciation and  sinking  fund  would  be  obtained 
from  taxes ;  water  main  ..xtensions  would  be 
paid  for  by  special  assessment  of  the  parties 
benefited ;  service  connections  would  be  laid  at 
the  expense  of  the  property  owner.  The  idea 
of  municipalities  furnishing  water  without  cost 
to  the  consumer  is  not  a  new  one ;  soap  bo.x 
orators  for  many  years  have  advocated  it. 


The   State   Highway    De- 
partment of  New  York  cx- 
$20,000,000  of    l'^'"'Je<?  over  $13,000,000  last 
year    in    payments    to    con- 
Road  Work,     tractors      for      construction 
work.     In  Ohio  state  high- 
way   improvements    calling 
for  an   expenditure  of  approximately  $7,000,- 
000  were  let  iii  '914,    The  total  of  $20,000,0011 
for  these  two  states  alone  is  impressive.    It  in- 
dicates pretty  clearly  the  bigness  of  the  high- 
way   construction    field.      This    sum    provides 
for    many    miles    of    improved    road    and    for 
many  contracts.     .Some  of  the  latter  were  as 
small  as  $5,niiO;  the  average  was  perhaps  $111,- 
OOit.  and  a  few  of  the  larger  ran  up  into  the 
hundred  thousands.     The  small  contractor  and 
the  big  one  had  chances  to  secure  jobs  suitable 
to  their  outlits.     The  work  in  Ohio  and  New 
York   was   but   a   small    part   of   the   highway 
construction  put  under  contract  in  1914  in  this 
country.     The   many   other   states   engaged   in 
improving   their   highways,    counties,    districts 
and  other  political  subdivisions  were  unusually 
active  in  letting  road  undertakings.    A  tremen- 
dinis  amomif  of  highway  work  was  placed  un- 
der contract  last  year. 
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THE  IRON  MOUNTAIN  PROJECT, 
CALIFORNIA. 


Irrigation   of  225,000  Acres  in   Sacramento 
Valley. 


developed  at  this  point.  This  matter  also  is 
covered  in  the  estimate  of  cost  of  the  several 
plans  of  development.  The  main  features  of 
~  '  '  '  ch  plan 
provi 


plans  01   development,      ine  main  features 
the  10  plans  are  given  in  Table  1 ;  each  p! 
provides  for  the  irrigation  of  225,000  acres. 


Proposed    Expenditure,   $12,000,000   to   $19,000,000. 


The  Iron  Canyon  Project  is  probably  the 
largest  scheme  of  engineering  development  by 
irrigation  now  under  consideration  on  the  Pa- 
cific Coast.  The  undertaking  contemplates  the 
watering  of  between  200,1100  and  300,000  acres 
of  land  in  the  Sacramento  Valley,  below  Red 
Bluff,  Cal.,  the  supply  to  be  taken  from  the 
Sacramento  River.  This  project  has  been  un- 
der consideration  by  the  U.  S.  Reclamation 
Service  for  a  number  of  years,  a  preliminary 
investigation  of  storage  reservoirs  having  been 
made  as  early  as  1904  and  190.3.  In  1909  the 
investigations  of  the  Service  were  resumed  and 
carried  to  a  certain  point,  but  were  not  com- 
pleted. In  1913,  however,  an  agreement  was 
entered  into  between  the  U.  S.  Reclamation 
Service  and  the  Iron  Canyon  Project  -Asso- 
ciation, whereby  the  former  should  make  an 
investigation  and  report  a  plan  of  reclamation. 
This  work  was  started  in  the  fall  of  1913  and 
the  report  was  submitted  last  October  and  has 
recently  been  made  public.  The  investigation 
was  carried  out  by  officers  of  the  U.  S.  Recla- 
mation   Service,    the   engineering   work   being 


TABLE   I.— 

MAIN  FEATURES   OF 

PLANS   OK 

DEVELOPMENT. 
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, — Navigation — ^ 
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A-1. 

.420,000 

340 

3S3 

4.200 

None. 

\--l. 

.420.000 

340 

3S3 

60,000 

4,200 

None. 

A--.',. 

.603,000 

340. 

3S2..5 

4,750 

None. 

A-4. 

.60.3,000 

340 

392. .T 

70,000 

4.750 

None. 

A-b. 

.  2.3 1,000 

340 

370 

3,700 

Partial. 

A-6. 

.231,000 

340 

370 

.50.000 

3,700 

Partial. 

A-7. 

1,970 

Compre- 
hensive. 

H-1. 

.231,000 

340 

370 

3,700 

None. 

B-2. 

.231.000 

340 

370 

.50,000 

3.T00 

None. 

B-3. 

1.97.0 

None. 

Plan  A-1  is  a  simple  irrigation  project  pro- 
viding for  a  rock  fill  dam  at  Iron  Canyon. 
The  ordinary  flow  line  will  be  at  elevation 
383,  or  125  ft.  above  ordinary  low  water  level 
of  the  Sacramento.  A  bypass  channel  on  the 
south  side  of  the  canvon   will  care  for   river 


acre  feet  net,  would  be  held  empty  above  the 
canal  intake  up  to  March  1  and'  two-thirds 
empty  up  to  April  1  for  flood  control  pur- 
poses. It  is  figured  that  at  no  time  will  the 
rate  of  discharge  below  the  dam  exceed  100,- 
000  second  feet.  The  total  estimated  cost  of 
the  plan  is  $15,975,000— $7,575,000  for  the  dam 
and  reservoir  and  $8,400,000  for  the  canal  sys- 
tem. 

Plan  A-4  is  identical  with  Plan  A-3,  save 
that  it  provides  in  addition  to  the  flood  con- 
trol and  navigation  improvement  -features  a 
power  development  of  70,000  PIP,  The  esti- 
mated cost  is  $10,-38.5,000  for  the  dam  and  res- 
ervoir with  flood  control  and  power  devel- 
opment and  $8,400,000  for  the  canal  svst.-p' 
making  a  total  cost  of  $18,78.5,000. 

Plan  A-5  proposes  building  as  small  a  r-.i 
ervoir   at   Iron   Canyon   as   possible.     It   pro- 
vides,   however,    for    a   spillway   of    sufficient 
length  to  take  care  of  flood  flows,  which  en- 
tails a   spillway   crest  elevation  at   about  370, 
with  a  storage  of  231,000  acre  feet.     No  power  . 
development  is  provided,  nor  means  of  flood 
control.      Low   water   flow   would   be   redui-.-' 
to  a  minimum  of  3,700  second   feet  during 
portion  of  the  year.     To  compensate  naviu 
tion  interests  provision  is  made  for  river  i^ 
provement    below    Chico   Landing.     The   e-- 
mated  cost  under  Plan  A-5  is  as  follows : 

Dam   an.3    reservoir J4.325." 

Canal    system S.375,i  .^ 

Ri\'er  navigation   improvements 1.506,"i 


Location    of    Proposed  Works    for    the    225,000   Acre   Iron   Canyon    Irrigation   Project,  California. 

performed    under   the   general   supervision   of  flow  during  construction.     This  w-ill  be  closed  Plan  .A-G  is  identical  with  Plan  A-5,  exec  • 

v..  G.  Honson,  Supervising  Engineer,  Portland,  by  a  masonry  structure.     The  rock  and  earth  that  it  provides  for  the  development  of  50.i 

Ore.  fill    dam   will    connect    with    a    solid    masonry       PIP.    The  total  cost  is  estimated  at  $15,950,( 

Ten  alternate  plans  or  modifications  of  plans  overflow  structure  about  5,000  ft.  long,  which  of  which  $6,075,000  is  for  the  dam  and  reser- 
are  given  in  the  report.  The  contemplated  ex-  will  serve  as  a  spillway  after  the  reservoir  is  voir,  including  the  power  plant.  The  remain- 
penditure  under  these  ranges  from  $12,000,000  full.  Storage  of  420,000  acre  feet  is  provided  ing  items  arelhe  same  as  in  the  previous  plan 
to  $19,000,000.  All  of  the  plans  provide  for  for  irrigation  uses.  The  plan  makes  no  pro-  Plan  A-7  proposes  to  divert  water  from  th- 
the  irrigation  of  225,000  acres  of  land  by  the  vision  for  power  development,  for  flood  con-  Sacramento  near  Anderson  bv  means  of  a  low 
supply  of  3  acre-feet  of  water  per  acre.  Tlie  trol  nor  navigation  improvement.  This  plan  dam.  The  supply  would  be  taken  out  on  the 
various  schemes  of  development  fall  within  of  development  is  estimated  to  cost  $13,400,000,  east  side  of  the  river  and  the  canal  would  fnl- 
two  classes— the  first  being  plans  that  provide  of  which  $5,000,000  is  for  the  dam  and  reser-  low  that  side,  crossing  tlic  river  on  an  ar|ii, 
for  full  protection  and  preservation  of  navi-  voir  and  $8,400,000  for  the  canal  system.  duct  structure  at  the  Iron  Canyon,  and  thenci 
gallon  interests  and  even  their  improvement  Plan  A-2  is  identical  with  A-1,  'except  that  following  the  same  course  as  the  canal  for 
and  extension,  and  the  second  class,  consist-  provision  is  made  for  building  a  hydro-electric  the  other  plans.  No  storage,  power  develop- 
ing of  plans  that  do  not  so  provide.  The  ma-  plant  at  the  dam  whereby  the  4,200  second  ment  or  flood  control  features  enter  into  the 
jority  of  the  plans  contemplate  the  erection  of  feet  of  minimum  flow  passed  for  navigation  plan.  Under  this  plan  the  flow  of  the  Sacra- 
a  dam  at  Iron  Canyon,  a  few  miles  above  Ked  purposes  may  be  utilized  for  power.  A  60.-  mento  River  below  the  diversion  point  will 
Bluff.  Three  different  heights  for  this  dam  000-HP.  installation  is  considered,  and  the  occasionally  be  reduced  as  low-  as  1,970  second 
are  considered,  the  highest  being  134^/4  ft.,  cost  is  estimated  at  about  $2,000,000.  The  feet.  To  ofl'set  this  the  plan  makes  provision 
with  aggregate  storage  capacity  of  709,000  acre  gross  estimated  cost  of  Plan  A-2  is  $15,450,000,  for  river  improvement  between  Sacramento 
feet.  Other  plans  propose  a  low  diversion  made  up  of  $7,050,000  for  dam  and  reservoir,  and  Chico  Landing.  The  estimates  are  as  fol- 
dam  on  the  Sacramento  a   short  distance  lie-  including  power  plant,  and  $8,400,000  for  canal  lows ; 

low  the  Iiighway  bridge  at  .Anderson  and  an  system.                                                                               Dam   at   diversion %     Soo.OOn 

extension  of  the  canal  system  up  to  that  point.  Plan  A-3  provides   for  an  important  meas-      Canal    system ]2,0i'.'),00ii 

With  a  dam  at  Iron  Canyon  all  water  not  used  ure  of  flood  control  and  navigation  improve-       ^'"'"'    navigation 4.000,000 

for  irrigation  will  pass  through  this  dam  into  ment   in  addition   to   the   main  irrigation   fea-  Plan   B-1   provides    for   the   lowest   possible 

the  river  channel  under  pressure  heads  vary-  ture.     The  dam  would  be  an  earth   and  rock  dam    at    Iron    Caiiyini    and    is    identical    with 

ing   from   00   to   135    ft.,   depending   upon   tlie  fill    structure,    providing    for     ordinary     high  Plan  A-5,  save  that  it  makes  no  provision  for 

nature  of  the   development  and  the  stage   of  water  at   134%   ft.  above  ordinary  low  water  river   improvement   below   Red   Bluff.     It  as- 

the  river.     'By  this  means  all  the  year  round  level  of  the  river.     The  reservoir,  with  a  ca-  sumes  that  the  low  water  flow  can  be  used  for 

powers  of  from  50,000  to  70,000  HP.  may  be  pacity  of  709,000  acre  feet  gross  and  603.000  irrigation     without     providing     compensating 
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navigation  improvements.  No  power  develop- 
ment nor  flood  control  features  are  provided. 
The  total  estiinated  cost  is  $12,700,000;  of  this 
$4,325,000  is  for  the  dam  and  reservoir  and 
$8,375,000  for  the  canal  system. 

Plan  B-2  is  identical  with  B-1,  save  that  it 
includes  provision  for  developing  50,000  HP. 
It  also  is  the  same  as  A-li,  except  that  it 
does  not  include  any  navigation  improvements 
below  Red  Bluff.  The  total  estimated  cost  is 
$14,450,000,  of  which  $0,075,000  is  for  the 
dam  and  reservoir,  including  power  plant,  and 
$8,375,000  for  the  canal  system. 

Plan  B-3  provides  for  diversion  near  Ander- 
son and  is  identical  with  A-7,  except  that  it 
omits  river  navigation  improvements  helow 
Red  Bluff.  No  power  or  flood  control  fea- 
tures are  included  in  this  plan.  The  estimated 
cost  totals  $12,325,000— $300,000  for  the  diver- 
sion dam  and  $12,025,000  for  the  canal  sys- 
tem. 

The  Sacramento  gorge  at  the  point  selected 
as  a  site  for  the  Iron  Canyon  dam  is  ahout 
500  ft.  wids  at  the  bottom,  with  side  slopes 
rocky  and  abrupt,  in  places  being  sheer  walls 
of  volcanic  rock.  The  ordinary  river  chanr^l 
has  been  cut  approximately  through  the  mid- 
dle of  the  canyon  bottom  and  is  generally  a 
trough  about  100  ft.  wide  and  30  ft.  deep.  The 
material  at  the  dam  site  consists  of  a  porous 
iinderbody  of  unknown  depth,  capped  by  fairly 
tight  vohanic  tuffs  and  agglomerates  from  40 
to  60  ft.  thick  in  the  main  gorge,  except  where 
the  ordinary  river  channel  has  cut  or  par- 
tially cut  tlirough  for  a  width  of  about  100  ft. 
and  a  depth  of  30  ft.  Two  alternate  types  of 
dams  were  considered,  the  earth  and  rock  fdl 
type  and  the  solid  masonry  type.  The 
litter  was  not  recommended  for  adoption.  The 
lartli  and  rock  fill  dam  as  proposed  con- 
sists of  a  downstream  pr.rt  composed  oi 
masses  of  rock  piled  as  compactly  as  possible 
and  an  upstream  portion  of  earth  fill,  The 
rock  excavated  from  the  flood  and  power 
channels  and  the  bypass,  or  from  quarries  es- 
tablished for  the  purpose,  would  furnish  an 
ample  supply  of  suitable  hard  rock.  The 
agricultural  lands  in  the  reservoir  bottoms  im- 
mediately above  the  dam  or  the  large  clayey 
-ravel  deposits  south  and  west  of  the  dam  will 
ifford  all  the  water-tight  earth  fdling  required 
for  the  upstream  part  of  the  work. 

The  diversion  dam  on  the  Sacramento  near 
Anderson  is  designed  as  a  rock-filled  timber 
crib  supporting  a  low  masonry  overfall  fitted 
into  a  removable  bear  trap  crest.  The  ends  of 
the  dam  will  have  heavy  masonry  abutments 
I'liinccted  with  levees  that  extend  to  the  high 
land  on  each  side.  This  type  of  construction 
involves  no  serious  engineering  problems,  as 
the  river  is  broad  and  shallow  at  the  location 
and  its  diversions  during  the  season  of  low- 
flow  can  be  readily  accomplished. 

The  irrigation  project  is  assumed  to  include 
M  lands  west  of  the  Sacramento  that  can  be 

■\  ered  by  a  canal  taking  out  at  the  Iron  Can- 

•n  at  elevation  350.  The  canal  line  will  pass 
aliout  1  mile  west  of  Red  Bluff,  6  miles  west 
•  'i  Tehama,  3  miles  west  of  Corning,  4  miles 
\vest  of  Kirkwood,  2  miles  west  of  Orland, 
I  miles  west  of  Germantown  and  5  miles  west 
■f  Willows,  the  southerly  extremity  of  the 
irca  being  about  8  miles  south  of  the  last 
mentioned  place.  The  district  will  be  served 
by  a  single  line  of  main  canal  taking  out  of 
the  reservoir  at  a  point  2  miles  southwest  of 
Iron  Canyon,  where  the  rim  of  the  reservoir  is 
so  low  that  an  embankment  will  be  necessary. 
This  will  have  a  headworks  structure  with 
gates  of  capacity  to  permit  drafts  of  2,400 
.second  feet,  the  capacity  of  the  main  canal. 
Between  the  headworks  and  Dibble  Creek, 
near  Red  Bluff,  the  location  is  largely  in  steep 
-idc  hill  and  involves  two  wide  creek  cross- 
mgs.  Below  Red  Bluff  the  location  is  almost 
uniformly  in  easy,  flat  country,  the  only  to- 
pographical difficulties  being  the  creek  cross- 
ings, such  as  F.Iden,  Thomas  and  Stony  creeks, 
where  special  structures  will  be  required.  The 
portion  of  the  location  immediately  west  of 
Kirkwood  also  has  some  fairly  heavy  side- 
hill  and  through  cut  work.  The  canal  has 
been  designed  as  a  concrete-lined  structure. 
It  wdl  have  IVi  to  1  side  slopes,  a  rounded 
bottom   and  low   revetment  walls  at  the  mar- 


gin. In  general  the  freeboard  above  high 
water  is  3  ft.  and  the  banks  are  12  to  14  ft. 
wide  on  top.  The  concrete  lining  will  be  4  ins. 
thick.  At  the  large  creek  crossings.  Dibble, 
Blue  Tent  and  Reed  Creeks,  the  canal  will  be 
carried  by  a  masonry  aqueduct  structure  at 
water  grade.  This  type  also  will  be  used  at 
several  other  smaller  crossings.  Inverted 
siphons  of  masonry  will  be  used  generally  for 
crossing  large  creeks  south  of  Red  Bluff.  The 
numerous  small  drains  or  gullies  that  cross 
the  canal  line  will  be  provided  with  overflow 
inlets  into  the  canal,  which  in  turn  will  have 
water  gates.  Special  structures  have  been 
provided  for  the  turnouts,  waste  gates,  chutes, 
etc.,  and  all  highways  will  be  provided  with 
reinforced  concrete  bridges  at  canal  crossings. 

The  canal,  aside  from  its  magnitude,  pre- 
sents no  difficulties  in  design  or  location  of  an 
unusual  character.  The  excavation  of  the 
main  canal  south  of  Iron  Canyon  will  amount 
to  about  3,300,000  cu.  yds.,  mostly  earth.  Trav- 
eling excavators  and  conveyors  that  with  one 
operation  will  excavate  and  convey  to  the 
spoil  banks  appear  to  oft'er  the  best  solution 
of  the  construction  problem.  The  estimated 
cost  for  excavation  is  25  cts.  per  cubic  yard 
for  the  work  south  of  Red  Bluff,  where  it  is 
lielieved  to  be  all  in  earth.  North  of  Red 
Bluff,  where  more  hardpan  occurs,  30  cts.  has 
been  taken  as  a  fair  average.  All  excavation 
is  believed  to  be  such  that  it  can  he  handled 
by  excavating  machinery  without  blasting, 
save  in  exceptional  cases. 

Conditions  are  believed  to  be  favorable  for 
the  placing  of  the  concrete  lining.  Cement 
can  be  obtained  cheaply  and  expeditiously. 
The  work  is  within  short  railroad  haul  and 
comparatively  short  road  haul.  The  highways 
are  firm  and  hard  and  motor  trucks  can  de- 
liver all  material  along  the  line  of  the  work. 
Gravel  and  sand  can  be  obtained  at  practically 
all  the  numerous  creek  crossings  intersectin.g 
the  canal  line.  Water  also  is  obtainable  from 
the  creeks  or  from  wells.  The  estimated  cost 
of  the  concrete  lining  is  $6  per  cubic  yard,  ex- 
clusive of  overhead  expense.  The  price  is  for 
concreting  on  1%  to  1  slopes  without  forms. 
For  similar  concrete  work  with  forms  the 
figure  is  assumed  at  $7  per  cubic  yard. 

The  irrigable  area  below  the  main  canal  is 
subdivided  into  units  by  the  natural  drain- 
age channels  crossing  the  main  canal  line.  The 
various  laterals  will  take  out  from  the  main 
canal  and  follow  the  crests  of  the  hogbacks, 
between  the  drainage  depressions,  in  a  gen- 
erally easterly  direction.  Sublaterals  will  in 
turn  take  out  from  the  main  laterals  and  con- 
tinue in  still  smaller  ramifications  down  to  the 
minimum  channels  serving  units  probably  as 
small  as  40-acre  subdivisions. 

The  estimated  cost  of  the  canal  system  is 
as  follows : 

Headworks  at  Bend  EmbaiiUment. 

Tdt.il. 

r>;cavation,    12,000   cu.   yds $        U.OOU 

Concrete  ma.soni'y — 

Foundation    cut-ofEs    and    collars,    2S0 

cu.    .yds ],S00 

Conduit  and  retaining  walls,  1,950  cu. 
yds 15. GOO 

I'.alohouses  and  walls,  610  cu.  vds 6.100 

W.iUs,  :J50  ou.  vds 4,200 

Uridw  steel.  I'L.'JOO  lbs 1,400 

ltcintoi-ein;j   steel,    150,000   lbs 0,000 

Uailing   and    flooi- 200 

IS  sates  and  hoists IS, 000 

Total     $  G2,O00 

il'anal,   Bend  I'inibankment  to  Ked  Bluff. 

Excavations,   455.000  cu.   vds $  136,500 

ICmbanUment,   100.000  cu.  yds ."lO.OOO 

Concrete  lining,   15.500  cu.   yds 108.500 

Concrete  HnlnK.  7.050  cu.  yds 42.300 

.•\(|ueduct   bridges,   6,300  ft !)43.S0O 

IM'idges  and  miscellaneous  structures..  .13,500 


Total     $1,320,700 

Canal,  Red  Bluff  to  North  Fork  Willows 
Creek. 

Excavation,    2,810,000   cu.    vds S.    702,000 

Embankment,   1.060,000  cu.    vds 371,000 

Concrete  iinlns,  158,300  cu.  yds 049. SOO 

.■\qucduct  brldijes.    4.300   ft 390,000 

Creek  crossings  (siphons),  1,200  ft 87,000 

Wastewa>s  and    Kates 90,000 

Special    structures 64, .500 

liridses  57,500 


Flumes,  2,600  ft 

Miscellaneous     structuies 


Z3 


59.S00 
14,30li 


Total     $  431.870 

East  'Main   Canal. 

Excavation,   154,000  cu.   yds *  38,500 

Concrete  lining,   11.880  cu.  yds 71,280 

Miscellaneous     structures ■.  3,800 


.$    113,580 

.S      11,000 

46,950 

1,600 

20,500 

Total     $  80,550 

Miscellaneous. 

Telephones.   90  miles $  22,300 

Fencing.   ISO  miles 27,000 

Kight  of  way 60,000 


Total     

East  Blanch  Canal, 

Excavation,   44,00u  cu.  yds 

Concrete  lining,   7,825  cu.  yds ,. 

Miscellaneous     structures 

Tehama  Co.,  S.  line  canal 


Total     S    109,500 

Total    main    canal $4,830,000 

Engineering   and  contingencies,   25%...   1,207,500 


Grand  total  for  main  canal $6,037,500 

Distributing  system  for  225,000  acres  at 
JIO.SO     2,362,500 


Total    cost   of   system $8,400,000 

The  board  of  engineers  appointed  by  the 
Secretary  of  the  Interior  to  review  the  inves- 
tigation of  the  Iron  Canyon  project  recom- 
mended that  all  public  lands  and  state  lands 
required  for  the  project  be  withdrawn  or  con- 
tinue withdrawn  from  entry  or  sale  and  that 
the  State  Legislature  pass  an  act  permitting 
the  withdrawal  of  water.  It  also  was  rec- 
ommended that  Congress  enact  a  law  permit- 
ting diversion  of  water  from  the  Sacramento 
River  for  irrigation  purposes  regardless  of 
navigation,  and  that  upon  the  above  acts  being 
passed  the  Secretary  of  the  Interior  co-op- 
erate with  the  state  of  California  and  with  the 
interested  organizations  in  rendering  avail- 
able the  sum  of  $100,000  for  the  more  com- 
plete investigation  and  determination  of  the 
project  along  the  lines  proposed  in  the  report. 


SEAWALL  OF  SEATTLE,  WASH. 


Plans  Being  Prepared  for  First  Section. 


Total  .52,712,300 

Can:il.    Xorlli     Koik    Wlllard's    Creek    to 
fsta.   3760. 

Excavation,   39,700  cu,   vds $      99,250 

Embankment,  87.200  cu.  yds 30,520 

Concrete  lining.  38,000  cu.  yds 228.000 


The  city  of  Seattle,  Wash.,  is  now  planning 
to  build  the  first  section  of  a  permanent  sea- 
wall along  the  waterfront.  The  section  is 
about  1,275  ft.  in  length  and  extends  along 
the  southwesterly  margin  of  Railroad  Ave. 
froiu  Madison  St.  to  Washington  St.  Con- 
struction will  be  somewhat  complicated  on  ac- 
count of  e.xisting  improvements.  From  Madi- 
son St.  south  to  the  south  margin  of  Marion 
St.,  a  distance  of  about  300  ft..  Railroad  Ave. 
is  carried  on  a  pile  trestle  bridge,  and  over 
this  portion  excavation  will  be  light.  From 
Marion  St.  south,  however,  the  remaining  975 
ft.  of  the  avenue  is  supported  by  an  earth  fill 
retained  by  a  timber  pile-bulkhead.  This 
bulkhead  occupies  the  site  of  the  proposed 
new  w-all,  so  that  considerable  clearing  and 
excavation  w'ill  be  necessary,  and  a  temporary 
bulkhead  will  be  required  to  retain  the  exist- 
ing earth  fill.  The  existing  piers  will  add  fur- 
ther difficulty  to  the  work  proposed.  On  the 
other  hand,  the  surface  of  the  water,  protected 
as  it  is  by  the  natural  harbor  and  existing 
piers,  is  usually  quiet  and  therefore  free  from 
many  of  the  difficulties  wdiich  attend  such  op- 
erations in  the  open. 

The  mean  range  of  the  tide  at  this  point  is 
7.60  ft.,  of  from  -f2.35  ft.  at  mean  high  tide 
to  — 10.01  ft.  at  inean  low  tide,  city  datum. 
Mean  lower  low  w-ater  is  — 13.04  ft.,  while  the 
highest  and  lowest  tides  observed  are  4-2.06 
ft.  and  ^17.14  ft.,  respectively.  The  tide 
dropped  below  — 14.00  ft.  69  times  during 
1014,  and  157  times  below  —13.00  ft. 

Considerable  filling  of  the  waterfont  has 
been  made  from  lime  to  time  in  this  vicinity, 
so  that  the  original  beach  is  now  from  10 
to  30  ft.  below  the  existing  surface.  The  fill- 
in.g  in  most  places  is  of  sulistantial  materials, 
but  some  of  it  consists  of  an  old  slab  and 
sawdust  pile.  It  is  probable  that,  for  bearing 
piles,  at  least,  a  penetration  to  elevation 
— 45.00  will  be  necessary.  The  building 
grade  along  Railroad  Ave  is  at  elevation 
-I-G.50  and  the  seawall  will  support  a  portion 
of  the  concrete  sidewalk  which  will  he  laid  at 
this  elevation.  The  presence  of  the  Teredo 
Navalis,  which  is  very  active  in  many  places 
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in   Puget  Sound   waters,  prevents  the   use  of 
timber  in  any  exposed  position. 

Of  the  1,275  ft.  of  wall  to  be  built,  465  ft. 
will  be  located  at  the  ends  of  the  different  slips 
between  the  piers,  and  the  remaining  810  ft. 
will  be  located  along  the  private  property.  In 
the  latter  case  it  is  proposed  to  build  a  gravity 
section  of  l.:.3:5  concrete,  supported  by  un- 
treated timber  piles.  The  piles  will  be  cut  off 
at  elevation  — 7  00  and  will  project  about  1  ft. 
into  the  concrete.  A  cobblestone  fill  will  pro- 
tect the  piles  wherever  exposed  until  such  time 
as  the  property  may  be  filled.  In  some  places 
this  section  of  wall  is  to  be  used  as  a  support 
for  the  piers.  For  the  portion  in  front  of  the 
slips  bids  will  probably  be  called  for  on  a 
gravity  section  and  on  an  alternate  section 
of  reinforced  concrete  design.  The  grav- 
ity section  will  be  supported  on  timber 
piles  cut  off  at  elevation  — 13.00  and 
protected  by  cobblestone  and  riprap  fill. 
The  body  of  concrete  will  be  a  1 :3 :5 
mixture  with  a  rich  mortar  surface.  The  re- 
inforced section  will  consist  of  one  of  the 
niore  recent  types  of  construction,  probably 
involving  a  single  row  of  reinforced  concrete 
sheet  piling  capped  with  a  fairly  heavy  re- 
inforced section  above  elevation  — 10.00  and 
tied  back  at  intervals  to  heavy  concrete  an- 
chors and  timber  anchor  piles.  A  row  of 
heavy  concrete  bearing  piles  placed  outside 
of  the  sheet  piling  will  be  necessary  to  sup- 
port the  load  at  the  toe  of  the  wall. 
.  Plans  for  the  wall  are  being  prepared  under 
the  direction  of  A.  H.  Dimock,  City  Engineer, 
Seattle. 


STORM    KING    HIGHWAY,    N.    Y. 


A  $200,000  Contract  for  1.27  Miles  of  Road. 


Bids  were  opened  last  month  by  the  New 
York  State  Highway  Department  on  one  of 
the  most  difficult  pieces  of  road  construction 
ever  attempted  in  this  country.  The  work 
calls  for  the  building  of  1.27  miles  of  the 
first  link  of  the  road  across  the  face  of  Storm 
King  Mountain  north  of  West  Point,  N.  Y. 
The  following  particulars  of  this  undertaking 
are  abstracted  from  the  New  York  Highway 
News  : 

The  contract  starts  at  Bay  View  Ave.,  Corn- 
wall, 190  ft.  above  the  Hudson  River,  runs  to 
an  apex  200  ft.  higher  up  and  then  descends  to 
an  elevation  of  213  ft.  at  its  southerly  end.  The 
grades  change  from  6.3  per  cent  for  250  ft.  at 
the  start,  shifting  between  3.2  and  5.7  per  cent 
until  the  summit  is  reached  about'  %  mile 
further  on.  From  the  summit  the  road 
descends  a  distance  of  %  mile  on  a  7  per  cent 
grade.  On  this  section  the  contractor  will  be 
obliged  to  construct  a  187.6  ft.  steel  truss 
bridge  and  a  72.9  ft.  steel  reinforced  concrete 
structure.  The  larger  bridge  will  be  a  steel 
deck  Warren  truss  structure  with  two  equal 
spans  supported  in  the  center  by  a  concrete 
abutment.  Including  abutments,  it  will  require 
■218.000  lbs.  of  steel,  12,000  lbs.  reinforcing  bars 
and  7,000  lbs.  expanded  metal.  The  smaller 
bridge  will  consist  of  steel  cross  girders  en- 
cased in  concrete,  stretching  from  a  large 
steel  plate  girder  on  the  outside  up  the  road- 
wav  to  solid  rock  anchorages.  Its  construction 
will  require  22,800  lbs.  steel,  1,200  lbs.  corru- 
gated steel  and  2,000  lbs.  expanded  metal. 

Midway  between  the  two  bridges  the  cut 
varies  from  35  ft.  of  ledge  rock  at  the  center 
of  the  highway  to  a  depth  of  83  ft.  on  the 
extreme  inside.  The  largest  cut  shows  1.573 
cu.  yds.  while  the  maximum  fill  is  7,5i10  cu. 
yds.,  consisting  of  78  ft.  at  center.  89  ft.  from 
grade  to  lowest  point  and  182  ft.  of  horizontal 
width  at  base.  This  is  made  necessary  by  the 
.gouging  out  of  the  rock  to  form  a  shelf  for 
the  roadway.  This  work  commences  on  the 
descending  grade  and  continues  for  about  Vi 
mile,  when  the  excavation  changes  from  ledge 
to  boulder  cut. 

Masonry  walls  will  be  built  on  a  slope  of  4 
to  1,  the  lower  side  resting  on  the  step  founda- 
tion in  the  rock.  For  this  construction  it  is 
required  that  at  least  75  per  cent  of  the  ma- 
■  sonry  shall   be  one-man   stone  or  larger,   and 


that  all  holes  shall  be  filled  and  all  stones 
wedged  in  place  with  suitable  spalls.  At  least 
25  per  cent  of  the  face  stone  will  be  headers 
3  ft.  in  length  and  at  least  twice  as  deep  as 
they  are  thick. 

The  work  will  involve  many  constructional 
difficulties.  The  tracks  of  the  West  Shore 
R.  R.  lie  at  the  base  of  the  cliff.  This  makes 
its  necessary  to  use  extreme  care  in  handling 
the  excavation.  For  a  considerable  distance 
the  rock  will  be  quarried  and  used  in  fills. 
The  contract  includes  an  item  of  $10,000  for 
installing  and  operating  a  traveling  crane  and 
car,  which  will  be  used  on  the  present  switch 
of  the  West  Shore  R.  R.  for  the  removal  of 
any  rocks  that  might  be  blown  upon  the  tracks. 
Telephone  service  is  to  be  installed  between 
the  points  of  operation  and  the  railroad  tracks 
for  use  of  switchmen  in  insuring  safety  of 
trains.  Compressed  air  lines  also  will  lead  to 
the  railroad  to  facilitate  the  removal  of  bould- 
ers of  rock  from  the  track. 

The  construction  of  the  1.27  miles  of  road 
calls  for  35,132  cu.  yds.  of  excavation  in  ledge 
rock  and  16,581  cu.  yds.  of  earth  and  boulder 
excavation.  The  retaining  walls  average  7,190 
cu.  yds.  per  mile  or  a  total  of  9,138  cu.  yds. 
The  cuts  and  fills  have  been  balanced  so  that 
little  excavation  will  have  to  be  wasted. 

The  highway  will  be  surfaced  for  a  width  of 
16  ft.  with  waterbound  macadam.  The  engi- 
neers' estimated  cost  is  $228,718,  exclusive  of 
land  damages. 

Bids  for  the  construction  of  the  1.27  miles  of 
road  were  opened  on  Dec.  10.  the  three  lowest 
bidders  on  the  work  being  as  follows:  James 
Garafans  &  Sons,  Inc.,  Mt.  Vernon,  N.  Y.. 
$196,998:  Moynehan  &  Hodgins,  Port  Henry, 
N.  Y.,  $199,962 ;  Langan  Construction  Corp., 
Albany,   N.   Y.,  $203,153. 


A  $366,850  Sewage  Disposal  Plant  for 
Trenton,  N.  J. 

Detailed  plans  and  specifications  for  a  sew- 
age disposal  plant  for  Trenton,  N.  J.,  have 
been  submitted  to  the  City  Commissioners  by 
Hering  &  Gregory,  consulting  engineers,  170 
Broadway,  New  York  City.  The  estimated 
cost  of  the  plant  is  $.366,850,  and  its  operation 
will  cost  about  S27,30{)  annually.  Of  the  lat- 
ter sum  $1,800  is  for  superintendent-chemist, 
$22,000  for  labor,  power,  supplies  and  mis- 
cellaneous expenses  at  the  sewage  pumping 
station,  and  $3,500  for  labor,  supplies,  etc.,  for 
the  sewage  disposal  works. 

The  main  features  of  the  plant  consist  of 
an  overflow  chamber,  a  gate  house,  a  screen 
and  grit  chamber,  sewage  pumping  station, 
Venturi  meter,  12  settling  tanks  of  the  Im- 
hoff  type,  and  24  sludge,  drying  beds.  The 
plant  is  designed  to  treat  the  entire  dry 
weather  flow  of  sewage  of  the  entire  city  and 
will  have  a  capacity  of  225,000,000  gals,  per 
24  hours.  As  the  works  have  not  been  planned 
to  handle  much  storm  water  in  addition  to  the 
dry  sewage,  it  has  been  recommended  that  the 
combined  sewers  be  provided  with  automatic 
regulators,  so  that  in  time?  of  rain  only  the 
first  wash  from  the  street  will  be  taken  to  the 
plant.  It  is  also  recommended  that  exten- 
sions to  the  sewers  shall  be  made  upon  s 
plan  providing  separate  mains  for  storm  and 
domestic  sewage 

The  Imhoff  tanks  are  rectangular  in  plan 
and  each  will  be  33  ft.  wide,  98  ft.  long  and 
27  ft.  2%  ins.  deep.  Each  of  the  sludge  drying 
licds  will  be  20  ft.  wide  and  78  ft.  long,  with 
a  total  area  of  37,440  sq.  ft.  The  beds  will 
have  an  average  thickness  of  12  ins.  of  graded 
gravel  and  broken  stone.  The  slud.ge  will  be 
transported  from  the  beds  in  small  cars  op- 
crating  upon  a  narrow  gage  railway.  The 
plans  also  include  the  construction  of  a  levee 
around  the  works  as  a  protection  against  high 
water  from  the  river. 


State     Highway     Construction     in     New 

York. — The  completed  mileage  of  state  and 
county  highways  in  New  York  state  on  Dec. 
1,  1914,  was  5,156,  and  on  that  date  1,3.30  addi- 
tional miles  were  under  contract.  It  is  esti- 
mated that  the  payments  to  contractors  for 
construction  work  in  connection  with  highway 
improvements  in  1914  exceeded  $13,500,000. 


14.6  Miles  of  Roads  to  Cost  $220,000, 
for  Stark  County,  Ohio. 

Highway  construction  estimated  to  cost 
nearly  $220,000  and  covering  14.6  miles  of 
work  will  be  placed  under  contract  in  the 
next  few  months  by  the  Commissioners  of 
Stark  County,  Ohio.  Plans  have  been  pre- 
pared for  the  improvement  of  six  roads  and 
they  will  be  let  some  time  in  the  early  spring. 
The  following  roads  are  to  be  surfaced  with 
bituminous  macadam : 

Estimated 
>«ame  of  road.  Miles.  Width,  ft.       cost. 

Xavarie  .Justus    2.49  !.=>  $28,220 

AUiance-Bolton    1  16  

Magnolia-Sparta    3.12  IT.  3S,S53 

Waco-Mapleton    1.9  16  21,998 

Roads  to  be  improved  by  paving  with  brick 
are : 

Estimated 
Name  of  road.  Miles.  Width,  ft.       cost. 

Massillon-atillersburg.       3.6  l.'j  $76,49.' 

Louisville-Freeburg   ...     2.5  15  o3,4iin 

The  estimated  cost  on  the  brick  roads  in- 
cludes concrete  curb,  concrete  base  and 
brick  metaling  with  tar  filler.  W.  L.  Bender, 
Canton,  O.,  is  County  Surveyor  of  Stark 
Countv. 


Twenty    Miles    of    Sewer    and    Water 
Main  Extensions. 

Bids  are  now  being  asked  by  the  city  of 
Columbia.  S.  C,  for  the  construction  of 
extensions  to  its  water  distribution  and  sewer- 
age system,  the  work  involving  about  10  miles 
of  mains  and  a  like  amount  of  sewers.  The 
water  pipes  will  be  laid  at  an  average  depth 
of  4  ft.  and  will  involve  the  following  quan- 
tities : 
Size  pipe. 
Ins.  Lin.  ft. 

6 30,525 

S 2,305 

10 12,150 

12 5,416 

The  sewer  construction  requires  the  follow- 
ing: 
Size. 
Ins.  Lin.  ft.  Cut,  ft. 

S 41,675  S  to  20 

in 5,340  S  to  12 

12 1,120  S  to  10 

15 1,790  8  to  10 

Bids  for  the  water  and  sewer  extensions 
will  be  received  by  the  city  commissioners  of 
Columbia,  until  10  a.  m.,  Jan.  29.  F.  C.  Wyse 
is  engineer-superintendent. 


Reduction   in  Engineering    Forces   by 

New  York  State  Engineer.  fl 

Changes  decided  upon  by  the  State  Engineer 
of  New  York  will  result  in  reducing  the 
number  of  employes  of  the  department  by  400. 
The  departments  of  barge  canal  and  terminals 
will  be  consolidated,  the  position  of  division 
engineer  of  terminals  abolished,  and  the  work 
now  handled  by  such  engineers  will  be  carried 
nut  under  the  direction  of  the  three  division 
engineers  of  the  barge  canal.  According  tw 
press  dispatches  the  changes  will  bring  about 
a  saving  in  salaries  of  $1,.350  per  day,  and  will 
cause  tlie  laying  oft'  of  the  following; 
4  ter-minal  division  engineers  at  $1,000. 
.)  supervising  engineers  at  $3,000  to  $5,000. 

12  resident  engineers  at  $3,000. 

77  assistant  engineers  at  $5  to  $7  per  da>". 

12  bridge  designers  at  $125  to  $150  per  niontli 

1  ."^  levelers  at  $4  to  $5  per  day. 

15  masonry  inspectors  at  $4  to  $5  per  day.  and 
257  other    employees    of    the    State    Engineer's 
Department. 


A  12.6  Mile  Concrete  Road. 

.\  contract  calling  for  the  construction  of 
12.6  miles  of  concrete  road  is  now  being  ad- 
vertised for  bids  by  the  California  Highway 
Commission.  The  work  is  located  in  BiJtte 
County  and  extends  from  Nelson  to  Chico. 
The  estimated  quantities  are  as  follows:  40,000 
tu.  yds.  excavation  without  classification; 
264  lin.  ft.  12  in.  corrugated  iron  pipe:  198 
lin.  ft.  18  in.  corrugated  iron  pipe :  72  lin.  ft. 
'24  in.  corrugated  iron  pipe;  2'20  cu.  yds.  Class 
"B"  Portland  cement  concrete  (culverts  and 
monuments)  ;  15,950  cu.  yds.  Class  "B"  Port- 
land cement  concrete  Cpavementsl  ;  2.300  lin. 
ft.  guard  rail:  121  each,  hauling  and  setting 
monuments.  The  commission  will  furnish  pipe 
railing    for   culverts,   reinforcing   steel,   corru- 


January  20,  1915. 


Engineering   and    Contracting 


i,o 


ated  iron  pipe,  Portland  cement,  sand  and 
coarse  aggregate.  Bids  for  this  work  will  be 
received  at  the  office  of  the  commission,  -jl.j 
Forum  Bldg.,  Sacramento,  until  2  p.  m., 
Feb.  1. 


I  Rogers  Pass  Tunnel  Progress  in  Decem- 
I  ber. — Good  progress  was  made  during  De- 
I  cembcr  by  the  contractors  on  the  construction 
!  of  the  Rogers  Pass  tunnel  for  the  Canadian 
I  Pacific   Ry.     The   record   for  the   month   was 

as  follows : 
I  Ft. 

j  driven. 

I  &st  end  pioneer  heading- 54-1 

I  East  end   center  heading 523 

Vi'est  end  pioneer  heading S.^2 

I  West  end  center  heading 6S6 

I     The  last  two  headings  were  driven  through 

I  slate  having  small  quartzite  bands.     The  East 

i  End   pioneer    heading    was    through   quartzite 

;  with  some  schist  and  the  East  end  center  head- 

]  ing  was   throusjh   schist  with   some   quartzite. 

Foley   Bros.,   Welch   &   Stewart   are  the   con- 

'  tractors,  A.  C.   Dennis,   Glacier,  B.   C,  being 

their    superintendent    for    the    work.      Joseph 

Murphy    is    assistant    superintendent    for    the 

,  East  end,  and  Joseph   Fowler  is  assistant  su- 

I  perintendent  for  the  West  end. 

The  University  of  Illinois  has  abandoned 
I  the  Short  Course  in  Highway  Engineering, 
[advertised  to  occur  Jan.  11-22,  1915.  This  ac- 
I  tion  was  taken  to  prevent  the  possible  spread 
'  of  the   foot  and  mouth  disease. 


Recommendations  for  Irrigation  Work  in 
Oregon. — The  Oregon  Irrigation  Congress 
at  it--  final  session  at  Portland.  Ore.,  on  Jan. 
9,  adopted  a  resolution  to  petition  the  191-") 
General  Assembly  to  levy  a  Vz  mill  tax  on  all 
property  in  the  state,  the  proceeds  to  be  used 
for  the  reclamation  of  arid  land.  It  is  esti- 
mated that  the  tax  would  net  the  state  about 
$500,000  per  year.  It  also  was  decided  to 
recommend  to  the  General  Assembly  a  con- 
stitutional amendment,  making  possible  the  use 
of  the  state's  credit  to  aid  in  financing  irrigation 
enterprises,  preferably  those  organized  on  the 
district  plan  or  those  which  the  Federal 
Government  will  assist  in  financing.  The  con- 
gress also  adopted  a  resolution  urging  that  the 
State  and  Federal  Governments  co-operate  in 
investigating  and  issuing  reports  on  the  fol- 
lowing proposed  irrigation  projects:  Lower 
desert  project;  Tygh  Valley-Wamie  project: 
Peninsula  district  between  Dis,chutes  and 
Crooked  Rivers:  Harney  Valley  District  of 
26,000  acres;  Silver  Creek  project  of  .'lO.OOO 
acres:  Malheur  Warm  Springs  reservoir  proj- 
ect; Dead  Ox  Flat  District;  Ochoca  and  other 
districts. 


State    Highway   Construction   in   Ohio. — 

During  the  year  ending  Nov.  l."j,  1914,  the 
State  Highway  Department  of  Ohio  awarded 
contracts  amounting  to  appro.ximately  $7,000,- 
000.  and  covering  about  .5.50  miles  of  road.  In 
the  same  period  the  department  completed 
about  140  miles  of  highway,  maintained  or  re- 
paired ;307  miles,  and  assumed  the  future  cost 
of  maintenance  and  repair  of  000  miles. 


NEWS  LETTERS 

St.  Louis  Items. 

K.  E.  Cash,  Atlas  Bank  Bldg.,  Cincinnati. 
Ohio,  was  low  bidder  on  50,000  yards  of  prop- 
erly work  in  Cincinnati.  Will  get  started  on 
this  as  soon  as  weather  permits.  He  also  has 
a  3."i-ton  Traction  shovel  working  every  day  on 
road  work  near  Cincinnati. 

M.  L.  Windham  is  wintering  his  outfit  at 
Marion,  111.  Windham  is  in  the  market  for 
any  kind  of  grading 

Promoters  of  the  proposed  interurban  from 
Central  to  \^"estcru  Illinois  and  which  is  to  be 
l<novvn  as  the  Chicago,  Peoria  and  Quincy,  arc 
confident  that  construction  will  commence  this 
spring.  The  City  of  Peoria  has  subscribed 
$350,000,  the  City  of  Canton  $300,000,  while  a 
number  of  smaller  cities  have  taken  smaller 
auKmnts  of  the  stock.  The  people  of  Quincv 
have  been  asked  to  take  $.300,000  in  stock.  1-;. 
L.  Coleman  and  R.  L.  Kelly  have  been  selling 
stock  in  behalf  of  the  Chicago  company  that 
'S  financing  the  proposition,  and  Imtli  arc  con- 


fident that  cars  will  be  running  within  a  year. 
It  is  estimated  that  it  will  require  two  years 
to  construct  the  road  between  Peoria  and 
Quincy. 

Mrs.  E.  Y,  Sutherland,  wife  of  the  well- 
known  St.  Louis  pile  driving  and  bridge  con- 
tractor, died  here  on  Jan.  2  of  a  stroke  of 
paralysis. 

Morris,  Sheppard  &  Douherty  of  St.  Paul, 
Minn.,  will  finish  their  grading  of  the  roadbed 
of  the  Paducah  &  Illinois  R.  R.  to  the  site  of 
the  Burlington  bridge  near  Paducah,  Ky., 
shortly.  This  firm  has  also  been  awarded  the 
contract  for  the  track-laying  on  this  line. 

Roach  &  Manigan  Paving  Co.  of  Memphis 
was  awarded  a  contract  bv  the  city  of  Fort 
Worth,  Tex.,  to  lay  100,000" sq.  yds.  of  asphal- 
tic  concrete  at  a  total  cost  of  $235,000.  The 
streets  to  be  paved  are  in  the  packing  house 
district  of  Fort  Worth  and  the  time  allowed 
for  completion  is  one  year  from  date  of  con- 
tract. Roach  &  Manigan  Paving  Co.  maintain 
an  office  in  Fort  Worth.  The  firm  recently 
has  been  doing  much  work  in  the  Lone  Star 
state.  Only  a  short  time  ago  the  concern  ob- 
tained a  $125,000  contract  to  pave  the  prin- 
cipal downtown  streets  of  San  Antonio.  C.  D. 
Smith,  head  of  the  firm,  will  leave  next  week 
for  Texas  to  shape  up  the  forces  for  imme- 
diate work  on  the  new  contract  and  will  move 
sufficient  equipment  to  complete  the  job  on 
contract  time. 

H.  H.  Unterbrink  of  Alton,  III,  secured  the 
contract  to  build  two  large  barns  near  Fas'- 
.\lton.  111.  Each  will  be  800  ft.  long 
l)y  40  ft.  wide  and  accommodate  1,400 
horses,  Eight  car  loads  of  lumber  will 
be  used  in  construction.  The  barns  are 
being  built  under  a  contract  with  an  East  St. 
Louis  commission  concern  which  is  purchasing 
horses  for  the  British  government. 

Mulvill  Bros,  of  Alton,  111.,  are  building  a 
short  spur  near  East  Alton,  111.,  into  the  new 
large  barns  that  are  being  built  there  to  accom- 
modate horses  being  bought  for  the  British 
government. 

Frank  W.  Buffum,  state  highway  commis- 
sioner, employed  a  civil  engineer  in  St.  Louis 
last  week  to  establish  the  lines  and  right  of 
way  for  the  proposed  eastern  branch  of  the 
Red  Ball  improved  roadway  to  be  constructed 
between  St.  Charles  and  Clarksville,  Mo.  The 
branch  road  will  leave  the  Red  Ball  route  at 
St.  Charles  and  would  reconnect  by  a  spur 
running  west  from  Clarksville.  It  will  form  a 
part  of  the  St.  Louis-to-Keokuk  highway.  It 
will  parallel  the  Burlington  tracks  between 
Old  Monroe  and  Clarksville,  and  will  be  on 
water  level  the  entire  distance  from  St.  Charles 
road  improvement  district  under  the  town 
"eight-mile"  law  already  are  being  formed. 
Commissioner  Buffum  expects  to  have  all  the 
preliminaries  completed  before  spring,  so 
actual  construction  work  may  be  started  coin- 
cident with  favorable  weather  conditions.  Mr. 
Buft'um  stated  that  he  would  present  no  road 
bills  to  the  legislature  until  late  in  the  session, 
if  at  all.  First,  he  said,  he  is  desirous  of 
learning  the  views  of  the  different  road  legis- 
lators. When  a  large  number  of  bills  have 
been  presented  he  expects  to  have  a  conference 
with  the  authors  of  all  of  them  to  counsel 
with  them  and  to  determine  which  measures 
seem  deserving  to  the  larger  number. 

Charles  V.  McCormick  &  Son  were  awarded 
the  contract  for  the  erection  of  the  proposed 
depot  of  the  Columbia  Transfer  Co.  at  the 
southeast  corner  of  12th  and  Spruce  St.  The 
building  will  be  a  large  two-story  structure 
covering  a  lot  80x152  ft.,  to  be  used  as  a 
warehouse,  loading  depot  and  stables.  The 
contract  includes  all  lines  of  construction  ex- 
cept the  heating  apparatus,  and  amounts  to 
^bout  $80,000. 

The  Merritt-Cilbcrt  Contract  Co.  of  New 
>'ork  are  installing  two  very  large  drag  lines, 
both  having  125  ft.  booms.  They  are  going  to 
place  these  on  their  big  drainage  contract  in 
Cape  Girardeau  County,  Mo.  They  have 
placed  orders  for  two  more  similar  iriachitics 
which  also  will  be  put  to  work  on  this  job. 
Their  contract  calls  for  the  moving  of  ap- 
pr.iximatcly  0,500,000  yds.  of  earth.  Tender 
their  contract  they  have  two  years  and  a  half 
to  complete  this  job,  but  Messrs.  Merritt  and 


Gilbert   are   going  to   stay   right   with    it   and 
will  beat  this  time  from  three  to  six  months. 

L.  B.  Davis,  vice-president  and  general  man- 
ager of  the  Davis  Commissary  &  Supply  Co., 
left  here  for  Cape  Girardeau  the  other  day, 
where  he  closed  the  contract  with  the  Mer- 
ritt-Gilbert  Contract  Co.  of  New  York  to 
board  all  of  their  employes  that  they  are  go- 
ing to  use  on  their  big  drainage  contract  in 
Cape  Girardeau  County. 

The  first  of  20  new  stills  being  built  by  the 
Standard  Oil  Co.  at  Wood  River,  111.,  began 
operations  on  Jan.  8.  E.  M.  Clark,  superin- 
tendent of  the  plant,  is  the  inventor  of  the 
stills.  The  Wood  River  plant  now  has  145 
stills. 

Whether  sand  taken  from  the  bed  of  the 
Mississippi  River  is  clean,  unfrozen  earth  suit- 
able for  levee  construction  w-as  a  subject  of 
debate  beginning  last  week,  when  the  injunc- 
tion suit  brought  by  the  East  Side  Levee  and 
Sanitary  District  against  the  Illinois  Dredging 
&  Construction  Co.,  which  came  up  in  Judge 
Crow's  division  of  the  Circuit  Court  of  Belle- 
ville, 111.  The  district  is  attempting  to  pre- 
vent the  construction  company  taking  the  sand 
from  the  river  and  putting  it  in  the  $6,000,000 
levee  being  built  in  East  St.  Louis.  They 
say  the  contract  calls  for  clean,  unfrozen  earth. 
Isham  Randolph,  one  of  the  engineers  in 
charge  of  the  construction  of  the  Panama 
Canal  and  Geo.  M.  Wisner  of  Chicago  gave 
expert  testimony  that  sand  is  not  clean,  un- 
frozen earth.  The  case  hinges  on  the  defini- 
tion of  sand  since  the  district,  in  obtaining  a 
temporary  restraining  order  several  months 
ago.  alleged  the  construction  company,  in 
placing  the  sand  in  the  new  levee,  was  vio- 
lating a  clause  in  the  contract,  which  calls  for 
clean,  unfrozen  earth.  The  contract  was  orig- 
inally let  to  the  Illinois  Dredging  &  Construc- 
tion Co.  and  sublet  by  them  to  the  Kinser  Con- 
struction Co.,  who  is  actually  doing  the  work. 
The  construction  company  is  contending  that 
the  material  they  are  using  is  suitable  and  up 
to  requirements. 

A.  V.  Fetter  &  Co.  of  Quincy,  111.,  have 
subbed  a  contract  for  revetment  and  shore 
protection  work  on  the  Mississippi  River  near 
La  Grange,  Mo.,  from  the  J.  W.  McMurray 
Contracting  Co..  who  secured  two  of  these 
iobs  at  the  last  Government  letting  in  Rock 
Island,  111. 

Chas.  Nagel,  representing  .\.  V.  Fetter  & 
Co.,  was  here  last  week  buying  and  making 
preparations  to  begin  work  on  their  new  re- 
vetment job  near  La  Grange,  Mo.,  as  soon  as 
weather  permits  this  spring. 

Mrs.  Henrietta  Scherer,  515-Rutger  street, 
on  Jan.  15  filed  a  suit  in  the  Circuit  Court  for 
$7,500  damages  against  the  James  McMahon 
Construction  Company  and  the  Carter  Con- 
struction Company.  Mrs.  Scherer  alleges 
blasts  set  ofi'  in  excavation  work  for  the  Mill 
Creek  Valley  sewer  caused  the  plaster  to  fall 
off  the  walls  and  many  windows  of  her  home 
were  broken.  She  alleges  the  danger  was  so 
great  that  she  and  her  family  were  compelled 
to  move  out  of  the  home  and  go  to  live  on  Po- 
tomac street.  The  suit  is  the  third  filed  as  a 
result  of  the  sewer  work. 

I".  M.  Nichols  and  Dick  Kcaton  were  award- 
ed the  contract  for  furnishing  brush  to  the  J. 
W.  McMurray  Contracting  Co.,  which  will  be 
used  on  their  revetment  and  shore  protection 
work  on  the  .Mississippi  River  near  Graf- 
ton, 111. 

The  request  of  the  Terminal  Railroad  .-Vsso- 
ciation  for  permission  to  lay  tracks  across 
.•\tlantic  street  and  Scott  avenue,  west  of  the 
Compton  avenue  Viaduct,  was  referred  by  the 
Board  of  Public  Service  to  itself  as  a  com- 
nu'ltce  of  the  whole.  Director  of  Public  Utili- 
ties Hooke  was  instructed  to  confer  with  the 
Terminal  officials  to  ascertain  the  details  of 
their  plans  for  the  use  of  the  tracks  and  re- 
port next  week.  The  site  for  the  use  of  which 
the  permit  is  requested  is  part  of  the  Ranken 
tract,  on  which  the  Terminal  has  a  ninety- 
nine  year  lease.  .\tl;mtic  St.  and  Scott  Ave. 
are  platted  thoroughfares  that  have  not 
lieen  made.  The  Terminal  has  been  seeking 
to  use  the  tract  for  railroad  yards  for  about 
six  years.  A  bill  giving  it  permission  to  use 
the   entire   tract   was   defeated   in    the   House 
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of  Delegates  in  March,  1910,  after  a  fight  of 
more  than  six  months. 

At  a  meeting  attended  by  representatives  of 
the  Chicago,  Burlington  &  Quincy  Railroad, 
the  .-Mton,  Granite  &  St.  Louis  Traction  Com- 
pany, Highway  Commissioners  of  Wood  River 
Township  and  officers  of  the  Alton  Board  of 
Trade  in  Alton  on  Jan.  15,  tentative  arrange- 
ments for  the  overhead  crossing  of  the  street 
car  line  to  the  State  Insane  Hospital  site  was 
agreed  upon.  The  plans  will  be  sent  to  the 
Illinois  Utilities  Commission  for  approval. 
after  which  the  W'ork  of  extending  the  line 
will  be  taken  up. 

P.  J.  Hannon  &  Co.  opened  an  office  here  in 
Room  .520,  Boatmans  Bank  BIdg. 

J.  W.  McMurray  passed  through  St.  Louis 
the  other  day  on  his  way  to  New  Orleans, 
where  his  company  has  a  claim  against  the 
Frisco  R.  R.  Co.  for  some  work  done  several 
years  ago. 

The  East  St.  Louis  Board  of  Public  Im- 
provement passed  on  the  Kansas-Division 
Ave.  sewer  project  the  other  day.  The  planned 
sewer  will  extend  along  Kansas  and  Division 
Aves.  from  16th  to  Twenty-first  St.,  and  will 
empty  into  the  main  sewer  at  16th  St.  Its  cost 
will  be  $10,284.  The  hearing  on  the  supple- 
mental assessment  for  the  Exchange  Ave. 
sewer  between  First  and  Seventh  Sts.,  was 
postponed  until  Jan.  29.  The  original  estimate 
for  this  work  was  $23,000;  the  supplemental 
assessment  was  $.3,847.62. 

Major  W.  H.  Wells,  Chief  Engineer  of  Con- 
struction for  Southern  Railway,  arrived  in 
Cairo,  111.,  on  Tan.  11  to  purchase  about  40 
acres  of  ground  on  the  Illinois  Side  and  the 
same  amount  on  the  Kentucky  side  of  the 
Ohio  River.  As  soon  as  this  ground  is  pur- 
chased and  permission  obtained  from  the  Gov- 
ernment Engineers  the  Mobile  &  Ohio  R.  R. 
will  begin  the  construction  of  their  proposed 
$2,500,000  bridge  across  the  Ohio  River  at  that 
point. 

The  new  depot  built  by  the  Iron  Mountain 
R.  R.  Co.  at  Hot  Springs,  Ark.,  to  replace  the 
one  burned  over  a  year  ago,  was  completed 
last  week  at  a  cost  of  $22,000. 

The  Nashville,  Chattanooga  &  St.  Louis 
Railroad  is  going  to  reconstruct  its  lines  be- 
tween Huntsville  and  Gadsden,  Ala.  They  will 
also  build  several  miles  of  new  track  along  the 
Tennessee  River  between  Guntersville  and 
Hobbs  Island.  Ala.,  early  in  the  spring. 

Ransom  &  Cook,  Ottawa,  Kan.,  have  between 
15,000  and  20,000  yards  of  wheeler  work  on 
road  near  Merrian,  Johnson  County,  Kan.,  to 
sublet. 

Jim  Feren  has  his  outfit  at  work  on  the 
Burlington  R.  R.  near  Weston,  Mo. 

A.    B.    KOENIG. 


PERSONALS 

Mr.  Frederick  C.  Noble,  civil  engineer,  has 
opened  an  office  in  the  Hudson  Terminal 
building,  50  Church  street.  New  York  City, 
for  consulting  practice.  Mr.  Noble  is  a 
member  of  the  American  Society  of  Civil 
Engineers. 

Mr.  H.  M.  Nabstedt  has  opened  an  office  as 
civil  and  consulting  engineer  at  Cornelia,  Ga. 
;\lr.  Nabstedt  was  for  eight  years  in  the  em- 
ploy of  the  Ambursen  Companies  as.  engineer 
and  superintendent  of  construction.  Prior  to 
that  he  was  superintendent  of  public  works 
at  Stoneham,  Mass. 

Mr.  Carl  H.  Fuller,  who  has  been  for  a 
number  of  years  connected  with  the  Macon 
Railway  and  Light  Co.,  as  engineer  of  way 
and  buildings,  has  opened  an  office  as  con- 
sulting engineer  at  307-8  Woods  building, 
Evansville,  Ind.  Mr.  Fuller  is  an  associate 
member  of  the  American  Society  of  Civil 
Engineers,  and  has  had  a  varied  and  extensive 
experience  in  the  construction  and  operation 
of  steam  and  electric  railways,  shops,  ter- 
minals, bridges  and  heavy  construction  work- 
connected   with   such   projects. 

Mr.  Friend  P.  Williams  has  been  appointed 
division  engineer  of  the  Western  Division, 
Department  of  State  Engineer  and  Surveyor 
of  New  York.  This  division  covers  140  miles 
of  Barg:e  Canal  work,  as  well  as  special  ap- 
propriations for  river  improvement  work.  etc. 
His  headquarters  will  be  in  Rochester,  N.  Y. 


Mr.  Williams  was  for  five  years  on  construc- 
tion work  with  the  Pittsburgh,  Shawmut  & 
Northern  Railroad.  For  10  years  past  he  has 
been  resident  engineer  on  Barge  canal  con- 
struction with  headquarters  at  Mechanicsville. 

Mr.  Irwin  S.  Osborn,  consulting  engineer  of 
Toronto,  Ont.,  has  been  retained  by  the  com- 
missioners of  the  District  of  Columbia,  to 
make  an  investigation  and  report  on  refuse 
collection  and  disposal  for  the  city  of  Wash- 
ington, Mr.  Osborn  is  engineer  in  charge  of 
refuse  collection  and  disposal  for  the  depart- 
ment of  street  cleaning  of  Toronto,  and  is 
also  consulting  engineer  to  New  York  City  on 
garbage  disnosal.  He  has  had  wide  experience 
in  this  field,  having  been  chief  engineer  for 
the  Edson  Reduction  Machinery  Co.,  from 
1905  to  1907,  and  engineer  in  charge  of  refuse 
collection  and  disposal  at  Columbus,  Ohio, 
from  1908  to  1912.  During  the  latter  period 
he  designed  and  installed  the  system  now  in 
effect  in  Columbus.  In  1912  he  was  called 
upon  by  the  city  of  Philadelphia  to  investigate 
and  report  on  the  possibilities  in  that  city, 
and  in  1914  was  employed  in  a  similar  capacity 
by  the  city  of  Chicago.  He  has  also  been  re- 
tained as  consulting  engineer  by  various  com- 
panies interested  in  refuse  work. 

Mr.  E.  Ben  Carter  has  been  appointed  to 
the  position  of  chief  engineer  for  the  Florida 
East  Coast  Railway,  with  headquarters  at  St. 
Augustine,  Fla.  Prior  to  entering  the  service 
of  that  railway  in  1892  Mr.  Carter  was  en- 
gaged in  miscellaneous  survey  and  construc- 
tion work  in  the  middle  western  states  for 
ten  years,  and  from  1881  to  1886  he  was 
locating  and  construction  engineer  of  the 
Jacksonville,  Tampa  &  Key  West  Railway  in 
Florida,  now  part  of  the  Atlantic  Coast  Line 
Railway,  Between  1886  and  1892  he  was  en- 
gaged in  miscellaneous  engineering  work  in 
Florida.  His  first  position  with  the  Florida 
East  Coast  Railway  was  that  of  division  en- 
gineer on  construction  which  he  held  for  two 
years.  He  was  then  appointed  engineer 
and  general  roadmaster,  which  he  re- 
mained until  1909.  Since  that  time  he  has 
been  superintendent  of  maintenance  of  way. 
Mr,  Carter  has  been  practically  chief  engineer 
of  the  road  since  1894,  and  upon  his  receiving 
the  title  on  Jan.  1,  his  former  position  was 
abolished. 

Mr.  W.  W.  Marr,  wdiose  appointment  by 
Governor  Dunne  as  Chief  State  Highway 
Engineer  of  Illinois  was  noted  in  a  recent 
issue,  is  an  engineer  of  wide  experience  in 
highway  construction  and  maintenance  and 
street  paving  work.  He  is  a  native  of  Chicago, 
born  in  1876.  He  acquired  his  technical  edu- 
cation at  Notre  Dame  LTniversity,  receiving  his 
civil  engineering  degree  in  1896.  For  nine 
years  Mr.  Marr  was  in  charge  of  the  con- 
struction of  pavements  and  highways  in  Chi- 
cago and  Cook  county,  and  as  division  engi- 
neer on  the  west  side  of  Chicago  under  the 
Board  of  Local  Improvements  he  had  charge 
of  work  amounting  to  more  than  $5,000,000. 
In  1010  with  Mr.  P.  E.  Green  of  Chicago,  Mr. 
Marr  formed  the  Aetna  Engineering  Bureau, 
consulting  civil  and  sanitary  engineers  of  17 
S.  La  Salle  street.  That  firm  at  present  is 
acting  as  consulting  engineer  to  a  score  of 
cities  in  the  middle  west.  Mr.  Marr  is  a 
member  of  the  American  Society  of  Civil  En- 
gineers and  of  the  Illinois  Society  of  Engi- 
neers and  Surveyors. 

Mr.  Henry  Welles  Durham  has  resigned  as 
Chief  Engineer  of  Highwaj's,  Borough  of 
Manhattan,  New  York  City,  and  will  leave 
that  position  on  Feb.  1.  Mr.  Durham  has 
been  in  charge  of  the  bureau  for  the  past 
three  years,  during  which  period  he  has  direct- 
ed the  repaving  of  about  25  per  cent  of  the 
total  area  of  streets  in  the  Borough.  Thi^ 
work  has  cost  about  $7,000,000,  In  addition 
about  $1,000,000  per  year  has  been  spent  in 
work  under  Mr.  Durham's  direction.  In  1913 
he  was  designated  by  the  late  Mayor  Gaynor 
to  represent  the  city  at  the  International  Road 
Congress  and  make  a  study  of  European  pave- 
ment. The  report  on  this  is  now  being  pub- 
lished in  book  form.  Mr.  Durham  was  grad- 
uated from  the  School  of  Mines  of  Columbia 
University  in  1895  as  civil  engineer.  Subse- 
quently he  was  on  preliminary  surveys  for  the 


New  York  Subway,  for  the  U.  S.  Geological 
Survey,  and  for  the  Nicaragua  Canal.  From' 
1900  to  1904  he  v;as  assistant  engineer  in 
charge  of  subway  construction  in  New  York 
City ;  1904  to  1907  he  was  resident  engineer 
in  charge  of  design  and  construction  of  Pan- 
ama water  supply,  sewers,  street  paving  and 
roads  for  the  Isthmian  Canal  Commission; 
1907  to  1912  he  was  resident  engineer  in 
charge  of  preliminary  surveys,  design  and  con- 
struction of  the  Cape  Cod  Canal. 

Prof.  Charles  M.  Spofford,  head  of  the 
department  of  civil  and  sanitary  engineering 
at  the  Massachusetts  Institute  of  Technology, 
has  been  appointed  expert  adviser  for  the  city 
of  Cambridge,  Mass.  Prof.  Spofford  is  a 
graduate  of  the  Institute  and  has  been  con- 
nected with  the  civil  engineering  staff  sinci- 
1896,  with  the  exception  of  four  years.  1905  tn 
1909,  when  he  was  professor  of  civil  engineer- 
ing at  tlie  Brooklyn  Polytechnic  Institute 
For  the  past  six  years  he  has  been  Hayward 
professor  at  the  Institute,  and  since  1912  ha- 
been  in  full  charge  of  the  department  of  civil 
and  sanitary  engineering.  Prof,  Spoft'ord  ha- 
also  had  a  wide  experience  in  practical  anc' 
consulting  engineering  work,  having  been 
connected  with  the  engineering  staffs  of 
the  Phoenix  Bridge  Co.,  and  the  city  of 
Boston  on  special  bridge  designing  work.  He 
has  been  engaged  as  consulting  engineer, 
largely  on  bridge  work,  by  the  cities  of  New 
York,  Cambridge,  New  Bedford,  Nashua. 
Boston  and  various  smaller  communities  and 
has  also  been  engaged  upon  many  miscella- 
neous engineering  projects.  He  is  a  member 
of  the  consulting  engineering  firm  of  Fay. 
Spofford  &  Thorndike,  308  Boylston  street. 
Boston,  which  was  established  in  July.  last. 
Prof.  Spoft'ord  is  the  author  of  numerous  ar- 
ticles appearing  in  the  technical  press  and  of  a 
text  book  on  structural  engineering.  He  is  a 
member  of  the  American  Society  of  Civil  En- 
gineers, the  Boston  Society  of  Civil  Engineers, 
the  Brooklyn  Engineers'  Club,  and  the  New 
England  Water  Works  Association. 

CONTRACTORS. 

]\Ir,  Lester  F.  Alexander,  834  Audubon  Bldg., 
New  Orleans,  La.,  who  was  recently  awarded 
a  contract  for  furnishing  and  placing  riprap 
in  the  jetties  at  Southwest  Pass,  Mississippi 
River,  has  had  an  extended  experience  in  worl 
for  the  Federal  Government.  He  has  con- 
structed about  $100,000  worth  of  buildings  and 
and  pile  driving  at  Southwest  Pass  for  the 
U.  S.  Engineers,  and  about  the  same  amount 
of  buildings  and  wharves  for  the  New  Orlean- 
quarantine  station  at  the  mouth  of  the  Mis- 
sissippi River.  He  also  has  done  some  pilt 
driving  work  for  the  Quartermaster's  Depart- 
ment at  Fort  St,  Philip,  La.  He  constructed 
the  lock  in  the  InterlCoastal  Canal  at  Schoon- 
er Bayou,  La.,  drove  5,300  lin.  ft.  of  the  first 
experimental  dovetail  sheet  piling  in  the  levee 
at  Hard  Times  Landing  for  Major  C.  C,  Sher- 
rill,  U.  S,  Engineer,  and  has  furnished  about 
100,000  tons  of  stone  to  the  4th  District  Mis- 
sissippi River  Commission  at  New  Orlean-, 
and  Vicksburg,  Miss,  He  also  has  carried  out 
various  other  work,  including  the  insulation  of 
the  U.  S.  A.  T.  McClellan  for  a  refrigerator 
ship  for  transporting  fresh  beef  to  the  troop^ 
at  Vera  Cruz,  His  present  contract  amount.' 
to  about  $310,000  and  calls  for  the  fur- 
nishing and  placing  of  70,000  tons  of  rip- 
rap. This  is  divided  into  three  contracts,  of 
which  two  of  them,  aggregating  one-half  the 
total,  will  be  completed  this  month.  Mr,  .Alex- 
ander was  with  the  corps  of  Engineers,  U.  S. 
Army,  for  10  years  on  river  and  harbor  work 
in  Havana,  Cuba,  and  Louisiana.  He  was 
superinteendent  for  Christie  &  Lowe,  General 
Contractors,  for  one  year.  He  has  been  in  the 
contracting  business  for  himself  for  the  past 
five  years.  .A.ssociated  with  him  is  Mr.  J.  L. 
Dickey,  who  for  12  years  was  engaged  on  river 
and  harbor  work  in  Louisiana  for  the  Gov- 
ernment, 


Civil  Service  News. 

The  U.  S.  Civil  Service  Commission  an- 
nounces an  examination  for  the  position  of 
aeronautical  mechanical  engineer,  $2,400  per 
annum.  Feb.  10, 
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Will  the  War  Cause  Scarcity  of  Invest- 
ment Capital  and  Depression? 

Much  is  said  by  "economists"  as  to  the 
vast  destruction  of  capital  now  in  progress 
and  the  subsequent  ill  effects  to  be  experi- 
enced in  the  financial  world.  Capital  is  ot 
many  kinds  and  variously  located.  Most  of 
it  is  not  easily  destroyed,  even  in  a  war  area. 
Money  is  not  destroyed  by  war,  although  it 
may  leave  its  accustomed  haunts.  Crops  may 
vanish  in  some  places,  but  the  soil  and  its 
most  expensive  improvements  remain  even  in 
the  very  wake  of  wars.  Railway  tracks  may 
be  torn  up,  but  roadbeds  and  rights  of  way — 
by  far  the  most  e.xpensive  parts  of  a  modern 
.transportation  system — remain.  Roads  and 
bridges  suffer,  but  even  in  the  very  course  of 
war  must  be  maintained.  Many  factories 
close,  but  relatively  few  are  destroyed.  All 
this  in  the  paths  of  battles,  in  the  compara- 
tively small  areas  of  conflict.  Turn  to  a  map 
of  Europe  and  note  how  insignificant  an  area 
of  the  warring  countries  has  been  scarred. 
Clearly,  then,  the  destruction  of  the  instru- 
ments of  production — the  "working  capital"  of 
these  stricken  countries — is  an  almost  negligi- 
ble part  of  the  vast  total.  What  war  does  de- 
stroy is  lives,  credit  and  business  confidence; 
and  of  these  only  the  first  mentioned  is  a  last- 
ing loss.  But  even  the  lost  lives  of  producers 
bave  a  minor  effect  on  subsequent  industrial 
revival,  for  so  long  as  men  enough  remain  to 
man  the  industrial  ship  there  need  be  no 
fear  of  general  disaster  or  even  general  dis- 
comfort. 

Writers  on  economics  commonly  speak  of 
the  current  expenses  of  war  as  "destruction  of 
capital,"  when  the  fact  is  that  nearly  all  such 
expenses  mean  merely  the  diversion  of  human 
energy  from  peaceful  pursuits  to  strife.  To 
simplify  the  economic  problem  of  war  let 
■us  conceive  a  tribe  of  Indians  living  peace- 
fully, some  of  the  tribe  idle,  others  engaged  in 
making  ornaments  and  implements,  others  in 
hunting,  others  in  tanning  skins,  weaving,  etc. 
Let  war  be  declared  between  this  tribe  and 
another.  Immediately  there  follow  many 
changes  of  occupation.  Less  of  ornament, 
less  of  clothing,  less  of  certain  food  delica- 
cies, less  perhaps  of  needed  food  will  be 
secured.  More  of  bows,  of  arrows  and  of 
spears  will  be  provided.  At  the  close  of  the 
war  the  tribe  will  return  to  its  accustomed  oc- 
cupations, its  fields  of  chase  and  to  the  use  of 
its  skilled  fingers  and  renturj'-old  knowledge, 
little  altered  by  the  conflict. 

Complex  systems  of  credit  and  instruments 
of  modern  production  obscure  the  financial  ef- 
fects of  war,  and  make  temporary  losses  seem 
permanent  or  of   long  duration.     The   money 
spent  for  gun-powder  would  have  been  spent, 
I  let  us  say,  for  fine  clothes.     The  iron  that  goes 
into    shrapnel    would    have    gone    into    plov/ 
,   shares.      The    war,    in    a    word,    has    diverted 
■  production  and  has  stopped  progress,  but  the 
'   stoppage  will  scarcely  last  beyond  the  end  of 
,  the  war  even  in  the  warring  countries. 

"Yes,"  says  the  credit-broker,  "but  consider 
I  the  vast  war  debts  incurred  by  governments. 
I  Taxes  will  drain  the  gold  of  the  producers  for 
generations  to  follow."  Here  again  is  entire 
misconception  of  the  after  effects  of  war.  A 
government  debt  is  an  obligation  to  pay.  A 
tax  is  the  means  used  to  meet  the  obligation. 
But  since  both  the  creditors  and  those  who 
pay  the  taxes  are  one  and  the  same  people — 
the  citizens — it  follows  that  no  money  capital 
is  taken  away  from  a  nation  that  finances  its 
war  with  money  borrowed  from  its  own  peo- 
ple. For  the  most  part,  all  long,  severe  wars 
are  thus  financed  of  necessity.     There  will  be 


as  great  a  per  capita  circulation  of  gold  in 
France  after  the  war  as  before.  So,  too,  in 
Fngland,  Germany  and  Russia.  War  taxes 
will  be  paid  every  year,  and  as  fast  as  paid 
the  money  will  return  to  those  who  originally 
loaned  it.  By  them  it  will  be  reinvested. 
Whence  comes  the  fear  that  money  will  be 
scarce  after  the  war? 

If  we  turn  to  the  great  American  war,  now 
half  a  century  ended,  do  we  find  scarcity  of 
money  seeking  investment  at  its  close?  Quite 
the  contrary.  In  eight  years  following  the  end 
of  the  civil  war,  railway  building  and  other 
financiering  had  proceeded  at  such  a  pace  that 
a  great  panic  occurred.  The  panic  of  187-3, 
like  the  panic  of  1893,  was  due  largely  to  ex- 
cessive promotion  of  industrial  enterprises — 
to  "over  production."  A  poor  monetary  sys- 
tem served  to  aggravate  the  ill  effects  of  this 
"over  production,"  but  even  the  best  of  mone- 
tary systems  could  not  have  prevented  hard 
times  from  "over  production." 

The  psychological  effect  of  a  long  war  is 
not  unlike  that  of  a  long  winter.  Peace,  by 
its  contrast,  makes  for  a  rebound  of  spirits, 
such  as  one  feels  in  the  spring  of- the  year. 
Business  men  crave  exercise  of  their  talents, 
and  the  longer  they  have  been  compelled  to 
hibernate  the  keener  the  desire  to  exercise 
when  the  storms  are  gone.  So,  too,  the  in- 
vestor. And  labor,  having  tasted  the  dregs  of 
idleness,  also  rebels  at  further  taste  of  it.  So, 
when  a  long  war  ends,  the  industrial  trium- 
verate — manager,  investor  and  employe — is  at 
one  in  eagerness  to  work.  Post-bellum  days 
are  days  of  industrial  activity. 


Duration  of   Mixing   and   Strength   of 
Concrete. 

Practically  all  of  our  progress  in  the  use 
of  reinforced  concrete  has  been  the  direct  re- 
sult of  experimentation,  much  of  which  has 
been  done  by  those  in  charge  of  our  engin- 
eering schools.  Elaborate  and  carefully  con- 
ducted experiments  have  been  made  to  de- 
termine the  strength  of  plain  and  reinforced 
concrete  and  the  effect  of  changing  the  pro- 
portions of  the  ingredients  in  concrete.  A 
lesser  number  of  tests  have  been  made  of, 
and  considerably  less  thought  has  been  given 
to,  the  qualitv  of  the  aggregates  themselves. 
One  factor — duration  of  mixing — an  exceed- 
ingly important  one — has  received  practically 
no  consideration  by  those  in  charge  of  ex- 
perimental work.  This  is  not  at  all  strange 
when  one  considers  that  the  human  element 
practically  always  is  the  last  to  be  considered. 
Although  engineers  and  contractors  have  long 
believed  that  "duration  of  mixing"  was  an 
important  factor,  the  economic  necessity  of 
large  production  has  precluded  adequate  con- 
sideration of  this  factor.  It  is  undoubtedly 
true  that  few,  if  any,  manufacturers  of  con- 
crete mixers  have  considered  the  subject  to 
be  of  sufficient  importance  to  warrant  their 
making  a  comprehensive  series  of  experiments 
to  determine  the  speed  and  number  of  turns 
which  would  produce  a  concrete  of  maximum 
strength — they  can,  however,  tell  you  the  rated 
maximum  capacity  of  their  mixers. 

It  will  at  once  be  conceded  that  all  parts  of 
a  concrete  structure  do  not  require  concrete 
of  uniform  strength.  Ma.ximum  unit  strength 
is  not  so  important  in  heavy  foundation  work 
where  the  form  cost  is  often  relatively  small 
as  it  is  in  reinforced  concrete  columns,  in 
beams,  or  in  slabs,  for  which  the  cost  of  the 
forms  is  relatively  high  and  the  members 
must  necessarily  be  as  small  as  practicable. 
The  usual  method  of  securing  high  strength 
has  been   to   make  a   rich  concrete   mixture — 
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possibly  equally  good  results  in  many  cases 
could  be  obtained  by  proper  duration  of 
mixing. 

In  this  issue  we  are  publishing  an  incom- 
plete series  of  tests,  the  sole  object  of  which 
is  to  determine  the  effect  of  duration  of  mix- 
ing on  the  strength  of  concrete.  '  Although 
it  would  be  useless  to  attempt  to  draw  definite 
conclusions  from  the  tests  reported,  the  re- 
sults are,  nevertheless,  interesting  and  in- 
structive. In  these  tests  only  one  type  of 
mixer — a  small  one  at  that — was  used,  al- 
though the  concrete  proportions  and  the  mix- 
ing conditions  were  varied  considerably.  The 
seven  series  of  tests  reported  show  a  range 
of  from  27  to  over  50  per  cent  increase  in 
strength  for  10  or  18  minutes  duration  of 
mixing  over  that  given  by  H  or  1  minute 
mj.xing.  Between  certain  limits  (in  this  case 
between  10  and  18  minutes)  the  effect  of  mix- 
ing on  the  strength  of  the  concrete  <vas  slight ; 
for  both  shorter  and  longer  periods,  however, 
there  was  a  decided  decrease  in  strength,  the 
latter  possibly  being  due  to  initial  set  in  the 
concrete. 

Too  much  credence  should  not  be  given  to 
the  results,  expressed  numerically,  of  these 
tests  as  it  will  at  once  be  realized  that  the 
speed  of  the  mixer  and  its  construction  are 
important  factors.  The  tests  do,  however, 
indicate  that  it  is  possible  to  determine,  for 
each  type  of  mixer,  the  duration  of  mixing 
which  will  give  concrete  of  maximum  strength, 
for  a  concrete  of  stated  proportions  and  ma- 
terials. We  realize  that  there  is  an  economic 
necessity,  under  certain  conditions,  for  high 
production,  but  we  also  believe  that  high  pro- 
duction is  not  the  only  essential  element.  It 
is  hoped  that  the  need  of  exhaustive  data  on 
this  subject  will  be  met  by  manufacturers  and 
by  those  in  charge  of  our  e.xperiment  stations. 


What  Is  the  Truth  About  the  Los  An- 
geles Aqueduct? 

From  the  beginning  of  construction  the 
Los  Angeles  Aqueduct  has  been  a  target  for 
criticism.  This  is  a  danger  risked  by  every 
great  engineering  work,  but  in  respect  to  the 
Los  Angeles  Aqueduct  work  experience  re- 
cords a  variation  from  the  normal.  The  most 
severe  criticism  urged  has  been  directed 
against  the  engineering  of  the  project.  Also 
the  virulence  of  the  criticism  has  not  decreased 
with  the  virtual  completion  of  the  engineer- 
ing work.  Engineering  society  proceedings 
and  engineering  journals  have  within  a  few 
weeks  published  specific  signed  attacks  on  the 
engineering  of  Los  Angeles'  costly  work  for 
improved  water  supply.  Denial  has  been  made 
of  all  charges,  but  they  still  persist  and  they 
are  doing  damage  to  engineering.  The  con- 
ditions may  perhaps  best  be  indicated  by  a 
summary,  chiefly  from  recollection,  of  the 
criticisms   most    frequently   repeated : 

Cement  manufactured  at  the  municipally 
owned  cement  plant  has  cost  between  $2.75 
and  $2.8.5  per  barrel  at  the  mill.  The  city 
could  have  purchased  first-class  cement  on 
the  market  at  less  than  half  these  prices.  It 
was  represented  to  the  people  of  Los  Angeles 
that  cement  could  be  made  at  the  plant  for 
$1  per  barrel  and  this  fiction  is  still  believed 
by  many.  Not  only  has  the  cost  of  this 
cement  been  high,  but  its  quality  is  inferior. 
The  defective  concrete  resulting  from  the 
use  of  this  cement  of  inferior  quality  will 
eventually  cost  the  city  several  millions  of 
dollars  more  than  had  good  commercial 
cement  been  utilized  in  the  first  place.  Cater- 
pillar traction  engines  were  purchased  {or 
liauling  freight  with  the  result  that  the  cost 
of  hauling  was  nearly  doubled.     After  a  few 
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months  these  engines  were  "junked"  with  a 
net  loss  to  the  city  of  several  hundred  thou- 
sand dollars.  The  construction  of  the  Sand 
Canyon  Syphon  is  called  an  unwarranted  en- 
gineering experiment.  There  was  a  Califor- 
nia precedent  to  show  tlie  impracticability  of 
constructing  a  concrete  lined  pressure  tunnel 
through  the  frail  rock  traversed.  The  con- 
crete lining  should  have  had  an  inner  lining 
of  steel.  The  Haiwee  reservoir  is  called  "one 
of  the  most  stupendous  ■  failures."  It  has 
failed  to  hold  water  and  extensive  work  has 
been  carried  on  to  stop  the  leaks  for  more 
than  a  year  past,  but  without  success.  No 
sanitary  investigations  of  the  water  were 
made,  but  the  city  rushed  into  the  project 
without  knowing  the  quality  of  the  proposed 
water  supply.  It  was  stated  that  pure  moun- 
tain snow  water  would  be  obtained.  Now  it 
develops  that  the  intake  of  the  aqueduct  is  lo- 
cated below  the  inhabited  portion  of  the 
Owens  valley;  that  over  40,000  acres  of  irri- 
gated land  returns  its  seepage  to  the  river 
above  the  intake  and  that  numerous  towns. 
of  considerable  size,  such  as  Bishop,  Big  Pine 
and  Independence,  are  located  so  as  to  drain 
into  the  river  and  aqueduct.  It  was  not  dif- 
ficult to  deceive  the  public  in  regard  to  the 
kind  of  water  available  from  the  aqueduct,  by 
reason  of  the  great  distance  to  the  source  of 
supply,  and  the  fact  that  pure  water  could 
have  been  obtained ;  had  the  aqueduct  been 
diverted  from  the  tributaries  of  the  river 
along  the  foothills,  instead  of  from  the  main 
river  in  the  Owens  Valley  after  this  has 
served  as  the  outfall  sewer  of  a  populous 
section.  Certain  newspaper  owners  and  their 
associates,  who  wish  to  profit  by  obtaining 
water  for  large  areas  of  dry  land  in  the  San 
Fernando  Valley,  created  the  public  senti- 
ment for  this  project  and  caused  it  to  be 
placed  in  the  hands  of  incompetent  men  who 
would  do  their  bidding.  The  water  is  lit  only 
for  irrigation  and  not  for  domestic  consump- 
tion. The  construction  work  is  characterized 
as  "tissue  paper  construction  work."  Finally 
one  of  the  most  pertinent  examples  of  inef- 
ficiency is  that,  after  the  city  brought  to  its 
doors  the  aqueduct  water  at  a  cost  of  $25,- 
000,000  to  $40,000,000,  there  is  now  no  dis- 
tributing system,  and  the  citv  is  carrving  a 
charge  of  $1,500,000  to  $2,000,000  annually,  be- 
cause no  plans  for  distribution  were  made. 

Tbe  hasty  reader  is  reminded  that  the  quoted 
charges  are  not  endorsed  by  the  editors  of  this 
journal.  Upon  the  truth  and  justice  of  these 
charges  we  take  no  stand — the  evidence  does 
not  warrant  final  judgment.  One  fact  persists, 
which  is  that  a  great  and  widely  advertised 
engineering  work  is  being  knocked  about  in  a 
manner  detrimental  to  the  interests  of  engi- 
neering. If  these  charges  are  true  they  spring 
from  a  condition  which  will  tend  to  discredit 
all  large  municipal  engineering  enterprises  in 
the  West.  The  cities  of  the  coast  cannot  af- 
ford to  have  such  a  great  constructive  work 
unjustly  discredited  in  a  sister  city,  nor  can 
the  engineers  of  the  country  remain  indif- 
ferent to  such  severe  charges  against  mem- 
bers   of    the    profession.      The    full    truth   re- 


garding the  Los  Angeles  Aqueduct  as  a  mu- 
nicipal enterprise  and  as  an  engineering  work 
should  be  established.  We  therefore  urge 
that  a  commission  of  engineers  be  appointed 
to  establish  once .  and  for  all  the  truth  or 
falsity  of  such  charges.  If  the  City  Council 
does  not  act  in  this  matter  we  think  the  en- 
gineering societies  of  the  country  should  in- 
terest themselves  in  making  or  in  having 
made  such  an  investigation  as  we  suggest. 


Practical  Politics  and  State  Highway 

Commissions:  Governor  Whitman's 

Message  to  the  New  York 

Legislature. 

The  creation  of  a  commission  of  three  men 
appointed  by  the  governor  with  the  consent 
of  the  state  senate  to  supervise  road  construc- 
tion work  in  New  York  is  recommended  by 
Governor  Whitman  in  his  first  message  to  the 
Legislature.  The  first  three  commissioners  are 
to  be  appointed  for  terms  of  two,  four  and 
six  years  respectively,  the  full  term  thereafter 
to  be  six  years.  It  is  further  recommended 
that  not  more  than  two  members  shall  be  of 
the  same  political  party  and  that  one  of  the 
commissioners  shall  be  an  engineer.  A  bill 
embodying  these  recommendations  has  been 
introduced   in   the   legislature. 

Governor  Whitman  bases  his  recommenda- 
tions upon  a  study  of  the  history  of  the  New 
York  State  Highway  Department  and  a  frank 
admission  as  to  the  necessity  of  considering 
politics  in  the  administration  of  state  road- 
work.  Summarizing  the  history  of  the  com- 
mission he  states  that  it  started  under  the 
supervision'  of  the  state  engineer  and  surveyor. 
Under  the  administration  of  Governor  Hughes 
a  commission  similar  to  the  one  recommended 
was  appointed.  This  commission  accom- 
plished much  work  of  a  pioneer  nature  and 
developed  an  efficient  corps  of  trained  engi- 
neers. With  the  following  change  in  adminis- 
tration the  personnel  of  the  commission  was 
modified  in  order  to  secure  control  of  the 
large  force  of  employees  and  to  develop  a 
partisan  machine.  Scandal  resulting  from  this 
change  brought  about  the  appointment  of  a 
single  commissioner  but  had  no  effect  on  the 
use  of  the  department   for  political  purposes. 

The  governor  believes  that  by  appointing 
commissioners  with  overlapping  terms  of  of- 
fice the  political  party  in  power  would  have 
the  opportunity  of  placing  a  representative  on 
the  commission  but  would  not  be  able  to 
change  the  entire  personnel  of  the  working 
force.  He  believes  the  administration  of  the 
state  road  department  is  a  business  enterprise 
that  is  susceptible  to  economical  management 
if  its  use  as  a  political  machine  is  abandoned. 
That  with  the  large  number  of  men  employed 
under  one  central  management  the  temptation 
to  further  political  ends  by  securing  control 
of  the  management  is  great,  and  that  this  dan- 
ger must  be  recognized  and  guarded  against. 

That  the  governor's  recommendation  is 
theoretically  a  good  one  needs  no  comment. 
The  experience  of  New  York  has  been  of 
profit    to    other    states    in    working    out    their 


plans  for  the  supervision  of  highway  work. 
In  Ohio,  Wisconsin,  Illinois,  Michigan,  Iowa 
and  Kentucky  the  employment  of  large  num- 
bers of  men  under  one  management  has  been 
avoided  by  the  development  of  the  county 
engineer  system  of  supervision  of  road  con- 
struction and  maintenance  under  the  general 
supervision  of  a  small  but  efficient  state  or- 
ganization. The  absence  of  any  effect  of 
politics  upon  the  economy  of  construction' 
work  actually  accomplished  in  the  states  named  ' 
is  noteworthy. 

The  Importance  of  Full  Knowledge  of 
Water  Distribution  Systems. 

Tlie  failure  of  the  average  American  city', 
to  keep  accurate  records  relating  to  the  phys- 
ical features  of  water  distribution  systems  is 
most  conspicuous.  This  failure  while  prob- 
ably more  common  to  the  smaller  cities  is  also 
the  rule  rather  than  the  exception,  in  cities  of 
the  first  and  second  magnitudes.  Thus  the 
city  of  Philadelphia  is  now  engaged  in  the 
relocation  and  mapping  of  the  uncharted  por- 
tions of  its  water  distribution  system.  An 
article  in  the  water  works  section  of  this  issue 
describes  the  procedure  being  employed  and 
formulates  general  principles  to  govern  the 
making  of  such  investigations  and  the  record- 
ing of  the  data  collected. 

It  may  be  surprising  to  some  to  learn  that 
in  a  city  the  size  of  Philadelphia  "mind" 
records  have  so  long  been  employed  to  piece 
out  the  incomplete  records  in  black  and  white. 
We  venture  the  opinion  that  the  same  state  of 
affairs  is  practically  universal.  That  it  should 
not  be  so  all  progressive  water  superintendents 
will  admit. 

The  importance  of  providing  adequate 
records  capable  of  but  one  interpretation  by 
any  properly  qualified  individual  cannot  be  dis- 
puted. Water  superintendents  who  aspire  to 
efficient  management  should  make  the  prepara- 
tion of  such  records  one  of  their  first  con- 
cerns ;  it  is  logically  the  first  step  in  good 
management.  Not  only  are  records  held  in 
the  minds  of  old  employes  likely  to  be  faulty 
but  they  give  the  services  of  such  employes 
an  artificial  and  fictitious  value.  In  many 
water  departments  men  are  retained  on  the 
payroll  because  of  their  supposed  knowledge 
of  the  unrecorded  portions  of  the  distribution 
system.  Thus  a  premium  is  put  on  the  re- 
tention by  an  individual  of  knowdedge  which 
should  be  public  property.  Many  water  su- 
perintendents, of  purely  political  origin,  con- 
sider themselves  expert  in  water  works  man- 
agement after  they  have  gained,  from  covert 
peeps  into  these  "mind"  records,  a  fairly  ac- 
curate knowledge  of  the  location  and  function 
of  the  various  pipe  lines,  valves  and  other  ap- 
purtenances. The  truth  is,  of  course,  that  the 
elemental  knowledge  thus  laboriously  extracted 
should  be  at  once  available  in  the  form  of 
properly  prepared  records  to  the  new  man  tak- 
ing charge  of  the  department.  He  would  then 
be  free  to  consider  improvements,  with  an  ac- 
curate knowledge  of  existing  works  as  a 
starting  point. 
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Irrigation    by    Pumping    at    Del    Rio, 

Texas— Detailed  Description  of  Plant 

With  Special  Reference  to  Design 

and    Operation    of    First    Large 

American    Humphrey    Gas 

Explosion  Pump. 

In  reporting  upon  the  project  to  irrigate 
certain  lands  in  Texas,  owned  by  the  G.  Bedell 
Moore  Estate,  extending  along  the  Rio  Grande 
from  Del  Rio  to  within  ten  miles  of  Eagle 
Pass,  the  consulting  engineer,  Mr.  Alexander 
Potter  of  New  York  City,  had  to  decide  be- 
tween a  gravity  system  involving  the  con- 
struction of  a  supply  canal  some  sixteen  miles 
long  to  water  about  12,000  acres  of  land,  and 


a  pumping  project  to  irrigate  at  once  about 
6,700  acres  and  to  be  extended  to  meet  the 
needs  of  the  Estate.  The  present  article  con- 
siders the  economic  aspects  of  the  two  pro- 
jects and  relates  in  detail  to  the  second  pro- 
ject which  was  the  one  adopted.  The  article 
also  describes  in  detail  the  (36  in.  Humphrey 
gas  pump  designed  for  this  service  which 
is  the  first  large  American  Humphrey  pump  to 
be  constructed.  Our  information  is  from  the 
plans  and  report  prepared  by  Mr.  Potter  and 
from  descriptive  matter  and  photographs  sup- 
plied by  Mr.  C.  C.  Trump  of  the  Humphrey 
Gas  Pump  Co.  of  Syracuse,  N.  Y. 

The  tentative  plans  and  report  prepared  by 
Whiteaker  &  Washington,  of  San  Antonio, 
•Texas,  showed  that  the  supply  canal  of  the 
gravity  project  could  be  constructed  for  about 


$300,000,  and  that  the  annual  expense  for 
fixed  charges,  maintenance  and  operation 
would  be  in  the  neighborhood  of  $40,000  irre- 
spective of  the  use  made  of  the  canal.  On 
the  other  hand,  it  has  been  found  that  the 
pumping  project  as  outlined  in  Mr.  Potter's 
report  can  be  built  for  $60,000  and  will  entail 
an  annual  expense  for  fixed  charges  and  de- 
preciation, of  $6,000,  and  for  maintenance  and 
operation,  based  on  pumping  yearly  20,10O 
acre-feet,  sufficient  to  cover  the  tract  to  be  ir- 
rigated to  a  depth  of  3  ft.,  $7,700.  As  the 
pumping  project  appears  so  much  more  at- 
tractive financially  than  the  gravity  project, 
the  engineer  recommended  its  adoption. 

TYPES  OF  PUMPING  INST.AIXATIONS   INVESTIGATED. 

To  perform  the  work  of  pumping,  two  prin- 
cipal   types    of    installation    were    considered ; 
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namely,  centrifugal  pumps  driven  by  internal 
combustion  engines,  and  a  Humphrey  gas 
pump.  The  decfsion  of  the  type  to  be  used 
was  influenced  to  a  very  great  extent  by  the 
l<ind  of  fuel  that  can  be  obtained  at  the  pump- 
ing station.  As  the  intake  for  the  pumping 
station  is  located  15  miles  by  road  from  Del 
Rio.  the  nearest  railroad  station,  the  transpor- 
tation of  fuel  is  an  important  factor.  It  has 
been  found  that  Eagle  Pass  bituminous  coal 
can  be  delivered  at  the  site  for  about  $4  per 
ton  and  that  fuel  oil  will  cost  in  the  neighbor- 
hood of  $2  per  barrel.  .\s  much  of  the  land 
to  be  irrigated  is  covered  with  mesquite  wood 
and  will  have  to  be  cleared,  the  use  of  this 
mesquite  wood  for  fuel  makes  a  rather  at- 
tractive proposition  and  the  possibility  of  its 
use  as  a  fuel  was  investigated  with  satisfac- 
tor}'  results. 

Table  I  is  a  comparative  statement  of  the 
fuel  consumption  of  the  various  economical 
types  of  pumping  engines  investigated. 


TABLE  I.— COMPARATIVE  STATEMENT  OP 
FUEL  CONSUMPTION  OF  THE  VARIOUS 
ECONOMICAL  TYPES  OF  PUMPING  EN- 
GINES INVESTIGATED. 

< Capacity  of  Plant,  87  cu.  ft.  per  sec:  lift.  37  ft.) 

I  .  '-" 

IDJ3  — 

Type    of   installa-  oj,  g*j 

tion.  '  .  _  ■" 

El,  .ftS  fcdC 

Hump  h  r  e  y    gas 

pump    Wood.  S.S3  cords     $0,100 

Hump  h  r  e  y    gas 

pump    Bitum.  coal.      4.80  tons         0.1-i.j 

Centrifugal    pump 

and  Diesel  en- 
gine     Fuel  oil.  14.00  bbls.         0.211 

Centrifugal   pump 

and   gas   engine 

o  p  e  r  a  te  d    on 

producer  gas... Wood.  11.33  cords       0.12S 

Centrifugal   pump 

and    gas   engine 

o  p  e  r  a  te  d    on 

producer  gas. ..  Bitum.  coal.     6.13  tons         0.1*o 

Table  I  is  based  on  the  following  assumptions: 

Therm:\l  efficiency  of  Humphrey  pump  (over- 
all pumping  hp.),  20%. 

Thermal  efficiency  of  gas  engine  (brake  hp. ). 
24%   -I-  pump  =  16%. 

Thermal  efficiency  of  Diesel  engine  (brake 
hp.).  32%   +  pump  =  21%. 

Thermal  efficiency  of  producer,  lignite  fuel, 
75%. 

Thermal  efficiency  of  producer,  wood  fuel, 
65%.    ■ 

Mechanical  efficiency  of  centrifugal  pump, 
6.?%. 

Eagle  Pass  bitum.  coal,  $4.00  per  ton,  12,000 
B.t.u.  per  lb. 

Mesquite  wood,  $1.50  per  cord  of  2,500  lbs., 
i;,000  B.t.u.  per  lb. 

Fuel  oil,  $2.00  per  bbl.  of  335  lbs.,  15,000  B.t.u. 
per  lb. 


In  view  of  the  low  cost  of  fuel  consump- 
tion of  the  Humphrey  gas  pump,  together 
with  the  advantage  of  low  cost  of  installa- 
tion and  maintenance,  the  engineer  studied  the 
European  installations  of  this  type,  including 
that  at  Chingford  near  London  and  the  im- 
mense Mex  (Egypt)  plant,  which  would  be 
now  under  construction  but  for  the  war.  As  a 
result  of  these  investigations  in  Europe  and 
the  very  satisfactory  test  made  on  mesquite 
fuel  in  the  Akerlund  type  of  gas  producer,  a 
Humphrey  Gas  Pump  and  Akerlund  Gas  Pro- 
ducer  were   recommended. 

DKSCRlrTION   OF  PROVOSED    PUMPING   STATION. 

The  pumping  station  as  shown  in  Fig.  1  is 
located  directly  upon  the  banks  of  the  Rio 
Gran<le  at  a  point  where  a  rock  ledge  e.xtends 
entirely  across  the  river.  This  rock  ledge 
creates  a  slight  fall  in  the  river  and  will  sat- 
isfactorily serve  the  purpose  of  a  diver.^ion 
weir.  A  forebay  is  to  be  excavated  in  the  bed 
of  the  river  adjacent  to  the  pumping  station, 
just  i'bove  the  rock  ledge,  .'^t  the  down- 
stream end  the  forebay  is  to  be  closed  by  a 
small  concrete  dam.  In  this  dam  is  placed  a 
r>fi-in.  circular  sluice  way  which  can  be  closed 
by  a  Gfi-in.  butterfly  valve.  N'ormally,  this 
valve,  which  can  be  operated  from  the  interior 
of  the  pump  pit,  is  to  be  kept  open  so  as  to 
keep  the  forebay  free  of  silt  deposits.  The  in- 
take  to   the   pumping   station   is   5    ft.    in    di- 


ameter. At  its  outer  end  it  is  protected  by  a 
screen  inclined  at  a  slope  of  one  vertical  to 
three  horixontal.  With  such  a  flat  slope  it  is 
assumed  that  no  trouble  will  be  experienced 
in  keeping  the  screen  free  of  floating  debris 
as  this  w'ill  have  a  tendency,  because  of  the 
flat  slope,  to  work  upward  and  gradually  clear 
itself.  The  essential  details  of  the  pumping 
station  are  shown  in  Fig.  2. 

HUMPHREY  GAS   PUMP. 

The  Flumphrey  gas  pump  recommended  is 
made  under  Humphrey  and  Smyth  patents  and 
is  guaranteed  by  the  Humphrey  Gas  Pump 
Company,  of  .Syracuse,  N.  Y.,  to  pump  not  less 
than  28,000  gals,  per  minute  against  a  static 
head  of  37  ft.  The  engineer  has  every  reason 
to  believe  that  the  pump  will  deliver  in  the 
neighborhood  of  30.000  gals,  per  minute,  and 
ctII  structures  have  been  designed  accordingly. 


veying  the  gas  from  the  producer  to  the  pump, 
and  a  receiver  forms  the  section  of  gas  main 
where  it  passes  down  the  well  wall.  This  con- 
sists of  a  tank  3  ft.  6  in.  x  25  ft.  designed  to 
resist  an  internal  pressure  of  100  lbs.  per 
square  inch.  Such  a  receiver  is  far  safer  than 
a  gas  bag  as  in  case  of  back  fire  due  to  care- 
lessness in  blowing  out  the  gas  pipes  no  injury 
can  be  done. 

Adequate  provisions  are  made  for  ventilat- 
ing the  pump  pit.  The  top  of  the  conical  roof 
of  the  superstructure  is  provided  for  the  pur- 
pose with  a  36  in.  ventilating  cowl  of  the  ex- 
haust type.  Fresh  air  is  admitted  to  the  pump 
pit  at  the  level  of  the  operating  floor  through 
a  24-in.  pipe,  the  top  of  which  is  provided 
with  a  ventilator  designed  to  force  air  into 
the  pit  under  the  action  of  the  wind.  At  the 
point    where    this   ventilating   pipe   enters    the 
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Fig.  1.     General  Plan  and  Sections  of  Pumping     Station   and     Headworks,    Moore     Irrigation 

Project,  Del  Rio,  Texas. 


The  thermal  efficiency  of  the  pump  is  guaran- 
teed by  the  manufacturer  to  be  not  less  than 
20  per  cent  when  using  producer  gas  having 
a  heat  value  of  not  less  than  100  B.  T.  U.'s  pet 
cubic  foot.  Both  the  pump  cylinder  and  the 
play  pipe  are  66  ins.  in  diameter.  The  total 
length  of  the  play  pipe  is  approximately  100  ft. 
PUMPING  pr,.\NT. 

The  pump  is  housed  in  a  reinforced  con- 
crete well  28  ft.  in  diameter  and  34  ft.  deep, 
see  Fig.  2.  This  well  is  constructed  entirely 
of  reinforced  concrete  and  is  designed  to  re- 
sist the  full  hydrostatic  pressure  of  the  flood 
waters.  The  operating  floor  is  placed  3  ft. 
above  the  lowest  river  level,  which  is  main- 
tained at  low  stages  by  the  rock  ledge  ex- 
tending across  the  river  at  this  point.  The 
water  level  in  the  pump  well  is  maintained  at 
a  constant  elevation  irrespective  of  the  water 
level  in  the  river  by  means  of  a  hydranlically 
operated  gate  valve.  This  gate  valve  is  to  be 
operated  by  the  pressure  obtained  from  an 
elevated  tank  which  supplies  water  to  the  pro- 
ducer. 

A  gas  holder  is  placed  in  the  gas  main  con- 


pump  pit,  an  18-in.  electrically  driven  blow'er 
is  to  be  erected  so  that  fresh  air  can  be  forced 
mechanically  into  the  pump  pit  whenever  the 
wind  velocity  is  too  slight  to  secure  sufficient 
ventilation  automatically. 

SURGE  TANK. 

The  play  pipe  discharges  into  the  surge 
tank  shown  in  Fig.  I.  This  surge  tank  is  36  ft. 
long  and  12  ft.  wide  and  is  constructed  en- 
tirely of  reinforced  concrete,  as  shown  in  Fig. 
3.  The  discharge  pipe  extends  9  ins.  above 
the  normal  water  level  in  the  canal.  The 
guaranteed  lift  of  the  pump  is  fixed  at  37  ft. 
This  is  not  sufficient  to  irrigate  a  tract  some 
500  acres  in  extent  in  the  immediate  vicinity 
of  the  pumping  station.  To  irrigate  this  land 
it  is  intended  to  take  advantage  of  the  wave 
action  in  the  surge  tank  and  raise  thereby  a 
small  quantity  of  water  4  or  5  ft.  above  the 
elevation  of  the  water  in  the  supply  canal. 
The  arrangement  to  be  used  for  this  purpose 
is  sliown  in  Fig.  3.  The  surge  tank  is  also  de- 
signed to  act  as  a  grit  chamber,  the  .grit  to  be 
washed  into  the  river  through  an  18-in.  cast 
iron  pipe. 
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OPERATION    OF    PUMP. 

The  operation  of  the  pump  is  similar  to  the 
four-stroke  Otto  Cycle  with  the  exception  that 
in  the  Humphrey  gas  pump  there  is  complete 
expansion,    whereas    in    the    Otto    Cycle    the 


the  compressor  mentioned,  the  charge  is  lired 
hy  an  electric  spark,  all  the  valves  being  shut 
at  the  instant  when  the  explosion  oc- 
curs. The  charge  of  gas  and  air  is 
exploded    directly    over    the    surface    of    the 
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Fig.  2.     Vertical   Section  Through    Irrigation     Pumping   Station  for  G.   Bedell    Moore    Estate. 


exhaust   losses   are   considerable,    the   exhaust 
taking  place  under  a  4o-lb.  back  pressure. 

To  start  the  pump,  the  proper  mixture  of 
air  and  gas  is  forced  into  a  cylinder  by  a 
small  air  compressor  of  the  two  cylinder  type. 
one  cylinder  pumping  air  and  the  other  pump- 
ing gas.  A  compressor  of  this  type  is  essen- 
tial for  safety  in  order  that  there  may  be  no 


water,  no  piston  or  moving  parts  being  used. 
The  increase  in  pressure  resulting  from  the 
explosion,  all  valves  being  closed,  drives  the 
water  in  the  pump  head  downwards  and  sets 
the  whole  column  of  water  in  the  play  pipe  in 
motion.  This  column  of  water  attains  kinetic 
energy  during  the  period  when  work  is  being 
done  upon  it  by  the  expanding  gases.     By  the 


the  suction  valves,  most  of  which  follows  tlu 
rnoving  column  in  the  pla/  pipe  and  the  rest- 
rises  in  the  explosion  chamber.  To  assist  the 
scavenging  action  a  certain  amount  of  air  is 
admitted  to  the  explosion  chamber  to  mix  with 
the  spent  gases.  Most  of  the  kinetic  energy 
in  the  moving  column  is  expended  in  forcing 
water  into  the  surge  tank.  As  soon  as  the 
colurnn  of  water  in  the  play  pipe  comes  to 
rest,  it  starts  to  move  back  towards  the  pump, 
and  gains  in  velocity  until  the  water  reaches 
the  level  of  the  exhaust  valves  which  are  shut 
by  impact.  A  certain  quantity  of  the  burned 
products  mixed  with  the  scavenging  air  is 
now  imprisoned  in  the  cushioned  space  and  the 
kinetic  energy  of  the  moving  column  is  ex- 
pended in  compressing  this  gas  cushion  to  a 
very  much  greater  pressure  than  due  to  the 
static  pumping  head.  As  a  result  of  the 
energy  stored  up  in  the  entrapped  compressed 
gases,  the  column  of  water  is  again  forced 
outward.  The  pressure  in  the  gas  head  is 
again  reduced  to  atmospheric  pressure  and 
below,  at  which  a  fresh  charge  of  gas  and  air 
is  drawn  into  the  explosion  chamber.  Again 
the  column  of  water  returns  under  the  pres- 
sure in  the  play  pipe,  compresses  the  charge 
of  gas  and  air  which  is  then  ignited  to  start 
a  fresh  cycle  of  operation. 

The  period  of  cycle  of  the  pump  is  deter- 
mined primarily  by  the  length  of  the  recipro- 
cating column  of  water  in  the  play  pipe.  The 
reciprocating  motion  of  this  water  is  similar 
to  the  swing  of  the  pendulum  of  a  clock,  and 
its  period  of  vibration  is  governed  in  the  same 
way  by  the  length  of  the  water  column  as  the 
period  of  swing  of  the  clock  is  determined  by 
the  length  of  the  pendulum.  As  a  general  rule, 
assuming  the  column  to  be  of  uniform  section, 
the  period  of  vibration  is  almost  proportional 
to  the  square  root  of  the  length  of  the  water 
column.  The  Del  Rio  pump  will  average  about 
twelve    complete   cycles    per    minute. 

HIGH    THERM.^L    EFFICIENCY    OF    HUMPHREY    GAS 
PUMP. 

The  thermal  efficiency  of  the  pump,  as  men- 
tioned, is  guaranteed  to  be  not  less  than  20 
per  cent.  This  appears  to  be  very  conserva- 
tive in  view  of  the  fact  that  the  official  tests 
made  on  the  five  Humphrey  pumps  at  Ching- 
ford  show  that  the  large  pumps  possess  a 
thermal  efficiency  ranging  from  22.19  to  24.07 
per  cent.  The  small  unit  at  Chingford  showed 
up  still  better  as  it  had  an  average  thermal 
efficiency  of  26.-36  per  cent.  Table  H  is  a  sum- 
mary of  the  results  of  the  30  official  tests  made 
on  the  five   Chingford  pumps. 

GAS    PRODUCER    PLANT. 

The  gas  producer  plant  will  be  located  ad- 
jacent to  the  surge  tank,  as  shown  upon  the 
general  plan.  Fig.  1.    The  producer  system  to 
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Fig.  3.     Details  of  Surge  Tank.   Moore    Irrigation    Project. 


explosive  mixture  in  the  air  compressor.  The 
compressor  is  driven  by  a  gas  engine  operated 
on  gasoline. 

Two  separate  systems  of  ignition  are  fur- 
nished, one  consisting  of  special  spark  plugs 
operated  from  storage  batteries  and  the  other 
from  an  electric  generator. 

To  start  the  pump,  after  the  proper  mixture 
of  air  and  gas  is  forced  into  the  cylinder  by 


time  the  gases  resulting  from  the  explosion 
have  expanded  to  atmospheric  pressure,  the 
water  in  the  play  pipe  is  moving  at  a  very 
high  velocity.  As  the  motion  of  this  column 
of  water  cannot  be  suddenly  arrested  the 
pressure  in  the  explosion  chamber  falls  below- 
atmospheric  pressure.  When  this  takes  place 
both  the  scavenging  and  water  valves  open. 
.\    certain    amount    of    water    enters    through 


be  used  is  that  of  the  Standard  Gas  Power 
Co.,  of  New  York  City.  It  comprises  a  ver- 
tical down-draft  generator  with  a  water  pan 
on  top  and  a  vapor  ring  around  the  com- 
bustion belt;  air  is  admitted  to  the  vapor  ring 
and  the  mixture  of  air  and  steam  enters  the 
fuel  chamber  above  the  green  charge.  The 
gas  is  let  in  in  succession  through  a  spray- 
cooler,    wet-scrubber,    exhauster,    dry    purifier 
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and  a  delivery  pipe.     The  outside  dimensions 
of  the  generator  are  10  ft.  2  ins.xll  ft.  6  ins. 

The  producer,  when  using  moderately  dry 
mesquite  wood,  will  have  a  capacity  per  hour 
of  5,000,000  B.  T.  U.  generated  in  the  form 
of  gas.  The  minimum  heat  value  of  the  gas 
per  cubic  foot  is  guaranteed  at  100  B.  T.  U., 
the  quality  of  the  gas  not  to  vary  more  than 
ten  per  cent,  from  the  average.  These  quan- 
tities are  based  on  the  results  obtained^  at  a 
test  with  mesquite  wood  made  by  the  Stand- 
ard Gas  Power  Co.  at  their  Jersey  City  plant 
with  a  similar  type  of  producer.  This  mes- 
quite wood  was  cut  just  prior  to  shipment 
and  the  test  was  made  soon  after  its  arrival 
in  Jersey  City. 

The   results   were   even    better    than    antici- 
pated, and  were  as  follows : 
Average  quantity  of  wood  gasified  per  hr., 

lbs 13.1 

Average  quantity  of  gas  generated  per  lir. 

cu.    ft 23,850 

Average    lieat   value   per   cu.    ft.    of   gas, 

U.   S.   S.,   B.t.u 114.5 

Average    quantity    of    wood    per    hp.-hr., 

lbs 1.'5 

B.t.u.   per  lb.  of  wood 7,000  to  8.000 

Ket  thermal  efficiency  of  producer..      75  to  85% 

The  use  of  mesquite  wood  as  a  fuel 
makes  a  very  attractive  proposition.  First, 
large  areas  of  the  land  that  is  to  be  ir- 
rigated are  covered  with  mesquite  wood 
which  will  have  to  be  cleared  away  pre- 
liminary to  irrigation.  Second,  the  tests  made 
show  that  mesquite  wood  compares  most  fav- 
orably with  other  hard  wood  fuels  and  is  es- 
pecially well  adapted  for  gas  making.  Third, 
the  ashes  resulting  from  the  burning  of  mes- 
'  quite  wood  in  the  producer  are  a  very  valuable 
by-product  as  they  can  be  used  as  a  fertilizer 
on  the  lands  to  be  irrigated.  The  commercial 
value  of  such  hard  wood  ashes  as  fertilizer 
ranges  between  $1.5  and  $20  per  net  ton. 

ECONOMY    OF    PUMPING    PROJECT. 

The  estimated  cost  of  constructing  the 
pumping  station,  including  head  works,  fore- 
bay,  diversion  dam  and  surge  tank,  is  $60,000, 
of  which  amount  the  machinery,  including  the 
producer,  represents  approximately  .50  per  cent. 
The  annual  cost  of  maintaining  and  operating 
this  pumping  station,  including  fixed  charges 
and  depreciation,  is  $1.3,606.  This  amount  is 
based  upon  irrigating  the  entire  tract  of  6,700 
acres  to  q  depth  of  3  ft.,  corresponding  to  a 
fuel  cost  of  30  cts.  per  acre  irrigated  and  a 
gross  charge  of  $2.06  for  all  fixed  charges 
and  maintenance,  including  fuel. 

The  gravity  project,  on  the  other  hand,  in- 
volves an  immediate  expenditure  of  $^300,000 
and  a. yearly  expenditure  for  fixed  charges, 
maintenance  and  operation,  of  $40,000.  As  the 
gravity  canal  would  irrigate  some  12,000  acres, 
this  v.-ould  place  the  gross  charge  per  acre 
at  $3.33. 

The  pumping  project  will  show  up  still  bet- 
ter than  the  gravity  project  during  the  de- 
velopment period.  For  instance,  assuming 
one-quarter  of  the  land  in  each  project  to  be 
vmder  irrigation,  the  gross  charge  under  the 
pumping  project  would  be  $6.79  per  acre,  and 
under  the  gravitv  project.  $13.35  per  acre. 
This  would  be  decreased  to  $4.62  and  $6.68, 
respectively,  when  one-half  of  the  land  in 
each  project  is  under  irrigation. 

PET.MI.S     OF    PUMP    DESIGN     ANP    OPER.^TION. 

The  design  of  the  66-in.  Humphrey  gas 
pump  differs  from  the  English  design  in  sev- 
eral important  details.  The  requirements  of 
American    pumping    engine    practice,    as   well 


pecially  in  the  case  of  the  water  valves,  that 
type  of  construction  has  been  adopted  which 
has  stood  the  test  in  long  years  of  actual  serv- 
ice. The  aim  has  been  to  combine  high 
economy  with  the  American  requisites  of 
simplicity,  reliability,  durability  and  low  cost 
of  maintenance. 

The  combination  of  explosion  cylinder 
valves  and  play  pipe  which  forms  the  pump 
takes  the  shape  of  a  short  legged  V,  the  play 


Fig.    4.     Assembly    Drawing    of    66-in.    Hum- 
phrey   Gas    Pump   for    IVloore    Irrigation 
Project,    Del    Rio,   Texas. 

pipe  extending  up  the  bank  of  the  Rio  Grande 
at  45°  from  a  two  part  13.5°  bend  upon  which 
the  water  valves  and  power  cylinder  are  set. 
The  upper  end  of  the  play  pipe  is  held  in  a 


TABLE  II.— SUMMARY  OF  RESULTS  OF  30  PUMP    TESTS    MADE    ON    FIVE  HUMPHREY 

PUMPS    AT    CHINGFORD. 

Pump    No 1  2  3  4                  5 

No.    of   tests 6  6  6  6                  6 

Average  duration  of  tests,   mins .1.27  8,93  8.37  9.67           10.0 

Lift,    in    feet 30.01  30.24  30.06  32.6            30.24 

Water  pumped,  gals,  per  min 40,088  39,327  39,656  39,196  21,739 

"Water  horsepower  developed 303.9  300.4  301.1  332.7  IGO.O 

Gas  used  per  min.  at  60°  F.  and  30  in.s.  mercury,  cu.  ft.       395.1  393.3  391.5  400.1  191.fi 

Caloriflc  (lower)  value  of  gas,  B.t.u.  cu.  ft 145.7  146.4  146.2  143.2  138.1 

Average  thermal  efficiency,  per  cent 22.39  22.19  22.33  21.07           26,63 

Anthracite  used  per  water  hp.-hr.,  lbs .946  .957  .949  .881           .796 


as  the  experience  with  the  Humphrey  pump 
abroad,  have  made  it  advisable  to  simplify  the 
construction  in  every  possible  way.  Further, 
the  opportunity  to  standardize  the  working 
parts  to  fit  a  line  of  pumps  of  different  sizes 
has  been  seized  and  wherever  possible,  as  es- 


rcin  forced  concrete  surge  tank,  while  the  lower 
end  and  bend  is  imbedded  in  the  bottom  of  the 
concrete  pump  well. 

The  major  parts  of  the  imit  are  of  steel; 
the  straight  parts  of  play  pipe  and  cylinder 
arc  of  plate  wilh  welded  or  riveted  joints.  The 


more  intricate  parts,  such  as  cylinder  head, 
belt  for  gas  valves,  box  for  water  intake 
valves,  and  the  two  bends  are  unusually  large 
steel  castings.  For  smaller  parts,  such  as 
valve  cages,  a  special  cast  iron,  known  as 
"semi-steel."  is  used  simply  for  convenience 
and  time  saving  in  manufacture.  Working 
parts  subject  to  corrosion  froin  actual  con- 
tact with  water,  such  as  valves  and  their  seats, 
are  made   from  manganese  bronze. 

Play  Pipe. — The  delivery,  having  a  total 
length  in  its  straight  part  of  78..5  ft.  is  made 
in  three  parts  for  convenience  of  transporta- 
tion and  economical  distribution  of  metal. 
The  two  rings  farthest  from  the  power  cylin- 
der, where  the  pressures  are  low,  are  made  of 
5/]6-in.  plate,  with  a  tensile  strength  of  60,000 
lbs.  per  square  inch.  The  other  eight  rings 
are  each  thicker  than  the  one  before  by 
1/16-in.  until  the  one  nearest  the  bend  has  a 
thickness  of  Vs-in.  All  the  seams  are  riveted 
butt  joints  with  outside  straps  and  heads 
countersunk  inside  the  pipe. 

Bend. — The  135°  bend  between  the  play  pipe 
and  cylinder  is  made  of  two  steel  castings 
bolted  together,  for  convenience  in  handling 
and  transportation.  The  two  67.5°  parts  are 
identical  except  that  the  tenons  are  reversed. 
Even  the  foundation  brackets  remain  in  the 
same  position  on  the  pattern,  those  on  the  up- 
per part  serving  to  support  the  water  intake 
valves  and  cylinder  when  the  pump  is  set  on 
the  foundations,  while  those  on  the  lower 
part  (reversed)  are  in  proper  position  to  take 
the  thrust  of  the  column  of  water  in  the 
play  pipe. 

Water  Valves. — Immediately  on  top  of  the 
bend  is  set  the  box  for  water  intake  valves 
with  its  "hat"  unit  construction.  The  box  it- 
self is  a  steel  casting  weighing  some  13,000  lbs. 
It  has  openings  for  16  "hats"  or  cages,  con- 
taining 25  valves  each,  or  a  total  of  400  for 
the  pump.  This  box  is  shown  in  Fig.  5.  The 
valve  cages  are  semi-steel  castings  into  which 
the  valve  seats  of  manganese  bronze  are 
forced  with  a  taper  fit  of  1  in.  to  the  foot.  The 
box  is  no  heavier  than  the  corresponding 
valve  chambers  of  any  pumping  engine  of 
equal  capacity,  and  it  gives  a  good  impres- 
sion of  the  large  size  of  the  machine. 

The  water  valves  themselves  are  of  a  stand- 
ard type,  according  to  the  Freeman  specifica- 
tions of  the  Associated  Factory  Mutual  Fire 
Insurance  Companies. 

This  valve  differs  from  the  Standard  Under- 
writer valve  in  that  it  is  5  ins.  in  diameter,  the 
largest  standard  valve  being  4  ins.  The  larger 
valve  is  permissible  in  view  of  the  slower 
speed  and  more  gradual  closing  of  the  water 
valves.  The  use  of  the  plain  rubber  or  fibre 
disc,  "rigid  center  stem,  large  spring  and  self' 
retained  guard  make  it  a  reliable  and  con- 
venient valve.  The  valve  discs  on  the  Del 
Rio  pump,  because  of  sand  in  the  river  water, 
will  be  of  a  composition  which  has  given  sat- 
isfaction in  water  works  service  under  sim- 
ilar conditions.  Every  feature  of  the  entire 
water  valve  construction  has  been  tested  in 
years  of  service  on  all  kinds  of  pumping  en- 
gines. Its  adaptability  to  the  Humphrey  pump 
has  been  proved  by  experiments  during  three 
years'  actual   operation. 

Power  Cylinder. — The  cylinder,  which  is 
placed  just  above  the  water  valve  box,  forms 
part  of  the  combustion  chamber.  It  is,  in  this 
case,  a  piece  of  riveted  pipe,  66  ins.  inside 
diameter  and  80  ins.  long.  The  plate  is  15/16 
ins.  thick  with  triple  riveted  butt  strap  joints 
inside  and  out.  The  rivets  are  1  3/16  ins.  in. 
diameter  with  the  heads  inside  the  pipe  coun- 
tersunk. The  flanges  are  of  cast  steel  riveted 
on,  drilled  for  44  2%-in.  bolts. 

Supply  and  F.xhaust  Valves. — The  belt  for 
gas  valves  carries  the  important  working  parts 
of  the  pumping  engine.  A  view  of  the  gas 
belt  is  shown  in  Fig.  6.  The  belt  itself  is  a 
steel  casting  weighing  about  9,500  lbs.  It 
forms  a  doulilc  walled  section  of  the  66-in. 
cylindir,  through  which  openin.gs  are  provided 
for  valves  for  ihe  inlet  of  gas  and  air  mix- 
tures and  the  exhaust  of  products  of  com- 
bustion. These  openings  are  20  in  number,  all 
at  one  level ;  12  are  for  exhaust  and  8  for 
mixture  valves.  In  order  to  have  an  even 
distribution  of  flow  of  gases  into  and  out  of 


Engineering   and    Contracting 


Volume  XLIII.     No.  4. 


the  cylinder,  these  oiJi-nings  are  arranged  in 
groups  of  two  for  mixture  and  three  for  ex- 
haust, separated  by  a  dividing  wall  which  runs 
over  exhaust  valves  and  under  mixture  valves, 
around  the  annular  space  between  the  outer 
and  inner  walls  of  the  belt  itself.  Thus  the 
belt  is  divided  into  an  upper  chamber  pro- 
vided with  a  rectangular  opening,  to  which  the 
gas  pipe  is  connected,  and  a  lower  chamber 
with  two  larger  similar  openings  faced  and 
studded  for  attaching  two  non-return  valves 
and  the  exhaust  pipes.  The  exhaust  gases  are 
led  downward  to  allow  any  water  carried  with 
them  to  drain  ofi'.     Dram  pipes   for  this  pur-. 


Fig.  5.      View  of  66-in.   Box  for  Water  Inlet 

Valves  with    Valve   Cages   Assembled, 

66-ln.   Humphrey   Pump. 

pose  are  ir  the  bottom  of  the  non-return  valve 
casings. 

The  non-return  valve,  seat  and  casing  com- 
prise three  parts.  The  seats  are  iron  castings 
fastened  to  the  belt  openings  with  studs.  The 
brass  swing  check  valves  themselves  are  piv- 
■jted  at  the  center  and  hung  from  hinge  bolts 
carried  in  the  upper  corner  of  the  casings. 
These  are  cast,  iron  and  are  bolted  to  the 
flanges  of  the  seat  castings.  The  exhaust 
pipes  are  led  vertically  upward  from  a  round 
opening  in  the  top  of  each  non-return  valve 
casing. 

Each  mixture  valve  cage  is  assembled  as  a 
unit,  as  shown  in  Fig.  7.  It  coinprises  a  dou- 
ble, flat  faced  bronze  valve  of  the  mushroom 
type  with  a  1-in.  tubular  stem  expanded  into 
the  valve  head  casting  and  fastened  with  a 
driven  taper  plug.  The  tubular  stem  is  recog- 
nized construction  for  large  air  compressors 
where  the  valves  work  horizontally,  and  is 
light  and  durable.  The  outer  end  of  the  valve 
stem  is  threaded  inside  for  a  locking  nut  or 
head,  which  is  fastened  by  an  expanding  bolt 
acting  inside  the  quarter-threaded  projection. 
The   seat  pn  which   the   valve   works   is   also 


.seat  casting  is  of  bronze  and  fits  into  the  open- 
ing through  the  inner  wall  of  the  gas  valve 
belt,  while  it  is  carried  in  a  cast  iron  cage 
which  is  bolted  into  the  corresponding  open- 
ings in  the  outer  wall. 

Four  studs  through  the  corners  of  the  cage 
coyer  serve  to  hold  the  entire  mixture  valve 
unit  in  place  and  allow  its  removal  without 
disturbing  any  connections  whatever.  On  this 
cover  is  carried  the  locking  lever,  hung  on  a 
pivcit  stud,  set  at  such  an  angle  as  to  allow 
the  hooked  end  to  wedge  under  the  stem 
head  and  lock  the  valve  tight.  This  feature 
alone  on  a  small  pump  was  found  to  reduce 
the  gas  consumption  by  several  per  cent.  These 
locking  levers  are  so  shaped  that  they  hang 
in  position  to  lock  the  valve  and  no  spring 
is  required.  Their  upper  end  is  button-shaped 
to  engage  with  a  lug  on  the  interlucki'.g 
chain  which  displaces  them  to  unlock  the 
valve.  The  spring  which  closes  the  mixture 
valve  is  of  close  wound  tension  helical  form 
and  is  adjustable  by  means  of  a  screw  held 
in  a  cast  iron  bracket  bolted  to  the  cage  at 
its  lower  edge.  This  bracket  also  retains  a 
throttle  plate  with  pie  shaped  openings  cor- 
responding to  those  in  the  cage  cover,  where- 
by the  supply  of  air  to  be  mixed  with  the  ,gas 
may  be  controlled.  A  set  screw  through  the 
spring  bracket  to  hold  the  adjustment  when 
once  made  completes  the  unit. 

Paper,  copper  or  asbestos  packing  can  be 
used  under  the  inner  joint  of  the  valve  seat 
with  the  cylinder  wall.  The  outer  joint  is 
made  under  the  cage  cover  by  a  round  pack- 
ing of  gutta  percha  or  "rubber  squeezed  into 
a  corner  by  a  conical  bevel  so  that  the  end- 
wise distances  need  not  be  too  exact. 

The  exhaust  valve  cage  unit  is  interchange- 
able with  that  for  mixture  and  differs  from  it 
in  only  a  few  details,  as  shown  in  Fig.  7.  The 
valve  IS  of  the  same  mushroom  shape  as  the 
mixture  valve,  except  in  having  only  one  flat 
face  as  its  outer  circumference.  This  makes 
it  lighter  in  weight,  which  is  of  special  ad- 
vantage since  the  exhaust  valve  is  closed  sud- 
denly by  the  rising  water  in  the  cylinder.  The 
valve  also  is  opened  by  the  outside  spring 
and  much  depends  upon  getting  it  open  imme- 
diately at  the  end  of  the  expansion  to  at- 
mospheric pressure  to  secure  a  full  voluine 
of  scavenging  air  by  the  subsequent  suction. 
This  air  is  drawn  in  through  the  exhaust 
valve  cage  directly.  A  spring  closed  scaveng- 
ing valve  which  has  its  seat  against  the  inside 
of  the  e.xhaust  cage  cover  prevents  the  pro- 
ducts of  combustion  from  escaping  into  the 
air.  and  the  non-return  valves  between  the 
belt  and  the  exhaust  line  keep  the  exhausted 
gases  from  returning  into  the  cylinder  in- 
stead of  the  fresh  air. 

The  exhaust  seat  is  a  bronze  casting  sim- 
ilar to  that  for  the  mi.xture  valve,  but  without 


site  direction.  The  spring  bracket  is  the  same 
except  for  the  adjusting  screw  which  is  de- 
signed to  guide  a  larger  open  coiled  com- 
pression spring.  Thus  the  unit  construction 
of  the  gas  valves  gives  the  cylinder  a  work- 
matilike  appearance,  and  the  advantages  of 
having  to  carry  only  one  complete  valve  as- 
sembly as  a  spare  for  each  kind  of  valve  are 
obvious. 

Valve  Interlocking. — Upon  the  interlocking 
mechanism  depends  the  entire  possibility  of 
the  four  stroke  cycle.  As  will  be  remembered 
from  former  descriptions  of  the  Humphrey 
pump,  the  operation,  briefly,  is  as  follows : 


Fig.  6.    View  of  30-in.  Gas  Belt  for  Humphrey 

Pump.  Showing  Interlocking  Mechanism 

of  Valves  for  Mixture  and  Exhaust. 

A  charge  of  gas  and  air  is  exploded  in  the 
power  cylinder  above  the  water  column  whicli 
forms  the  working  piston.  The  water  is 
driven  downward,  the  water  valves  are  closed 
and  the  liquid  in  the  whole  play  pipe  is  set  in 
motion.  Inertia  of  the  water  column  permits 
expansion  of  the  exploded  charge  to  below 
atmospheric  pressure  when  first  the  scaveng- 
ing, exhaust  and  water  valves  open.  A  return 
surge  of  the  play  pipe  column  follows,  and 
near  its  end  the  exhaust  valves  are  closed  by 
impact  of  water.  A  second  forward  surge  is 
set  up  by  the  trapped  and  compressed  gases 
and.  when  the  pressure  falls  below  atmos- 
pheric, a  fresh  charge  of  gas  and  air  is  drawn 
in.  Finally  this  is  compressed  by  the  second 
return  surge  and  exploded,  whereupon  the 
cycle    repeats. 

From  the  foregoing  it  is  seen  that  it  is 
necessary  to  lock  the  mixture  valves  and  un- 
lock the  exhaust  valves  during  the  expansion 
following  the  power  stroke,  and  to  lock  the 
exhaust  valves  and  unlock  the  mi.xture  valves 
during  the  charging  stroke.  This  is  accom- 
plished  b\    a   sprocket    roller   chain    stretched 
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Fig.   7.      View   of   5-in.    Exhaust    (Left)      and      Mixture     (Right) 

Valves  Assembled  in  Cages  Standard    for    Pumping    Engines 

from   24  to  72   ins.   in   Diameter. 


Fig.  8.     Views  of  2!^-in.  Shifter  for     Interlocking     Mixture     and 
Exhaust  Valves  and  Timing  Ignition      (Electric)      for      Hum- 
phrey Gas  Pump. 


double  faced,  two  concentric  openings  being 
provided  of  equivalent  area.  The  inner  one 
is  for  air  drawn  from  the  atmosphere  direct- 
ly through  the  cage  cover  around  the  valve 
stem.  The  outer  one  takes  gas  directly  from 
the  upper  chamber  of  the  belt.  This  ar- 
rangement keeps  any  tar  or  other  impurities 
which  may  be  carried  in  the  gas,  as  far  as 
jiossible   away    from   the    moving    stem.     The 


the  concentric  walls  necessary  to  divide  gas 
from  air  passages.  The  full  length  steam 
guide  is  used  as  a  rider  for  the  scavenge 
valve  and  the  four  ribs  hold  its  Tobin  bronze 
spring  in  place.  The  cast  iron  cage  is  froin 
the  same  pattern  but  finished  for  the  scaveng- 
ing valve  seat  and  not  for  any  throttle  plate. 
The  locking  lever  is  simply  reversed  in  angle 
of  pivoting  and  locks  the  valve  in   the  oppo- 


around  the  belt  above  the  gas  valves  and  car- 
rying lugs  which  engage  the  locking  levers  of 
the  exhaust  valves  in  one  direction  and  the 
levers  of  the  mi.xture  valves  in  the  other  di- 
rection. With  each  e.xplosion  the  chain  and 
lugs  are  moved  against  the  upper  ends  of  the 
exhaust  valve  lock  levers,  but  the  valves  do 
not  open  until  the  pressure  is  below  atmos- 
pheric.    On  the  following  "cushion"  the  chain 
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is  moved  in  the  opposite  direction  which  dis- 
engages the  exhaust  valve  levers  and  allows 
the  valves  to  be  locked  by  gravity,  and  en- 
gages the  mixture  valve  lock  levers,  moving 
them  to  imlock  position  from  the  gravity  lock 
previously  assumed. 

The  chain  is  moved  by  two  small  hydraulic 
engines  called  "shifters,"  two  views  of  one 
shifter  being  shown  in  Fig.  8.  Each  consists 
of  a  spring  loaded  horizontal  piston  in  a  sin- 
gle acting  cylinder  of  'iVz-m.  diameter  con- 
nected with  the  play  pipe  pressures.  It  is 
seen  that  a  spring  placed  between  piston  rod 
spearhead  and  chain  control  lever  causes  the 
spearhead  to  engage  upper  and  lower  studs 
on  the  chain  lever,  securing  the  reverse  mo- 
tions desired.  The  chain  lever  of  the  shifter 
is  connected  directly  through  a  shaft.  All 
working  parts  of  the  shifter  are  bronze. 

Igitilioii. — The  shifters  also  serve  to  actuate 
the  timers,  or  contact  makers,  for  the  electrical 
ignition  system.  Contact  is  made  only  near 
the  end  of  compression  and  the  exact  timing 
and  duration  may  be  varied  to  produce  the 
correct  effect  upon   combustion. 

The  whole  ignition  system  is  one  of  the 
most  important  details,  and  to  secure  com- 
plete reliability  under  the  peculiar  conditions 
was  a  difficult  task.  The  presence  of  water 
in  the  combustion  chamber  precluded  every- 
thing but  electric  ignition  and  high  power 
jump   spark   systems   are   employed. 

In  the  jump  spark  system  a  special  spark 
plug  was  required,  incapable  of  being  short 
circuited  by  water.  Two  powerful  ignition 
systems  are  provided  for  each  pump,  and  there 
is  in  addition  a  set  of  the  conventional  auto- 
mobile plugs,  spark  coils  and  storage  bat- 
teries for  hand  firing  of  the  initial  charge  in 
starting. 

All  of  the  spark  plugs  for  these  several  ig- 
nition systems  are  placed  in  the  cylinder  head  ; 
a  steel  casting  of  a  flattened  dome  shape.  The 
induction  coils,  or  transformers,  are  fastened 
as  near  to  their  respective  plugs  as  possible  to 
reduce  the  danger  of  leakage  of  high  voltage 
discharges  and  are  protected  as  far  as  pos- 
sible  from   moisture. 

The  domed  head  is  also  pierced  with  numer- 
ous holes  for  connections  to  admit  air  and 
gas  for  starting.  Starting  is  carried  out  with 
a  two  cylinder  compressor,  pumping  air  and 
gas  in  proper  proportions  by  separate  pipes  to 
a  T  just  outside  of  the  dome.  The  first  cylin- 
der full  of  inflammable  mixture  fired  will 
often  be  enough  to  start  the  column,  fill  the 
play  pipe  with  water  and  set  up  surges  strong 
enough  to  make  the  pump  pick  up  its  regu- 
lar cycle.  The  ignition  and  valve  interlocking 
system  may  be  operated  by  hand  and  one  of 
these  large  pumps  can  be  put  in  full  operation 
from  cold  condition  in  less  than  a  minute. 

Once  started,  little  skilled  attention  is  re- 
quired. There  are  none  of  the  heating  and 
lubrication  troubles  sometimes  found  with  big 
gas  engines.  The  worst  that  can  happen  is 
to  have  the  pump  stop  from  lack  of  water, 
gas  or  ignition.  With  the  means  of  supply 
for  each  of  these  duplicated,  as  in  the  Del 
Roi  pump,  this  failure  becomes  very  unlikely. 

The  pump  was  designed  and  the  installa- 
tion made  under  Humphrey  and  Smyth  patents 
by  the  Humphrey  Gas  Pump  Co.,  of  Syracuse, 
N.  Y.  Mr.  W.  H.  Smyth,  of  Beverly,  Cali- 
fornia, is  the  inventor.  He  was  among  the 
first  in  the  United  States  to  raise  water  by 
direct  explosion  of  fuel  gas. 
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Design  and  Structural  Details  of  Con- 
crete  Lining  for  Irrigation 
Canals. 

In  the  United  States  irrigation  canals  arc 
for  the  most  part  excavated  in  earth,  and, 
except  in  a  few  cases,  a  large  percentage  of 
the  water,  estimated  at  40  per  cent  of  the 
amount  taken  in  at  the  heads  of  the  main 
canals,  is  lost  by  absorption  and  penetration 
along  the  routes.  Some  of  this  water  leaking 
at  high  levels  is  recovered  by  the  canals  at 
lower  levels  so  that  it  is  estimated  that  the 
amot\nt  wholly  lost  may  be  25  per  cent.  Loss 
of  water  in  irrigation  canals  is  due  to  several 
causes  but  by  far  the  greatest  loss  is  due  to 
seepage.     Prevention   of   seepage   loss   is   best 


accomplished  by  lining  the  canals  and  of  all 
linings  tried  concrete  is  most  satisfactory  and 
is  being  most  used.  In  "Concrete  Lining  as 
Applied  to  Irrigation  Canals"  by  Samuel 
Fortier,  chief  of  Irrigation  Investigations, 
U.  S.  Department  of  Agriculture,  the  design, 
structural  details  and  methods  and  costs  of 
construction  of  concrete  lining  of  canals  are 
discussed,  and  from  this  discussion  we  have 
prepared  two  articles,  one  on  design  and 
structural  details  which  follows  and  one  on 
methods  and  costs  of  construction  which  will 
appear  in  our  issue  of  Feb.  24,  191."). 

CARRYING   C.^PACITi', 

Data  pertaining  to  the  carrying  capacity 
of  18  canals  were  assembled  and  summarized. 
Perhaps  the  most  important  conclusion  to  be 
drawn  from  the  76  measurements  of  the  18 
canals  summarized  is  that  the  so-called  co- 
efficient of  friction  n  is  on  an  average  larger 
than  has  usually  been  assumed  by  engineers. 
The  results  shov/  that  only  in  rare  cases, 
where  conditions  are  more  or  less  ideal,  is 
one  justified  in  assuming  a  value  as  low  as 
0.012  for  n.  The  Ridenbaug:h  Canal  of  the 
Nampa  and  Meridian  irrigation  district  of 
Idaho  belongs  to  this  class.  The  flow  in  this 
concrete-lined  canal  has  been  measured  by  at 
least  five  engineers  and  their  average  result 
as  regards  the  value  of  n  is  a  trifle  below 
0.012.    In  the  results  assembled,  one  also  finds 


III,    but    with    greater    curvature    and    some 
debris  or  other  retarding  influences. 

V.  n  =  0.016  for  concrete-lined  canals  of 
average  workmanship  and  medium  conditions, 
having  a  rough  S-irface,  imperfect  joints,  and 
sharp  curves ;  also  for  canals  of  smooth  lin- 
ing and  good  workmanship,  but  having  one  or 
more  unfavorable  conditions,  such  as  sand 
and  gravel  in  the  bottom  or  projecting  joints 
which  decrease   the  velocity  of  water. 

VI.  n  ^  0.017  for  concrete-lined  canals 
roughly  coated,  but  otherwise  in  medium  con- 
dition. 

VII.  n  =^  0.018  for  concrete-lined  canals 
coated  as  in  Type  VI  and  having  the  bottom 
more  or  less  covered  with  sand  and  gravel, 
or  else  a  clean  bottom  but  poor  alignment, 
irregtilar  cross  section,  broken  gradient,  or 
the  like. 

ECONOMY    OF    CONCRETE    LINING. 

In  determining  the  economy  of  concrete 
lining  for  a  given  canal,  one  has  to  consider 
and  compare  the  cost  and  benefits  of  sucli 
work.  The  principal  benefits  to  be  derived 
from  lining  are  briefly  discussed  under  the 
following  heads; 

(1)  Seepage  Water  and  Its  Value. — The 
possible  saving  in  seepage  losses  by  lining  can 
be  readily  determined  for  canals  already  in 
use,  and  the  portions  in  which  this  is  im- 
portant  can   be   located   by   measurements   of 
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Fig.   1.     Curves   Showing    Expansion   and   Contraction    of    Concrete    from    Actual    Measure- 
ments Made  on  a  10-ft.  Slab. 


a  value  of  n  as  high  as  0.0197  and  five  others 
greater  than  0.018.  Ap-ain,  in  the  concrete- 
lined  canals  of  southern  California  a  coating 
consisting  of  a  vegetable  and  mineral  accumu- 
lation was  found  adhering  to  the  perimeters. 
The  effect  of  this  coating  on  the  flow  of  water 
is  seen  in  the  high  coefficient  of  friction  for 
these  channels.  The  following  approximated 
values  for  n  may  serve  as  a  guide  to  those 
who  are  required  to  estimate,  prior  to  con- 
struction and  operation,  the  discharge  of  lined 
canals. 

I.  n  =  0.012  for  concrete-lined  canals 
having  a  smooth  sidewalk  finish,  clean  bot- 
tom, no  moss,  uniform  cross  section,  well- 
formed  joints,  long  tangents,  flat  spiral  curves, 
no  perceptible  undulations  on  the  surface  of 
the  water,  and  in  general  the  best  construc- 
tion and  the  best  conditions  obtainable  in 
practice. 

II.  H  ^  0.013  for  concrete-lined  canals 
having  conditions  slightly  better  than  those 
of  Type  III  and  not  so  good  as  those  of 
Type  I. 

III.  n  =  0.014  for  concrete-lineil  canals 
having  an  unplastered  or  rough  troweled  sur- 
face, clean  bottom,  uniform  cross  section, 
well-formed  joints,  medium  curvature,  no 
spirals,  slight  surface  undulations,  no  aquatic 
vegetation,  and  in  general  good  construction 
and   favorable  conditions. 

ly.  n  =  0.01.5  for  concrete-lined  canals 
having   conditions    similar   to    those    of   Type 


the  discharge.  In  some  cases  the  loss  in 
short  distances  may  be  sufficient  to  make  the 
lining  of  these  desirable,  although  it  would 
not  be  practicable  to  line  the  canal  as  a 
whole.  In  nearly  every  irrigated  district  of 
the  West  water  which  can  be  saved  through 
the  prevention  of  seepage  has  a  value.  -A.'; 
the  demand  for  water  increases,  the  value 
of  any  saving  will  also  increase  until  meth- 
ods of  canal  lining  at  present  too  expensivt- 
to  be  considered  may  become  practicable.  The 
value  of  the  water  which  may  be  saved  varie;^ 
widely  in  the  different  portions  of  the  coun- 
try. On  the  larger  systems  now  being  con- 
str_ucted,  water  rights  are  being  sold  for  from 
$25  to  $50  per  acre,  and  in  some  cases  for 
even  higher  prices.  Basetl  on  the  final  esti- 
mated cost  and  acreage  included,  the  average- 
estimated  cost  per  acre  Julv  1,  1910,  was 
$48.14  for  the  United  States  Reclamation 
Service  projects  and  $21.75  for  the  Carey  Act 
projects.  The  duty  of  water  delivered  under 
these  rights  is  also  variable  and  will  probably- 
average  1  sec- ft.  to  100  acres.  Inasmuch 
as  any  saving  in  canal  seepage  can  be  de- 
livered to  tlie  user  with  small  additional  loss, 
each  0.01  sec.-ft.  saved  should  make  it  pos- 
sible to  serve  another  acre.  The  additional 
expense  required  for  such  irrigation  would 
be  for  the  lateral  system  only,  as  the  .storage 
and  diversion  works  would  not  be  affected. 
On  this  basis  each  second-foot  of  water 
which  can  be  saved  should  have  a  value  of 
from    $2,500    to    $5,000.      Allowing    $7.50    for 
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the  additional  cost  of  the  distributing  system 
leaves  $3,000  as  a  general  average  for  the 
value  of  each  second-foot  saved  by  lining. 

(2)  Increase  in  Carrying  Capacity.- — The 
volume  carried  by  a  canal  in  earth  is  as  a 
rule  much  less  than  that  carried  by  a  con- 
crete-lined canal  of  the  same  dimensions  and 
grade.  This  is  due  to  the  smoother  perimeter 
of  the  latter,  and  its  greater  uniformity  in 
cross  section,  alignment,  and  grade.  The  dis- 
charge of  a  typical  canal  in  earth  having  a 
mean  velocity  of  2..5  ft.  per  second  and  a  co- 
efficient of  friction  (n  in  Kutter's  formula) 
of  0.022.5,  may  be  increased  from  2.5  to  80 
per  cent  by  lining  with  concrete.  A  gain  of 
25  per  cent  in  the  volume  carried  is  readily 
obtained  as  the  result  of  lining,  but  to  secure 
a  gain  of  80  per  cent  involves  the  construction 
of  first-class  lining  and  conditions  favorable 
to  the  maximum  discharge  of  water  in  such 
channels. 

(3)  Reduction  of  Cliarc/e  for  Operation 
and  Maintenance. — On  many  systems,  par- 
ticularly where  the  canal  follows  a  side  hill, 
much  difficulty  is  encountered  from  breaks 
on  the  lower  bank  when  the  canal  is  crowded 


lining  may  be  considered  as  an  insurance 
against  such  accidents.  An  instance  of  this 
occurred  on  the  Turlock  Canal,  of  California, 
in  1910,  when-  a  break  thought  to  have  been 
due  to  a  gopher  hole  caused  1,000  ft.  of  the 
main  canal  on  a  steep  side  hill  to  be  washed 
nut.  The  canal  was  out  of  service  for  six 
weeks  during  the  period  when  water  was  most 
needed  for  crops.  The  actual  cost  of  repairs 
was  $20,000,  but  the  estimated  damage  to 
crops  was  $1,000,000. 

GR.XDES    FOR    LINED    CAN.\LS. 

In  deciding  upon  suitable  grades,  cross  sec- 
tions, and  alignment  for  lined  canals,  one  has 
to  take  into  account  the  two  types  of  canals 
which  are  lined.  One  of  these  is  represented 
by  tlic  canal  in  operation  designed  for  earth, 
the  other  by  the  new  canal  designed  for  con- 
crete lining.  The  grade  which  is  suitable  for 
a  canal  in  earth  is  not  the  most  economical 
grade  for  the  same  canal  when  lined  with 
concrete.  It  is  not,  however,  feasible  to  make 
any  material  change  in  the  grade  of  an  old 
canal  preparatory  to  lining  it.  The  irregu- 
larities can  and  should  be  removed  so  as  to 
secure  a  uniform  gradient,  but  more  than  this 
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to  its  full  capacity  or  when  an  opening  may 
be  made  by  a  gopher  or  other  burrowing  ani- 
mal. A  concrete  lining  should  prevent  such 
breaks  e-xcept  in  cases  where  the  water  over- 
tops the  bank  due  to  stoppage  or  other  causes. 
Faulty  location  of  the  canal  and  weak  places 
developing  later  can  very  often  be  largely 
corrected  by  a  good  concrete  lining.  Where 
the  original  grade  is  such  that  scour  occurs, 
or  where  excessive  curvature  causes  cutting 
of  the  sides,  a  similar  remedy  may  be  used. 
Maintenance  charges  also  will  be  materially 
reduced  by  the  lessening  of  weed  growth  and 
the  prevention  of  the  shifting  of  the  channel 
through  scouring.  In  some  systems  the  fall 
of  the  country  is  too  great  to  be  taken  up  by 
the  grade  of  the  canal  and  many  drops  are 
required  which  may  form  a  considerable  pro- 
portion of  the  cost  and  necessitate  high  main- 
tenance expenses.  The  use  of  a  concrete 
lining  frequently  permits  a  sufficiently  high 
grade  to  be  used  so  that  no  drops  are  needed, 
the  saving  in  these  structures  paying  part  of 
the  cost  of  the  lining. 

(4)  Insurance  Against  Damage  to  Crops. — 
As  the  losses  from  the  lack  of  water  at 
critical  times  during  the  irrigation  season  are 
often  much  greater  than  the  actual  cost  of 
repairs,   a   portion   of   the  cost   of   any   canal 


can  not  be  done  without  changing  the  loca- 
tion. 

The  disclussion  of  suitable  grades  must 
therefore  be  confined  to  new  canals  intended 
to  be  lined  before  carrying  any  large  per- 
centage of  their  maximum  capacity.  Disre- 
garding all  other  features  and  considering 
only  the  most  economical  method  of  convey- 
ing water,  the  steep  grade  with  its  correspond- 
ingly high  mean  velocity  is  best.  The  fact  is 
now  fairly  well  established  that  water  can 
pass  over  a  concrete  surface  at  a  high  velocity 
without  injurious  effects.  It  is  only  when 
fast-flowing  water  strikes  against  concrete 
or  is  obstructed  by  it  that  damage  is  likely 
to  result.  Mr.  A.  P.  Davis,  chief  engineer 
of  the  Reclamation  Service,  cites  a  case  in 
which  a  concrete  chute  on  the  south  canal  of 
the  Uncompahgre  project,  discharging  300  cu. 
ft.  per  second  at  a  velocity  of  over  20  ft.  per 
second  for  one  year,  not  only  showed  no 
perceptible  wear,  but  it  had  acquired  a  growth 
of  slimy  moss  over  the  concrete  surface  sub- 
ject to  this  velocity. 

In  the  summer  of  1913  Justin  T.  Kingdon 
made  an  examination  of  a  concrete  chute  on 
the  main  canal  of  the  Orland  project,  Orland, 
Cal.  The  canal  maintains  a  fairly  constant 
flow  throughout  the  season.     It  was  measured 


shortly  after  the  observation  and  found  to  be 
discharging  84  sec.-ft.  of  water  which  at  the 
bottom  of  the  chute  had  a  velocity  of  17  ft. 
per  second,  and  like  the  south  canal  of  the 
Uncompahgre  project,  this  concrete  showed 
no  wear  on  its  wetted  area,  and  the  growth 
of  slimy  moss  which  it  had  acquired  was 
especially  noticeable  over  that  portion  of  the 
surface  subject  to  the  highest  velocity. 

It  would  therefore  appear  that  the  per- 
missible velocity  in  lined  canals  depends 
largely  on  considerations  other  than  damage 
to  the  lining.  The  mention  of  three  of  these 
causes  may  serve  to  make  this  statement 
clear.  Assuming  that  a  concrete-lined  canal 
will  successfully  withstand  velocities  up  to  20 
ft.  per  second,  the  fall  necessary  to  produce 
such  velocities  must  be  considered,  since  the 
sacrifice  of  so  much  head  might  entail  greater 
cost  than  the  building  of  a  larger  canal  on  a 
lighter  grade.  Again,  the  e.xtra  cost  and  in- 
convenience in  making  suitable  turnouts  to 
divert  water  from  such  a  canal  would  serve 
to  lessen  the  advantages  gained  by  having  a 
high  velocity.  Lastly,  pulsations  are  a  com- 
mon feature  in  all  channels  in  which  the 
water  flows  at  a  high  velocity.  The  water 
surface  consists  of  irregular  waves  which 
travel  at  various  distances  apart  and  an  e.xtra 
height  of  lining  is  required  to  prevent  the 
waves  from  overtopping  it.  It  is  believed  that 
a  mean  velocity  of  between  8  and  10  ft.  per 
second  is  about  as  high  as  should  be  adopted 
in  lined  canals  under  ordinary  conditions. 

ALIGNMENT   OF   LINED    CANALS. 

In  locating  a  new  canal  for  concrete  lin- 
ing, sharp  curves  should  be  avoided  if  pos- 
sible. The  reduction  of  curvature  in  a  loca- 
tion over  a  rough  country  with  steep  slopes 
may  increase  considerably  the  amount  and 
the  cost  of  excavation,  but  this  additional  ex- 
pense may  be  more  than  compensated  by  the 
advantages  gained  in  having  flat  curves.  In 
flowing  around  curves  the  surface  of  the 
water  tends  to  rise  on  the  outer  side  due  to 
centrifugal  force.  The  height  to  which  it 
will  rise  in  any  given  case  will  depend  on 
the  velocity  of  the  water  and  the  sharpness  of 
the  curve.  In  order  to  maintain  a  uniform 
height  of  lining  above  the  water  surface  of 
the  canal,  the  practice  has  been  to  raise  the 
outer  lining.  In  the  case  of  the  Tieton  main 
canal  of  the  United  States  Reclamation  Ser- 
vice, Yakima  project,  Washington,  on  the 
sharpest  curves,  having  a  radius  of  57.6  ft. 
and  a  velocity  of  9  ft.  per  second,  the  super- 
elevation amounted  to  about  1  per  cent  of 
the  width.  The  presence  of  a  large  number 
of  sharp  curves  likewise  increases  the  cost 
of  both  the  earth  trimming  and  the  laying  of 
the  concrete. 

EFFECT    OF    ALKALI    ON    CONCRETE    LINING. 

Throughout  the  West  are  to  be  found  here 
and  there  instances  of  concrete  construction 
having  been  disintegrated  through  the  action 
of  alkali  salts.  While  some  uncertainties  re- 
main regarding  the  exact  nature  of  such  ac- 
tion, there  seems  to  be  no  question  but  that 
the  principal  reason  for  it  arises  from  the  re- 
action between  the  various  alkali  salts  and 
the  calcium  hydroxid  of  the  cement.  The 
new  compounds  formed  have  a  greater  vol- 
ume than  the  replaced  hydroxid  and  their 
formation  weakens  or  destroys  the  concrete 
by  forcing  apart  the  particles  of  cement.  In 
order  for  this  action  to  occur  it  is  necessary 
for  the  water  containing  alkali  to  percolate 
into  or  through  the  concrete.  Under  field 
conditions  "these  reactions  referred  to  are 
much  retarded  if  not  entirely  suspended  in 
most  cases,  due  probably  to  the  carboniza- 
tion of  the  lime  of  the  cement  near  the  sur- 
face or  the  formation  of  an  impervious  skin 
or  protective  coating  by  saline  deposits."  It 
is  also  doubtless  true  that  "wetting  and  dry- 
ing or  freezing  and  thawing  will  hasten  the 
destruction  of  tlie  cement  by  extending  the 
cracks  already  started." 

In  experiments  with  oil-mixed  Portland 
cement  concrete,  the  concrete  was  damp- 
proofed  by  the  incorporation  of  semiasphaltic 
oil.  In  hand  mixing,  the  sand,  cement,  and 
water  were  first  mi.xed  to  a  mushy  consistency, 
the  oil  added  and  mixed  until  no  trace  of  it 
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was  visible  on  the  mortar  surface,  and  then 
the  broken  stone  or  gravel  was  mixed  in.  In 
machine  mixing  the  sand,  cement,  and  water 
were  first  mixed  to  a  mortar  followed  by 
alternate  batches  of  stone  and  oil  which  were 
added  and  mixed.  The  proportion  of  oil 
used  was  based  on  a  comparison  of  its  weight 
to  the  weight  of  the  cement  used  in  the  con- 
crete. The  results  of  tests  show  that  oil- 
mixed  mortar,  containing  5  to  10  per  cent  of 
oil,  is  dampproof  as  well  as  waterproof,  and 
indicate  that  its  use  may  prove  desirable  in 
the  construction  of  irrigation  canal  linings 
exposed  to  the  action  of  alkali   (Fig.  1). 

Good  practice  in  concrete  lining  construc- 
tion where  alkali  must  be  reckoned  with  ne- 
cessitates the  following  precautions:  (1)  Do 
not  use  sand,  gravel,  or  water  containing 
alkali.  (2)  Keep  soil  waters  charged  with 
alkali  from  coming  into  contact  with  the 
concrete  by  the  use  of  suitable  drainage.  (3) 
Give  careful  attention  to  the  proper  propor- 
tioning of  materials  and  use  more  cement  than 
is  needed  to  fill  the  voids.  (4)  Protect  the 
surface  by  a  thin  plaster  coat  of  dense  mor- 
tar of  granular  sand.  (5)  Both  the  concrete 
and  the  mortar  used  for  the  lining  may  be 
dampproofed  by  the  addition  of  5  to  10  per 
cent  of  semiasphaltic  oil  when  mixing  the 
materials. 

EXPANSION    AND    CONTRACTION    OF   CONCRETE. 

Field  Tests  at  Logan,  Utah.— Vnnng  the 
summer  of  1913  field  experiments  were  con- 
ducted by  Prof.  B.  P.  Fleming,  of  the  State 
University  of  Iowa,  working  under  the  direc- 
tion of  this  office,  at  Logan,  Utah,  for  the 
purpose  of  determining  the  coefficient  of  ex- 
pansion of  concrete  slabs.  An  effort  was 
made  to  secure  conditions  as  nearly  as  pos- 
sible like  those  found  for  canal  linings.  It 
will  be  noted,  however,  that  the  slabs  were 
not  tested  to  find  the  effect  produced  by  being 
wet  on  one  side.  The  variations  in  length 
were  measured  with  two  micrometer  micro- 
scopes focused  upon  lines  in  the  highly  pol- 
ished tops  of  two  steel  pins  projecting  above 
the  surface  of  the  slab,  one  at  each  end.  This 
device  permitted  making  direct  readings  from 
the  micrometer  scale,  giving  measurements  to 
0.0008  millimeter.  The  thermometers  used 
were  graduated  to  0.10°  C.  and  could  be  esti- 
mated easily  to  0.02o''.  All  measurements  of 
the  slab  length  were  direct,  and  no  part  of  the 
apparatus  was  in  contact  with  the  slab.  The 
idea  of  maintaining  the  latter  condition  was 
to  prevent  in  every  possible  way  influences 
which  might  affect  the  expansion  of  the  slab. 
Except  for  a  roller  placed  under  one  end, 
each  slab  was  lying  on  ground  composed 
mostly  of  loose  gravel.  The  slabs  were  12 
ins.  wide,  6  ins.  deep,  and  11  ft.  long.  The 
steel  pins  inserted  vertically  in  the  top  were 
spaced  10  ft.  apart,  thus  leaving  C  ins.  length 
of  slab  beyond  the  pin  at  each  end.  A  wet 
hand-mixed  concrete  mixture  was  used  for 
each  slab,  numbered  1  and  2,  and  volumetric- 
ally  proportioned  1:3:5  and  1:2:4,  respectively. 
Each  slab  was  of  rectangular  cross  section 
throughout.  The  general  average  coefficient 
of  expansion  measured  was  0.0000043  for  slab 
1  and  0.0000042  for  slab  2. 

Laboratory  Tests  at  the  State  University  of 
Iowa. — In  the  fall  and  winter  of  1913-14  the 
experimental  work  initiated  at  Logan,  Utah, 
was  continued  in  the  laboratory  of  the  State 
University  of  Iowa  under  the  same  super- 
vision as  before.  The  sand  and  gravel  used 
were  taken  from  the  bed  of  Iowa  River.  This 
raw  material  was  screened  through  a  1-in. 
mesh  screen  and  again  through  a  %-in.  mesh 
screen.  The  material  failing  to  pass  the  lat- 
ter screen  was  considered  gravel.  The  sand 
was  unscreened,  but  it  was  fine  and  clean. 
Three  'horizontal  slabs  were  cast  with  the 
same  dimensions  as  those  made  at  Logan. 
The  apparatus  and  equipment  were  practically 
the  same,  except  that  the  laboratory  permitted 
a  somewhat  careful  control  of  influencing 
conditions  not  possible  in  the  open-air  work. 
In  addition,  a  specially  devised  apparatus  per- 
mitted the  making  of  observations  for  change 
of  length  within  30  minutes  after  water  had 
■been  added  to  the  dry  materials  used  in  mak- 
ing the  concrete.    Brass  pins  with  their  upper 


ends  highly  polished  were  used  instead  of 
steel  pins.  The  methods  employed  for  tem- 
perature determination  and  control  were  quite 
satisfactory  and  it  is  believed  gave  results 
fully  as  accurate  as  the  investigations  war- 
ranted. Two  slabs  of  seasoned  concrete  were 
used  for  determining  the  coefficient  of  ex- 
pansion. A  third  one  was  used  to  determine 
the  influence  on  change  of  length  due  to  set- 
ting. Each  slab  was  made  of  hand-mixed 
concrete,  using  the  materials  composing  the 
concrete  in  the  following  proportions: 

Number  of  slab. 
By  volume:  12  3 

Cement   1  1  1 

Sand    3  2  3 

Gravel 5  ■!  5 

By  weight: 

Water  100  72  73 

Cement   118  99  79 

Sand   319         203         244 

Gravel    552         441         431 

The  general  average  coefficient  of  expansion 
measured  was  O.OO00OG27  for  slab  1  and 
0.00000632  for  slab  2.  Slab  3  was  kept  at  a 
temperature  of  about  80°  F.,  though  at  times 
it  fell  to  70°  and  even  65°  during  Saturdays 
and  Sundays.  Daily  observations  were  made 
early  in  the  work,  but  later  on  observations 
were  made  only  once  a  week.  It  is  interest- 
ing to  note  (Fig.  1)  the  immediate  and  rapid 
expansion  following  pouring,  lasting  about 
one  week.  This  caused  a  change  of  length 
of    about    0.00012    ft.    per    foot.     This    action 
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Fig.  3.     Joint  for  Concrete    Lining  of  Canal 

of   Patterson    Land   &   Water   Co., 

California. 

was  doubtless  due  to  the  physical  rearrange- 
ment of  the  particles  of  concrete  in  the 
process  of  crystallization.  So  far  as  its  effect 
upon  concrete  lining  for  canals  is  concerned, 
if  joints  were  not  provided,  it  would  cause 
severe  compression  of  the  slab  as  a  whole 
for  about  a  week  or  10  days,  which  might 
cause  a  slight  buckling  and  crushing.  Where 
joints  are  used  and  filled  with  asphaltum  or 
similar  material  the  tendency  would  be  to 
force  some  of  it  out  of  place,  and  for  this 
reason  the  filling  material  should  not  be  placed 
until  about  two  weeks  after  the  lining  has 
been  laid.  It  will  be  noted,  however,  that  the 
expansion  is  only  0.012  ft.  in  100  ft.,  which 
accounts  for  its  effect  being  of  no  marked 
importance  in  practice. 

It  will  also  be  noted  (Fig.  1)  that  follow- 
ing the  expansion  period  in  slab  3  there  is  a 
period  of  contraction  lasting  about  75  days 
and  during  which  there  is  a  total  contraction 
at  the  rate  of  about  0.042  ft.  in  100  ft.,  thus 
leaving  the  slab  0.03  ft.  shorter  for  a  100-ft. 
length  than  when  laid.  If  this  factor  were 
considered  for  a  concrete  lining,  assuming 
that  its  contact  with  the  material  through 
which  the  canal  were  constructed  would  not 
retard  the  expansion,  having  a  coefficient  of 
expansion  of  0.0000045,  it  would  allow  a  total 
rise  of  temperature  of  about  67°  F.  before 
two  adjoining  slabs  would  be  in  contact  after 
the  contraction  due  to  setting  had  been  com- 
pleted. It  is  evident,  therefore,  that  if  a  slab 
were  laid  in  the  winter  at  a  temperature  of 
40°  F'.,  the  joints  opened  by  contraction  would 
not  be  closed  until  the  slab  had  reached  a 
temperature  of  106°  h'.  in  the  summer.  Con- 
crete lining  is  usually  placed  in  canals  dur- 
ing the  winter  or  at  least  when  the  weather 
temperatures  are  cold  enough  for  the  above 
conditions  to  obtain.  If  the  water  carried  in 
the  canal  is  at  a  temperature  of  between  40° 
and  60°  F.,  it  is  evident  that  the  effect  of 
contraction  in  concrete  lining  laid  at  cor- 
responding temperatures  will  be  most  no- 
ticeable   at    a    time    when    water-tightness    is 


most  desired.  For  this  reason  it  is  essential 
that  some  provision  be  made  to  secure  water- 
tight joints.  It  may  also  be  quite  necessary 
to  use  some  elastic  material  like  tar  paper  to 
allow  for  expansion  in  excess  of  that  which 
can  be  taken  up  by  the  space  formed  due  to 
contraction  in  setting,  for  in  some  sections 
of  the  West  temperatures  are  likely  to  be 
met  which  will  cause  this  extra  expansion, 
and  unless  a  compressible  material  is  pro- 
vided buckling  or  crushing  is  very  likely  to 
occur. 

In  summing  up  the  results  of  the  experi- 
ments at  Logan,  Utah,  and  those  at  the  State 
University  of  Iowa,  it  may  be  stated  that  for 
concrete  slab  construction  such  as  canal  lin- 
ing, where  only  one  side  is  exposed  and  with 
the  other  side  in  contact  with  earth,  a  co- 
efficient of  expansion  of  0.0000045  should  be 
used,  but  in  the  case  of  concrete  construction 
where  all  sides  are  subject  to  equal  tempera- 
tures and  are  not  under  the  conditions  of 
moisture  and  earth  contact  found  in  canal 
lining  and  similar  construction,  a  coefficient 
of  0.0000063  can  be  used  with  safety. 

JOINTS    IN    CONCRETE    LINING. 

Owing  to  the  fact  that  concrete  lining  ex- 
pands in  warm  weather  and  contracts  in  cold 
weather,  joints  would  seem  to  be  an  essential 
feature  of  such  construction.  Where  no  pro- 
vision is  made  for  expansion  and  contraction 
by  means  of  joints,  the  concrete  lining  is  cer- 
tain to  be  subjected  to  high  internal  stresses, 
which  increase  in  intensity  until  the  lining 
is  ruptured.  These  ruptures  occur  at  the 
weakest  points,  and  following  the  directions 
of  least  resistance  result  in  irregular  frac- 
tures which  are  difficult  to  repair.  They  fre- 
quently are  so  small  and  so  irregular  that  it 
is  practically  impossible  to  introduce  any  filler 
into  the  seams.  Even  when  this  is  done  the 
alternate  opening  and  closing  of  the  fracture, 
due  to  changes  in  temperature,  lowers  and  in 
time  destroys  the  effectiveness  of  such  re- 
pairs. 

On  the  other  hand,  joints  in  concrete  lin- 
ing constitute  a  weak  feature.  In  strength, 
durability  and  water-tightness  the  best  formed 
joint  is  inferior  to  the  continuous  lining.  For 
these  reasons,  to  which  may  be  added  that 
of  extra  cost,  the  distance  between  joints 
should  be  as  great  as  possible  consistent  with 
changes  in  volume  due  to  temperature  and  the 
adoption  of  suitable  forms  and  proper  meth- 
ods of  construction. 

When  forms  are  used  their  length  is  usually 
limited  to  the  size  and  weight  which  can  be 
readily  shifted  by  hand  without  the  aid  of 
special  equipment.  Even  when  the  forms  are 
of  the  simplest  kind  the  methods  of  con- 
struction commonly  employed  place  other  limi- 
tations on  the  distance  between  joints.  Again, 
in  lining  curves  the  frequency  of  the  joints 
depends  upon  the  degree  of  curvature,  the 
sharper  the  curve  the  shorter  the  distance  be- 
tween joints.  Notwithstanding  these  limita- 
tions, the  tendency  in  the  past  has  been  to 
msert  too  many  joints,  particularly  on  straight 
portions  of  canals. 

The  subject  of  joints  in  concrete  lining  is 
also  closely  related  to  the  manner  in  which 
the  lining  is  laid,  whether  continuously  or  in 
alternate  sections.  Joints  which  are  adapted 
to  one  of  these  methods  may  be  a  misfit  when 
applied  to  the  other.  In  using  either  method 
it  is  advisable  to  break  joints  between  the 
floor  and  the  sides,  as  indicated  in  Fig.  2  a. 

Ki)ids  of  Joints. — Various  kinds  of  joints 
are  used  to  prevent  cracks  in  concrete  linings : 

(1)  One  of  the  most  common  is  the  plain 
abutting  joint.  This  joint  is  simple,  cheap, 
and  easily  made.  E.xpansion,  likewise,  is  pro- 
vided for  in  the  frequency  of  the  joints.  It 
has,  however,  several  weak  features  which 
render  its  use  questionable.  One  of  these  is 
the  lack  of  any  bond  between  the  sections. 
Were  it  not  for  the  connection  with  the  bot- 
tom at  the  toe  each  side  section  might  be 
regarded  as  a  separate  slab,  liable  to  be  thrust 
upward  by  pressure  from  behind  or  to  fall 
backward  when  the  earthen  support  is  re- 
moved. Both  of  these  effects  are  quite  prob- 
able. Another  defect  is  the  difficulty  ex- 
perienced   in    filling  the   seam   with    any   ma- 
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terial  which  will  i-cnder  the  joint  water-tight, 
it  being  too  narrow  to  calk. 

(2)  The  abutting  joint  is  frequently  mocli- 
fied  by  introducing  one  or  more  plies  of  tar 
paper  (Fig.  2  6).  While  the  paper  provides 
for  extra  expansion  and  renders  the  joint 
impervious,  it  adds  nothing  to  the  bond  be- 
tween sections. 

(3)  An  interlocking  device  (Fig.  2  c)  con- 
sisting of  a  4-in,  strip  of  corrugated  iron, 
was  inserted  in  each  joint  of  the  lining  of 
the  North  Side  Twin  Falls  Canal,  Idaho.  If 
the  metal  strip  is  thickly  coated  with  asphalt 
before  being  inserted  it  may  prevent  leaks. 
The  device  likewise  secures  a  fairly  good 
l)ond. 

(4)  A  pliable  metal  sheet  protected  from 
rust,  of  the  form  shown  in  Fig.  2  d,  has  also 
lieen  used  for  such  purposes.  When  section 
A  is  being  laid  the  metal  assumes  the  form 
of  a  right  angle,  the  vertical  part  being  placed 
against  the  form.  Before  section  B  is  laid 
the  upper  portion  of  the  vertical  is  bent  down 
to  a   horizontal  position,  as  shown. 

(5)  In  the  Ridenbaugh  Canal  of  the 
Nampa  and  Meridian  Irrigation  District, 
Idaho,  tar  paper  was  inserted  between  the 
abutting  joints,  which  are  spaced  16  ft.  3  ins. 
apart,  and  a  good  bond  between  the  sections 
was  secured  bv  short  %-in.  steel  rods 
(Fig.  2e). 


((>)  To  overcome  the  objection  of  project- 
ing rods  in  laying  by  the  method  just  de- 
scribed, the  plan  of  bonding  shown  in  Fig.  2  / 
has  been  devised.  A  socket  is  formed  in 
section  A  by  means  of  a  short  %-in.  pipe, 
and  into  this  is  inserted  one  end  of  a  steel 
rod  6/16  in.  in  diameter  and  double  the  length 
of  a  pipe.  This  contrivance  adapts  the  joint 
to  the  alternate  method  of  laying,  as  illus- 
trated in  Fig.  2  a. 

(7)  The  form  of  joint  used  on  the  Snake 
Ravine  retaining  walls  of  the  Turlock  Irri- 
gation District  of  California  is  shown  in 
Fig.  2  g.  In  laying  the  lining  in  alternate  sec- 
tions the  joint  with  its  concave  surface  may 
be  coated  with  hot  asphalt  or  lined  with  tar 
paper  before  tlie  adjacent  section  is  laid. 

(8)  In  lining  the  Davis  and  Weber 
Counties  Canal  in  Utah,  a  thin  strip  of  wood 
coated  with  asphalt  was  placed  in  each  joint 
and  extended  through  about  two-thirds  the 
thickness  of  the  lining.  The  specifications 
called  for  the  withdrawal  of  these  strips  and 
the  filling  in  of  the  spaces  with  hot  asphalt, 
but  this  was  not  done.  As  a  result,  many  of 
the  wooden  strips  became  loose  and  project 
more  or  less  above  the  surface  of  the  lining, 
thus  retarding  the  flow  of  water.  In  other 
respects  the  joint  has  proved  satisfactory.  (See 
Fig.  2h.) 

(9)  A    somewhat    similar    joint     (Fig.    3) 


was  used  by  the  engineers  of  the  Patterson 
Land  &  Water  Co.  and  the  East  Contra  Costa 
Irrigation  Co.  On  both  canals  the  wooden 
strips  were  removed  and  the  spaces  filled  with 
hot  asphalt  to  within  %  in.  of  the  surface, 
the  remaining  space  being  filled  with  cement 
mortar.  When  inspected  by  the  writer  during 
construction  he  questioned  the  advisability  of 
so  wide  a  joint,  and  was  advised  that  a 
smaller  joint  could  not  well  be  filled  with 
asphalt. 

(10)  Where  conditions  are  adapted  to  its 
use,  the  type  of  joint  shown  in  Fig.  2  i 
possesses  some  advantages  over  those  pre- 
viously discussed.  This  is  merely  the  car- 
penter's shiplap  or  half-timber  joint  applied 
to  concrete.  It  provides  for  all  the  expansion 
necessary  without  weakening  the  lining  by 
too  wide  a  joint  space.  It  also  permits  a  cer- 
tain amount  of  "creeping"  in  the  section  with- 
out misplacement  and  furnishes  an  excellent' 
opportunity  to  secure  a  watertight  joint  by 
the  use  of  an  elastic  material  like  asphalt. 

(11)  In  adapting  the  shiplap  joint  to  thin 
concrete  linings  a  greater  thickness  of  lining 
is  used  at  each  joint.  The  sections  shown 
in  y,  k,  I,  and  m,  Fig.  2,  represent  this  modi- 
fication showing  two  joints  and  methods  of 
construction,  as  designed  by  A.  F.  Parker 
for  the  lining  of  the  Davis  and  Uinta  Coun- 
ties Canal  in  Utah. 


General  Principles  Governing  the  Re- 
location and  Mapping  of  Uncharted 
Portions  of  Water  Distribution 
Systems. 

For  the  adequate  control  and  effective  opera- 
tion of  the  distribution  system  of  a  city  water 
works,  the  location  of  pipes  and  valves  should 
be  definitely  known,  and  also  the  function  per- 
formed by  such  pipes  and  valves.  Data  should 
be  recorded  in  such  a  way  as  to  be  readily 
understood  and  interpreted,  and  should  be 
accessible  for  immediate  use,  in  case  of  an 
emergency,  by  more  than  one  person. 

The  more  complex  the  system,  the  more 
important  becomes  definite  and  easily  used 
recorded  information  as  distinctive  from  in- 
formation stored  only  in  the  minds  of  certain 
individuals.  For  one  reason  or  another,  too 
much  dependence  has  been  placed  upon  the 
personal  knowledge  of  the  individuals,  or, 
perhaps,  a  single  employee,  and  too  little  has 
been  done  upon  the  work  of  recording  facts 
and  data  in  such  shape  as  to  be  of  use  by  any 
person,  incidentally  extending  thereby  the  use- 
fulness of  many  persons.  The  lack  of  proper 
records  and  plans  may  be  felt  in  a  minor 
degree  as  an  everyday  handicap,  but  is  likely 
to  be  particularly  emphasized  in  case  of  an 
accident,  such  as  a  break  in  a  main.  Here  the 
flow  of  water  must  be  stopped,  and  the  cir- 
culation readjusted,  so  as  to  cause  as  little 
annoyance  and  inconvenience  to  consumers  as 
possible.  This  means  that  a  number  of  valves 
must  be  first  found,  and  then  operated  in  such 
a  manner  as  to  produce  the  desired  results, 
and  such  work  must  be  done  quickly. 

Of  scarcely  secondary  importance  is  the 
necessity  of  similar  records  for  service  pipe 
connections  from  the  mains  in  the  streets  to 
the  properties  of  the  consumers.  Affiliated 
with  these  latter  records  are  the  data  record- 
ing the  arrangement  of  water  piping  inside 
buildings  or  private  properties,  with  special 
reference  to  unauthorized  outlets  or  connec- 
tions with  a  private,  and  possibly  contami- 
nated, water  supply  for  fire  or  manufacturing 
purposes. 

The  relocating  and  mapping  of  water  mains 
and  valves  is  now  under  way  in  Philadelphia. 
In  a  paper  before  the  recent  annual  meeting 
of  the  American  Association  for  the  Advance- 
ment of  Science  Mr.  Carleton  E.  Davis,  chief 
of  the  Philadelphia  Bureau  of  Water,  outlined 
the  general  principles  controlling  such  work. 
The  matter  here  given  is  from  that  paper. 


The  original  water  works  of  Philadelphia 
were  constructed  about  1801.  The  first  cast 
iron  pipe  was  laid  in  1817,  and  considerable 
pipe  W'hich  was  in  the  ground  as  early  as  1820 
or  1830  is  still  doing  service  in  the  distribution 
system.  The  present  city  is  an  amalgamation 
of  a  number  of  distinct  municipalities,  some  of 
which  had  a  water  supply  at  the  time  of  in- 
corporation with  the  larger  community.  ■  Such 
water  works  were  joined  to  the  Philadelphia 
supply  and  are  even  now  a  part  of  the  general 
system.  As  the  city  'of  Philadelphia  has 
grown,  various  water  supply  projects  have 
been  developed,  used,  outgrown  and  aban- 
doned, "in  whole  or  in  part.  During  the  last 
15  years  the  introduction  of  a  filtered  water 
supply  has  brought  about  a  radical  readjust- 
ment of  the  principal  supply  mains  and  a  re- 
alignment of  the  distribution  districts. 

Comprehensive  Record  Scheme. — Certain 
general  maps  and  plans  are  available,  invalu- 
able as  a  basis  of  a  more  comprehensive  and 
useful  record  scheme,  and  representing  a 
large  amount  of  research  in  the  past,  hard 
work,  and  wise  foresight.  These  particular 
maps  in  Philadelphia  were  compiled  by  Mr. 
William  Whitby,  of  the  Bureau  of  Water. 
They  are  now  being  developed  and  expanded 
with  a  view  of  increasing  the  amount  of  de- 
tailed information,  distributing  such  informa- 
tion widely  throughout  the  water  bureau,  and 
putting  it  in  such  shape  that  a  larger  number 
of  employees  can  be  used  to  a  greater  ad- 
vantage by  reason  of  its  existence  and  accessi- 
bility. 

The  scheme  provides  certain  general  fea- 
tures: (1)  Data  used  chiefly  for  controlling 
and  regulating  the  amount  of  pressure  of  wa- 
ter throughout  the  system,  or  in  other  words, 
data  used  in  operating  the  supply.  Under  this 
head  are  maps  defining  the  limits  of  the  sev- 
eral distinct  distribution  areas,  which  maps  are 
accompanied  by  data  showing  the  sources  of 
supply  for  each  area  and  a  list  of  valves  con- 
trolling the  supply;  likewise  general  maps 
showing  all  large  mains,  reservoirs  and  pump- 
ing stations,  together  with  detail  maps  of  the 
piping  system  and  operating  valves  at  the 
pumping  stations,  filters  and  reservoirs.  (2) 
Data  used  chiefly  for  repairs  and  maintenance. 
Under  this  head  are  detail  maps  showing  the 
complete  gridiron  of  distribution  pipes  on 
which  the  location  of  all  valves  and  hydrants 
are  indicated.  The  detail  of  such  maps  is 
expanded  by  intersection  plans  showing  on  a 
larger  scale  the  situation  at  each  street  inter- 
section.   Each  street  intersection  is  mapped  on 


a  separate  plan  of  a  size  convenient  for  use 
in  the  field.  (3)  Data  used  chiefly  for  the 
business  relations  between  the  consumer  and 
the  bureau  of  water.  Under  this  heading  come 
data  relating  to  service  pipe  connections,  such 
as  the  location,  depth,  size,  date  of  insertion, 
kind  of  pipe,  etc.  These  data  are  listed  in  a 
card  index  and  filed  by  streets  and  numbers. 
The  system  likewise  proposes,  under  this  head, 
full  plans  of  all  pipes  in  important  establish- 
ments which  may  have  a  special  supply  for 
sprinkler  systems  or  other  fire  protection. 
These  plans  will  indicate  the  relations  between 
pipes  carr\'ing  city  water  and  private  pipes, 
which  may  carry  possible  polluted  water  from 
a  private  source,  introduced  for  the  purpose 
of  fire  protection  or  manufacturing.  The 
necessity  for  the  complete  severance  of  these 
dual  supplies  can  be  readily  seen. 

Assuming  an  available  force  of  sufficient  size 
and  individual  experience  and  capacity,  the 
work  of  mapping  pipes  and  valves  proceeds 
normally  along  three  lines :  (1)  Compilation 
of  existing  data  wherever  and  however  those 
data  may  be  listed.  Reports  and  plans  were 
searched  and  examined,  though,  of  course,  the 
chief  mine  of  information  was  found  to  be  in 
the  memory  of  old  employees.  Considerable 
tact  and  discriminating  judgment  were  neces- 
sary to  elicit  the  information  stored  in  tlir 
minds  of  these  old  employees  and  give  to  such 
information  its  true  value  and  assign  to  it  it,~ 
proper  place.  (2)  An  investigation  and  deter- 
mination of  the  present  and  possible  functinii 
and  use  of  the  several  parts  of  the  system. 

Pitoineter  Force. — In  investigating  the  um 
and  possibilities  of  the  present  pipes,  pitometcr 
corps,  equipped  with  apparatus  readily  t" 
measure  the  flow  in  any  pipe,  have  been  used 
to  great  advantage.  These  pitometer  corp< 
served  a  twofold  purpose,  for,  while  measur- 
ing and  studying  the  flow  of  water  and  de- 
termining its  fluctuation,  they,  at  the  sanir 
time,  detect  leaks  and  locate  points  of  undue 
use  or  waste.  Incidental  to  this  study  of  the 
flow  is  the  operation  of  control  valves  in  thi' 
course  of  w^hich  the  location  of  valves  is  veri- 
fied, their  condition  and  character  noted,  and 
other  data  obtained  which  forms  a  part  of  the 
detail  location  maps.  More  or  less  information 
is  likewise  brought  to  light  concerning  service 
pipes,  even  some  unknown  ones  being  un- 
earthed. Various  devices  are  on  the  market 
which  aid  in  locating  lost  ser\'ice  pipes,  though 
sometimes  nothing  but  digging  will  bring  the 
desired  infonnation.  Governing  the  rather 
restricted   operations    of   the   pitometer  corps. 
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is  an  overhead  study  of  the  whole  distribution 
field,  including"  investigation  of  proposed 
changes  in  the  major  control  system. 

General  Repair  and  Maintenance  Force. — 
Like  the  pitometer  corps,  whicli  obtains  cer- 
taini  incidental  facts  while  working  along 
definite  lines  for  the  purpose  of  obtaining 
other  information,  the  general  repair  and 
maintenance  forces  are  likewise  utilized  for 
the  same  purpose.  Without  adding  noticeably 
to  their  labor,  they  turn  in  much  that  is 
valuable  in  the  shape  of  permanent  records. 
Each  foreman  in  charge  of  a  repair  or  mainte- 
nance crew  is  furnished  with  a  pad  of  paper 
showing  the  lines  of  typical  street  intersection 
with  house  lines,  curb  lines,  etc.,  printed  on 
it.  Whenever  and  w'herever  such  a  crew  is 
called  for  work,  the  formean  is  required  in 
his  spare  moments,  which  always  occur  in  such 
an  operation,  to  list  up  on  these  blanks  such 
data  as  an  intelligent  inspection  of  his  im- 
mediate vicinity  will  discover.  He  likewise  is 
required  to  operate  such  valves  as  can  be 
conveniently  handled  and  turn  in  a  record  of 
such  operation.  These  field  records  are  sent 
in  to  a  central  office  and  are  used  in  verifying 
permanent  records  or  for  making  new  records 
on  the  detailed  maps.  (3)  The  proper  record- 
ing of  new  work  and  the  reduction  to  tangible 
shape  of  existing  data. 

The  system  in  vogue  in  Philadelphia  de- 
pends upon  the  centralized  overhead  control. 
■  All  new  work  is  directed  from  a  central  office, 
thereby  insuring  uniform  practice  and  pro- 
cedure, stimulating  branch  offices  by  the  feel- 
ing that  their  returns  are  scrutinized  and 
com.pared  with  similar  returns  from  other 
branch  offices.  As  the  attempt  is  made  to 
secure  results  from  what  would  otherwise  be 
lost  time,  or  in  other  words,  a  utilized  by- 
product, this  introduction  of  competition  is 
valuable.  Uniform  practice  and  procedure  is 
essential,  as  a  man  transferred  from  one  sec- 
tion of  the  city  to  another  feels  at  home 
among  the  familiar  records,  even  though  the 
geography  of  the  district  is  strange.  Book 
records  have  been  discarded  as  far  as  possible 
in  favor  of  records  capable  of  easy  and  rapid 
'reproduction.  A  complete  and  satisfactory 
record,  distributed  as  widely  as  desired,  may 
not  be  obtained  for  some  time  to  come,  but 
enough  has  already  been  accomplished  to 
prove  the  worth  of  the  system. 


A   Study   of  the   Failures   and   Partial 
Failures  of  Dams  in  Pennsylvania. 

A  study  of  the  failure  of  dams  supplies 
practical  knowledge  concerning  proper  meth- 
ods of  design  and  construction.  Following 
the  failure  of  the  Austin  Pennsylvania  dam 
the  Pennsylvania  Water  Supply  Commission 
made  it  a  point  to  obtain  information  relative 
to  the  failures  and  partial  failures  of  dams 
ill  that  state.  The  results  of  the  studies  are 
given  in  the  annual  report  of  the  Commission 
for  1912,  which  was  recently  published.  The 
information  here  given  relates  to  28  dams 
which  have  failed  partially  or  completely 
during  the  past  25  years.  The  report  men- 
tioned gives  details  relative  to  about  half  of 
these  failures.  The  present  article  gives  the 
general  conclusions  based  upon  the  study  of 
all  these  failures. 

Three  great  catastrophies  have  resulted 
from  the  failure  of  dams,  in  Pennsylvania, 
as  follows:  At  Johnstown  in  1889,  at  Oak- 
ford  Park  in  1903,  and  at  Austin  in  1911.  The 
losses^  of  life  in  the  failures  were  2,142,  23 
and  77,  respectively.  The  majority  of  in- 
jured dams  have  been  small,  unimportant 
structures,  causing  little  injury.  When  large 
and  important  dams  have  failed,  investigation 
has  proved  that  sufficient  caution  and  thor- 
oughness have  not  been  exercised  in  the  de- 
sign,   construction    and    maintenance. 

Table  I  gives  28  of  the  larger  dams  suffer- 
ing total  or  partial  failure.  Some  have  re- 
sulted in  absolute  demolition  of  the  structure 
and  complete  and  rapid  emptying  of  the  reser- 
voir, requiring  entire  rebuilding  or  abandon- 
ment. Others  affected  only  jjortions  of  the 
dam  .ind  did  not  result  in  the  entire  loss  of 
stored     water.      Many    caused    property    loss 


only  in  so  far  as  the  structure  itself  was 
concerned. 

In  the  full  report  descriptions  of  certain  of 
the  failures  or  partial  failures  listed  in  Table 

I  are  given.  An  analysis  of  Table  I  indi- 
cates that  16  of  the  28  dams  were  earthen 
structures,  6  masonry  and  6  timber  crib.  Table 

II  indicates  the  cause  of  the  failures  or  in- 
juries in  each  of  the  three  types  of  dams. 

It  win  be  observed  that  the  principal  cause 
is  insufficient  spillway  capacity,  and  that  this 
occurs  in  earthen  structures,  resulting  in  over- 
topping the  embankment  and  its  subsequent 
erosion  or  destruction.  In  one  case  of  this 
sort  the  presence  of  a  concrete  corewall  with- 
in the  embankment  apparently  saved  the  struc- 
ture from  being  carried  entirely  away. 

The  second  largest  number  is  from  im- 
proper construction,  which  means  that  if  these 
dams  had  been  built  with  care  and  thorough- 
ness, with  the  same  dimensions,  they  prob- 
ably would  have  been  stable.  In  the  case  of 
the  four  earthen  dams  which  failed  or  were 
damaged  from  this  cause,  two  were  not  built 
of  material  suitable  for  the  purpose,  while 
the  other  two  failed  during  construction;  in 
one  instance  because  suitable  provision  was 
not  made  for  taking  care  of  the  flood  flow  in 


engineering;  and  it  is  believed  that,  by  in- 
sisting on  proper  engineering  talent  in  the 
designing  of  such  structures,  the  state  may, 
by  a  critical  review  of  the  plans  and  specifi- 
cations and  by  careful  and  systematic  inspec- 
tion during  construction,  insure  a  smaller  ratio 
of  insecure  dams.  In  the  case  of  earth  filled 
dams,  as  above  stated,  the  spillway  capacity 
is  a  vital  point,  and  it  is  hardly  to  be  expected 
that  a  man  not  familiar  with  the  variability  of 
stream  flow  will  be  able  properly  to  estimate 
the  dimensions  required  for  safety.  It  has 
been  found  that  in  the  plans  which  have 
been  placed  before  the  commission,  in  con- 
nection with  applications  for  construction  of 
new  dams,  in  few  cases  has  the  spillway  ca- 
pacity been  sufficient,  according  to  the  stand- 
ards of  the  commission. 

At  one  time,  the  predominating  type  of  dam 
in  Pennsylvania  was  the  timber  crib  structure, 
stone  or  earthen  filled,  used  for  logging  and 
ice  pond  purposes,  and  for  improving  naviga- 
tion. Many  of  them  have  been  in  existence 
for  scores  of  years,  but  not  being  proper!'- 
maintained  and  kept  in  repair  their  deteriora- 
tion has  been  rapid,  and  numerous  failures 
have  occurred. 

Another   feature  deserving  attention    is   the 


TABLE   I.— LIST   OF  FAILURES  OR   PARTIAL     FAILURES     OF     DAMS     IN     PEXXSYLVAXIA 

DURING   25    YEARS. 
Name  of  Dam.  Type.  Cause  of  failure  or  partial  laUure. 

Lake  Leigh  .4mbursen    Faulty  foundation.— 

.'Austin    Concrete-gravity  section   Faulty  foundation." 

.Austin    Timber  crib   Faulty  construction., 

Macdoraldton    Concrete-gravity  section   Faulty  foundation.' 

Kittanning  Point  Earthen    Insufflcient  spillway  capacity. 

Mahanoy  City  Water  Co Earthen    Faulty  construction. 

South  Forti    Earthen    Insufflcient   spillwav    capacity. 

Oakford   Park    . ; Earthen    insufficient   spillway    capacity. 

Fort  Pitt    Earthen    .Insufficient   spillway    capacity. 

Green   Lick  Run Earthen    Faulty  foundation. 

Hosfeld    Concrete-gravity  section   Faulty  design  and  construction. 

Clover  Run   Timber  crib   Insufflcient  spillway  capacity. 

North  Strabane  Water  Co Timber  crib   Insufficient  spillway  capacity. 

Dunbar  Furnace  Co Concrete    Faulty  design  and   construction. 

Brookville  Water  Co Earthen    Insufflcient  spillway  capacity. 

Lebanon  City,  No.   2 Earthen    Faulty  design  and  construction. 

Boydstown    Earthen    Insufficient  spillway  capacity. 

Connellsville  Water  Co Earthen    Insufflcient  spillway  capacity. 

Latrobe  Water  Co Timber  crib    Faulty  design  and   construction. 

Ketner    Earthen    Faulty  construction. 

Tyrone  Gas  and  Water  Co Earthen    Faulty  construction. 

Tumbling  Run Earthen   Insufflcient  spillway  capacity. 

Kauffman  Run   Earthen    Faulty  construction. 

Birdsboro  Water  Co Earthen    Percolation  along  pipe  line. 

Irondale    Timber  crib   Faulty  construction. 

New  Brighton   Timber  crib   Faulty  construction. 

Colonial.   No.  4 Concrete-gravity  section   Faulty  construction. 

Salt  Lick  Creek Stone  and  earth Insufflcient  spillway  capacity. 


the  stream  and  in  the  other  because  the  core- 
wall  was  built  almost  to  its  full  height  in  a<l- 
vance  of  the  embankment.  In  the  case  of  the 
single  masonry  failure  the  concrete  was  poor, 
while  the  timber  dams  were  either  not  suitably 
filled  with  stone  or  had  been  allowed  to  decay. 

The  four  dams  which  failed  from  faulty 
design  and  construction  are  unfortunately 
typical  of  many  such  structures  in  which  the 
layman  failed  to  realize  the  necessity  and 
advantage  of  securing  engineering  advice,  and 
it  is  remarkable  that  so  many  of  such  struc- 
tures have  withstood  the  test  of  service.  It 
can_  be  claimed  that  the  dams  having  in- 
sufficient spillways  were  faulty  in  design,  but 
the  distinction  has  been  made  on  account  of 
the  large  percentage  of  failure  from  this 
cause. 

Four  of  the  dams  had  faulty  foundations. 
Three  of  these  were  masonry  structures,  and 
one  was  earthen.  It  is  needless  to  say  that  a 
good  foundation  is  absolutely  essential  for 
stability  and  efficiency  in  a  dam,  and  that 
the  importance  of  securing  such  foundation 
increases  with  the  height  of  the  structure. 

One  dam  proved  unsuccessful  because  of 
percolation  along  the  piiie  lines  through  the 
embankment,  a  condition  which  may  jcopardizi' 
others. 

There  are  many  dams,  possibly  a  thousand 
or  more,  of  various  types  in  Pennsylvania,  and 
of  these  between  three  and  four  hundred 
store  considerable  volumes  of  water  and  in 
failing  might  cause  disaster.  .-Xs  the  state  be- 
comes more  densely  populated  it  becomes 
more  necessary  to  prevent  insecure  dams  from 
being  built,  as  the  liability  of  damage  from  a 
dam  failure  increases.  Few  have  failed,  and 
in  these  cases  the  cause  is  usuqlly  quite  evi- 
dent. Many  of  the  smaller  structures  were 
designed   and   built   by   men   inexperienced   in 


existence  of  abandoned  dams.  Such  struc- 
tures are  a  menace  and  should  be  removed. 
Of  this  class  are  dams  which  have  been  built 
for  logging  or  ice  ponds,  and  their  usefulness 
has  expired  by  reason  of  discontinuance  of 
the  operations  which   made  their  construction 

T.-VBLE    II.— C.A.USE    OF    F.A.ILURE    OR    P.A.R- 

TIAL   FAILURE    OF    D.\MS    IN 

PBNNSYLV.\NnA. 

r-Cause  of  lailure  or  damage.— ^ 
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necessary.  The  attention  of  the  owners  of 
such  dams  is  directed  to  the  potential  danger 
in  these  structures. 


Chinese  School  of  Conservancy  Engineer- 
ing.— The  Prcsidi-nt  of  China  recently  is- 
sued a  decree  authorizing  the  estalilishmcnt 
of  a  school  to  teach  conservancy  methods, 
setting  aside  certain  revenues  for  this  purpose. 


The  Canadian  production  of  all  kinds  of 
finished  rolled  iron  and  steel  in  1913  amounted 
to  907,097  tons,  an  increase  of  105,873  tons, 
and  also  was  the  largest  in  the  history  of  the 
industry'  in  Canada.  Of  this,  95,881  tons 
were   iron    and   871,21fi    tons   were   steel. 
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Notes  on  Representative  Iowa  Water 

Supplies. 

During  the  summer  of  1914  water  works 
statistics  for  .38  Iowa  cities,  with  the  meter 
rates  of  70,  were  collected  by  the  Extension 
Division  of  the  State  University  of  Iowa. 
The  data  were  collected  during  visits  to  the 
plants.  The  facts  obtained  are  reported  in 
the  tables  and  descriptive  matter  contained  in 
University  E.xtension  Bulletin  No.  8.  The 
data  were  collected  under  the  direction  of 
and  the  Bulletin  was  prepared  by  Prof.  John 
H.  Dunlap.  The  following  notes  are  from 
the  Bulletin  mentioned: 

FRANCHISES  OF  PRIVATELY  OWNED  WATER  WORKS. 

In  the  water  works  franchises  of  the  Daven- 
port Water  Co.  and  the  Citizens'  Water  Co. 
of  Burlington  some  very  interesting  features 
will  be  found.  Two  such  features  may  per- 
haps be  mentioned  here.  First,  one  of  the 
questions  which  causes  a  great  amount  of 
trouble  in  the  operation  of  privately  owned 
water  works  is  the  question  of  the  percentage 
of  profit  enjoyed  by  the  water  works  com- 
pany, The  consumers  are  apt  to  feel  that  the 
charges  are  exorbitant,  and  that  excessively 
high  rates  of  interest  are  being  realized  by  the 
stockholders  in  the  private  water  companies. 
Because  of  this  feeling  much  unpleasantness 
results.  There  seems  to  be  no  way  to  settle 
such    disputes   without    complete    publicity   on 


the  part  of  the  private  water  company  in  re- 
gard to  its  financial  operations.  In  the  states 
already  having  public  service  commissions 
such  publicity  has  long  since  ceased  to  be  an 
objectionable  novelty.  In  the  State  of  Iowa, 
since  we  at  present  have  no  public  service 
commission,  our  privately  owned  public  utili- 
ties may  look  with  disfavor  upon  this  sugges- 
tion. In  the  case  of  the  Davenport  franchise, 
which  took  effect  on  Jan.  1,  1914,  it  is  ex- 
pressly stated  in  paragraph  three  of  Section  16 
that  for  the  purpose  of  enabling  the  city  coun- 
cil to  determine  properly  whether  or  not  the 
rates  charged  by  the  Davenport  Water  Co.  are 
reasonable,  the  company  shall  file  with  the 
city  clerk  a  full  statement  of  its  business  for 
the  calendar  year.  The  statement  shall  show 
the  following  items :  gross  receipts,  operating 
expenses,  officers'  salaries,  taxes,  bond  inter- 
est, dividends,  number  of  metered  consumers, 
number  of  unmetered  consumers,  extension 
and  improvement  to  plant  and  system,  and 
such  other  information  as  may  be  of  assist- 
ance to  the  city  council  in  determining  the 
reasonableness  or  unreasonableness  of  the 
rates  being  charged  by  the  company.  No  way 
will  ever  be  found  to  settle  differences  of 
opinion  regarding  rates,  other  than  complete 
publicity  such  as  this  modern  franchise  con- 
templates. 

Second,  one  of  the  dangers  facing  any  pri- 
vately owned  water  works  company  is  finan- 


cial loss  at  the  expiration  of  its  franchise.  The 
examples  of  this  danger  are  numerous.  A  city 
may  purchase  at  an  unfair  valuation,  or  a  city 
may  render  the  property  of  the  private  com- 
pany worthless  by  constructing  a  duplicate 
municipal  plant.  Accordingly  it  seems  wise 
Ihat  the  modern  water  works  franchise  should 
contain  certain  reasonable  provisions  which 
will  remove  such  possibilities.  No  unnecessary 
risk  should  be  borne  by  the  water  works  com- 
pany. It  is  a  well  established  fact  that  risks 
must  be  paid  for  in  dollars  and  cents.  If  a 
city  forces  upon  a  water  company  a  franchise 
unreasonable  in  this  regard,  owing  to  the  com- 
pany's assumption  of  risk,  higher  rates  must 
be  charged.  In  Section  13  of  the  Davenport 
franchise  the  method  of  purchase  by  the  city 
at  the  expiration  of  the  franchise  is  clearly  set 
forth.  In  sections  14  and  15  of  the  Burlington 
franchise,  this  element  of  risk  is  practically 
removed. 

COST   OF    WELLS. 

A  number  of  the  cities  studied  derive  their 
water  supplies  from  wells.  The  cost  data 
given  in  Table  I  pertain  to  these  wells  and 
are  for  the  well  complete  with  casing  unless 
otherwise    stated. 

CONSUMPTION    OF    WATER. 

The  first  point  of  difficulty  in  estimating  the 
amount  of  water  consumed  is  that  the  amount 
of  water  actually  pumped  is  usually  unknown. 


TABLE  I. 


-DATA  ON  COST.  DEPTH  AND  STRATA  PENETRATED  FOR 
, Source  of  supply , 


WATER  SUPPLY  WELLS  IN  IOWA. 


Population 
Place.  1910. 

Algona    2,908 

Boone     10,347 

Cedar    Falls 5,012 

Charles  City    5,892 


Cherokee     4,8 


Clarinda 3,832 

Emmetsburg     : 2,325 

Fort    Dodge . 15,543 


Glenwood    4,052 

Hampton     2,617 

Humboldt     1,809 

Ida    Grove 1,874 

Le    Mars 4,157 


Marshalltown    13,374 

Mason    City    11,230 


Muscatine     16,178 

Odebolt    1,283 

Onawa    2,020 

Osceola    2,416 

Primghar    .,..,.,...  733 

Red  Oak   4,830 

Rockwell    City 1,528 

Sac   City 2,201 

Sheldon    2,941 

Shenandoah     4,976 


Sibley    1,330 


Sioux    City 47,828 


Spencer    3.005 

Villisca     2,039 

Waterloo    26.693 


Original. 
DeeJ)  well. 

Deep  well. 
Springs. 


Deep  well. 


Driven  wells. 

Deep  well. 
River. 


Deep  well.  . 
Springs. 

Spring. 
Driven  wells. 

Shallow  wells. 


River. 

Spring. 


River. 
Shallow  wells. 

Deep  well. 
Surface. 
Deep  well. 

River. 

Shallow  well. 

Shallow   well. 
Shallow  wells 
and  tile  gallery. 
Shallow  wells. 


Shallow  well. 


Deep  wells  and 
driven  wells. 


Shallow  well. 

Spring. 

River. 


Present. 
Same. 

Shallow  wells. 
Deep  wells. 
Deep  wells. 


Same. 


Same. 
Dug  well. 
Dug  well. 
Deep  wells. 


Infiltration  gal- 
leries. 
Same. 
Springs. 
Deep  well. 
Spring. 
Shallow  wells. 

Same. 


Shallow  wells. 
Deep   wells. 


Shallow  wells. 
Same. 

Same. 

Same  -f-  deep  well. 

Shallow  wells. 

Shallow  wells. 

Deep  wells. 

Springs. 
Same. 

Same. 


Same. 
Deep  well. 

Same. 


Same. 

Shallow  wells. 
Deep  wells. 


Date  of 

con- 
struction. 

189S 

1914 

1911 

1912 

1905 

1914 

1914 
1889-1913 


1908 
1905 
1897 
1907 


1913 
1914 


1891 
1S91 
1900 
1893 

1897-1914 
1914 

1888-1913 


1900-1914 
1892 
1911 
1912 
1913 
1902 

1884-1909 
1910 
1906 
1913 
1907 
1912 
1906 

1904 
1912 
1890 
1896 

1892 


1900 

1907 

1914 

1882-1914 


1888 
1909 
1904-1905 
1905-1907 
1910-1911 
1913-1914 
1899 


Num- 
ber. 
1 
1 
28' 
3 
1 
1 
1 
5 
1 
1 
2 
1 
1 
1 
1 
1 
1 
1 


1 

Group. 

1 

1 

1 

16 

1 

5 

1 

1 
51 

6 

1 

1 

1 
14 

4 

1 

1 

1 

1 

1 

2 

1 

1 

1 

5 

4 

1 
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1 

1 

1 

1 
60 

7 
16 

1 

3 

3 

1 

1 

1 

1 
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Diameter, 
Bot- 


Depth. 
818 

998 

30-45 

125 

1,589 

250 

250 

200-210 

200 

209 

55 

65 

25 

1,828 

670         

215         

200         

Under  construction. 
3         Beneath  Des 

Moines  River. 


Water  stratum. 

Sandstone. 

Sandstone. 

River  sand. 

Limestone. 

Sandstone. 

Limestone. 

Limestone. 

Sandstone. 

Sandstone. 

Sandstone, 

Gravel. 

Gravel. 

Gravel. 


Gravel. 

Gravel. 

Gravel. 

Gravel. 

Gravel. 

Gravel. 

Gravel. 

Gravel. 

Limestone. 

Sandstone. 

Sandstone. 

Sandstone. 

Gravel. 

Sand. 

Gravel. 

Limestone. 


Gravel. 

Gravel. 

Gravel. 

Gravel. 

Limestone. 

Sandstone. 

Sand. 

Gravel. 

Gravel. 

Gravel. 

Gravel. 

Gravel. 


Gravel. 


Top, 
ins. 

41 
12 
12 
10 
10 

6 
12 

4 
10 

8 

6 

10' 
20' 
15 
20 

S 

8 


torn, 
ins. 


10 

12 


6 
10 


Tot.  ft. 

cased. 

100 

374' 

30-45 

120' 

851 

75 

75 


Cost 

with 

casing. 


cement  curb. 
brick  curb. 
5 


117 

55 


i  5,100 

33,823' 

1,800 

5,346 

426 

1,000 

1,520 

700 

60» 

5,000 

8, 06  6 


Waverly     3.205  River.  Deep  well. 

'Four-inch  diameter  at  top  due  to  change  made  when  the  well  was  recased.      Originally    the 

'The  10-in.  case  is  374  ft.  long,  and  extends  to  surface  Inside  the  12-in.,  which  Is  304  ft.  long. 

'^Ten  wells  not  needed  at  present  and  not  connected. 

'Double  cased  with  70  ft.  of  12-in.  casing  and  then  120  ft.  of  10-ln.  inside. 

'Cost  without  casing  and  strainer. 

"Cost  complete  with  casings  and  suction  system. 

'Estimated  cost  of  reproduction  of  the  23  6  to  10-ln.  wells.  . 

^Cost  of  the  14  wells  with  casing,  exclusive  of  suction  system. 

"Drilled  24  ins.  in  diameter  and  filled  with  concrete  outside  20-in.  casing  to  cut  off  surface  water, 

"This  cost  of  $2  per  foot  is  contract  cost  for  drilling  without  casing. 


2,000 

1,709 

22-28 

30 

60-65 

60-65 

60-65 

60-65 

60-65 

37.5 

650 

865 

1,217 

1,200 

48-50 

20-24 

23 

862 

1,275 

12 

30 

40 

59 

950 

1,543 

25-30 
30 
46-48 
46-48 
46-48 
30 
314 
Under  construction. 
80-100         Gravel. 
350-400         Sandstone, 
75        Gravel. 
370        Sandstone. 
16         Gravel. 
30         Sand. 
1,373        Sandstone. 
1,377        Sandstone. 
1,365         Sandstone. 
1,377         Sandstone. 
1,720         Sandstone. 

well    was    6    ins.    at 


10"  to  24"  tile. 

Total  length,  1,500  ft. 

10  4  1,773 

i2  '.'.  '.'.'.'. 


22.5'  bricit 

curb. 

2,2011 

6              6 

60-65 

2.950 

5             5 

60-65 

8              8 

60-65 

10            10 

60-65 

36            36 

60-65 

500 

6              6 

37.5 

5,61iJ 

10              8 

175 

2,712 

16            10 

160 

6,29,5 

20»          12 

280 

5,975 

6              6 

48-50 

1,400'' 

6'  to  16'. 

16' 

10             6 

500 

m,T24 

8              8 

6,50M 

10'  cone.  curb. 

3'  cone.  curb. 

18'  cone,  block  curb. 

18'  cone,  block  curb. 

5,500 

10              6 

500 

4,750 

12              6 

1,470 

7,340 

Cone,  block  curb. 

8'  to  10'  brick  curb. 

24"    tile. 

6              6 

46-48 

1,200 

8              8 

46-48 

10            10 

46-48 

10' 

10             10 

314 

8  to  16 


80-100 


10',  20',  30'  brick  curb. 

8'  brick  curb, 
16              8              862 
16              8              776 
20            12              860 

5,95fi 
8,05< 
10,855 
S,35n 
3,3'H) 

12            '  8 
the    top. 

100 

January  27 ,  1915. 
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In  only  6  of  the  38  plants  visited  are  accurate 
meters  used  on  the  discharge  mains  from  the 
pumps.  In  six  of  the  remaining  plants  the 
method  of  measuring  is  by  counters  register- 
ing the  number  of  strokes  of  the  plungers  of 
the  pumps.  In  these  si.x  cases  the  displace- 
ment as  given  by  the  counters  has  been  cor- 
rected by  an  assumed  factor  for  slip.  In  five 
of  the  plants  the  number  of  strokes  is  used 
direct  without  the  slip  correction.  In  14  of 
the  plants  the  amount  pumped  is  known  only 
by  methods  of  estimation,  neither  counters  nor 
meters  being  available. 

The  second  difficulty  is  that  even  when  the 
pumpage  is  accurately  known  the  e.xact  num- 
ber of  persons  using  the  water  is  not  known. 
It  was  ascertained,  in  the  case  of  the  cities 
visited,  that  the  per  cent  of  water  users  varies 
from  32  to  100.  The  per  cent  of  the  popula- 
tion reached  by  the  mains  was  33  to  100.  The 
consumption  per  water  user  ranged  from  49 
gals,  at  Charles  City,  a  town  of  5,900  popula- 
tion, to  160  gals  at  Le  Mars,  a  town  of  4,157. 
At  the  latter  place  the  railroads  take  80,000 
gals,  per  day.  At  Charles  City  railways  and 
manufacturing  plants  take  108,000  gals,  per  day. 

OTHER     DATA. 

The  Bulletin  gives  numerous  other  data.  In- 
formation is  given  concerning  the  equipment 
and  fuel  cost  of  pumping  in  19  of  the  plants 
visited.  Similar  facts  are  given  with  refer- 
ence to  electric  pumping.  The  principal  facts 
concerning  the  distribution  system  in  the  38 
cities  are  given.  The  general  facts  in  regard 
to  average  domestic  and  tire  pressure  are  given 
for  31  cities.  In  the  table  on  water  rates  and 
service  an  attempt  is  made  to  associate  the 
actual  price  paid  for  water  with  the  service 
rendered.  A  study  of  the  data  given  shows 
that  no  connection  is  apparent  between  the 
rates  and  cost  of  service.  The  need  of  rate 
Tiadjustments   is   obvious. 


Provision   Against   Corrosion   of  New 
48-In.    Cast    Iron    Force    Main 
Across  Salt  Marsh  at  At- 
lantic City,  N.  J. 

During  the  past  eight  years  two  force  mains 
ii  i\e  been  constructed  at  .Atlantic  City  from 
iliL-  pumping  station  on  the  mainland  across 
the  intervening  salt  marsh  to  the  city,  a  dis- 
tnnce  of  about  26.000  ft.  .A  description  of  the 
iii^t  main,  of  wooden  stave  pipe,  was  pub- 
lished in  Engineering  and  Contracting  of 
July  10,  1912,  and  this  line  was  practically  the 
tity's  sole  water  supply  dependence  until  the 
■new  48-in.  cast-iron  line  was  laid.  It  is  to 
prevent  the  corrosive  action  of  the  salt  marsh 
that  it  was  thought  advisable  to  elevate  the 
■main  above  the  surface,  a  suitable  foundation 
for  the  line  being  the  chief  obstacle  to  this 
form  of  construction.  Brief  reference  to  the 
solution  of  the  latter  problem  was  made  in 
the  article  on  the  external  corrosion  of  cast 
iron  pipe  which  was  published  in  Engineering 
AND  Contracting  of  Oct.  21,  1914.  Further 
information  on  the  new  cast  iron  line  is  here 
given  from  a  paper  by  Lincoln  Van  Gilder 
in  the  Journal  of  the  American  Water  Works 
Association  for  December,  1914. 

The  surface  strata  of  the  marsh  consists  of 
soft  muck  of  a  depth  varying  from  5  ft.  to  25 
ft.  constantly  saturated  with  water  to  the 
grass  roots  and  underlaid  with  sand,  gravel 
and  clay.  While  this  muck  rapidly  destroys 
iron  and  steel  it  is  a  preservative  of  wood 
and,  therefore,  particularly  adapted  for  the 
use  of  pile  fcjundations.  provided  the  piles  are 
not  exposed  to  the  atmosphere  above  the 
point  of  constant  saturation. 

The  finished  foundation  consists  of  a  double 
row  of  pine  piles  freshly  cut  from  growing 
j  timber  driven  in  pairs  3  ft.  6  ins.  centers 
transversely  and  approximately  G  ft.  centers 
longitudinally.  Each  pair  of  piles  is  capped 
with  a  reinforced  concrete  bolster  cover  to 
fit  the  pipe,  the  bottom  of  the  bolster  being 
in  breeching  form  to  surround  the  piles  and 
carried  well  below  atmospheric  action.  Bv 
this  arrangement  every  length  of  pipe  is  car- 
ried on  two  bolsters  supported  by  four  piles. 

The  bottom  is  so  irregular  that  the  piles 
vary  in   length   from  20  to  4-5   ft.,  the  weight 


of  the  hammer  being  sufficient  to  sink  a  large 
proportion  of  them  from  20  to  25  ft.  without 
a  blow  and  others  requiring  a  water  jet  to 
set  them  deep  enough  for  lateral  stability. 

To  provide  for  e.xpansion  and  contraction 
due  to  temperature  changes  each  spigot  is 
held  not  less  than  Vi  in.  clear  of  the  bell 
shoulder  by  inserting  a  gage  ring  in  the 
joint;  all  gages  are  withdrawn  after  the  pipes 
are  placed  in  permanent  position.  All  joints 
are  poured  with  molten  lead  not  less  than  3 
ins.  deep  and  thus  every  pipe  is  carried  on 
its  own  bolsters  and  is  connected  to  adjoin- 
ing pipes  only  by  the  lead  joint  rings.  As  a 
safeguard  against  any  possible  chemical  ac- 
tion between  cast  iron  and  concrete  a  3/16-in. 
gasket  of  hard  fiber  is  placed  between  pipe 
and  bolster.  Valves,  manholes  and  blow-offs 
are  placed  at  intervals  of  about  3,000  ft.  to 
facilitate  internal   inspection   and   repair. 

At  the  city  end  the  main  crosses  a  navigable 
stream  about  500  ft.  wide  with  a  200-ft.  chan- 
nel 12  ft.  deep  at  mean  low  tide.  This  cross- 
ing is  made  by  a  48-in.  bell  and  spigot  in- 
verted siphon  with  flexible  joints  at  all  de- 
flection points,  all  laid  on  piling  with  timber 
caps.  The  entire  structure  is  below  the  pres- 
ent stream  bed.  The  bottom  is  beach  sand 
and  a  12-in.  cast  iron  pipe  30  years  old  just 
removed  from  the  same  location  is  hard  and 
in  good  condition. 

The  construction  of  this  main  contained  so 
many  uncertainties  that  it  was  deemed  ex- 
pedient to  build  it  sectionally.  The  work  was 
so  successfully  accomplished  that  the  con- 
tract for  the  balance,  except  the  thorough- 
fare siphon,  was  let  Nov.  6,  1913.  The  an- 
ticipated difficulties  proved  to  be  imaginary 
rather  than  real. 

The  piling  did  not  exceed  the  estimate  and 
the  proximity  of  the  Pennsylvania  and  Read- 
ing Railroads  so  facilitated  the  handling  of 
materials  that  by  the  use  of  a  work  train 
and  railroad  derrick,  pipe,  piling,  gravel,  sand, 
cement,  etc.,  were  distributed  at  the  approxi- 
mate cost  of  handling  on  the  city  streets. 

The  cost  of  the  finished  main  approximates 
$415,000  and  the  experience  gained  in  build- 
ing the  first  and  smaller  section  together  with 
a  closer  price  for  pipe,  specials  and  valves 
resulted  in  a  net  saving  of  about  $65,000  in 
the  cost  of  the  last  section,  assuming  that  the 
unit  prices  in  the  first  contract  would  have 
been  the  same  had  the  whole  project  been  in- 
cluded in  the  first  letting  while  the  cost  per 
foot  of  main  complete,  including  valves,  valve 
housings,  special  castings  and  thoroughfare 
siphon  was  about  $16. 

The  original  6,000  ft.  was  completed  early 
in  October,  1913,  and  stood  empty  since  com- 
pletion and  test,  until  about  August  of  1914. 
.As  no  serious  disturbance  was  apparent  in  the 
joints  the  assumption  is  warranted  that  ample 
provision  was  made  for  temperature  stresses. 

The  question  has  been  asked  "Why  is  it 
necessary  to  build  a  new  main  at  this  time  if 
the  wood  stave  main  is  successfully  perform- 
ing the  work  for  which  it  was  intended?" 

The  pumping  station  is  located  5  miles  from 
the  city  and  the  force  mains  must  of  necessity 
be  built  for  the  greater  part  of  their  length 
across  salt  marsh,  under  one  or  more  rail- 
roads and  across  a  navigable  stream.  The 
chances  of  accident  are  too  great  to  be  ignored 
and  the  city  cannot  afford  at  any  cost  to  have 
its  water  supply  cut  off. 

Two  of  the  old  mains  are  abandoned  and 
the  third  C20-in.  cast  iron)  has  so  nearly  out- 
lived its  usefulness  that  it  has  broken  three 
times  since  work  was  begun  on  the  last  con- 
tract. 

With  the  completion  of  the  new  main  the 
city  is  supplied  bv  two  independent  lines,  eith- 
er of  which  will  carry  the  load  alone  for  a 
number  of  years  to  come.  They  cross  rail- 
roads and  streams  on  different  rights-of-way 
and  it  requires  two  accidents  in  different  lo- 
cations simultaneously  or  in  quick  succession 
to  cause  the  slightest  danger. 


A  "Made  in  the  U.  S.  A."  exposition  is  to 
be  held  in  the  Grand  Central  Palace,  New- 
York  City,  March  6  to  1,3,  for  the  purpose 
of  popularizing  the  slogan  and  to  increase 
American   industry  and   trade. 


Bacteriological  Standard  for  Drinking 

Water  Supplied  by  Common 

Carriers. 

The  present  article  gives  the  bacteriological 
standard  for  drinking  water  supplied  to  the 
public  by  common  carriers  in  interstate  com- 
merce. This  standard  was  adopted  by  the 
Treasury  Department  on  Oct.  21,  1914.  A 
chemical  standard  is  under  consideration  by 
the  same  experts,  and  will  be  submitted 
for  adoption  later  on.  The  bacteriological 
standard  here  given  is  one  recommended  by  a 
commission  appointed  for  the  purpose  by  the 
Secretary  of  the  Treasury  on  Jan.  22,  1913. 
The  commission  is  composed  of  the  following 
members:  John  F.  Anderson,  chairman;  Ed- 
ward Bartow,  Charles  C.  Bass.  S.  J.  Crum- 
bine,  Ed  C.  Franklin,  Henry  Hanson,  Charles 
G.  Hvde,  Ed  O.  Jordan,  Allan  J.  McLaughlin, 
W.  H.  Park,  M.  J.  Rosenau.  W.  T.  Sedg- 
wick, G.  C.  Whipple,  C.  E.  A.  Winslow,  W.  H. 
Frost.  The  following  is  the  standard  recom- 
mended  and  adopted : 

THE   BACTERIOLOGICAL  STANDARD   FOR 
WATER. 
The  following  are  the  maximum  limits  of  per- 
missible bacteriological  impurity; 

1.  The  total  number  of  bacteria  developing  on 
standard  agar  plates,  incubated  24  hours  at  37° 
C,  shall  not  exceed  100  per  c.c.  Provided,  that 
the  estimate  shall  be  made  from  not  less  than 
two  plates,  showing  such  numbers  and  distribu- 
tion of  colonies  as  to  indicate  that  the  estimate 
is  reliable  and  accurate.  • 

2.  Not  more  than  one  out  of  five  10  c.c. 
portions  of  any  sample  examined  shall  show  the 
presence  of  organisms  of  the  bacillus  coli  group 
when   tested  as   follows: 

(a)  Five  10  c.c.  portions  of  each  sample  tested 
.shall  be  planted,  each  in  a  fermentation  tube 
containing  not  less  than  30  c.c.  of  lactose  pep- 
tone broth.  These  shall  be  incubated  4S  hours  at 
37°   C.   and  observed  to  note  gas  formation. 

(b)  From  each  tube  showing  gas,  more  than 
5  per  cent  of  the  closed  arm  of  fermentation 
tube,  plates  shall  be  made  after  4S  hours'  incu- 
bation, upon  lactose  litmus  agar  or  Endo's  me- 
dium. 

(c)  When  plate  colonies'resembling  B.  coll  de- 
velop upon  either  of  these  plate  media  within 
24  hours,  a  well-isolated  characteristic  colony 
shall  be  fished  and  transplanted  into  a  lactose- 
broth  fermentation  tube,  which  shall  be  incu- 
bated at  S7°  C.  for  38  hours. 

For  the  purpose  of  enforcing  any  regulations 
which  may  be  based  upon  these  recommenda- 
tions the  following  may  be  considered  sufficient 
evidence  of  the  presence  of  organisms  of  the 
bacillus  coli  group. 

Formation  of  gas  in  fermentation  tube  con- 
taining original  sample  of  water  (a). 

Development  of  acid-forming  colonies  on  lac- 
tose litmus  agar  plates  or  bright  red  colonies 
on  Endo's  medium  plates,  when  plates  are  pre- 
pared as  directed  above  under  (b). 

The  formation  of  gas,  occupying  10  per  cent 
or  more  of  closed  arm  of  fermentation  tube.  In 
lactose  peptone  broth  fermentation  tube  inocu- 
lated with  colony  fished  from  24-hour  lactose 
litmus  agar  or  Endo's  medium   plate. 

These  steps  are  selected  with  reference  to 
demonstrating  the  presence  in  the  samples  ex- 
amined of  aerobic  lactose-fermenting  organisms. 

3.  It  is  recommended,  as  a  routine  procedure, 
that,  in  addition  to  five  10  c.c.  portions,  one 
1  c.c.  portion  and  one  0.1  c.c.  portion  of  each 
sample  examined  be  planted  in  a  lactose  pep- 
tone broth  fermentation  tube,  in  order  to  dem- 
onstrate more  fully  the  extent  of  pollution  In 
grossly  polluted  samples. 

4.  It  is  recommended  that  in  the  above-des- 
ignated tests  the  culture  media  and  methods 
used  shall  be  in  accordance  with  the  specifica- 
tions of  the  committee  on  standard  methods  of 
water  analysis  of  the  American  Public  Health 
Association,  as  set  forth  in  "Standard  Methods 
of  Water  Analysis"   (A.  P.  II.  A.,  1912). 

In  submitting  the  recommendations  above 
quoted  the  commission  emphasized  the  fact 
that  the  limits  defined  are  recommended  with 
reference  solely  to  the  special  object  of  the 
control   of   the   supplies   of   common  carriers, 
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having  in  mind  that  these  supplies  constitute  a 
special  case  because  of  the  following  reasons: 

1.  The  supplies  come  from  widely  diversified 
and  mixed  sources. 

2.  Samples  taken  from  common  carriers  rep- 
resent waters  stored  for  various  lengths  of  time 
under  varying  conditions. 


Effect  of   Duration  of  Mixing  on   tfie 
Strength  of  Concrete. 

The  following  data  on  the  effect  of  dura- 
tion of  mi.xing  on  the  strength  of  concrete, 
although  by  no  means  e.xhaustive,  will  be  of 
interest  to  engineers  and  contractors.  The 
need  of  complete  data  on  this  subject  has  long 
been  felt,  and  it  is  hoped  that  engineering 
literature  will  soon  contain  e.xhaustive  data 
on  this  important  subject.  The  data  were 
taken  from  a  paper  by  H.  H.  Scofield,  pre- 
sented before  the  recent  meeting  of  the  In- 
diana Engineering  Society. 

The  hydration  of  Portland  cement  and  its 
subsequent  "setting  up"  is  at  best  a  topic  lit- 
tle understood,  although,  with  perhaps  more 
understanding  than  ever  before,  chemisrs  are 
still  investigating  what  takes  place  in  the  in- 
terval subsequent  to  the  addition  of  water  to 
cement,  and  what  are  the  various  conditions 
affecting  it. 

Commercially,  every  engineer  and  builder  is 
vitally  interested  in  the  conditions  which  af- 
fect the  hydration  of  cement.  Such  factors 
as  the  effect  of  fineness  of  the  cement,  amount 
of  water  used  in  mixing,  and  the  amount  and 
kind  of  mixing  itself,  together  with  the  placing 
and  treatment  of  the  concrete  after  the  mix- 
ing ;  these  are  factors  which  interest  every 
one  who  is  concerned  in  the  production  of 
good  and  permanent  concrete. 

The  following  discussion  has  to  do  with  the 
time  element  in  mixing  concrete.  The  desire 
to  make  speed — to  put  another  story  on  a 
building  in  fast  time,  to  lay  another  mile  of 
concrete  road  in  half  the  time  the  last  one 
was  laid,  to  build  more  bridge  piers  this  month 
than  last;  these  and  other  allied  reasons  seem 
to  make  it  necessary,  commercially,  to  build 
the  so-called  efficient  mixing  plants  and  to 
turn  out  batches  of  concrete  at  the  rate  of 
sometimes  70  batches  per  hour.  The  writer 
has  personally  timed  the  mixer  on  commer- 
cial jobs  when  operating  at  this  rate  of  speed. 
He  has  even  timed  a  batch  mixer  on  a  com- 
mercial work  when  the  elapsed  time  from  the 
introduction  of  the  materials  for  one  batch  to 
the  introduction  of  the  materials  for  the  next 
was  28  seconds.  This  procedure  of  thus  run- 
ning a  batch  mixer  nearly  continuously  is  by 
no  means  uncommon.  It  has  been  stated  that 
the  mixing  plant  for  the  Lexington  Ave.  sub- 
way regularly  operated  at  60  batches  per  hour 
and  frequently  reached  70  batches  per  hour. 

The  effect  of  this  rapid  mixing  could  prob- 
ably be  minimized  if  it  were  known  that  all 
other  deteriorating  influences  were  absent,  but 
taken  in  addition  to  a  possible  unsound  ce- 
ment, a  poor  aggregate,  "skinned"  proportions, 
excess  of  water,  low  temperature,  etc.,  rapid 
mixing  Diay  become  a  very  important  con- 
tributory cause  of  poor  concrete. 

The  purpose  of  mixing  concrete  is  two-fold: 
'first,  by  a  thorough  stirring-up  and  abrasion 
of  one  particle  upon  another  the  solids  are 
properly  arranged  and  mi-xed;  second,  by  the 
addition  of  the  water  the  hydration  of  the 
cement  should  be  accomplished.  The  first,  to 
be  effective,  must  be  done  without  separation 
of  sizes  and  any  fine  dust  or  clay  already  ad- 
hering to  the  aggregate  particles  should  be 
abraded  away  and  replaced  with  cement.  The 
second  requires  a  working  of  the  mass  to  in- 
sure the  complete  wetting  of  the  cement  and 
the  consequent  bringing  out  of  the  colloidal 
.state  upon  which  the  hardening  and  strength 
of  cement  depend. 

The  complete  operation  must  take  some 
time.      The    amount    of    time    depends    upon 


a.  In  view  of  the  impossibility  of  accurately 
ascertaining  the  source  and  history  of  each  sup- 
ply examined  reliance  must  be  placed  upon  re- 
.sults  of  laboratory  examination  to  a  greater  ex- 
tent than  is  necessary  or  justified  in  estimating 
the  quality  of  a  supply  from  a  known  source 
with  a  known  history. 

It    is    requested    that    the    recommendation    of 
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many  conditions,  some  of  them,  of  course, 
being  peculiar  to  the  work  and  to  the  avail- 
able materials.  The  study  and  tests  herein- 
after reported  are  incomplete.  They  must 
necessarily  be  incomplete,  because  a  satisfac- 
torily comprehensive  study  of  the  subject  in- 
volves a  large  variety  of  commercial  mixers 
and  materials.  It  would  involve  a  great  many 
changes  of  conditions  for  each  mi.xer  and  each 
material.  Few  laboratories  are  equipped  for 
such  a  procedure..  However,  the  tests  are 
reported  in  the  hope  that  they  may  be  of 
some  value  in  showing  the  need  for  thorough 
mixing  of  concrete. 

SCOPE    OF    TESTS. 

Seven  series  of  compression  test  specimens 
were  made  under  different  conditions  of  mix- 
ing and  duration  of  mixing.  These  were 
tested  at  the  age  of  one  year. 

MATERI.\LS. 

The  cement  used  for  all  series  was  "Speed" 
Portland  cement,  manufactured  by  the  Louis- 
ville Cement  Co. 

The  sand  and  gravel  were  the  usual  glacial 
drift  materials  found  in  the  deposits  near  La- 
fayette. Ind. 

The  stone  was  crushed  limestone  from  the 
"Monon"  quarries.  The  stone  was  graded 
between  %-in.  and  J/2-in.  in  size. 

APP.ARATUS. 

All  series  were  mixed,  under  various  con- 
ditions, in  a  Chicago  Improved  Cube  mixer 
of  2^  cu.  ft.  capacity.  The  mixer  was  run 
at  the  prescribed  rate  of  26  revolutions  per 
minute. 

METHODS. 

The  stone-sand  mixtures  were  made  in  the 
proportion  1:2:4  by  volume.  The  gravel  mix- 
tures in  proportion  of  1 :5  by  volume.  For 
accuracy  and  uniformity,  the  weights  per  cubic 
foot  of  the  dry  materials  were  first  deter- 
mined and  then  the  actual  quantities  for  the 
different  series  were  determined  by  weight. 
The  weight  per  cubic  foot  of  the  cement  was 
taken  as'lOO  lbs. 

Care  was  taken  in  placing  and  moulding  the 
specimens  so  that  as  great  uniformity  as  pos- 
sible would  be  obtained. 

The  test  specimens  were  capped  with  plaster 
of  paris  to  give  absolutely  flat  bearings,  and 
axial  loading  was  insured  by  the  customary 
spherical-joint    bearing    block. 

RESULTS   OF  TESTS. 

Tables  I  to  VII,  inclusive,  give  the  results 
of  the  tests,  and  show  the  effect  of  duration 
of  mi.xing  on  the  compressive  strength  and 
modulus  of  elasticity  of  concrete. 

The  results  given  in  Table  I  were  obtained 
from  8-in.  diameter  by  16-in.  concrete  cylin- 
ders, consisting  of  1  part  cement,  2  parts 
sand,  and  4  parts  crushed  limestone.  The  ma- 
terials were  mi.xed  dry  for  two  minutes. 
Water  was  then  added  and  the  concrete  mixed 
for  the  length  of  time  noted.  The  concrete 
was  of  medium  wet  consistency. 

TABLE    I.— RESULTS    OF    SERIES    A   TESTS. 
Compres- 
sive 
Total    time      strength,  Initial 

of  wet  mix-  lbs.    per   sq.  modulus    of 

Mark.        ing,    mins.  in.  elasticity. 

lA  1  2,370  3,100,000 

2A  4  3,010  3,300,000 

3A  15  3,415  3,750,000 

4A  30  3,325  3,355,000 

Table  II  gives  results  of  tests  of  6-in.  con- 
crete cubes  consisting  of  1  part  cement,  2  parts 


these  hard-and-fast  limits  of  bacteriological  im- 
purity be  not  interpreted  as  minimizing  in  any 
way  the  importance  of  field  surveys  in  estimat- 
ing the  sanitary  quality  of  water  supplies  in. 
general.  It  is  always  desirable  to  obtain  infor- 
mation from  as  many  angles  as  possible,  and. 
this  is,  indeed,  necessary  in  order  to  form  an  i 
altogether  fair  estimate  of  an  individual  supply. 


sand,  and  4  parts  crushed  limestone.  The  ma- 
terials were  mixed  dry  for  one  minute ;  water 
was  added  during  the  next  minute,  and  the 
concrete  was  mixed  for  the  length  of  tim. 
noted.     The  concrete  was  of  wet  consistenc\ 

TABLE  II.— RESULTS  OF  SERIES  B    TESTS. 

Total   time  of  Compressive 

wet   mixing,  strength,    lbs. 

Mark.                  minutes.  per  sq.  in. 

IB                             1  3,575 

2B                             4  3,555 

3B                             6  4,740 

4B                           1014  4,770 

5B                           18  4,430 

6B                           30  4,040 

Table  III  gives  the  results  of  testing  6-in. 
concrete  cubes  consisting  of  1  part  cement 
2  parts  sand,  and  4  parts  crushed  limestone. 
All  materials,  including  water,  were  added  be- 
fore the  mixer  was  started.  The  concrete  wa- 
of  very  wet  consistency. 

TABLE  in.— RESULTS  OF  SERIES  C  TESTS. 

Total   time  of       Compressive 

Mark.                     mixing,  strength,    lbs. 

minutes.  per  sq.  in. 

IC                                1  1,935 

2C                               2  2,100 

3C                               4  2,400 

4C                               8  2,850 

50                             18  2,930 

6C                             30  2,290 

The  results  of  testing  8-in.  diameter  by 
16-in.  concrete  cylinders  consisting  of  1  part 
cement  and  5  parts  gravel  are  given  in  Table 
IV.  The  dry  cement  and  gravel  were  placed 
in  mixer;  the  mixer  was  then  started  and 
water  added.  The  concrete  was  of  dr}-  con- 
sistency. 


TABLE  IV. 

—RESULTS 

OF  SERIES 
Compres- 

D TESTS. 

Total 

sive 

Mod,  of 

time  of 

strength. 

elas- 

mixmg. 

lbs.   per 

ticity. 

Mark. 

minutes. 

sq.    in. 

ID 

1 

2,780 

3.200,000 

2D 

3,100 

3,300,000 

3D 

4 

3,370 

3,750,000 

4D 

10 

3,585 

3,750,000 

5D 

18 

3,720 

4,500,000 

6D 

30 

2,845 

3,200,000     : 

Total    time 

Compressi\ 

of   mixing. 

strength,    1) 

minutes. 

per  sq.  in 

H 

2,230 

1% 

2,345 

s% 

2,640 

10 

2,890 

20 

2,540 

30 

2,655 

Table  V  gives  the  results  of  mixing  testsj 
on  6-in.  gravel  concrete  cubes.  The  concrete 
proportions  were  1  part  cement  and  5  parts 
gravel.  The  cement  and  gravel  wei'e  placed^ 
in  the  mixer  before  it  was  started.  The  mixer 
was  then  started  and  water  added  during  the- 
first  one-half  minute.  The  concrete  was  of 
medium    wet    consistency. 


TABLE  v.— RESULTS   OF  SERIES  E   TEST.'-: 


Mark. 

IE 
2E 
3E 
iE 
5E 
6E 


The  results  of  mixing  tests  on  6-in.  con- 
crete cubes  consisting  of  1  part  cement  and 
.5  parts  gravel  are  given  in  Table  VI.  In  this- 
case  the  concrete  was  of  very  wet  consistency. 
The  gravel  and  cement  were  placed  in  the 
mixer  before  it  was  started;  the  mixer  was- 
then  started  and  water  added  during  the  first 
one-half  minute. 
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TABLE  VI.— RESULTS  OF  SERIES  F  TESTS. 


Mark. 

IF 
2F 
3F 
4F 
5F 
6F 


Table  VII  gives  the  results  of  tests  of  6-in. 
concrete  cubes  consisting  of  1  part  cement 
and  .ii  parts  gravel.  The  cement,  gravel  and 
water  were  added  as  in  Series  F  tests.  The 
concrete  was  of  very  wet  consistency. 


Total  time 

Compressive 

of  mixing. 

strength,    lbs 

minutes. 

per  sq.  in. 

1,900 

1% 

1,890 

iVi 

1,990 

10 

2,580 

20 

2,200 

30 

1,980 

TABLE  VII.- 

-RESULTS  OF 

SERIES  G  TESTS. 

Total   time 

Compressive 

Mark. 

ot  mixing. 

strength,   lbs. 

minutes. 

per  sq.  in. 

IG 

Vi 

2,015 

2G 

1% 

2,020 

3G 

^V^ 

2,100 

4G 

10 

2,560 

5G 

20 

2,450 

6G 

30 

2,390 

By  referring  to  the  foregoing  tabular  data 
it  will  be  noted  that  for  all  series  the  maxi- 
mum strength  and  the  maximum  modulus  of 
elasticity  are  obtained  when  the  materials  have 
been  mixed  from  10  to  18  minutes.  The  dif- 
ference in  strength  between  that  at  10  or  18 
minutes  mixing  and  that  at  J4  or  1  minute 
mixing  is  given  in  Table  VIII. 

TABLE  VIIL— DIFFERENCE  IN  STRENGTH 
FOR  VARIOUS    SERIES. 
Per  cent  dif- 
ference in 
strength  be- 
tween 10  or  IS 
Series.  minutes  mix-       Condition   of 

ing  and   Vz  or  concrete. 

1  minute 
mixing. 
A  44.  Mixed  nred.  wet 

B  33.6  Wet   mix 

C  51.5  Very   wet  mix 

D  35.6  Dry   mix 

E  29.4  Med.    wet    mix 

F  36.  Very  wet  mix 

G  27.  Very  wet  mix 

Av.   (all  series).  36.7 

CONCLUSIONS. 

The  value  and  accuracy  of  laboratory  tests 
lies  in  the  fact  that  more  constant  conditions 
may  be  maintained.  All  variables,  e-xcept  that 
which  it  is  desired  to  study,  may  be  more 
nearly  ruled  out  than  under  commercial  con- 
ditions. Although  the  concrete  tested  in  these 
-cries  is  much  stronger  than  the  average  of 
'jnimercial  concrete  it  is  reasonable  to  expect 
ihat  the  same  relation  would  hold  in  both 
cases. 

It  is  evident  that  as  far  as  these  series  are 
concerned  there  is  little  difference  in  the 
-trength  of  concrete,  Avhcther  mixed  Yz  min- 
ute or  mixed  2  or  3  minutes.  Some  mixers 
would  show  greater  differences  than  others. 
It  is  seen,  however,  that  by  mi.xing  8  or  10 
minutes  a  marked  increase  in  the  strength  of 
the  resultinar  concrete  is  attained.  For  eco- 
iiumic  reasons  this  fact  may  or  may  not  be  of 
ii-,e   commercially. 


Instructions  of  the  Pennsylvania  State 

Highway  Commissioner  to 

Bridge  Companies. 

The  accompanying  letter  lias  been  addressed 
to  bridge  companies   doing   work   for   second- 
^  class  townships  in  Pennsylvania  by  the  Penn- 
,  sylvania  State  Highway  Clommissioner.    There 
are  many  bridge  companies  in  the  state  which 
furnished   bridge   plans  directly  to   the   super- 
visors liefore  the  bureau  of  township  highways 
I  was  created.     It   was   for  the  purpose  of  in- 
I  forming  these  companies   of  the  standard  re- 
juirements  of  the  bureau  that  the  letter  was 
Iwritten : 

r  Act.  No.  440  of  General  Assembly,  approved 
July  22,  1913,  provides  that  "no  contract  for  the 
repair  or  construction  of  any  township  bridge 
or  culvert  shall  be  valid  unless  such  contract  is 
In  accordance  with  the  standard  plans  pre- 
scribed, or  unless  the  plans,  specifications  and 
estimates  have  been  prepared  or  approved  by 
the  State  Highway  Commissioner." 

The  followins;  Information  relative  to  the  de- 
sign of  township  bridges  or  culverts  will  enable 
the  bridge  companies  to  bring  their  plans  to 
conform  with  the  standards  of  the  Bureau  of 
Township  Highways: 


(1)  Contracts,  specifications  and  plans  should 
be  made  in  quadruplicate  on  the  companies'  own 
forms,  and  when  signed,  should  be  transmitted 
to  the  Bureau  of  Township  Highways  for  ap- 
proval. 

(2)  All  contracts  should  be  made  out  in  full. 

(3)  Design    requirement: 

General. — The  aim  of  this  department  is  to 
make  all  bridges  as  nearly  permanent  as  pos- 
sible. To  this  end  I-beam  spans  should  have 
all  metal,  except  the  pipe  rail,  encased  in  con- 
crete and  truss  spans  should  preferably  have 
concrete  floors.  Concrete  floors  should  have  a 
protection  of  6  inches  ot  gravel  and  earth. 

Materials. — Material,  unit  stresses,  details  of 
design,  and  workmanship  shall  conform  to  the 
specifications  of  the  American  Itailway  Engi- 
gineering  Association  of  1910. 

Loading. — Three  classes  of  loading  will  be 
used  (see  Table  I). 


abutment  is  specially  good.  It  is  much  bet- 
ter to  collect  the  water  on  the  deck  of  the 
bridge,  take  it  below  the  floor  by  inlets  and 
down-spouts,  and  discharge  it  below  the  floor 
on  the  ground,  or  into  a  sewer  (if  in  a  city). 
Such  inlets  can  be  made  so  as  to  be  accessible 
from  below  for  cleaning,  and,  with  ordinary 
care,  can  be  made  satisfactory  as  far  as  leak- 
age around  them  is  concerned.  To  carry  the 
water  away  quickly  there  should  be  a  number 
of  these  inlets  on  any  bridge  of  considerable 
extent. 

In  the  case  of  deck  structures  the  water- 
proofing details  are  simple,  the  principal  ques- 
tions  to   be  settled   being   the  type  of   water- 


TABLE    I  —CLASSES   OF   LOADING. 


Class. 

I-beara 
spans. 

"A"    15-ton   roller.. 

"B"    12-ton  roller.. 

"C"    10-ton  roller.. 


Floor  system 
for   trusses. 

.15-ton   roller 

.12-ton  roller 

.10-ton   roller. . . . 


Class  "A"  loading  is  to  be  used  for  bridges 
that  are  near  cities  and  towns  and  on  main  thor- 
oughfares. 

Class  "B"  loading  is  to  be  used  for  bridges 
that  are  in  well-settled  agricultural  districts. 

Class  "C"  loading  is  for  use  on  bridges  in  re- 
mote and  thinly-settled  districts. 

Painting. — In  riveted  work  the  surfaces  com- 
ing in  contact  shall  be  painted  before  being 
assembled.  Before  leaving  the  shop  all  steel, 
except  that  which  comes  in  contact  with  con- 
crete, shall  be  thoroughly  cleaned  and  given  one 
good  coating  of  pure  raw  linseed  oil. 

After  erection  all  exposed  steel  shall  receive 
one  coat  of  red  lead,  S5  per  cent  pure,  and  two 
coats  of  white  lead  and  zinc  white,  in  pure  lin- 
seed oil  without  turpentine  or  dryer. 


Specifications  for  Waterproofing  Solid 

Steel-Floor  Railroad  Bridges. 

The  following  specifications  cover  the  de- 
sign, materials,  and  manner  of  applying  the 
waterproofing  of  railroad  bridges  with  solid 
steel  floors.  Up  to  the  present  time  the  speci- 
fications in  use  have  been  tentative,  being 
based  on  the  best  information  obtainable.  It 
is  thought,  however,  that  there  are  certain 
principles — more  or  less  fixed — which  may  be 
lost  sight  of  by  the  inexperienced  designer,  the 
chief  object  of  the  author  being  to  state 
specifically  what  these  principles  are  believed 
to  be.  The  specifications,  which  are  open  to 
discussion,  were  abstracted  from  a  paper  "The 
Waterproofing  of  Solid  Steel-Floor  Railroad 
Bridges,"  by  Samuel  Tobias  Wagner,  in  Pro- 
ceedings, American  Society  of  Civil  Engineers, 
Vol  XL,,  p.  2945.  They  are  not  intended  to 
cover  the  design  of  the  structural  work,  but 
to  call  attention  to  those  details  which  should 
be  borne  in  mind  by  the  engineer  when  de- 
signing a  structure  which  is  to  be  water- 
proofed. 

EXPLANATION   OF   SPECIFICATIONS, 

The  following  explanation  is  offered  for 
introducting  certain  features  in  the  specifica- 
tions: 

The  waterproofing  of  solid-floor  railroad 
bridges  is  undertaken  for  two  reasons:  (a)  To 
protect  the  metal  from  corrosion  due  to  the  al- 
ternately wet  and  dry  condition  of  a  ballasted 
floor:  and  (b)  to  prevent  the  water,  which  is 
absorbed  by  the  ballast  and  given  oft"  slowly, 
from  dripping  on  a  street  beneath. 

A  reasonable  depth  of  girder  makes  a  stifle 
structure  and  aids  in  making  it  water-tight. 
There  can  be  little  doubt  that,  in  all  designs, 
the  primary  object  should  be  to  provide  such 
details  as  will  remove  the  water  from  the 
liridge  in  the  quickest  possible  time  and  by  the 
shortest  route :  and  further,  in  case  of  the 
possibility  of  the  water  bcin.g  held  on  the 
bridge  for  any  considerable  time  after  a  storm, 
to  design  the  height  of  the  waterproofing  so 
that  it  will  be  above  the  highest  water  level. 
There  are  many  places  where  the  ballast  will 
become  vei"y  dirty  in  time,  and  at  such  lo- 
calities this  detail  is  important. 

It  is  also  considered  inadvisable  to  throw 
all  the  water  off  the  bridge  at  its  ends,  over 
the  back-walls.  It  is  very  difficult  lo  design 
at  this  point  a  satisfactory  detail  which  will 
prevent  water  from  forcing  its  way  hack  over 
the  back-wall  and  down  the  face  of  the  abut- 
ment, even  though   the  drainage  back  of   the 


40-ft. 
span. 
Lbs. 

ISO 
160 
140 


50-ft. 
span. 
Lbs, 

150 

130 

110 


Trusses. 

60-ft. 

span. 

Lbs. 

125 

110 

95 


70-ft. 

span. 

Lbs. 

110 

90 

80 


100-ft. 

span. 

Lbs. 

100 

80 

70 


proofing  to  be  used  and  the  durability  of  the 
materials.  The  application  of  the  waterproof- 
ins — whatever  kind  may  be  selected — is  not 
difficult. 

In  a  half-through  structure  the  conditions 
for  waterproofing  are  at  their  worst.  If  the 
top  of  rail  is  near  the  top  of  girder  it  is  gen- 
erally advisable  to  carry  the  waterproofing 
over  the  girder  and  encase  its  entire  top  in 
concrete. 

The  finish  of  the  waterproofing  against  the 
web  of  a  half-through  girder,  the  top  of  which 
is  3  ft.  or  more  above  the  top  of  rail,  is  one 
of  the  most  difficult  problems  to  be  solved. 
In  some  cases  it  is  the  practice  to  carry  the 
waterproofing  nearly  if  not  all  the  vvay  t,ip  to 
the  top  of  the  girder,  and  protect  it  with  a 
considerable  thickness  of  concrete,  but,  gen- 
erally, it  is  finished  up  against  the  web  not 
far  .-ibove  the  level  of  the  top  of  rail.  This 
finish,  if  done  satisfactorily,  will  make  a  good 
piece  of  work  of  the  structure  as  a  whole, 
provided  the  detail  in  respect  to  water  run- 
ning over  the  back-walls  is  guarded  against. 
It  is  believed  that  riveting  a  flashing  angle 
to  the  web  does  not  provide  a  satisfactory  de- 
tail, as  it  is  impossible  to  make  it  continuous 
on  account  of  stiffeners  and  gussets.  Placing 
a  pocket  of  ductile,  adhesive  mastic  (w;hich 
will  not  harden  in  cold  weather)  as  a  joint 
between  the  waterprofing  layer  and  the  web 
is  believed  to  give  the  best  results,  and  in  case 
of  the  deterioration  of  this  asphalt,  the  detail 
is  in  a  place  where  repairs  can  be  made  with- 
out interfering  with  traffic.  The  question  of 
interference  with  traffic  in  making  water- 
proofing repairs  is  one  that  is  giving  many 
railroad  bridge  engineers  serious  concern,  and 
is  leading  slowly,  but  surely,  to  much  more 
elaborate,  effective,  and  expensive  systems,  in 
order  that  repairs  may  be  postponed  as  long 
as  possible.  It  is  possible  to  make  the  proper 
kind  of  pure  asphalt,  unmixed  with  foreign 
matter,  adhere  to  a  clean  surface  of  metal  or 
concrete,  and  thus  secure  a  tight  joint.  It  has 
been  found  advisable  to  protect  this  pocket  of 
asphalt  with  a  layer  of  concrete  to  prevent 
the  ballast,  which  may  be  carelessly  thrown 
against  the  girder,   from  cutting  into  it. 

.As  to  m.aterials  to  be  used  for  the  solid 
bridge  floor,  it  is  believed  that,  after  the  ques- 
tion of  durability  is  disposed  of — as  one  of  the 
most  important  items— the  most  durable  ma- 
terial, which  can  be  shown  to  possess  ad- 
hesion and  ductility  at  low  temperatures,  and 
at  the  same  time  be  sufficiently  hard  to  pre- 
vent running  at  maximum  exposure  tempera- 
tures, is  theniost  desirable — sav.  temperatures 
generally  between  0°  to  200°  F.  Higher 
melting  points  arc  undesirable  for  a  number 
of  reasons,  and  should  not  be  used.  The  most 
critical  time  to  test  a  bridge  floor  is  during 
melting  snow,  and  cracks  which  may  develop 
at  that  time  are  sure  to  be  channels  for 
water. 

Whether  felt,  fabric,  or  asphalt  mastic  .shall 
be  used  is  a  debatable  question,  and  it  will 
depend  somewhat  on  conditions.  If  hard 
pressed  for  head  room,  in  depth  of  floor  con- 
struction the  use  of  asphalt  mastic  is  recom- 
mended,   and,    although    it    is   generally    con- 
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sidercd  an  undesirable  material,  it  is  believed 
that,  with  proper  natural  rock,  proper  flux,  and 
careful  mixing  and  placmg,  first-class  results 
can  be  obtained,  if  the  pure  asphalt  seal  is 
used  against  the  metal. 

Felts  or  fabrics,  of  course,  contain  organic 
matter,  and,  if  not  entirely  covered  with  as- 
phalt, are  subject  to  disintegration  by  "rot- 
ting." It  would  seem,  however,  that  if  prop- 
erly prepared  and  laid,  these  materials  should 
form  a  very  satisfactory  membrane — more  sat- 
isfactory, as  far  as  elasticity  is  concerned, 
than  the  mastic.  A  felt  of  inorganic  material 
— asbestos — has  all  the  proper  qualities,  from 
the  standpoint  of  durability.  It  is  generally 
laid  in  combination  with  a  layer  of  treated 
burlap  to  give  it  additional  strength.  Prac- 
tice sometimes  protects  asbestos  felt  with 
asphalt  mastic  instead  of  brick  or  reinforced 
concrete.  This  is  probably  allowable  with  as- 
bestos felt,  but  should  never  be  used  with  any 
of  the  other  felts.  Experience  shows  that  hot 
mastic,  placed  on  a  layer  of  felt,  or  fabric 
treated  with  asphalt,  will  draw  the  asphalt  out 
of  the  felt  and  incorporate  it  as  part  of  the 
mastic. 

Specifications. 

PART    I.      DETAILS    OF    CONSTRUCTION. 

1.  Depth. — The  depth  of  steel  or  concrete 
construction  shall  be  such  as  to  allow  a  suffi- 
cient distance  from  top  of  rail  to  top  of  steel 
or  concrete  floor  for  proper  waterproofing, 
and  protection  from  the  cutting  action  of  the 
ballast.  Under  ordinary  conditions,  a  depth 
of  from  3.5  to  4.0  ft.  from  top  of  rail  to 
clearance  line  below  is  sufficient. 

2.  Drainage  Grade. — Provision  shall  be 
made  for  grades  of  at  least  1  per  cent  on  the 
floor  of  the  bridge  to  remove  water  promptly. 
Where  this  cannot  be  done  in  the  steelwork, 
cement  concrete,  with  a  minimum  thickness 
of  2^  ins.,  shall  be  placed  so  as  to  drain  the 
water  to  the  inlets. 

3.  Inlets. — Cast-iron  inlets  shall  be  set  at 
proper  places  in  the  fioor  and  provided  with 
movable  top  grates.'  The  down-spout  from 
each  inlet  shall  be  provided  with  a  trap  and 
clean-out,  which  shall  be  accessible  from  be- 
low the  bridge.  The  down-spout  shall  be  of 
wrought  iron,  and  connected  to  a  sewer  or 
arranged  according  to  local  conditions. 

4.  ^  Details  of  Steelwork. — Where  two 
longitudinal  girders  meet  over  a  column,  the 
end  stiffeners  shall  be  placed  with  the  out- 
standing leg  toward  the  center  of  the  girder, 
and  the  girders  shall  be  connected  with  %-in. 
plates  on  each  side  of  the  web.  A  plate  shall 
also  be  placed  covering  the  joint  on  the  top 
flange. 

5.  Stiffening  angles  on  the  outstanding 
edges  of  gusset  plates  in  half-through  or 
through  girders  shall  be  terminated  below  the 
level  of  the  waterproofing,  the  gusset  plates 
shall  be  heavier,  and  shall  be  placed  from  10 
to  12  ft.  apart. 

6.  Where  the  top  of  girder  approximates 
the  same  height  as  top  of  rail,  the  waterproof- 
ing and  protection  shall  cover  the  entire  top 
of  the  girder. 

7.  The  apron-plate  from  the  steel  floor 
over  the  back-wall  shall  be  provided  with  a 
curb  angle  against  which  to  finish  the  water- 
proofing, and  to  this  angle  shall  be  riveted  a 
vertical  plate  to  prevent  dirt  from  collecting 
under  the  apron-plate.  The  apron-plate  shall 
be  anchored  to  the  back-wall. 

8.  Waterproofing  — General  Design.— On 
top  of  the  prepared  surface  of  the  concrete 
shall  be  placed   either  of  the  following: 

(1)  One  or  more  thicknesses  of  felt  or 
fabric,  of  quality  and  applied  as  specified 
hereafter,  together  with  proper  protection. 

(2)  Asphalt  mastic  at  least  VA  ins.  in 
thickness,  of  quality  and  applied  as  specified 
hereafter. 

9.  Felt.  Burlap,  or  Fabric. — When  water- 
proofing of  this  kind  is  to  be  used,  either  of 
the  following  types  shall  be  adopted : 

(1)  From  four  to  six  layers  of  felt. 

(2)  One  middle  layer  of  treated  burlap, 
with  four  layers  of  felt. 

(3)  One  layer  of  felt,  two  layers  of  bur- 
lap, and  two  layers  of  felt. 

(4)  One  middle  layer  of  treated  burlap, 
and  tw'o  layers  of  asbestos  felt. 


(•5)  Either  one  or  two  layers  of  treated 
cotton-drill   fabric. 

10.  Protection  of  Waterproofing. — After 
the  completion  of  the  felt  or  fabric  water- 
proofing, the  entire  surface  shall  be  covered 
and  protected  by  one  of  the  following  meth- 
ods : 

(1)  Straight,  hard-burned  brick  laid  flat, 
with  joints  filled  either  with  waterproofing 
compound  or  cement  grout.  Waterproofing 
compound  should  only  be  used  as  a  filler  on 
flat  or  nearly  flat  surfaces. 

(2)  A  layer  of  cement  concrete  from  2 
to  2J^   ins.   thick,   with  wire   reinforcement. 

(3)  A  layer  of  about  1%  ins.  of  asphalt 
mastic  used  only  on  top  of  asbestos  felt.  It 
is  believed  that  no  protection  is  necessary 
for  the  asphalt  mastic. 

11.  Special  Drainage  Over  Protection. — On 
top  of  the  protection  coat,  and  outside  the 
line  of  the  ties,  a  line  of  half-round  cast-iron 
pipe,  6  ins.  in  diameter  and  perforated  fre- 
quently, shall  be  placed  to  collect  the  water 
and  convey  it  to  the  inlets. 

PART    II.      PREPARATION    FOR    WATERPROOFING. 

12.  Preparation  of  the  Steel. — All  openings 
in  the  steelwork  shall  be  thoroughly  closed, 
either  by  caulking  with  burlap  dipped  in  hot 
asphalt,  or  by  the  use  of  sheet  metal  sufficient 
to  maintain  the  concrete  base  before  applying 
the  burlap  and  asphalt. 

13.  Preparation  for  Waterproofing  Ma- 
terials.— Wherever  called  for  by  the  plans, 
the  decks  of  the  bridges  shall  be  protected 
with  1 :3  :-5  concrete,  with  %-in.  stone  or 
gravel,  mixed  as  specified  hereafter,  finished 
with  a  1 :2  mix  of  cement  mortar  %  in.  thick, 
troweled  to  a  smooth  surface  on  top,  as 
shown.  This  concrete  shall  be  allowed  to 
dry  thoroughly  so  as  to  prevent  the  formation 
of  steam  when  the  hot  waterproofing  ma- 
terials are  applied. 

14.  All  vertical  or  sloping  surfaces  of  con- 
crete or  steel  shall  be  thoroughly  cleaned  of 
dust,  dirt,  loose  particles,  paint,  and  grease. 
The  use  of  a  hand-bellows  is  recommended 
for  cleaning  loose  dust  and  dirt  from  the 
surfaces.  For  cleaning  paint  and  grease  from 
the  steel  and  freshening  the  surfaces  of  as- 
phalt, where  a  junction  of  old  and  new  is  to 
be  made,  or  where  a  pocket  of  pure  asphalt 
is  used  against  the  girders  and  the  felt  or 
mastic,  gasoline  shall  be  used,  either  by 
swabbing  the  surface  with  it,  or  by  pouring 
a  small  quantity  over  the  surface  to  be 
cleaned,  and  setting  fire  to  it.  The  use  of  a 
blow-lamp  is  also  recommended. 

15.  These  surfaces  shall  then  be  painted 
with  two  coats  of  approved  asphalt,  diluted 
with  gasoline.  The  materials  of  the  first  coat 
shall  be  proportioned  so  as  to  give  a  brownish 
tint.  The  second  coat  shall  have  a  larger 
quantity  of  asphalt. 

16.  Both  coats  of  paint  shall  be  thoroughly 
applied  and  worked  into  the  surfaces,  so  as  to 
give  a  uniform  coating  of  the  asphalt. 

17.  Paint  shall  not  be  applied  to  damp 
concrete  or  steel.  The  painting  shall  be  done 
immediately  in  advance  of  the  application  of 
the  waterproofing  materials  and  before  dust 
has  had  time  to  collect. 

18.  If  the  concrete  is  damp  before  the 
waterproofing  is  applied,  the  surface  shall  be 
first  covered  with  a  2-in.  layer  of  hot  sand 
and  allo\yed  to  stand  for  from  1  to  2  hours, 
after  which  the  sand  shall  be  swept  back,  un- 
covering sufficient  surface  to  begin  work,  and 
the  operation  repeated  over  a  new  surface. 

19.  Concrete  Proportions.  —  The  cement 
concrete  shall  be  proportioned  by  measure- 
ment of  volumes.  The  volume  of  a  barrel 
of  cement,  376  lbs.,  shall  be  assumed  to  be  3.6 
cu.  ft.  The  sand  and  stone  shall  not  be 
packed  more  closely  than  by  throwing,  in  the 
usual  way,  into  a  barrel  or  box  at  the  time 
of  measurement. 

20.  Cement. — Portland  cement  shall  be 
used,  of  the  quality  specified  by  the  American 
Society  for  Testing  Materials. 

21.  Stone. — The  stone  shall  be  clean,  hard, 
crushed  stone,  or  pebbles,  to  be  approved  by 
the  chief  engineer,  and  shall  be  composed  of 
the  whole  run  of  the  crusher,  from  %  in.  to 
?4  in.  in  size,  screened  of  dust  and  particles 
less  than  Vn,  in.  in  greatest  dimension. 


22.  Sand. — The  sand  shall  be  clean  and  ' 
sharp,  and  shall  be  composed  of  grains  graded 
from  "fine  to  coarse,"  screened  to  reject  all 
particles  of  a  gitater  diameter  than  Vi  in.  It 
shall  be  free  from  foreign  matter,  and  subject 
to  the  approval  of  the  chief  engineer. 

23.  Care  of  Sand  and  Stone. — Sand  and 
stone,  when  delivered  on  the  work,  shall  be 
dumped  on  platforms  and  not  on  the  ground. 

24.  Hand  Mixing. — When  mixed  by  hand, 
the  cement  and  sand  shall  be  first  mixed  dry 
and  made  into  a  mortar.  The  stone  shall  be 
spread  on  a  suitable  floor  to  a  depth  of  about 
6  ins.,  thoroughly  wetted,  and  the  mortar 
evenly  spread  over  it,  care  being  -taken  that 
the  stone  of  each  batch  is  mixed  as  to  size. 
The  whole  mass  shall  then  be  turned  over 
four  times  and  raked,  to  secure  complete  anrl 
imiform  mixture.  If  the  contractor  desires 
to  use  some  other  method,  he  shall  submit 
it  for  approval.  Should  the  mixture  be  per- 
mitted to  set  before  placing  or  tamping,  it 
shall  be  removed  and  not  used.  Hand  mi.xed 
batches  shall  not  be  larger  than  1  cu.  yd.  in 
volume. 

25.  Depositing. — All  concrete  shall  be  de- 
posited as  the  chief  engineer  shall  direct.  It 
shall  be  of  such  consistency  that  when  dumped 
in  place  it  shall  not  require  much  tamping,  aii'i 
shall  be  laid  with  a  view  to  be  an  aid  to  the 
water-tightness  of  the  structure,  and  ni.'t 
merely  a  support  for  the  waterproofing  ma- 
terials. All  showing  surfaces  shall  be  trow- 
eled to  a  smooth,  hard  surface. 

26.  In  cases  where  concrete  haunching 
against  girders  is  called  for  by  the  plans, 
forms  shall  be  used,  and  the  concrete  shall 
be  of   a  wet  consistency. 

PART    HI.      MATERIALS     AND     APPLICATION. 

Waterproofing  Felt  or  Fabric  and  Asphalt. 

27.  Materials. — On  the  prepared  surface, 
apply  the  specified  number  of  layers  of  ap- 
proved saturated  and  coated  felt,  with  a  fin- 
ished surface,  and  weighing  about  14  lbs.  per 
100  sq.  ft. 

28.  The  bids  shall  be  based  on  the  use  of 
the  type  of  felt  specified  in  paragraph  27,  but 
additional  alternate  bids  will  be  considered, 
based  on  felts  or  fabrics  other  than  these, 
which  may  be  approved  by  the  chief  engineer. 
In  the  event  of  such  alternate  bids  being 
made,  the  bidders  shall  present  with  them 
sufficient  data  as  to  the  methods  of  manufac-  , 
ture,  quality  of  materials,  and  references  to  ' 
places  where  such  felts  or  fabrics  have  been 
used,  giving  dates  of  application. 

29.  All  materials  shall  be  delivered  on  the 
work  in  their  original  packages,  and  properly 
branded. 

30.  The  acceptance  or  rejection  of  an  as- 
phalt shall  rest  with  the  chief  engineer,  and 
shall  be  based  on  the  requirements  stated  in 
paragraphs  31  to  37. 

31.  The  asphalt  used  shall  consist  of  fluxed 
natural  asphalt,  or  asphalt  prepared  by  the 
careful  distillation  of  asphaltic  petroleum. 

32.  It  shall  contain,  in  its  refined  state,  not 
less   than   98   per   cent   of   bitumen   soluble   in 
cold    carbon    disulphide.      The    remaining    in- 
gredients shall  be  such  as  not  to  exert  an  in 
jurious  effect  on  the  work. 

33.  When  20  grammes  are  heated  for  5 
hours  at  a  temperature  of  325°  F..  in  a  tin 
box  IVz  ins.  in  diameter,  they  shall  not  lose 
more  than  2  per  cent  by  weight,  nor  shall  the 
penetration  at  77°  F.,  after  such  heating,_  be 
less  than  one-half  of  the  original  penetration^ 

34.  The  melting  ooint  shall  be  between  150° 
and   190°   F. 

35.  .\  briquette  of  the  solid  bitumen  hav- 
ing a  cross  section  of  1  sq.  cm.  shall  show 
ductility  at  40°  F.,  and  at  a  temperature  of 
77°  F.  shall  show  ductility  of  not  less  than 
20  cm.,  the  material  being  elongated  at  the 
rate  of  5  cm.  per  minute  (Dow  moulds). 

36.  All  tests  shall  be  conducted  according 
to  methods  approved  by  the  chief  engineer. 

37.  The  penetration  indicated  herein  re- 
fers to  the  depth  of  penetration  in  hundredths 
of  a  centimeter  of  a  No.  2  cambric  needle, 
weighted  to  100  grammes,  at  77°  F.,  acting  for 
5  seconds. 

38.  Application. — All  flashing  and  rein- 
forcing around  inlets  and  other  places  spe- 
cified  shall  be  carefully  executed. 
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30.  Waterproofing  shall  not  be  done  in  wet 
weather,  or  at  a  temperature  below  3'2°  I'., 
without  special  orders  from  the  chief  en- 
gineer. The  felt  shall  be  laid  shingle  fashion, 
the  first  two  layers  longitudinally  and  the 
last  three  transversely  to  the  center  line  of 
the  bridge,  where  five  layers  are  called  for, 
and  as  specified  in  detail  in  other  cases,  and 
shall  be  carried  up  the  haunching  and  made 
secure  against  the  girder  in  a  satisfactory 
manner,  or  as  shown  on  the  plans.  The  flash- 
ing against  vertical  or  inclined  surfaces  shall 
be  in  accordance  with  the  directions  of  the 
chief  engineer,  if  not  indicated.  The  first 
layer  of  felt  shall  not  be  cemented  to  the 
floor  of  a  steel  bridge,  e.xcept  around  the 
drain  outlets.  On  an  arch  bridge,  the  first 
layer  shall  be  cemented  to  the  top  of  the 
arch.  At  no  point  shall  there  be  less  than  the 
specified  number  of  thicknesses. 

10.  As  the  hot  asphalt  is  spread,  the  felt 
^ball  be  immediately  rolled  into  it  and  rubbed 
•  iiid  pressed  over  its  surface,  so  as  to  elimi- 
nate air  bubbles  and  insure  thorough  sticking, 
( )nc  mopful  of  the  asphalt  shall  not  be  spread 
over  more  than  1  sq.  yd.  of  surface  at  one 
mopping.  Not  less  than  2..j  to  3  gals,  of  as- 
phalt shall  be  used  on  100  sq.  ft.  of  a  single 
layer  of  felt.  The  top  layer  shall  also  be 
mopped  and  the  work  done  so  that  the  layers 
shall  be  one  compact  mass. 

41.  The  finish  of  the  waterproofing  against 
the  girders  or  concrete  shall  be  made  with  a 
pocket  of  pure  elastic  asphalt  of  the  quality 
specified  in  paragraphs  31  to  37,  except  that 
the  melting  point  shall  be  between  140°  and 
|."'i>'  F.^  the  ductilit\'  at  40°  F.  shall  he  at  least 
3  cm.,  and  the  adhesive  qualities  shall  be 
satisfactory  to  the  chief  engineer. 

The  surfaces  with  which  this  material  comes 
in  contact  shall  be  dry,  absolutely  free  from 
dust  or  grease,  and,  previous  to  its  applica- 
tion, shall  be  covered  with  a  thin  paint  made 
by  dissolving  the  asphalt  in  gasoline,  as  spe- 
cified in  detail  in  paragraph  b"). 

42.  Particular  care  shall  be  taken  to  make 
a  tight  joint  around  gussets,  stiffeners,  ami 
the  ends   of  girders, 

43.  Care  shall  be  taken  to  prevent  injury 
in  any  way  to  the  waterproofing  by  the  pass- 
ing of  men  or  wheelbarrows  over  it,  or  b> 
throwing  any  foreign  materials  on  it. 

44.  .'Vfter  the  waterproofing  course  has 
been  completed,  the  horizontal  surfaces  shall 
be  protected,  as  shown  on  the  plans,  by  a 
course  of  straight,  hard-lnirned  and  dense 
brick,  laid  flat  in  a  bed  of  I  :3  cement  mortar, 
with  full  joints.  There  shall  be  not  less  than 
Vz  in.  of  mortar  between  the  felt  and  the 
bricks.  The  brick  shall  not  increase  in  weight 
more  than  10  per  cent  when  inmiersed  in 
water  for  7  hours. 

45.  The  haunching,  and  about  18  ins,  in 
width  of  the  horizontal  surface  adjacent  to 
the    haunching,    shall    be,  protected,    as    shown 


on  the  plans,  by  about  2J6  ins.  of  1 -.3  :o  con- 
crete, reinforced  with  No.  8  and  No.  Hi  wire 
cloth,  electrically  welded,  having  a  3x8-in. 
mesh. 

46.  Every  care  shall  be  taken  to  insure 
satisfactory  and  thoroughly  water-tight  joints 
between  the  main  layer  of  waterproofing  and 
the  girders ;  and  special  attention  shall  be 
given  to  stiffeners,  gussets,  etc.  The  water- 
proofing shall  also  be  carried  down  over  the 
back-walls  to  below  the  elevation  of  the 
bridge  seat,  as  shown  on  the  plans,  or  as 
directed. 

47.  Rolls  of  felt  shall  be  stored  on  end, 
and  not  laid  on  their  sides. 

48.  Waterproofing  shall  be  done  only  by 
experienced  and  expert  felt  waterproofers. 

Natural  Rock   Asf'halt   }[aslit\ 

40.  Rock  Ashhalt  A/(j.j(!V.— Wherever  called 
for  by  the  plans,  the  decks  of  bridges  shall  be 
waterproofed  with  natural  rock  asphalt  mas- 
tic, as  specified  in  paragraph  .5(1. 

5(1.  The  cement  concrete,  prepared  as  spe- 
cified heretofore,  shall  be  waterproofed  with 
asphalt  mastic  equal  in  quality  for  the  in- 
tended purpose,  as  to  ingredients  used  and 
resistance  to  water,  to  the  following  specifi- 
cations, and  be  approved  as  such : 

Sicilian    rock    asphalt    mastic 60  part-s 

Clean,    .sharp,    graded    grit    and    .sand    to 

pass  a  sieve  of  S  meshes  per  inch 30  parts 

Asphalt  ,"is  specified  in  paraijraphs  30  to 

37     10  parts 

These  proportions  shall  be  varied  when  re- 
quired by  special   conditions  on   the  work, 

51,  The  mixture  shall  be  made  at  the  site 
of  the  work,  it  shall  be  heated  to  a  tempera- 
ture of  from  250  to  30(i°  F,,  and  shall  be 
stirred  until  all  the  ingredients  are  thoroughly 
incorporated.  It  shall  then  be  spread  and 
thoroughly  worked,  to  free  it  from  voids,  and 
shall  be  ironed  to  a  smooth  surface  with 
smoothing  irons,  if  so  directed.  All  mastic 
shall  be  applied  in  two  coats,  making  the  total 
thickness  shown  on  the  plans.  The  two  coats 
shall  break  joints,  and  the  mastic  shall  lie 
distributed  evenly.  Where  the  thickness  of 
the  concrete  plus  mastic  is  less  than  2%  ins., 
the  full  thickness  shall  he  made  up  of  asphalt 
mastic. 

■52.  All  mastic  delivered  on  the  work  shall 
be  properly  branded.  Waterproofing  shall  not 
be  done  in  wet  weather,  or  at  a  temperature 
below  32°  F.,  without  special  orders  from 
the  chief   engineer. 

53.  Pockets  of  asphalt  shall  be  placed 
against  all  metal,  and  mastic  along  girders, 
around  stiffeners,  gussets,  etc.,  as  specified  in 
detail  in  paragraphs  14  to  18,  inclusive,  and 
paragraph   41. 

54.  Great  care  shall  be  taken  around  ex- 
pansion joints,  drain  pipes,  and  similar  places, 
where  a  separation  may  take  place. 

55.  .\fter  the  mastic  is  laid,  it  shall  be 
ninppod    with    pure    melted    ,isphall,    .ind    the 


surface  shall  be  ,spread  with  a  layer  of  clean, 
coarse  sand,  to  harden  the  top.       • 

56.  The. pockets  of  asphalt  placed  against 
the  girders,  stiffeners,  and  gussets  shall  be 
protected,  as  shown  on  the  plans,  by  about 
2J-2  ins.  of  1:3:5  concrete,  reinforced  with  No. 
8  and  No.  10  wire  cloth,  electrically  welded, 
having  a  3x8-in.   mesh. 

GENER.\L    CONUITIUNS. 

57.  General  Conditions. — The  furnishing 
and  erection  of  the  steelwork  for  the  bridge 
to  be  waterproofed  will  he  executed  under  a 
separate  contract,  and  the  riveting  will  be 
completed,  the  erection  finished,  and  the  steel 
floor  cleaned  up,  ready  for  the  waterproofing, 
before  the  work  on  this  contract  is  begun. 
In  addition  to  the  foregoing,  the  contractor 
shall  make  a  final  cleaning  of  the  steelwork 
before   the   work   of  waterproofing  is  begun. 


Waterproofing  of  Counterweight   Pits 
for  Bascule  Bridge. 

C'onttibu'.Ld   1>\"   Iv   P^.    W'liitinort',   City  Engineer, 
Port  Huron,    Mich, 

During  the  spring  of  1913  the  city  of  Port 
Huron,  Mich.,  completed  a  double-leaf  bas- 
cule bridge  to  carry  its  principal  business 
street  across  the  Black  River,  the  total  length 
of  which  is  140  ft.  and  the  clear  channel  width 
for  navigation  70  ft. 

Concrete  counterweights  were  used  to  bal- 
ance the  dead  load,  and,  as  the  ])ridge  floor  at 
the  center  of  the  bridge  is  only  15  ft.  above 
low  water  level  and  the  concrete  counter- 
weights are  very  massive,  the  bottoms  of  the 
counterweights  are  about  6  ft.  below  low- 
water  level  when  the  bridge  is  open.  The  pits 
into  wdiich  the  counterweights  drop  are  of 
reinforced  concrete,  the  face  wall  (adjacent 
to  the  river)  being  21  ins.  thick  and  the  back 
walls  and  floor  only  12  ins.  thick.  The  speci- 
fications for  the  work  called  for  the  use  of  a 
patented  integral  waterproofing  compound, 
and  this  was  used  in  the  lower  portion  of  the 
first  pit.  The  contractor,  however,  had  failed 
to  procure  a  sufficient  quantity  of  the  water- 
proofing compound,  and  when  the  supply  ran 
short,  rather  than  delay  the  work,  he  was  au- 
thorized to  place  the  remainder  of  the  con- 
crete in  this  pit  without  the  waterproofing 
compound,  but  was  required  to  use  sufficient 
cement  to  overfill  considerably  the  voids  in 
the  aggregate.  The  other  pit  was  waterproofed 
in  the  same  manner,  merely  by  the  use  of  ad- 
ditional cement,  without  any  waterproofing 
compound.  The  concrete  was  deposited  wet, 
but  not  so  wet  as  to  cause  the  water  to  sep- 
arate from  the  aggregate. 

These  pits  have  remained  absolutely  free 
from  seepage,  under  a  head  of  water  of  from 
()  to  9  ft.  The  cost  to  the  contractor  for  the 
additional  cement  was  considerably  less  than 
the   cost   of   the   waterproofing  specified 
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The     Prevention     of     Odors    at     City 
Refuse    Disposal   Works. 

rile  disposal  of  city  refuse,  unless  conducted 
111  a  proper  manner,  is  likely  to  cause  condi- 
tinns  under  which  offensive  smells  or  odors 
arc  created  and  maintained.  The  present 
article,  which  is  from  a  paper  by  Rudolph 
llering,  D.  .Sc,  before  the  Sanitary  .Section  of 
the  .\merican  Public  Health  Association  at  its 
latest  annual  convention,  examines  into  this 
fact  more  closely  than  has  been  done  hereto- 
fnre.  It  leads  to  some  helpful  conclusions 
and  indicates  improved  ways  and  means  for 
the  prevention  of  the  odor  nuisance. 

City  refuse  wdien  delivered  at  the  dis|)osal 
plant  may  cause,  in  its  raw  state,  offensive 
odors,  chiefly  after  the  beginning  of  the  putre- 
faction of  some  of  its  parts.  The  odors  here 
discussed  relate  only  to  lho>c  which  are  asso- 
ciated with  the  final  disposal  of  refuse.  They 
C9n   be   suppressed   at   once   by   subjecting  the 


refuse  oii'arrival  to  a  proper  treatment  by  an\ 
of  the  well  established  methods. 

The  different  parts  of  a  city's  refuse  are 
enumerated  as  follows :  Garbage,  dead  ani- 
mals, night  soil,  stalile  manure,  street  sweep- 
ings, ashes  and   rubbish. 

All  of  these  parts  can  be  treated  and  finally 
disposed  of  by  incineration.  Garbage  and  dead 
animals  can  be  treated  1%-  their  reduction  to 
grease  and  fertilizer.  Or,  garbage,  dead  ani- 
mals, night  soil  and  manure,  can  be  buried  as 
a  final  disposition.  Manure,  street  sweepings, 
ashes  and  rubbish  can  sometimes  be  satisfac- 
torily disposed  of  by  dumping,  and  garbage 
sometimes  as  food   for  pigs. 

CI.A.SSIFIC.VTION    OF    ODORS. 

The  odors  which  may  arise  in  connectiuii 
with  these  various  methods  of  treatment  may 
be   classed    in   two  groups. 

First. — Odors  from  the  escape  of  pure  gases 
which  are  soon  converted  into  other  gases 
that  are  not  offensive.     For  instance,   stilphu- 


reted  h\drogen  persists  in  an  offensive  condi- 
tion so  long  as  it  is  concentrated  or  not  de- 
composed, but  when  diluted  in  a  sufficient 
(|uantity  of  air  it  is  altered  into  other  inotTens- 
ive  compounds. 

The  general  remcily  for  eliminating  such 
odors,  therefore,  is  either  the  discharge  of  the 
gases  into  an  ;iir  current  --ulliciently  great  to 
get  a  quick  dispersion  and  dilution,  or  the 
passage  through  a  medium  which  produces  a 
chemical  destruction  by  fire,  or  through  a  dis- 
infecting chamber,  or  by  a  dispersion  into  and 
a  dilution  by  a  sufliciently  ample  current  of 
water,  ,\  disappearance  of  odorous  gases  by 
dilution  in  I  hi'  :itmosphere  is  yencrally  quite 
rapid. 

.''Second. — The  odors  from  vapors,  which  are 
the  gaseous  forms  of  substances  which  nor- 
mally exist  cither  in  liquid  or  solid  form,  and 
which,  in  the  case  of  an  incinerator,  are  fre- 
quently accompanied  by  extremely  minute  par- 
ticles of  solid  matter  or  dust.     For  instance, 
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we  may  refer  to  the  odors  from  the  vapors  and 
dust  particles  which  arise  from  a  chimney  and 
persist  uiflil  they  can  be  sufficiently  diluted  and 
the  odor  from  them  has  become  unnoticeable. 
Their  disappearance  by  decomposition  in  the 
atmosphere,  if  it  takes  place  at  all,  is  ex- 
tremely slow. 

The  remedy  is  substantially  as  above,  namely, 
a  quick  discharge  and  dispersion  in  a  sufficient- 
ly large  air  current  if  in  an  open  country,  or 
a  passage  through  fire  or  through  a  disinfect- 
ing air  chamber,  or  by  dispersion  and  dilution 
in  a  sufficiently  large  current  of  water. 

THE    PREVENTION    OF    ODORS    IN-  V.^RIOUS    I)ISP0S.\L 
METHODS. 

For  the  prevention  of  odors  it  is  of  first 
importance  that  all  solids  or  liciuids  causing 
them  are  removed  as  quickly  and  as  thor- 
oughly as  is  financially  practicable.  It  is 
further  important  that  the  odorous  gases  and 
vapors  are  removed  by  natural  or  artificial 
ventilation,  with  the  aid  of  furnace  heat,  blow- 
ers or  air  jets,  or  by  a  discharge  into  the  at- 
mosphere in  a  manner  to  effect  a  thorough 
dispersion  and  dilution. 

Ordinary  ventilation  does  not  remove  the 
vapors  which  are  held  at  solid  surfaces  by  ab- 
sorption. A  jet  of  compressed  air  frequently 
played  against  the  interior  surfaces  of  the 
buildings  and  against  the  clothing  of  attend- 
ants, will  remove  this  source  of  odor.  Odor- 
ous solids  and  liquids,  from  which  the  mole- 
cules carrying  the  odor  are  detached  and  rise 
up  into  the  air,  should  not  be  long  exposed 
about  the  works. 

Special  care  should  be  taken,  when  the  at- 
mosphere is  moist  and  warm,  to  suppress  the 
odors  about  the  works,  because  under  this 
condition  our  olfactories  are  most  sensitive  to 
odors. 

The  tiring  of  the  sensation  of  smell  when 
continually  active,  forms  some  excuse  for  ne- 
glecting to  keep  the  plants  wholly  inoffensive. 
It  would  be  well,  therefore,  to  establish  rea- 
sonable rules,  so  as  to  control  the  suppression 
of  odors  and  to  enforce  the  rules  even  if  men 
about  the  plants  do  not  feel  the  necessity 
therefor. 

It  is  most  convenient  now  to  discuss  the 
odors  as  they  relate  to  each  of  the  above 
enumerated  parts  of  a  city's  refuse,  and  in 
doing  this  I  shall  adopt  the  reverse  order 
which  was  given  above. 

Feeding — Feeding  garbage  to  pigs  should  be 
prohibited  unless  the  garbage  is  delivered 
fairly  fresh  and  without  offensive  odors.  Xo 
decomposition  sufficient  to  produce  putrefac- 
tion of  any  part  of  the  garbage  should  be 
allowed  to  have  taken  place.  Slight  odors  of 
kitchen  waste,  such  as  we  perceive  at  the  col- 
lection can,  are  neither  injurious  nor  objec- 
tionable, nor  can  there  be  objection  to  the 
odors  of  the  first  decomposition  perceived 
when  parts  of  the  garbage  have  turned  sour. 
Unless  fed  before  putrefaction  has  begun, 
garbage  should  be  disposed  of  in  other  ways. 

Dumping.  In  order  to  discuss  odors  arising 
from  the  dumping  of  stable  manure,  street 
sweepings  and  ashes,  we  should  discriminate 
between  the  several  parts. 

Stable  manure,  if  put  on  fields  and  utilized 
or  dumped  on  vacant  grounds,  may  cause  the 
familiar  odor  which  according  to  the  locality 
may  or  may  not  be  objectionable.  In  the  for- 
mer case  dumping  should  not  be  continued  and 
old  manure  dumps  should  be  completely  cov- 
ered with  a  few  inches  of  ashes  or  earth. 

Street  sweepings,  if  dumped  on  vacant 
ground,  should  also  be  treated  in  this  same 
manner,  although  the  odors  are  generally  not 
objectionable. 

Ashes  do  not  have  offensive  odors,  but 
cause  objection  only  from  the  dust  which  is 
raised  by  dumping  and  by  winds. 

Buria! — The  burial  of  garbage,  dead  ani- 
mals, night  soil  and  manure,  is  an  efficient 
method  of  at  once  preventing  all  offensive 
odors.  It  is  the  oldest  and  most  conmion 
method  used  for  disposing  of  all  such  organic 
waste  matter  which  cannot  be  more  profitably 
treated  in  other  ways. 

Reduction — The  reduction  of  garbage  and 
dead  animals  is  practiced  in  many  laree  cities 
of  our  country.  Of  all  treatments  this  one 
■  has    produced    the    most   objectionable    odors. 


although    it    is    neither   difficult    nor    very    ex- 
pensive to  prevent  them. 

These  objectionable  odors  are  due  partly  to 
the  delivered  garbage  when  it  is  temporarily 
stored  at  the  plant  until  treated,  partly  to  the 
fumes  produced  during  the  treatment,  partly 
to  the  exposed  tankage  and  partly  to  the  ex- 
posed liquids  discharged  from  the  digesters 
and   grease   separating  tanks. 

To  prevent  the  creation  and  maintenance  of 
these  objectionable  odors,  the  works  should 
first  be  kept  scrupulously  clean.  The  opera- 
tion should  then  be  so  arranged  that  the  fresh- 
ly delivered  garbage  can  be  placed  into  the 
digesters  within  a  very  short  time  and  best  at 
once,  and  not  be  exposed  in  the  open  until  it 
gets   foul. 

The  gases  and  vapors  arising  in  an  ascend- 
ing air  current  from  the  digesters,  as  well  as 
from  the  presses,  naphtha  tanks,  and  wherever 
odors  from  the  cooked  garbage  may  be  gen- 
erated, should  be  caught  in  hoods  closely 
placed,  of  sufficient  size  and  proper  sliape,  and 
discharging  into  pipes  of  diameters  properly 
proportioned  to  carry  away  the  respective 
amounts  of  odorous  air  ascending  from  each 
hood.  The  draft  into  the  hoods  and  the  cir- 
culation in  the  pipes  is  best  effected  by  a 
l)lower  of  ample  capacity. 

The  odorous  air  thus  collected  from  all 
places  where  it  is  formed  should  be  delivered 
at  the  best  place  for  treatment.  This  place  is 
generally  below  the  grates  of  the  furnaces 
connected  with  the  operation  of  the  works, 
where  it  can  be  passed  through  the  fires  by 
forced  draft  and  be  thoroughly  purified  by 
intense  heat.  If  the  quantity  of  this  air  is  too 
great  for  serving  the  regular  furnaces,  an 
additional  special  furnace  may  be  built  to 
cremate  the  excess  in  quantity,  as  the  complete 
destruction  of  the  causes  of  all  this  odorous 
air  is  important.  Or,  the  objectionable  air 
may  be  discharged  into  the  rear  pass  of  the 
boilers  which  may  sufficiently  eliminate  the 
odors.  Practically  all  of  the  objections  that 
have  been  made  to  the  installation  of  garbage 
reduction  works  has  been  caused  by  the  foul 
odors  frequently  emanating  from  them. 

.'\nother  method  of  purifying  this  odorous 
air  is  by  passing  it  through  a  disinfecting 
chamber,  which  method,  however,  is  generally 
less  efficient  and  more  costly. 

A  noticeable  improvement  is  often  gained  by 
making  use  of  a  compressed  air  jet  to  occa- 
sionally aerate  the  interior  walls  of  the  build- 
ing in  which  garbage  reduction  is  effected  and 
the  surfaces  of  all  aparatus  within  the  same 
and  even  the  clothing  of  the  attendants,  which 
has  been  known  to  retain  the  odor  for  hours. 

The  foul  liquids  from  such  plants  should  at 
cnce  be  discharged  into  and  carried  away  by  a 
sewer  pipe  and  disposed  of  as  sewage. 

Incineration — Incineration  can  dispose  of  all 
classes  of  city  refuse  without  exception.  It 
is  a  method  by  which  all  classes  when  thor- 
oughly mixed  can  have  the  odors  of  all  parts 
completely  destroyed  which  may  otherwise 
create  a  nuisance. 

To  accomplish  this  end,  it  is  necessary  to 
incinerate  the  refuse  at  a  high  temperature, 
nominally  at  least  1,2.50°  F.,  so  as  to  guarantee 
the  sufficient  combustion  of  all  organic  mat- 
ter and  thereby  to  remove  all  sources  of  odor. 
Burning  at  a  low  temperature  is  apt  to  leave 
some  of  the  organic  matter  only  partly  de- 
stroyed, and  in  this  incompletely  destroyed 
condition  some  of  it  emits  a  strong  pungent 
odor. 

To  guarantee  the  prevention  of  a  nuisance 
from  refuse  incinerators  it  is,  therefore,  neces- 
sary to  have  high  temperature  furnaces,  which 
allow  of  the  escape  from  the  stack  of  chiefly 
carbon  dioxide,  if  the  combustion  is  corn- 
plete,  and  monoxide  if  it  is  less  so,  but  suffi- 
cient to   prevent  offense. 

When  the  combustion  is  perfect  there  is  no 
visible  discharge  from  the  stack.  When  smoke 
is  seen  to  escape,  it  furnishes  evidence  that 
vuburnt  matter  may  also  be  discharged.  Most 
of  this  matter  will  be  organic,  because  of  its 
lightness,  and  it  is  probable  that  it  will  have 
an  offensive  odor  which  can  be  perceived  where 
the  fumes  strike  the  ground  or  a  window. 
This  fact  has  caused  frequent  complaints  to  be 
lodged    from   inhabited   areas   to   -which   th?5e 


fumes  had  drifted.     Minute  and  even  invisible 
particles    of    solid    and    partly    burnt    organic 
matter  are  quickly  dissolved  and  decomposed 
in   the   air,  as  is  the  case   with   gases.     They     ) 
drift  and  may  travel  a  long  distance  as  invis-      j 
ible  clouds.  ■ 

A  pungent  burnt  garbage  odor  was  recog-  ( 
nized  by  myself  on  one  occasion  at  a  dis- 
tance of  over  a  mile  from  the  stack  dis- 
charging objectionable  smoke,  with  a  very 
faint  wind  blowing  from  the  stack  to  the 
po'nt  of  observation. 

In  order  successfully  to  incinerate  refuse  in 
high  temperature  furnaces  so  that  no  odorous 
smoke  will  escape,  it  is  necessary  to  irse  forced 
draft  and  to  regulate  carefully  and  intelli- 
gently the  fires  so  that  the  combustion  is  at  all 
times  perfect  and  that  no  odorous  smoke  will 
escape. 

To  prevent  odors  about  the  plant,  no  gar- 
bage should  be  stored  longer  than  a  day  be- 
fore it  is  incinerated,  although  an  offense 
from  mixed  refuse  does  not  arise  as  soon  as 
from  garbage  alone  as  generally  delivered  at 
a  reduction  plant.  It  is  generally  wise  to  ar- 
range hoods  and  ventilating  pipes  in  the  fur- 
nace building  to  receive  and  carry  the  air, 
which  may  have  become  somewhat  foul  from 
contact  with  the  refuse,  to  below  the  furnace 
grates  and  used  with  forced  draft,  so  that  the 
intense  heat  of  the  fire  will  thoroughly  purify 
it. 

At  incinerators  as  at  reduction  works  it  is 
advisable  to  keep  incinerating  works  scrupu- 
lously clean.  No  refuse  should  be  left  scat- 
tered about.  Dust  from  the  final  clinker  and 
ashes  should  be  properly  controlled  and  the 
floors  of  the  buildings  should  be  swept  or 
washed  daily.  The  walls  of  the  buildings,  the 
tools,  clothing,  etc.,  should  be  given,  as  often 
as  found  desirable,  a  blast  from  nozzles  sup- 
plied with  compressed  air. 

Attention  to  the  above  mentioned  facts  and 
to  the  conclusions  drawn  therefrom  should 
prevent  all  offensive  odors  at  refuse  works, 
whichever  of  the  best  methods  of  disposal  may 
be  employed. 


Suggestions  on  the  Operation  of  Small 
Sewage   Treatment   Plants. 

The  following  suggestions  for  the  proper 
operation  of  small  sewage  disposal  plants,  . 
where  expert  supervision  cannot  be  afforded,  | 
are  from  the  report  of  the  committee  on  sew- 
erage of  the  Indiana  Engineering  Society.  The 
members  of  the  committee  are :  Charles  Bross- 
mann.  chairman ;  J.  C.  Diggs,  and  H.  W. 
Klansman. 

Plain  Septic  and  Imhoff  Tanks.— As  the 
purpose  of  such  tanks  is  mainly  for  the  sep- 
aration and  retention  of  the  su.spended  matter 
to  as  great  a  degree  as  possible,  the  tanks 
should  be  kept  in  such  condition  that  this 
will  be  accomplished,  otherwise  efficiency  will 
be  impaired.  To  get  the  best  results  large 
accumulations  of  septic  sludge  should  be 
avoided  when  they  cause  violent  ebulition  and 
a  conseq^ient  carrying  over  of  the  sludge  to  i 
the  filters.  The  sludge  should  be  removed  | 
when  necessary. 

In  using  Imhoff  tanks  the  sludge  should  not 
be  allowed  to  get  above  the  depositing  slots  at 
the   bottom   of   the   settling   chamber. 

Large  and  unusual  flows  through  the  tank, 
such  as  storm  water  flows,  should  be  diverted, 
especially  in  plain  septic  or  sedimentation 
tanks.  The  removal  of  suspended  matter 
should  be  as  complete  as  possible,  as  the  less 
of  this  matter  reaches  the  filter  beds  the  less 
trouble  there  will  be  in  operation.  Sludge 
should  be  blown  off  when  possible  at  regular 
intervals,  or  at  time  of  high  water,  unless 
provision  is  made  for  sludge  drying. 

In  the  event  that  there  is  no  stream  large 
enough  to  carrv  off  the  sludge  at  high  water, 
then  a  sludge  bed,  well  underdrained,  should 
1-c  constructed  and  the  sludge  run  on  to  this 
bed.  allowed  to  drain  and  then  renewed  after- 
ward. Settling  chambers  of  Imhoff  tanks 
should  be  kept  free  of  sludge,  and  in  sonic 
cases  where  the  slope  of  the  hopper  bottom  is 
not  steep  enough  the  sludge  should  be  pushed 
down  through  the  slots  or  otherwise  removed. 

In  some  Imhoff  tanks  sludge  mats  are  likely 
to  form  on  the  top  surface  of  settling  chaui- 
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bers  and  it  will  usually  be  found  belter  to 
clean   this   mat   off   at   intervals. 

The  effluent  from  tanks  of  any  kind  should 
be  examined  at  regular  intervals.  If  solids  are 
carried  over  it  is  likely  to  cause  trouble  in  the 
syphons,  and  in  the  case  of  contact  beds  the 
.sludge,  if  carried  over  in  quantities,  will  clog 
the  bed  in  time. 

Contact  Filters. — The  main  trouble  with  con- 
tact beds  is  the  tendency  toward  clogging.  Con- 
tact beds  should  not  be  overworked  and  should 
have  stated  periods  of  rest.  It  is  impossible 
not  to  get  some  matter  carried  over  from  the 
tank,  but  this  can  be  taken  care  of  in  a  way 
to  cause  the  least  trouble,  and  to  catch  most 
of  the  material  before  it  works  into  the  beds. 
Proper  and  complete  underdrainage  will  assist 
greatly  in  getting  rid  of  accumulations,  but  it 
is  safe  to  say  that  few  contact  beds  are  very 
thoroughly  underdrained.  Too  little  regard 
is  usually  given  to  good  underdrainage  and 
proper  bottom   construction   to  contact   filters. 

In  operating  contact  filters  they  should  be 
tilled  by  dosing ;  the  sewage  should  then  stand 
for  several  hours,  usually  about  two  hours. 
.At  the  end  of  the  contact  period  they  should 
be  automatically  discharged  and  should  have  a 
suitable  resting  period  of  at  least  six  to  eight 
hours.  Should  the  beds  become  clogged  the 
stone  must  be  removed  and  cleaned  or  new- 
stone   placed. 

Sand  Filters. — The  sand  filter  is  not  so  liable 
to  trouble  as  the  contact  bed,  but  it  goes 
without  saying  it  should  be  kept  as  free  as 
possible  from  material  that  will  clog.  When 
ponding  occurs  the  bed  should  be  raked  about 
■4  in.  deep.  The  bed  can  be  allowed  to  dry 
•uid  the  top  skin  will  peel  easily  and  can  then 
be  raked  off.  Slopes  around  filters  should  be 
sodded  so  that  clay  or  dirt  will  not  get  into 
the  sand  and  clog  it. 

Where  the  sewage  is  discharged  by  dis- 
tributors into  the  bed  it  will  be  found  ad- 
vantageous to  place  large  gravel  or  broken 
stone  at  such  points,  so  that  the  sand  will  not 
be  washed  out  or  scoured. 

Low  spots  on  the  sand  area  should  be  kept 
filled  so  that  the  sewage  will  flow  level  and 
all  parts  worked  as  uniformly  as  possible.  In 
freezing  weather  the  surface  of  the  filter 
should    be    furrowed. 

In  conclusion  operators  who  are  not  getting 
proper  results  out  of  their  plants,  or  if  they 
notice  unusual  conditions,  should  notify  the 
State  Board  of  Health,  with  a  view  toward 
getting  things  in  proper  shape. 


Methods  Employed  in  Sampling  at  Ex- 
perimental Sewage  Treatment  Plant 
at  Chicago  Stockyards. 

In  Engineering  and  Contr.\cting  of  Jan. 
13,  inio,  we  published  an  article  outlining  the 
recommended  procedure  in  disposal  of  wastes 
from  the  stockyards  and  Packingtow-n  in  Chi- 
cago.      The     present     article     describes     the 


methods  employed  in  taking  samples  for  an- 
alysis at  various  points  in  the  sewage  treat- 
ment experiment  station  handling  the  liquid 
industrial  wastes  from  the  stockyards  and,  like 
the  matter  given  in  the  former  article  men- 
tioned, is  taken  from  the  report  recently  made 
to  the  engineering  committee  of  the  Sanitary 
District  of  Chicago. 

METHOD   OF   S.WlrLINC. 

In  all  routine  sampling  composites  were 
made  of  !'2o  c.  c.  portions  taken  every  hour, 
b'or  special  tests  the  procedure  was  changed 
to  meet  conditions.  Owing  to  the  wide  varia- 
tion in  strength  of  the  day  and  night  sewage. 


lected  by  lowering  into  the  sludge  mass  a  bot- 
tle attached  to  a  stick  and  plugged  by  a  stop- 
per. The  stopper  was  then  withdrawn  by  a 
cord,  allowing  the  sludge  to  flow  in  without 
catching  any  of  the  supernatent  litpior.  A 
number  of  samples  at  various  depths  w-ere 
always  taken  to  insure  representative  com- 
posites. 

METHOD    OF    SLUDGE    .^^ND    SCl'M     ME.\SLREMENT. 

Sludge  was  measured  in  situ  in  the  tanks  by 
the  method  devised  by  Mr.  H.  B.  Hommon  at 
Gloversville,  X.  Y.  A  wide-mouthed  bottle, 
with  stopper  in  place,  was  attached  to  a  cal- 
ibrated rod  and  lowered  into  the  tank  to  a  def- 


T.4BLE   I.— SAMPI^ING   SCHEDULE   FOR  CRUDE   SEWAGE. 

Date.  ^Day  sewage.— ^ 

First  Last 

From  To  sample,     sample. 

1,  1912 Jan.     1,  1913 S  a,  m.       7  p.m. 

1,1913 Feb.  1,1913 7  a.m.  10  p.m. 

1,1913 Jan.  1,1914 S  a.  m.  10  p.  ni. 


Oct. 
Jan. 

Feb. 

Jan.     1.  1914 Date 


No  samples — grit   chamber  effluent  only. 


-Night  sewage.— ^ 

Remarks 

First 

Last 

sample. 

sample. 

Daily 

8  p.  m. 

7  a.  m. 

Dailv. 

11  p-  m. 

6  a.  m. 

Bi  daily. 

11  p.  m. 

7  a.  m. 

two  separate  samples  covering  the  heavy  day 
and  the  weak  night  sewage  were  analyzed. 
Table  I  indicates  the  sampling  schedule  for 
the  crude  sewage.  Weighted  averages  to 
cover  the  24  hours  were  also  made. 

Up  to  Jan.  1,  1913,  one  composite  covering 
the  entire  24  hours  was  taken  for  the  grit 
chamber  and  tank  eftliuents.  Thereafter  "day" 
and  "night"  samples  were  taken  for  all  devices, 
allowances  being  made  in  the  tank  samples 
for  the  nominal  detention  period  in  each  case. 
.\fter  Jan.  1,  1914.  no  samples  of  crude  sew- 
age were  taken,  as  the  grit  chamber  effluent 
was  practically  identical  in  composition.  Daily 
samples  of  the  various  effluents  were  taken  up 
to  Feb.  1,  1913,  and  after  that  bi-daily  com- 
posites were  made.  Sunday  samples  were, 
however,  kept  separate  and  were  omitted  after 
Jan.  1,  1914. 

The  method  of  taking  samples  for  the  bio 
logic  o.xygen  consumption  tests  were  as  fol- 
lows : 

Up  to  May  1,  1914,  two  samples  of  crude 
sewage  and  of  the  efifiiuents  from  each  device 
were  taken  daily,  the  sewage  samples  being 
collected  at  9  a.  ni.  and  noon  or  1 :15  p.  m. 
and  the  effluents  with  proper  allowance  for  the 
nominal  detention  period.  Subsequently,  sam- 
ples were  collected  every  two  hours  through- 
out the  day  (8  in  all)  and  incubated.  At  the 
end  of  10  days,  the  samples  were  mixed  and 
the  residua!  oxygen  determined  for  the  com- 
posite samples.  In  this  way,  inuch  more  rep- 
resentative results  were  oljtained.  Determi- 
nations were  made  on  Monday,  Wednesday 
and  Friday  every  other  week  and  on  Tuesday 
and  Thursdav  of  the  alternate  weeks 

Samples  of  sludge  and  scum  for  analyses 
were  taken  from  the  tanks,  either  when 
cleaned,  or  at  stated  intervals  when  cleaning 
was    infrequent.      Sludge    samples    were    cnl- 


inite  depth.  The  stopper  was  withdrawn  al- 
lowing the  bottle  to  fill.  The  bottle  was  then 
lifted  and  examined.  This  operation  was 
repeated  until  the  sludge  line  was  closely  lo- 
cated. This  method  was  not  wholly  satis- 
factory, as  it  partly  ignores  the  consistency 
of  the  sludge  other  than  is  visual.  In  clean- 
ing the  Dortmund  tanks  where  the  sludge  was 
not  entirely  drawn  out,  the  ainount  removed 
as  calculated  from  the  difference  between 
measurements  before  and  after  cleaning  was 
much  smaller  than  would  be  supposed,  due 
to  the  stirring  and  thinning  of  the  sludge  in 
the  process  of  withdrawal.  The  residual 
sludge  doubtless  compacted  again  slowly  after 
cleaning  was  completed,  but  the  net  result  in- 
dicated a  smaller  accumulation  of  sludge  than 
was  actually  secured.  This  tendency  was 
more  marked  for  tanks  frequently  cleaned 
and  probably  accounts  largely  for  the  lower 
average  sludge  accumulation  noted  for  one 
tank,  the  time  rate  probably  being  somewdiat 
higher.  In  the  spring  of  1914,  samples  of 
sludge  were  taken  from  the  tanks  both  before 
and  after  cleaning,  so  that  variations  in  mois- 
ture content  could  be  traced  and  correclion 
made. 

Scums  were  ordinarily  measured  by  run- 
ning onto  a  sludge  bed  and  noting  the  depth. 
or  if  small  in  amount,  a  calibrated  can  or 
barrel   was   used. 


Meters  Must  be  Sealed. — The  Board  of 
Public  Utility  Commissioners  of  New  Jersey 
decided  that  it  is  not  only  the  right,  but  the 
duty  of  a  water  company  to  seal  all  meters 
and  to  examine  and  test  them  whenever  neces- 
sary. A  consumer  refused  to  permit  the 
Lakewood  Water,  Light  &  Power  Co.  to  test 
or  seal  his  meter,  and  the  company  refused 
to   supply  him   with   water. 
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Power  Road  Machinery  With   Special 

Reference  to  Hauling  and  Earth 

Road  Grading. 

The  substitution  of  power  machincr_\  lor 
hand  labor  in  road  construction  and  mainte- 
nance is  one  of  the  marked  developments  of 
the  past  decade.  In  a  paper  before  the  Mis- 
souri State  Engineers'  Association  N.  De- 
Wind,  904  Karpen  Bldg.,  Chicago,  discussed  a 
number  of  the  fundamental  requirements  ol 
road  machinery  and  his  paper  is  given  here. 

Power  driven  road  machinery  is  naturally 
divided  into  two  classes,  the  one  for  preparing 
llie  road  materials,  and  the  other  for  handling 
the  iTiaterial  on  the  road.  In  the  first  class, 
probably  the  most  interesting  pow'er  driven 
machines  at  the  present  time  are  those  con- 
nected with  the  mixing  and  preparation  of 
asphalt  macadam  surfaces.  Under  the  same 
das--  come  machines  for  preparing  rock.     The 


second  class,  that  for  handling  the  material 
on  the  road,  is  of  deeper  interest  because  il 
offers  the  greatest  field  for  improvement  al 
the  present  time. 

E.ARTH    R0.\D    GR.\1)1NG. 

One  of  the  most  remarkable  phases  of 
power  driven  machinery  that  is  being  de- 
veloped today  is  the  effort  to  revolutionize 
road  grading.  Up  to  a  few  years  ago,  horse 
graders,  wheeled  scrapers  and  such  imple- 
ments were  considered  up-to-date  methods. 
Today,  we  have  reached  the  point  where  those 
methods  are  certainly  out-of-date,  if  not  ob- 
solete, owing  to  high  cost  of  operation.  The 
traction  engine  and  the  heavy  grader  have 
come  to  stay.  .'\t  the  present  time,  the  de- 
\elopment  has  been  along  the  lines  of  build- 
ing these  graders  on  the  same  model  as  the 
horse  drawn  machines,  but  suitable  for  apply- 
ing large  agricultural  traction  engines  to  do- 
ing llie  work. 


Looking  into  the  fulure,  1  am  inclined  to 
(•rophesy  that  this  is  only  a  step  towards  an- 
other development.  The  road  grader  of  the 
Inture,  in  my  opinion,  will  be  a  more  com- 
lilicated  machine.  In  fact,  grading  will  only 
lie  part  of  the  functions  of  the  machine,  as 
it  seems  to  me  that  there  is  no  reason  why 
the  trimming  and  finishing  of  the  road  bed 
should  not  be  done  by  a  machine  combining 
different  appliances'  for  excavating  the  bed, 
forming  the  shoulders,  grading  the  contour, 
and  removing  excessive  earth. 

Types  of  Combination  Machines. — .'V  step  in 
this  direction  has  already  been  taken  by  one 
firm.  I  refer  to  a  machine  self-propelled,  by 
a  gasoline  motor,  that  can  construct  prairie 
roads,  and  discharge  the  earth  at  cither  side 
of  the  machine  as  desired.  The  machine  is 
suited  for  plowing,  grading  or  loading  the 
earth  into  wagons  without  any  adjustment  or 
witlKMU    stopping   its   operation.     The   wagon> 
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can  be  loaded  at  either  side,  the  convejor   for 
loading    the    wagons    being    reversible. 

One  of  the  fundamental  objections  to  a  self 
propelled  road  grader  is  the  fact  that  the  en- 
gine power  is  confined  to  the  service  of  that 
machine  and  not  reailily  accessible  for  other 
purposes,  whereas  with  the  ordinary  traction 
engine,  the  engine  power  is  available  for  other 
purposes  when  not  hauling  graders,  and  there- 
fore appeals  more  readily  under  present  con- 


liave  to  look  to  their  laurels  so   far  as  pulling 
power  is   concerned. 

While,  no  doubt,  everything  is  l)eing  done  in 
re-designing  these  motor  trucks  for  this  new 
application,  I  am  inclined  to  think  that  this  is 
not  a  very  sound  development.  The  problem 
of  hauling  material  is  a  very  serious  one  in 
itself,  and  it  will  not  do  to  prejudice  their 
design  as  hauling  machines  to  make  them  more 
adaptable  for  road  grading. 


E.&C. 


Fig.  1.     Grading  Camp  in  California. 

iit'ii    iKnirllp.l    l.y    this    force,     whirh     mcUules    al>out    mi    mules    and    .jii    men,    could    be    han- 
illed  by  8  traction  engines  and  about  25  men. 


ditions  of  road  making  to  officials  and  con- 
tractors. 

Another  dexelopment  carried  out  by  an- 
other tirm  is  a  combined  roller,  grader  and 
drag  hauled  behind  a  traction  engine.  If  1 
may  be  permitted  to  criticise  this  machine,  I 
would  say  that  the  fundamental  objection  to 
it  is  that  the  rolling  is  imperfectly  done,  the 
lack  of  concentration  of  weight  and  the  in- 
ability of  the  roller  to  cover  the  entire  tracks 
of  the  grader  being  the  reason. 

Another  firm  has  combined  a  traction  en- 
gine with  grader  blades  attached.  No  criticism 
can  be  made  regarding  the  work  done  with  the 
exception  that  the  grader  blades  are  pushed  in 
front  of  the  machine  and  not  pulled  and  the 
traction  engine,  to  a  certain  extent,  mars  the 
work  done  by  the  grader.  This  machine  also 
has  the  same  objectionable  feature  as  the  first, 
that  it  involves  the  investment  of  too  much 
money  for  only  one  operation  in  the  road 
building  process  being  accomplished. 

Another  interesting  development  on  tlie 
power  road  graders  is  the  attempt  to  render 
them  more  useful  by  adding  a  scarifier  at- 
tachment. These  scarifier  attachments  have 
proved  successful  to  a  certain  extent.  I  might 
say  thoroughly  successful  so  far  as  earth  and 
gravel  road  beds  are  concerned,  but  I  don't 
believe  that  any  road  grader  with  a  scarifier 
attachment  will  ever  he  developed  to  success- 
fully work  on  a  hard  macadamized  surface 
or  a  road  bed  of  similar  hardness.  There  is 
a  lacking  in  concentration  of  weight  which 
again  points  us  to  the  need  of  a  self-con- 
tained, self-propelled  road  making  machine, 
r  might  quote  in  support  of  this  the  success 
which  has  attended  the  attachment  of  scari- 
fiers direct  to  heavy  power  driven  rollers.  This 
form  of  attachment  has  been  undergoing  a 
process  of  development  liy  F.nglish  road  rnllcr 
builders  for  some  years  and  lias  been  taken 
up  in  this  country  with  some  re-modeling  to 
suit  our  conditions.  I  am  merely  quoting  it 
as  a  proof  that  concentration  of  weight  is  a 
necessity  for  severe  scarifying  and  this  con- 
centration is  not  likely  to  "lie  obtained  by  any 
large  sized  grader  that  is  hauled  by  an  in- 
dependent engine. 

Motor  Trucks. — One  of  the  more  recent  de- 
velopments in  power  grading  and  one  that  wc 
are  following  up  with  considerable  interest 
is  the  attempt  of  some  of  the  heavy  motor 
truck  manufacturers  to  use  their  trucks  for 
hauling  graders.  Many  of  the  grader  manu- 
facturers have  been  surprised  at  the  tremend- 
ous power  these  trucks  have  developed,  so 
much  so  that  some  of  the  traction  engines  will 


Conclusions. — .^t  the  present  time  great 
efforts  are  being  made  towards  producing 
more  perfect  road  grading  power  driven 
machinery ;  these  various  steps  in  progress 
have  been  taken  from  many  different  direc- 
tions, but  we  are  all  still  very  far  from  having 
the  perfect  combination  machine  that  seems  to 
be  the  ideal  of  all  road  builders. 

While  we  are  all  striving  for  and  we 
all  hope  to  obtain  an  ideal  machine  much 
has  already  lieen  accomplished.  It  is 
quite  remarkable  what  power  application  to 
road  machinery  has  already  done,  not  only  to 
improve  the  methods,  but  to  reduce  the  cost 
of  construction.  The  more  we  can  reduce  op- 
erating costs,  the  more  we  can  invest  in  the 
first  cost  of  the  machine  that  effects  that  sav- 
ing. A  great  many  of  our  road  builders  are 
not  giving  that  side  of  it  sufficient  considera- 
tion when  they  arc  deciding  their  purchases. 
The  machine  that  costs  the  least  in  actual  dol- 
lars and  cents  is  not  always  the  cheapest  ma- 
chine to  buy  when  the  results  are  considered. 

One  of  the  strongest  incentives  to  adopting 


IS  to  obtain  teams  to  do  road  building  at 
reasonable  prices.  In  many  parts  of  the  South, 
where  farms  are  small  and  the  farmers  not  so 
well  to  do,  grading  by  horses  is  still  strongly 
in  evidence.  Teams  and  men  can  be  rented 
by  the  road  authorities  on  very  reasonable 
terms,  as  many  of  the  farmers  are  very  glad 
to  make  out  expenses  by  devoting  their  teams 
and  their  time  to  this  work. 

POWER   HAt'LACE  OF   MATERIALS. 

Engines. — The  greatest  development  in  trac- 
tion engine  haulage  of  road  graders  has  taken 
placein  the  states  of  Iowa,  Missouri,  Nebras- 
ka, Kansas  and  the  Dakotas,  where  the  farms 
are  large  and  very  prosperous.  Touching 
upon  the  question  of  hauling  road  material  by 
power,  to  which  I  have  already  referred  as  a 
serious  problem,  it  is  evident  to  all  road  build- 
ers that  there  is  nothing  adds  so  much  to  the 
cost  of  the  road  as  the  transportation  of  the 
material  and  there  is  no  question  that  con- 
fronts the  road  builder  that  involves  more 
chances  of  making  a  mistake.  There  are  many 
conditions  which  must  be  investigated 
thoroughly.  What  is  the  comparative  cost  of 
hauling  with  horses?  Are  the  roads  and 
grades  suited  to  power  hauling?  Will  they 
stand  the  increased  demand  on  their  wearing 
qualities?  Will  the  cost  of  fuel  and  mainte- 
nance of  the  engines  in  that  locality  compare 
with  cost  of  hauling  by  horses? 

Power  road  haulage  of  material  was  used 
in  Europe  before  it  was  adopted  here,  and 
while  it  was  developed  there  under  entirely 
diliferent  conditions,  we  should  not  hesitate  to 
learn  and  profit  by  some  of  their  experiences 
and  mistakes.  The  first  developments  took 
place  in  England,  where  the  traction  engine 
and  train  of  wagons  were  adopted  with  more 
or  less  success.  This  form  of  haulage  how- 
ever, was  under  criticism  and  popular  dis- 
approval before  the  road  builder  had  time  to 
develop  its  use,  owing  to  the  roads  having  so 
(juickly  suffered  by  the  use  of  traction  en- 
gines for  industrial  purposes.  Throughout 
England  and  many  parts  of  Europe,  the  small- 
er factories  are  not  located  on  railroads  and 
do  not  have  the  railroad  switching  facilities 
obtainable  in  this  country.  Many  of  these 
factories  are  located  several  miles  away  from 
railroads  and  are  dependent  upon  the  use  of 
the  public  roads  for  the  haulage  of  their  raw 
material,  the  delivery  of  their  finished  prod- 
ucts and  the  bringing  in  of  their  coal  and  other 
supplies.  You  will  therefore  see  that  road 
haulage  was  forced  on  them  as  a  means  of 
existence.  It  only  took  a  few  years  for  the 
excellent  roads  in  England  to  be  threatened 
vi'ith  destruction  by  the  increasing  use  of  trac- 
tion engines  and  heavy  wagons.     Special  legis- 


Fig.  2.     Heavy  Engine  Grader  Operated 

T(»    secure    tlie    sarin-    result.s    l(i    lu»i 

power  driven  machinery  is  the  increasing  cost 
of  operation  by  other  methods.  The  construc- 
tion of  earth  roads  by  traction  engines  has 
been  forced  to  the  front  by  the  higher  cost  of 
securing  teams  more  than  for  any  other  rea- 
son. It  is  a  notable  fact  that  the  more  pro- 
gressive and  more  prosperous  the  farming 
regions  of  this  country  become,  the  harder  it 


by    Traction   Engine  and  Two   Men. 

r.ses   and    I    men  would   \>r  required. 

lation  was  enacted  to  control  and  restrict 
their  use  and  special  taxation  was  resorted 
to  in  an  eflfort  to  make  them  pay  for  the  dam- 
age they  did  to  the  road.  This  had  the  ef- 
fect of  compelling  the  factory  development 
of  the  country  to  seek  direct  connection  with 
the  railroads  and  curtailed  power  road  haul; 
age  to  some  extent. 


Jiinuaiy  27,   1915. 
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Motor  Trucks. — Then  the  motor  truck  was 
developed;  tiist  of  all  operated  hy  steam  and 
later  by  gasoline,  it  is  a  curious  thing  that 
damage  to  roads  never  was  so  serious  when 
traction  engines  were  used  as  it  became  when 
the  motor  truck  of  the  heavy  type  was  adopt- 
ed. The  first  English  motor  trucks  were  lim- 
ited to  5  tons  empty  weight.  Ihe  ea'rlier  de- 
signs had  steel  shod  wheels  like  traction  en- 
gines. Practically  the  entire  load  of  4  to  ti 
tons  was  put  on  this  one  set  of  wheels,  and 
you  will  readily  see  that  a  comparatively  small 
diameter  of  wheel  with  from  8  to  10  tons 
load  on  the  one  a.xle  would  certainly  do  more 
I  damage  than  a  traction  engine  train  with  per- 
I     haps  not  more  than  o  tons  on  each  a.xle. 

the  heavy  truck  was  therefore,  proclaimed 
'  a  road  destroyer.  Then  came  another  phase 
— the  small  traction  engine  with  one  or  two 
trailers  was  introduced.  These  were  less  se- 
vere on  roads  than  the  steel  shod  motor  truck, 
but  were  not  as  economical  as  the  larger 
traction  engines.  However,  they  ran  them 
faster,  as  the  law  permitted  them  to  run  up 
to  7  or  8  miles  per  hour.  There  was  not, 
however,  a  sufficiently  rigid  law  on  the  kind 
of  tires  these  small  tractors  and  trucks  could 
use,  and  consequently  the  roads  again  failed 
to  stand  this  power  propelled  traffic.  It  was 
then  that  the  road  authorities  recognized  that 
1 1. ads  would  have  to  be  built  differently  to 
suit  the  modern  traffic,  and  not  compel  the 
traffic  to.  suit  the  roads.  The  increase  of 
motor  cars  assisted  in  forcing  this  question  to 
solution  and  modern  specially  treated  road 
surfaces  are  the   result. 

Cuiiclusions. — We  can  learn  from  this  e.x- 
perience  that  there  is  a  great  deal  in  making 
your  roads  to  suit  the  traffic,  but  it  is  still 
mure  important  to  see  that  the  traffic  is  borne 
on  the  right  style  of  wheels,  and  not  leave  it 
entirely  in  the  hands  of  the  vehicle  manufac- 
turers to  turn  out  whatever  sort  of  machine, 
tliey  please.  It  is  really  their  interest  as  mucli 
as  tlie  road  builders  to  see  that  this  is  carried 
out. 

If  power  haulage  in  this  country  is  to  be  a 
success,  it  is  imperative  that  vehicles  are  rea- 
sonably regulated  in  their  design,  weight  and 
-peed  to  suit  the  roads  that  modern  road  build- 
ers are  capable  of  constructing.  It  is  also 
imperative  that  the  roads  be  built  by  skilled 
men  and  with  foresight,  so  as  to  carry  such 
self-propelled  traffic  that  the  community  is 
likely  to  adopt. 

,\ri\ERS     .\Nn    CRUSHERS    AND    OTHER     ROAU     MA- 
CHINERY. 

Tlie  power  driven  mi.xers  for  drying  stone, 
sand  and  heating  bituminous  binders  are  com- 
ing well  to  the  front  in  city  road  construction. 
The  power  street  cleaner,  which  not  only 
sweeps  but  picks  up  the  dirt,  is  also  a  recent 
development  that  is  being  gradually  perfected. 
The  power  driven  road  oiler  is  a  machine  that 
is  destined  to  interest  country  road  builders 
in  the  near  future,  as  we  are  all  recognizing 
that  our  macadam  roads  can  be  preserved  and 
made  to  stand  more  severe  traffic  by  adopting 
the  penetrating  system  of  using  oil.  Power 
driven  street  sprinklers  arc  also  being  used 
in  the  larger  cities  with  considerable  economy, 
:ind  are  likely  to  be  still  further  developed  a.s 
the  problem  of  keeping  horses  in  large  cities 
becomes  more  aggravated.  The  power  driven 
road  roller  lias  also  been  highly  developed  in 
■icent  years.  The  use  of  the  internal  com- 
liiistion  engine  using  gasoline  or  kerosene  has 
not  only  lengthened  the  possible  hours  to  he 
got  out  (if  a  roller  in  each  day's  work,  but  it 
has  also  cut  down  the  cost  of  operation,  and  by 
eliminating  the  prnblem  of  su|)plying  coal  and 
water  in  country  districts  it  has  greatly  bene- 
fited the  country  road  builder. 

In  the  preparation  of  rock,  there  ha\e  been 
rapid  strides  made  in  the  past  few  years.  The 
rock  crushing  business  has  been  naturally 
growing,  not  only  from  the  demand  for  road 
material,  but  also  by  the  introduction  of  con- 
crete for  so  many  new  purposes.  Rock  drills 
are  also  undergoing  considerable  improvement 
both  in  compressed  air  and  steam,  and  an  in- 
teresting novelty  in  this  line  is  the  introduction 
nf  .-i  casoline  driven  rock  drill,  which  for 
pnrtability  is  likely   to   appeal   strongly   to  the 


cuuntry  road  builder,  who  wishes  to  use  such 
a  machine  at  different  points  along  the  course 
of  tlic  road.  In  the  large  permanent  quarries 
throughout  the  country,  very  large  gyratory 
crushers  have  come  into  favor  owing  to  their 
economy  in  handling  the  stone  just  as  it  is 
blasted  from  the  quarry  face.  This  in  turn  has 
opened  up  a  new  field  for  the  steam  shovel, 
which  is  a  prominent  feature  in  many  of  the 
larger  quarries  today. 

The  Purchase  of  Asphalt  and  Asphaltic 
Cement  on  the  Bituminous  Basis. 

The  following  discussion  of  the  advantages 
"i  purchasing  asphaltic  paving  cement  on  the 
bituminous  basis  was  presented  as  a  paper 
before  the  recent  Philadelphia  meeting  of  Sec- 
tion D  of  the  American  Society  for  the  Ad- 
\  ancement  of  Science  by  W.  H.  Broadhurst, 
chemist.  Bureau  of  Highways,  Borough  of 
Brooklyn,  New  York  City. 

To  those  familiar  with  the  nature  and  com- 
position of  asphalts  and  asphaltic  cements,  the 
advantages  from  an  economic  standpoint  of 
purchasing  these  materials  on  the  bitumen  basis 
is  obvious.  The  bitumen,  or  carbon-bisulphide- 
solnble  content  of  an  asphalt,  being  the  ce- 
mentitious  material  which  binds  the  mineral 
aggregate  of  an  asphalt  pavement  or  bitumi- 
nous concrete  together  in  a  compact  mass,  it 
follows  that,  without  giving  consideration  to 
the  character  of  the  insoluble  material,  or 
whether  the  same  improves  the  value  of  the 
asphalt  as  a  paving  material  or  is  deleterious, 
the  greater  the  percentage  of  the  insoluble  ma- 
terial, the  less  the  efficiency  of  the  asphalt  in 
respect  of  the  number  of  square  yards  of 
roadway    per   ton   of   asphalt   a   given   asphalt 

TAHITI-;    I.— STATISTICS   OF 
Tons   of 
refined 
Kind  of  asphalt 

Year,     asphalt.  furnished. 

1907     Bermudez    900 

190S     California    300 

1909     California   600 

1909  Texas SOO 

1910  California    liOO 

1910  California    200 

1911  California    1,600 

1911  Cuban   100 

1912  Mexican    1,300 

1912     Mexican    700 

1912  Mexican    300 

1913  Mexican   1,500 

1913     California    250 

1913  Mexican   250 

1914  Mexican    1,600 


I  able  I.  shows  the  kind  of  asphalt  supplied, 
the  minimum  percentage  of  bitumen  named  in 
the  bid,  and  the  price  bid  per  ton  of  asphalt, 
by  the  lowest  bidder,  for  supplying  refined 
asphalt  to  the  Borough  of  Brooklyn  under 
the  above  specification  since  1!)U8,  and  also  for 
the  year  1907,  when  the  specifications  did  not 
call  for  awarding  the  contract  on  the  bitumen 
basis. 

The  following  summary  shows  the  prices 
bid  at  one  letting  in  1913  for  furnishing  re- 
fined asphalt,  together  with  the  kind  of  asphalt 
proposed  to  be  furnished,  and  probably  fairly 
indicates  the  prices  at  which  the'  various 
grades  of  refined  asphalt  could  be  furnished 
at  that  time : 


Minimum 

Correspondin 

Ijercentage 

Price  bid 

puce 

Kind  of 

of  bitumen 

per  ton  of 

pel-  ton 

asphalt. 

named  in  bid. 

asphalt. 

of  bitumen. 

Bermudez 

;t". 

?27.2.-. 

$2S.6S4 

Trinidad    . 

511 

21.80 

38. 928 

California 

. .     99  7  10 

19.49 

19.548 

Mexican     . . 

..     99  7/10 

1S.75 

18.80n 

Mexican    . . 

.  .      99   8/10 

21  30 

21.513 

-Hydrolene 

•.       99  5/10 

22.05 

22.160 

California    . 

..      98 

21.55 

21.989 

Mexican   . . 

. .      99   9/10 

21.74 

21. TGI 

Texas   

..      99  5/10 

21  15 

21.252 

It  will  be  observed  from  the  above  summary 
that  on  account  of  the  comparatively  low  price 
at  which  residual  or  oil  asphalts  can  be  sup- 
plied, the  "Lake"  asphalts,  or  natural  asphalts, 
from  the  standpoint  of  cost  cannot  seriously  be 
considered  as  competitors.  Residual,  or  oil 
asphalts,  vary  markedly  in  character,  and  the 
output  from  a  given  source  of  supply  often 
varies  widely  in  quality  and  in  uniformity  of 
grade,  or  penetration  ;  hence,  the  specification 
should  be  drawn  rigidly  in  respect  of  quality 
and  uniformity  of  product. 
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Minimum 

Corresponding 

percentage 

Price    bid 

price    per 

of    bitumen 

per    ton 

ton  of 

named  in  bid. 

of    asphalt. 

bitumen. 

$24.80 

98 

23.50 

$23,979 

98% 

23.50 

23.857 

99  V4 

20.00 

20.100 

99  Vz 

23.80 

23.919 

99y2 

22.98 

23  095 

99y2 

22.15 

22.261 

81 

10.00 

12.345 

99  Va 

15.25 

15.326 

99  Vi 

15.25 

15.326 

99 

19.75 

19.949 

99  7/10 

18.75 

18.806 

99  Vs 

18.74 

18.834 

99V4 

17.20 

17.286 

99  6/10 

15.00 

15.060 

iir  asphaltic  cement  will  lay.  Hence  to  place 
all  asphalts  in  competition  on  an  economically 
sound  or  even  basis,  the  same  should  be 
bought  on  the  basis  of  the  contained  bitumen. 
■Specifications  for  the  purchase  of  asphalt 
should  therefore  be  drawn  outlining  the  re- 
quirements, first  as  to  quality  and  secondly  as 
to  (luantity  of  contained  bitumen,-  instead  of 
merely  requesting  bids  for  refined  asphalt,  or 
asphaltic  cement,  which  is  a  very  prevalent 
.nistom  today  with  many  municipalities  operat- 
ing municipal  asphalt  repair  plants  and  state 
highway  commissions  purchasing  asphaltic 
cement  for  state  roads. 

in  nurcliasing  refined  asphalt  for  the  munici- 
pal asphalt  repair  plant  in  the  Borough  of 
Brooklyn.  City  of  New  York,  the  principle  of 
purchasing  asphalt  on  the  bitumen  basis  was 
.idopted  in  1908  and  has  proved  satisfactory  in 
all  respects.  The  clause  adoiitcd,  .governing 
the  bitumen  content,  was  as  follows: 

"Basis  of  Bidding — The  price  bid  must  1>c 
the  price  per  ton  of  2,0110  lbs.  of  refined 
asphalt  and  shall  include  the  containing  pack- 
age. 

"For  the  purpose  of  comparison  nf  liids  aiul 
as  a  basis  of  awarding  the  contract,  each  bid 
must  name  the  minimum  percentage  of  'bitu- 
men soluble  in  carbon  bisulphide'  which  the 
proposed  grade  of  asphalt  contains,  and  the 
price  per  ton  of  asphalt  shall  be  calculated 
to  the  corresponding  price  per  ton  of  bitumen, 
from  the  percentage  of  'bitumen  soluble  in 
carbon  bisulphide'  tlius  named  and  the  contract 
shall  be  awarded  on  that  basis.  For  example, 
an  asphalt  of  $20  per  ton  bid,  containing  a 
minimum  percentage  of  90  per  cent  of  bitu- 
men will  be  rated  at  $22.22  per  ton  of  bi- 
tumen." 


In  purchasing  asphalt  or  asphaltic  cement  on 
the  bitumen  basis,  any  attempt  at  adulteration 
of  the  natural  product  by  the  addition  of  fine 
sand,  clay,  etc.,  is  very  thoroughly  discour- 
aged. It  should  be  kept  clearly  in  mind,  how- 
ever, that  although  refined  asphalt  or  asphaltic 
cement  is  the  material  which  is  bought  and 
paid  for,  the  price  paid  per  ton  of  asphalt 
should  be  regulated  by  the  percentage  of  con- 
tained bitumen,  so  that  fundamentally  it  is 
bitumen  which  is  paid  for.  The  specification 
should  therefore  state  that  "any  asphalt  deliv- 
ered which  falls  more  than  —  per  cent  below 
the  minimum  percentage  of  bitumen  named  in 
the  bid,  may  be  rejected,  or  may  be  accepted 
subject  to  the  conditions  hereinafter  specilie<l," 
and  further,  tliat  "all  asphalt  accepted  shall  be 
paid  for  on  the  following  basis": 

"Basis  of  Payment — Payment  shall  be  made 
for  the  number  of  tons  of  asphalt  delivered, 
except  that,  in  case  the  percenta.ue  of  bitumen 
of  the  asphalt  of  any  shipment  falls  below  the 
percentage  of  bitumen  named  in  the  bid,  a 
deduction  in  payment  shall  be  made  on  the 
following  basis. 

"The  total  weight  nf  bitumen  delivered  in 
any  such  shipment,  shall  be  calculated  from 
the  net  weight  of  asphalt  delivered  and  the 
average  percentage  of  contained  liitumen,  as 
determined  by  the  average  of  the  analyses  of 
samples  of  said  asphalt  by  the  Laboratory  of 
the  Bureau  of  Highways.  Said  total  weight  of 
bitumen  delivered,  as  thtis  determined,  shall  be 
subtracted  from  the  minimum  weight  of  bitu- 
men which  shiuild  lia\e  been  delivered,  calcu- 
lated from  the  net  weight  of  asphalt  dclivereil 
and  the  minimum  percentage  of  bitumen  uaiiicd 
in  the  bid.  The  difference,  or  shortage  of  weight 
of  bitumen,  shall  then  be  multiplied  by  such  a 
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price  per  ton  of  bitumen  as  {onncl  by  dividing 
the  bid  price  per  ton  -oi  asphalt  by  the  average 
percentage  of  bitmnen  actually  found  by  analy- 
sis. The  amount  thus  determined  shall  be  de- 
ducted from  the  amount  which  would  become 
due  as  calculated  from  the  l)id  price  per  ton 
of  asphalt  and  the  weight  of  asphalt  delivered. 
Payment  will  then  be  made  to  the  contractor 
on  the  weight  of  asphalt  delivered,  at  a  price 
per  ton,  as  deternuncd  with  the  deduction  if 
any,  as  above  provided." 

For    example,    assuming    1,.5U0    tons    of    re- 
fined asphalt  have  been  delivered,  the  figures 
named  in  the  bid  being. 
Minimum    per- 

rentage  of  bitu-       Price    hUl  Corresponding 

men    named   in  per   ton  price    pei' 

bid.  of   asphalt       ton   of   bitumen. 

991/2  $19.90  $20,00 

and  again,  assuming  the  actual  percentage  of 
bitumen  found  by  analysis  to  be  95  per  cent, 
the  shortage  of  weight  of  bitumen  would  be 
67.50  tons,  which  multiplied  by  $20,947,  the 
price  per  ton  of  bitumen  found  by  dividing  the 
bid  price  $19.90  by  95  per  cent  w'ould  give 
$1,413.92,  the  amount  to  be  subtracted  from 
the  amount  which  would  have  become  due 
had  the  percentage  of  bitumen  named  in  the 
bid  been  maintained  in  the  material  delivered. 

This  in  effect  provides  a  penalty  on  a  slid- 
ing scale  for  the  contractor  who  fails  to  main- 
tain the  standard  of  percentage  of  bitumen  of 
the  material  he  proposed  to  deliver. 

It  might  not  infrequently  happen  that  cir- 
cumstances required  the  immediate  acceptance 
of  deliveries  of  asphalt  which  meet  the  speci- 
fications as  to  quality  but  fall  below  the  mini- 
nmm  bitumen  content  as  named  in  the  bid.  In 
such  cases,  the  requirements  as  above  given 
adequately    provide    for    such    contingencies. 


An  Example  of  the  Improvement  of  a 

Section      of      Lightly      Travelled 

Country    Road    Using    Funds 

Limited  in  Amount. 

On  secondary  roads  the  prublem  of  provid- 
ing a  satisfactory  surface  for  traffic  resolves 
itself  frequently  into  the  skillful  use  of  inex- 
pensive materials  found  nearby.  The  total  ex- 
penditure per  mile  is  limited  and  the  problem 
becomes  that  securing  the  best  surface  with 
the  funds  available.  .^  method  of  attaching 
such  a  proposition  was  outlined  in  a  concrete 
manner  in  a  paper  by  S.  P.  Hooker,  state  su- 
perintendent of  highways  of  New  Hampshire, 
presented  before  the  .American  Road  Con- 
gress. 

STATEMENT   OF   THE   PROBLEM. 

Given  a  country  highway  as  it  now  exists 
and  the  proposition  that  for  10  miles  of  this 
road  there  is  only  available  the  sum  of  $25,000, 
what  can  we  do  to  render  this  really  an  im- 
proved road,  which  under  proper  maintenance 
will  take  care  of  the  traffic  upon  it?  A  pre- 
liminary survey  may  show  that  a  portion  of 
the  road  is  in  a  low  lying  level  section  with- 
out proper  ditches  where  at  present  the  natural 
tendency  of  the  road  is  to  act  as  a  sort  of 
drainage  canal  for  lands  adjacent  to  it.  The 
soil  itself  consisting  partially  of  leaf  mold 
containing  a  large  amount  of  humus  and 
which  if  used  as  a  cultivated  field  would  pro- 
duce good   crops. 

The  next  portion  may  consist  of  a  sand  and 
gravel  formation,  containing  boulders  and  on 
a  grade  of  from  5  to  8  per  cent,  rolling  over 
elevations  and  down  into  hollows  and  gullies 
and  eventually  working  out  into  clear  deep 
sand. 

Succeeding  this  may  be  a  hollow  from  which 
you  rise  upon  a  side  hill  cut  through  a  clay 
bank.  Here  you  face  the  proposition  that  the 
clay  is  of  such  a  nature  as  to  practically  ab- 
sorb all  the  water  and  where  your  drainage 
condition  is  most  difficult  to  handle. 

Your  last  section  may  be  through  ledge  of 
native  rock  or  large  boulders,  the  soil  slightly 
covered  with  either  hard  pan  or  sand  and 
upon  grades  which  easily  wash  under  the  an- 
nual rain  falls. 

On  almost  all  country  roads  several  of  these 
conditions  will  ordinarily  appear,  while  of 
course  it  is  an  e.xaggeration  that  they  will  all 
occur  within  the  10-mile  stretch. 


Confronted  with  these  conditions  it  seems 
to  me  to  be  absurd  to  attempt  a  standardiza- 
tion of  such  a  highway  in  order  to  econom- 
ically work  out  your  problem.  You  must  use 
the  material  which  is  comparatively  local  and 
the  treatment  of  each  section  will  be  different. 

DESIGN    FE.\TURES. 

Road  problems  may  be  roughly  divided  into 
four  sub-divisions,  and  their  order  of  im- 
portance is  about  as  follows;  drainage,  align- 
ment, grade  and  surfacing. 

It  is  unfortunate  that  to  most  people  the 
latter  is  more  important,  while  relatively  it  is 
of  far  less  importance  than  the  other  three. 
The  surfacing  material  is  frequently  con- 
sidered paramount  and  the  settling  of  the 
question  as  to  whether  you  have  a  bituminous 
road,  penetration  method  or  mi.xing,  a  con- 
crete road,  or  a  pavement  type  is  the  main 
subject  of  discussion  and  with  far  more  at- 
tention given  to  it,  than  in  my  opinion  it 
rightly  deserves. 

Your  drainage,  alignment  and  your  change 
of  grade  are  permanent  features.  The  sur- 
facing can  never  be  permanent.  I  have  some- 
times wondered  whether  a  bond  issue  to  be 
paid  for  by  posterity  should  ever  be  expended 
on  any  feature  that  is  not  permanent. 

Concededly,  surfacing  of  all  kinds  will  re- 
quire not  only  constant  maintenance  but  re- 
building. With  the  essentials  fully  attended 
to  it  is  surprising  how  the  surfacing  may  be 
maintained  at  a  comparatively  small  cost.  I 
believe  that  it  is  as  necessary  for  us  to  turn 
our  attention  to  the  economic  side  of  the  road 
question  as  to  the  scientific.  -A.  highway  must 
have  an  economic  road  rental,  as  well  as  a 
fixed  road  maintenance  and  wherever  the  ac- 
tual cost  plus  its  maintenance  exceeds  its 
rental  value  we  are  w-asting  inoney  in  build- 
ing too  expensive  a  road.  We  inust  so  ad- 
just the  scales  that  our  costs  are  such  as  to 
provide  a  roadway  for  the  traffic  at  the  least 
possible  expense. 

Assuming  a  small  apportionment  available 
for  the  entire  mileage  needing  improvement 
the  economic  question  is  what  plan  will  you 
adopt  for  the  treatment  of  such  a  highway. 
Will  you  practically  complete  this  10-  miles 
with  your  money  or  will  you  build  3  miles  of 
the  higher  type  of  roadway  and  leave  the  rest 
unimproved?  This  seems  to  be  the  attitude 
adopted  by  most  highway  departments.  They 
standardize  their  plans  and  specifications  and 
are  content  with  the  small  mileage  of  what 
they  are  willing  to  say  is  the  best  construc- 
tion and  they  dislike  extremely  to  build  for 
small  cost  what  they  term  an  inferior  type  of 
road.  I  believe  this  is  a  serious  economic 
error  and  in  most  sections  a  road  infinitely 
better  than  has  previously  existed  may  be  built 
at  a  comparatively  small  cost  to  the  great  bet- 
terment of -the  roads  in  general  and  to  the 
great  help  of  the  inhabitants  of  a  State, 

As  far  as  automobile  traffic  is  concerned, 
I  am  sure  that  many  of  the  inferior  types  of 
road  are  far  more  satisfactory  to  them  in  gen- 
eral than  the  highest  type.  Your  autoist  cares 
little  for  a  short  section  of  the  best  possible 
road  if  at  the  end  of  it  he  plunges  into  what 
he  is  pleased  to  call  an  impassable  road  for 
three-quarters  of  the  distance.  I  believe  the 
development  of  roads  in  the  future  will  be 
along  the  line  of  more  mileage  and  less  cost 
and  that  this  is  the  proper  trend  of  develop- 
ment. 

IN    UNDR.MNED    COfXTKY. 

The  width  of  the  present  highway  must  first 
be  taken  up  and  in  general  standardized  for 
the  ordinary  traffic,  probably  a  width  of  21 
feet  between  ditches  is  the  most  satisfactory 
standard  and  considering  that  this  should  be 
accepted  as  the  width  of  the  road,  you  are 
next  confronted  with  the  alignment  and  drain- 
age. 

In  all  probability  the  alignment  will  be  com- 
paratively easy  over  your  level  fertile  section, 
hut  the  drainage  on  this  section  will  be  your 
principal  problem.  Here  in  general  you  must 
first  provide  by  deep  ditching  for  reducing  the 
water  level  of  the  surrounding  land  and  by 
deep  ditching  I  do  not  mean  the  ordinary 
ditch  from  which  the  crown  of  your  road 
rises,   but   in   manv  instances  a     ditch     which 


acts  to  a  considerable  extent  as  a  drainage 
canal. 

You  must  provide  culverts  at  all  points 
where  the  drainage  may  be  taken  away  from 
the  road  at  every  accessible  point,  and  how- 
ever level  you  may  consider  the  plain  or 
plateau  as  a  whole,  you  will  doubtless  find  a 
large  number  of  places  by  which  the  water 
will  be  conveyed  entirely  away  from  the  road 
and  bother  you  no  more. 

In  most  instances  the  grading  material  ob- 
tained from  the  ditches,  though  seemingly  of 
very  inferior  quality,  may  be  used  to  raise  the 
general  grade  of  your  road  and  if  kept  dry  by 
the  side  ditches  will  compact  and  make  a  fair 
subgrade. 

Your  next  essential  is  in  some  way  to  ob- 
tain upon  such  raised  grade  a  sufficient 
quantity  of  metal  of  some  kind  to  prevent  the 
cutting  through  of  your  road  surface  from 
water  which  falls  upon  the  road  or  in  flood 
seasons  cannot  be  entirely  carried  away  by 
your  ditches.  On  my  plan  this  may  be  ob- 
tained from  either  fields,  stone  tences  or  even 
drawn  from  section  two.  which  has  an  en- 
tirely different  soil.  In  some  places  it  would 
be  necessary  to  practically  lay  this  stone  as 
telford.  In  other  places  it  is  enough  to  simp- 
ly dump  it  in  the  road  and  only  partially  place 
it  by  hand  labor.  In  many  places  where  a 
roller  is  available  this  may  be  the  method 
and  the  stone  simply  forced  into  the  soft  ma- 
terial which  you  have  excavated  from  the 
ditches  and  which  has  not  as  yet  thoroughly 
dried  out  from  the  service  rendered  by  the 
ditches. 

Now  what  shall  be  applied  as  your  surface 
material?  In  many  places  you  will  find  that 
along  or  adjacent  to  the  road  there  are  hills 
or  hummocks  which  contain  soil  not  properly 
either  hard  pan  or  clay,  but  in  many  places 
a  combination  of  each  containing  considerable 
metal  in  the  shape  of  either  pebbles  or  frac- 
tured stone,  and  having  obtained  your  bottom 
through  drainage  and  the  addition  of  stone 
so  that  you  are  confident  your  sub-base  will 
be  practically  dry,  you  may  apply  10  inches  of 
the  material  containing  a  small  amount  of 
metal  and  by  the  use  of  road  drags  and  road 
hones  bring  this  first  into  section  and  next 
into  a  smooth  hard  surfacing,  which  will 
prove  satisfactory  in  all  weather  for  traffic, 
provided  it  has  constant  attendance  and  is 
repeated  after  every  rain  dragged  with  the 
ordinary  road  drag.  The  drag  removes  every 
slight  rut  which  may  be  started  and  does  not 
allow  the  water  to  settle  through  your  weak 
upper  surfacing.  The  maintenance  must  be 
not  intermittent,  but  constant.  You  may  find 
that  you  still  have  a  somewhat  slippery  upper 
surface  in  which  case  it  will  be  necessary  to 
add  an  inch  or  two  of  your  gravel  or  sand 
from  section  two.  You  will  find  that  this  will 
only  require  from  3  to  0  yards  of  your  gravel 
surfacing  per  100  feet  and  while  it  may  be  at 
a  considerable  distance  from  the  improve- 
ment,  it  w'ill   not  add   materially   to  the  cost. 

Your  surfacing  upon  such  a  type  of  road 
will  require  practically  2,000  yards  per  mile 
and  if  the  material  is  from  different  banks 
along  the  roads  your  cost  will  not  exceed 
20  cts.  per  yard.  It  is  then  perfectly  feasible 
over  this  section  to  build  such  a  highway,  in- 
cluding the  raising  of  the  grade  from  1  to 
2  ft.  at  a  cost  of  not  more  than  your  estimated 
limit  of  $2,500  per  mile. 

HE.WY    GRADING   ON    A    SANDY    SOIL. 

On  section  two,  as  I  have  imagined  it,  you 
liave  a  problem  of  grading,  rather  than  of 
drainage.  That  is,  the  soil  will  readily  dis- 
pose of  your  water,  but  you  must  reduce  the 
grades  to  a  reasonable  gradient  and  with  a 
sandy  material  provide  some  method  for  com- 
pacting the  road.  The  first  to  consider  then  is 
what    shall    be    your    maximum    grade. 

I  confess  that  in  this  class  of  construction 
I  proceed  backwards,  like  a  crab,  rather  than 
attempting  to  dictate  an  absolute  gradient. 
That  is,  I  take  the  heaviest  grade  and  see 
to  which  per  cent  I  can  reduce  this  with  a 
reasonable  amount  of  money,  instead  of  saying 
arbitrarily  that  a  4  per  cent  grade  is  the  maxi- 
miuii,  I  figure  how  much  it  will  cost  for  a 
4  per  cent,  how  much  less,  for  a  5  per  cent  and 
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what  the  saving  would   be,   should   1   allow   it 
at  even  a  (i  per  cent  grade. 

We  will  say  that  I  have  found  that  I  may 
reasonably  reduce  the  grade  on  this  section 
to  5  per  cent.  This  I  establish  as  a  maximum 
and  the  other  grades  are  brought  to  this  maxi- 
mum. 

There  will  doubtless  be  considerable  blast- 
ing on  the  large  boulders  to  do  on  this  section 
in  order  to  properly  widen  your  road,  because 
the  ordinary  country  road  has  no  established 
width.  In  cutting  your  grades  you  will  usually 
find  that  a  considerable  portion  of  the  ma- 
terial which  you  have  excavated  in  reducing 
the  grade  makes  good  surface  material  and 
almost  your  entire  expense  will  be  the  shaping 
of  your  roadway  and  your   drainage. 

As  I  have  imagined  it,  however,  as  you  ap- 
proach the  end  of  this  section  you  have  run 
through  your  gravel  and  into  what  is  prac- 
tfcally  sand.  Here  the  gravel  that  you  have 
on  the  other  end  will  not  properly  compact  or 
pack  so  as  to  make  a  suitable  road  surface 
and  you  will  have  to  build  practically  a  sand- 
clay  road.  I  have  not  had  good  success  with 
the  sand-clay  roads,  unless  I  have  practically 
telfordized  the  same  by  making  the  sub-base 
largely  of  metal. 

Iri  my  treatment  of  this  particular  part  of 
section  two,  I  should  endeavor  from  the  gravel 
pits  used  on  the  first  part  of  it  to  obtain  the 
small  boulders  sufficient  to  build  the  entire 
bottom  of  the  road  to  at  least  G  inches  in 
thickness  of  such  pebbles.  These  I  should 
fill  with  sand  up  to  the  top  of  the  metal,  then 
l)Ut  on  at  least  three  alternating  sections  of 
clay  and  sand  repeating  until  I  had  my  road 
at  least  10  inches  thick,  harrow  each  "section 
as  it  is  built  up,  seeing  that  the  top  surface 
is  of  sand  rather  than  of  clay.  This  portion 
of  the  section,  as  I  advise  building,  will  doubt- 
less cost  much  more  than  the  sum  per  mile 
that  you  have  expended  upon  the  gravel  por- 
tion, but  together  they  should  leave  your  gen- 
eral average   within  the  limit. 

SIDE     HILL     REQUIRING     UNDERDR.MNAGE. 

Section  three,  consisting  largely  of  grade, 
is  almost  entirely  a  drainage  proposition  and 
it  will  be  very  necessary  to  practically  tap 
the  water  coming  from  the  side  hill  near  the 
surface  or  originating  within  the  road.  You 
may  find  it  necessary  in  many  instances  to 
nm  short  drains  for  the  express  purpose  of 
tapping  the  water  holes,  which  come  up  in  the 
road  bed  proper  and  it  will  doubtless  be  neces- 
sary on  the  inside  of  such  a  road  to  lay  a 
side  drain  the  entire  length  of  every  grade. 
A  ditch  should  be  dug  on  the  upper  side  of 
your  road  to  a  depth  of  at  least  below  frost 
line,  a  foot  of  sand  being  placed  in  the  bottom 
and  then  an  open  drainage  tile  laid  to  as  per- 
fect a  grade  as  possible  and  your  ditch  filled 
in  with  sand  seems  to  be  the  most  satisfactory 
way   of   cutting  off   this  water. 

Having  shaped  your  clay  road  which  is  a 
comparatively  easy  matter  as  such  a  road  will 
retain  its  section  and  may  be  practically 
worked  with  a  road  machine  and  then  covereii 
with,  not  to  exceed  2  ins.,  of  sand  and  gravel 
harrowed  in  as  thoroughly  as  possible,  thougli 
it  is  somewhat  difficult  upon  a  clay  road  to 
get  the  sand  to  work  into  it  at  first  and  the 
further  application  during  wet  weather  of  at 
least  2  ins.  more,  will  ordinarily  give  such  a 
road  a  most  desirable  surface.  The  only  cau- 
tion being  that  you  must  not  apply  the  sand 
in  large  quantities  at  a  time,  but  must  expect 
to  renew  this  surface  frequently  during  the 
first  two  years. 

LEDGE    j\ND    liOULDKR    EXC.WATION. 

We  have  assumed  that  we  have  now  come 
to  the  ledge  and  boulder  section  and  that  all 
material  must  be  drawn  from  a  considerable 
distance  to  make  a  satisfactory  road.  Here 
without  question,  the  most  feasible  plan  is  to 
use  a  macadam  roadway.  The  putting  up  of 
a  local  crusher  and  the  macadam  method  of 
construction  may  enable  you  to  build  at  a  less 
cost  than  would  the  use  of  the  uncrushed  ma- 
terial. 

I"re(nu>ut!y.  however,  on  such  sections  there 
IS  a  great  difficulty  in  getting  sufhcient  water 
to    properly    fiush    a    water    bound    macadam 


road.  You  may  obviate  the  use  of  large  quan- 
tities of  water  by  the  use  of  bitumen  but 
this  adds  greatly  to  the  cost  of  your  road. 

Wherever  macadam  is  used  you  may  retain 
the  same  21-foot  section,  though  15  feet  should 
be  the  extreme  width  of  the  metalling.  This 
will  take  2,600  tons  per  mile  of  stone  and 
assuming  the  use  of  2%  gals,  of  bitumen  per 
square  yard,  your  added  cost  will  be  some- 
thing over  $2,000  per  mile.  If  water  is  fairly 
available,  you  may  build  your  water  bound 
road  and  apply  one-half  gallon  per  square 
yard  of  bitumen  as  a  cover  coat  at  a  cost  of 
about  $650  per  mile,  which  will  reduce  the 
cost  of  your  road  for  light  traffic  about  $1,500 
per  mile.  Unless  there  is  considerable 
trouble  about  getting  your  water  therefore  I 
should  recommend  the  use  of  water  bound  ma- 
cadam with  the  blanket  coat. 

You  must  consider  also  the  added  cost  of 
maintenance  upon  your  macadam  road  as  com- 
pared with  the  cheaper  forms,  so  that  person- 
ally I  should  hesitate  about  using  macadam 
whenever  there  is  a  possibility  of  using  the 
cheaper   surfacing. 

MAINTENANCE. 

Constant  continuous  maintenance  is  neces- 
sary upon  all  the  types  of  roads  that  are  built. 
It  is  indispensable,  however,  that  upon  the 
surfaces  of  the  cheaper  type  of  roadway  the 
maintenance  be  both  continuous  and  intelli- 
gent. 

A  road  of  what  may  be  called  natural  sur- 


years  you  must  resurface  at  a  cost  approx- 
imating $0,000  a  mile,  while  upon  your  cheap- 
er road,  if  properly  patroled,  you  will  find 
that  your  surface  material  is  thicker  than  it 
was  at  the  time  the  road  was  built  and  has 
been  in  practical  perfect  condition  during  the 
entire  period. 


Methods  for  Determining  the  Melting 

Points  of  Asphalts. 

One  of  the  most  important  qualities  that 
asphaltic  binders  must  possess  is  a  well  defined 
melting  point.  This  characteristic  is  of  special 
importance  in  connection  with  the  selection 
of  binders  for  use  under  different  climatic 
conditions.  A  paper  by  J.  G.  Miller  and  P.  P. 
Sharpies  before  the  American  Society  of  Test- 
ing Materials  outlines  a  satisfactory  method  of 
making  melting  point  tests. 

The  methods  for  the  determination  of  the 
melting  points  of  coal-tar  pitches  have  been 
practically  standard  for  a  number  of  years. 
What  is  known  as  the  "half-inch  cube  method 
in  water"  (S.  R.  Church,  "Methods  for  Test- 
ing Coal  Tar  and  Refined  Tars,  Oils  and 
Pitches  Derived  Therefrom."  Journal  of  In- 
dustrial and  Engineering  Chemistry,  Vol.  3, 
No.  4,  p.  227;  April,  1911)  is  the  recognized 
standard  for  the  determination  of' the  melting 
point  of  pitches  of  a  melting  point  below  170° 
F.  The  attempt  has  been  made  to  adapt  the 
method  to   higher  melting  points  by  substitu- 


TABL.E   I.— COMPARISON  OF  HALF-INCH    CUBE   METHODS. 

Size  of  Temperature 

Method.  Bath.  Apparatus.  beaker,  at  start, 

cc.  deg.  Fahr. 

Oil-bath.  Barrett  Mfg.  Co Cottonseed  oil        One   beaker  600  60 

Hubbard    Air  Two  beaker."!  Air.   300  77 

Cottonseed 
oil,   800 

Air-bath,  Barrett  Mfg.  Co Air  Special  copper  Normal 

oven 
Note. — In  all  methods  the  specimens  are  ^/2-in.     cubes,    and   are   suspended    at  a   height   of   1    in. 
from  the  bottom  of  the  apparatus:  the  suspending    wire  is  of  copper.   No.  12  B.  &  S.  gage;  the  rate 
of  heating  is  9^  F.  per  minute:  and  the  melting  point  is  taken  when  cube  touches  the  bottom  of  the 
apparatus. 


facing,  if  left  for  even  a  week  during  the 
summer  season  without  attention  loses  all  its 
features  of  a  good  road.  It  must  be  constant- 
ly patrolled,  all  holes  in  it  which  have  worn 
must  be  filled,  all  weak  spots  which  develop 
must  be  repaired  within  a  few  hours  after 
discovery  or  your  road  will  so  rapidly  de- 
generate that  it  is  useless  as  an  "improved" 
road. 

The  higher  types  of  roadway  may  be  left 
for  varying  periods  of  time  without  attention 
and  while  this  results  in  the  end  in  being  a 
more  expensive  method  of  treatment  it  is 
only  a  loss  of  money,  you  still  have  the  road 
which  may  be  repaired,  but  if  you  attempt 
this  sort  of  treatment  upon  your  cheap  sur- 
face you  eventually  lose  your  highway  en- 
tirely. 

If  the  dust  nuisance  upon  your  cheaper  road 
becomes  intolerable  it  may  be  alleviated 
greatly  and  practically  removed  by  the  appli- 
cation of  light  bituminous  oils  or  tars.  The 
oljjection  of  this  treatment,  however,  being 
the  tendency  on  the  part  of  a  patrolman  to 
allow  the  road  to  get  out  of  section  by  neg- 
lecting to  drag  if  after  every  rain,  as  he  does 
not  wish  to  destroy  the  skin  coating  on  fop, 
which  is  left  after  the  treatment. 

My  experience  is  that  a  patrolman  with  a 
horse  and  cart,  an  efficient  drag  or  hone  and 
the  willingness  to  work  will  keep  in  almost 
perfect  condition  from  5  to  7  miles  a  cheaply 
constructed  roadway,  at  an  approximate  cost 
of  from  $175  to  $200  per  mile. 

Given  the  same  mileage  of  the  higher  types 
of  road  he  will  retiuire  a  helper,  a  much  larger 
equipment  and  if  working  upon  bitinninous 
roads  probably  not  less  than  $150  per  mile  for 
material  in  llie  w:i\  nf  bitumen,  crushed 
stone,   etc. 

My  average  cost  of  maintenance  upon  the 
higher  types  of  road,  including  the  use  of  a 
blanket  treatment  once  in  two  years,  will  not 
be  less  than  $500  per  mile,  and  in  many  in- 
stances it  will  greatly  exceed  this.  On  the 
expensive  road  also  you  are  constantly  facing 
the    fact   that   within   a   reasonable   number   of 


tion  of  a  cotton-seed  oil  bath  for  the  water 
bath,  but  the  results  have  not  been  wholly  sat- 
isfactory. The  same  methods  applied  to  as- 
phalts have  not  proved  satisfactory  owing  to 
the  low  range  of  temperatures  within  which 
the  method  is  adaptable;  also  because  some 
asphalts  have  a  specific  gravity  below  that  of 
the    liquid   bath. 

Hubbard  (S.  R.  Church,  "Dust  Preventives 
and  Road  Binders,"  p.  351,  John  Wiley  and 
Sons,  1910)  has  proposed  a  method  which  re- 
moves the  difficulties  encountered,  both  for  the 
higher  melting  point,  coal-tar  pitches  and  for 
the  asphalts.  The  method,  however,  has  not 
been  widely  adopted,  and  the  asphalt  manu- 
facturers quote  melting  points  by  the  ring-and- 
l)all  method. 

In  the  laboratories  of  the  Barrett  Manufac- 
turing Co.  a  method  (S.  R.  Church,  ".Methods 
for  Testing  Coal  Tar  and  Refined  Tars,  Oils 
and  Pitches  Derived  Therefrom,"  Journal  of 
Industrial  and  Engineering  Chemistry,  Vol.  o, 
No.  3,  p.  195;  March,  1913)  similar  in  prin- 
ciple to  Hubbard's  method  has  been  adopted. 
This  also  obviates  the  difficulties  encountered 
in  determining  the  melting  point  of  hard  coal- 
tar  pitches  and  asphalts  by  the  "half-inch 
cube"  method. 

Tables  I  and  II  show  the  results  of  tests 
of  the  half  mch  cube  method  and  the  ring- 
and-ball  methods. 

The  great  discrepancies  observed  between 
the  melting  points  as  determined  by  the  ring- 
and-ball  method  in  the  above-mentioned  lab- 
oratories, and  the  melting  points  given  by  the 
companies  furnishing  the  asphalt,  led  to  an  in- 
vestigation of  the  method.  It  was  found  that 
the  method  as  employed  in  diffcrenl  labora- 
tories differed  essenti;dly  in  details,  especially 
in  the  dimensions  of  the  apparatus  and  the 
ratf  of  heating.  .'\s  the  rate  of  heating  is 
known  to  give  wide  variations  in  results,  the 
different  methods  were  made  comparable  by 
adopting  the  widely  used  rate  of  5°  C.  per 
minute.  The  results  with  difl'erent  asphalts 
by  the  different  metho'ds  are  given  in  Table 
I'll. 
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The  necessity  for  standardizing  the  ring- 
and-ball  method  is  very  clearly  shown  by  the 
comparison  of  the  results  from  the  apparatus 
of  the  Chicago  laboratory  of  the  Barrett 
Manufacturing  Co.  and  that  of  the  Standard 
Oil  Co.  The  very  surprising  difference  of  25° 
F.  was  brought  out,  which  is  as  much  as  the 
difference  between  the  Hubbard  method  and 
the  ring-and-ball  method  of  the  Standard  Oil 
Co. 

It  is  also  to  be  noted  that  the  cube  methods 
cannot  be  compared  with  the  ring-and-ball 
method  even  by  the  introduction  of  a  factor, 
since  the  relative  difference  depends  on  the 
kind  of  asphalt. 

In  Table  IV  is  shown  the  effect  of  using  a 
heavy  wire  in  the  half-inch  cube  method. 

CONCLUSIONS. 

The  experience  with  the  methods  in  the 
laboratory  seems  to  indicate: 

1.  That  the  oil-bath  method  is  inapplicable 
to  asphalts,  owing  to  their  solubility  in  the  oil ; 

2.  That  the  Hubbard  modification  of  the 
cube  method  gives  concordant  results  and  is  a 
dependable  method  for  check  results ; 


principles  of  highway  engineering.  Practical 
highway  engineering  experts  will  discuss  the 
most  recent  practice  and  developments  of  each 
type  of  road  construction  and  maintenance 
and  the  erection  and  care  of  highway  struc- 
tures. These  lectures  will  be  illustrated  by 
photographs  and  moving  pictures.  Each  lec- 
ture will  be  followed  by  an  informal  discus- 
sion, thus  affording,  to  all  attending,  an  op- 
portunity to  discuss  any  points  of  particular 
interest.  .\n  important  feature  of  this  road 
work  will  be  a  question  box  in  which  anyone 
may  deposit  questions  which  will  be  taken 
up  by  the  highway  engineer  best  fitted  to  deal 
with  each  topic. 

This  meeting  w-ill  be  attended  by  a  number 
of  engineers  of  the  New  York  State  Highway 
Department,  by  County  Superintendents,  and 
my  many  others  interested   in  highway  work. 

It  is  felt  that  this  course  will  present  an 
excellent  opportunity  for  those  attending  to 
exchange  experiences  and  thoroughly  discuss 
many  subjects  of  interest.  The  association 
with  many  others  interested  in  the  same  kind 
of  work   will  be  of  great  value.     The  course 


trees  and  to  companies  having  overhead  wires 
on  the  public  streets,  for  which  charges  were 
made,  as  follows : 
Wire    companies   supei-vision. .  $144  00 

Spraying  lawns  and  trees 6'23 

Cementing  trees   34'50 

Removing  trees   33  7,"i 

Furnishing  and  planting  new  trees . . . .   266.ii8 


The  cost  of  the  tree  ^er\  ire  for  the  y 
as   follows : 

Salary  of  forester. . .  

Labor  and  teams.. 

Tools    

New  trees  (107i 

Woven  wile   ...  '  , 

Iron  i^uard   

Lumber    

Paint   

Chemicals  ; . . 

Zinc    

Expense    of    forester    to    nursery 


Meeting  of  Michigan  Good  Roads  Asso- 
ciation,  Grand  Rapids,   March  9-12,   1915. — 

The   sevenih   annual   meeting-   ui  the   .Michigan 


$485.1> 

ear  was 

$1,200.00 

l,.i7C.74 

11.22 

12i).V0 

21. (iO 

2.50 

12.01 

11  C'l 

35.7:. 

S.Oj 

3.00 

$3.014. 7S 

TABLl:    II.— COMPARISON    OF    RING-AND-BALL    METHODS. 

, Size  of  ring  (brass). ^    Size  of  Diameter 

attached     of  ball  Size  Amount  Distance   of 

Method.  Diameter,  Depth.  Thickness,  wire,       (steel),  Bath.  of  of  ring   from 

in.  in.  in.  in.  in.  beaker.  liquid.  bottom,   ins. 

Barrett    Mfg.     Co..     Chicago 

Laboratory    U/16  %  1/64  5/32  %  Glycerin  for  600  cc.  40n  cc.  1 

high   M.    P.. 
water   for 
Barrett    Mfg.    Co..    Philadel-  low  M.    P. 

phia  Laboratory  %  %  %  ....  Vt  

Standard  Oil  Co.  rind  Atlan- 
tic Refining  Co %  Vi  3/32  1/16  %         Water  or  oil  3  in.  diam.  2  in.  1 

Gulf  Refining  Co %  %  3/32  14  Glycerin  200  cc.  Two. thirds    full  lii, 

U.  S.  Asphalt  Refining  Co...         %  14  3/32  •  %  ." 

*Adjiistable  support. 

i^ote. — The  melting  point  in  all  cases  is  taken  when  ball  touches  bottom    of  apparatus;   the  temperature  at  the  start  is  not  given, 
laboratory  of  the  Barrett  Mfg.   Co.  the  liquid  is  stirred. 


Rate   of 

heating, 

per  minute. 

Water— 5°  C. 
Glycerin — 7°   C. 


10°  F. 
5°  F. 


At   the  Chicago 


TABLE  III  —COMPARISON  OF  MELTING 
All  results  in  deg.  Fahr.     Rate 


POINTS  OF  HARD, 
of  temperature  rise  i 


MEDIUM   AND  SOFT  ASPHALTIC  MATERIALS, 
n  all  cases  =  9°   F.  or  5°  C.  per  minute. 


Material. 


^- 


■a 
o  ^ 
•7  "^ 
A  m 

Atlantic  Rfg.  Co.,  Phila.  asphalt...    292 

Atlantic  Rfg.  Co.,  asphalt 2bJ 

Parolite  from  Standard  Oil  Co 

Hydrolene.    Sun   Co _^  ■  ■ 

Taxes  asphalt   -■*° 

Oxidized  flux  oil 

•D"   grade  asphalt 

Chicago  mixed  asphalt 

Flux  oil  

Flux  oil 

'Glvcerine  bath  used. 

2W"ater  bath  used. 


c« 
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ss 
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277 

262 

250 

236 
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194 
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214 

160 

155 

144 

140 

124 

118 

115 

107 

108 

101 

3.  That  the  ring-and-ball  method  has  cer- 
tain advantages  for  ease  of  laboratory  manipu- 

.  lation,     especially      for     low      melting     point 
asphalts ;  .  ,  ,    1, 

4.  That  if  the  results  by  the  ring-and-ball 
method  are  to  be  made  comparable,  every  de- 
tail of  the  apparatus  and  method  of  testing 
must  be   specified.  

TABLE  IV.  —  EFFECT  OF  USING  A  HEAVY 
WIRE  IN  THE  HALI<--INCH  CUBE  METH- 
OD OF  TESTS   FOR  ASPHALTS. 

^Melting  point,  deg.  Fahr.-^ 
No.  12,         No.  12, 
B.  &  S.,       Stubbs, 
Material  0.0808  0.109  Dif- 
and  method.              in.  diam.     in.  diam.  lerence. 
Atlantic  asphalt,  Hub- 
bard air-bath  meth- 
od         250                 254  4 

Soft  asphalt.  Hubbard 

air-bath    method 134  13d  1 

Medium  asphalt,  Bar- 
rett Mfg.  Co.,  air- 
bath  method    196  197  1 

Hvdrolene,  Barrett 
Mfg.  Co.,  air-bath 
method    18T 191 4_ 

Short  Course  in  Highway  Engineering, 
Cornell  University,  Ithaca,  N.  Y.,  Feb.  15-20, 
1915. — A  series  of  practical,  instructive  lec- 
tures will  be  given  covering  the   fundamental 
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should  be  of  assistance  to  many  who  have 
been  compelled  to  specialize  in  the  construc- 
tion of  certain  types  of  roads,  in  giving  them 
an  opportimity  of  obtaining  the  latest  ideas 
in    regard   to   other   types. 

The  laboratories  of  the  College  of  Civil  En- 
gineering are  equipped  with  machinery  for 
testing  road  materials.  The  staff  will  be  glad 
to  explain  the  machines  and  the  methods  of 
testing,  and  if  desired  will  give  demonstra- 
tions. 

Everyone  interested  is  cordially  invited  to 
attend.  There  will  be  no  fees  charged  for 
the  coui-se.  Reservations  can  be  secured  at 
either  the  hotels  in  Ithaca,  or  at  private 
houses.  More  detailed  information  can  he 
obtained  by  writing  to  the  College  of  Civil 
Engineering,  Cornell  University,  Ithaca,  N.  Y. 


Cost  of  Caring  for  Trees  in  Newark,  N.  J. 

— The  work  of  planting,  caring  for  and  re- 
moving trees  in  the  city  of  Newark,  N.  J., 
during  the  year  beginning  Jidy  1,  191.3,  and 
ending  June  .30,  1914,  as  given  in  the  27th 
Annual  Report,  consisted  of  trimming  1,904 
trees,  spraying  10,699  trees,  removing  l.")3 
trees,  planting  109  trees,  cementing  8  trees, 
digging  109  holes,  installing  84  stakes  and 
guards  and  treating  14  trees.  Service  was 
also  rendered  for  private  work  on  lawns  and 


Good  Roads  .Association  will  be  held  on  tin- 
2nd  floor  of  the  Coliseum  Annex  in  Granil 
Rapids,  .Mich.,  from  March  9-12,  19I.->.  An 
exhibition  of  road  machinery  and  appliance- 
will  be  held  in  connection  with  the  meeting 
About  two-thirds  of  the  space  is  selling  at 
20  cts.  a  square  foot,  the  remainder  at  15 
aiid  2.5  cts.  Speakers  of  national  reputation 
will  appear  on  the  program  and  the  officers 
state  they  are  determined  to  have  the  meet- 
ing both  interesting  and  well  attended. 


American  Institute  of  Architects  to  De- 
sign Bridges. — The  .'Vmerican  Institute  of 
Architects,  through  its  president,  Mr.  R. 
Clipston  Sturgis,  of  Washington,  D.  C.  has 
offered  to  the  Lincoln  Highway  Association 
its  services  in  designing  appropriate  arche<, 
bridges  and  tablets   for  use  along  the  route. 


An  experiment  is  being  made  in  Montevideo. 
Uruguay,  with  the  so-called  "Durax''  system 
of  street  pavinc.  A  contract  has  been  closed 
for  laying  5.000  sq.  meters  of  Durax  in  that 
city,  materials  to  be  shipped  from  Norway. 
Briefly,  this  pavement  consists  of  small  stone 
blocks  laid  in  diagonal  courses  or  in  con- 
centric interlocking  segments  of  circles.  It  is 
known  in  Germany,  where  it  is  in  commrn 
use,  as  "Kleinpflaster." 
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connection  with  refuse  disposal  by  feeding  to 
hogs,  by  dumping,  by  burial,  by  reduction,  and 
by  incineration.     E.  &  C,  Jan.  27,  1915;  ZY-  cols. 


SEWAGE       TREATMENT: 

Small    Hants. 


Operation      of 


Suggestions     on     the     Operation     of    Small 
Sewage   Treatment    Plants 82 

Practical  notes  on  operating  small  settling 
tanks,  contact  and  sand  filters,  in  cases  where 
expert  supervision  cannot  be  afforded.  E.  & 
C  Jan.  27,   1915;   1  col. 

SEWAGE  EFFLUENTS:  Sampling,  Meth- 
ods Employed  at  Chicago  Stock  Yards 
Experimental  Plant. 
Methods  Employed  in  Sampling  at  Experi- 
mental Sewage  Treatment  Plant  at  Chi- 
cago  Stock   Yards..., 83 

Describes  methods  and  frequency  of  sampling 
effluents  tor  analysis  at  various  points  in  the 
treatment  works.  Also  gives  method  of  sludge 
and  scum  measurement.  E.  &  C,  Jan.  27, 
1915;    1>4    cols. 

ROADS:     Machinery,  Haulmg,  Grading. 
Power  Road   Machinery  With   Special   Ref- 
erence to  Hauling  and  Earth  Road  Grad- 
ing         83 

Discusses  hauling  with  engines  and  motor 
trucks,  grading  earth  roads  with  motor  trucks 
and  specially- devised  machines,  and  describes 
power  appliances  of  use  in  road  construction.  E. 
..*i    C,    Jail.    27,    1915;    4i/„    cols. 

PAVEMENTS:     Asphalt,   Purchase 'of  Mate- 
rial. 
The    Purchase    of    Asphalt    and    Asphaltic 

Cement  on  the   Bituminous   Basis 85 

Discusses  the  ad\'antages  of  using  a  basis  of 
total  bitumen  present  as  a  measure  in  purchas- 
ing asphalt.  Comments  on  the  comparative 
costs  of  various  brands  of  asphalt.  E.  &  C 
Jan.   27,    1915;   2V-;   cols. 

ROADS:     Light   Traflic.    Country,    Construc- 
tion. 
An   Example  of  the   Improvement  of  a  Sec- 
tion   of    Lightly    Traveled    Coimtry    Road 

Using   Funds   Limited   in   Amount 36 

Discusses  a  typical  problem  encountered  in 
ihe  improvement  of  secondary  country  roads. 
Notes  design  features,  example  of  type  of  work 
in  undrained  country,  heavy  "grading  on  a  sandy 
.soil,  side  hill  requiring  underdrainage.  ledge  and 
boulder  excavations,  and  general  maintenance. 
I'..    &   ('.,   Jan.   2i,   1915;   41/0   cols. 

ROADS:     Asphalts,   l\Ielting  Point. 

Methods     for     Determining     the     Melting 
Points  of   Asphalt 87 

Discusses  the  methods  of  making  tests  by  the 
rube  method,  the  cube  method  in  air  and  the 
ring  and  ball  method.  Gives  conclusions  as  to 
the  utility  of  each  test  and  tables  showing  re- 
sults obtained  from  tvpical  determinations.  E. 
&  C  ,  Jan.   27,    li^lS;   2>,i   cols. 
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FOREIGN  TRADE  NOTES 

The  following  foreign  trade  opportunities 
are  listed  by  the  Bureau  of  Foreign  and  Do- 
mestic Comrhcrce.  Where  addresses  are  omit- 
ted in  the  items  they  may  be  obtained  from 
the  office  of  the  Bureau  at  Washington,  D. 
C,  or  from  the  branch  offices  st  337  Custom 
House,  New  York;  G29  Federal  Bldg.,  Chi- 
cago, 111.!  76  Appraiser's  Stores  Bldg.,  San 
Francisco,  Cal.  ,and  Association  of  Commerce 
Bldg.,  New  Orleans,  La.  In  applying  for  ad- 
dresses reference  should  be  made  to  the  file 
numbers. 

Cement  Block  Machinery. — A  manufacturer 
of  cement  pipes,  artificial  stone,  etc.,  in  Mex- 
ico, wishes  to  receive  catalogues  of  machinery 
for  making  cement  blocks.     No.  1537fi. 

Steam  Hammer. — A  business  man  in  Italy 
•desires  to  be  put  in  touch  with  American  man- 
ufacturers of  steam  hammers.  He  now  has  a 
■demand  for  two  steam  hammers,  one  of  3  tons 
and  the  other  of  7  tons  size.  He  solicits  cat- 
alogues, prices,  etc.,  for  hammers  which  are 
not  now  represented  on  the  Italian  markets. 
No.  15377. 

Automobiles  and  Motor  Trucks. — An  Amer- 
ican consular  officer  in  Central  America  re- 
ports a  possible  market  for  automobiles  or 
motor  trucks.  He  transmits  the  names  and 
addresses  of  two  business  firms  in  his  dis- 
trict which  may  be  in  the  market  for  motor 
trucks.     No.  15385. 

Dredging  Machinery. — Copy  of  detailed  re- 
port relative  to  opportunity  for  American 
firms  to  bid  on  dredging  machinery  may  be 
had  on  application  to  Bureau  of  Foreign  and 
Domestic  Commerce.     No.  15359. 

Cement.  Iron  Work,  Steel  Tubes. — Specifi- 
cations in  Spanish  may  be  seen  at  the  office  of 
the  Bureau  of  Foreign  and  Domestic  Com- 
merce and  its  branch  offices  for  the  cement, 
iron  and  steel  work,  etc.,  needed  for  the  con- 
struction of  a  waterworks  plant  in  a  South 
American  city.     No.  15361. 

Chemicals,  Metals  and  Wire. — A  foreign 
government  contractor  and  manufacturers' 
agent  wishes  to  secure,  immediately,  exclusive 
agencies  and  quotations  for  commodities  to  be 
used  in  the  manufacture  of  dynamite  and 
powder;  oleo  stearin  for  candle  manufactur- 
ing; iron  plates,  tin  plates,  steel  rails,  and  steel 
plates  for  shipbuilding,  etc.     No.  15360. 

Paper  Mill  Machinery. — Russian  firm  wishes 
the  names  and  addresses  of  manufacturers  of 
machinery  and  all  necessary  appliances  for  a 
mill  producing  paper  for  newspaper  purposes. 
The  paper  is  to  be  made  from  aspen  and  fir 
wood.  It  is  explained  that  it  is  desired  to 
equip  a  mill  capable  of  producing  about  2,160 
short  tons  per  annum.  Correspondence  should 
be  in  Russian,  German  or  English.     No.  15402. 

Lead  and  Brass  Working  Machinery. — Latin 
American  company  is  being  organized  for  the 
manufacture  of  lead  and  brass  tubing  and  lead 
and  brass  plates  and  seals.  A  representative 
of  the  proposed  company  states  that  he  wishes 
to  receive  catalogues  from  .American  manu- 
facturers of  machinery  for  this  kind  of  work. 
It  is  stated  that  cash  will  be  paid  for  the  ma- 
chinery, which  is  needed  immediately.  Cor- 
respondence should  be  in  Spanish.     No.  15408. 

Brick  Machines. — A  business  man  in  Rus- 
sia wants  names  and  addresses  of  American 
manufacturers  of  machines,  or  devices  for 
pressing  brick.     No.  15392. 

Cotton  Mill  Machinery. — Business  man  in 
South  America  wants  catalogs,  prices,  etc.,  on 
machinery  for  a  cotton  mill.     No.  15386. 

Woodworking  Machinery. — Foreign  firm 
wants  names  and  addresses  of  American  man- 
ufacturers of  woodworking  machinery.  Cor- 
respondence should  be  in  Russian,  French  or 
German.     No.  15389. 

Rakes,  Hoes,  Etc. — An  import  firm  in  Latin 
America  desires  to  secure  a  line  of  rakes,  hoes, 
lawn  mowers,  and  general  gardening  imple- 
ments. This  firm  wishes  to  represent  on  a 
commission  basis.  Correspondence  is  pre- 
ferred in  Spanish.     No.  15394. 

Rolling  Stock. — The  Siamese  Royal  Railway 
Department  will  receive  bids,  until  June  1, 
1915,  for  the  supply  of  40  bogies  with  axles 
and    wheels,    and    20     frames     with     vacuum 


brakes,  footsteps  and  end  railings  complete  for 
20  bogie  carriages  without  carriage  bodies. 
Scaled  tenders  should  be  forwarded  to  L. 
Weiler,  director  general  of  the  Royal  Railway 
Department,  Bangkok,  Siam.  Copies  of  forms 
of  tender,  specification  and  drawings  are  for 
sale  at  the  Siamese  Legation,  Washington, 
D.  C. 


INDUSTRIAL  NOTES 

The  Bucyrus  Co.  has  been  awarded  the  con- 
tract for  a  third  dipper  dredge  to  be  used  in 
the  Panama  Canal.  The  two  large  dredges, 
the  Gamboa  and  the  Paraiso,  at  present  at  the 
canal,  were  also  built  by  this  company.  The 
Bucyrus  Co.  has  received  lately  an  order  for 
three  steam  shovels  and  a  dragline  excavator 
to  be  used  in  the  coal  mines  of  the  Southern 
Manchuria  R.  R. 

Ceresit  Waterproofing  Co.  of  Chicago  has 
established  its  New  York  office  at  101  Park 
Ave.,  in  the  Architects'  Bldg.  Space  has  also 
been  taken  with  the  Architects'  Samples  Co. 
where  the  products  made  by  the  Ceresit 
Waterproofing  Company  are  exhibited  in  a 
way  tending  to  demonstrate  their  merits  and 
with  a  view  to  giving  the  architect  and  his 
client  the  information  required  in  deciding 
upon  the  proper  materials  to  use.  Mr.  R.  E. 
Clarke  is  the  New  York  manager. 

The  Jones  &  Laughlin  Steel  Co.,  Pitts- 
burgh, Pa.,  announces  that  it  will  no  longer 
depend  upon  Russia,  India  and  Germany  for 
its  supply  of  manganese.  Since  the  war 
started  in  Europe  the  company  has  developed 
manganese  deposits  in  Brazil  and  at  present 
is  operating  its  Aliquippa  furnaces  with  ferro 
manganese  brought  from  Brazil.  One  of  the 
500-ton  furnaces  was  started  Jan  18  nn  the 
supply  that  has  accumulated  during  the  last 
three  months.  The  dailv  capacity  in  manga- 
nese is  about  100  tons.  The  company  will  not 
sell  this  manganese  but  will  use  all  of  it  at 
its  own  works.  The  manganese  now  being 
used  at  Aliquippa  is  said  to  be  of  the  highest 
percentage  of  purity  in  the  commercial  field. 
The  Jones  &  Laughlin  company  makes  the 
announcement  that  with  this  South  American 
supply  it  is  in  an  easy  position  for  the  future 
in  steel  makin,g.  It  is  not  likelv  the  company 
ever  again  will  look  to  the  old  sources  of 
manganese  supply.  In  the  Pittsburgh  district 
the  price  of  manganese  has  jumoed  since  the 
war  began.  It  was  selling  at  $38  a  ton  at  the 
seaboard  but  when  war  broke  out  this  price 
rose  to  $150  a  ton.  The  alloy  since  has  de- 
clined to  about  $75.  It  is  predicted  bv  Pitts- 
burgh manufacturers  that  since  the  war  has 
checked  the  shipment  of  maneanese  the  trade 
will  never  be  recovered  by  English  and  Ger- 
man shippers,  as  the  ore  found  in  Brazil.  Chile 
and  other  parts  of  South  America  is  of  as 
good  quality  as  the  European  product  and  can 
be  produced  much  cheaper. 


NEW  CATALOGUES 

Lead   Wool. — Paper,   6x9   ins. ;   4   pp..   United 
Lead  Co.,   Ill  Broadway,  New  York  City. 
Describes  an   economical  method   of  laving 
cast   iron  pipe,   using  LHco   lead   wool.     Illus- 
trated. 

Irrig.mion  Meters. — Paper,  8'/2xll  ins.;  22 
pp.  Builders  Iron  Foundry,  Providence, 
R.  I. 

Bulletin  No.  132  describes  a  special  Venturi 
meter  for  measuring  irrigation  water,  and  ex- 
plains in  full  the  installation,  operation,  re- 
cording devices,  etc.     Illustrated. 

Water  Softeners. — Paper,  8i/xll  ins.;  4  pp. 

L.  M.   Booth  Co.,  58  Hudson  street,  Jersey 

City,  N.  J. 

Circular  containing  views  of  a  number  of 
installations  of  Booth  Water  Softeners  and 
several  letters  relative  to  operation  and  effec- 
tiveness under  varying  conditions. 

SILOS. — Paper,  6^4x10  ins. ;  44  pp.     The  Can- 
ton Culvert  &  Silo  Co.,  Canton,  Ohio. 
Zyro  metal   silos,   made     of     anti-corrosive, 
galvanized  sheets  are  shown  in  this  catalogue, 
and  their  construction  described  in  detail.  No- 


Co-Ro  metal,  the  material  of  which  these 
silos  are  made,  is  also  described  and  its  quali- 
fications discussed. 

Concrete  Mortar  and  Plaster  Mixers.— Pa- 
per, folder.  The  American  Cement  Ma- 
chine Co.,  Inc.,  1006  to  1030  Johnson  street, 
Keokuk,   Iowa. 

Specifications  and  prices  of  Boss  Mixers. 
Shows  the  various  styles  and  engine,  hopper, 
discharge  chute,  hoisting  attachment,  etc. 
Trench  Excavators.— Paper,  8%xll;4  ins.; 
32  pp.  The  Parsons  Co.,  Newton,  la. 
A  large  and  handsome  catalogue  -showing 
views  of  actual  operations  of  the  Parsons 
trench  excavators,  and  describing  their  design, 
construction  and  operation.  Introduces  two 
new  types  of  the  machines  for  water,  gas  and 
small   trench   construction. 

Stump   Cutter. — Paper,  8>^xl0%   ins.;   4  pp. 
Moore  Rotary   Stump  Cutter  Co.,   Inc.,   213 
Hennen   Building,   New  Orleans,  La. 
_  Brief  history  of  the  invention,  and  descrip- 
tion of  operation  of  the  Moore  rotary  stump 
cutting   machine,  and   an  account  of  the  sav- 
mg  in  by-products  from  resinous  woods  which 
results   from  the  use  of   this  machine. 

Concrete  Mi.xers. — Paper,  6x9  ins. ;     40     pp. 

The  Knickerbocker  Co.,  Jackson,  Mich. 

Describes  the  1915  Knickerbocker  line  of 
concrete  mixers,  showing  the  various  styles 
of  Knickerbocker  batch  mi.xers  and  Coltrin 
continuous  concrete  and  mortar  mixers,  with 
their  tquipment,  and  giving  tables  of  capac- 
ities, etc.,  and  diagrams  show-ing  design. 

Steel-Bound  Concrete  Curb. — Paper,  6x9 
ins. ;  12  pp.  Steel  Protected  Concrete  Co., 
Real  Estate  Trust  Building,  Philadelphia, 
Pa. 

Describes  Wainwright  steel-bound  concrete 
curb,  and  combined  curb  and  gutter.  Shows 
the  use  of  Wainwright  galvanized  steel  corner 
bar  in  this  construction  and  in  concrete  steps 
and  columns. 

Structural   Concrete   Buildings. — Paper,   9x 

12  ins.;    12   pp.     Turner   Construction    Co., 

13  Broadway,  New  Y'ork  City. 

Bulletin  No.  14,  under  the  title  of  "Spend- 
ing the  Owner's  Money,"  e.xplains  the  form 
of  contract  used  by  the  company,  the  system 
of  purchasing  materials,  labor,  contractors' 
equipment,  etc. ;  describes  the  work  done  by 
the  contract  and  estimating,  engineering,  con- 
struction departments,  etc.,  and  shows  views 
of  structures  erected  by  the  company,  with 
brief  notes  as  to  type,  size,  time  required, 
etc. 


CATALOGUE  REVIEWS 

Asbestos   Protected  Metal. — Paper,  8'4xl0?4 
ins. ;  32  pp.     Asbestos   Protected  Metal  Co., 
100  Main  street,  Beaver  Falls,  Pa. 
Bulletin  No.  54,  with  the  title  of  "Asbesto- 
steel  for  Roofs  and  Walls,"  is  devoted  to  the 
special  use  of  asbestos  protected  metal  in  con- 
nection with  concrete  for  the  construction  of 
roofs  and  curtain  walls,  a  type  of  construction 
which  is  called  "Asbestosteel."    Asbestos  Pro- 
tected Metal  is  the  keynote  of  this  construction 
and  the  composition  and  qualities  of  that  ma- 
ter'al  are  explained. 

.\sbestos  Protected  ^letal,  being  made  up  of 
sheet  steel,  asphalt,  asbestos  and  a  special 
white  waterproofing,  serves  as  the  self-center- 
ing form  for  the  concrete,  which  is  again  re- 
inforced by  steel.  The  methods  of  roof  and 
wall  construction  are  explained  in  detail,  and 
a  number  of  photographs  are  shown  of  struc- 
tures in  which  it  was  used. 

The  properties  of  this  type  of  roofing  are 
described,  reports  of  load  tests,  specifications 
and  tables  on  weights,  sizes,  size  of  purlins, 
etc.,  are  given. 

.Asbestosteel  lath  for  walls  and  ceilings,  As- 
bestosteel for  stucco  walls  and  interior  walls, 
Asbestosteel  for  coal  bin  construction  and  for 
gutters  is  described  and  elaborately  illustrated 
by  photographs  and  diagrams.  Views  of  con- 
struction work  under  way,  the  finished  work, 
interior  and  exterior  appearance,  and  special 
applications  are  presented.. 


X 


CUREEMT 


A  steady  improvement  in 
The  Doings      tl^e  condition  affecting  con- 
structive operations  has  lieen 
of  the  shown     during      the      past 

.,•     ,  week.       There   has    been    a 

WeeK.  continued    growth    of    opti- 

mism regarding  the  finan- 
cial and  industrial  situation.  An  outstanding 
feature  of  the  week  was  the  Government's 
foreign  trade  statement  for  December  show- 
ing an  excess  of  exports  of  $132,000,000.  This 
is  the  largest  excess  ever  reached  in  Decem- 
ber. Western  railroads  continue  to  show  sub- 
stantial gains  in  traffic,  the  increase  being 
mainly  in  industrial  tonnage.  Increasing  activ- 
ities are  reflected  by  the  augmented  volume  of 
payments  tlirough  the  banks.  Increased  orders 
for  steel,  iron  and  equipment  have  been  an 
important  feature  of  the  past  few  days.  In 
the  construction  field  there  has  been  consider- 
able activity.  Two  large  railway  contracts 
were  placed  and  there  are  reports  that  several 
more  important  pieces  of  work  in  this  line  are 
now  being  figured  on.  Municipal  work  con- 
tinued to  show  an  increase  in  the  number  of 
projects  reaching  the  call  for  bids  stage.  Some 
notably  large  projects  in  other  fields  are  now- 
being  advertised  and  bids  were  opened  on  a 
number  of  good  sized  undertakings.  In  the 
iron  and  steel  trade  there  has  been  marked  im- 
provement over  last  week.  Mill  operations  are 
increasing  and  in  the  Pittsburgh  district  plants 
are  now  operating  at  about  60  per  cent  capac- 
ity. Rail  orders  placed  recently  are  for  small 
amounts,  but  on  the  other  hand  the  carriers 
are  buying  freely  of  track  supplies  such  as 
spikes,  bolts  and  angle  bars.  Pipe  manufac- 
turers are  increasing  their  business  and  nu- 
merous substantial  contracts  from  municipali- 
ties and  gas  companies  have  been  placed  in  the 
last  few  days.  The  National  Tube  Co.  secured 
an  order  for  an  oil  pipe  line  requiring  40,000 
tons  of  steel.  The  Iron  Age  prices  for  fin- 
ished iron  and  steel  and  for  sheets,  nails  and 
wire  for  the  week  ending  Jan.  20  were  as  fol- 
lows : 

Finished    Iron    and    Steel.  Jan.  20.     Jan.  13. 

Per   lb.    to  large   buyers.  Cts.  Cts. 

Bess,  rails,  heavy,  at  mill....     1.25  1.25 

Iron    bars,    Pittsburgh I.l"i4         1.17% 

Iron  bars,  Pittsburgh 1.15  1.15 

Iron  bars,  Chicago CSTVa         O.9T/2 

Steel  bars,   Pittsburgh 1.10  1.10 

Steel  bars.    New  York :.     1,26  1.26 

Tank  plates,    Pittsburgh 1.10  1.10 

Tank   plates.   New   York 1.26  1.26 

Beams,    etc.,    Pittsburgh 1.10  1.10 

Beams,  etc.,  New  York 1.26  1.26 

Skelp,  grooved  steel,  P'gh 1.10  1.10 

Skelp.  sheared  steel.  P'gh....     1.15  1.15 

Steel    hoops.    Pittsburgh 1.20  1.20 

Sheets,  Nails  and  Wire. 

Per  lb.  to  large  i3uj*ers. 

Sheets,  black.  No.   28,   P'gh...  l.SO  l.SO 

Galv.  sheets.  No.  28,   P'gh 2.75  2.75 

Wire   nails,    Pittsburgh 1.55  1.55 

Cut  nails,   Pittsburgh 1.50  1.50 

Fence  wire,  base,  P'gh 1.35  1.35 

Barb  wire,  galv.,  P'gh 1.95  1.95 

For  structural  material  f.  o.  b.  Pittsburgh  The 
Iron  .'Ige  prices  were  as  follows:  I-beams,  3 
to  \'j  in.;  channels,  3  to  15  in.;  angles,  3  to  6 
in.  on  one  or  both  legs,  Vi  in.  thick  and  over, 
and  tees,  3  in.  and  over,  1.10  cts. 

Railways. — Prpspects  are  now  excellent 
that  some  real  old-fashioned  activity  in  the 
railway  construction  field  will  be  started  about 
March.  There  is  good  reason  to  believe  that 
a  number  of  big  jobs  will  be  taken  up  about 
that  time.  One  of  the  largest  contracts  placed 
since  the  outbreak  of  the  European  war  was 
let  last  week.  This  called  for  about  2f*  miles 
of  double  track  between  Qiarlottesville  and 
Orange,  Va.,  for  the  Southern  Ry.  C.  W. 
Lane  &  Co.,  Atlanta,  Ga.,  and  the  Morrow 
Contracting  Co.,  .Atlanta,  secured  the  work, 
which  calls  for  an  expenditure  of  about  $1,500,- 
000.  Engstrom-IIosford  Co.,  Northfield.  Minn., 
have  taken  the  grading  contract  for  85  miles 
of  work  on  the  Van  Horn  &  Valley  Ry.  in 
Texas,  for  which  Rimquist  &  King,  Duluth, 
Minn.,  are  the  genera!  contractors. 

Roads  and  Streets. — A  considerable 
amount  of  municipal  paving  work,  mostly  in 
small  jobs,  is  being  advertised.     .'\   few  high- 


way jobs  of  fair  size  also  are  ready  for  esti- 
mates for  construction.  Road  District  No.  1 
of  Reeves  County,  Texas,  is  calling  for  pro- 
posals for  65  miles  of  machine  grading  and  30 
miles  of  gravel  surfacing ;  Ramsey  County, 
Minnesota,  is  asking  bids  on  macadam  con- 
struction to  cost  about  $80,000 ;  King  County, 
Washington,  opens  proposals  Feb.  11  for 
grading  about  30  miles  of  road,  the  estimated 
cost  being  about  $150,000.  The  paving  and 
road  contracts  let  recently  include  the  follow- 
ing: Enterprise  Paving  &  Construction  Co., 
Cleveland,  at  $83,449  for  20,000  ft.  of  brick 
road  for  Ohio  State  Highway  Commission : 
Thogmartin  &  Gardiner,  Fort  Scott,  Kan.,  a 
$76,250  paving  job  for  the  city  of  Sulphur 
Springs,  Tex. ;  Brehon  Bros.'  Construction 
Co.,  Cincinnati,  O.,  an  $87,797  asphalt  paving 
contract  for  the  city. 

Bridges. — No  particularly  large  bridge  un- 
dertakings appear  to  have  come  up  for  adver- 
tising during  the  past  week.  A  considerable 
number  of  smaller  structures,  however,  are 
ready  for  bids,  In  Illinois  alone  10  small  re- 
inforced bridges  are  being  advertised.  low-a 
counties  are  calling  for  proposals  for  supply 
of  various  materials  for  culvert  and  bridge 
construction,  including  corrugated  culverts 
and  cement.  One  of  the  large  improvements 
on  which  bids  were  opened  last  week  was  a 
section  of  the  new  Hanover  St.  bridge  at 
Baltimore,  Md.  The  McLean  Contracting  Co., 
Baltimore,  at  $I08,8i;7.  was  the  low  bidder. 

Drainage  and  Irrigation. — Several  fair 
sized  drainage  contracts  are  now  being  ad- 
vertised. In  Koochiching  County,  Minnesota, 
bids  will  be  opened  Feb.  4  for  four  judicial 
ditches,  the  total  length  being  209  miles  and 
the  estimated  cost  $660,000.  The  Fabius  River 
Drainage  District  No.  3,  of  Missouri,  is  asking 
proposals  on  500,000  cu.  yds.  of  channel  exca- 
vating; the  Borah  Drainage  District  of  Wayne 
County,  Nebraska,  opens  bids  Feb,  4  on  101,- 
839  ft.  of  main  and  lateral  ditches  requiring 
617,000  cu.  yds.  of  excavation.  Beltrami 
County,  Minnesota,  awarded  contract  for  two 
judicial  ditches  to  cost  $35,000  and  $77,825. 

Waterworks  and  Sewerage. — In  both  the 
waterworks  and  sewerage  fields  a  considerable 
number  of  contracts  are  now  being  advctised. 
In  New  York  City  the  President  of  the  Bor- 
ough of  the  Bronx  is  calling  for  bids  on  an 
exceptionally  large  concrete  sewer  undertak- 
ing, and  the  Passaic  Valley  Sewage  Commis- 
sioners, Newark,  N.  J.,  are  asking  proposals 
on  important  contract  for  the  main  intercept- 
ing sewer.  The  Tampa  Water  Works  Co., 
Tampa,  Fa.,  opens  bids  Feb.  15  on  206  ft.  x 
125  ft.  x  20  ft.  reinforced  concrete  reservoir; 
Joliet,  111.,  opens  bids  Feb.  1  on  a  similar 
structure  to  cost  about  $20,000. 

Rivers  and  Harbors. — A  fair  amount  of 
Government  river  and  harbor  work  reached 
the  call  for  bids  stage  last  week.  The  U.  S. 
Engineer  at  Boston,  Mass.,  opens  proposals 
Feb.  18  for  dredging  in  Chelsea  Creek,  Boston 
Harbor;  the  V.  S.  Engineer  at  Cleveland,  O., 
is  calling  for  bids  for  dredging  in  Toledo  Har- 
bor, O., ;  the  U.  S.  Engineer  at  Savannah, 
Ga.,  is  asking  bids  for  furnishing  and  placing 
stone  for  raising  jetty  at  Savannah  Harbor. 
The  Coastwise  Dredging  Co.,  Norfolk,  Va., 
was  low  bidder  for  2.000,000  cu.  yds.  of  dredg- 
ing for  Baltimore,  Md. 


Low  prices  and  many  bid- 
Lcw  Prices      'Jers  have  been   features  of 
recent    draina.gc   lettings    in 
on  Drain-        Western  states.  A  couple  of 
,,,     ,         weeks  ago  a  judicial  ditch 
age   work.       ;,,  p^ii^.  ^,^^,  Norman  Coun- 
ties,  Minnesota,   was  let   at 
9  cts.  per  cubic  yard  for  the  excavation.    This 
is  said  to  be  the  lowest  price  obtained  in  the 
state  for  some  years.     The  road  construction 
from  the  dirt  thrown  up  from  the  ditch  was 
bid   in  at  $125  per   mile.     The   ditch   and   itu 
laterals   have  a  total   length   of  37  miles.     In 
all   11   bids   were  received   on  the  excavation, 
tlie  next  lowest  being  9%  cts.  per  cubic  vard; 
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the  others  ranged  up  17  cts.  per  cubic  yard,, 
while  the  figures  on  the  road  leveling  ran  up- 
to  $195  per  mile.  At  a  recent  1,650,000  cu.  yd. 
letting  in  Otoe  and  Johnson  Counties,  Nebras- 
ka, the  entire  excavation  was  awarded  at  7  cts. 
per  cubic  yard.  Of  the  total  yardage  in  this 
district  1,050,000  cu.  yds.  were  included  in  the 
main  canal.  This  is  to  have  10-ft.  bottom 
width  at  the  upper  end,  increasing  to  an  18-ft. 
bottom  at  the  lower  end.  Side  slopes  are  to 
be  1  to  1  and  there  is  to  be  a  15-ft.  berm. 
A  3  ft.  by  5  ft.  sub-channel  is  to  be  dug  in  the 
bottom  of  tlie  ditch.  The  engineers  estimated 
the  cost  of  the  excavation  for  the  main  canal 
at  8  cts.  per  cubic  yard.  The  bids  received 
ranged  from  8.2  cts.  to  5.88  cts.  per  cubic  yard. 
There  were  13  bidders  on  the  work,  and  five 
of  these  submitted  prices  under  7  cts.  per 
cubic  yard  on  the  principal  part  of  the  im- 
provement. An  interesting  feature  of  tliis  par- 
ticular letting  was  the  submission  of  bids  by 
several  contractors  who  heretofore  have  en- 
gaged mainly  in  railroad  and  grading  work. 


Two  weeks  ago  bids  were 
asked    on    a    notably    large 
Over   Due       bridge  job  in  a  Pacific  Coast 
state.     The   bonds   for   this 
Construction,    work    were    voted    in    1912 
but  were  not  sold  until  late 
last   year.        This   improve- 
ment is  but  one  of  many  that  have  been  held 
in    abeyance   Iiy   the    financial   conditions   that 
have   prevailed   during  the   first  two  or  three 
years.     Many  undertakings,  particularly  those 
of    irrigation    districts    and    utility   companies, 
originally  proposed   for  construction  in   1912, 
1913  and   1914,  have  been  held  up  because  it 
was  impossible  to  finance  them.    For  the  great- 
er part  of  this  work  the  engineering  has  been 
done  and  the  plans  and  specifications  prepared. 
All  that  remained  was  to  secure  the  necessary 
money   and   to   call    for   bids.      It   now   seems 
likely    that    many    of    these    projects    will    be 
financed  in  the  next  few  months  and  that  this 
long  overdue  construction   will   be  offered  tck 
contractors.     This   is   one   of   the   things   that 
makes  for  optimism  regarding  the  outlook  for 
the  present  season. 


The  Workmen's  Compen- 
Liability         sation    Commission    of    the 
Province   of   Ontario,   Can- 
Insurance        ada,  judging  from  its  insur- 
_,  .  ance     rates,     is    taking    no 

in  Untano.  cliances.  It  has  fixed  the 
assessment  for  workers  en- 
gaged in  steel  construction  on  high  buildings 
at  $7  per  $100  of  wages  paid.  This  is  an  in- 
crease of  $2.28  over  the  rates  of  liability  insur- 
ance companies  on  similar  work.  The  com- 
mission's rates  for  shop  work  are  $2  per  $100 
of  wages,  as  compared  with  liability  company 
insurance  of  42  cts.  per  $100.  This  increase  in 
rates  is  rather  a  serious  matter  to  the  larger 
structural  steel  construction  companies.  They, 
however,  have  entered  no  protest  owing  to  the 
assurance  of  the  commission  that  there  will 
be  a  readjustment  of  rates  based  on  the  first 
year's  experience. 


Counter. 


A  noteworthy  record  was 
Bond  Sales  made  by  Philadelphia  last 
week,  in  a  single  business 
Over  the  day  $5,000,000  of  city,  30- 
year,  4  per  cent  bonds  were 
sold  over  the  counter.  The 
issuance  of  baby  bonds, 
securities  of  small  denominations,  and  their 
sale  to  local  investors  is  a  comparatively  re- 
cent development  of  municipal  financing.  Most 
of  the  cities  that  have  tried  it  have  found  the 
demand  for  the  bonds  excecdcil  the  supply. 
With  the  return  of  the  municipal  bond  market 
to  its  normal  condition,  it  will  not  be  neces- 
sary for  cities  to  retail  their  securities.  The 
plan,  nevertheless,  furnishes  a  municipality  an 
opportunity  of  securing  necessary  funds  when 
it  cannot  obtain  them  in  the  usual  way. 
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BRIDGE  CONSTRUCTION   IN   IL- 
LINOIS. 


Bids   Asked   on     10    Concrete   and    1    Steel 
Structure. 


Quantities    and    Details    of    Constructional    Fea- 
tures. 


The  large  amount  of  highway  bridge  con- 
struction being  undertaken  at  present  in  Illi- 
nois under  the  direction  of  the  State  High- 
way Department  and  the  superintendents  of 
highways  of  the  various  counties  offers  many 
opportunities  to  contractors  specializing  in 
small  undertakings  of  this  kind.  During  the 
past  week  notices  of  calls  for  bids  for  11 
small  structures  were  sent  out.  Of  these  10 
are  to  be  reinforced  concrete  bridges,  six  of 
them  being  located  in  the  same  county.  Some 
details  of  these  improvements  are  given  in 
Table   I. 

The  Jerome  Black  and  Lewis  bridges  are 
to  be  built  in  Cornwall  Township,  Henry 
County,  the  nearest  railroad  station  to  the 
work  being  Atkinson.  The  present  bridges 
arc  wood  and  are  10  ft.  and  80  ft.  in  length. 
The  low  water  flow  is  dry  and  1  ft.  deep; 
high  water  7  and  10  ft.  deep.  The  average 
depth  of  excavation  is  9  ft.  and  17  ft.  in 
loam  and  clay,  and  is  to  extend  about  4  ft. 
and  .J  ft.  below  stream  bed.  Piles  probably 
will  be  required  at  site  of  the  Lewis  bridge. 
Green  timber  for  falsework  may  be  cut  near 
the  sites  of  both  bridges.  It  is  reported 
Mississippi  River  gravel  can  be  had  f.  o.  b. 
station  at  about  $1.70  per  cubic  yard.  James 
H.  Reed,  Cambridge,  O.,  is  County  Super- 
intendent of  Highw-ays. 

The  !Manlius  bridge  will  be  constructed  in 
Manlius  Township  at  a  point  about  0V2  miles 
froin  the  Rock  Island  Ry.  station  at  Sheffield, 
111.  The  Gold  bridge  will  be  installed  in 
Gold    Township,    about    o    miles    from    Shef- 


:s  u  4(l-ft.  steel  bridge  with  approaches,  on 
wood  abutments.  Low  water  flow  at  each  site 
IS  dry;  high  water  flow  4  ft.  and  10  ft.  -Vv- 
erage  depth  of  excavation  for  Weigand  bridge 
is  about  li  ft.,  in  silt  and  clay;  at  other  bridge 
It  is  8  ft.  in  gravelly  clay.  Excavation  will 
be  carried  about  4  ft.  below  stream  bed  at 
each  site  to  clay  foundations.  It  is  reported 
that  stone  and  sand  can  be  obtained  f.  o.  b. 
station  at  $1.20  per  ton.  C.  R.  A.  .Marshall, 
Stronghurst,  111.,  is  County  Superintendent  of 
Highways. 

The  Brokaw,  Griffith  and  John  Simonson 
Ijridges  are  in  Raitan  Township,  the  nearest 
railroad  stations  being,  respectively,  as  follows: 
Stronghurst,  7  miles;  Sciota,  7  miles;  and 
Stronghurst,  7%  miles.  The  present  struc- 
tures are  wood  on  wood  abutments,  the  spans 
being  20  ft.,  24  ft.  and  18  ft.,  respectively.  Low 
water  flow  dry,  4  ins.  and  (i  ins.;  high  water, 
4  ft.  deep  at  each  site.  The  average  depth 
of  excavation  for  the  three  bridges  is  5  ft., 
o  ft.  and  0  ft.,  respectively,  in  clay,  and  is  to 
extend  about  '-i  ft.,  4  ft.  and  3  ft.  below  stream 
bed  to  clay  foundations.  ■  It  is  reported 
gravel  may  be  had  f.  o.  b.  station  at  $1.2.3 
per  ton.  C.  R.  A.  Marshall.  Stronghurst,  III, 
is   County   Superintendent   of   Highways. 

The  largest  of  the  11  bridges  will  be  a  steel 
structure  on  reinforced  concrete  abutments. 
This  will  be  built  in  Princeton  Township.  It 
will  have  a  120-ft.  span  and  18-ft.  roadway. 
The  height  over  all  will  be  24  ft.  The  total 
estimated  concrete  in  abutments  and  retaining 
wall  is  2,147  cu  yds. ;  reinforcing  steel  19,- 
OtiO  lbs. ;  All  for  approach  grades,  1,300  cu. 
yds.  The  present  bridge  is  a  wood  and  iron 
structure,  7-5- ft.  span,  on  steel  tubes.  Low 
w'ater  flow  trace ;  high  water  over  highway. 
-Average  depth  of  excavation  will  be  10  ft.  in 
loam  and  sandy  clay  and  will  extend  about  5 
ft.  below  stream  bed  to  clay  foundations.  The 
nearest  railroad  station  is  Princeton,  which 
is    2    milfs    from    the    work.      It    is    reported 


per  l,(inu,ijuu  gals,  of  amount  contracted  for 
ply  from  an  mtake  just  below  the  outlet  of 
Greenwood  Lake  at  an  elevation  of  572  ft. 
The  construction  of  both  of  these  supplies 
would  not  be  undertaken  at  the  same  time. 
The  estimated  cost  of  the  low  level  scheme, 
providing  for  obtaining  a  supply  from  the 
river  with  a  dam  at   ^lidvale,   is  as   follows: 

Diversion  rights    $1,000,000 

Reservoir    l,H9,50o 

*Pipe  line  to  Patterson 1,800,000 

tl^ipe  line  to  Newarls 1,200.000 

tPipe  line  to  Elinabeth 260,000 

Ui.sftit   of  way 40,000 

-Vppurtenances,   meters,  etc 75,000 

Engineering,    etc :  337,500 

Total     $o,SC2,000 

•50,000,000  aals  per  dav.  t30,000,000  gals, 
tl.j, 000,000  gals. 

The  detailed  cost  of  the  high  level  supply 
includes   the   following  items: 

Diversion   rights    $    500,000 

Intake  dam   50,000 

i^and   for   intake 2,500 

Right  of  way 5,000 

IS -in.  steel  pipe  line.  170,000  ft 2,550,000 

Appurtenances,    meters,    etc 50,000 

ISngineering   expenses,    etc 206,250 

Total     $3,425,750 

The  law  under  which  Wanaque  River  water 
shed  development  would  be  carried  out  pro- 
vides that  the  several  municipalities  desiring 
to  procure  a  supply  from  this  source  at  whole- 
sale must  advance  to  the  Commission  $30,000 
for  1,000,000  gals,  per  amount  contracted  for 
daily.  In  order  to  provide  the  Commission 
with  funds  for  .the  purchase  of  reservoir  and 
for  the  commencement  of  construction  the 
.State  Water  Supply  Commission  will  issue 
bonds  against  this  property  as  the  work  pro- 
ceeds in  a  similar  manner  as  is  now  the  prac- 
tice with  building  construction  on  a  large 
scale.  -As  a  further  security  for  these  addi- 
tional  bonds  the   Conniiission   will   have   con- 


TABLK  I.— CONSTRUCTION  DETAILS  ON  10  ILLINOIS  BRIDGES  NOW    ADVERTISED  FOR  BIDS. 


Jerome 

J^ame  of  bridge . .' Black. 

Span,    ft 22 

Roadway,  ft 16 

Height  over  all,   ft 12^ 

Total   concrete,    cu.    yds 60.5 

Reinforcing   steel,    lbs 0,790 

Distance  from  nearest  railroad  station,  miles...  414 

E.stimated  cost  $950 

Bids    opened    • Fel).  1 

AVork  to  be  completed Aug.  1 


August 

Wm. 

John 

Lewis. 

Manlius.  , 

Gold. 

Dugan. 

Weigand. 

Sloan. 

Brokaw. 

G 

rifflth. 

Simonson. 

60 

30 

14 

10 

16 

40 

18 

IS 

IS 

16 

20 

16 

16 

16 

20 

16 

16 

20 

IS 

14% 

13% 

16 

11 

IS 

10 

10 

10 

1S7.2 

86.5 

61 

67.9 

43.9 

158.  T 

43.1 

43.1 

48.2 

32,530 

11,125 

4,900 

4,240 

3,870 

20,548 

4,460 

4,460 

5,230 

5% 

5V4 

0 

0 

3% 

% 

7 

7 

1V2 

$3,675 

$1,025 

$650 

$2,290 

$690 

$720 

$790 

Feb.  9 

Mar.  2 
June  15 

Aug.  1 

field.  Both  structures  will  be  constructed 
over  drainage  ditches.  At  the  Gold  bridge 
sand  is  found  2  ft.  below  the  bed  of  the 
stream  and  continues  some  distance.  Low- 
water  is  3  in.,  but  probably  will  average  con- 
siderably higher  in  spring  and  may  reach  0 
ft.  or  7  ft.  in  high  water.  Average  depth  of 
excavation  is  about  13  ft.  in  clay  and  loam 
to  4  ft.  below  stream  bed.  Piles  probably  will 
be  required.  The  conditions  at  Manhus  bridge 
are  much  the  same  as  above,  except  that  the 
sand  begins  2  ft.  or  3  ft.  above  bed  of  stream 
and  continues  5  ft.  or  more  below  bed  of 
stream.  Water  conditions  are  about  the  same 
as  at  the  Gold  bridge.  Excavation  will  be 
about  13  ft.  in  clay,  loam  and  sand  to  4  ft 
below  stream  bed.  Piles  probably  will  be 
necessary.  Concrete  gravel  can  be  delivered 
at  either  bridge  site  for  7.5  cts.  to  $1.25  per 
cubic  yard.  F.  R.  Bryant,  Princeton,  111.,  is 
County   Superintendent   of   Highways. 

The  Dugan  bridge  is  located  in  Bald  Bluff 
Township,  about  5  miles  from  Little  York, 
the  nearest  railroad  station.  The  present 
tridge  is  a  24-ft.  span  steel  structure  on  wood 
abutments.  Low  water  flow  dry;  high  water 
5  ft.  deep.  The  average  depth  of  excavation 
is  about  5%  ft.  in  clay  and  loam  and  is  to 
be  carried  4  ft.  below  stream  bed  to  clay 
foundations.  It  is  reported  that  gravel  may 
be  had  f.  o.  b.  station  at  $1.20  per  ton.  C.  R. 
A.  Marshall,  Stronghurst,  111.,  is  County  Su- 
perintendent  of    Highways. 

The  .August  Weigand  and  Wm.  Sloan 
bridges  are  located  in  Biggsville  Township. 
being  3%  miles  and  %  mile,  respectively,  from 
Biggsville,  the  nearest  railroad  station.  The 
present  bridge  at  the  Weigand  site  is  a  20-ft. 
span  wooden  structure;  at  the  Sloan  site  there 


gravel  may  be  had  f.  o.  b.  Princeton  at  $1.05 
per  cubic  yard.  Green  tiinber  for  falsework 
may  be  cut  near  site.  The  estimated  cost  of 
the  bridge,  including  retaining  wall  and  back- 
fill, is  $8,530.  Bids  will  be  opened  Feb.  9  and 
the  work  completed  by  Sept.  1.  F.  R.  Bryant, 
Princeton,  III,  is  County  Superintendent  of 
Highwavs. 


STATE  WATER  SUPPLY  IN  NEW 
JERSEY. 

Development    of     Wanaque     Water     Shed. 


Reservoir,    Pipe    Lines,    Etc.,    to    Cost   $9,300,000. 

Preliminary  work  and  negotiations  have 
been  practically  completed  by  the  State  Water 
Supply  Commission  of  New  Jersey  on  the 
two  North  Jersey  plans  for  the  state  to  fur- 
nish water  to  municipalities.  One  of  these 
schemes  provides  for  the  purchase  of  the 
property  and  rights  of  the  East  Jersey  Water 
Co. ;  the  other  calls  for  the  development  of 
the  Wanaque  water  shed.  In  the  last  annual 
report  of  the  Commission,  from  which  this 
note  is  taken,  it  is  stated  the  latter  plan  will 
be  recommended  if  the  municipalities  inter- 
ested will  signify  their  willingness  to  have 
the  Wanaque  River  developed  and  will  enter 
into  contracts  to  buy  water  from  the  state. 
The  development  is  dependent  upon  all  con- 
tracting municipalities  owning  their  own  dis- 
tribution systems  and  purchasing  water  from 
the  state  at  wholesale. 

The  total  approximate  cost  of  the  Wanaque 
development  is  $9,290,750,  of  which  $.5,862,000 
is   for   a  low   level   supply   of  50,000,000   gals. 


tracts  with  the  municipalities  for  the  water 
desired  by  them.  Forms  of  contract  have 
been  prepared  for  submission  to  the  munici- 
palities and  if  these  are  signed  up  so  that 
the  Commission  can  see  its  way  clear  to 
finance  the  work,  the  project  will  be  under- 
taken. 

The  purchase  of  the  East  Jersey  Water  Co. 
properties,  including  water  rights,  filtration 
plant  and  distribtition  systems  of  Montclair, 
Paterson  and  Passaic  would  require  an  ex- 
penditure of  about  $9,200,000.  Conferences 
have  been  held  with  representatives  of  the 
interested  cities  in  an  effort  to  secure  un- 
qualified expressions  of  preference  for  one 
of  the  two  plans.  It  is  expected  that  a  de- 
cision in  the  matter  will  be  reached  soon. 


Railway  Valuatiott  by  Interstate  Com- 
merce Commission. — The  Physical  Valua- 
tion Division  of  the  Interstate  Commerce 
Commission  has  completed  the  inventory  of 
the  property  of  five  of  the  railroads  of  the 
United  States.  These  are  the  Texas  Midland, 
operating  125  miles  of  line;  the  New  Orleans. 
Texas  &  Mexico,  287  miles ;  the  Atlanta,  Birm- 
ingham &  Atlantic,  C45  miles;  the  Norfolk  & 
Southern,  907  miles,  and  the  San  Pedro,  Los 
Angeles  &  Salt  Lake,  1,100  miles.  The  ne.xt 
step  with  regard  to  these  railroads  will  be 
the  holding  of  a  conference  in  March  by  the 
Director  of  Valuation  of  the  Commission  with 
representatives  of  the  state  commissions  in- 
terested and  the  five  roads.  In  April  prob- 
ably the  entire  Commission  will  hear  argu- 
ments on  the  findings  and  will  attempt  to  set- 
tle questions  at  issue  in  reaching  the  true  val- 
uation of  the  properties. 


January  27,  1915. 
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DEVELOPMENTS  AT  FT.  McHEN- 
RY  PARK,  BALTIMORE. 


Total    Expenditure    Preposed    for    1915    by 
City  $150,000. 


Government     Building     to     Cost    $550,000     to     be 
Erected. 


Plans  are  under  way  for  the  establishment 
of  a  new  waterside  park  at  Baltimore,  Md. 
The  improvement  will  be  located  on  a  part  of 
Fort  McHenry  Park.  This  park  contains  an 
area  of  23  acres  and  is  situated  on  the  eastern 
end  of  a  peninsula  which  is  directly  in  the 
harbor  of  Baltimore.  This  peninsular  lies  be- 
tween the  North  and  South  harbors,  the  North 
harbor  being  usually  designated  as  the  "Ba- 
sin" and  the  South  Harbor  as  "Spring  Gard- 
ens," or  the  main  branch  of  the  Patapsco  River. 
The  United  States  Governument  having  no 
further  use  for  Fort  McHenry  for  fortifica- 
tion purposes,  deeded  these  23  acres  to  the 
city  of  IBaltimorc  for  park  purposes,  with  the 
agreement  that  if  at  any  future  time  this  land 
should  be  needed  by  the  Government  that  the 
city  of  Baltimore  would  return  the  same.  The 
value  of  this  land  has  been  estimated  at  about 
$l,00u.U0O,  and  it  will  make  a  site  of  a  most 
beautiful  park.  It  is  now  proposed  by  Balti- 
more to  spend  about  $150,000  during  the  year 
191-:i  in   improving  the   same. 

The  various  boat  and  rowing  clubs  of  Bal- 
timore have  been  occupying  frontage  on  the 
Spring-  Garden  side  of  the  harbor,  and  one 
of  the  first  steps  taken  will  be  to  prepare  on 
the  south  side  of  this  park  an  artificial  har- 
bor for  the  boat  clubs,  offering  them  induce- 
ments to  move  from  their  present  location  to 
the  location  of  the  park.  To  that  end  a  com- 
mittee was  appointed,  of  which  H.  K.  Mc- 
Cay,  City  Engineer,  was  chairman,  to  formu-  ■ 
late  plans  for  this  breakwater.  'A  plan  was 
adopted  for  a  breakwater  1,715  ft.  long,  with  a 
curve  in  it,  to  conform  to  the  pier  head-line 
established  by  the  U.  S.  Government.  This 
breakwater  will  consist  of  a  single  row  of 
piles,  reinforced  on  each  side  and  on  the  top 
of  these  piles  will  be  put  a  li-ft  concrete  walk. 
This  walk  will  be  furnished  with  a  railing, 
and  at  the  end  there  will  be  a  circular  pavil- 
ion, which  can  be  used  as  a  lighthouse.  The 
walk  will  be  equipped  with  rings,  to  which 
boats  can  be  moored,  and  with  steps,  so  that 
parties  can  enter  boats  from  the  same.  It 
will  also  be  equipped  with  lights,  adding  a 
considerable  feature  to  Fort  McHenry  Park. 
Between  this  breakwater  and  the  western  end 
of  the  park  there  will  be  about  2,000  ft.  of 
shore  line  available  for  boat-house  purposes. 
It  is  proposed  by  the  city  of  Baltimore  to 
move  the  boat  houses  to  this  location,  giving 
them  225  ft.  of  shore  space  to  each  boat 
house,  of  which  there  are  four,  which  will 
take  up  about  1,000  ft.  of  the  shore  line. 

The  city  of  Baltimore  will  pay  all  of  the 
expense  of  moving  these  boat  houses  and 
also  will  pay  for  their  embellishment,  so  as 
t"  make  them  suitable  buildings  for  park  pur- 
I'cses.  The  boat  clubs  are  to  pay  a  rental 
eijual  to  5  per  cent  on  the  expenses,  also  a 
10  per  cent  sinking  fund.  It  is  expected  by 
this  arrangement  to  popularize  to  a  large  ex- 
tent Fort  McHenry  Park  and  to  make  it  a 
truly  riverside  park.  Within  this  harbor 
there  is  also  to  be  established  a  pulilic  bathing 
beach,  under  the  jurisdiction  of  the  Public 
Bath  Commission  of  the  city  of  Baltimore. 

The  U.  S.  Government  has  reserved  three 
acres  nf  this  park  for  the  erection  of  a  large 
emmigration  detention  house,  costing  $550,- 
000,  so  that  it  is  expected  liy  the  city  of  Bal- 
timore that  not  only  the  moving  of  the  club 
houses  to  Fort  McHenry  Park,  but  also  the 
erection  of  the  emmigration  building,  will 
make  this  one  of  the  most  popular  parks  in 
Baltimore. 

In  addition  to  all  of  this,  the  Government 
has  appropriated  the  sum  of  $75,000  for  a  me- 
morial to  Francis  Scott  Key.  author  of  the 
"Star  Spangled  Banner,"  and  it  is  proposed 
also  to  erect  at  the  entrance  of  the  park  a 
memorial  gate,  design  of  which  has  not  yet 
been    determined    upon. 


Water  Conservation  and  Development 
in  New  York. 

The  Conservation  Commission  of  New  York 
in  its  annual  report  transmitted  to  the  legis- 
lature two  weeks  ago  recommends  that  the 
state  construct  storage  reservoirs  to  conserve 
flood  waters  and  regulate  stream  flow.  The 
cost  of  these  reservoirs  would  be  borne  in 
part  by  the  state  and  the  municipalities  bene- 
fited and  in  part  by  owners  of  water  power 
sites,  undeveloped  as  well  as  developed.  The 
Commission  believes  that  in  order  to  secure 
the  necessary  funds,  the  valid  power  of  taxa- 
tion must  be  invoked  and  legislation  must  carry 
with  it  the  power  of  eminent  domain.  It  also 
is  considered  by  the  Commission  that  the  de- 
velopment of  water  powers  and  their  improve- 
ment by  stream  regulation  would  be  construed 
to  be  a  sufficient  public  purpose  to  validate 
the  exercise  of  the  necessary  powers  of  emi- 
nent domain  and  taxation. 

For  some  years  the  Commission  and  its 
predecessor,  the  State  Water  Supply  Commis- 
sion, have  been  working  on  a  plan  for  the 
progressive  development  of  the  waterpowers 
of  the  state  under  state  ownership,  control  and 
maintenance.  In  its  recent  report  the  Com- 
mission states  that  all  phases  of  the  prob- 
lem have  now  been  investigated,  and  it  urges 
that  prompt  action  be  taken  for  the  devel- 
opment and  utilization  of  1,500,000  hp.  at 
present  undeveloped  and  tuiutilized  in  the 
state. 

In  its  report  the  Commission  states  that  the 
construction  of  a  reservoir  on  the  Sacandaga 
River  at  an  estimated  cost  of  $5,000,000  would 
increase  the  total  low  flow  water  power  of 
the  Hudson  River  at  the  developed  sites  below 
Hadley  from  29,490  hp.  to  91,300  hp.,  and  at 
undeveloped  sites  from  8,885  hp.  to  01,500  hp. 
The  scheme  of  regulation  also  proposes  devel- 
opments for  the  Genesee,  Black,  Oswegatchie 
and    Saranac   River. 


Large  Concrete  Sewer,  New  York  City. 

Bids  are  now  being  asked  by  the  President 
of  the  Borough  of  the  Bronx,  New  York  City, 
on  the  largest  concrete  sewer  job  that  lias 
come  up  for  letting  in  that  city  for  some 
months.  The  work  calls  for  the  construction 
of  sewers  and  appurtenances  in  Pennyfield 
Ave.  between  the  East  River  and  Chaffee 
Ave.;  Chatifee  Ave.  between  Pennyfield  Ave. 
and  Throgs  Neck  Blvd. ;  in  the  latter  street  be- 
tween Chaffee  Ave.  and  Barkley  Ave.,  with 
overflows  for  Throgs  Neck  Blvd.  and  Chaffee 
Ave.  to  the  East  River,  and  from  the  boule- 
vard and  Dewey  Ave.  to  Long  Island  Sound. 
The  improvement  involves  the  construction 
of  a  considerable  amount  of  large-sized  con- 
crete sewer.  The  engineer's  estimate  includes 
the  following  quantities  for  this  particular 
feature  of  the  work : 

Ofia  lin.  ft.,  11  ft.  3  ins.   bv  6  ft.  G  ins. 

741  lin.   ft.,  10  ft.   ::  ins.   bv  C  ft.   6  ins. 

790  lin.  ft.,  S  ft.  f,  ins.  by  6  ft.  6  ins. 

1,605  lin.  ft.,  S  ft.  IJ  in.s.  by  6  ft.  6  ins. 

.SIO  lin.   ft.,  8  ft.   3  ins.  bv  6  ft.  G  ins. 

27.',  lin.  ft.,  8  ft.  by  6  ft.   G  ins. 

.^90  lin.  ft.,  7  ft.  9  ins.  bv  G  ft.  6  ins. 

S27  lin.  ft.,  7  ft.  :i  ins.  bv  G  ft.  6  ins. 

14S  lin.  ft.,  7  ft.  by  G  ft.  G  ins. 

fi65  lin.  ft.,  G  ft.  9  ins.  bv  G  ft.  6  ins. 

2,132  lin.  ft.,  6  ft.  3  ins.  by  G  ft.  6  ins. 

615  lin.  ft..  5  ft.   9  ins.  by  6  ft.   6  ins. 

1.519  lin.  ft.,  5  ft.  6  ins.  by  G  ft.  6  ins. 

;!5  lin.  ft.,  4  ft.  9  ins.  diameter. 

:!.5   lin.   ft.,    1  ft.   6  ins.  diameter. 

36  lin.   ft.,   45   ins.   by  60  ins. 

75  lin.  ft.,  34  ins.  bv  4G  ins. 

112  lin.  ft.,  32  ins.  by  44  ins. 

The  undertaking  also  calls  for  several  hun- 
dred feet  of  vitrified  pipe  sewer  12  ins.  to  30 
ins.  in  size,  1,415  spurs  for  house  connections 
and  99  manholes.  Other  items  included  in  the 
work  arc  5,500  sq.  yds.  slope  pavement,  1,500 
cu.  yds.  rocl{  excavation.  4,700  cu.  yds.  con- 
crete Class  B,  170,000  lbs.  steel  reinforcing 
bars,  135  M  ft.  timber,  115  M  ft.  timber  sheet- 
ing, 135,000  lin.  ft.  piles  and  two  overflow 
chambers.  The  work  is  to  be  completed  in  600 
consecutive  days  and  the  security  required  is 
$175,000.  Bids  for  the  construction  of  the 
sewer  will  be  received  until  10  ;.30  a.  m.,  Feb. 
2,  by  Douglas  Mathewson,  President  Bronx 
Borough,  177th  St.  and  3d  Ave.,  New  York 
City. 


A  $55,000  Paving  Contract,  McKinney, 

Tex. 

.\  $5.5,000  street  improvement  contract  is  be- 
ing advertised  for  bids  by  the  city  of  McKin- 
ney, Tex.  The  work  is  to  be  done  for  Im- 
provement District  No.  2,  and  includes  the 
following  appro.ximate  quantities : 

Pavement,  sq.  yds :i5,S00 

Excavation,    earth,   cu.   yds 4,699 

Curb  and  gutter,   lin.    ft 1,482 

Curb  and  gutter,  armored   radial,    lin.   ft..         86G 

Curb  and  gutter  reset,  lin.  ft 77 

Curb  reset,   lin.   ft 528 

Curb.    Im.    ft 748 

Gutter,    lin.    ft 1.826 

Cement    ,valk.  sq.   ft :;,07S 

Curb  and  sutler  catchbasins 6 

V.    S.   pipe,    15-in.,   lin.    ft 310 

Special   outlet  grates   and   box 2 

Pavement  (car  track),  sq.  yds 1,846 

Excavation,   earth    (car  track),   cu.    >'ds. .  .        375 

Bids  will  be  received  on  sheet  asphalt,  brick, 
asphaltic  concrete  and  other  classes  of  pave- 
ment. The  concrete  base  will  be  5  ins.  thick, 
composed  of  a  mix  of  1  cement.  3  sand  and 
0  liroken  stone  or  gravel.  For  brick  pavement 
the  samples  of  brick  must  not  show  a  loss  of 
original  weight  exceeding  24  per  cent  when 
subjected  to  the  rattler  test.  Either  cement 
grout  filler  or  asphalt  filler  may  be  used.  For 
the  asphaltic  concrete  the  specifications  sug- 
gest the  following  grading  of  aggregate; 

Per  cent. 

Bitumen     7  to  11 

Mineral     aggiegate     passing     200- mesh 

screen     7  to  11 

Mineral      aggregate      passing      40-mesh 

screen     18  to  30 

Mineral      aggregate     passing     10-mesh 

screen     -5  to  5o 

Mineral       aggregate      passing      4-niesh 

screen     S  to  22 

aiineral       aggregate      passing      2-mesh 

screen  less   than 10 

The  specilications  require  that  the  equip- 
ment shall  be  suflicient  to  lay  at  least  500  sq. 
yds.  of  asphaltic  surface  in  an  ordinary  work- 
ing day.  Bids  for  the  work  in  Improvement 
District  No.  2  will  be  received  by  Sims  Cam- 
eron, Citv  Secretary,  McKinney,  Tex.,  until 
0  p.  m.,  Feb.  3.  Cliaries  Schultz  is  City  En- 
gineer.          

Cumro-Harper's  Ferry  Cutoff  for  B.  & 

O.  R.  R. 

Now  that  the  Baltimore  &  Ohio  R.  R.  has 
completed  its  Magnolia  cutoff  there  is  good  rea- 
son to  believe  that  one  of  the  next  big  improve- 
ments undertaken  by  this  railroad  will  be  the 
construction  of  the  new  low-grade  line  from 
Cumro  to  Harper's  Ferry.  In  fact  it  was  re- 
ported two  weeks  ago  that  the  contract  for  the 
work  already  had  been  let  to  H.  S.  Kerbaugh, 
Philadelphia,  Pa.  The  report  has  not  been 
confirmed  as  yet.  Officials  of  the  railroad  have 
stated  that  at  the  present  time  they  did  not 
contemplate  any  work  in  this  territory.  How- 
ever this  may  be,  it  appears  practically  cer- 
tain that  the  cutoff  will  be  started  in  the  near 
future. 

As  outlined,  the  new  line  will  start  from  a 
point  north  of  Cumro,  crossing  the  Cumber- 
land 'Valley  R.  R.  at  or  near  Berkeley  Sta- 
tion, and  extending  thence  by  way  of  Greens- 
burg  to  a  point  near  Swan's  Pond.  From  here 
the  road  runs  to  Shepherdstown  and  thence  to 
Harper's  Ferry.  The  new  line  would  eliminate 
many  heavy  grades.  It  would  be  about  23 
miles  long,  wliich  is  practically  the  same  length 
as  the  present  line  between  Cumro  and  Har- 
))er's  Ferry. 

Convict  Labor  and  State  Quarries  in  New 
York.— An  appropriation  of  $10,000,000  for 
highway  construction  for  1915  is  asked  by 
John  N.  Carlisle,  State  Highway  Commis- 
sioner of  New  York,  in  his  report  to  the  State 
Legislature.  In  his  report  the  commissioner 
advocates  the  employment  of  convicts  in  get- 
ting out  stone  for  maintenance  work,  and  the 
establishment  of  a  plant  for  crushing  the  ma- 
terial. He  suggests  that  state  quarries  be 
established  on  the  Hudson  River  between 
New  York  and  .Mbany,  where  trap  rock  can 
lie  obtained;  in  the  Mahawk  Valley  near  Utica, 
at  a  point  between  Albany  and  Plattsburg,  and 
at  two  points  in  the  w-est'ern  part  of  the  state. 
During  1914  about  500,000  tons  of  stone  for 
maintenance  purposes  was  purchased  by  the 
state. 
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Mr.  R.  D.  Johnson,  for  six  years  past,  hy- 
draulic engineer  of  the  Ontario  Power  Co.  of 
Niagara  Falls,  Ont.,  and  Mr.  P.  Wahlman 
have  opened  an  office  at  60  Wall  street.  New 
York  City,  as  consulting  hydraulic  engineers. 
Mr.  Wahlman  was  for  two  years,  1902-1904, 
superintendent  of  construction  of  water  works 
in  Sweden.  From  1904  to  1907  he  was  con- 
nected with  water  power  development  in 
Sweden  and  Norway,  and  for  three  years  fol- 
lowing was  in  the  same  work  in  the  United 
States.  Since  1907  he  has  been  chief  engineer 
of  the  Cia.  Hidro-Electrica  de  Tucuman,  Ar- 
gentina. 

Mr.  M.  F.  Clements,  Assistant  Engineer, 
Northern  Pacific  Ry.,  has  been  placed  in  charge 
of  the  grade  separation  work  at  Spokane, 
Wash.,  for  the  railway.  The  work  consists  in 
raising  the  tracks  of  the  Northern  Pacific 
through  the  business  section  of  the  city  and 
eliminating  grade  crossings  at  20  streets.  The 
I  estimated  cost  of  the  improvement  is  $-3,000.- 
000.  Mr.  Clements  has  been  engaged  in  engi- 
neering work  for  the  past  1-5  years  and  since 
1907  has  been  assistant  engineer  on  construc- 
tion for  the  Northern  Pacific  Ry.  Previous 
to  this  he  was  with  the  Burlington,  Cedar 
Rapids  &  Northern  Ry.  and  the  Chicago,  Rock 
Island  &  Pacific  Ry. 

Mr.  Samuel  N.  Polishook  has  opened  an 
office  at  50  Church  street.  New  York  City,  as 
consulting  civil  and  economj'  engineer.  Mr. 
Polishook  began  his  professional  career  in 
1898  as  a  building  mechanic  and  foreman. 
From  1900  to  1902  he  was  engaged  in  the  de- 
sign of  power  plants.  From  1902  to  1906  he 
was  a  civil  engineering  student  at  Columbia 
University,  and  for  three  years  afterward 
■was  engineer  and  superintendent  for  an 
architectural  office.  During  the  year  1910  he 
was  foreman  on  building  construction  work 
and  in  1911  was  designer  on  New  York  sub- 
way work  and  also  builders'  estimator  and 
office  manager.  Since  1912  he  has  been  ex- 
aminmg  engineer  for  the  Bureau  of  Buildings, 
Manhattan  Borough,  New  York  City,  which 
position  he  now  resigns  to  open  his  new- 
office. 

Mr.  Harry  G.  D.  Nutting,  public  utility 
expert  and  engineer,  has  been  appointed  man- 
ager of  the  engineering  department  of  the 
John  E.  De  Wolf  Co.,  Railway  Exchange 
building,  Milwaukee,  Wis.  He  will  have  gen- 
eral charge  of  the  engineering  and  operation 
of  public  utility  properties  controlled  by  the 
company,  and  report  on  security  issues.  He 
•will  also  continue  his  private  consulting  en- 
gineering practice.  Mr.  Nutting  was  at  one 
time  employed  by  the  Fairbanks-Morse  Co.  as 
experimental  engineer.  He  was  also  formerly 
an  engineer  for  the  Wisconsin  Railroad  Com- 
mission, and  has  since  held  positions  as  man- 
ager of  the  Fort  Atkinson  Municipal  plant, 
district  superintendent  for  the  Central  Illi- 
nois Public  Service  Co.,  assistant  to  the  presi- 
dent of  the  Wisconsin  Public  Service  Co., 
the  Wisconsin  Railway,  Light  &  Power  Co., 
the  Evanston  Railway  Co.,  and  consulting  en- 
gineer to  the  Berlin   Public   Service  Co. 

Mr.  M.  Roy  Thompson  announces  that  he 
has  resumed  practice  as  consulting  engineer 
in  Tacoma,  Seattle  and  San  Francisco.  Mr. 
Thompson  is  county  engineer  of  Pierce 
County,  Washington,  and  is  past  president 
of  the  State  Association  of  County  En- 
gineers. He  has  had  a  wide  experience  in 
various  kinds  of  engineering  work.  He  de- 
signed and  constructed  the  Thousand  Oaks 
and  other  tracts  near  San  Francisco  and 
Regents  Park,  Tacoma,  for  Mr.  John  H. 
Spring  of  San  Francisco.  He  has  conducted 
right  of  way  purchases  for  the  Northern  Pa- 
cific Railway  Co.  and  the  appraisal  of  $5,- 
000,000  worth  of  that  company's  properties. 
As  county  engineer  of  Pierce  County  Mr. 
Thompson  planned  and  built  over  $1,000,000 
worth  of  concrete,  asphalt,  and  brick  roads, 
public  highways  and  bridges  and  has  com- 
piled authoritative  maps  of  Pierce  County 
arid  Ranier  National  Park.  He  is  an  eligible 
Senior  Highway  Engineer  in  the  U.  S.  Office 


of  Public  Roads  under  civil  service  rules.  Mr. 
Thompson's  personal  address  is  Box  933,  Ta- 
coma, Wash. 

Mr.  L.  P.  Rossiter  has  been  appointed  di- 
vision engineer  for  the  Lehigh  Valley  Rail- 
road on  the  Buffalo  Division  with  headquar- 
ters at  Buffalo,  N.  Y.  Mr.  Rossiter  has  been 
in  railway  engineering  work  since  1899,  when 
he  entered  the  service  of  the  Baltimore  & 
Ohio  as  a  rodman.  He  rose  to  the  position 
of  assistant  division  engineer  at  Pittsburgh 
for  that  road  in  1902,  and  the  following  two 
years  he  held  the  same  position  at  Win- 
chester, Va.  From  1905  to  1910  he  was  di- 
vision engineer  at  Pittsburgh.  In  December, 
1910,  he  became  engineer  for  the  Youngstown 
Construction  Co.  of  New  York,  and  remained 
with  that  company  until  May,  1912,  when  he 
went  into  business  in  Coleridge,  N.  C.  In 
April,  1913,  Mr.  Rossiter  became  assistant  en- 
gineer for  the  Rock  Island  lines  on  con- 
struction of  terminal  at  Inner  Grove,  Minn. 
Since  March,  1914,  he  has  been  engineer 
Maintenance  of  Way  at  Des  Moines  and  at 
Manley,    Iowa,    for    the   Rock    Island. 

Messrs.  Virgil  G.  Marani  and  J.  E.  .\.  Moore 
have  formed  a  partnership  under  the  firm 
name  of  Marani  &  Moore,  civil  and  mechanical 
engineers,  with  offices  at  702-3  Euclid  Building, 
Cleveland,  Ohio.  The  firm  will  specialize  in 
fire  protection,  acting  as  architects  and  engi- 
neers both  for  new  fireproof  buildings  and  for 
changing  the  construction  of  present  buildings 
so  as  to  reduce  the  fire  risk.  For  the  latter 
work  the  firm  expects  -to  assume  the  entire- 
contract  of  engineering  and  installation.  Mr. 
Marani  was  from  189-"j  to  1906  construction  en- 
gineer for  the  Cleveland  Gas,  Light  &  Coke 
Co.  For  three  years  following  he  was  engi- 
neering superintendent  of  the  Cuyahoga  Coun- 
ty, Ohio,  court  house.  In  1910-11  he  was 
building  commissioner  of  Cleveland,  and  since 
that  time  has  been  in  private  consulting  prac- 
tice, specializing  in  fireproof  building  con- 
struction. 

Mr.  Moore  was  resident  engineer  at  Duluth, 
Minn.,  on  Ore  Dock  &  Railroad  Terminal  con- 
struction in  1891  to  1894,  and  for  three  years 
following  was  structural  engineer  with  the 
Riter,  Conley  Mfg.  Co.,  Pittsburgh,  Pa.  From 
1897  to  1900  he  was  chief  structural  engineer 
for  t/ie  Wellman,  Seaver,  Morgan  Co.,  and  for 
the  next  seven  years  was  chief  estimating  en- 
gineer for  that  company.  From  1907  to  1911 
he  was  in  partnership  with  the  late  J.  W.  Sea- 
ver in  a  consulting  engineering  business,  and 
since  1911  has  been  chief  engineer  for  tlie 
C.  O.  Bartlett-Snow  Co.  Both  members  of  the 
firm  are  University  graduates  in  civil  engineer- 
ing, and  are  members  of  the  American  Society 
of  Civil  Engineers,  the  American  Society  of 
Testing  Materials,  the  National  Fire  Protec- 
tion Association,  and  the  Cleveland  Engineer- 
ing Association. 

Mr.  A.  J.  T.  Taylor,  for  two  and  one-half 
years  president  and  managing  director  of 
Taylor  &  Young,  Ltd.,  engineers  of  Van- 
couver, B.  C,  has  severed  his  connection  with 
that  firm  to  become  managing  director  of  the 
Taylor  Engineering  Co.,  Ltd.,  engineers  and 
machinery  merchants,  412-413  Vancouver 
Block,  Vancouver,  B.  C.  This  firm,  recently 
organized,  specializes  in  pumping,  power  plant 
and  machine  tool  equipment  and  already  has 
been  retained  by  a  number  of  industrial  con- 
cerns in  Western  Canada,  as  consulting 
engineer  on  pumping  and  power  plant 
equipment.  Mr.  Taylor  was  formerly  in 
1907  assistant  manager  of  the  Schaake  Ma- 
chine Works,  and  in  1909  was  works 
engineer  for  Canadian  Explosives,  Ltd. 
During  the  year  1910  he  was  assistant  man- 
ager for  H.  W.  Petrie,  Ltd.,  and  in  1912  be- 
came president  and  general  manager  of  Tay- 
lor &  Young,  Ltd.  Recently  he  has  spe- 
cialized on  the  pumping  and  power  plant  re- 
quirements of  Western  Canada.  Mr.  Taylor 
is  an  associate  member  of  the  American  So- 
ciety of  Mechanical  Engineers. 

CONTRACTORS. 

Mr.  Louis  Lock  of  Monroe,  La.,  who  was 
recently  awarded   a  $286,000  contract  on   the 


water  works  improvements  at  Corpus  Christi, 
Texas,  a  description  of  which  appeared  in  our 
issue  of  Dec.  30,  1914,  is  proprietor  and  man- 
ager of  the  Home  Heating  and  Plumbing  Co., 
of  Monroe.  This  company  has  installed  many 
large  heating,  plumbing,  water  works  and 
sewerage  systems  in  various  buildings,  sani- 
tariums, asylums,  and  other  public  institutions 
in  Louisiana  and  .\rkansas,  during  the  past 
three  years,  and  at  the  present  time  is  engaged 
in  similar  work  in  Texas.  Mr.  Lock  has  had 
eight  years  of  experience  along  this  line.  The 
present  contract  includes  15  miles  of  22-in.  cast 
iron  water  pipe,  a  complete  filtering  plant,  and 
the  installation  of  the  engine  room  equipment. 


OBITUARIES 

George  Herbert  Webster,  civil  engineer  of 
note  throughout  Western  Canada,  died  rec- 
ently at  his  home  in  Vancouver.  Mr.  Webster 
had  long  been  connected  with  the  engineering 
staff'  of  the  Canadian  Pacific  Railway,  but  at 
the  time  of  his  death  was  in  private  consulting 
practice  in  Vancouver.  He  was  a  member 
of  the  Canadian  Society  of  Civil  Engineers 
and  of  the  American  Railway  Engineering  and 
Maintenance   of   Way   Association. 

Thomas  Coltrin  Keefer,  C.  E.,  C.  M.  G., 
LL.  D.,  one  of  the  most  noted  pioneer  en- 
gineers of  Canada,  died  at  his  home  in  Ot- 
tawa, Ont.,  Jan.  7,  aged  93.  Mr.  Keefer  was 
born  in  Thorold,  Ont.,  in  1821,  and  was  edu- 
cated at  L^pper  Canada  College,  Toronto.  He 
began  engineering  work  immediatelv  a,fter 
graduation  with  the  staff  of  the  Erie  Canal. 
Later  he  was  engaged  on  Welland  Canal  work, 
and  in  1845  was  made  chief  engineer  of  im- 
provement w-ork  on  the  Ottawa  River.  In 
1850  he  was  engaged  by  the  Canadian  Gov- 
ernment to  make  a  survey  of  the  rapids  of 
the  St.  Lawrence  River.  Later  Mr.  Keefer 
was  engaged  in  preliminary  surveys  for  the 
Grand  Trunk  Railway  between,  Montreal  and 
Toronto.  He  also  prepared  plans  for  bridg- 
ing the  St.  Lawrence  at  Point  Saint  Charles, 
was  employed  on  construction  of  the  water- 
works systems  of  Ottawa,  Hamilton  and 
Montreal  and  built  Montreal's  first  aqueduct. 
In  1874-75  he  was  chief  engineer  to  the  Ot- 
tawa Waterworks  Commission.  He  after- 
wards served  for  a  number  of  years  as  en- 
gineer to  the  Montreal  Harbor  Commission. 
It  was  largely  due  to  his  efforts  that  the 
railroads  of  Canada  made  the  change  from 
narrow  gage  track  to  the  present  standard 
gage. 

Mr.  Keefer  was  an  author  of  note,  having 
published  a  number  of  engineering  books  and 
articles.  He  was  one  of  the  founders  of  the 
Canadian  Society  of  Civil  Engineers  and  was 
twice  president  of  that  society.  He  was  a 
member  and  past  president  of  the  American 
Society  of  Civil  Engineers  and  a  member  of 
the  Institution  of  Civil  Engineers  of  Great 
Britain.  He  was  commissioner  for  Canada  at 
the  First  International  Exhibition  in  London 
and  at  the  Paris  Exposition,  at  which  time  he 
was  also  elected  an  officer  in  the  Legion  of 
Honor  of  France.  He  was  chairman  of  the  Roy- 
al Commission  on  Ice  and  Floods,  member  of 
the  International  Deep  Waterways  Commis- 
sion, and  fellow  of  the  Royal  Society  of  Can- 
ada, of  which  he  was  also  president  in  1898. 


CIVIL  SERVICE  NEWS 

Manager  of  Municipal  .Auditorium,  Oakland, 
Cal.  Civil  Service  examination  for  this  posi- 
tion will  be  held  at  Oakland,  Feb.  15.  Salary 
$3,000  to  $-5,000,  depending  on  his  success  in 
making  the  auditorium  a  paying  institution. 
Will  have  entire  charge  of  the  building,  con- 
sisting of  an  auditorium  and  fully  equipped 
theater  combined.  He  will  be  expected  to  se- 
cure conventions,  theatrical  entertainments, 
etc.,  and  to  keep  the  building  occupied  as 
much  as  possible. 

The  U.  S.  Civil  Service  Commission  an- 
nounces an  examination  for  hull  draftsman ; 
salary  $1,800  per  annum ;  Feb.  24  and  25,  1915. 
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All-Concrete  Dams:  the  Next  Step  in 

the    Evolution    of    Masonry 

Dam  Construction. 

The  large  masonry  dam  was  formerly  a 
shell  of  ashlar  tilled  with  rubble  masonry. 
Within  a  decade  this  structural  type  has 
nearly  disappeared.  Large  masonry  dams  are 
now  shells  of  ashlar  or  of  concrete  blocks 
filled  with  rubble  concrete.  The  change  has 
increased  the  speed  of  dam  construction  three 
or  four  times  and  provides  a  no  less  sturdy 
and  enduring  structure  than  the  preceding. 
There  is  a  belief  that  another  change  in  con- 
struction type  is  impending.  This  new  con- 
struction, it  is  believed,  will  be  all-concrete — 
no  stone  will  be  used  except  the  broken  stone 
coarse  aggregate  of  the  concrete — and  it  is 
believed  that  it  will  reduce  further  the  time  of 
construction. 

The  sole  purpose  of  placing  rubble  in  con- 
crete is  to  reduce  cost.  All  charges  considered, 
unless  a  rubble  stone  in  the  dam  costs  less 
than  would  an  equal  volume  of  concrete  the 
placing  of  this  stone  is  not  justified.  No  uni- 
versal measure  can  be  established  which  will 
determine  when  the  use  of  rubble  is  economy. 
The  measure  is  dififerent  for  each  dam.  Will, 
•in  tlie  specific  case,  10  to  30  per  cent  more 
concrete  cost  more  or  less  to  produce  and  place  • 
than  the  same  volume  of  rubble  stone  will 
cost  to  produce  and  place?  In  computing  these 
costs  all  charges  must  be  considered  including 
particularly  the  value  of  time  gained  or  lost 
by  using  one  method  instead  of  another.  Plant 
charges  are,  however,  the  ones  upon  which  the 
decision  turns. 

.\  complex — not  complicated — plant  is  re- 
quired for  rubble  concrete  construction.  In 
tlie  (juarry  there  must  be  plant  for  producing 
broken  stone  and  other  plant  for  producing 
blocks  of  rubble.  This  is  the  necessity  also 
with  the  carrying  plant  from  quarry  to  dam. 
On  the  dam  the  plant  must  be  capable  of  han- 
dling and  placing  both  rubble  and  concrete  or 
a  separate  plant  must  be  provided  for  each 
process. 

Eliminating  rubble  eliminates  all  plant  re- 
quired specifically  for  producing  and  placing 
rubble.  It  permits  the  selection  of  any  kind 
of  concrete  carrying  and  placing  plant  that 
may  be  best  adapted  to  the  requirements.  All 
plant  will  be  devised  for  the  sole  purpose  of 
producing  and  placing  concrete.  This  at  least 
conduces  to  plant  simplicity.  Does  it  con- 
duce also  to  plant  economy? 

It  is  obvious  that  in  replacing  tlie.  say  2-") 
per  cent  of  rublile.  with  concrete,  more  crushed 
stone  must  be  produced  by  a  larger  crushing 
plant  and  more  concrete  must  be  mixed  by  a 
larger  mi.xing  plant.  But  the  carrying  plant 
from  quarry  to  dam  need  not  be  of  greater 
capacity  nor  need  the  carrying  and  placing 
plant  on  the  dam  be  of  greater  capacity.  In- 
deed it  is  almost  certain  that  in  both  places  the 
same  capacity  can  be  obtained  with  less  plant, 
even  if  the  same  kind  of  plant  be  used.  For 
example  a  cableway  and  a  derrick  will  handle 
and  place  per  hour  more  concrete  than  rubble 
stone.  Likewise  a  service  railway  from  quarry 
to  dam  will  transport  per  hour  a  greater  vol- 
ume of  broken  stone  than  of  rubble  'blocks. 
Even  without  change  of  type  of  handling  plant 
concrete  can  be  put  in  place  faster  than  can 
blocks  of  rubble.  This  fact  is  one  of  fre- 
quently recorded  observation,  though  precise 
comi)arative  figures  are  not  of  frequent  record. 
But  the  greater  plant  advantage  of  all  con- 
crete construction  comes  in  another  way. 

Plant  designed  solely  for  handling  concrete 
has  the  advantage  that  it  has  no  secondary 
purpose   to    fulfill.    ,'\n   inspection   of   the   pl.iut 


on  the  dam  of  any  recent  large  rubble  concrete 
dam  demonstrates  first  that  the  necessity 
of  handling  and  placing  rubble  stone  has  de- 
termined the  nature  of  this  plant  and  second 
that  many  of  the  units  of  this  plant  are  solely 
occupied  in  rehandling  operations — in  picking 
up  buckets  or  stones  brought  almost  to  place 
and  moving  them  a  few  remaining  feet  to 
exact,  position.  This  is  a  necessity  difficult  to 
avoid  if  one  plant  must  handle  both  rubble  and 
concrete.  It  can  be  easily  avoided  if  choice 
is  extended  to  all  plants  which  can  handle 
concrete  alone. 

By  all  concrete  construction  the  field  of 
plant  selection  is  broadened.  If  rubble  is  to  be 
handled  the  choice  of  plant  is  narrowed  to  the 
kinds  that  will  handle  both  rubble  and  con- 
crete. If  concrete  alone  is  to  be  handled  cable- 
ways  and  derricks  and  cars  are  not  eliminated 
from  the  competition,  but  belt  conveyors,  pneu- 
matic conveying  and  chuting  methods  are 
added  to  the  competitors.  All  of  these  newer 
concrete  carrying  methods  have  been  success- 
fully used  in  dam  construction.  They  all  carry 
and  place  in  final  position  without  rehandling. 

Interest  would  be  added  to  this  consideration 
could  precise  comparative  figures  be  given. 
Without  them  a  convincing  argument  is  dif- 
ficult. However,  it  seems  possible  to  assume 
these  facts  :  Concrete  construction  permits  of 
simpler  plant  than  does  rubble  concrete  con- 
struction. It  reduces  on  the  whole  the  amount 
of  plant  required.  It  permits  a  wider  choice 
of  plant  and  therefore  a  more  precise  fitting  of 
plant  to  conditions.  The  construction  opera- 
tions are  of  one  kind :  constant  repetition 
gives  unusual  skill ;  there  is  no  delay  caused 
from  changing  operations  or  from  one  opera- 
tion awaiting  on  the  performance  of  another 
dififerent  operation.  All  these  are  advantages. 
Tliey  may  not  warrant  final  decision  that  all- 
concrete  dam  construction  is  economically  su- 
perior to  rubble  concrete  dam  construction  but 
they  do  indicate  a  possibility  of  increased 
speed  and  economy  which  is  worth  determin- 


In    1915    Let    There    Be    More    Public 
Work  Than  Ever. 

When  any  American  city  can  sell  $5,000,000 
of  4  per  cent  bonds  at  par  "over  the  counter" 
in  si.x  hours,  there  is  slight  e-xcuse  for  postpon- 
ing public  work.  Not  many  cities  have  the 
wealth  of  Philadelphia,  whose  bonds  were  thus 
easily  disposed  of,  and  greatly  oversubscribed 
besides,  but  money  seeking  safe  investment  is 
now  so  abundant  that  every  municipality  of 
sound  credit  can  raise  all  funds  needed  for 
public  improvements.  Nor  has  there  been  a 
time  in  many  years  when  a  dollar  thus  in- 
Nested  would  secure  so  much  effective  labor 
and  materials. 

The  manufacturer  and  the  merchant  may 
still  hesitate  about  resuming  "full  blast,"  but 
solely  because  of  uncertainty  as  to  a  ready  mar- 
ket for  the  output.  But  a  city  having  a  need 
of  improvements — better  pavements,  better 
water  supply,  better  sewerage — has  not  to  wait 
for  a  "market"  for  the  better  health  and 
the  cheaper  haulage.  Business  men  in  charge 
of  city  affairs  are  not  always  quick  to  appre- 
ciate the  difference  between  investing  in  goods 
tliat  must  be  sold  quickly  and  investing  in  a 
luiblic  plant  that  yields  its  services  over  a  long 
period  of  years.  In  the  latter  case  low  inter- 
est rates  and  low  prices  for  materials  will  give 
the  maximum  of  benefit  at  the  minimum  of 
cost  to  the  public. 

Is  this  not  an  opportune  time  for  local  engi- 
neering societies  to  give  added  publicity  to  the 
great  oppnrtunitv  that  cilics  now  should  seize? 
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The  money  scarcity  that  the  war  caused  six 
months  ago  has  entirely  disappeared.  The  la- 
bor scarcity  prior  to  the  war  has — unfortu- 
nately  for  laborers also   disappeared.     Not 

in  20  years  have  there  been  conditions  more 
favorable  for  the  construction  of  public  works 
and  plants  of  all  kinds.  Engineers  know  this, 
and  realize  the  great  economic  opportunity.  It 
is  part  of  every  engineer's  duty  to  bring  to 
public  attention,  as  forcefully  as  practicable, 
the  desirability  of  building  now  for  the  future. 
Fortunately  most  cities  are  showing  no  indi- 
cation of  curtailing  their  normal  expenditures 
for  public  works.  But  this,  good  as  it  is,  is 
not  good  enough.  There  should  be  an  abnor- 
mally great  amount  of  public  work  done  this 
year.  Entirely  aside  from  the  desire  to  re- 
duce the  number  of  idle  men,  we  advocate 
large  appropriations  for  municipal,  county, 
state  and  federal  government  improvement. 
Our  advocacy  of  this  rests  upon  purely  eco- 
nomic grounds. 

In  recent  lettings  of  public  contracts,  as  re- 
peatedly recorded  in  the  current  news  columns 
of  Engineering  and  Contracting,  the  number 
of  bids  has  been  very  large  and  the  unit  prices 
have  been  low.  Prices  of  structural  materials 
will  probably  not  be  as  low  again  in  ten  years 
as  they  now  are.  Laborers  are  willing  to  work 
with  vim,  and  delays  from  strikes  w'ill  not  oc- 
cur. For  the  individual  or  company  having 
funds  to  invest  in  plant  construction,  191-J 
will  be  a  most   favorable  year. 

Doubtless  many  will  be  far-sighted  enough 
to  act  accordingly.  The  public  lias  no  economic 
reason  whatever  for  failing  to  act  vigorously 
in  adding  to  the  public  plant — roads,  streets, 
sewers,  water  works,  irrigation  works,  drain- 
age systems,  etc. 

Had  there  been  a  period  of  inflation — a  great 
"boom" — prior  to  last  August,  we  should  not 
now  be  urging  investment  in  more  plants — pub- 
lic or  private.  But  for  seven  years  the  brakes 
have,  never  been  fully  off  the  wheels  of  prog- 
ress. The  panic  of  1907  cut  the  air  pipe  and 
set  the  financial  brakes  with  a  shock.  Then 
came  three  years  of  gradual  release  and  slow 
acceleration.  Hardly  had  industrial  momen- 
tum reached  the  normal  when  the  "presidential 
year"  again  put  the  brakes  on.  The  period  of 
uncertainty  as  to  tariff  legislation  had  barely 
ended  when  the  "great  war"  began.  Also  act- 
ing as  a  deterrent  to  progress  in  certain  lines — 
notably  railway  construction — there  have  been 
"seven  lean  years"  of  hope  from  relief  from 
extremely  radical  legislation.  In  another  sense 
those  were  "seven  fat  years,"  years  corpulent 
with  attacks  on  the  rates  charged  b\  railway 
and  public  service  companies. 

Looking  back  upon  the  period  between  Oc- 
tober, 1907  and  August,  1914.  we  see  nothing 
that  remotely  resembles  cither  the  seven  years 
prior  to  the'  panic  of  1873  or  that  of  'l893. 
During  those  no-panic  years,  there  was  an 
enormous  industrial  expansion,  and  at  the 
same  time  there  was  a  most  unsatisfactory 
currency  condition — two  features  that  made  in- 
evitable those  great  panics.  Each  of  those  two 
panics  (1873  and  1893)  was  foUow^ed  by  the 
failure  of  thousands  of  corporations,  the  clos- 
ing of  banks,  the  foreclosure  of  mortgages, 
the  sale  of  real  estate  for  taxes,  and  all  the 
sequent  phenomena  of  extreme  industrial  de- 
bility. We  need  but  to  contrast  those  two 
real  panics  with  the  so-called  "panic  of  1907" 
to  appreciate  how  slight  was  the  financial  ill- 
ness seven  years  ago,  and  how  slight  the  in- 
disposition of  the  last  seven  montlis  has  been. 
Recovery  from  great  and  prolonged  fever 
is  slow.  Recovery  from  a  touch  of  influenza 
is  rapid.  The  panics  of  1873  and  1893  were 
the  commercial  typhoids  of  those  days.  .Ml 
subseqiu-nt  troubles  have  been  merely  commer- 
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cial  spells  of  "grippe."  And  we  may  profit- 
ably carry  the  analogy  farther.  Just  as  nearly 
all  municipalities  have  rid  themselves  of  ty- 
phoid epidemics  through  the  scientific  sanita- 
tion that  engineers  have  effected  in  the  last 
two  decades,  so  bankers  and  the  government 
have  scientifically  eliminated  most  of  the  cur- 
.  rency  troubles  and  their  consequent  "fevers." 
Other  forces  have  also  been  active  in  Amer- 
ica tending  with  equal  effectiveness  to  elim- 
inate conditions  leading  to  severe  panics.  We 
lefer  to  the  forces  that  have  been  so  fre- 
quently legislated  against  and  so  loudly  and 
often  unwisely  damned — the  "trusts,"  even  to 
the  "money  trust."  One  effect  of  the  numerous 
consolidations  of  capital  in  America  has  un- 
questionably been  fo  reduce  competition.  Con- 
sider what  that  entails ;  First,  a  greater  uni- 
formity of  prices  and  rates  of  charge ;  second, 
higher  wages  to  the  average  employe ;  third, 
curtailment  of  excessive  production:  and, 
fourth,  reduction  in  the  number  of  dollars  in- 
vested in  plant  per  dollar  of  annual  output. 

This  last  named  effect  is  one  not  often 
spoken  of,  even  by  the  trusts  in  their  own  de- 
fence. But  it  has  been  very  evident  to  those 
of  us  who  have  done  appraisal  work  for  many 
corporations.  It  means  that  there  has  been 
a  steady  decrease  in  duplicate  plants,  plants 
built  by  competitors  in  excess  of  probable 
needs.  Duplicate  plants  have  nearly  disap- 
peared from  the  railway  and  public  utility 
field.  We  still  have,  unfortunately,  a  good 
many  duplicate  telephone  systems,  but  the  great 
wastes  of  capital  thus  caused  by  unbridled  com- 
petition are  being  steadily  reduced.  Reduced 
by  whom  or  by  what?  by  the  "trusts,"  the  con- 
solidations of  capitalists  in  each  of  the  indus- 
tries. While  there  is  no  real  "money  trust," 
there  is  certainly  a  publicity  as  to  projected 
plants  that,  coupled  with  publicity  as  to  earn- 
ings of  existing  plants,  serves  effectually  to 
close  the  doors  of  investment  bankers  against 
many  an  unwise  project  that  would  have  been 
easilv  financed  fifteen  or  twenty  years  ago. 

Whatever  may  be  the  defects  of  a  mon- 
opolistic system — and  there  are  many — cer- 
tainly one  of  them  is  not  overproduction,  either 
of  goods  or  of  the  plants  that  make  the  goods. 
The  days  of  excessive  building  of  railways, 
factories,   etc.,  have   almost  vanished. 

It  is  well  to  review  these  and  other  great 
changes  that  have  occurred  in  America  since 
the  memorable  1893,  for  not  infrequently  busi- 
n  ss  men,  harking  back  to  that  "Coxey  army" 
period,  attempt  to  forecast  similar  conditions 
wliencver  there  is  a  financial  flurry.  "History." 
if  bad,  "repeats  itself"  only  a  few  times,  and 
then    come   changes   that   make    repetition   im- 


possible. This  is  particularly  true  of  great 
disasters,  for  the  ingenuity  of  men  is  aroused 
by  ill  fortune  to  prevent  recurrence  of  it. 
Ultimately  ingenuity  triumphs.  The  great 
plagues  of  the  middle  ages  are  of  the  history 
that  comes  no  more  to  civilized  nations.  The 
great  panics  have  had  their  last  staging.  And, 
let  us  hope,  "the  great  war"  is  the  final  act  of 
the  recurring  tragedies  of  its  kind. 

This,  then,  is  not  the  time  to  worrv  over 
the  histories  of  73  and  'd'i,  for  those  histories 
will  have  no  future  parallel.  This  is  the  time 
for  every  man — and  particularly  for  every  en- 
gineer— to  urge  the  loosening  of  public  purse 
strings  wherever  there  are  public  improve- 
ments needed.  Such  action  will  be  truly  eco- 
nomic, and,  besides,  it  will  inspire  similar  ac- 
tion on  the  part  of  companies  and  individuals. 


A  School  for  Water  Works  Employes 
at  San  Diego,  Calif. 

In  the  introductory  paragraph  of  the  article 
entitled  :  Field  and  Office  Methods  in  Connec- 
tion with  the  Laying  and  Kepair  of  Large  Wa- 
ter Mains  at  San  Diego.  Calif.,  which  was  pub- 
lished in  our  issue  of  Jan.  13,  101.5,  it  was 
stated  that  monthly  meetings  are  held  by  the 
officials  and  foremen  of  the  San  Diego  De- 
partment of  Water.  We  desire  here  to  call 
special  attention  to  these  meetings,  to  tell  of 
their  object  and  of  the  success  which  has  at- 
tended them,  and  to  commend  the  holding  of 
such  meetings  in  large .  water  works  depart- 
ments. 

The  Department  of  Water  at  San  Diego 
lays  all  its  pipe,  valves  and  fittings  by  force 
account,  and  also  builds  its  own  pump  stations, 
flumes,  aqueducts  and  other  works.  The  valu- 
ation of  the  entire  system  for  the  collection, 
conveyance  and  distribution  of  the  works  is 
$",■500,000.  The  distributing  system  consists 
of  over  400  miles  of  pipe:  the  temporary  pipe 
is  wrought  iron  of  a  minimum  size  of  2  ins. 
and  the  permanent  pipe  is  cast  iron  ranging 
from  4  ins.  to  36  ins.  in  diameter.  The  im- 
pounding system  consists  of  four  large  reser- 
voirs. The  department  at  the  present  time  is 
constructing  a  concrete  dam,  70  ft.  high,  by 
dav  labor. 

To  carry  on  all  the  foregoing  activities  sev- 
eral hundred  men  are  employed.  As  it  is  the 
superintendent's  aim  to  have  the  highest  at- 
tainable efficiency  in  the  conduct  of  the  affairs 
of  the  department  of  water,  he  has  had  period- 
ical meetings  with  the  men  for  the  purpose 
not  only  of  getting  them  together  and  thereby 
making    them    better    acquainted,    but    to     fa- 


miliarize each  of  the  various  bureaus,  into 
which  the  department  is  divided,  with  the  work 
done  and  the  methods  employed  by  the  other 
bureaus.  Thus  a  study  is  made  of  the  pro- 
cedure within  the  department  from  the  time 
a  request  for  material  is  issued  until  the  ma- 
terial is  delivered  on  the  ground  and  ulti- 
mately placed  in  the  improvement  for  which  it 
was  ordered.  At  these  meetings  the  various 
construction  foremen  and  other  employes  of 
corresponding  rank  in  other  bureaus  read  pa- 
pers in  which  they  record  their  experiences 
and  the  methods  they  employ  in  handling  the 
work  in  their  charge. 

The  results  obtained  by  the  meetings  have 
considerably  raised  the  efficiency  of  the  de- 
partment. The  men  take  a  keen  interest  in 
tlie  meetings.  Good-fellowship  is  also  pro- 
moted, as  it  brings  the  men  and  foremen  to- 
gether, thereby  oftentimes  eliminating  imag- 
mary  grudges.  The  superintendent,  who  is 
also  a  member  of  the  City  Council  at  San 
Diego,  has  many  demands  upon  his  time,  and 
only  by  means  of  the  meetings  here  discussed 
can  lie  get  in  direct  personal  touch  with  the 
various  employes. 

The  character  of  the  programs  of  papers 
presented  before  these  meetings  may  well  be 
illustrated  by  the  meeting  held  on  Jan.  27, 
1915.  in  the  council  chambers  of  the  city  hall 
at  7 :30  p.  m.  The  names  and  titles  of  the 
ofiicials  on  the  program,  at  that  meeting,  and 
the  titles  of  their  papers,  were  as  follows : 

Rainfall.  Runoff  and  Catchment,  by  Rudolph 
Wueste,  Supervisor,  Bureau  of  Conservation. 

Durability  Test  Given  Meters,  by  W.  O.  Al- 
len.  Inspector,   Bureau  of  Engineering. 

Accomplishing  Results,  by  G.  E.  Gabrielson. 
General  Foreman,  Pine  Creek. 

Development  Plan  for  Distributing  System, 
by   P.    H.   Thearle,   Chief  Draftsman. 

llaking  and  Inspection  of  Hydrants  and  Fit- 
tings,  by  Nate  Van  Denburgh,   Receiving  Clerk 

We  believe  our  readers  will  agree  that  less 
pretentious  programs  have  been  offered  at  the 
annual  conventions  of  some  of  the  smaller 
water  works  associations. 

The  success  of  this  plan  at  San  Diego  nat- 
urally leads  to  the  suggestion  that  it  be  tried 
elsewhere.  We  believe  that  such  meetings 
could  be  held  to  great  advantage  in  the  water 
departments  of  all  cities  of  a  population  ex- 
ceeding 100,000.  In  many  smaller  cities  the 
plan  might  well  be  tried.  For  example,  to  the 
best  of  our  knowledge,  the  population  of  San 
Diego  has  not  yet  reached  .50,000.  Good  man- 
agers of  water  works  properties  will  do  well 
to  give  careful  consideration  to  this  olan. 


Determination  of  Stresses  in  and  De- 
sign of  Cast  Iron  Lining  for  Sub- 
aqueous Tunnels. 

In  rock  or  self-sustaining  ground,  the  lining 
of  a  sub-aqueous  tunnel  may  consist  of 
masonry,  brick  or  concrete.  In  sand, 
gravel,  disintegrated  rock  and  still  more 
in  mud  and  silt,  it  is  necessary  that  the 
lining  attain  its  maximum  strength  at  once  be- 
fore the  shield  be  moved  forward;  this  has 
led  tunnel  builders  to  generally  adopt  cast  iron 
for  the  lining,  which  is  made  up  of  rings 
bolted  to  one  another  by  means  of  circumfer- 
ential flanges  and  divided  up  into  a  certain 
number  of  plates  or  segments  bolted  together 
by  longitudinal  flanges.  The  number  of  seg- 
ments depends  on  the  length  of  circumference, 
each  segment,  in  order  not  to  weigh  too  much. 
being  generally  not  over  six  feet  long.  Each 
ring  consists  of  a  certain  number  of  such  seg- 
ments and  of  a  key.  which,  being  set  in  from 
within  to  close  the  ring,  must  have  its  outer 
arc  smaller  than  the  inner  one.  This  means. 
of  course,  that  the  longitudinal  flanges  of  the 
segments  in  a  ring  are  all  radial  except  the 
flanges  of  the  key  and  the  adjacent  sides  of 
the  two  segments  abutting  against  the  kev. 
In  a  paper  before  the  Canadian  Society  of  Civil 


Engineers  Mr.  P.  A.  X.  Seurot  presents  some 
of  the  problems  in  tunnel  lining  design  and 
discusses  their   solution  as  follows: 

The  weight  of  the  lining  increases  rapidly 
with  the  diameter :  likewise,  the  moment  of 
resistance  of  a  segment  increases  with  the 
depth  of  the  flanges,  so  that,  within  certain 
limits  and  whenever  possible,  it  is  advanta- 
geous to  distribute  the  metal  so  as  to  increase 
the  depth  of  flanges. 

Empirical  formulas  give  the  approximate 
weight  of  lining:  the  best  of  these  have  been 
given  by  Mr.  Raynald  Legouez  (1)  and  by  Mr. 
Harrold  Berridge   (2). 

Legouez's  formulas  are :  W  =V3  D"  for 
poor  or  soft  ground,  and  W^Vi  D'  for  good 
or  fairly  good  ground,  in  which  W  is  the 
weight  of  lining,  expressed  in  metric  tons,  per 
lineal  meter  of  tunnel,  D  being  the  diameter 
in  meters.  To  reduce  these  quantities  to  Eng- 
lish measures,  these  formula  may  be  written 
as  follows:  iw  =  20.713  d".  and  zt''  =  15.535  dr. 
in  which  w  is  the  weight  in  pounds  per  lineal 
foot  of  tunnel,  and  d  the  diameter  in  feet. 

Berridge's  formulas  are:  rF  =  11.0XH 
X  7?  for  poor  or  soft  ground,  and  ft"  ^9.5 
X  H  X  R  for  good  or  fairly  good  ground,  in 
which   W  is  the  weight  in  pounds   per   lineal 


foot  of  tunnel,  H  is  the  hydrostatic  head  and 
R  the  external  radius,  both  in  feet. 

Table  I  (see  p.  92)  gives  the  actual  weights 
of  some  tunnel  linings  compared  to  the  the- 
oretical weights  figured  according  to  the  abovc 
formulas.  In  the  formulas  using  the  hydrostatic 
head  H,  the  maximum  depth  between  higli 
water  and  the  lowest  point  of  tunnel  invert  has 
been  used  in  the  calculations. 

From  Table  I  it  appears  that  the  formulas 
in  which  the  hydrostatic  head  is  taken  in  ac- 
count give  results  rather  too  high.  This  is 
due,  probably,  to  the  fact  that  the  maximum 
head  lias  been  assumed  in  the  calculations, 
whereas  an  average  head  would  perhaps  be 
nearer  the  real  conditions,  and  also  because 
the  action  of  the  weight  of  the  ground  or  of 
the  skin  friction  has  not  been  deducted  from  i 
the  action  of  the  hydrostatic  head. 

These  formulas  were  deduced  from  actual 
practice,  from  experience  in  tunneling  through 
all  sorts  of  ground,  and  from  observa- 
tions as  to  the  behavior  of  the  lining  after 
erection,  common  sense  and  precedents  usually 
fixing  the  weight  of  the  lining,  the  thickness  of 
the  skin  and  the  depth  of  the  flanges.  In  a 
few  instances  attempts  have  been  made  to  an- 
alyze  the  stresses  in  the  tunnel   ring  after  it 
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had  been  so  designed  ;  this  analysis,  however, 
gives  either  extraordinary  results  or  merely 
a  sort  of  moral  check  on  the  empirical  design. 
This  state  of  uncertainty  is  due  chiefly  to  the 
lack  of  knowledge  of  the  law  of  earth  pres- 
sures and  also  to  the  constantly  changing  con- 
ditions of  the  various  strata  through  which  the 
tunnel  is  built,  as  it  is  not  unusual  to  find  at 
one  time  four  or  five  different  kinds  of 
grounds  at  the  face  of  the  heading,  grounds 
in  a  more  or  less  fluid  state  and  each  with  a 
different  angle  of  repose. 

It  may  be  assumed  that  the  lining  resists  tlie 
bending  moments  due  to  the  loads  without  be- 
ing supported  by  the  surrounding  ground,  or 
it  may  be  assumed  that  the  lining  has  only  to 
resist  compressive  forces,  in  this  case  the 
rigidity  of  the  structure  being  ensured  by  the 
reactions  of  the  surrounding  ground. 

In  the  first  case  it  is  necessary  to  determine 
the  external  forces,  both  vertical  and  horizon- 
tal, each  element  of  the  surface  supporting  a 
hydrostatic  pressure  calculated  by  the  head  of 
water  on  the  center  of  gravity  of  the  element 
and  also  a  column  of  earth  corresponding  to 
the  projection  of  this  element  on  a  horizontal 
plane.  The  resultants  of  the  horizontal  and 
vertical  components  are  then  found  and  laid 
off  to  form  a  load  diagram.  In  order  that 
there  be  equilibrium,  the  loading  must  be  sym- 
metrical on  each  side  of  the  vertical  axis,  and, 
after  deformation  of  the  shell  due  to  the 
loads,  the  points  C  and  D  must  remain  on  the 
same  vertical  plane,  and  the  two  lines  of 
thrust  at  C  and  D  must  be  horizontal  and  act 
as  the  reactions  of  all  the  horizontal  com- 
ponents  Ih /lo    (see   Fig.    1).      By   taking 

the  moments  of  these  components  about  C 
and  D,  the  reactions  /hO,  huO  fixing  the  pole 

0  are  found,  and  a  line  of  thrust  may  be 
drawn  and  the  correct  line  of  thrust  will  be 
the  one  along  which  the  sum  of  the  positive 
bending  moments  equals  the  sum  of  the  neg' 
ative  moments. 

If  it  be  assumed  that  the  lining  has  to  resist 
only  compressive  forces,  the  rigidity  of  the 
structure  being  ensured  by  the  resistance  of 
the  surrounding  ground,  from  Fig.  2,  it  may 
be  seen  that  the  maximum  pressure  due  to  the 
hydrostatic  head  takes  place  at  a  and  is  equal 
to  WH  per  square  foot,  when  JV  is  the  weight 
of  a  cubic  foot  of  water.  The  radius  R  being 
constant,  the  reaction  on  the  ground  is  max- 
imum at  h  and  is  equal  to  Jl'H — ll'h.  The 
lining  has  to  resist  a  maximum  compression 
equal  to  IVH  X  R,  which,  divided  by  the  area 
of  cross-section  a  of  the  metal  per  lineal  foot, 
gives  the  unit  stress. 
_  WHR 

a 

The  local  stresses  in  the  lining,  shell  and 
flanges  may  be  determined  by  assuming  that 
the  shell  takes  a  bearing  on  the  circumferen- 
tial flanges  and  is  subject  to  a  bending  mo- 
ment due  to  external  pressure.  In  order  to 
determine  the  value  of  this  moment,  it  is  nec- 
essary to  admit  that  the  skin  of  the  lining  is  a 
straight  plane,  which  is  assuming  conditions 
worse  than  they  are. 

From  the  above  load  WH  the  maximum 
pressure  />  on  an  elementary  slice  of  the  shell 

1  inch  square  may  be  found  and  by  calling 
/  the  length  of  the  ring  under  investigation 
(see  Fig.  3),  the  bending  moment  A/  in  the 
center  of  the  lining,  the  continuity  of  which 
is  ensured  by  the  bolting  of  tlie  circumfer- 
ential flanges,  mav  be  written  : 

ft' 

M  = 

24 
and  if  I  is  the  iiioinent  of  inertia  of  the  slice. 
c  half  the  depth  and  6"  the  stress  in   the  ex- 
treme fibre,   this  stress  is : 

24    f 

In  the  plane  of  the  flanges  the  ninnient  ;V/' 
becomes : 

,'-  '''' 
12 
and  in  the  root  r  of  the  flange  (Fig  4).  when 
this  fcrtinn  is  at  a  distance  t  from  the  end,  /" 


being  the   moment   of   inertia   of   this   section, 
the  moment  M"  is : 

pi  pt' 

.     M"  =  M' X  i  + 

2  2 

and   the  stress  S" : 

/" 

S"  =  M":  — 

c" 

In  regard  to  the  stresses  in  the  bolts,  if  the 
lining  is  supported  by  the  ground,  the  internal 
air  pressure  during  construction  is  taken  as 
being  the  oaly  force  acting,  and  the  stresses 
on  the  longitudinal  and  circumfersntial  joints 
are  determined,  as  in  the  case  of  cylinders  or 
boilers,  subject  to  internal  pressure.  If  there 
is  no  support  from  the  surrounding  ground, 
the  stresses  in  the  longitudinal  seams  are  de- 
termined by  taking  the  total  moment  on  the 
shell  tending  to  open  or  close  the  upper  joint 
about  the  bolts  or  the  inside  edge  of  the  flange. 

The  stresses  due  to  the  hydrostatic  pressure 
may  be  determined  in  some  other  way  by 
dividing  them  into  four  groups,  each  group 
consisting  of  the  forces  acting  on  a  quadrant 
of  the  ring  of  lining.  Figs.  5  and  6  show  the 
location  and  magnitude  of  these  forces,  L  be- 
ing the  hydrostatic  head  above  the  top  of  the 
tube,  D  the  diameter  of  the  tube.  V  and  V\ 
the  vertical  forces,  and  H  and  //i  the  hori- 
zontal forces  acting  on  the  upper  and  lower 
Quadrant  respectively,  their  value  being  the 
product  of  the  horizontal  or  vertical  projection 
of  each  quadrant,  as  the  case  may  be,  by  the 
respective  depth  and  the  weight  of  a  cubic 
foot  of  water.     Each  of  these  four  forces  pass- 


The   direct   unit  compression  5:  at  point   A 
due  to  the  vertical  force  is : 
V, 

S,  = 

a 

The  algebraic  sum  of  these  stresses  5i5'35'i  is 
the  maximum  stress  in  the  outside  fibre  at 
point  A. 

The  stresses  in  the  inside  fibre  point  A  are 
found  in  the  same  way. 

To  calculate  the  stresses  at  point  B,  the 
tube  is  assumed  to  be  divided  in  halves  along 
the  horizontal  diameter,  and  the  forces  acting 
on  the  lower  half  are  shown  on  Fig.  10  and 
are  calculated  as  above. 

Mr.  Ch.  Birault  in  a  very  interesting  study, 
entitled  "Calcul  des  Parois  des  Souterrains 
Tubulaires  a  Section  Circulaire,"  has  worked 
out  the  following  formula  giving  the  value  of 
the  bending  moment  due  to  the  external  forces 
acting  on  the  lining  and  to  the  weight  of  the 
lining  itself 

M=  (pR'- —  V2  dR')  Z 
in  which  Z  is  a.  trigonometrical  function  of 
the  angle  tt  made  by  the  radius  joining  the 
point  of  the  shell  under  consideration  and  the 
vertical  axis  (see  Fig.  11),  d  being  the  spe- 
cific gravity  of  the  surrounding  ground,  p 
the  weight  of  lining  per  square  meter,  R  the 
outer  radius.  The  above  supposes  that  the 
weight  of  the  tube  is  greater  than  its  buoy- 
ancy and  the  tube  rests  on  the  ground  imme- 
diately under,  as  shown  by  the  shaded  portion 
of  Fig.  11,  and.  if  the  values  of  the  moments 
found   in    function   of   Z   are   laid   out   around 
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Fig.  1.     Diagrams  Illustrating  Computatron   of  Tunnel   Lining. 


ing  through  the  center  of  gravity  of  the 
shaded  portions,  it  is  easy  to  determine  the 
point  of  application  of  each  force  on  the  lin- 
ing, and  to  compute  the  lever  arms  about  the 
vertical  and  the  horizontal  axes,  and  get  the 
bending  moments  aljout  points  A  ;ind  B,  where 
these  moments  are  maxima. 

To  find  the  stresses  at  point  .4,  the  tube  is 
supposed  to  be  divided  in  halves  by  the  ver- 
tical a.xis  and  the  forces  and  lever  arms  are 
shown  on  Fig.  8.  From  these  the  reactions 
or  horizontal  thrusts  T  Ti  are  calculated.  The 
moment  of  inertia  /  of  the  cross-section 
(Fig.  !l)  being  foimd,  the  moment  of  resist- 
ance of  this  section  taken  outside  the  neutral 
axis  XX  will  be  called  7?.-  the  moment  of  re- 
sistance taken  inside  the  neutral  axis  will  be 
called   r  and   the  cross-sectional  area  a. 

The  following  may  be  calculated  for  point 
A.    First,  stresses  in  outside  fibre. 

The  ma.xinnim  bending  moment  <lue  to  the 
horizontal    forces    is: 

r,  X  /(',  =  Rs, 

.•ind  the  compressive  stress 

.?,= 

R 
The   maximum   bending   moment   due   to   the 
vertical    forces  is  : 

C,  X  I,.',  = /?5, 
and   the  tensile  stress 

_    '''"■'' 
R 


the  circumference  and  upon  the  radii,  the  re- 
sultant curve  as  shown  on  Fig.  12  indicates 
that  there  is  a  tendency  of  the  shell  to  flatten. 
This  flattening  is  corrected  in  practice  by  the 
introduction  of  tie-rods  which  prevent  the  de- 
fonuation  of  the  tube  during  construction  and 
by  the  breaking  of  joints,  longitudinally,  the 
causes  of  weakness  in  each  joint  being  elimi- 
nated by  the  rigidity  of  the  abutting  flange. 

More  frequently,  however,  the  weight  of 
the  tube  is  less  than  its  buoyancy  ;  in  this  case 
the  shell  is  pressed  against  the  ground  above 
the  tube  as  in  Fig.  13.  The  upper  vertical 
radius  OA  is  then  the  origin  of  the  angles  and 
the  bending  moments  are  given  by  the  formula 

M={—pR'+^dR')  Z 

In  order  that  the  tube  be  in  equilibrium,  and 
to  avoid  any  upward  movement  due  to  the 
buoyancy,  it  appears,  theoretically,'  that  the 
wei.ght  of  the  ground  above  the  tube  ought  to 
be  greater  tlian  the  difference  between  the 
buoyancy  and  the  weight  of  the  tube,  other- 
wise there  may  be  movements  in  the  lining  tend- 
ing to  shear  off  the  bolts  of  the  circumfcren 
tiaj  joints. 

The  ideal  condition  is  to  give  to  the  tube 
as  nearly  as  possible  a  weight  equal  to  the 
buoyancy;  this,  of  course,  can  only  be  ob- 
tained by  either  increasing  the  weight  of  the 
cast  iron  lining  or  by  filling  the  inside  with 
concrete.  When  there  is  equality  between 
these  two  opposite  forces,  i.  e.,  weight  of  tube 
and  buoyancy,  the  bending  moments  are  equal 
to  zero ;  in  other  words,  the  bending  moments 


92 


Engineering   and    Contracting 


Volume  XLIII.     No.  5. 


due   to   the    weight   of    the   tube   and    to   the  ternal    forces;    this    air    escapes    at    the    face 

hydrostatic  pressure  are  in  proportion  to  the  and   through   the   annular   space   between   the 

buoyancy.  top    of    the    lining   and   the   shield     tail;     the 

The  above  assumption,  based  on  the  hydro-  ground  immediately  above  is  more  or  less  dis- 
static  pressure,  is  probably  the  safest  to  fol-  turbed,  and  the  lining,  under  air  pressure,  fol- 
low, as  it  eliminates  the  uncertainty  as  to  the  lowing  the  line  of  least  resistance,  has  a 
nature  of  the  ground  and  the  angle  of  repose,  tendency  to  elongate  along  the  vertical  diam- 
both  of  which  are  constantly  changing,  not  eter  and  to  ascend.  Once  the  shield  has  been 
only  along  the  length  of  the  tunnel,  but  ais.  moved  forward,  however,  the  silt  comes  down 
at  any  point  on  a  transverse  plane.  on  to  the  shell  of  lining  seeking,  as  it  were, 

If  the  nature  of  the  ground  were  known,  'he  same  state  of  equilibrium  in  which  it  was 
and  if  it  could  be  ascertained  that  its  loading  before  the  disturbance  of  the  shield  took  place 
upon  the  shell  were  symmetrical,  the  elliptical  ^"^  pushing  the  tube  down  until  it  has  come 
section,  with  the  major  axis  vertical,  would  °^S^, '°  "^  original  piace.  .  ,  „ 
be  better  than  the  circular  section;  but  the  P^^^J  experiments,  carried  on  in  the  Penn- 
elliptical  section  is  ill  adapted  to  hydrostatic  sylvania  Hudson  tunnels,  have  shown  that, 
pressure.  This  is  another  argument  in  favor  contrary  to  the  expectations  of  those  who 
of  the  adoption  of  the  circular  section  in  most  strong^ly  believed  in  the  effects  of  buoy- 
water-bearing  subaqueous  tunnels,  argument  ^"'^i'-  *-"^  '"^es  descended,  or  deflected,  slightly 
to  be  added  to  the  practical  advantages  pre-  at.  every  high  tide,  the  range  of  oscillations 
sented  bv  the  circular  section  in  regard  to  °^'"§  ^■'^"^  ^  '"•  !°J  =*  ^"f.'-,  ^'de.  This 
ease  and'rapidity  of  erection  and  to  the  argu-  P''°^^^  "^^t  the  additional  weight  of  water 
ments  already  mentioned  in  favor  of  the  cir-  compresses  the  silt  on  to  the  tunnels, 
cular  shield   as  against  the  elliptical   shield.  _                                   T        ~            T     . 

Opinions  differ,  however,  as  to  the  value  of  Comment    on     the     Commission-Man- 

the    hydrostatic   pressure    or    rather    of    the  ager   Form   of   Government. 

buoyancy.     A    few    engineers    claim    that   the  To  the  Editors  :    I  have  read  with  a  great 

specific  gravity  of  the  ground  through  which  deal  of  interest  in  your  issue  of  Dec.  15,  1914, 

the   tunnel   is  to  be   built   should  be  taken   in  the    editorial    "Earlv    Difficulties    Encountered 

consideration    and    not     the     density     of     the  Under     the     Comm'ission-Manager     Form     of 

water.  Government." 

TABLE    I.— THEORETICAL,    AND    ACTUAL    WEIGHTS    OF    LININGS    IN     NET     tONS     PER 

LINEAL  FOOT. 

Diameters  , —Theoretical  Weights ,  Actual 

Tunnels.             ft.     ins.     20.713d=  15.535d2  11.9  HR.  9.5  HR.  weights  Remarks 
P  e  n  n  sylvania 

Tunnels     23—0                5.4S           4.11           6.64  5.30           4.55     JIud  and  Hudson  silt. 

P  e  n  n  sylvania 

Tunnels     23—0                 5.48           4.11           6.64  5.30           6.06     Black  slurry,  pile  foundations  of 

^.j      TT   .=    .  t    -  buildings  and  river  piers. 
Old       Untinishea 

Hudson    19—51,4             3.91           2.93           5.32  4.24           3.18     Hudson   silt   (lining  too  light). 

New        Hudson 

Tunnels    16—7                2.84           2.14           4.53  3.62           2.84     Soft   Hudson   silt. 

New       Hudson 

Tunnels    16—7                 2.84           2.14           4.53  3.62           3.17     Black  slurry,   very  poor  ground. 

East   River  Gas.lO— 10               1.21           0.91           3.86  3.08           1.18     Sand,    seamy    and    disintegrated 

-.     ■        ^            ,  rock. 
Pans     Concorde 

Metropolitan     ...25—6  5-32       6.74           5.05           4.98  3.98           4.53     Sand    bottom    and    fissured    rock 
„              .  .     ~  roof. 
Tancarville  Tun- 
nel      23— 3 H             5.62           4.21           5.54  4.42           5.93     Very   fine   silt.     Weight   of  tube 

nearly     equal      to      buoyan<^. 

,  Tunnel   not  yet   built. 

This    is   Mr.   Birault's   opinion   who,   in    his  I   have  watched  this   phase  of   the   develop- 

formulas,    gives   to   d   the   specific   gravity   of  ment  of  a  new   tvpe  of   citv  government  not 

the  surrounding  ground.     Mr.   Charles  Rabut,  without    some    skepticism    as    to    results    that 

a  French  government  engineer,  made  experi-  would   obtain   principally   for   the   reason   that 

ments    with    a    small    model    of   a    tunnel    of  it  seems  to  me  the  plan  is  not  in  accordance 

known  weight  and  dimensions  placed  in  a  tank  with    the    principles    of    efficient    organization 

filled  with  mixtures  of  sand  and  water,  sand,  and   management.     Specialization   is  indispen- 

clay  and  water,  etc.,  in  various  states  of  fluid-  sable   to    the    efficiency   of    any    officer;    espe- 

ity.      Tlie    results    seemed    to    show    that   the  cially   is  this  true   in  "the  management  of  the 

vertical  upward  movements  were  proportional  different    departments    of    a    citv    government 

to   the    buoyancy    and,    in    each    case,    to    the  requiring  diverse  and  widely  differing  qualifi- 

specific  gravity  of  the  mixtures.  cations  from  its  employes. 

These  experiments  cannot  be  said  to  be  con-  The  civil   engineer  seems  to  be,  and  prob- 

clusive,    however,    because    the    conditons    are  ably  is,  the  one  professional  man   who  would 

entirely  the  reverse  of  what  they  are  in  reality.  be  most  universally  qualified  to  fill  all  of  the 

In   the   laboratory,   the   tunnel   was   built   first  positions    from    pound    master    and    plumbing 

and    the    ground    after,    and    a   tunnel    driven  inspector  up  to  director  of  the  finances  of  a 

through  virgin  soil  must  surely  be  subject  to  modern  city.     However,  I  have  yet  to  discover 

a  certain    resistance    from   the   ground    which  even  in  the  civil  engineering  profession,  hav- 

has  attained  a  cohesion  that  the  several  mix-  ing  followed  that  profession  myself,  one  who 

tiires    could    not    attain,    and    from    the     skin  would   possess   all  of  these   qualifications.     In 

friction.      This    cohesion    of    the    ground    and  a  small  town  or  city  we  have  informally  the 

the   coeflncient    of    friction    cannot     be     deter-  city   manager,   as   represented   in   the   superin- 

mined,  but  they  undoubtedly  oppose  the  action  tendent  or  engineer  of  the  local  pumping  sta- 

of  the  buoyancy  and  this  explains  why  most  tion,  who  is  called  upon  to  look  after  sidewalk 

tunnels,  the  weight  of  which  is  less  than  the  construction,     street     grading,     drainage     and 

buoyancy,  are  perfectly  stable.  sometimes  sewer  construction,  occasionally  the 

Records  have  been   kept  by   Messrs.   Jacobs  police  department,   everything  perhaps,  except 

&   Davies,   during  the   construction   and   since  the  medical  and  legal  matters  connected  W'ith 

the  completion  of  the  Hudson  tunnels,  of  the  the   city   or   village    organization,   and   he   un- 

behavior   of   the  tubes.     From   these   observa-  doubtedly  fills  all  of  these  positions  fairly  well 

tions,    it    appears   that    in    soft    water-bearing  and  is  able  to  give  good  satisfaction  in  view 

silt,  there  is  a  vertical  upward  displacement  of  of   the   limited   finances   and   slight   encroach- 

the   shell,   sometimes  as  great  as  3  or  4  ins.,  ments   upon   his   time  necessary  to  look  after 

during  the  48  hours  following  the  passage  of  these  various  duties. 

the  shield ;  this  ascent  stops  towards  the  end  With   a   large   city,   however,   the   matter  is 

of  the  48  hours  and  the  tube  begins  to  settle  entirely   different    and    he   must   depend   upon 

down  slowly  to  its  original  position,  this  set-  his    assistants    or   the   heads   of   the    different 

tlement  extending  over  a  period  of  2,  3  and  departments   of   the   city   to   look   after   these 

even  6  months.  matters  independently.     The  real  management 

These  movements  may  be  explained  as  fol-  is  shifted  perforce  from  the  commission-man- 
lows:  the  lining  being  erected  behind  the  ager  to  his  subordinates  as  the  heads  of  de- 
shield  is  under  air  pressure  to  resist  the  ex-  partments. 


When  we  arrive  at  this  phase  of  the  situa- 
tion, the  whole  matter  resolves  itself  into  the 
question  as  to  whether  it  pays  to  have  a  com- 
mission-manager simply  to  act  as  a  middle  man 
or  intermediary  between  the  heads  of  the  dif- 
ferent departments  and  the  commission  or 
council  itself.  In  a  large  city  the  heads  of 
the  divisions  or  departments  must  become  the 
real  managers,  and  I  doubt  if  the  commission- 
manager  would  be  able  even  to  read  over  the 
reports,  estimates,  bills,  recommendations  and 
other  communications  necessary  in  the  conduct 
of  a  large  volume  of  business  for  an  entire 
city,  which  would  be  transmitted .  from  the 
heads  of  the  several  departments  to  the  com- 
mission, to  say  nothing  about  digesting  or 
using  any  discretion  in  the  management  or 
direction  of  the  work  under  these  heads.  The 
human  mind  has  its  economical  limit  of  effi- 
ciency, the  same  as  any  machine,  and  even  if 
this  were  practicable  it  does  not  seem  reason- 
able that  in  the  case,  for  instance  of  the  civil 
engineer,  who  is  a  commission  manager,  that 
he  would  be  able  to  direct  or  use  intelligent 
or  expert  direction  of  aftairs  in  the  police  de- 
partment, or  the  legal  department,  or  in  the 
questions  of  a  public  library,  play  grounds, 
parks,  etc..  where  those  who  have  longer 
experience  in  those  departments  would  gen- 
erally give  better  results. 

The  straight  commission  form  of  govern- 
ment seems  to  take  care  of  these  questions  in 
a  more  efficient  way.  Each  man  is  elected 
upon  his  experience  and  qualifications  in  that 
particular  line  of  business,  and  his  attention 
being  confined  to  a  single  department,  he  is 
able  to  give  it  more  concentrated  attention  and 
more  effective  management. 

In  a  small  town  the  commission  manager, 
under  a  non-salaried  commission,  might  be 
used  to  an  advantage,  e.xcepting  possibly  in 
the  legal  and  medical  departments,  but  in  .i 
large  city  he  simply  becomes  a  middle  man  or 
intermediary,  and  might  be  able  to  give  some 
advantageous  service  to  certain  departments, 
in  which  he  has  had  experience,  but  would  be 
bound  to  be  at  least  superfluous,  if  not  a  drag 
upon   the  other  departments. 

The  question  of  political  preference,  it  wou'ji 
seem,  could  be  as  easily  worked  under  the 
commission  manager  form  as  under  the  other. 
In  the  election  of  a  commission  the  question 
of  who  was  to  be  the  city  manager  would  be 
an  issue  at  the  elections,  just  as  under  the  old 
ward  system,  the  appointive  officers  of  the 
council  were  made  subjects  of  political  dicta- 
lion  and  pre-election  bargains. 

That  the  straight  commission  form  of  go\  - 
ernment  is  going  to  work  out  the  better  I  I't- 
lieve  will  be  the  result,  perhaps  not  at  fir^t. 
until  the  people  or  the  voters  are  educated  up 
to  the  point  of  selecting  commissioners  spe- 
cially qualified  for  the  different  positions  which 
they  are  to  fill,  but  eventually  when  the  voters 
realize  that  there  can  be  no  efficient  govern- 
ment under  any  plan  until  they  choose  com- 
petent officers  and  that  the  entire  responsibility 
is  upon  the  voters  themselves,  the  same  as  it 
is  upon  the  commissioners  in  the  management 
of  the  several  departments  of  the  city's  affairs 
under  their  charge. 

Again  the  most  competent  legislative  bod> 
always  is  the  one  composed  of  the  heads  of 
the  departments  themselves,  who  are  in  direct 
contact  with  the  work  and  with  the  people 
whom  the  department  serves,  and  who  would 
be  better  able  to  understand  the  necessity  of 
certain  laws  than  any  one  else  could  possibly 
be.  It  becomes  to  some  extent  a  fair  and 
reasonable  substitute  for  direct  legislation  by 
the  people  as  distinguished  from  indirect  or 
representative  legislation. 

However,  American  cities  have  caught  the 
spirit  of  investigation,  experimentation  and 
study.  They  are  becoming  academic  and  are 
dissatisfied  with  the  old  ward  system,  with 
its  inefficiency  and  mismanagement,  and  are 
reaching  for  better  results  in  civic  govern- 
ment. This  fact  of  itself  indicates  a  growing 
competency  of  the  voters  themselves,  which 
must  result  in  better  city  governments.  Per- 
haps the  commission  manager  plan  will  be  the 
final   result.  Yours  very  truly. 

D.  A.  Reed. 
Manaser  Duluth  Water  anr  Light  Department. 

Duluth,  Minn.,  Dec.  31,  1914. 
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Method  of  Constructing  Rock  Tunnel 

of  50-Ft.  Clear  Width,  Stockton 

St.,  San  Francisco. 

Contributed    by    E.    G.    Tilton,    Civil    Engineer, 
San  Francisco,   Cal. 

In  order  to  provide  easy  gradients  through- 
out its  length  for  the  fourth  unit  of  its 
municipally-owned  electric  railway  system 
about  to  be  built  and  at  the  same  time  to  pro- 
vide an  artery  into  which  some  of  the  flow 
of  traffic  now  congesting  nearby  streets  can 
be  diverted,  the  city  of  San  Francisco  is  re- 
garding the  hill  portion  of  Stockton  St.,  which 
lies  within  the  four  blocks  between  Sutter 
and  Sacramento  streets.  From  Sutter  St.  on 
the  south  to  the  summit  of  Stockton  St.,  a  lit- 
tle more  than  two  blocks,  the  present  gradients 
rise  to  a  maximum  of  18  per  cent;  and  from 
Sacramento  St.  south,  to  12  per  cent.  The  max- 
imum gradient  on  the  regrade  will  be  4.29  per 
cent.  The  present  summit  is  about  65  ft. 
higher  than  the  level  of  the  tunnel  floor  at  a 
point  directly  beneath  it. 

DESCRIPTIVE. 

The  regrade  consists  of  a  concrete-lined 
tunnel  under  the  deeper  portion  of  the  hill 
and  of  two  open  cuts,  one  from  each  tunnel 
portal  to  the  first  cross-street  beyond.  One 
cut  is  a  block  long  and  the  other  about  half 
a  block.  The  feature  of  the  improvement 
which  elicits  interest  is  the  tunnel,  which  has 
a  finished  width  of  50  ft.  between  walls,  a 
span  said  to  exceed  that  of  any  tunnel  here- 
tofore constructed. 
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of  plumb.  This  necessitated  frequent  replace- 
ments or  reinforcements  of  members  and  all 
timbering  requires  constant  attention  to  keep 
it  in  proper  position  and  condition.  Numerous 
falls  from  the  tunnel  roof  have  occurred  and 
there  has  also  been  a  rather  general  subsi- 
dence of  the  street  above,  which  in  some 
places  is  as  much  as  5  ft.  Practically  all  of 
the  lots  flanking  the  west  side  of  the  street 
above  the  tunnel  are  vacant  and  some  of  them 
have  high  retaining  walls.  Nearly  all  of  these 
walls  have  been  carried  out  of  position  and 
widely  fissured  by  the  movement  of  the 
ground.  On  the  east  side  of  the  street  are 
several  buildings  but  they  suffered  but  little 
damage  because  precautionary  measures  were 
taken  in  time.  Pipes,  wire  conduits  and  the 
tracks  of  a  cable  car  line  within  the  zone  af- 
fected suffered  frequent  disarrangement  and 
required  much  attention. 


excavated  by  steam  shovel,  the  spoil  being 
hauled  away  in  motor  trucks  to  fill  in  low 
ground  elsewhere.  The  amount  of  material 
taken  from  these  cuts  was  12,200  cu.  yds.  Less 
than  a  dozen  buildings  face  the  portion  of  the 
street  affected  by  the  improvement,  as  those 
four  blocks  of  Stockton  St.  including  it  have 
been  only  partially  rebuilt  since  the  great  fire 
of  1906.  All  of  these  buildings  are  of  modern 
types  of  construction,  however,  with  one 
minor  exception.  The  foundation  of  most  of 
them,  fronting  the  open-cut  regrade,  have 
been  extended  below  the  new  grade  line.  In 
some  instances,  the  difference  in  level  between 
the  original  ground  floor  of  a  building  and 
the  new  street  grade  was  sufficient  for  another 
story  to  be  built  in  and  advantage  was  taken 
of  this  condition. 

The  tunnel  (Fig.  1)  is  911  ft.  long  between 
portals   and   has   a  clearance   width    (Fig.   2) 
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Fig.  1. 


Profile  and  Plan  of  Stockton  Street  Tunnel,   San    Francisco,   Cal. 
(Plan  Shows  Arrangement  and  Location  of     Construction  Plant) 


The  formation  of  the  hill  is  essentially  a 
clay  shale  originally  deposited  in  horizontal 
layers  of  varying  thickness  up  to  several 
inches,  but  which  subsequent  upheavals  have 
distorted  or  folded  or  have  thrown  into 
angles  varying  up  to  the  perpendicular  and 
broken  into  plates  and  blocky  fragments. 
Mixed  with  this  material  is  a  large  amount  of 
clay  or  decomposed  shale.  In  consequence  of 
being  so  disarranged  and  broken,  the  ground 
is  very  weak  and  has  a  decided  tendency  to 
move  where  excavations  are  made  in  it  par- 
ticularly during  the  wet  season  when  soaked 
by  rains,  which  readily  penetrate  its  broken 
joints  and  add  weight  and  a  lubricant  to  an 
already  unstable  mass. 

When  the  works  were  planned  it  was  be- 
lieved that  the  ground  was  dependable  and 
that  no  unusual  difficulties  would  be  encount- 
ered while  tunneling  it,  but  this  assumption 
was  found  afterwards  to  be  erroneous  and  as 
a  consequence  the  methods  first  determined 
upon  for  driving  and  timbering  the  tunnel 
had  to  be  radically  modified  and  the  concrete 
lining  had  to  be  made  thicker  and  to  be  more 
heavily  reinforced  to  stand  severer  stresses 
than  those  for  which  the  original  design  pro- 
vided. 

The  hill  rises  very  steeply  to  the  west  of 
the  tunnel  and  falls  away  in  the  opposite 
direction.  When  the  tunnel  excavation  had 
penetrated  it  but  a  short  distance,  the  ground 
began  to  move  from  the  northwest  to  the 
southeast  or  at  an  angle  of  about  45°  with 
the  course  of  the  tunnel.  This  movement  pro- 
duced so  much  pressure  against  the  roof  tim- 
bers as  to  crush  and  break  many  of  them  and 
also  to  throw   numerous   posts   seriously   out 


The  two  open  cuts  of  the  regrade,  as  called 
for  by  the  specifications,  were  extended  into 
the  hill  beyond  the  tunnel  portals  to  a  point 
where  the  cuttting  above  the  outer  surface  of 
the  concrete  lining  of  the  tunnel  reached  10  ft. 
These  extensions  of  the  north  and  south  open- 
cuts    were    respectively,    62     and     128     ft.    in 


of  50  ft.  and  a  clearance  height  of  19  ft. 
An  additional  20  ft.  in  width  and  5  ft.  in 
height  had  to  be  removed  to  make  room 
for  timbering  and  the  permanent  concreted 
lining.  It  is  lined  throughout  with  reinforced 
concrete  masonry  of  1:2%:  4%  mixture.  Con- 
crete deposited  underground  was  waterproofed 
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Fig.  2.     Cross-Section   of  Stockton  Street  Tunnel,    San    Francisco,   Cal. 


length,  and  within  them  the  tunnel  lining  was 
built  in  the  open  and  afterwards  backfilled  to 
the  original  street  grade.  Except  in  the  ex- 
tensions which  were  made  wider  to  accom- 
modate the  tunnel  masonry,  the  open-cuts  of 
the  regrade  are  G6  ft.  wide  on  the  bottom  or 
the  same  as  the   original   street.    They   were 


by  adding  to  each  cubic  yard  of  the  mixture 
30  lbs.  of  hydratcil  lime ;  and  that  deposited 
in  the  open  was  waterproofed  with  two  coats 
of  asplialtum  applied  to  exterior  surfaces. 

The  intrados  of  the  arch  ring  is  a  three- 
center  curve  springing  from  the  side  walls  at 
a  height  of  3  ft.  above  the  tunnel  floor.    The 
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extrados  is  a  simple  curve  of  much  larger 
radius,  which  is  produced  to  a  tangent  at  a 
point  about  twothirds  of  the  distance  between 
the  crown  and  the  outside  of  the  haunches, 
thence  tangent  to  the  outside  of  the  haunches. 
The  ring  thickens  from  2  ft.  8  ins.  at  the 
crown  to  8  ft.  at  the  haunches. 

Hoth  intrados  and  extrados  are  reinforced 
laterally  with  1-in.  square  steel  bars  laid  at 
least  2  ins.  beneath  the  surface  of  the  concrete 
and  spaced  12  ins.  on  centers,  and  are  rein- 
forced longitudinally  with  %  in.  square  bars 
6  ft.  on  centers.  Stirrups,  %  in.  square  on  2 
ft.  centers,  connect  the  upper  and  lower  lateral 
ring  bars  and  the  longitudinal  bars,  and  all 
bars  are  tightly  wired  together  where  they 
intersect.  The  bars  are  required  to  have  an 
ultimate  tensile  strength  of  60,000  lbs.  to  the 
square  inch  and  an  elastic  limit  of  30,000  lbs. 
Both  t\»isted  and  corrugated  types  are  used. 

Drains  are  provided  in  the  lining  on  each 
side,  spaced  at  least  12%  ft.  apart,  which  pass 
through  the  haunch  and  connect  with  longi- 
tudinal tile  drains  placed  2  ft.  below  the  side- 
walks and  the  same  distance  out  from  the  face 
of  the  side  walls.  Conduits  for  lighting  wires 
are  also  built  in  the  masonry. 

The  paid-for  concrete  per  lineal  foot  of  lin- 
ing is  1.3  cu.  yds.  This  yardage  is  very  much 
exceeded,    however,    as    the    contractor    is    re- 


present Location  of  Headings  &  Stops 
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sign    of    the    portals    is    handsome    and    their 
appearance  is  striking. 

At  six  places  in  the  tunnel  lateral  passage- 
ways have  been  built  through  its  lining  to  pro- 
vide access  into  buildings  already  erected  and 
to  be  erected  along  the  street  above.  These 
passageways  are  7  ft.  6  ins.  high  by  5  ft.  6 
ins.  wide  with  the  floor  level  of  each  corre- 
sponding with  that  of  the  tunnel  sidewalk 
opposite. 

CONSTRUCTION    METHODS. 

Three  drifts  were  first  driven  through  the 
length  of  the  tunnel  and  all  were  timbered. 
One  of  them,  6  ft.  3  ins.  x  6  ft.  1  in.  inside 
of  the  timbered  measurement,  was  located  at 
the  crown  of  the  tunnel  section ;  and  of  the 
others,  5  ft.  10  ins.  x  G  ft.  2  ins.,  also  inside 
measurement,  one  was  built  at  each  corner  at 
floor  level.  The  positions  of  all  are  shown  in 
the  drawings  of  Fig.  3  which  illustrates  the 
method  of  timbering.  Car  tracks  were  laid  in 
the  three  drifts  and  muck  was  hauled  out 
through  the  lower  ones.  At  the  highest  parts 
of  the  hill  and  on  the  tunnel  center  line  a 
7x9  ft.  inside  measurement  shaft  was  sunk 
for  ventilation.  Sometimes  it  is  utilized  as  a 
passageway  through  which  timbers  are  low- 
ered  to  the  workings  below. 

Following  the  completion  of  the  drifts,  the 
excavation    of     the     segment     of    the    tunnel 
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Second  Operation 


of  the  ground  above  has  so  crushed  the  bars 
at  their  post  bearings  or  deflected  them  to  such 
an  extent  between  bearings,  that  their  under- 
sides have  been  lowered  below  the  bottom  of 
the  clearance  line  or  within  the  space  to  be 
concreted.  Where  this  happens  it  is  feasible 
sometimes  to  scabble  off  the  encroaching  por- 
tion of  a  bar,  but  in  many  cases  the  settle- 
ment is  so  excessive  that  the  bars  have  to  be 
removed  and  6-in.  steel  I-beams  substituted 
for  them,  the  beams  being  some  8  to  10  ins 
shallower  than  the  crown  bars. 

The  concrete  lining  is  built  in  successive 
sections  or  rings  about  12  ft.  long  .each,  and 
progresses  as  rapidly  as  excavation  of  the 
segment  ahead  provides  room  for  it.  Clear 
3x6-in.  Oregon  pine  lumber  surfaced  on  four 
sides  and  laid  on  6-in.  I-beams,  bent  to  con- 
form to  the  shape  of  the  tunnel  and  spaced 
4  ft.  on  centers  is  used  for  the  bottom  form 
or  the  form  next  to  the  soffit.  The  I- 
beams  are  carried  on  longitudinal  stringers, 
which  in  turn  are  supported  by  blocks  and 
posts  which  rest  on  the  bench  or  the  tunnel 
floor.  The  inner  end  of  a  ring  section  pre- 
viously cast  serves  as  a  form  at  that  end  for 
a  succeeding  ring  section  to  be  cast  against. 
At  the  inner  end  for  a  new  section  a  bulk- 
head form  is  built  extending  from  the  bottom 
form  up  to  the  roof  of  tlie  tunnel  excavation 
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Fig.  3.     Diagrams  Showing  Sequence  of  Construction   Operations.  Stockton    Street  Tunnel,  San   Francisco,  Cal. 


quired  to  fill  with  concrete  all  voids  between 
the  outside  of  the  lining  and  the  timber  lag- 
ging above  it.  Paid  excavation  amounts  to  48 
cu.  yds.  per  lineal  tunnel  foot.  A  great  excess 
yardage  over  this  is  taken  out  to  make  room 
for  timbering.  The  reinforcing  steel  runs  to 
750  lbs.  per  foot  of  lining. 

A  sidewalk  7  ft.  wide  will  be  laid  on  each 
side  of  the  floor  of  the  tunnel.  .•\  double- 
track  electric  railway  track  will  be  built  be- 
tween the  sidewalks  and  room  enough  will  re- 
main for  a  wagon  roadway  on  each  side  be- 
tween the  car  track  and  walk.  These  road- 
ways will  be  about  8%  ft.  wide.  The  floor 
will  be  composed  of  a  6-in.  concrete  base,  a 
2-in.  binder  course  and  a  1%-in.  asphalt  wear- 
ing surface.  The  finish  of  the  tunnel  has  not 
yet  been  decided  upon,  but  it  probably  will 
be  cement  finish,  either  applied  by  hand  or  by 
a  cement  gun. 

The  portals  are  of  concrete,  their  exposed 
surface  being  finished  with  white  Atlas  cem- 
ent. Their  open  work  parapet  walls  are  built 
of  pre-cast  members,  except  the  copings  which 
were  cast  in  place.  On  each  parapet  will  be 
two  tasteful  electroliers.  Within  each  portal 
are  two  broad  and  easy  flights  of  stairs — one 
on  each  side  of  the  tunnel — rising  from  th« 
floor  to  the  street  above.  Both  tunnel  and 
stairways  will  be  brilliantly  lighted.    The  de- 


wlicrcin  the  concrete  lining  was  to  be  built 
was  begun  at  each  end  of  the  tunnel.  But 
little  advance  had  been  made,  however,  when 
it  was  discovered  that  the  square-set  system 
of  timbering  being  used  was  ineffectual  in  the 
moving  and  heavy  ground  which  had  been  de- 
veloped, it  was  therefore  abandoned  in  favor 
of  the  crown-bar  system,  wliich  has  been  em- 
ployed since.  At  the  same  time  it  was  decided 
to  increase  by  14  to  24  ins.,  the  thickness  of 
the  tunnel  lining  and  to  double  the  amount  of 
its  reinforcing  steel.  In  consequence  of  thick- 
ening the  masonr\-  lining  and  of  the  substitu- 
tion of  the  crown-bar  method  of  timbering, 
which  requires  more  headroom,  the  section  for 
the  excavation  of  the  segment  had  to  be  made 
larger  by  an  average  of  3  ft.,  measured  out- 
ward, than  was  at  first  intended.  The  roof 
of  the  crown  drift  had  to  be  excavated  2  ft. 
higher  than  it  had  been  built  and  its  floor 
lowered  1  ft.  or  to  a  newly-fixed  elevation  of 
the  top  of  the  bench  or  core.  This  explana- 
tion will  elucidate  the  note  "present  location" 
which  appears  under  the  first  diagram  of 
Fig.  3. 

When  the  crownbars  were  placed,  a  clear- 
ance of  3  ins.  was  left  between  them  and  the 
line  of  the  extrados  of  the  tunnel  lining  to 
allow  for  any  spring  or  settlement  of  the 
bars.  In  a  number  of  instances,  however,  the 
heavy  load  brought  upon  them   by   settlement 


and  is  made  tight  where  it  meets  any  timber- 
ing; To  this  form  at  about  16  ins.  above  its 
bottom,  is  attached  another  form  for  the  pur- 
pose of  producing  throughout  in  the  end  face 
of  the  ring  a  6x6-in.  recess  which  provides  a 
key  for  the  next  ring.  The  rings  are  joined 
together  also  by  longitudinal  reinforcing  bars 
e.xcept  at  expansion  joints  which  are  spaced 
from  30  to  7.5  ft.  apart. 

After  forms  are  built,  all  wooden  stulls 
within  the  compartment  are  removed  one  by 
one  and  permanent  stulls  made  of  4-in.  stand- 
ard steel  pipe  filled  with  concrete  are  sub- 
stituted for  them.  The  compartment  is  then 
cleared  of  rubbish,  swept  and  drenched  with 
water  and  made  ready  for  the  recep- 
tion of  concrete.  The  permanent  stulls 
are  set  on  wooden  blocks  2  ins.  thick,  which 
are  removed  while  the  soffit  -form  is  being 
stripped  and  the  pockets  left  by  the  blocks 
are  later  filled  with  cement  mortar.  Concrete 
is  propelled  by  compressed  air  under  100  lbs. 
pressure  to  any  part  of  the  tunnel  through  an 
H-in.  pipe  laid  from  the  mixer  which  is  sit- 
uated a  few  yards  outside  of  the  south  portal. 
This  method  of  delivering  concrete  is  found 
to  be  more  economical  and  satisfactory  than 
would  be  its  conveyance  by  cars  or  barrows. 
The  pipe  is  carried  to  the  tunnel  bench  on  a 
fight  trestle  and  thence  on  blocks  laid  upon 
the  bench   floor  at   a  height  of  a   foot  below 
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the  bottom  of  the  form  I-beams.  By  riser 
and  elbows  it  is  continued  into  the  compart- 
ment of  the  section  to  be  cast  passing  through 
the  bulkhe:  '  ''^rm  al  the  inner  end  of  the 
compartme  ncrote  is  delivered  in  a  con- 

tinuous st'  '  :'  .id  from  the  point  where  dis 
charged  b      :.      (ipe  flows  by  gravity  into  any 


Inspectors  oversee  their  manipulations  through 
small  openings  in  the  bulkheads,  which  open- 
ings are  tightly  closed  when  the  concrete 
reaches  their  level.  When  the  compartment 
becomes  so  filled  that  insufficient  space  re- 
mains in  which  men  can  labor  further,  the 
men   leave   it.     All   openings   are   then   made 


is  continued  uninterruptedly  until  completed. 
The  core  in  the  tunnel  is  left  for  the  pur- 
pose of  supporting  the  timbering  during  con- 
struction and  will  not  be  removed  until  the 
tunnel  lining  is  completed.  Then  it  will  be 
excavated  by  an  air-driven  steam  shovel,  the 
spoil  loaded   directly   into  motor   dump-trucks 


(.a)   Side  Drift  Timbering.  Trueli  and  MucI-l  Car. 


ilji   Timl_)eiini;  at   Pornpi-  cf  Hauncli. 


(c)   Timbt -iiig  Between  Crown  and  Haunch. 


(d)  End  Form  for  Ring  of  Lining. 


(e)  Centering    and     Uf infcrcoment      Ready      fcr  Cnnerete.  if)    |.;nd  of  Iniirnr  i;inK  with  Dovetail. 

Fig.  4.     Views  of  Stockton  Street  Tunnel  Workings  at  Different  Construction  Stages. 


part  of  the  section  being  cast.  Men  are  sta- 
tioned v/ithin  the  compartment  on  each  side 
to  work  the  concrete  with  tanijiing  bars  with 
the  object  of  releasing  any  imprisoned  air. 
The  compartment  is  (luite  low  in  places  but 
there  is  sufficient  room  for  men  to  operate  in. 


tight  and  the  compartment  is  filled  to  the  roof 
with  concrete  forced  in  under  100  lbs.  pressure. 
.Mter  30  days  the  botlom  form  is  removed. 
The  concrete  is  dense  and  of  excellent  c|uality. 
About  eight  hours  are  required  in  which  to 
cast  a  section   and   once  casting  is   begun,   it 


and  hauled  away  to  distant  dumping  grounds. 
Muck  from  the  segment  is  passed  down  to  the 
floors  of  the  slopes  above  the  side  drifts, 
from  there  it  is  dropjied  into  dump  cars  stand- 
ing on  tracks  in  the  drifts  below.  These  cars, 
in    trains   of   eight,    are    hauled    by    electric 
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locomotives  out  of  the  drifts  and  up  a  trestle 
incline  to  a  bunker  containing  14  eight-yard 
pockets  fitted  with  gates  and  spouts,  which 
stand  at  the  extreme  south  end  of  the  south 
operi-cut  regrade.  From  the  bunkers  it  is 
carried  away  in  motor  trucks.  The  gradient 
of  the  incline  is  4^/i  per  cent.  A  single  loco- 
motive with  an  eight-car  train  cannot  success- 
fully negotiate  it  and  has  to  be  assisted  with 
a  cable  which  is  operated  by  a  36  HP.  motor- 
actuated  hoist  or  winding  drum  located  at  the 
outer  end  of  the  bunker  platform.  The  in- 
cline carries  a  single  2-ft.  gage  track. 
contractor's  plant  and  layout. 

Tlie  plant  of  the  contractor  is  ample  and 
its  layout  (Fig.  1)  is  convenient.  The  com- 
pressor which  furnishes  compressed  air  to  the 
rock  drills  in  the  tunnel,  to  the  blacksmith 
forge  and  for  the  purpose  of  propelling  con- 
crete through  a  pipe  from  the  mixer  to  where 
it  is  used  in  the  tunnel,  is  a  two-stage,  class 
J,  Ingersoll-Rand  machine  with  a  capacity  of 
1.200  cu.  ft.  of  free  air  per  minute  at  100  lbs. 
pressure.  It  is  belt  driven  by  a  General  Electric 
240  HP.  A.  C.  motor  run  with  current  at  440 
volts,  currents  being  supplied  by  an  electric 
company.  Its  air  receiver  is  11  ft.  long  by 
4  ft.  9  ins.  diameter.  From  the  receiver  a  de- 
livery pipe  carries  the  air  to  the  concrete 
"blower,"  located  at  the  mixer.  At  about  mid- 
way of  its  length  a  branch  is  taken  out  which 
extends  to  the  drills  in  the  tunnel.  In  the 
compressor  house,  situated  on  the  hill  above 
and  about  100  yards  from  the  south  portal,  is 
also  a  Stanley '35  HP.  A.  C,  400  volt  motor 
which  runs  another  motor  used  as  a  generator 
for  converting  the  alternating  current  supplied 
into  direct  current  for  operating  the  mixer, 
locomotives,  cut-off  saw  and  hoist.  The  mixer 
is  a  Foote  No.  7  of  1  cu.  yd.  capacity,  driven 
by  a  15  HP.  motor.  It  is  established  about 
50  ft.  from  the  south  portal  just  off  the  re- 
grade  right  of  way,  at  an  elevation  of  5  or  6 
ft.  above  the  grade.  Just  above  and  opposite 
the  opening  in  the  mixer  is  a  sand  and  gravel 
measuring  box  with  a  short  spout  leading  into 
the  mixer.  Above  and  adjacent  to  the  box 
are  four  large  bins,  one  for  sand  and  the 
others  f^T  three  sizes  of  gravel;  and  from 
each  bin  to  the  measuring  box  extends  a  de- 
livering chute.  Cement  is  delivered  to  the 
men  at  the  mixer  in  bags  through  a  chute 
leading  from  a  cement  warehouse  above.  When 
a  batch  of  concrete  is  mixed  it  is  dumped  by 
means  of  a  movable  spout  from  the  mixer 
into  the  "blower,"  which  is  sunk  into  the 
ground  immediately  in  front  of  the  mixer 
with  its  top  level  with  the  surface.  The  blower 
is  Home's  patent  and  has  a  capacity  of  1  cu. 
yd.  It  is  a  steel  cylinder  about  6  ft.  high  by 
3  ft.  in  diameter,  its  lower  third  being  a 
truncated  cone.  At  its  lower  or  outlet  end,  8 
ins.  in  diameter,  it  is  connected  to  an  8-in. 
outlet  or  delivery  pipe  through  which  the  con- 
crete is  discharged.  Its  upper  end  is  headed. 
A  2-in.  diameter  inlet  air  pipe  is  tapped  into 
the  side  of  the  blower  just  below  its  head. 
In  the  head  is  a  15-in.  circular  hole  or  hatcli- 
way  filled  with  a  hinged  lid  having  a  gasket 
on  its  under  side.  Attached  to  the  lid  is  a 
device  for  'closing  it  tightly  to  prevent  the 
escape  of  air  when  it  is  admitted  for  the  pur- 
pose of  blowing  the  concrete  through  the  pipe. 
Near  the  bottom  of  the  conical  end  is  tapped 
another  pipe  1  in.  in  diameter.  Through  this 
pipe  a  stream  of  compressed  air  is  admitted 
while  the  blower  is  being  loaded  and  blown,  its 
function  being  to  keep  the  concrete  agitated  so 
it  will  not  settle  in  mass  and  choke  the  outlet 
pipe.  When  a  batch  of  concrete  is  dumped 
from  the  mixer  into  the  blower,  the  lid  of  the 
blower  is  fastened  down,  the  air  turned  on 
and  the  entire  charge  is  blown  out  of  the  far 
end  of  the  delivery  or  discharge  pipe  in  from 
one  to  two  minutes — depending  upon  the  dis- 
tance from  the  blower  to  the  delivery  point. 
A  batch  contains  3%  cu.  yd. 

Above  the  concrete  mixer  and  at  the  level 
of  and  abutting  against  the  street  which 
crosses  the  tunnel  back  of  the  portal,  is  a 
4-in.  plank  platform  40x50  ft.  square,  a  por- 
tion of  which  rests  on  stringers  supported  by 
bents  set  on  the  slope  of  the  open  cut.  .-Ml 
sand  and  gravel  is  delivered  by  motor  trucks 
upon  this  platform.  In  it  are  gratings  through 


which,  as  needed,  sand  and  gravel  are  shov- 
eled into  bins  beneath.  Abutting  against  the 
south  side  of  the  platform  and  at  a  3-ft.  lower 
level  is  a  24x40-ft.  closed-in  cement  storage 
shed  from  the  floor  of  which  a  chute  leads  to 
the  mixer.  Near  this  shed  stands  the  office 
of  the  city's  assistant  engineer  in  cliarge.  Con- 
veniently located  nearby  and  facing  the  street 
is  the  contractor's  office,  a  building  about  20 
ft.  square,  also  conveniently  situated  with 
reference  to  the  works. 

In  a  shed  beneath  the  deck  of  the  trestle 
approach  to  the  bun'Ker  is  a  motor-driven  saw 
for  cutting  wedges,  lagging  and  other  tunnel 
timbers,  except  stuUs  which  are  sawn  to  length 
by  hand.  This  saw  is  kept  very  busy.  Its 
motor  also  drives  an  emery  wheel  for  sharp- 
ening edged  tools.  Two  changing  rooms,  a 
time-check  office,  forge,  supply  storehouses, 
electrician's  room  and  toilets  are  also  below 
the  incline  floor. 

For  hauling  muck  trains,  two  36-HP.  electric 
locomotives  made  by  the  Baltimore  Locomo- 
tive Co.  are  used.  They  take  their  current  of 
2.''i0  volts  by  trolley  from  an  overhead  wire. 
The  2-ft.  gage.  1%  cu.  yd.  steel  muck  cars,  18 
in  number,  are  of  the  Kopel  design  modified 
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Fig.  5.    Method  of  Supporting  Centering  and 
Pipe  Through  Which  Concrete  is  Blown. 

somewhat  in  its  dumping  arrangement.  Their 
boxes  are  6  ft.  by  SV2  ft.  with  sides  flaring 
inward  towards  a  concave  bottom  about  14  ins. 
wide.  The  drills  employed  in  the  tunnel  exca- 
vation are  four  Ingersoll-Rand,  Sargent,  3%- 
in.  and  twelve  Hardsocg  Wonder  drills.  Elec- 
tric drills  were  tried  but  they  were  not 
adopted. 

Much  of  the  timber  and  all  the  reinforcing 
steel  and  contractor's  supplies  are  delivered 
upon  the  south  open-cut  regrade  within  the 
space  not  occupied  by  the  trestle  which  extends 
down  its  center,  and  the  timber  is  worked  up 
and  the  steel  bent  there.  Except  that  it  is 
contracted  in  width  this  yard  is  convenient. 
Car  tracks  are  laid  throughout  its  length  and 
into  the  tunnel.  The  timbers  used  for  stulls 
and  crown  bars  are  delivered  and  cut  to 
length  at  both  ends  of  the  tunnel  and  at  the 
shaft  also,  but  the  north  end  affords  the  most 
room.  Owing  to  the  treacherous  character  of 
the  ground  and  the  great  width  of  the  tunnel, 
an  enormous  amount  of  timber  is  required. 

The  steam  shovel  used  for  excavating  the 
open-cuts  and  which  will  be  used  for  removing 
the  core  of  the  tunnel,  is  a  Marion  No.  20.  1% 
cu.  yds.  capacity.  Eight  four-yard  motor 
trucks  are  employed  hauling  away  muck  and 
five   for   fetching  in   sand  and  gravel. 

Under  the  contract  the  regrade  was  to  have 
been  finished  this  June,  but  progress  has  been 
so  retarded  because  of  bad  ground  that  three 


or  four  months  more  time  will  be  required.  Jts 
construction  was  contracted  for  in  a  bulk  sum, 
therefore  there  are  no  unit  prices  which  can 
be  given  here.  Its  cost,  exlusive  of  land  dam- 
ages and  engineering  supervision  and  includ- 
ing extras  for  increased  concrete  and  steel 
used  because  of  the  thickening  and  strength- 
ening the  tunnel  lining  will  be  about  $430,000. 
The  contract  includes  paving  and  repairing 
Stockton  St.  over  the  tunnel,  but  does  not  in- 
clude the  lighting  system  for  the  tunnel.  All 
material  is  furnished  by  the  contractor  and  is 
inspected  and  tested  Dy  the  city. 

The  work  is  being  done  by  the  Board  of 
Public  Works  and  is  under  the  direction  of 
M.  M.  O'Shaughnessy,  City  Engineer.  The 
assistant  engineer  in  charge  is  L.  F.  McAfee. 
The  contractor  is  Jacobsen-Bade  and  K.  G. 
Lundstrum,  whose  engineer  is  L.  F.  Gardetz. 

For  municipal  employes  and  for  employes 
of  contractors  engaged  on  municipal  work,  a 
city  ordinance  fixes  the  term  of  eight  hours 
as  a  day's  work  and  $3.00  as  the  minimum 
wage  to  be  paid  therefore. 

For  insurance  against  claims  arising  from 
injuries  to  his  employes,  the  contractor  pays 
to  a  casualty  company  as  a  premium,  a  sum 
amounting  to  12%  per  cent  of  his  pay  roll. 
About  400  men  are  employed  on  this  contract. 
Practically  all  of  them  work  in  one  of  two 
shifts  and  the  remaining  few  in  a  third  shift. 


Ancient  Block  of  Concrete  at  Cement 
Show. — A  cube  ot  the  first  concrete  made 
by  the  old  French  Panama  Canal  Co.  in  1886 
has  been  received  in  Chicago  for  exhibition  by 
the  Universal  Portland  Cement  Co.  at  the 
Eighth  Annual  Chicago  Cement  Show,  begin- 
ning Feb.  10.  in  the  Coliseum. 

Altliough  the  old  concrete  was  formed  in 
blocks  like  cut  stone  and  not  made  monolithic 
as  in  all  the  later  construction,  its  endurance 
under  severe  weather  conditions  is  remarkable. 
Tlie  materials  used  were  a  Portland  cement, 
Bohio  rock  and  Panama  Beach  sand. 

In  quoting  the  specifications  under  which 
this  concrete  was  made  Col.  Goethals  says: 
"The  Bohio  rock  is  volcanic  agglomerate  of 
rather  low  specific  gravity  and  medium  hard- 
ness, but  very  resistant  to  atmospheric  weath- 
ering. During  severe  'northers'  the  breakers 
liavc.  sometimes,  been  strong  enough  to  roll 
the  blocks  upon  the  beach."  The  French 
records  of  the  contract  of  188G,  under  which 
these  blocks  were  made,  contain  the  following 
specifications : 

"Stone  to  pass  througli  a  ring  0.06  m.  di- 
ameter, and  to  be  washed  and  screened  to 
eliminate  all  particles  smaller  than  0.02  m. 
diameter.  The  cement  mortar  to  be  composed 
of  800  kgs.  of  cement  to  1  cu.  ra.  of  sand.  These 
materials  to  be  mixed  dry  upon  a  wooden  plat- 
form under  a  roof,  and  water  to  be  added  by 
means  of  a  sprinkling  hose,  taking  care  to  use 
only  as  much  water  as  may  be  necessary  to 
produce  a  homogenous  mortar,  which  will  stick 
to  the  shovel.  The  concrete  to  be  composed 
of  two  parts  of  mortar  and  three  of  stone. 
After  the  mortar  shall  have  been  mixed  as 
.specified  above,  add  the  stone  and  mix  with  an 
iron  hoe,  until  all  of  the  stone  shall  be  com- 
pletely covered  with  mortar;  the  mixing  to  be 
accomplished  without  further  addition  of  water, 
the  stone,  however,  to  be  watered  carefully 
in  the  pile  at  lea.st  one  hour  before  using.  The 
concrete  to  be  dumped  into  forms  and  com- 
pressed to  a  compact  mass.  Repeated  ram- 
ming to  be  carefully  avoided." 


Asks  that  Alaskan  Railway  Commis- 
sion Be  Retained. —  Mr.  Charles  D.  Mar.\. 
president  nf  the  American  buciet_\  of  Ci\il  En- 
gineers has  submitted  to  President  Wilson  tlic 
following  resolution  which  was  adopted  at  the 
annual  meeting  of  the  Board  of  Direction  of 
tliat   society  held  in  New  York  on  Jan.  20 : 

"Resolved.  That,  in  the  opinion  of  the  Board 
of  Direction  of  the  American  Society  of  Civil 
Engineers,  it  would  be  unfortunate  for  the 
present  Alaskan  Railway  Commission  to  be  su- 
perseded, and  that  the  interest  of  the  public 
deinands  that  the  present  Commission  be  al- 
lowed to  carry  out  the  construction  as  welt  as 
the  location  of  the  line." 
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Design  Features  of  the  Lake  Shore  & 

Michigan  Southern  Ry.   Engine 

Terminal    at    Air    Line 

Junction,  Ohio. 

(Staff  Article.) 
The  Lake  Shore  &  Michigan  Southern  Ry. 
has  constructed,  at  Air  Line  Junction,  Ohio, 
the  main  units  of  a  locomotive  terminal  which 
will  give  it  a  plant  both  comprehensive  and 
compact.  The  portion  included  in  the  present 
building  program  comprises  an  engine  house 
consisting  of  twenty-seven  90- ft.  stalls,  another 
containing  thirteen  105- ft.  stalls,  two  fan 
houses,  a  power  house,  a  machine  and  black- 


used  for  freight  engines  of  types  other  than 
the  JNlallet  type.  A  similar  type  of  construc- 
tion is  used  for  both  engine  houses.  Each 
house  is  provided  with  a  90-ft.  turntable. 

Figure  1  shows  a  layout  of  the  terminal  and 
indicates  future  extensions  of  the  engine 
houses.  Included  in  this  improvement,  but  not 
shown  in  the  drawing,  are  cinder  pits,  a  coaling 
plant,  and  the  necessary  track  facilities.  The 
outside  dimensions  of  the  central  power 
house  are  46  ft.  2  ins.  by  86  ft.  6  ins.; 
those  of  the  fan  house  for  the  27-stall  house 
are  30  ft.  2  ins.  by  5^  ft.  2  ins.;  for  the  other 
fan  house  the  dimensions  are  30  ft.  2  ins.  by 
30  ft.  2  ins.;  while  the  outside  dimensions  of 
the  main  building,  which  contains  the  heater 


shop  and  under  the  track,  there  is  an  erecting 
pit,  while  above  it  there  are  two  75-ton 
"Shaw"  electric  cranes  for  use  in  repairing 
locomotives.  Heavy  parts  of  locomotives  are 
transferred  to  the  machine  and  blacksmith 
shops  by  means  of  jib  cranes,  one  crane  of  this 
type  being  attached  to  the  diagonally  opposite 
corners  of  the  frame  for  the  75-ton  cranes. 
The  jib  cranes  serve  an  industrial  track  turn- 
table from  which  pass  two  tracks  at  right  an- 
gles, these  tracks  running  transversely  across 
the  machine  shop,  and  parallel  to  and  outside 
of  the  building,  respectively. 

STRUCTURAL   FEATURES. 

Engine  Houses. — Figure  2  is  a  plan  of  the 
end  stall  of  the  105-ft.  engine  house,  and  Fig. 
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Fig.    1.      Layout    of    Engine    Terminal    of    Lake    Shore  &    IVlichigan   Southern   Ry.,  Air   Line  Junction, Ohio. 
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Fig.  2.      Plan   of    End    Stall    of   105-Ft.    Engine    House    of   L.  S.  &   M.   S.   Ry.,  Air   Line   Junction,  Ohio. 


smith  shop  between  the  two  houses,  and  other 
requisite  facilities.  The  sections  of  the  engine 
houses  now  constructed  are  provided  with  tem- 
porary end  walls,  and  the  layout  provides 
space  for  practically  completing  the  circle  in 
the  case  of  each  engine  house.  The  13-stall 
house  was  built  for  the  Mallett  pusher  locomo- 
tives which  are  used  in  this  locality  and  which 
require  special  facilities.    The  27-stall  house  is 


annex,-  the  machine  shop,  the  blacksmith  shop, 
and  minor  departments,  arc  62  ft.  2  ins.  by 
2.50  ft.  2  ins. 

By  ])Iacing  the  machine  and  blacksmith  shops 
between  the  two  engine  houses  the  facilities  of 
each  are  made  equallv  accessible  to  both  engine 
houses.  By  referring  to  Fig.  1  it  will  lie  noted 
that  one  track  continues  through  both  engine 
houses   and    the   machine    shop.     In   the   latter 


3  is  cross  section  of  it.  The  foundation  of  this 
house  and  the  entire  floor,  except  around  the 
engine  pits  where  3-in.  oak  planking  is  used, 
are  of  concrete.  The  typical  intermediate  stalls 
are  similar  to  that  shown  in  Figs.  2  and  3,  the 
main  difference  being  that  the  width,  center  to 
center  of  stalls,  at  the  rear  is  20  ft.  GV4  ins., 
while  for  the  end  stall  the  corresponding  width 
is  29  ft.  4%  ins.   This  difference  is  made  up  in 
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the  pilasters,  the  size  of  windows  being  the 
same.  Above  the  concrete  foundations  the 
walls  are  brick,  17  ins.  thick,  with  concrete 
window  sills.  The  building  has  a  composition 
roofing,  on  1%-in.  sheathing,  with  wood  pur- 
lins and  rafters. 

The  concrete  engine  pit  has  an  inside  width 


required  for  the  generation  of  steam  for  heat- 
ing purposes,  for  operating  the  fire  service 
pumps  and  the  boiler  washing  apparatus,  and 
for  furnishing  power  for  the  compressed  air 
machinery.  Figure  5  is  a  cross  section  of  the 
power  house.  This  drawing  shows  the  general 
dimension   and  the  type  of  construction  used. 


the  accidents,  but  many  of  them  are  also  due 
to  the  employment  of  careless  or  unskilled 
help.  It  is  seldom  possible  to  pay  more  than 
a  small  wage,  and  the  men  who  are  available  j 
often  have  no  qualifications  for  the  work  ex-  ' 
ccpt  physical  strength.  As  a  rule,  too,  the  I 
work  must  be  carried  on  rapidly  in  order  that     i 


Fig.   3.     Cross   Section   of   Typical    Stall    of  105-Ft.   Engine    House  of   L.   S.  &   M.   S.   Ry.,  Air    Line    Junction,    Ohio. 


of  3  ft.  10  ins.,  an  inside  length  of  iS  ft.,  and 
depths  of  2  ft.  0  ins.  and  3  ft.  6%  ins.,  re- 
spectively, at  the  front  and  rear.  The  bottom 
of  the  pit  has  a  hard-burned  brick  surface  and 
a  10-in.  concrete  base,  with  a  thick  layer  of 
sand  between  the  two.  At  the  rear  of  the  pit 
there  is  a  sump,  which  extends  3  ft.  below  the 
bottom  of  the  pit. 

The  engine  house  has  three  intermediate  lines 
of  r2xl2-in.  yellow  pine  columns,  their  spacing 
being  as  shown  in  Fig.  3.  These  columns  arc 
anchored  to  their  concrete  foundations  by 
means  of  1-in.  dowels  12  ins.  long.  The  line  of 
columns  at  the  front  of  the  structure  are  cast 
iron.  Over  the  4.5-ft.  6-in.  central  bay  there  is 
a  wood  roof  truss,  the  details  of  which  are 
shown  in  Fig.  3.  The  details  of  the  smoke  jack 
are  also  shown  in  drawing;  the  bottom  of  the 
jack  being  16  ft.  above  the  top  of  rail.  On  ac- 
count of  the  small  spans,  no  roof  trusses  arc 
required  for  the  front  and  rear  bays  of  the 
engine  house,  the  composition  roofing  and  the 
sheathing  being  carried  on  heavy  wood  rafters. 
Double  8x8-in.  knee-braces  are  used  for  those 
columns  which  support  the  roof  trusses. 

The  structural  features  of  the  90-ft.  engine 
house  are  similar  to  those  just  described. 

Machine  Shop. — A  plan  of  the  building  which 
houses  the  machine  shop,  and  of  the  adjacent 
blacksmith  shop,  is  shov.m  in  Fig.  1.  It  will  be 
noted  that  extensions  of  the  main  building  con- 
nect with  the  two  engine  houses.  Over  the 
track  which  runs  through  the  machine  shop 
this  building  has  a  height,  from  floor  to  bottom 
of  roof  trusses,  of  40  ft.  6  ins.  The  remainder 
of  the  building  is  considerably  lower.  Figure  -1 
shows  a  longitudinal  section  through  the  heater 
annex,  the  blacksmith  shop  and  a  portion  of 
the  machine  shop  (see  Section  A- A,  Fig.  1). 
The  drawing  indicates  the  types  of  construc- 
tion used,  and  gives  the  general  dimensions  for 
this  part  of  the  building.  It  will  be  noted  that 
the  footings  extend  about  11  ft.  below  the 
finished  floor.  The  blacksmith  shop  has  a  12-in. 
cinder-fill  floor,  while  the  machine  shop  has  a 
2-in.  yellow  pine  floor,  laid  on  sleepers  em- 
liedded  in  the  cinder  fill.  The  traveling  crane 
has  a  span  of  24  ft.  The  main  part  of  the  ma- 
chine shop  and  store  room  has  a  clear  width 
of  60  ft.  and  a  clear  height  of  about  19  ft. 

Power  House. — The  location  and  size  of  the 
power  house  is  shown  in  Fig.  1.  The  electric 
pow'er  used  in  this  terminal  is  not  generated  at 
this  plant,  the  power  equipment  being  only  that 


It  also  indicates  the  type  of  ash  storage  bin  and 
deliverj-  system  used. 


Safe  Methods  of  Wrecking  Buildings. 

The  following  data  on  safe  methods  in  con- 
nection with  the  wrecking  of  buildings  were 
issued  by  the  engineering  and  inspection  di- 
vision of  the  Travelers'  Insurance  Co.  of 
Hartford,  Conn.  Although  some  of  the  rec- 
ommendations appear  self-evident,  they  are 
nevertheless  pertinent,  as  they  are  constantly 
being   ignored   in   practice.     Even   though   the 
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new  construction  may  begin ;  and  this  fre- 
quently causes  the  contractor  to  overlook  im- 
portant points  in  connection  with  safety,  nr 
tempts  him  to  neglect  precautions  that  hi 
thoroughly  understands  and  that  he  knows  the 
men  should  take. 

PRELIMINARY    MEL-^SURES. 

The  wrecking  of  a  building  appears  to  tlu 
onlooker  to  be  a  simple  and  an  easy  task, 
but  it  nevertheless  calls  for  experience  an-l 
skill,  because  there  are  many  dangers  con- 
nected with  it  even  when  the  structure  to  be 
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Fig.   4.      Longitudinal    Section   Through    Heater    Annex,     Blacksmith     Shop    and 
Portion    of    Machine    Shop,    L.    S.   &    M.    S.    Ry.   Terminal,   Air   Line  Junction,   Ohio. 


character  of  the  work  is  hazardous,  little 
systematic  thought  has  been  given  to  it,  and 
there  are  practically  no  published  data  avail- 
able. Lack  of  skill  and  forethought  in  laying 
out  the  work  and  in  handling  the  men  is  no 
doubt    responsible    for   a   large   proportion    of 


demolished  is  quite  small;  and  in  the  case  of 
a  large  structure  these  hazards  are  multiplied 
many  times.  Every  such  job  should  be  super- 
vised by  a  person  of  sound  judgment,  who 
should  also  be  capable  of  handling  the  work- 
ing   force    competently    and    eft'ectiveh'.     The 
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men  should  also  be  selected,  so  far  as  possi- 
ble, with  reference  to  their  capabilities,  and 
j  should  be  assigned  to  the  particular  kind  of 
work  for  which  they  seem  to  be  best  fitted. 
If  it  appears,  after  a  short  trial,  that  a  man 
is  endangering  himself  or  others,  and  that 
he  is  slow  to  grasp  the  safety  idea,  or  stupid 
or  blundering  in  executing  the  orders  he  re- 
ceives, he  should  be  transferred  at  once  ro 
work  of  some  other  kind. 

Before  beginning  the  actual  work  of  demoli- 
tion a  careful  study  should  be  made  of  the 
!  structure  that  is  to  be  torn  down  and  of  its 
,  surroundings,  and  a  definite  plan  of  procedure 
I  should  be  mapped  out,  which  should  there- 
I  after  be  followed  as  closely  as  possible.  This 
I  is  especially  important  when  haste  is  essen- 
'  tial,  because  the  work  can  be  executed  much 
I  more  rapidly  when  it  proceeds  in  accordance 
I  with  a  definite  scheme  than  when  it  is  car- 
I  ried  out  in  a  haphazard  manner.  In  formu- 
'  lating  this  plan  it  is  necessary  to  consider  the 
I  safety   of    adjoining   buildings,    and    provision 
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is  to  be  used  in  connection  with  subsequent 
construction  work  it  is  best  to  build  it  before 
the  demolition  begins,  whenever  this  course 
is  practicable. 

Make  sure  at  the  very  outset  that  the  gas 
pipes  have  been  disconnected  and  that  all  elec- 
tric wires  in  the  building  are  "dead" ;  and 
if  a  strong  odor  of  gas  is  subsequently  per- 
ceived stop  the  work  until  the  source  of  the 
gas  has  been  discovered,  and  do  not  allow 
tlie  men  to  look  for  it  with  lanterns  or  with 
open   lights  of  any  other  kind. 

PROCEDURE    AND    EQUIPMENT. 

The  demolition  work  should  always  pro- 
ceed systematically,  story  by  story ;  and  the 
work  on  the  upper  floors  should  be  entirely 
completed  before  any  of  the  supporting  mem- 
bers or  other  important  parts  on  the  lower 
floors  are  disturbed.  By  proceeding  in  this 
orderly  manner  it  is  easy  to  eliminate  vari- 
ous important  hazards,  such  as  leaving  weak 
and  unsupported  walls  and  chimneys  tower- 
ing aliove  the   workmen. 
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Fig.  5.     Cross  Section   of  Power  House  and    Ash  Storage  Bin  of  L.  S.  &  iVl.  S.  Terminal, 

Air  Line  Junction,  Ohio. 


should  be  made  for  all  requisite  safeguards  to 

prevent  damage  to  the   surrounding  property. 

'   Extensive  shoring  of  other  buildings  is  often 

j   imperative,  and  full  provision  should  be  made 

for   carrying   out   all   necessary   operations    of 

j   this  kmd  promptly   and  thoroughly,  and   in   a 

\   safe     and     workmanlike     manner.       When     a 

j   lire,   flood   or   other   catastrophe   has   partially 

wrecked  a  structure  it  may  also  be  necessary 

to   shore   up   or   brace   some   of   the   walls   or 

I   other  parts  of  the  building  that  is  to  be  taken 

down   before   the   wrecking  operations   can   he 

I   safely  started. 

j  If  the  building  extends  to  the  street  line,  or 
I  approaches  it  closely,  ample  precautions  must 
I  be  taken  to  protect  the  public,  with  as  little 
inconvenience  to  traffic  as  possible.  It  is  often 
important  to  erect  bridges  and  sheds  over  the 
sidewalks  in  front  of  buildings  that  are  being 
razed,  to  protect  pedestrians  from  falling  ma- 
terials, tools  and  other  objects.  Whenever 
temporary  structures  of  this  kind  are  em- 
ployed see  that  they  are  strong  and  substan- 
tial in  every  way,  and  use  nothing  but  first- 
class   materia!   in   them.      If   a   sidewalk   slied 


If  material  is  to  be  thrown  from  an  upper 
floor,  station  watchmen  on  the  ground  where 
they  will  command  every  means  of  approach, 
to  warn  all  persons  who  may  come  near  and 
prevent  them  from  entering  the  region  of 
danger.  Except  in  special  cases,  however,  ma- 
terial should  never  be  thrown  down  in  this 
way.  It  is  far  safer  to  lower  it  by  means  of 
ropes  or  hoists,  or  to  send  it  down  through 
proper  chutes. 

Chutes  should  lie  provided  in  all  cases  for  the 
removal  of  bricks  and  other  loose  debris,  and 
they  should  be  completely  enclosed  so  that  it 
will  be  impossible  for  the  material  to  fall  out 
until  it  reaches  the  bottom.  The  chutes  should 
not  extend  in  an  unbroken  line  for  more  than 
two  stories,  as  otherwise  the  material  passing 
through  them  may  attain  a  dangerous  speed. 
Gates  or  stops  should  be  placed  at  both  the 
top  and  bottom  of  each  chute,  and  the  upper 
gate  as  well  as  the  lower  one  should  be  ar- 
ranged so  that  it  may  he  operated  by  the 
workman  at  the  lower  end  in  case  the  mate- 
rial becomes  jammed.  If  jamming  occurs  do 
not   attempt   to   loosen    the   material   by   hand. 


but  use  picka.xes,  shovels  or  tools  of  some 
other  kind.  Place  a  danger  sign  at  the  dis- 
charge end  of  every  chute,  and  do  not  permit 
workmen  or  other  persons  to  stand  near  a 
chute,  nor  to  leave  teams  near  one,  except 
while  loading  from  it.  Extra  flashboards 
should  be  placed  on  a  wagon  that  is  to  be 
loaded  from  a  chute. 

Men  engaged  in  cutting  concrete  should  use 
safety  handles  for  holding  the  chisels,  and 
should  wear  goggles  for  protecting  their  eyes 
from  flying  fragments  of  material.  Goggles 
should  also  be  worn  in  all  other  places  where 
work  is  done  that  is  likely  to  injure  the  eyes. 

Sections  of  wall  should  never  be  loosened 
and  allowed  to  fall  on  the  floors  of  buildings 
that  are  being  demolished,  as  the  shock  trans- 
mitted to  the  floor  may  cause  it  to  give  way ; 
and  chimneys  and  large  sections  of  wall  should 
never  be  pulled  down  bodily,  even  upon  the 
ground,  without  taking  every  possible  precau- 
tion to  avoid  accident,  not  only  to  the  work- 
men, but  also  to  other  persons.  When  an 
nperation  of  this  nature  is  about  to  be  per- 
formed a  knot  or  crowd  of  idle  sight-seers 
usually  congregates  at  the  nearest  place  from 
which  a  good  view  may  be  obtained,  with  but 
slight  regard  for  their  own  safety.  The  man 
in  charge  of  the  work  should  see  that  all  such 
persons  retire  permanently  to  a  place  well  be- 
yond the  danger  zone  before  the  wall  is  dis- 
turbed. 

It  is  always  better  and  safer  to  remove 
walls  part  by  part  rather  than  to  throw  them 
down  bodily;  and  if  they  are  so  thin  or  weak 
as  to  make  it  dangerous  to  go  upon  them  to 
remove  the  bricks  or  stones  of  which  they 
are  composed  scaffolds  or  stagings  should  be 
erected  beside  them  for  the  men  to  stand 
upon.  If  this  work  is  done  from  the  inside  of 
a  building  horse-scaffolds  may  be  used  to 
advantage ;  but  these  should  always  be  of 
substantial  construction  and  should  rest  upon 
a  firm  and  level  foundation.  They  should 
never  be  erected  so  that  they  rest  upon  beams 
alone,  but  should  always  stand  upon  floors. 
If  the  floor  covering  has  been  removed  a 
temporary  layer  of  planks  should  be  placed 
upon  the  beams  to  support  the  horses.  Piles 
of  brick,  stone  or  other  loose  material  should 
never  be  used  by  the  workmen  in  place  of 
scaffolds  or  platforms,  nor  should  scaffolds 
or  platforms  rest  upon  such  piles,  or  be  sup- 
ported by  them. 

As  a  rule  too  little  care  is  given  to  the  con- 
struction of  scaffolds  and  other  similar  struc- 
tures, especially  in  demolishing  buildings.  As 
the  scaffolds  are  for  temporary  use  only,  they 
are  often  made  of  discarded  material,  inse- 
curely fastened  together  and  inadequately 
supported ;  and  they  are  frequently  loaded  far 
beyond  their  safe  capacity,  with  serious  re- 
sults. Structures  of  this  kind  should  always 
be  made  of  first-class  material,  and  should 
be  designed  with  a  suitable  factor  of  safety. 
They  should  also  be  thoroughly  tested  before 
anyone  is  allowed  to  go  upon  them.  Scaf- 
folds and  stagings  should  be  of  ample  width, 
and  their  platforms  should  be  provided  with 
footboards  and  substantial  hand  rails  when- 
ever they  are  more  than  .">  ft.  above  the  ground 
or  the  nearest  floor  below.  Scaft'old  plat- 
forms should  not  be  used  for  the  storage  of 
materials,  but  should  be  kept  free  from  all 
■  ibstructions  so  that  the  workmen  may  move 
about  upon  them  in  safety.  .Accumulations  of 
snow  and  ice  should  be  promptly  removed, 
and  when  the  platforms  become  slippery  they 
should  be  liberally  sprinkled  with  sand  or 
ashes.  When  removing  heavy  stonework  the 
scaffolds  should  be  reinforced  wherever  neces- 
sary in  order  to  make  them  safe  under  the 
extra  load. 

In  addition  to  the  dead  weight  scaffolds 
,-ue  likely  to  be  subjected  to  lateral  stresses, 
and  to  enable  them  to  resist  such  lateral 
stresses  they  should  be  stiffened  by  jiroper 
diagonal  braces. 

Remove  all  stagings  and  other  similar  tem- 
porary structures  as  soon  as  they  have  served 
their  purpose. 

Leave  stairs  and  stair  railings  in  place  as 
long  as  possible,  as  they  are  in  constant  use 
and  are  much  safer  and  more  convenient  than 
(irdinarv  ladders.     Wherever  ladders  are  used 
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upon  the  work  take  special  care  to  have  them 
sound  and  strong,  and  see  that  the  sides  and 
Tungs  are  free  from  shvers  and  projecting 
nails  and  screws.  They  should  also  be  firmly 
secured  so  that  they  cannot  be  displaced  in 
any  direction,  and  when  they  rest  on  stone 
or  concrete  or  any  other  material  upon  which 
they  are  likely  to  slip  they  should  be  pro- 
vided with  safety  shoes.  Workmen  in  ascend- 
ing or  descending  ladders  should  not  carry 
loads  that  will  interfere  with  the  free  use  of 
both  hands  for  holding  onto  the  ladders ;  and 
they  should  always  face  the  ladders  when 
ascending  or  descending. 

Except  while  in  actual  use  openings  in 
floors  should  be  kept  covered  to  prevent  loose 
materials  and  tools  from  falling  upon  per- 
sons below.  The  men  should  be  forbidden 
to  throw  heavy  masses  or  large  quantities  of 
material  from  the  upper  floors  down  upon 
the  lower  floors.  Old  materials  and  rubbish 
should  be  removed  from  the  premises  as  fast 
as  they  accumulate,  and  they  should  not  be 
heaped  up  on  the  various  floors,  nor  on  the 
ground  immediately  outside  of  the  building. 
Brick  and  stone  which  have  been  removed 
should  be  stored  in  neat  piles  not  more  than 
7  ft.  high,  and  the  piles  should  be  braced,  if 
necessary,  to  prevent  them  from  falling  over. 
They  should  not  rest  directly  upon  the  ground, 
but  should  be  placed  on  foundations  of  planks 
or  boards.  All  projecting  nails  in  boards, 
planks  and  timbers  should  be  carefully  re- 
moved, hammered  in,  or  bent  over  in  a  safe 
way:  and  if  time  will  not  permit  of  doing 
this  immediately  the  material  should  be  tem- 
porarily stowed  in  piles,  with  the  points  of 
the  nails  projecting  downward,  and  atten- 
tion should  be  given  to  the  nails  at  the  earli- 
est practicable  moment.  Jagged  pieces  of 
roofing  material,  conductor  pipes  and  other 
similar  refuse  should  be  promptly  and  care- 
fully disposed  of.  All  of  the  windows  should 
be  removed  during  the  early  stages  of  the 
demolition  work  to  prevent  injuries  from  fly- 
ing pieces  of  glass,  and  no  broken  glass  should 
be  left  lying  about  in  the  building. 

.■\CETYI.ENE   TORCH. 

In  demolishing  buildings  containing  steel 
beams  and  other  similar  metallic  structural 
elements  the  acetylene  cutting  flame  is  e.xceed- 
ingly  useful  and  is  now  widely  employed. 
Work  of  this  kind  should  always  be  done  by 
an  experienced  man,  however,  who  thoroughly 
understands  the  process  and  who  also  has 
sufficient  knowledge  of  structural  principles  to 
avoid  cutting  ofif  important  supporting  mem- 
bers which  are  required  for  strengthening  the 
part  of  the  building  that  still  remains  stand- 
ing. 

Beams  that  are  about  to  be  cut  should  first 
be  strongly  secured  or  supported  by  ropes  or 
chains  so  that  they  cannot  drop  when  they 
have  been  cut  away  from  the  other  steelwork 
to  which  they  were  attached.  When  the  cut 
is  completed  the  two  ends  are  often  held  to- 
gether by  fused  oxide,  so  that  a  blow  from  a 
sledge  is  necessary  to  separate  them.  How- 
ever well  the  beam  may  have  been  secured  it 
is  likly  to  swing  slightly  when  the  ends  are 
finally  severed,  and  unless  the  workman  is 
watchful  his  hands  may  be  caught  and 
crushed. 

Continued  exposure  of  the  eyes  to  the 
acetylene  flame  acts  injuriously  upon  them, 
and  all  operators  of  acetylene  torches  should 
be  provided  with  colored  glass  goggles,  and 
they  should  wear  them  faithfully.  They  should 
also  wear  suitable  gloves  to  protect  their 
hands   from   burns. 

Acetylene  gas  is  poisonous,  even  when  high- 
ly diluted  with  air.  and  care  should  be  taken 
to  avoid  inhaling  it.  It  acts  upon  the  blood 
in  a  manner  similar  to  carbon  monoxide,  the 
effects  of  which  are  well  known  in  connec- 
tion with  coal  gas  poisoning.  Special  care 
in  this  respect  should  be  exercised  when  using 
the   acetylene   torch   in   confined   spaces. 

Combustible  material  of  every  kind  should 
be  removed  from  the  immediate  vicinity  of  the 
acetylene  torch,  because  fires  may  be  started 
bv  direct  contact  with  the  flame  or  by  the 
fall  of  highly  heated  pieces  of  metal  or  of 
oxide. 


Be  careful  in  handling  tanks  containing 
acetylene  gas  or  o.xygen,  and  never  permit 
them  to  be  dropped  nor  to  be  subjected  to 
shocks  of  any  other  kind.  Do  not  allow  the 
tanks  to  be  exposed  to  the  direct  rays  of  the 
sun,  nor  to  a  high  temperature  from  any  other 
source,  because  the  heat  will  increase  the 
pressure  and  may  cause  the  tanks  to  burst. 

TOOLS. 

See  that  the  tools  used  by  the  workmen  are 
kept  in  good  condition  at  all  times.  Axes, 
picks,  shovels,  hoes  and  all  other  tools  should 
be  discarded  or  laid  aside  for  repairs  as  soon 
as  their  handles  become  split,  loosened  or 
broken.  Sledges,  coldchisels  and  other  sim- 
ilar tools  should  be  redressed  and  restored  to 
proper  condition  as  soon  as  their  heads  be- 
come burred  or  mushroomed.  Tools  should 
not  be  left  lying  about  on  stagings  or  step- 
ladders,  nor  in  elevated  places  of  any  kind 
where  they  may  fall  off  and  injure  persons 
below.  Men  working  in  gangs  should  be 
careful  to  keep  a  suitable  distance  apart,  to 
avoid  striking  one  another  with  their  tools. 
When  tools  are  to  be  raised  to  the  working 
level  they  should  not  be  lifted  by  the  use  of 
slings  or  ropes  alone,  but  should  be  hoisted 
in  suitable  buckets,  barrels  of  boxes,  and 
secured   from   falling   out. 

hoiSts  and  runways. 

Hoists,  operated  by  hand  or  by  power,  are 
frequently  employed  in  large  wrecking  opera- 
tions, and  there  are  many  precautions  that 
should  be  observed  in  connection  with  them. 
It  is  important  that  frequent  and  thorough 
inspections  be  made  of  all  the  ropes,  cables, 
slings,  sheaves,  hooks  and  other  parts  of  the 
apparatus,  and  any  that  are  found  to  be  dan- 
gerously worn  or  otherwise  defective  should 
be  renewed  immediately.  All  exposed  gears 
should  be  guarded,  and  adequate  braking 
facilities  should  be  provided.  Hoisting  cables 
that  pass  through  floors  should  be  enclosed  to 
a  height  of  7  ft.  above  each  floor,  and  they 
should  also  be  boxed  in  at  points  where  they 
pass  over  stairways  and  passageways,  and 
wherever  they  extend  along  near  the  floor 
level.  Sheave  blocks,  when  secured  to  floors 
to  change  the  direction  of  the  cables,  should 
also  be  bo.xed  in  or  otherwise  effectively 
guarded.  Shaftways  for  material  hoists  should 
be  enclosed  at  each  floor,  preferably  by  wire 
screens,  to  a  height  of  7  ft.  above  the  floor; 
and  gates  should  be  installed  at  the  entrances 
of  the  hoistways  at  every  floor.  The  plat- 
forms of  hoist  cages  should  be  provided  with 
stops  to  prevent  wheelbarrows  from  rolling 
or  sliding  off.  Workmen  should  never  be 
permitted  to  ride  on  material  hoists,  nor  on 
hoist  chains  or  hooks,  nor  on  loads  of  any 
kind ;  and  they  should  never  slide  down  the 
ropes  or  cables,  nor  pass  under  loads  that 
are  suspended  in  the  air.  .'\n  adequate  sys- 
tem of  signaling  should  be  adopted,  of  such 
a  character  that  there  will  be  no  uncertainty 
as  to  the  signals  that  are  given. 

All  runways  should  be  substantially  con- 
structed and  effectively  braced  or  otherwise 
supported  to  prevent  bending  and  swaying. 
Single-plank  runways  for  wheelbarrows  should 
not  be  permitted.  Three  planks  should  be 
\ised,  as  this  gives  a  sufficient  width  and  also 
affords  a  good  track  for  the  wheel  of  the  bar- 
row, which  has  a  full  plank  for  its  support 
instead  of  having  to  travel  along  a  crack,  as 
is  the  case  when  two  planks  are  used.  Run- 
ways that  are  more  than  5  ft.  above  the 
ground  should  be  provided  with  substantial 
hand  rails,  and  cleats  should  be  nailed  to 
liiem  whenever  necessary  to  afford  a  firm 
footing  for  the  workmen. 

FOtTNDATIONS. 

When  demolishing  buildings  great  care 
must  be  taken  to  avoid  undermining  or  in 
any  way  disturbing  the  foundations  of  adjoin- 
ing structures.  Whenever  necessary  the  ad- 
joining buildings  should  be  shored  up,  or 
other  adequate  precautions  taken  to  prevent 
collapse.  If  the  foundations  of  the  building 
that  is  being  razed  extend  below  those  of  the 
adjoining  buildings  only  short  sections  should 
be  removed  at  one  time.  The  neighboring 
foundations  mav  then  be  undermined,  also  bv 


small  portions,  and  extended  to  the  level  of 
the  new  foundations.  When  loose  soil  is  en- 
countered and  it  seems  likely  that  cave  ins 
may  occur,  and  also  when  foundations  ex- 
tend to  a  considerable  depth,  sheet  piling  may 
often  be  used  to  advantage. 

BLASTING. 

It  is  sometimes  necessary  to  do  more  or 
less  blasting  in  connection  with  demolition 
operations,  but  so  far  as  possible  this  should 
be  avoided.  When  explosives  of  any  kind  are 
used  they  should  be  put  in  charge  of  some 
experienced  and  thoroughly  trustworthy  per- 
son, who  should  be  held  responsible  for  the 
exercise  of  all  possible  precautions  in  con- 
nection with  the  storage  and  use  of  them. 
The  shots  should  preferably  be  fired  elec- 
trically, and  in  case  of  a  misfire  nobody  should 
be  permitted  to  approach  the  place  where  the 
charge  is  located  for  at  least  two  hours.  Am- 
ple warning  should  be  given  to  all  persons  in 
the  vicinity  before  a  charge  is  fired,  and  when 
a  fuse  is  used  it  should  not  be  lighted  until 
it  is  absolutely  certain  that  everyone  has  re- 
moved to  a  safe  position.  Smoking  and  the 
use  of  open  flames  of  any  kind  near  explos- 
ives  should  not  be  tolerated. 


Reinforced  Concrete  as  an  Emergency 

Repair  for  an  Iron  Chimney. 

Recently  one  of  the  iron  chimneys,  90  ft. 
in  height,  at  the  steam  power  house  of  the 
Borough  Electric  Works,  Wallingford,  Conn., 
showed  unmistakable  signs  that  the  iron  plates 
were  ver\'  seriously  corroded  at  a  point  ap- 
proximately C  ft.  from  the  base.  At  this  point 
decided  wrinkles  were  observed,  and  a  small 
hole  was  discovered  near  the  line  of  rivets  at 
the  first  and  second  plates. 
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Fig.    1.     Sketch    Showing    Extent    of    Corro- 
sion  of   Iron   Chimney. 

Upon  drilling  test  holes,  as  shown  in  Fig.   1 
the   alarming  discovery  was  made   that,   from 
a   point   approximately   5   ft.   6   ins.    from   the 
bottom  of  the  first  plate,  and  extending  from  j 
C  to  8  ins.,  the  plates  were  barely  1/32  in.  in   i 
thickness.     Above    and    below    this    zone    the  I 
metal  increased  in  thickness  to  %  in.,  showing  I 
that  the  loss  in  thickness  due  to  the  corrosive  1 
action  of  the  gases  had  been  only  1/16  in.  in   | 
15  years.    At  the  time  that  this  chimney  was   ' 
erected,  in  1899,  the  thickness  of  the  iron  in 
the  lower  30  ft.  was  .5/16  in.,  that  in  the  next 
30    ft.    was    %    in.,    and    in    the    upper   30    ft. 
7/16  in. 

The  test  holes  which  were  drilled  in  the 
plates  at  different  heights  showed  that  the 
average  thickness  of  the  plates  in  the  first  30 
ft.  was  %  in.  (except  at  the  point  of  greatest 
corrosion),  and  it  was  assumed  that  the  thick- 
ness of  the  remainder  was  not  less  than  this 
thickness.  At  the  point  where  the  breeching 
joined   the   chimney,   the   former  was  entirely 
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corroded  throughout  approximately  the  entire 
bottom  half. 

At  this  time  the  entire  load  was  being  car- 
ried by  the  boiler  using  this  chimney.  The 
engines  were  operating  non-condensing,  the 
turbine  plant  being  out  of  commission  owing 
to  the  lack  of  condensing  water;  therefore  the 
Iboilers  using  this  chimney  could  not  be  shut 
]do\vn  and  any  repairs  must  be  made  with  the 
Ichimney  in  use  and  carrying  gases  having  a 
Itemperature  of  400°  F.  and  over.  Considering 
jthese  facts,  it  was  a  diificult 'problem  to  make 
the  necessary  repairs  and  keep  the  plant  run- 
ning. Many  methods  were  considered,  the 
1  makers  being  unwilling  to  do  the  work  under 
jthe  e.xisting  conditions.  Finally  the  superin- 
itendent  of  the  plant  concluded  that  at  least  a 
'temporary  repair  could  be  made  by  putting  a 
j reinforced  concrete  collar,  or  shell,  around  the 
!  weakened  portion,  and  extending  it  upward  to 
embrace  those  plates  having  an  average  thick- 
jness  of  Vi  in. 

'  The  matter  of  replacing  the  weakened  plates 
was  taken  up  with  the  engineers  of  the  com- 
Ipany,  and  they  agreed  with  the  superintendent 
ithat  the  use  of  the  reinforced  concrete  shell  was 
jthe  most  simple  and  least  expensive  method  of 
'making  this  repair.  Moreover,  considering  that 
;the  average  loss  in  thickness  of  the  plates 
above  and  below  the  zone  of  greatest  corrosion 
had  been  approximately  20  per  cent,  this 
(method  of  repair  would  extend  considerably 
the  life  of  the  chimney,  possibly  to  the  time 
Iwhen  the  present  boilers  would  be  replaced  by 
boilers  of  a  different  type  and  designed  for  a 


Fig.   2.     View   of   Completed    Reinforcement 
of    iron    Chimney. 

higher  steam  pressure,  or  when  the  plant  would 

be  operated  entirely  by  turbines. 

In  making  the  repairs  reinforcing  steel,  hav- 
'  ing  a  diameter  of  %  in.,  was  placed  in  hori- 
1  zontal  and  vertical  planes,  on  8-in.  centers,  the 
I  bars   being  placed   approximately   3   ins.    from 

the  chimney  and  securely  wired  at  each  intcr- 
I  section. 

A  circular  form  having  a  diameter  1  ft, 
^greater  than  that  of  the  chimney  was  con- 
1  structcd,  this  form  being  made  in  sections  so 
Ithat  each  section  could  be  handled  and  placed 
'in  position  easily.  The  reinforcing  bars  and 
Ithe  forms  were  extended  to  a  height  of  25  ft., 
Ithus   embracing  aoproximately   U    ft.   of   those 

plates    having   the   greatest    average   thickness 

of  Vi  in.   The  same  type  of  reinforcement  was 

placed   around    the   breeching   to   the    side    of 

the    boiler    house. 

The  work  was  completed  in  about  four  days. 

EHiring  the  time  that   the  top  portion   of   the 


work  was  being  done,  i.  e.,  the  pouring  of  the 
concrete,  the  boilers  were  being  operated  at 
maximum  capacity,  the  temperature  of  the 
flue  gases  being  about  600°  F. 

The  concrete  was  composed  of  Portland 
cement,  sharp  sand,  and  screened  gravel,  mixed 
very  wet  in  the  proportions  1 :2%  ;4%.  The 
concrete  was  mixed  very  wet  both  on 
account  of  the  high  temperature  of  the  gases 
in  the  chimney  and  the  depth  of  the  forms — 
about  2-5  ft.  Very  little  ramming  or  spading 
could  be  done.  The  concrete  set  very  uni- 
formly, and  little  troweling  was  required  after 
the  forms  were  removed.  A  few  cracks  have 
developed  at  the  top,  wliere  the  temperature 
was  the  highest  during  the  pouring  of  the 
concrete,  but  no  serious  results  are  anticipated 
from  these  cracks. 

Figure  2  shows  a  view  of  the  chimney  with 
its  reinforced  concrete  shell. 

Tlie  contractor  for  the  work  described  was 
the  b>perry  Engineering  Co.,  of  New  Haven, 
Conn.  The  data  were  obtained,  partly  from 
a  paper  lay  A.  L.  Pierce,  superintendent  and 
electrical  engineer.  Borough  Electric  Works, 
Wallingford,  Conn,  (presented  before  the  re- 
cent convention  of  the  American  Association 
for  the  Advancement  of  Science),  and  partly 
from  the  author  of  that  paper. 


Elements    of    Buildings-Factor    Costs 
and  Some  Specific  Data. 

It  has  been  stated  by  A.  Hamilton  Church, 
in  his  work  on  "Production  Factors  in  Cost 
Account  and  Works  Management,"  that  "no 
one  at  the  present  time  can  say  what  is  a 
standard  buildings  factor  proper  to  a  machine 
shop,  a  foundry,  or  a  rolling  mill,  and  this 
implies  that  no  one  is  in  a  position  to  say 
that  this  or  that  particular  instance  is  an  ex- 
ample of  efficiency  when  it  is  discovered." 
The  attempt  to  produce  some  definite  data 
on  buildings-factor  costs  is  made  by  Harold 
L.  Green  in  a  paper  published  in  The  En- 
gineering Magazine,  from  which  we  have 
taken   the  following: 

It  has  been  my  privilege  to  develop  burden 
charges  in  several  large  industrial  plants  dur- 
ing the  last  two  years.  The  development  of 
a  buildings  factor,  which  should  include  all 
the  expenses  attendant  upon  the  ownership, 
use,  and  occupancy  of  a  building,  and  which 
should  be  expressed  in  terms  of  an  annual 
charge  per  square  foot  of  floor  space  in  the 
building,  was  a  necessary  part   of  this  work. 

Although  an  explanation  of  how  these 
liuildings-factor  costs  were  defertnined  and 
what  the  costs  were  found  to  be  in  several 
industries  would  not  set  up  absolute  stand- 
ards of  efficiency,  such  data  would  enable 
relative  comparisons  to  be  made,  and  would 
serve  as  a  basis  for  studying  the  elements  of 
buildings-factor  costs  with  the  object  in  view 
of  approaching  a  maximum  efficiency. 

Therefore  it  is  the  purpose  of  this  article 
to  state  the  elements  of  the  buildings-factor 
costs  as  determined  by  the  writer;  to  describe 
how  the  costs  were  obtained;  to  state  the  aver- 
age cost  of  these  elements  as  found  in  a 
large  number  of  specific  cases;  and  to  draw 
brief  conclusions,  based  on  the  above  results, 
as  to  how  an  efficient  land-and-buildings  fac- 
tor  may  be   attained. 

ELEMENTS    OF    BUILDINGS-F.\CTOR    COSTS, 

There  is  no  fixed  set  of  elements  making  up 
a  land-and-buildings  factor.  In  the  majority 
of  cases,  however,  the  elements  discussed  in 
this  article  will  include  all  the  costs  making 
up  a  complete  factor  for  the  purpose  of  a 
square  foot  distribution  to  departments  or 
production  centers  as  the  cost-accounting 
practice  may  require.  Thus  the  elements  wliich 
have  been  selected  are  almost  universal,  while 
those  particular  to  special  industries  arc  not 
considered.  A  classification  of  these  elements 
together  with  an  explanation  of  how  the  cost 
of  each  was  determined  follows : 

(1)  Fixed  charges  on  land. 

(2)  FTxed  charges  on  buildings. 

(3)  Fixed  charges  on  l>iillding  fixtures. 
M)   Power  and  light. 

(5)  Heat. 

(6)  Buildings  expense. 

COSTS     OF    ELEMENTS. 

Fixed  charges  consist  of  interest,  taxes,  in- 


surance, depreciation,  and  repairs,  and  these 
are  calculated  as  a  percentage  of  the  appraisal 
value  of  the  land,  buildings,  and  fixtures.  The 
interest  rate  was  taken  at  5  per  cent  in  all 
cases.  Ta.x  and  insurance  rates  were  deter- 
mined for  each  particular  case.  These  rates 
were  quite  uniform,  however,  and  1  per  cent 
for  taxes  and  0..5  per  cent  for  insurance 
would  be  fair  averages.  On  buildings  the 
rates  for  depreciation  and  repairs  averaged 
2  per  cent  and  3  per  cent  respectively,  while 
for  buildings  fixtures,  which  consist  of  steam 
and  water  piping,  electric  light  wiring,  ele- 
vators, sprinkler  systems,  etc.,  rates  of  5  per 
cent  for  depreciation  and  5  per  cent  for  re- 
pairs were  used. 

For  convenience  these  rates  are  summarized 
in  the  following  table : 

Land,     Buildings,    Fixtures, 
per  cent,    per  cent,    per  cent. 

Interest    5  5  5 

Taxes    1  1  1, 

InsiM-ance    0.5  0.5 

Depreciation    2  & 

Repairs    3  5 

Total     6  11.5  16.5 

It  is  evident  that  correct  interest,  tax,  and 
insurance  rates  can  be  determined.  Correct 
reserves  for  depreciation  and  repairs  are  open 
to  considerable  discussion,  however,  and  the 
correct  reserves  will  vary  with  the  type  of 
buildings  under  consideration.  As  a  basis  for 
this  article  about  2o  mill-construction  build- 
ings used  for  paper,  textile,  and  machine- 
building  industries,  and  costing  from  $1.2.5  to 
$1.50  per  square  foot,  have  been  selected.  The 
rates  given  above  for  depreciation  and  repairs 
were  used  in  these  mills,  and  appear  to  be 
correct,  judging  from  accumulated  cost-ac- 
counting records. 

The  cost  of  the  first  three  elements — fixed 
charges  on  land,  buildings,  and  fixtures — was 
determined ;  then,  by  calculating  proper  an- 
nual interest,  tax,  insurance,  depreciation,  and 
repair  charges  as  a  percentage  of  the  ap- 
praisal value  of  the  land,  buildings,  and  fix- 
tures, the  costs  of  these  subdivisions  were  ob- 
tained. 

The  next  two  elements — power  and  light, 
and  heat — include  the  cost  of  power  used  for 
lighting  buildings  and  operating  elevators, 
and  the  cost  of  steam  used  for  heating.  These 
costs  are,  of  course,  based  on  a  determination 
of  how  much  power  and  heat  is  used  for  these 
purposes,  and  how  much  it  costs  to  make  the 
power  and   steam   in   the   particular  plant. 

The  amount  of  steam  used  for  heating  was 
estimated  theoretically  by  the  same  methods 
which  would  be  use<l  in  designing  a  heating 
system  for  a  mill  building,  and  these  theo- 
retical results  were  checked  with  the  kriown 
difference  in  coal  consumption  between  winter 
and  summer  months  due  to  heating.  Power 
used  for  lighting  was  frequently  developed 
by  a  separate  generator,  which  enabled  a  log 
of  switchboard  readings  to  be  used  in  making 
this  determination.  In  a  few  cases  power  for 
lighting  was  purchased.  Power  used  by  ele- 
vators is,  in  most  cases,  a  relatively  small 
item  and  depends  on  the  size  of  the  elevators 
and  the  frequency  with  which  they  are  used. 

In  determining  the  cost  of  the  steam  and 
power  used,  fixed  charges  on  land,  buildings, 
fixtures,  and  equipment,  as  well  as  operating 
charges  for  fuel,  labor,  supplies,  etc.,  are  in- 
cluded. In  the  several  plants  under  dis- 
cussion the  average  cost  of  steam  was  30 
cts.  per  1,000  pounds,  and  of  power  2  cts.  per 
kilowatt  hour.  The  cost  of  power,  heat,  and 
light  was  determined  then  by  estimating  the 
power,  heat,  and  light  used,  and  by  calculating 
the  cost,  taking  into  consideration  the  cost 
of  power   at  the  plant   in  question. 

The  last  element,  buildings  expense,  is  made 
up  of  expense  items  attendant  upon  the  op- 
eration of  practically  all  factory  buildings. 
Under  this  head  there  has  been  included 
labor,  such  as  watchmen,  elevator  operators, 
janitors,  etc.,  and  the  cost  of  supplies  used 
for  cleaning  buildings,  the  cost  of  water  for 
general  factory  use,  and  other  similar  items. 

DIVISION   OF  COSTS. 

An  attempt  has  been  made  in  the  preceding 
paragraphs  to  describe  definitely  how  the 
total    land-and  buildings    factor   has   been   de- 
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termined.  If  this  has  been  done,  the  data 
following  should  have  a  practical  value  for 
comparative  purposes,  and  this  discussion 
should  serve  as  a  basis  for  a  study  of  build- 
ings-factor costs  with  the  object  in  view  of 
approaching   a   maximum   efficiency. 

The  average  cost  per  square  foot  of  floor 
space,  in  the  buildings  described  above,  and 
determined  as  explained  in  the  previous  para- 
graphs of  this  article,  was  22  cts.  As  an 
illustration  of  the  meaning  of  this  cost,  take 
the  case  of  a  boring  mill  in  a  machine  shop 
which  may  occupy  a  space  20  ft.  by  20  ft. 
when  allowance  is  made  for  the  machine,  the 
operator,  and  the  necessary  movement  of 
work  at  the  machine.  A  square  foot  factor 
or  buildings  factor  of,  say  25  cts.  would  mean 
that  it  costs  20  X  20  X  2-5  cents,  or  $100  a 
year  to  house  this  machine.  Assuming  a 
working  time  of  2,500  hours  a  year,  it  would 
mean  that  this  cost  accumulates  at  a  rate  of 
■1  cts.  an  hour.  This  buildings-factor  charge 
is  an  appreciable  percentage  of  the  wages 
paid  the  machine  operator,  and  is  but  one  of 
several  equally  important  factors  making  up 
the  total  burden  of  the  industry. 

Relatively,  the  buildings-factor  charge  was 
found  to  be  divided  between  the  elements  as 
shown  in  Table  I. 

From  a  study  of  buildings-factor  charges  in 
a  large  number  of  plants,  the  percentages  and 
costs  given  above  have  been  selected  as  being 
those  which  are  attained  in  average  practice. 
If,  in  a  given  plant,  any  of  the  above  elements 
are  materially  greater  than  the  averages 
shown  in  Table  I  the  reason  should  be  at 
once  apparent.  The  factory  site  may  be  on 
valuable  land,  the  buildings  may  be  of  an  ex- 
pensive design,  heating  and  lighting  systems 
may  be  inefficient,  and  items  chargeable  to 
buildings   expense  may  need   investigation. 


TABLE  I.— DIVISION  OF  A  TYPICAL.  BUILD- 
INGS-FACTOR   CHARGE. 

Cost,  cts. 

Item.  Per  cent,     per  sq.  ft. 

Fixed  charges  on  land 10  2.2 

Fixed  charges  on  buildings..       56  12.3 

Fixed    charges    on    buildings 

fixtures    9  2.0 

Power  and  light 4  .9 

Heat    14  3.1 

Buildings  expense    7  1.5 

Total    100  22.0 


DISCUSSION    OF    COSTS. 

By  far  the  most  important  item  is  that  of 
fi.xed  charges  on  buildings.  The  selection  of 
good  building  materials,  when  making  repairs 
or  additions,  offers  an  opportunity  for  a  re- 
duction in  depreciation  and  repair  charges, 
which  cause  about  half  of  this  expense.  The 
amount  of  interest  charged  to  cost  will  be  in- 
creased, but  the  savings  in  depreciation  and 
repair  charges  will  usually  compare  very 
favorably  with  this  amount.  Interest  and  tax 
charges  on  land  may  be  decreased  by  the  se- 
lection of  a  cheaper  site,  and  there  are  many 
cities  offering  such  locations  to  desirable  in- 
dustries at  the  present  time.  Insurance 
charges  may  be  lowered  by  inaking  a  few 
changes  in  fire  protection  equipment,  and  by 
insuring  with  mutual  companies,  with  whom 
very  low  rates  may  be  secured. 

And  after  building  site  and  building  ma- 
terials have  been  selected,  and  each  of  the 
fixed  charges  lowered  as  much  as  possible, 
the  building  designed  to  give  the  greatest 
amount  of  floor  space  for  a  given  cost  will 
reduce  the  buildings  factor  greatly.  Or  if  it 
IS  desired  to  erect  a  new  building  to  provide 
a  definite  amount  of  space,  it  is  well  known 
that  it  will  be  much  cheaper  to  construct  a 
wide  building  four  stories  high  than  to  at- 
tempt to  get  the  same  amount  of  space  in  a 


WATER  WO] 


Field  and  Office  Methods  Employed  by 

Louisville  Water  Co.  in  Checking 

Construction  Gang  Payrolls. 

Contributed  by  G.  D.   Grain,  Jr.,  Louisville,  Ky. 

A  foreman  of  a  construction  gang  in  the 
service  of  the  Louisville  Water  Co.  devised  a 
method  of  juggling  his  payroll  returns.  Dis- 
covery of  this  condition  led  to  the  adoption  by 
the  company,  which  is  a  municipally  owned 
corporation,  of  a  new  system  of  checking  its 
payrolls.  Formerly  the  construction  gang 
foremen  have  kept  time  on  their  gangs  and 
the  payrolls  have  been  made  up  on  the  time 
so  taken  and  reported.  The  new  system,  which 
is  here  described,  consists  primarily  of  a  time- 
keeper, on  a  motorcycle,  whose  reports  sup- 
plement those  made  by  the  various  foremen. 
The  foremen  continue  to  keep  their  records  as 
formerly,  but  these  records  are  checked  against 
the  reports  of  the  motorcycle  timekeeper  at 
the  close  of  each  day. 

The  Louisville  Water  Co.  ordinarily  keeps 
eleven  gangs  of  men  at  work,  each  with  its 
foreman  or  boss  workman.  Three  of  these 
gangs  give  their  time  to  pipe-laying,  seveti  are 
gangs  of  plumbers  with  their  laborers,  and 
there  is  one  gang  of  cleaners.  Ordinarily 
there  are  in  the  neigrborhood  of  100  men  un- 
der the  subordinate  bosses,  though  when  the 
work  is  heavy  there  are  often  as  many  as  300 
men  employed,  the  various  gangs  being  in- 
creased in  size  by  the  addition  of  laborers.  In 
the  nature  of  their  work  the  various  gangs 
are  often  separated  from  each  other  by  miles. 
The  River  Pumping  Station  is  about  five  miles 
from  the  Company's  offices  on  Third  St.,  while 
from  44th  St.  and  Greenwood  Ave  to  the  filter 
plant  and  standpipe  in  Crescent  Hill  the  dis- 
tance is  probably  eight  miles.  So  in  working 
out  the  new  system  of  checking  it  was  neces- 
sary to  provide  some  means  by  which  the  time- 
keeper could  get  over  the  territory  easily  and 
quickly. 


In  brief  the  system  is  this:  Each  afternoon 
a  "routing  sheet"  or  "daily  work  sheet"  for 
the  day  following  is  made  up  in  the  office  of 
the  chief  engineer  and  superintendent,  Mr. 
James  B.  Wilson.  A  number  of  duplicates  are 
prepared  by  carbon  copy.  One  copy  goes  to 
Mr.  Wilson,  one  to  the  motorcycle  timekeeper 
and  one  to  each  of  the  foremen  on  the  jobs, 
the  sheets  constituting  memoranda  of  their  in- 
structions. With  this  sheet  in  his  possession, 
the  motorcycle  man  knows  just  where  each 
gang  should  be  working,  and,  generally,  how 
many  men  should  be  at  work  in  each  gang. 
He  and  the  foremen  have  been  furnished  with 
duplicate  time-sheets,  on  which  are  printed  or 
written  the  names  of  each  of  the  men  in  every 
gang.  It  is  the  business  of  the  motorcycle 
man  to  get  around  to  every  gang  at  least  twice 
during  each  working  day,  and,  when  there  is 
night  work  going  on  he  must  keep  tab,  on 
the  same  basis,  on  the  men  at  work  under 
such  conditions. 

Each  afternoon  at  the  close  of  office  hours 
the  foremen  present  their  time  sheets  and  re- 
ports to  the  superintendent's  office,  and  the 
motorcycle  timekeeper  turns  in  his  sheets  to 
the  auditor  of  the  company,  Mr.  John  S.  Mor- 
ris. Sheet  by  sheet  and  name  by  name  these 
sheets  are  checked  against  each  other  by  rep- 
resentatives from  the  two  offices,  and  it  is 
easily  ascertained  if  there  is  a  discrepancy.  In 
such  cases  the  men  who  turn  in  the  reports 
are  required  to  give  an  explanation,  or  an  in- 
vestigation is  made  promptly,  insuring  that 
whatever  attempt  may  have  been  made  to 
practice  fraud  will  be  exposed  right  at  the 
outset. 

Of  course  the  check  is  not  an  absolute  one, 
and  shows  principally  that  when  the  motor- 
cycle timekeeper  called  on  the  various  jobs 
the  men  the  foreman  reports  as  having  put  in 
a  day  were  actually  at  work.  If  the  foreman 
put  an  extra  man  at  work  during  the  last  few 
hours  of  a  day  after,  perhaps,  the  motorcycle 
man  had  paid  his  calls,  the  records  would  con- 


one  or  two-story  building  covering  a  much  j 
larger  ground  area.  All  the  above  considera-  i 
tions  affect  the  resultant  buildings  factor,  and  I 
the  cost  per  hour  of  housing  every  machine  it>  | 
the  plant.  j 

Lighting   and   heating   system   costs   can   be    | 
checked  also.     If  lighting  costs  are  high,  the    i 
equipment    may    be    at    fault,    lights    may    be    | 
poorly  placed,  they  may  be  of  a  design  which    I 
takes  more  power  than   a  better  lamp  would    | 
need,  or  the  cost  of  the  power  itself  may  be 
too  high.     Excessive  heating  costs  may  show 
that  the   design   of   the   system   is  at   fault  in 
respect    to    the   location    of    heating    surfaces, 
the  needless  exposure  of  heating  sitrfaces  to 
outside    temperatures,    the    disposition    of    re- 
turns   from   the   system,   the   methods   of   cir- 
culation, etc.,  or  again  the  cost  of  the  steam 
itself  may  be  too  much. 

,\  reduction  in  buildings  expense  may  be 
secured  by  an  investigation  as  to  the  necessity, 
or  as  to  the  economy  of  use,  of  the  items 
going  to  make  up  this  element. 

In  conclusion,  then,  the  organization  that 
can  secure  a  cheap  site,  that  can  occupy 
Imildings  of  good  construction  and  of  eco- 
nomical design,  that  can  install  efficient  heat- 
ing and  lighting  apparatus,  and  that  can  pro- 
vide for  the  proper  care-taking  of  their  prop- 
erty, will  have  the  lowest  buildings-factor 
charge,  and  will  have  made  an  important  step 
toward  a  maximum  efficiency  in  one  of  the 
largest  factors  making  up  the  burden  of  an 
industrial  organization. 


It  is  announced  that  the  Government  of 
Greece  has  decided  to  open  to  international 
competition  the  contract  for  constructing  the 
water  and  sewage  disposal  system  for  the 
cities  of  Athens  and  Pireaus,  to  cost  about 
$90,000,000,  the  money  for  the  work  having 
been   appropriated. 


flict  on  this  point,  but  the  explanation  would 
be  easily  confirmed.  However,  the  system 
prevents  any  possibility  of  one  foreman  or  a 
series  of  foremen  reporting  somebody  who 
was  regularly  employed  elsewhere  as  working 
for  the  water  company  and  drawing  wages 
from  that  source. 

The  plan  under  which  the  motorcycle  time- 
keeper works  is  simple.  With  the  routing 
sheet  before  him,  he  knows  where  the  various 
gangs  are  to  be  found  at  approximate  inter- 
vals during  each  day.  He  maps  out  his  route 
to  suit  himself,  never  making  the  same  round 
twice  in  succession.  This  much  is  certain,  how- 
ever— every  foreman  can  e.xpect  to  see  him  at 
least  twice  every  day,  and  every  workman  at 
least  twice  a  day  can  expect  to  be  called  on 
to  report  "his  time"  to  the  man  who  comes 
upon  a  motorcycle  and  asks  for  it.  The  idea, 
of  course,  is  that  since  there  is  no  certainty 
when  the  timekeeper  will  call,  and  a  possi- 
bility that  he  may  call  at  any  moment,  every 
foreman  will  attend  to  keeping  things  regular. 
This  is  the  way  it  is  working  out,  too. 

"Get  the  time  of  every  man  in  the  ditch" 
are,  essentially,  the  instructions  issued  to  the 
timekeeper,  and  he  is  carrying  them  out  to 
the  letter.  For  instance,  he  rides  out  the 
Newburg  Road  to  Rope  Walk  Lane,  where 
T.  J.  Sweeney  is  foreman  of  a  pipe-laying 
gang  of  ten  men  engaged  in  putting  down  a 
6-in.  pipe  to  supply  a  new  subdivision  in  that 
southeastern  corner  of  the  city.  He  has  the 
list  the  foreman  has  furnished,  and,  leaving  J 
his  wheel  at  one  side,  he  makes  the  rounds 
of  the  ditch  and  checks  after  each  man's  name 
the  hour  he  reported  and  whether  he  has  been 
steadily  engaged.  Finally  he  has  marked  all 
present  except  John  Smith.  So  he  asks  Swee- 
ney. 

"I  sent  him  down  to  the  store  at  Bardstown 
Road  and  Bonnycastle  Ave.,"  Sweeney  ex- 
plains, "to  telephone  the  office  for  some  drill- 
ing tools.     Struck  rock  again." 

Then  the  timekeeper  sits  down  to   wait  till. 
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Smith  conies  back,  getting   Smith's  report  on 

his  time  when  he  does  return.     He  may  not 

show  up  again  at  Sweeney's  corner  for  hours, 

maybe  not  until  just  as  the  men  are  stowing 

j  their  tools  away   for  the  night.     He  may  pay 

'  his    return    call    in    lo    minutes,    and    make    a 

;  mental   calculation    as    to   whether    everything 

j  is  all  right.     But  Sweeney  cannot  be  assured 

'  that  he  will  not  have  another  visit,   for  often 

■  the   timekeeper's    sheets    indicate   that    he   has 

I  made  as  many  as  five  calls  on  every  gang.  This 

1  is  easier   when   the   work   is   light   and    when 

I  there    are    few    men     in     the    ditches.      There 

I  might  be  supposed  to  be  some  opportunity  for 

,  collusion,   but    this   is    regarded   as    extremely 

1  remote.     The  foremen  and  the  timekeeper  are 

each  bonded  to   the   amount   of  $5,UIJ0.     This 

I  plan   having  been  put   into   effect  as   a   result 

of  the  recent  investigation  of  this  part  of  the 

I  system, 

I      There  are  other  ways,  also,  of  checking  up. 
j  For  instance,  the  records  of  the  Company,  e.x- 
I  tending   over    a    period    of    years,    have    been 
classified  and  averaged  until  it  is  known  pretty 
definitely  just  about  what  it  costs  to  lay  every 
'  foot  of  pipe  of  a  given  dimension  before  the 
I  work  is  undertaken.     If  the  cost  proves  to  be 
j  running  too  high  the  foreman  gets  a  chance 
j  to  explain.     "Struck  rock"  is  laconic,  and  also 
\  frequent   in   explanation   of  apparently  exces- 
sive  costs.     Also,   it   is   usually   valid,   and   is 
an  explanation  that  can  readily  be  substantiat- 
•  ed.     There  is  more  difficulty  in  estimating  in 
advance  the  cost  a  repair  job  is  coming  to,  for 
there  is   no   telling  what   condition   of   affairs 
and  pipes  is  going  to  be  uncovered.     Here  the 
:  opportunity   to    take   advantage    of    the    Com- 
pany may  perhaps  be  greater,  but  on  the  other 
j  hand  the  amount  of  "graft"  possible  in   each 
individual   case  is   usually  too  slight  to  make 
I  the  efifort  worth  while. 

j      The  case  of  abuse  of  confidence  referred  to 
i  in  the  opening  paragraph  was  that  of  a  fore- 
man who  had  been  in  the  Company's  employ 
!  for  six  years.     The  total  amount  of  what  he 
.  is  believed   to   have  got   by  padding  his  pay- 
rolls probably  never  will  be  definitely  known, 
I  but  it   is   said   to  have   been   considerable.     It 
was  extensive   enough,   in   the  opinion  of   the 
1  officers   of   the   Company,   to   justify   the   cost 
!  of  instituting  the  present  checking  system.  The 
i  salary  of  the  timekeeper  is  $50  a  month,  and 
I  it   costs    the    water   company   $3   a   month   to 
keep   his   motorcycle   going,   according  to   Mr. 
Wilson.      The    timekeeper    devotes    his    entire 
time  to  the  work  he  is  doing,  and  keeps  the 
j  motorcycle  at  home,  so  that  he  is  in  position 
to  make  night  runs   when,  as   noted,  there  is 
night  work  being  done. 

The  routing  sheet  referred  to  in  this  con- 
1  nection  is  of  interest.  The  plumbing  gangs, 
consisting  of  the  plumber  and  his  helper  and 
the  necessary  number  of  workmen,  are  listed 
as  follows  on  this  sheet,  the  following  being 
the  day's  work  of  the  gang : 

L,.  DOKERTY  &  T.  CROSS. 
42000—11.33  Lydla,   %-in.  service,  Harris,  Dixon. 
4i;004— 310    Stiltz    Lane,     %-in.    service,    Jordan, 
Mears. 
7069—315   K.    Chestnut   St..    H4-in.   service,    Dii- 
laney,  Willis. 

The  names  at  the  top  are  those  of  the 
plumber  boss  and  his  helper,  the  plumber  be- 
ing foreman  on  the  job.  The  numbers  at  the 
left  are  the  service  numbers,  while  the  jobs 
are  located  by  the  street  numbers.  The  nature 
of  the  work  is  indicated  next  and  the  names 
of  the  laborers  assigned  to  each  job  are  in- 
dicated at  the  extreme  right  of  each  line.  The 
pipe-laying  gangs  are  listed  with  the  name  of 
the  foreman  only,  the  names  of  the  men  em- 
ployed being  supplied  before  the  job  starts  by 
the  foreman.  The  Sweeney  job  referred  to, 
for  instance,  was  listed  on  the  routing  sheet, 
as  follows : 

T.  J.  Sweeney Newburg  Road,   Rope 

Walk  Lane  &  S.  E.    Lay  6-in.  Line. 

In  addition  to  these  entries,  the  names  of 
the  rncn  in  charge  at  the  filter  plant  and 
pumping  stations  are  entered  and  it  is  tlie  duty 
of  the  timekeeper  to  keep  the  time  on  all  the 
employes  at  these  places.  The  records  of  the 
Company,  in  these  cases,  as  in  the  others,  are 
made  up  from  the  reports  of  the  foremen 
themselves,  and  have  been  for  years,  the  Com- 


pany having  relied  on  the  integrity  of  these 
men  for  faithful  discharge  of  that  duty.  Nor 
has  there  been  anything  more  than  the  one 
case  of  abuse  of  trust  as  far  as  is  known,  but 
that  was  an  expensive  one,  and  the  officers 
of  the  company  have  worked  out  the  system 
outlined  here  to  make  sure  that  similar  ir- 
regularities do  not  occur  again. 


Method  and  Results  of  Strength  Tests 

on    Strainer   Plates  for   Baltimore 

Water  Filters. 

The  tests  here  described  were  made  at  Bal- 
timore to  determine  the  strength  of  the  semi- 
elliptical  brass  strainer  plates  adopted  for  the 
new  rapid  sand  filters  at  that  city.  The  in- 
formation given  is  from  the  latest  annual  re- 
port of  the  Baltimore  Water  Board.  At  the 
time  the  tests  were  made  Mr.  Ezra  B.  Whit- 
man was  President  of  the  Water  Board  and 
Water  Engineer  and  Mr.  James  W.  Armstrong 
was  then,  as  now.  Engineer,  Filtration  Di- 
\  isioii. 

.\PP.'\RATUS. 

The  apparatus  used  for  breaking  the  plate 
consisted  of  two  cast  iron  stands,  which  sup- 
ported two  3-in.  channels,  riveted  together  and 
separated  by  steel  plates.  It  is  illustrated  in 
the  accompanying  figure. 

The  plate  to  be  tested  was  made  of  com- 
mercial   sheet    brass,     30     ins.     long.    No.    15 
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Elevation    Showing    Method   of  Testing   Sec- 
tion  of   Brass   Strainer   Plate  and   Cross 
Section    of    Plate    Under    Test,    Bal- 
timore   Water    Filters. 

P.rownc  &  Sharpe  gage.  It  was  bent  to  the 
form  of  a  semi-ellipse,  whose  major  diameter 
was  -l-in.  and  whose  rise  was  i-)i-in.  The 
Ijrass  plate  had  three  21-32  in.  holes  drilled 
through  it,  11%  ins.  from  center  to  center.  The 
plate  was  suspended  by  %-in.  bolts  passing 
through  the  two  outer  holes,  and  the  load  was 
applied  by  means  of  %-in.  hook  bolts,  which 
passed  through  the  center  holes  and  was  sup- 
ported by  cross-bars  of -)4  by  1  %-in.  steel.  The 
brass  plate  had  its  concave  side  turned  up- 
ward. In  order  to  keep  it  from  flattening  out 
under  the  weight  of  the  loads,  J4-'n-  ''y  I"'"- 
liars  were  clamped  along  its  edge  at  four 
points  by  l-in.  by  ^-in.  clamps. 

The  ^4-in.  by  l-in.  bars  were  cut  at  the  cen- 
ter point  and  separated  so  as  to  permit  the 
brass  plate  to  bend  freely.  The  hook  bolt  that 
carried  the  load  was  supported  by  •34-in.  by 
1%-in.  bar-iron,  resting  on  top  of  the  brass 
strainer  plate.  It  had  four  pins  inserted  into 
it,  which  prevented  the  strainer  plate  from 
spreading.  A  12-in,  valve  bonnet  suspended 
by  a  chain  was  used  for  supporting  the  load 
which  was  applied  in  the  form  of  pig  lead. 

First  Ilxpcrimcnt. — The  first  plate  to  be 
broken  was  a  No.  15  Browne  &  -Sharpe  gage. 
Under  the  initial  load  of  179  lbs.  the  plate 
deflected  1/32  in.  at  the  center.  Under  load  of 
244  lbs,  it  deflected  l/l(i  in.,  and  under  load 
of  309  lbs.,  it  completely  failed  by  bending  at 
the  center,  the  upper  edge  of  the  plate  bucklin.g 
inward.     It  was  found  that  this  plate  was  an- 


nealed in  the  process  of  bending  and  its 
strength  was  thus  greatly  reduced. 

Second  Expcrixicnl. — This  plate  was  also 
No.  15  Browne  &  Sharpe  gage,  30  ins.  long, 
supported  and  loaded  in  the  same  manner  as 
the  previous  one.  On  application  of  the  initial 
load  of  179  lbs.  there  was  an  apparent  deflec- 
tion of  1/lti  in.,  but  this  deflection  must  have 
been  due  to  improper  adjustment  of  the  plate, 
as  it  only  settled  1/04  in.  when  a  load  of  369 
lbs.  was  applied.  With  the  application  of  each 
additional  load,  a  further  deflection  of  1/64 
ui.  was  noted,  until  a  weight  of  777  lbs.  was 
reached,  when  a  slight  buckling  was  noticed 
at  about  the  center  point  of  the  plate.  On  the 
application  of  a  load  of  847  lbs.  the  plate  failed 
completely  by  buckling  at  the  center. 

Third  ■  Experiment. — The  third  test  was 
made  on  a  brass  plate  29  ins.  long,  made  of 
No.  12  Browne  &  Sharpe  gage,  bent,  support- 
ed and  loaded  in  the  same  manner  as  the  other 
jilates.  There  was  no  deflection  upon  appli- 
cation of  the  intial  load  of  179  lbs.,  nor  upon 
a  load  of  244  lbs.  With  the  addition  of  each 
new  pig  lead  which  weighed  from  65  to  7U 
lbs.,  deflection  increased  trom  1/64  to  1/32  in. 
until  515  lbs.  was  reached,  and  upon  applica- 
tion uf  -jSO  lbs.  the  plate  failed  completely  by 
buckling  at  the  center.  This  plate  was  injured 
by  annealing  prior  to  the  process  of  rolling, 
whicli  accounts  for  its  very  low  strength. 

CONCLUSIONS. 

The  strainer  system  in  the  Baltimore  filters 
has  the  brass  strainer  plates  held  in  position 
by  }4-in-  brass  "U"  bolts,  spaced  11  ins.  from 
center  to  center.  In  applying  the  wash  water 
they  are  stressed  uniformly  m  an  upward  di- 
rection, due  to  impinging  of  the  water  against 
the  plates.  The  "U"  bolts  will  act  as  supports. 
As  it  is  not  possible  to  make  a  test  under 
actual  operating  conditions,  it  was  decided  to 
take  double  the  space  and  apply  the  load  at 
the  center.  A  length  of  23  ins.  between  sup- 
ports was  used  instead  of  22  ins.  in  order  to 
make  allowance  for  the  cross-bar  supporting 
the  load.  The  load  and  distance  between  the 
supports  of  the  test  piece  were  such  that  the 
bending  moment  developed  was  approximately 
four  times  greater  than  could  be  obtained 
with  a  similar  load  applied  under  actual  op- 
erating conditions. 

It  will  thus  be  seen  that  Plate  No.  2,  which 
is  the  only  one  broken  that  gave  a  fair  test, 
would  have  safely  withstood  a  load  of  a  little 
over  3,000  lbs.  had  it  been  tested  under  the 
conditions  that  obtain  in  actual  operation.  This 
gives  a  factor  of  safety  of  between  seven  and 
eight. 


An    Example   of    State    Regulation    of 

the   Operation   of   a   Small   Water 

Works   in   Pennsylvania. 

The  Public  Service  Commission  of  Penn- 
sylvania recently  handed  down  its  decision  in 
the  case  of  Robert  W.  Mehard  et  al.,  vs.  the 
New  Wilmington  Water  Supply  Co.  The 
chief  point  at  issue  was  the  reasonableness  and 
equity  of  the  service  rates  in  force  and  the 
character  of  service  rendered.  The  complain- 
ant alleged  that  the  schedule  of  rates  of  the 
public  service  company  were  unjust,  unreason- 
able and  discriminatory  ;  and  that  the  facilities 
and  .service  were  not  ade(|uate  or  sufficient  for 
the  accommodation  and  safety  of  the  public. 
The  company  agreed  to  discontinue  their 
existing  schedule  of  rates  and  post  and  file  as 
required  by  law,  a  new  schedule  showing  the 
rates  to  be  charged.  Under  the  facts  as  sliown 
by  the  testimony  introduced,  the  Commission 
ordered  the  company  to  install  certain  im- 
provements and  conduct  its  business  in  accord- 
ance with  certain  directions  contained  in  its 
reports,  the  substance  of  which  is  here  given. 
on  April  23,  1914,  and  was  decided  Dec.  4, 
The  case  was  submitted  to  the  Commission 
1914.  The  report  and  order  of  the  Commis- 
sion are  here  given  in  abridged  form  from  re- 
port No.  43. 

SUBSTANCE    OF    REPORT    OF    COMMISSION. 

Consumers  of  the  New  Wilmington  Water 
-Supply  Co.  filed  a  complaint  against  the  rates 
and  service  of  the  company,  alleging  that  the 
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rate  of  4o  cts.  per  1,000  gals,  for  patrons  who 
use  l'.5,000  gals,  or  less  a  quarter  is  unjust 
and  unreasonable ;  that  the  rule  in  the  rate 
schedule  which  provides  that  where  meters 
nave  not  yet  been  installed  the  old  flat  rate 
will  be  charged  is  discriminatory  and  unjust, 
inasmuch  as  no  provision  is  made  for  the  in- 
stallation of  meters  and  no  reason  given  why 
meters  may  not  be  duly  installed ;  that  the 
service  furnished  and  maintained  is  not  ade- 
quate for  the  "accommodation  and  safety"  of 
its  patrons  and  the  public;  that  the  pipes  put 
down  by  the  company  are  in  some  instances 
too  small  for  the  proper  distribution  of  the 
water  to  consumers ;  that  owing  to  the  numer- 
ous dead  ends  in  the  distribution  system,  filthy 
and  unwholesome  water  is  furnished  at  cer- 
tain times;  that  the  fire  plugs  used  by  the  com- 
pany are  not  of  standard  make  and  could  not 
be  used  to  attach  iron  couplings  in  the  event 
of  a  fire  calling  for  outside  assistance ;  that 
the  cesspool  of  the  superintendent's  house  is 
within  50  ft.  of  one  of  the  wells  from  which 
water  is  taken  into  the  reservoir;  that  the  sur- 
face water,  on  account  of  defective  appli- 
ances, flows  into  the  reservoir,  contaminating 
the  water  and  rendering  it  unfit  for  domestic 
purposes. 

The  respondent  in  his  answer  sets  forth  that 
the  company  has  not  tried  to  enforce  the  new 
schedule  to  which  complainant  objects,  but 
continued  during  1914  to  collect  for  water  at 
the  old  rates  which  have  been  in  use  prac- 
tically since  189.3,  and  against  which  there  have 
been  no  objections  filed ;  that  the  rates  of  the 
new  schedule,  if  enforced,  would  not  have 
yielded  s.ufficient  revenue  to  maintain  adequate 
service  and  pay  a  reasonable  return  upon  the 
investment,  and  therefore  the  company  does 
not  oppose  the  issuance  of  an  order  enjoining 
the  use  of  the  new  schedule,  but  petitions  to 
be  permitted  to  withdraw  the  schedule  in  ques- 
tion and  to  be  allowed  to  continue  charging 
for  water  at  the  old  rates;  that  the  service 
and  facilities  of  the  company  have  been  in 
all  respects  reasonably  adequate  and  sufficient 
for  the  accommodation  and  safety  of  its  pa- 
trons and  the  public ;  that  the  Department  of 
Health  of  the  state  issued  a  decree,  dated 
Sept.  21,  1914.  approving  the  quality  of  the 
water,  but  requiring  the  company  to  have  pre- 
pared, and  to  submit  to  that  department  for 
approval,  plans  in  detail  for  the  extension  and 
improvement  of  its  reservoir  and  distribution 
system ;  that  a  competent  engineer  has  been 
engaged  to  prepare  the  plans  and  to  carry 
into  effect  the  order  of  the  Department  of 
Health  ;  that  only  reasonable  time  is  requested 
to  prepare  these  plans  when  the  company  will 
submit  to  this  Commission  details  of  the  pro- 
posed improvements,  which  it  is  believed  will 
meet  all  tlie  criticisms  which  have  been  di- 
rected against  its  service;  and  that  in  the 
meantime  it  joins  in  the  prayer  of  the  peti- 
tioner asking  for  the  disapproval  of  the  new 
schedule  of  rates  filed  some  time  ago  with 
the  Public  Service  Commission. 

Complainant  accordingly  made  application  at 
the  hearing  for  permission  to  amend  his  com- 
plaint against  rates  so  as  to  apply  to  the  old 
rates,  the  rates  that  are  now  (1914)  charged 
and  collected,  and  that  were  in  effect  at  the 
time  when  the  complaint  was  formally  made. 
Permission  was  granted  and  the  complaint 
was  made  broad  enough  to  include  the  old 
rates. 

In  this  proceeding  the  petitioners  prayed 
that  respondent  be  required : 

(1)  To  amend  its  schedule  of  rates  and  regu- 
lations to  the  end  that  they  may  be  just,  rea- 
sonable and  in  bo  way  discriminatory. 

(2)  To  .supply  and  maintain  such  service 
that  shall  in  all  respects  be  reasonably  ade- 
quate and  sufficient  for  the  accommodation  and 
safety  of  its  patrons  and  the  public. 

(3)  To  improve  its  facilities  and  to  install 
such  new  facilities  as  will  remove  the  defects 
complained  of  and  correct  such  other  defects 
as  may  appear  to   the   Commission. 

The  following  facts  are  taken  from  the  rec- 
ord in  this  case :  New  Wilmington  is  a  small 
borough  of  about  800  people,  and  the  seat  of 
a  college  of  approximately  300  students  The 
water  works  reservoir  is  located  outside  of 
the  borough  limits  and  gets  its  supply  of  water 


from  several  wells  and  springs  within  a  dis- 
tance of  200  or  300  ft.  from  it.  The  capacity 
of  the  reservoir  is  300,000  gals. 

The  water  is  supphed  from  the  reservoir 
through  an  8-in.  main  and  distributed  through 
the  business  section  of  the  town,  principally  in 
8-in.  and  6-in.  pipes.  Outside  of  that  area 
4-in.,  2-in.  and  l;4-iri.  pipes  are  used,  although 
on  some  streets  pipes  are  used  in  the  distri- 
bution system  that  are  only  1-in.  and  V4-in. 
in  diameter. 

About  50  or  60  ft.  from  one  of  the  wells 
used  in  supplying  water  is  a  cesspool  con- 
nected with  the  house  occupied  by  the  su- 
perintendent of  the  water  company.  The 
plumber  of  the  borough  testified  that  he  con- 
sidered this  cesspool  a  menace  to  the  health 
of  the  town,  but  had  never  reported  it  to  the 
local  Board  of  Health  or  to  the  Health  De- 
partment of  the  state,  nor  had  he  ever  heard 
of  any  one  else  who  had  made  complaint 
against  it.  There  are  times  when  the  water 
is  not  fit  for  domestic  consumption,  because 
of  its  offensive  odor  and  bad  taste.  This  is 
found  to  be  the  case  in  the  spring  of  the  year 
after  the  snow  melts,  after  very  heavy  rains, 
and  after  the  sewers  of  the  town  are  flushed. 
Some  of  this  trouble  is  also  ascribed  to  the 
number  of  dead  ends  found  in  the  distributing 
system  and  the  poor  circulation  of  the  water 
resulting  therefrom.  No  complaints  were  ever 
filed  with  the  company  on  account  of  the  poor 
quality  of  the  water  except  in  the  spring  of 
1914,  when  a  very  high  freshet  carried  surface 
water  into  the  springs  and  polluted  them.  As 
soon  as  the  matter  vs-as  called  to  the  attention 
of  the  company,  the  springs  so  aff^ected  were 
shut  oflF  and  the  trouble  corrected.  Certificates 
from  two  prominent  local  physicians  state  in 
efifect  that  they  consider  the  water  furnished 
by  respondent  to  be  pure  and  wholesome,  and 
do  not  know  of  a  single  case  of  sickness  or 
disease  that  has  occurred  in  the  borough  of 
New  Wilmington  that  can  be  attributed  to  the 
water  that  is  used. 

In  a  few  cases  the  service  has  not  been  sat- 
isfactory. The  public  schools  have  not  at  all 
times  sufficient  water  to  keep  the  closets  work- 
ing properly ;  and  in  the  case  of  a  fire  along 
a  2-in.  line  the  pressure  of  the  water  was  so 
low  that  it  would  not  throw  a  stream  over 
10  or  l.j  ft.  high.  There  is  also  some  trouble 
to  get  a  sufficient  quantity  of  water  along  a 
few  streets  where  the  supply  is  furnished 
through  a  1-in.  pipe. 

The  company  filed  with  the  Commission  a 
schedule  of  rates  for  meter  service  in  June, 
1914,  to  supercede  the  flat  rates  then  in  effect. 
The  meter  rates  were  fixed  at  40  cts.  per 
1,000  gals,  for  consumers  using  25,000  gals, 
or  less  a  quarter;  35  cts.  per  1,000  gals,  for 
consumers  using  from  25,000  to  50,000  gals, 
per  quarter ;  30  cts.  when  using  over  50.000 
and  less  than  100,000  gals,  and  25  cts.  when 
over  100,000  gals,  were  consumed  per  quarter. 
Sixty  meters  were  installed,  but  were  not  used 
on  account  of  the  general  protest  that  came 
from  the  consumers  against  the  proposed 
meter  rates.  The  company  thereupon  contin- 
ued to  charge  and  collect  the  old  rates  for  flat 
service,  from  all  but  five  patrons,  instead  of 
attempting  to  put  the  new  schedule  of  rates 
into  effect.  Under  the  old  service  a  flat  rate 
of  $10  per  house  is  charged  when  there  is  no 
bath,  and  $20  per  house  having  a  bath  and 
water  closet. 

The  New  Wilmington  Water  Supply  Co. 
has  a  capital  stock  of  $23,150  which  has  been 
all  paid  in.  It  has  no  mortgage  or  bonded  in- 
debtedness, and  last  year  and  for  some  years 
past,  paid  a  6  per  cent  dividend.  Its  gross  re- 
ceipts in  1913  were  $2,808.23  and  its  gross 
earnings  between  $3,200  and  $3,500.  In  1913 
it  paid  for  operating  expenses  $638.12,  for 
taxes  $126.67.  for  construction  $739.07,  and 
had  a  cash  balance  left  for  the  year  of  $481.49. 
There  is  no  sinking  fund  maintained,  and 
nothing  set  aside  to  take  care  of  depreciation 
in  the  plant.  No  salaries  are  paid  except  to 
the  treasurer  and  engineer.  The  company  fur- 
nishes service  for  201  consumers  and  24  fire 
plugs. 

It  appears  from  the  evidence  that  the  re- 
spondent has  been  required  by  the  State  De- 
partment  of    Health   to   make   certain   specific 


changes  and  improvements  in  its  plant  and 
equipment,  with  a  view  of  improving  the  serv- 
ice, that  the  quality  of  the  water  has  been  an- 
alyzed and  duly  approved  by  the  health  au- 
thorities of  the  state;  that  the  flat  rates  now 
and  heretofore  charged  and  collected  are  not 
excessive,  unreasonable  nor  discriminatory; 
that  in  posting  and  filing  a  schedule  of  rates 
and  not  putting  it  into  effect,  the  company  has 
been  dereHct  in  the  discharge  of  a  duty  which 
it  owes  to  its  patrons  and  the  public ;  that  its 
system  of  book-keeping  is  obsolete  and  un- 
satisfactory, and  that  the  respondent  has  no 
record  or  even  approximate  figures  of  the 
physical  valuation  of  its  plant,  nor  a  correct 
map  in  its  possession  of  the  highways  occu- 
pied by  its  distributing  system,  which  shows 
the  character  of  the  pipes  laid  on  the  different 
streets. 

In  view  of  the  foregoing  facts  the  Commis- 
sion drew  the  following  order : 

ORDER. 

This  case  being  at  issue  upon  complaint  and 
answer  filed,  and  having  been  duly  submitted 
by  the  parties,  and  full  investigation  of  the 
matters  and  things  involved  having  been  had. 
and  the  Commission  having,  on  the  date  hereof, 
made  and  filed  of  record  a  report  containing 
its  findings  of  fact  and  conclusions  thereon, 
which  said  report  is  hereby  referred  to  and 
made  a  part  hereof; 

Now,  to  wit,  Dec.  4.  1914,  the  New  Wilmington 
Water  Supply  Co.  is  hereby  ordered  to 

1.  Sunbmit  to  this  Commission  a  copy  of  thc 
plan  showing-  the  improvements  in  its  plant  and 
plant  facilities  which  were  made,  in  pursuance 
to  the  decree  of  the  Department  of  Healtii  under 
date  of  Sept.  21,  1914. 

2.  Place  on  file  with  this  Commission  a  map 
of    the    Borough    of    New    Wilmington,    showin'.; 
on   it   as   of  Dee.    1,    1914,   all   the  lines   of  pipe 
and  their  respective  dimensions  that  have  bien 
installed  in  its  distributing  system. 

3.  Post  in  its  office  and  file  with  this  Com- 
mission Its  schedule  or  schedules  of  rates  and 
regulations  which  it  will  follow  in  the  transac- 
tion of  its  business. 

4.  Have  an  appraisal  made  of  the  physical 
valuation  of  its  water  plant  now  established  and 
operated  at  New  Wilmington,  and  to  submit 
duly  certified  copies  of  such  inventory  to  this 
Commission. 

5.  Revise  its  system  of  bookl<eeping  so  that 
it  will  conform  in  all  essential  points  with  the 
suggestions  which  they  may  obtain  from  the 
Bureau  of  Accounts  and  Statistics  of  the  Pub- 
lic  Service   Commission. 

6.  Forward  to  this  Commission  a  correct 
copy  of  its  balance  sheet  annually  for  the  en- 
suing two   years,    beginning  Jan.    1,   1915. 

7.  Flush  the  (ire  plugs  at  least  four  times  a 
year  and  to  maintain  a  type  of  fire  plug  to  which 
any  standard   fire   hose   can   be  attached. 

S.  Install  an  automatic  pressure  gage  at  the 
reservoir  and  at  the  highest  elevation  in  the 
town  receiving  service,  and  keep  a  weekly  rec- 
ord in  its  office  for  inspection  of  the  pressure  at 
these  two  designated  points. 

9.  Adopt  some  plan  which  will  not  make  it 
possible  for  the  surface  water  to  flow  in  the 
different  springs  at  any  time  or- under  any  con'- 
dltions  of  weather,  and  to  report  the  character 
of  such  protection  to  this  Commission  on  or  be- 
fore Jan.   15,   1915. 


Considerations  Affecting  the  Selection 
of  Deep  Well  Pumping  Machinery. 

It  is  unfortunately  ti-ue  that  a  large  number 
of  deep  well  pumping  plants  are  installed  on 
what  might  be  called  "catalog  knowledge,"  and 
without  proper  tests  and  measurements  or  an 
intelligent  understanding  of  the  requirements  . 
of  the  situation.  In  such  cases  success  comes 
only  by  accident  and,  moreover,  what  is 
thought  to  be  success  is  more  often  only 
freedom  from  acute  trouble.  In  the  latter 
event  the  owners  never  know  the  improvement 
in  results  that  miglit  have  been  made  by  a 
different  design.  The  wide  variation  in  results 
obtained  in  pumping  from  deep  wells  and  the 
many  conflicting  claims  made  for  the  several 
types  of  machinery  in  use  prompted  Douglas 
A.  Graham.  Principal  Assistant  Engineer  with 
Dabney  H.  Maury,  Chicago,  to  point  out 
briefly  some  of  the  factors  entering  into  the 
problem  of  constructing  plants  of  this  kind, 
in  a  paper  before  the  annual  convention  of  the 
Illinois  Society  of  Engineers  and  Sun-eyors. 
In  the  paper,  which  follows,  Mr.  Graham  also 
laid  special  emphasis  on  the  absolute  necessity 
for  knowing  the  pertinent  data  before  plan; 
are  evolved. 

There  are  three  general  types  of  deep  well 
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pumping  machinery  on  the  market  although 
there  are  additional  divisions  in  some  of  these 
types.  Thev  are:  air  lift,  reciprocating  or 
plunger  pumps,  including  one,  two  and  three 
plunger  macliines,  and  rotary  pumps,  including 
turbine  and  propeller  pumps.  These  types  of 
machinery  are  all  in  common  use  and  no  de- 
tailed description  is  needed  by  those  engaged 
in  well  work. 

There  are  four  general  bases  for  comparing 
the  several  types  of  well  pumping  machinery 
mentioned  above.  These  are:  cost,  efficiency, 
capacity  and  reliability. 

The  first  cost  may  be  easily  ascertained  from 
the  machinery  manufacturers  and  from  the 
contractors  bidding  for  the  erection.  As  there 
are  different  forms,  makes  and  grades  of  each 
class  of  machinery,  it  is  difficult  tc  give  gen- 
eral comparative  costs  of  the  several  types  of 
pumping  installations.  The  rotary  turbine 
pump  is  probably  the  most  e.xpensive  and  the 
air  lift  the  cheapest  of  the  three.  The  recipro- 
cating and  the  propeller  pumps  vary  in  cost 
between  these  two  limits. 

Efficiency  is  a  more  difficult  matter  to  esti- 
mate, as  unreliability  or  ignorance  of  bidders, 
uncertain  or  varying  well  conditions,  improper 
erection  and  difficulty  of  testing  combine  to 
produce  results  dififerent  from  those  expected. 
In  general  it  may  be  said  that,  of  the  best 
designs  of  the  three  types  mentioned  above,  the 
plunger  pump  ranks  first  in  efficiency,  with 
rotary  pumps  second,  and  air  lift  generally 
a  poor  third. 

If  the  wells  are  already  drilled,  the  required 
quantity  of  water  may  determine  the  type  of 
pumping  machinery.  With  a  given  size  of 
well,  and  average  conditions,  the  air-lift  stands 
first  in  regard  to  amount  of  water  that  can  be 
delivered,  with  the  rotary  pump  second,  and 
the  plunger  pump  third. 

From  the  standpoint  of  reliability  the  order 
of  merit  is  again  changed.  The  air  lift,  with 
all  of  its  moving  parts  above  ground  and 
easily  accessible  for  inspection  and  repairs,  is 
well  in  the  lead,  with  the  reciprocating  pump 
second  and  the  rotarv  pump  third,  especially 
at  lifts  of  100  ft.  or  more. 

The  four  general  standards  of  comparison 
above  stated  are  commonly  recognized,  and  a 
comparison  of  each  case  can  readily  be  made 
by  reducing  all  these  factors  to  the  basis  of 
annual  cost,  including  operating  expenses,  in- 
terest and  depreciation.  There  are  a  number 
of  other  factors,  however,  which  cannot  be 
stated  in  general  terms,  and  which  affect,  not 
only  the  importance  of  the  general  character- 
istics of  each  type,  but  may  dictate  one  type 
to  the  exclusion  of  all  others  from  considera- 
tion. 

The  more  important  of  these  factors  are: 
size  of  well,  straightness  of  well,  character 
of  water,  both  chemical  and  physical,  pumping 
level  of  well  and  its  probable  fluctuations,  . 
number  of  units  permitted,  or  the  emergency 
reserve  available,  skill  of  the  contractor  who  is 
to  do  the  erecting,  and  the  character  of  at- 
tendance and  care  the  plant  will  receive  after 
it  is  constructed. 

For  example,  a  turbine  rotary  pump  cannot 
be  successfully  installed  in  a  well  smaller  than 
12  ins.  in  diameter,  and  the  larger  sizes  produce 
the  best  results.  A  well  so  crooked  as  to 
cause  a  bend  in  rods  or  shaft  of  plunger  or 
rotary  pumps  should  never  be  used  for  these 
classes  of  niachinery,  except  with  a  full  knowl- 
edge of  the  breakdowns  and  repairs  that  are 
bound  to  result.  .\ir  lift  is  admiraly  adapted 
to  crooked  wells.  Water  high  in  sulphuric 
acid  or  carrying  sand  makes  the  use  of  either 
the  plunger  or  turbine  pump  expensive,  re- 
quiring heavy  slow-corroding  drop  pipe. 

The  pumping  level  of  a  well  at  the  capacity 
required  is  of  prime  importance  in  the  selec- 
tion of  a  pump.  The  pumping  level  usually 
varies  widely  for  different  rates  nf  pumping, 
especially  in  the  deeper  sandstone  wells.  The 
statement  of  the  water  level  in  a  well  is 
meaningless  unless  tlic  corresponding  pumping 
rate  is  also  given,  although  the  rate  of  pump- 
ing is  seldom  given  when  data  of  this  sort  arc 
requested  from  o])crating  engineers.  It  is  of 
utmost  unportancc  to  know  the  pumping  level 
before  buying  a  pump,  and  a  knowledge  of  the 
behavior  of  other  wells  in  the  territory  is  of 


great  importance  in  estimating  the  probable 
changes  which  may  be  expected  in  the  future. 

The  effect  of  varying  water  level  is  different 
in  each  class  of  machinery.  In  the  air-lift  the 
efficiency  is  largely  dependent  on  securing  the 
proper  submergence  of  the  air  pipe.  This 
should  be  about  60  per  cent  for  the  best 
results.  In  installing  an  air  lift  an  estimate 
may  be  made  in  advance  and  the  pipe  readily 
raised  or  lowered  after  the  tests  are  made 
until  the  desired  point  is  reached.  After  the 
erector  leaves,  however,  there  is  small  chance 
for  the  adjustment  of  the  air  pipe  by  the 
station  employes.  They  seldom  have  the  neces- 
sary knowledge  and  it  is  rare  that  convenient 
means  for  measuring  the  pumping  level  are 
provided.  Practically  all  well  levels  change 
with  time  and  some  vary  rapidly,  one  instance 
of  a  drop  of  70  ft.  in  one  week  being  known 
to  the  writer.  If  a  water  level  100  ft.  below 
the  surface  should  drop  to  120  ft.,  the  air  pipe, 
which  had  been  2.50  ft.  below  the  surface, 
would  have  to  be  lowered  50  ft.  If  this  were 
not  done,  the  submergence  would  drop  from 
60  per  cent  to  50  per  cent,  with  a  correspond- 
ing material  loss  of  efficiency.  The  air  lift, 
therefore,  while  easily  adjusted  within  reason- 
able limits,  is  materially  affected  by  changes 
in  the  water  level,  and  it  is  probable  that  few 
of  these  plants  maintain  their  best  efficiencies 
very  long  after  they  are  installed.  iVIany  tests 
of  old  air  lift  plants  show  efficiencies  as  low 
as  10  per  cent  over  all,  while  the  manufactur- 
er's guarantees  now  run  to  .SO  and  40  per  cent. 
This  is  due  partly  to  changing  water  levels 
and  partly  to  improvements  in  design. 

The  plunger  pump  also  is  affected  ma- 
terially by  the  original  pumping  level  and  its 
variations,  although  its  reliability  changes  more 
than  its  efficiency.  The  rods,  pump  head  and 
motive  power  must  be  designed  for  given 
,  loads,  ."^.s  long  as  the  water  level  remains 
above  the  working  barrel  all  goes  well,  as  the 
entire  machine  is  usually  designed  for  a  head 
equal  to  the  depth  the  plungers  are  placed 
below  the  surface  plus  a  constant  surface 
pressure.  If,  however,  the  water  level  drops 
below  or  close  to  the  barrel,  trouble  is  sure 
to  begin.  The  pump  will  take  air  and  breakage 
and  loss  of  efficiency  result.  If  the  condition 
of  the  well  permits,  the  barrel  may  be  lowered, 
but  the  strain  on  all  parts  is  thereby  increased 
and  trouble  is  likely  to  occur.  Plunger  pumps 
are  not  suitable  for  changing  well  conditions 
and  should  be  specified  only  on  thoroughly 
proven  data. 

The  turbine  pump  has  the  same  limitations 
as  the  plunger  pump  with  an  important  addi- 
tion. The  efficiency  and  capacity  of  a  turbine 
are  only  at  a  ma.ximum  for  a  very  short  range 
of  head  fluctuation  and  fall  off  very  rapidly 
as  the  head  increases.  It  is  absolutely  essentia! 
that  a  pump  of  this  class  be  designed  for  a 
definite  and  known  water  level,  and  a  change 
in  this  level  frequently  requires  the  reconstruc- 
tion of  the  entire  pump.  There  are  some 
forms  of  rotary  propeller  pump  which  do  not 
have  this  objection  as  they  are  built  in  sec- 
tions and  can  be  extended  within  the  limits 
of  strength  and  of  motive  power. 

The  number  of  units  in  the  proposed  plant 
and  the  emergency  reserve,  in  the  form  of 
water  storage  or  connection  witli  neighbor- 
inb;  supplies,  may  have  ;m  important  bearing 
on  the  problem.  With  a  number  of  units  and 
sufficient  reserve,  the  hazard  due  to  breaking 
pump  rods  is  materiallv  reduced  and  such  an 
accident  can  usually  be  repaired  in  a  few 
hours.  With  the  danger  of  interrupting  the 
service,  this  contingency  resolves  itself  into 
a  matter  of  cost  of  maintenance.  With  only 
one  unit,  however,  the  importance  of  continu- 
ous service  greatly  enhances  the  value  of  the 
reliability  of  the  air  lift. 

The  skill,  experience  and  responsibility  of 
tile  erection  contractor  is  of  great  importance, 
especially  where  anything  Init  air  lift  is  con- 
sidered. If  possible,  a  pump  should  lie  erected 
l)y  its  makers,  or  by  their  trained  representa- 
tives, and  the  responsibility  of  the  contractor 
and  pump  maker  and  their  policy  in  dealing 
with  customers'  complaints  should  lie  carefullv 
investigated.  It  is  often  lictter  to  have  a  fairly 
good  well  pump  made  by  a  concern  whicji 
stands  back  of  it,  than  a  better  pump  which 


does  not  value  the  satisfaction  of  its  cus- 
tomers enough  to  help  them  overcome  the 
difficulties  that  are  so  often  encountered  in 
well  work. 

The  erection  of  a  well  pump  is  of  almost 
equal  importance  with  its  design,  and  must  be 
carefully  considered  in  selecting  the  type  of 
machinery  to  be  used.  Many  a  good  pump  has 
been  unsatisfactory  because  of  improper  in- 
stallation or  of  unsuitable  well  conditions 
which  should  have  been  detected  and  reported 
by  a  competent  erector. 

The  character  of  the  attendance  a  plant 
will  receive  may  vitally  affect  the  selection  of 
the  type  of  pumping  machinery.  Few  accidents 
can  happen  to  an  air  lift  which  will  rot  be  im- 
mediately detected  and  remedied,  although  the 
efficiency  may  fall  oft'  very  materially  under 
unskilled  or  careless  management.  The  other 
types  of  plants  are  more  delicate  and  require 
constant  and  intelligent  supervision. 

The  causes  of  trouble  with  well  pumps  are 
many  and  sometimes  obscure.  Probably  the 
most  common  ones  are  crooked  wells,  sand  in 
the  water,  too  low  a  water  level,  or,  as  it  is 
often  stated,  a  lack  of  water,  too  high  speed, 
and   incorrect  alignment. 

The  crooked  well  is  the  bane  of  the  oump 
man's  existence,  and  unfortunately  is  exceed- 
ingly common.  It  is  difficult  to  drill  a  straight 
well  where  the  rock  strata  are  not  homogene- 
ous and  horizontal,  and  the  difficulty  of  meas- 
uring the  well,  coupled  with  the  lack  of  com- 
petent construction  supervision,  has  been 
largely  responsible  for  the  acceptance  of  so 
many  crooked  wells  throughout  the  country. 

.\  long  line  of  rods  or  a  shaft  rotating  at 
high  speed  cannot  be  expected  to  work  around 
a  corner  without  giving  trouble,  and,  even 
where  a  pump  is  set  on  an  incline  to  conform 
to  a  straight  but  inclined  well,  the  unbalanced 
condition  of  the  loaded  parts  is  likely  to  give 
trouble.  It  is  a  perfectly  safe  rule  never  to 
install  a  plunger  or  rotary  pump  except  where 
the  rods  or  shaft  can  be  made  perfectly 
straight,  and  even  inclined  wells  should  be 
avoided  as   far  as  possible. 

If  the  water  level  in  a  well  drops  to  the 
barrel  or  pump,  the  machine  will  take  air  in- 
stead of  water.  This  causes  severe  shock  and 
is  a   frequent  cause  of  pump  trouble. 

Plunger  pumps  should  never  be  run  at  a 
greater  speed  than  90  or  100  ft.  of  plunger 
travel  per  minute,  and  the  higher  the  lift  and 
the  larger  the  pump,  the  slower  should  be  the 
speed.  For  ordinary  crank  motion  pumps, 
operating  with  lifts  of  50  and  greater,  75  ft. 
per   minute   plunger  speed  is  to  be  preferred. 

As  mentioned  before,  improper  alignment  of 
a  well  pump  is  a  very  common  cause  of  trouble 
and  no  pains  should  be  spared  to  avoid  this 
condition.  It  takes  an  expert  erector  skilled  in 
this  class  of  work  to  produce  the  best  re- 
sults, and  this  is  particularly  true  when  a 
sli.ght  crook  in  the  well  or  a  general  slope  to 
the  bore  require  that  the  pump  be  set  on  an 
incline  in  order  to  avoid  undue  stresses  on  the 
rods  or  shaft.  Facing  a  pump  in  a  different 
direction,  and  inclining  it  slightly  from  the 
horizontal,  will  sometimes  make  a  pump  work 
more  easily  and  eliminate  much  of  the  trouble 
from  breakdown.  Proper  alignment  of  motor 
or  engine  is  essential,  particularly  in  direct 
connected  or  geared  units,  as  the  vibration  set 
np  by  a  poorly  aligned  gear  or  shaft  greatly 
increases   the   stresses   in   the   machine. 

It  is  useless  to  spend  time  and  money  in 
determining  the  well  conditions  and  obtaining 
the  right  machine,  and  then  to  trust  the  in- 
stallation work  to  any  practical  mechanic  who 
may  be  the  lowest  liidder  for  the  work.  One 
would  not  think  of  tnrsting  the  adjustment  of 
a  si.x  cylinder  automobile  motor  to  a  foundry- 
man,  yet  many  well  pumps  are  installed  by 
men  with  as  little  special  knowledge  of  their 
work  as  a  founder  might  be  expected  to  have 
of  the  gas  engine.  Unskilled  erectors  are  re- 
sponsible for  many  well  pump  troubles,  and 
the  grdatcr  the  lift  or  the  more  unsatisfactory 
the  well  conditions,  the  greater  becomes  the 
importance  of  the  skilled  erector. 

Unfortunately  for  the  engineer,  it  is  often 
a  difficult  matter  to  determine  accurately  the 
data  necessary  for  the  proper  selection  of  well 
pumping    machinery.     Where    the    digging    of 
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the  well  is  included  in  the  work,  or  where 
there  arc  sufficient  reserve  units  to  oermit  the 
dismantling  of  the  well  for  testing  and  ex- 
amination, the  difficulties  are  not  great,  though 
the  tests  are  rather  expensive.  But  where  the 
well  is  in  constant  use,  it  is  generally  very 
difficult  to  gain  access  to  the  water  level  and 
the  condition  of  the  well  must  be  judged  from 
the  history  of  its  construction  and  the  opera- 
tion of  the  existing  pumping  machinery.  All 
wells  are  straight,  according  to  the  reports  of 
the  men  who  drilled  them,  but  continual  break- 
downs, that  cannot  be  explained  by  the  lack  of 
water  or  by  too  light  rods  or  shafts,  are  gen- 
erally indicative  of  a  crooked  well  or  im- 
proper erection,  and  should  be  viewed  with 
concern. 

Well  pumping  installations  are  found  most 
frequently  in  the  smaller  towns  and  villages, 
where  the  engineer,  if  there  was  one,  was  gen- 
erally limited  to  the  absolute  minimum  of  ex- 
penditure required  to  furnish  a  plant  that 
would  deliver  water.  This  explains  in  part 
why  it  is  so  rare  in  such  plants  to  find  pro- 
vision for  measuring  the  water  levels  or  the 
pump  discharge.  Apparatus  which  will  show 
the  water  level  in  a  well  is  simple  and  costs 


but  a  few  dollars,  and  its  presence  adds  ma- 
terially to  the  safety  of  the  plant  and  the  ease 
with  which  its  efficiency  may  be  watched. 
Water  levels,  particularly  in  well  populated 
regions,  are  gradually  lowering,  and  sometimes 
very  rapid  drops  in  level  are  experienced. 
With  provision  for  daily  inspection  the  time 
when  the  water  level  will  drop  to  the  pump 
suction  may  be  anticipated,  while  without  it 
the  operator  never  knows  what  the  next  day 
will  bring.  With  apparatus  for  measuring 
water  levels  and  discharge,  installed  as  a  per- 
manent part  of  a  plant,  the  efficiency  of  the 
machinery  may  be  easily  determined  and  main- 
tained, and  when  the  time  comes  for  improve- 
ments, the  data  necessary  for  the  proper  selec- 
tion of  the  new  machinery  may  be  readily  and 
cheaply  obtained. 

It  is  impossible  to  lay  down  rules  for  the 
selection  of  well  pumping  machinery,  as  each 
case  is  a  separate  problem.  The  advantages 
and  disadvantages  of  each  class  of  equipment 
vary  materially  with  changing  conditions.  Each 
installation  must  be  considered  by  itself,  and 
it  is  only  by  a  knowledge  of  the  machinery 
available,   and    the   accurate    determination    of 


the  pertinent  data,  that  a  well  pumping  plant 
can  be  installed  with  reasonable  assurance  of 
success. 


Electric     Locomotives     in     Mountains. — 

Large  electrically  propelled  locomotives  re- 
cently passed  successful  tests  on  the  Elkhorn 
Division  of  the  Norfolk  &  Western  Railroad. 
Fourteen  thousand  horsepower  was  needed 
to  start  a  full  tonnage  train  and  nearly  8,000 
was  used  to  propel.  Two  locomotives,  one  at 
each  end,  were  used  to  haul  the  train,  which 
weighed  4,000  tons.  Each  locomotive  weighed 
2,700  tons  and  the  starting  efifort  on  the  draw- 
bar reached  180,000  lbs.,  enough  to  move  a  250- 
car  train. 

A  test  of  electric  braking  was  also  success- 
ful. The  engines  were  able  to  hold  the  train 
at  steady  speed  on  a  mountain  grade  without 
the  train  brakes.  The  electric  energy  saved 
on  the  down  grade  is  returned  to  the  system 
for  use  on  other  trains. 

The  electrified  portion  of  the  Norfolk  & 
Western  extends  100  miles  over  a  mountain- 
ous section  of  the  southern  West  Virginia  coal 
fields. 
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A     Modification     of     the     New    York 

Standard    Guard    Rail    Providing 

Concrete  Posts. 

A  modification  of  the  standard  type  of 
wooden  guard  rail  used  by  the  New  York 
State  Highway  Commission  is  described  by 
H.  E.  Smith,  a  division  engineer  of  the  Com- 
mission, in  an  official  publication  of  the  Com- 
mission, as  follows: 

The  usual  practice  has  been  to  provide 
guard  railing  along  the  edge  of  a  shoulder  on 
embankments  more  than  3%  ft.  above  the  nat- 
ural surface  of  the  ground  below.  In  such 
cases  the  fill  is  graded  away  from  the  edge 
of  the  shoulder  on  a  slope  of  1  on  IV2.  In 
cases  where  the  height  of  the  embankment  is 
less  than  'iVz  ft.,  it  is  customary  to  omit  guard 
railing  and  to  flatten  out  the  slope  beyond  the 
edge  to  1  on  4,  which  is  considered  sufficiently 
fiat  to  be  safely  traveled  on  without  danger 
of  overturning. 

It  therefore  appears  that  where  a  roadway 
is  elevated  above  the  natural  surface,  protec- 
tion to  travel  may  be  offered  either  by  erect- 
ing guard  railing  along  the  edge  of  the  shoul- 
der, or  by  flattening  out  the  slope  beyond  the 
edge  of  the  shoulder  by  finishing  each  fill  to  a 
slope  of  1  on  4.  It  is  a  matter  of  study  of 
comparative  cost  to  determine  vyhich  of  these 
two  methods  should  be  pursued  in  providing 
protection  to  the  traveling  public. 

An  examination  of  the  cost  of  guard  rail- 
ing, as  compared  with  the  cost  of  earth  fill 
required  to  make  the  flattened  slopes,  elicits 
some  interesting  information.  Where  the  road- 
way is  on  embankment  and  elevated  3  ft.  above 
the  natural  surface  of  the  ground,  the  cost 
per  foot  of  roadway  is  about  the  same  whether 
guard  railing  at  25  cts.  per  foot  be  used,  or 
whether  a  flattened  slope  be  made  of  exca- 
vated material,  at  50  cts.  per  cubic  yard.  Tak- 
ing into  account,  however,  the  interest  on  the 
investment,  cost  of  repairs,  renewals,  etc.,  a 
depth  of  earth  fill  of  8  ft.,  using  a  flattened 
slope,  will  cost  no  more  per  foot  of 
roadway  than  will  wooden  guard  railing. 
Wise  economy  would  therefore  suggest  that 
in  every  case,  except  where  there  is  a  shortage 
of  earth  required  to  make  a  fill,  guard  rail- 
ing be  dispensed  with  and  the  flattened  slopes 
be  used  where  the  height  of  the  embankment 
is  as  much  as  5  or  0  ft.  above  the  natural 
surface  either  side. 

The  standard  guard  railing  in  use  by  this 
department  is  composed  entirely  of  wood.  On 
account  of  the  short  life  of  this  type  of  .guard 
railing,  requiriu.g  renewal  at  intervals  of  12 
or  15  years,  also  requiring  painting  every  few 
years,  it  has  been  a  matter  of  study  to  devise 


some  modification  that  would  be  more  dura- 
ble and  require  less  expenditure  for  renewals. 
The  concrete-wood  guard  railing  shown  in 
Fig.  1  is  composed  of  concrete  posts  and 
wooden   rails   properly   bolted   together. 

The  posts,  if  properly  built,  will  not  require 
renewal  unless  broken  by  accident.  They  will 
probably  require  lining  up  from  time  to  time, 
which  will,  however,  be  a  small  item  of  ex- 
pense in  ordinary  cases.  The  rails  are  of 
wood  and  are  easily  replaceable  without  ex- 
pert help.  There  are  other  types  of  concrete 
guard  railing  in  use  in  which  the  rails  as  well 
as  the  posts  are  composed  of  concrete.  It 
seems    desirable    that   the    rails    should   be   of 


The  joints  in  the  rails  occur  at  the  center 
of  alternate  posts  on  long  stretches,  but  joints 
are  also  made  on  consecutive  posts  where  an- 
gles occur  in  the  guard  railing.  At  such  joints 
a  bent  plate  is  used  to  splice  the  ends  of  the 
rail.  Wherever  it  is  necessary  to  carry  the 
guard  railing  on  a  curve  to  conform  to  the 
curve  of  the  highway,  the  plates  are  bent  in 
the  field  to  conform  to  the  curve  of  the  high- 
way, and  it  will  be  noted  that  the  bent  plates 
are  V-notched  in  each  flange  to  facilitate  the 
bending  of  them.  Where  the  guard  railing  is 
to  be  used  on  steep  grades,  the  rail  recesses 
in  the  posts  should  be  cored  out  to  a  proper 
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Fig.  1.    Details  of  Guard  Rail  with  Concrete    Posts. 


wood  rather  than  of  concrete,  in  that  the  for- 
mer are  elastic  and  offer  resilience  in  case 
they  are  ran  into  by  vehicles.  It  would  be 
^.. 111  civ  possible  to  construct  guard  railing  so 
heavy  and  strong  as  to  successfully  withstand 
the  impact  of  any  vehicle.  It  is  thought,  how- 
ever, that  guard  railing  of  this  character  would 
better  not  be  used.  It  is  easily  conceivable 
that  one  would  be  more  likely  to  escape  injury 
by  running  over  an  embankment  than  by  run- 
ning into  a  guard  rail  if  built  of  too  substan- 
tial character. 


angle  to  fit  the  grade  of  the  road  where  the> 
are  to  be  used.  Guard  railing  of  this  type 
has  not  yet  been  erected,  though  there  is  an 
aggregate  of  11,400  lin.  ft.  of  guard  rail  of 
this  type  embodied  in  two  contracts  which  will 
be  erected  next  season.  All  the  materials  re- 
quired for  this  type  of  guard  railing  are  easily 
obtainable,  except  the  bent  splice  plates,  which, 
however,  may  be  obtained  at  a  cost  of  about 
20  cents  each.  The  other  details  as  to  this 
type  of  guard  railing  are  shown  and  do  not 
require   further  explanation. 


Febrimrv  3,  1915. 
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Recommended  Standard  Form  for  Re- 
porting  Costs   of   Road   Con- 
struction. 

The  coinmittet  on  road  materials  of  the 
American  Society  of  Civil  Engineers  (Pro- 
ceedings American  Society  of  Civil  Engi- 
neers, p.  L'y77,  Vol.  XL)  recommends  in  pre- 
liminary report  the  following  form  for  re- 
porting costs  on  road  construction  and  main- 
tenance. 

SUBDI\'ISION   OF  COST   DATA. 

The  conunittee  believes  that,  along  the  lines 
of  standardization  in  reporting  cost  data  and 
for  general  benefit,  it  would  be  advisable  for 
highway  departments,  in  making  their  reg- 
ular periodic  reports,  to  adopt  a  tabular  form 
for  presenting  their  records  of  costs  of  their 
construction  work,  which  should  include  data 
or  figures  in  columns  as  follows:  (1)  Identifi- 
cation of  work;  (2)  Description  (width, 
thickness  and  material  or  form  of  construc- 
tion) ;  (3)  Length;  (4)  Area  of  pavement 
or  surface.  (5)  Construction  expenditures 
for;  (6)  Preliminary  surveys  and  plans;  (7) 
Grading;  (8)  Surfacing;  (9)  Bridges  and 
culverts;  (10)  Under-drains ;  (11)  Superm- 
tendence  and  inspection;  (12)  Miscellaneous: 
(13)  Total  of  above;  (14)  Rights  of  way 
and  damages;  (15)  Total  construction  and 
rights  of  way  and  damages;  (16)  Adminis- 
tration, legal  and  general  engineering  ex- 
penses; (17)  Total  expenditures  and  over- 
head expenses. 

For  the  maintenance  expenditures  there 
should  be  a  tabular  form  showing,  in  col- 
umns: (1)  Identification  of  work;  (2) 
Length;  (3)  Area:  (4)  Maintenance  expendi- 
tures for  labor;  (5)  Material;  (6)  Hire  of 
teams  and  equipment:  (7)  Inspection  and 
superintendence:  (8)  Miscellaneous;  (9)  To- 
tal of  above;  (10)  Administration,  legal  and 
general  engineering  expenses;  (11)  Total  cost 
of    maintenance. 

Each  table,  of  course,  should  carry  such 
foot-notes  or  text  as  might  be  necessary  to 
supply  the  further  information  as  to  unusual 
rates  of  pay  or  other  conditons  advisable  to 
be  shown.  In  compiling  costs  of  any  item 
of  work  done,  the  committee  believes  that  it 
would  be  advisable  and  of  great  public  benefit 
if.  hereafter,  all  such  figures  be  compiled 
whenever  practicable  on  the  following  basis: 
Total  cost  to  be  reported  per  unit  for:  (1) 
Cost  for  materials  delivered  on  site  of  work; 
(2)-  Cost  for  labor  and  teams  placing  ma- 
terials: (3)  Co.st  for  machinery  engaged  in 
placing  materials   and   in  finishing  the  work; 

(4)  Cost  for  inspection  and  superintendence; 

(5)  Cost  for  general  overhead  charges.  In 
foot-notes  or  in  the  text  such  statements  as 
may  seem  desirable  in  any  case  should  be 
made  concerning  rates  of  pay,  conditions,  and 
circumstances. 

DATA    KOR    METHODS   AND   COST  REPORT  ON   BITUM- 
INOUS PAVING. 

The  outline  given  in  the  accompanying  tabu- 
latifjn  is  that  recommended  by  a  committee  of 
the  American  Society  of  Civil  Engineers. 
This  list  of  questions  was  prepared  with 
special  reference  to  bituminous  paving,  but 
its  application  to  other  types  of  construction 
i-,  possible  with  but  small  modification.  The 
'lata  asked  constitute  the  essential  features 
..f  a  methods  and  cost  description  of  a  con- 
■-tnictiim    project. 


Methods    and    Cost    of    Constructing 

Nine  Miles  of  Concrete  State 

Road  in  California. 

The  fi.llr)wing  data  conccrninc;  the  construc- 
linn  of  a  section  of  state  road  in  California 
were  given  by  J.  B.  Woodson  in  a  recent 
issue  of  the  California  State  Highway  Bulle- 
tin. 

A  portion  of  the  San  Joaquin  Valley  artery 
of  the  State  Highway  which  has  been  con- 
structed and  un.Ier  traffic  for  a  longer  period 
than  any  other  section,  is  a  9..')o-mile  piece  ex- 
tending northwesterly  from  the  city  of  Fresno 
to  the  banks  of  the  San  Joaquin  River.  The 
contract  for  the  construction  of  this  road  was 


GENERAL,    INFORMATION. 

State County    ..-...■.■.•. 

Town Road     • 

Contractor    

Length   oi;   road ; 

Width  of  metal  surfacing  (average) 

.\rea   of   metal    surfacing:    (total) 

Thickness  of  surfacing  after  rolling,  with  area  of  each: 

2-in sq.    yds.;      4-in sq.    yds.;      6-in sq.    yds. 

8-in sq.   yds.;    10-in sq.    yds.;    12-in sq.    yds. 

Amount  of  crown,   maximum minimum 

Nature  of  subgrade   (1) •_■ •  • •  ■ •  •  •  •  ■  •  •  • ; 

Percentage  of  grade  (maximum)     i^engta it per  ceni 

Percentage  of  grade  (minimum)     Length ft per  cent 

Percentage  of  grade  (mean)  (2) Length ft per  cent 

Date   of    beginning   of    construction    of   metal    surfacing 

Date  of   completion   of  construction   of   metal   surfacing ••• 

Average  rate  of  progress  of  construction  of  metal  surfacing  per  working  day sq.  yds. 

Average  number  of  hours  per  working  day hours. 

CLASS  OF  HIGHWAY  OR  NATURE  OF  TRAFFIC. 

AMOUNT  OF  TRAFFIC  OR  TRAFFIC  CENSUS  FOR HOURS  (AVERAGE)  (3). 

Date  of  census 

Est.  (in  lbs.) 
of  maximum 

load  per       Passenger 
inch  of  tire.      vehicles. 


Horse-Drawn  Vehicle  Trafflc. 


Loaded 
vehicles. 


Empty 
vehicles. 

One-horse  vehicles 

Two-horse  vehicles   

Three-horse  vehicles   

Four-horse  vehicles 

Five-horse  vehicles    

Six  or  more  horse  vehicles 

Motor-Vehicle  Traffic. 

Motorcycles    

Motor  runabouts   

Motor  touring  cars  ( four  or  five  seats) 

Motor  touring  cars  (six  or  seven  seats),  includ- 
ing limousines  or  landaulets 

Motor  wagons  or  drays 

FORM  OF  CONSTRUCTION, 
(i.    e.,   macadam,   gravel,   sand   or  other   surface,   and   whether   treated   with  a   bituminous 
material  by  mixing,  penetration  or  other  method.) 

Artificial    foundation;    nature    ef    (4) ■ 

;    depth    

HAULING   DISTANCES. 

Average  length  of  haul  for  gravel   .' miles 

Average  length  of  haul  for  stone    ■ miles 

Average  length  of  haul  for  sand   miles 

Average  length  of  haul  for  shells    miles 

Average  length  of  haul  for  bituminous  materials   miles 

Average  length  of  haul  for  binder   or   grit miles 

RATES    OF    LABOR    (per  day) 


Roller  and  engineer $. 

Water  cart  or  sprinkler 

Scarifier   


Foreman  $ . 

Labor   (ordinary) 

Labor  (special) 

One-horse  team  and  driver 

Two-horse  team  and  driver 

Three-horse  team  and  driver 

EQUIPMENT    (5). 

Rollers:—  number    kind   weight    tons 

Water   carts:—  number     kind   capacity   gals. 

Oilers:—  number    kind   capacity  gals. 

Scarifiers; —  number     kind    


Mixing  plant   

Kettles  and  accessories. 


Distributors 


Kind  of  material... 

Trade  name  

Purchased  from    . . . 

Shipped   from    

Furnished  liy  party 


IVIATERIALS. 
BITUMINOUS   MATERIAL. 


of  the  first  or  second  part 

CHARACTERISTICS    AND 


ANALYSES    (6). 
Tar 
compounds. 


Specific  gravity    

Water  soluble  material   (organic)    

Water  soluble  material  (inorganic)    

Free  carbon   

Ash    

Solubility  in  cold  carbon  tetrachloride 

Fixed  carbon  

Paraffin    

Melting  point  of  normal  material 

Evaporation  5  hours  at  170°  C 

Melting  point  of  residue 

Penetration  of  residue  at     4°  C 

Penetration  of  residue  at  2.^°  C ■ . 

Evaporation  5  hours  at  205°  C 

Melting  point   of  residue 

Penetration  of  residue  at     4°  C •  • 

Penetration  of  residue  at  25°  C 

tlolubillty  In  SS°  B.  naphtha 

Character  of  solution  (oily  or  sticky) 

Distillation   

Up  to  105°  C 

105°  C.  to  170°  C ■ 

170°  C.  to  225°  C 

225°  C.  to  270°  C 

270°  C.  to  300°  C 

Viscosity  100°  C.   (7) 

Kngler   viscosimeter    

Lunge  tar  tester 

Penetrometer   

New  York  Testing  Laboratory  viscosimeter. 
Viscosity  2.S°  r.   (7) 

Engler   viscosimeter    

Lunge  tar  tester 

Penetrometer    


per  cent 
per  cent 
per  cent 
per   cent 

per   cent 

degrees 
per  cent 
degrees 


per 
per 
per 
per 
per 


cent 
cent 
cent 
cent 
cent 


seconds 
seconds 


seconds 
seconds 


Asphaltic 
compounds. 

per  cent 
per  cent 
per  cent 
per  cent 
per  cent 
per  cent 
per   cent 

degrees 
per   cent 

degrees 


per  cent 
degrees 


per  cent 


seconds 
seconds 


seconds 
seconds 
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New  York  Testing  Laboratory  viscosimeter. 


.surface  coat. 


Amount  of  bituminous  material  used  per  sq.  yd.  (in  gals.). 

First  course second   course. 

Surface    coat total    

Temperature  to  which  material  was  heated. 

First  course second  course 

Temperature  of  air  during  use  of  bituminous  material. 

Maximum   minimum   mean 

Data  of  beginning  of  use   of   bituminous  material '. . 

Date  of  completion  of  use  of  bituminous  material '. 

Average  rate  of  progress  of  using  bitummous  material  (per  day  in  gallons) 

First  course second  course surface  coat 

General  weather  conditions  duri.ng  use  of  material 

Cost,  f.  o.  b.  cars,  of  bituminous  materials  (per  gallon) 

Freight  on  bituminous  materials  (per  gallon) 

Cost  of  loading  and  hauling  bituminous  materials  (per  gallon).!!!. 
Total  cost  delivered  on  road  of  bituminous  materials   (per  gallon). 

Cost   of  heating  bituminous  materials   (per   gallon) 

Cost  of  spreading  or  mixmg  bituminous  materials   (per  gallon) .'.'. 

First  course.    second  course surface  coat. 

Total  cost  in  place  of  bituminous  materials   (per  gallon) 

Total  cost  in  place  of  bituminous  materials  (per  sq.  yd.) 

Contract  price  in  place  of  bituminous  materials   (per  sq.   yd.) 

METAL,    SURFACING. 


Name   (8)  of  material  used 

Abrasion  test  (9)  of  material  used... 

Absorption  test  of  material  used 

Fracture   (10)  of  material  used 

Crushing  strength  of  material  used 
(lbs.    per   sq.    in.) 

Thickness  after  rolling  of  material  used 

Size  (11)  of  material  used 

Amount  (in  tons)  or  cu.  yds.  (12)  of 
material    used    

Cost,  f.  o.  b.  cars,  of  material  used, 
per  ton  or  cu.   yd.    (12) 

li'reight  on  material  used,  per  ton  or 
cu.   yd.    (12) 

Cost  of  loading  and  hauling  material 
used,  per  ton  or  cu.   yd.    (12) 

Total  cost  delivered  on  road  of  ma- 
terial used,  per  ton  or  cu.  yd.   (12) .  . 

Total  cost  delivered  on  road  of  ma- 
terial   used,    per    sq.    yd 

Cost  of  scarifying  and  shaping  old  sur- 
face,   per  sq.    yd 

Cost  of  laying  or  spreading  of  material 
used,   per  sq.   yd 

Cost  of  watering  and  rolling  of  ma- 
terial used,   per  sq.   yd 

Total  cost  in  place  of  material  used, 
per   sq.    yd 

Contract  price  in  place  of  material 
used,    per   sq.    yd 


Telford  or 
other  base 


1st 
course. 


2nd 
course 


Binder 
or  grit  I 


Totals 


REMARKS. 


NOTES   AND   EXPLANATIONS. 

(1)  In  stating  "nature  of  subgrade"  note  whether  sandy,  clayev,  loamy,  or  otherwise  and 
whether  readily  and  thoroughly  compacted  by  rclhng. 

(2)  "Mean"  percentage  of  grades  to  be  obtained  bv  multiplving  length  of  grade  bv  its  per 
cent,  adding  all  products  together  and  dividing  by  total  length. 

(3)  If  possible  "average"  should  be  arrived  at  from  two  or  three  separate  determinations. 
State  number  of  determinations  from  which  "average"  is  secured. 

(4)  After  "Artificial  Foundation,  nature,"  sufficient  information  should  be  inserted  to  in- 
dicate whether  simply  a  layer  of  gravel  is  used,  and  nature  (sandv  or  otherwise)  of  same-  or 
whether  a  foundation  is  laid  by  hand  of  large  stone;  or  whether  a  layer  of  crushed  stone  is 
rolled  into  the  subgrade  before  commencement  of  surfacing  proper. 

(5)  Under    "Equipment"    should    Be    stated    anv    charges    paid    as    rentals. 

(6)  For  methods  of  determination  of  characteristics  listed,  see  "List  of  Analyses  and 
Methods   of   Testing   Bituminous   Materials"   proposed   bv   Committee. 

(7)  In  reporting  "Viscosities"  of  course  figures  can  only  be  given  in  terms  of  the  one 
(or  more)   instruments  applying  in  any  case. 

(8)  Give,  if  possible,  geological  "name"  of  material  used  in  each  course.  Reference, 
"Rocks,"  by  Kemp. 

(9)  "Abrasion   test"   should   be   stated   in   terms  of  French   coefficient  of  wear. 

(10)  "Fracture"    should   be   stated    as    "cubical"    or    "scaly." 

(11)  "Size"  should  be  stated  as  maximum  and  minimum  nf  sizes  of  openings  in  screens 
to  pass  and  hold  stone  used. 

(12)  Cross  out  unit  not  used. 

Name    

Title    

Address  


Date 


.19. 


Reporting  Officer. 


let  in  August,  1912,  to  the  Worswick  Street 
Paving  Co.  of  Fresno.  The  laying  of  concrete 
pavement  was  begun  in  October,  1912,  and  the 
completion  of  concrete  was  in  April,  1913. 

The  system  used  in  throwing  open  a  section 
of  pavement  to  traffic  is  that  after  the  concrete 
has  reached  an  age  of  21  days,  if  a  side  road 
be  conveniently  handy  to  divert  the  travel  awav 
from  the  new  operations,  the  concrete  is 
cleaned  off,  a  barricade  placed  at  the  diversion 
point  and  all  types  of  vehicles  are  permitted 
thereon. 

The  pavement  consists  of  a  4  in.  base  of 
Portland  cement  concrete.  15  ft.  wide,  covered 
for  the  most  part  with  a  Vz  in.  wearing  surface 
of  asphaltic  oil  and  broken  stone  screenings  or 
coarse  sand,  and  has  a  crown  rise  of  2%  ins. 
In  addition,  3  ft.  shoulders  widen  the  width  of 
traveled  roadway  to  21  ft. 

Recognizing  the  fact  that  a  firm  foundation 
is  one  of  the  first  and  most  important  prin- 
ciples of  good  engineering  as  applied  to  road 


construction,  the  contractor  was  required  to 
plow  or  scarify  the  existing  roadway  and  after 
pulverizing  and  cultivating  the  broken  up  por- 
tion.to  wet  thoroughly  and  roll  to  the  greatest 
possible  compactness.  In  this  way  a  subgrade 
was  secured  which  showed  no  perceptible 
movement  under  a  ten  ton  road  roller. 

In  order  to  secure  water  for  wetting  the 
subgrade  and  concrete,  wells  were  drilled  at 
convenient  points  and  connected  with  a  2-in. 
pipe  line.  Wherever  irrigation  canals  or  old 
wells  were  not  available  new  wells  were  bored 
and  the  water  pumped  through  the  pipe  line 
up  to  a  distance  of  approximately  one  mile 
on  each  side  of  the  pumping  station.  In  this 
way  sufficient  water  was  secured  for  settling 
the  sub-grade,  mixing  and  placing  the  concrete 
and  keeping  same  wet  for  the  required  period 
of  six  days  despite  the  prediction  of  outside 
parties  that  a  concrete  base  for  country  roads 
in  as  warm  a  section  as  the  San  Joaquin  Valley 
vvould  not  be  practicable  ow-ing  to  the  impossi- 
bility of  economically  handling  the  water  ques- 


tion and  of  keeping  the  concrete  moist  until 
thoroughly  cured. 

GRADING. 

The  contract  for  grading  was  on  a  mileage 
ba.sis  though  the  present  policy  of  this  Com- 
mission is  to  prefer  the  yardage  basis.  The 
contract  price  was  $900  per  mile  or  10.2  cts. 
per  square  yard  of  concrete  pavement. 

After  the  roadway  was  graded  and  thor- 
oughly watered  and  rolled,  timber  headers  of 
2-in.  by  4-in.  planks  placed  on  -edge  and 
securely  nailed  inside  of  supporting  stakes  were 
placed  along  the  outside  for  pavement  forms. 
These  headers  conformed  to  the  lines  and 
grades  of  the  edge  of  the  finished  pavement 
and  the  subgrade  was  then  shaped  to  the  fin- 
ished grade  of  the  bottom  of  the  concrete  by 
a  wooden  template,  the  bottom  of  the  template 
conforming  to  and  approximately  4  ins.  below 
the  finished  crown  of  the  concrete.  By  "ap- 
proximately" is  meant  that  the  subgrade  was 
usually  finished  a  little  above  the  final  grade, 
depending  upon  the  "ature  of  the  material 
forming  the  foundation,  and  the  final  rolling 
and  wettine  compacted  the  dirt  to  the  desired 
grade. 

The  grade  was  then  kept  clean  and  thorough- 
ly wet  immediately  in  advance  of  the  concrete 
to  insure  obtaining  a  full  4  in.  thickness  and 
to  prevent  any  of  the  water  in  the  concrete 
being  absorbed  by  a  dry  subgrade. 

MIXING    AND    PL.ACING. 

A  1 :2%  :5  mixture  was  used  for  the  con- 
crete, which  v/hen  properly  mixed  with  clean 
and  well  graded  material  has  proven  to  be 
perfectly  satisfactory.  This  requires  on  the 
basis  of  45  per  cent  voids  1.3  barrels  of  cement 
to  the  cubic  yard  of  concrete. 

A  Foote  %  cu.  yd.  mixer  was  used  through- 
out, and  the  concrete  was  mixed  with  just 
enough  water  to  be  of  a  jelly-like  consistency, 
care  being  taken  not  to  have  the  mixture  so 
wet  that  the  mortar  would  flow  away  from  the 
coarse  aggregate,  with  a  resultant  "lean"  mix- 
ture. 

After  being  placed,  the  concrete  was  struck 
with  a  template  riding  on  the  header  boards, 
and  was  followed  up  sufficiently  close  with 
wooden  tampers  and  smoothed  witli  a  wooden 
float,  there  being  sufficient  roughness  on  tlie 
finished  surface  to  insure  cleavage  of  the  oil 
wearing  surface. 

The  construction  of  a  4-  in.  satisfactory  pave- 
ment demands  practically  no  leeway  in  any 
departure  from  the  specifications.  Coarse  ag- 
gregate for  concrete  that  runs  a  high  percent- 
age of  materials  passing  a  one  inch  screen  re- 
quires an  excess  of  sand  to  get  the  finish  and 
therefore  makes  a  weaker  mixture  of  concrete 
than  the  specified  quantity  of  sand.  Also  too 
much  material  in  the  coarse  aggregate  passing 
a  Vi  in.  screen  again  reduces  the  quality  of  the 
mixture  due  to  the  fact  that  sufficient  tests  can 
be  made  rapidly  enough  to  adjust  the  sand  at 
the  mixer. 

The  coarse  aggregate  on  this  contract  was 
entirely  of  clean  gravel  from  the  Friant  pit. 
The  gravel  was  well  graded  from  %  in.  up  to 
2%  ins.  The  sand  was  also  from  the  same 
source ;  great  care  being  taken  to  eliminate  the 
clay  dirt  that  was  mixed  with  the  sand  at 
the  pit. 

Frequent  tests  were  made  both  in  the  division 
office  and  by  the  resident  engineers  on  the 
work  to  determine  the  amount  of  objectionable 
material  in  the  aggregate.  Material  that  tests 
over  6  per  cent  by  weight  in  material  passing  a 
100  mesh  screen  was  considered  not  satisfac- 
tory.  This  part  classified  as  silt. 

The  cracks  appeared  at  fairly  regular  inter- 
vals of  from  25  to  35  ft.  However,  no  bad 
results  have  been  occasioned  by  reason  of  these 
cracks,  as  the  first  concrete  laid  was  open  to 
traffic  seven  months  before  the  oil  surfacing 
was  applied  and  on  this  section  there  was  no 
perceptible  breaking  down  or  disintegrating  of 
aggregate. 

With  the  oil  surfacing  complete  and  the  con- 
crete now  close  on  to  two  years  old,  it  would 
be  a  comparatively  hard  matter  to  locate  the 
cracks  unless  one  were  making  a  special  search. 

Concrete   was   run    during   104   days   or   an 
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average  of  484  lin.  ft.  per  day  of  concrete  run. 
On  24  days  out  of  104,  over  700  lin.  ft.  were 
made,  and  on  six  days  the  daily  progress  was 
over  800  lin.  ft.  The  liighest  run  for  any  8 
hours  was  857  lin.  ft.  with  the  following  crew ; 


'    1  foreman    < 

I      1  engineer   

I      1  water  tender    

1  chute  man   

'      4  chute  men  at  $2.00 

I    11  wheelers  and   shovelers   at   $2.00 

j      1  wheeler    

[      2  men  handling  planks  at  $2.UU 

I      2  men  smoothing  concrete  at  $2.00 

I       1  man   tamping   

1  man   brooming   

I      2  men  handling  cement  at  $2.00 

]      1  wagon    spotter 

I      1  two-horse  wagon  and   driver   (handling 
boards)    

1  man  helping  (handling  boards) 

1  concrete  mixer,  fuel,  etc 

1  pump  and  engineer 


4.00 
3.00 
2.00 
2.40 
S.OO 
22.00 
2.25 
4.00 
4.00 
2.00 
2.00 
4.00 
2.00 

4.50 
.  2.00 
.  5.00 
.     6.00 

.$79.65 

S57  lineal  feet  =  158.7  cu.  yds.  =  $0,503  per 
•  ■\i.  yd.  or  5.6  cts.  per  sq.  yd.  of  concrete  4  in.s. 
thick. 


3?,  men,  total  on  concrete  work. 


Methods   and  Cost  of  Constructing  a 

Concrete  Road  in  LaSalle 

Co.,  Illinois. 

The  methods  and  cost  of  constructing  a 
concrete  road  on  a  steep  grade  and  involving  a 
sharp  curve  were  discussed  by  B.  H.  Piepmeier 
in  a  paper  before  the  Illinois  Society  of  Engi- 
neers and  Surveyors  as  follows: 

The  concrete  rpad  at  Marquette  Hill,  La 
Salle  County,  III.,  was  constructed  by  the  state 
highway  department  during  the  fall  of  1914. 
The  work  was  financed  by  the  Marouette  Ce- 
meiit  Manufacturing  Co.  of  La  Salle,  111.  It 
begins  at  the  south  end  of  the  Illinois  River 
bridge  at  La  Salle  and  extends  in  a  southerly 
direction  for  2,374  ft.,  and  was  designated  by 
the  county  board  as  a  state  aid  route,  but  on 
account  of  financial  difficulties  and  the  char- 
acter of  the  road  referred  to,  it  was  evident 
that  the  county  was  not  going  to  provide  for 
the  improvement  for  several  years ;  so  the 
Marquette  Cement  Manufacturing  Co.  proceed- 


Fig.    1.     Sharp    Turn    on    Marquette    Hill    Road,    La    Salle    County,    Illinois. 


The  total  cost  of  this  9/m  miles  of  road, 
covering  grading  and  concrete  base,  and  includ- 
ing cost  of  cement,  was  $49,359,  making?  a  price 
of  $5,168  per  mile  or  $0..587  per  square  yard  of 
pavement. 

WEARING    COAT. 

In"  order  to  determine  an  adaptable  wearing 
surface  that  could  economically  be  applied,  two 
types  were  placed  on  this  section.  One  was  a 
mastic  mi.xture  consisting  of  a  composition  of 
ajiproximately  equal  parts  of  asphaltic  cement, 
7ii  to  80  penetration,  and  powdered  lime  rock 
MTead  to  a  thickness  of  %  in.  on  top  of  which, 
after  laying,  was  spread  broken  stone  screen- 
ings or  coarse  sand  as  needed  to  absorb  the 
excess  of  bitumen  as  it  appeared  on  the  surface 
or  as  the  mixture  softened  under  the  heat  of 
the  sun. 

The  other  surfacing  consisted  of  an  applica- 
tion of  approximately  V2  gal.  per  sq.  yd.  of 
asphaltic  oil  spread  at  from  2-50  to  300  F.  con- 
taining 90  per  cent  of  80  penetration  asphalt, 
on  top  of  which  was  spread  sufficient  sand  or 
screenings  to  absorb  the  oil.  Approximately 
0.488  gals,  of  DO  per  cent  asphaltic  oil  per 
square  yard  and  260  tons  of  screenings  per 
mile  making  0.03  tons  per  square  yard,  making 
a  final  thickness  of  slightly  less  than  V2  in. 

T.\BLE   I.— SUMMARY   OF    COSTS. 


Total 
cost. 

Grading    $  8,591.40 

Concrete     base     (in- 
cluding   cement)..  49,.'!5S.92 

Bituminou.s      surfac- 
ing (including  mas- 
tic)         7,730,19 

Culverts,  monuments, 

guard   rail,  etc 820.32 


Per  stt. 

Per         yd.  of 

mile,     concrete. 

$    900.00 


.'1,168.48 

809.44 
809.44 


$0,102 
0,r.S7 

0.092 
0.009 


Totals    $66,500.83     $6,963.82     $0,790 

In  conclusion  the  writer  wishes  to  state  that 
it  is  now  lacking  a  few  days  of  being  two  years 
since  the  first  portion  of  this  road  was  thrown 
open  to  traffic;  and  with  the  exception  of 
slight  maintenance  on  oil  surfacing  and  dirt 
shoulders,  there  has  been  no  failure  of  any 
nature  observed  in  the  pavement. 


ed  to  finance  tlie  construction,  inasmuch  as  it 
was  the  main  road  from  La  Salle  to  their  plant 
at  O.glesby.  There  were  several  features  of 
construction  connected  with  the  improvement 
of  this  road  whicli  the  writer  feels  is  worthy  of 
consideration. 

LOCATION. 

The  old  earth  and  gravel  road  started  from 
the  south  approach  of  a  river  bridge  on  an  8 
per  cent  grade  and  within  600  ft.  approached 
a  10  per  cent  grade.  It  followed  along  the  side 
of  a  deep  ravine  and  made  several  unsiehtly 
turns  before  reaching  the  top  of  the  bluff, 
includinga  "hairpin  turn"  of  .309°,  600  ft.  soutli 
of  the  bridge. 

A  careful  survey  of  several  possible  routes 
was  made  with  the  idea  of  finding  a  new 
location.  Estimates  showed,  however,  that  the 
old  location  was  the  best  and  plans  were  ac- 
cordingly prepared  to  follow  closely  the  old 
route,  eliminating  the  curves  as  much  as  possi- 
ble and  excavating  the  hill  tn  get  the  minimum 
grade. 

The  most  practical  grade  line  for  the  road 
proved  to  be  a  75  per  cent  grade,  starting  from 
the  south  approach  of  the  Illinois  River  bridge 
and  extending  for  a  distance  of  1,800  ft.  The 
grade  was  then  broken  and  gradually  lessened 
until  it  was  made  level  at  the  top  of  the  hill, 
2,400  ft.  from  the  bridge.  It  was  impossible  to 
elitninate  the  "hairpin  turn"  of  .309".  Fig.  1, 
about  600  ft.  south  nf  the  bridge.  However,  the 
curve  was  swung  out  as  far  as  possible  and 
constructed  on  a  radius  of  aI)out  80  ft.  It 
was  also  excavated  heavily  on  the  inside  so  that 
drivers  could  see  about  200  ft.  ahead  when 
making  the  turn. 

EXCAVATION. 

The  estimated  excavation  necessary  to  pro- 
vide a  7  per  cent  grade  was  about  18.000  cu. 
yds.  on  the  2,400  ft.,  of  which  about  2,000 
cu.  yds.  were  in  rock.  2,000  in  shale  and  the 
balance  in  red  clav.  Tlic  excavation  was  let  to 
a  local  contractor'  for  $6,410.89  complete.  The 
excavation  was  simplified,  inasmuch  as  prac- 
tically all  material  was  dumped  into  the  ravine 
at  the  side.  The  average  haul  was  about  150  ft., 
so  drag  scrapers  and  wheelers  were  used.  On 
the  "hairpin  turn"  it  was  necessary  to  excavate 


TABUS    I.  —  UNIT    COSTS    OF  MARQUETTE 

HILL    CONCRETE    ROAD,    LA    SALLE 

COUNTY,  ILLINOIS. 

Total  Cost  per 

Item.  cost.  sq.  yd. 

Engineering  and  inspection,  fur- 
nished   by  state 

Superintendence,     furnished     by 

state    $  300.00  $0,063 

Excavation,  let  by  contract 6,410.89  1.350 

Gravel,    f.    o.    b.    siding,    S6S    cu. 

yds.    at   $1.10 954.80  0.201 

Hauling  gravel   827.06  0.174 

Sand,  f.  o.  b.  siding,  631  cu.  yds. 

at  $1.15 725.65  0.153 

Hauling  sand   515.33  0.108 

Cement,  2,147  bbls.  at  70  cts....  1,502.90  0.316 

Hauling  cement   264.55  0.056 

Incidental  hauling   123.42  0.026 

Constructing  and  finishing  earth 

shoulders    513.20  0.108 

Shaping    and     rolling    subgrade 

and  side  roads 210.00  0.044 

Mixing  and  placing  concrete,  in- 
cluding     cost      of      expansion 

joints,  forms,  water,   etc 1,299.66  0.274 

Covering,    seasoning  and   clean- 
ing concrete  230.20  0.048 

Cost  of  culverts  and  side  drains  753.77  0.153 

Freight  on  machinery 131.13  0.028 

Total   cost  of  road $14,762.56     $3,108 

Cost,    excluding   excavation   and 

culverts    $1,599 

Conditions: — 
No  allowance   made   for   contractors'   profit  and 

overhead    expenses. 
Amount  of  pavement  laid,  2,374  ft.,  4,748  sq.  yds. 
Width  of  pavement,  18  ft.;   thickness,   10 »^   ins. 

center,  SVz  ins.  sides. 
Length  of  haul  for  materials,  1%  miles. 
Rate    of    pay    for    mixers,    40    cts.;    finishers,    40 

cts.;  rough  labor,  35   cts.;   teams,  .625  cts,  per 

hour. 

about  14  ft.,  of  which  2  to  6  ft.  were  in  solid 
rock.  The  rock  was  loosened  by  dynamite  and 
loaded  in  wheel  barrows  and  horse  carts  and 
dumped  over  the  side  into  the  ravine. 

After  the  rough  excavation  had  been  com- 
pleted, the  subgrade  was  shaped  and  rolled  with 
a  ten  ton  roller.  Ver>-  little  rolling  was  neces- 
sary, inasmuch  as  there  were  no  fills  on  the 
entire  road. 

PAVEMENT   DESIGN. 

The  one  course  concrete  pavement  was  con- 
structed on  a  flat  subgrade,  18  ft.  wide.  It  had 
an  average  thickness  of  10%  ins.  at  the  center 
and  8%  ins.  at  the  side,  making  a  crown  of  2 
ins.  in  the  finished  pavement.  The  cross  section 
was  maintained  throughout  the  entire  length 
of  the  road,  excepting  on  the  "hairpin  turn." 
On  this  turn,  the  pavement  was  gradually  wid- 
ened from  the  point  of  curve  to  the  width  of  24 
ft.  at  the  center.  In  the  center  of  the  curve, 
the  outside  was  elevated  10  ins.  above  the 
inside  and  graduallv  reduced  towards  the  point 
of  the  curve.  The  outside  elevation  was  se- 
cured by  rotating  the  pavement  about  its  center 
line. 

On  either  side  of  the  pavement  there  is  pro- 
vided  a  4   ft.  earth   shoulder.    On  the  outside 


Fig.  2.     Showing  Type  of  Ditches  and  Meth- 
od of  Roughening  Surface. 

of  the  sharp  curve,  the  slunildcr  was  widened  to 
12  ft.  and  banked  with  an  elevation  on  the 
outside  of  about  2  ft.  to  give  added  protection 
to  the  traffic  on  the  curve. 

MIXING  ANn  PLACIN'C. 

On  account  of  the  delivery  of  materials,  the 
concreting  was  started  from  the  top  of  the  hill. 
It  was  first  thought  that  there  would  be  some 
difficulty  in  concreting  down  a  70  per  cent 
grade,  but  with  the  consistency  of  the  mixture 
used,  there  was  no  trouble.  In  fact  there  may 
be  some  advantages  in  concreting  down  steep 


no 


Engineering    and    Contracting 


Volume  XLIII.     No.  5. 


I 


grades,  as  the  mixer  will  never  fail  to  propel 
itself  down  tlic  grade  and  any  excess  water 
used  in  washing  out  the  mixer  or  in  sprinkling 
the  subgrade,  will  flow  away  from  the  I'lnished 
work. 

The  concrete  was  mixed  in  the  two  sack 
standard  Koeliring  Street  mixer,  in  the  propor- 
tion of  1-2-3%.  Marquette  Portland  cement 
was  used  and  washed  san<l  graded  from  'A  in. 
down,  which  tested  115  per  cent  of  the  standard 
Ottawa  sand.  The  coarse  aggregate  was 
washed  gravel,  graded  from  %  in.  to  1%  ins. 

Water  was  supplied  from  the  Illinois  River 
by  a  3  cylinder  force  pump  driven  with  a  -") 
hp.  gasoime  engine.  A  'J.  in.  pipe  line  was  laid 
along  the  side  of  the  road  and  gate  valves  pro- 
vided at  intervals  of  about  201)  ft.  for  supply- 
ing the  water  to  the  mixer  and  for  curing  the 
concrete.  1  lie  -i  li]).  gasoUne  pump  lifted  tlie 
water  200  ft.  to  supply  the  mixer  at  the  top  of 
the  hill.  While  this  over-worked  the  engine, 
there  were  but  few  delays  caused  from  the 
shortage  of  water. 


The  concrete  pavement  was  finished  in  the 
usual  way,  by  striking  off  with  a  templet  just 
behind  the  mixer.  No  wood  floats,  however, 
were  used  to  finish  the  surface,  but  as  soon  as 
the  concrete  started  to  take  on  its  initial  set, 
it  was  roughened  by  dragging  a  coarse  rattan 
broom  over  the  surface  at  right  angles  to  the 
center  line  of  the  road.  The  rattan  broom  left 
a  uniformly  roughened  surface  on  the  concrete 
pavement  and  one  that  is  desirable  upon  grades 
of  this  kind.  * 

JOINTS    AND   CURING. 

The  pavement  was  divided  into  sections  of 
about  45  ft.  All  joints  were  placed  at  right 
angles  to  the  center  line  of  the  road  and  pro- 
tected by  the  Kahn  armour  plates.  One-quarter 
inch  felt  was  used  in  connection  with  the 
armour  plates  to  provide  for  contraction  and 
expansion. 

The  concrete  was  cured  by  covering  it  with 
tarpaulins  as  soon  as  it  had  taken  its  initial 
set.  Within  24  hours  after  the  concrete  was 
placed,  it  was  completely  covered  with  about  3 


ins.  of  earth  which  was  wet  down  each  day 
for  about  two  weeks.  After  the  pavement  was 
•30  days  old,  it  was  freed  from  all  earth  and 
the  road  thrown  open  to  traffic. 

CULVERTS. 

At  intervals  of  about  800  ft.  on  the  road,  12 
in.  cast  iron  culverts  imbedded  in  concrete  were 
constructed  to  carry  the  water  from  the  upner 
side  across  to  the  ravine.  On  the  upper  end 
of  the  culverts,  catch  basins  were  constructed 
so  as  to  collect  all  water  from  the  ditch.  Car- 
rying the  water  across  under  the  road  at  in- 
tervals, prevented  excessive  washing  and  elim- 
inated the  necessity  of  rip  rapping  or  paving 
the  ditch  on  the  up-hill  side. 

COST    DATA. 

Table  1  gives  an  itemized  statement 
of  the  cost  of  the  improvement.  It  will  be 
noted  that  the  cost  given  is  a  little  high  fo: 
concrete  pavements,  but  taking  into  considera- 
tion the  extra  thickness  of  the  slab,  it  will  be 
noted  that  the  cost  compares  closely  with  the 
average  price  of  concrete  pavements. 
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Electric   Hydraulic   Dredge   for   Cuya- 
hoga River  Improvements. 

Contnliutt'd     by     11      P'ies. 

.\t  the  new  plant  of  The  Otis  Steel  Co., 
Brooklyn,  Ohio,  a  suburb  of  Cleveland,  an  in- 
teresting engineering  project  is  now  under  way, 
involving  the  reclamation  of  some  very 
valuable  land  and  the  straightening  of  ^he 
Cuyahoga  River.  At  this  point  the  river  makes 
a  bend  along  the  foot  of  a  range  of  hills,  the 
bend  being  in  the  form  of  a  semi-circle  about 
one  mile  in  diameter  and  traversing  a  tract  of 
ground  containing  about  .350  acres,  which  here- 
tofore has  lain  idle.  It  was  decided  to  cut  a 
new  channel  for  the  river  directly  across  the 
base  of  this  curve  and  to  use  the  spoil  from 
the  cut  to  fill  in  the  ground  for  the  new  steel 
works.  The  plant  buildings  were  built  on  con- 
crete piers  so  as  to  permit  of  raising  the  ele- 
vation of  the  land  from  4  to  15  ft,  above  the 
old  level.  Directly  in  the  patch  of  the  new 
channel  was  a  hill  about  200  ft.  high,  through 
which  it  was  necessary  to  cut.  and  which  it  was 
decided  to  cut  entirely  down  in  order  to  obtain 
sufficient  material  foi  completing  the  reclama- 
tion work  and  for  filling  in  the  old  river 
channel. 

The  contract  for  the  excavating  and  filling 
was  let  to  P.  T.  McCourt,  contractor,  of  .\kron, 
Ohio,  who  decided  that  the  most  feasible 
method  of  operation  would  be  to  cut  down  the 
hill  with  steam  shovels  and  to  excavate  the 
new  channel  with  a  hydraulic  dredge,  the 
letter  at  the  same  time  to  fill  in  the  low  ground 
through  a  long  pipe  line.    Work   was  accord- 


The  hydraulic  dredge  for  this  work  is  of 
special  design  (Fig.  1)  and  was  built  complete 
by    The    Marion    Steam    Shovel    Co.,   Marion, 


directly  to  both  the  top  and  bottom  members 
of  the  cross  frames.  All  plating  for  the  bottom, 
sides  and  deck  is  laid  fore  and  aft,  the  after 


Fig.  2.     Completed    Motor  and   Pump   Unit,   Electric    Hydraulic    Dredge. 


Ohio.  The  Inill  is  80  ft.  long,  25  ft.  wide  and 
5  ft.  deep,  built  of  steel  throughout.  The 
frames  of  the  hull  run  crosswise  and  consist  of 


Fig.    1.     Electric    Hydraulic    Dredge    for  Cuyahoga    River    Improvement. 


ingly  started  on  the  hill  in  the  spring  of  1914 
with  two  Marion  Model  60  steam  shovels,  using 
dump  cars  to  deliver  the  spoil  to  the  various 
points  around  the  hill  which  required  filling. 


channels,  top  and  bottom,  with  vertical  angles 
connected  thereto  by  gusset  plates.  Two  fore 
and  aft  trusses  provide  the  necessary  longi- 
tudinal stiffness;  these  trusses  being  connected 


part  of  the  deck  between  the  trusses  being  cut 
out  to  form  a  cockpit  for  the  dredging  pump. 
The  bow  and  stern  gantries  are  also  of  steel, 
the  stern  gantry  being  directly  connected  to  the 
stern  of  the  dredge  and  the  after  end  of  the 
main  trusses,  while  the  bow  gantry  is  pin  con- 
nected to  supports  on  the  deck  and  held  in 
place  by  steel  cables  fastened  to  the  forward 
end  of  the  main  trusses. 

The  pilot  house  is  built  on  top  of  the  fore 
and  aft  trusses,  and  so  placed  that  the  operator 
can  have  a  clear  view  of  the  work  at  all  times. 
The  pilot  house  contains  the  winch  leveis, 
gages,  switchboard,  and  all  controlling  appa- 
ritus  so  that  all  operations  of  the  dredge  are 
controlled  by  one  man.  The  switchboard  con- 
sists of  three  slate  panels  mounted  on  a  pipe 
tramework.  On  these  panels  are  mounted  a 
\olt  meter  and  an  ammeter,  together  with  the 
urcuit  breakers  and  fuses  protecting  tlie  vari- 
us  powder  and  lighting  circuits.  The  lighting 
vstem  is  supplied  with  current  taken  from 
secondary  of  a  5-kva.  transformer.  A  10  in. 
searchlight  is  installed  so  it  can  be  used  either 
on  the  bank  or  pontoon  line.  All  machinery  is 
driven  by  3-phase,  60-cycle,  2,200-volt,  General 
Electric  Co.  motors;  the  variable  speed  motors 
being  of  slip  ring  type,  equipped  with  14  point 
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reversing  controllers.  The  current  is  brought 
on  board  by  a  flexible  submarine  cable  con- 
nected to  transmission  lines  running  parallel  to 
the  cut. 

The  main  dredging  pump  has  l(i  in.  suction 
and  discharge  openings  and  is  direct  connected 
by  means  of  a  flexible  insulating  coupling  to 
a  300  hp.  motor  mounted  on  the  same  bed  plate 


The  cutter  drive  and  suction  pipe  are  mount- 
ed on  a  structural  steel  ladder,  suspended  at 
the  bow  of  the  dredge  on  steel  trunnions, 
through  one  of  which  the  suction  pipe  passes ; 
this  joint  being  sealed  to  exclude  air  by  means 
of  water  forced  into  the  packing  by  the  3  in. 
pump.  The  ladder  is  raised  and  lowered  by 
cables  running  over  sheaves  in  the  top  of  the 


Fig.    3.      Motor    Driven    Fire    Drum    Winch,    Electric    Hydraulic    Dredge. 


(Fig.  2).  The  pump  is  designed  to  deliver  L'20 
cu.  yds.  of  solid  material  per  hour  through 
1,000  ft.  of  discharge  pipe  and  to  an  elevation 
of  12  ft.  above  the  water  line  when  running  at 
84.5  revolutions  per  minute.  Owing  to  the  great 
variation  in  the  length  of  the  discharge  pipe 
line  required  at  various  times,  the  motor  was 
provided  with  controlling  apparatus  for  run- 
ning continuously  with  2.5  per  cent  speed  reduc- 
tion. 

In  order  to  knock  down  part  of  the  hill  and 
■sluice  material  into  the  cut  ahead  of  the  dredge, 
a  2  in  hydraulic  giant  is  mounted  on  the  bow 
of  the  dredge  in  such  a  way  that  it  can  be 
swung  independently  of  the  dredge  and  have 
a  large  radius  of  action.  Water  for  this  giant 
is  provided  by  a  6-in.,  three-stage,  Worthington 
turbine  pump,  delivering  1,300  gals,  per  minute 
at  a  head  of  .300  ft.,  and  direct  connected  to  a 
200  hp.  motor  operating  at  1,140  revolutions 
per  minute.  A  3  in.  Worthington  volute  pump, 
direct  connected  to  a  1.5  hp.  motor,  operating  at 
1,140  revolutions  per  minute  is  provided  for  fire' 
protection,  hosing  down  the  deck,  priming  the 
main  pump  and  for  the  various  water  sealed 
stuffing  boxes  on  the  pumps  and  suction  pipe. 
A  five  drum  winch  ("Fig.  3)  driven  by  a  20 
hp.    motor   is   used    for   handling   the   swinging 


bow  gantry  and  down  to  a  drum  on  the  winch 
machinery.  The  cutter  is  driven  through  re- 
duction gearing  by  a  7-5  hp.  motor,  running 
normally  at  .al.j  revolutions  per  minute,  but 
fitted  witli  controlling  apparatus  for  operating 
continuously  at  50  per  cent  speed  reduction. 
The  cutter  originally  furnished  was  of  the 
heavy  type,  having  removable  manganese 
blades,  but  after  the  dredge  had  been  in  opera- 
tion the  sub  soil  was  found  to  consist  of  sticky 
blue  clay  of  the  sort  commonly  called 
"Gumbo,"  and  the  cutter  was  found  to  be  un- 
satisfactory, owin^  to  the  material  clogging  it 
up  and  refusing  to  enter  the  suction  pipe.  A 
cutter  was  then  installed  having  four  knife- 
like blades,  curved  in  the  shape  of  an  auger, 
as  shown  in  Figure  4,  and  found  to  do  ex- 
cellent work.  This  cutter  was  later  replaced 
with  one  of  the  same  pattern,  but  of  greater 
length  (Fig.  5)  as  it  was  found  difficult  to 
properly  gage  the  forward  steps  of  the  dredge 
with  any  great  accuracy;  the  tendency  being 
to  overstep  and  leave  uncut  material  behind  the 
cutter.  A  great  deal  of  trouble  and  delav  has 
been  caused  by  logs,  which  are  found  im- 
bedded in  the  soil  and  which  must  be  pulled 
out  before  the  dredge  can  proceed.  Some  of 
these   logs  are  24  ins   in   diameter   and  3.5   ft. 


Fig.     4.     Original     Cutter     Bends,     Electric 
Hydraulic    Dredge. 

lines,  raising  the  cutter  ladder  and  opcraling 
tlic  spuds.  The  motor  is  provided  with  con- 
trolling apparatus  for  any  variation  in  speed 
from  full  si>eed  down  to  half  speed  and  is  also 
fitted  with  solcniiid  brake.  The  motor  is  direct 
geared  ihrimgh  inlermediate  shafts  lo  the  drum 
shafts.  Kach  drum  is  provided  with  internal 
expanding  friction  and  outside  lirakc  band, 
each  one  of  which  is  separately  controlled  from 
the  pilot  house. 


Fig.    5.      Improved     Cutter     Bends,     Electric 
Hydraulic    Dredge. 

long,  and  as  high  as  six  have  been  in  tlie  cut 
at  one  lime.  Figure  1  shows  a  view  of  the 
dredge  just  after  starting  operations,  when 
the  original  cutter  was  still  in  use.  This  also 
shows  the  new  buildings  of  The  Otis  Steel  Co. 
in  the  background. 

The  work  on  the  new  channel  is  progressing 
very  rapidly ;  the  steam  shovels  having  com- 
pleted their  part  of  the  work  on  the  hill  in  the 
early  part  of  S^tember.    The  dredge  was  put 


in  operation  on  June  2-5,  1914,  and  although 
some  time  was  lost  in  changing  cutters,  it  is 
expected  that  the  work  will  be  completed  early 
this  year. 

The  new  channel  will  be  8  ft.  deep  and  loU 
ft.  wide,  but  later  on  it  will  be  deepened  to 
permit  of  navigation.  When  this  is  done.  The 
Otis  Steel  Co.  contemplates  the  building  of 
docks  on  the  west  bank  of  the  river. 


Automatic  Water  Tank  for  Northwest- 
ern Cone  Batch  Mixer. 

An  automatic  water  measuring  tank  has  be- 
come a  standard  feature  of  machine  concrete 
mixers  and  the  illustration  here  shows  a  spe- 
cial design  of  tank  for  which  advantages  are 
claimed.  The  water  is  led  into  the  tank 
through  a  three-way  valve,  which  valve  has  a 
connection  for  city  water.  It  is  automatically 
shut  off  through  the  agency  of  a  float,  which 
has  a  free  movement  on  the  valve  stem.  .\ 
set  collar  is  placed  on  this  stem  to  regulate 
the  amount  of  water  to  be  placed  in  the  tank. 
As  soon  as  the  float  strikes  this  set  collar,  it 
will  automatically  lift  the  valve  stem  and  shut 
off  the  water  from  below.  The  automatic  lift 
and  shut  off  is  positive  in  that  the  pressure 
back  of  the  valve  holds  this  valve  in  place. 
When  the  water  is  discharged  into  the  mixer, 
this  pressure  is  relieved  by  cutting  off  the  city 
connection  in  the  three-way  valve  and  the 
valve  underneath  the  tank  is  allowed  to  drop, 
releasing  the  water,  which  is  led  through  pipes 
into  the  interior  of  the  drum.  The  tank  is 
C 
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Automatic    Water   Tank   for  Concrete 
Mixers. 

constructed  of  20-gage  gahanized  iron  and  is 
securely  fastened  to  the  supporting  frame  by 
means  of  four  rods  on  the  outside  of  the  tank. 
There  is  nothing  about  this  tank  to  get  out  of 
order  or  shake  loose.  It  is  built  strong  and 
built  to  withstand  all  vibration.  This  tank  is  a 
part  of  the  equipment  of  the  cone  batch  mixer 
made  by  the  Northwestern  Steel  &  Iron  Works. 
F.an  Claire,  Wis. 


A  New  Type  of  Drag  Line  Excavator. 

The  type  of  drag  line  excavator  illustrated 
herewith  is  suitable  for  the  extension  of  wa- 
ter and  sewer  trenches,  drainage  and  irriga- 
tion ditches,  and  for  general  excavating.  It 
is  also  adapted  for  use  in  road  and  railroad 
construction  and  in  placer  mining.  It  is  the 
invention  of  Joseph  Pronovost,  and  is  known 
as  the  Pronovost  excavator.  The  illustration 
shows  only  the  position  of  the  drums  and 
hoisting  lines.  Tlie  power  may  be  supplied 
either  by  internal  combustion  or  steam  en- 
gines, or  by  electricity.  The  essential  operat- 
ing  features   are   as    follows : 

The  drag  line  is  attached  to  the  boom  and 
runs  through  sheaves  on  the  bucket.  The  boom 
inills  the  bucket  toward  the  end  of  the  boom 
where  it  catches  into  a  clutch  .lud  ts  lifted  on 
the  end  of  the  boom,  which  swings  it  up  to 
the  top  of  the  deirick.  The  open  boom  is  a 
feature  of  the  machine.  The  bucket  is  re- 
leased,  trips   on   the  upper  projection,  dumps 
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into  the  hopper,  is  righted  bv  the  lower  projec- 
tion and  drops  to  the  ground  for  another  load. 
A  weight  attached  to  the  end  of  the  boom 
line  back  of  the  drum  takes  up  the  slack,  and 
while  the  bucket  is  coming  up,  a  drum  is  tak- 


rein forced   work.    The   following   is    from  the 
New  England  Bureau  of  Tests: 

A  number  of  briquettes  of  1-3  mortar  were 
made  using  cement  of  good  quality  and  stand- 
ard Ottawa  sand.   A  portion  of  these  contained 


to  remain  at  room  temperature  for  48  hours 
and  then  broken,  the  results  showing  a  strength 
of  52  lbs.  per  square  inch  for  the  untreated  and 
113  lbs.  per  square  inch  for  that  containing  the 
frostproofing.   These  results  clearly   indicate  the 


ing  in  the  line.  When  the  bucket  is  released 
and  dropped,  the  boom  is  lowered  for  another 
pull  on  the  bucket. 

The  lines  run  over  a  double  sheave  work- 
ing on  a  swivel  in  the  top  of  the  derrick  or 
head  frame.  One  worm  gear  swings  the  boom 
to  either  side  of  an  excavation  and  another 
turns  the  front  axle  of  the  truck,  which  is 
propelled  by  power  applied  to  the  rear  wheels. 

An  attachment  like  a  ploughshare  on  each 
side  of  the  bucket  breaks  ground  and  serves  to 
keep  the  bucket  in  line  when  trenching  straight 
ahead.  The  bucket  moves  continuously  in  the 
same  direction  and  there  is  no  lost  motion.  By 
dumping  into  a  central  hopper,  the  delivery 
of  material  excavated  is  regulated,  whether 
run  into  a  cart,  car  or  other  conveyor. 

The  upper  parts  of  the  machine  can  be  de- 
tached to  clear  overhead  obstructions. 

Mr.  Charles  Cummings.  civil  engineer,  Mar- 
quette, Mich.,  furnished  the  information  upon 
which  the  foregoing  description  is  based. 


New   Type  of   Drag   Line   Excavator. 


2V^  per  cent  frostproofing  to  the  amount  of 
cement,  the  balance  being  untreated.  The  re- 
sults of  these  tensile  strengths  are  as  follows : 


With 

Without 

Test 

frostproofing. 

frostproofing 

period. 

Per  sq.  in. 

Per  sq.  in. 

."  days 

176    lbs. 

201    lbs. 

7   days 

254    lbs. 

243    lbs. 

advantage   of  the   preventing  of   freezing   tin 
mortar. 

This   frostproofing  is   made  by   the  Lansiiiu 
Co.,  Lansing,  Mich. 


These  results  show  that  the  frostproofing 
in  the  very  early  stages  has  a  tendency  to  re- 
tard the  setting  slightly  which  is  recognized 
as  the  best  possible  thing  for  good  concrete,  as 
it  should  not  set  too  quickly.  But  at  the  end 
of   a   week   tests   showed   the   strength   of   the 


■  A     Pelton     Wheel     Driven     Concrete 
Mixer. 

While  building  the  reinforced  concrete  build- 
ing of  the  Ashland  Creamery  at  Ashland,  Ore., 
a  unique  manner  of  driving  the  concrete  mixer 
was  employed.  When  work  was  first  started  a 
7  hp.  gasoline  engine  was  used,  but  due  to 
constant   rain   and    damp   weather,   much    dif- 


A   Frostproofing   Admixture   for   Con- 
crete. 

(Contributed,  i 
This  material  is  a  fine  white  substance,  about 
like  cement,  and  from  2  to  4  lbs.  to  each  batch 
of  cement  are  used.  The  extra  cost  per  cubic 
yard  is  about_$0.75.  Extensive  tests  have  been 
made,  and  it  is  found  that  the  concrete  would 
not  freeze  even  as  low  as  si.x  degrees  below 
zero,  the  lowest  temperature  that  was  obtained 
when  the  tests  were  made.  It  was  found  fur- 
ther that  of  two  briquettes,  one  with  the  frost- 
proofing and  the  other  without  the  frostproof- 
ing. the  concrete  without,  froze  hard  as  a  rock, 
while  the  other  was  not  effected  in  the  least  by 
the  cold.  It  is  further  found  that  at  the  end 
of  seven  days  that  the  concrete  with  the  frost- 
proofing stood  11  lbs.  per  square  inch  more 
compressing  strain.  Another  advantage  is  that 
this  material  has  a  tendency  to  keep  the  forms 
from  rusting,  which  is  a  decided  advantage  for 


Concrete    Mixer    Driven    by    Pelton    Water   Wheel. 


treated   mortar   to   be   superior  to  that  of   the 
untreated  mortar. 

In  addition  to  the  heat  tests,  one  briquette 
with  2^^  per  cent  frostproofing  and  one  with- 
out, were  placed  out  of  doors  immediately  after 
making.  The  temperature  32  degrees  went  tc 
22  degrees  that  night.  In  the  morning  the  bri- 
quette without  the  frostproofing  was  frozen 
hard  while  that  containing  it  was  not  frozen, 
but  nf  course  had  not  hardened  owing  to  the 
low  temperature.    The  specimens  were  allowed 


hculty  was  experienced.  A  C  in.  Pelton  water 
motor  was  the  only  other  power  available,  so 
the  owner,  Mr.  D.  Perrozzie,  tore  out  the 
gasoline  engine,  spiked  the  water  motor  to 
the  mixer  platform,  and  coupled  it  to  the  city 
water  supply. 

The  photograph  shows  the  rig  as  it  finished 
tlic  job.  When  it  is  taken  into  consideration 
that  the  first  cost  of  the  water  motor  was  less 
than  half  that  of  the  gas  engine,  the  change 
proved  very  satisfactory  to  the  builder. 
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INDEX  TO  TECHNICAL  ARTICLES. 


February  3,   1915. 


DAMS:     All  concrete. 

All-concrete   Dams:     The   Next  Step  in   the 
Evolution   of   Masonry  Dam   ConstrLiction     S9 

Editurial  discussing  the  possil»ilit,\'  of  tlie  all- 
concrete  dam  becoming  generally  adopted  in  th'^ 
near  future.  Compares  conci-ete  construction 
with  the  prevalent  concrete  and  rubble  type. 
E.  &  C,  Feb.  3,  1915;  IVa  cols. 
PUBLIC  WORK:    1915  Prospects. 

In    1915    Let   There    Be    More    Public    Work 
Than    Ever   89 

Suggests  that  city  and  other  public  worii 
which  has  been  postponed  might  with  profit  be 
started  at  once.  Reviews  previous  periods  of 
depression  and  finds  no  excuse  for  further  delay 
in  the  beginning  of  proposed  public  works.  E. 
&  ('.,  Fell.  ?,.  1915;  21/2  cols. 
WATER  WORKS:  School  for  Employes  at 
San  Diego. 

A    School    for    Water    Works    Employes    at 
San    Diego,    Calif 90 

An    editorial   explaining   and    commending   the 
plan  in  vogue  at  San  Diego  of  holding  monthly 
meetings    of    water     department     employes     at 
which    papers    on    water  works    topics   are    read 
by  officials.     E.  &  C,  Feb.  3,  1915;  1  col. 
TUNNELS:     Lining,   Cast   Iron.    Design. 
Determination    of   Stresses    In    and    Design 
of     Cast     Iron     Lining     for     Subaqueous 
Tunnels     90 

Gives  formulas  for  computing  weight  and 
tabulates  weights  for  eight  tunnels;  mathe- 
matical discussion  of  external  forces  acting  on 
tunnel  lining;  discussion  of  stresses  in  tunnel 
lining;  discussion  of  buoyancy  with  citation  of 
t.-st.s.     K-   &   C.  Feb.   :!,   1915;   :,hi   cols. 

COMMISSION-MANAGER    FORM    OF    GOV- 
ERNMENT:    Comment   on. 
Comment      on      the      Commission-Manager 

Form   of   Government    92 

A    correspondent    states    his    belief    that    the 
commission  form  of  government  is  preferable  to 
the  commission-manager  for.m,  and  gives  argu- 
ments and  observations  in  support  of  his  theory. 
Thinks   cities   are   not   yet   ready   for   the   newer 
lorm.     E.  &  C,  Feb.  3,  1915;  I1/2  cols. 
TUNNELS:    Rock;  Construction  Methods. 
Method    of    Constructing    Rock    Tunnel    of 
50-Ft.  Clear  Width,  Stockton  Street,  San 

■  Francisco    93 

■L     Describes   the   work   of  constructing  this  con- 
^^pete-lined    tunnel,    and    illustrating  by   diagram 
^^Bld  views  the  work  of  driving,  timbering,  lining, 
^PEtc.      Describes    contractor's    plant    and    layout. 
E.  &  C.  Feb.  3,   1915;   11%  cols. 
BUILDINGS:      Engine   Terminal. 
Design    Features    of    the    Lake     Shore     & 
Michigan  Southern   Railway  Engine  Ter- 
minal   at  Air   Line   Junction.   0 97 

Describes  and   illustrates   the   design   features 
of  the  compact  and  comprehensive  engine  ter- 


minal of  the  Lake  Shore  &  Michigan  Southern 
Railway  at  Air  Dine  Junction,  O.  E.  &  C,  Feb. 
3,    1915;    111/0    cols. 

BUILDINGS:     S.ife   Methods  of  Wrecking. 

Safe    Methods    of   Wrecking    Buildings 98 

Describes  safe  methods  and  procedure  to  be 
used  in  the  w-recking  of  buildings.  The  hazards 
of  this  kind  of  work  are  not  generally  under- 
stood, and  the  article  treats,  in  a  common- 
sense  way,  of  necessary  precautions  and  recom- 
mended procedure.  E.  &  C,  Felj.  3,  1915;  5 
cols. 

CHIMNEY:    Repair  of  Iron  With  Reinforced 
(^oncr'cte. 

Reinforced  Concrete  as  an  Emergency 
Repair   for   an    iron    Chimney 100 

Describes  and  illustrates  an  example  of  the 
use  of  reinforced  concrete  for  reinforcing  the 
lower  section  of  an  iron  chimney  which  had  cor- 
roded badly.  The  work  was  done  without  in- 
terfering with  the  operation  of  the  power  plant. 
E.  &  C,  Feb.  3,  1915;  2  cols. 

BUILDINGS:    Cost  Elements,  Data  on. 

Elements  of  Buildings — Factor  Costs  and 
Some    Specific    Data 101 

A  discussion  by  Harold  L.  Green  of  the  ele- 
ments of  buildings -factor  costs.  Classifies  the 
elements,  and  gives  some  specific  data  on  the 
relative  costs  of  fixed  charges  on  land,  buildings 
and  fixtures,  of  power  and  light,  of  heat,  and 
of  building's  expense.  E.  &  C,  Feb.  3,  1915; 
3   cols. 

WATER   WORKS:     Construction  Gang  Pay- 
rolls;  Checking. 

Field  and  Office  Methods  Employed  by 
Louisville  Water  Co.  in  Checking  Con- 
struction    Gang     Payrolls 102 

Describes  workings  of  timekeeping  system 
whereby  each  gang  foreman  keeps  time  on  his 
gang  subject  to  the  check  of  an  extra  time- 
keeper, who,  mounted  on  a  motorcycle,  moves 
from  gang  to  gang  during  the  day.  The  system 
is  successful.     K.   &  C,  Feb.  3,   1915;  2y2  cols. 

WATER    FILTERS:     Strainer  Plates,   Meth- 
od of  Testing. 
Method   and    Results   of   Strength   Tests   on 
Strainer     Plates     for     Baltimore     Water 

Filters     103 

Describes  and  illustrates  apparatus  used  in 
making  strength  tests  on  strainer  plates  useil 
in  Baltimore  filters,  and  gives  results  of  tests. 
K.  &  C,  Feb.  3,  1915;  1%  cols. 

WATER  WORKS  OPERATION:    Regulation 
by  State. 
An    Example    of    State    Regulation    of    the 
Operation    of    a    Small    Water    Works    In 

Pennsylvania     103 

Gives  substance  of  the  report  of  the  Public 
Service  Commission  of  Pennsylvania  in  ease 
against    New   Wilmington   Water   Supply    Com- 


pany brought  by  citizens  charging  unjust  rates 
and  inadequate  service.  Quotes  order  of  com- 
mission ordering  substantial  improvements  in 
plant  and  methods  in  village  of  1,100  population. 
E.  &  C,  Feb.  3.  1915;  3  cols. 

PUMPING   MACHINERY:    Deep  Well;   Con- 
sideiatiuns  Affecting  .Selection. 

Considerations  Affecting  the  Selection  of 
Deep    Well    Pumping    Machinery 104 

Discusses  air  lift,  reciprocating  or  plunger 
ijumps  and  rotary  pumps  from  the  standpoints 
of  cost,  efficiency,  capacity  and  rehability.  Also 
discusses  effect  on  selection  of  type  of  pump  of 
size  and  straightness  of  well,  chemical  and  phy- 
sical character  of  water,  pumping  level  of  well 
and  its  probable  fluctuations,  number  of  units 
permitted,  emergency  reserve  available,  skill  of 
erector,  and  chai'acter  of  supervision  under  oper- 
ation,    E.  &  C.  Feb.  3,  1915;  4  cols. 

ROADS:     Guard    Rail.    Concrete,   Wood. 

A  Modification  of  the  New  York  Standard 
Guard    Rail    Providing    Concrete    Posts..    106 

Describes  and  illustrates  in  detail  the  design 
of  a  combination  wood  and  concrete  guard  rail. 
Gives  comparative  costs  of  wood  guard  rail  and 
earth  fill.     E.  &  C,  Feb.  3,  1915;  2  cols. 

ROADS:    Cost  Reporting  and  Data  for. 

Recommended  Standard  Form  for^Report- 
ing   Costs   of   Road   Construction 107 

Gives  essential  data  necessaiT  in  the  prepara- 
tion of  methods  and  cost  reports  on  road  con- 
struction. Outlines  proper  subdivision  of  cost 
data  for  both  construction  and  maintenance.  E. 
&  C.  Feb.  3,   1915;' 4  cols. 

ROADS:    Concrete,   California. 

Methods  and  Cost  of  Constructing  Nine 
Miles  of  Concrete  State  Road  In  Cali- 
fornia         109 

Describes  methods  and  cost  of  grading,  mix- 
ing and  placing  and  the  construction  of  a 
bituminous  wearing  coat.  Unit  cost  of  various 
items  are  given.     E.  &  C,  Feb.  3,  1915;  3  cols. 

ROADS:     Concrete,  Illinois. 

Methods  and  Cost  of  Constructing  a  Con- 
crete Road   in   La  Salle  County,   Illinois..   109 

Discusses  location,  excavation,  pavement  de- 
sign, mixing  and  placing,  joints  and  curbing, 
cost  data.  Road  constructed  on  a  heavy  grade 
and  involves  a  hairpin  turn.  E.  &  C,  Feb.  3, 
1915;   3   cols. 
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A    New   Type   of   Drag    Line   Excavator.. 
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FOREIGN  TRADE  NOTES 

The  following  foreign  trade  opportunities 
are  listed  by  the  Bureau  of  Foreign  and  Do- 
mestic Commerce.  Where  addresses  are  omit- 
ted in  the  items  they  may  be  obtained  from 
the  office  of  the  Bureau  at  Washington,  D. 
C,  or  from  the  branch  offices  at  337  Custom 
House,  New  York;  629  Federal  Bldg.,  Chi- 
cago, 111. !  76  Appraiser's  Stores  Bldg.,  San 
Francisco,  Cal.  ,and  Association  of  Commerce 
Bldg.,  New  Orleans,  La.  In  applying  for  ad- 
dresses reference  should  be  made  to  the  file 
numbers. 

Telephone  System. — There  is  an  opportunity 
-in  near  East  for  securing  contracts  for  in- 
stallation of  an  extensive  telephone  system. 
No.  15,419. 

Surface  Condenser. — Engineering  and  con- 
tracting company  in  Canada  wishes  to  get  in 
-touch  with  American  manufacturers  of  a  sur- 
face condenser  to  take  care  of  three  high- 
pressure  engines  on  a  dredge.  Catalogues,  etc., 
are  desired.    No.  15,427. 

Railway  Ties. — Business  men  in  one  of  the 
neutral  European  countries  desires  to  receive 
•offers,  by  cable,  for  the  supply  of  about  5,000,- 
■OOO  oak  railway  ties..  Copy  of  the  full  report 
may  be  had  on  application  to  the  Bureau  of 
Foreiign  and  Domestic  Commerce  and  its 
branch  offices.     No.  15,440. 

Pumping  Machinery. — An  American  con- 
sular officer  in  one  of  the  Portuguese  posses- 
sions reports  that  the  Government  has  decided 
to  exempt  from  duties  any  material  imported 
exclusively  for  irrigation  purposes,  such  as 
pumps,  rams,  motor  machinery,  piping,  etc. 
It  is  suggested  that  manufacturers  of  these 
articles  send  literature,  catalogues,  etc.  No. 
15,464. 

Electrical  Machinery. — Firm  in  Italy  desires 
to  communicate  with  American  manufacturers 
■of  electrical  machinery,  fixtures,  and  supplies. 
Correspondence  should,  if  possible,  be  in 
Italian.    No.  15,473. 

Steel  Railway  Bridge. — The  Siamese  Royal 
Railway  Department,  broad  gauge,  will  open 
tenders  June  1  for  the  supply  of  a  steel  bridge 
of  5  by  40  meter  spans  over  the  river  Me 
Wang,  at  Lampang,  on  the  northern  railway. 
Drawings  and  specifications  are  for  sale  at  the 
Siamese  Legation  at  Washington ;  they  may 
also  be  examined  at  the  Bureau  of  Foreign 
and  Domestic  Commerce  or  its  branch  offices. 
Communications  may  be  in  English,  and  should 
Tje  sent  to  L.  Weiler,  Director  General  of 
Siamese  Railways,  broad  gauge,  Bangkok, 
Siam.    No.  15,456. 

Locomotive,  Dynamos,  Etc. — Merchant  in 
Far  East  desires  to  receive  catalogues,  price 
lists,  etc.,  on  locomotives,  dynamos,  and  elec- 
tric lamps.  He  is  in  the  market  for  a  loco- 
motive of  from  40  to  60  H.P. ;  a  dynamo, 
three-wire  system,  direct  current;  and  lamps 
of  14  and  220  volts.     No.  15,459. 

Agricultural  Machinery,  Etc. — Firm  in  Rus- 
sia wishes  to  act  as  agent  for  American  manu- 
facturers or  exporters  of  agricultural  ma- 
•chinery,  machinery  for  flour  mills,  etc.  No. 
15,441. 

Crushers,  Etc. — Engineer  in  France  wishes 
to  secure  an  agency  for  American  mining  ma- 
chinery, such  as  crushing  and  washing  ma- 
chines.    No.  15,443. 

Pipe  and  Waterworks  Supplies. — Municipal- 
ity in  one  of  the  Spanish  possessions  needs  cast 
iron  pipe  and  other  supplies  for  completing 
the  installation  of  a  city  water  system.  No. 
15,447. 

Cement,  Iron  and  Steel. — A  representative 
of  an  importing  firm  in  South  America  has 
called  at  the  Bureau  of  Foreign  and  Domestic 
Commerce  with  a  view  to  establishing  com- 
mercial relations  with  firms  in  the  United 
States  for  the  importation  of  products  from 
South  America  and  for  the  exportation  of 
American  products  to  that  country.  No.  15,449. 

Steel. — An    American    consular    officer    has 

transmitted  a  report,  together  with  a  set   of 

-Specifications,  relative  a  market  in  his  district 

for  mild  steel.     The  name  of  a  business 'man 

is   given   who   wishes   to   obtain  offers  c.   i.    f. 


destination,  cash  to  be  deposited  against  docu- 
ments.   No.  15,444. 

Machinery. — A  business  man  in  Europe  de- 
sires to  establish  commercial  relations  with 
American  manufacturers  of  macnines  and  ap- 
paratus for  the  textile  industry.   No.  15,446. 


INDUSTRIAL  NOTES 

Hugo  Burgheim  Co.,  Cincinnati,  C),,  dealers 
in  railroad  and  contractors'  equipment,  sup- 
plies and  relaying  rails,  has  moved  its  office 
to  larger  quarters  in  Suite  601,  Mercantile 
Library  Bldg. 

Albert  C.  Lehman  has  been  elected  presi- 
dent of  the  Blaw  Steel  Construction  Co.  of 
Pittsburgh,  Pa.  Mr.  Lehman  has  been  vice- 
president  and  genera!  manager  of  this  company 
since  its  inception. 

The  Terry  Steam  Turbine  Co.,  Hartford, 
Conn.,  has  appointed  Earl  F.  Scott,  as  its 
representative  for  the  state  of  Georgia,  with 
offices  at  702  Candler  Bldg.,  Atlanta,  Ga.  The 
Pittsburgh  office,  in  charge. of  H.  A.  Rapelye, 
is  now  located  at  1624  Oliver  Bldg. 

A  branch  office  has  been  established  at  900 
Lvtton  Bldg.,  Chicago,  bv  W.  H.  .'Anderson 
Tool  &  Supply  Co.,  of  Detroit,  Mich.,  and  Mr. 
F.  B.  Talley  has  been  appointed  Chicago  repre- 
sentative. Among  the  machinery  and  equip- 
ment exhibited  is  a  new  7-ft.  mixer  known  as 
the  Anderson  Rotary  Mixer. 

The  entire  selling  organization  and  execu- 
tive division  of  the  Koehring  Machine  Co.  of 
Milwaukee,  Wis.,  maniifacturers  of  concrete 
mixers  and  concrete  handling  equipment,  held 
their  annual  convention  at  the  general  offices 
of  the  company  during  the  past  week.  About 
40  representatives  were  in  attendance. 

C.  R.  Dodge  and  G.  H.  Edbrooke.  formerly 
of  Dodge  &  Dodge,  have  opened  an  office  at 
33  West  4'2nd  St.,  New  York  City,  and,  under 
the  firm  name  of  C.  R.  Dodge  &  Co.,  will  spe- 
cialize in  concrete  handling  equipment.  They 
will  handle  a  complete  line  of  contractors' 
machinery,  including  the  Milwaukee  and  Wis- 
consin concrete  mixers  and  the  Wylie  self- 
supporting  concrete  chutes. 

The  George  W.  Jackson  Construction  Co. 
has  opened  offices  in  the  National  Life  Bldg., 
29  South  La  Salle  street.  Chicago,  111.  The 
company  is  organized  under  the  laws  of  the 
state  of  Illinois  with  a  paid  up  capital  of 
$500,000.  and  is  prepared  to  undertake  the  con- 
struction of  heavy  foundations,  buildings  of  all 
kinds,  railroad  terminal  construction,  bridges, 
grain  elevators,  subways,  tunnels  and  for  com- 
plete underground  and  overhead  construction 
of  every  description.  George  W.  Jackson  is 
president  and  engineer ;  Charles  A.  McCulIoch 
is  secretary. 

The  Raymond  Concrete  Pile  Co.,  New  York 
and  Chicago,  has  been  awarded  recently  con- 
tract for  the  following :  1,579  Raymond  con- 
crete piles  for  the  foundations  of  the  Schenley 
high  school.  Pittsburgh,  Pa. ;  Edward  Stotz. 
architect ;  James  L.  Stuart,  general  contractor. 
Foundation  for  Public  School  No.  5,  Jersey 
City,  N.  J. :  John  T.  Rowland,  Jr.,  architect ; 
W.  H.  &  F.  W.  Cane,  general  contractor.  E. 
D.  Watt,  licensee  of  the  Raymond  Concrete 
Pile  Co..  has  been  awarded  the  contract  for 
Standard  Raymond  concrete  piles  for  the  Ap- 
praisers Stores,  Milwaukee.  Wis. :  supervising 
architect,  U.  S.  Treasury  Dept.,  architect ; 
Northern  Construction  Co.,  general  contractor. 


NEW  CATALOGUES 

Mortar   Mixer. — Paper,    folder.    Eureka   Ma- 
chine Co.,  Lansing,  Mich. 
Shows  the  Eureka  mortar  mixer,  its  design 

and  operation,  and  briefly  describes  its  features. 

Gives  general  specifications. 

Road  Machines. — Paper,  6x9  ins.,  8  pp.  Rug- 
gles-CoIes  Engineering  Co.,  52  Church  St., 
New  York  City. 

Describes  and  illustrates  Ruggles-Coles 
portable  and  semi-portable  dryers  and  heaters, 
giving  details  of  construction  and  principle  of 
operation,  with  views  of  plants  in  use  and 
data  as  to  capacities,  fuel  saving,  etc. 


Drilling  Machinery. — Paper,  6x9  ins.;  26  pp. 

Sparta  Iron  Works  Co.,  Sparta,  Wis. 

The  January  number  of  "The  Sludge 
Bucket,"  containing  several  interesting  articles  i 
on  well  drilling  and  machinery,  and  brief  news  ; 
notes,  jokes,  letters  from  drillers  throughout  > 
the  country  and  advertisements  of  Sparta  drills  j 
and  tools. 

White  Portland  Cement. — Paper,  7x9  ins.; 
32  pp.  Sandusky  Portland  Cement  Co., 
Sandusky,    Ohio. 

The  various  uses  of  Medusa  Stainless  White 
Portland    Cement    are    shown    by   jiumerous 
photographic    reproductions    and      letters      of   | 
appreciation  from  a  number  of  architects,  en-   . 
gineers,  etc.,  who  have  used  the  material,  are   ' 
mcluded. 

Water  Wheels. — Paper,  6x9  ins. ;  64  pp.  The 
Pelton  Water  Wheel  Co.,  San  Francisco, 
Cal.  , 

Bulletin    No.    8    illustrates      and      describes   ( 

Pelton   water   wheels   particularly   adapted    to   ; 

driving  mining,  sawmill,  industrial  and   other 

machinery.      Contains    considerable    hydraulic   ; 

information,    formulas,   data   required   for   es-   ; 

timates,  etc. 

Concrete  Machinery. — Paper,  8%xll'/4  ins.,  , 
64  pp.  Northwestern  Steel  &  Iron  Works,  | 
Eau  Claire,  Wis.  ! 

Catalogue  No.  9,  describing  Northwestern  ' 
Cone  Batch  Mixers,  convertible  batch  mixers, 
hand  batch  mixers,  contractors'  hoists,  towers 
and  spouting,  crushers,  block  machines,  moulds 
and  other  Northwestern  Concrete  Machinery. 
Fully  illustrated  and  gives  comprehensive  data 
and  price  lists. 

Railway  Line  M.-^terial. — Paper,  8x10%  ins  , 
100  pp.  General  Electric  Co.,  Schenectad\, 
N.  Y. 

Bulletin  No.  44,004,  devoted  to  railway  liii' 
material  for  direct  suspension,  covers  practi- 
cally everything  in  that  class  except  poles  and 
wires.  All  parts  are  illustrated  and  tables  of 
miscellaneous  data  relative  to  construction, 
overhead  material  per  mile,  use  of  solid  copper 
wire  and  cable,  dimensions  of  grooved  trolley 
wire  sections,  etc.,  are  given. 


CATALOGUE  REVIEWS 

CoN'CRETE  and  Mortar  Mixers. — Paper,  6?4x 
!).}4  ins.;  32  pp.  Eurek  'achine  Co.,  Lan- 
sing, Mich. 

This  booklet  describing  the  Eureka  Self- 
Measuring  Mixer  is  well  illustrated  and  con- 
tains interesting  inforrnation  as  to  the  work 
of  this  mixer.  The  advanta.ges  of  the  self- 
mixing  type  of  mixer,  both  for  concrete  and 
mortar,  are  set  forth  and  a  general  mechan- 
ical description  given,  explaining  particularly 
the  arrangement  of  the  revolving  steel  feeders 
and  the  use  of  the  self-measuring  device.  A 
proportion  card  furnished  with  the  mixer  is 
shown  in  fac-simile,  and  instructions  as  to  pro- 
portioning and  testing  are  given.  The  gravity 
chute,  belt  drive,  gearing,  trucks  and  other 
parts  are  shown.  Specifications  and  descrip- 
tions of  the  various  outfits  suited  to  different 
kinds  of  work  follow,  and  illustrations  show 
a  number  of  large  enterprises  in  which  Eureka 
Mixers  were  used  for  the  concrete  or  mortar. 

Metal  Silos.— Paper,  6%xl0  ins.,  44  pp.;  The 
Canton  Culvert  &  Si'o  Co.,  Canton,  Ohjo. 
The  1915  edition  of  the  catalogue  on  "Zyro" 
Galvanized  Anti-Corrosive  Metal  Silos  shows 
many  views  of  these  silos  which  have  been 
constructed  in  all  parts  of  the  country.  Zyro 
Silos  are  made  of  sectional  sheets  of  No-Co- 
Ro  metal.  This  material,  a  galvanized,  anti- 
corrosive  and  highly  rust-resistant  product 
with  pure  iron  as  the  base,  is  described  in  de- 
tail, with  a  discussion  of  the  causes  and  pre- 
vention of  corrosion  and  rust.  Tests  are  de- 
scribed and  photographs  of  the  results  are 
shown.  Then  follow  explicit  directions  for 
the  erection  of  Zyro  silos,  with  diagrams  and 
sections,  and  views  of  construction  work  in 
progress.  A  table  of  sizes  is  also  given.  There 
is  also  a  good  deal  of  miscellaneous  informa- 
tion relative  to  silage  and  silos  in  general. 


IREMT 


Trade     and     industry 
The    Doings     showed  continued    improve- 
ment during  the  past  week. 
of  In  the  basic  industries  such 

as  lumber,  copper  and  cot- 
the  Week.  ^^^  there  was  a  broadening 
of  activity.  Renewed  inter- 
est was  shown  in  the  better  class  of  railroad 
securities  and  considerable  demand  was  mani- 
fested for  high-grade  bonds  even  including  first- 
class  public  utility  issues.  One  development  of 
the  week,  important  as  foreshadowing  future 
construction  operations,  was  the  sales  of  $10,- 
000,000  of  bonds  bv  the  Illinois  Central  R.  R., 
and  $49,000,000  of  bonds  by  the  Pennsylvania 
R.  R.  The  financial  situation  now  is  practi- 
cally normal  with  abundant  money  at  low  rates 
of  interest.  This  e.xplains  in  a  measure  why 
the  present  demand  for  bonds  and  high-grade 
stocks  is  better  and  broader  than  it  has  been 
before  for  many  months.  The  prospects  for 
an  active  building  season  in  the  larger  cities 
are  excellent  as  there  should  be  little  difficulty 
in  financing  new  structures  under  the  prevail- 
ing interest  rates.  The  volume  of  new  work 
in  the  construction  field  that  reached  the  call 
for  bids  stage  last  week  is  smaller  than  in  the 
previous  week.  Nevertheless  it  is  well  up  to 
the  average  of  the  season  of  the  year.  Cities 
in  the  middle  west  are  beginning  to  ask  bids  on 
street  paving,  and  there  also  is  considerable 
activity  in  other  lines  of  municipal  work.  In 
the  iron  and  steel  trades  there  has  been  con- 
siderable progress  toward  recovery.  Some  in- 
dependent concerns  are  now  reported  to  be 
operating  at  80  to  95  per  cent  capacity.  The 
U.  S.  Steel  Corporation's  plants,  however,  are 
running  at  only  about  50  per  cent  capacity,  but 
this  compares  somewhat  favorably  with  the  35 
per  cent  capacity  for  December.  The  railroads 
have  placed  additional  orders  for  rails — nearly 
7.5,000  tons  being  ordered  by  western  roads. 
Better  prospects  also  are  indicated  for  struc- 
tural work.  The  Iron  Age  prices  for  finished 
iron  and  steel  and  for  sheets,  nails  and  wire 
for  the  week  ending  Jan.  27  were  as  follows : 
Finished    Iron    and   Steel.  Jan.  27.       Jan.  2U. 

Per  lb.   to   large  buyers.  Cts.  Cts. 

Bess,   rails,  he.avy.  at  mill....     1.25  1.2,5 

Iron   bars.   Philadslnhia 1.20  1.17% 

Iron    bars,    Pittf'     .-.* 1.10  1.1.5 

Iron  bars.  Chicai^o 1.00  0.97M; 

Steel  bars,   Pittsburgh 1.10  1.10 

Steel  bars.    New   York 1.26  1.26 

Tank  plates,   Pittsburgh 1.10  1.10 

Tank   plates.   New   York 1.26  1.26 

Beams,    etc.,    Pittsburgh 1.10  1.10 

Beams,   etc..    New   York 1.26  1.26 

Skelp,  grooved  steel.  P'gh 1.10  1.10 

Skelp,  sheared  steel,  P'gh 1.15  1.1.5 

Steel    hoops,    Kttsburgh 1.20    ,        1.20 

Sheets,  Nails  and  Wire. 
Per  lb.   to  large  buyers. 

Sheets,  black.  No.  28,  P'gh l.SO  1.80 

Galv.  sheets,  No.  28,  P'gh....     2.90  2.75 

Wire  nails,  Pittsburgh 1.55  1.55 

Cut  nails,   Pittsburgh 1.50  1.50 

Fence  wire,  base,  P'gh 1.35  1.35 

Barb  wire,  galv.,  P'gh 1.95  1.95 

For  structural  material  f.  o.  b.  Pittsburgh  The 
Iron  Age  prices  were  as  follows :  I-beams,  3 
to  15  in. :  cliannels,  3  to  15  in. ;  angles,  3  to  6 
in.  on  one  or  both  legs,  %  in.  thick  and  over, 
and  tees,  3  in.  and  over,  1.10  cts. 

Railways. — A  large  amount  of  new  financ- 
ing is  now  being  undertaken  or  is  contemplated 
by  the  various  railways.  The  Illinois  Central, 
the  Pennsylvania,  and  the  Erie  R.  R,  disposed 
of  good-sized  blocks  of  securities  during  the 
past  week,  and  a  number  of  other  companies 
will  make  offerings  shortly.  It  is  too  early  as 
yet  to  expect  any  definite  announcement  as  to 
construction  plans  for  the  coming  season.  It 
has  been  stated  that  the  Pennsylvania  R.  R. 
contemplated  the  expenditure  of  $40,000,000 
for  improvements,  betterments  and  equipment, 
and  that  the  Baltimore  &  Ohio  had  a  pro- 
gram calling  for  the  spending  of  about  $30,- 
000,000.  These  arc  but  unconfirmed  reports, 
but  undoubtedly  both  of  these  railroads  have 
a  large  amount  of  work  in  view.  It  is  the  gen- 
eral impression  among  those  familiar  with 
conditions  in  the  railway  field  that  a  great  deal 
of  construction  will  come  up  next  month.  No 
particularly    large   contracts   appear    to    have 


been  let  during  the  past  week  and  only  one  or 
two  undertakings  are  reported  as  being  figured 
on.  One  railroad  with  headquarters  in  Chicago 
has  asked  bids  on  a  good-sized  improvement. 

Roads  and  Streets. — Very  little  work  in 
the  state  highway  field  came  up  for  advertising 
for  bids  last  week.  None  of  the  larger  states 
have  commenced  on  their  construction  pro- 
grams for  the  present  year,  and  it  probably  will 
be  several  weeks  before  any  large  amount  of 
state  road  work  is  advertised.  One  fair-sized  job 
in  King  County,  Washington,  is  ready  for  pro- 
posals. This  calls  for  the  improvement  of  the 
Mercer  Island  Road— an  $80,000  contract.  A 
number  of  fair-sized  city  paving  contracts  are 
now  being  advertised. 

Bridges. — No  particularly  large  undertak- 
ings in  the  bridge  field  appear  to  have  come 
up  for  bids  during  the  past  week.  Several 
counties  in  Iowa  are  calling  for  bids  for  the 
various  materials  for  culvert  construction  dur- 
ing the  present  year,  and  Marion  County  is 
asking  proposals  on  5  steel  spans,  4  I-beam 
bridges  and  69  reinforced  concrete  culverts. 
Houston,  Tex.,  opens  bids  Feb.  10  on  a  $-37,000 
bridge;  the  state  engineer  at  Portland,  Ore.,  is 
asking  proposals  on  three  reinforced  concrete 
bridges  for  the  Columbia  Highway:  the  Coun- 
ty Clerk  at  Nelson,  Neb.,  opens  bids  March  3 
on  a  reinforced  concrete  bridge  of  two  50-ft., 
two  55-ft.  and  one  60-ft.  arches:  the  County 
Clerk  at  Elkins,  W.  Va.,  is  asking  bids  on 
seven  bridges,  the  largest  having  a  170-ft.  span. 

Drainage  and  Irrigation. — The  principal 
job  in  the  drainage  field  advertised  for  bids 
last  week  calls  for  0,000,000  cu.  yds.  of  excava- 
tion for  the  Little  River  Drainage  District  of 
Cape  Girardeau,  Mo.  Two  or  three  drain 
propositions  in  Minnesota  also  are  ready  for 
bids.  The  U.  S.  Reclamation  Service  is  calling 
for  proposals  on  a  fair-sized  excavation  and 
concrete  contract. 

Waterworks. — Quite  a  bit  of  work  came 
up  for  advertising  in  the  waterworks  field  dur- 
ing the  past  week.  Several  small  municipal 
systems  are  ready  for  bids,  and  a  considerable 
amount  of  extensions  and  other  improvements 
also  are  being  advertised.  Cordell,  Okla.,  opens 
proposals  Feb.  8  for  extension  of  its  water 
systems:  Gordonsville,  Va..  is  calling  for  bids 
for  enlarging  its  reservoir ;  Laramie,  Wyo., 
opens  proposals  Feb.  23  on  extensions  requir- 
ing 18,200  ft.  of  pipe;  Mount  Morris,  N.  Y.,  is 
taking  bids  until  Feb.  19  for  a  waterworks  to 
include  9  miles  of  6-in.  to  8-in.  pipe;  Orion, 
Mich.,  is  asking  proposals  for  a  $35,000  water- 
works ;  Philadelphia,  Pa.,  opens  bids  Feb.  9,  for 
furnishing  and  laying  48-in.  pipe  line;  Haw- 
thorne, N.  J.,  is  calling  for  proposals  for  a 
water  supply  system  to  include  83,000  ft.  of 
pipe  and  a  concrete  reservoir. 

Sewerage. — Several  good  sized  sewer  con- 
tracts reached  the  call  for  bids  stage  last  week. 
In  New  York  City  the  president  of  the  Bor- 
ough of  Brooklyn  is  calling  for  proposals  on 
three  big  sewer  jobs,  involving  the  construc- 
tion of  a  large  amount  of  90-in.  to  162-in. 
sewer.  Milwaukee,  Wis.,  began  calling  for  bids 
on  the  first  contracts  in  connection  with  the 
proposed  new  $10,000,000  intercepting  sewer 
system.  The  work  advertised  calls  for  the  con- 
struction of  about  five  miles  of  brick  and  con- 
crete sewer.  Warren,  R.  I.,  is  asking  bids  on 
a  system  providing  for  15,000  ft.  8-in.  to  18-in. 
sewers ;  El  Dorado,  Kan.,  opens  bids  Feb.  16 
for  constructing  a  sewage  disposal  system ; 
Washington,  D.  C,  is  calling  for  bids  on  12,800 
ft.  of  10-in.  to  24-in.  pipe  sewer. 


Some  time  legislation  will 
Uniform         ''C  enacted  that  will  provide 
a  uniform  workmen's  com- 
Compensation  pensation    law.     Interesting 
suggestions       toward       this 
i.<aw.  highly    desirable    end,   com- 

piled by  the  committee  on 
uniform  state  laws  of  the  National  Civic  Fed- 
eration, were  made  public  last  week.  The 
committee  suggests  that  compensation  should 
be  made  only   for  injuries  or  death  resulting 
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from  accidents  arising  in  the  course  of  em- 
ployment, and  that  the  law  should  exclude- 
injuries  occasioned  to  the  employe  by  the  will-- 
ful  intention  of  such  employe  to  injure  him- 
self or  another.  Regarding  the  necessity  of 
the  last  clause,  it  may  be  noted  that  under  the- 
provisions  of  one  of  the  state  compensation 
acts  now  in  effect,  a  man's  little  toe  or  his 
Uttle  finger,  for  example,  are  apparently  of 
much  more  value  to  the  employer  than  they 
are  to  their  possessor,  .\nyhow,  it  is  asserted 
that  in  a  number  of  cases  employes  have  delib- 
erately injured  themselves  in  order  to  obtain 
the  compensation  provided  by  the  law.  It  is 
suggested  also  that  the  law  should  make  no 
provision  for  injuries  resulting  solely  from  in- 
toxication of  the  injured  employe  and  for 
casual  employments.  The  compensation,  ac- 
cording to  the  committee,  should  be  based  upon 
the  average  pay  of  the  workman  in  the  grade 
in  which  he  is  employed  at  the  time  he  is  in- 
jured, and  a  definite  percentage  of  the  loss  of 
earnings  should  be  paid  periodically  in  case  of 
injury  or  death.  Payments  on  account  of 
death,  it  is  suggested,  sliould  be  made  period- 
ically, the  percentage  of  compensation  to  be 
based  upon  number  and  relationship  or  the 
extent  of  dependency  of  the  next  of  kin.  The- 
committee  suggests  further  that  some  induce- 
ments should  be  made  to  employers  to  re- 
employ injured  men,  especially  where  the  law 
provides  for  their  payment  of  compensation  for 
definite  periods.  It  also  is  recommended  that 
tlie  law  should  provide  in  death  cases  and 
where  permanent  total  disability  results,  other 
than  where  the  men  are  re-employed,  that  a 
lump  sum  should  be  paid  to  the  commission. 
The  object  of  this  provision  is  to  remove  the 
danger  of  nonpayment  of  compensation  spread 
over  a  period  of  years  because  of  the  insolv- 
ency of  the  employer.  The  workmen's  com- 
pensation acts  at  present  in  force  in  various' 
states  leave  much  to  be  desired.  The  attempt 
of  the  National  Civic  Federation  to  secure 
uniformity  in  the  law  is  a  step  in  the  right 
direction. 


.\fter  many  years  of  agi- 
Improvement    tation,    definite    action     for 
_     _  the  betterment  of  conditions 

of  Building      in  the  building  industry  has 
_         .  .  been  taken.     .At  the  annual- 

Conditions,  nieeting  of  the  National  As- 
sociation of  Builders'  Ex- 
changes held  last  week  at  Columbus,  O..  a  re- 
port was  submitted  outlining  the  conclusions- 
reached  by  the  joint  committees  of  the  ex- 
changes and  the  .\merican  Institute  of  .Arch- 
itects. Many  improvements  in  existin.g  condi- 
:ions  were  recommended,  final  decision  on^ 
which  will  be  taken  at  a  conference  with  the 
architects  next  month.  The  necessity  for  an 
improvement  in  present  conditions  is  evident. 
A  more  equitable  method  of  settling  disputes 
between  the  contractor,  the  architect  and  the 
owner  is  needed;  reforms  in  the  methods  of 
awarding  contracts  and  the  ethics  gove  ning 
estimating  and  bidding  are  desirable.  With  a 
uniform  system  of  general  conditions  for  build- 
ing contracts,  the  contractor  can  conduct  his 
business  on  a  safer  and  saner  basis. 


Building  a  building  under 
Construction    cover    in    order    to    prevent 
delays  from  w-eather  condi- 
Under  a         tions  enabled  an  Ohio  con- 
_  tractor   to   establish   a   con- 

1  ent.  struction   record    for   "dead 

of  winter"  work.  The  con- 
tract called  for  the  erection  of  a  1-story  struc- 
ture 90  ft.  by  202  ft.  in  size,  with  two  mon- 
itors, for  an  acid  building  for  a  storage  battery 
company.  The  contract  was  awarded  at  3  p. 
m.,  Jan.  9,  with  the  stipulation  that  it  should' 
be  completed  by  Feb.  1.  A  considerable  amount 
of  concrete  was  involved,  and  on  account  of 
this  and  to  guard  against  the  effects  of  adverse 
weather,  a  circus  tent  100  ft.  by  350  ft.  was 
put  up  over  the  site.  Construction  was  started 
at  6  a.  m.,  Jan.  10,  with  a  force  of  250  men, 
and  in  16  days  the  entire  job  was  completed. 
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\"olume  XLIII.     No.  5. 


A     $400,000     SEDIMENTATION 
BASIN. 

To    Be    Constructed    at    Torresdale    Filters 
Philadelphia. 


Bids    to    be    Opened     February    9    by    Bureau    of 
Water. 


The  sum  of  $400,000  is  available  for  tlie 
construction  of  a  new  sedimentation  basin  at 
the  Torresdale  filters  of  the  city  of  Philadel- 
phia, Pa.  The  improvement  requires  a  large 
amount  of  excavation  and  involves  the  con- 
struction of  timber  and  concrete  bulkheads,  in- 
take and  superstructure,  mixing  chamber,  outlet 
sate  house  and  a  considerable  amount  of  mis- 
cellaneous work.  The  approximate  quantities 
include  the  following: 

Earth  excavation,   cu.  yds 600  000 

Rock  excavation,  cu.  vds 500 

Riprap  (river  gravel,  pebbles  or  cobbles), 

„.tO"s    30,000 

Kiprap  (quarry  stone),  tons 20  000 

Timber    and    cribbing    (long    leaf    vellow 

pine),   M   ft.   B.   M ." 750 

Timber    and    cribbing    (short    leaf    vellow 

pine),   M  ft.   B.   M " 2,500 

Portland  cement,  bbls 6,00() 

Concrete.   Class  A,   cu.   yds 4',000 

Reinforcing  rods,    lbs 100000 

Structural   steel,    lbs 70000 

Wrought  iron,  cast  iron  and  steel  fixtures, 

„.'bs 75,000 

Water  supply   pipe,    4-in.,   lin.    ft 500 

Yellow  pipe  plumb  piles,  lin.   ft 5,000 

Railroad  track,   lin.   ft 2  300 

Sluice  gates  and   frames,   4S-in.    bv   72-in.       '     4 
Solution  tank,   piping  and  accessories. 
Buildings   and   all  accessories. 
Hoist  and  conveyor. 
Pitometers   and   records. 

The  material  classed  as  earth  is  believed  to 
be  river  mud,  an  admixture  of  sand,  gravel, 
clay,  boulders  and  ashes.  The  material  may  be 
either  above  or  below  the  surface  of  the  water. 
A  portion  of  the  excavated  material  will  be 
used  for  the  construction  of  the  embankments 
forming  the  basin  and  its  appurtenances,  for 
refills  and  for  grading  grounds  adjacent  to  the 
basin.  The  remainder  will  be  disposed  of  at 
the  option  of  the  contractor.  In  general  the 
embankment  will  be  constructed  from  the  ma- 
terial from  the  bottom  portions  of  the  excava- 
tion for  the  basin.  Between  the  top  of  the 
retaining  cribs  and  high  water  special  care 
must  be  taken  to  place  the  embankment  with 
the  protecting  faces  of  rip  rap  so  as  to  prevent 
unnecessary  erosion  or  waste  of  material.  The 
rock  work  may  be  either  above  or  below  water. 
It  calls  for  the  excavation  of  all  ledge  rock 
and  all  boulders  of  more  than  V2  cu.  yd. 
content.  It  is  not  expected  tliat  ledge  excava- 
tion will  be  required  for  tlie  basin,  but  will  be 
limited  to  the  inlet  channel,  and  the  channels 
from  the  gate  chambers  into  the  body  of  the 
basin,  for  the  foundations  of  the  gate  cham- 
ber, and  for  leveling  the  bottom  under  the 
embankment  cribbing. 

The  slopes  of  the  embankments  and  shores 
of  the  basin  will  be  protected  by  rip  rap.  Class 
A  will  be  composed  of  river  gravel,  pebbles  or 
cobbles ;  not  more  than  30  per  cent  of  the  class 
will  be  less  than  3  ins  in  diameter.  Class  B 
rip  rap  will  be  hard,  durable,  quarry  stone,  run 
of  quarry  sizes,  with  not  less  than  70  per  cent 
of  man  size  or  larger. 

Two  classes  are  specified  for  the  timber 
cribbing,  piling  and  stop  logs  necessary  for  the 
permanent  features  of  the  basin.  Class  A  will 
be  long  leaf  yellow  pine,  and  Class  B  will  be 
short  leaf  yellow  pine  or  equal.  Concrete  will 
be  used  for  the  gate  chambers,  conduit,  foun- 
dations and  mixing  chambers.  In  general  it 
will  be  mixed  in  the  proportions  of  1  part 
cement  to  9  parts  coarse  and  fine  aggregates, 
or  1  part  cement  to  IV2  parts  coarse  and  fine 
aggregate.  The  foundations  of  the  several 
structures  are  18  ft.  more  or  less  below  high 
tide. 

Bids  for  the  construction  of  the  sedimenta- 
tion basin  will  be  received  by  the  Department 
of  Public  AVorks,  Bureau  of  Water,  of  Phila- 
delphia, Pa.,  until  noon,  Feb.  9. 


ROAD    WORK    IN    PALO    PINTO 
COUNTY,  TEXAS. 

37   Miles  of  Highway   to   be   Improved. 

Macadam  —  Gravel   —  Sand-Clay  —  Grading  — 
Culverts. 


The  Commissioners  of  Palo  Pinto  County, 
Texas,  are  asking  bids  for  the  improvement  of 
about  37  miles  of  highway  in  Road  District  No. 
1.  The  names  of  these  roads,  and  the  length 
and  classes  of  improvement  are  as  follows: 

Mineral  wells  and  Palo  Pinto  Road,  I\lineral 
Wells  and  Weatherford  Road,  6.3  miles,  water- 
bound  macadam,  gravel,  local  stone ;  Mineral 
Wells  and  Garford  Road,  Mineral  Wells  and 
Salesville  Road.  0.6  miles,  water  bound  mac- 
adam, gravel,  local  stone  and  sand  clay ;  Min- 
eral Wells  and  Millsap  Road,  Mineral  Wells 
and  Fairview  Road,  8  miles,  same  as  above  ; 
Mineral  Wells  and  Willow  Pond  Road,  Old 
Weatherford  and  Palo  Pinto  Road,  water 
bound  macadam,  gravel,  local  stone ;  Mineral 
Wells  and  Staggs  Prairie  Road.  5.8  miles,  same 
as  above.  The  location  of  these  roads  are 
shown  in  the  accompanying  map. 


Location   of    Roads   in    District    No.    1. 


The  approximate  quantities  include  the  fol- 
lowing : 

CTearing,  100  sq.   f t GO 

Grubbing,    100    sq.    ft 60 

Road  grader  work,  lin.  ft 36,800 

Slip  or  tresno  work  (100  ft.  free  haul),  cu. 

yds 123,900 

Grading  (earth),  cu.   yds 8,200 

Grading  (boulders,  detached  masses,  etc.), 

cu.  yds 2.210 

Grading  (solid  rock),  cu.  yds 1,110 

Foundation  excavation,  cu.  yds 1.0.50 

Macadam,   cu.   yds 12.500 

Gravel,  cu.  yds 21,000 

Local  stone   (quarried),   cu.   yds 11,800 

Local  stone  in  fences,  cu.  yds 6,200 

Sand-clay  (Fresno),  cu.  yds 3,000 

Sand-clay  (wheeler),  cu.  yds 3,000 

Sand-clay  (wagon),   cu.   yds 3,000 

Vitrified  pipe,  IS-in.,  lin.  ft 820 

Vitrified  pipe,  21-in.  and  24-in.,  lin.  ft 380 

Corrugated  pipe,  18-in.  and  4S-in.,  lin.  ft..     1,930 
Bridges  and  Culverts. 

Grading   culverts,    cu.    yds 500 

Concrete,   cu.  yds 700 

Reinforcing  bars,  lbs 15,300 

I-beams  and  channels,  lbs 57,800 

Anchor  and  stay  bolts,  lbs. .- 200 

Hand   railing,    lbs 790 

The  roads,  in  general,  will  have  a  16  ft.  or 
9%  ft.  paved  roadway.  In  the  latter  case 
there  will  be  improved  shoulders  3  ft.  wide  of 
sand-clay,  gravel  or  local  stone.  The  water 
bound  macadam  will  consist  of  3%  in.  to  4% 
in.  (compacted  measure)  of  Vi  in.  to  3  in. 
crushed   stone   with    dust   filler   and   puddling. 


The  base  of  the  road  may  be  sand-clav,  gravel 
or  local  sand  or  field  stone.  The  gravel  roads 
will  consist  of  a  lower  course  6  ins.  thick  at 
the  center,  tapering  to  472  in.  at  the  sides  and 
an  upper  course  2  ins.  thick  at  the  center  and 
1  in.  thick  at  the  sides.  The  gravel  will  be 
spread  with  a  road  grader  except  as  to  outside 
hnes  of  the  road  which  are  to  be  marked  off 
with  chalk  line  and  the  gravel  spread  to  line 
with  shovels.  The  local  stone  construction  pro- 
vides for  a  telford  base  of  local  or  field  stone 
broken  to  pass  a  4  in.  ring,  with  voids  filled 
with  sand  or  clay,  and  a  sand  clay  finish.  The 
sand-clay  roads  will  have  a  sand-clay  base  7 
ins.  thick  at  the  center  and  sand-clay  finish  1 
in,  thick  at  the  center. 

Bids  will  be  taken  on  the  road  work  and  the 
culverts  separately  or  on  both  combined.  The 
proposals  will  be  received  until  1  p.  m.,  Feb.  8, 
by  the  County  Clerk,  Palo  Pinto,  Texas.  James 
C.  Travilla,  Room  6,  Haines  Bldg.,  Mineral 
Wells,  Te-xas.  is  the  engineer. 


CULVERT     AND     BRIDGE     CON- 
STRUCTION IN  IOWA. 


Large  Amount  of  Work  Projected  by  Vari- 
ous Counties. 


Marion    County    Opens    Bids    Feb.    23    on    69    Box 
Culverts. 


Iowa  counties  are  planning  to  make  an  early 
start  on  the  large  amount  of  bridge  and  culvert 
construction  proposed  for  the  present  year. 
This  work  is  being  done  for  the  replacement 
of  waterway  crossings  by  more  permanent 
types  of  construction.  The  improvements  will 
include  the  placing  of  many  pipe  culverts  and 
the  construction  of  a  large  amount  of  concreti- 
culverts.  The  latter  in  general,  will  be  of  the 
bo.x  type,  reinforced.  There  also  will  be  a  con- 
siderable number  of  pony  truss  bridges  and  I- 
beam  bridges.  Some  of  the  counties  will 
furnish  the  material,  while  in  others  the  con- 
tracts will  include  both  labor  and  materials. 

A  number  of  Iowa  counties  already  arc 
calling  for  bids  for  furnishing  material  for 
their  work  this  season.  Audubon  County  open> 
bids  Feb.  5  for  supply  of  about  5,000  lin.  ft, 
corrugated  culverts ;  Adams  County  opened 
bids  Feb.  1  for  furnishing  car  load  lots  of 
culvert  pipe,  reinforcing  steel,  and  cement: 
Union  County  opens  bids  Feb.  3  for  furnishing 
cement,  sand,  gravel,  reinforcing  steel  and 
corrugated  pipe. 

Marion  County,  Iowa,  is  now  asking  bids  for 
the  construction  of  five  truss  bridges,  four 
I-beam  spans,  and  69  reinforced  concrete  box 
culverts.  The  first  mentioned  group  will  in- 
clude the  following:  60  ft.  by  16  ft.  ponv 
truss,  estimated  to  cost  $3,796;  '70  ft.  by  16  ft. 
ponv  truss,  $4,490;  120  ft.  by  18  ft.  through 
truss,  $7,891;  120  ft.  by  18  ft.  throtigh  truss, 
$8.895 ;  70  ft.  by  18  ft.  pony  truss,  $.5,370.  The 
I-beam  bridges  are  as  follows :  28  ft.  by  16  ft. 
span,  $1,681;  32  ft.  bv  16  ft.  span,  $1,959;  20  ft. 
by  20  ft.  span,  $1,9.37;  28  ft.  by  16  ft.  span, 
$1,240.  All  above  structures  are  to  have  rein- 
forced concrete  abutments.  Details  regarding 
the  reinforced  concrete  culverts  are  as  follows  : 

q  _5; 

1  2  1.  S         I-       .1- 

Group  C. 

Dunreath    1  1x4x28  25.6  1,420     %    334 

Percy    4  4x4x62  45.4  2,750  600 

Dunreath    >/4  3x  3x26  20.3  1,030  257 

Dunreath    M-  4x  4x26  24.5  1,310  312 

Otley     3  8x6x34  62.3  3,020  783 

Dunreath    2  4x  4x50  38.4  2,270  506 

Dunreath    2%  2x2x40  15.0  1,010  235 

Group  D. 

Pella    4  6x4x30  35.9  2,220  503 

Flagler     5  3x  3x38  26.0  1,390  390 

Flagler   3  3x  3x82  48.8  3,530  664 

Everist     5  Ex  3x26  20,3  1,030  307 

Everist     4  2x  2x56  19.0  1,360  315 

Tracv    Z%  6x4x32  37.5  2,350  536 

Pella     2V2  3x  3x52  32.8  1.830  437 

Tracy    %  4x2x30  18.5  1,200  247 

Durham     1  1x5x42  42,7  2,360  557 

Everist    4  3x  3x52  32.8  1,830  486 
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TCverist     4  Ex  3x56  34,7  1,950  432 

Everist     3  5x5x34  39.5  2,680  5lil 

Bussev     1  2x2x58  19,5  1,400  299 

Howefl     2  6x4x35  40.0  2,540  493 

Durham     2^4  3x3x38  26.0  1,390  351 

ijarvev    1  12x10x40  160.2  7.175  1,835 

Tracy"    2  2x2x48  17.0  1,180  264 

Tracy     2  4x  4x22  22.2  1,150  293 

Pella     2^!  8x4x31  48.2  2,020  606 

Pella         4%  2x2x68  22.0  1,620  3dC 

Pella     5  4x4x44  34.9  2,020  519 

Group  E. 

Purdv     S  2x  2x32  13.0  840  235 

Purdy     9  3x  3x60  36.6  2,070  653 

Purdv     9  3x  3x28  21.2  1,080  380 

Melcher    SV'  2x2x38  14.5  970  256 

Melcher   5  3x  3x30  22.2  1,140  331 

Melcher     6  2x  2x50  17.5  1,225  307 

Whitebreast    ...  3  4x  4x54  40.7  2,425  567 

Melcher     1  4x  4x38  31.4  1,790  404 

Purdv     S%  8x  6x52  85.5  4,300  1,423 

Pleas'antville    ...  3  3x  3x42  2S.0  1,520  47S 

Melcher    S'-A  3x3x30  22.2  1,150  39.S 

Whitebreast    ...  5  3x3x24  19.3  970  291 

Melcher     2Vs  Sx  6x28  54.5  2.575  6S3 

Purdy     2  3x  3x42  28.0  1,510  371 

Purdy     2  3x3x46  29.9  1,630  397 

Purdv     3  fix  4x28  34.3  2,100  463 

Purdv     4  12x  7x24  78.7  3.860  1,030 

-Whitebreast    ...  2V4  ax  5x30  36.3  2,160  4SS 

Kimball     3  3x3x22  18.4  910  250 

Kimball     ^A  4x4x25  23.9  1,270  29o 

Group  P. 

Flagler     IVz  3x3x60  36.6  2,080  470 

Flag-ler     IV-  2x2x52  18.0  1,280  276 

Knoxvilla    l'  4x4x32  28.0  1,550  365 

Knoxville     3  4x4x26  24.5  1,310  337 

Knoxville     iV-  5x5x40  43.8  2,750  626 

Flagler     2  2x2x40  15.0  1,010  233 

Flagler     2  3x  3x28  21.2  1,100  285 

Kno-xville    7  2x2x22  10.5  620  ISS 

Knoxville    6  4x4x60  44.2  2.660  650 

Knoxville    4  3x3x45  29.4  2,060  420 

Knoxville     4  3x  3x24  19.3  970  268 

Fifield     4  2x2x34  13.5  880  211 

Fifleld     2V>  3x  3x40  27.0  1,450  361 

Fifield     2%  3x3x30  22.2  1.150  2S7 

Fifield     5  8x  6x52  85.5  4,350  1,125 

Tnnlev -1%  8x6x30  57.1  2,720  702 

Cnidova     3%  4x4x30  26.8  1,470  363 

Knoxville    6  4x  4x60  44.2  2,660  628 

Cordova     5  3x3x40  27.0  1,450  391 

Knoxville    4%  4x4x46  36.1  2,100  519 

Donley    2^^/k  3x3x64  38.5  2,200  553 

The  work  is  divided  into  six  groups,  Group 
A  covering  the  truss  bridges,  Group  B  the  I- 
luam  spans  and  Groups  C  to  F  inclusive  the 
iiilverts.  Bids  will  be  received  on  any  or  all 
i.f  the  structures,  or  on  all  tlie  structures  in 
:'nv  one  group  or  combination  of  groups,  with 
ihc  stipulation  that  contract  must  be  awarded 
'  11  all  or  none  of  the  structures  in  such  group 
..r  comljination  of  groups.  In  carrying  out 
tlie  work  contractors  will  l)e  required  to  re- 
iiiiive  only  such  old  structures  as  interfere  with 
the  new  construction.  No  filling  will  be  re- 
quired w^ith  these  contracts.  The  construction 
will  be  carried  out  under  the  standard  speci- 
lirations  of  the  Iowa  State  Highway  Commis- 
■.inn. 

Bids  for  the  work  in  Marion  County  will 
Ik-  received  until  1:1.5  p.  m.,  Feb.  23,  bv  J.  D. 
Srhlotterliack,  County  .'\uditor,  Knoxville,  la. 
W.   O.   Price.   Knoxville,  is   County   Engineer. 


HIGHWAY     CONSTRUCTION     IN 
WISCONSIN  IN   1915. 

State  Aid  Fund  of  $1,206,221   Available. 


About   1,250   Miles   of   Road   to    Be    Improved. 

The  state  aid  fund  for  highway  construc- 
tion in  IDl-j  in  \Visc(jnsin  amounts  to  $l,'Jnii,- 
221.  The  distribftion  of  this  fund  among  the 
various  counties  is  shown  in  Table  I.  The 
approximate  total  construction  fund  available 
in  each  county  is  obtained  by  multiplying  the 
fifth  column  in  the  t;'ble  by  the  third.  In  this 
table  the  counties  designated  by  a  star  are 
those  in  which  part  of  the  work  will  be  done 
by  contract.  Most  of  the  work,  however,  will 
be  (lone  by  force  account  under  the  direction 
of  the  County  Highway  Commissioners  as  in 
former  years.  These  Commission', rs  have  di- 
rect supervision  of  the  work  done  in  each 
county.  The  cost  of  this  supervision  for  1914 
was  about  3%  per  cent,  and  the  state  super- 
vision was  about  2  per  cent  of  the  amount  of 
construction  supervised.  When  the  work  is 
done  by  contract  most  of  the  higher  types  of 
roads,  such  as  concrete  and  l)itumiuous  work, 
will  be  let  out  on  a  unit  basis,  while  the  re- 
tnainder  of  the  work  will  lie  placed  on  the 
basis   of   lump    sum   bids.    Tlie    various   types 


and  mileages  to  be  built  during  101.5  are  about 
as  follows : 

Miles. 

Concrete     50 

Stone   macadam    350 

Gravel   macadam    200 

Shale  and  other  inferior  surfacings 100 

Grading    550 

Total  about  1,250 

The  state  pays  one-third  of  the  cost  of  these 
roads  and  one-fifth  of  the  cost  of  state  aid 
bridges.  Practically  all  of  the  funds  were 
voted  by  direct  tax  and  in  only  a  few  in- 
stances have  bonds  been  issued. 

The  state  supervision  of  the  highway  con- 
struction is  in  charge  of  the  Wisconsin  High- 
way Commission  of  which  A.  R.  Hirst  is  State 
Highway  Engineer.  The  work  in  the  various 
counties  will  be  under  the  direct  supervision 
of  the  County  Highway  Commissions  listed  in 
Table  II. 


TABLE   I.— DISTRIBUTION  OF  STATE  AID 
FUND. 
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T.4BLE  11.— COUNTY  HIGHWAY  COMMIS- 
■  BIONEKS  OF  WISCONSIN. 

Coimtv.  Commissioner.  Address. 

Adams J.  A.  McGregor Hancock. 

Ashland W.  E.  Dillon Butternut 

Barron S.  S.  Berg Rice   Lake 

Bayfield John  Sundell Ashland 

Brown Geo.  J.  Cormier Green  Bay 

Buffalo Julius  Reinhart Nelson 

Burnett Hugh  Jeffries Danbury 

Calumet William  Hoenig. . .  .Brillion 

Chippewa P.  O.  Lokrantz Cippewa  Falls 

Clark W.  C.  Thoma Neillsville  • 

Columbia Clinton  Quinn Pardeeville 

Crawford J.  N.  Campbell Bell    Center 

Dane W.  H.  Somers Madison 

Dodge E.  T.  Klug Juneau 

Door August  Moeller Sturgeon  Bay 

Douglas C.  J.  Morisset Superior    (E.  E.) 

Dunn William  E.  Raven.  .Colfax 

Eau  Claire.  ..Wm.  J.  Wolf Eau  Claire 

Florence 

Fond  du  Lac.M.  Costello Fond  du  Lac 

Forest Wm.  M.  Sherlock.  ..Crandon 

Grant Henry  Mink Lancaster 

Green E.  L.  Edwards Monroe 

Green  Lake..T.  J.  Paull Princeton 

Iowa J.  W.  Pearcey Dodgeville 

Iron William  Weber Saxon 

Jackson A.  D.  PoUeys Melrose 

Jefferson R.  D.  Royce Ft.   Atkinson 

Juneau A.  V.  Robison New   Lisbon 

Kenosha John  Herzog Kenosha 

Kewaunee.. ..Moses  Shaw Algoma 

John  Hintgent La  Crosse 

Geo.  H.  Priestley. .  .Darlington 

T.  W.  Humble Antigo 

H.  H.  Kuehling Tomahawk 

EYank  Muth Manitowoc 


La  Crosse. 
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Langlade. . . 
Lincoln. . . . 
Manitowoc. 
Maratlion. . 
Marinette. . 
Marquette. . 
Milwaukee. 
Monroe. 
Oconto. . 
Oneida. . 
Outagamie. 


..Andrew  Eklund Peshtigo 

,  .Levi  Jones Endeavor 

..H.  J.  Kuelling Milwaukee 

.  .F.  M.  Johnson Tunnel  City 

.James  Devereux.  ...Oconto 
.Frank  E.  Parker. .  .Rhinelander 

.A.  G.  Brusewitz Black  Creek 

Ozaukee Emil  Schmechel Thiensville 

Pepin Gale  Goss Durand 

Pierce C.  F.  Kenall Ellsworth 

Polk J.  R.  McLean Amery 

Portage Thos.  E.  Cauley.  ..  .Stevens   Point 

Price C.  G.  Nelson Ogema 

Racine James  Mutter Racine 

Richland G.  H.  Mainwaring.  .Richland   Center 

Rock Charles  E   Moore.  ..Jane.sville 

Rusk Phil  Koehler Ladysmith 

St.  Croix Joe  Caftrey Hammond 

Sauk George  F.  Post Baraboo 

Sawver E.  J.  Collett Hayward 

Shawano O.  G.  Rollman Shawano 

Shehovgan.  ..G.  W.  Ubbelohde. .  .Sheboygan  Falls 

Taylor H.  C.  Peterson Medford 

Trempealeau.  E.  J.  Matchett Osseo 

Vernon Alex  Ristow Genoa 

Vilas G.  H.  Jackson Eagle   River 

Walworth ....  H.  J.  Peteis Elkhorn 

. .  Fred  L.  Irwin Spooner 

.Charles  Johnson Barton 

.C.  J.  Knudson Scandinavia 

..Fred  Grimm 'Wautoma 

.Charles  J.  Hahn.  ...Delafield 
.  .James  Binning Oshkosh 


Washburn. 

Washington. 

Waupaca. . 

Waushara. 

W'aukesha. 

Winnebago 

Wood 


Louis' Amundson. .  .Grand   Rapids 


100.000       1,589       895     t$1 ,206,221 

•Counties  in  which  part  of  the  work  will  be 
let  to  contract. 

IThis  is  ono-thlrd  of  the  total  amount  to  bo 
expendi'd.  as  the  state  aid  Is  33'^  per  cent  of 
the  total  funds  raised. 


A  $1,250,000  Motor  Speedway. 

A  motor  speedway  calling  for  an  expenditure 
of  about  $1,2.50,000  is  to  be  constructed  by 
the  Twin-City  Motor  Speedway  Co.  of  Min- 
nesota. There  will  be  a  2-mile  track  of  (j-in. 
concrete  on  a  trap  rock  base  of  the  same 
thickness.  The  track  will  pass  over  three  sub- 
ways or  bridges  80  ft.  by  130  ft.,  which  will 
permit  cars  to  pass  from  the  outer  field  to  the 
inner  parkway.  The  course  is  to  be  80  ft. 
wide,  fully  guarded  by  2'/4  ft.  retaitiing  walls  at 
both  inner  and  outer  edges.  There  also  will  be 
a  l.j  ft.  wire  netting,  reinforced  and  stayed,  to 
protect  the  inner  and  outer  safety  zones,  both 
of  which  will  be  30  ft.  wide. 

The  grandstand  will  be  3,225  ft.  in  lengtli 
and  will  have  1,012  boxes,  each  seating  8 
persons.  The  .stand  will  have  total  seating 
capacity  for  74,172  people.  It  will  be  construct- 
ed of  concrete,  the  trussed  concrete  steel  sys- 
tem of  Kahn  bars  and  hy-rib  being  used.  The 
grounds  will  have  a  complete  hospital,  power 
house,  band  stand  and  two  round  house  racing 
car  stations,  each  000  ft.  by  70  ft.  There  also 
will  be  eight  rest  rooms  or  toilets  throughout 
the  grounds,  and  as  many  toilets  in  the  grand- 
stand. The  judges'  stand  will  be  a  fireproof 
concrete  structure,  4  stories  in  height.  En- 
trance to  the  grounds  will  be  obtained  through 
three  |>edestrian  gateways  and  four  auto  gates. 
The  first  mentioned  will  be  equipped  with  auto- 
locking  turnstiles,  (i  to  each  gateway.  The 
balance  of  the  entire  enclosure  to  the  grounds 
will  be  surrounded  by  a  concrete  fence  8  ft. 
in  height.  Waller  D.  MacLeith,  The  Fulton, 
St.  Paul,  Minn.,  is  the  architect  and  engineer. 
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COWCASTLE      DRAINAGE      DIS- 
TRICT, SOUTH  CAROLINA. 


Expenditure     of     $186,371      Proposed     for 
Drainage  of  42,353  Acres. 


793,923  Cu.   Yds.    Dredge   Excavation;   330,076  Cu. 
Yds.   Hand   Work. 


An  extensive  drainage  undertaking  is 
projected  for  the  Cowcastle  Swamp  section  of 
Orangeburg  County,  South  CaroUna.  A  pre- 
liminary examination  and  report  on  the  project 
was  made  early  last  year  by  Mr.  F.  G.  Eason, 
Charleston,  S.  C,  Drainage  Engineer  of  the 
Division  of  Drainage  Investigations.  U.  S.  De- 
partment of  Agriculture.  Later  drain  surveys 
were  made  and  detailed  plans  and  estimates 
prepared  by  Mr.  Eason,  assisted  by  H.  G. 
Hawley  and  D.  F.  Culbertson.  Assistant  Drain- 
age Engineer.  The  following  notes  on  the 
proposed  Cowcastle  Swamp  Drainage  District 
are  taken  from  the  report  of  the  engineer. 

The  district  is  situated  in  the  southastern 
part  of  Orangeburg  County  and  extends  from 
Orangeburg  on  the  west  to  Four  Hole  Swamp 
on  the  east.  It  comprises  all  of  the  land  that 
drains  to  Cowcastle  Swamp,  either  directly  or 
through  its  tributaries,  except  an  area  of 
2,492  acres  adjoining  Four  Hole  Swamp,  which 
is  not  included  owing  to  the  insufficient  drain- 
age benefit  that  this  area  will  receive  from  the 
improvements.  The  area  of  the  district  is  42,- 
353  acres.  It  is  about  18  miles  long  and  av- 
erages in  width  about  3%  miles.  The  only 
railroad  in  this  district  is  the  Branchville  & 
Bowman  R.  R.,  a  narrow  gage  line  running 
between  the  places  named.  In  the  eastern  part 
of  the  district  there  is  a  lumber  tram  road 
that  runs  to  Badham,  S.  C.  Bowman  is  the 
only  town  situated  within  the  district,  though 
Orangeburg  lies  only  about  1  mile  northwest 
of  the  upper  end. 

The  district  lies  in  the  upper  part  of  the 
Coastal  Plain,  about  75  miles  from  the  At- 
lantic Ocean.  The  elevation  of  the  land  ranges 
from  about  100  to  200  ft.  above  sea  level.  The 
topography  of  the  district  is  quite  uniform 
throughout,  consisting  of  flat  areas  separated 
by  low  ridges.  The  upper  half  of  the  district 
is  perhaps  as  fully  under  cultivation  as  drain- 
age conditions  will  permit.  The  cultivated 
land  lies  in  irregular  patches  which  are  sep- 
arated by  bays  snd  ponds.  In  the  lower  part 
of  the  district  the  area  under  cultivation  is 
less,  while  the  area  of  wet  land  increases.  In 
the  sections  below  Bowman  the  cultivated 
tracts  are  small  and  widely  separated.  Some 
of  the  uncultivated  areas  support  growths  of 
such  timber  as  gum  and  cypress ;  others  are 
covered  with  dense  stands  of  vines  and  briars, 
while  still  others  are  open  savannas.  The  main 
highways  of  the  district  are  dirt  roads  in  good 
condition.  The  streams  are  forded  or  crossed 
on  wooden  bridges.  Soil  borings  along  the 
ditch  line  in  Cowcastle  Swamp  indicated  that 
the  predominating  subsoil  stratum  through  the 
swamp  was  composed  almost  entirely  of  sand 
with  an  intermingling  of  clay  in  several  lo- 
calities. The  subsoil  for  the  tributary  branch- 
es consists  largely  of  clay  with  a  small  per- 
centage of  sand.  The  primary  outlet  of  the 
district  is  Cowcastle  Swamp.  The  run  through 
this  swamp  is  ordinarily  from  1  ft.  to  5  ft. 
deep  and  varies  in  width  from  5  ft.  to  25  ft. ; 
it  winds  through  the  swamps  with  many  loops 
and  bends.  At  the  lower  end,  just  before  en- 
tering Four  Hole  Swamp,  the  channel  is  ill 
defined  and  the  water  spreads  over  the  swamp. 
In  most  places  the  channel  is  obstructed  with 
fallen  and  standing  trees,  logs,  brush,  etc.  The 
lower  end  is  in  especially  bad  condition,  being 
filled  with  tree  tops  resulting  from  timber  op- 
erations. The  above  remarks  in  reference  to 
Cowcastle  Swamp  apply  in  general  to  the 
tributary  branches.  These  latter  almost  in- 
variably flatten  out  into  bays  at  the  upper 
ends.  The  fall  in  all  of  these  streams  is  am- 
ple for  drainage  purposes. 

The  recommended  plan  of  reclamation  calls 
for  the  construction  of  a  system  of  ditches  in 
tlie  main  swamps  and  branches.     The  ditches 


have  been  designed  for  floating  dipper  dredge 
work  and  for  hand  labor.  The  minimum 
dredge  ditch  will  have  a  14-ft.  bottom  width, 
7-ft.  depth  and  1  to  1  slopes.  Ditches  of  this 
character  are  proposed  for  the 'upper  end  of 
Cowcastle  Swamp  and  the  lower  end  of  Buck 
Branch.  The  rest  of  the  ditches  are  consid- 
ered too  short  or  of  too  small  cross-sectional 
area  to  warrant  putting  in  a  dredge.  The 
smallest  ditch  to  be  constructed  by  hand  labor 
is  recommended  to  have  a  3-ft.  bottom  width, 
5- ft.  depth  and  %  to  1  side  slopes.  Such  a 
ditch  has  an  8-ft.  top  width.  Most  of  the 
ditches,  other  than  those  to  be  dug  by  a 
dredge,  will  be  of  this  size  throughout.  The 
dredged  ditches  will  have  10-ft.  berms  on  each 
side   and   the   hand-made   ditches   3-ft.   berms. 

It  is  necessary  that  a  right  of  way  be  cleared 
through  the  swamp  for  each  of  the  ditches. 
The  cost  of  clearing  this  right  of  way  is  in- 
cluded in  the  unit  price  for  excavation  given 
below.  By  working  upstream  on  Buck  Branch 
all  of  the' proposed  dredge  work  can  be  com- 
pleted with  one  set  up  of  the  dredge.  The  cost 
of  excavation  for  all  dredge  work  has  been 
estimated  at  8  cts.  per  cubic  yard.  All  hand 
excavation  has  been  estimated  at  25  cts.  per 
cubic  yard.  These  prices  as  noted  above  in- 
clude the  cost  of  clearing  right  of  way.  The 
figures  are  based  on  contract  prices  for  work 
in  different  localities  where  conditions  are 
sjmilar  to  those  in  this  district. 

It  is  proposed  to  construct  steel  bridges  with 
concrete  abutments  over  the  dredged  ditches : 
over  the  hand  made  ditches  the  bridges  will 
be  of  wood.  It  is  assumed  that  in  most  cases  a 
.35  ft.  steel  bridge  will  be  suitable  for  a  ditch 
with  14  ft.  base  and  that  15  ft.  bridges  will 
suffice  for  ditches  with  3  ft.  base.  In  making 
the  estimate  of  cost,  bridges  have  been  allowed 
for  at  all  public  road  crossings.  It  is  estimated 
that  the  work  will  require  11  35  ft.  steel 
bridges  at  $1,350  each,  one  45  ft.  steel  bridge 
at  $1,350,  two  20  ft.  wooden  bridges  at  $75 
each  and  33  15  ft.  wooden  bridges  at  $50  each. 
The  estimated  total  excavation  required  is 
1,12.3,999  cu.  yds.,  of  which  793,923  cu.  yds.  is  ■ 
dredge  work  and  330,070  cu.  yds.  is  hand  work. 

The  total  cost  is  estimated  as  being  $186,871, 
the  summary  of  this  total  being  as  follows : 

Cowcastle  swamp    ?  70. SS:! 

Crum  branch   (including:  Lateral   B) 9,545 

Shuler  branch   (including  Lateral  D) 7,739 

Bird    branch    4,060 

Buck      branch      (including'      Lateral      C, 

Beaver   branch,    and    Lateral   G) 31,29i 

Amy  branch   (including  Lateral  E) 5,975 

Cummings    branch    2,310 

Mill    branch    No.    2 5,667 

Boggy  branch    2,93S 

Harry   branch    ,1,127 

Copes  branch   (including  Lateral  A) 2,360 

Pitteau    branch    1,249 

Ruple    branch    1,030 

Austin  branch   1,65G 

Funchesa    branch    1,030 

Bozzard   branch    1,5SI) 

Mill  branch  No.   1 2,943 

Collier  branch  (including  Lateral  F) 4,760 

Last   Resort  branch 2,135 

Patriclt  branch   5,150 

Latimer  branch    1,995 

Total    $169,428 

Engineering,    legal    and    incidental 16,943 

Grand    total    $181,371 

The  principal  item  in  this  work  will  be  the 
construction  of  the  Cowcastle  Swamp  Canal. 
The  swamp  rises  about  1  mile  east  of  Orange- 
burg and  extends  in  a  general  southeasterly 
direction  for  about  20  miles  to  its  outlet  in 
Four  Hole  Swamp.  At  the  upper  end  the 
swamp  is  not  more  than  50  ft.  wide.  The 
width  gradually  increases,  however,  to  about 
1,400  ft.  opposite  Bowman,  and  at  the  lower 
end  it  is  about  2,000  ft.  The  average  width  is 
about  800  ft.  The  proposed  improvement  in 
Cowcastle  Swamp  consists  of  a  ditch  through- 
out its  entire  length.  From  the  upper  end 
(sta.  0-1-00)  to  sta.  227 -f  60,  where  Crum 
branch  enters,  this  ditch  is  to  be  constructed 
with  hand  labor  and  will  have  a  3  ft.  bottom 
and  side  slopes  of  %  to  1.  From  sta.  227  +  60 
to  the  end  at  Four  Hole  Swamp,  the  ditch  is 
to  be  constructed  with  a  floating  dipper  dredge. 
Along  the  upper  portion  there  will  be  a  min- 
imum dredged  ditch,  the  bottom  width  grad- 
ually increasing  to  24  ft.  at  the  lower  end. 


Dredging  in  Toledo  Harbor,  Ohio. 

A  700,000  cu.  yd.  contract  for  dredging  in 
Toledo  Harbor,  Ohio,  is  now  being  advertised 
for  bids  by  the  U.  S.  Engineer  at  Cleveland, 
Ohio.  The  location  to  be  dredged  is  the  inner 
portion  of  the  channel  through  Maumee  Bay 
and  portions  of  the  channel  through  Maumee 
River.  The  work  is  divided  into  four  general 
sections  as  follows ; 

Length, 
lin.  ft. 

Inner  division,  Maumee  Bay 5,600 

End  of  Sec.  1  to  Toledo  Terminal  bridge..   6,800 
Wheeling  &  Lal<e  Erie  bridge  to  Ash  street 

bridge    6,700 

Cherry  street  bridge  to  L.  S.  &  M.  S.  bridge  8,000 

A  channel  about  21  ft.  deep  below  mean  lake 
level  and  not  less  than  400  ft.  wide  exists  or 
has  been  secured  through  the  above  section^ 
but  this  channel  has  filled  to  some  extent,  par- 
ticularlv  at  the  sides.  The  dredged  channel 
through  the  upper  courses  is  not  contin- 
uous, as  natural  deep  water  exists  over  por- 
tions of  the  distance.  The  work  to  be  done 
consists  in  deepening  the  present  channel  to- 
23  ft.,  below  mean  lake  level. 

The  portion  of  Maumee  River  where  dredg- 
ing may  be  required  is  crossed  by  six  bridges, 
the  smallest  draw  opening  being  105  ft.  and  the 
lowest  head  room  14.7  ft.  The  usual  working 
season  is  from  about  April  15  to  Nov.  30,  The 
locality  is  not  exposed  to  severe  action  from 
storms  and  work  can  be  carried  on  with  little 
if  any  interruption  from  this  cause. 

The  total  estimated  quantity  of  material  to- 
be  removed,  exclusive  of  allowable  overdepths, 
is  706,000  cu.  yds.  scow  measurement.  The 
material  is  believed  to  be  clay  overlaid  with 
sand  and  silt.  The  contractor  may  employ  any 
method  of  dredging.  If  the  material  is  not 
handled  by  dump  scows  it  must  be  discharged 
shoreward"  for  the  established  harbor  lines.  If 
liandled  in  scows  it  must  be  deposited  at 
dumping  grounds,  the  average  distance  of 
transportation  being  about  as   follows: 

Dumping  Dumping 

ground  A,  ground  B, 

miles.  miles. 

Section    1 81/2  6% 

Section    2 10  S 

Section   3 lli/4  9V4 

Section    4 14  12% 

The  funds  for  this  work  were  appropriatec? 
in  1914.  The  amount  available  for  payment  of 
contractor's  estimate  is  about  $95,000.  Bids  for 
the  work  as  a  whole  will  be  received  by  Maj. 
P.  S.  Bond,  U.  S.  Engineer,  Cleveland,  Ohio, 
until  noon,  Feb.  25. 


Three    Large    Sewer    Jobs,    Brooklyn, 
New  York. 

Bids  on  three  sewer  contracts  that  will  call 
for  a  total  expenditure  of  several  hundred 
thousand  dollars  are  now  being  asked  by  the 
president  of  the  Borough  of  Brooklyn,  New 
York  City.  The  principal  items  in  the  engi- 
neer's estimate  of  quantities  for  those  four 
jobs  are  given  in  Table  I ; 
TABLE  I. 


Size. 

162-in.,  lin.  ft... 

144-in.,  lin.  ft... 

13S-in.,  lin.  ft... 

126-in.,  lin.  ft. .. 

114-in.,  lin.  ft... 

96-in.,  lin.  ft... 


Pros-     Tomp- 

pect        kins  Macon 

Place       Ave.  St. 

sewer,    sewer,  sewer. 

.....        2,737         

767 

2,628 

818         

S2 

327 


90-in„   lin.   ft 1.153*       92 

78-in,,   lin.   ft 798*       11 

72-in.,  lin.   ft 7S0»       

66-in.,   lin.   ft S86»       

60-in.,   iin.   ft 1,793*       

48-in.,   Iin.   ft 976*       

42-in.,   lin.    ft 891*       

Sheeting    and     bracing, 

M.  ft.  B.  M 1,200         1,800         2,lo0 

•Brick  sewer. 

Alternate  bids  will  be  taken  for  constructing 
the  162  in.  and  126  in.  sewers  of  the  Tompkins 
avenue  system  in  tunnel.  Alternate  bids  also 
are  asked'  for  constructing  the  large  sewers  in 
the  Macon  street  system  in  tunnel  instead  of 
open  cut.  Bids  for  the  above  sewer  will  be  re- 
ceived until.  11  a.  m.,  Feb.  10,  by  L.  H.  Pounds, 
president  Borough  of  Brooklvn,  New  York 
City. 


February  3,  1915. 
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Thirtieth  Annual  Meeting  of  the  Illi- 
nois   Society    of    Engineers 
and  Surveyors. 

The  Thirtieth  Annual  Meeting  of  the  Illinois 
Society  of  Engineers  and  Surveyors  was  held 
at  the  Leland  Hotel,  Springfield,  Jan,  27-29, 
1915.  Beginning  with  the  opening  session  on 
Wednesday,  Jan.  27,  the  sessions  were  devoted 
to  the  reading  of  papers,  to  the  presentation  of 
the  reports  of  various  standing  committees, 
and  to  a  general  discussion  of  the  papers  pre- 
ssnted,  the  latter  constituting  an  important  part 
of  the  program.  On  Thursday  afternoon, 
through  the  courtesy  of  the  local  committee, 
and  of  other  interests  in  Springfield,  the  mem- 
bers and  visitors  present  were  enabled  to  in- 
spect the  following  industries  located  in  that 
city:  Water  Works  Pumping  Station,  Illinois 
Watch  Factory,  Sangamon  Meter  Works,  the 
Springfield  Paving  Brick  Co.'s  plant  and  the 
Zinc  Smelter,  the  route  to  the  latter  being  over 
a  state-aid  concrete  road.  The  annual  dinner 
of  the  society  was  held  at  the  Leland  Hotel  on 
Thursday  evening. 

In  addition  to  the  address  of  President  Har- 
man,  which  dealt  mainly  with  license  laws  for 
engineers,  country  road  problems  and  society 
activities,  the  following  papers  were  presented  : 
The  Illinois  Rivers  and  Lakes  Commission ; 
The  Illinois  Civil  Service  Commission  ;  Paving 
Practice  at  Springfield ;  Bunied  Shale  for 
Paving  in  Parks;  Creosoted  Wood  Block  Pav- 
ing; The  Design  of  Pavements;  A  Street  Hav- 
ing Only  One  Gutter;  Vertical  Fiber  Shallow 
Brick  for  Paving;  Integral  Curbs  for  Concrete 
Pavernents;  Selection  of  Deep  Well  Pumping 
Machinery ;  Surveys  of  Public  Lands ;  Survey 
of  the  Pecatonica  River;  The  Sewer  System  of 
Alton,  Illinois ;  Assisting  the  Young  Graduate 
Engineer;  Water  Supplies  of  Illinois;  Eco- 
nomics of  Brick  and  Concrete  Roads;  Brick 
Paving  for  Rural  Highways ;  Concrete  Roads 
at  Marquette  Hill ;  Common  Defects  in  Con- 
crete Road  Construction ;  Pipe  Culverts  for 
Roads ;  Effect  of  Dry  Weather  on  Macadam 
Roads ;  The  South  Quincv  Drainage  District ; 
Bell-End  Pipe  for  Land  Drainage;  Estimating 
Curves  for  Highway  Bridges ;"  The  Testing 
Laboratory  at  Lewis  Institute;  and  Methods  of 
Handling  Road  Materials. 

The  following  officers  were  elected :  W.  S. 
Shields,  president;  Paul  Hanson,  vice  presi- 
dent ;  B.  H.  Piepmeier  and  H.  L.  Fixmer.  trus- 
tees. The  next  meeting  of  the  society  will  be 
held  at  the  University  of  Illinois,  LTrbana,  111. 


New  Cut  Off  for  Lackawanna  R.  R. 

There  is  good  i  eason  to  believe  that  the  next 
big  improvement  undertaken  by  the  Delaware, 
Lackawanna  &  Western  R.  R.  will  be  the 
building  of  the  cut  oiif  between  Pocono  Summit 
and  Cresco.  The  work  is  located  in  Pennsyl- 
vania and  will  cover  about  12  miles  of  line. 
It  will  eliminate  a  number  of  curves,  reduce 
the  grades  and  shorten  the  distance  to  New 
York  by  from  2  to  4  miles.  Plans  for  the  un- 
•dertaking  are  understood  to  have  been  com- 
pleted and  it  is  stated  that  the  Board  of 
Directors  at  its  meeting  this  month  will  con- 
sider the  matter  of  making  an  early  start  on 
the  project.  If  the  decision  is  favorable  it  is 
probable  that  bids  will  be  requested  while  the 
contractors  are  still  on  the  Nicholson  cut  off. 
This  belief  is  based  on  the  fact  that  several 
years  ago  when  the  Lake  Hopatchung  cut  off 
was  about  completed  bids  were  then  requested 
ontheClarks  Summit  job.  Two  sections  of  the 
latter  work  are  now  completed,  and  it  is  ex- 
pected that  the  entire  cut  off  will  be  ready  for 
operation  by  Sept.  1. 


Demand  for  Municipal  Bonds. — The  mar- 
ket for  municipal  bonds  is  improving  steadily. 
On  the  New  York  stock  exchange  trading  in 
these  securities  in  the  week  ending  Jan.  16 
was  over  the  $2,000,000  mark  each  day,  with 
the  exception  of  Saturday.  The  daily  trans- 
actions for  the  week  as  compared  with  the  cor- 
responding week  in  1913  and  1914  were  as 
follows : 

1915.  1914.  1913. 

Monday    $  2,242,000  $  2,920,000  $  2,204,000 

Tuesday     2,066,000       3,004,500       2,382,500 

Wednesday    2,061,000       3,481,000       1,861,000 

Thursday     2,083,500       3,962,000       1,716,000 

Friday     2,427,500       3,457,000       2,041,500 

Saturday    1,541,000       1,568,500  928,000 

Totals    $12,423,000  $15,394,000  $11,131,000 


Technology  Clubs  Associated.— The  Third 

.•\nnual  Convention  of  Technology  Clubs  As- 
sociated will  be  held  in  Pittsburgh,  Feb.  19- 
20,  191.5.  Invitations  have  been  sent  out  to 
11,500  alumni  of  the  Massachusetts  Institute 
of  Technology  and  a  large  attendance  and 
interesting   reunion   is   expected. 


North  Dakota  Society  of  Engineers. — The 

seventh  annual  convention  of  the  North  Da- 
kota Society  of  h'-nginecrs  will  be  held  in 
Minot,  N.  p.,  Feb.  4-5.  Reports  of  committees 
on  legislation,  concrete,  roads,  bridges,  drain- 
age, irrigation  and  rivers,  surveyor's  field  meth- 
ods, industrial  development  and  municipal  im- 
provements will  be  heard,  and  inspection  made 
of  points  of  interest  in  the  vicinity.  Mr.  E.  F. 
Chandler  is  secretary  of  the  society. 


NEWS  LETTERS 

St.  Louis  Items. 

Mike  Conroy  spent  last  week  here  buying 
three  carloads  of  mules  and  two  engines,  which 
he  shipped  to  St.  Catherines,  Ont.,  Canada. 
Mike  says  he  still  had  1,300,000  yds.  of  work  to 
complete  on  the  Welland  Ship  Canal,  which 
will  keep  him  there  for  at  least  two  years. 

Gov.  E.  W.  Major  of  Missouri,  and  Gov. 
Edward  F.  Dunne  of  Illinois,  and  former  Gov. 
A.  O.  Eberhart  of  Minnesota,  who  have  charge 
of  the  plans  for  establishing  a  system  of  uni- 
form terminals  on  the  Mississippi  River,  noti- 
fied the  Business  Men's  League  that  a  confer- 
ence will  be  held  in  St.  Louis  Feb.  18  and  19. 
The  measure  was  taken  up  nearly  a  year  ago 
for  the  purpose  of  improving  the  Mississippi, 
m  order  that  the  river  cities  may  claim  part  of 
the  additional  business  arising  from  the  open- 
mg  of  the  Panama  Canal.  The  question  of  es- 
tablishing warehouse  terminals  at  all  cities  will 
be  considered  at  the  conference.  A  call  will  be 
sent  out  asking  all  Governors  of  States  border- 
ing on  the  Mississippi,  Ohio,  Missouri  and 
Illinois  rivers  to  appoint  representatives  to  the 
conference.  A  similar  call  will  be  sent  to  the 
Mayors  of  all  cities  on  the  Mississippi,  Ohio, 
Missouri  and  Illinois  rivers.  A  delegate  will 
be  expected  from  each  congressional  district  in 
the  States,  and  the  Mayor  and  two  delegates 
from  each  large  city. 

John  Beard  of  East  St.  Louis,  is  grading  a 
small  spur  on  the  east  side  of  the  free  bridge. 

President  Kinsey  of  the  Board  of  Public 
Service  conferred  last  week  with  Mayor  Cham- 
berlin  of  East  St.  Louis  to  arrange  for  per- 
mits to  lay  temporary  switch  tracks  across 
streets  in  the  vicinity  of  the  east  free  bridge 
approach  for  the  delivery  of  material  to  be 
used  in  the  approach  construction.  A  part  of 
the  material  ordered  for  caissons  will  be  deliv- 
ered in  about  two  weeks,  and  it  is  desired  to 
have  the  tracks  installed  for  prompt  delivery. 
It  is  planned  to  begin  the  evacuations  for  the 
piers  in  about  30  days. 

Dave  Griffith  is  wintering  on  his  farm  on 
the  Kansas  City  Southern,  south  of  Kansas 
City,  Mo. 

A  new  corporation  on  Jan.  23  took  over  the 
entire  assets,  real  and  personal,  of  the  Wil- 
liamsville,  Greenville  &  St.  Louis  R.  R.  Co. 
The  latter  road  connects  with  the  St.  Louis, 
Iron  Mountain  &  Southern  at  WiUiamsville, 
Mo.,  and  extends  35  miles  northeast  through 
Wayne  County.  The  stockholders  of  the 
Ozark  Valley  Railroad  Company  also  own  a 
large  acreage  of  timber  and  mineral  land  in  the 
county,  which  will  be  developed.  An  imme- 
diate resumption  of  work  in  the  iron  mines  of 
the  county,  which  have  been  closed  down  for 
months  is  expected. 

Petitions  for  two  new  drainage  and  levee 
districts  in  St.  Charles  County  will  be  filed 
in  the  Circuit  Court  of  that  county  this  week. 
The  new  districts,  if  formed,  will  mean  the 
reclamation  of  about  18,000  acres  of  rich  soil. 
J.  H.  Nolen,  Commissioner  of  the  State  De- 
partment of  Land  Reclamation,  spent  Satur- 
day in  St.  Louis  conferring  with  St.  Charles 


County  land  owners  relative  to  the  formation 
of  the  districts.  Attorney  Osmund  Hensler 
of  St.  Charles,  and  his  father,  Representative 
R.  C.  Hensler,  are  counsel  for  the  petitioners, 
who  own  three-fifths  of  the  land  included  in 
the  proposed  districts.  One  of  the  districts  is 
in  the  West  Alton  neighborhood  and  calls 
for  the  construction  of  levees  paralleling  the 
Mississippi  River.  The  other,  known  as  the 
Cottleville  district,  calls  for  the  construction 
of  a  new  channel  for  the  Dardenne  Creek. 
Commissioner  Nolen  departed  for  Caruthers- 
ville  to  attend  a  hearing  in  the  Pemiscot  Cir- 
cuit Court,  and  expects  to  present  his  report 
lor  the  State  to  the  Legislature  soon  after 
his  return  to  Jefferson  City.  The  report  will 
show,  he  said,  that  districts  designed  to  re- 
claim more  than  500,000  acres  have  been 
formed  since  the  department  was  cre- 
ated by  the  1913  Legislature.  The  hearing  at 
Caruthersville  is  relative  to  a  petition  to  en- 
large a  drainage  district  in  that  county  from 
an  area  of  292,000  acres  to  one  embracing 
400,000  acres. 

The  Stone  &  Webster  Engineering  Corp.  of 
Boston  have  completed  financial  arrangements 
for  the  construction  of  extensive  terminals 
for  its  Interurban  System  at  Dallas,  Texas. 
The  improvements  will  cost  about  $2,000,000 
and  expect  to  be  finished  within  16  months. 

Murch  Bros,  of  St.  Louis,  were  awarded  the 
contract  to  complete  the  new  Westminster 
Presbyterian  Congregation  Auditorium  in  the 
Western  part  of  the  city. 

Jack  O'Callahan  of  the  List  &  Gifford  Const. 
Co.  is  spending  his  time  with  Mr.  Brown,  their 
bookkeeper  in  Kansas  City.  He  has  promised 
us  a  visit  in  the  near  future.  Hope  it  will  be 
soon,   Cal. 

.\.  C.  Ridgeway,  vice  president  of  the  Rock 
Island  R.  R.,  in  charge  of  operation,  conferred 
iast  week  with  F.  H.  Britton,  president  of  the 
Cotton  Belt,  and  E.  J.  Pearson,  vice-president 
of  the  Missouri  Pacific,  on  Arkansas  &  Mem- 
phis Railway  Bridge  and  Terminal  Company 
matters.  At  a  recent  meeting  of  officials  of 
the  three  proprietary  roads  in  New  York,  pro- 
vision was  made  for  financing  the  bridge  com- 
pany, the  deal  involving  $5,000,000.  The  total 
cost  of  the  work  will  be  $7,500,000,  of  which 
about  $2,000,000  has  been  spent.  The  meet- 
ing was  to  complete  plans  for  expediting  the 
constructicm  work.  J.  W.  Canada  of  Memphis, 
attorney  for  the  Terminal  Company ;  C.  A. 
Morse  and  Chief  Engineer  Harry  Clark  of  the 
Rock  Island,  were  present.  Mr.  Ridgeway 
says  that  in  the  territory  traversed  by  the 
Rock  Island  lines  there  is  considerably  more 
optimism  regarding  general  business  than  here- 
tofore. He  looks  for  a  gradual  improvement 
from  this  on  and  says  things  in  the  West 
would  be  greatly  helped  along  were  the  rail- 
roads in  that  region  given  the  same  advance 
in  rates  accorded  the  Eastern  lines. 

Wm.  List  of  the  List  &:  Gifford  Const.  Co. 
has  gone  to  Florida  to  look  over  his  fruit 
ranch. 

Plans  for  rehabilitating  the  long-disused 
marine  ways  at  the  foot  of  Davis  street  were 
agreed  upon  last  week  at  a  conference  in  the 
Comptroller's  office  of  Street  Director  Talbert 
and  C.  E.  Smith,  chief  engineer  for  the  Mis- 
souri Pacific  R.  R.  Smith  had  heard  reports, 
he  said,  which  caused  him  to  believe  that  there 
might  be  a  boom  in  river  traffic  this  spring  and 
he  wished  the  city  to  be  in  a  position  to  care 
for  the  boats.  The  railroads  accepted  a  propo- 
sition that  the  rent  of  $120  a  month  it  now 
I)ays  the  city  for  the  property  upon  which  the 
old  ways  are  located  be  reduced  to  $10  a 
month,  the  railroad  to  put  the  ways  in  condi- 
tion, with  the  plan  in  view  of  replacing  the 
wooden  structures  with  concrete  as  soon  as 
possible.  Two  jobs  are  ready  for  the  ways 
when  the  repairs  are  made.  The  city  wishes 
to  overhaul  the  Harbor  Boat  Erastus  Wells 
and  Philip  Rohan,  a  contractor,  will  build  a 
180-ft.  steel  boat  for  the  Government.  He 
had  contracts  for  three  smaller  boats,  but  ow- 
ing to  the  conditions  of  the  ways  was  forced 
to  have  them  laid  down  in  Alton. 

A  permit  to  erect  a  10-story  building  on  the 
site  of  the  old  Boatmen's  Bank  Building  at 
Fourth  and  Washington  avenue  was  issued'by 
Building  Commissioner   McKelvey  last  week, 
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lo  the  Missouri  Athletic  Association.  The 
permit  specifies  that  the  building  is  to  cost 
$500,000,  and  to  be  of  stone  and  reinforced 
concrete  construction.  It  will  be  112x115  feet. 
William  B.  Ittner  and  G.  E.  A.  Brueggeman 
are  the  architects.  About  twenty  building 
contractors  have  been  asked  to  bid  on  the 
work  and  the  bids  will  be  opened  in  about 
two   weeks. 

Koenig's  Labor  Agency  in  St.  Louis  and 
Kansas  City  reports  that  the  prospects  for  the 
early  resumption  of  public  work  in  this  part 
of  the  country  were  never  better  than  they  are 
just  now.  During  the  past  week  they  have 
received  quite  a  number  of  inquiries  from 
contractors  as  to  what  the  outlook  for  labor  is 
going  to  be  this  spring  and  summer.  Several 
jobs  were  started  last  week,  but  were  dis- 
continued a  few  days  later  on  account  of  the 
intense  cold  and  heavy  snow  which  occurred. 
At  the  present  time  there  are  all  kinds  of  labor. 
American  and  foreigners,  to  be  had  at  any  old 
price  here,  but  with  a  few  weeks  of  warm 
weather  when  railroad  companies  begin  put- 
ting on  section  and  extra  gangs,  we  look  for  a 
big  change  in  the  labor  situation. 

Billie  Stolle  of  the  Casper  Stolle  Quarry  & 
Contracting  Co.,  Falling  Springs,  111.,  was  the 
only  member  of  his  family  who  escaped  from 
ptomaine  poison  last  week.  His  mother,  two 
younger  brothers  and  Mary  Esselmont,  the 
cook  in  the  Stolle  home  were  afifected  by  the 
malady.  Prompt  assistance  was  rendered  by 
his  brother-in-law.  Dr.  John  S.  Guhman,  who 
found  the  four  poison  victims  unconscious  on 
his  arrival,  and  worked  with  the  stricken 
family  four  hours  before  they  were  revived. 
Billie  Stolle  accounts  for  his  escape  from  being 
poisoned  by  entertaining  some  friends  down 
town  and  not  going  home  for  supper  that 
night. 

Major  Clark  S.  Smith,  U.  S.  Engineer 
office,  St.  Louis,  will  receive  sealed  proposals 
for  the  construction  of  approximately  100,000 
cu.  yds.  of  levees  in  the  Elsberry,  Mo.,  drain- 
age district.  Plans  and  specifications  are  on 
file  in  Major  Smith's  office  and  will  be  fur- 
nished on  application. 

A  tentative  order  of  the  St.  Louis  County 
Court  was  submitted  on  Jan.  26th,  to  Director 
of  Public  L'tilities  Hooke,  by  which  the  court 
will  issue  a  permit  to  the  City  of  St.  Louis  to 
build  an  8-mile  pipe  line  to  supply  water  to 
the  new  Industrial  School  at  Fort  Bellefon- 
taine.  It  will  cost  $40,000.  Two  hundred  men 
will  be  employed.  The  ^irovisions  in  the  order 
were  approved  by  Mayor  Kiel,  and  the  formal 
acceptance  will  be  filed  by  Director  Hooke. 
The  Court  requires  that  St.  Louis  file  a  bond 
of  $5,000  to  protect  St.  Louis  County  a,gainst 
damages.  The  mains  are  to  be  laid  and  main- 
tained under  the  supervision  of  the  County 
Highway  Engineer.  The  city  is  to  permit 
connections  to  be  made  to  the  pipe  to  supply 
water  for  domestic  purposes  to  residents  on 
the  Bellefontaine  road  adjacent  to  the  water 
line. 

The  Kirkville,  Mo.,  Commercial  Club  is 
getting  subscriptions  to  raise  $20,000  to  extend 
the  Big  Creek  Railroad  to  clay  and  coal  depos- 
its near  Kirksville. 

Bids  for  the  $2,750,000  additional  bond  issue 
to  complete  the  free  bridge  voted  last  Nov.  G, 
will  be  asked  by  the  Board  of  Estimate  and 
Apportionment  within  the  next  ten  days.     Be- 

Dooling  Bros,  are  going  to  resume  work  on 
the  Burlington  R,  R.  at  Guernsey,  Wyo.,  as 
soon  as  the  weather  will  permit.  This  work 
has  been  shut  down  since  last   fall. 

L.  Vile,  superintendent  of  Wood,  Bancroft 
&  Doty,  wants  to  get  in  touch  with  several 
contractors  that  have  drag  lines  and  steam 
shovels  idle.  Address  him  care  of  Koenig's 
Labor  Agency,  50.3  W.  5th  St.,  Kansas  Citv. 
Mo.  A.  B.  KoENiG. 


PERSONALS 

General  Theodore  A.  Bingham  has  resigned 
as  consulting  engineer  to  the  Department  of 
Bridges,   New  York  City. 

Mr.  Ernest  G.  Eddy,  who  has  been  assistant 
city  engineer  of  Lansing.  Mich.,  for  14  years, 
has  been  chosen  as  city  engineer,  succeeding 
Mr.  H.  A,  Sparks,  resigned. 


Mr.  Leonard  Metcalf  of  Metcalf  &  Eddy, 
consulting  engineers,  Boston,  Mass.,  was  elect- 
ed president  of  the  New  England  Water 
Works  Association  at  the  annual  meeting  in 
Boston,  Jan.  13. 

Mr.  C.  A.  Ashley  has  been  appointed  city 
engineer  for  Naperville,  111.  He  was  formerly 
with  Mr.  Arthur  L.  Webster,  county  surveyor 
of  Du  Page  County,  Illinois,  from  1900  to 
1914.  He  was  deputy  countv  surveyor  during 
1911,  1912  and  1913.  Mr.  VVebster  was  also 
city  engineer  of  Wheaton.  111.,  tgr  four  years, 
during  which  time  Mr.  Ashley  was  in  his  em- 
ploy. Since  April  1,  Mr.  Ashley  has  conducted 
a  drainage  engineering  and  general  surveying 
practice  at  Naperville,  which  he  will  continue. 

!Mr.  E.  L.  Gates  has  been  appointed  super- 
intendent of  highways  of  Du  Page  County, 
Illinois,  with  headquarters  at  Wheaton,  111. 
Mr.  Gates  has  had  12  years  of  experience  on 
surveys  in  Du  Page  and  surrounding  counties. 
For  two  years  he  was  in  charge  of  a  field 
party  on  the  Aurora,  Elgin  &  Chicago  Rail- 
road surveys.  For  two  years' he  was  in  charge 
of  field  work  for  the  engineering  department 
of  the  city  of  Elgin,  and  for  two  vears  follow- 
ing held  the  same  position  at  Wheaton.  For 
seven  years  he  has  been  in  the  Du  Page  Coun- 
ty surveyor's  office,  five  of  which  he  was 
deputy  county  surveyor. 

Mr.  George  Prentiss  Robinson  has  resigned 
as  city  engineer  of  Santa  Barbara.  Ca!.,  and 
has  opened  an  office  as  civil  engineer  at  840 
X.  Mariposa  Ave.,  Los  Angeles,  Cal.  Mr. 
Robinson  has  held  the  office  of  city  engineer 
at  Santa  Barbara  for  one  year,  during  which 
time  plans  for  work  amounting  to  more  than 
$300,000  were  prepared,  and  the  work  begun. 
The  projects  include  a  concrete  sea  wall  1,870 
ft.  long  and  17.55  ft.  high,  costing  about  $00,- 
OOO :  three  reinforced  concrete  bridges,  one  of 
which  includes  a  reinforced  concrete  bay  with 
gate  to  regulate  the  height  of  water  to  be  held 
in  a  semi-tidal  basin  lake:  five  miles  of  asphalt 
paving  equal  to  about  102,000  sq.  yds. ;  sewers 
and  miscellaneous  work. 

Mr.  Ernest  E.  Lothrop  has  been  elected 
city  engineer  for  Fitchburg,  Mass.,  by  the  city 
council.  The  city  is  to  build  a  large  reservoir 
during  this  year,  and  the  city  engineer  will 
have  charge  of  that  work  as  w-ell  as  the  rou- 
tine street,  water  department  and  general  en- 
gineering work.  Mr.  Lothrop  has  had  14  years 
of  experience  in  civil  engineering  work,  four 
years  of  which  was  for  the  Charles  River 
Basin  Commission,  part  of  the  time  as  assist- 
ant engineer  in  charge  of  the  Watertown  sec- 
tion. For  one  year  he  was  engaged  on  the 
construction  of  a  high  service  reservoir  at 
New  Britain.  Conn.  For  the  past  four  years 
he  has  been  at  Fitchburg,  in  charge  of  surveys 
and  construction  of  the  new  disposal  plant, 
trunk  sewer,  etc.,  at  that  place. 

^Ir.  H.  N.  Legreid  has  been  appointed  county 
highway  engineer  of  Humboldt  County,  Iowa, 
succeeding  Mr.  J.  L.  Parsons,  who  recently  re- 
signed. Mr.  Legreid  graduated  from  the  Uni- 
versity of  Wisconsin  Engineering  School  in 
1908,  and  was  engaged  in  drainage  engineering" 
and  contracting  in  Wisconsin  from  1907  to 
1913.  He  was  with  the  Mississippi  River  Com- 
mission in  the  summer  of  1912  on  survey  of 
overflowed  lands.  During  the  year  1913  he  was 
with  Mr.  C.  G.  Elliott,  consulting  drainage 
engineer  of  Washington,  D.  C,  as  assistant 
office  engineer.  For  most  of  the  past  year  he 
wsa  assistant  engineer  on  highway  and  drain- 
age work  with  Mr.  J.  L.  Parsons,  then  comity 
highway  engineer  of  Humboldt  County.  In 
addition  to  work  on  the  county  highways,  Mr. 
Legreid  also  has  the  construction  engineering 
work  of  five  county  drainage  districts.  Hum- 
boldt County  will  spend  about  $50,000  during 
1915  in  permanent  road  and  bridge  work. 

Mr.  Paul  L.  Bean  has  been  made  chief  en- 
gineer for  the  Public  Utilities  Commission  of 
the  state  of  Maine.  This  commission  has 
taken  over  the  work  of  the  former  railroad 
and  water  storage  commission  and  in  addition 
has  the  power  to  make  physical  valuations  and 
investigations  of  accidents.  Mr.  Bean  was  for 
two  years  with  the  Phoenix  Bridge  Co.  as 
draftsman  and  checker.  From  1907  to  1909  he 
was  instructor  in  the  Department  of  Civil  En- 


gineering, University  of  Maine,  assistant  pro- 
fessor from  1909  to  1912,  and  since  1912  has 
been  associate  professor  of  the  department. 
He  has  had  charge  of  the  courses  in  hydraulics 
and  structural  engineering  while  at  the  univer- 
sity. During  his  summers  Mr.  Bean  has  been 
employed  by  the  U.  S.  Geological  Survey  on 
investigations  of  lakes  and  rivers  of  Maine  for 
storage  and  power  purposes.  He  has  had 
charge  of  work  in  stream  gagings.  For  the 
past  three  years  Mr.  Bean  has  been  a  member 
of  the  firm  of  Boardman  and  Bean,  consulting' 
engineers,  making  a  specialty  of  bridge  de- 
signing in  concrete  and  steel  and  investigations 
of  kinds  of  structures,  testing  of  materials  and 
water  power  surveys. 

Mr.  A.  K.  Grimmer  has  resigned  as  city  en- 
gineer of  Medicine  Hat,  Alta.,  taking  advan- 
tage of  the  present  slackness  in  municipal 
work  in  Canada,  to  recuperate  his  health 
which  has  been  affected  by  the  strenuous  work 
of  the  five  years  during  which  he  has  hekl 
that  office.  ^Ir.  Grimmer  graduated  from  the 
University  of  Xew  Brunswick  in  1905,  and 
for  the  year  following  was  engineer  in  charge 
of  the  Glenn  Extension  of  the  York  &  Carle- 
ton  RaiKvay,  In  1906  he  was  appointed  resi- 
dent engineer  on  sewers  and  filtration  plant 
at  Fredericton,  N.  B.  From  1907  to  1909  he 
was  city  engineer  at  that  place,  during  which 
time  he  constructed  14  miles  of  sewers  and  a 
sewage  pumping  station,  a  filtration  plant  and 
12, -500  sq.  yds.  of  paving,  etc.  In  1908  he  wa> 
given  the  degree  of  M.  Sc.  by  his  universit\ 
in  recognition  of  his  research  work  and  thesis 
on  water  filtration.  In  the  season  of  1909-10 
he  was  lecturer  in  civil  engineering  at  the 
University  of  Manitoba.  In  1910  he  was 
chosen  as  city  engineer  of  Medicine  Hat. 
Since  that  time  the  city  has  grown  from  4,000 
population  to  15.000,  and  much  public  work  has 
devolved  upon  the  engineer.  This  included 
the  construction  of  a  new  water  plant  and  fil- 
tration system,  distribution  system,  reservoir, 
etc.,  for  a  population  of  .30,000 ;  a  complete 
sewer  system,  and  21  miles  of  sidewalks,  curb 
and  gutter.  A  natural  gas  distribution  system 
was  extended  and  fifteen  gas  wells  completed, 
and  a  great  deal  of  street  grading,  paving, 
stream  diversion,  street  lighting  and  other 
work  was  done.  Practically  all  construction 
work  except  the  drilling  of  gas  wells  was  done 
by  day  labor  and  Mr.  Grimmer  states  that  the 
results   were   satisfactory. 

C0NTR.\CT0RS. 

The  McLean  Contracting  Co.,  of  No.  1411 
Fidelity  Building,  Baltimore,  Md.,  recentl.v 
awarded  a  contract  on  the  large  reinforced 
concrete  and  steel  bridge  supported  by  con- 
crete and  wooden  piles,  which  is  to  be  built  at 
Hanover  street,  in  Baltimore,  is  a  contracting 
firm  of  long  standing  and  much  experience  in 
work  in  Baltimore  and  vicinity.  The  oresident, 
Mr.  Colin  ^McLean,  has  been  in  successful  busi- 
ness for  fifty-five  years  and  has  associated  with 
him,  Mr.  C.  M.  McLean,  as  treasurer,  and  Mr. 
William  M.  Malory  as  secretary.  This  firm  has 
constructed  piers,  bulkheads,  bridges,  etc.,  for 
the  Baltimore  &  Ohio,  the  Norfolk  &  Southern, 
the  New  York,  Philadelphia  &  Norfolk,  the 
Pennsylvania,  the  New  York  Central  and 
other  railways. 


CIVIL  SERVICE  NEWS 

The  State  Civil  Service  Commission  of 
California  will  hold  civil  service  examinations 
as  follows : 

Construction  engineer,  Highway  Commis- 
sion; $1,800  to  $2,400.  Application  must  be 
filed  before  Feb.  13.  Examinations  at  Sac- 
ramento, Los  Angeles  and  San  Francisco. 
Feb.  19-20. 

Civil  engineer.  Grade  II ;  $l,2iiO  to  $1,800 : 
Feb.  19-20. 

Engineering  draftsman,  $1,200  to  $1,800, 
Feb.  26-27. 

Mechanical  draftsman ;  $1,200  to  $1,800,  Feb. 
26-27. 

Ttiese  positions  are  in  the  Highway  Commis- 
sion, Department  of  Engineering',  or  the  State 
Harbor  Commission.  Appiications  i"nay  be  se- 
cured from  the  State  Civil  Service  Commission 
at   Sacramento. 
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The      New      Concrete      Construction 
Processes  and  Appliances. 

Coincident  with  the  Cement  Show  being 
held  in  Qiicago  this  week  the  American  Con- 
crete Institute  holds  its  eleventh  annual  con- 
vention. The  ten  years  of  life  of  the  institute 
have  been  years  of  wonderful  development  in 
concrete  construction.  This  development  has 
not  been  least  in  appliances  for  conducting 
concrete  work  and  whose  exhibition  is  one 
of  the  main  purposes  of  the  Cement  Show. 
Because  it  has  been  the  more  common  prac- 
tice to  proclaim  the  growth  of  the  cement 
industry  and  the  yearly  more  numerous  uses 
of  cement  products,  it  is  proposed  here  to  point 
to  features  in  which  appliances  and  processes 
for  concrete  construction  have  become  im- 
proved and,  in  instances,  revolutionized  in  ten 
years. 

In  ten  years  concrete  mixers  have  become 
universal.  A  short  list,  in  190-J,  named  all 
the  makers  of  mixers.  Now  a  complete  list 
contains  a  score  or  two  of  names.  Ten  years 
ago  the  mixer  was  an  appliance  justified  only 
on  works  of  size.  It  was  asserted  as  an  axiom 
that  for  works  of  less  than  1,000  cu.  yds.  a 
mixer  was  of  doubtful  economy.  Hand  mix- 
ing competed  with  machine  mixing  on  a  wide 
range  of  concrete  work.  On  recent  irriga- 
tion work,  building  small,  scattered  structures, 
it  has  been  proved  that,  on  good  roads,  a 
mixer  can  economically,  compared  with  hand 
mixing,  be  moved  one  mile  to  mi.x  3  cu.  yds. 
of  concrete  and  three  miles  to  mix  5  cu.  yds. 
These  are  extreme  figures  but  they  illustrate 
well  the  most  notable  and  important  single 
attainment  in  ten  years  of  mixer  development. 
The  machine  mixer  has  been  made  a  universal- 
ly economical  tool  instead  of  a  tool  which 
could  be  economically  employed  under  certain 
conditions. 

The  economic  pre-eminence  of  the  machine 
mixer  is  due  to  several  co-ordinated  improve- 
ments. The  mounting  of  the  mixer  on  wheels 
has  made  it  mobile,  and  eliminated  largely 
problems  of  carriage  from  mi.xer  to  work. 
The  provision  of  power  charging  devices  has 
eliminated  charging  inclines  and  runways,  and, 
largely,  other  problems  of  carriage  from  stock 
pile  to  mixer.  These  improvements  have  been 
intensified  in  mi.xers  for  special  work — notably 
in  mixers  for  road  work  which  embody  as  an 
integral  part  mechanism  for  carrying  and 
placin.g  the  mixed  concrete.  Finally,  mixers 
have  become  complete  units  mechanically:  the 
motor,  the  transmission,  the  body,  and  the 
charging  and  discharging  mechanism  have 
been  co-ordinated  and  combined  into  a  single 
machine.  This  perfecting  of  mechanical  de- 
sign and  the  specializing  of  mixer  manufac- 
ture has  permitted  the  commercial  development 
of  a  wide  range  of  size  and  price  of  mixers. 
A  contractor  can  today  choose  from  a  num- 
ber of  styles  a  mixer  of  any  size  and  price 
that  suits  his  work. 

While  the  development  of  mixers  has  been 
revolutionary,  in  no  process  of  concrete  con- 
struction, since  1005,  have  there  developed 
methods  so  radically  different  as  in  the  proc- 
esses of  carrying  and  placing  concrete.  Ten 
years  ago  concrete  universally  was  carried  and 
placed  in  containers — in  buckets,  in  cars,  in 
carts  and  in  barrows.  These  older  methods 
have  not  disappeared,  indeed  they  have  been 
gieatly  improved,  but  new  methods  have  come 
into  use  and  very  general  popularity.  At  least 
three  of  these  new  methods,  chuting,  belt  con- 
veying and  pneumatic  conveying,  are  par- 
ticularly noteworthy  additions  to  the  means 
available  to  the  concrete  constructor  for  con- 
veying and  placing  concrete.  It  is  believed 
that    their   use   and   their   usefulness    will    in- 


crease and  that  they  are  destined  to  modify 
to  a  considerable  extent  the  practice  of  con- 
crete engineering. 

Chuting  has  in  the  period  named  gairied 
wide  acceptance  as  a  method  of  conveying 
and  placing  concrete.  As  a  system,  a  definite 
series  of  correlated  operations,  it  has  been 
developed  entirely  within  this  period.  Its  use 
is  more  common  than  is  the  use  of  perhaps 
any  other  one  method.  By  its  invention  and 
improvement  there  have  been  secured  to  a 
greater  extent  than  was  possible  with  any 
previous  method  of  conveying  and  placing  two 
desiderata  of  prime  importance.  First,  the 
structure  is  not  encumbered  by  the  plant ;  the 
tower  and  the  chutes  are  outside  and  above 
the  structure.  Second,  very  perfect  flexibility 
and  precision  in  placing  are  secured  without 
auxiliaries ;  within  the  area  covered,  concrete 
can  be  deposited  in  any  place  and  in  any  vol- 
ume and  at  any  rate  up  to  the  maximum  out- 
put speed  of  the  plant. 

The  development  of  the  belt  conveyor  for 
conveying  and  placing  concrete  gives  the  con- 
crete constructor  the  special  advantages  of, 
first,  an  appliance  which  without  auxiliaries 
accomplishes  both  elevation  and  distance,  and 
of,  second,  an  appliance  which  permits  handl- 
ing concrete  and  materials  for  concrete  by 
one  method.  In  flexibility  in  placing  the 
belt  conveyor  is  at  some  disadvantage ;  com- 
bined with  chuting  it  meets  well  this  require- 
ment. As  a  carrier  the  belt  conveyor  has 
brought  the  concrete  constructor  advantages 
which  are  impossible  to  secure  so  perfectly 
by  any  other  conveying  device.  The  belt  con- 
veyor has  demonstrated  capacity  as  a  carrier, 
it  works  cleanly,  and,  by  relaying,  the  possi- 
ble distance  of  carriage  is  perhaps  greater 
than  by  chutes  or  compressed  air. 

The  "feature"  development  in  10  years  in 
conveying  and  placing  appliances  is  the  pneu- 
matic mixer  and  conveyor.  The  three  types 
of  these  machines  are  the  grout  injector;  the 
concrete  or  mortar  ejector  or  "gun,"  and 
the  concrete  mixer  and  conveyor.  All  three 
devices  accomplish  mixing,  conveying  and 
placing.  All  three  have  demonstrated  a  high 
degree  of  success  in  operation.  The  construc- 
tion advantages  which  they  have  brought 
the  engineer  are,  first,  ability  to  place  mechan- 
ically a  thin  coating  of  cement  or  mortar  or 
concrete  and,  second,  ability  to  place  these 
materials  in  the  most  constricted  and  irregu- 
lar spaces.  As  pointed  out  in  our  issue  of 
Jan.  13,  1915,  grouting  has  become  in  a  few 
years  one  of  the  most  valuable  construction 
processes  at  the  command  of  the  engineer, 
and  it  is  largely  to  the  very  perfect  develop- 
ment of  grouting  machines  that  the  success- 
ful adaptability  of  this  process  is  due.  Cement 
coating  of  structures  for  finish  or  protection 
has  been  given  new  possibilities  by  the  cement 
ejector.  The  pneumatic  mixer  and  conveyor 
has  extended  the  economies  of  machine  mix- 
ing, carrying  and  placing  to  concreting  in 
spaces  too  confined  for  any  other  method  ex- 
cept  hand   work. 

Mixing,  carrying,  placing  and  shaping  arc 
the  four  construction  processes  of  concrete 
construction.  The  one  great  development  of 
10  years  in  shaping  concrete  is  the  steel 
form.  Systems  of  steel  forming  have  been 
worked  out  for  practically  all  structural  ele- 
ments of  concrete  construction — walls,  beams, 
slabs,  columns,  and  conduits.  The  greatest 
development  and  use  of  steel  forms  has,  how- 
ever, been  for  conduits — for  sewers,  aque- 
ducts and  tunnel  lining.  Here  the  steel  iorm 
has  attained  absolutely  first  place.  This  has 
come  about  for  three  princi|)al  reasons:  First, 
the  high  commercial  development  of  the  man- 
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ufacture  and  leasing  of  steel  forms  built  to 
shape  and  dimensions  demanded  by  the  spe- 
cific work  as  designed;  second,  the  devising 
of  very  perfect  unit  systems  of  building  up 
or  extending  forms ;  and,  third,  the  providing 
of  complete  portability.  Next  to  improved 
mixing  and  carrying  appliances,  the  steel 
form  has  been  the  most  notable  appliance 
for  concrete  work  developed  in  10  years. 

The  10  years'  record  of  development  in 
concrete  construction  processes  proper 
presents  one  notable  attainment.  Construc- 
tion by  precast  concrete  units  has  established 
itself  firmly  in  engineering  practice  since 
1905.  Molded  concrete  building  blocks,  cast 
concrete  pipe  and  drain  tile  and  molded  col- 
umns, beams  and  slabs  for  building  work  have 
all  attained  general  recognition  as  means 
available  to  the  engineer  and  builder.  For 
drainage  and  irrigation  work  the  precast  con- 
crete pipe  has  reached  a  very  high  place. 
Ornament  molding  and  casting  of  concrete 
has  also  reached  an  acknowledged  position 
since  1905.  Steel  molds,  block  molding  ma- 
chines and  pipe  molding  machines  are,  there- 
fore prominent  among  the  special  concrete 
construction  appliances  developed  during  the 
decade  now  ending. 

All  told  the  work  of  the  inventor  and  man- 
ufacturer of  concrete  construction  appliances 
has  kept  even  with  the  work  of  the  engineer 
and  builder  in  the  remarkable  extension  of 
the  use  of  cement  products.  This  is  quite  as 
true  of  the  small  tools  of  the  concrete  work- 
er as  of  the  large  construction  appliances  that 
have  been  named.  It  is  especially  true  as 
shown  in  the  editorial  following  of  the  ap- 
pliances available  to  the  concrete  worker  for 
liauling  his  materials  and  supplies.  While  this 
development  is  indisputable,  the  change  for 
any  twelve-months'  period  of  the  ten  that  this 
account  covers  has  been  small.  "The  Cement 
Show  this  year,"  we  often  hear  said,  "is  much 
like  the  one  of  last  year."  It  is.  But  each 
year  adds  its  quota  of  improvements  and  the 
accretions  in  time  build  up  a  new  appliance 
for  or  a  process  of  concrete  construction. 

In  10  years  since  the  American  Concrete 
Institute  held  its  first  annual  convention  con- 
crete construction  methods  have  been  revo- 
lutionized. The  mixers  used,  the  carrying  and 
placing  methods  practiced,  the  tools  and  ap- 
pliances employed  are  not  the  ones  that  ex- 
isted in  1905.  Hand  mi.xing  has  become  rare. 
In  all  processes  of  mixing,  carrying,  placing 
and  shaping  concrete,  manual  labor  has  been 
lessened.  Wages  and  prices  are  not  the  same. 
The  building  of  a  concrete  structure  today  is 
not  a  problem  to  be  solved  in  the  same  way 
that  it  was  solved  in  1905.  These  have  all 
come  about  very  largely  by  means  of  the  ap- 
pliances and  materials  which  make  the  cement 
products  exhibition  of  1915.  With  this  retro- 
spective vision,  the  Cement  Show  of  1915  has 
an  interest  beyond  that  coming  from  a  per- 
functory search  through  many  familiar  sights 
to  see  "something  new  this  year." 


Recent  Improvements  in  the  Methods 

of  Handling  Materials  in  Concrete 

Road  Construction. 

Tlie  road  construction  season  of  1915  will 
sec  the  increased  utilization  of  improved 
methods  in  the  handling  of  materials  in  con- 
crete road  building.  Several  years  ago 
when  the  construction  of  concrete  roads  on 
a  large  scale  was  first  begun  it  was  the  prac- 
tice to  apply  the  methods  then  in  vogue  in 
tlie  laying  of  concrete  base  in  municipal  pav- 
ing work  to  the  construction  of  rural  roads. 
These   methods   of   handling   aggregate,    cem- 
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cnt  and  water  consisted  in  the  main  in  haul- 
ing the  aggregate  and  piling  it  in  long  rows 
and  the  use  of  tank  wagons  for  hauling  water 
to  the  site  of  the  work. 

The  most  important  development,  perhaps, 
has  been  in  the  use  of  power  hauling.  For 
the  most  part  for  all  hauls  exceeding  about 
two  miles  in  length  team  hauling  has  been 
abandoned.  Traction  engines,  motor  trucks 
and  industrial  railways  have  taken  its  place. 
This  development  is  probably  due  largely  to 
the  greater  efficiency  of  power  hauling  ma- 
chines, the  increased  scarcity  and  unreliabil- 
ity of  local  teams  for  hire  and  the  increased 
size  of  contracts  under  which  road  construc- 
tion work  is  accomplished.  With  the  use  of 
mechanical  hauling  equipment  has  come  in- 
creased plant  expense  and  the  necessity  of 
exercising  greater  care  in  the  selection  of 
plant. 

In  detail,  the  improvement  in  traction  en- 
gine hauling — both  steam  and  gasoline  power 
— has  come  almost  largely  through  the  devel- 
opment of  larger  and  better  designed  trailers 
and  cars.  Heavier  construction  is  used  in 
engines  than  was  formerly  employed  and  the 
caterpillar  type  of  traction  has  been  subject- 
ed to  the  test  of  time  and  is  tinding  its  field 
of  usefulness.  The  development  in  motor 
truck  hauling  has  been  enormous.  The  size 
of  trucks  has  been  increased  until  average 
loads  vary  in  weight  from  five  to  ten  tons. 
Modifications  and  improvements  have  been 
made  to  adapt  the  trucks  to  the  strain  inci- 
dent to  operation  over  rough  country  roads. 
.'\n  increased  use  of  trailers  in  connection 
with  motor  trucks  is  noted.  Industrial  rail- 
ways as  applied  to  the  hauling  of  road  ma- 
terials, with  the  exception  of  a  few  isolated 
cases,  were  not  used  prior  to  1914.  The  econ- 
omy of  their  use  on  large  projects  has  been 
demonstrated  during  the  past  j'ear  and  the 
size  of  project  and  conditions  under  which 
they  should  be  used  will  be  demonstrated 
more  fully  during  the  coming  year. 

A  number  of  pumping  engines  for  use  in 
connection  with  the  supplying  of  water  for 
construction  and  curing  purposes,  have  been 
developed.  Piping  details  and  details  of  the 
use  of  the  oxy-acetylene  torch  in  pipe 
repair  are  interesting.  Car  side  wagon 
loading  devices  for  expediting  this  work  and 
reducing  the  number  of  men  employed  are 
finding  an  increased  use.  These  loaders  range 
in  type  from  a  power  driven  plant  requiring 
the   attention   of   but   a   single   man    to   simple 


bins  loaded  by  hand  and  holding  a  single 
wagon  load. 

Perhaps  one  of  the  most  important  develop- 
ments in  connection  with  the  manipulation  of 
the  concrete  is  in  the  design  of  striking  and 
tamping  or  vibrating  machines  for  smooth- 
ing and  increasing  the  density  of  the  con- 
crete. In  theory  these  machines  by  a  process 
of  kneading  the  surface  of  the  concrete  road 
increase  the  toughness  and  density  of  the 
concrete,  thereby  improving  the  quality  of 
the  wearing  surface.  Several  roads  were  con- 
structed during  the  past  season  on  which 
these  machines  were  used  and  service  tests 
will   indicate  the  effectiveness  of  the  process. 

In  the  use  of  concrete  mixers  the  boom  and 
bucket  type  of  delivery  is  being  used  to  an 
increased  extent.  However,  it  is  contended 
by  many  engineers  that  the  use  of  a  spout 
tends  to  produce  greater  uniformity  in  the 
concrete  placed.  Numerous  improvements  in 
the  traction  and  methods  of  controlling  the 
mix  have  been  made,  among  them  the  use 
of  a  counting  device  on  the  drum  and  the  con- 
trol of  the  water  supply  and  batch  dumping. 


The  Designing  of  Details. 

Engineers,  as  well  as  other  men,  are  in- 
clined to  judge  the  importance  of  their  work 
by  the  rate  of  pay  which  it  commands.  As 
the  engineer  becomes  older  and  more  ex- 
perienced he  realizes  that  certain  kinds  of 
work  possess  advantages  which  cannot  be 
measured  in  dollars  and  cents.  The  young 
engineer,  however,  is  naturally  attracted  to 
those  lines  of  work  which  seem  to  insure 
most  quickly  large  returns.  It  is  to  be  re- 
gretted that  "detailing"  does  not  at  present 
seem  to  offer  a  career  to  capable  young  en- 
gineers. Unfortunately  it  is  considered 
merely  as  a  stepping  stone  to  another  posi- 
tion, with  the  result  that  capable  young  men 
are  avoiding  this  kind  of  work  or  are  re- 
maining in  it  as  short  a  time  as  possible. 
We  are  just  beginning  to  appreciate  the  fact 
that  poor  details  are  largely  responsible  for 
many  failures,  also  for  many  unsatisfactory 
structures,  which,  even  though  they  have  not 
failed,  cannot  be  relied  upon  to  carry  any 
considerable  overload.  Engineers,  them- 
selves, are  largely  responsible  for  this  condi- 
tion, because  many  of  them  have  considered 
detailing,  not  as  designing,  but  as  mechanical, 
trades-school  work.  The  designing  of  details 
is  an  important  kind  of  engineering  work, 
and  its  problems  are  often  sufficiently  difficult 
to   command   the  highest  engineering  skill. 


We  believe  it  is  time  for  engineers  to 
recognize  the  importance  of  detail  designing, 
and  to  adopt  measures  which  will  justify  en- 
gineers of  ability  in  remaining  in  this  kind 
of  work.  Efficient  detailing  requires  a  thor- 
ough knowledge  of  the  strength  of  materials, 
of  stresses,  and  of  erection  procedure;  and 
the  old  idea  that  almost  any  man  who  pos- 
sessed a  structural  hand-book  and  a  set  of 
drafting  instruments  could  soon  qualify  as  a 
detailer  was  an  erroneous  one.  Adequate 
pay  and  a  proper  appreciation  of  the  import- 
ance of  the  work  will  do  much  toward  at- 
tracting and   retaining  capable   detailers. 

Generally,  the  importance  of  the  structural 
designer's  work  has  been  over-rated,  as  com- 
pared with  that  of  the  detailer.  For  struc- 
tures of  medium  size  it  does  not  take  the 
highest  type  of  engineering  ability  to  compute 
the  stresses  and,  with  the  aid  of  a  hand-book, 
to  select  the  size  of  the  main  sections.  In 
bridge  work,  for  example,  to  obtain  the  in- 
formation ordinarily  placed  on  the  stress 
sheet  does  not  often  require  exceptional  abil- 
ity, in  fact  the  man  just  out  of  college  may 
be  much  more  efficient  in  computing  stresses 
than  the  experienced  engineer.  The  prevail- 
ing notion  that  the  well-paid  engineer's  work 
is  completed  when  he  finishes  the  stress 
sheet  is  wrong — it  is  too  much  to  expect  that 
the  poorly-paid  detailer  can  complete  the  de- 
sign, as  the  latter  is  usually  a  man  with  little 
en.gineering   experience. 

If  our  structures  are  to  be  equally  strong 
in  all  their  parts  and  capable  of  being  erected 
economically  there  should  be  little  distinction 
in  salary  or  in  technical  ability  demanded  be- 
tween the  designer  and  the  detailer,  in  fact  one 
high-grade  man  might  well  do  the  work  now 
done  by  both.  The  extra  cost  for  efficient 
work  under  such  a  system  probably  would 
not  be  greater  than  that  under  the  system 
now  in  use  in  our  large  offices  if  the  cost  of 
the  "checker'  is  taken  into  consideration.  The 
results  of  tests  of  full-size  members  have 
shown  that  the  actual  strength  of  a  built-up 
member  often  is  only  a  small  percentage  of 
its  computed  strength,  due  mainly  to  weak 
and  faulty  details.  Engineers  are  just  begin- 
ning to  realize  that  they  have  little  definite 
information  on  this  important  subject.  It  is 
hoped  that  the  growing  realization  of  this 
lack  of  knowledge  will  act  as  an  incentive  to 
them  to  make  the  designing  of  details  a 
branch  of  structural  engineering  work  worthy 
of  the  attention  of  capable  and  experienced 
engineers. 
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Practical  Kinks  in  Concrete  Road  and 

Pavement  Construction. 

The  success  obtained  in  constructin.g  a  con- 
crete road  depends  largely  upon  the  thorough- 
ness of  the  construction  methods  used  and  the 
cost  of  the  road  depends  largely  upon  the  skill 
with  which  labor  saving  methods  are  em- 
ployed. In  a  paper  before  the  Indiana  Society 
of  Engineers,  C.  D.  Franks  discussed  some  of 
the  labor  saving  methods  he  has  employed  and 
his  paper  is  given  here. 

GE.'^DING. 

It  is  often  the  case  that  a  concrete  roadway 
or  other  hard  surfaced  road  is  to  be  placed 
upon  an  old  roadway,  when  the  new  road  is 
wider  than  the  old  roadway  has  been.  Where 
such  a  condition  exists  it  will  be  necessary  to 
loosen  thoroughly  the  old  roadway  for  quite 
a  distance  below  the  desired  surface  of  the 
finished  subgrade,  this  distance  to  depend 
upon  soil  and  other  local  conditions.  The  en- 
tire fill  should  then  be  made  and  compacted 
uniformly,  the  object  being  to  provide  a  sub- 
base  of  equal  bearing  power  throughout,  for 
when  one  part  of  the  foundation  of  a  hard 
road  surface  is  less  apt  to  settle  than  another, 
it  is  impossible  to  do  away  with  cracking.  A 
special  example  may  be  cited  in  the  case  of  a 


hard  surfaced  road  which  is  to  be  laid  at  a 
greater  elevation  than  the  old  roadway  where 
the  old  roadway  was  on  a  considerable  fill. 
As  the  new  roadway  will  rest  upon  a  fill 
deeper  than  the  old,  the  width  of  the  fill  at 
the  bottom  will  be  proportionately  greater. 
To  obtain  a  uniform  bearing  surface,  there- 
fore, the  material  in  the  old  fill  should  be 
spread  out  uniformly  in  a  layer  from  one  side 
of  the  new  slope  to  the  other  and  the  rest  of 
the  fill  be  placed  on  top  of  it.  It  is  well  to 
mention  in  this  connection  that  the  greatest 
oare  is  necessary  in  building  any  fill  of  greater 
depth  than  two  feet,  so  as  to  have  it  in  a 
thoroughly  compacted  state  before  any  hard 
pavement  is  laid  upon  it.  If  absolutely  neces- 
sary to  place  the  roadway  soon  after  this  fill 
is  made,  the  material  should  be  placed  in  lay- 
ers not  to  exceed  one  foot  in  thickness,  and 
should  be  thoroughly  rolled  before  succeeding 
layers  are  placed.  If  soil  conditions  permit,  it 
will  be  well  to  settle  this  fill  with  water  in 
addition  to  or  instead  of  rolling.  By  far  the 
better  practice  would  be  to  build  the  fill  in  the 
fall  of  the  year  previous  to  that  in  which 
the  roadway  itself  will  be  laid.  In  this  man- 
ner many  unnecessary  cracks  can  be  avoided. 

There  is  a  simply  made  tool  which  can  be 
used  to  determine  the  slope  of  material  in  a 
fill.     It  consists  of  three  boards — one  horizon- 


tal, one  vertical  and  one  inclined,  making  an 
angle  with  the  horizontal  piece  equal  to  the 
required  slope  of  the  material.  From  the 
horizontal  board  a  plumb-bob  is  hung  and  ver- 
tically below  it  on  the  inclined  board  a  mark 
is  made.  This  gage  is  placed  with  the  in- 
clined board  along  the  slope.  If  the  side  sur- 
face of  the  fill  corresponds  to  the  required 
slope,  the  plumb-bob  will  hang  directly  over 
the  mark  on  the  inclined  board. 

It  should  hardly  be  necessary  to  state  that 
it  is  extremely  bad  bractice  to  make  a  fill  with 
frozen  materials,  yet  one  or  two  cases  of  this 
kind  have  come  to  my  attention.  When 
frozen  material  in  a  fill  thaws  it  compacts 
greatly  under  its  own  weight  and  the  surface 
of  the  fill  settles  considerably:  invariably 
enough  so  that  no  hard  surfaced  road  can 
stand  upon  it  without  cracking. 

It  sometimes  becomes  necessary,  while  grad- 
ing, to  set  a  stake  on  one  side  of  the  road- 
way at  the  same  level  as  that  on  the  other 
side,  when  a  level  is  not  at  hand.  This  can 
be  very  simply  accomplished  by  completely 
filling  a  piece  of  hose  with  water.  By  holding 
one  end  of  the  hose  so  that  the  water  showing 
in  it  is  just  level  with  the  top  of  the  stake  of 
known  elevation,  and  setting  the  stake  on  the 
opposite  side  of  the  road  at  the  elevation  of 
the  water  at  that  end,  you  can  be  sure  that 
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the  second  stake  is  at  the  same   elevation  as 
the  first. 

This  brings  to  mind  a  very  simple  siphon 
which  probably  many  of  you  have  used.  Its 
use  is  applicable  to  street  work  where  there 
are  curbs.  Frequently  after  a  rain,  water  may 
stand  to  a  depth  of  5  or  6  ins.  on  the  subgrade 
between  the  curbs.     To  remove  this  water  lay 


two  instances  considered  it  necessary  to  place 
the  larger  size  nearest  the  supply.  This  ne- 
cessitates, of  course,  that  the  smaller  pipe  be 
carried  ahead  to  the  end  of  the  larger  pipe, 
which  may  be  in  some  instances  as  much  as 
a  mile  or  two  in  length.  This  is  unnecessary, 
as  the  total  friction  will  be  the  same  whether 
the   larger  or  the   smaller  pipe  is   nearest   the 
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a  piece  of  hose  about  10  ft.  in  length  beneath 
the  surface  and  be  sure  that  all  air  is  removed 
from  it.  Close  one  end  of  the  hose  beneath 
the  water  with  the  hand  and  place  it  in  a 
catch  basin  or  other  convenient  outlet,  being 
sure  not  to  release  the  outlet  end  until  it  is 
below  the  surface  of  the  inlet  end  which  is 
retained  under  water.  When  in  the  position 
described  this  hose  will  act  as  a  siphon  and 
■drain  off  the  water  from  the  subgrade  as  long 
as  its  intake  is  kept  below  the  surface. 

WATER    SUPPLY. 

The  water  supply  for  the  construction  of  a 
concrete  road  and  pavements  is  always  a  prob- 
lem which  must  receive  much  consideration 
in  order  to  be  handled  economically  and  sat- 
isfactorily. In  this  case,  as  in  all  others,  it 
will  be  well  for  the  engineer,  when  he  is  plan- 
ning the  work,  and  the  contractor,  before  he 
bids  upon  the  job.  to  have  a  definite,  practical 
plan  made  for  supplying  enough  water  to  the 
job  to  carry-  out  the  work.  The  necessity  for 
careful  planning  and  the  necessity  of  an  ade- 
quate supply  may  be  surmised  from  the  fact 
that  the  sprinkling  of  the  subgrade  before 
concrete  is  laid,  the  mixing  of  the  concrete 
and  the  sprinkling  of  the  finished  concrete 
surface  for  curing,  will  require  on  an  aver- 
age of  1.3,000  gals,  per  day,  when  500  sq.  yds. 
of  concrete  pavement  are  laid.  In  rainy 
weather  or  in  the  fall  of  the  year  the  sprin- 
kling may  be  unnecessary  and  this  amount  of 
water  may  be  materially  reduced,  but  it  is  un- 
safe to  provide  for  any  smaller  amount  than 
2.5  to  '{11  gals,  per  square  yard  of  concrete  laid 
in  the  siunmer  months,  for  an  inadequate  sup- 
ply will  materially  hamper  the  work,  delay  the 
job  and  increase  the  contractor's  cost. 

The  volume  of  water  required  at  the  mi.xcr 
is  the  same  whatever  the  size  of  the  supply 
pipe  may  be.  In  order  to  supply  the  same 
amount  of  water  the  velocity  in  a  small  pipe 
must  be  greater  than  in  a  larger  one.  But 
friction  increases  as  the  square  of  the  velocity 
and  therefore  the  loss  of  head  in  a  small  pipe 
is  much  greater  than  in  a  larger  one.  In 
liractice  it  is  rarely  found  advisable  to  use 
less  than  a  "2-in.  pipe  line  to  supply  water  to  a 
concrete  road  or  pavement  job,  and  no  con- 
nections smaller  than  2  ins.  should  be  used. 
Where  two  sizes  of  pipe  arc  used,  the  con- 
tractor may  have  laid  his  smaller  pipe  nearest 
the  pump  or  source  of  supply  before  the 
larger  size  pipe  is  secured.    He  has  in  one  or 


supply,  though  the  smaller  pipe  may  be  elim- 
inated sooner  from  the  line  if  it  is  laid 
farther  from  the  source. 

It  frequently  becomes  necessary  to  take  a 
section  of  pipe  from  the  pipe  line  to  remove 
an  obstruction  or  for  another  purpose.  For 
this  reason  unions  which  will  allow  one  pipe 
to  turn  without  turning  the  one  next  to  it 
should  be  placed  at  distances  not  to  exceed 
•")00  ft.  apart.  Otherwise,  the  entire  pipe  line 
must  be  turned  to  remove  one  section,  ne- 
cessitating the  use  of  unreasonable  force.    T's 


water  line  should  be  procured  in  as  great 
lengths  as  can  be  economically  handled  to 
lessen  the  labor  of  connecting. 

When  the  water  is  taken  from  a  pool  or 
other  natural  source,  the  intake  should  be  pro- 
tected so  that  sticks  and  other  foreign  mat- 
ter will  not  be  drawn  into  the  pump  and  pipe 
line  where  they  will  cause  trouble.  When  the 
water  supply  is  taken  from  a  city  main  it  will 
sometimes  be  necessary  or  advisable  to  use  a 
booster  pump  to  obtain  a  sufficient  head  for 
the  requirements  of  the  job.  In  many  cases  it 
is  possible,  when  constructing  pavements  in 
cities  or  towns,  to  connect  directly  by  means 
of  a  suitable  hose  to  water  hydrants.  How- 
ever, it  will  be  found  more  economical  in  a 
great  many  cases  to  be  provided  with  a  line 
of  pipe,  in  order  to  insure  at  all  times  the 
Ijroper  deliverj-  and  amount  of  water  required 
to  carry  on  the  work  satisfactorily. 

Some  sort  of  relief  valve  must  be  used  in 
the  pipe  line  so  as  to  prevent  the  breaking  of 
the  pipe  or  the  blowing  out  of  the  cylinder 
head  in  the  pump  when  it  is  running  but  no 
water  is  being  used.  Spring  relief  valves  have 
been  used  with  success,  but  a  simple  arrange- 
ment may  be  used  to  take  their  place.  At  one 
of  the  T's  previously  placed  in  the  pipe  line 
near  the  mixer,  insert  one  or  more  lengths  of 
pipe  vertically  Upward.  The  top  end  of  this 
pipe  will  be  open  and  this  arrangement  will 
act  as  a  relief  valve.  If  the  outflow  of  water 
at  the  mi.xer  is  stopped  the  pump,  instead  of 
exerting  pressure  against  the  water  confined 
in  the  pipe,  can  raise  the  height  of  water  in 
this  imorovised  standpipe  and  any  excess  may 
be  allowed  to  flow  through  the  upper  open 
end  of  pipe.  This  arrangement  acts  as  a  re- 
lief valve  and  also  assists  in  procuring  a  uni- 
form pressure  of  water  at  the  mixer  at  all 
times.  This  is  always  desirable  and  mater- 
ially helps  in  obtaining  a  uniform  consistency 
of  concrete  delivered  by  the  mixer.  This 
standpipe  should  be  moved  frequently  so  as 
to  be  always  close  to  the  mi.xer. 

Like  all  other  things,  the  pipe  line  will  ex- 
pand and  contract  with  changes  in  tempera- 
ture, and  unless  some  provision  is  made  for 
this  expansion  and  contraction,  rupture  is  apt 
to  occur.  For  that  reason,  expansion  joints  of 
some  kind  must  be  placed  in  the  pipe,  prefer- 
ably at  distances  not  to  exceed  2,000  ft.  The 
copper   expansion   joint   is   a   standard   fitting 


Fig.    2.     Integral    Curb    Construction    and    a    Trussed    Finishing    Bridge. 


and  laps  should  be  placed  in  the  line  not 
farther  apart  than  twice  the  length  of  hose 
which  will  be  used  to  connect  the  water  pipe 
with  the  mixer.  This  hose  should  be  at  least 
one  inch  in  size  to  reduce  friction  and  should 
preferably  be  short  for  the  same  reason,  so 
that  it  will  be  well  to  space  the  T's  and  taps 
not   farther  than  200  ft.  apart.     Pipe  for  the 


and  is  often  used  for  this  purpose,  or  a  sat- 
isfactory expansion  joint  may  be  formed  bv 
three  sets  of  fittings  consisting  of  two  elbows 
and  a  nipple,  so  placed  as  to  make  a  "V"  in 
the  pipe  line.  Another  satis factor\'  method  is 
to  offset  the  end  of  one  pipe  from  the  other 
slightly — say  a  distance  of  6  ins.  These  two 
ends  should  then  be  connected  with  a  rubber 
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hose.  Connections  of  this  hose  with  the  pipe 
must  be  tightly  made  in  order  to  prevent  leaks 
and  the  hose  should  be  of  a  size  at  least  equal 
to  that  of  the  pipe  to  reduce  friction,  which 
will  be  naturally  greater  where  the  water  is 
forced  through  any  bend.  Sufficient  hose 
should  be  used  to  provide  for  a  movement  in 
the  pipe  of  6  ins. 


PLACING. 

It  is  customary,  to  prevent  cutting  up  the 
subgrade,  to  lay  planlis  upon  it  for  wheel- 
barrow runways.  These  planks  are  heavy; 
they  become  watersoaked,  and  their  thickness 
makes  wheeling  up  onto  them  a  difficult  mat- 
ter. One  contractor  was  able  to  procure  a 
large  amount  of  scrap  boiler  plate  which  was 


which  ride  upon  the  side  forms  or  curbs,  to 
an  adjustable  strike-board,  which  strikes  and 
finishes  the  surface  of  the  pavement  and  is 
propelled  by  a  gasoline  engine. 

As  a  rule  country  roads  in  Indiana  are  not 
over  18  ft.  in  width.  These  can  be  struck  of? 
by  a  2  or  3-in.  plank  crowned  to  the  surface 
of  the  road  and  operated  by  two  men,  one  at 


Fig.  3.    Curing  Concrete  Pavement  by  Flooding. 


Fig.  4.    Earth   Protection  of  Concrete  While  Curing. 


The  character  of  the  subgrade  for  roads  or 
pavements  is  sometimes  such  that  sprinkling 
immediately  before  placing  the  concrete  re- 
sults in  a  muddiness  which  is  a  detriment  to 
the  work.  At  the  same  time,  if  concrete  is 
placed  upon  such  a  subgrade  without  sprin- 
kling, the  thin  mortar  will  be  withdrawn  from 
the  concrete,  and  thus  prevent  its  hardening  or 
weaken  it.  Therefore,  it  may  sometimes  be 
necessary  to  thoroughly  sprinkle  the  subgrade 
before  the  aggregates  are  placed  upon  it,  so 
that  it  will  be  moist  but  not  muddy  when  con- 
crete is  deposited.  Necessity  for  this  early 
sprinkling  can  only  be  determined  by  ah  in- 
vestigation and  possible  experiments  with  the 
particular  subgrade  in  question. 

One  of  the  things  which  has  required  the 
greatest  attention  in  the  past  is  the  water  sup- 
ply to  the  drum  of  the  mixer  so  as  to  obtain 
a  uniform  consistency  of  the  concrete.  No 
method  should  be  used  which  does  not  auto- 
matically supply  each  batch  of  materials  with 
the  proper  amount  of  water.  This  makes  the 
use  of  a  measuring  device  for  water,  which  is 
positive  and  quickly  adjustable,  a  necessity. 
Contractors  who  are  considering  the  purchase 
of  a  mixer,  or  engineers  who  are  passing  upon 
a  mixer  to  be  used  upon  concrete  road  work 
under  their  supervision,  should  thoroughly  in- 
vestigate this  most  important  part  of  the 
equipment — the  automatic  measuring  tank  for 
water. 

MIXING. 

One  of  the  most  difficult  things  to  provide 
for  in  specifications  is  a  thorough  mixing,  be- 
cause of  the  different  shapes  and  positions  of 
the  mixing  drum  and  blades,  as  well  as  the 
speeds  at  which  the  drums  revolve  on  the 
different  makes  of  mixers.  The  only  satis- 
factory way  to  write  a  specification  that  will 
cover  all  types  of  mixers  is  to  specify  two 
minimums;  one  the  minimum  number  of  res- 
olutions per  minute  and  the  other  the  mini- 
mum time  of  mixing  to  a  batch.  A  recent 
device  for  automatically  recording  the  nurn- 
ber  of  revolutions  per  batch  was  on  exhibi- 
tion at  the  Sixth  Annual  Good  Road  Show, 
held  in  Chicago  during  December.  1914.  An 
indicator  was  placed  on  the  side  of  the  mixer 
which  could  be  set  to  the  specified  number  of 
revolutions.  When  the  unmixed  materials 
were  placed  in  the  drum,  this  indicator  auto- 
matically recorded  the  revolutions  of  the 
mixer  and  at  the  proper  number  a  bell  would 
ring,  indicating  to  the  man  at  the  discharge 
end  that  the  batch  was  ready  to  be  removed 
from  the  drum.  This  device  is  a  great  step 
forward  in  the  proper  mixing  of  concrete,  for, 
by  determining  the  R.  P.  M.  of  the  drum,  set- 
ting the  indicator  proper  and  following  the 
signal  given  by  it,  thorough  mixing  is  insured. 


J4  to  ii  in.  in  thickness.  This  made  excellent 
runways  for  the  wheelbarrow  and  reduced  the 
labor  of  wheeling,  and  the  contractor  who 
used  this  scheme  thought  that  it  saved  him 
considerable  money  on  his  job.  Such  a  point 
might  well  be  worthy  of  consideration. 

All  working  parts  of  the  concrete  mixer 
such  as  are  liable  to  cause  accidents  to  the 
workmen  or  to  have  their  working  interfered 
with  by  clogging  from  cement  dust  or  par- 
ticles of  aggregate  should  be  housed  in.  Some 
makers  of  mixers,  especially,  in  the  newer 
models,  are  providing  for  such  housing,  but 
where  this  is  not  provided  for  some  simple 
covering  can  be  placed  around  movable  parts, 
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Fig.  5.    Types  of  Concrete  Curb  Constructed 
Integral   With   the   Pavement. 

which   will   facilitate   the   reliable   working  of 
the  mixer  and  safeguard  the  workmen. 

FINISHING. 

When  a  concrete  pavement  is  greater  than 
20  ft.  in  width,  it  is  difficult  to  strike  off  with- 
out a  specially  constructed  strikeboa-d,  and 
this  fact  has  led  to  the  development  of  strike- 
boards  for  this  purpose.  In  a  general  way,  it 
may  be  stated  that  the  object  in  these  devices 
is  to  lessen  the  necessary  force  for  pulling  the 
strike-board  longitudinally  along  the  pave- 
ment. Their  development  ranges  from  a  sim- 
ple    strike-board     which     rests     upon     rollers 


either    end.      The    motion    should    be    a    com- 
bined sawing  and   forward  motion. 

After  a  concrete  road  or  pavement  has  been 
struck  off,  it  is  necessary  to  smooth  the 
roughened  surface  with  a  wood  float,  and  the 
finishers  should  not  be  allowed  to  walk  in 
the  newly  laid  concrete,  as  this  injures  it. 
Therefore,  some  sort  of  a  bridge  is  necessary 
from  which  the  workmen  can  finish  the  con- 
crete surface.  These  bridges  are  easily  con- 
structed and  are  built  of  many  tvpes,  but  the 
one  shown  in  this  illustration  is  to  be  recom- 
mended for  road  work.  It  consists  merely  of 
two  3  X  3-in.  angles,  a  12  x  12-in.  plank,  two 
%-in.  rods  with  a  nut  on  one  end,  and  two 
short  pieces  of  4  x  4-in.  lumber.  For  tighten- 
ing the  iron  rods  and  giving  the  board  the 
desired  arch,  it  can  be  placed  upside  down 
upon  two  supports  at  its  ends.  One  or  two 
men,  standing  in  the  middle  of  this  board,  will 
deflect  it  sufficiently  to  permit  of  the  rods  be- 
ing placed.  It  is,  perhaps,  a  little  more  diffi- 
cult to  build  a  floaters  bridge  for  the  wider 
pavements.  However,  this  may  be  economic- 
ally accomplished  by  constructing  a  simple 
truss  which  can  carry  the  workmen's  plat- 
form. The  bridge  may  be  easily  moved  along 
the  curb  on  wheels  properly  fastened  and 
braced  to  the  main  members  of  the  truss. 

H.^NDLING    CEMENT    S.^CKS. 

There  is  no  subject  upon  which  the  cement 
manufacturer  and  the  contractor  can  get  so 
far  apart  as  upon  the  subject  of  sacks.  Ce- 
ment is  nearly  always  shipped  in  cloth  sacks, 
for  which  the  contractor  is  charged  10  cts. 
apiece.  He  is  given  credit  for  every  sack  re- 
turned to  the  mill  in  condition  to  make  an- 
other trip.  For  every  sack  that  is  not  returned 
in  good  condition  the  contractor  loses  10  cts.. 
and,  therefore,  it  behooves  him  to  take  verv 
good  care  of  the  sacks. 

If  a  cement  sack  becomes  wet  it  is  worth- 
less; if  it  is  used  for  any  other  purpose  than 
that  of  holding  cement,  it  is  likelv  to  become 
injured  so  that  it  can  not  be  used  for  carrying 
cement  again,  and  therefore  the  cement  com- 
pany will  not  pay  the  contractor  10  cts.  for  it. 
It  is  required  that  empty  sacks  be  shipped  to 
the  cement  mills  in  bundles  of  50,  and  the 
illustration.  Fig.  1,  indicates  the  dimen- 
sions in  inches  of  a  home-made  sack  bundler 
and  the  details  of  its  construction.  It  mav  be 
built  of  either  pine  or  oak,  but  the  latter  is 
preferable  because  of  its  strength.  Reason- 
ably good  wormanship  should  produce  a 
bundler  that  should  last  long  enough  to  pay 
for  its  cost  many  times  over. 

The  .50  sacks  are  placed  on  the  table  be- 
tween the  two  sideboards  with  two  wires  un- 
der the  pile  and  one  long  wire  running  length- 
wise on  top  of  the  pile.     One  end  of  an  iron- 
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bar  is  placed  through  the  "I"  boh,  as  shown 
at  G,  and  the  other  end  of  the  iron  bar  is 
hooked  under  the  swing  hook  "I."  This  oper- 
ation resuUs  in  the  sacks  being  held  together 
very  tightly  and  in  an  easy  position  to  tie. 
The  operator  then  ties  the  short  wires  over 
the  sacks,  thus  bundling  the  sacks  over  the 
long  wire.  The  bundle  is  then  released  by 
withdrawing  the  iron  bar.  The  operator  then 
brings  the  long  wire  around  the  ends  of  the 
bundle  and  takes  a  hitch  with  the  long  wire 
around  the  two  short  ones  that  have  already 
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Fig.  6.    Method  of  Setting  Stakes  at  Street 
Intersections. 

been  tied.  The  long  wire  is  then  turned 
around  the  middle  of  the  bundle  and  tied 
tightly,  thus  forming  a  tight,  compact  bundle 
of  sacks.  The  bundle  is  so  tied  as  to  insure 
practically  every  sack  getting  to  its  destina- 
tion. Tarred  tw.ine  has  been  used  with  suc- 
cess instead  of  wire  for  tying  up  a  bundle  of 
sacks.  This  twine  must  be  at  least  3/16-in. 
thick  to  conform  to  the  rules  of  the  rail- 
way companies. 

STORING    CEMENT. 

It  has  just  been  shown  why  it  is  advisable 
to  keep  cement  sacks  from  getting  wet.  The 
same  applies  in  a  greater  degree  to  the  stor- 
ing of  cement  on  the  job  before  using.  It 
should  never  be  laid  directly  on  the  ground, 
but  should,  in  all  cases,  be  placed  upon  planks 
blocked  up  off  the  ground  and  adequately  cov- 
ered against  rain,  dew,  etc.  A  very  convenient 
arrangement  is  a  cement  table  near  the  skip 
of  the  mixer.  The  laborer  carries  the  cement 
from  the  sack  pile  to  this  table  in  a  wheel- 
barrow. The  table  is  at  a  convenient  height 
for  the  man  who  opens  the  sack  and  dumps 
it  into  the  mixer.  A  bar  may  be  attached  to 
the  skip  of  the  mixer  at  the  same  height  as 
the  cement  table,  which  will  assist  the  laborer 
in  dumping  the  cement  into  each  batch. 

INTEGRAL    CURBS. 

The  use  of  an  integral  curb  with  concrete 
pavements  is  by  no  means  a  new  thing.  It 
has  frequently  been  used  in  connection  with 
the  construction  of  concrete  driveways,  but  its 
use  with  public  roads  and  streets  of  concrete 
has  not  been  developed  materially  until  the 
year  1914.  .^n  integral  curb,  if  properly  con- 
structed, should  serve  all  the  purposes  of  a 
curb  constructed  separately  from  the  pave- 
ment itself.  Its  cost  will,  of  course,  be  ma- 
terially less.  The  shape  of  these  curbs  may 
be  and  have  been  of  various  types  to  comply 
with  special  conditions  which  were  to  be  met 
with.  Curbs  may  be  formed  by  sha[)inK  the 
end  of  the  strike-board  to  form  the  curbing. 
These  types  are  applicable  only  to  boulevards, 
park  systems  and  light  work  where  no  definite 
curb  is  desired  and  yet  a  waterway  is  neces- 
sary. The  extra  material  required  for 
such  curbs  is  so  small  that  its  cost  is  neglig- 
ible, and  it  is  doubtful  if  the  cost  of  the  pave- 
ment proper  is  increased  to  any  appreciable 
extent  thereby.  The  cost  of  the  integral  curb 
on  Mdth  St.,  Indianapolis,  was  3  cts.  per  square 
yard  of  pavement  surface,  which  made  the 
cost  of  the  curbing  4%  cts.  per  linear  foot. 
It  is  proved  every  day  that  no  hard  surfaced 
pavement  can  stand  successfully  unless  the 
subgrade  is  thoroughly  drained.  The  best 
place  to  put  this  drain  is  outside  of  the  pave- 
ment   itself,    so    as    to    intercept    the    ground 


water  and  prevent   it   accumulating  under  the 
pavement   where  it  will  later  cause  trouble. 

The  illustration  shows  a  detail  of  the  integral 
curb  constructed  with  the  concrete  pavement 
on  Sheridan  Road,  Highland  Park,  Illinois, 
this  year.  This  pavement  was  of  the  two- 
course  type.  The  outside  form  was  placed 
with  its  top  at  the  elevation  of  the  top  of  the 
proposed  curb  and  the  pavement  was  then 
struck  off.  Afterward  a  board  was  suspended 
from  the  outside  form  and  rested  upon  the 
concrete  pavement  surface  to  form  the  inside 
*  form  for  the  curb.  The  space  for  the  curb 
was  then  filled  with  the  concrete  material  for 
the  top  course,  which  was  a  mixture  of  1 :2, 
the  aggregate  ranging  from  J4  in.  down.  This 
is  a  very  pretty  job  of  integral  curb  work  and 
seems   to   be   entirely  satisfactory. 

In  laying  concrete  pavements  in  hot  weather 
where  a  rich  top  surface  of  a  rather  wet  con- 
sistency is  used,  it  will  be  found  that  shrink- 
age cracks  may  develop  before  the  concrete 
has  hardened  sufficiently  to  receive  an  earth 
cover  unless  some  other  provision  for  cover- 
ing is  made.  The  best  method  to  prevent 
shrinkage  cracks  is  to  cover  the  freshly  laid 
concrete  with  canvas  and  keep  this  wet  if  it 
is  found  that  it  will  not  alone  prevent  the  for- 
mation of  these  cracks. 

TOOLS. 

Of  all  the  tools  used  on  concrete  roads, 
probably  none  should  be  of  more  interest  to 
this  audience  than  the  split  float,  because  of 
the  fact  that  in  some  cases  roads  and  pave- 
ments are  built  without  protection  at  expan- 
sion joints.  When  expansion  joints  are  built 
without  protection  plates,  it  is  always  advis- 
able to  allow  the  expansion  material,  usually 
tarred  felt,  to  extend  a  short  distance  above 
the  finished  surface  of  the  pavement  so  that 
later  it  will  iron  out  over  the  joint  and  pro- 
tect  the   edges   of    the   concrete. 

Those  of  you  who  have  seen  concrete  roads 
or  pavements  constructed  in  this  way,  have 
no  doubt  found  that  it  is  difficult  for  the  aver- 
age workman  to  finish  the  concrete  on  both 
sides  of  the  tarred  felt  at  the  same  level  where 
this  felt  extends  from  %  to  2  ins.  above  the 
finished  surface  of  the  pavement.  To  obviate 
this  difficulty  the  split  float  as  shown  in  the 
illustration  was  designed.  It  consists  of  two 
small  wooden  floats  spread  about  %  in.  and 
connected  by  the  handle.  The  tarred  felt  is 
allowed  to  extend  between  the  two  parts  of 
the  float  and  it  is  moved  transversely  across 
the  pavement  in  line  with  the  felt.  In  this 
way  it  is  very  easy  to  finish  the  concrete  on 
both  sides  to  the  same  level.  This  is  a  sim- 
ple and  economical  tool  and  may  easily  be 
home-made.  It  has  been  my  experience  that  a 
very  convenient  tool  for  concrete  paving  work 
is  the  lute.  I  refer  to  the  tool  which  is  in 
common  use  to  smooth  out  the  sand  cushion 
with  brick  paving  work.  Those  of  you  who 
have  finished  a  concrete  pavement  from  a 
finishing  bridge  will  realize  that  my  sugges- 
tions of  knee  pads  for  the  finisher  is  of  in- 
terest. 

There  are  a  number  of  types  of  commercial 
metal  forms  for  road  construction,  each  hav- 
ing its  own  "kinks,"  which  are  applicable  in 
most  cases  only  to  their  own  particular  case. 
Therefore,  I  will  not  take  up  such  special 
cases  for  undoubtedly  the  contractor  who  pur- 
chases metal  forms  will  obtain  with  them  all 
necessary  information  for  their  operation, 
which,  of  course,  must  be  satisfactory  to  the 
engineer, 

PROTECTION     PL.i^TES. 

When  protection  plates  at  tranverse  expan- 
sion joints  arc  used  the  plates  do  not  always 
arrive  on  the  job  in  satisfactory  condition, 
for  the  rough  handling  they  receive  in  ship- 
ping will  sometimes  bend  them  out  of  shape. 
For  this  reason  some  suggestions  may  be 
found  of  value  when  installing  protection 
l)lates  in  concrete  pavements.  To  bend  out 
the  shear  anchors  of  steel  plates,  use  a  .3(i-in. 
length  of  lV4-in.  pipe.  It  is  a  good  idea  to 
give  the  prongs  a  half  turn  after  thev  are  bent 
up — a  monkey  wrench  is  a  convenient  tool  to 
use  for  this  purpose.  For  wide  pavements  the 
installing  device  will  sag  a  certain  amount  so 
that  in  making  up  a  joint,  three  "horses"  may 
be  necessary  and   when  the  workmen   set  the 


"T"  installing  bar  on  them,  they  should 
stretch  a  chalk  line  over  the  ends  and  raise 
or  lower  the  center  horse  until  the  crown  at 
the  center  of  the  bar  is  correct.  The  workmen 
can  then  proceed  to  fit  the  steel  plates  to  the 
"T"  bar  and  know  that  when  they  fit  they 
are   correct   for  the   crown. 

Plates  as  they  come  from  the  factory  are 
not  always  uniformly  curved  and  must  be 
"pened"  out  with  a  hammer.  A  3-lb.  ball  pene 
or  machine  rammer  is  most  satisfactory  and 
a  small  anvil  or  length  of  railway  rail  is  con- 
venient. Very  often  when  the  plates  are 
placed  on  the  "T"  bar  they  touch  it  in  several 
spots  only  throughout  its  length.  Hammering 
down  the  edge  of  the  plate  will  have  no  effect 
whatsoever  on  the  Baker  type,  but  if  the  plate 
is  laid  flat  on  an  anvil  and  the  ball  end  of  the 
hammer  is  used  to  strike  at  the  points  where 
the  plate  does  not  touch  the  bar,  the  plate  will 
be  expanded  at  those  places  and  so  will  con- 
form to  the  proper  curve  with  one  or  two 
trials.  It  is  important  to  have  this  done,  as 
otherwise  the  steel  will  catch  on  the  strike- 
board  in  places  and  leave  hollows  in  others, 
will  look  very  bad  and  will  not  provide  ade- 
quate protection. 

No  matter  how  carefully  the  protection 
plates  are  prepared,  they  are  certain  to  gap 
open  in  places  after  the  "T"  bar  is  stripped, 
so  that  it  is  a  good  idea  for  the  workman  to 
run  a  light  (16-gage)  wire  through  the  felt  at 
points  about  36  ins.  apart,  passing  one  end  of 
it  through  the  holes  left  by  the  shear  prongs, 
and  the  other  over  the  top  of  the  plates. 
These  two  ends  are  then  twisted  up  and  hold 
the  plates  closely  together  after  the  installa- 
tion bar  is  stripped.  They  are  on  the  surface 
of  the  pavement,  but  as  they  do  no  harm  can 
be  left  in  place. 

In  placing  a  joint  on  a  wide  street  with  a 
"T"  bar  installation  there  will  be  some  sag 
at  the  center.  This  may  be  prevented  by  the 
use  of  a  pin  having  a  lug  upon  one  side.  The 
pin  is  driven  and  the  lug  is  set  by  measuring 
from  a  line  stretched  from  one  side  of  the 
pavement  to  the  other  over  the  forms  or 
curbs  so  that  it  will  be  at  the  exact  elevation 
desired  for  the  surface  of  the  finished  pave- 
ment. The  "T"  bar,  when  set  in  place,  rests 
upon  the  lug.  It  may  be  necessary  to  use 
three  of  these  pins,  one  at  the  center  of  the 
street  and  one  at  each  of  the  quarterpoints. 
Wooden  stakes  are  often  forgotten  and  left 
in  the  pavement.  The  iron  stake  can  be  given 
a  quarter  turn  to  release  the  shoulder  and 
will  never  be  forgotten  because  it  projects 
above  the  concrete. 

In  case  of  pavement  construction  provided 
with  curb  it  sometimes  occurs  that  the  top  of 
the  curb  is  uneven  so  that  the  installing  bar 
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Fig.  7.    Sketch  Showing  Procedure  for  Strik- 
ing of  Intersections  by  the  Use  of  Ground 
and   Straight   Edge. 

is  not  set  to  give  exactly  the  proper  depth  of 
protection  plates  below  the  top  of  the  curb. 
Therefore,  it  may  be  necessary  to  place  a  shim 
under  the  handles  of  the  installing  bar  rest- 
ing upon  the  curlis.  In  all  cases  extreme  care 
should  be  used  to  set  the  protection  plates  so 
that  they  will  confonn  to  the  surface  of  the 
finished  pavement  exactly,  and  care  should  be 
used  in  finishing  to  obtain  the  same  results  as 
expansion  joints  set  high  or  low  are  very  ob- 
jectionable. 
At   dead    cuds    of    concrete    pavement    or 
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where  concrete  pavement  abuts  another  pave- 
ment already  in  place,  one  protection  plate 
should  be  used  to  protect  the  edge  from  the 
traffic  that  it  will  receive. 

The  installation  of  improtected  joints  is  un- 
doubtedy  simpler,  and  any  arrangement  that 
will  hold  the  felt  in  its  proper  position  until 
concrete  is  placed  on  both  sides  is  satisfactory. 
However,  a  method  that  will  keep  the  felt  in 
plain  view  at  all  times  would  seem  to  be  de- 
sirable, therefore,  a  piece  of  2-in.  plank  with 
handles .  which  will  support  it  upon  the  side 
forms  and  to  which  a  number  of  wing  nuts 
are  attached  to  hold  the  felt  in  position  has 
been  found  to  be  one  of  the  most  satisfactory 
methods  of  installation.  The  concrete  is 
placed  on  both  sides  of  this  installing  device, 
and  when  a  sufficient  distance  back  of  the 
board  has  been  reached,  the  wing  nuts  are 
turned,  releasing  the  felt  and  the  installing  de- 
vice is  removed.  Care  must  necessarily  be 
exercised  to  remove  this  installing  device  be- 
fore the  concrete  begins  to  harden. 

The  placing  of  intersections  entails  a  small 
amount  of  special  construction,  for  the  strike- 
board  or  template  used  on  straight  of  way 
work  will  not  be  of  service  here. 

STREET   INTERSECTIONS. 

Figure  6  shows  a  rough  sketch  of  the 
street  intersection.  The  surest  way  to  get  a 
true  surface  is  to  have  stakes  driven  into  the 
subgrade  with  their  tops  at  the  proper  level 
of  the  finished  pavement.  The  conditions  ex- 
isting on  the  particular  job  in  question  will  de- 
termine the  number  of  stakes  necessarv  to  use. 
On  concrete  streets  where  the  crown  is  low  it 
has  been  found  good  practice  to  raise  the  cen- 
ter of  the  intersection  about  one  inch  above 
what  it  would  be  were  the  crown  to  run 
through  on  a  straight  line.  This  insures  that 
there  will  be  no  unsightly  sag  in  the  inter- 
section and  that  it  will  shed  water  readily. 
The  pavement  at  the  three  wings  will  usually 
be  in  place,  but  if  not,  the  points  "B"  and 
"D"  should  first  be  set.  The  stake  "A"  at 
the  center  of  the  intersection  may  be  set  from 
a  straight  line  stretched  between  curbs  or 
forms  at  opposite  corners.  Stakes  "C"  may 
be  set  from  a  straight  line  between  "A"  and 
points  "B."  Finish  by  setting  stakes  "E"  from 
lines  stretched  between  two  opposite  points 
."D"  in  any  direction.  All  these  stakes  are,  of 
course,  established  to  show  the  true  surface 
proposed  for  the  pavement.  It  is  convenient 
to  drive  a  spike  in  the  top  of  each  stake  so 
that  it  will  not  become  lost  and  be  left  in  the 
pavement  after  concrete  is  placed. 

There  are  a  number  of  ways  of  placing  con- 
create  at  intersections,  but  where  sufficient 
stakes  can  be  set  it  is  satisfactory  to  finish 
the  concrete  with  the  use,  preferably,  of  knee 
boards  and  short-handled  float  or  bv  the  use 
of  a  long-handled  float.  The  concrete  is 
brought  to  the  surface  required  before  finish- 
ing by  the  use  of  a  lute.  Bear  in  mind  that 
walking  in  the  concrete  after  it  has  been  put 
in  place  is  always  a  bad  feature. 

PROTECTION   WHILE   CtlKING. 

It  sometimes  occurs  that  a  sudden  storm 
■will  arise  when  a  considerable  amount  of  fin- 
ished concrete  pavement  has  been  placed  but 
has  not  had  sufficient  time  to  harden.  Rain 
on  the  surface  of  a  pavement  in  this  condi- 
tion will  pit  it.  Sufficient  canvas  should  al- 
ways be  at  hand  to  cover  all  unhardened  work, 
but  where  this  is  not  at  hand  pitting  may  be 
prevented  by  sprinkling  the  unhardened  con- 
crete surface  with  a  light  layer  of   fine  sand. 

You  are  all  undoubtedh'  familiar  with  the 
custom  of  covering  the  finished  concrete  sur- 
face with  a  layer  of  earth,  sawdust,  straw, 
shavings,  or  other  material,  which  is  kept  wet 
to  prevent  the  drying  out  of  the  concrete.  One 
ingenious  contractor  developed  an  idea  which 
has  been  considerably  adopted  as  a  substitute 
for  the  use  of  an  earth  cover.  Earth  dams. 
about  8x8  ins.  are  placed  at  the  sides  of 
the  pavement  longitudinally  and  occasionally 
transversely.  The  pavement  is  then  flooded 
with  water  to  a  depth  of  2  or  .3  ins.  If  the 
dams  are  properly  made  with  a  good  clay  soil, 
the  water  will  not  have  to  be  renewed  for 
five  or  six  days.  This  method  is  not  feasible 
on  slopes  greater  than  2  per  cent.  Some  com- 
parative  cost   data  is   at   hand   on  placing  an 


earth  cover  and  sprinkling,  as  against  ponding. 
These  figures  are  the  average  cost  of  17  days' 
work.  The  average  cost  of  placing  an  earth 
covering  and  sprinkling  was  found  to  be  $10 
per  day.  The  average  cost  of  ponding  was 
found  to  be  $4.50  per  day. 

It  is  a  good  plan  to  protect  the  unhardened 
surface  of  concrete  pavement  from  dogs, 
chickens,  etc.,  when  leaving  the  job  at  night, 
and  a  small  amount  of  wire  fencing  roughly 
supported  at  its  edge  will  satisfactorily  ac- 
complish this  purpose  on  most  jobs. 

The  placing  of  any  concrete  work  in  • 
weather  which  is,  or  is  liable  to  fall  to,  freez- 
ing or  below,  requires  precautionary  methods. 
The  usual  specifications  require  that  no  con- 
crete be  placed  when  the  temperature  is,  or 
in  the  opinion  of  the  engineer,  will,  within 
24  hrs.,  fall  below  35°  F.  When  there  is  any 
question  about  the  temperature,  the  pavement 
surface  should  be  protected  against  a  tem- 
perature drop  before  the  work  is  left  at  night. 
Extensive  experiments  which  have  recently 
been  conducted  show  that  a  generous  layer  of 
straw  covered  with  canvas  is  the  best  protec- 
tion of  those  generally  used,  to  the  pavement 
against  low  temperature.  Canvas  supported 
above  the  surface  of  the  pavement  and  closed 
at  the  sides,  under  w^hich  steam  from  the 
boiler  of  the  mixer  is  turned,  has  been  used 
and,  of  course,  with  success,  but  I  do  not  be- 
lieve that  this  method  will  commend  itself,  for 
economical  reasons,  to  many  contractors  and 
engineers  who  are  building  concrete  highways. 

It  may  be  well  to  give  just  a  word  of  warn- 
ing about  opening  the  concrete  pavement  to 
traffic.  The  time  of  opening  under  the  most 
favorable  conditions  for  hardening  should  not 
be  less  than  two  weeks  and  where  the  weather 
is  cool  and  rainy  this  time  should  be  length- 
ened considerably.  The  best  time  can  only  be 
determined  by  one  familiar  with  weather  con- 
ditions, but  it  is  a  good  plan  to  play  safe 
when  in  doubt,  for  several  examples  may  be 
cited  of  pavements  which  have  been  destroyed 
by  turning  traffic  upon  them  too  soon. 

HAULING    MATERIALS. 

The  hauling  cost  is  a  large  part  of  the 
cost  of  any  paving  construction  and  a  care- 
ful study  to  find  the  best  method  of  handling 
this  proposition  will  generally  effect  a  great 
economy  in  the  work.  On  some  large  jobs  in- 
dustrial railways  have  been  used  with  excel- 
lent results  and  there  is  a  talk*  on  this  sub- 
ject on  the  program  for  tomorrow  which 
will,  no  doubt,  give  some  valuable  informa- 
tion on  this  subject.  From  year  to  year  the 
automobile  truck  is  taking  the  place  of  teams 
and  wagons.  It  does  not  seem  that  at  the 
present  time  this  method  of  hauling  is  adopted 
to  all  lengths  and  kinds  of  haul,  but  I  have 
some  cost  data  on  hauling  by  auto  trucks 
which  I  will  give  you.  On  Route  1,  of  the 
State  Aid  Road  in  Kane  County.  Illinois,  ag- 
gregate was  supplied  bv  the  contractors  by  the 
Essen  Sand  Co.,  of  Chicago,  with  a  5-cu.  yd. 
auto  truck.  When  they  had  a  2%-mile  haul 
over  an  old  macadam  road,  one  truck  carrying 
5  cu.  yds.  made  13  trips  in  10  hrs.  This  truck 
was  loaded  from  bins. 

On  Section  A,  Route  1,  of  Dupage  County. 
Illinois,  a  5-cu.  yd.  auto  truck  made  9  trips 
in  10  hrs.,  each  trip  being  6  miles  in  length. 
The  truck  on  this  day's  service  consumed  27 
gals,  of  gasoline,  .^n  exhibitor  at  the  Sixth 
Good  Road  Show  in  Oiicago  during  Decem- 
ber. 1914,  had  on  exhibition  an  auto  truck 
for  which  he  claimed  that  the  power  is  auto- 
matically shifted  to  any  of  the  four  wheels 
=0  that  if  three  of  the  wheels  are  in  the  mud 
and  the  fourth  is  out,  the  power  will  be_  trans- 
mitted to  that  wheel  and  the  truck  will  pull 
throu.gh. 


Methods   and   Cost  of  Concrete   Road 

Construction  by  Day  Labor  Under 

the  Supervision  of  the  Illinois 

Highway  Commission. 

More  than  60.000  sq.  yds.  of  concrete  roads 
have  been  constructed  by  day  labor  under  the 
supervision  of  the  Illinois  Highway  Commis- 
sion. In  a  paper  before  the  Illinois  Society  of 
Engineers    and    Surveyors,    A.    H.    Hunter,    a 


division  engineer  of  the  Commission,  discussed 
the  details  of  this  work,  and  his  paper  is  given 
here. 

Before  entering  into  a  discussion  of  con- 
crete roads  built  by  day  labor  under  the  su- 
pervision of  the  Illinois  Highway  Depart- 
ment, I  wish  to  call  attention  to  the  many 
large  subjects  which  may  be  included  under 
this  heading.  The  subjects  of  excavation, 
drainage,  aggregate,  mixture  and  expansion, 
with  perhaps  others,  are  each  sufficiently  large 
to  supply  material  for  an  article  of  consider- 
able length.  However,  I  will  give  only  an  out- 
line of  our  method  of  handling  this  work  and 
devote  some  space  to  the  vital  points  of  con- 
crete road  construction. 

THE   ILLINOIS    HIGHWAY   COMMISSION. 

The  State  Highway  Commission  was  creat- 
ed by  an  act  of  the  Illinois  General  Assembly 
in  Februarv-,  1905.  One  of  the  duties  imposed 
by  this  act  was  that  an  investigation  in  road 
building  should  be  made  in  which  different 
methods  of  construction,  kinds  of  material  and 
system  of  drainage  should  be  employed  in 
order  to  determine,  if  possible,  the  character 
of  road  best  suited  to  the  various  sections  and 
soil  conditions  of  the  state.  It  was  also  re- 
quired that  a  complete  record  of  all  cost  should 
be  kept  and  that  standards  for  the  construc- 
tion of  highways  should  be  developed.  Even 
under  the  law  enacted  two  years  ago,  this 
condition  remains  much  the  same  as  in  the 
original  bill.  To  carry  out  such  an  undertak- 
ing as  this,  money  was  necessary  and  each 
session  of  the  legislature  has  seen  fit  to  make- 
appropriations  ranging  from  $25,000  per  year 
in  1905  to  $100,000  per  year  at  the  present 
time.  However,  in  the  construction  of  experi- 
mental roads,  the  cost  has  been  borne  largelv 
by  the  local  authorities,  either  directly  througii 
appropriations  of  the  road  authorities  or  b> 
private  subscriptions,  or  a  combination  of  thf 
two. 

The  construction  of  experimental  concrete 
roads  was  first  undertaken  by  the  Illinois 
Highway  Commission  in  the  summer  of  1912. 
from  that  time  until  the  present,  more  than 
60,000  sq.  yds.  of  concrete  surface  has  been 
laid  under  our  plans  and  supervision,  not  ti  i 
mention  several  pieces  let  by  contract,  for 
which  plans  and  inspection  were  furnished, 
but  which  will  not  be  considered  in  this  ar- 
ticle. 

SURVEYS    AND    PLANS. 

Upon  receipt  of  application  for  an  experi- 
mental road  from  the  local  authorities  and 
the  selection  of  the  road,  a  survey  is  made  by 
engineers  from  our  office.  A  transit  line  is 
run,  usually  in  the  center  of  the  old  road,  and 
all  angles  and  turns  noted,  with  stakes  set 
every  100  ft.  in  the  fence  line.  Cross  sections 
are  taken  at  each  station,  B.M.'s  established 
and  checked.  (Care  is  taken  to  provide  good 
drainage  and  inspection  is  made  of  all  bridges 
and  culverts  included  in  the  work.)  The  notes 
are  platted  on  return  to  the  office,  grade  line 
established,  quantities  computed  and  balanced, 
allowing  about  25  per  cent  excess  of  cuts  over 
fills  to  provide  for  waste  and  shrinkage.  This 
percentage  of  excess  is  an  average  value  for 
Illinois  conditions,  but  in  very  heavy  cuts  it 
can  very  well  be  reduced  to  15  per  cent.  In 
very  light  excavation  an  excess  as  high  as  35 
per  cent  has  worked  well.  It  must  be  kept  in 
mind  that  construction  stakes  are  required  on 
concrete  roads  and  no  guessing  at  the  grade 
permitted. 

The  question  of  grade  for  concrete  roads  in 
Illinois  is  not  serious,  due  to  the  nature  of 
the  land.  However,  concrete  surfaces  have 
been  .placed  on  7  per  cent  grades  and  are  prov- 
ing very  satisfactory. 

SUPERVISION     AND     EQUIPMENT. 

On  commencing  construction  a  resident  en- 
gineer from  the  office  of  the  State  Highway 
Department  is  given  complete  charge  of  the 
work.  He  is  assisted  by  one  or  more  foremen, 
a  timekeeper  and  such  other  assistance  as  may 
be  required.  In  many  instances  one  of  the 
local  highway  commissioners  is  employed  as 
foreman,  for  it  has  been  found  that  local  men 
are  better  acquainted  with  the  local  conditions 
and  their  assistance  in  securing  labor  and  ma- 
terials has  been  valuable.  The  state  supplies 
a  10-ton  roller  and  a  concrete  mixer  and  in- 
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cidental  equipment.  In  some  instances  a 
scarifier,  car  dumps  and  wheel  scrapers  have 
been  furnished.  To  operate  concrete  machin- 
ery to  advantage,  experienced  men  are  re- 
quired. To  secure  such  help  it  has  been  the 
policy  of  our  department  to  supply  two  ma- 
chinery operators.  These  men  are  on  the  pay- 
roll of  the  state  and  the  local  people  are  at 
no  expense  for  their  services.  In  the  early 
period  of  construction  the  operators  are  busy 
in  assembling  the  machinery  or  rolling  the 
subgrade,  while  later  they  are  employed  in 
operating  the  concrete  mixer. 


CROSS   SECTION. 

Figure  1  (a)  is  a  standard  cross  section  used 
in  construction  of  the  earlier  concrete  roads. 
The  subgrade  was  crowned  3  ins.  in  roads  16  ft. 
wide,  while  in  9  or  10  ft.  roads  it  was  crowned 
1  in.  Drainage  was  provided  by  means  of  two 
sets  of  ditches,  filled  with  coarse  aggregate, 
namely :  longitudinal  and  lateral  drains.  The 
former  consists  of  a  6x8-in.  trench  under  the 
outer  edge  of  the  concrete  continuing  for  the 
entire  length  of  the  road.  The  latter  extends 
from  the  longitudinal  drain  to  the  side  ditch 
and   is   of   the    same    manner   of   construction 
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Fig.   1.    Cross   Sections    Used   on    Experimental   Concrete   Roads  in    Illinois. 


E.XCAVAIION. 

The  excavation  is  carried  on  well  in  advance 
of  the  placing  of  materials,  so  as  to  permit 
the  proper  rolling  and  surfacing  of  the  sub- 
grade.  In  a  level  country  where  there  is  light 
excavation,  the  center  can  be  shaped  with  a 
grader,  the  sides  and  ditches  being  left  until 
after  the  construction  of  the  improved  road- 
way. Heavy  cuts  may  be  handled  by  slips, 
wheelers  or  wagons,  depending  on  the  length 
of  haul.  The  large  fills  must  be  deposited  in 
thin  layers  and  thoroughly  rolled,  so  as  to 
prevent  settlement.  Experience  has  proven 
that  no  amount  of  rolling  can  compact  dry  or 
slightly  moist  earth,  so  water  should  be  ap- 
plied to  such  places  or  the  fill  remain  exposed 
to  the  weather  for  a  long  time  previous  to 
the  placing  of  the  concrete  slab.  The  safest 
method  for  heavy  fills  is  to  place  the  earth 
one  season  and  withhold  the  road  surface  un- 
til the  following  year.  Very  little  rock  ex- 
cavation has  been  encountered,  and  on  only 
one  road  constructed  in  1914  did  the  excava- 
tion of  rock  reach  1,200  cu.  yds. 

SUBGRADE. 

"fhe  advantages  of  concrete  roads,  their 
thickness,  character  f  the  mixture  and  their 
length  of  service  are  questions  attracting  the 
attention  of  many  road  engineers  today.  The 
success  of  a  concrete  road  depends  largely 
upon  the  closely  related  questions  of  subgrade 
and  drainage.  No  concrete  road  of  whatever 
mix  and  economic  thickness  of  concrete  can 
ever  prove  ultimately  successful  unless  the 
subgrade  has  been  properly  constructed  and 
provision  made  for  disposal  of  the  surface 
water. 

It  seems  that  each  individual  has  his  own 
idea  as  to  what  comprises  subgrade.  To  se- 
cure uniformity  in  our  cost  data,  subgrade  was 
defined  as  that  work  required  to  shape  the 
last  3  ins.  of  earth  material  necessary  to  pro- 
duce the  required  elevation  of  the  earth  base. 
In  all  cost  data  hereinafter  referred  to  the 
above  meaning  of  subgrade  shall  be  under- 
stood. In  some  experimental  roads  the  sub- 
grade  was  completed  by  hand  in  order  to  se- 
cure a  uniform  base,  care  being  taken  not  to 
permit  any  excavation  or  furrows  below  the 
plane  of  the  base.  In  concrete  roads,  it  is 
highly  desirable  to  have  the  earth  sub-base 
uniform,  as  soft  spots  and  hard  lumps  are 
equally  harmful.  When  the  hand  work  has 
been  completed  the  earth  should  be  rolled  until 
firm.  As  a  matter  of  economy  the  subgrade 
should  conform  to  the  cross  section  and  grades 
so  that  additional  concrete,  which  is  expensive, 
may  be  avoided.  As  a  detail  of  construction, 
it  is  equally  important  that  thin  places  in  the 
concrete  be  avoided  for  such  places  give  con- 
ditions sure  to  develop  cracks.  Cracks  are 
undesirable  in  a  concrete  road  so  every  effort 
should  be  made  to  eliminate  them  or  at  least 
reduce  their  number  to  a  minimum. 


as  the  first.  They  are  usually  placed  opposite 
the  end  of  each  expansion  joint,  and  at  such 
other  places  as  the  character  of  the  soil  seems 
to  warrant.  The  purpose  of  such  drains  is  to 
prevent  the  collecting  of  water  underneath  the 
slab.  This  water,  if  not  removed,  would  make 
possible  serious  frost  action  resulting  in  longi- 
tudinal cracks.  The  efficiency  of  these  drains 
has  been  much  questioned,  but  they  were  em- 
ployed in  the  season  of  1914,  in  the  manner 
shown  in  Fig.  2  (b).  On  examining  Fig.  2  (b) 
note  that  the  subgrade  becomes  flat.  In  explana- 
tion of  this  change  I  will  say  that  it  has  been 
found  that  a  longitudinal  crack  developed  in 
many  of  the  slabs  of  concrete  road  that  had 
been  made  according  to  Fig.  1  (a),  this  crack 
almost  always  appearing  well  within  the  middle 
third.  Since  these  cracks,  very  undesirable, 
were  common,  it  seemed  probable  to  us  that 
they  could  be  eliminated  by  strengthening  this 
portion  of  the  road.  This  was  readily  ac- 
complished by  a  reduction  of  the  crown  of  the 
earth  sub-base  and  a  corresponding  increase 
in  thickness  of  the  concrete.  In  addition,  these 
cracks  were  found  to  widen  rapidly,  much  in- 
creasing the  seriousness  of  their  occurrence. 
We  reasoned  that  the  action  of  gravity  would 
slowly  separate  one  section  from  the  oiher, 
and  these  sections  of  slab  once  cracked  longi- 
tudinally, acted  as  separate  units,  contracting 
and  expanding  in  proportion  to  the  change  in 
temperature,  permitting  the  refuse  and  earth 
on  the  road  surface  to  drop  in  the  opening 
and  eventually  prevent  its  return  to  the 
original  position.  How  much  of  this  theory  is 
practical  we  cannot  say,  as  this  section  in  Fig. 
2  (b)  was  employed  only  in  1914,  and  longitu- 
dinal cracks  have  not  as  yet  had  time  to 
develop. 

.Attention  is  called  to  a  comparison  of  (a) 
and  (1))  in  Fig.  1,  in  which  you  will  find 
that  the  crown  of  the  pavement  has  been 
changed  from  3  to  2  ins.  Assuming  that  a  flat 
subgrade  was  desired,  it  would  be  necessary 
to  make  the  thickness  of  the  concrete  at  the 
center  9  ins.  in  order  to  maintain  a  tliickness 
of  6  ins.  at  the  edges.  We  did  not  feel  that 
a  thickness  of  9  ins.  was  required  at  the  cen- 
ter, but  were  convinced  that  6  ins.  was  the 
minimum  thickness  for  the  concrete  at  the 
edge,  so  the  dimensions  given  in  Fig.  1  (b) 
were  adopted. 

SELECTION    OF    AGGREGATE. 

.Attention  should  be  given  to  the  selection 
of  the  aggregate.  In  our  first  experimental 
construction,  it  was  specified  that  the  coarse 
aggregate  should  be  hard,  durable  material, 
passing  a  1-in.  screen,  and  should  include  all 
sizes  down  to  sand  grains.  From  this  it  would 
seem  that  a  well  graded  pit-run  gravel  would 
he  highly  satisfactory.  In  practice,  however, 
it  was  found  that  such  material  of  ideal  mix- 
ture could  scarcely  he  obtained.  In  our  later 
specifications,  the  material  is  separated  into 
coarse  and  fine  aggregate  with  '.he  per  cent  of 


TABLE    I.— TABLES    OF    GRADATION    OF 

AGGREGATE. 

, Coarse    Aggregate. 

Allowable  limits  of  percent- 
Size  of  screen.  age  passing  through. 
llii  in.  round  mesh. . .  .100. 
%  in.  round  mesh. . .  .Not  less  than  40  nor  mora 

than  70. 
Vi  in.  round  mesh. . .  .Not  to  exceed  5. 
Fine  Aggregate. 

Allowable  limits  of  percent- 
Size  of  screen.  age  passing  through. 

1-4  in.  sq.  mesh 95  to  100. 

1-16  in.  sq.  mesh Not  less  than  30  nor  more 

than  75. 

1-50  in.  sq.  mesh Not  more  than  15. 

1-100  in.  sq.  mesh Not  more  than  5. 

material  passing  several  screens  given.  Table 
I  gives  the  requirements  of  our  specifications 
in  regard  td  gradation  of  aggregates. 

MIXING. 

Previous  to  the  building  of  our  first  concrete 
road,  several  concrete  roads  had  been  con- 
structed and  we  endeavored  to  profit  by  the 
experiments  of  those  before  us.  It  has  been 
pretty  well  established  that  lean  mixtures  such 
as  l-2%-5,  1-3-5  or  1-3-6,  are  unsuited  to  con- 
crete pavement  work.  The  past  and  present 
practice  of  the  Illinois  Highway  Commission 
has  been  a  mi.xture  of  1-2-3%.  This  propor- 
tion of  material  insures  a  slight  excess  of 
mortar.  Failures  of  many  concrete  road  sur- 
faces are  probably  due  to  a  lack  of  mortar  in 
the  concrete  as  much  as  to  the  lack  of  cement 
in  the  mortar. 

Water  is  employed  to  construct  the  earth 
sub-base,  the  concrete  slab,  and  to  effect  the 
proper  curing  of  the  concrete  slab  after  it  is 
laid.  Probably  a  fair  amount  of  water  re- 
quired to  construct  and  cure  a  cubic  yard  of 
concrete  when  placed  in  a  road,  would  amount 
to  75  gals. ;  although  in  the  dry  fall  or  sum- 
mer considerably  more  is  required. 

The  problem  that  confronted  our  resident 
engineers  was  to  deliver  this  water  in  sufficient 
quantity  to  the  desired  place.  When  a  road 
adjoined  a  city  having  a  water  system,  good 
results  were  obtained  by  joining  a  pipe  line 
to  a  hydrant  and  placing  T's  at  frequent  in- 
tervals in  the  line  so  that  connection  could  be 
made  to  the  mixer  or  to  a  sprinkling  hose.  In 
sections  of  isolated  country  road,  a  pressure 
pump  operated  by  a  gasoline  engine  was  em- 
ployed. On  one  road  water  was  secured  from 
a  temporary  reservoir  formed  by  damming 
a  stream,  while  in  another  it  was  secured  from 
the  Illinois  River. 


EM 


CO) 


^t^^^%fiv;*l 

( 

b) 

!^l'^f^^:> 

d) 

m 

Fig.    2.     Details    of    Expansion    Joints    Used 
on    Concrete    Roads    in    Illinois. 

It  has  been  our  practice  to  mix  in  a  batch 
mixer,  having  a  capacity  of  12  cu.  ft.,  the  ma- 
terial per  batch  being  measured  by  volume  and 
two  sacks  of  cement  were  taken  as  the  unit. 

The  materials  are  dumped  into  the  mixer 
and  water  added  in  sufficient  quantity  to  pro- 
duce a  plastic  mass.  The  amount  of  water 
necessary  to  obtain  the  desired  consistency  can 
be  secured  only  by  experiment.  Any  varia- 
tion in  the  quality  of  aggregate,  the  amount 
of  moisture  it  contains,  makes  necessary  a 
variation  in  the  amount  of  water  required. 
The   mixed   batch   should   have  only  sufficient 
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TABLE   11.— UNIT   COST  OF  SEVERAL,  CONCRETE  ROADS   BUILT   BY  DAY  LABOR  UNDER  THE  SUPERVISION  OF  THE  ILLINOIS  HIGHWAY 


-1912- 


COMMISSION. 


Amt.  pvt.  laid,  sq.  yds. . . 
Thickness  of  pvt.,   ins.... 

Width  of  pvt.,   ft 

Length  of  haul,  miles.... 

Cost  of  cem.,  per  bbl 

Cem.  per  sq.  yd.  pvt.,  bbl. 
Price  labor,  M.   &  T.,  cts. 
•Sand.     tStone. 

Superintendence     

Exc,    shaping    road    bed, 

trimming  shoulders 

Loading  and  hauling  sand 

and    stone    

Mixing  and  placing  cone. 
Covering    and    seasoning. 

Watchman  and   misc 

Cost  of  sand  and  stone,  f. 

o.    b 

Cost  of  cement,  f.  o.  b. .. 

Expansion    joints 

Reinforcing   steel 

Coal  and  oil  for  mixer. . . 
Forms  and  other  lumber. 


McLean. 
0,000 
6 
•15 
% 
$1.D2-$1.06 
$0.2!) 
20-40 


t    140.00 

307.41 

267.34 
414.63 

isbiii- 

1,017.03 

1,547.15 

4S.67 


DeKalb. 

7,334 

12 

$0.55 
$0.31 
22y2-45 


f    .'^OO.OO 
1,042.37 


596.02 
746.65 


Springfield. 
5,594 

7 
18 

$i.02ys 

$0.29 
25-45 


Carlin- 
ville. 

7,111 

61/4 

16 

•IH-tVs 

$0.98 

$0.33 

20-40 


-1913- 


1914. 


/ ■ L31.0 \  i.,iT. 

Jacksonville.  La  Salle.  Springfield.  Higtiland.     Aurora. 

2,148  10,663  8,566  6,680               ''  i"" 

6  6V4              6-7                       6 

18  20  9-lS                      9 

1V4  %                     %                   4 

$1.2S5  $1.06  $1.02y2  $1.40 

$e.2S  $0.29  $0.30  $0.29 

22i4-44>/>  35-62'^  25.50  20.40 


2,942 

7 

18 

y* 

$1.12 
$0.36 
35-62y2 


Total  sq.  yds., 
Av.   thickness, 

Av.  haul.,  .91 
Av.  cost  cem. 
30  bbls.   cem 


50,038. 
6%  ins. 

mile. 

.,    $1.05    bbl. 
sq.  yd.  pvt- 


Cost  of  Labor  and  Supplies. 
202.00       $    157.50       $      S7.00       $    240.00 


374.48 

1,671.00 

1,250.00 

160.13 


443.82 

603.50 
644.25 

383!75 

1,622.01 

1,551.17 

206.74 


30.75 
35.00 


32.00 
119.77 


Total    $3,964.02       $6,194.42 


119.19 
18.33 

$5,794.76 


700.43 

795.05 
700.68 

i3i!46 

741.00 

2,307.90 

112.40 

100.00 

25.00 

31.75 


231.94         1,682.60 


$    405.00 
2,490.07 


$    20^.00 
1,427.50  ■ 


229.94 
231.37 

ii2;4G 

573.17 

833.08 

28.00 

21."lO 
16.61 


1,798.08 

1,415.40 

260.00 

978.50 

3,352.45 

3,301.00 

299.00 


1,482.46  1,480.00 

1,245.07  656.35 

45. SS 

567.28  234.45 


2,582.05 

3,055.71 

253.28 


2,182.32 

2,794.32 

248.32 


$    225.00 

354.80 

325.70 

442.00 

80.00 

50.00 

1,154.40 

1,193.92 

109.68 


21.49 
79.74 


98.47 
61.80 


99.54 
40.35 


15.00 
40.00 


Superintendence     

Excavation,    etc 

Loading       and       hauling 

sand,  stone  and  cone... 
Mixing  and  placing  cone 
Covering  and   seasoning.. 

Watchman,   etc 

Cost  of  sand  and  stone,  f. 

o.    b 

Cost  of  cement,  f.  o.  b. .. 

Expansion    joints 

Reinforcing   steel 

Coal  and  oil  for  mixer. . . 
Forms   and   other   lumber 


Total 


$0.02S 
.061 

.053 
.083 

!032 

.204 
.309 
.010 

'.006 
.007 

$0,793 


$0,027 
.142 

.081 
.102 

'.026 

.228 
.170 
.022 

'.005 
.016 

$0,819 


$0,036 
.079 

.108 
.115 

!668 

.290 
.277 
.037 

'.022 
.003 

$1,035 


$5,803.07        $2,369.07     $13,632.16 
Unit  Cost  Per  Square  Yard. 
$0,022  $0,040  ■  $0,023 


$12,241.46      ,$9,413.03       $3,990.50         Total    cost. 


.099 

.112 
.099 

'.ois 

.105 
.325 
.016 
.014 
.003 
.005 

$0,818 


.108 

.107 
.108 

'.052 

.269 
.388 
.013 
.002 
.009 
.008 


.158 

.169 
.133 
.024 
.092 

.314 
.310 
.028 

'.021 
.008 


$1,104 


$1,280 


$0,047 
.291 

.173 
.145 

'.066 

.301 
.357 
.030 

'.oii 

.007 
$1,429 


$0,030 
.214 

.222 
.098 
.007 
.035 

.326 
.■118 
.037 

'.ois 

.006 
$1,408 


$0,076 
.121 


Av. 
Av. 


cost   sq. 
cost   sq. 


$63,403.09 

yd $0,036 

yd 142 


.111  Av.  cost  sq. 

.150  Av.  cost  sq. 

.027  Av.  cost  sq. 

.017  Av.  cost  sq. 


.392 
.406 
.037 

'.005 
.014 


Av.  cost  sq. 

Av.  cost  sq. 

Av.  cost  sq. 

Av.  cost  sq. 

Av.  cost  sq. 

Av.  cost  sq. 


.yd 

yd 

yd 

yd 


yd., 
yd. 
yd. 
yd. 
yd. 
yd.. 


.126 

.115 
.004 
.045 

.270 
.329 
.025 
.002 
.011 
.008 


$1,356      Av.   cost   sq.    yd $1.11S 


water  to  give  a  plastic  mass  from  which  the 
cement  and  sand  will  not  separate  when  placed 
in  the  road.  Any  mixture  which  shows  a 
marked  separation  of  coarse  aggregate,  is  too 
wet.  It  was  found  that  wet  concrete  possessed 
two  disadvantages:  (1)  That  the  separated 
coarse  aggregate  collected  in  pockets  and  was 
frequently  lacking  in  mortar  to  fill  its  voids: 
(2)  as  a  consequence  of  pockets  of  coarse  ag- 
gregate, other  pockets  of  mortar  existed.  The 
disadvantage  of  this  condition  was  that  such 
spots,  when  exposed  to  heavy  traffic  wore  rap- 
idly, resulting  in  a  wavy  surface. 

FINISHING. 

The  concrete  placed  between  the  forms  was 
cut  off  to  the  desired  crown  by  means  of  a 
steel-shod  template,  cut  to  the  crown  of  the 
road.  This  template  was  pulled  along  the  side 
forms  with  a  combined  pulling  and  sawing 
motion. 

The  surface  of  all  roads  was  not  finished 
smooth,  but  left  slightly  rough.  A  wood  float 
was  found  to  give  good  results  and  in  a  few 
instances  the  surface  after  being  brought  to 
grade  was  brushed  lightly  with  a  street  broom. 
One  or  two  finishing  devices  have  been  em- 
ployed, but  have  not  given  satisfaction,  so  the 
finishing  remains  to  be  done  by  hand.  On  the 
concrete  roads  constructed  in  Wayne  County, 
Michigan,  some  experiments  were  conducted 
with  mechanical  finishing  devices  in  the  sum- 
mer of  1914,  but  these  do  not  seem  to  have 
proven  satisfactop'-  A  novel  method  of  con- 
crete road  finishing  has  recently  been  em- 
ployed in  the  state  of  Oregon.  A  machine  was 
designed  to  perform  the  two  duties  of  strik- 
ing off  and  compacting  the  newly-placed  con- 
crete. This  machine  is  self-propelling  and 
consists  of  a  roller  and  a  cutting  edge  set  in 
a  frame,  supported  at  the  ends  by  the  side 
forms.  It  seems  to  have  been  successful  in 
striking  off  and  compacting  the  concrete,  but 
the  finishing  seemingly  remained  imperfect  for 
men  with  wood  floats  were  still  required  to 
secure  the  desired  surface.  This  method  of 
rolling,  while  entirely  new,  may  be  of  consid- 
erable importance  and  seems  worthy  of  inves- 
tigation in  the  future. 

CURING. 

Many  inferior  concrete  pavements  result 
from  the  improper  curing  of  the  concrete  slab. 
Shrinkage  cracks  occur  if  the  concrete  has 
not  been  covered  and  kept  thoroughly  moist 
for  a  period  of  10  days.  The  writer  recalls 
one  instance  on  a  concrete  road  when  many 
cracks   appeared   while   the  concrete  was   still 


so  soft  that  your  finger  could  be  pushed  into 
it.  As  prevention  for  such  damage  a  canvas 
is  placed  on  the  newly  constructed  road  as 
soon  as  the  concrete  has  set  sufficiently.  This 
canvas  is  kept  moist  until  the  concrete  is  hard 
enough  to  permit  of  an  earth  covering.  This 
earth  covering  is  kept  thoroughly  wet  for  a 
period  of  10  days. 

SPACING   OF   JOINTS. 

A  concrete  pavement  presents  many  charac- 
teristics totally  unlike  any  other  form  of  pave- 
ment in  general  use.  It  is  practically  a  mon- 
olithic surface,  rigid  and  entirely  lacking  in 
any  resilient  qualities.  Owing  to  the  action 
of  temperature,  there  is  a  tendency  for  the 
concrete  to  lengthen  on  a  hot  day  and  shorten 
on  a  rold  day.  It  is  evident  that  cracks  ap- 
pear on  cold  days,  while  at  the  other  extreme 
of  temperature  the  concrete  will  be  stressed 
under  compression.  If  the  formation  of  hap- 
hazard contraction  cracks  are  to  be  prevented 
it  would  seem  necessary  to  provide  joints  close 
enough  together  that  there  will  be  sufficient 
strength  in  the  concrete  to  drag  one-half  its 
length  between  joints.  In  the  first  expansion 
joints  constructed,  the  length  of  slab  between 
joints  was  taken  as  SO  ft.  On  the  basis  of  the 
assumption  that  each  slab  must  drag  one-half 
its  length  between  joints  and  assuming  the  co- 
efficient of  friction  of  concrete  and  sub-soil 
as  one,  the  tensile  strength  developed  would 
be  approximately  2.5  lbs.  per  square  inch.  How- 
ever, many  contraction  cracks  have  occurred 
even  when  the  above  precautions  were  taken. 

TYPES    OF    JOINTS    USEO. 

In  Figure  2,  (a)  to  (g)  inclusive,  are 
shown  the  character  and  general  method  em- 
ployed to  provide  for  expansion  and  contrac- 
tion. Fig.  2  (a)  is  a  section  of  joint  showing 
two  2  by  6-in.  boards  on  edge  held  apart  by 
wedges  while  the  concrete  was  being  placed. 
When  the  concrete  had  set  slightly  the  wedges 
were  loosened  and  the  two  by  sixes  removed. 
The  lower  part  of  this  slot  was  then  filled 
with  gravel,  while  the  top  was  closed  by 
placing  creosoted  wood  blocks  on  edge  as 
shown  in  the  plan  of  Fig.  2  (c).  The  blocks 
were  carefully  placed,  thoroughly  tamped  and 
left  with  their  upper  surface  about  H  in.  above 
the  concrete  surface.  This  joint  was  employed 
on  the  first  concrete  road  built  and  it  is  not 
proving  up  to  expectations.  Tlie  gravel  or 
sand  slowlv  settled  permitting  the  wood  blocks 
to  sink  below  the  concrete  surface. 

Figure  2  (d)   shows  a  section  of  completed 


expansion  joint,  in  which  the  concrete  edges 
were  protected  by  means  of  Baker  plates.  The 
%-in.  space  shown  is  filled  with  a  bituminous 
filler.  To  obtain  this  space,  sections  of  steel 
plates  were  used  which  separated  the  pave- 
ment for  its  entire  depth.  The  protection 
plates  and  the  plates  for  making  the  expan- 
sion joint  were  held  in  place  by  a  patented 
holder,  shaped  to  the  crown  of  the  pavement 
and  supported  at  the  ends  by  the  side  forms. 
The  concrete  was  then  poured  and  struck  off 
with  tlie  template.  The  concrete  was  permit- 
ted to  take  an  initial  set,  the  holder  loosened 
and  removed,  and  the  steel  plates  removed, 
leaving  the  space  to  be  filled  with  tar  or  as- 
phalt later.  This  joint  was  employed  in  the 
latter  part  of  1912  and  the  season  of  1913.  It 
has  not  proven  entirely  satisfactory.  In. the 
first  place,  its  cost  is  12  cts.  per  foot  of  joint, 
exclusive  of  labor.  In  the  second  place,  it  was 
found  difficult  to  place  on  a  very  wide  road- 
way, resulting  in  slight  lumps  or  depressions. 
To  relieve  the  jolt  thus  occurring  to  a  wagon 
it  was  decided  to  place  the  joint  at  an  angle 
of  60°  with  the  center  line  of  the  roadway,  as 
is  shown  in  Fig.  2  (e).  By  placing  the  joint 
at  this  angle,  only  one  wheel  was  jolted  at  a 
time  and  the  body  of  the  carriage  not  so  much 
disturbed.  Again  it  was  found  desirable  not 
to  place  successive  joints  parallel ;  that  is,  one 
joint  should  be  swung  60°  in  one  direction 
and  the  succeeding  joint  swung  60°  in  the 
opposite  direction.  It  was  found  that  vibra- 
tions caused  by  joints  so  placed  were  com- 
pensating rather  than  accumulating.  This 
angle  of  joints  was  found  undesirable  as 
cracks  frequently  developed  as  shown  at  C. 
Fig.  2  (e).  The  most  recent  joint  constructed 
is  shown  by  Fig.  2,  (f)  and  (g).  Expansion 
is  provided  in  the   54   if-  oi  tar   felt. 

COST    DAT.'\. 

The  cost  data  in  Table  II  was  compiled 
from  a  daily  cost  record  kept  by  our  resident 
engineer.  No  allowance  has  bfen  made  for 
depreciation,  overhead  charges  or  profit. 

The  concrete  roads  built  by  day  labor  have 
served  a  triple  purpose:  (1)  To  determine 
what  modifications  were  necessary  in  the 
methods  of  concrete  road  construction  to 
adapt  it  to  conditions  encountered  in  Illinois. 
In  other  words,  they  were  experimental.  (2) 
They  have  served  the  more  important  purpose 
of  demonstrating  in  many  places  in  this  state 
the  economic  value  of  improved  highways.  (3) 
They  have  supplied  data  valuable  for  the  prep- 
aration of  estimates  for  contract  work. 
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IRIDGE; 


Design  Features  of  the  Various  Types 

of    Reinforced    Concrete    Bridges 

Along  the  Columbia  Highway 

in  Oregon. 

Contributed   by    K.    P.    Billner,    Civil    Engineer, 

Portland,   Ore. 

The    Columbfa    Highway,    which    is    being 

constructed  along  the  course  of  the  CoUimbia 

River    as    it    stretches    east    and    north    from 


this    highway,    and  ^the    results    accomphshed 
are  gratifying. 

The  Columbia  River  flows  in  a  gorge  of 
greath  depth,  the  clifYs  along  which  are  of 
basalt.  The  steepness  of  these  cliffs,  together 
with  the  numerous  entering  canyons  cut  by 
the  bordering  cataracts,  gave  the  locators  of 
this  road  many  difficult  problems,  and  at  the 
same  time  large  possibilities.  The  character 
of  the  country  made  necessary  a  large  num- 
ber  of   bridges.      The   bridge   work   described 


The  factors  which  have  been  foremost  in 
the  construction  of  the  bridges  are  safety  and 
low  cost.  At  the  same  time  there  has  been  a 
constant  aim  toward  the  artistic  and  an  effort 
to  reach  a  state  of  harmony  with  the  sur- 
roundings. The  latter  consideration  made  the 
adoption   of  a   standard   type   impossible. 

THE    LATOURELLE    BRIDGE. 

Immediately  below  the  graceful  Latourelle 
Falls,  there  has  been  constructed  a  bridge  of 
original   design  whose  principal  characteristic 
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Fig.  1.    Plan,  Elevation  and  Cross  Sections  of  Latourelle  Bridge  on  Columbia    Highway,  Multnomah  County,  Oregon. 

Portland,   Ore.,    is   intended   to   be   a   master-  in  this  article  is  located  in  Multnomah  County,  is    an   entire   absence    of   the   massive.     This 

piece    of    highway    construction.      The    scenic  in  which  there  have  already  been  constructed  bridge   is   thought   by    its   designer   to   be   the 

features  of  the  route,  the  expert  location  and  9  concrete  bridges  and  about  30  culverts,  while  lightest  concrete  structure  of  its  dimensions  in 

rigid  requirements,  and  the  results  obtained  on  the     designs     have     been     completed     for     4  this    country.      It   is   312    ft.    long   and   95    ft. 


.3-1"    '^' 


Bars  must  be  heated  before  bending 


1 1 

I  I 

ifieaf  center  of  span;  \  | 


^^i"^- 


Detail  of  Cross  Tie 
^  long,  bars     Tie  as  shown  atevery  junction  of 
•satjuncfh   archribs  and  cols,  ei^ceot  at  piers. 
V  both  ways. 


Note  - 
Outside  of  reinfos  shown  goes  a  wrapping  ot 
'7  wire  around  thejunct'n  of  the  arch  ribs- 


E  ac. 


Fig.  2.    Details  of  Arch,  Floor  System  and  Bracing  of  Latourelle  Bridge. 


that  part  of  the  road  which  is  now  completed 
give  promise  that  the  high  hopes  of  those  in 
charge  of  the  work  will  be  realized.  Special 
care  has  been  exercised  in  the  design  and  con- 
struction  of   the   bridges   and   viaducts   along 


more  bridges.  The  total  length  of  the  com- 
pleted structures  is  approximately  2,500  ft.  The 
purpose  of  this  article  is  to  describe  those 
features  of  the  bridge  work  which  arc  con- 
sidered of  greatest  interest. 


high,  to  the  grade  of  the  roadbed,  and  con- 
tains only  560  cu.  yds.  of  concrete  above 
ground.  The  bridge  has  a  IG-ft.  10-in.  drive- 
way and  a  total  width,  including  two  canti- 
levered  sidewalks  and  railings,  of  25  ft.     The 
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extra  cost  of  the  formwork  for  this  structure 
was  more  than  paid  for  by  the  saving  of  ma- 
terials. The  principles  of  design  used  are 
those  developed  by  the  late  M.  Considere. 

This  light  structure  was  made  desirable  by 
the  difficulty  experienced  in  securing  firm 
foundations.  On  one  side  of  the  canyon  there 
was  encountered  silt  and  boulders  to  a  depth 


The  allowable  stresses  were  as  follows: 

Steel  in  tension,  16,000  lbs.  per  square  inch. 

Concrete  in  compression,  600  lbs.  per  square 
inch. 

Concrete  in  hooped  members,  750  lbs.  per 
square  inch. 

The  ends  of  the  bridge  consist  of  two  gird- 
ers, each  of  which  carries  sets  of  columns  and 
struts  on  which  the  roadway  is  erected.  As 
shown  in  Fig.  1  the  main  portion  of  the  bridge 
consists  of  three  80-ft.  parabolic  arch  spans, 
the  roadway  of  each  span  being  supported  by 
two  arch  ribs.  These  arch  ribs  (see  Fig.  2) 
are  20  ins.  square  and  are  reinforced  with 
eight  longitudinal  1-in.  square  bars  and  with 
No.  0000  hooping  wound  to  18  ins.  in  diameter 
and  a  2-in.  pitch.  The  vertical  columns,  which 
carry  the  weight  of  the  deck  and  its  super- 
imposed load  to  the  arch  rings,  have  a  section 
of   14x12   ins.   and   are    reinforced   with    four 


sidewalk  3  ft.  1  in.  The  railing  extends  3  ft. 
6  ins.  above  the  surface  of  the  sidewalk. 

The  bridge  was  erected  on  falsework,  a 
tower  at  each  end  and  a  cableway  being  used 
to  erect  the  falsework.  Before  the  concreting 
of  the  superstructure  was  started  all  of  the 
forms  were  built  and  braced.  The  main  90-ft. 
columns  were  poured  in  sections,  several 
hours  elapsing  between  pourings.  The  arch 
ribs  were  poured  simultaneously,  commencing 
at  the  spring  lines  and  working  toward  the 
crowns.  The  250  cu.  yds.  of  concrete  in  the 
deck  were  poured  in  one  continuous  20-hour 
operation,  this  work  being  done  after  the 
arches  had  set  for  twelve  days.  The  arch  cen- 
ters were  struck  si.x  weeks  later. 

Figure  5  shows  a  view  of  the  completed 
structure,  and  indicates  the  character  of  the 
country  traversed. 


ek'Wide 


'  Dowsis 


Fig.  3.    Details  of  Columns  Supporting  Inter- 
mediate Spans  of  Latourelle  Bridge. 

of  25  ft.,  while  on  the  other  side  drift  sand 
had  accumulated  to  a  depth  of  nearly  50  ft. 
The  cost  of  penetrating  these  materials  for 
the  abutments  and  piers  of  a  heavy  type  of 
bridge  evidently  would  have  been  very  high. 

The  divided  abutment  at  one  end  of  the 
bridge  was  founded  on  bed-rock,  as  were  the 
two  central  braced  bents  (see  Fig.  1).  The 
other  abutment  is  carried  on  four  columns, 
two  of  which  are  4  ft.  square,  and  the  other 
two  5  ft.  square.  These  columns  extend  to 
rock.  The  thrusts  of  the  arches  are  trans- 
mitted to  the  rock  foundations  by  inclined 
struts,  which  connect  the  tops  of  the  5-ft.  col- 
umns  with   the   bottoms   of  the  4-ft.   ones,   as 


Fig.  4.    Details  of   Reinforced  Concrete    Railing  of  Latourelle  Bridge 


%-in.  round  rods  and  with  No.  7  wire  stays 
spaced  24  ins.  on  centers.  To  provide  against 
bending  moments  in  the  arch  ribs  due  to  par- 
tial loadings  12.xl2-in.  diagonal  members  are 
inserted  in  each  panel.  These  members  are 
reinforced  with  four  %-in.  round  rods  and 
with  No.  7  stays  spaced  12  ins.  on  centers. 
Special  care  was  used  in  the  construction  of 
the  end  connections  of  these  diagonal  mem- 
bers, their  reinforcing  bars  being  hooked 
around  both  the  longitudinal  reinforcement  of 
the  arch  ribs  and  that  of  the  girders.  Where 
it  was  impossible  to  provide  connections  of 
this  kind  special  dowels  were  inserted  in  the 
hooks.      The    springing   points    of   the    arches 


Fig.  5.    Completed  Latourelle  Bridge,  Showing  Type  of  Construction. 


shown  in  Fig.  1.  This  drawing  gives  the 
genera!  dimensions  of  the  bridge  and  illus- 
trates the  design  features  of  various  parts 
of  it. 

^  In  computing  the  stresses  in  the  Latourelle 
Bridge  and  in  the  other  structures,  the  follow- 
ing loads  were  used : 

Uniform  load,  100  lbs.  per  square  foot. 

Concentrated  load,  15-ton  traction  engine. 

Impact  allowance,  25  per  cent. 


are  restrained  by  making  the  main  columns 
serve  as  beams,  by  means  of  double  reinforce- 
ment. 

Figures  1,  2  and  3  show  details  of  the  in- 
termediate bents  which  support  the  80-ft. 
spans,  together  with  the  system  of  bracing 
used  between  the  arches  and  the  floor  system. 

Details  of  the  floor  system  and  railing  are 
shown  in  Figs.  3  and  4.  The  clear  width  of 
the  roadway  is  16  ft.  10  ins.  and  that  of  each 


OTHER    STRUCTURES    IN    MULTNOMAH    COUNTV. 

Bridges  Near  Miiltnontah  Falls. — Two  long 
concrete  viaducts,  which  stand  against  the 
liillside  like  steps,  solved  the  problems  existing 
near  Multnomah  Falls.  Here  the  Oregon- 
Washington  Railway  &  Navigation  Co.'s  road 
occupied  all  of  the  available  space  along  the 
river.  The  cost  of  excavating  a  24-ft.  road- 
way along  this  railroad,  and  of  carrying  the 
excavated  material  across  the  track  to  the 
river,  was  practically  prohibitive.  Figure  6  is 
a  view  of  the  860-ft.  viaduct  located  east  of 
Multnomah  Falls.  The  West  Multnomah  Via- 
duct is  similar  to  that  shown  in  Fig.  6.  In 
the  West  Multnomah  Viaduct,  however,  the 
railing  extends  along  the  masonry  retaining 
wall. 

The  roadways  of  these  viaducts  are  carried 
on  two  parallel  lines  of  columns  spaced  17  ft. 
ti  ins.  on  centers.  The  longitudinal  spacing  of 
these  columns  is  20  ft.  As  a  protection  against 
possible  settlement  of  the  upper  columns,  in- 
clined struts,  following  the  slope  of  the  hill, 
are  placed  between  the  upper  and  lower  col- 
umns, these  struts  being  capable  of  carrying 
the  weight  of  the  structure.  A  railing,  con- 
sisting of  cement  mortar  on  metal  lath  rein- 
forcement, is  placed  along  the  railroad  side 
only  (see  Fig.  6). 

Figure  7  shows  two  bridges  of  the  arch  type 
at  Multnomah  Falls.  This  view  also  shows 
the  falls,  which  is  one  of  the  scenic  attrac- 
tions along  the  highway. 

Croimi  Point  Viaduct. — At  Crown  Point 
there  is  an  abrupt  cliff  rising  to  a  height  of 
about  700  ft.  In  rounding  the  turn  above  the 
river  the  road  follows  a  curve  of  110-ft.  radius 
through  an  angle  of  225°.  A  7-ft.  concrete 
sidewalk  and  railing  crowns  this  cliff.  Sur- 
mounting the  4-ft.  solid  railing  there  are 
electric  lights,  at  20-ft.  intervals,  which  are 
visible  from  the  transcontinental  trains  and 
from  the  river  boats  below.  A  high  curb 
protects  this  walk  from  the  traffic  on  the 
road.  Figure  8  is  a  view  of  the  concrete  con- 
struction at  Crown  Point. 

Shepherd's  Dell  Bridge.— An  arch  bridge 
carries  the  roadway  over  a  150-ft.  chasm  at 
Shepherd's  Dell.  The  two  parabolic  arch  ribs 
of  this  bridge  have  a  span  of  100  ft.  The 
clear  width  of  the  roadwav   is   16   ft.   10  ins. 
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and  that  of  each  contilevered  sidewalk  3  ft.  1 
in.  The  spandrels  are  reinforced  to  act  as 
girders  and  are  capable  of  sustaining  the  bend- 


supervised,  by  Samuel  C.  Lancaster,  consult- 
ing engineer  and  assistant  state  highway  en- 
gineer, under  the  direction  of   H.   L.  Bowlby, 


Fig.  6.    Reinforced  Concrete  Viaduct  East  of   Muitnomali  Falls — Note  Type  of  Railing  Used. 


ing  moment  over  one-half  of  the  span;  they 
will  therefore  distribute  the  load  to  the  arches. 
In  determining  the  dimensions  of  the  arches 
the  reinforcement  of  the  spandrels  has  not 
been  taken  into  consideration.  Figure  9  is  a 
view  of  the  bridge  at  Shepherd's  Dell  show- 
ing  the   type   of   construction  used. 

Bridge  at  Bridal  Veil. — In  bridging  the 
creek  at  Bridal  Veil  it  also  was  necessary  to 
carry  the  roadway  across  three  flumes.  The 
lumber  company  owning  these  flumes  required 
that  a  6-ft.  clearance  be  maintained  over  each 
of  them.  To  meet  these  conditions  a  set  of 
skew  girders  was  found  to  be  the  most  adapt- 
able form  of  construction.  To  avoid  inter- 
fering with  the  flumes  some  of  the  columns 
were  set  at  an  angle  of  30°  with  the  vertical, 
as  shown  in  Fig.  10.  The  parapets  of  thi^ 
bridge  carry  the  loads  to  the  columns,  these 
parapets  being  computed  as  elastic  beams  rest- 
ing on  several  supports.  The  total  length  of 
this  bridge  is  110  ft.,  the  footings  of  which 
rest  on  solid  rock. 


state  highway  engineer.    The  bridge  work  cox  - 
ered  in  this  article  was  designed,  and  its  con- 


Fig.  8.     Roadway    Encircling   Crown    Point. 
Multnomah  County,  Oregon. 

stniction  supervised,  by  the  writer.     The   La- 
tiiurelle    Bridge    was    constructed    liy    George 


Estimating       Curves       for       Standard 
Bridges    of    the    Illinois    High- 
way   Department. 

The  necessity  of  preparing  quickly  esti- 
mates of  the  quantities  of  materials  in  various 
types  of  highway  bridges  is  appreciated  by  en- 
gineers and  contractors  engaged  in  this  kind 
of  work.  The  preparation  of  standard  bridge 
ulans  by  the  various  highway  departments  has 
made  it  possible  to  construct  curves  which 
greatly  facilitate  the  estimating  work.  The 
following  data  and  diagrams  were  prepared 
mainh    to  assist   the   licld  engineer  in  making 


Fig.    7.     Arch    Bridges   at    IVIultnomah    Falls, 
Multnomah  County,  Oregon. 

leliable  estimates  of  bridges  designed  by  the 
Illinois  Highway  Department.  They  were 
laken  from  a  paper  by  G.  F.  Burch,  assistant 
bridge  engineer,  Illinois  Highway  Department, 
presented  before  the  recent  meeting  of  the 
Illinois  Society  of  Engineers  and  Surveyors. 

In  any  organized  system  of  bridge  work  it 
IS  found  that  the  major  part  of  the  work  lies 
between  certain  limits.  The  range  of  the 
work,  and  the  determination  of  the  limits 
within  which  the  great  bulk  of  the  work  is 
conlined,  are  dependent  upon  the  organization 
and  the  class  of  work  handled. 
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Fig.  9.    Shepherd's   Dell    Bridge  and   Approach   on   Columbia 
Highway,  Multnomah  County,  Oregon. 


Fig.   10.    Reinforced  Concrete   Bridge  at  Bridal  Veil  on  Columbia 
Highway — Bridge  Here  Crosses  Three  Flumes. 


PERSONNEL. 

The  portion  of  the  highway  lying  in  Multno- 
mah County  was  located,  and  its  construction 


HatUrsby,  of  Portland.  The  other  structures 
were  built  by  the  Pacific  Bridge  Co.,  of  Port- 
land. 


In  highway  bridge  work  the  length  of  spans 
required  ranges  from  a  lower  limit  of  about 
G  ft.  to  an  upper  limit  of  perhaps  130  to  160 
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ft.  Almtments  of  several  different  types  are 
required,  ranging  in  height  from  8  to  30  ft. 
There  are,  of  course,  man\-  bridges  having  a 
total  length  of  more  than  160  ft.,  but  most 
of  them  are  made  up  of  a  number  of  spans 
which  fall  within  the  limits  before  mentioned. 


office  man  usually  has  more  leisure  in  prepar- 
ing his  estimates,  and  he  has  the  office  files 
at  hand  upon  which  to  check  his  judgment. 
The  cost  of  labor  and  materials  must  be 
determined  for  each  job,  and  it  cannot  be 
estimated  by  any  set  rule.     But  the  quantities 


a  compression  of  appro.ximately  1,000  lbs.  per 
square  inch  in  the  concrete.  A  maximum 
shear  of  120  lbs.  per  square  inch  is  allowed. 
Stirrups  are  provided  in  all  cases  where  the 
shear  is  in  excess  of  40  lbs.  per  square  inch. 
The  curves   of   Fig.   .5  give   the  quantities   of 
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Fig.  1.    Typical   Riveted   Pony  Truss  With   Concrete  Floor,  Designed 
by  Illinois    Highway  Department. 


Fig, 


2.   Typical  Riveted  Through  Pratt  Truss  Span   With    Concrete 
Floor,   Designed    by  Illinois  Highway   Department. 


A  number  of  modern  highway  organiza- 
tions have  adopted  so-called  standard  plans  of 
bridges,  and,  so  far  as  possible,  have  plans 
for  all  span  lengths  and  heights  of  abutments 
ordinarily  required  within  the  range  of  work 
undertaken. 

The  adoption  of  standard  plans  greatly  fa- 
cilitates the  process  of  preparing  estimates. 
Having  a  standard  basis  upon  which  to  work. 


Fig.  4.   Typical  Reinforced  Concrete  Through 

Girder — Span, -60  Ft.;   Roadway,  18  Ft. — 

Designed  by   Illinois   Highway 

Department. 

the  field  man  and  the  office  man  work  more 
nearly  in  harmony  with  each  other,  and  the 
personal  equation,  which  always  is  to  be  reck- 
oned with  when  many  men  are  working  on 
one  project,  is  controlled  to  such  an  e.xtent 
that  uniform   results  are  obtained. 

The    preparation    of    estimates    is    of    equal 
importance  both  to  the  field  man   and  to  the 
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Fig.    3.     Curves    for    Estimating    Weight    of 

Steel  in  Steel-Truss  Superstructures  and 

Quantity  of  Concrete  in  Floor 

Systems  of  Same. 

office  man,  but  it  is  the  held  man  who  most 
needs  convenient  and  reasonably  accurate  data 
upon  which  to  base  his  estimates.  He  is  often 
called  upon  to  prepare  an  estimate  on  short 
notice,  upon  the  accuracy  of  which  a  great 
deal    may   depend.      On   the    other    hand,    the 


of  materials  required  for  any  job  can  be  es- 
timated very  closely  by  means  of  tables  or 
curves,  especially  if  the  plans  are  standardized. 
The  curves  given  in  this  paper  deal  with 
quantities  only,  and  are  intended  primarily  for 
use  in  the  field.  The  data  on  which  these 
curves  are  based  were  compiled  from  the 
bridge  plans  prepared  by  the  Illinois  Highway 
Department  during  the  past  eight  years.  About 
4-50  plotted  points  were  used  in  preparing  the 
curves,  each  point  representing  a  standard 
plan,  or  a  plan  based  on  a  standard  type  of 
construction.  When  these  curves  are  used  for 
plans  based  on  the  Illinois  Highway  Depart- 
ment standards  the  maximum  error  for  super- 
structures is  only  about  3%  per  cent,  and  for 
substructures  about  5   oer   cent. 

SUPERSTRUCTURES. 

In  all  of  the  superstructure  curves,  the  span 
length  is  plotted  directly  against  the  weight 
of  steel  and  the  quantity  of  concrete. 

Steel  Trusses. — The  steel  truss  superstruc- 
tures are  of  the  ordinary  Pratt-truss  type  with 
parallel  chords.  All  connections  are  riveted, 
and  the  designs  provide  for  a  4-in.  concrete 
floor,  with  a  wearing  surface,  or  pavement, 
assumed  to  weigh  not  less  than  50  lbs.  per 
square  foot.  On  account  of  the  weight  and 
rigidity  of  the  concrete  floor,  no  allowance 
is  made  for  impact.  Floor  systems  are  de- 
signed to  carry  a  15-ton  traction  engine  in 
addition  to  the  dead  load.  Trusses  are  de- 
signed for  a  uniform  live  load  of  100  llis.  per 
square  foot  of  roadway  surface  for  spans  of 
from  50  to  150  ft.,  and  for  a  uniform  load 
of  85  lbs.  per  square  foot  for  spans  over  150 
ft.  Tension  members  are  designed  for  a 
stress  of  16,000  lbs.  per  square  inch,  and  com- 

/ 
pression  members  for  a  stress  of  16,000 — 70 — 
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but  not  to  exceed  14,000  lbs.  per  square  inch. 
Pony  trusses  are  used  for  spans  from  50  to 
85  ft.  and  through  trusses  for  spans  from  90 
to  160  ft.    ^ 

Figure  1  illustrates  a  typical  pony  truss  with 
a  concrete  floor  on  reinforced  concrete  abut- 
ments, and  Fig.  2  illustrates  a  through  Pratt 
truss  having  a  span  of  150.  Figure  3  gives  the 
curves  for  the  weight  of  structural  steel  and 
the  quantity  of  concrete  in  floors  having  16-ft. 
and  18-ft.  roadways.  The  break  in  the  steel 
curves  is  at  the  point  where  the  change  is 
made  from  low  trusses  to  high  trusses. 

Reinforced  Concrete  Through  Girders. — 
Reinforced  concrete  through  girders  are  used 
for  spans  from  30  to  60  ft.  This  type  of  struc- 
ture is  designed  to  carry  either  a  uniform  load 
of  125  lbs.  per  square  foot  or  an  engine  load 
of  24  tons.  The  design  provides  for  a  wear- 
ing surface  weighing  50  lbs.  per  square  foot. 
Figure  4  illustrates  a  60-ft.,  reinforced  con- 
crete through  plate  girder  span  having  an  18- 
ft.  roadway. 

As  free  expansion  and  contraction  are  pro- 
vided for  by  the  cast-iron  rockers  placed  under 
each  girder  at  one  end  of  the  span,  the  al- 
lowable unit  stresses  used  are  quite  high.  De- 
signs are  computed  for  a  tension  of  16,000  lbs. 
per   square   inch   in   the   reinforcing  steel   and 


concrete  and  reinforcing  steel  for  16,  18  and 
20-ft.    roadways. 

Reinforced  Concrete  Slabs. — For  spans  less 
than  30  ft.  the  slab  type  of  construction  has 
been  found  to  be  somewhat  cheaper  than  the 
girder  type.     This  is  due  to  the  fact  that  the 
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Fig.  6.    Typical    Reinforced  Concrete  Slab 

Bridge  With  Tied-Back  Wings,  Designed 

by   Illinois   Highway   Department. 

arrangement  of  the  steel  is  much  simpler  and 
that  less  steel  is  used  per  cubic  yard  of  con- 
crete. It  has  not  been  found  practicable  to 
make  provision  for  free  expansion  of  slabs. 
.Accordingly,  a  stress  in  the  steel  of  12.0O(i 
lbs.  per  square  inch  is  allowed  for  dead  and 
live  load  stresses.  The  allowable  concrete 
stress  is  800   lbs.  per  square  inch.     Slabs   are 
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Fig.  5.    Curves  for   Estimating  Quantities  of 
Concrete   and    Reinforcing    Steel    In    Su- 
perstructures  of   Reinforced   Concrete 
Through   Girder  Spans. 

designed  for  the  same  live  loads  as  girders. 
Figure  6  illustrates  a  typical  reinforced  slab 
bridge  with  tied-back  walls.  Figure  7  gives 
quantities  of  concrete  and  steel  in  slabs  hav- 
ing clear  roadways  of  16,  18,  20  and  24  ft., 
for  spans  from  5  to  30  ft. 
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SUBSTRUCTURES. 

In  preparing  curves  to  show  the  quantities 
in  abutments  it  was  found  that  there  were 
many  variables  which  might  be  considered  but 
which,   if  used,   would  produce  so   complex  a 
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Fig.  7.    Curves  for  Estimating  Quantities  of 
Concrete   and    Steel   in    Reinforced   Con- 
crete Slab  Superstructures. 

formula  as  to  make  the  curves  of  little  use 
in  the  field.  It  was  found  that  curves  giv- 
ing reliable  results  might  be  obtained  by 
plotting  the  number  of  cubic  yards  of  con- 
crete in  two  abutments  against  a  forrnula 
which  represents  a  measure  of  the  quantities 
desired.  The  variables  in  this  formula  are :  H. 
the  height  of  abutments  from  bottom  of  foun- 
dations to  top  of  roadway;  R,  the  clear  width 
of  roadway  on  the  superstructure ;  and  W ,  the 
length  of  the  average  wing  wall.  For  plain 
concrete  abutments  the  best  results  were  ob- 
tained by  using  the  formula,  H"-  (.R  +  2PF), 
and  for  reinforced  abutments  the  formula, 
H{R^-2W). 

Plain  Concrete  Abutments. — Plain  concrete 
abutments  for  steel  bridges  are  designed  with 
a    footing   width    of    one-third    of    the    height 


over  all.  The  thickness  of  the  footing  is  18 
ins.  The  width  of  the  base  of  the  abutment 
and  wing-walls  at  the  top  of  the  footing  is 
made  approximately  one-quarter  of  the  height 
of  the  walls.  The  back  of  the  abutment  wall 
is  vertical  and  the  face  of  the  wall  is  battered 
to  a  top  width  of  from  30  to  -38  ins.  The 
wing-walls  are  battered  on  both  sides,  and 
have  a  top  width  of  12  ins.  Figure  8  is  a 
diagram  from  which  the  yardage  of  plain  con- 
crete abutments  for  steel  bridges  may  be 
obtained.  When  field  measurements  are  made 
to  determine  the  necessary  height  of  abut- 
ments, and  the  width  of  roadway  is  decided 
upon,  it  is  an  easy  matter  to  estimate  the 
length  of  wing-walls  which  will  be  required. 
These  values  are  used  in  the  formula 
H'  (R  +  2  IV),  and  the  yardage  of  concrete 
is   read  directly   from   the  diagram. 

The  design  of  plain  concrete  abutments  for 
girder  bridges  is  similar  to  the  design  for 
steel  bridges,  except  that  the  wing-walls  are 
battered  on  the  face  only,  and  the  top  width 
of  the  abutment  wall  is  18  ins.  Figure  9  is 
a  diagram  from  which  quantities  for  this  type 
of  abutment  may  be  obtained. 

Plain  concrete  abutments  for  slab  bridges 
differ  slightly  from  the  design  described.  The 
width    of    footing   on    the    abutment    wall    is 
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Fig.  8.    Diagram  for  Estimating  Quantity  of 
Concrete    in   Two    Plain   Concrete   Abut- 
ments for  Steel  Spans. 

(In  this  diak'iam  and  in  those  Kivcn  In  Figs. 
!i  to  13,  inclii.sivc.  II  =  height  of  .-ibutments  from 
bottom  of  louiidatioiis  to  toj)  of  roadway:  H  — 
I'lear  width  of  roadway,  and  W  ^^  length  of 
average  wing-wall.) 


shoes  of  the  steel  span  the  thickness  of  the 
wall  at  the  juncture  of  the  wing  and  abut- 
ment is  increased  to  give  a  post  effect.  Be- 
tween the  posts,  on  which  the  shoes  rest,  and 
at  the  proper  elevation,  there  is  constructed  a 
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Fig.  9.   Diagram  for  Estimating  Quantity  of 
Concrete    in   Two    Plain   Concrete   Abut- 
ments for  Concrete  Girder  Spans. 

limited  only  by  the  safe  bearing  capacity  of 
the  soil,  with  a  minimum  of  3  ft.  This  width 
may  sometimes  be  less  than  one-third  of  the 
height  over  all.  This  is  deemed  to  be  safe  on 
account  of  the  restraining  effect  of  the  super- 
structure. The  top  width  of  the  abutment 
is  12  ins.  The  curve  for  estimating  yardage 
is  shown  in  Fig.  10. 

Reinforced  Concrete  Abutments. — In  rein- 
forced concrete  abutments  for  steel  bridges 
the  abutments  and  wing-walls  are  designed  as 
self-supporting  walls  of  the  cantilever  type. 
An  equivalent  fluid  pressure  of  15  lbs.  per 
cubic  foot  is  assumed  in  designing,  and,  to 
correspond  with  the  fluid  pressure,  the  width 
of  footings  is  made  one-third  of  the  height 
over  all.  The  thickness  of  footings  is  made 
the  same  as  the  thickness  of  the  walls  at  the 
top  of  the  footings,  with  a  minimum  of  18 
ins.  Abutment  and  wing-walls  are  constructed 
with  a  vertical  back.  The  bottom  thickness 
varies  from  1.5  to  24  ins.,  and  the  face  of  the 
wall  is  battered  uniformly  to  a  top  width  of 
12  ins.  on  wing-walls  and  10  ins.  on  abut- 
ments. The  allowable  stress  in  the  reinforc- 
ing steel  is  16,000  lbs.  per  square  inch.  On 
account  of  the  difliculty  of  placing  steel  in 
substructure  work  the  percentage  of  steel 
used  is  very  low,  varying  from  0.3  to  0.3  per 
cent,  with  a  correspondingly  low  concrete 
stress. 

To  provide  sufficient   bearing   area   for   the 
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Fig.  10.    Diagram  for  Estimating  Quantity  of 
Concrete    in   Two    Plain   Concrete   Abut- 
ments for  Slab  Spans. 

reinforced  slab  on  which  the  end  joists  of  the 
span  are  supported.  As  in  all  other  reinforced 
abutments  horizontal  steel  is  provided  in  the 
walls  to  take  temperature  stresses,  and  to  in- 
sure mutual  support  between  wing-walls  and 
the  abutments.  One-half  inch  square  bars 
spaced  12  ins.  on  centers  are  provided  for 
this  purpose.  Figure  11  is  a  diagram  for  ob- 
taining the  number  of  cubic  yards  of  concrete 
in  two  abutments,  the  yardage  being  plotted 
against  the   formula,  HXR^^W). 

For  girder  bridges,  two  new  types  of_  rein- 
forced abutments  have  been  developed  in  the 
last  few  years.  In  both  types  the  abutment 
wall  is  designed  as  a  horizontal  slab  supported 
by  the  wings.  The  main  reinforcement  is 
placed   horizontally   near   the   stream    side    of 
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Fig.  11.    Diagram  for  Estimating  Quantity  of 

Concrete  in  Two  Reinforced  Concrete 

Abutments  for  Steel  Spans. 


the  wall,  and  is  securely  anchored  in  the  wings. 
The  temperature  steel  in  this  case  is  placed 
vertically.  The  thickness  of  the  wall  varies 
with  the  height  and  width  of  the  roadway,  and 
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it  ranges  from  \2  to  18  ins.  The  width  of 
footing  is  proportional  to  the  load  supported. 
Pockets  are  built  in  one  abutment  wall  to  re- 
ceive the  rockers  whicli  allow  free  movement 
of  the  superstructure.  In  one  type  of  con- 
struction the  wing-walls  are  designed  as  self- 
supporting  cantilevers  to  withstand  a  fluid 
pressure  of  15  lbs.  The  main  reinforcement 
is  placed  vertically  near  the  back  of  the  walls 
and  also  near  the  top  of  the  footings. 


Fig.  12.    Curves  for  Estimating  Quantities  of 

Concrete    in    Two    Reinforced    Concrete 

Abutments   for   Girder   Spans    With 

Cantilevered   Wing-Walls  and 

With  TIed-Back  Wing-Walls. 

In  the  other  type  of  reinforced  abutments 
for  girder  bridges  the  wing-walls,  which  make 
only  a  slight  angle  with  the  axis  of  the  road, 
are  designed  as  vertical  slabs.  The  bottom  of 
the  wall  is  restrained  by  the  earth,  and  the 
top  by  struts,  which  connect  one  wing-wall 
to  the  other  across  the  roadway.  The  principal 
reinforcement  is  vertical,  and  is  placed  near 
the  side  of  the  wall  opposite  to  the  fill.  Stress 
is  transmitted  from  the  vertical  slab  to  the 
struts  through  a  horizontal  T-beam  in  the 
wing-wall,  at  the  elevation  of  the  struts.  The 
steel  in  the  struts  is  hooked  around  the  T- 
beam   steel.     The  thickness  of  the  wing-walls 


ranges  from  12  to  24  ins.,  according  to  the 
height.  Figure  12  shows  curves  for  estimating 
the  yardage  in  these  two  types  of  abutments. 

In  comparing  the  amount  of  concrete  re- 
quired in  these  two  types  of  abutments  it 
must  be  remembered  that,  for  any  particular 
case  ,the  length  of  wing-walls  required  for 
the  tied-back  type  is  greater  than  is  required 
for  the  cantilever  type;  due  to  the  fact  that 
the  earth  slope  is  all  on  the  outside  of  the 
wing. 

For  slab  bridges  there  are  also  two  dis- 
tinct types  of  reinforced  abutments.  The 
wing-walls  are  of  the  same  construction  as 
those  described  for  girder  bridges.  As  no 
provision  is  made  for  movement  between  the 
superstructure  and  the  substructure  of  slali 
bridges,  due  to  temperature  changes,  the  re- 
straining efifect  of  the  superstructure  load  is 
taken  into  account  in  the  design  of  the  abut- 
ment wall.  The  wall  is  designed  as  a  vertical 
slab  with  the  main  reinforcement  placed  near 
the  stream  face  of  the  wall.  The  thickness 
of  wall  ranges  from  12  to  24  ins.  The  footing 
is  designed  to  distribute  the  load  over  the 
foundation  without  exceeding  the  safe  bear- 
ing capacity  of  the  soil.  Figure  13  shows 
curves  for  obtaining  the  number  of  cubic 
yards  of  concrete  in  each  of  the  two  types 
of  abutments. 

Example'. — To  illustrate  the  use  of  the  es- 
timating curves,  suppose  that  upon  measuring 
up  the  site  for  a  new  bridge  it  is  found  that 
a  clear  span  of  50  ft,  will  provide  adequate 
waterway.  Also  assume  that  the  height  from 
the  finished  roadway  to  the  bed  of  the  stream 
is  8  ft.  and  that  by  carrying  the  footings  4 
ft.  below  the  bed  of  the'  stream  good  founda- 
tion material  is  encountered.  This  makes  the 
height  over  all,  from  finished  roadway  to 
bottom  of  footings,  12  ft.  Also  assume  that 
the  traffic  on  the  road  demands  a  20-ft.  road- 
way, and  that  good  gravel  can  be  obtained 
at  a  reasonable  cost  one-half  mile  from  the 
site.  By  referring  to  Figure  5  we  find  that 
a  reinforced  concrete  through  girder  super- 
structure having  a  50-ft.  span  and  a  20-ft. 
roadway  contains  about  96  cu.  yds.  of  con- 
crete and  23,000  lbs.  of  steel. 

As  the  abutments  are  comparatively  low,  and 
the  cost  of  gravel  very  reasonable,  it  is  prob- 
ably safe  to  assume  that  plain  concrete  abut- 
ments will  be  cheaper  than  reinforced  abut- 
ments. By  referring  to  Figure  9  it  will  be 
noted  that  in  order  to  use  the  curve  we  must 
first  determine  the  value  given  by  the  formula, 
IT-  (R  +  IW^.  In  this  case,  H,  the  height 
over   all.    is   known   to  be    12    ft.,   and   R.   the 


width  of  roadway,  is  20  ft.  We  will  assume 
that  the  wings  should  make  an  angle  of  45° 
with  the  face  of  the  abutment ;  also  that  the 
toe  of  the  earth  slope  around  the  wing  must 
stop  at  the  elevation  of  the  stream  bed,  and 
must  be  in  line  with  the  face  of  the  abut- 
ment. As  the  height,  from  the  finished  road- 
way to  the  bed  of  the  stream,  is  8  ft.,  a  wing- 
wall  8  ft.  long  will  be  sufficient  to  protect  the 
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Fig.  13.    Curves  for  Estimating  Quantities  of 

Concrete    in    Tv^o    Reinforced    Concrete 

Abutments    for    Slab     Spans    With 

Cantilevered  Wing-Walls  and  With 

Tied-Back   Wing-Walls. 

roadway,  with  an  earth  slope  of  IVi  to  1. 
Substituting  these  values  for  H,  R,  and  W  we 
find  that  H-{,R-V1W^  equals  5,184.  Using 
the  diagram  of  Fig.  9  we  find  that  there  are 
about  62  cu.  yds.  of  concrete  in  the  abutments. 
The  total  quantity  of  concrete  in  the  bridge 
is  therefore  158  cu.  yds.,  and  the  total  weight 
of  the  steel  is  23,000  lbs.  Upon  ascertaining 
the  local  prices  for  labor  and  materials  an 
estimate  can  be  made  of  the  cost  of  the  job 
which  will  compare  very  favorably  with  an 
estimate  made  after  the  complete  plans  are 
prepared. 


Proposed     Method     of     Enclosing     a 
Stream    in     Reinforced     Concrete 
Conduit  Through  Mansfield, 
Ohio. 

Mansfield,  Ohio,  is  among  the  highest  places 
in  the  state;  despite  this  natural  advantage, 
however,  the  city's  drainage  problems  are  not 
solved  by  natural  conditions.  During  all  the 
years  of  the  city's  development  nature  has 
been  imposed  upon  to  such  an  extent  that 
flood  conditions  have  now  become  a  source  of 
alarm.  Losses  from  flood  waters  have  been 
suffered  by  hundreds  of  property  owners,  in- 
cluding many  manufacturers. 

As  a  result  of  these  losses,  in  January,  1913, 
a  petition,  headed  by  a  manufacturer's  or- 
ganization, was  presented  to  the  County  Com- 
missioners for  a  comprehensive  flood  relief 
and  drainage  improvement.  Supplemental  pe- 
titions and  requests  were  added  until,  to  carry 
out  the  entire  plan,  the  total  cost  would  ex- 
ceed an  expenditure  of  over  $375,000.  In 
view  of  the  many  complications  encountered 
in  the  varying  interpretation  of  the  present 
county  ditch  laws  of  Ohio,  the  difficulties  of 
apportioning  the  sum  of  $375,000  among  the 
benefited  properties  according  to  actual  bene- 


fits received  can  be  appreciated.  This  phase 
of  the  subject  is  here  discussed  after  consid- 
ering the  physical  features  of  the  project.  Our 
information  is  taken  from  a  paper  by  Mr. 
Charles  L.  Bushey,  County  Surveyor  of  Rich- 
land County,  Mansfield,  Ohio,  before  the  re- 
cent annual  meeting  of  the  Ohio  Engineering 
Society. 

The  city  of  Mansfield  has  a  natural  drain- 
age into  the  Rocky  Fork  and  two  of  its  tribu- 
taries. The  county  commissioners  were  asked 
to  improve  these  by  straightening,  deepening 
and  widening  or  C'  closing  watercourses 
where  necessary.  One  of  the  tributaries, 
known  as  Ritter's  Run,  has  been  partially  en- 
closed for  a  number  of  years,  and  the 
straightening  and  enclosing  of  the  lower  part 
of  this  channel  forms  a  part  of  this  petition. 

The  other  branch  through  the  north  part 
of  the  city,  called  Touby's  Run,  is  the  one 
which  furnished  a  number  of  difficulties,  and 
is  the  main  one  to  which  reference  is  here 
made.  About  4,200  acres  of  land  west  of  the 
city  are  drained  by  this  run  and  the  slope  of 
the  whole  water-shed  is  so  great  that  the 
water  is  rushed  rapidly  into  the  city. 

That  part  of  the  water-shed  within  the  city 
limits  contains  1,200  acres,  nearly  all  of  which 
is  closely  built  up  and  with  streets  well  paved. 


The  slope  of  the  area  is  steep,  some  of  the 
streets  having  grades  as  high  as  10  per  cent. 
The  part  of  the  stream  that  runs  through  the 
city  is  not  so  steep  as  the  part  immediately 
upstream  and  is  quite  irregular  as  to  line 
and  section.  Five  railway  bridges,  only  one 
of  which  is  square  with  the  stream,  retard 
the  velocity  greatly.  There  are  eight  street 
crossings,  four  of  which  are  double  arches  of 
a  waterway  area  of  about  160  sq.  ft.  The 
stream  must  make  a  right  angle  turn  to  enter 
two  of  these  arches  and  in  the  time  of  ex- 
cessive high  water  the  arch  on  the  inner  side 
of  the  turn  invariably  fills  one-third  full  of 
gravel  and  stone. 

The  stream  has  been  greatly  encroached 
upon  by  foundations  and  walls  until  the  ca- 
pacity is  greatly  diminished.  Running  as  it  I 
does  through  the  lower  residence  and  factory  | 
section  of  the  city,  the  channel  becomes  vir- 
tually an  open  sewer  and  is  often  made  a 
dumping  place,  hence  the  unsightly  and  un- 
sanitary  condition   which    exists. 

The  overflowing  of  Touby's  Run  is  a  thing 
of  regular  occurrence  and  the  overflow  must 
find  its  way  across  the  city  by  way  of  the 
lower  streets  and  lots.  A  railway  embank- 
ment, without  adequate  waterways,  runs  near 
the  Rocky  Fork  and  parallel  to  it.     This  holds 
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back  the  overflow  from  Touby's  Run  and  in 
time  of  excessive  floods  the  flood  grade  on 
the  upper  side  of  the  railroad  embanl<ment 
is  sometimes  2  ft.  higher  than  that  of  the 
Rocky  Fork,  less  than  300  ft.  away. 

A  survey  was  ordered  on  Sept.  10,  li)1.3. 
To  avoid  needless  expenditure  in  construc- 
tion a  number  of  projects  were  investigated. 
The  construction  of  flood  reservoirs  above 
the  city  was  found  to  be  impractical,  mainly 
because  of  the  steep  grades  of  the  streams 
which  form  Touby's  Run.  The  popular  sen- 
timent was  for  cleaning  out,  widening  and 
straightening  the  section  through  the  city. 
This  was  carefully  investigated  in  making  the 
preliminary  surveys.  The  single  item  of  re- 
placing the  old  double  brick  arches  with  sin- 
gle span  bridges  was  the  first  obstacle  en- 
countered. The  cost  of  a  right  of  way  for 
a  straighter  open  channel  would  have  been 
such  as  to  prohibit  so  great  an  expenditure 
without   getting    complete   relief. 

In  the  absence  of  any  inexpensive  method 
of  improvement  that  would  be  of  permanent 
value,  the  theory  of  enclosing  the  stream  on 
an  entirely  new  line  was  investigated.  The 
line  determined  upon  for  the  conduit  is  one 
mile  long  and,  except  for  the  curve  at  the 
.lUtlet,  the  greatest  deflection  is  less  than  18°. 


right  of  way  has  been  so  located  that  the 
damages  have  all,  with  one  exception,  been 
settled  for  a  sum  not  exceeding  $1,500.  This 
low  cost  is  much  better  than  had  been  an- 
ticipated  at   the   outset. 

The  surface  and  storm  water  along  the  line 
is  provided  for  by  means  of  a  side  box  or 
compartment  which  increases  in  size  accord- 
ing to  the  needs  as  shown  in  the  accom- 
panying figure.  The  size  at  the  outlet  is  4 
ft.  wide  by  12%  ft.  high,  which  is  the  height 
of  the  main  box.  Only  two  inlets  are  re- 
quired for  the  territory  to  the  north  and 
these  can  be  carried  beneath  the  big  conduit 
where  the  side  box  is  lowered.  By  using  a 
flatter  grade,  the  two  boxes  gradually  assume 
the  same  elevation. 

The  City  Council  asked  to  have  two  sub- 
laterals  included  in  the  general  improvement. 
These  would  serve  mainly  to  collect  the  water 
from  the  streets  and  carry  it  to  the  improved 
channels.  This  has  added  $40,000  to  the  cost, 
but  may  be  omitted  in  the  final  order  on  ac- 
count of  legal  complications. 

The  boxes  are  of  reinforced  concrete,  the 
side  walls  being  1  ft.  thick  and  the  top  15  ins. 

One  unfortunate  condition  is  the  large 
angle  at  which  the  main  stream  is  met.  The 
outlet  is   on  a  curve  of  80   ft.   radius  and   in 
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Conduit    Enclosing    Touby's    Run    Through    Mansfield,  Ohio. 


The  distance  the  water  must  travel  in  the 
old  course  from  the  inlet  of  the  proposed  con- 
duit to  its  outlet  is  4,700  ft.  farther  than  the 
distance  along  the  new  line.  A  part  of  this 
gain  is  by  reason  of  the  new  outlet  into  the 
Rocky  Fork  being  2,000  ft.  farther  down 
stream  than  the  present  outlet.  This  short- 
^  ened  distance  will  enable  the  engineers  to  get 
an  average  fall  of  over  O.G  per  cent  for  the 
conduit. 

Everything  possible  has  been  done  to  ac- 
celerate the  velocity.  Touby's  Run  for  a  dis- 
tance of  one-half  mile  above  the  intake  is 
quite  straight  and  has  a  fall  of  32  ft.  Part 
of  this  section  is  already  lined  with  concrete. 
Natural  conditions  aided  in  making  the  in- 
take. A  high  bank  on  one  side  and  a  railroad 
embankrnent  on  the  other  make  it  possible  to 
secure  a  head  of  over  8  ft.  if  ever  necessary. 

The  inside  dimensions  of  the  conduit  are  12% 
ft.  X  12%  ft.  and  in  order  to  accelerate  the 
velocity  and  more  accurately  determine  the 
same,  no  inlets  are  provided  throughout  the 
entire  length  to  disturb  the  current.  An  ad- 
ditional reason  for  not  making  openings  into 
the  main  conduit  is  that  the  middle  section 
where  the  main  inlets  would  be  needed  has  a 
flatter  grade  than  the  upper  part  and  in  case 
of  a  pressure  from  within  the  inlets  would 
not  serve  their  purpose  and  the  water  would 
be  forced  out  over  the  surface.  It  is  antici- 
pated that  the  velocity  will  exceed  20  ft.  per 
second. 

A  high  velocity  was  also  necessary  in  order 
to  reduce  the  size  of  the  box  on  account  of 
the  limited   width  of  the   right  of  wav.    The 


order  to  prevent  the  erosion  of  the  banks  the 
main  stream  will  be  lined  with  concrete  for 
a  distance  of  about  700   ft. 

A  question  has  been  raised  concerning  the 
possibility  of  a  gravel  deposit  forming  on  the 
inner  side  of  the  curve  at  the  outlet  and  in 
front  of  the  opening  of  the  smaller  box.  As 
the  gravel  will  only  be  brought  down  in  time 
of  heavy  rains  it  is  considered  that  the  ve- 
locity will  be  such  in  both  boxes  as  to  carry 
the  deposits  into  the  main  channel,  where  it 
can  be  accessible  for  removal  if  necessary- 

A  criticism  has  been  raised  regarding  the 
high  velocity  that  will  be  attained,  in  that 
the  gravel,  of  which  there  will  be  consider- 
able, will  be  carried  along  at  such  a  rate  as  to 
wear  the  concrete.  While  we  do  not  anticipate 
any  danger  from  this  source,  yet  if  ever 
necessary  the  floor  could  be  lined  with  vit- 
rified brick  at  any  time  at  no  great  cost. 

The  total  cost  of  the  conduit,  including  the 
intake  and  the  concrete  lining  in  the  main 
stream  below  the  outlet,  is  estimated  at  $248,- 
004.  While  the  planning  of  an  improvement 
involving  so  much  expense  was  accompanied 
liy  considerable  anxiety  and  hard  study,  this 
dwindled  into  insignificance  when  the  work  of 
appo-tioning  the  cost  was  undertaken.  The 
city  officials  agreed  to  assume  over  60  per 
cent  of  the  total  cost  of  the  whole  improve- 
ment. The  benefit  to  the  county  is  compara- 
tively small  and  a  sum  of  over  Sl.W.OOO  had 
to  be  apportioned  among  railroads,  factories, 
farms,  business  blocks  and  city  properties.  A 
total  of  940  properties  are  included  in  the 
benefited  area  and  each  was  to  receive  its  ap- 


portionment according  to  actual  benefit.  The 
great  difficulty  was  in  dealing  with  proper- 
ties in  so  many  diflferent  classes.  The  com- 
parison of  benefit  to  a  damaged  farm  with 
that  of  a  flooded  factory,  a  lumber  yard,  a 
city  lot,  a  railroad,  a  street  railroad,  are  ex- 
ceedingly difficult  of  determination. 

The  division  among  the  city  property  was 
done  by  arranging  the  lots  within  the  affected 
district  into  numerical  order  showing  the 
ownership  and  the  taxable  valuation. 

A  number  of  deputies  went  over  the  terri- 
tory with  these  lists  and  by  inquiry  into  each 
individual  property,  were  able  to  compile  in- 
formation as  to  just  how  it  was  affected. 

This  list  was  then  taken  out  over  the  terri- 
tory with  a  map  and  comparisons  were  made 
according  to  the  best  judgment  of  the  engi- 
neers. Valuations  were  taken  into  considera- 
tion largely,  but  could  not  be  the  absolute 
basis.  Loss  of  property  by  the  last  great 
flood  could  be  considered,  but  could  not  be  a 
basis  in  all  cases.  A  single  comparison  will 
show  some  of  the  difficulties.  At  the  time  of 
tlie  big  flood  a  large  three-story  building,  val- 
ued at  $36,800  and  used  for  the  manufacture 
of  cigars,  had  its  cellar  flooded  for  the  first 
time  and  the  owners  sustained  a  loss  of  over 
$10,000  in  damaged  goods.  Another  large 
business  block  of  three  stories  valued  at  $22,- 
500,  had  the  cellar  equally  flooded  with  a 
damage  to  goods  of  only  several  hundred  dol- 
lars, but  gets  back-water  through  sewer  every 
flood.  The  former  accepted  an  apportion- 
ment of  $2,410  and  the  latter  strenuously  ob- 
jected to  $600. 

Nearly  all  objections  to  damage  and  com- 
pensation claims  have  been  adjusted  except 
with  two  of  the  three  railroad  companies,  and 
these  are  in  a  fair  way  to  a  compromise.  Un- 
less some  unforseen  complication  arises  the 
improvement  will  be  ordered  within  the  pres- 
ent year.  The  plan  proposed  has  been  sub- 
mitted to  the  Sherman  Engineering  Co.  of 
Toledo  and  has  been  approved,  and  credit  is 
given  that  company  for  valuable  suggestions 
relative  to  the  design. 


Design  and  Construction  of  the  Market 
Street  Flood   Channel,   Burling- 
ton, la. 

Contributed  by  Caii  T.  Bowen,  Assistant  City 
Engineer,   Burlington,   la. 

A  flood  channel  is  now  being  constructed  in 
Market  street  in  Burlington,  Iowa.  Its  pur- 
pose is  to  relieve  the  present  5-ft.  brick  sewer 
and  act  as  an  overflow  to  the  sewer  to  which  it 
is  connected  at  its  upper  end  by  a  3-ft.  pipe. 

The  new  structure  is  2,200  ft.  long  and  has 
an  internal  cross-section  of  67  sq.  ft.  It  be- 
gins at  the  Mississippi  river  in  Market  street 
and  follows  that  street  to  a  point  1,200  ft. 
west,  where  it  turns  northwesterly  with  the 
Chicago,  Burlington  &  Quincy  Railway  right 
of  way.  Due  to  existing  conditions  at  one 
point  a  6°  curve  was  found  most  practical. 
The  right  of  way  at  the  curve  is  so  limited 
that  the  piling  is  within  3  ft.  of  wall  founda- 
tions on  one  side,  and  on  the  other  side  a  main 
line  track  had  to  be  moved. 

Market  street  follows  the  course  of  an  old 
ravine  over  which  the  C,  B.  &  Q.  Ry.  tracks 
were  formerly  carried  on  wooden  trestles.  The 
ravine  was  filled  about  40  years  ago  with  al- 
most every  available  material  from  excava- 
tions, including  sand,  clay  and  loam.  This  va- 
riety of  soils  accompanied  by  an  occasional 
buried  trestle  piling  and  the  brick  sewer  makes 
pile  driving  and  excavation   uncertain. 

The  excavation  is  done  by  two  Browning 
steam  cranes  equipped  with  Owen  buckets. 
Two  similar  cranes  equipped  with  1,500-lb. 
steam  hammers  are  used  to  drive  the  piling. 
The  plans  call  for  3-in.  plank  shoring  or  its 
equivalent,  with  wailing  spaced  at  3  ft.  and 
6  ins.  When  7-in.  Lackawanna  steel  sheet  pil- 
ing is  used  it  was  found  necessary  to  space 
the  wailing  at  2  ft.  The  piling  is  driven  just 
to  sub-grade  and  in  one  place  the  weight  of 
the  cranes  and  material  cars  caused  the  ground 
outside  the  shoring  to  sink,  and  rise  in  the 
excavation  pit. 

The  drainage  area  of  the  flood-way  includes 
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400  acres  with  a  population  of  5,000  people. 
The  overflow  from  the  connecting  sewer  has 
a  maximum  discharge  of  84  cu.  ft.  per  sec- 
ond, hence  the  ma.ximum  probable  load  is  ap- 
proximately 500  cu.  ft.  per  second,  which  is 
but  little  over  half  the  maximum  capacity  of 
the  flood  channel. 

The  discharge  of  the  present  sewer  is  at  its 
minimum  at  this  time  of  the  year.  There  is  a 
12-in.  clay  pipe  laid  with  invert  at  sub-grade 
to  carry  away  the  discharge  of  the  old  sewer 


Cost  of  Depositing   Concrete  in  Bags 
Under  Water. 

Contributed   by   H.    R.    Ferriss.    Victoria,    B.    C. 

A  20-in.  cast  iron  outfall.  Fig.  1,  was  laid 
from  a  point  on  shore  to  a  distance  of  720  ft. 
out  from  shore,  at  which  point  the  end  was  in 
18  ft.  depth  and  a  swift  off  shore  current. 
The  outfall  follows  a  channel  between  high 
rock  reefs,  and  the  pipe  for  its  entire  distance 
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Cross  Section  of  Market  Street  Flood  Channel,   Burlington, 

Shoring   During  Construction. 
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and  when  that  is  not  sufficient  a  3-in.  rotary 
pump  discharges  into  the  finished  sewer. 

The  concrete  mixture  is  of  uniform  con- 
sistency throughout  and  contains  one  part  ce- 
ment, two  parts  sand  and  four  parts  gravel. 
The  sand  is  pumped  from  the  Mississippi 
river  and  is  thoroughly  washed.  The  gravel 
must  be  such  that  50  per  cent  will  pass  a  %-in. 
screen  and  be  retained  on  a  -Wz-in.  screen,  and 
50  per  cent  must  pass  a  1-in.  screen  and  be 
caught  on  a  %-in.  screen.  Square  corrugated 
bars  are  used  for  reinforcing,  as  shown  in 
the  cross-section  herewith  shown.  The  sewer 
was  designed  for  2  cu.  yds.  of  concrete  per 
linear  foot  and  there  are  200  lbs.  of  reinforc- 
ing per  linear   foot. 

The  labor  force  is  divided  into  two  crews 
as  follows : 

1  superintendent   lor  the   entire   job. 
Concrete  Gang — 
1  foreman. 
1  team   and   driver. 

1  fireman. 

2  men   on   mixer. 

4  men   supplying  sand. 

7  men    supplying   gravel. 

4  men  spreading  concrete. 
■Excavation  Gang — 

1  crane  foreman. 

4  engineers. 

4  firemen. 

6  helpers. 
One   timekeeper. 
One  waterboy. 

This  force  has  averaged  8  ft.  of  completed 
channel  per  day.  The  difficulties  nicountered 
in  carrying  on  the  work  arise  largely  from 
the  limited  width  of  right  of  way,  the  tem- 
perature at  which  concreting  is  done,  the  dis- 
posal of  the  discharge  of  the  present  sewer, 
the  obstruction  to  the  use  of  steel  forms  by 
steam  and  water  mains,  and  the  necessity  of 
tunneling  under   street   railway  tracks. 

PERSONNEL. 

The  channel  here  described  was  designed  by 
Mr.  H.  G.  Vollnier,  City  Engineer.  The 
writer  acted  as  inspector  on  construction. 


— with  the  exception  of  120  ft.  of  the  outfall 
end — is  laid  in  a  ditch  dredged  in  clean  sand. 
At  the  outfall  end,  the  floor  of  the  sea  falls 
away  somewhat  faster  than  the  grade  of  the 
pipe,  and  advantage  is  taken  of  this  to  hold 
the  end  of  the  pipe  line  off  the  floor  of  the 
sea.  It  was  considered  advisable  by  the  engi- 
neer in  charge  to  rest  the  pipe  on  concrete 
deposited  in  bags,  and  the  outermost  end, 
owing  to  the  swift  current  and  heavy  winter 
storms,  is  heavily  anchored  with  concrete  in 
bags. 

A  1:3:6  mixture  was  used.  A  scow  was 
anchored  near  the  outfall  end,  and  aboard  it 
the  concrete  was  mixed  and  sacked  dry.  The 
sacks  of  concrete  were  then  lowered  in  a  sling, 
and  placed  one  at  a  time,  by  the  diver,  who 
afterwards  ripped  them  open  with  a  knife  as 
placed.  The  concrete  showed  no  sign  of  set- 
ting up  for  two  days.  After  the  seventh  day 
it  was  fairly  well  bonded.  It  is  now,  after  one 
year,  a  fairly  good  mass  of  concrete,  which 
shows  no  damage,  either  from  the  swift  cur- 
rent or  from  storms,  from  whose  action,  ex- 
cept the  fiercest,  however,  it  is  probably  pro- 
tected by  its  depth. 

It  will  be  noted  that  the  costs  of  labor  only 
are   given,    and    they   depend    considerably    on 

,  Manhole 
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Placing: 

Diver,  120  hrs.  at  $1.00 120.00 

Tender,    120  hrs.   at   $0.50 60.00 

Compressor  eng.,  60  hrs.  at  $0.40..  24.00 

Labor,  250  hrs.  at  $0.30 75.00 

Total    $405.65 


1.5O0 
0.750 
0.300 
0.938 

$5,070 


Design  and  Construction  Features  of 
Reinforced     Concrete     Sewer     Si- 
phons  Under   New   York 
Subways, 

The  building  of  subwavs  in  city  streets 
necessitates  material  changes  in  the  location 
of  existing  sewers  along  the  line  of  the  sub- 
way. Generally  the  sewers  can  be  passed 
either  above  or  below  the  subway  structure 
by  altering  the  general  gradient  of  the  sewer, 
or  by  rebuilding  the  sewer  at  a  considerably 
lower  level  than  before,  either  of  which  is 
a  simple  operation.  It  sometimes  happens 
that  the  existing  sewer  has  its  invert  elevation 
at  or  below  high  tide  level  and  the  subway 
structure  lies  in  the  same  horizontal  plane. 
Then,  it  being  impracticable  to  raise  the  sewer, 
it  is  necessary  to  lower  it,  thus  making  a  rad- 
ical break  in  the  original  gradient  and  re- 
sulting in  an  inverted  siphon. 

To  avoid  these  inverted  siphons  it  would 
be  necessary  to  make  the  subway  the  dividing 
line  between  drainage  areas,  or  else  to  lower 
the  subway  sufficiently  to  allow  the  sewer  to 
pass  over  its  roof.  To  effect  the  former,  it 
would  be  necessary  to  replace  the  existing 
sewers  over  a  large  area  at  a  cost  which  has 
generally  been  considered  prohibitory.  To 
lower  the  subway  sufficiently  to  allow  the 
sewer  to  pass  over  it  would  add  greatly  to  the 
cost  of  construction,  besides  in  some  instances, 
inconvenience  to  the  public  in  requiring  the 
station  platforms  to  be  built  at  an  unusual 
depth  below  the  street  surface,  or  changing 
the  location  of  the  station.  Thus  several  in- 
verted siphons  have  been  built  in  the  New 
York  sewers  in  connection  with  subway  con- 
struction. The  design  and  construction  fea- 
tures of  the  chief  ones  of  these  are  here  de- 
scribed from  information  taken  from  a  paper 
by  Thad.  L.  Wilson  before  the  Brooklyn  En- 
gineers' Club.  Some  notes  on  operation  alsi> 
are  given. 

Conditions  admittedly  requiring  a  siphon 
were  first  encountered  in  1902  during  the  con- 
struction of  the  old  subway  in  the  Bronx,  at 
149th  St.  and  Railroad  Ave.  The  old  sewer 
in  Railroad  Ave.,  5  ft.  in  diameter,  has  its  in- 
vert elevation  about  2  ft.  below  mean  high 
tide.  To  pass  this  sewer  under  the  subway  it 
was  necessary  to  lower  it  about  10  ft. 

Mr.  E.  W.  Clarke  was  in  charge  of  the 
sewer  work  on  this  section  of  the  subway  at 
the  time,  under  the  Rapid  Transit  Commission, 
and  designed  and  supervised  the  construction 
of  this  first  siphon.  It  may  be  said  that  it 
was  by  his  persistent  and  convincing  argu- 
ment and  faith  in  his  design,  against  much  op- 
position, that  its  construction  was  finally  au- 
thorized. Gaging  and  velocity  tests  by  floats 
were  taken  by  Clarke  at  night  at  low  tide  and 
it  was  found  that  a  14-in.  iron  pipe  would 
carry  the  normal  flow  at  a  velocity  sufficient. 


HiQh  Water  Line  -\ 


The  United  States  army  engineers  have 
used  the  following  mi.xture  in  waterproofing 
cement :  One  part  cement,  2  parts  sand,  %  lb. 
of  dry  powder  alum  to  each  cubic  foot  of 
sand.  Mix  dry,  and  add  water  in  which  %  lb. 
of  soap  has  been  dissolved  to  each  gallon. 


£0"C.l  Pipe-' 


Fig.   1.     Anchorage   of  Concrete 


locality  and  weather,  which  in  this  instance  was 
exceptionally  fine.  The  costs  of  materials  are 
easily  ascertained  for  any  locality.  The  costs 
for  the  use  of  scows,  engines,  etc.,  will  depend 
entirely  on  locality  and  weather  conditions. 
The  amount  of  concrete  deposited  was  80  cu. 

yds.  and  it  cost  as   follows: 

Per 

Sacking  and  Mixing  Concrete:  Total,    cu.  yd. 

Foreman,  19  hrs.  at  35  cts $     6.65     $0,082 

Labor,  -100  hrs.   at  30  cts 120.00       1.500 


Concrete  in  bags-' 
in   Bags  for   Submerged    Outfall. 

it  was  believed,  to  keep  this  pipe  free  from 
accumulated  sediment.  Two  42-in.  storm  water 
pipes  were  provided  on  either  side  of  the  small 
pipe,  calculated  to  have  a  capacity  equal  to 
the  old  sewer  when  running  full. 

This  siphon  was  put  in  commission  in  the 
early  winter  of  1903.  and  has  since  been  per- 
forming its  functions  satisfactorily.  In  pass- 
ing judgment  upon  the  efficiency  of  this  siphon 
it  should  be  borne  in  mind  that  it  has  worked 
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as  was  intended  without  additional  cost  to  the 
borough   for  maintenance. 

In  Brooklyn  on  the  Fourth  Ave.  route 
siphons  have  been  built  at  Hudson  Ave.  and 
Fulton  St.,  Dean  St.  and  Fourth  Ave.  and  at 
Butler  and  at  35th   Sts. 

The  Hudson  Ave.  siphon  connects  a  4.o-ft. 
by  3  ft.  egg-shaped  sewer  at  an  elevation  of 
10  ft.  above  high  tide,  the  drop  being  22  ft. 
to  pass  below  the  subway.  A  10-in.  pipe  is 
provided  for  the  normal  flow  and  a  24-in.  pipe 
for  the  storm  water,  the  discharge  end  being 
at  an  elevation  sufficient  to  eliminate  all  tidal 
effect.  Such  siphons  have  a  great  advantage 
over  those  at  or  below  tide  water  level.  As 
a  relief  in  case  of  emergency  a  14-in.  by  4-ft. 
conduit,  built  in  the  roof,  passes  transversely 
across  the  subway  at  an  elevation  4  ft.  above 
the  invert  of  the  sewer. 

The  Dean  St.  siphon  connects  a  6-ft.  circular 
sewer,  the  drop  being  14  ft.  and  the  discharge 
end  of  the  siphon  being  12  ft.  above  high  tide. 
This  siphon  is  working  well  and  will  probably 
prove  one  of  the  most  satisfactory  built.  An 
18-in.  cast  iron  pipe  carries  the  normal  flow 
at  a  good  velocity.  Two  48-in.  pipes  are  pro- 
vided for  storm  water. 

Resort  to  siphons  seems  inadvisable  to  Mr. 
Wilson  unless  the  volume  of  sewage  is  suf- 
ficient to  effect  a  minimum  velocity  of  2  ft. 
per  second  in  a  12-in.  pipe. 

The  construction  of  the  Lexington  Ave.  sub- 
way required  siphons  at  106th  and  110th  Sts., 
the  former  serving  a  drainage  area  of  109 
acres  with  an  estimated  maximum  run  off  of 
2-50  cu.  ft.  per  second  and  a  minimum  of  9  cu. 
ft.  and  the  latter  an  area  of  227  acres  with 
a  maximum  of  3-56  cu.  ft.  per  second  and  a 
minimum  of  29  cu.   ft. 

To  avoid  these  siphons  it  would  have  been 
necessary  to  lower  the  base  of  rail  in  the  sub- 
way 12  ft.  to  allow  the  sewers  to  pass  over 
the  roof,  or  to  build  a  trunk  sewer  in  Park 
Ave.  from  110th  St.  south  to  9Gth  St..  and 
thence  east  in  96th  St.  to  the  East  River.  To 
lower  the  subway  for  about. eight  city  blocks 
would  have  added  to  the  cost  of  construction 
probably  $1,000,000  and  would  have  neces- 
sitated the  placing  of  the  station  platforms 
at  an  inconvenient  depth  below  the  surface  of 
the  street,  or  changing  the  location  of  the 
stations  to  points  off  from  the  main  lines  of 
crosstown  travel.  To  build  a  new  sewer  in 
Park  Ave.  and  96th  St.  with  the  necessan,'  lat- 
erals would  have  cost  probably  over  $1,500,000 
which  was  considered  prohibitory. 

It  was  the  intent  in  designing  these  siphons 
to  make  the  dams  controlling  the  flow  through 
the  dry  weather  pipes  at  an  elevation  a  little 
above  mean  high  tide,  thus  confining  the  en- 
tire normal  flow  to  the  smaller  pipes  and  ob- 
taining in  them  the  greatest  average  velocity 
without  raising  the  water  in  the  sewer  up 
stream  from  the  siphons  higher  than  it  had 
been  rising  previously  at  high  tide.  This  is 
the  material  difference  in  design  from  the 
Railroad  .'\ve.  siphon  previously  referred  to. 
In  the  Railroad  .-Xve.  siphon  all  pipes  are  sub- 
merged and  obtain  some  velocity  twice  daily. 
while  these  siphons  rarely  take  storm  water 
in  the  larger  pipes  except  during  storm  at 
high  tide,  the  dry  weather  pipe  being  adequate 
to  carry  an  ordinary  rain  storm,  at  ebb  or  low 
tide   obtaining   of   course   great   velocity. 

Another  feature  introduced  with  these 
siphons  is  the  by-pass  to  facilitate  cleaning  the 
dry  weather  pipe  should  it  become  necessary. 
This  consists  of  a  circular  conduit  of  the  di- 
ameter of  the  small  pipe  and  passing  from  the 
chamber  on  a  level  with  the  invert  of  the 
sewer,  through  the  dam  and  into  one  of  the 
storm  water  pipes  at  each  end  of  the  siphon. 
A  sluice  gate  in  each  chamber  when  closed 
renders  the  passageway  inoperative,  but  by 
opening  the  gates  the  flow  freelv  passes  into 
the  storm  water  pipe  to  the  full  capacity  of 
the  dry  weather  pipe.  A  temporary  dam  of 
sandbags  may  easily  be  constructed  across 
the  chani))cr  between  the  end  of  the  drv 
weather  pipe  and  the  by-pass  conduit  in  each 
chamber,  which  will  direct  all  flow  through 
the  storm  pipe,  thus  rendering  the  dry  weather 
pipe  inoperative,  without  raising  the  water  in 
the  sewer.  This  appears  to  be  the  only  de- 
vice  so    far  that   will   prove   really   helpful   in 


cleaning  the  small  pipe.  Another  use  to  which 
this  device  could  be  put  would  be  to  open  these 
gates  in  time  of  storm,  thus  doubling  the  ca- 
pacity of  the  dry  weather  pipe  and  securing 
a  velocity  in  the  storm  pipe  sufficient  to  keep 
it  open,  if  not  free  from  sediment,  besides 
holding  the  water  in  the  sewer  during  storms 
to  the  same  level  as  prevailed  before  the 
siphons  were  built.  It  would  require  a  stor.m 
of  unusual  intensity  to  overtax  these  two  pipes 
except  at  high  tide.  Study  along  this  line  may 
lead  to  further  improvement  in  design. 

These  siphons  are  provided  with  clean-out 
manholes  for  the  small  pipes  at  each  side  of 
the  subway  structure,  entrance  to  the  pipes 
from  the  bottom  of  the  manholes  to  be  ob- 
tained by  removing  the  upper  part  of  the  pipe. 
The  pipe  at  these  manholes  are  special  cast- 
ings, the  flanges  milled  and  bolted  together, 
lead  gaskets  being  used.  The  construction  of 
these  manholes  was  the  most  annoying  part 
of  the  work  and  they  are  of  doubtful  utility. 

The  106th  St.  siphon  connects  a  5.25-ft. 
circular  sewer,  the  invert  of  which  is  2  ft;  be- 
low mean  high  tide  and  has  a  drop  of  14  ft. 
This  siphon,  as  also  the  one  at  110th  St.,  was 
built  by  the  Oscar  Daniels  Co.,  contractor  for 
section  12  of  the  Lexington  .-\ve.  subway,  dur- 
ing the  summer  and  fall  of  1912.  The  con- 
struction was  carried  out  according  to  plan 
and  without  incident.  The  flow  during  con- 
struction was  carried  in  a  wooden  flume  6  ft. 
deep  and  5  ft.  wide.  Excavation  below  the 
subgrade  of  the  subway  was  in  practically  im- 
pervious clay. 

The  110th  St.  siphon,  having  a  drop  of  16 
ft.,  connects  a  horseshoe-shaped  sewer  12  ft. 
wide  by  8  ft.  deep  with  a  flow  line  elevation 
3  ft.  below  mean  high  tide.  The  old  sewer 
was  built  of  brick  upon  timber  grillage,  con- 
sisting of  two  courses  of  4-in.  by  8-in.  spruce 
crossed  diagonally.  The  material  excavated 
lielow  the  subway  was  sand  and  clay,  very  wet. 
For  about  half  the  distance  across  the  subwav, 
rock  was  encountered  at  about  2  ft.  above  sub- 
grade. 

.A  wooden  flume,  7  ft.  wide  by  6.5  ft.  deep 
was  first  built  north  of  the  siphon  trench 
which  carried  the  flow  during  construction 
without  overflowing.  It  may  be  of  interest 
to  note  that  the  highest  point  to  which  the 
water  in  the  sewer  has  risen  since  the  begin- 
ning of  this  work  was  3  ft.  6  ins.  above  mean 
high  tide  or  6.5  ft.  above  the  flow  line.  This 
was  at  night  during  high  tide  and  a  violent 
rain  storm,  the  water  rising  in  the  flume  to 
within  4  ins.  of  overflowing. 

This  siphon  has  a  42-in.  cast  iron  pipe  for 
the  normal  flow  and  two  reinforced  concrete 
circular  pipes  6.5  ft.  inner  diameter,  and  re- 
quired a  trench  22  ft.  wide. 

As  the  excavation  progressed  a  sump  was 
carried  down  outside  the  sheeting  to  a  depth 
of  4  ft.  below  subgrade,  from  which  a  6-in. 
electrically  driven  centrifugal  pump  controlled 
the  water.  Then  24-in.  I-beams  32  ft.  long 
were  placed  across  the  siphon  trench  10  ft. 
apart  and  doubled  under  the  roadway  of  Lex- 
ington Ave.,  strongly  supported  outside  the 
trench  at  each  end  and  by  posting  in  the  cen- 
ter. These  I-beams  carried  the  surface  and 
sub-surface  loads,  giving  room  for  bracing 
and  sheeting  the  trench  below  the  subgrade 
of  the  subway  in  the  usual  way  without  diffi- 
culty. Tongue  and  groove  3-in.  sheeting  was 
used,  the  timbers  being  generally  12  ins.  by  12 
ins.  When  the  excavation  was  completed,  6 
ins.  to  8  ins.  of  concrete  was  placed  in  the 
bottom  and  banked  somewhat  on  the  sides 
to  hold  the  toe  of  the  sheeting  as  well  as  to 
afford  a  solid  working  floor.  The  reinforcing 
rods  were  then  assembled,  wired  and  support- 
ed in  place,  and  inside  of  these  the  forms  were 
placed  and  concrete  was  poured.  Collapsible 
steel  forms  were  used.  The  42-in.  pipe  was 
then  set  and  caulked,  after  which  the  centers, 
the  same  forms  as  used  for  invert,  were 
placed,  the  remaining  reinforcing  rods  as- 
sembled and  the  remainder  of  concrete  poured. 

On  Sept.  22.  1912,  water  was  turned  into 
the  106th  St.  siphon  and  on  Jan.  7.  1013,  into 
the  110th  St.  siphon,  since  which  time  each 
has   been   working   satisfactorily. 

In  discussing  Mr.  Wilson's  paper,  Mr.  Tames 
F.    Fouhy    added    a    few    words    regarding   a 


siphon  which  didn't  work,  though  on  the  same 
sewer  line  and  in  approximately  the  same  po- 
sition as  the  Dean  St.  siphon  above  men- 
tioned. Prior  to  the  construction  of  the 
Fourth  Ave.  subway  the  Dean  St.  sewer  was 
supposed  to  empty  during  storms  into  the  lo- 
ft, storm  sewer  on  the  west  side  of  Fourth 
Ave.  The  dry  weather  tlow  was  arranged  to 
flow  into  an  8-in.  cast  iron  pipe  siphon.  About 
230  ft.  east  of  Fourth  Ave.  an  18-in.  depressed 
invert  was  cut  into  the  Dean  St.  sewer  at  a 
horizontal  angle  of  45°.  This  served  as  an  en- 
trance to  the  18-in.  pipe  which  then  continued 
parallel  with  the  Dean  St.  sewer  until  it 
reached  Fourth  Ave.,  when  it  began  to  drop 
so  as  to  pass  under  the  15-ft.  storm  sewer, 
which  was  several  feet  lower  than  the  Dean 
St.  sewer.  It  then  rose  again  and  emptied 
into  a  continuation  of  the  Dean  St.  sewer. 
During  construction  the  J8-in.  cast  iron  pipe 
in  Fourth  Ave.  was  found  to  be  completely 
filled  with  hard  muck,  while  the  portion  east 
of  Fourth  Ave.  was  comparatively  clean.  The 
cause  is  easily  found.  The  water  took  the 
path  of  least  resistance  and  emptied  into  the 
15-ft.  sewer.  All  of  which  tends  to  show  the 
necessity  of  compelling  the  sanitary  flow  to 
travel  through  the  dry  weather  pipe,  thereby 
increasing  the  velocity  and  making  the  pipe 
self-cleaning.  This  is  accomplished  by  means 
of  a  reducer.  Mr.  Fouhy,  who  has  had  con- 
siderable experience  of  this  type,  believes  the 
reducer  to  be  an  absolute  necessity. 


Design,  Construction  and  Cost  of  New 

Sanitary  Sewerage  System  at 

Alton,  111. 

A  sanitary  sewerage  system,  13%  miles  in 
length,  has  just  been  completed  in  Alton,  Illi- 
nois. The  area  served  by  this  system,  known 
as  Upper  Alton,  is  residential  in  character  and 
has  a  population  of  about  4,000  people.  It 
lies  about  two  miles  from  the  Mississippi 
river  and  is  about  125  ft.  above  the  river.  The 
present  article  describes  the  design  and  con- 
struction of  this  new  sewerage  system  and 
gives  some  unit  cost  and  output  data.  Our  in- 
formation is  from  a  paper  by  Mr.  J.  E. 
Schwaab,  city  engineer  of  Alton,  before  the 
30th  annual  meeting  of  the  Illinois  Society  of 
Engineers  and  Surveyors. 

In  designing  the  sewer  a  contour  map  was 
first  made  and,  on  account  of  a  long  route  to 
the  Mississippi  river  for  an  outlet,  it  was  con- 
sidered at  one  time  advisable  to  construct  a 
septic  tank,  the  effluent  from  which  would  dis- 
charge into  Wood  river,  which  has  a  drainage 
area  of  121  square  miles.  The  estimated  cost 
to  construct  an  outlet  sewer  to  the  Mississippi 
river  was  about  $10,000  more  than  the  cost  of 
the  septic  tank  project.  While  the  first  cost 
of  disposal  by  dilution  was  the  greater  it  was 
decided  that  it  would  be  the  best  and  the 
cheapest  in  the  long  run. 

The  citizens  of  the  territory  offered  several 
objections  on  account  of  the  size  of  the  pipe, 
and  kind  of  sewer;  some  of  tliem  wanted  a 
combined  sewer  system.  They  appointed  a 
committee  who  secured  the  advice  of  Mr.  W. 
S.  Shields,  Consulting  Engineer,  of  Chicago, 
who  advised  them  that  a  sanitan-  sewer  system 
would  be  adequate  and  would  meet  with  their 
requirements  if  constructed  according  to  the 
plans.  It  was  not  necessary  to  install  a  storm 
water  sewer  as  the  natural  contour  of  the 
ground  gives  the  storm  water  an  opportunity 
to  drain  off  very  quickly  into  small  ravines 
which  form  natural  outlets.  This  seemed  to 
change  the  public  opinion  and  made  the  citi- 
zens more  favorable  towards  the  construction 
of  this  type  of  a  sewer.  However,  several 
citizens  made  up  an  objectors'  committee,  em- 
ployed attorney.s,  and  made  objections  to  the 
special  assessment  in  the  court,  and  the  law- 
yers for  the  objectors  took  the  matter  up  on 
a  writ  of  error  before  the  State  Supreme 
Court,  but  the  sewer  case  was  finally  con- 
firmed. 

The  sewer  system  consists  of  13%  miles  of 
main  sewer,  two  miles  of  an  outlet  sewer;  the 
size  of  pipe  ranges  from  8  ins.  to  16  ins.  in 
diameter.  There  arc  five  miles  of  6-in.  stubs, 
connected  to  6-in.  Y's  in  the  main  sewer  and 
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running  to  the  curb  line,  for  house  connec- 
tions. These  were  placed  in  the  street  in  or- 
der to  avoid  future  tearing  up  of  pavements. 
Manholes  were  built  of  brick  and  plastered 
with  cement.  All  junction  manholes  were 
made  4  ft.  by  4  ft.,  and  line  manholes  were 
3  ft.  by  4  ft.  Manholes  were  placed  at  all 
grade  changes,  angles,  and  at  all  street  inter- 
sections, at  an  approximate  distance  of  400  ft. 
apart;  157  manholes  were  installed.  Miller 
automatic  siphon  flush  tanks,  with  interior 
bents,  were  used  and  connected  with  the  water 
main.  Flush  tanks  were  equipped  with  I  X  L 
flush  tank  regulators  and  are  regulated  to 
flush  every  twelve  hours.  These  flush  tanks 
were  placed  at  all  dead  ends  excepting  where 
the  grade  was  greater  than  .5  per  cent  and 
not  more  than  1,000  ft.  in  length.  A  total  of 
21   flush   tanks   were  used. 

A  total  of  13,760  ft.  of  the  sewer  was  laid 
in  paved  streets  which  necessitated  the  tearing 
up  and  repaving  of  portions  of  certain  streets. 
In  replacing  the  pavement  a  5-in.  concrete 
base  (extending  1  ft.  on  each  side  of  the  ex- 
cavated ditch,  thus  securing  a  more  secure 
bearing)  was  laid.  Bricks  were  laid  on  a  2-in. 
sand  cushion  and  grouted  with  a  1  to  1  cement 
grout. 

The  grade  of  the  sewer  within  the  district 
ranged  from  0.35  per  cent  to  5  per  cent  and 
from  0.2  per  cent  to  1  per  cent  on  the  outlet 
sewer. 

In  the  construction  of  this  system  there  were 
used  one  small  00  Austin  gasoline  ditching  ma- 
chine which  excavated  a  ditch  24  ins.  wide. 
The  following  out-put  data  were  furnished 
by  Mr.  G.  M.  Johnson,  of  the  Lillie  Construc- 
tion Co.,  sub-contractors,  and  owner  of  this 
machine : 

Total  amount  of  work  done,  lin.  ft 19,800 

No.   of  working  days 90 

Average  cut  per  day,  lin.  ft 22i) 

Maximum  cut  per  day,  lin.  ft SOO 

Average  cost  per  day  tor  operation $30 

Average   Cost  Per  Foot   for  Liaying  Pipe. 

Cts. 
Average    cost    per    foot    for    operation    of 

machine    13. C 

Incidentals    1.4 

Total  ijost  per  foot  for  excavation 15.0 

Cost  per  foot  tor  laying  pipe 4.0 

Cost  per  foot  for  refilling 3.0 

Cost  per  foot  for  excavating,  laying  pipe, 
and    refilling   trench 23.0 

Depth  of  trench  averaged  11  ft.,  with  a 
maximuiTi  of  22  ft.  and  a  minimum  of  4  ft. 

There  was  also  used  a  Parson's  steam  ditch- 
ing machine  with  backfiller,  which  excavated 
a  ditch  28  ins.  w-ide.  The  following  figures 
as   to   the   work   done   by   this    machine    were 


computed  by  the  writer  and  are  only  approxi- 
mate: 

Total  amount  of  work  done,  lin.   ft 18,000 

Number   of  working  days 90 

Average  cut  per  day,  lin.   ft 200 

Average     cost    per    day     for    operation, 

laying   pipe,   and   backfilling $45.00 

Average  depth  of  trench  excavated,  ft..         ll^/^ 

The  balance  of  the  main  line  sewer,  where 
conditions  were  unfavorable  for  the  use  of 
fxcavating  machines,  and  all  laterals  were  put 
in  by  hand  gangs. 

OUTLET    TUNNEL    CONSTRUCTION. 

The  outlet  necessitated  the  construction  of 
1,000  ft.  of  tunnel  through  a  ridge.  The  grade 
of  the  tunnel  varied  from  20  ft.  to  39  ft.  below 
the  natural  surface  of  the  ground.  In  this 
tunnel  r2-in.  cast-iron  pipe  was  laid  to  the 
proper  grade.  Shafts  were  sunk  every  200 
ft.  These  shafts  were  made  4  ft.  by  8  ft.  in 
dimension  and  were  properly  braced  with  oak 
timbers.  The  8-ft.  side  was  parallel  to  the 
center  line  of  the  sewer.  On  each  side  of 
the  shaft  plumb  bobs  were  dropped  and  were 
used  to  line  the  tunnel  driving;  this  method 
proved  sufficiently  accurate  to  keep  the  tunnel 
in  alignment.  Clay  was  removed  from  the 
tunnel  by  the  use  of  5  cu.  ft.  wooden  buckets 
which  were  raised  and  lowered  into  the  shafts 
by  the  means  of  an  ordinary  hoisting  engine 
and  swinging  boom.  This  equipment  was  also 
used  for  lowering  the  r2-in.  cast-iron  pipe 
into  the  shaft  and  for  dragging  it  along  the 
tunnel.  When  pipes  were  placed  in  the  proper 
position  they  were  yarned  and  calked  with 
lead.  At  the  bottom  of  the  shaft  the  heading 
was  driven  in  both  directions  for  a  distance 
of  100  ft.  at  the  same'  time.  The  sides  and 
top  were  sheeted  with  3-in.  oak  planking  as 
the  tunnel  was  being  driven.  To  operate  one 
shaft  there  were  five  men  in  the  tunnel — one 
man  to  hook  the  cable  onto  the  buckets,  two 
men  at  the  headings,  and  two  men  wheeling 
muck  to  the  shaft.  On  the  top  there  were 
three  men,  one  man  unhooking  the  bucket  and 
emptying  it,  and  one  man  with  team  and 
scraper  to  remove  the  earth  from  the  shaft, 
and  one  man  to  cut  timber. 

One  difficulty  experienced  was  the  lack  of 
ventilation.  It  was  impossible  to  keep  a  light 
burning  in  the  tunnel  so  that  the  men  could 
see.  The  air  became  foul,  thus  preventing 
the  men  from  remaining  in  the  tunnel.  This 
obstacle  was  overcome  by  the  use  of  an  ordi- 
nary blower  fan  operated  bv  a  P/2-HP.  gaso- 
line engine.  To  the  discharge  end  of  the 
blower  fan  3-in.  spouting  was  connected  and 
run  down  into  the  shaft  and  each  way  into 
the  headings.  This  fan  furnished  sufficient  air 
to  enable  the  men  to  work  in  the  tunnel  with- 


out experiencing  any  discomfort  as  regards 
ventilation. 

The  time  required  to  complete  this  tunnel 
was  60  days,  average  progress  being  17%  ft. 
per  day.  The  maximum  progress  was  34  ft. 
per  day.  The  total  cost,  including  labor,  ma- 
terial and  lumber,  was  $10,000. 

Following  are  the  wages  paid  for  the  labor 
for  constructing  the  tunnel.  Each  shift  con- 
sisted of: 

One  foreman,  per  month $75.00 

One  engineer,    per  hour 0.25 

Two  diggers,  per  hour 0.30 

Five  laborers,   per  hour 0.25 

One  team,  per  hour 0.50 

One  water  boy,  per  day 1.00 

Eight  hours  constituted  a  day's  work  for 
each  shift;  at  times  there  were  three  shifts 
working  in  the  24  hours. 

The  material  through  which  the  tunnel  was 
driven  was  wet,  sandy  clay  excepting  50  ft. 
of  small  gravel  and  quicksand.  The  elevation 
of  ground  water  was  13  ft.  below  the  natural 
ground  surface.  The  men  at  the  headings 
used  ordinary  round  pointed  spades  ;  picks 
were  used  when  gravel  was  encountered. 

The  r2-in.  cast-iron  pipe  was  used  in  the 
tunnel  so  as  to  avoid  any  chance  of  accident 
by  breakage  in  such  a  deep  cut.  Ordinary 
sewer  tile  was  used  throughout  the  balance 
of  the  outlet  excepting  where  the  outlet  was 
below  high  water  mark.  In  this  place  16-in. 
cast-iron  pipe  was  used  on  account  of  the 
river  backing  up  in  the  pipe  during  high  water. 
Cast-iron  pipe  will  also  afford  greater  protec- 
tion against  the  frost  throwing  the  sewer 
out  of  alignment  and  grade  as  the  pipe  was 
only  3  ft.  below  the  surface  of  the  ground. 

CONTR.^CT    PRICES. 
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6-in.  vitrified    clay    pipe 24,800         8.0  $0.50 

S-in.  vitrified    clay    pipe 37.151       10.7  0,72 

10-in.  vitrified    clay    pipe 13,953       12.0  O.lift 

12-in.  vitrified    clay    pipe....     6.556       10.0  0.7\ 

15-in.  vitrified    clay    pipe....     4,482         7.2  O.IK) 

16-in.  cast    iron    pipe 1,479         4.7  4.ni> 

12-ln.   cast    iron    pipe 1,511       26.5  5. no 

Manholes,    each    $40.00 

Flush    tanks,    each 75.00 

The  actual  construction  work  was  per- 
formed by  the  Public  Service  Construction 
Co.  of  Omaha,  Nebraska,  who  were  associated 
with  Chas.  E.  Van  Wormer  of  SpringfieM. 
111.,  Bertrand  Weiss  having  actual  charge  of 
the  work.  Work  was  commenced  on  June  2_', 
11114,  and  was  completed  on  Nov.  1,  1914, 
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Methods    and    Costs   of   Constructing 
Concrete  Lining  for  Twenty  Irri- 
gation Canals. 

The  design  and  structural  features  of  con- 
crete lining  for  irrigation  canals  were  dis- 
cussed in  our  issue  of  Jan.  27  from  a  report 
by  Samuel  Fortier,  Chief  of  Irrigation  Inves- 
tigations, U.  S.  Department  of  Agriculture. 
From  the  same  report  there  follow  some  20 
examples  giving  methods  and  costs  of  con- 
structing concrete  lining: 

In  submitting  the  following  data  an  effort 
has  been  made  to  show  as  fully  as  possible 
what  constitutes  current  practice  throughout 
the  West  in  the  lining  of  old  and  new  canals. 
The  lack  of  space  prevents  taking  up  many 
of  these  features  in  detail,  but  it  has  been  the 
aim  to  select  representative  work  in  the  vari- 
ous localities,  and  to  point  out  not  only  the 
good  features  of  such  work,  but  to  call  at- 
tention to  doubtful  practices  in  order  to  assist 
the  engineer  in  the  design  and  execution  of 
similar  construction  elsewhere. 

Patterson  Land  &  Water  Co.,  Patterson, 
Cal. — About  three  years  ago  a  series  of  pump- 
ing plants  was  installed  to   raise   water   from 


the  San  Joaquin  River  to  irrigate  a  tract  of 
14,000  acres,  comprising  the  bulk  of  what  is 
locally  known  as  the  Patterson  ranch.  To 
prevent  the  loss  of.  water  by  seepage  the  ca- 
nals of  this  system  were  lined  with  a  3-in. 
layer  of  concrete  and  finished  with  a  %-in. 
plaster  coat.  The  inain  canal  at  the  river  end 
has  a  bottom  width  of  7  ft.,  a  vertical  depth 
of  5%  ft.,  side  slopes  of  1%  to  1,  and  a  ca- 
pacity of  about  110  sec-ft.  Its  capacity  is  re- 
duced at  various  points  along  its  length,  and 
at  a  distance  of  '2Vs  miles  from  the  intake  the 
bottom  width  is  4%  ft.  After  the  excavation 
of  each  division  the  main  canal  was  filled 
with  water  and  allowed  to  soak  for  from  six 
to  nine  days.  It  was  then  trimmed  and  lined 
in  12  ft.  sections.  The  gasoline-driven  con- 
crete mi.xer  had  a  capacity  of  75  cu.  yds.  per 
day,  which  provided  material  to  line  3<H)  lin. 
ft.  The  position  of  this  mixer  when  operated 
and  the  methods  employed  in  elevating  the 
material  and  delivering  the  concrete  are 
shown  in  Fig.  1.  The  concrete  used  was  a 
mixture  of  1  part  cement  to  G  or  0%  parts 
of  sand  and  gravel.  The  plaster  coat  was  pro- 
portioned 1  :2  cement  and  river  sand. 

East  Contra  Costa  Irrigation  Project,  Brent- 
ivood,    Cal. — This    enterprise,    although    much 


larger,  is  similar  in  design,  purpose,  and  scope 
to  that  at  Patterson.  Mr.  A.  Kempkey,  the 
engineer  in  charge,  in  writing  of  this  project 
claims  that  some  improvements  have  been  in- 
troduced in  the  lining  as  planned  over  the 
lining  used  on  the  Patterson  project.  One  of 
these  is  the  insertion  of  two  expansion  joints 
at  the  toe  of  each  slope  and  parallel  to  the 
canal  axis.  It  is  also  proposed  to  apply  the 
mortar  coat  by  means  of  a  cement  gun,  at  an 
estimated  cost  of  1  ct.  per  square  foot  of  sur- 
face. The  expansion  joint  used  on  both 
projects  is  shown  in  detail  in  Fig.  3,  page  73 
( Fng.  Contg.,  Jan,  27,  1915).  It  has  given 
good  satisfaction  wherever  used  in  both  canal 
and  reservoir  lining.  A  medium  grade  of  as- 
phalt, applied  warm  enough  to  flow  readily 
but  not  smoking  hot,  is  considered  best  to  fill 
the  joints.  In  using  this  joint  it  is  not  neces- 
sary to  place  the  lining  in  alternate  sections, 
as  a  tapering  strip  of  wood  may  be,  inserted 
jjetween  adjoining  sections.  These  strips  can  ; 
be  afterwards  removed  and  the  joints  formed 
by  pouring  asphalt  into  the  grooves  and  ap- 
plying a  %-in.  coat  of  plaster  on  top  of  the 
asphalt.  Figure  2  shows  the  work  of  lining  i 
this  canal  in  progress. 
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North  Side  Twin  Falls  Land  &  Water  Co., 
Miliier.  Idaho. — This  company  lined  8,400  ft. 
of  its  main  canal  to  increase  its  capacity.  The 
canal  is  carried  for  several  hundred  feet  along 
a  rough  lava  rock  cliff  and  is  60  ft.  above  low 
water  in  the  river.  The  outer  bank  through 
this  section  is  a  concrete  retaining  wall.  The 
remainder  of  the  lined  section  is  excavated 
almost  wholly  in  solid  lava.  The  grade  varies 
from  0.001  in  narrow  places  to  0.0002  and 
0.00025  in  the  wider  sections.     The  canal  was 


these  being  designed  to  lock  the  edges  of  ad- 
jacent sections  and  to  prevent  slipping.     (See 


Fig.  2, 


E.  &  C,  Jan.  27,  1915.) 


The  side  walls  in  the  rock  sections  were 
supposed  to  have  a  slope  of  1  to  4 ;  but  in 
many  places  where  this  would  have  necessitat- 
ed the  blasting  of  large  amounts  of  rock,  walls 
w-ere  made  almost  vertical.  Heavy,  collapsi- 
ble forms  of  2-in.  lumber  were  used  in  placing 
concrete  for  the  walls  which  approached  the 
vertical.     The   concrete   was   wheeled   directly 


Fig.  1.    Constructing  Concrete  Lining  in  Main    Canal,    Patterson    Land    &    Water    Co.,    Pat- 
terson,  Cal. 


emptied  Oct.   10,   1909,  and  the  work  of  pre- 
'  paring  it  for  the  concrete  was  commenced  as 
I  soon  as  the  channel  had  dried  sufficiently.     In 
(places  for  several  hundred  feet  from  the  head- 
gates   the   canal   bed   was   considerably   below 
grade.      The     rock     projecting     into     the    ca- 
nal    section     in    the    sides    and    bottom    was 
blasted      and      smoothed,      the       low       places 
being      filled       to       subgrade,      with      broken 
:  stone  and  puddled   earth.     .\n   8-in.   thickness 
jof   concrete   was   applied   to   the   sides   of   the 
rock,    sections    and    a    6-in.    thickness    to    the 
bottom.     The   sides  of  the  rougher  rock  sec- 
tions were  riprapped  to  secure  a  better  align- 
ment and  to  save  concrete.    Cavities  and  large 
irregularities  were  back-filled  with  stones  and 
puddled    earth.     It   seems    to   the   writer   that 
the  0-in.  thickness  laid  on  the  bottom  of  rock 
I  sections  might  have  been  reduced  to  3  or  4  ins. 
!  if   the   bed   had   been   better   prepared   by   the 
placing   of   finely    crushed    stone,   compressing 
this  material  by  rolling  to  secure  an  even  sur- 
face  and   uniform   grade,   as  is   done   in   mac- 
adamized road  construction. 

The    concrete    was    composed     of     a     1:3:0 
cement,  sand,  and  crushed  stone  mixture,  but 


from  the  mixers  and  spread  in  uniform  lay- 
ers 4  ins.  thick  over  the  bottom  and  on  the 
sides  of  the  easier  slopes  in  earth  sections. 
Concrete  placed  within  forms  made  of  4x4-in. 
lumber  was  compacted  by  tamping  and  fin- 
ished by  working  24-ft.  floats  made  of  2x6-in. 
timbers  back  and  forth  over  the  upper  sur- 
face of  the  forms.  Sixty  cubic  yards  of  con- 
crete per  day  were  sometimes  laid  in  this  way 
by  one  gang  working  under  favorable  condi- 
tions. The  sides  and  slopes  were  finished  with 
a  coat  of  cement  mortar  whenever  the  surface 
was  rough  enough  to  warrant  it. 

The  unusually  high  cost  of  this  work  was 
largely  due  to  the  difiiculty  of  preparing  the 
rock  cut  for  the  lining  and  to  the  absence  of 
sand  and  gravel,  which  made  it  necessary  to 
crush  rock  for  the  concrete.  However,  a 
greater  factor  than  either  of  these  was  the 
added  expense  due  to  the  necessity  of  prose- 
cuting the  work  during  severe  winter  weather. 
To  do  this  the  canal  was  roofed  over  for  a 
distance  of  2,000  ft.  and  the  inclosed  space 
warmed  by  specially  constructed  heaters, 
using  sagebrush  for  fuel.  The  cost  of  labor 
and  material  was   as   follows : 


Fig.  2.    Laying  Concrete  Lining  In  Canal  of   East  Contra  Costa   Irrigation   Project,   Brent- 
wood, Cal. 


whenever   a   well-graded   crushed   stone   could 

be  secured  sand  was  omitted  and  the  concrete 

I  was  made  of  1  part  cement  to  (i  parts  crushed 

'stone    from   which   all   narticles   over    1%    ins. 

in  diameter  had  been  excluded. 

In  earth  sections  the  lining  of  the  sides 
and  bottom  was  4  Ins.  thick  and  had  side 
slopes  of  1%  to  1.  Expansion  joints  of  corru- 
gated iron  were  inserted  every  10  to  20  ft. 
along  the  sides  and  bottom  except  in  the  bot- 
tom of  the  rock  sections.  These  joints  con- 
sisted of  pieces  of  corrugated  iron  cut  into 
strips  4  ins.  wide  containing  W>  corrugations. 


Laborers,  per  day  of  10  hrs $ 

Drillers,  per  day  of  10  hrs 2.75- 

Engineers    (steam),    per   day 3.00- 

Man    and   team,    per   day 

Coal  per  ton,   f.   o.    b.    Mllner 

Cement  per  barrel,   f.   o.   b.   Mllner 2.59- 

Cost  of  crushing  rock,    per  cu.   yd.... 
Cost  of  labor  for  placinir  concrete,  per 

cu.   yd 

Complete  cost  of  material,  mixing  and 

placing  concrete  for  form  work  only, 

per  cu.  yd 

Same  without  forms 

Cost    of    rock    excavation    (light    cuts 

from  0.4  to  2  feet),  per  cu.  yd 

Cost    of    placing    riprap    1    foot    thick, 

per  cu.   yd 


2.50 
3.00 
4.00 
5.00 
6.50 
2.fi9 
1.10 


S.iO 
7.00 


5.00 
2.00 


Total    co-it    of   preparing    8,400    lin.    ft. 

of  canal  for  concrete 75,000.00 

Gross    cost    of   lining    8,400    lin.    ft.    of 

canal    200,000.00 

Average  cost  of  concrete,  per  cu.  j'd..  8.00 

Main  South  Side,  or  Nezv  York  Canal, 
United  States  Reclamation  Service,  Boise, 
Idaho. — This  canal  is  designed  essentially  to 
carry  flood  water  from  a  point  on  the  Boise 
River,  nine  miles  above  Boise,  to  the  Deer 
Flat  reservoir,  a  distance  of  30  miles.  Seventy 
thousand  acres  of  laud  is  also  watered  from 
the  canal  before  the  reservoir  is  reached. 
.\bout  aVz  miles  of  the  canal  was  lined  to  pre- 
vent seepage,  increase  the  carrying  capacity, 
and  for  the  safety  of  sidehill  sections  where 
breaks  frequently  occurred.  The  canal  is  an 
old  one,  originally  built  with  side  slopes  of 
1%.  to  1,  but  the  change  and  filling  up  of  the 
section  common  to  old  canals  necessitated  con- 
siderable preliminary  work  in  the  removal  of 
very  gravelly  earth  and  in  shaping  the  sides 
liefore  the  concrete  could  be  laid.  The  lined 
section  has  a  grade  of  0.00025  to  0.000-32  and 
slopes  of  1%  to  1.  Forms  of  4x4-in.  lumber  were 
placed  upon  the  slopes  and  aligned,  after 
which  the  surface  between  the  forms  was 
smoothed  and  thoroughly  hand  compacted.  A 
uniform  layer  of  concrete  4  ins.  thick  was 
then  applied. 

After  heavy  stripping,  a  good  natural  mix- 
ture of  sand  and  gravel  was  secured  adjacent 
to  the  canal.  This  was  hauled  by  slip  scrapers 
up  a  runway  and  dumped  into  the  mixers, 
which  were  placed  high  enough  to  permit  dis- 
charging the  concrete  directly  into  one-horse 
carts.  The  concrete  was  a  1  :3  :i;  mixture  of 
Portland  cement,  sand,  and  gravel.  It  was 
laid  in  sections  measuring  8x10  ft.  on  the 
slopes  and  8x16  or  10x10  ft.  on  the  bottom. 
The  lining  was  laid  in  alternate  sections  to 
make  room  for  the  workmen,  and  the  upper 
sections  were  usually  the  first  completed.  .As 
soon  as  the  concrete  of  the  first  sections  had 
set,  the  forms  were  removed  and  the  inter- 
mediate sections  filled  in.  Expansion  joints 
of  one  thickness  of  tar  paper  were  used  be- 
tween sections  in  part  of  the  work. 

After  being  dumped  from  the  cars,  the  con- 
crete was  worked  down  and  later  smoothed 
by  drawing  long  floats  made  of  2x6-in.  tim- 
bers back  and  forth  across  the  forms.  In  or- 
der to  get  a  smooth  face,  the  surface  was 
painted  with  a  1  to  2  finishing  coat  of  cement 
mortar  as  soon  as  the  concrete  was  placed 
and  set.  The  lining  was  kept  wet  by  sprinkling 
for  a  period  of  seven  days  after  being  laid. 
It  was  protected   from  nightly   freezes  during 


Fig.  3.     Forms   Used  for    Backfilling    With 
Puddled    Earth   to   Prepare  Canal  for  Con- 
crete   Lining,    Fruitlands    Irrigation   & 
Power  Co.    (Ltd.).    Kamloops. 
British  Columbia. 

the  early  part  of  the  work  by  covering  with 
a  layer  of  straw,  and  during  some  freezing 
weather  in  the  latter  part  of  the  work  some 
concrete  was  laid  under  large  tents  heated  by 
stoves.  Some  of  the  cost  items  are  as  follows : 
Preparing  canal  .section   for  lining,   per 

lin.   ft.,    approximately 

Hauling  t'ravcl  to  mixers,  per  cu.  yd.. 
Mixing   and    placing   concrete,    per   cu. 

yd 

Total    cost    of    concrete.    IncludlnK    ce- 
ment, per  cu.  yd 


?2.S0 
1.14 


2.20 
7.70 
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Total    cost    of    concrete    in    place,    per 

lin.   ft 9.61 

Cement  per  barrel,  f.o.  b.  Boise 2.27-2.50 

Common  labor,   per  day 2. SO 

Man  and  team,  per  day 5.00 

Fruitland  Irrigation  &■  Power  Co.  (Ltd.), 
Kamloops,  British  Columbia. — This  company 
has  lined  some  six  miles  of  its  main  canal. 
The  upper  bank  is  quite  generally  in  excava- 
tion and  the  lower  bank  is  partly  in  excavation 


Fig.  4.  Preparing  Earthen  Canal  Sections  for 
Concrete    Lining,    Northern    Pacific    irriga- 
tion Co.,   Kennewicl<,  Wash. 

and  partly  in  fill.  There  appear  to  be  more 
curves  than  the  nature  of  the  ground  war- 
rants, but  A.  E.  Meighans,  the  company  en- 
gineer, stated,  that  the  lined  canal  follows  an 
old  location  for  a  ditch  built  before  this  com- 
pany acquired  the  property. 

Some  slight  injury  to  the  lining  has  result- 
ed from  earth  settlement.  Lining  the  sides  of 
the  curves  required  the  use  of  short  forms, 
which  were  also  used  on  tangents,  resulting 
in  a  much  larger  number  of  joints  on  the 
straight  portions  than  good  practice  warrants. 
The  joints  were  spaced  6  ft.  apart,  and  an  at- 
tempt has  been  made  to  cover  the  seams  with 
a  coating  of  cement  mortar.  It  is  claimed, 
however,  that  these  will  eventually  become 
filled  with  sediment,  but  the  daily  and  season- 
al contraction  and  expansion  usuallv  tend  to 
enlarge  rather  than  to  decrease  their  width. 
Figure  3,  shows  the  forms  used  for  back-fill- 
ing with  puddled  earth  to  prepare  this  canal 
for  concrete  lining. 

Northern  Pacific  Irrigation  Co..  Kennewick, 
Wash. — During  the  winter  of  lPlO-11  this 
company  lined  22,500  ft.  of  ditches  on  the 
"Highlands"  at  Kennewick  to  eliminate  heavy 
seepage  losses.  The  soil  through  w-hich  these 
ditches  are  built  is  principally  a  fine  sandy 
loam  overlying  gravel  at  a  depth  of  18  ins.  to 
2  ft.  One  ditch  10,800  ft.  long,  3  ft.  wide  on 
the  bottom,  with  side  slopes  of  %  to  1  and  a 
vertical  depth  of  26  ins.,  is  designed  to  carry 
18  sec.-ft.  Another  ditch  having  in  part  a  bot- 
tom width  of  3V->,  ft.,  side  slopes  of  Vz  to  1, 
and  a  vertical  depth  of  19%  ins.  is  designed  to 
carry  14  sec.-ft.  This  ditch  is  reduced  to  a 
bottom  width  of  2%  ft.,  but  with  the  same 
side  slopes  and  depth  as  the  upper  part.     The 
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Fig.   7.     Section   of   Form    Used     in     Placing 

Concrete    Lining,    Belgo-Canadian    Fruit 

Lands,    Kelowna,    British   Columbia. 

concrete  used  was  a  1:3:4  mixture  of  cement, 
sand,  and  crushed  rock. 

In  preparation  for  lining,  center  grade 
stakes  were  set  and  the  bottom  of  the  ditch 
brought  to  grade.  Scantlings  2x4  ins.  were 
then  placed  across  the  bottom  of  the  ditch  at 
12-ft.  intervals  at  right  angles  to  the  center 
line  and  flush  with  the  subgrade.  Three  forms 
12  ft.  long  (Fig.  4)  were  then  set  in  the  ditch 


on  the  cross  strips  and  centered.  Earth  was 
shoveled  and  tamped  behind  the  forms  to  se- 
cure the  desired  section.  There  were  14  men 
in  a  crew  on  this  work. 

After  the  earth  sections  were  prepared  in 
this  way,  2x2-in.  screeds  (Fig.  o)  were  placed 
at  intervals  of  5  ft.  8  ins.  and  upon  them  forms 
U  ft.  long  were  set  on  every  other  space.  The 
concrete  was  mixed  with  a  one-third  yard 
mi.xer,  wheeled  to  place  and  dumped  on  planks 
laid  on  top  of  the  forms.  It  was  then  shov- 
eled behind  the  forms  and  lightly  tamped. 
Strips  of  sheet  iron  were  inserted  behind  the 
forms  to  protect  the  slope  while  the  concrete 
was  being  put  in  and  also  to  prevent  a  too 
rapid  loss  of  water  from  the  mixture  by  its 
contact  with  the  drier  earth.  These  strips 
were  raised  as  the  filling  progressed.  Two 
crews  of  5  men  each  placed  the  concrete  be- 
hind the  forms,  2  men  wheeled  to  each  crew, 
and  about  5,  men  were  employed  to  move 
forms,  etc.  About  6  men  were  in  the  mixing 
crew  and  2  others  plastered  rough  places  in  the 
lining.  Water  kept  in  the  finished  ditch  a  few 
hundred  feet  in  the  rear  of  the  work  was 
pumped  ahead  to  the  mixer  with  a  small  gaso- 
line engine. 

The  engineer  stated  that  in  one  hour  a  crew 
could  place  about  six  sections,  or  34  lin.  ft., 
of  the  lining  in  the  ditch  having  a  3-foot  bot- 
tom. On  some  of  this  work  done  during 
freezing  weather,  canvas  covers  were  placed 
over  the  ditch.  Under  these  covers  iron  pipes 
were  laid  through  which  steam  was  run  from 


Fig.  6.    Showing   Fractures  in  Concrete  Lin- 
ing of  Trucl<ee-Carson  Canal.  Nevada. 

a  steam  boiler  during  the  night.  Rock  gath- 
ered from  various  places  within  the  locality 
was  crushed  and  hauled  from  1  to  1%  miles. 
Six  men  collected  the  rock,  4  men  operated  the 
crusher,  and  about  7  teams  hauled  the  crushed 
rock  to  the  place  of  use.  The  cost  of  the 
crushed  rock  was  not  obtainable,  but  other 
items  of  expense  were  as  follows: 
Cement  per  barrel  delivered  at  works,  ap- 
proximately    $3.00 

Sand  delivered  by  contract,  per  cu.  yd 1.75 

Laborers  per  hour,  without  board 25 

Teams  per  hour,  without  feed 35 

Truckee-Carson  Project,  Nevada. — A  part  of 
the  main  lower  Truckee  Canal,  constructed  in 
1P04  and  190-5  by  the  United  States  Reclama- 
tion Service,  w-as  lined  with  concrete.  Much 
of  this  lining  was  placed  without  the  use  of 
expansion  and  contraction  joints.  In  Novem- 
ber, 1911,  about  six  years  after  the  lining  was 
completed,  Mr.  F.  L.  Peterson,  irri.gation  en- 
gineer, made  a  careful  examination  of  the 
lined  portions  of  this  canal  to  determine  if 
possible  the  effect  produced  bv  the  lack  of 
joints.  Opposite  the  railroad  siding  at  Gilpin. 
Xev.,  the  canal  is  excavated  for  the  most  part 
in  solid  rock  and  lined  with  4  ins.  of  con- 
crete ;  Fig.  6  gives  a  close  view  of  one  of 
many    fractures   found. 

The   placing  of  the   concrete   lining  against 


the  uneven  rock  surface  served  to  anchor  the 
lining  and  prevent  contraction,  and  ruptures 
have  occurred  at  intervals  of  28  ft.  or  more 
throughout  the  lining.  The  seams  created  by 
these  ruptures  varied  in  width  from  1/12  to 
%  in.  or  more  at  a  time  when  the  temperature 
of  the  air  was  50°  and  that  of  the  water  in 
the  canal  was  42°  F. 


Fig.   5.    Setting   Forms   Preparatory  to   Con- 
struction  of  Concrete    Lining,   Northern 
Pacific  Irrigation  Co.,  Kennewick, 
Wash. 

Lower  Yakima  Irrigation  Co..  Richland. 
Wash. — The  canal  of  this  company  parallels 
the  Yakima  River  for  several  miles,  where  the 
earth  sections  run  mainly  through  coarse 
gravel,  boulders,  or  shattered  basaltic  rock- 
The  remainder  of  the  system  is  very  largelv 
built  through  sand.  In  the  unlined  channel 
the  seepage  losses  w-ere  excessive,  and  through 
the  sand  it  was  also  difficult  to  maintain  the 
ditch  owing  to  its  tendency  to  fill  up  both  by 
drifting  and  on  account  of  the  flat  side  slopes 
which  the  sand  naturally  assumed  under  the 
action  of  water.  The  lining  was  intended, 
therefore,  not  only  to  reduce  the  loss  of  water, 
but  to  increase  the  carrying  capacity  of  the 
ditch  and  render  it  more  stable  and  easy  to 
maintain.  About  five  miles  of  the  ditch  was 
lined  in  1910.  The  company  furnished  all  ma- 
terials used  and  prepared  the  channel  for  lin- 
ing, but  the  other  work  was  done  bv  contract. 

In  preparing  the  ditch,  center  stakes  were 
set  about  Wi  ins.  above  grade,  to  which  the 
excavating  w^as  roughly  done  with  teams  and 
scrapers.  At  intervals  of  about  25  ft.  along 
the  bottom  of  the  side  slopes  stakes  were  set 
to  grade,  and  from  these  the  top  slope  stakes 
were  set  by  the  use  of  a  slope  triangle.  Nails 
were  driven  into  the  grade  stakes  and  chalk 
lines  were  stretched  on  them  parallel  to  tlit- 
ditch.  Trimming  to  these  lines  was  done  then 
W'ith  square-pointed  shovels  and  the  slopes 
and  bottom  scraped  to  smooth  surfaces  with 
straight  edges.  The  sides  and  bottom  were 
tamped  lightly  with  wooden  tampers  and 
sprinkled  before  the  lining  was  applied.  The 
section  lined  has  a  bottom  width  of  11%  ft.. 
side  slopes  of  1%  to  1,  and  a  wetted  perimeter 
of  26y2  ft. 


Fig.  8.    Section  of  Concrete   Lined  Canal 
Rock,  Central  Oregon  Irrigation  Co., 
Deschutes,  Oreg. 

The  three  mixers  used  w-ere  operated  on 
planks  in  the  bottom  of  the  ditch  in  advance 
of  the  work.  With  each  mixer  there  was  a 
crew  of  about  25  men  and  in  addition  a  finish- 
ing crew  of  5  or  6  men  to  dress  the  earth  sur- 
faces immediately  ahead  of  the  mixer.  One 
rock  crusher  was  also  operated,  the  crushed 
rock  being  hauled  an  average  of  2  miles.  Most 
of  the  sand  was  procured  from  pits  along  the 
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line  of  the  canal  and  was  used  without  screen- 
ing.    The  lining  was  laid  in  8-ft.  sections  1% 
i  ins.  thick,  with  strips  of  building  paper  in  the 
1  joints   between    the    sections.      Four    hundred 
feet   of   lining   was    considered    a   good    day's 
I  work  for  a  crew.    A  1 :3  :4  mixture  of  concrete 
1  was  used  for  most  of  the  lining,  but  on  one 
i  section  a  1 :4  mortar  applied   1   in.  thick  was 
I  considered  just  as  good  as  the  thicker  lining 
of  concrete,  besides  being  much  easier  to  ap- 

piy- 

The  lining  in  gravel  sections  leaked  consid- 
erably the  first  season,  presumably  because 
allowed  to  dry  too  rapidly  on  account  of  lack 


section  having  a  bottom  width  of  3..5  ft.,  depth 
3.75  ft.,  and  side  slopes  of  V2  to  1.  Lateral  lin- 
ings are  2%  to  3  ins.  thick  on  slopes,  with  a 
3-in.  thickness  on  bottoms  which  vary  in 
width   from  9  ins.  to  2   ft. 

After  excavating  the  channel  to  be  lined,- 
a  drain  filled  with  loose  rock  or  gravel  was 
made  beneath  the  bed.  Cross  drains  from  this 
through  the  lower  bank  were  placed  at  .SOO-ft. 
intervals.  The  forms  shown  in  Fig.  7  were 
then  set  and  bolted  together.  Galvanized-iron 
plates  placed  outside  the  forms  were  spaced 
with  pieces  of  lumber,  and  after  the  earth 
was   back-filled  and  tamped  behind  the  plates 


were  placed  one  on  each  side  of  the  bottom 
for  the  lining  floor  and  one  on  each  side  near 
the  top  of  the  side  walls.  Then  at  right  angles 
to  these,  as  stated,  %-in.  crossbars  were 
spaced  12  ins.  apart.  Each  crossbar  was  con- 
tinuous and  extended  from  the  top  of  the 
lining  on  one  side  through  the  lining  to  the 
top  of  it  on  the  opposite  side  of  the  canal. 
When  it  was  not  possible  to  obtain  the  %-in. 
bars,  5/16-in.  bars  were  substituted  and  spaced 
18  ins.  apart. 

Wooden-framed  forms  built  in  12-ft.  sec- 
tions were  then  set  in  position  over  the  steel 
reinforcement,   blocked   to   place,   and   the   ad- 


Fig. 


10.     Methods    Used    in    Construction   of   Concrete    Lining, 
Davis    and    Weber    Counties    Canal,    Ogden,   Utah. 


Fig. 


1L     Methods   Used    in   Construction   of  Concrete     Lining, 
Davis  and  Weber  Counties  Canal,  Ogden,  Utah. 


of  water  for  keeping  it  moist  after  laying.  In 
work  that  was  done  the  following  year  this 
difficulty  was  obviated  by  allowing  a  small 
amount  of  water  to  flow  in  the  ditch  soon 
after  lining,  using  check  dams  to  prevent  its 
interference  with  construction.  Men  wearing 
rubber  boots  then  waded  along  and  with  shov- 
els or  buckets  threw  water  upon  the  side 
slopes  at  frequent  intervals  to  keep  the  con- 
crete wet  while  setting.  Where  lining  had 
been  placed  on  moistened  sand,  the  results 
were  better  than  in  the  sections  through 
gravel,  there  being  no  perceptible  leakage. 
Conditions  in  the  gravel  portion  improved 
with  the  first  year's  use  of  the  lined  section, 
after  which  the  seepage  was  considerably  les- 
sened. The  various  items  of  cost  secured  are 
as  follows : 
Laborer.?  per  day  of  10  hour-s,   without 

board    $        2.50 

Man  and  team  per  day,  without  board.  4.50 

Contract    price    per   sq.    ft.    for    mixing 

and    laving   concrete .025 

Cement  uer  b.irrel* 3.10 

Sand  per  cu.  yd.,  approximately .50 

Total  cost  of  lining,  per  sq.  ft .065 

Total   cost   of   lining 9,064.49 

•This  does  not  include  an  S-mile  haul  over 
heavy  roads. 

During  February  and  March,  1911,  the  com- 
pany placed  additional  lining,  using  practically 
the  same  methods  above  described,  except  that 
all  work  was  done  by  force  account.  The  prices 
for  labor  and  material  indicate  that  the  work 
was   done    considerably    cheaper    than    in    the 


concrete  was  poured  between  them  and  the 
forms.  The  galvanized  plates  and  spacing 
pieces  were  withdrawn  as  the  space  was  filled 
with  concrete.  The  bottom  of  the  ditch  was 
then  floated  in  and  the  edges  smoothed,  using 
for  this  purpose  the  excess  concrete  which  had 
passed  over  the  forms.  The  forms  were  left 
in  place  48  hours. 

Curves  were  made  by  using  special  short 
forms  having  the  outer  edge  superelevated  V2 
to  1  in.  according  to  the  degree  of  curvature. 
In  placing  the  concrete  around  sharp  curves, 
special  galvanized  plates  were  used  to  close 
the  gap  at  the  outer  edge  of  the  forms. 

No  cost  data  could  be  secured  on  the  lining 
of  the  main  canal.  The  cost  of  lining  laterals 
per  square  foot  and  exclusive  of  excavation 
varied  from  $0,118  in  the  larger  to  $0,142  in 
the  smaller  ones.  These  costs  include  excava- 
tion, back-filling,  rock  drains,  and  supervision. 
The  work  was  done  late  in  the  fall  when  pro- 
tection against  frost  increased  the  cost.  Ce- 
ment cost  $3.75  per  barrel  delivered,  common 
labor  $2.75  per  day,  and  skilled  labor  $4  per 
day. 

Tucson  Farms  Co..  Tucson.  Art::. — The  wa- 
ter for  this  project  is  obtained  by  pumping 
from  numerous  wells.  During  the  winter  and 
spring  of  1912-13  a  reinforced  concrete  lining 
was  placed  in  about  2%  miles  of  the  new  main 
canal  for  the  prevention  of  seepage  losses 
through  a  sandy  and  gravelly  soil.  The  canal 
has  a  trapezcfdial  cross  section  entirely  in  ex- 


joining  ends  bolted  together.  Then  %-in. 
steel  backing  plates,  2  ft.  wide  and  long 
enough  to  reach  to  the  bottom  of  the  earth 
section,  were  slipped  behind  the  forms  and 
under  the  reinforcement.  Before  placing  the 
concrete,  wooden  spreader-strips,  2x3  ins. 
were  set  between  the  wooden  forms  and  the 
backing  plates.  Each  spreader  contained  a 
staple  driven  almost  full  length  into  its  side 
near  the  bottom,  and  in  setting  the  spreader 
the  staple  loop  was  slipped  over  the  end  of 
the  crossbar  and  the  spreader  was  then  slid 
into  position.  In'  this  way  the  bar  was  care- 
fully held  in  position  while  the  concrete  was 
being  placed  in  the  forms.  A  spreader  was 
set  beside  each  crossbar,  and  as  the  concrete 
for  the  side  lining  was  tamped  and  puddled 
into  place  the  spreaders  were  gradually  re- 
moved, leaving  the  crossbars  firmly  embedded 
in  the  concrete.  The  steel  plates  likewise  were 
withdrawn  as  the  walls  were  built  up.  When 
the  side  forms  were  filled  with  concrete  to 
within  3  ins.  of  the  top,  the  longitudinal  bars 
were  placed  and  wired  to  the  crossbars.  The 
remaining  concrete  was  then  placed  and 
smoothed  with  an  edging  trowel. 

Expansion  joints  were  provided  by  setting 
Ix3-in.  wooden  strips  in  the  middle  of  each 
form  in  the  same  manner  as  the  spreaders, 
except  that  no  staples  were  used  and  the  joint 
strips  were  not  removed  afterwards.  To  keep 
them  in  position  while  concrete  was  being  de- 
posited, each  one  was  lightly  nailed  to  the 
side  of  the  form,  and  before  the  latter  was  re- 
moved the  nails  were  withdrawn.  The  forms 
were  left  intact  for  a  period  of  8  hours  at 
least,  and  they  usually  remained  undisturbed 
over  night  during  a  period  of  14  to  20  hours. 
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■  9,    (a)    General   Type   of   Concrete    Lining   Construction    Used    for 
Davis  and   Weber  Counties  Canal,  Ogden,   Utah,     (b)   Type   of 
Concrete  Used  for  Weak   Foundations  on  Same  Canal. 


Fig.    12. 


Cross    Section    of     Concrete-Lined     Canal, 
Power   &.   Water   Co.,    Burbank,   Wash. 


Burbank 


previous  year.  Laborers  were  procured  for 
$2  per  day  without  board  and  men  with  teams 
for  $4  per  day  each.  Cement  cost  $2.95  per 
barrel  clelivered  at  the  work. 

Bel  go -Canadian  Fruit  Lands,  Kelowna, 
British  Columbia.— About  3,000  ft.  of  this 
company's  main  canal,  II  miles  long,  and  about 
4  miles  of  its  lateral  ditches  have  been  lined 
with  concrete  to  prevent  seepage  losses  in  a 
porous  soil.  On  the  main  canal  a  3-in.  thick- 
ness  of   lining   has   be.^n   used    for   a   finished 


cavation  and  as  lined  is  capable  of  carrying  a 
2.9-ft.  depth  of  water.  The  bottom  width 
ranges  from  2  to  4%  ft.  and  the  side  slopes 
are  1  to  1.  The  greater  part  of  the  concrete 
used  in  this  construction  is  a  1 :4 :4  mixture 
and  the  lining  is  3  ins.  thick  throughout. 

In  grading  the  channel  for  lining,  a  framed 
template  was  used  to  get  a  true  section.  The 
reinforcement  is  made  of  round  steel  bars  in- 
tersecting at  right  angles  and  wired  together. 
Four     longitudinal     bars,     5/lG  in.     diameter. 


After  their  removal  any  defects  in  the  wall 
surface  were  "picked"  out  and  the  cavities 
smoothly  plastered  with  a  1:1%  or  2  cement 
mortar. 

The  canal  bottom  was  then  carefully  cleared 
of  litter,  its  surface  smoothed,  and  solidly 
tamped.  All  reinforcement  bars  that  may  have 
become  bent  were  straightened.  The  bottom 
piece  of  the  expansion  joint  was  fitted  to  the 
two  side  pieces  and  its  top  carefully  laid  to 
grade.  The  concrete  for  the  floor  lining  was  then 
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tamped  and  puddled  into  place,  and  when  it 
had  reached  the  required  thickness  the  surface 
was  easily  brought  to  grade  and  smoothed  by 
the  use  of  a  straightedge  resting  on  the  bot- 
tom joint  strips  as  guides.  The  entire  lining 
was  kept  wet  by  continual  sprinkling  during  a 
period  of  three  to  five  days.  After  this  was 
discontinued  a  wash  coat  of  neat  cement  mor- 
tar was  applied  to  the  surface  with  a  brush. 
A  1:4:4  mixture  of  concrete  was  used  on  all 
the  work  except  for  about  1,000  ft.  of  bottom 
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Fig.  13.   Cross  Section  of  Concrete-Lined  Ca- 
nal, IVIedina  Valley  Irrigation  Co.,  San 
Antonio,  Texas. 

where  there  was  e.xcessive  external  water 
pressure.  In  this  portion  of  the  canal  a 
1:3.2:3.2  mixture  was  used.  As  a  further  pro- 
tection in  one  very  wet  and  miry  place,  addi- 
tional reinforcement  was  used  in  the  bottom. 
Extending  over  a  length  of  about  5,000  ft.  of 
the  largest  canal  section  near  the  Santa  Cruz 
River  bed,  "weep  holes"  were  formed  in  the 
bottom  to  relieve  external  water  pressure. 
Two-inch  tapering  plugs  extending  entirely 
through  the  lining  floor  were  set  in  the  freshly 
laid  concrete  and  these  plugs  were  later  re- 
moved as  soon  as  the  concrete  had  set  suffi- 
ciently to  retain  its  shaoe.  Two  rows  of  these 
holes  were  made  2%  ft.  apart  and  spaced  4 
ft.  longitudinally.  During  construction  a  con- 
siderable portion  of  the  canal  was  drained.  A 
line  of  8-in,  tiling  was  laid  in  the  bottom  and 
pumps  attached  thereto  were  installed  at  in- 
tervals of  about  1,000  ft.  to  withdraw  the  ac- 
cumulated water. 

The  contractor  received  $12.50  per  cubic 
yard  for  the  finished  concrete  lining,  using 
slab  measurement.  This  included  all  costs  ex- 
cept the  original  purchase  price  of  the  steel 
reinforcement.  However,  no  excavation  was 
included  and  the  company  paid  extra  for  the 
wash  coat.  The  contractor  rented  a  rock 
crusher  and  delivered  the  rock.  Sand  was  ob- 
tained from  the  river  bed. 

All  concrete  was  mixed  bv  hand  and  trans- 
ported in  wheelbarrows.  The  work  was  per- 
formed with  gangs  of  about  30  men,  paid  for 
a  9-hour  day,  as  follows : 

1  foreman   $4.00 

Mixing  boss  and  2  plasterers 2.50 

2  water  boys 1.00 

35   men   2.00 

The  gang  was  used  in  the  following  man- 
ner: Eight  men  on  mixing  board,  2  tampers, 
2  men  pulling  plates  and  spreaders,  2  men 
setting  forms  and  putting  in  expansion  joints, 
2  men  laying  steel  reinforcement,  14  men 
transporting  and  depositing  materials  and  con- 
crete, finishing,  screening  sand,  etc.  The 
forms  were  usually  all  moved  at  one  time  and 
the  whole  force  engaged  on  that  work.  It  re- 
quired this  gang  21  days  to  place  lining  in 
3,000  ft.  of  canal  in  dry  excavation  having  a 
bottom  width  of  3  ft.  The  cost  to  the  con- 
tractor was  distributed  as  follows : 
Labor,  including  the  building  of  forms.  .$1,297.83 
1.712  sacks  of  cement,  at  $0.81  each 1,3SG.T2 

232  cu.  yds.  of  rocl<,  at  $1.75  per  cu.  yd.      406.00 

233  cu.  yds.  of  sand,  at  $0  75  per  cu.  yd.  174.00 
Lumber   in    15    sections   of   12~ft.    forms, 

3,900  ft.  B.  M..  at  $30  per  M 117.00 

Lumber  for  expansion  joints,   750   ft.  B. 

M.,   at  $30  per  M 22.50 

Lumber  for  spreaders,  runways,  etc.,  750 

ft.  B.  M.,  at  $.■'.0  per  M 22.50 

Water  purchased  from  the  city  of  Tuc- 
son, 21  days  at  $2 42.00 

Hauling  steel  reinforcement 10.00 

Depreciation  of  plant,  breakage  of  tools, 

etc 20.00 

Office  expenses  and  expenses  of  contrac- 
tor and  superintendent,  amounting  to 
about  $2  per  day  for  this  gang,  21  days       42.00 

Total    $3,540.55 


Computations  made  on  the  above  basis  for 
2!)8.y  cu.  yds.,  the  cost  was  $11,845  per  cubic 
yard.  However,  there  were  in  addition  the 
following  costs  to  the  Tucson  Farms  Co. : 

9,300  lbs.   of  steel,  at  $0.04 $372.00 

One  coat  of  cement  wash,  34,500  sq.  ft.,  at 

$0.0035     86.25 

Engineering,   about  5  per  cent 195.00 

Total    $C53.50 

On  this  basis  the  actual  cost  of  the  com- 
pleted lining  was  $14.03  per  cubic  yard. 

Central  Orei/on  Irrigation  Co.,  Deschutes. 
Ure. — The  north  canal  of  this  company  is  con- 
crete lined  and  diverts  water  from  the  Des- 
chutes River,  a  short  distance  below  Bend, 
Ore.  A  1 :4 :5  mixture  of  Portland  cement, 
sand,  and  crushed  rock  was  used  on  this  work, 
the  extra  amount  of  sand  being  required  to  re- 
place a  considerable  portion  of  the  grout  lost 
in  the  dry  wall  back  of  the  lining.  In  prep- 
aration for  lining  the  earth  slopes,  made  iVi 
to  1  to  avoid  the  necessity  for  forms,  were 
finished  to  within  4  ins.  of  the  inner  surface 
of  the  coiTipleted  work.  The  rock  slopes,  how- 
ever, were  so  badly  broken  that  it  was  neces- 
sary to  fill  cavities  with  hand-laid  dry  walls 
(Fig.  8).  Sectional  forms  made  of  shiplap 
were  used  repeatedly  on  the  6,300  lin.  ft.  of 
canal  through  rock,  but  no  forms  were  used 
on  the  1,000  lin.  ft.  of  canal  in  earth.  Expan- 
sion joints  spaced  at  12-ft.  intervals  along  the 
sides  and  bottom  were  made  of  ■'/4x4-in.  wood- 
en strips  left  in  the  finished  concrete. 

Davis  &  ll'eber  Counties  Canal  Co..  Ogdcn, 
.  Wa/i.— During  the  years  1909  and  1910  this 
company  enlarged  and  concrete  lined  QV-i  miles 
of  its  main  canal.  When  the  canal  was  built 
in  the  eighties  it  carried  less  than  100  sec.-ft., 
but  its  capacity  has  been  increased  from  time 
to  time  until  in  1909  it  reached  200  sec.-ft.  It 
has  been  difficult  and  expensive  to  maintain 
this  canal  owing  to  its  location  near  the  top 
of  a  steep  hillside  flanking  the  Weber  River 
on  the  south.  In  July,  189.3,  a  series  of  cur- 
rent  meter   measurements   made  to  determine 


have  been  subjected  to  a  severe  earthquake 
shock.  Tracts,  several  acres  in  extent,  trav- 
ersed by  the  canal  have  been  known  to  dro;> 
through  a  vertical  height  of  7  ft.  as  a  result 
of  the  action  of  seepage  waters  on  the  under- 
lying materials,  and  buildings  located  more 
than  600  ft.  from  the  center  line  of  the  canal 
have  been  removed  from  the  path  of  the 
slides. 

In  the  fall  of  1909  the  company  undertook 
to  enlarge  and  concrete  line  this  canal  and  to 
provide   for  a   mi.ximum   carrying   capacity  of 


Fig.  14.   Cross  Section  of  Concrete-Lined 

Channel,  Los  Angeles  Aqueduct, 

Los  Angeles,  Cal. 

725  sec.-ft.  and  at  the  same  time  retain  the 
old  location.  This  entailed  the  removal  of  a 
heavy  growth  of  willows  skirting  the  banks 
and  a  large  amount  of  excavation.  On  ac- 
count of  the  unstable  character  of  the  ma- 
terials and  the  steep  cross  slope  of  the  hill  on 
which  the  canal  is  located  the  lining  of  so 
large  a  channel  presented  unusual  difficulties. 
These  have  been  met.  however,  and  the  canat 
successfully  operated  for  the  past  two  seasons. 

The  canal  was  provided  with  drainage  at 
various  stretches  along  its  length  through  the 
use  of  6-in.  drain  tiling  laid  in  longitudinal 
trenches  10  to  20  ins.  deep.  At  intervals  of 
about  800  ft.  these  drains  were  connected  to 
cross  drains  of  the  same  construction  to  con- 
vey the  drainage  waters  to  the  outside  of  the 
outer  canal   bank. 

It  was  at  first  proposed  to  use  a  6-in.  thick- 


Fig.  15.    Methods  Used   in  Construction  of  Concrete  Lining  for  Open  Channel.  Los  Angeles 

Aqueduct. 


the  seepage  losses  throughout  its  length 
showed  a  discharge  at  the  headgate  in  Weber 
Canyon  of  ]I15.5  sec.-ft.  which  in  Wz  miles 
seepage  had  reduced  to  78y2  sec.-ft.,  repre- 
senting a  loss  of  26  per  cent  of  the  total  di- 
version from  the  river.  This  seepage  water 
found  its  way  into  the  steep  hillside  and  dur- 
ing 25  years  of  its  operation  as  an  unlined 
canal  produced  an  endless  variety  of  slides 
throughout  a  length  of  7  miles.  In  fact,  the 
whole    hillside    for    this    distance    seemed    to 


ness  of  lining,  but  this  was  reduced  to  a  4-in. 
thickness  for  all  but  the  worst  portions.  Fig. 
ure  9,  a,  represents  a  cross  section  of  4-in. 
lining  used  for  the  greater  portion  of  the 
channel.  Where  the  canal  bank  was  weak  and 
where  slides  were  liable  to  occur,  a  form  as 
shown  in  Fig.  9,  6,  was  adopted.  In  reducing 
the  thickness  from  6  to  4  ins.  a  somewhat 
richer  mixture  was  used  and  more  precautions 
were  taken  to  secure  good  drainage.  The 
specifications    for  concrete  called  for  a   1:2:4 
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Portland  cement,  sand,  and  gravel  mixture, 
on  which  the  contract  price  per  cubic  yard  for 
concrete  in  place  was  $6.80,  while  for  a  1 :2%  :.5 
mixture,  also  used,  $6.4-5  was  paid.  On  all 
straight  portions  of  canal  the  concrete  was 
laid  in  sections  20  ft.  wide.  That  placed  on 
the  bottom  was  first  tamped  into  place  and 
then  carefully  floated  and  smoothed.  It  was 
afterwards  covered  with  sand  kept  moistened 
for  a  period  of  seven  days  by  sprinkling.  A 
1 :2  mortar  of  cement  and  s.ind  was  troweled 
over  the  surfaces  of  the  slide  slopes  soon 
after  the  concrete  had  been  tamped  in  and  the 
forms  removed.  The  slopes  were  then  cov- 
ered with  burlap  and  kept  moistened  as  de- 
scribed. The  construction  methods  used  on 
this  canal  are  shown  in  Figs.  10  and  11.  A 
tapering  strip  of  Vkfood.  as  shown  in  Fig.  2,  h 
(E.  &  C,  Jan.  27,  191-5,  p.  72),  forms  the  ex- 
pansion and  contraction  joint  between  each 
section  of  concrete.  The  specifications  called 
for  the  removal  of  these  strips  and  the  filling 
of  the  spaces  with  hot  asphalt,  but  this  was  not 
done. 

Turlock  Irrigation  District.  Turlock.  Cal. — 
In  1910  this  district  made  a  hydraulic  fill  in- 
closing an  old  unsafe  wooden  flume  on  trestles 
across  Peasley  Gulch,  and  in  the  fall  of  that 
year,  after  the  canal  was  emptied,  the  wooden 
flume  box  was  removed  and  a  concrete  lining 
substituted.  The  lined  section  is  365  ft.  long, 
with  a  bottom  width  of  40  ft.  The  side  walls, 
4  ins.  thick  and  9  ft.  high,  are  reinforced  with* 
No.  6  wire  fabric  (6.\6  ins.)  and  have  a  bat- 
ter of  1/5  to  1.  Buttresses  with  the  same  bat- 
ter are  built  at  8-ft.  intervals  back  of  the  lin- 
ing and  similarly  reinforced.  The  floor,  which 
is  6  ins.  thick  and  of  the  same  construction  as 
the  sides,  is  concaved,  being  1  ft.  lower  at 
the  middle  than  at  the  sides.  Concrete  floor 
ribs  12  ins.  deep  and  8  ins.  wide  are  spaced 
equally  with  the  buttresses  and  reinforced 
with  two  %-in.  steel  bars.  The  lining  is  made 
of  1  :3  :.5  concrete  placed  behind  wooden  forms 
and  cost  $16  per  cubic  yard.  It  has  no  joints 
and  no  cracks  of  iinportance  have  developed. 
Modesto  Irrigation  District,  Modesto,  Cal. — 
Considerable  concrete  lining  has  been  con- 
structed to  date  in  Modesto  main  canal,  but 
all  of  it  is  for  providing  increased  safety,  and 
the  small  saving  of  seepage  secured  is  inerely 
incidental. 

In  the  narrow  canal  sections  near  the  head- 
works  the  velocities  range  from  .5  to  8  feet 
per  second.  Where  it  has  seemed  necessary 
to  provide  considerable  slab  strength,  the  floor 
lining  is  from  4  to  6  ins.  thick.  The  linings 
for  hydraulic  fills  recently  completed  are  6 
ins.  thick  and  reinforced  with  No.  6  wire  fabric 
6x6  ins. 

Linings  of  2%  to  2%  ins.  thickness  have 
been  used  on  four  stretches  of  lined  canal 
having  lengths  of  250,  -250,  .57,5  and  1,000  ft., 
respectively.  The  bottom  \vidth  is  44  ft.  and 
water  depth  of  5. -5  for  the  first  three  and  -34  ft. 
and  7  ft.,  respectively,  for  the  fourth.  All  slopes 
are  2  to  1.  In  preparation  for  the  linings  the 
canal  sections  were  earefuUy  graded  and 
aligned  by  chalk  line  and  straightedge.  Fills 
were  made  a  little  high,  with  loose  sand  where 
possible,  and  after  saturating  with  water  were 
graded.  Fills  as  high  as  10  ft.  were  gra<led 
and  aligned  within  two  or  three  days  after  the 
inaterial  was  placed  with  a  scraper,  but  they 
were  made  of  clean  sand  thoroughlv  saturated 
with  water.  No  settlement  has  been  noticed. 
The  lining  was  laid  in  cross  strips  3  ft.  lone; 
longitudinally,  and  these  were  imperfectly 
bonded  to  permit  cracking  at  the  joints.  The 
latter,  being  numerous,  permitted  only  nar- 
row cracks,  which  are  unimportant.  It  is  said 
that  in  part  of  this  lining  the  water  reaches 
a  velocity  as  high  as  20  ft.  per  second  at 
times  and  that  no  appreciable  injury  to  the 
concrete  has  occurred  after  five  or  si.x  years 
of  use. 

South  San  Joaquin  Irrigation  District,  Mau- 
tcca.  Cal. — Concrete  lining  has  been  placed  on 
7  miles  of  the  main  canal,  3  miles  of  which  is 
owned  jointly  with  the  Oakdale  irrigation  dis- 
trict. .'\  typical  lined  channel  has  a  bottom 
width  of  11.36  ft.,  side  slopes  %  to  1,  and  is 
planned  to  carrv  a  9-ft.  depth  of  water  and 
allow   2    ft.    additional    for    splash.      This   de- 
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sign,  having  a  grade  of  O.OTTo  per  100  ft.,  is 
intended  to  have  a  capacity  of  850  sec. -ft.  An 
excess  grade  for  curves  vi'as  computed  from 
the  following   formula: 

100  v' 
Hc== 

where  He  is  the  excess  grade  in  feet  per  100 
ft.;  V  is  the  uniform  velocity  of  water  in  feet 
per  second ;  r  is  the  radius  of  the  curve  in 
feet.  The  value  of  n  for  Kutter's  formula 
was  taken  as  0.015.  Tlie  lining  thickness  aver- 
ages 4  ins.  for  the  bottom  and  4  to  6  ins.  for 
the  sides  of  the  canal.  A  mixture  of  1:3:6 
concrete,  placed  behind  forms  and  in  alter- 
nate sections  12  to  16  ft.  long,  was  used  with- 
out allowing  expansion  joints.  In  many  places 
where  the  channel  is  in  rock  cut  no  back  forms 


The  work  of  excavation  and  placing  of  the 
lining  was  let  to  contract.  In  order  to  keep 
a  low  excavation  cost  the  contractor  blasted 
heavily  and  for  this  reason  needed  a  large 
amount  of  rubble  backfill.  Figure  13  shows 
the  main  features  of  construction  and  the  di- 
mensions of  the  section  used.  Joints  are 
spaced  16  ft.  apart,  and  while  cracks  have 
appeared  no  harmful  results  are  anticipated. 
Mexican  labor,  used  on  the  work,  cost  $1.50 
to  $1.75  per  day.  The  concrete  was  hand 
mixed,  and  except  for  the  filling  of  local  voids 
no  plastering  was  done.  The  use  of  poor  lum- 
ber for  forms  left  an  uneven  concrete  surface. 
The  contract  prices  were  $0.90  per  cubic  yard 
for  rock  excavation,  $6  per  cubic  yard  for  con- 
crete in  place,  and  $•1.50  per  cubic  yard  for  dry 
laid  rubble.     The   company  paid   for  one-half 


Fig.   16.    Templates  Used 


n   Preparing   Earth    Section    for    Concrete     Lining,     Ridenbaugh 
Canal,     Boise,     Idaho. 


were  used,  and  in  such  case  the  alignment  is 
irregular  and  follows  the  contour  of  the  side 
walls.  The  cost  of  the  concrete  in  the  com- 
pleted work  was  about  $14.50  per  cubic  yard. 

Burbank  Pozver  &  Jl'ater  Co.,  Burbank, 
Wash. — This  company  concrete-lined  about 
4,000  ft.  of  canal  in  1910.  The  essential  fea- 
tures of  the  design  are  shown  in  Fig.  12  and 
the  construction,  is  reported  to  be  giving  satis- 
factory results.  The  contract  price  of  the 
concrete  in  place  was  $12.50  per  cubic  yard, 
and  the  engineering  7  per  cent  additional.  The 
cement  cost  $2.75  per  barrel  at  Burbank  and 
$3.25  delivered  at  the  work.  Gravel  and  sand 
having  within  5  per  cent  of  the  proportions 
used  were  found  within  a  mile  of  the  work 
and  for  which  the  contractor  paid  $1.75  per 
cubic  yard  delivered.  The  lining  is  made  of 
a  1 :2%  :4%  mi.vture  of  concrete  and  is  formed 
in  cross  strips  3  ft.  long. 

Medina  Valley  Irrigation  Co.,  San  Antonio. 
Te.r. — Concrete  lining  has  been  placed  in  2,390 
ft.  of  the  main  supply*  canal  having  in  this  por- 
tion of  its  length  a  capacity  of  850  sec. -ft.  The 
canal,  located  on  a  sidehill  slope  of  3  to  1,  is 
excavated  in  limestone  having  some  pockets  of 
rotten  limestone  and  adobe.  The  ground  sur- 
face is  covered  with'a  layer  of  broken  stone 
and  debris. 


the  rubble  needed  for  back  filling  the  over- 
breakage.  For  the  entire  2,390  ft.  of  canal 
lined  the  costs  per  foot  are: 

Approxi- 
mate  actual  Cost  to  the 
cost.  company. 

Excavation    $7.86  $10.50 

RublDle    1.5G  .86 

Concrete     3.11  3.27 

Cement  l.SO  1.80 

Total    $14.33  $16.49 

Cement  cost  $2.40  per  barrel  delivered  at  a 
point  on  the  railroad  nearest  the  work.  The 
cost  of  the  concrete  per  square  foot  was 
19  cts. 

The  Los  Angeles  Aqueduct,  Los  Angeles, 
Ca/.— About  .37  miles  (196,402  ft.)  of  canal 
forming  part  of  this  aqueduct  is  concrete  lined. 
The  excavation  was  made  with  a  steam 
shovel.  and  some  of  the  excavation 
was  in  very  rocky  ground.  The  slopes 
and  bottom  of  the  channel  left  rough 
by  the  steam  shovel  were  brought  to  a  fairly 
even  surface  by  trimming  off  the  high  places, 
and  the  low  portions  were  shoveled  full  of 
moist  earth  which  was  tamped  to  place.  The 
guideboards  set  to  allow  a  slab  length  of  12 
ft.   were  held  to  place  by  stakes  driven   into 


the  earth.  In  placing  the  concrete  for  lining, 
a  platform  was  built  half  way  up  the  slope, 
and  in  order  to  reach  the  upner  half  of  the 
slope  the  concrete  was  handled  a  second  time 
from  this  platform.  .Alternate  slabs  were  first 
laid  and  these  were  brought  to  surface  by 
the  use  of  a  straight-edge  supported  on  the 
guideboards.  After  this  concrete  had  set  and 
the  forms  were  removed  the  intermediate 
slabs  were  concreted  in  and  brought  to  a  true 
surface,  using  the  straightedge  on  the 
hardened  slabs  as  guides.  .A  P/4-in.  plas- 
ter coat  of  1 :2  mixture  w-as  finally  ap- 
plied. The  bottom  lining  was  afterwards 
laid  continuous  and  with  a  curved  bottom  as 
shown  in  Fig.  14.  The  work  of  construction 
is  shown  in  Fig.  15.  This  canal  was'  designed 
to  carry  923  sec.-ft.  of  water  at  a  mean  ve- 
locity of  4.05  ft.  per  second.  The  coefficient  of 
friction  n  was  taken  at  0.014.  No  reinforce- 
ment was  used,  and  on  most  of  the  work  tht 
lining  is  made  of  a  concrete  mixture  having  1 
part  cement  to  6  parts  sand  and  gravel,  but 
in  some  portions  a  1  :5  mixture  was  used.  .A 
blended  mixture  of  one-half  tufa  and  one-half 
hydraulic  cement  was  used  for  all  the  lining. 
The  total  cost  of  the  concrete  per  cubic  yard 
in  place  was  about  $5,  and  the  materials  used 
in  a  cubic  yard  of  concrete  cost  about  as  fol- 
lows :  Cement,  $2.60 ;  sand  and  gravel,  $1 ; 
and  mixing  and  placing,  $1. 

Ridenbaugh  Canal,  Boise.  Id<iho. — The  2- 
mile  portion  of  this  canal,  which  is  concrete 
lined,  is  along  a  gravelly  sidehill  that  had 
formerly  caused  large  seepage  losses  and  ex- 
pensive maintenance.  The  lining  has  a  3%-in. 
base  overlaid  with  a  %-in.  top  coating  of  ce- 
ment mortar  hand-troweled  to  a  very  smooth 
and  even  surface.  The  canal  has  a  bottom  width 
of  10  ft.,  1%  to  1  side  slopes,  and  a  vertical 
depth  of  6%.  ft.  .At  the  top  of  the  lining  a 
1-ft.  berm  extends  back  into  the  bank.  When 
carrying  a  6-ft.  depth  of  water  the  canal  has 
a  capacity  of  615  sec.-ft.  The  lined  portion 
of  this  canal  offers  an  example  of  unusual 
care  in  construction  to  obtain  a  smooth  in- 
terior. Its  curves  have  been  spiraled  through- 
out. The  lining  is  made  up  of  16-ft.  sections 
on  tangents  and  12-ft.  sections  on  curves.  The 
exact  shape  of  the  finished  section  was  se- 
cured by  the  use  of  a  template.  Fig.  16,  having 
the  same  area  as  the  cross  section  of  the  fin- 
ished canal.  The  concrete  was  laid  continu- 
ously. Adjoining  slabs  were  separated  by 
one  thickness  of  tar  paper  and  connected  by 
short  lengths  of  %-in.  steel  rods  used  as  dowel 
pins.  The  entire  surface  of  the  lining  was 
plastered  and  smoothed  with  a  steel  trowel 
as  soon  as  the  concrete  had  set  sufficiently  to 
permit  it,  and  which  doubtless  accounts  for 
the  absence  of  surface  scaling.  No  displace- 
ments due  to  pressure,  settlement,  or  buckling 
are  to  be  found  in  this  lining.  The  only 
cracks  which  have  appeared  are  those  at  the 
expansion  joints.  It  has  been  noticed  that  in 
the  summer  these,  found  to  be  about  0.025  to 
0.030  in.  wide  in  the  morning,  are  tightly 
closed  by  1  or  2  o'clock  in  the  afternoon. 
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Design  Features  of  Cottonwood  Con- 
duit   and    New   Concrete    Settling 
Basin  at  San  Diego,  Calif. 

(St.^ff  Article.) 
The  present  article  relates  to  the  design 
features  of  the  works  of  the  Cottonwood  con- 
duit, at  San  Diego,  Calif.  Section  1  of  this 
conduit  extends  from  the  intake  of  the  pres- 
ent concrete  conduit,  known  as  the  Dulzura 
conduit,  along  Cottonwood  creek  easterly  for 
a  distance  of  about  16,700  ft.,  to  what  is 
known  as  Salazar's  lower  dajn  site.  The  Cot- 
tonwood conduit  is  seven  miles  long  and  con- 
veys such  water  as  is  let  out  of  the  Morena 
reservoir  over  sandy  wastes  and  swamp  lands. 
It  was  found  that  in  transit  from  Morena  to 


the  end  of  the  present  Dulzura  conduit  about 
44  per  cent  of  the  water  was  lost  in  these 
sands  and  swamps.  The  first  section  of  the 
new  conduit,  16,700  ft.  in  length,  was  let  by 
contract  and  is  still  under  construction.  The 
second  section  was  built  by  the  city  under 
force  account  and  was  completed  Dec.  6,  1914. 
The  third  and  last  section  is  at  present  being 
built  by  city  employes.  This  article  relates 
largely  to  Section  1  and  to  the  new  settling 
reservoir. 

SECTION    I. 

For  a  part  of  its  length,  about  2,000  ft..  Sec- 
tion 1  runs  along  the  steep  mountain  side 
which  is  covered  with  heavy  boulders.  The 
right  of  way  was  cleared  for  at  least  10  ft. 
on  each  side  of  the  conduit  for  its  entire 
length.     This  clearing  and  grubbing  included 


trees,  logs,  underbrush,  sage  brush  and  other 
perishable  matter,  and  also  loose  rocks  or 
other  material  likely  to  fall  into  the  con- 
duit. 

In  e.xcavating  in  earth  the  earth  was  in  no 
case  plowed  or  loosened  by  machinery  or 
blasting  nearer  than  6  ins.  to  the  finished  sub- 
grade  or  the  sides  against  which  the  concrete 
was  placed.  The  remainder  was  removed  by 
pick  and  shovel  just  before  the  concrete  was 
placed.  When  soft  material  was  encountered 
in  the  sub-grade  it  was  removed  and  replaced 
by  concrete  or  with  selected  materials,  such 
as  a  proper  mixture  of  clay  and  gravel  thor- 
oughly compacted  by  ramming  or  otherwise. 
Solid  rock  was  held  to  include  all  loose 
boulders  containing  1  cu.  yd.  or  more  and 
all  hard  rock  of  compact  strata  of  6  ins.  or 
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more  in  thickness  requiring  blasting  in  loosen- 
ing. Loose  rock  includes  boulders  containing 
from  2  cu.  ft.  to  1  cu.  yd.,  and  all  materials 
requiring  the  use  of  pick  and  bar  and  which 
cannot  be  plowed  with  a  strong  10-in.  grading 
plow  when  well  handled  and  drawn  by  a  6- 
horse  team.  All  other  materials  were  classed 
as  earth. 
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five-ply  asbestos  roofing  felt  is  laid  in  the 
bottom  and  sides  of  the  offset,  after  which  the 
intermediate  sections  are  laid  completing  the 
joint.  Any  air  holes  appearing  on  the  inside 
surface  of  the  conduit  are  cemented  over  after 
the  forms  are  removed,  and  the  entire  inner 
surface  is  given  a  cement  wash  consisting  of 
one   part  water  and   one  part   cement.     After 
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Fig.   1. 


Details  of  Trestle,   of   Height   Exceeding  12  Ft.,  for  Supporting   Hess   Metal   Flume 
Portion  of  Cottonwood  Conduit,  San  Diego,    Calif. 


Section  1  as  a  whole  is  subdivided  into  a 
steel  flume  section  and  a  concrete  conduit  sec- 
tion. The  latter  is  further  subdivided  into  an 
arched  form  of  covered  conduit,  a  box  type  of 
concrete  conduit  and  an  open  concrete  conduit. 
The  arched  type  of  covered  conduit  may  be 
described  as  of  "pear-shape."  At  one  point 
it  has  the  following  dimensions :  the  bottom  is 
4  ft.  wide  inside  and  is  horizontal.  The  side 
walls,  4  ins.  thick,  are  carried  up  vertically  for 
a  distance  of  1%  ft.  Above  this  level  the 
wall  consists  of  a  circular  arc  of  3  ft.  radius, 
the  center  of  the  circle  being  1  ft.  off  the 
center  line  of  the  conduit  section.  This  makes 
the  section  come  to  somewhat  of  a  point  at 
its  top.  The  invert  was  built  in  sections  not 
■exceeding  15  ft.  in  length  with  keyed  joints 
between  adjacent  sections.  The  placing  of  the 
key  joint  precedes  the  placing  of  the  rest  of 
the  concrete  by  the  time  directed  and  proper 
care  is  taken  to  obtain  a  true,  smooth  top 
surface  on  the  key  block  and  it  is  coated  with 
an  approved  nonadhesive  substance.  Pockets 
are  left  in  the  top  of  the  concrete  of  such  in- 
vert joints  as  may  be  necessary  for  the  proper 
bonding  of  the  expansion  joints  of  the  upper 
portion  of  the  concrete  to  the  invert.  The 
ripper  portion  of  the  conduit  is  built  of  some 
multiple  of  the  length  between  the  invert  joints 
but  in  no  case  does  this  exceed  60  ft.  Ex- 
pansion joints  are  provided  between  the  ad- 
jacent sections  of  the  main  body  of  the  con- 
duit. The  covered  box  type  is  of  variable 
area  according  to  the  grade  and  is  designed 
to  carry  70  cu.  ft.  of  water  per  second.  The 
open  type  of  concrete  conduit  is  of  two  classi- 
fications, "a"  and  "b."  Class  "a"  has  side 
slopes  of  1 :1  and  is  constructed  without  the 
aid  of  forms.  Class  "b"  has  side  slopes  vary- 
ing from  1:1  to  vertical  walls.  The  open 
conduit  is  divided  into  15-ft.  sections  by  ex- 
pansion joints.  These  joints  are  made  by  lay- 
ing alternate  sections  of  the  conduit.  The  in- 
termediate spaces  which  are  left  are  filled  in 
after  the  first  sections  have  set  for  at  least 
24  hours.  A  proper  form  is  placed  in  the 
end  of  each  section,  when  laid,  to  make  an  off- 
set joint.  The  first  sections  when  laid  arc 
allowed  to  set  24  hours  before  the  form,  form- 
ing the  offset  in  the  end  of  the  sections,  is 
removed.  After  removing  the  form  the  joint 
in  the  end  of  the  section  is  thoroughly  cleaned 
of  all  crums  and  made  smooth  and  perfect, 
then  it  is  coated  with  an  approved  mixture  of 
asphaltnm   and   coal   tar  pitch   and   a   layer   of 


placing  the  concrete  it  is  kept  covered  by 
very  damp  sand  or  is  sprinkled  with  water 
to  protect  it  from  the  heat  of  the  sun  until  the 
concrete  has  set. 

Metal  Flume. — The  design  of  the  metal 
flume  section  is  shown  in  Fig.  1.  The  metal 
of  which  this  flume  is  composed  is  thoroughly 
galvanized  with  zinc  spelter  and  the  iron  in 
it  is  at  least  99.7.5  per  cent  pure.  The  method 
of  supporting  the  flume  at  the  adopted  grade 
is  clearly  shown  by  the  figure  to  which  we 
refer.  All  joints  in  the  metal  flume  are  con- 
structed to  withstand  leakage;  the  space  be- 
tween  adjacent    sections   being   filled   with    an 
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flume.  In  some  cases  the  concrete  pedestals 
are  dispensed  with  and  the  bent  posts  are 
anchored  to  rock  in  its  natural  bed.  In  gen- 
eral the  side  girders  are  4x10  ins.,  the  knee 
braces  are  4x(3  ins.,  the  bent  struts  6x6  ins.,  the 
wash  boards  4x6  ins.,  the  top  struts  4x4  ins., 
and  the  bent  posts  are  6x6  ins.  The  bents 
are  12x16  ft.  in  plan.  The  contract  price 
for  placing  concrete  on  Section  1  was  $8.20 
per  cubic  yard. 

SECTION  2. 

Section  2,  which  was  built  by  the  depart- 
ment's forces,  consists  of  an  open  channel 
lined  with  concrete  4  ins.  thick.  The  section 
is  trapezoidal  and  is  varied  with  the  grade  to 
give  a  carrying  capacity  of  70  cu.  ft.  per  sec- 
ond. The  actual  cost  of  mi.xing  and  placing 
the  concrete  in  this  section,  including  over- 
head charges,  amounted  to  $11.94  per  cubic 
yard,  as  follows : 
•  Cost  per  cu.  yd. 

Item.  of  concrete. 

Cement    $4.75 

Gravel   i.oo 

Sand    50 

Mixing  and  placing.. 1.25 

Forms    3.50 

Water  .15 

Steel 14 

Equipment    .15 

Overhead    .50 

Total  cost  per  cu.  yd $11.94 

CONCRETE    SETTLING    RESERVOIR. 

The  settling  basin,  shown  in  plan  and  sec- 
tions in  Fig.  2,  is  the  outlet  of  the  first  sec- 
tion of  the  Cottonwood  conduit  and  is  the  con- 
necting link  between  that  conduit  and  the  old 
Dulzura  conduit.  The  basin  is  6  ft.  deep  and 
100  ft.  X  7.5  ft.  in  plan  and  has  a  baffle  wall, 
as  shown  by  section  .\-B,  that  deflects  the 
current  as  the  water  passes  in  from  the  con- 
duit. There  is  a  weir  section  about  90  ft.  long 
that  stills  the  current  and  allows  the  flow  to 
pass  into  a  trough  and  thence  into  the  old  con- 
duit section. 

In  the  construction  of  the  new  basin  126  cu 
yds.  of  concrete  were  placed  at  a  cost  of  $8 
per  yard,  and  1,500  cu.  yds.  of  sand  were  ex- 
cavated at  15  cts.  per  yard.  The  slabs  form- 
ing the  bottom  and  sides  of  the  reservoir  are 
4  ins.  thick  and  consist  of  1 :2%  :5  concrete 
laid  on  6x8-in.  concrete  beams  which  act  as 
expansion  joints.  The  slabs  are  10x11  ft.  in 
plan   and   were   laid   in   checkerboard    fashion. 


Pressnf  Safe 

10" 


Fig.  2.    Details  of  New  Concrete  Settling  Basin,   Cottonwood   Conduit,   San    Diego,   Calif. 


approved  mineral  rubber  or  asphaltum  cement- 
ing material  which  insures  a  smooth  inner 
surface  for  the  flume.  The  metal  is  No.  20 
gage  and  the  sectional  area  of  the  flume  is 
either  10  or  12V4  sq.  ft.  Figure  1  illustrates 
the  detail  of  the  trestle  when  12  ft.  high  or 
over.  The  type  of  trestle  and  the  footings 
for   it   are   governed    by   the   location    of    the 


After  placing  the  concrete  was  allowed  to  set 
for  seven  days  and  was  then  covered  w-ith  an 
approved  asphaltum  mixture  which  is  guaran- 
teed not  to  crack  in  the  winter  or  to  flow  in 
the  summer. 

In  section  A-B  is  shown  a  driveway  10  ft. 
wide  which  provides  access  to  the  basin  for 
the  purpose  of  removing  the  settled-out  sand. 
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either  by  shoveling  to  a  wagon  or  by  use  of 
a  slip  scraper. 
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Placing  Concrete  in  Wall  and  Dam  of 
Water    Supply    Reservoir    at    Mon- 
treal by  Compressed  Air  Method. 

(staff  article.) 

The  accompanying  sketch,  Fig.  1,  shows  the 
arrangement  of  material  handling  plant  em- 
ployed in  placing  the  concrete  in  the  walls  and 
dam    of   the   new    reservoir   of    the    Montreal  • 


Sand  and 
IfX   Stone  B/ns/ 

t 


Cement  Chuie 
i^'fo  Meas  hop'r 

Sliding 
Gates 


Air  piping  to  i'alves  on  platform 


Fig.  1.    Sectional  Diagram  Showing  Arrange- 
ment  of   Material    Handling     Plant    and 
Mixer  for   Placing    Concrete    Walls 
and    Dam   of   New   Reservoir   at 
Montreal  by  Compressed 
Air  Method. 

Water  and  Power  Co.  by  the  compressed  air 
(Mac  Michael)  method.  The  cement  used 
was  unloaded  from  trolley  cars  on  the  track 
as  shown.  The  sacks  were  unloaded  by  hand 
and  were  placed  in  the  chute  which  carried 
them  to  the  cement  storage  shed.  A  short 
siding  on  a  trestle  carried  the  aggregate  past 
the  cement  shed.  The  crushed  stone  was 
dumped  directly  into  the  storage  bin,  over  the 
mixer,  as  shown  in  Fig.  1,  from  side-dump 
cars.  The  capacity  of  this  bin  was  80  and  of 
the  cars  t!  cu.  yds.,  respectively.  The  sand 
was  shoveled  from  box  cars  into  an  auxiliary 
bin,  at  one  side  of  the  pneumatic  mixer,  of  a 
capacity  of  500  cu.  yds.  The  80-cu.  yd.  work- 
ing sand  bin,  over  the  mi.xer,  was  gravity  fed 
frorn  the  auxiliary  sand  bin  mentioned.  "  The 
sliding  gates,  hand  operated,  regulated  the 
discharge  of  stone  and  sand  into  the  proper 
compartments  of  the  measuring  hopper  shown. 
Cement  was  gravity  fed  from  its  storage  shed 
into  the  stone  compartment  of  the  hopper. 
Water  was  applied  to  the  contents  of  the  hop- 
per as  they  were  discharged  into  the  mixer. 
The  discharge  pipe  from  the  mixer  extended 
to  the  forms  and  varied  in  length  from  time 
to  time.  This  was  an  8-in.  steel  pipe  provided 
with  flange  joints  of  a  special  design  to  fa- 
cilitate adding  or  removing  sections.  The 
mixed  concrete  was  discharged  directly  into 
the  forms  from  the  end  of  the  conveying  pipe 
or  from  a  boot  at  the  end  of  the  pipe  as 
shown  in  Fig.  2.  The  latter  figure  is  a  view 
taken  during  the  pouring  of  the  dam  where 
the  lift  was  37  ft.  The  conveyor  pipe  was  be- 
ing made  ready  for  the  concreting  of  the  next 
section  of  the  dam.  At  bends  the  pipe  line 
was  firmly  secured  to  resist  the  side  thrust 
produced  by  the  inertia  of  the  heavy  moving 
mass  of  concrete.  The  sections  were  poured 
in  three  lifts  of  1.5,  30  and  37  ft.,  respectively. 
The  maximum  length  of  discharge  pipe  was 
600  ft.,  which  included  the  .37-ft.  lift.  In  this 
line  the  total  curvature  aggregated  400°.  .At 
this  distance  pauses  were  necessary  between 
the  discharge  of  successive  batches  to  allow 
the  air  receiver  to  fill  sufficiently.  The  wall 
was  poured  in  alternate  sections  containing 
about  30  cu.  yds.  and  this  necessitated  many 


shifts  of  forms  and  discharge  piping  thus  de- 
laying the  work.  Concrete  was  placed  by  the 
method  described  in  zero  weather  without  dif- 
ficulty, the  aggregate  being  heated.  ^ 

Concreting  Dam. — Table  I  gives  a  sum-  S 
mary  of  the  progress  of  the  work  in  concret-  -f 
ing  the  dam  in  the  reservoir.  Work  was  ^ 
carried  on  in  day  and  night  shifts.  In  the  o 
work  on  the  dam  there  were  54  shifts  to 
place  8,12'2  cu.  yds.,  or  1.50  cu.  yds.  per  shift.  Z 
The  cost  of  labor  on  the  day  shift  averaged  30 
$19  and  on  the  night  shift  $27,  or  an  average  22 
of   $23   per   shift.     Thus   the   labor  cost   was      •'■', 

15%  cts.  per  cubic  yard  of  concrete  placed ;  the      

corresponding  figure  for  power  was  4.7  cts. 
per  cubic  yard.  The  average  gang  consisted 
of  si.x  men  charging  the  mixer,  including  the 
operator,  an  extra  cement  wheeler,  a  foreman, 
and  from  two  to  eight  men  on  the  pipe  and 
forms.  The  best  day's  run  was  436  cu.  yds. 
in  7Vz  hours.  On  this  run  the  cost  of  labor 
per  cubic  yard  was  6.1  cts.  and  the  cost  of 
power  was  1.6  cts. 

Concreting  Wall. — The  wall  contained  2,600 
cu.  yds.  and  was  poured  in  26  shifts.  The  av- 
erage daHy  cost  for  labor  was  $17.50  and  for 
power  $7.  This  gave  a  cost  for  labor  and 
power  of  24%  cts.  per  cubic  yard.  The  aver- 
age gang  on  the  wall  concreting  consisted  of 
two  men  handling  cement,  three  handling  ag- 
gregate, one  mi.xer  operator,  one  water  man, 
one  foreman  and  one  to  three  men  on  forms 
and  pipe  line.  The  distance  transported 
ranged  from  100  to  600  ft.  All  wall  concrete 
was  lifted  40  ft.  Pouring  was  actually  in 
progress  50  per  cent  of  the  time. 

Plant. — The  compressor  used  was  a  W.  B.  2 
Sullivan,  steam  driven,  705  cu.  ft.  machine. 
There  were  1,100  ft.  of  6-in,  air  pipe  between 
the  compressor  and  the  mixer.  There  were 
two  air  receivers,  one  of  150-cu.  ft.  capacity 
at  the  compressor  and  one  of  50  cu.  ft.  ca- 
pacity at  the  mixer.  The  compressor  was 
run  from  the  boilers  of  the  stone  crushing 
plant  and  the  cost  of  steam  was  prorated  to 
the  different  engines  on  the  basis  of  the  horse- 
power required.     Under  this  arrangement  the 


TABLE    I.— DATA    ON    PIECING    CONCRETE 

IN  DAM  OF  MONTREAL  RESERVOIR  BY 

COMPRESSED   AIR  METHOD. 


Fig.  2.    View  Showing   Pouring   of  Concrete 

Dam  in  New  Montreal   Reservoir  by 

Compressed   Air   Method. 

power   cost    for   the     compressor     per     shift 
was  $7. 

ENGINEERS   AND  CONTRACTORS. 

The  mixer  was  furnished  the  general  con- 
tractors, Laurin  and  Leitch,  by  the  Pneumatic 
Concrete  Mixing  and  Placing  Co.  of  Montreal, 
the  Canadian  agents  for  the  Mac  Michael  sys- 
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tem  of  concreting.  The  Concrete  Mixjng  and 
Placmg  Co.,  of  123  W.  Madison  St.,  Chicago, 
are  the  American  agents.  Mr.  F.  H.  Pitcher, 
general  manager  and  chief  engineer  of  the 
water  company,  was  in  direct  charge  of  the 
work. 


Cost  of  Test  Pitting.— The  following  are 
actual  costs  given  in  the  "Engineering  and 
Mining  Journal"  of  test  pitting  in  hard  clay 
and  hardpan  with  many  large  boulders,  where 
the  ground  dulls  the  picks  rapidly.  Foreman's 
wages  were  $:3;  laborers,  $2.  Two-inch  hard- 
wood plank  was  used  for  cribbing  when  nec- 
essary. No  superintendence  or  office  ex- 
pense charged. 


Pit. 
1.. 
2.. 


S. 

r, 

ic! 
11. 

12. 
13. 
14. 
15. 


Depth, 
feet. 
...17 
...24 
...  7 
...22 
...23 

..  26 
,..41 
,..46 

..38 

. .  .IS 
,..10 

..      9 

..      9 

..    17 
12 


Hours 
labor. 

SO 
140 

15 

75 
100 
240 
270 
335 
255 
240 

60 
100 

20 

60 

55 


Per 

Cost.  foot. 

$18.00  Jl.OS 

29.00  1.21 

3.50  0.50 

16.50  0.75 

24.00  1.04 

48.00  IMVs 

56.00  1.366 

72.50  1.58 

64.00  1.70 

54.00  1.67 

12.00  1.20 

22.00  2.444 

4.00  0.444 

12.00  0.706 

12.50  1.00 


Filling  pits  Nos.  1,  2,  3,  4 6.00 

Filling  pits  Nos.  5,  6,  7,  8.  9,  10.  35.00 

Filling  pits  Nos.  11,  12,  13,  14..     7.00  

The  contract  price  for  sinking  a  test  pit  in 
sandy  soil  and  doing  all  necessary  cribbing, 
all  supplies  to  be  furnished  and  tools  sharp- 
ened free  of  charge,  to  20  ft.  in  depth  is  $1 
per  ft. ;  from  20  to  30  ft.,  $1.25  per  foot. 


International  Engineering  Congress. — The 

technical  success  of  the  International  Engi- 
neering Congress  to  be  held  at  San  Francisco 
in  1915,  is  now  well  assured.  Notwithstand- 
ing the  difficulties  arising  as  a  result  of  the 
present  European  war,  the  Committee  on 
Papers  is  able  to  count  on  from  200  to  250 
papers  and  reports  covering  all  phases  of 
engineering  work  and  contributed  by  authors 
representing  some  18  different  countries.  The 
Congress  will,  therefore,  be  truly  international 
in  scope  and  character,  although  the  repre- 
sentation from  the  countries  involved  in  the 
European  war  will  naturally  be  less  than  orig- 
inally planned.  The  papers  are  now  rapidly 
coming  in  and  their  character  gives  the  full- 
est assurance  that  the  proceedings  will  form 
a  most  important  collection  of  engineering 
data  and  a  broad  and  detailed  review  of  the 
progress  of  engineering  art  during  the  past 
decade.  The  Committee  on  Management  is 
now  issuing  to  all  important  engineering  so- 
cieties, in  this  country  and  abroad,  invitations 
to  appoint  official  delegates  to  attend  the  ses- 
sions of  the  Congress,  and  the  presence  of  a 
considerable  body  of  such  delegates  is  w-ell 
assured.  Membership  in  the  Congress  with 
the  privilege  of  purchasing  any  or  all  of  the 
volumes  of  the  proceedings  is  open  to  all 
interested  in  engineering  work.  For  full  par- 
ticulars, apply  to  W.  A.  Cattell,  Secretary, 
417  Fo-xcroft  Building,  San  Francisco,  Cal. 


An  analysis  of  water  in  East  Grand  Forks, 
Minn.,  made  recently  by  the  State  Health  De- 
partment, showed  the  number  of  bacteria  to 
be  4,370  in  the  river  water  and  20  in  the  fil- 
tered water.  There  was  no  evidence  of  B.  coli 
in  the  10  cc.  of  the  filtered  water.  These  fig- 
ures show  that  99,5  per  cent  of  the  bacteria 
are  being  removed  by  the  filtration  process. 
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and    Appliances    113 

Editorial  calling;  attention  to  the  Cement 
Show  and  briefly  noting  some  of  the  newer  fea- 
tures of  concrete  construction  work.  E.  &  C. 
Feb.    10,   1915;    2'/,   cols. 


BRIDGES:     Columbia  Highway,  Oregon,  De- 
sign of. 
Design    Features   of   the   Various   Types   of 
Reinforced    Concrete    Bridges    Along    the 

Columbia    Highway    in    Oregon 122 

Describes  and  illustrates  the  design  features 
of  some  unusual  reinforced  concrete  bridges 
along  the  Columbia  Highway,  Multnomah  Co., 
Ore.  These  bridges  offer  some  interesting  studies 
in  reinforced  concrete  highway  bridge  construc- 
tion.    E.  &  C.  Feb.   10.   191.5;   SV2   cols. 
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Design    and   Construction   Features   of   Re- 
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Describes  design  and  construction  methods. 
Discusses  advantages  and  limitations  of  in- 
verted siphons  in  sewers  in  connection  with 
construction  of  subways.  E.  &  C,  Feb.  10, 
1915;   3  cols. 


ROADS:     Concrete,   Handling  Materials. 

Recent  Improvements  in  the  Methods  of 
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Construction    113 

Discusses  editorially  the  use  of  traction  en- 
gines, motor  trucks  and  industrial  railways  in 
the  hauling  of  road  materials,  road  finishing 
machines  and  concrete  mixers,  and  recent  im- 
provements in  methods  of  construction.  E.  & 
C,    Feb.    10,    1915;    1   col. 


DESIGN:     Detailing;   Importance  "of. 

The   Designing  'of   Details 114 

Editorial  comment  on  the  slight  esteem  in 
which  structural  detailing  has  been  held.  Em- 
phasizes the  importance  of  the  subject  and  the 
need  of  a  better  knowledge  of  it.  E.  &  C, 
Feb.,  10,   1915;  1  col. 


ROADS:     Concrete,    Kinks    in    Construction. 

Practical     Kinks     in     Concrete     Road     and 
Pavement    Construction     114 

Discusses  practical  kinks  in  concrete  road  and 
pavement  construction:  grading,  water  supply, 
mixing,  placing  finishing,  integral  curbs,  tools, 
protection  plates,  and  hauling  materials.  Gives 
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iJiscusses  details  of  concrete  road  construction 
and  describes  experiments  with  various  types  of 
joints.  Data  for  several  years  are  given  con- 
cerning cost  and  other  items.  E.  &  C.  Feb.  10. 
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FOREIGN  TRADE  NOTES 

The  following  foreign  trade  opportunities 
are  listed  by  the  Bureau  of  Foreign  and  Do- 
mestic Commerce.  Where  addresses  are  omit- 
ted in  the  items  they  may  be  obtained  from 
the  office  of  the  Bureau  at  Washington,  D. 
C,  or  from  the  branch  offices  at  337  Custom 
House,  New  York;  629  Federal  Bldg.,  Chi- 
cago, 111. !  76  Appraiser's  Stores  Bldg.,  San 
Francisco,  Cal.  ,and  Association  of  Commerce 
Bldg.,  New  Orleans,  La.  In  applying  for  ad- 
dresses reference  should  be  made  to  the  rile 
numbers. 

Conveying  Machinery. — Manager  of  abattoir 
in  Russia  wishes  to  correspond  with  American 
manufacturers  and  exporters  of  aerial  railroad 
equipment  for  the  transportation  of  meat.  No. 
1.5,500. 

Iron  and  Steel. — A  commission  agent  in 
France  desires  to  represent  American  manu- 
facturers of  iron  and  steel  products,  wire, 
nails,  screws,  nuts,  metal  furniture,  household 
articles,  and  agricultural  implements.  No. 
15,501. 

Steel  Rails. — Railway  company  in  Far  East 
is  in  the  market  for  60-lb.  steel  rails,  with  fish- 
plates, nuts,  bolts,  etc.  It  is  proposed  to  con- 
struct about  20  miles  of  roadbed.  Quotations 
should  be  made  c.  i.  f.  destination.    No.  15.502. 

Portable  Sawmill. — Business  man  in  South 
America  desires  to  purchase  a  portable  saw- 
mill to  be  used  in  cutting  timber  running  from 
8  to  30  ins.  in  diameter.  The  machinery  must 
be  such  that  it  may  be  transported  by  pack 
mules,  etc.  C.  i.  f.  prices,  and  detailed  infor- 
mation should  be  sent  at  once.  Correspond- 
ence should  be  in  Spanish,  and  all  weights  and 
measurements  given  in  the  metric  system.  No. 
15,,504. 

Machinery. — Business  men  in  the  Far  East 
are  contemplating  construction  of  flour  mill  of 
100,000  lbs.  daily  capacity.     No.  15,510. 

Steam  Turbines  and  Engines. — A  merchant 
in  Russia  wishes  to  be  placed  in  communica- 
tion with  manufacturers  of  steam  turbines  and 
steam  engines.  It  is  desired  to  purchase  such 
engines,  etc.,  as  will  permit  the  use  of  back 
steam,  under  pressure,  to  be  used  for  drying 
and  boiling  purposes.  Correspondence  may  be 
in  English.     No.  15,485. 

Engines,  Pumps,  Motors,  Etc. — A  commer- 
cial traveler,  with  engineering  experience,  de- 
sires to  obtain  an  exclusive  agency  for  the  sale 
of  American  goods  in  Spain,  He  is  interested 
in  gas,  gasoline,  kerosene  and  crude-oil  en- 
gines ;  pumps  and  pumping  machinery ;  electric 
motors ;  and  miscellaneous  machinery,  tools 
and  accessories.     No.  15,475. 

Machine  Tools. — Business  man  in  France 
desires  to  be  put  in  communication  with  Amer- 
ican manufacturers  of  machine  tools  of  all 
kinds.  Correspondence  may  be  in  English, 
and  quotations  should  be  given  c.  i.  f.  French 
ports.     No.  1.5,476. 

Locomotives. — The  Chilean  State  Railway 
will  receive  tenders  for  the  supply  of  10  loco- 
motives, of  meter  gage,  to  be  delivered  at  the 
port  of  Coquimbo  ready  for  service.  Plans 
and  specifications,  etc.,  may  be  obtained  from 
the  Departmento  de  Materiales  y  Almacenes 
(Estacion  Alameda),  Ferrocarriles  del  Estado, 
Santiago,  Chile,  at  which  address  tenders  will 
be  received  until  Feb.  27,  1915.    No.  15,.5.30. 

Construction  Material. — A  representative  of 
manufacturers  of  technical  construction  mate- 
rials, rolling  mill  and  foundry  products,  in  one 
of  the  neutral  European  countries,  has  written 
an  American  consular  office  stating  that  he  de- 
sires, to  establish  commercial  relations  with 
American  manufacturers  of  copper;  nickel; 
tin;  brass;  tin  plate;  dynamo  plate;  steel  sheet- 
ing; bronze  in  bars  and  sheets;  seamless  pipes 
and  tubing;  silver,  platinum,  and  brass  tubing; 
tool,  cast,  and  hoop  steel ;  steel  wires ;  fibers ; 
vulcanized  rubber ;  asbestos ;  electrical  instrUr 
ments  and  apparati,  etc.  He  desires  to  secure 
sole  agencies.     No.  15,546. 

Contractors*  Machinery. — A  firm  in  Great 
Britain  which  deals  in  contractors'  supplies, 
wishes  to  get  into  communication  with  Amer- 
ican  manufacturers  of  labor-saving  machines. 


tools,  and  general  supplies  for  contractors.   No. 
15,551. 

Power  Transmissions,  Etc. — Firm  in  Swit- 
zerland, which  lias  branch  offices  in  Italy  and 
Belgium,  is  desirous  of  communicating  with 
.American  manufacturers  of  engineers'  supplies 
and  technical  specialties,  such  as  pow-er  trans- 
missions; driving  belts;  lubricating  apparati; 
oil  filters;  oils  and  greases;  water,  steam-pipe, 
and  refrigerator  insulations;  and  ventilators 
and  fans.    No.  15,515. 


INDUSTRIAL  NOTES 

Mr.  Edgar  M.  Hagar  has  resigned  as  presi- 
dent of  the  Universal  Portland  Cement  Co., 
and  will  assume  the  presidency  of  a  new  com- 
pany which  he  is  forming  to  acquire  a  chain  of 
Portland  cement  plants  covering  a  large  part 
of  the  United  States.  Mr.  B.  F.  Affleck,  here- 
tofore general  sales  agent,  has  been  elected 
president  of  the  LTniversal  Portland  Ce- 
ment Co. 

Mr.  Arthur  C.  Vicary,  formerly  of  Lorain, 
O.,  has  recently  assumed  the  duties  of  sales 
manager  of  the  steam  shovel  department  of 
the  Ball  Engine  Co.,  of  Erie,  Pa.,  which  is  now 
placing  a  line  of  revolving  steam  shovels  on 
the  market,  under  the  name  of  the  "Erie" 
steam  shovels.  Mr.  Vicary  has  been  engaged 
in  the  design  and  sale  of  steam  shovels  for 
years,  and  is  widely  known  to  steam  shovel 
users — particularly  in  the  eastern  section  of 
this  country. 

Among  the  contracts  recently  awarded  the 
Mac.-Vrthur  Concrete  Pile  &  Foundation  Co., 
New  York  City,  are  the  following :  Concrete 
pile  foundation  of  the  bridge  to  be  erected  over 
the  St.  John  River  between  Van  Buren,  Me.. 
and  St.  Leonard,  N.  B. ;  Van  Buren  Bridge 
Co.,  owners ;  Cyr  Brothers  Co.,  General  Con- 
tractors, Waterville,  Me. ;  W.  J.  Wilgus,  Con- 
sulting Engineer,  New  York.  Concrete  piles 
necessary  in  connection  with  the  Perry  Memo- 
rial, Put-in-Bay,  O. ;  Stewart  Engineering  Cor- 
poration. General  Contractors,  New  York ;  J. 
H.  Friedlander  and  A.  D.  Seymour,  Jr.,  Asso- 
ciate Architects ;  Boiler,  Hodge  &  Bayard, 
Consulting  Engineers.  Foundation  for  5,000,- 
000  cu.  ft.  gas  holder  for  Lynn  (Mass.)  Gas 
&  Electric  Co.,  the  work  including  about  1.400 
pedestal  concrete  piles  and  a  12  in.  concrete 
slab. 

.Among  the  recent  contracts  awarded  the 
Raymond  Concrete  Pile  Co.  of  New  York  and 
Chicago  are  the  following :  Concrete  piles  for 
the  building  for  the  Brett  Lithograph  Co., 
Long  Island  City,  N.  Y.  Wm.  Higginson, 
architect.  American  Concrete  Steel  Co.,  Gen- 
eral Contractor.  Concrete  piles  for  the  founda- 
tion of  power  plant  for  the  City  riosoital, 
Cleveland,  O.  J.  H.  Wells.  General  Contrac- 
tor. Concrete  piles  for  apartment  building  on 
Delaware  Place  and  Seneca  St.,  Chicago,  111. 
Wm.  Erriest  Walker,  Architect.  McLennan 
Construction  Co.,  General  Contractors.  Con- 
tract has  been  awarded  by  the  H.  J.  Heinz  Co., 
Pittsburgh,  Pa.,  to  the  Raymond  Concrete 
Pile  Co.  for  standard  Raymond  Concrete  Piles 
and  reinforced  concrete  footings  for  the  ex- 
tension to  their  large  warehouse  at  the  Pitts- 
burgh plant.  Concrete  piles  for  the  founda- 
tion of  the  Nurses'  Home  of  the  Methodist 
Episcopal  Hospital,  Brooklyn,  N.  Y. 


NEW  CATALOGUES 

Forms.— Paper,    folder.     The    Whalen    Form, 

Syracuse,  N.  Y. 

Illustrates  the  Whalen  collapsible  steel  cul- 
vert form,  and  a  number  of  finished  culverts. 
Shows   New   York   State   standard   sections. 

Wagon    Lo.\ders. — Paper,    6%x9    ins. ;    4    pp. 

Tlie  George  Haiss  Mfg.  Co.,  139th  St.  and 

Rider  Ave.,   New  York   City. 

Bulletin  No.  215  describing  Haiss  standard 
wagon  loaders,  with  specifications  and  several 
views  of  loaders  at  work. 

Column   Molds. — Paper,  7%x8%   ins.;   12  pp. 
Deslauriers  Column  Mold  Co.,  311-15  Chest- 
nut St.,  St.  Paul,  Minn. 
Bulletin  D,  describing  the  company's  method 

of    construction    with    the    use    of    round    ad- 


justable metal  forms,  pointing  out  the  advan- 
tages of  round  columns,  and  of  steel  molds. 
Also  describes  corrugated  steel  decking  and 
its   advantages. 

Turbines. — Paper,  6x9  ins. ;  64  pp. ;  The  Ter- 
ry Steam  Turbine  Co.,  Hartford,  Conn. 
Bulletin  No.  19,  on  centrifugal  pumps,  giv- 
ing details  and  data  on  various  turbo-pump 
applications.  It  is  well  illustrated  and  shows 
a   number   of   interesting   special   installations. 

Sewage  Ejectors. — Paper,  6'/ix9%  ins. ;  32  pp. 
Pacific  Flush-Tank  Co.,  The  Temple,  Chi- 
cago. 

Catalogue  No.  17,  describing  "P  F.  T."  auto- 
matic sewage  ejectors  and  appurtenances,  with 
tables  and  illustrations  showing  various  ar- 
rangements of  ejectors,  etc. 

Gravel  Washer. — Paper,  5%x7%  ins.,   12  pp. 

Stocker     Concrete     Material     Washer     Co., 

Highland,  111. 

Catalogue  No.  E25  describing  the  Stocker 
gravel  washer,  showing  views  of  the  machines 
and  their  operation  and  giving  testimonial 
letters. 

Concrete    Silos. — Paper,    circulars.     Reichert 
Manufacturing     Co.,    1436-1440    Booth    St.. 
Milwaukee,  Wis. 
Show   the   Reichert   equipment  and   method 

of  constructing  concrete  silos.  The  adjustable 

mold    is    the    distinguishing    feature     of     the 

method. 

Iron  Working  Machinery. — Paper,  circular. 
H.  P.  Richardson,  80  E.  Jackson  St.,  Chi- 
cago. 

Describes  and  illustrates  beam  shears,  cop- 
ing machines  and  punches  manufactured  by 
the  company. 

Paints  for  Railway  Cars. — Leatherette.  6% 
x9^/i  ins. ;  44  pp.  Lowe  Brothers  Co.,  Day- 
ton, Ohio. 

Handbook  of  paints  and  varnishes  for  rail- 
way cars  and  structures,  showing  samples  of 
some  of  the  colors,  with  notes  as  to  applica- 
tion, special  uses,  etc. 

Water  Meters. — Paper,  8x10%  ins.;  12  pp. 
Buffalo    Meter    Co.,    290    Terrace,    Buffalo, 

N.  Y. 

Bulletin  on  water  meter  rates  and  regula- 
tions, containing  articles  on  the  Elements  of 
a  Meter  Rate ;  How  to  Establish  a  Meter 
Rate;  Rates  of  709  Water  Works  and  Meter 
Regulations. 

Ventilating. — Paper,     8%xll     ins.;     12     pp. 

American  Blower  Co.,  141  Broadway,  New 

York  City. 

Describes  the  "Sirocco"  ventilating  system 
installed  in  'the  Fletcher  Savings  and  Trust 
Co.  Building  in  Philadelphia,  and  illustrates 
with  diagrams  and  half-tone.  "Sirocco"  fans 
are  also  shown. 

Good  Roads. — Paper,  lYzxldyi  ins.;  16  pp. 
American  Rolling  Mill  Co.,  Middletown.  O. 

The  February  number  of  The  Highway 
Magazine,  containing  interesting  articles  on 
highway  construction  and  maintenance,  and 
showing  by  photographs  and  description  the 
advantages  of  culverts  made  of  Armco- 
American   Ingot  Iron. 

Hoisting  Equipment. — 9^4x12%  ins. ;  68  pp. 
The  John  F.  Byers  Machine  Co.,  Ravenna, 
Ohio. 

Catalogue  No.  21  showing  steam  hoist- 
ing engines,  portable  excavators,  derricks, 
derrick  cars  and  irons,  hand-power  hoists, 
builders'  material,  elevators,  wire  rope  blocks 
and  sheaves  and  other  hoisting  equipment  for 
contractors  and  builders. 

Crushers. — Paper,  7x9  ins.,  3  bulletins.  Chalm- 
ers &  Williams,  Inc.,  72  W.  Adams  St.. 
Chicago. 

Catalogue  L.,  48  pp.,  the  Bronze  Ball  Gyra- 
tory Crusher;  Section  A.,  12  pp.  Jaw  Rock 
Breakers ;  Section  R.,  18  pp.,  Symons  Disc 
Crusher.  All  illustrated  and  containing  de- 
scriptive matter,  data  as  to  sizes,  capacities, 
etc..  and  diagrams  showing  special  features 
and  general  design  of  the  machines. 
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Trade   and   industry   as   a 
The  Doings     whole  showed  a  gradual  ad- 
vance  during  the  past  week. 
of  Many   developments   of   im- 

portance have  taken  place  in 
the  Week.  the  past  few  days.  One  of 
of  the  most  encouraging  of 
them  was  the  heavy  over-subscription  of  the 
•  ^9,000,000  bond  issue  of  the  Pennsylvania. 
This  oiTering  was  on  the  market  for  only  one 
hour  and  was  then  withdrawn  as  the  issue  had 
been  largely  over-subscribed  in  that  time.  This 
is  a  good  indication  of  the  excellent  investment 
demand  that  now  prevails.  Another  favorable 
development  was  the  e.xport  figures  for  Tanu- 
arv.  According  to  telegraphic  reports  from 
the  13  principal  custom  ports,  the  exports  for 
the  month  were  in  excess  of  imports  by  over 
$1-31,000.000.  Baltimore,  Md.,  disposed  of  an 
$8,500,000  municipal  bond  issue,  and  New  York 
banking  interests  took  up  a  $5,000,000  loan  for 
the  Province  of  Manitoba.  Cleveland,  O..  an- 
nounced that  on  March  8  it  would  sell  $4,000,- 
oOO  of  bonds  for  water  works,  lighting  and 
street  improvements.  The  railroads  contmued 
their  activity  in  placing  orders  for  rails  and 
equipment.  During  the  week  orders  for  steel 
rails  totaling  81.000  tons  were  placed  and  con- 
tracts for  285,000  tons  more  are  still  pending 
In  the  construction  field,  judging  from  the  vol- 
ume of  new  work  reaching  the  call  for  bids 
stage,  only  a  fair  showing  was  made.  Some 
-ood-sized  undertakings  were  placed  under 
.  ontract,  and  a  few  fair-sized  jobs  came  up  for 
advertising.  Several  large  private  building 
contracts  were  placed  during  the  past  week. 
One  of  them  provides  for  a  $1,000,000  hotel  at 
Columbus,  O.  In  the  iron  and  steel  trade  a 
continued  improvement  has  been  shown  during 
the  past  week.  The  Carnegie  Steel  Co.'s  Ohio 
works  began  operating  last  Monday  on  100 
per  cent  capacity.  Lackawanna  Steel  and 
Pennsylvania  Steel  Co.'s  placed  additional 
men  at  work,  and  the  rail  mill  at  Gary  re- 
opened this  week  with  orders  on  its  books  that 
w^ill  keep  it  busy  at  full  capacity  for  three 
mcmths.  The  Iron  Age  prices  for  finished  iron 
and  steel  and  for  sheets,  nails  and  wire  for  the 
week  ending  Feb.  3  were  as  follows : 
Finished   Iron  and  Steel.  Feb.  3.       Jan.  27. 

Per  lb.   to  large  buyers.  Cts.  Cts^ 

Bess,  rails,  heavy,  at  mill 1.25  l.-.> 

Iron    bars,    Philadelphia .1.20  1.20 

Iron    bars,    Pittsburgh 1.10  1.10 

Iron  bars,  Chicago 1.00  1.00 

Steel  bars,   Pittsburgh 1.10  1.10 

Steel   bars.   New   York 1.26  l.^b 

Tank  plates,   Pittsburgh 110  1.10 

Tank   plates.  New   York 1.26  l.-'b 

Beams,    etc.,    Pittsburgh 1.10  1.10 

Beams,    etc..    New    York 1.26  l.ib 

Skelp,  grooved  steel,  P'gh 1.10  l.iu 

Skelp,   sheared  steel.   P'gh l.la  1.1& 

Steel    hoops,    Pittsburgh 1.20  1.20 

Sheets,  Nails  and   Wire. 

Per  lb.   to  large  buyers. 
Sheets,   black,  No.  2S,  P'gh...     l.SO  l.SO 

Galv.    sheets.    No.    28,    P'gh...     3.00  2.90 

Wire     nails.     Pittsburgh l.Sa  1.55 

Cut  nails.   Pittsburgh 1.50  1.50 

Fence  wire,  base,   P'gh 1.35  l.uS 

Barb  wire,  galv.,  P'gh 1.95  1.95 

For  structural  material  f.  o.  b.  Pittsburgh 
The  Iron  Age  prices  were  as  follows :  I-beams. 
3  to  15  in. ;  channels,  3  to  15  in. ;  angles,  3  to  6 
in.  on  one  or  both  legs,  %  in.  thick  and  over, 
and  tees,  3  in.  and  over,  1.10  cts. 

Railroads. — The  outstanding  development 
of  the  past  week  in  this  field  was  the  excellent 
investment  demand  for  railway  securities.  This 
was  shown  by  the  five-fold  subscription  to  the 
$49,000,000  Pennsylvania  R.  R.  bond  issue.  As 
a  result  many  of  the  carriers  will  at  once  take 
steps  for  securing  the  necessary  finances  for 
their  equipment  and  construction  needs.  In 
the  last  few  days  the  Illinois  Central  R.  R. 
has  sold  $10,000,000  bonds,  and  the  Lacka- 
wanna $."1,000,000.  The  Erie  R.  R.  shortly  will 
sell  $13,400,000  and  the  Chicago,  Milwaukee  & 
St,  Paul,  $30,000,000.  The  New  York  Central 
Lines  propose  a  $100,000,000  issue.  As  regards 
construction  work  there  have  been  no  develop- 
ments of  importance.  There  is  good  reason  to 
believe,  however,  that  in  the  next  two  or  three 
weeks  a  number  of  important  undertakings 
will  be  ready  for  bidders.    Steps  are  now  being 


taken  to  organize  a  syndicate  to  finance  the 
$60,000,000  union  terminal  at  Chicago,  and  it  is 
likely  that  definite  announcement  will  be  made 
soon  regarding  the  commencement  of  the  work. 
Roads  and  Streets.— No  particularly  large 
undertakmgs  in  the  state  highway  field  came 
up  for  bids  last  week.  Maryland  is  asking 
proposals  for  5  contracts  aggregating  r2.5-J 
miles,  but  aside  from  this  none  of  the  other 
states  appear  to  be  calling  for  bids  on  any 
work.  A  number  of  municipal  paving  jobs  are 
ready  for  bidders.  Wilkes-Barre,  Pa.,  is  call- 
ing for  proposals  on  40,000  sq.  vds.  of  sheet 
asphalt  and  46,000  sq.  yds.  of  vitrified  brick; 
Pueblo,  Colo.,  opens  bids  Feb.  15  on  a  $180,- 
000  contract;  Clearwater,  Fla.,  opens  bids 
Feb  17  on  paving  work  to  cost  $45,000.  Whit- 
lock  &  Gorrill,  San  Francisco,  Cal.,  at  $70,000 
were  low  bidders  on  section  C  of  the  State 
Highway  in  Butte  County,  California;  Con- 
solidated Engineering  Co.,  Baltimore.  i\Id.,  was 
low  bidder  on  the  second  section  of  the  Key 
highway  in  Maryland  :  County  Commissioners 
at  San  Antonio,  Tex.,  awarded  a  56-mile  sand- 
clay  contract:  about  $275,000  worth  of  road 
was  placed  under  contract  by  various  counties 
in  Indiana. 

Bridges. — The  largest  piece  of  bridge 
work  coming  up  for  bids  the  past  week  appears 
to  be  the  construction  of  the  approaches  to  the 
high  wagon  bridge  at  Winona,  Minn.  This 
will  be  about  1,700  ft.  long  and  will  cost  about 
$100,000.  Bids  will  be  opened  at  Winona  on 
March  1.  The  city  of  Concord,  N.  H.,  has 
awarded  bridge  contracts  amounting  to  about 
$.52,000.  The  Concrete  Construction  Co.,  Kan- 
sas City,  Mo.,  was  awarded  the  contract  at 
$28,500 'for  the  reinforced  concrete  bridge  at 
Salina.   Kan. 

Drainage  and  Irrigation. — Several  fair- 
sized  contracts  in  both  the  irrigation  and  drain- 
age fields  are  being  advertised.  The  U.  S. 
Reclamation  Service  is  calling  for  bids  on  640,- 
000  cu.  vds  of  excavation  in  the  vicinity  of 
Grand  Junction  and  Fruita.  Colo.  The  Kaw 
Valley  Drainage  District,  Kansas  City,  Kan., 
opens  proposals  Feb.  27  on  1.000.000  cu.  yds. 
of  hydraulic  dredge  work ;  Murray  County, 
Minnesota,  is  asking  bids  on  a  Judicial  ditch 
estimated  to  cost  $73,000.  O'Connor  &  Hilton 
Co.,  Great  Falls,  Mont.,  at  $43,691,  was  low 
bidder  for  the  Greenfields  distribution  system 
for  the  U.  S.  Reclamation  Service.  The  Com- 
missioners of  the  West  Matanzos  Draimge^and 
Levee  District,  Lewistown,  111.,  awarded  a  560,- 
000  cu.  yd.  levee  job  to  O'Meara  &  Son. 

Sewerage. — The  Commissioner  of  the  Dis- 
trict of  Columbia,  Washington,  D.  C,  are  call- 
ing for  bids  on  3,500  ft.  of  6V2  by  7  ft.  trunk 
sewer;  Lodi,  O.,  opens  proposals  Feb.  6  on  a 
sewer  system  and  sewage  disposal  plant ;  Sisse- 
ttin,  S.  D.,  is  asking  bids  on  6  miles  of  sewers 
and  sewage  treatment  works ;  Baltimore,  Md.. 
is  calling  for  proposals  on  sewerage  work  to 
cost  about  $250,000.  Low  bidders— Section  18 
of  the  Passaic  Valley  trunk  sewer.  New  Jer- 
sey, were  New  York  &  New  Jersey  Con- 
struction Co.,  Newark,  N.  J.,  at  $191,894,  on 
the  river  bank  route,  and  Charles  A.  Haskin. 
Somerville,  Mass.,  at  $187,392  on  the  tunnel 
route. 


rtilities  statistician.  Rank  1 100@lo0 

Engineering  Sei'vice;  a^^^-- 

Assistant  chief  utilities  engineer ^Hx^'^i?  n. 

Gas   engineer    o^a^ooq'oo 

Railroad   engineer   onn^^nr' 

Electrical  engineer   SS^nn 

Telephone    engineer    ,!:!JP^o-n 

Mechanical   engineer    i„SP',SS 

Service    engineer    ;"„P,Xn 

Assistant  railroad  engineer l="P't-„ 

Case  man ^s;;f;i;" 

Assistant    utilities    engineer on^io? 

Service  inspector ,SX^Jrn 

Utilities   investigator W^SIaS 

Draftsman    (examination   March   6) . .     7b@lUU 

In  most  of  the  above  positions  vacancies  now 
exist  and  will  be  filled  by  examinations  at  early 
dates.  It  has  not  yet  been  determined  definite- 
ly just  what  positions  will  be  open  to  non- 
residents of  Illinois,  but  it  is  possible  that 
applications  will  be  received  by  the  State  Civil 
Service  Commission,  Springfield,  111.,  for  engi- 
neers in  many  cases  regardless  of  residence. 


Engineers  and  persons  in 
Positions        some  other  lines  of  work  in 

■W/itli  Tllinni'?    Pn''''^   utilities   corporations 

^'\".  .  .     °'^    will  be  interested  in  the  re- 
Utlllties  ccM    announcement    of    the 

Commission.  State  Civil  Service  Commis- 
sion regarding  positions  un- 
der the  Illinois  Public  Utilities  Commission 
which  are  to  be  filled  at  an  early  date  by  exam- 
ination. The  following  is  a  list  of  the  positions, 
together  with  a  statement  of  the  salary  limits 
for  each  place : 

Accounting  Service:  Per  month. 

Transportation  rate  expert,  Rank  Ill.$:i00@37r, 
Transportation  rate  expert.  Rank  II..  13nrn)250 

Accountant,    Rank  II 200@2;i0 

Utilities    statistician.    Rank    IT 175@2i)0 

Tariff   clsrk    (examination  March   6).    100(n)12;i 

Accountant,   Rank  I *. 125«f']7._) 

Utilities  rate  expert 125#li6 
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IF. 

(By  Robert  Isham  Randolph,   with   Apologies   to 

Eudyard  Kipling.) 
If  you  can  .swing  an  axe,  or  wield  a  brush-hook. 

Or  drive  a  stake,  or  drag  a  chain  all  day. 
If  you  can  scribble   "figgers"   in  a  note  book. 

Or  shoot  a  range  pole  half  a  mile  away. 
If  you  can  sight  a  transit  or  a  level. 

Or  move  a  target  up  and  down  a  rod. 
If  you   fear  neither  man,   nor  devil, 

And  know  yourself  and  trust  the  living  God. 

If  you  can  wade  a  swamp,  or  swim  a  river. 

Nor  fear  the  deeps,  nor  yet  the  dizzy  heights. 
If  you  can  stand  the  cold  without  a  shiver. 

And  take  the  Higgin's  ink  to  bed  o'  nights. 
If    you    can    turn    a    thumb     screw     with     your 
fingers. 

When    every    digit's   like   a    frozen    thumb. 
If  you  can  work  as  long  as  daylight  lingers, 

And    not    complain,    nor    think    you're    going 
some. 

If   you    can    sight    through    tropic   heat's   refrac- 
tion. 

Or   toil   all   day   beneath   a   blistering    sun. 
If  you  can  find  a  sort  of  satisfaction 

In  knowing  that  you've  got  a  Job  well  done. 
If  you  can  be  an  esquimo  and  nigger. 

And   try   to   be  a   gentleman,   to   boot. 
If  you  can   use  a   "guessin'    stick"    to   figger 

And  know  a  coefficient  from  a  root. 

If   your   calculus  and   descriptive  are   forgotten. 

And  your  algebra  just  serves  you  fairly  well. 
If  your  drafting  and  your  lettering  are  rotten. 

And    your    Trautwine's    always    handy    by    to 
tell. 
If  you  can  close  a  traverse  without  tudgin'. 

Or  check  a  line  of  levels  by  a  foot. 
If  you  can  set  a  slope  stake,  just  by  judgin'. 

And  never  kicked  a  tripod  with  your   toot. 

If  you   can   run   a  line   where   you  are  told. 

And  make  it  stay  somewhere  upon  the  map. 
If  you  can  read  your  notes  when  they  get  cold. 

And    know   that   contours   mustn't   ever   lap. 
If  you  can  line  a  truss  or  tap  a  rivet, 

Or   make   a   surly   foreman   come   across. 
If  you   can   take   an   order,   well  as  give  it. 

And   not  have   secret  pity  for  the  boss. 

If  you  can   climb  a  stool  and   not   feel  lowly. 

Nor  have  your  head  turned  by  a  swivel  chair. 
If  you  can  reach  your  judgments  slowly 

And  make  your  rulings  always  just  and  fair. 
If  you  can  give  your.self  and  all  that's  in  you 

And  make  the  others  give  their  own  best,  too. 
If  you  can  handle  men  of  brawn  and   sinew, 

And  like  the  men  and  make  'em  like  you  too. 

If   you   can't   boast   a   college   education. 

Or,   if  you've  got  a  sheep-skin,   can   forget. 
If   you   get  a  living  wage   for  compensation. 

And  give  a  little  more  than  what  you  get. 
If  you   can   meet   with  triumph   and   disaster 

And  treat  them  without  favor,  nor  with  fear, 
You'll   be   a   man — and   your   own^  rnaster. 

But— what  is  more— you'll  be  an  ENGINEER. 
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HUM    VALLEY    CONSERVANCY 
PROJECT,  CHINA. 

Regulation    and    Reclamation    Works    for 
Flood  Prevention. 

Involves      Expenditure     of    $30,000,000     and     Re- 
quires 362,000,000   Cu.   Yds.   of   Excavation. 

Regulation  and  reclamation  works  requiring 
an  estimated  expenditure  of  $30,000,000  are 
recommended  in  the  recently  issued  report  of 
the  Board  of  Engineers  appointed  last  spring 
by  the  American  National  Red  Cross  to  make 
investigations  connected  with  the  Huai  River 
conservancy  project,  China.  The  conservancy 
area  comprises  the  drainage  areas  of  the  Huai 
River,  the  Inner  Grand  Canal,  the  Yi  River, 
the  Sze  River,  and  the  Shu  River,  situated  in 
Honan.  Anhwei  and  Kiangsu  Provinces,  China. 
The  object  of  the  work  is  to  improve  these 
water  courses,  especially  as  to  the  physical 
conditions  that  affect  flooding  of  arable  lands, 
continual  submergence  of  lauds,  or  submerg- 
ence to  such  an  extent  as  to  create  swamps. 
The  physical  conditions  and  probable  construc- 
tional features  of  the  project  were  outlined  in 
our  issue  of  Feb.  11,  1914.  The  engineering 
board,  consisting  of  Wm.  L.  Sibert,  Daniel  W. 
Mead  and  Arthur  P.  Davis,  were  appointed  in 


capacity  of  200,000  cu.  ft.  per  second  to  Paoy- 
ing  Lake,  with  the  latter  at  a  stage  of  8 
meters  above  sea  level ;  and  channels  from 
that  lake  to  the  Yangtse  having  the  same 
capacity,  with  the  river  at  19  ft.  on  the  Chin- 
kiang  gage. 

It  is  proposed  to  provide  this  unwatered 
bed  of  Hungtse  Lake  with  an  extensive  net- 
work of  canals  and  laterals,  with  beds  about 
3  meters  below  the  surface  of  the  ground.  The 
outlets  of  the  principal  drains  would  be  pro- 
vided with  controlling  works,  so  that  the  chan- 
nels would  serve  for  drainage  when  left  open ; 
by  closing  them  the  canals  would  be  filled 
from  the  Huai  River  and  used  for  irrigation 
by  means  of  moderate  lifts  varying  from  1  ft. 
to  6  or  7  ft.,  according  to  the  distance  from 
the  source  of  supply.  This  system,  also,  would 
be  available  for  navigation,  and  would  con- 
nect with  the  Grand  Canal  and  thus  make 
available  the  waters  of  the  Huai  River  for 
navigation  in  that  canal  and  for  irrigation  east 
of  it  when  needed. 

The  enlarged  channel  capacity  to  be  pro- 
vided between  the  Kaoyu  Lake  and  the 
Yangtse  would  in  dry  weather  empty  that  lake, 
and  unless  prevented,  so  deplete  the  waters  of 
the  Grand  Canal  as  to  destroy  navigation  and 
deprive  the  lands  east  of  it  of  irrigation  water. 
To  prevent  this  and  to  improve  navigation  it 
is  proposed  to  build  a  lift  lock  in   the  Grand 


Location  of  Works  for  Huai  Valley  Conservancy   Project. 


May  in  accordance  with  an  arran.gement  by 
the  Red  Cross  with  the  Republic  of  China. 
The  board,  among  other  things,  was  instructed 
to  make  a  further  survey  and  investigations 
of  the  project.  The  various  reclamation 
schemes  heretofore  suggested  were  carefully 
considered.  None  of  them,  however,  were 
favored  ,  the  board  recommending  a  new  plan. 

The  project  recommended  by  the  Board  of 
Engineers  provides  that  the  waters  of  the 
Huai  should  go  into  the  Yangtse  River  near 
Chinkiang,  and  that  such  waters  be  diverted 
into  Paoying  and  Kaoyu  Lakes  in  such  a  way 
as  to  make  entirely  feasible  the  reclamation  of 
the  bed  of  Hungtse  Lake.  The  reclamation  of 
the  lake  bed  would  make  it  practicable  to  con- 
struct a  channel  across  the  bed  with  high 
dikes,  through  which  could  pass  to  Paoying 
Lake  the  waters  of  the  Sui  and  the  drainage 
water  from  a  large  part  of  the  territory  an- 
nually flooded,  bounded  bj'  Hungtse  Lake,  the 
old  Yellow  River  bed,  the  Tientsin-Pukow  Ry. 
and  the  Huai  River  below  Pengpu. 

The  diversion  of  the  Huai  River  to  Paoying 
Lake  would  be  accomplished  by  means  of  a 
•dike  extending  from  the  left  bank  of  the 
mouth  of  the  river  opposite  Kweishan  to  the 
village  of  Tsiangkiapa.  This  would  run  rough- 
ly parallel  to  the  shore  of  the  Laotzeshan 
Peninsula.  This  would  form  the  shore  line  of 
a  channel  for  the  diversion  of  the  Huai  River 
from  Hungste  Lake,  which  after  the  proposed 
excavation  w-ould  be  capable  of  carrying  about 
200,000  cu.  ft.  of  water  per  second  at  lake 
stage  of  13  meters  and  disposing  of  ordinary 
floods  of  100,000  cu.  ft.  per  second  without 
permitting  the  water  at  Kweishan  to  rise  more 
than  12  meters  above  sea  level.  It  is  proposed 
to  build  regulating  works  at  the  Tsiangkiapa 
outlet,  with  a  capacity  of  200,000  cu.  ft.  per 
second,  with  water  surface  just  above  the 
works  12  meters  above  sea  level ;  to  provide  a 
channel  below  Tsiangkiapa  with   a   discharge 


Canal  near  the  town  of  Shaopo,  with  a  total 
lift  under- extreme  conditions  of  about  -1  me- 
ters, and  a  channel  with  lock  and  regulating 
works  connectin.g  the  Grand  Canal  above  this 
lock  with  the  channel  leading  to  Sinnemiao. 
It  also  is  proposed  to  dredge  the  Grand  Canal 
from  its  lock  southward  to  a  bottom  elevation 
of  minus  4  ft.  on  the  Chinkiang  gage. 

Just  above  Tsingkiangpu  it  is  proposed  to 
build  a  lift  lock  of  4  meters  lift  capacity, 
so  located  as  to  eliminate  from  the  main  canal 
all  the  sluice  locks  above  that  town  and  also 
the  great  curves  that  occur  in  the  canal  in 
that  vicinity.  It  is  proposed  to  provide  a  regu- 
lated flood  channel  from  the  canal  above  this 
lock  to  Paoying  Lake  to  care  for  the  same 
proportion  of  the  flood  waters  from  the  upper 
Grand  Canal  as  have  formerly  passed  down 
the  Grand  Canal  and  into  the  Hungtse  Lake. 
It  is  proposed  also  to  connect  the  valley  of  the 
Sui  with  Paoying  Lake  by  a  large  drainage 
channel  with  a  normal  capacity  of  50.000  cu. 
ft.  per  second.  This  channel  would  cross  the 
reclaimed  lands  of  Hungtse  Lake  and  would 
be  separated  from  them  by  hi.gh  dikes.  Branch 
dikes  from  these  connecting  with  high  ground 
to  the  north  and  south  would  be  provided  to 
protect  the  reclaimed  lands  of  Hungtse  Lake 
from  overflow.  Various  branches  and  laterals 
connecting  with  the  main  drain  would  be 
necessary  to  properly  drain  the  lands. 

The  region  that  would  be  chiefly  benefited 
under  the  project  recommended  by  the  Board 
of  Engineers  is  the  area  bounded  on  the  north 
by  the  old  bed  of  the  Yellow  River;  on  the 
east  by  the  old  bed  and  the  Ming  Dike;  and 
on  the  south  by  the  southern  margin  of 
Hungtse  Lake  and  the  Huai  River;  and  on  the 
west  by  the  Tientsin-Pukow  Ry.  The  upper 
Huai  River  and  its  tributary  valleys  would  be 
but  slightly  affected  by  the  proposed  works. 
Substantial  benefits -also  would  accrue  to  the 
agricultural    land    east    of    the    Grand    Canal, 


which  is  frequently  innundated  by  the  excess 
waters  from  the  canal,  and  is  as  often  short 
of  irrigation  water. 

The  lands  to  be  directly  benefited  by  this 
project  may  be  divided  into  five  districts,  as 
follows:  District  No.  1,  comprises  lands  that 
will  be  reclaimed  and  irrigated.  This  includes 
the  greater  portion  of  the  bed  of  Hungtse 
Lake,  and  comprises  an  area  of  about  350,000 
acres,  valued  at  least  $75  per  acre.  District 
No.  2  comprises  lands  that  will  be  reclaimed 
but  not  irrigated.  This  includes  the  northeast- 
ern portion  of  Hungtse  Lake,  an  area  of  about 
36,000  acres,  having  a  valuation  of  at  least  $50 
per  acre.  District  No.  3  takes  in  lands  around 
Hungtse  Lake  that  have  been  mostly  culti- 
vated but  subject  to  frequent  inundations,  and 
which  will  be  protected  from  overflow  and 
provided  with  drainage  channels.  The  esti- 
mated area  is  300,000  acres;  this  would  be  ben- 
efited at  least  to  the  extent  of  $15  per  acre. 
District  No.  4  comprises  lands  heretofore  cul- 
tivated which  will  be  provided  with  main 
drainage  channels  for  the  escape  of  all  flood 
waters.  This  class  includes  the  area  bounded 
on  the  north  by  the  old  bed  of  the  Yellow 
River,  Hungtse  Lake  and  District  No.  3;  on 
the  south  by  the  Huai  River,  and  on  the  west 
by  the  Tientsin-Pukow  Ry.  The  benefited  area 
is  estimated  at  1,700,000  acres.  This  would  be 
improved  at  least  to  the  extent  of  $4  per  acre. 
District  No.  5  includes  lands  benefited  by  the 
regulation  of  the  Grand  Canal,  preventing  both 
overflow  therefrom  and  water  shortage  there- 
in for  irrigation.  This  includes  a  large  portion 
of  the  lands  east  of  the  Grand  Canal  and  south 
of  the  old  bed  of  the  Yellow  River.  The  amount 
is  estimated  roughly  at  5,000,000  acres,  and  the 
entire  area  would  be  benefited  to  the  extent  of 
at  least  $10,000,000.  In  addition  to  the  direct 
benefits,  there  will  be  various  indirect  benefits, 
of  which  the  most  important  is  the  improve- 
ment of  navigation  in  the  Grand  Canal,  in 
consideration  of  which  it  is  proposed  to  col- 
lect equitable  charges  for  the  use  of  the  locks 
to  be  provided.  The  following  is  a  summary 
of  the  estimated  returns: 

Value  of  reclaimed  lands  in  Districts  1 

and   2    $27,050,000 

Value  of  benefits  in  District  No.  3 4,500,000 

Value  of  benefits  in  District  No.  4 6.800,000 

Value  of  benefits  in  District  No.  5 10,000,000 

Total     $48,350,000 

In  addition  it  is  estimated  that  there  should 
be  received  annually  at  the  end  of  the  six-year 
period  of  construction  the  sum  of  $2,361,000, 
made  up  of  $225,000  from  revenues  of  the 
Grand  Canal  and  other  canals  in  the  area,  and 
$2,136,000  from  taxes  on  land. 

The  Board  of  Engineers  estimate  the  cost 
of  the  recommended  work  at  about  $.30,000,000 
and  states  that  it  can  be  economically  com- 
pleted within  about  six  years  after  beginning 
construction,  provided  funds  are  available  as 
needed,  and  the  work  is  vigorously  prosecuted. 
It  is  stated  that  if  the  bonds  issued  bear  5  per 
cent  interest,  and  are  sold  at  90  cts.  on  the 
dollar,  and  if  3  per  cent  can  be  obtained  on 
unexpended  balances,  the  total  issue  to  cover 
discount  and  interest  during  a  six-year  con- 
struction period  will  amount  to  $45,000,000. 
The  Board  e.xpresses  the  opinion  that  on  the 
basis  of  the  estimated  benefits  and  the  returns 
from  canal  tolls  and  the  taxes  su.ggested,  a 
satisfactory  method  for  financing  the  project 
can  be  devised.  A  summary  of  the  estimated 
costs  is  as  follows : 

Cu.  yds. 
Main    outfall    channel     to 

Yangtse    62,650,7501     $6,265,075 

Excavation     in     San     Ho 

Cliannel    30,000,000'        2,400,000 

Main  diversion  dike  around 

Lao   Tsesan    15,173,730'        1,365,635 

Excavation       parallel       to 

same,  not  used  in  dike. .  41,920,000'  3,772,800 
Dike  parallel  to  Ming  Dike     2,169,360*  151,835 

Dike     across     Pao     Ying 

Lake    191,260»  13,388 

Rock  riprap  700,000'  350,000 

Canal  from  Pao  Ying  Lake 

to  Grand  Canal 2,567,600'  154,056 

Flood  channel  from  Grand 

Canal  to  Pao  Tins  Lake     8,162,610*  571. 3S3 

Sui  River  Channel  ttirough 

lake    to    Ming   Dike 39,30O,O0Oi         3,930,000 

Sui    River    Channel    from 

Ming  Dike  to   Pao  Ying 

Lake     9,400,560=  752.043 

Sui   River  Channel   feeder 
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and    guide    dikes    above 

Hungtse   LiiWe    21,509,500"         1.390,569 

Drainage  for  lake  bed 
northeast  of  Sul  Chan- 
nel          7,708,040'  462,482 

Main  drain  of  north  sys- 
tem  on   Irrigated   land..    10,218,000*  715,260 

North  branch  of  south 
system    8,449,500'  591,465 

South  branch  of  south 
system    18,706,800*         1,309,476 

Main  trunk  of  south  sys- 
tem above  Kaoliang  Kan  13.534,920=         1,082,793 

Main  trunk  of  south  sys- 
tem below  Kaoliang  Kan     4,258,810*  298,116 
Irrigation  system: 

Eastern  irrigation  canal. .     1.730,510»  103,830 

Central  irrigation  canal...     1,228,780"  73,722 

Western   irrigation    canal.         655,000'  39,30U 

Lateral  system,  1,547  kilo- 
meters       35,370,000'         1,591,650 

.Sub-laterals,  2,400  kilo- 
meters       26,200,0008         1,048,000 

Dredging  in  Grand  Canal.         665, -lOO'  66,.'")40 

Sinnemiao   Channel    920,000'  55,560 

Control  works  and  lock  at 
Tsangkiapa    752,000 

Irrigation  headworks  near 

Chuchwang    30,000 

Control  works  at  Kaoliang 

Kan 200,000 

Lock    and    control    works 

near   Tsingkiangpu    240,000 

Lock     and     control     works 
near  Shaopo 250,000 

Total    $30,000.0011 

^At  10  cts.  per  cu.  yd.  »At  8  cts.  per  cu.  yd. 
*At  9  cts.  per  cu.  yd.  *At  7  cts.  per  cu.  yd.  'At 
50  cts.  per  sq.  yd.  'At  6  cts.  per  cu.  vd.  '.\t 
414  cts.  per  cu.  yd.     'At  4  cts.  per  cu.  yd. 


A   1,700-FT.   BRIDGE  NEAR  WIN- 
ONA, MINN. 


Bids    Asked    for    V/isconsin    Approach    to 
Mississippi   River   Structure. 

Bids  are  now  being  asked  on  a  good-sized 
bridge  undertaking  near  Winona,  Minn.  The 
work  calls  for  the  construction  of  an  approach 
from  the  Wisconsin  side  to  the  high  wagon 
bridge  over  the  Mississippi  River  at  Winona. 
The  new  structure  will  commence  at  the  pier 
on  the  north  shore  of  the  main  channel  at  the 
end  of  the  present  steel  bridge  and  will  ex- 
tend across  the  island  and  the  Wisconsin 
channel  to  the  highway  on  the  north  bank  of 
the  Wisconsin  channel  just  above  the  present 
bridge.  Alternate  bids  will  be  taken  for  a 
reinforced  concrete  structure  and  for  a  steel 
structure.  If  the  latter  is  built,  the  approach 
will  have  a  total  length  of  1,700  ft.  11  ins.; 
the  deck  spans  will  have  a  clear  width  between 
railing  of  2-3  ft.,  18  ft.  of  this  width  being  tor 
the  roadway  and  curb  and  5  ft.  for  a  walk  on 
the  westerly  side  of  the  roadway;  the  through 
spans  will  have  a  roadway  18  ft.  wide  between 
trusses  and  a  5-ft.  walk.  If  the  concrete  struc- 
ture is  built  it  will  have  a  total  length  of  1,73(1 
ft.  and  a  clear  width  between  railings  of  2.3 
ft.    It  will  consist  of  the  following  spans : 

A  suspended  I-beam  span,  constructed  on  a 
curve,  having  a  length  of  2'2%.  ft.,  measured 
along  the  chord  of  the  center  line.  The  south- 
erly end  of  this  span  will  be  supported  on  a 
new  steel  bent  erected  on  the  north  shore  of 
the  existing  steel  bridge.  Next  will  come  an 
S6-ft.  reinforced  concrete  cantilever  span  con- 
sisting of  two  reinforced  concrete  cantilever 
girders  spaced  17  ft.  4  in.  c.  to  c.  and  sup- 
ported upon  two  pair  of  reinforced  concrete 
columns  and  pedestals  spaced  50  ft.  c.  to  c. 
longitudinally.  The  south  cantilever  arms  of 
the  girders  will  extend  16  ft.  beyond  the  center 
of  the  columns  and  the  north  arms  will  extend 
20  ft. 

The  adjoining  section  of  the  structure  will 
consist  of  three  90-ft.  reinforced  concrete  can- 
tilever spans,  each  span  composed  of  two  rein- 
forced concrete  cantilever  girders  spaced  17 
ft.  4  ins.  c.  to  c.  and  supported  upon  two  pairs 
of  reinforced  concrete  columns  and  pedestal 
spans  .50  ft.  c.  to  c.  longitudinally.  The  canti- 
lever arms  of  the  girders  will  extend  20  ft.  be- 
yond the  centers  of  the  columns  at  each  end 
of  the  span.  Next  will  come  seven  reinforced 
concrete  cantilever  girder  spans,  each  consist- 
ing of  two  reinforced  concrete  cantilever  gir- 
ders spaced  17  ft.  fi  ins.  c.  to  c.  and  supported 
upon  two  pair  of  reinforced  concrete  columns 
and  pedestals  spaced  3fi  ft.  c.  to  c.  The  canti- 
lever arms  will  extend  14  ft. 


The  structure  will  be  carried  over  the  Wis- 
consin channel  by  12  reinforced  concrete 
arch  rib  spans,  supported  upon  an  abutment 
at  each  end  and  upon  11  intermediate  piers. 
Each  of  the  spans  will  consist  of  two  arch 
ribs  spaced  17  ft.  6  ins.  c.  to  c.  and  having  a 
clear  span  at  the  springing  line  of  64j4  ft. 
The  approach  at  the  north  end  of  the  bridge 
will  consist  of  two  parallel  reinforced  con- 
crete walls  about  23  ft.  long,  supported  at  one 
end  upon  the  north  abutment  and  at  the  other 
end  upon  the  concrete  piers. 

The  specifications  for  the  steel  structure  call 
for  the  following:  A  suspended  I-beam  span 
22  ft.  G  ins.  long;  three  136  ft.  4  13/16  in.  can- 
tilever deck  spans,  each  cantilever  span 
consisting  of  two  trusses  spaced  16  ft.  c.  to  c. 
and  supported  upon  two  pairs  of  pedestals 
spaced  97  ft.  5-3/10  in.  c.  to  c.  longitudinally; 
one  111  ft.  11  in.  cantilever  deck  span  with  a 
26  ft.  5%  in.  suspended  I-beam  span  at  each 
end,  the  cantilever  span  consisting  of  two 
trusses  spaced  16  ft.  c.  to  c.  and  supported 
upon  two  pairs  of  pedestals  spaced  79  ft.  11% 
ins.  c.  to  c. ;  four  plate  girder  spans,  each  con- 
sisting of  two  plate  girders  48  ft.  7%  ins.  over 
all  and  spaced  16  ft.  c.  to  c,  the  spans  sup- 
ported upon  four  pairs  of  concrete  pedestals 
and  pier  No.  1  on  the  south  side  of  the  Wis- 
consin channel;  the  Wisconsin  channel  will 
be  crossed  by  si.x  through  spans,  each  consist- 
ing of  two  trusses  spaced  20  ft.  4  ins.  c.  to  c. 
and  140  ft.  in  length,  supported  upon  six  con- 
crete piers  and  one  abutment  at  the  north  end. 
All  pedestals  and  piers  with  the  exception  of 
the  four  pairs  of  pedestals  under  the  plate 
girder  spans  will  be  supported  upon  round  pil- 
ing, and  the  six  piers  in  the  Wisconsin  chan- 
nel and  the  north  abutment  will  be  protected 
by  riprap.  The  floor  system  for  the  steel  struc- 
ture will  consist  of  a  reinforced  concrete  slab 
upon  steel  joists;  the  roadway  portion  will  be 
paved  with  brick  and  the  sidewalk  and  curbs 
will  be  concrete.  For  the  concrete  bridge  the 
floor  system  will  consist  of  a  reinforced  con- 
crete slab  24'/^  ft.  in  width  over  all  and  6V2 
ins.  thick,  supported  upon  the  girders  or  upon 
the  spandrel  walls  of  the  arches  as  the  case 
may  be  and  upon  transverse  floor  beams  and 
a  center  longitudinal  girder.  The  roadway  will 
be  paved  with  brick,  and  the  sidewalk  and 
curb  will  be  concrete. 

Bids  for  the  construction  of  the  Wisconsin 
approach  will  be  received  by  the  City  Council 
of  Winona.  Minn.,  until  8  p.  m.,  March  1.  L. 
P.  Wolff.  St.  Paul,  Minn.,  is  Consulting  En- 
gineer.   H.  B.  Walling  is  City  Engineer. 


Street      Improvements     at     Oshkosh, 
Wis.,  for  1915. 

A  considerable  amount  for  paving  work  is 
contemplated  by  Oshkosh,  Wis.,  for  the  pres- 
ent season.  The  date  for  the  letting  has  not 
been  decided  upon  but  it  is  likely  that  bids 
will  be  received  about  the  last  week  in  this 
month.  The  following  is  an  outline  of  the 
contemplated  work : 

Hifjh  St. — From  northwesterly  line  of  Wis- 
consin Ave.  to  W.  Algoma  St.,  brick  sheet, 
asphalt,  sarcolithic,  asphaltic  concrete,  cement 
No.  2:  7,240  cu.  yds.  of  earth  work,  17,620  sq. 
yds.  of  pavement,  11,100  ft.  of  cement  curb 
and  gutter.  Street  railway  portion:  .3,475  sq. 
yds.  of  pavement,  1,623  cu.  yds.  of  earth  work. 

W.  Algoma  St, — From  westerly  line  of  Saw- 
yer Ave.  to  westerly  line  of  Punhoqua  St., 
cement  No.  1,  cement  No.  2.  asphaltic  concrete: 
1,8.32  cu.  yds.  of  earth  work,  29,118  sq.  yds.  of 
pavement.  1,526  ft.  of  cement  curb  and  gutter. 
Street  railway  portion  :  460  sq.  yds.  of  pave- 
ment, 182  cu.  yds.  of  earth  work. 

IV.  Algoma  St. — From  westerly  line  of  Saw- 
yer Ave.  to  Paine  Lbr.  Co.  office,  except  bridge ; 
brick,  cement  No.  2.  cedar  block :  809  cu.  yds. 
of  earth  work,  3,266  sq.  yds.  of  pavement, 
1.896  ft.  of  cement  curb  and  gutter.  Street 
railway  portion :  1,025  sq.  yds.  of  pavement, 
350  cu.  yds.  of  earth  work. 

Evaline  St. — From  southerly  line  of  Ceape 
.St.  to  northerly  line  of  Lake  Drive  (River 
-St.)  ;  cement  No.  1,  tar  macadam,  bitiuninous 
concrete  No.  1:   1,340  cu.  yds.  of  earth  work, 


150  cu.  yds.  in  terrace  and  sidewalk,  3,780  sq. 
yds.  of  pavement,  2,875  ft.  of  cement  curb  and 
gutter. 

Lake  Drive. —  (River  St.).  From  westerly  line 
of  Frankfort  St.  to  westerly  line  of  Lake  St.; 
cement  No.  1,  tar  macadam,  bituminous  con- 
crete No.  1  :  1,039  cu.  yds.  of  earth  work,  15 
cu.^yds.  of  earth  work  in  terrace  and  sidewalk. 
3,572  sq.  yds.  of  pavement,  2,400  ft.  of  cement 
curb  and  gutter. 

Vine  St. — From  High  St.  to  Algoma  St.; 
cement  No.  1,  tar  macadam,  bituminous  con- 
crete o.  1:  186  cu.  yds.  of  earth  work.  .528 
sq.  yds.  of  pavement,  634  ft.  of  cement  curb 
and  gutter. 

E.  Lincoln  Ave. — From  Main  St.  to  C.  & 
N.  W.  Ry. ;  cement  No.  1,  tar  macadam,  bitu- 
minous concrete.  No.  1 :  1,833  cu.  yds.  of  earth 
work,  58  cu.  yds.  of  earth  work  fill,  4,640  sq. 
yds.  of  pavement,  3,038  ft.  of  cement  curb  and 
gutter. 

Harrison  St. — From  Main  St.  to  Murdock 
St. ;  cement  No.  1,  cement  No.  2,  sarcolithic ; 
4,232  cu.  yds.  of  earth  work,  4,540  sq.  yds.  of 
pavement. 

.4//0'— (Opera  House)  from  Market  St.  to 
Bond  St.  (between  High  and  Algoma  Sts.)  ; 
cement  No.  1,  asphaltic  concrete,  creosote 
block:  .530  cu.  yds.  of  earth  work,  547  sq.  yds. 
of  paving,  492  ft.  of  curbing. 

Tzvelftli  St. — (Boulevard).  From  Minnesota 
St.  to  Ohio  St. ;  cement  No.  1,  tar  macadam, 
bituminous  concrete  No.  1 :  1,643  cu.  yds.  of 
earth  work,  5,625  sq.  yds.  of  paving,  3,646  ft. 
of  cement  curb  and  gutter,  750  cu.  yds.  of 
filling  in  Boulevard  space  and  in  sidewalk 
sub-grade. 

In  the  above  approximate  quantities,  the  ter- 
races are  not  calculated  as  to  filling.  G.  H. 
Randall  is  city  engineer. 


Three     Dredging    Contracts    in    New 
Jersey. 

Three  small  dredging  contracts  are  now  be- 
ing advertised  for  bids  by  the  U.  S.  Engineer 
at  New  York  City.  The  work  calls  for  dredg- 
ing in  Woodbridge  Creek,  Raritan  Bay  and 
Shrewsbury  River,  New  Jersey. 

Woodbridge  Creek  is  a  small  crooked  tidal 
stream  about  5  miles  long,  running  through 
flat  marshes  for  most  of  its  length  and  empty- 
ing into  the  west  side  of  Arthur  Kill  or  Staten 
Island  Sound,  2  miles  north  of  Perth  Amboy, 
N.  J.  The  improvement  provides  for  dredging 
between  the  mouth  and  Salamander  Dock,  a 
distance  of  IH  miles.  The  present  depths  are 
3  ft.  to  8  ft.  The  depth  to  be  made  is  8  ft.  and 
the  width  to  be  dredged  is  50  ft.  The  material 
is  believed  to  be  mud,  sand  and  gravel.  About 
$5,000  is  available. 

Raritan  Bay  lies  between  the  southern  end 
of  Staten  Island  and  New  Jersey,  and  lower 
New  York  Bay  on  the  east.  The  work  to  be 
done  consists  in  dredging  for  maintenance. 
The  depth  to  be  made  is  21  ft.,  and  the  width 
will  not  exceed  300  ft.  The  material  is  be- 
lieved to  be  mud  and  sand.  About  $18,000  is 
available. 

Shrewsbury  River  is  a  large  tidal  basin  iit 
the  eastern  part  of  New  Jersey,  and  consists 
of  two  branches:  the  north  branch,  or  Nave- 
sink  River,  and  the  south  branch.  .\  channel 
called  the  main  stem  unites  the  two  branches 
at  the  eastern  ends  and  extends  northwardly 
to  the  outlet  in  Sandy  Hook.  The  work  to  be 
done  consists  in  dredging  for  maintenance, 
through  the  bars  in  the  main  stem,  near  High- 
lands bridge,  in  Reeves  Channel,  at  the  upper 
and  lower  crossover,  and  in  the  vicinity  of  the 
Seabright  bridge.  The  depth  to  be  made  is  6 
ft.  at  mean  low  water  with  an  allowance  of 
2  ft.  per  overdepth.  The  width  will  not  exceed 
300  ft.  in  the  main  stem  and  150  ft.  in  the 
branches.  The  materi.il  is  believed  to  be  sand. 
About  $8,000  is  available. 

Rids  for  the  above  work  will  be  received 
until  noon,  Feb.  19.  bv  Col.  Frederic  V.  .Abbott. 
IT.  S.  Engineer,  39  Whitehall  St.,  New  York 
City. 


The  Iowa  State  Drainage  Association  will 
meet  in  Webster  Citv.  Iowa.  February  25  and 
26.  Mr.  M.  F.  P.  Costclloe  of  Ames,  Iowa,. 
is   secretary  of  the  association. 
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STATE      AID      HIGHWAY      CON- 
STRUCTION   IN   WISCONSIN. 

Details  of  Work  to  Be  Done  This  Year  in 
32  Counties. 


Earth    Roads — Gravel — Macadam — Concrete. 

A  State  aid  fund  of  $1,206,221  is  available 
for  highway  construction  in  Wisconsin  in 
1915.  The  distribution  of  this  sum  among 
the  various  counties  was  given  in  our  issue  of 
Feb.  3.  As  the  state  pays  one-third  of  the 
cost  of  the  roads,  the  total  expenditure  con- 
templated in  this  state  for  the  coming  season 
will  be  in  the  neighborhood  of  $3,720,000.  In 
the  article  in  our  last  issue  it  was  stated  that 
the  probable  highwaj-  improvements  would  in- 
clude 50  miles  of  concrete  road.  350  miles  of 
stone  macadam,  200  miles  of  gravel  macadam. 
100  miles  of  shale  and  other  inferior  sur- 
facings  and  550  miles  of  grading.  Table  I 
gives  a  summary  of  the  work  to  be  done  in 
several  of  the  counties.  This  information 
has  been  compiled  from  reports  of  the  County 
Highway  Commissioner,  who  will  have  charge 
of  the  work  under  the  direction  of  the  State 
Highway   Commission. 

Further  details  as  to  the  appropriations 
available  and  work  proposed  by  these  coun- 
ties are  given  below : 

.\shland  County  will  have  $.30,000  available 
for  highway  improvements,  and  will  construct 
15  miles  of  earth  road  and  a  like  amount  of 
gravel  and  sand  covering  on  clay.  Part  of 
the  work  will  be  done  by  contract.  No  date 
has  been  set  for  awarding  the  jobs.  W.  E. 
Dillon,  Butternut.  Wis.,  is  County  Highway 
Commissioner. 

Barron  County  will  have  about  $38,000  avail- 
able for  its  construction  work.  It  w-ill  expend 
$4,800"  for  concrete  pavement  in  the  city  limits 
of  Barron.  The  work  for  Barron  will  be  done 
by  contract.  Contracts  also  will  be  let  during 
this  winter  for  an  80-ft.  span  bridge.  The 
date  for  awarding  these  contracts  has  not 
been  decided  upon.  Simon  S,  Berg.  Rice  Lake, 
Wis.,  is  County  Highway  Commissioner. 

Buffalo  County's  construction  program  for 
this  year  calls  for  6%  miles  of  earth  road,  1% 
miles  of  macadam  and  one  mile  of  concrete. 
Part  of  the  work,  at  least,  will  be  done  by 
contract.  The  sum  of  $24,000  is  available  for 
construction  purposes.  J.  Reinhardt,  Nelson, 
Wis.,  is  County  Highway  Commissioner. 

Burnett  County  will  do  its  highway  work 
by  day  labor.  It  proposes  the  building  of  15 
miles  of  earth  road,  and  will  have  $15,000 
available  for  construction  purposes.  Hugh  Jef- 
fries, Danbury,  Wis.,  is  County  Highway 
Commissioner. 

Crawford  County  will  have  $21,000  available 
for  construction  purposes,  but  will  do  the  work 
by  day  labor.  J.  N.  Campbell,  Bell  Center, 
Wis.,  is  County  Highway  Commissioner. 

Dane  County  has  an  extensive  construction 
program  in  view,  including  40  miles  of  earth 
road,  6  miles  of  gravel,  28  miles  of  macadam 
and  2  miles  of  concrete.  The  last  mentioned 
will  be  done  by  contract;  date  for  the  letting 
has  not  been  decided  upon.  The  sum  of  $195.- 
000  is  available  for  construction  purposes.  _  W. 
H.  Sommers,  Madison,  Wis.,  is  County  High- 
wav  Commissioner. 

Dodge  County  will  have  $100,000  available 
for  construction  purposes  this  season.  It  pro- 
poses the  building  of  5  miles  of  earth  road, 
15  miles  of  gravel  road,  20  miles  of  macadam 
and  1  mile  of  concrete.  No  contract  will  be 
let.  E.  F.  Klug,  Ruseville,  Wis.,  is  County 
Highway  Commissioner. 

Douglas  County  proposes  to  construct  40 
miles  of  earth  road,  2  miles  of  gravel  and  2 
miles  of  macadam.  The  work  will  be  done  by 
contract,  the  first  letting  probably  being  in 
Tune,  .\bout  $100,000  is  available  for  construc- 
tion purposes.  C.  T.  Morisset.  Superior  (East 
End),  Wis.,  is  County  Highway  Commis- 
sioner. 

Dunn  County  will  have  $.30,000  available  for 
its  work  this  year.  It  proposes  to  improve 
about  6  miles  of  earth  road  by  grading  and 
to  grade  and  grave!  about  7  miles  additional. 
Several   concrete  bridges  will  be   constructed. 


Most  of  the  work  will  be  done  by  contract, 
which  will  be  let  in  early  spring.  Wm.  E. 
Raven,  Colfax,  Wis.,  is  County  Highway 
Commissioner. 

Grant  County's  program  for  the  present 
season  includes  8  miles  of  earth  road,  (J  miles 
of  gravel  and  10  miles  of  macadam.  Part  of 
the  work  will  be  done  by  contracts,  which  will 
be  let  this  spring.  The  sum  of  $100,000  is 
available  for  construction  purposes.  Henry 
iVIink,  Lancaster,  Wis.,  is  County  Highway 
Commissioner. 

Green  County  will  have  $91,270  available  for 
construction  purposes  this  year.  It  proposes  to 
build  5  miles  of  gravel  road  and  10  miles  of 
macadam  and  possibly  %  mile  of  concrete. 
Some  of  the  work  may  be  done  by  contract. 
E.  L.  Edwards,  Monroe,  Wis.,  is  County  High- 
way  Commissioner. 

Green  Lake  County  may  construct  about 
%  mile  of  gravel  road  and  6  miles  of  mac- 
adam. About  50  per  cent  of  the  latter  will  be 
18  ft.  wide.  It  is  probable  the  work  will  be 
done  by  day  labor.  About  $24,000  is  available. 
T.  J.  PauU.  Princeton,  Wis.,  is  County  High- 
way Commissioner. 

Iron  County  will  have  $42,000  available  for 
construction  purposes,  and  will  expend  this 
sum  monthly  for  earth  roads.  Wm.  Weber, 
Saxon.  Wis.,  is  County  Highway  Commis- 
sioner. 

Jefferson  County  proposes  to  construct  3 
miles  of  macadam  and  2  miles  of  concrete. 
Part  of  the  work  will  be  done  by  contract. 
The  sum  of  $29,000  is  available  for  construc- 
tion. R.  D.  Royce,  Fort  Atkinson,  Wis.,  is 
County   Highway   Commissioner. 

Juneau  County  will  have  $.58,794  available 
for  its  work  this  year.  It  proposes  to  construct 
5  miles  of  earth  road  and  5  miles  of  macadam. 
A.  V.  Robinson,  New  Lisbon,  Wis.,  is  County 
Highway  Commissioner. 

Kewanee  County's  work  for  the  present 
year  provides  for  the  construction  of  8  or  9 
miles  of  gravel  macadam  and  several  bridges. 
."Kbout  %  mile  of  concrete  road  will  be  laid 
in  the  city  of  .Mgoma.  This  will  be  done  by 
contract;  date  of  letting  has  not  been  decided. 
Moses  Shaw,  Algoma,  Wis.,  is  County  High- 
way Commissioner. 

La  Crosse  County  proposes  the  construction 
of  8  miles  of  earth  road  and  .30  miles  of  mac- 
adam. The  work  will  be  done  by  day  labor. 
John  Hintgen,  La  Crosse,  Wis.,  is  County 
Highwav  Commissioner. 

Milwaukee  County  will  have  about  $700,000 
available  for  construction  work  this  year.  It 
proposes  to  construct  5  miles  of  gravel  road, 
37  miles  of  concrete  and  3  miles  of  asphalt. 
The  work  will  be  done  by  contract,  the  lettings 
being  held  at  various  times  from  January  to 
-•\pril.  H.  J.  Knelling,  Milwaukee,  Wis.,  is 
County  Highway  Engineer. 

Oconto  County  proposes  to  construct  during 
the  present  season  16  miles  of  earth  road,  14 
miles  of  gravel  and  8  miles  of  macadam.  It 
has  $20,000  available  for  construction.  Part 
of  the  work  will  be  done  by  contracts,  which 
may  be  let  in  the  spring.  James  Deveraux. 
Oconto,  Wis.,  is  County  Highway  Commis- 
sioner. 

Oneida  County  proposes  the  construction  of 
35  miles  of  road,  of  which  33  miles  will  be  of 
the  earth  type  and  2  miles  gravel.  The  work 
will  be  done  bv  contract  and  day  labor  and 
will  start  about'  April  1.  The  sum  of  $-57,865 
is  available.  Frank  E.  Parker,  Rhinelander, 
Wis.,  is  County  Highwav  Commissioner. 

Price  County  will  have  $.36,000  available  for 
construction  this  season,  and  proposes  to  build 
40  miles  of  earth  road.  Some  of  the  work 
may  be  done  by  contract,  but  more  of  it  will 
be  carried  out  by  day  labor.  C.  G.  Nelson, 
Ogema.  Wis.,  is  County  Highway  Commis- 
sioner. 

Richland  County  will  have  $47,045  available 
for  construction  purposes.  Of  this  sum  $15,000 
is  to  be  expended  in  city  of  Richland  Center. 
The  type  of  pavement  for  the  city  has  not 
been  determined.  The  work  will  be  done  bv 
contract  and  the  letting  probably  will  be  held 
some  time  this  month.  In  addition  the  countv 
will  construct  about  10  miles  of  macadam.  G. 
H.  Main  waring,  Richland  _  Center,  Wis.,  is 
County  Highway  Commissioner. 


Rock  County's  construction  program  for  the 
present  year  includes  20  miles  of  gravel,  20 
miles  of  macadam  and  %  mile  of  concrete. 
The  work  will  be  done  by  contract.  An  ap- 
propriation of  $105,000  is  available.  Chas.  E. 
Moore,  Janesville,  Wis.,  is  County  Highway 
Commissioner. 

Sauk  County  proposes  to  construct  4  miles 
of  gravel,  20  miles  of  macadam  and  1  mile  of 
concrete.  If  satisfactory  bids  are  received  the 
work  will  be  done  by  contract.  An  appropria- 
tion of  $60,000  is  available  for  construction 
purposes.  G.  F.  Post,  Baraboo,  Wis.,  is  County 
Highway  Commissioner. 

Sawyer  County  will  have  $19,000  available 
for  its  work  and  proposes  the  construction  of 
20  miles  of  earth  road.  If  satisfactory  bids 
are  received  the  work  may  be  done  by  con- 
tract, which  would  be  let  about  April.  E.  J. 
Collett,  Hayward,  Wis.,  is  County  Highway 
Commissioner. 

Shawano  County's  construction  program  in- 
cludes S  miles  of  earth  road,  3%  miles  of 
gravel  and  3Vs  miles  of  macadam.   About  one- 


TABL.E  I.— ROAD  WORK  FOR  1915  IN  32  WIS- 
CONSIN COUNTIES. 

, Type  of  road , 

Karth,  Gravel.  Mac,     Cone, 

County.                      miles,     miles,  miles,     miles. 

Ashland    V,  15 

Barron   22             . .  . .              .  .^ 

Buffalo     6%          ..  1%           1 

Burnett    15 

Crawford    ?               ?  ?               ? 

Dane    40              6  28              2 

Dodge 5            15  2a              1 

Douglas     40               2  2 

Dunn     6=  7 

Grant    8              6  10 

Green    5            10  . .                V4 

Green  LaUe %  6 

Iron     ? 

Jefferson . .              . .  3               2 

Juneau    5             . .  10 

Kewaunee    8'  . .                'Va 

La    Crosse    S             ..  30 

Milwaukee^     5  . .             37 

Oconto    16             14  8 

Oneida    33  2 

Price    40 

Richland    . .  10 

Rock    20  20                 H 

Sauk    4  20              1 

Sawyer  20 

Shawano    S              ZVi  3% 

Taylor     20  2 

Vernon     ...12'            ..  3 

Walworth"     5%  6V2           IV2 

Washington    8  2              1 

Waupaca    20              8  12 

Winnebago 8  5 

i$4,S00  lor  concrete  paving  in  city  of  Bar- 
ron. ^Grading  onlv.  gravel  macadam.  *In  city 
of  Algona.  =Also  3  miles  of  asphalt.  '12  to  15 
miles.     'Also   %  mile  brick  pavement. 


third  of  the  improvements  will  be  carried  out 
by  contracts.  The  lettings  will  be  held  in  the 
spring  and  summer.  About  $35,000  is  available. 
O.  C  Rollman,  Shawano,  Wis.,  is  County 
Highway  Commissioner. 

Taylor  County  proposes  to  construct  20 
miles  of  earth  road  and  2  miles  of  gravel  road. 
Part  of  the  work  will  be  done  by  contract; 
lettings  to  be  held  in  May  and  June.  The  sum 
of  $2-5,000  is  available  for  construction  pur- 
poses. H.  C.  Peterson,  Medford,  Wis.,  is 
County  Highway  Commissioner. 

Vernon  County  will  have  $60,000  available 
for  carrying  out  its  highway  improvement 
plans  the  coming  season.  It  proposes  to  con- 
struct 12  to  15  miles  of  earth  road  and  3 
miles  of  macadam.  The  work  will  be  done  by 
force  account.  Alex  Ristow,  Genoa,  Wis.,  is 
County  Highway  Commissioner. 

Walworth  County  proposes  to  construct  5% 
miles  of  gravel  road,  6%  miles  of  macadam, 
V2  mile  of  brick  and  1%  miles  of  concrete. 
The  brick  and  concrete  paving  will  be  done  by 
contract;  no  data  for  the  letting  has  been 
decided  upon  as  yet.  The  remainder  of  the 
work  will  be  carried  out  bv  force  account.  The 
sum  of  $70,000  is  available  for  construction 
purposes.  H.  J.  Peters,  Elkhorn,  Wis.,  is 
Countv  Highway  Commissioner. 

Washington  County  will  have  about  $42,000 
available  for  construction  purposes  this  year. 
It  proposes  to  build  8  miles  of  gravel  road.  2 
miles  of  macadam  and  1  mile  of  concrete. 
Some  of  the  work  will  be  done  bv  contract; 
no  date  has  been  set   for  the  letting.     Chas. 


February  10,  1915. 
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Johnson,    Barton,    Wis.,    is    County    Highway 
Commissioner. 

Waupaca  County  proposes  to  construct  20 
miles  of  earth  road,  S  miles  of  gravel  and  12 
miles  of  macadam.  No  contracts  will  be  let. 
The  sum  of  $.55,000  is  available  for  construc- 
tion purposes.  Charles  J.  Knudson,  Scandi- 
navia, Wis.,  is  County  Highway  Commis- 
sioner. 
Winnebago  County  will  have  $49,674  avail- 
I  able  for  its  highway  work  this  year.  It  pro- 
I  poses  to  construct  8  miles  of  gravel  road  and 
j  .5  miles  of  macadam.  The  work  probably  will 
I  be  done  by  day  labor.  James  Binning,  Osh- 
kosh.  Wis.,  is  County  Highway  Commis- 
sioner. 


PERSONALS 

Mr.  A.  G.  Wulff.  civil  engineer,  announces 
that  he  has  opened  an  oiifice  at  309  Provident 
i3ank  Building,  Cincinnati,  Ohio,  and  is  pre- 
pared to  handle  surveys,  plans,  specifications 
and  superintendence,  particularly  of  sewer- 
age and  other  municipal  work. 

Mr.  Clarence  D.  Pollock,  formerly  chief 
engineer  of  highways  at  San  Antonio,  Texas, 
and  prior  to  that  principal  assistant  engineer 
in  charge  of  paving  for  the  Bureau  of  High- 
ways of  Brooklyn,  and  acting  engineer  for 
the  Borough  of  Manhattan,  has  been  appoint- 


Edward  M.  Hagar,  Who  Resigns  as  President 
of  the  Universal   Portland  Cement  Co. 

ed  consulting  engineer  of  the  Granite  Paving 
Block  Manufacturers'  Association  of  the 
United  States.  A  brief  account  of  Mr.  Pol- 
lock's professional  experience,  which  has 
been  extensive,  appeared  in  our  issue  of  Aug. 
5,  1914. 

Mr.  R.  V.  Orbison,  civil  engineer  of  Pasa- 
dena, Calif.,  and  for  the  past  year  deputy 
city  engineer  at  that  place,  has  been  made 
city  engineer.  He  has  been  connected  with 
the  city  engineer's  office  since  1912,  and  prior 
to  that  he  was  field  engineer  for  the  Jannis 
Investment  Co.  of  Los  Angeles,  having  charge 
uf  field  work  on  tracts  ranging  from  200  to 
:!.700  acres,  including  subdivisions,  water  sys- 
tems and  road  building.  Mr.  Orbison  was 
field  engineer  for  the  Utah  Sugar  Co.  from 
1902  to  1905,  and  for  the  following  year  was 
transitman  on  the  Yosemite  Valley  Short  Line 
Railway,  locating  nearly  one-half  of  that  line. 
For  one  year  he  was  chief  engineer  to  S.  W. 
Ferguson  of  San  Francisco,  and  from  1907  to 
1910  was  traveling  engineer  for  Stone  &  Web- 
ster in  Texas,  where  he  was  engaged  on 
street  railway,  power  house  and  car  barn  con- 
struction. 


New   President  for   Cement   Company. 

Mr.  Edward  M.  Hagar  has  resigned  as 
president  of  the  Universal  Portland  Cement 
Co.,  one  of  the  subsidiaries  of  the  United 
States  Steel  Corporation.  Mr.  Hagar  has 
been  the  head  of  this  cement  business  for  fif- 
teen years  and  manufactured  the  first  barrel 
in  May,  1910.  The  company  has  been  con- 
spicuously successful  as  shown  by  the  growth 
of  its  business  from  32,000  bbls.  produced  in 
1900,  to  its  present  capacity  of  approximately 
12,000,000  bbls.  per  yea*.  For  several  years  the 
Universal  Portland  Cement  Co.  has  been  the 
largest  shipper  of  Portland  cement  in  the 
world. 

Mr.  Hagar  was  for  two  years  president  of 
the  Association  of  American  Portland  Cement 
Manufacturers  and  has  been  an  important  fac- 
tor in  the  promotion  and  development  of  the 
use  of  cement  in  building  construction  of  all 
kinds.  He  also  founded  the  Cement  Products 
Exhibition  Co.  in  1907.  This  company  con- 
ducts the  annual  cement  shows,  which  are 
recognized  as  among  the  most  important  in- 
dustrial exhibitions  held  annually  in  the  United 
States. 

Mr.  Hagar  was  graduated  from  the  Massa- 
chusetts Institute  of  Technology  in  1893  and 
received  a  post-graduate  degree  from  Cornell 
L'niversity  in  1894.  Prior  to  his  connection 
with  the  cement  industn,-,  Mr.  Hagar  organ- 
ized and  conducted  the  business  of  Edward 
M.  Hagar  &  Co.,  located  in  Chicago  and  acting 
as  sales  representatives  for  machinery  manu- 
facturers. 

Mr.  Hagar  retires  to  assume  the  tiresidency 
of  a  new  company  which  he  is  forming  to  ac- 
quire a  chain  of  Portland  cement  plants  cover- 
ing a  large  part  of  the  United  States.  The 
headquarters  of  the  new  company  will  be  in 
Chicago. 

Mr.  B.  F.  Affleck  has  been  elected  presi- 
dent of  the  company  to  succeed  Mr.  Hagar. 
Mr.  Affleck  entered  the  service  of  the  Illinois 
Steel  Co.  in  1896  and  from  1901  to  1903  rep- 
resented the  cement  department  of  the  com- 
pany in  the  St.  Louis  territory.  When  the 
L'niversal  Portland  Cement  Co.  was  incorpo- 
rated in  1906  to  take  over  the  cement  busi- 
ness of  the  Illinois  Steel  Co.  he  became  gen- 
eral sales  agent.  He  is  vice  president  of  the 
Cement  Products  Exhibition  Co.  i\Ir.  Affleck 
is  recognized  as  a  pioneer  in  promoting  the 
use  of  concrete  as  a  paving  material. 

Mr.  John  N.  Carlisle,  appointed  bv  Governor 
Sulzer  in  May,  1913,  as  New  York  State  High- 
way Commissioner,  has  resigned. 

Mr.  E.  P.  Roberts  announces  the  re-open- 
ing of  his  office  as  consulting  engineer  at  2053 
E.  96th  St.,  Cleveland.  Mr.  Roberts  has  been 
engineer  for  or  reported  upon  more  than  200 
public  utility  properties  and  more  than  300 
manufacturing  and  other  private  properties. 
During  the  past  two  years  he  has  been  com- 
missioner of  smoke  abatement  for  the  city  of 
Cleveland.  Mr.  Roberts  is  a  member  of  the 
.American  Society  of  Mechanical  Engineering; 
the  American  Institute  of  Electrical  Engineer- 
ing and  the  Cleveland  Engineering  Society, 
and  an  associate  member  of  the  American 
Electric  Railway  Association.  In  his  new 
office  Mr.  Roberts  is  prepared  to  undertake 
exarnination,  reports  and  valuation  of  public 
service  and  industrial  properties,  etc. 

Mr.  C.  S.  Coe,  formerly  division  engineer 
on  the  Key  West  extension  of  the  Florida 
East  Coast  Railroad,  has  been  appointed  en- 
gineer of  maintenance  of  way  for  that  rail- 
road, with  headquarters  at  St.  Augustine, 
Fla.  Mr.  Coe  graduated  in  civil  engineering 
from  the  University  of  Minnesota  in  1889. 
For  the  following  year  he  was  assistant  resi- 
dent engineer  for  the  Northern  Pacific  Rail- 
way, and  in  1891-92  was  assistant  engineer  for 
the  Great  Northern.  After  a  brief  service 
with  the  Chicago,  Milwaukee  &  St.  Paul  he 
entered  private  practice  until  1899.  when  he 
became  resident  engineer  for  the  Northwest- 
ern. From  1902  to  1905  he  was  resident  en- 
gineer on  the  Chicago,  Milwaukee  &  St.  Paul, 
except  for  a  brief  term  as  assistant  and  lo- 
cating engineer  on  the  Dcs  Moines  Inter-Ur- 
ban Railway  in  1904.     Mr.  Coe  has  been  with 


the  Florida  East  Coast  Railway  since  Decem- 
ber, 1905,  first  as  resident  engineer  on  the 
Key  West  Extension,  having  charge  of  via- 
duct construction.  During  that  time  he  con- 
structed viaducts  totaling  nearly  12  miles,  all 
over  open  water.  He  had  entire  charge  of 
engineering  and  inspection,  labor  forces  and 
floating  equipment.  Since  1910  he  has  ranked 
as   division   engineer. 

Mr.  Henry  D.  Alexander  has  been  appoint- 
ed deputy  superintendent  of  public  works  of 
New  York  State.  Mr.  Alexander  is  a  grad- 
uate of  Cornell  University,  in  civil  engineer- 
ing, class  of  1893.  For  three  years  after 
graduation  he  held  various  minor  engineering 
positions,  entering  the  New  York  State  En- 
gineers' Department  in  1896  as  a  leveler.  He 
has  been  in  that  department  ever  since,  with 
the  exception  of  one  and  one-half  years  on 
railroad  and  Government  work.  He  passed 
through  the  various  grades  of  the  Depart- 
ment until  he  reached  the  position  of  special 
resident  engineer,  which  he  held  at  the  time 
of  his  present  appointment.  In  that  office  he 
had  general  charge  of  barge  canal  work  at 
-\lbany  and  of  preparation  of  plans  for  work 
on  the  Western  Division  of  the  canals. 

Mr.  Cecil  N.  Haggart  has  been  appointed 
bridge  and  structural  engineer  of  the  Lake 
Erie  and  Ohio  River  Canal  Board  with  head- 
quarters in  the  Farmers'  Bank  Building, 
Pittsburgh.   Pa.     He  will   have   charge  of  the 


B.  F.  Affleck,  the  New  President  of  the  Uni- 
versal  Portland  Cement  Co. 

work  of  getting  up  plans  and  estimates  for 
all  new  bridges,  changes  to  bridges,  movable 
dams,  lock  gates  and  all  other  steel  work,  for 
the  Board  which  is  preparing  an  estimate  of 
cost  of  the  proposed  canal.  Mr.  Haggart  has 
been  in  practice  as  a  consulting  and  designing 
engineer  since  1912.  Prior  to  that  he  was  for 
four  years  assistant  chief  bridge  designer  on 
the  New  York  State  Barge  Canal.  His  first 
e-xperience  was  that  of  structural  draftsman 
and  engineer  with  the  American  Bridge  Co. 
and  later  with  the  McClintic-Marshall  Con- 
struction  Co. 

Mr.  H.  Bortin,  fonnerly  engineer  in  charge 
of  the  valuation  department  of  the  Union  Pa- 
cific Railroad  for  four  years,  and  a  member 
of  its  valuation  committee,  and  later  assist- 
ant to  the  general  secretary  of  the  president's 
conference  committee  on  Federal  valuation  of 
railroads  announces  his  entry  into  private 
practice  as  consulting  valuation  engineer,  with 
office  at  149  Broadway,  New  York  City.  Mr. 
Bortin  will  undertake  investigations,  reports, 
estimates  and  appraisals  in  compliance  with 
Government  valuation  orders,  will  make  com- 
plete valuations  for  "short  line"  railroads,  and 
will   prepare  information    for   hearing   before 
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commissions  and  courts.  Mr.  Bortin  is  an 
associate  member  of  the  American  Society  of 
Civil   Engineers. 

Mr.  Arthur  H.  Diamant  has  been  elected 
president  and  managing  engineer  of  the  Ex- 
cavation and  Foundation  Co.,  3  Dover  St., 
New  York  City.  Mr.  Diamant  has  been  en- 
gineer of  construction  for  the  Clark  Co.  of 
New  York,  for  the  past  year  on  steel  pile  and 
reinforced  concrete  foundations.  Prior  to 
that  for  two  years  he  was  engineer  of  con- 
struction for  the  Canavan  Brothers  Co.,  in 
charge  of  earth  and  rock  work,  heavy  foun- 
dations, and  underpining  of  tall  buildings. 
Mr.  Diamant  began  his  engineering  work  in 
1897  as  transitman  for  the  Metropolitan 
Street  Railway  Co.  of  New  York.  From 
1899  to  1902  he  was  assistant  engineer  for  the 
Board  of  Public  Improvements,  New  York 
City.  He  was  awarded  a  bronze  medal  and 
diploma  by  the  Paris  Exposition  of  1900  for 
engineering  work.  From  1903  to  1909  Mr. 
Diamant  was  division  engineer  for  the  New 
York  City  Aqueduct  Commission,  in  charge 
of  design  and  construction  of  dams,  reser- 
voirs, pipe  lines,  tunnels,  aqueducts,  etc.  In 
1910  he  became  engineer  for  the  Blaw  Steel 
Construction  Co.  on  sales,  design  and  installa- 
tion of  steel  forms.  He  resigned  in  1911  to 
accept  the  position  with  the  Canavan  Broth- 
ers Co. 

CONTRACTORS. 

The  Hanscom  Construction  Co..  70  Kilby 
St.,  Boston,  Mass.,  has  been  awarded  a  con- 
tract for  an  intercepting  drain  at  Fall  River, 
Mass.,  requiring  about  2  miles  of  concrete 
lined  trench,  about  12,000  barrels  of  cement 
and  one-half  million  pounds  of  reinforcing 
material.    The  contract  price  is  $173,834. 

The  Hanscom  Company  has  made  a  specialty 
of  constructing  water  supply  systems,  includ- 
ing the  supply  and  installation  of  engines  and 
pumps.  Mr.  L.  L.  Wadsworth  is  president  of 
the  company,  and  Mr.  H.  A.  Hanscom,  treas- 
urer. 

The  Roach-Manigan  Paving  Co.  of  Mem- 
phis, Tenn.,  has  recently  been  awarded  a 
number  of  important  street  paving  and  road 
contracts  in  various  parts  of  Texas,  includ- 
ing the  100,000  sq.  yds.  of  asphaltic  concrete 
pavement  at  $22-5,000,  noted  in  our  Contract 
News  Section.  Other  contracts  now  in  hand 
are  street  paving  in  San  Antonio,  $1.50,000;  in 
Dallas,  $56,000;  in  Houston,  $50,000;  a  filter 
plant  at  Waco,  $76,000;  road  work  in  Hunt 
County,  Texas,  $400,000 ;  Hill  County  road 
work,  $300,000;  road  work  at  Corsicana, 
.Texas,  $250,000.  The  company  is  a  large  and 
growing  concern,  with  the  main  office  at 
Memphis,  and  branch  offices  in  Dallas,  Ft. 
Worth.  San  Antonio,  Waco,  Houston  and 
New  Orleans.  During  the  past  three  years 
contracts  amounting  to  about  $2,000,000  in 
Texas  road  and  street  work  have  been  car- 
ried out,  and  about  $1,000,000  of  work  in 
Arkansas,  Tennessee  and  Louisiana.  The 
officers  and  directors  are  all  men  of  wide  ex- 
perience in  contracting  and  construction  work. 
Both  Mr.  W.  Broadnox,  president  and  Mr. 
C.  D.  Smith,  vice-president,  have  been  in  the 
business  for  about  20  years.  Of  the  directors, 
Mr.  M.  J.  Roach,  one  of  the  founders  and 
former  president  of  the  firm,  has  had  25  years 
of  active  construction  work  experience;  Mr. 
E.  J.  Scott  has  been  in  that  line  of  work  for 
15  years  past;  Mr.  E.  P.  White  was  a  con- 
tractor in  New  Orleans  for  15  years ;  Mr.  L. 
T.  Kavanaugh  was  in  business  as  a  dealer 
in  building  materials  for  15  years,  and  Mr. 
W.  P.  McCadden  has  had  about  10  vears  of 
experience  in  the  field. 


OBITUARIES 

Felix  Barbeau,  noted  railway  contractor  of 
Minneapolis,  died  in  that  city  Jan.  31,  aged 
64.  Mr.  Barbeau  had  lived  in  Minneapolis  for 
46  years,  and  was  the  contractor  who  built 
the  Soo  line  from  Duluth  to  the  Twin  Cities. 
He  was  founder  of  the  railroad  contracting 
business  known  today  under  the  name  of  Bar- 
beau &  Werring,  and  built  practically  all  of 
the  railroads  running  west  from  Minneapolis 
into  Dakota  and  Montana. 


Mr.  John  Ross,  a  railway  contractor  of  Mon- 
treal, died  in  that  city  recently.  Mr.  Ross  was 
a  native  of  Scotland  and  went  to  Canada  at 
an  early  age.  He  entered  the  contracting  busi- 
ness and  was  formerly  a  partner  of  the  late 
Duncan  McDermott,  a  widely  known  railway 
builder,  who  died  recently.  This  firm  built  the 
Canadian  Pacific  through  the  Rocky  Moun- 
tains, and  afterward  did  considerable  work 
throughout  the  northwest  for  the  dilTerent  rail- 
ways in  the  early  days  of  the  beginning  of 
what  today  has  develop^  into  the  greatest 
transcontinental  system  on  the  North  Amer- 
ican continent.  Ten  years  ago  Mr.  Ross  be- 
came affiliated  with  the  Ross,  Harris,  McRae 
Contracting  Co.,  which  constructed  the  Toron- 
to-Sudbury  branch  of  the  Canadian  Pacific. 
They  also  handled  large  contracts  for  work  on 
the  old  Welland  Canal,  and  built  several  sec- 
tions of  railway  through  the  province  of 
Quebec. 


CIVIL  SERVICE  NEWS 

The  United  States  Civil  Service  Commis- 
sion announces  examinations  as  follows : 

Designing-  Engineer;  Reclamation  Service; 
?2,000  to  $3,000  per  annum.  Five  years  o£  ir- 
rigation engineering  experience  required.  Ap- 
ply to  the  Commission  tor  Form  1312.  Exami- 
nation  Mar.    2. 

Consulting  Mining  Engineer;  Bureau  of 
Mines:  $10  per  day  or  J3.00O  to  $(j,000  per  an- 
num when  permanent.  Apply  for  Forms  301 
and    2095.      Examination    Mar.    2. 

The  following-named  examinations  will  be 
held  on  March  10,  1915 : 

Aid,    Bureau   of   Standards. 

Aid,   Coast  and   Geodetic   Survey. 

Assistant    inspector    of    boilers. 

Assistant   inspector   of   hulls. 

Computer,  Coast  and  Geodetic  Survey  (men 
only). 

Draftsman: 
Copyist   topographic.   Departmental  Service. 
Junior    engineer,     Engineer    Department    at 

large. 
Topographic,   Departmental  Service. 

Forest    Assistant.    Forest   Service. 

Junior   chemist.   Departmental   Service. 

Superintendent    of    construction,    Supervising 
Architect's    Oflice. 

Surveyor,    Philippine    Service. 

The    following-named   examinations   will   be 
held   on   April   14,    1915: 
Cadet    engineer.    Lighthouse    Service. 
Civil   engineer   and   draftsman. 
Computer,  Nautical  Almanac  Office  and  Naval 

Observatory   (men   only). 
Draftsman: 

Copyist,    ship.    Navy  Department. 
Mechanical.    Panama    Canal    Service     (men 

only). 
Ship,    Navy   Department. 

Topographic,    Panama    Canal    Service    (men 
only). 
Engineer,    Indian    Service. 

Junior   engineer    (mining),    Bureau    of   Mines. 
Application  forms  may  be  obtained  from  the 
commission    and    will    be    accompanied   by    full 
information. 

The  New  York  State  Civil  Service  Com- 
mission announces  the  following  examina- 
tions   for   February   27 : 

Junior  Assistant,  Engineering  Departments, 
$901  to  $1,200.  Non-residents  of  state  may 
apply. 

Chainman;  $2.50  to  $3.00.  Some  practical 
experience  required.  Must  be  resident  of 
state. 

Inspector  of  Construction,  Green  county ; 
$3.50  to  $4.50  per  day.  Experience  in  con- 
struction of  roads,  or  other  public  works. 
Residence  in  county  required. 


versify  of  Oklahoma;  "Testing  and  Grading 
of  Concrete  Aggregates,"  R.  W.  Crum ;  "City- 
Planning,"  Nelson  P.  Lewis  and  R.  F.  Weir- 
ick;  Report  of  Committee  on  Sanitary  En- 
gineering; "Degree  of  Purification  Desirable 
and  Practicable  in  Sewage  Treatment  Plants 
in  Iowa,"  Lafayette  Higgins;  "Choosing  the 
Curvature  of  a  Concrete  Arch,"  B.  J.  Lam- 
bert; "The  Air  Lift  for  Deep  Well  Pump- 
ing," A.  H.  Ford,  and  "Engineering,  a  Pro- 
fession," W.   H.   Kimball. 

January  Footage  Progress  on  Rogers 
Pass  Tunnel. 

An  excellent  record  was  established  last 
month  by  the  contractors  in  driving  the  west 
end  pioneer  heading  of  the  Canadian  Pacific 
Ry.  Co.'s  Roger  Pass  tunnel.  The  footage  for 
this  heading  in  January  amounted  to  9.32  ft. 
This  figure  is  122  ft.  over  the  American  record 
established  by  the  Mount  Royal  Canadian 
Northern  Ry.  tunnel  heading.  The  material 
encountered  in  the  west  end  tunnel  was  slate. 
The  footage  for  the  other  headings  for  Jan- 
uary in  the  Rogers  Pass  Tunnel  were  as 
follows: 

Ft. 

East   end   center  heading 443 

East  end  pioneer  heading 594 

West  end  center  heading 701 

The  material  encountered  in  the  two  east 
end  headings  was  schist  and  quartzite ;  the 
west  end  center  lieading  was  driven  through 
slate  and  quartzite.  Foley,  Welch  &  Stewart 
are  the  contractors,  their  superintendent  for 
the  work  being  A.  C.  Dennis,  Glacier,  B.  C. 
Joseph  Murphy  is  assistant  superintendent  on 
East  and  Joseph  Fowler  is  assistant  superin- 
tendent cm  West  end,  with  W.  Fowler  and  J. 
Young  as  walkers  and  A.  Adams,  J.  Stewart 
and  D.  Hamer  as  shift  foremen  on  Pioneer 
heading. 


Iowa  Engineering  Society. — The  Twenty- 
seventh  Annual  Meeting  of  the  society  will  be 
held  at  the  Iowa  State  University  in  Iowa 
City,  February  17-19.  There  will  be  a  manu- 
facturers' exhibit  of  clay  products  and  of  en- 
gineering and  surveying  instruments.  A 
number  of  interesting  papers  are  named  in 
the  program,  including  the  following:  "Ver- 
tical Fiber  Brick  Paving."    J.  S.  Tucker,  LTni- 


A    $350,000    Waterway    Development 
Near  Tacoma,  Wash. 

An  extensive  waterway  development  is 
projected  for  Pierce  County,  Washington.  The 
work  will  be  undertaken  by  the  Commercial 
Waterway  District  No.  1.  a  local  improvement 
district,  with  offices  at  Tacoma.  The  district 
was  formed  for  the  purpose  of  dredging  Hyle- 
bos  Creek  waterway  and  organization  was 
effected  about  the  first  of  the  year.  The  pro- 
posed improvement '  will  cost  about  $3-50,000 
and  will  entail  the  dredging  of  about  4,000,000 
cu.  yds.  of  material. 

The  channel  will  be  2J-2  miles  long,  with  a 
width  of  400  ft.  for  the  lower  mile  of  its 
length,  and  a  300-ft.  width  for  the  upper  V/2 
miles.  The  purchase  of  necessary  right  of 
way,  condemnation  proceedings,  surveys  and 
preparation  of  estimates  will  probably  consume 
ti  months'  time  and  the  work  should  be  ready 
for  contractors  next  summer.  L.  A.  Nichol- 
son, 207  National  Bank  of  Tacoma  Bldg.,  Ta- 
coma, Wash.,  is  the  engineer. 

A  $50,000  Bridge  at  North  Platte,  Neb. 

Contracts  w-ill  be  let  about  April  1  for  a 
$50,000  state  aid  bridge  to  be  constructed  near 
North  Platte,  Neb.  Designs  have  been  pre- 
pared for  a  concrete  structure  and  for  a  riv- 
eted truss  bridge.  The  latter  will  consist  of 
five  135  ft.  skew  trusses.  The  substructure 
will  consist  of  four  piers  composed  of  two  60- 
in.  tubes  25  ft.  long.  There  will  be  40  ft. 
piles  in  each  tube.  The  abutment  will  be  20 
ft.  by  24  ft.  or  29  ft.  in  size.  The  roadway 
width  will  be  16  ft.  and  the  flooring  will  be 
concrete. 

The  design  for  the  concrete  bridge  calls  for 
•520  cu.  yds.  of  concrete  in  the  substructure, 
which  will  be  composed  of  nine  piers.  4% 
ft.  to  6  ft.  in  width  and  29  ft.  or  24  ft.  long, 
and  leVa  ft.  by  24  ft.  or  29  ft.  abutments.  The 
substructure  will  be  on  sand  and  gravel  foun- 
dation on  30-ft.  wood  piles.  The  estimated 
cost  of  the  substructure  is  $12,000.  The  super- 
structure will  consist  of  10  spans  skewed  50" 
and  will  require  1,180  cu.  yds.  of  concrete. 
The  roadway  width  will  be  16  ft.  and  20  ft. 
There  will  be  a  sand  fill  in  arches  and  a  12  in. 
clay  surface.  Donald  D.  Price,  Lincoln,  Neb., 
is   State  engineer. 
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The  Road  Mixer  at  the   1915   Cement 
Show. 

The  exhibit  at  the  1915  Cement  Show  which 
"stood  out"  visually  beyond  all  others  was 
the  special  concrete  mixer  for  road  construc- 
tion. We  made  no  count  of  the  number  of 
these  special  machines  on  the  exhibition  floor 
but  there  were  perhaps  half  a  score.  In  size 
they  surpassed  all  but  a  few  of  the  other 
devices  exhibited.  In  expression  of  the  idea 
of  unity  of  design  and  construction  for  a  spe- 
cial task  they  were  inferior  to  no  device  on 
exhibition.  The  road  mixer  of  1915  is  an 
exceedingly  perfect  concrete  working  appli- 
ance. 

In  our  last  issue  a  brief  enumeration  was 
presented  of  the  features  of  concrete  mixer 
design  and  construction  as  exemplified  in 
present  day  practice.  They  were :  mobility, 
mechanical  unity,  soundness  of  construction, 
independence  of  manual  aid,  and  variety  in 
size  and  price.  As  e.xempILfying  all  these 
features  in  the  superlative  degree  the  road 
mixer  ranks  perhaps  first.  The  modern  road 
mixer  has  the  mobility  of  the  most  improved 
traction  engine.  Its  running  gear,  even  to 
the  use  in  cases  of  caterpillar  traction,  steel 
framing  and  steering  wheels,  follows  the  best 
traction  engine  practice.  The  half  dozen  lead- 
ing makes  of  road  mixers  present  complete 
mechanical  unity  in  design  and  construction ; 
they  are  not  special  machines  pieced  together 
of  parts  of  standard  machinery  but  machines 
specially  designed  in  all  parts  to  perform  a 
definite  service.  In  independence  of  manual 
aid  the  road  mixer  is  exceptional.  One  op- 
erator in  most  cases  directs  and  actuates, 
charging,  mixing,  discharging,  conveying,  plac- 
ing and  movement  along  the  work. 

It  will  not  be  supposed  that  all  road  mixers 
had  all  these  features  to  an  equal  extent  or 
in  the  same  degree  of  perfection.  There  were 
perceptible  differences  in  solidity  of  construc- 
tion and  in  weight,  materials  and  workman- 
ship. There  were  dififerences  in  size  and 
price.  In  principle,  excluding  the  mixing  mo- 
tion, the  mixers  exhibited  differed  only  in 
respect  to  the  conveying  method  employed. 
They  were  divided  into  mixers  with  chute 
conveyors  and  mixers  with  boom  and  bucket 
conveyors. 


A  Model  Factory  Building  Possessing 

Co-operative  Features. 

Small  manufacturing  companies  are  often 
seriously  handicapped  by  their  inability  to 
secure  plants  possessing  adequate  facilities 
to  meet  their  needs.  Many  companies  either 
are  unable  or  are  unwilling  to  finance  the 
construction  of  a  new  plant,  yet  are  unable 
to  rent  suitable  quarters.  Most  of  the  rent- 
able buildings  have  poorly  arranged  factory 
space  and  improper  heating,  lighting  and  ven- 
tilating facilities,  which  result  in  excessive 
overhead  charges.  Moreover,  few  rentable 
buildings  furnish  the  space  required  for  the 
present  needs  of  the  company  and  at  the 
same  time  permit  its  future  growth.  Many 
cities  have  found  it  extremely  difficult  to  at- 
tract- new  manufacturing  concerns  or  even  to 
retain  those  which  they  have  induced  to  op- 
erate. In  this  issue  we  are  publishing  an 
article  which  gives  details  of  how  the  Com- 
merce Club  of  Toledo,  Ohio,  has  solved,  in  a 
practical  manner,  the  problem  of  attracting 
and  retaining  small  industries.  The  venture 
which  has  been  tried  out  by  this  organization 
not  only  has  given  satisfaction  to  those  in- 
dustries afifected  but  it  has  yielded  a  fair 
return   on   the   origi:ial   investment. 


In  order  to  encourage  small  manufacturing 
companies  to  operate  in  Toledo  a  model  fac- 
tory building,  four  stories  in  height  and  pro- 
viding approximately  160,000  sq.  ft.  of  rent- 
able floor  space,  was  constructed.  The  proj- 
ect was  financed  by  a  $100,000  bond  issue  and 
by  selling  $194,000  of  common  stock,  this 
stock  being  taken  up  by  the  members  of  the 
Commerce '  Club.  The  building  is  so  con- 
structed as  to  permit  of  future  extensions  as 
conditions  warrant  an  increase  in  floor  space. 
At  the  present  time  the  building  is  used 
largely  by  metal  working  industries,  and  about 
94  per  cent  of  the  available  floor  space  is 
rented. 

The  success  of  the  venture  is  due  mainly 
to  the  fact  that  those  in  charge  of  it  have 
had  a  true  conception  of  the  requirements 
of  light  manufacturing  companies  and  of  the 
advantages  of  co-operative  facilities.  No  at- 
tempt was  made  to  save  money  by  building  a 
cheap  structure,  but  it  was  considered  essen- 
tial that  every  modern  facility  be  provided. 
The  heating,  lighting  and  ventilating  facilities 
are  excellent.  The  structure  is  subdivided  to 
meet  the  requirements  of  its  tenants  by  tile 
partitions,  the  subdivisions  being  in  units 
ranging  from  1,000  to  40,000  sq.  ft.  The  re- 
moval or  erection  of  partitions  to  meet  the 
changing  needs  of  tenants  can  thus  be  done 
at  small  expense.  As  the  management  pur- 
chases the  power,  light  and  water,  and  then 
apportions  them  to  the  various  tenants,  the 
smaller  companies  thus  obtain  much  lower 
rates  than  they  would  otherwise  be  able  to 
secure.  Other  co-operative  features  are  a 
general  stock  room,  where  supplies  may  be 
purchased  practically  at  cost,  a  restaurant, 
and  an  emergency  hospital.  The  management 
also  is  able  to  secure  lower  trucking  rates 
than  would  be  available  were  each  tenant  to 
act  independently. 

This  solution  of  the  small  factory  problem 
seems  to  be  almost  an  ideal  one — it  certainly 
possesses  many  advantages  over  the  old 
bonus  system,  which  encourages  industries 
simply  by  appearing  to  offer  "something  for 
nothing."  Of  the  companies  now  occupying 
the  Toledo  building  about  85  per  cent  are 
new  companies  which  have  been  organized 
in  Toledo  or  have  moved  there  from  other 
cities,  which  shows  that  the  main  purpose  of 
such  a  venture,  viz.,  the  attracting  of  new 
companies,   has   been   accomplished. 


Methods  of  Determining  the  Compara- 
tive Cost  of  Hauling  in  Road 
Construction. 

In  road  construction  the  problem  of  de- 
termining the  comparative  economy  of  haul- 
ing materials  by  various  methods  is  frequent- 
ly encountered.  As  a  rule,  the  selection  lies 
between  team,  traction  engine,  motor  truck 
and  industrial  railway  hauling.  The  output, 
or  amount  of  material  transported  from  one 
point  to  another  point,  is  dependent  upon 
three  factors:  (1)  capacity  or  load  hauled, 
(2)  speed  of  operation,  and  (3)  total  cost 
of  operation  per  mile  traveled,  including  all 
items  of  daily  expense,  maintenance  and  de- 
preciation. These  three  main  variables  apply 
to  each  of  the  four  methods  of  hauling  men- 
tioned. Their  evaluation  is  no  simple  matter 
but  in  their  proper  evaluation  for  the  condi- 
tions existing  on  each  separate  hauling  proj- 
ect lies  a  means  of  obtaining  a  comparison 
between  the  relative  economy  of  various 
methods  of  hauling  as  applied  to  the  project 
in  question,  and,  also,  a  means  of  quickly 
determining  one  of  the  factors  involved  in 
the  selection  of  hauling  equipment. 
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Any  attempt  to  generalize  upon  the  com- 
parative costs  of  hauling  by  various  methods 
is  a  snare  and  a  delusion  unless  applied  to  a 
particular  problem.  It  is  quite  possible  to 
place  undue  emphasis  upon  the  costs  shown 
in  the  charts  on  another  page  of  this  journal. 
The  costs  given  are  of  no  value  in  themselves 
because  under  no  conceivable  conditions  in 
road  construction  would  costs  of  hauling  by 
foiir  different  methods  be  as  stated  in  the 
article.  But  the  graphic  method  of  com- 
parison as  applied  to  each  particular  hauling 
project  is  interesting  and  of  value. 

Theoretically  the  cost  of  hauling  over 
different  distances  varies  as  a  straight  line,  in 
practice  it  has  been  found  that  on  long 
hauls  the  ton-mile  costs  are  usually  materially 
less  than  on  short  hauls,  due  to  an  increased 
average  speed  of  travel.  Straight  line 
formulas  are  based  upon  the  same  speed  of 
travel  over  all  distances  and  are  therefore 
misleading   in   that    respect. 

Bearing  in  mind  the  many  variables  that 
enter  into  the  selection  of  hauling  equipment 
on  each  separate  project  other  than  the  mere 
cost  of  hauling,  it  is  unnecessarj'  to  point 
out  the  importance  of  exercising  judgment 
based  on  a  firmer  foundation  than  charts 
which  may  be  a  guide  and  aid  to  the  judg- 
ment but  in  themselves  prove  nothing. 


Again    an    Erie    Canal    Enlargement 
Greatly  Exceeds  the  Estimated  Cost. 

From  earliest  days  the  estimates  of  cost 
relating  to  the  Erie  Canal  have  been  greatly 
exceeded  by  the  actual  cost.  The  "hundred 
million  dollar  barge  canal."  now  nearing  com- 
pletion, will  prove  to  be  almost  a  two  hundred 
million  dollar  barge  canal.  The  "nine  million 
dollar  deepening,"  begun  in  1895,  was  aband- 
oned when  the  appropriation  was  exhausted 
for  it  was  then  evident  that  the  final  cost 
would  be  double  the  estimate.  The  following 
table  from  Gillette's  "Earthwork  and  Its  Cost" 
gives  most  of  the  previous  history  of  estimates 
and  actual  costs  relating  to  this  celebrated 
waterway : 

, Cost ^ 

Engineer's 
Structure.  estimate.        Actual. 

Erie    Canal    (first) $4,926,738     J  T,143,7S9 

ISrie   Canal    (first   enlarge- 
ment)         23,402,863       32,008,8."il 

lilrie     (ianal     (second     en- 
largement        12,000,000     

Black    River    Canal 1,068.437         3,157,296 

Hoosac   Tunnel    1,948,557       10,000,000 

Manchester    Ship    Canal,.,   26,000.000       67,351,105 

The  reasons  for  excess  of  cost  over  esti- 
mates on  these  different  canal  projects  are 
numerous,  in  the  main  they  tnay  be  said  to 
have  been : 

1.  Final  construction  different  from  initial 
plans  and  specifications. 

2.  Inadequate  surveys  borings,  etc.,  prelim- 
inary to  the  estimates. 

3.  Rise  of  prices  durii;g  the  construction 
period,  the  rise  being  partly  due  to  the  in- 
creased demand  for  men  and  materials  conse- 
quent upon  the  canal  work  itself. 

4.  Careless  omission  of  cost  items,  such  as 
interest  during  construction,  general  expense 
items,  etc. 

.').  Underestimates  of  prices,  particularly  of 
land  secured  by  condemnation. 

6.  Graft  and  incompetency  in  administra- 
tion, often  arising  from  changes  of  adminis- 
tration. 

In  consequence  of  these  and  similar  causes, 
Erie  Canal  improvements  have  averaged  a  cost 
about  double  the  original  estimates.  The 
Panama  Canal,  as  we  now  know,  has  shown  a 
similar  history,  for  similar  reasons,  excepting 
reason  (6) — graft  and  incompetency. 
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Engineering   and    Contracting 
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The  commanding  officer  of  an  army  force 
may  offer  most  excellent  reasons  why  he 
suffered  defeat,  but  neither  his  superiors  nor 
the  public  is  apt  to  be  much  interested  in  his 
excuses.  Engineers  are  the  commanders  of 
engineering  projects,  insofar  as  economics  is 
involved,  and  it  boots  them  little  to  excuse 
underestimates  of  cost.  The  public  will  con- 
tinue to  b'ame  them  for  their  errors,  regard- 
less of  every  excuse. 

One  of  the  commonest  engineering  excuses 
for  underestimates  of  cost  is  this:  I  supposed 
that  1,  as  an  engineer,  was  called  upon  to 
estimate  only  the  direct  costs  of  the  engineer- 
ing structure.  .'\s  for  damages  to  land,  in- 
terest during  construction,  executive  and  gen- 
eral expense,  rise  of  prices  due  to  changes  in 
supply  and  demand — all  those  I  regarded  as 
beyond  my  domain,  so  I  omitted  them  from 
consideration. 

There  may  have  been  a  time,  in  fact  there 
was  a  time,  when  an  engineer  was  supposed 
to  have  little  personal  knowledge  of  cost  fac- 
tors such  as  those  just  enumerated,  but  no 
engineer  in  charge  of  a  large  project  has  any 
right  to  plead  ignorance  of  the  great  economic 
factors.  He,  above  all  other  men.  is  the 
economist  to  whom  the  public  or  the  pro- 
prietor has  a  right  to  look  for  a  full  answer 
to  the  cost  problems.  He  should  have  before 
him  the  actual  detail  costs  of  many  other 
similar  projects.  He  should  be  perfectly  fa- 
miliar with  supply  and  demand  conditions,  not 
only  of  the  present  but  of  the  past,  curves  of 
prices  and  their  trends  should  be  at  his  hand. 
He  should  know  the  general  expense  and  all 
other  "overhead  costs"  of  many  works  He 
should  be  familiar  with  the  results  of  legal 
actions  relating  to  land  condemnations  and 
the  like.  His,  in  a  word,  is  the  task  of  weigh- 
ing not  part  but  all  the  dollars  and  cents 
variables  that  enter  the  complete  equation  of 
cost.  How  otherwise,  indeed,  can  he  correctly 
solve  that  equation  for  a  minimum  total  cost? 
Let  us  have  an  end  of  reports  by  engineers 
excusing  high  costs  because  of  this,  that  or 
the  other  circumstance.  It  is  well  for  engi- 
neers to  discuss  among  themselves  the  reasons 
for  such  errors,  in  order  that  similar  errors 
may  be  reduced  in  the  future.  But  if  engineers 
will  make  up  their  minds  to  take  full  responsi- 
bility for  the  estimates  of  the  entire  cost  of 
their  works,  there  will  be  less  likelihood  of 
their  trying  to  offer  excuses  after  a  blunder 
has  become  evident,  also  they  will  be  far  less 
likely  to  blunder. 

In  this  connection  let  us  again  call  attention 
to  certain  defects  in  the  New  York  State  laws 
relating  to  the  office  of  the  State  Engineer. 
To  begin  with  a  grave  defect  exists  in  the 
fact  that  this  position  is  elective.  Incidentally, 
we  may  add.  the  State  Engineer  is  "the  tail 
of  the  ticket."  It  needs  no  argument  to  con- 
vince engineers  that  the  best  man  for  the 
place  of  state  engineer  can  seldom  be  secured 
by  election.  Who  of  us,  be  he  ever  so  com- 
petent, cares  to  submit  either  to  a  political 
convention  or  to  a  direct  primary,  the  evi- 
dence of  his  fitness  for  an  engineering  posi- 
tion? 

Second,  the  state  law  prohibits  the  state 
engineer  from  succeeding  himself  in  office 
after  he  has  served  four  years.  Under  this 
law  no  state  engineer  can  hope  to  finish  a 
large  project  started  under  his  administration. 
What  more  need  be  s''.id  of  it? 

Third,  the  salary  of  the  state  engineer  is 
$.5,000  a  year.  It  should  be  nearer  $-50,000  a 
year,  considering  the  magnitude  of  the  work 
and  the  class  of  engineer  entitled  to  hold  a 
position  of  such  responsibility. 

The  engineers  of  New  York  state  have  only 
themselves  to  blame  if  they  permit  the  state 
engineership  to  remain  the  football  of  politics 
and  the  highball  of  the  public  economic  ine- 
briacy.  Concerted  action  on  the  part  of  engi- 
neers will  secure  changes  in  the  laws,  and 
proper  changes  should  result  in  better  engi- 
neering and  the  entire  elimination  of  excuses 
for  costs  in  excess  of  estimates,  as  well  as  for 
such  wastes  of  public  funds  as  the  two  hun- 
dred million  dollar  barge  canal  now  promises 
to  be.  At  half  that  cost  it  was  a  auestionable 
investment.    What   is   it   when   land   damages, 


interest  on  bonds,  etc.,  etc.,  have  .swelled  the 
one  to  a  two  ? 


Ready  Bond  Sales  Are  "Harbingers  of 
Industrial   Summer." 

The  ready  sale  of  Philadelphia's  large  mu- 
nicipal bond  issue  has  been  followed  by  over- 
subscription of  the  $49,000,000  4.5  per  cent 
bonds  offered  by  the  Pennsylvania  Railroad. 
The  bonds  sold  above  par,  and  are  already 
being  quoted  at  prices  that  net  the  investor 
only  4.2.5  per  cent. 

Abundance 'of  capital  is  seeking  safe  invest- 
ment. It  was  said  only  a  few  months  ago 
that  there  would  be  scarcity  of  investment 
capital  in  1915  because  of  very  large  refund- 
ing issues  of  bonds.  This  was  poor  reasoning, 
for,  when  bonds  mature,  the  capital  paid  back 
to  the  bondholders  seeks  immediate  reinvest- 
ment, usually  in  the  very  same  sort  of  bonds 
that   it   was   formerly   invested    in. 

For  extensive  improvements  it  is  usually 
necessary  for  companies  to  sell  stock  as  well 
as  bonds ;  but  for  moderate  additions  to  prop- 
erty it  generally  suffices  to  issue  bonds.  Hence 
it  is  likely  that  far-sighted  companies  will  be- 
gin to  take  advantage  of  low  interest  rates 
and  low  costs  of  material.  As  stated  in  a 
previous  editorial,  there  is  not  a  valid  excuse 
for  further  hesitation  about  raising  funds  for 
public  works.  In  a  recent  New  York  speech, 
Ex-President  Roosevelt  urged  a  large  increase 
in  construction  of  municipal,  state  and  federal 
government  plant.  Along  this  line  there  is 
now  in  progress  a  campaign  for  an  under- 
ground rapid  transit  system  in  Philadelphia, 
the  construction  of  which  would  involve  an 
expenditure  of  some  $40,000,000.  It  is  not 
unlikely  that  construction  work  will  be  au- 
thorized this  spring. 

Engineers  can  be  very  influential  in  creating 
public  opinion  favorable  to  extensions  of  pub- 
lic works  this  year.  A  good  money  market 
and  very  low  prices  for  construction  of  all 
kinds  are  economic  factors  so  favorable  that 
there  should  be  no  hesitancv  in  advocating  in- 
vestments in  needed  public  structures. 


A  Millionaire  Road  Foreman. 

Western  millionaires  are  by  reputation  red- 
blooded,  two-fisted  men.  During  the  past 
year  one  of  the  foremen  of  road  construc- 
tion camps,  or  roadmaster  as  he  is  called, 
in  Multnomah  county.  Washington,  was  John 
B.  Yohn.  several  times  a  millionaire.  Work 
began  at  4  a.  m.  and  ended  late  at  night  and 
Mr.  Yohn  was  always  on  the  job.  He 
worked  without  pay  and  devoted  the  energy 
and  ability  that  had  amassed  a  fortune  for 
him  to  forwarding  road  construction  in  his 
county. 

The  gift  of  time  and  oroven  ability  to  the 
public  is  in  many  respects  more  valuable  than 
a  gift  of  money.  The  incentive  and  inspira- 
tion toward  public  service  to  men  less  for- 
tunate in  some  respects  and  not  so  much  in 
the  public  eye  has  a  value  that  a  gift  of 
money  cannot  approach.  The  strength  of  a 
democratic  form  of  government  is  largely 
dependent  upon  the  leadership  of  influential 
citizens  in  affairs  of  public  moment  and  their 
personal  and  active  participation  in  them  with 
no  desire  for  reward  other  than  a  duty  per- 
formed and  the  building  up  of  the  community 
and  nation.  The  example  of  Mr.  Yohn  is 
worthy  of  emulation. 


A  Judge  for  County  Surveyor. 

Governor  Major  of  iMissouri  has  appointed 
a  well  known  lawyer  to  the  position  of  Coun- 
ty Surveyor  of  Jackson  county.  Jackson 
county  is  the  county  in  which  lies  the  con- 
siderable municipality  of  Kansas  City  and 
according  to  the  newspapers  the  engineers  of 
that  citv  are  "surprised"  at  the  r?lection. 
Naturally.  Surprise,  an  unexpected  turn  of 
thought,  is  one  of  the  elements  that  differen- 
tiates .»\merican  humor  and  Governor  Major 
is  merely  an  unsuspected  Missouri  humorist. 
We  have  onlv  to  turn  to  his  own  words  to 
know  this.     He   says  : 

I  wanted  a  man  of  executive  ability  upon 
whose  honesty  I  could  implicitly  rely  to  admin- 


ister the  affairs  of  the  office.  He  will  have  the 
overseeing-  of  the  e.xpenditure  of  more  than  a 
million  dollars  in  the  next  two  years  and  1 
wanted  a  man  familiar  with  road  woik  in  Jack- 
son County  who  could  administer  the  office  ef- 
ficiently and  see  that  a  dollar's  worth  of  work 
is  put  on  the  roads  for  every  dollar  spent,  and 
that  every  contractor  lived  up  to  the  letter  of 
his  contract.  I  have  that  man  in  Judge  South- 
ern. 

This  utterance  does  not  mean  that  honest 
engineers  cannot  be  found  in  Kansas  City 
or  in  the  state  of  Missouri — it  simply  avers 
that  an  honest  lawyer  is  among  their  citizens. 
Governor  Major  is  himself  a  lawyer  and, 
feeling  privileged  in  his  own  family^  he  is 
merely  lighting  up  the  gubernatorial  routine, 
so  drab  to  one  used  to  the  flame  and  murk  of 
trust  "busting."  with  a  touch  of  irony.  But 
road  building  is  an  engineering  tvork! 
Yes  truly,  and  here  is  the  unexpected 
turn  of  thought  that  inakes  the  real 
exquisiteness  of  the  joke,  the  Governor  classi- 
fies it  as  a  legal  process.  What  conception 
could  be  more  unexpected  !  The  engineers  of 
Missouri  should  not  take  Governor  Major's 
appointment  too  seriously  as  "-eflecting  on 
their  good  repute.  Perhaps  he  is  planning 
to  "surprise"  the  Bar  of  Missouri  by  appoint- 
ing a  civil  engineer  as  Attorney  General. 


Examples  of  Very  Good  and  'Very  Poor 
Public  Works  Reports. 

The  importance  of  including  specific  infor- 
mation of  general  interest  m  public  works 
reports  has  frequently  been  emphasized  in 
Engineering  -\nd  Contr.\cting.  We  have 
held  this  to  be  necessary,  first  to  make  the 
report  of  o-reatest  interest  to  the  home  reader, 
and,  second,  to  make  it  of  any  considerable 
interest  at  all  to  the  engineers  and  public 
works  officials  of  other  cities  and  to  engineers 
in   general  practice. 

Within  the  past  few  days  the  editors  have 
received  copies  of  two  repcrts  which  serve 
well  to  illustrate  how  valuable  such  publica- 
tions can  be  made  and  how  valueless  they  too 
frequently  are  made.  The  very  good  report 
is  the  Annual  Report  of  the  Water  Board 
of  the  City  of  Baltimore  for  1913.  The  very 
poor  report,  from  the  criterion  mentioned 
in  our  first  paragr.aph,  is  the  single  volume 
containing  the  Annual  Reports  for  1910,  1911, 
1912  and  1913  of  the  Department  of  Engineer- 
ing of  the  City  of  Rochester.  Let  it  be  plain 
that  in  this  statement  there  is  no  comparison 
of  the  quality  of  the  engineering  work  of  the 
cities  named.  Also,  it  is  only  justice  to  point 
out  that  the  Rochester  report  is  in  line  with 
prevailing  practice  in  making  city  reports, 
while  the  Baltimore  report  is  exceptional.  We 
are  simp])'  using  these  two  reports  imperson- 
ally as  examples,  in  one  case  of  a  practice 
which  we  think  should  be  criticised,  and  in 
the  otiier  case  of  a  practice  which  should  be 
commended. 

The  Baltimore  report  is  one  of  the  very 
best  ever  oublished ;  a  brief  review  of  its 
contents  will  indicate  that  we  do  not  speak- 
extravagantly  when  we  so  class  it.  In  addi- 
tion to  the  financial  statement  the  report  con- 
sists essentially  of  the  following  matter:  Ca- 
pacity and  duty  test  data  for  a  new  vertical 
triple  expansion  pumping  engine;  an  account 
of  the  overhauling  of  a  similar  oump  after 
long  service;  a  description  of  the  applica- 
tion of  hypochlorite  and  alum  to  the  supply; 
full  description  and  plans  of  new  filtration 
plant,  including  low  lift  pumping  station, 
aerators,  filtration  plant  proper,  including 
chemical  house,  coagulating  basins  and  filters, 
and  the  filtered  water  reservoirs ;  description 
of  works  for  new  Gunpowder  River  supply, 
including  the  new  Loch  Raven  dam,  two 
roads,  two  bridges,  a  steel  pipe  conduit,  dis- 
tribution mains  and  various  appurtenances; 
tabulated  bids  covering  the  last  named  im- 
provements; full  statistics  on  water  consump- 
tion; tabulations  showing  extensions  of  water 
mains  and  connections,  and  other  statistical 
matter;  a  description  of  the  construction  and 
oneration  of  an  experimental  water  filter;  a 
full  copy  of  the  report  bv  George  W.  Fuller 
on   the  "Most  Practicable  Method   for  Filter- 
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ing  Baltimore's  Water  Supply" ;  a  report  of 
the  tests  on  the  experimental  filter;  a  full 
copy  of  the  report  by  John  H.  Gregory  on 
the  failure  of  groined  arches  at  the  new  filtra- 
tion plant ;  a  report  from  the  biological  labora- 
tories; a  description  of  the  plan  for  the  re- 
forestation of  the  Loch  Raven  watersheds; 
and  an  illustrated  report  describing  the  pro- 
cedure and  giving  the  results  of  the  pitometer 
survey  for  the  curtailment  of  water  waste. 
The  entire  report,  aside  from  the  inserted 
folding  plates,  occupies  220  6x9-in.  pages. 

The  Rochester  report  mentioned  contains 
47(5  6x9-in.  pages.  As  stated,  it  covers  a  period 
of  four  years  and  relates  to  the  entire  en- 
gineering department.  It  consists  almost 
wholly  of  tabulations  of  statistical  matter. 
There  is  a  worth  while  summary  of  water 
works  statistics  in  the  form  proposed  by  the 
New  England  Water  Works  Association ; 
this  is  valuable  for  purposes  of  comparison. 
There  is  given  also  a  copy  of  the  five-year 
contract  for  street  lighting,  and  of  the  speci- 
fications for  arc  lanjps.  One  page  is  devoted 
to  sewage  disposal.  There  is  also  a  table 
showing  the  discharges  of  the  Rush  water 
works  conduit,  as  computed  from  gagmgs, 
which  gives  values  for  the  coefiicient  in  the 
Chezy  formula.  There  are  slightly  over  300 
pages  devoted  to  statistical  tables   relating   to 


the  water  works  distributing  sj^stem.  This 
comprehensive  record  can  not  fairly  be  called 
of  even  local  interest  since  it  is  extremely 
doubtful  if  many  persons  in  Rochester  aside 
from  the  water  department  employees  have  any 
interest  in  the  exact  locations  of  valves, 
hydrants,  etc.,  the  length  and  location  of 
water  pipe  extensions,  and  similar  matter. 
Similarly,  about  120  pages  are  devoted  to 
tabulations  of  statistics  pertaining  to  sewer, 
street   and   sidewalk   work. 

The  two  reports  are  so  entirely  dissimilar 
in  their  scope  that  a  difference  of  opinion 
between  their  compilers  as  to  what  consti- 
tutes matter  suitable  for  inclusion  in  public 
works  reports  is  evident.  We  may  profitably 
consider  which  form  of  report  possesses  the 
greater  value.  Again  let  it  be  borne  in  mind 
that  criticism  of  engineering  work  in  Roches- 
ter is  farthest  from  our  purpose.  Our  criti- 
cism, offered  wholly  in  a  constructive  and 
friendly  spirit,  has  to  do  merely  with  the  fu- 
tile but  expensive  manner  in  which  the 
Rochester  Engineering  Department  records 
for  public  distribution  the  results  of  its  labors. 

It  is  true  that  191.3  was  a  year  of  excep- 
tional activity  in  the  Baltimore  Water  De- 
partment. Special  attention  is  called,  how- 
ever,   to    the    fact   that   the   compilers   of   the 


report  for  that  year  made  good  use  of  their 
opportunity  to  record  many  matters  of  perma- 
nent value  to  all  water  supply  engineers.  The 
report  is  well  worth  filing  in  every  water 
works  man's  library.  On  the  other  hand 
most  engineers  know  somethinn-  of  the  good 
and  extensive  work  done  in  Rochester  in 
connection  with  sewage  collection  and  dis- 
posal, yet  the  four-year  report  mentioned 
gives  but  a  single  page  to  these  matters.  That 
page  mentions  construction  work  on  the 
intercepting  and  outlet  sewers,  and  on  the 
outlet  pipe  in  Lake  Ontario.  The  regulating 
chambers  are  also  very  briefly  mentioned. 
While  the  plans  for  the  disposal  plant  were 
still  in  something  of  a  fluid  state  when  the 
report  was  completed  many  important  points 
must  have  been  decided  upon  and  many  in- 
teresting details  must  have  been  designed. 
Would  it  not  have  been  well  to  devote  at  least 
2-5  pages  of  the  report  to  3  consideration  of 
these  matters?  We  think  so.  The  statistical 
matter  given  is  all  worthy  of  record,  but  why 
publish  it?  Why  not  file  such  matter  when 
it  is  put  in  shape  for  publication  and  let  it  go 
at  that?  We  can  see  no  good  reason  for 
publishing  it  and  no  adequate  return  for  the 
money   so  spent. 

We  hope  there  will  be  many  more  reports 
like   the   Baltimore  water  report   for   1913. 
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End  Framing  for  Armory  at  University 
of  Illinois  and  Some  General  Feat- 
ures of  This  Structure. 

(Staff  Article.) 
In  our  issue  of  Aug.  6,  1913,  we  described 
and  illustrated  the  design,  and  gave  cost  data 
on  the  erection,  of  the  206-ft.  span,  three- 
hinged  arches  of  the  University  of  Illinois 
Armory.     At  the  time  of  the  erection  of  these 


corners  have  not  yet  been  constructed.  The 
clear  length  of  the  armory  is  400  ft.,  its  width 
is  212  ft.,  and  its  height,  from  the  end  pins  of 
the  arches  to  the  pin  at  the  apex,  is  94  ft.  3 
ins.  The  following  data  apply  to  the  end  bays 
and  end  framing,  and  to  the  architectural 
features  and   equipment   of  the   structure. 

GENER.AL   ARCHITECTUR.'\L    FE.\TURES. 

The  extraordinary  span  and  height  of  the 
three-hinged  arches  required  special  care  in 
the  design  and  construction  of  the  end  fram- 


framing.  The  deep  end  rings,  or  cornices, 
have  a  cement-gun  finish,  and  are  continued 
from  ground  line  to  ground  line.  Stairways 
are  placed  in  these  rings,  which  give  access  to 
the  top  of  the  structure,  .-^bove  the  concrete 
belt  course,  which  extends  7  ft.  2  ins.  above  the 
column  footings,  the  latticed  columns  at  the 
end  of  the  structure  are  encased  with  fire- 
proof tile  to  form  the  window  mullions.  With 
the  exception  of  the  end  rings,  practicallv  the 
entire   ends    of   the    structure    are    fitted    with 
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Fig.    1.     Elevation   of    East   End    of    University    of    Illinois    Armory    Showing    Architectural     Features. 


marches  the  end  bays  of  the  structure  were  UDt 
included  in  the  construction  program,  owing 
to  lack  of  appropriations.  The  end  bays  and 
■end  framing  have  recently  been  completed,  and 
the  structure  is  entirely  enclosed,  although  the 
■galleries    and    the    ornamental    towers    at    the 


ing.  Tiiis  framing  consists  principally  of  wiile 
latticed  columns,  spaced  14  ft.  3Vs  ins.  on  cen- 
ters, longitudinal  girts,  and  a  rigidly  braced 
segmental  cornice.  The  three-hinged  arches 
are  omitted  in  the  ends  of  the  structure,  and 
the    built-up    purlins    are    riveted    to    the    end 


windows,  arranged  in  six  horizontal  tiers,  the 
sash  in  alternate  tiers  being  movable.  To  pre- 
vent condensation,  double-glass  windows  are 
used.  The  glass  in  the  outside  panes  is  double- 
strength,  factory  ribbed,  and  that  in  the  in- 
side panes  is  clear,  single-strength.     Figure  1 
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is  an  end  elevation  of  the  armory  showing  the 
architectural  features.  The  windows  indicated 
by  a  cross  are  movable ;  all  others  are  fi.xed. 
Figure  2  (a)  is  a  foundation  plan  of  the  two 
end  panel  in  the  end  of  the  armory,  and  Fig. 
2  (b)  is  a  horizontal  section  through  the  lower 
tier  of  windows. 

The  side  walls  are  constructed  of  8-in.  terra 
cotta  tiles,  the  concrete  finish  of  the  exterior 
being  applied  with  the  cement  gun.  The  roof 
construction,  with  the  exception  of  that  over 
the  end  rings,  consists  of  4  x  8-in.  wooden 
rafters  of  Southern  pine,  1%  x  6-in.  matched 
and  dressed  sheathing  of  No.  1  common  pine, 
and  the  National  Roofing  Co.'s  "Security" 
wide-weld  asphalt  roofing.  A  copper  roofing 
is  used  for  the  end  rings.  Figure  3  is  a 
view  of  the  armory  showing  the  general  archi- 
tectural features, 

HEATING    SYSTEM. 

The  armory  Ts  heated  partly  by  a  direct 
radiation  system  and  partly  by  a  recirculating 
system,  which  draws  the  air  from  the  ends, 
near  the  top,  and  redistributes  it  from  points 
about  20  ft.  above  the  floor.  These  heating 
systems  furnish  an  equivalent  of  73.000  sq.  ft. 
of  direct  radiation,  made  up  of  23.000  sq.  ft. 
of  direct  radiation  and  9,.jO0  sq.  ft.  of  fan 
coils,  each  square  foot  of  the  latter  being 
equivalent  to  5.5  sq.  ft.  of  direct  radiation. 
The  fans  and  coils  are  located  in  diagonally 
opposite   corners   of   the    structure. 

The  radiators  are  placed  in  two  rows  along 
the  sides  and  ends  of  the  building.  The  upper 
row  at  each  side  is  suspended  from  the  rafters, 
the  top  of  these  radiators  being  about  on  a 
level  with  the  top  of  the  side  walls ;  while  the 
lower  row  is  suspended  from  the  arches,  the 
bottom  of  the  radiators  in  this  row  being  about 
4  ft.  above  the  floor.  The  lower  row  of  ra- 
diators at  each  end  i  ests  on  the  floor ;  while 
the  bottom  of  the  radiators  in  each  upper  row- 
is  about  on  a  level  with  the  sills  of  the  second 
tier  of  windows,  these  radiators  being  fitted 
against  the  columns  so  as  not  to  obstruct  the 
windows. 

To  test  the  distributing  system,  temperature 
readings  were  taken  at  various  points  through- 
out the  structure,  at  a  uniform  distance  of  5 
ft.  above  the  floor.  These  readings  showed  a 
maximum  variation  of  only  3°  F. 

LIGHTING    SYSTEM. 

The  lighting  system  consists  of  forty-two 
oOO-watt  tungsien  lights  (three  on  each  arch), 
suspended  from  "Thompson''  cut-out  sockets. 
These  lights  can  be  lowered  to  the  floor,  as 
required.  The  lights  on  each  arch  can  be  op- 
erated as  a  separate  unit  from  a  central  switch- 
board located  in   one   corner  of  the  building. 


;iblc  cxperitienting  was  done.  It  was  finally 
decided  to  lay  the  dirt  floor  as  follows:  First 
a  base,  consisting  of  a  4-in.  layer  of  cinders, 
was    laid,    the    cinders   being     sprinkled     and 
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Fig.  2.    Foundaticn  Plan  of  Two  Side  Panels 

of  End  Framing  and   Horizontal   Section 

Through   Lower  Tier  of  Windows. 

tamped.  A  2V^-in.  layer  of  powdered  yellow 
clay  was  then  placed  on  the  cinders,  and 
upon  this  there  was  placed  a  2%,-in.  layer  of 
building  sand.  The  claj'  and  sand  were  then 
thoroughly  mixed  with  a  disk  plow,  then 
dragged,  sprinkled,  and  rolled.  This  5-in. 
wearing  surface  of  1:1  sand  and  clay  is  ex- 
pected to  meet  both  athletic  and  military  re- 
quirements. The  inner  boundary  line  of  the 
concrete  floor  forms  the  outside  curb  of  a 
seven-lap-to-the-mile  running  track. 

M.\TERI.\LS. 

All  concrete,  except  that  used  for  walls  and 
for  other  surfaces  which  are  not  plastered  and 


Fig.   3.     View   of    University    of    Illinois    Armory    Showing    End    Construction. 


FLOOR    CONSTRLXTIOX. 

Two  types  of  floor  were  laid.  Tn  the  cen- 
ter of  the  structure,  covering  an  oval  area 
140  ft.  wide  by  .340  ft.  long,  there  is  a  dirt 
floor;  the  remaining  area  has  a  concrete  floor. 

In  an  efifort  to  obtain  a  dirt  floor  which 
would  not  become  too  compact,  and  at  the 
same  time  would  not  become  dusty,  consider- 


have  finish  surfaces,  was  nii.xed  in  the  pro- 
portions of  1  part  cement,  3  parts  sand,  and  5 
parts  crushed  stone  having  a  maximum  size 
of  1%  in.  The  concrete  for  walls  and  sur- 
faces which  are  not  plastered  and  have  finish 
surfaces  consists  of  1  part  cement,  2  parts 
sand,  and  4  parts  crushed  stone. 

The  tiles,  which  encase  the  end  columns,  are 


bedded  in  mortar  consisting  of  1  part  Portland 
cement,  3  parts  sand,  and  2  parts  lime.  These 
tiles  are  anchored  to  the  columns  at  every 
course  with  galvanized  wire  hooks. 

The  sash  is  made  of  straight-grained  white 
pine  2%  ins.  thick,  all  fixed  sash  being  screwed 
to  the  frames.  Each  movable  sash  is  hinged  at 
the  bottom,  and  is  operated  from  the  floor 
level.  The  w'indow  frames  are  made  of  "B" 
grade  cypress. 

The  specifications  for  the  outside  surface  of 
the  end  rings  call  for  2  ins.  of  concrete  applied 
on  No.  24  gage  expanded  metal.  The  inner 
surface  of  these  rings  consists  of  a  1-in.  layer 
of  concrete  applied  on  expanded  metal.  These 
surfaces  were  applied  with  the  ceraent-gun, 
heavy  building  paper  first  being  attached  to  the 
expanded  metal  to  retain  the  concrete.  It 
was  specified  that  the  expanded  metal  should 
be  in  the  center  of  the  2-in.  concrete  furring; 
as  actually  constructed,  however,  the  inner 
surface  of  the  metal  is  barely  covered,  as  the 
building  paper  was  held  closely  against  the 
metal. 

The  side  walls,  which  consist  of  8-in.  terra 
cotta  tiles  laid  in  cement  mortar  have  a  rough 
concrete  finish  applied  with  the  cement  gun. 
Figure  4  shows  the  equipment  and  scaffolds 
used  in  applying  the  concrete  finish: 

S.\SH  0PER.'\TING  DEVICE. 

On  account  of  the  size  and  number  of  sash 
to  be  operated,  special  care  was  given  to  the 
design  and  construction  of  the  sash  operating 
device  by  the  architect  to  insure  ease  and  cer- 
tainty of  operation.  As  the  device  contains 
some  unusual  features  it  will  be  described 
somewhat  in  detail. 

The  operator  is  of  the  rack  and  pinion  type 
with  two  racks  to  each  sash,  attached  about  8 
ft.  from  the  bottom  of  the  sash  and  operated 
by  pinions  connected  to  a  horizontal  shaft,  this 
shaft  being  operated  by  a  worm  gear.  There 
are  three  lines  of  shafting  at  each  end  of  the 
armory.     The  two  upper  lines  are  continuous. 


Fig.   4.      View   Showing    Manner   of   Applying 

Concrete    Finish   to   Terra   Cotta   Tile 

Walls. 

while  the  lower  line  is  operated  in  two  parts, 
the  shafting  being  omitted  in  the  center  panel 
of  the  structure.  The  first,  third  and  fifth 
tiers  of  sash  are  movable.  The  shafting  is 
supported  at  a  distance  of  15  ins.  from  the 
face  of   the  columns  on   brackets  attached   to 
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each  column,  the  shaft  bearings  being  fitted 
with  bronze  bushings  and  with  compression 
grease  cups  holding  6  ozs.  each.  Tlie  shaft 
gears  are  cast  iron,  12  ins.  in  diameter  and 
with  machined  teeth,  the  gears  being  fitted  with 


fitted  to  worm  wheels  to  secure  smooth  op- 
eration. The  bearing  brackets  are  designed  to 
pievent  spreading  or  inaccurate  alignment.  The 
sprocket  wheels  are  12  ins.  in  diameter  and 
are  equipped  with  "keepers."     The  chains  are 


galvanized  iron,  and  are  provided  with  12-in. 
guide  sprockets,  located  -1  ft.  above  the  floor, 
to  prevent  swinging.  The  racks  are  malleable 
iron,  and  the  pinions  are  cast  iron  with  ma- 
chined teeth. 

The  cost  of  the  sash  operating  de\ice  was 
$767,  and  that  of  its  erection  $.350. 

STRUCTURAL   FR.\MING. 

The  end  columns,  which  are  of  variable 
lengths,  to  conform  to  the  curved  roof  sur- 
face, consist  of  four  angles  spaced  4  ft.  0  in. 
back  to  back  of  angles,  with  single  angle  lac- 
ing. Each  column  is  anchored  with  four  1-in. 
anchor  bolts.  These  columns  are  spaced  14 
ft.  3%  ins.  on  centers  (with  the  exception  of 
the  corner  columns).  Figure  .5  is  an  ele- 
vation of  the  end  framing.  Thi?  drawing 
shows  the  arrangement  of  columns  and  longi- 
tudinal girts,  and  indicates  the  manner  of  con- 
necting the  built-up  end  purlins  to  the  end 
framing.     Figure     6     is     an     end     elevation 


finish.  The  latticed  members  represented  in 
Fig.  7  by  "A"  and  "B"  are  curved  to  follow 
the  outline  of  the  cornice. 

The  built-up  purlins  and  bracing  in  the 
plane  of  the  roof,  for  the  end  bays,  are  simi- 
lar to  those  described  and  illustrated  in  our 
Aug.  6,  1913,  issue. 

COST    DAT.4. 

The  following  contract  costs  apply  to  the 
construction  of  the  two  end  bays  and  the  end 
framing : 

General     contract     for     enclosure,     ex- 
clusive of  steelwork  and   footings $34,049.90 

Steel    contract 33,303.00 

Footings    1,381.91 

S.'Hsh   operator,    installed 1,117.00 

Other  cost  items,  which  apply  to  the  entire 
structure,  are : 

Heating   contract $18,770.40 

I.ighting  contract 5,800.00 

Concrete    and    dirt    floor,    approximate 

cost    5,500.00 

PERSONNEL. 

The  plans  for  the  completion  of  the  armory 
were  prepared  by  James  M.  White,  supervis- 
ing architect.  University  of  Illinois,  from 
sketches  made  by  W.  Carbys  Zimmerman,  for- 
merly state  architect.  The  construction  work 
was  in  general  charge  of  the  supervising  archi- 
tect of  the  University  of  Illinois. 

The  general  contract  for  enclosure  was  exe- 
cuted by  N.  H.  Shields,  Danville,  111.,  and  that 
for  furnishing  and  erecting  the  steelwork  by 
the   Morava   Construction  Co.,  Chicago.  111. 


Granite  Quarried  from  Boulders. — .\n  in- 
teresting feature  of  the  production  of  granite 
in  California  is  the  C|Uantity  of  stone  quarried 
from  large  residual  boulders.  These  boulders, 
according  to  the  United  States  Geological 
Survey,  represent  the  remnants  left  from  pro- 
longed disintegration  of  large  granite  masses, 
hut  after  a  thin  weathered  coating  is  removed 
thev  vield  sound  stone.     Clood  granite  should 


Fig.   6.     Structural    Framing  for   End    Rings 
of   University    of    Illinois    Armory. 

square  shafts  and  special  sleeve  couplings  for 
connecting  them  to  the  main  shafting. 

The  lower  line  of*  shafting  is  turned  by  a 
worm  gear,  which  is  operated  by  a  r2-in.  hand 
wheel   attached   to   a   %-in.   vertical   steel   rod, 


Roi':nq  orouna  Platform  and  on  thf 
'     -  •'-Wood  Scuttle 

Cover  in  Sect's 


sides  of 
(well  hole 
Platform  in  one 

End  ohiy  • 


Fig.  7.     Cross  Section  of  Cornice  at  Center — 
University  of  Illinois  Armory. 

the  hand  wheel  being  5  ft.  above  the  flbor. 
The  two  upper  lines  are  operated  by  chains 
and  sprocket  wheels.  The  worms  are  ma- 
chined from  solid  forgings,  and  are  equipped 
with  ball  thrust  bearings  which  are  accurately 


in 

Fig.   5.     Structural    Framing   for   Ends  of    University  of  Illinois  Armory. 

of    the   cornice,   or   end    ring.  ,This   drawing  stand  a  crushing  strain  of     at     least     20,000 

shows  the  arrangement  of  the  framing  in  the  lbs.    to   the   square   inch;    some   granites   will 

outer  face  nf  the  cornice.    l-'ig\ire  7  is  a  cross  stand  40,000   lbs.     This  may  be  compared   to 

section  of  the  cornice  at  its  center,  and  shows  common  red  brick,  which  will  crush  at  about 

the   structural  steel    frammg  and   tlie  concrete  3,u00  lbs.  to  the  square  inch. 
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A   Model  Factory  Building  for  Small 

Plants  in  Toledo,  Ohio. 

Small  light-manufacturing  plants  located  in 
rented  quarters  are  often  seriously  handicapped 
by  being  compelled  to  occupy  old,  out-of-date 
buildings  possessing  few  modern  conveniences. 
With  poorly  arranged  factory  space,  and  with 
improper  lighting,  heating  and  ventilating  sys- 
tems, their  overhead  charges  are  high  and  con- 
sequently the  cost  of  production  is  excessive. 
Some  plants  require  such  a  small  space  that 
the  erection  of  a  separate  building  is  not 
practical,  while  the  owners  of  other  industries 
do  not  care  to  tie  up  their  capital  in  factory 
buildings.  The  following  article  describing 
how  the  city  of  Toledo,  Ohio,  solved  the  prob- 
lem of  providing  adequate  factory  facilities 
for  small  industries  is  based  on  information 
appearing  in  a  recent  issue  of  the  Iron  Age. 
The  movement  to  erect  the  factory  building 
originated  with  the  Toledo  Commerce  Club 
which,  after  investigating  conditions,  found 
that  the  lack  of  accommodations  interfered 
with  the  establishment  of  new  industries  in 
Toledo.  The  Commerce  Club,  as  an  organiza- 
tion, was  unable  to  undertake  the  erection  of 
a  factory  building,  but  a  company  known  as 
the  Toledo  Factories  Company  was  organized 
within  the  membership  of  the  club,  practically 
all  of  the  members  being  stockholders. 

FINANCING    THE    PROJECT. 

To  finance  the  model  factory  building  a 
$100,000  bond  issue,  drawing  .5  per  cent  inter- 
est, was  authorized.  The  bonds  were  taken 
b}'  some  of  the  local  banks,  and  $1(14.000  in 
common  stock  was  sold.  While  the  primary 
object  was  to  aid  the  city  the  details  of  the 
project  were  carried  out  W"ith  the  idea  of  mak- 
ing it  a  safe  financial  investment  with  a  fair 
turn  to  the  stockholders.  Earnings  have  been 
sufficient  to  warrant  the  directors  to  authorize 
recently  the  payment  of  dividends  at  the  rate 
of  4  per  cent  per  annum  on  the  stock. 

THE    SITE. 

The  site  selected  was  a  3%-acre  tract  occupy- 
ing a  block  on  a  car  line  convenient  to  the 
railroad  depots,,  docks  and  downtown  section 
of  the  city.  In  view  of  the  fact  that  none  of 
the  tenants  would  receive  his  raw  material  or 
ship  his  products  in  car  lots,  the  advantages 
of  the  site  selected,  including  the  purchase  of 
a  large  tract  of  land  at  a  comparatively  low 
cost,  were  regarded  as  overbalancing  those  of 
a  site  adjoining  a  railroad  siding. 

DETAILS    OF    BUILDING. 

The  building  is  a  four-story,  reinforced  con- 
Crete  structure  built  in  two  main  sections  or 
units,  each  200x90  ft.  in  plan  and  connected 
by  an  intermediate  section  06x66  ft.  This  is 
taken  up  for  the  most  part  with  the  elevators, 
stairways  and  office  space,  and  on  the  ground 
floor  with  the  main  entrance  and  loading  plat- 
forms. There  is  an  extension  to  the  second 
unit,  similar  in  dimensions  to  the  one  that 
connects  the  present  two  units,  and  to  this  will 
be  connected  two  additional  units,  which  the 
company  plans  to  build  when  the  demand  for 
space  warrants  the  doubling  of  the  present 
floor  space.  The  power  plant  is  located  in  the 
basement  of  this  section.  No  basement  space 
is  provided  in  other  parts  of  the  plant.  The 
present  units  provide  approximately  160,000  sq. 
ft.  of  rentable  floor  space. 

Figure  1  is  a  tyoical  floor  plan  of  the  struc- 
ture indicating  the  possibilities  of  subdividing 
the  floor  space  to  suit  the  needs  of  the  tenants. 
The  reinforced  concrete  columns  are  spaced 
22  ft.  on  centers,  each  way.  With  the  excep- 
tion of  the  space  taken  by  the  pilasters,  the 
entire  side  wall  space  from  the  floor  to  the 
ceiling,  which  is  12  ft.  high,  is  fitted  with 
12.xl8-in.  plain  glass  set  in  "Fenestra"  steel 
sash.  There  are  29,000  panes  of  glass  in  the 
building.  The  large  amount  of  glass  surface 
provides  the  maximum  amount  of  outside  light- 
ing and,  as  the  interior  space  is  so  divided  that 
every  tenant  has  outside  window  surface,  every 
occupant  has  an  abundance  of  light.  The 
floors  are  of  the  slab  construction  and  are  de- 
signed for  a  floor  load  of  200  lbs.  per  square 
foot.  The  type  of  building  permits  the  use  of 
heavy  and  high  speed  machinery  with  no  per- 


ceptible vibraticjn,  and  the  building  is  equally 
adapted  for  metal  working  shops,  or  for  other 
lines  of  light  manufacturing  where  machinery 
is  required. 

The  building  is  subdivided  in  space  to  suit 
the  requirements  of  tenants  by  means  of  4-in. 
Eg)-ptian  tile  partitions  erecte3  between  the 
columns.  The  removal  or  erection  of  parti- 
tions to  suit  the  requirements  of  tenants  in- 
volves little  e-xpense.  The  subdivisions  are 
made  in  units  ranging  from  1,000  to  40,000 
sq.  ft.  Most  of  the  tenants  use  3,000  sq.  ft.  of 
space.  A  number  started  with  1,000  sq.  ft.  and 
as  their  business  has  grown  have  increased 
their  space  to  3,000  sq.  ft. 

The  building  is  served  by  two  "Haughton" 
electric  elevators,  one  a  three-ton  freight  ele- 
vator and  the  other  a  passenger  elevator.  The 
loading  platforms  on  the  ground  floor  directly 
adjoin  the  freight  elevator. 

KENTAL  RATES. 

The  rental  rates  range  from  l!l  to  24  cts. 
per  square  foot  per  year,  depending  on  the 
size  of  space  taken,  the  average  being  about 
20  cts.  This  price  includes  heat  and  ventila- 
tion, the  installation  of  an  automatic  sprinkler 
system  and  the  ordinary  water  supply,  an  ex- 


Fig.    1.     Typical    Floor    Plan    of    Model    Fac- 
tory   Building    in   Toledo.   O.      Indicating 
Possibilities   of  Subdividing 
Floor   Space. 

tra  charge  for  water  not  being  made  unless  a 
considerable  amount  is  used  for  manufactur- 
ing purposes.  With  the  fireproof  construction 
of  the  building,  automatic  sprinklers  and  other 
safeguards  against  fire,  the  insurance  rate  is 
much  lower  than  in  old  types  of  buildings 
having  little  or  no  protection  against  fire.  The 
maximum  insurance  rate  for  tenants  is  1-5  cts. 
per  $100  per  year. 

HE.ATING    AND    VENTILATING    SYSTEM. 

The  heating  and  ventilating  systems  of  the 
building  are  unusual  for  a  structure  used  for 
manufacturing  purposes.  Owing  to  the  fact 
that  the  building  is  occupied  by  a  number  of 
tenants  there  are  frequent  changes  in  parti- 
tions due  to  the  changes  in  occupancy  and  to 
the  desire  of  some  tenants  to  increase  their 
floor  space.  These  conditions  necessitated  a 
flexible  arrangement  of  the  heating  and  venti- 
lating system.  Owing  to  the  large  amount  of 
window  surface  very  little  wall  space  was 
available  for  radiation,  and  ceiling  radiation 
was  impracticable  because  some  of  the  tenants 
desire  attractive  looking  rooms.  For  these 
reasons  the  all  indirect  system  was  determined 
upon.  The  principal  advantage  in  heating  the 
building  with  direct  radiation  lies  in  the  fact 


that  the  rooms  may  be  warmed  without  me- 
chanical intervention.  The  plant  was  designed 
to  accomplish  this  result  without  radiators  by 
placing  the  heating  surface  at  the  bases  of 
large  vertical  air  ducts.  This,  it  is  claimed, 
has  worked  out  with  excellent  results.  All  of 
the  factory  rooms  are  supplied  with  fresh  air 
without  the  necessity  of  opening  any  of  the 
outside   windows. 

There  are  five  main  indirect  heating  cham- 
bers connected  with  a  fan  by  large  concrete 
air  ducts  arranged  for  easy  inspection  and 
cleaning  and  provided  with  electric  lights  so 
that  one  may  walk  freely  to  all  parts  of  the 
distribution  system.  To  minimize  the  operating 
cost  the  fan  and  tempering  coils  are  placed 
adjacent  to  the  boiler  room,  and  the  fan  is 
driven  by  a  steam  engine,  the  exhaust  steam 
from  which  is  utilized  for  heating.  Steam  is 
circulated  at  a  vacuum,  thermostatic  traos  and 
a  vacuum  pump  being  used  in  connection  with 
the  system.  7  he  air  delivery  throughout  the 
building  provides  a  change  for  about  everv 
1-J  minutes.  Space  is  left  for  the  future  in- 
stallation of  an  air  washer,  but  owing  to  favor- 
able surroundings,  this  is  not  required  at 
present. 

The  fresh  air  supply  is  taken  from  the  out- 
side into  an  air  shaft  and  through  a  "Sirocco' 
fan  with  a  capacity  of  138,000  cu.  ft.  per  minute 
when  operated  at  12-5  r.p.m.  and  driven  bv  a  50- 
HP.  steam  engine.  The  air  is  drawn  through 
tempering  coils,  a  temperature  of  68°  being 
automatically  maintained  by  means  of  the 
thermostat  that  controls  a  by-pass  damper 
under  the  tempering  coils.  As  it  passes 
through  the  tempering  coil  the  air  is  humidified 
by  steam  jets  from  three  horizontal  pipes  lo- 
cated on  the  warm  side  of  the  coils.  These 
jets  are  controlled  by  a  diaphragm  valve  regu- 
lated by  a  humidostat. 

The  tempered  air  passes  into  a  main  Tx8-ft. 
air  duct  of  concrete,  which  extends  the  length 
of  the  building  under  the  corridor  and  from 
which  branches  lead  to  five  plenum  chambers 
provided  with  four  sections  of  "Vento"  cast- 
iron  radiators.  These  heating  stacks  take  low- 
pressure  steam.  Automatic  temperature  con- 
trol and  dampers  are  provided  throughout  the 
building,  each  room  having  a  thermostat  which 
controls  the  temperature  without  changing  the 
volume  of  the  air.  The  thermostats,  in  order 
that  they  may  not.be  unduly  interfered  with  bv 
an  unauthorized  person,  are  placed  in  the  vent 
flues  where  they  are  subjected  to  a  constant 
fair  sample  of  the  air  coming  from  the  rooms 
which  they  control.  They  are  set  to  operate 
at  a  temperature  a  little  lower  than  thev 
would  be  set  for  were  they  located  in  the 
ordinary  manner  in  the  rooms. 

The  flues  are  arranged  in  banks  of  five,  four 
of  these  being  heat  flues,  one  of  which  supplies 
a  floor  in  that  section  of  the  building  and  the 
fifth  being  a  vent  flue  for  the  first  floor.  A 
heat  flue  that  supplies  warm  air  for  the  first 
floor  becomes  a  vent  flue  for  the  second  floor 
and  so  on,  so  that  only  five  flues  are  required 
to  serve  the  four  floors.  Some  of  the  separate 
heat  flues  are  30x30  ins.  and  others  are  24x30 
ins.  When  small  subdivisions  of  the  rooms 
are  required  horizontal  supply  and  vent  ducts 
are  provided  at  the  ceiling.  The  fresh  air  is 
taken  into  the  rooms  near  the  ceilings  through 
adjustable  diffusers.  In  many  of  the  rooms 
there  are  ventilation  openings  at  both  floor  and 
ceiling,  the  lower  opening  being  used  in  winter. 
The  upper  openings  are  for  additional  ventila- 
tion in  the  summer,  or  when  fumes  arise  from 
manufacturing  processes.  The  various  groups 
of  vent  flues  terminate  in  heavy  ventilators  on 
the  roof. 

For  heating  and  ventilating  the  ofiice  rooms 
in  the  section  between  the  two  main  wings 
there  are  two  double  flues,  one  on  each  side  of 
the  elevator  shaft,  and  the  tempered  air  as  it 
comes  from  the  flues  is  blown  through  the 
coils  of  radiators  located  before  the  outlets. 
The  corridors  are  heated  by  tempered  air  that 
comes  from  the  main  air  duct  through  the  ele- 
vator shaft,  this  air  supply  being  regulated  by 
pneumatically  controlled  dampers.  Direct 
radiation  is  provided  for  the  toilet  rooms. 

A  re-circulating  system  is  provided  for  use 
during  the  night  when  the  building  is  not  oc- 
cupied   and    fresh    air    is    not   essential.      The 
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outdoor  supply  of  fresh  air  is  shut  off,  and  the 
air  irr  the  building  is  re-circulated,  it  being 
drawn  to  the  fan  through  the  corridors  and 
elevator  shafts.  To  prevent  the  drawing  in  of 
outside  air  through  the  ventilators,  dampers 
are  provided  at  the  top  of  the  vent  flues  that 
are  pneumatically  closed  by  a  switch  in  the 
basement.  Steam  for  the  heating  system  and 
for  power  is  furnished  by  two  25U-HP.  water- 
tube  boilers,  equipped  with  hand-fired  smoke- 
consuming  furnaces. 

The  accomplishment  of  results  without  di- 
rect radiators  is  said  to  have  been  most  sat- 
isfactory as  there  are  no  obstructions,  no  local 
overheating  and  no  radiators  to  interfere  with 
in  the  moving  of  partitions.  The  fuel  cost  for 
heating  for  the  season  1913-1914  was  $3,009. 
This  is  $1.22  per  1,000  cu.  ft.  of  contents  for 
the  season,  or  $16.80  per  1,000  sq.  ft.  of  floor 
surface.  It  is  stated  that  the  temperature  of 
the  building  has  been  70°  at  7  o'clock  in  the 
morning  during  the  coldest  weather  of  the 
heating  season,  when  the  outside  temperature 
has  been  as  low  as  3  and  4°  below  zero.  A 
test  was  made  during  the  severest  cold 
weather,  and  when  the  temperature  was  70° 
in  the  center  of  the  room  it  was  69°  at  a  dis- 
tance of  1  ft.  from  the  glass  surface  in  the 
most   exposed   room  in  the  building. 

SANIT.\KY     FE.^TURES. 

Another  unusual  feature  for  a  manufactur- 
ing plant  is  the  sanitary  arrangements.  There 
are  four  toilet  rooms  in  each  floor,  one  each 
for  the  office  and  shop  men  and  one  each  for 
the  office  and  shop  women,  the  two  for  the 
men  being  adjoining  on  one  side  of  the  cor- 
ridor and  the  two  for  the  women  being  on  the 
opposite  side.  Each  toilet  room  is  provided 
with  four  washstands  and  two  closets.  Each 
bowl  is  vented,  the  air  being  taken  throiigh  a 
porcelain  duct  which  is  connected  with  a 
pipe  that  leads  back  of  the  fi.xtures  into  a 
narrow  chamber  separating  the  two  adjoining 
toilet  rooms.  Through  these  chambers  an  air 
shaft  extends  up  to  the  penthouse,  where  the 
air  is  exhausted  by  a  fan.  The  closets  are 
connected  with  flush  valves,  all  parts  of  which, 
except  the  push  button,  are  located  in  the 
chamber  back  of  the  toilet  rooms.  All  pipes 
connected  with  the  toilet  rooms  are  located 
in  this  chamber,  where  they  cannot  be  tam- 
pered with. 

OTHER    FACILITIES. 

Tenants  are  supplied  with  electric  current, 
natural  and  artificial  gas,  compressed  air,  steam 
for  manufacturing  purposes  outside  of  "ower 
(the  latter  being  furnished  on  a  metered 
basis),  and  hot  and  cold  water  by  separate 
lines  running  to  each  user  from  the  central 
source  of  supply.  Electricity  for  power  and 
light  is  purchased  from  a  commercial  coin- 
pany,  being  steoped  down  from  4,300  volts  to 
220  and  110-volt,"  3-phase,  60-cycle  current.  As 
the  building  company  buys  the  electric  current 
direct,  and  apportions  the  cost  among  the 
tenants  according  to  the  amount  which  each 
uses,  a  lower  rate  is  secured.  While  the  larg- 
est consumer  can  buy  his  current  outside  at 
the  same  rate  which  he  is  now  paying,  other 
tenants  are  saving  as  much  as  20  per  cent  on 
the  power  purchased.  Steam  for  manufactur- 
ing purposes  is  distributed  through  a  main 
riser,  with  a  header  on  each  floor  and  with 
supply  lines  from  the  header. 

Besides  the  reduction  of  the  power  bills 
there  are  other  interesting  co-operative  feat- 
ures in  connection  with  this  plant.  The  build- 
ing maintains  a  general  stock  room  where 
such  general  supplies  as  waste,  oils,  electric 
lamps  and  fuses  arc  furnished  as  a  matter  of 
convenience  at  practically  cost.  The  manage- 
ment has  secured  lower  trucking  rates  than 
would  be  available  were  each  tenant  acting  in- 
dependently. An  emergency  hospital  room  is 
maintained  by  the  management  at  a  central 
point,  where  first  aid  is  rendered  in  case  of 
sickness  and  accident.  A  restaurant  is  con- 
ducted in  the  building,  under  the  supervision 
of  the  management  to  insure  satisfactory  ser- 
vice. Here  a  regular  noon-day  meal  is  served 
to  shop  employees  for  15  cts.,  and  office  em- 
ployees who  desire  can  have  their  lunches  sent 
to  their  offices. 

At  the  present  time  about  94  per  cent  of  the 


floor  space  is  occupied,  and  the  tenants  appear 
to  be  well  satisfied.  About  one-half  of  the 
tenants  are  new  companies  which  have  been 
organized  in  Toledo  and  about  one-third  are 
companies  which  have  moved  from  other 
places ;  the  remainder  are  industries  which 
formerly  occupied  other  quarters  in  Toledo. 
Although  the  building  is  adapted  for  various 
lines  of  manufacture,  a  large  part  of  the 
space  is  taken  by  companies  engaged  in  metal 
working  industries. 


Preliminary   Report  of  Committee  on 
Edison  Fire. 

The  preliminary  report  of  the  "Committee 
on  Edison  Fire,"  appointed  by  the  American 
Concrete  Institute,  has  recently  been  sub- 
mitted. The  findings  of  this  committee, 
which  consists  of  Cass  Gilbert  (chairman), 
Walter  Cook,  W.  H.  Ham,  Richard  L. 
Humphrey,  Rudolph  P.  Miller,  C.  L.  Norton, 
J.  Knox  Taylor,  and  E.  J.  Moore  (secre- 
tary), are  as   follows: 

On  Wednesday,  Dec.  9,  1914,  at  about  o:2r, 
P.  M.,  a  fire  occurred  in  the  film  inspecting 
building  of  the  factory  of  Thomas  .\.  Edison, 
Inc.,  West  Orange,  N.  J.,  and  rapidly  spread 
to  adjacent  buildings  of  the  plant,  destroying 
si.x  one,  two  and  three-story  wood  and  brick 
buildings,  and  burned  out  the  contents  of 
seven  structures  constituting  three  groups  of 
reinforced  concrete  buildings. 

Your  Committee  appointed  to  report  on  the 
Edison  fire,  after  a  careful  investigation  of 
the  character  of  the  buildings  and  their  con- 
tents, the  origin  and  intensity  of  the  fire,  and 
the  behavior  of  the  various  materials  of  con- 
struction in  the  fire,  has  reached  the  follow- 
ing preliminary   findings : 

1.  No  building  or  any  portion  thereof  can 
be  considered  absolutely  fireproof.  The  re- 
sistance of  buildings  and  building  materials 
to  fire  is  only  relative;  no  material  can  resist 
a  fire  if  it  be  of  sufficient  great  intensity  or 
duration. 

2.  The  information  obtained  confirms  the 
general  principles  already  well  established 
concerning  protection  against  the  origin  and 
spread  of  fire. 

3.  The  buildings  of  this  plant  were  not  in 
accord  with  present  well  established  practice 
in  that  they  deviated  from  this  practice  in  the 
following  particulars: 

(a)  Large  undivided  floor  areas.    (Lack   of 

fire  walls  and  stops.) 

(b)  L^nprotected  exterior  openings.  (Wood- 

en sash   with   plain   glass,   etc.) 

(c)  Absence  of  proper  fire  walls,  partitions 

and  fire  doors. 

(d)  Failure  to  inclose  properly  vertical  op- 

enings, stairway  and  elevator  shafts. 

(e)  Absence    of    adequate    sprinkler    equip- 

ment. 

(f)  Absence  of  adequate  water  supply  and 

fire  fighting  apparatus. 

(g)  Failure   to   either   isolate   non-fireproof 

buildings  or  to  protect  against  them, 
(h)  Failure  to  isolate  hazardous  processes 
of  manufacture  either  by  placing  such 
processes  in  separate  buildings  or 
surrounding  them  by  proper  fire 
walls. 

4.  The  fire  fully  demonstrated  the  ad- 
vantages of  monolithic  structures.  The  fact 
that  at  five  different  places  several  of  the 
wall  columns  were  rendered  useless,  and  yet 
the  upper  portions  of  the  building  stood  in- 
tact, is  evidence  of  the  superior  merits  of 
concrete    in    monolithic    construction. 

h.  Considering  the  extraordinary  conditions 
surrounding  this  fire,  the  behavior  of  the  con- 
crete buildings  was  highly  satisfactory  and 
constitutes  an  excellent  demonstration  of  the 
merits  of  concrete  as  a  fire-resisting  building 
material.  It  is  not  so  surprising  that  the  con- 
crete buildings  were  damaged  as  that  any 
material  should  have  so  satisfactorily  with- 
stood these  unusual  conditions. 

6.  This  fire  brought  out  the  following  itn- 
portant  problems  which  are  considered  worthy 
of  further  investigation  : 


(a)  The  strength  of  the  structure  after  the 

fire ;  to  be  determined  by  floor  load 
tests. 

(b)  The  extent  to  which  the  floor  system 

has  been  strengthened  by  the  method 
of   reconstruction. 

(c)  The  strength  of  the  columns  after  the 

fire;  the  strength  of  the  restored 
columns. 

(d)  The    efTect    of    expansion,    from    tem- 

perature changes,  on  large  units. 

(e)  Such   other  effects  of  this  fire  on   the 

structures    and    structural    materials 
as  the  conditions  may  permit. 
7.  Your  Committee  is  of  the  opinion; 

(a)  That  the   best  type   of   construction   is 

one  which  eliminates  corners  and 
presents  flat  or  rounded  surfaces  to 
the  action  of  the  fire.  That  interior 
columns  of  circular  or  octagonal 
section  ofTer  greater  resistance  to 
fire  and  are  less  liable  to  damage 
than  columns  of  square  section,  and 
that  the  elimination  of  sharp  cor- 
ners in  the  floor  construction  is  de- 
sirable. 

(b)  That  good  construction  requires  a  suf- 

ficient   number    of    lateral      ties     or 
hooping    in    the    columns,    and    that 
■  such  construction  would  offer  great- 
er resistance  to  fire. 

(c)  That    in    the    beam-and-girder    type    of 

construction  in  order  to  develop  fully 
T  action  the  slab  should  be  cast  at 
the  same  time  that  the  beams  and 
girders  are  poured,  and  there  should 
be  adequate  ties  between  the  rein- 
forcement of  the  beams  and  girders 
and  that  of  the  slab. 

The  detailed  information  upon  which  the 
foregoing  statements  are  based  is  submitted. 
(This  information  is  here  omitted. — Editors.) 

A  series  of  investigations  and  tests  are  be- 
ing arranged  to  develop  additional  data  which, 
it  is  expected,  will  require  some  time  and 
which  will  be  presented  in  a  final  report  as 
soon  as  the  data  can  be  obtained  and  collated. 

Your  Committee  wishes  to  cypress  its  ad- 
miration for  the  commendable  energy  dis- 
played by  Thomas  A.  Edison  and  his  asso- 
ciates in  the  rehabilitation  of  this  plant.  Two 
of  the  buildings  are  already  occupied,  a  num- 
ber of  the  other  structures  replaced  with 
temporary  buildings,  and  work  is  actively  in 
progress  for  the  restoration  of  the  remain- 
ing portions  of  the  plant. 

Your  Committee  desires  to  acknowledge 
its  obligations  and  herebv  extends  its  thanks 
for  the  courtesies  extended  to  it  and  the  as- 
sistance rendered  in  its  investigations  by  the 
officials  of  Thomas  A.  Edison,  Inc.,  The 
Moyer  Engineering  and  Construction  Com- 
pany, and  T.  L.  Condron  and  Company,  En- 
gineers. 


Waterproofing     Materials     in     Egypt. — 

There  is  a  considerable  amount  of  waterproof- 
ing and  dampproofing  material  used  in  Egypt. 
Most  of  the  houses  have  flat  roofs,  as- 
phalt being  generally  employed  by  local  con- 
tractors for  roofing  purposes.  Of  late 
asphalted  felt  and  bituminous  sheeting  pro- 
tected by  plaster  have  come  into  use  and  are 
giving  satisfaction,  as  they  afford  ample  pro- 
tection from  the  violent  sun  and  occasional 
but  torrential  rains. 

The  use  of  paints  on  the  outside  of  stucco 
and  concrete  for  dampproofing  purposes  is 
not  customary.  It  has  been  found,  howcer, 
that  where  local  bricks  have  been  used  in  the 
construction  of  houses  they  have  not  proved 
durable,  and  occasionally  a  coating  of  Eng- 
lish manufacture,  called  "Szerelmy,"  has  been 
applied   with  some   success. 

.American  firms  have  attempted  on  several 
occasions  to  introduce  their  damp  and  water- 
proofings  in  Egypt  and  some  sales  have  re- 
sulted. There  are  two  concerns,  both  in 
Cairo,  controlled  by  British  capital,  that  have 
a  practical  monopoly  on  all  the  damp  and 
waterproofing   sold    in    Egypt. 
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The   Use,   Design,   Construction,   Cost 

and  Durability  of  Wooden  Stave 

Pipe. 

IV. 

The  Cost  of  Wooden   Stave   Pipe. 

Contributed    by    Andrew    Swickard.    Hvdraulic 
Eng-ineer,   Palo  Alto,   Calif. 

There  are  a  number  of  variable  elements 
that  enter  into  the  cost  of  wooden  pipe.  This 
applies  particularly  to  the  "continuous"  type. 
The  cost  of  "inachine  banded"  at  any  one  fac- 
tory should  vary-  but  little;  the  changes  in 
prices  of  material  being  the  cause  of  any 
considerable  variation. 

The  different  kinds  of  material  entering  into 
the  construction  of  a  pipe  may  be,  and  gen- 
erally are,  manufactured  at  points  widely 
separated.  For  "continuous"  pipe  the  ship- 
ments of  staves,  rods,  shoes  and  paint  are 
made  from  these  respective  points  of  manu- 
facture direct  to  the  railway  point  of  delivery 
most  convenient  to  the  place  where  the  pipe 
is  to  be  built.  For  "machine  banded"  pipe 
the  staves,  wire,  and  material  entering  into 
the  coating,  are  assembled  at  the  factory 
where  the  finished  pipe  is  turned  out,  and  the 
finished  sections  of  pipe  are  then  shipped  to 
the  most  convenient  point  of  delivery  in  the 
vicinity  of  the  pipe  line  location. 

From  the  foregoing  it  is  apparent  that  the 
freight  costs  might  be  large  or  small  depend- 
ing on  the  length  of  haul  and  other  con- 
siderations that  determine  freight  charges. 
Likewise  the  cost  of  hauling  material  from 
the  railway  point  of  delivery  and  distribut- 
ing it  along  the  pipe  line  can  vary  largely 
for   different   projects. 

The  cost  of  assembling  the  pipe  in  place  is 
subject  to  variations,  in  proportion  to  wages 
and  effectiveness. of  labor;  both  of  these  vary 
with  localities.  . 

The  actual  cost  to  the  manufacturer  of  "ma- 
chine banded''  pipe  will  vary  with  the  facilities 
for   obtaining  material,   and    for   banding   the 
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Cost  per  lineal  foot  of  pipe  incents 

Fig.    1.     Labor    Cost    Curve    for    Continuous 

Wooden  Stave  Pipe. 

Curve  gives  labor  cost  of  assembling  the 
staves,  inserting  the  metal  tongues,  putting  on 
5  or  6  bands  per  10  ft.,  driving  the  staves  end- 
wise, and  sorting  and  distributing  the  staves 
from  piles  about  200  ft.  apart. 

pipe :  these  vary  with  different  factories.  The 
purchaser  is  not  concerned  with  the  costs 
but  with  the  price  asked  at  the  factory  and 
the  freight  charges  to  destination.  These 
can  be  obtained  from  manufacturers  for  their 
standard  pipe  or  for  pipe  made  in  accordance 
with  submitted  specifications.  The  cost  of 
hauling  the  pipe  will  vary  between  wide  limits. 


The  length  of  haul,  condition  of  roads,  ac- 
cessibility of  the  pipe  location,  are  potent 
factors  of  cost  that  can  be  estimated  only  for 
actual  projects.  Once  the  pipe  is  delivered 
in  or  alongside  the  trench,  or  location,  the 
cost  of  joining  the  sections  would  vary  ap- 
proximately from  V2  ct.  per  foot  for  small 
sizes  to  7  or  8  cts.  per  foot  for  larger  sizes. 

SPECI.MEN    ESTIMATE    OF    COST    OF    MACHINE 
B.ANDED    PIPE. 

It  will  not  be  amiss  to  make  an  approximate 
estimate  of  the  cost  per  lineal  foot  to  manu- 
facture, for  example,  redwood  pipe  8  ins.  in 
diameter,  banded  with  No.  6  galvanized  steel 
wire;  the  banding  spaced  for  the  pressure 
due  to  a  100  ft.  head  of  water.  The  estimate 
follows: 

Staves  manufactured  from  l%x4-in.  rough,  hav- 
ing a  finished  thickness  of  1  in,;.  -9  staves  to 
complete  the  ring.  Wire  spaced  1  3/16  ins.  c.  to 
c. ;  0.264  lb.  per  wrap. 

Staves.  -iVi  ft.  B.  M.  at  $35 $0.1-jT 

Wire,  2.2  lbs.  at  2  cts Oil 

Bandling,    labor,    say 03.'; 

Coating,    %   in.   thick,   say 030 

Overhead  charges,   say 020 

Cost  per  lineal  foot  of  pipe $0,285 

The  staves  are  the  largest  single  item  en- 
tering into  the  cost.  This  can  be  materially 
reduced  by  using  staves  made  from  lumber 
costing  less,  or  by  using  thinner  staves.  If  fir 
staves  costing,  say,  $2-5  per  M  were  used  the 
reduction  of  cost  in  the  example  piven  would 
amount  to  4%  cts.  per  foot  of  pipe.  .\lso 
the  cost  could  be  reduced  by  usmg  thinner 
staves;  staves  11/16  in.  thick  run  from  1x3 
in.  rough  lumber,  would  reduce  the  quantity 
of  lumber  used  per  foot  of  pipe  from  4%  to 
2%  ft.,  board  measure.  In  the  case  of  red- 
wood the  reduction  in  cost  from  that  due  to 
using  staves  1  in.  thick  would  be  6.1  cts.  per 
foot  of  pipe,  and  in  the  case  of  fir  staves,  the 
reduction  from  the  cost  of  using  staves  1  in. 
thick  would  be  4.3  cts.  per  foot  of  pipe. 
The  thinner  staves  admit  of  the  use  of  a 
little  less  wire,  amounting  to  0.6  ct.  per  foot 
of  pipe  less.  The  cost  of  manufacturing  8-in. 
pipe,  banded  for  a  head  of  water  100  ft,  high, 
under  the  different  specifications  mentioned 
are  approximately  as  follows : 

Cost  per 
ft.  of  pipe 
in  cts. 

Redwood  staves  1    in,    thick 2S.6 

Redwood  staves  11/16  in,   thick 21,9 

Fir  staves  1  in,  thick 21,1 

Fir  staves  11,/lG  in,   thick 19,2 

It  isn't  probable  that  the  use  of  the  thin 
staves  would  be  economical,  except  under  spe- 
cial conditions, 

T0T.\L  COST   OF  CONTINUOUS   ST.WE   PIPE. 

The  total  cost  of  a  "continuous  stave  pipe" 
is  made  up  of  numerous  items,  and  is  about  as 
follows: 
Staves — 
Cost  of  rougli  lumber: 
Yarding. 

Handling  to  mill. 
Milling. 

Interest  and  insurance. 
Transportation : 
Railway  or  boat. 

Wagon  or  auto  truck  to  convenient  points. 
Distribution  along  the  line. 
Construction: 
Assembling    the    staves,    including    tongues, 
with   only   enough   bands  on   to   hold   them 
together. 
Bands — 

Factoi'y  cost  of  rods: 
Freight   chai-ges. 
Wagon  haul. 

Distribution  along  pipe  line. 
Bending  to  proper  form. 
Painting, 
Factory  cost  of  shoes: 
Freight, 
Haul, 

Distribution, 
Painting, 

Assembling     on     pipe,     spacing     and     back- 
cinching. 
Tongues — 

Factory  cost  of  band  iron: 
Freight, 
Hauling, 

Cutting  into  proper  lengths. 
Painting  and  distribution. 


It  is  not  an  easy  matter  to  secure  proper 
stave  rnaterial.  Firms  that  are  regularly  en- 
gaged in  the  manufacture  and  construction  of 
wooden  pipe  have  formed  connections  with 
lumber  manufacturers,  usually  with  the  smaller 
and  inland  mills,  by  which  they  take  all  their 
lumber  that  is  suitable  for  pipe  construc- 
tion. The  large  mills  that  sell  in  cargo  lots, 
the  run  of  the  mill,  will  not  look  at  pipe  stave 
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Cost  per  Band  in  Cents 

Fig.   2.      Labor     Cost     Curves     for      Putting 

Bands   on   Continuous   Wooden    Stave 

Pipe. 

The  solid  line  represents  the  cost  of  distrib- 
uting, putting  on,  spacing  and  cinching.  The 
dotted  line  includes  bending,  painting  and  paint 
in  addition  to  the  other  items, 

business,  because  the  magnitude  of  their  out- 
put compared  to  the  demand  for  stave  ma- 
terial would  make  the  stave  business  frag- 
mentary, and  besides  the  picking  out  of  choice 
material  would  lower  the  grade  of  the  re- 
maining lot.  The  best  chances  are  with  large 
lurnber  yards  carrying  dry  stock  that  have  the 
facilities  for  milling  the   staves. 

Staves  are  necessarily  made  from  selected 
stock.  Picking  the  best  pieces  from  a  com- 
mercial grade  of  lumber  that  has  a  given 
market  value  lowers  the  value  of  what  re- 
mains and  dealers  will  add  the  estimated  de- 
crease in  value  to  the  selected  stock.  The 
price  of  air  dried  selected  redwood  stave? 
would  be  made  up  somewhat  after  this  man- 
ner. 

Per  M, 

Cargo   price,   say $27,00 

Yarding  and  handling  to  mill,  say 1.50 

Decrease  in  value  of  grade,  sav 4,00 

Milling,  say  , 1.30 

Interest,  insurance,  etc..  say 50 

Profit  to  yard  and  mill,  say 3.5n 

Price  f.  o.  h.  cars  at  mill S3S.0ii 

Heretofore  the  large  redwood  region  has 
depended  entirely  on  water  transportation  in 
order  to  get  lumber  to  market,  but  a  railroad 
tapping  this  region  has  recently  been  put  in 
operation.  This  road  connects  with  the  over- 
land systems,  and  will  probably  encourage  the 
equipment  of  inland  mills,  that  will  be  inde- 
pendent and  thus  aid  in  getting  selected  ma- 
terial at  better  prices  than  were  obtainable 
heretofore. 

The  railroads  in  the  northwest  or  fir  region 
made  possible  the  inland  mills,  which  furnish 
most  of  the  stave  material.  These  mills  are 
likely  to  be  independent  of  the  dominant  in- 
fluences that  control  the  lumber  business  in 
general. 

It  isn't  often  that  advantage  can  be  taken 
of  water  transportation;  it  is  confined  to  sea- 
coast  ports  which  are  only  occasionally  ad- 
vantageous   points    of    delivery    for   pipe   ma- 
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terial.  When  staves  are  shipped^  by  water 
it  is  necessary  to  crate  them,  because  the 
methods  of  liandhng  freight  aboard  vessels 
would  injure  the  staves  to  an  extent  that 
would  render  much  of  the  stock  useless. 
Crating  would  add  materially  to  the  cost  of 
the   staves. 

The  cost  of  transportation  is  incidental  to 
the  distance  and  other  physical  conditions  at- 
tending any  given  project.  The  same  applies 
to  the  distribution  of  the  material  along  the 
pipe  line.  If  the  topography  is  such  that 
wagons  can  be  drawn  along  in  the  immediate 
vicinity  of  the  pipe  line,  the  task  is  easy  but 
if  the  line  is  along  the  side  of  a  steep  canyon 
and  the  material  must  be  hoisted  from  below 
or  let  down  from  above  by  means  of  an  aerial 
tramway,  or  other  similar  means,  the  cost 
becomes  comparatively  high. 

After  the  staves  have  been  distributed  along 
the  line  at  convenient  points,  in  piles  averag- 
ing about  300  ft.  apart  and  each  pile  con- 
taining enough  staves  to  fill  in  the  intervening 
gaps,  the  material  must  be  sorted  and  laid 
ahead  of  the  construction  party  in  piles  con- 
taining the  number  of  staves  necessary  to 
complete  the  ring  of  the  pipe.  This  phase  of 
the  distribution   is   a  part   of   the   cost  of   as- 


the  band  is  in  one  or  two  parts  will  influence 
the  progress  made.  Because  of  the  same  in- 
fluence the  number  in  the  back-cinching  crew 
will  vary  from  4  to  8  men  in  order  to  keep 
up  with  the  assembling  of  the  pipe.  Figure  'J. 
represents  the  cost  per  band  in  place  on  the 
pipe,  painted  and  back-cinched  or  finally  tight- 
ened. 

A  band  passes  through  a  number  of  stages 
of  preparation  before  it  is  finally  disposed  of 
on  the  pipe ;  it  must  be  bent  to  the  proper 
form,  dipped  in  paint,  distributed,  assembled 
and  spaced  on  the  pipe,  hammered  to  a  proper 
seating  on  the  wood,  and  finally  cinched.  The 
dotted  line  in  Fig.  2  represents  the  cost  of 
putting  a  band  through  this  process,  and 
Figs.  3  and  4  represent  the  cost  of  each  of 
the  separate  steps. 

The  bending  and  the  painting  of  the  rods 
is  usually  done  immediately  along  the  pipe 
line,  it  being  more  convenient  to  deliver  the 
bands  straight  than  bent.  Also  it  is  desirable 
to  keep  the  handling  of  the  bands,  after  they 
are  painted,  at  a  minimum. 

The  bending  or  shaping  of  the  bands  re- 
quires one  man  at  a  bending  table.  The 
table  is  a  substantial  structure  as  high  as  a 
man's  waist,  with  a  raised  circle  or  half  circle 
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pipe.  It  is  a  thoughtless  sort  of  job  and 
men,  good,  bad,  and  indifferent,  are  usually 
put  at  this  task ;  the  resulting  cost  in  a  way 
corresponds  with  the  men. 

The  accompanying  cost  diagrams  give  aver- 
age costs  for  building  "continuous  stave" 
pipe.  The  cost  will  be  affected  by :  the  quant- 
ity of  pipe  to  be  installed,  the  character  of 
the  season  as  affected  by  the  locality,  the  phy- 
sical character  of  the  country  over  w'hich  the 
pipe  is  located,  and  the  kind  of  labor  that  is 
available.  A  pipe  built  on  a  bench  cut  into 
a  rugged  mountain  side,  where  nearly  every 
section  of  pipe  set  up  will  have  to  be  curved, 
would  run  up  in  cost.  The  assembling  of  the 
staves  under  such  condition  might  exceed  the 
cost  given  by  the  curve  by  .50  per  cent.  The 
cost  of  the  items  connected  with  the  banding 
of  the  pipe  would  not  vary  nearly  as  much 
as  the  stave  work  under  such  conditions. 

EX.\MPLE    OF     USE    OF    UNIT    COSTS. 

As  an  example  of  the  use  of  the  cost  of 
the  various  items,  we  will  aplpy  them  to  an 
assumed  case,  as   follows : 

The  pipe  to  be  60  ins.  inside  diameter;  staves 
2^/i  ins.  thick,  milled  from  3x6-in.  stock,  36 
staves  to  complete  the   ring,   requiring  54  ft. 

C05+  Cents  Per  Band 
n  lb  15  14  10  \l  II  10 
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Cost  in  Cents  per  Sana 
Fig.    3.     Labor    Cost    of    Bending,    Painting   and     Distributing 
Bands    for    Wooden    Stave    Pipe. 

Cost  of  painting  includes  paint.  Di.etriljutilig  cost  covers  carrying- 
bands  from  dipping  tanli,  located  at  about  300  ft.  Intervals  along  the 
pipe  line.  The  symbols  along-  the  bending  and  painting  curves  are 
average  costs,  those  along  the  distribution  curve  are  the  result  of 
computations  from  relative  information.  The  painting  cost  includes 
that  of  the  rods,  shoes  and  tongues. 
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Cost  in  Cents  per  Bona 
Fig.  4.     Labor   Cost   of   Assembling   and   Spacing  Bands   on 
and    Back-Cinching  on   Wooden   Stave   Pipe. 

Back-cinching  consists  ot  tiglitening  and  hammering  bands  to  a 
proper  bearing  in  the  wood.  The  symbols  represent  average  costs; 
the  variation  in  the  cost  ot  baclt-cinching  is  much  greater  than  for 
any  other  item  of  co.st  because  all  classes  of  labor  are  employed  on 
this  part  of  the  work. 


sembling  the  staves  in  the  pipe.  The  cost  of 
assembling  the  staves  with  only  enough  bands 
put  on  to  hold  them  together  varies  with  local 
conditions.  The  cost  curve  shown  in  Fig.  1 
is  an  average  of  actual  costs  for  sizes  of  pipe 
below  9  ft.  in  diameter;  above  9  ft.  the  curve 
is  merely  extended.  This  curve  is  based  on 
9  hours  labor  at  $'2..j0  per  day,  one  foreman 
at  $^3  per  day,  and  part  of  a  general  foreman's 
time,   say   %   of  $6  or  $1..50  per  day. 

The  cost  of  assembling  the  staves  of  a  66-in. 
pipe  as  represented  in  Fig.  1  is  28  cts.  In 
an  actual  case  where  the  average  length  of 
pipe  set  up  per  day  was  64  lin.  ft.  the  de- 
tailed cost  was   as   follows : 

Per  day. 

Part  of  superintendent's  time .$  3.00 

Foreman     3.00 

Four  assistant  builders 10.00 

One  distributor  of  material 2.50 

Water  boy   50 


*Cts  per  foot  of  pipe. 

The  crew  putting  on  and  spacing  the  hands 
would  follow  the  assembling  gang,  and  fol- 
lowing these  would  be  the  back-cinchers. 
When  the  spacing  of  the  bands  averages  about 
3  ins.,  two  men  ordinarily  can  put  on  and 
space  the  bands  as  fast  as  the  pipe  can  be  as- 
sembled.    The   size  of  the  pipe  and   whether 


on  the  top,  around  which  the  band  is  bent. 
A  full  circle  is  used  when  the  rod  is  in  one 
piece  and  the  half  circle  when  the  rod  is  in 
two  pieces. 

The  quantity  and  the  character  of  the  paint 
used  will  affect  the  cost  of  the  painting;  the 
quality  only  as  far  as  the  price  is  concerned, 
but  the  character  will  influence  the  thickness 
of  the  coat  and  waste.  The  use  of  a  paint 
that  dries  rapidly  and  thickens  quickly  in  the 
dipping  vat,  and  therefore  requires  frequent 
additions  of  a  thinner,  will  result  in  consider- 
able waste,  especially  on  the  dripping  Iioard ; 
the  paint  that  dries  from  the  bands  will  be- 
come too   thick   to   run  back   into  the  vat. 

The  distribution  of  the  bands  after  being 
painted  should  have  considerable  attention 
in  order  to  keep  the  cost  at  a  minimum.  They 
are  best  placed  when  left  in  bundles  alongside 
the  line,  out  of  the  way  of  the  stave  as- 
scmliling  crew  but  so  that  the  band  assemlilcrs 
have  merely  to  reach  for  them.  The  number 
of  bands  distributed  over,  say,  every  50  ft. 
should  be  determined  by  the  band  spacing 
over  the  given  distance. 

The  cost  of  back-cinching,  which  consists 
of  hammering  the  bands  to  a  proper  bearing 
on  the  staves  and  cinching  them  down  tight, 
is  the  most  variable  of  any  item  of  cost  con- 
nected   w-ith    the    actual    construction    of    the 


B.  M.  of  rough  lumber  per  foot  of  pipe,  the 
actual  material  in  the  finished  staves  being 
75.7  per  cent  of  that  in  the  rough  material 
or  40.9  ft.  B.  M. 

The  total  length  of  the  pipe  being,  say, 
30,000  lin.  ft.,  requiring  a  total  of  90,000  bands, 
or  an  average  of  3  bands  per  foot ;  the  rods 
to  be  made  from  %-in.  round  and  in  two 
parts,  the  two  parts  together  weighing  19.5 
lbs. ;  the  two  shoes  for  each  band  weighing 
3.0  lbs.,  or  1.75  lbs.  each. 

The  metal  tongues  for  the  stave  joitits  will 
be  approximately  2%  in  number  per  foot  of 
pipe,  weighing  1  lb.  if  cm  from  No.  10  iron, 
iVz  ins.  wide. 

.■\ssume  that  the  freight  on  the  staves  is 
20  cts.  per  100  lbs.  and  that  the  cost  of  the 
haul  from  the  railway  point  of  delivery  is 
$1.25  per  ton;  that  the  freight  on  the  rods, 
shoes,  and  band  iron  is  75  cts.  per  100  lbs. 
and  the  hauling  $1.25  per  ton. 

.'\ssume  that  the  staves  cost  f.  o.  b.  cars 
$38  per  1.000  ft.  B.  M.  of  rough  lumber;  that 
the  rods  cost  $1.95  per  100  lbs.,  f.  o.  b.  cars; 
the  shoes  $3.50  per  100  lbs.,  and  the  band 
iron  $2  per  100  lbs.,  f.  o.  b.  cars. 

Lbs. 
.Assume   weight   of   staves   averages   2,700 
lbs.  per  1,000  ft.  B.  It.,  then  the  weight 
2700X40.!i 

per  foot  of  pipe  is = 110.43 

1000 
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Bands  weigh   per  foot  of  pipe   (19.5+3.5) 

X   3   =:    C9.00 

Tongues    = 1.00 

Total   weight    = IS0.43* 

•Lbs  per  foot. 
ESTIMATED   COST   PER   FOOT   OP   I'lPE. 
Staves — 

$38.00X54 

Material,  — ■ =:  $3.0.',:' 

1000 

Waste,   1/4  of  1% =    0.010 

2700X40. 9X$0. 20 

Freight, =    0.221 

1000X100 
2700X40. 9X$1. 25 

Hauling, =    0.069 

1000X2000 
Assembling    (from   Fig.    1) =    0.230  $2,582 

Tongues — 

Material.    1  lb.  X  $0.02 =    0.020 

Waste,  11/4  %    =    0.003 

1  lb.  X  $0.75 

Freight, =    0.008 

100 
1  lb.X$1.25 

Haul, =    0.001 

2000 


to  the  pipe  line  on  the  mouiitain-.siile  above, 
and  others.  These  are  special  matters,  out- 
side our  present  considerations. 

The  next  article  will  deal  with  the  organiza- 
tion and  methods  of  construction. 


Failure  of  60-in.  Water  Main  at  Cin- 
cinnati by  Longituciinal  Com- 
pression. 

A  60-in.  water  main  failed  in  the  city  of 
Cincinnati  on  Dec.  13,  1913.  No  very  satis- 
factory explanation  was  given  otit  by  anybody 
at  the  time.  The  cause  of  the  failure  is  here 
made  public  as  determined  and  reported  upon 
by  John  W.  Alvord,  consulting  engineer,  Chi- 
cago. Owing  to  the  fact  that  there  were  law- 
suits involving  large  damages  in  behalf  of 
those  dependent  upon  the  three  men  who  lost 
their  lives,  as  a  result  of  the  failure  of  the 
main,    the    results    of    the    investigation    made 


THi;   SL'RROUNDINt;    CONLIITIONS. 

I'ilc  Work. — The  accident  occurred  at  a 
point  about  140  ft.  east  of  the  center  of  a 
new  subway  which  was  being  built  to  carry 
Eastern  avenue  under  the  Pennsylvania  Lines. 
Piles  had  been  driven  to  support  the  tracks 
during  excavation,  as  shown  in  Fig.  2.  Over 
fifty  piles  were  in  place,  the  nearest  to  the 
main  being  .5  to  10  ft.  away,  and  the  nearest 
to  the  break  being  about  .50  ft.  away.  The 
subway  excavation  was  not  yet  made. 

Alignment. — The  GO-in.  main  lay  nearly 
parallel  with  the  Pennsylvania  tracks,  and  20 
ft.  away  at  the  point  of  break,  .\bout  200 
ft.  west  of  the  break  the  tracks  crossed  over 
the  pipe  and  were  supported  by  piers  and  I- 
beams  at  that  point.  The  pipe  line  lies  in  the 
north  side  of  Eastern  avenue,  20  ft.  south 
of  the  north  line.  Examination  of  Fig.  1 
shows  that  the  pipe  line  was  not  straight, 
but  from  west  to  east  had  a  slight  deflection 
beginning   at   or   near   Lithebury    St..    amount- 
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1.      Map    of    Rookwood    Crossing    Showing    Location   and  Surroundings  of   Break   in  60-in.  Water   Main.  'Cincinnati. 


Cutting   into  clips 

Bands — 

19.5  1bs.X3x$1.9a 

Rods, . 

100 

Waste,   y.,  of  1% 

19.5  Ibs.x3x$0.' 
Freight,   - 


.  =   0.00:;    0.034 


Haul, 


100 
19.5  lbs.X3X$1.25 


Shoes. 
Waste,  1%_ 
Freight, 


2000 
3.5  lbs.  X3X  $3.50 


100 


.5  lbs.X3x$0.75 


100 
illjs.x3x$1.2o 


1.141 
O.OOG 
0.439 


.=    0.037 


Haul, 

2000 

Bending  (Fig.  3),  1.05  cts.Xo ; 

Painting:  (Fig.  3),  1.90  cts.xS. . .  = 
Distributing  (Fig.  3),  3.20cts.x3  = 
AssemlJling  (Fig.  i).  1.50cts.  X3r 
Cinching  (Fig.  4),  G.50  cts.x3. . .: 


Special  connections,   say. 
Repairing  lealis,   say 


0.315 

0.003 

0.079 

0.007 

0.032 
0.057 

o.ooi; 

0.04.-. 
0.195 

.  =    0.015 
.=    0.02.-J 


Interest  and  depreciation  on  tools. 
Overhead  charges,   say 


0.070 


0.015 
0.025 


Actual  cost  per  foot $5.17S 

Tot.ll  cost,   $5.178X30,000 =$155,340,00 

The  cost  of  excavating  for  the  bed  or  trench 
for  the  pipe  has  i.ot  been  considered ;  that 
being  practicE.1  only  after  conditions  are  thor- 
oughly known.  A  number  of  other  items  of 
expense  might  be  necessary,  such  as  back- 
filling under  >.nd  perhaps  over  the  pipe,  build- 
ing roads  along  the  pipe  line,  bridges  to  carry 
the  pipe  over  water-ways,  hoisting  the  ma- 
terial from  a  road  in  the  bottom  of  a  canvon 


immediately  following  the  accident  have  not 
heretofore  been  made  public  since  they  were 
utilized  in  the  trial  of  the  law  cases.  Quite 
recently  these  suits  have  been  settled  and  we 
are  now  pleased  to  publish  this  article  which 
is  based  upon  Mr.  Alvord's  report.  An  ex- 
tremely interesting  cause  was  found  for  the 
accident;  one  which  will  be  of  interest  to  all 
water  works  men. 

A    BRIEF    ACCOUNT    OF    THE    ACCIDENT. 

At  6:45  a.  m.,  Saturday,  Dec.  6,  lill3,  the 
60-in.  main  in  Eastern  Avenue  near  Lithebury 
street,  supplying  the  city  of  Cincinnati  with 
water  was  ruptured,  flooding  the  surround- 
ing district  and  drowning  three  men  at  work 
in  a  small  excavation  adjacent,  and  depriving 
the  city  of  its  full  supply  until  repairs  were 
completed  on  the  following  Wednesday,  De- 
cember 10. 

The  pumping  engines  at  the  main  pumping 
station,  about  IV2  miles  distant,  were  soon 
stopped  and  the  water  pressure  was  off  in 
about  an  hour.  It  took  most  of  the  day  Sat- 
urday to  drain  the  pipes,  and  by  Sunday 
morning  the  bodies  of  the  drowned  men  were 
recovered.  The  city  was  partially  supplied 
with  water  from  Eden  Park  reservoir  until 
repairs  were  completed  the  following  Wed- 
nesday. 

Excavation  began  Saturday  morning,  and 
the  break  was  finally  repaired  with  a  short 
length  of  pipe  and  a  sleeve.  The  repair  ex- 
cavation disclosed  the  fact  that  one  length  of 
pipe  was  ruptured  from  the  bell  end  blowing 
a  piece  out  of  the  north  side  of  the  pipe 
about  8  ft.  long,  as  indicated  in  the  accom- 
panying drawing.  Fig.  1. 


ing  to  an  oft'set  of  about  3  ft.  in  100  ft.  for 
four  or  five  hundred  feet.  The  convex  side 
of  this  curve  was  presented  to  the  north  or 
railway   and   bluff   side   of   Eastern   avenue. 

Original  Precautions. — The  pipe'  line  was 
constructed  in  1906-1907,  and  was  planned  and 
laid  to  pass  under  a  proposed  Rookwood 
Crossing  subway  at  this  point.  For  this  pur- 
pose it  iias  a  descending  grade  at  the  point 
of  breakage  which  carried  the  pipe  down  be- 
low the  proposed  subway  farther  west.  At 
the  point  of  break  the  bottom  of  the  pipe 
was  15..5  ft.  below  the  surface  of  the  street. 
Sheeting  had  been  driven  on  both  sides  of 
the  pipe  during  its  construction  from  a  point 
about  1.5  ft.  west  of  the  break,  west  at  least 
as  far  as  the  west  side  of  the  proposed  sub- 
way and  perhaps  farther.  Piling  had  been 
driven  outside  of  the  sheeting  from  a  point 
about  80  ft.  west  of  the  break  for  a  distance 
west  of  at  least  75  ft.  All  of  this  piling  and 
sheeting  was  found  in  good  preservation  and 
without  signs  of  movement  when  uncovered 
by  the  subway  excavation  in  July  and 
August,  1914,  seven  months  after  the  acci- 
dent. 

Drain  Pipe. — A  drain  of  24-in.  vitrified  pipe 
was  under  construction  at  the  time  of  the 
accident.  This  drain  was  for  the  purpose  of 
relieving  the  subway  of  rain  water,  and  was 
being  extended  along  the  north  side  of  the 
60-in.  main,  its  center  line  being  3  ft.  9  ins. 
away  from  the  side  of  the  water  main.  Its 
bottom  was  level  with  the  bottom  of  the 
water  main  at  a  point  12  ft.  west  of  the 
break,  and  dipped  down  so  as  to  pass  under 
the  main  at  a  point  about  15   ft.  east  of  the 
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break.  The  excavation  was  in  fairly  stiff 
shaley  clay,  and  was  accomplished  by  exca- 
vating holes  22  ft.  apart,  with  tunnels  be- 
tween, all  as  shown  on  the  diagram  in  Fig.  2. 
The  three  men  who  were  drowned  were 
working  in  the  holes  east  of  the  break,  at  the 
time  of  the  accident.  The  relative  positions 
of  the  OO-in.  water  main,  the  street  car  tracks, 
and  the  24-in.  sewer  tunnel  are  shown  in 
Fig.  3. 


the  bottom  of  the  pipe  in  this  vicinity,  had 
been  overturned  and  displaced  by  slips  and 
slides. 

Landslides.— Tht  bluff  to  the  north  of  the 
Pennsylvania  Lines  and  Eastern  avenue  rises 
steeply  to  a  height  of  b50  ft.  or  more,  and  is 
composed  of  layers  of  shale,  clay  and  rock. 
It  is  full  of  springs,  and  the  surface  is  now, 
and  has  been  for  many  years  past,  slipping  di- 
rectlv  toward  Eastern  avenue  in  an  intermittent 
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Fig.   2.      Plan    and    Profile   Showing   the    Break    in   60-rn. 
Crossing  at  Cincinnati,   Ohio. 
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The  pits  and  the  tunnel  were  sheeted  and 
braced  in  the  usual  manner,  and  the  tunnel 
was  being  driven  by  experienced  men.  It  was 
timbered  with  4-in.  square  inclined  posts, 
placed  close  together,  horizontal  caps,  and 
the  usual  running  cleats  to  take  the  lateral 
earth  pressure  on  the  posts.  Little  or  no 
water  was  encountered  and  the  work  was  not 
thought  "difficult." 

Train  Service. — Heavy  trains  were  con- 
tinually passing  on  the  main  line  tracks  of  the 
Pennsylvania  Railroad,  and  interurban  service 
on  the  double  track  trolley  line  in  Eastern 
Avenue.  The  ground  was  partly  frozen  at 
the  time  of  the  accident. 

Gully. — An  original  survey  of  the  section  of 
land  adjacent  to  the  break,   made  in   1852  by 
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manner,  causing  on  the  side  of  the  bluff  the 
wreck  of  several  houses  and  extensive  street 
repairs  to  the  road  running  up  the  bluff  north 
of  Eastern  avenue.  The  soil  in  the  excava- 
tions near  by  show  evidence  nf  earth  over- 
turn and  sliding  mixing.  Visible  evidence  of 
recent  displacement  was  not  apparent  to  Mr. 
Alvord,  however,  in  Eastern  avenue,  either 
to  the  trolley  lines,  the  curbs,  the  pavement, 
or  the  60-in.  main. 

TEST    PITS. 

Test  pits  show  that  all  the  ground  from  12 
to  20  ft.  below  the  surface  in  the  locality  of 
the  break  had  at  some  time  or  other  been 
subject  to  slips,  and  the  line  between  the 
sliding  ground  and  the  undisturbed  soil  below 
is  usually  distinct,  the  horizontal  shale  frag- 
ments   being   overturned. 

S.\TURATI0N. 

The  elevation  of  the  bottom  of  the  main  at 
this  point  is  below  high  water  mark  of  the 
Ohio  River,  and  the  ground  under  the  main 
necessarily  becomes  saturated  during  high 
floods,  and  even  floods  which  do  not  necessar- 
ily  reach   extreme  high  water. 

VERTICAL     BEND. 

In  the  west  abutment  of  Eastern  avenue 
crossing  there  is  a  vertical  rise  to  the  60-in. 


important   bearing  on   the   location  and   cause 
of  the  accident. 

THE  BREAK. 

The  break  occurred  at  a  point  about  l.JO  ft. 
from  the  vertical  bend  in  the  north  side  of 
the  60-in.  water  pipe,  the  side  against  the 
bluff  and  the  Pennsylvania  R.  R.  tracks,  a 
piece  approximately  8  ft.  long  and  one-half 
the  pipe  at  the  bell  being  blown  outward.  The 
broken  section  was  pushed  out  to  the  north, 
and  the  water  issuing  from  the  main  forced 
its  way  into  the  tunnel,  washed  away  the 
earth  bulkhead  at  the  east  end  of  the  tunnel, 
and  filled  the  No.  1  pit,  drowning  the  men 
working  there. 

The  Pipe. — The  condition  of  the  main  pipe 
on  each  side  of  the  break  was  generally  good. 
The  pipe  w"as  apparently  in  good  alignment 
and  grade  as  when  laid.  In  1912,  two  years 
before  the  present  break,  a  leak  was  discov- 
ered 75  ft.  west  of  the  recent  rupture,  and  a 
crack  about  13  ins.  long  was  found  in  the 
spigot  end  of  a  section  of  the  pipe,  which  was 
repaired.  In  the  repairs  to  the  present  rup- 
ture, however,  none  of  the  lead  in  any  ad- 
jacent joint  required  to  be  caulked,  outside  of 
those  necessary  to  the  actual  repair  itself. 
Since  the  break  of  Dec.  6,  1918,  leaks  have 
developed  at  the  upper  and  lower  joints  of 
the  vertical  bend  at  Lithebury  street. 

Condition  of  the  Cast  Iron  Pipe. — The  con- 
dition of  the  cast  iron,  as  shown  by  the  break, 
was  excellent.  The  length  that  broke  was 
made  bv  the  V.  S.  Cast  Iron  Pipe  Co.,  Addy- 
stone,  Ohio,  April  5th,  1905,  Serial  No.  803, 
and  was  nominally  1%  ins.  thick  in  the  shell. 
As  actually  measured,  it  was  found  to  be 
1  9/16  ins.  near  the  tell,  and  1  11/16  ins.  at  the 
farther  end  of  the  break.  The  thickness  was 
remarkably  uniform.  The  fracture  showed 
no  trace  of  old  breaks;  the  iron  was  clean, 
gray  and  granular.  There  were  no  Sow 
holes,  and  no  evidence  of  old  cracks  that  Mr. 
Alvord  could  observe,  although  others  thought 
there  was  a  slight  crack  at  the  bell,  apparently 
an  old  crack. 

The  pressure  on  the  main  at  this  point  was 
ordinarily  80  to  90  lbs.,  and  this  pressure  could 
not  be  materially  exceeded  as  the  main  had 
direct  connection  with  the  Eden  Park  reser- 
voir. 

Tests. — Tests  were  made  of  pieces  of  the 
broken  length,  under  the  direction  of  Mr. 
John  W.  Hill,  C.  E.,  of  Cincinnati.  They 
show  no  cause  for  any  criticism  of  the  ma- 
terial of  w-hich  the  pipe  was  made. 

Opinion  of  City  Officers.— Mr.  H.  JNI.  Waite, 
at  that  time  city  engineer  of  the  City  of  Cin- 
cinnati, stated  before  the  Council  Committee 
that  no  joint  had  been  found  in  bad  order 
near  the  break.  In  personal  conversation 
with  Mr.  Alvord  he  denominated  the  accident 
"inexplicable."  '  Mr.  Raschig,  assistant  city 
engineer  in  charge  of  construction  work, 
stated  to  Mr.  Alvord  that  in  his  opinion  the 
work  being  done  gave  no  cause  for  such  an 
accident  to  the  pipe  as  occurred. 

Blasting. — Some  minor  blasting  had  been 
done  north  of   the  crossing,  200   ft.  away  to 
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Fig.    3.     Cross    Section    of    Eastern    Avenue 
Showing     Relative     Positions    of    Street 
Car    Tracks    and    Sewer    Tunnel    to 
Break   in   60-in.   Main   at   Cincin- 
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R.  H.  Richy,  Surveyor,  ami  filed  in  the 
County  Recorder's  Records,  shows  a  gully 
line  passing  across  Eastern  avenue  at  the 
point  of  the  break  and  running  southerly  to 
the  Ohio  River.  F'illed  ground  was  not  espe- 
cially apparent  in  the  excavation  at  the  break, 
however.  Test  pits  made  by  the  Railroad 
Company  25  ft.  north  of  the  break  showed 
that  all  of  this  ground,  down  to  a  level  below 


main,  which  has  been  embedded  in  concrete 
as  shown  in  Section  A-A  of  Fig.  1.  This 
vertical  bend  and  concrete  anchor  evidently 
holds  the  pipe  at  this  point  from  either  marked 
longitudinal  or  lateral  movement,  while  to 
the  east  of  this  point,  in  the  direction  of  the 
rupture,  there  is  more  opportunity  for  the 
lateral  and  compressive  thrust  to  be  brought 
into  play.    It  is  believed  that  this  fact  has  an 


the  west,  but  this  was  only  to  break  up  frag- 
mentary shale  or  loose  rock  found  in  the  hill- 
side, and,  incidentally,  to  break  the  ledge  rock 
interspersed  with  the  shale.  These  operations 
were  small  in  extent,  with  a  stick  or  half  a 
stick  of  dynamite  to  the  hole.  Conditions  were 
not  favorable  to  transmit  shock  in  the  unstable 
and  overturned  loose  soapstonc  and  shale  and 
clay   intervening   between   this   work   and   the 
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main.  No  blasting  had  been  done  for  several 
days  before  the  break  occurred,  and  no  piles 
were  driven  between  Oct.  26  and  the  date  of 
the  break,  Dec.  C,  1913. 

Abutting  Spigot  Ends.— Mr.  John  W.  Hill, 
C.  E.,  of  Cincinnati,  who  had  opportunity  to 
inspect  the  interior  of  the  pipe  for  over  100 
ft.  east  of  the  break  at  the  time  of  its  repair, 
states : 

The  ends  of  all  spigots  at  some  point  in  the 
circumference  had  been  butted  up,  metal  to 
metal,  against  the  shoulder  of  the  bell,  and  un- 
der this  condition  of  pipe  laying,  motion  of  the 
pipe  in  any  direction  might  produce  stresses  In 
the  spigot  or  bell,  beyond  those  that  the  pipe 
could  resist,  and  of  a  kind  not  anticipated  in 
the  design  of  the  pipe. 

Mr.  Hill  stated  that  his  inspection  showed 
the  eleven  joints  east  of  the  break  all  as 
having  contact  between  bell  shoulder  and 
spigot  etid  at  some  point  of  the  circumference 
of  the  joint.  To  the  west  no  examination 
could  be  made  on  account  of  standing  water 
in  the  depressed  section  of  the  pipe.  The 
condition  of  the  main  as  to  joint  contact  is 
shown  in  Fig.  4. 

BREAK    IN    COLUMBI.^    AVE.     WATER     MAIN.     SEPT 

13,  1914. 
Since  the  compilation  of  Mr.  Alvord's  re- 
port and  just  at  the  date  of  its  completion 
word  came  from  Cincinnati  of  another 
break  in  Columbia  avenue  in  a  48-in.  main 
supplying  high  ground.  IVIr.  E.  E.  Stetson, 
an  engineer,  who  had  opportunitv  to  inspect 
both  breaks,  reports  to  the  writer  that  the 
recent  break  was  similar  to  the  one  in  the 
60-in.  main  on  Dec.  6,  1013,  at  Eastern  ave- 
nue. A  section  of  pipe  was  broken  out  of 
approximately  the  same  size  and  shape,  and 
in  both  cases  the  bell  of  the  pipe  broke  exact- 
ly in  the  middle  of  the  nipe  at  top  and  bot- 
tom. The  recent  break  in  Columbia  avenue 
tapered  in  wedge  shape  to  within  1%  ft.  of 
the  next  joint,  and  this  pipe  was  laid  in  a 
rock  cut,  with  nobody  working  about  it. 
Much  damage  was  done,  and  a  large  section 
of  the  city  was  without  water  for  some  days. 

CONCLUSIONS. 

From  such  study  as  has  been  made  of  all 
the  facts  herein  summarized,  Mr.  Alvord  con- 
cludes : 

fl}  That  the  60-in.  main  was  ruptured  bv 
longitudinal  compression:  that  is  to  say, 
pressure  acting  along  the  direction  of  the 
center  of  the  pipe  line,  and  splitting  a  section 
out  probably  where  some  portion  of  a  spigot 
end  bore  on  the  shoulder  of  the  bell  end. 

(2^  That  the  pipe  line  was  thrown  into 
longitudinal  compression  in  large  measure  be- 
cause the  barrel  of  the  pipes  were  in  contact 
at  some  points  in  their  circumference  at  the 
joints.  This  may  have  resulted  from  lack  of 
end  clearance  in  laying,  or  it  mav  have  re- 
sulted from  closure  since  laying '  bv  lateral 
pressure  from  the  north  or  bluff  side  of  the 
pipe. 

(31  The  longitudinal  pressure  was  possibly 
increased  by  the  fact  that  all  secondary  in- 
fluences, such  as  jaf  from  trains,  pile  driving, 
landslips,  occurred  on  the  northerly  side  of 
the  pipe,  which  side  presented  a  slight  convex 
curve  in  that  direction  all  along  the  pipe  line 
on  both  sides  of  the  break. 

(4)  The  particular  influence  which  increased 
the  longitudinal  pressure  to  rupture  point  can 
hardly  be  identified;  it  probably  was  not  a 
large  force,  taken  by  itself.  Any  increase  of 
land  pressure  or  accumulated  jars  would 
have  been  sufficient  in  the  strained  condition 
of  the  pipe  line  to  have  compelled  the  final 
rupture. 

(5)  It  is  not  conceivable,  from  an  engineer- 
ing point  of  view,  that  the  sewer  trench  could 
have  been  even  the  completing  cause  of  the 
rupture.  The  trench  was  fully  braced  and  did 
not  reduce  the  supporting  lateral  pressure  of 
the  earth  against  the  main.  Its  depth  and  po- 
sition _  were  not  such  as  to  cause  even  con- 
ser\  -live  criticism.  There  was  no  hammering 
of  sheeting  soing  on  at  the  time  of  the  rup- 
ture._  The  more  plausible  explanation  is  that 
the  jar  of  a  passing  train  or  an  increase  of 
lateral    thrust    from    the    sliding   bluff    added 


the  final  fe,vv  pounds  of  stress,  which,  in  con- 
nection with  the  strain  already  present,  caused 
the  final  break,  and  the  fact  that  the  trench 
for  the  drain  was  open  at  that  time  can  only 
be  regarded  as  an  unfortunate  coincidence. 

(6)  If  the  theory  above  outlined  is  cor- 
rect, it  is  probable  that  some  danger  yet  exists 
of  another  break  in  this  vicinity  unless  the 
sleeve  and  short  length  used  in  the  repair 
were  so  laid  as  to  provide  for  play  in  the 
length  of  the  pipe.  The  protecting  effects  of 
such  play  would  not,  however,  extend  very 
far  away  from  its  immediate  vicinity. 

Provision    for    Upward    Pressure    and 

Interior  Drainage  in  Designing 

New  Lock  Raven  Dam  at 

Baltimore. 

A  study  of  the  contour  map  of  Lock  Raven, 
the  water  impounded  in  the  Gunpowder  River 
by  the  new  Lock  Raven  dam  of  the  Baltimore 
water  works,  showed  that  the  crest  of  the  new 
dam  can  be  carried  to  an  elevation  of  237  ft. 
above  mean  tide  without  making  it  necessary 
to  flood  certain  railway  tracks  or  the  town  of 
Cockeysville.  To  carry  the  flood  line  higher 
than  this  elevation  would  have  caused  a  greatly 
increased  expense.  A  dam  with  a  crest  eleva- 
tion of  237  ft.  would  give  a  reservoir  wNth  a 
capacity  of  about  21  billion  gallons.  This 
would  give  an  average  daily  water  consumption 
of  175  million  gallons,  which  was  about  2% 
times  the  consumption  of  the  city  at  the  time 
the  new  dam  was  placed  under  construction  in 
1912.  This  amount  will-  probably  be  sufficient 
to  meet  the  needs  of  the  city  until  1950  or 
later. 

Owing  to  certain  legal  complications  in  con- 
nection with  the  purchase  of  property  in  the 
valley  of  the  Gunpowder  it  was  first  decided 
to  build  the  dam  to  a  crest  elevation  of  only 
192  ft.,  which  would  give  a  storage  capacity 
of  a  little  over  2  billion  gallons  instead  of  21 
billion  gallons.  This  dam.  with  a  crest  eleva- 
tion of  192  ft.,  combined  with  the  existing 
storage  reservoirs  in  the  city,  which  have  an 
available  storage  capacity  of  about  IVz  billion 
gallons,  gives  a  total  storage  capacity  of  3% 
billion  gallons.  This  would  furnish  a  safe  daily 
capacity  of  about  100  million  gallons  of  water. 

It  also  developed  that  it  would  not  be  pos- 
sible to  build  a  dam  with  a  crest  elevation  of 
2.37  ft.  and  a  fiUration  plant  out  of  the  $-5,000,- 
000  loan  available  for  improving  the  water 
supply.  The  city  administration  did  not  desire 
to  ask  for  a  further  loan  in  order  to  build  the 
higher  dam,  as  the  city  was  already  greatly 
burdened  with  loans  in  carrying  out  the  exten- 
sive improvements  which  had  been  made  since 
the  great  Baltimore  fire  in  connection  with  new 
docks,  new  sewerage  system,  new  street  paving 
for  the  entire  city,  extension  of  the  parks  and 
improvement  of  the  fire  department  and  school 
systems.  It  was,  therefore,  determined  to  build 
a  reservoir  which  has  a  crest  elevation  of  192 
ft.  at  the  present  time,  although  the  founda- 
tions for  this  dam  have  been  laid  of  sufficient 
width,  not  only  to  extend  the  dam  to  an  eleva- 
tion of  237  ft.  but  to  extend  it  to  a  further 
elevation  of  280  ft.  if  this  should  be  deemed 
desirable  in  the  future.  The  information  here 
given  on  the  design  of  the  dam  is  from  the 
report  of  the  water  board  for  1913.  Mr.  Ezra 
B.  Whitman  was  at  that  time  water  engineer. 

DESIGN   OF  THE  DAM. 

When  the  crest  is  raised  to  an  elevation  of 
233%  ft.,  it  is  proposed  to  secure  a  water  level 
of  2-37%  ft.  by  placing  flash  boards  upon  this 
crest.  In  designing  the  dam,  provisions  were 
made  for  flood  water  8  ft.  over  the  top  of  the 
masonry  of  the  spillway  and  an  upward  pres- 
sure is  figured  on  the  horizontal  joints  and 
on  the  bottom  of  the  dam  which  is  equivalent 
to  two-thirds  of  the  head  of  water  at  the  up- 
stream face  diminishing  in  zero  at  the  down- 
stream face  of  the  dam. 

The  failure  of  the  dam  at  Austin,  Pa.,  at 
about  the  time  that  the  designs  of  the  Loch 
Raven  Dam  were  being  completed,  emphasized 
the  necessity  of  taking  every  precaution  to  pre- 
vent upward  pressure  under  the  bottom  of  the 
dam  and  internal  stresses  within  the  bodv  of 


the  dam  itself  due  to  water  making  its  way  into 
horizontal  joints. 

In  order  to  take  care  of  upward  pressure 
under  the  base  of  the  dam,  a  system  of  under- 
drains  has  been  provided  beneath  the  main 
foundation  and  next  to  the  rock.  A  12-in. 
drain  with  open  joints  is  placed  on  the  down- 
stream side  of  the  cut-off  wall  along  the  line  of 
the  bottom  of  the  foundation  of  the  dam. 
Connecting  to  this  drain  are  a  number  of  C-in. 
underdrains,  surrounded  by  gravel,  which  rest 
on  the  rock  foundation  and  it  is  expected  that 
any  water  which  may  make  its  way  through  the 
cut-off  wall  or  through  the  seams  of  rock  on 
which  the  dam  is  built  will  enter  this  drainage 
system  without  causing  any  apprei^iable  up- 
ward pressure  on  the  base  of  the  dam. 

The  6-in.  underdrains  are  placed  at  intervals 
of  approximately  30  ft.  and  they  find  outlet  in 
risers  leading  to  the  top  of  the  foundation 
apron  near  its  lower  end. 

Mr.  Whitman  was  familiar  with  the  vertical 
porous  drains  used  in  the  construction  of  the 
Olive  Bridge  and  Kensico  Dams  in  connection 
with  the  improvements  of  the  water  supply  of 
New  York  in  order  to  intercept  seepage 
through  the  body  of  the  dam.  It  seemed  more 
logical,  however,  that  drains  for  the  purpose 
should  be  placed  horizdntally  across  the  con- 
struction joints  where  the  seepage  would  most 
naturally  occur. 

The  up-stream  side  of  the  dam  for  a  thick- 
ness of  about  7  ft.,  is  built  of  1-2-4  concrete 
laid  in  such  a  manner  that  horizontal  joints 
occur  at  vertical  intervals  of  8  ft.  At  these 
horizontal  joints,  on  the  down-stream  side  of 
the  1-2-4  concrete  wall,  are  laid  conduits  con- 
sisting of  porous  concrete  tile  laid  in  grooves 
left  in  this  wall.  These  tiles  are  14  ins.  square. 
3  ft.  long  and  are  made  of  a  dry  1-4-8  mixture 
with  the  6-in.  interior  diameter.  Expansion 
joints  are  provided  across  the  dam  parallel  to 
the  axis  of  the  stream  at  intervals  of  approxi- 
mately every  60  ft.  and  at  each  expansion  joint 
there  is  a  vertical  well  to  which  the  horizontal 
drains  are  connected.  These  vertical  wells  lead 
to  a  gallery,  built  throughout  the  length  of  the 
dam,  w-hich  drains  into  the  tail  waters  on  the 
down-stream  side  of  the  dam. 

The  48-in.  drain  pipes  are  provided  at  ele- 
vation of  inverts  of  164  ft.  A.  M.  T.,  one  on 
each  side  of  the  spillway,  and  these  will  make 
it  possible  to  drain  the  lake  should  it  ever  be 
found  necessan.-  to  do  so.  These  gates  were 
also  used  while  filling  the  relief  openings  left 
in  the  first  half  of  the  dam  to  carry  the  water 
of  the  river  during  the  construction  of  the  sec- 
ond half. 

ARRANGEMENT     FOR     BONDING     HIGHER     DAM      TO 
PRESENT  DAM. 

When  it  is  decided  to  carry  the  new  dam  ufi 
to  the  height  originally  recommended,  it  is 
proposed  to  place  several  rows  of  porous  drains 
along  the  steps  of  the  present  dam  so  that  any 
water  getting  into  the  joint  between  the  oM 
and  the  new  work  \vi\\  be  intercepted  before  it 
can  produce  internal  stresses  which  would 
threaten  the  safety  of  the  dam. 

In  order  to  bond  the  new  structure  to  the 
old.  large  plum  stones  are  placed  projecting 
above  the  finished  surface  of  the  present  struc- 
ture and  these  stones  will  be  of  great  assistance 
to  keep  the  new  structure  from  sliding  on  the 
old. 

If  it  is  decided  that  these  plum  stones  will 
not  furnish  sufficient  strength  to  prevent  the 
sliding  of  the  dam,  holes  can  be  drilled  at 
regular  intervals  along  the  crest  of  the  present 
structure  and  iron  bars  can  be  grouted  into 
these  holes  and  extended  into  the  new  struc- 
ture. It  is  believed  that  the  system  of  drain- 
combined  with  the  plum  stones  and  the  iror 
bars,  will  provide  sufficient  strength  against 
sliding  and  provide  for  a  sufficient  bond  be- 
tween the  new  work  and  the  old. 


A  new  metal  roofing  is  becoming  popular  in 
Kongo.  It  is  of  an  aluminum  substance  im- 
ported in  sheets  about  the  size  of  the  corrugat- 
ed iron  sheets  used  in  that  country.  The  roof- 
ing is  very  light  in  weight,  and  for  that  reason 
has  the  advantage  of  low  freight  charges  and 
fewer  native  porters  are  required  to  carrj-  it 
into  the  interior. 


February  17,  1915. 
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Plant    Arrangement    and    Form    Con- 
struction for  Coon  Rapids  Dam, 
Minnesota. 

The  dam  referred  to  here  is  a  part  of  the 
hydro-electric  plant  recently  completed  by 
the  H.  H.  Byllesby  Co.,  Oiicago,  near  Minne- 
apolis, Minn.  The  description  which  follows 
is  from  a  paper  before  the  Western  Society 
of  Engineers  by  J.  W.  Link,  hydraulic  engi- 
neer for  the  builders.  Figure  1  is  a  plan  of 
the  works.  The  spillway  for  which  the  forms 
to  be  described  were  devised  is  of  simple 
ogee  section  1,005  ft.  long  surmounted  by 
piers  dividing  it  into  28  openings,  each  33  ft. 
wide,  in  which  operate  Tainter  gates. 

Construction  Camp  and  Plant. — Starting 
near  the  north  end  of  the  dam  and  extending 
some  distance  upstream  is  a  bench  or  terrace 
from  15  to  20  ft,  high.  This  bench,  being 
sandy  and  covered  by  a  grove  of  oaks,  fur- 
nished an  e.xcellent  location  for  the  construc- 
tion camp,  which  was  nlanned  for  the  accom- 
modation of  at  least  800  men.  The  camp  was 
laid  out  with  streets  and  was  provided  with 
water  works,  sewerage,  and  electric  lights.  A 
number  of  cottages  were  built  for  the  use  of 
foreinen  and  mechanics  who  had  their  families 
with  them,  but  the  other  workmen  were  taken 
care  of  in  bunk  houses.  The  buildings  were 
all  light  frame  structures  covered  with  ship- 
lap  and  heavy  roofing  paper,  and  owing  to 
the  severity  of  the  climate  the  bunk  houses 
which  were  occupied  during  the  winter  were 
heated  with  hot-air  furnaces.  The  buildings 
were  all  well  separated  so  as  to  reduce  fire 
risk,  and,  with  the  exception  of  the  super- 
intendent's office,  the  hospital,  the  store  and 
the  foremen's  and  engineers'  Ijunk  houses, 
they  were  one-story  structures.  The  camp 
was  supplied  with  a  club  and  a  moving  pic- 
ture show,  and  on  account  of  the  large  num- 
ber of  children  in  the  camp  the  county  of 
Anoka  opened  a  public  school  for  them,  the 
building  being  furnished  by  the  company.  The 
water  supply  for  the  camp  was  obtained  from 
a  4-in.  artesian  well  210  ft.  deep,  but,  as  the 
water  did  not  flow  with  sufficient  pressure  for 
distribution  through  the  camp,  pumping  was 
necessary.  The  electric  current  for  lighting 
and  general  construction  purposes  was  ob- 
tained from  Minneapolis  over  the  permanent 
transmission  line,  which  was  built  as  quickly 
as  the  necessary  materials  could  be  secured 
and  delivered  on  the  ground. 

The  Minneapolis  &  Northern  Ry.,  an  inter- 
urban  line  between  Minneapolis  and  Anoka, 
passes  within  about  one-half  mile  of  the 
power  house.  Arrangements  were  made  with 
this  company  for  delivering  materials  on  the 
work,  and  a  spur  was  built  from  their  tracks 
to  the  power  house  site  for  this  purpose.  This 
track  is  to  be  maintained  for  use  in  receiv- 
ing supplies  and  additional  equipment,  but  a 
track  for  construction  purposes  only  was 
built  from  this  spur  up  on  the  terrace  to  the 
cement  storage  house  (Fig.  1),  and  thence 
on  a  trestle  to  the  sand  and  stone  bins. 

The  sand  and  stone  was  dumped  from  the 
trestle  into  the  bins.  The  platform  of  the 
mixing  plant  was  under  the  trestle  but  higher 
than  the  bottoms  of  the  sand  and  stone  bins; 
the  two  iVz-cu.  yd.  motor-driven  cube  mixers 
were  set  so  as  to  dump  directly  into  cars  on 
the  track  which  ran  out  on  a  trestle  along  the 
upstream  side  of  the  dam.  A  steam  hoist, 
operating  dump  cars  on  inclined  industrial 
tracks  running  under  the  bins,  brought  the 
sand  and  broken  stone  to  the  mixer  platform. 
The  cement  was  brought  from  the  storage 
house  on  push  cars  operating  on  the  high 
trestle.  The  cement  was  taken  from  storage 
on  the  opposite  side  of  the  house  from  the 
receiving  track,  thus  readily  permitting  the 
use  of  the  cement  in  the  order  in  which  it 
was   received. 

The  trestle 'along  the  back  of  the  dam 
carried  three  tracks.     (Ine  of  these,  a   stand- 


ard gage  track  was  for  the  operation  of  a 
12-ton  locomotive  crane,  which  was  intended 
principally  for  handling  forms  and  Tainter 
gates  but  which,  on  account  of  its  convenience, 
was  probably  used  more  for  other  purposes. 
The  other  two  tracks  were  3- ft.  gage  and 
were  used  for  placing  concrete.  One  of  these 
tracks  was  formed  by  placing  a  third  rail  3 
ft.  from  one  rail  of  the  standard  gage  track. 
The  narrow  gage  tracks  were  connected  at 
several  points  by  crossovers,  and  the  loca- 
tions of  the  crossovers  were  changed  as  tlie 
work  progressed  to  facilitate  the  handling 
of   the   concrete. 

All  concrete  for  the  spillway  and  the  lower 
parts  of  the  retaining  dam  and  power  house 
substructure  was  taken  from  the  mixers  in 
side  dump  cars  with  dinkey  engines  and  was 
dumped  into  chutes,  which  conveyed  it  direct- 
ly into  the  forms.     For  the  spillway  apron  the 


Fig.  1.    Plan  of  Works  and  Construction 
Plant,  Coon  Rapids  Hydro-Electric  Plant. 

concrete  was  run  into  a  hopper  by  chutes  from 
the  trestle  and  distributed  with  buggies. 
Where  the  forms  were  so  high  that  the  chutes 
could  not  be  used,  the  concrete  was  taken 
from  the  mixers  in  cylindrical  buckets  on  flat 
cars  and  the  buckets  were  swung  into  posi- 
tion for  dumping  by  the  locomotive  crane  or 
a  derrick.  A  good  Cjualitv  of  sand  for  the 
concrete  was  obtained  on  the  ground  but  the 
broken  stone  had  to  be  brought  from  Minne- 
apolis. 

Forms. — Another  feature  of  this  work  which 
is  worthy  of  notice  is  the  collapsible  forms 
for  the  dam,  the  scroll  cases  and  draft  tubes. 
The  forms  for  the  dam  (Fig.  2)  were  made 
of  sets  of  vertical  and  inclined  steel  ribs  with 
horizontal  wooden  lagging.  The  vertical 
ribs,  which  were  built  up  of  two  12-in.  chan- 
nels   spaced    %    in.    apart   back   to    back    and 


riveted  together  through  the  webs,  were  used 
on  the  upstream  side;  while  the  inclined  ribs, 
made  up  in  the  same  way  but  of  7-in.  chan- 
nels, were  used  on  the  downstream  side.  The 
inclined  and  vertical  ribs  were  bolted  together 
by  a  gusset  plate  connection  at  the  upper  ends 
and  were  held  in  place  longitudinally  of  the 
dam  by  bolts  and  pipe  separators.  The  two 
vertical  ribs  at  each  end  of  a  form  unit  were 
fastened  rigidly  together  by  angle  iron  brac- 
ing to  furnish  longitudinal  stiffness  to  the 
forms  when  being  erected,  xf^ttached  to  the 
under  side  of  the  inclined  ribs  by  angle  iron 
furring  were  pairs  of  angles  bent  to  the  proper 
curvature  for  the  downstream  face  of  the 
dam.  The  ribs  were  spaced  4  ft.  2%  ins.  on 
centers  and  one  form  unit  embraced  a  sec- 
tion of  the  dam  54  ft.  long. 

The  lagging  used  was  3%  ins.  thick,  finished 
size,  by  about  4  ins.  wide,  and  approximately 
13  ft.  in  length.  Malleable  iron  clips  were 
used  to  secure  the  lagging  to  the  ribs.  These 
clips  were  of  proper  form  to  fit  around  the 
flanges  of  the  ribs  and  leave  space  for  small 
.wooden  wedges.  The  clips  were  fastened  to 
the  lagging  with  lag  screws,  and  as  the  lagging 
was  laid  in  place,  the  wedges  were  driven  in 
between  the  clips  and  the  flanges  of  the  ribs. 
This  method  of  attaching  the  lagging  to  ^e 
ribs  not  only  facilitated  the  assembling  of  the 
forms  but  also  their  removal  after  the  con- 
crete was  set. 

In  order  to  reduce  the  cost  and  facilitate 
the  work  of  making  the  final  closure  in  the 
dam,  the  forms  were  designed  to  take  the 
place  of  a  cofferdam  in  these  openings.  This 
was  accomplished  by  framing  part  of  (he 
vertical  ribs  with  web  plates  projecting  far 
enough  on  the  upstream  side  to  receive  light 
angles  and  thus,  in  connection  with  the  up- 
stream flange  of  the  rib,  form  a  groove  to 
hold   stop  planks. 

To  hold  the  lower  ends  of  the  ribs  in  proper 
position,  it  was  originally  intended  to  build, 
in  place,  small  concrete  blocks,  each  contain- 
ing a  pocket  to  receive  the  foot  of  a  vertical 
rib,  and  to  leave  pockets  near  the  upstream 
edge  of  the  apron  to  receive  the  feet  of  the 
inclined  ribs.  This  latter  provision  was 
carried  out  in  all  cases  and  proved  satisfac- 
tory, but  before  any  of  the  blocks  were  built 
it  was  realized  that  a  timber,  with  wooden 
strips  spiked  to  it,  would  hold  the  feet  of 
the  vertical  ribs  just  as  satisfactorily  and  cost 
less ;  and  this  method  was  pursued  except  in 
the  openings  left  for  passing  the  water  during 
construction.  In  these  latter  openings  a  con- 
tinuous concrete  sill  was  built  as  an  inte.gial 
part  of  the  block  of  concrete  in  which  the 
heads  of  the  steel  sheet  piles  were  embedded. 
Pockets  were  left  in  this  concrete  sill  to  re- 
ceive the  ribs  so  that  they  could  be  set  in 
place  and  accurately  spaced  in  the  running 
water.  A  timber  sill  was  embedded  in  the 
concrete  sill  to  receive  the  stop  planks. 

When  the  time  came  for  making  the  final 
closure  in  the  dam,  all  of  the  ribs  were  set 
up  and  secured  in  place  by  bolting  to  the 
heads  of  the  foundation  piles  or  to  the  Tainter 
gate  sills  in  the  adjacent  finished  sections  of 
the  dam,  before  any  of  the  stop  planks  were 
put  in. 

On  the  upstream  side  the  end  ribs  of  each 
form  unit  were  so  arranged  as  to  bolt  to  the 
face  of  the  concrete  in  the  adjacent  finished 
sections  of  the  dam.  with  a  thin  wooden 
block  between  the  rib  and  the  concrete  to 
form  a  tight  joint.  The  space  between  the 
stop  planks  and  the  lagging  furnished  a  place 
for  any  water  which  passed  the  stop  planks, 
to  accmnulate  and  to  be  pumped  out,  but 
pumping  from  this  space  proved  to  a  large 
extent  to  be  unnecessary,  as  the  stop  planks 
were  so  tight  that  the  leakage  was  not  suffi- 
cient to  cause  trouble  in  most  cases. 

Owing  to  the  fact  that  the  final  closure  had 
to  be  made  in  higher  water  than  was  original- 
ly anticipated,  wooden  cofferdams,  consisting 
of  timber  cribs  with  sheeting,  had  to  be  used 
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on  the  downstream  side  instead  of  dams 
made  with  sacks  of  sand  as  was  first  planned. 
The  method  used  for  stopping  off  the  water 
proved  very  satisfactory,  as  did  also  the  ar- 
rangement  and  design   of  the   forms. 

For  convenience  in  construction,  the  spill- 
way dam  was  divided  by  expansion  joints  into 
sections  54  ft.  long  and  these  joints  were  so 
arranged  that  half  of  the  sections  have  two 
Tainter  gate  piers,  while  the  alternate  sec- 
tions have  only  one  pier  each.  The  sections 
which  were  left  for  the  final  closure  were 
the  sections  having  only  one  pier.  In  all  cases 
notches  were  left  in  the  top  of  the  dam  to 
receive  the  piers  and  the  piers  were  built 
after  the  body  of  the  dam  was  completed. 

As  it  was  intended  under  some  conditions 
to  fill  the  forms  for  the  dam  at  the  rate  of  at 
least  4  ft.  per  hour,  they  were  designed  to 
sustain  a  pressure  of  1,000  lbs.  per  square 
foot.  This  t^ressure  was  determined  for  tem- 
peratures around  60°  F.,  from  experiments 
made  by  Major  Shunk.  U.  S.  Army,  at  what 
is  known  as  the  High  Dam  on  the  Mississippi 
River  at  Minneapolis.  In  order  to  secure  the 
forms  from  being  lifted  by  the  upward 
pressure  of  the  concrete  on  the  curved  part, 
the  ribs  were  secured  by  rods  to  the  heads  of 
the  piles. 

By  making  a  horizontal  joint  in  the  retain- 
ing dam  5.5  ft.  below  the  full  reservoir  level 
and  building  the  upper  part  with  separate 
forms,  it  was  possible,  with  slight  modifica- 
tions, to  use  the  spillway  forms  for  the  lower 
part  of  the  retaining  dam.  This  modification 
consisted  in  making  joints  in  the  inclined 
ribs,  so  as  to  reduce  their  length,  and  attach- 
ing projecting  plates  to  connect  with  the 
gusset  plates  at  the  tops  of  the  vertical  ribs. 
For  use  on  the  retaining  dam  the  inclined 
ribs  were  turned  over  so  that  the  shoe  would 
have  a  better  bearing,  and  as  it  seemed  prob- 
able that  the  furring  and  curved  angles  might 
be  troublesome  these  parts  were  bolted  to  the 
ribs  so  as  to  be  readily  removed.  This  pro- 
vision proved   to  be  unnecessary. 

The  draft  tube  forms  (Fig.  3)  were  built 
up  on  a  central  rib  or  keel.  Transverse  ribs 
were  made  up  of  two  or  more  thicknesses  of 
P/4-in.  plank  and  spaced  not  to  exceed  2  ft. 
at  the  outer  edge  where  the  lagging  attached. 
These  transverse  ribs  were  made  in  quadrants. 
and  were  bolted  by  angle  iron  clips  rigidly  to 
the   central  rib,  but  on   the   horizontal   axis  a 
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it  in  final  position  for  concreting.  The  scroll 
case  forms  were  built  on  practically  the  same 
plan  as  the  draft  tube  forms,  but  in  this  case 
the  keel  or  central  rib  lay  in  a  horizontal  in- 
stead of  a  vertical  plane,  and  as  this  rib  was 
placed  at  the  horizontal  center  line  of  the 
wheel  gates,  the  part  of  the  form  coming  be- 
low the  rib  was  considerably  larger  than  the 
part  al-ove.  The  transverse  ribs  and  the  sec- 
tions of  the  form  were  made  up  in  the  same 
way  as  for  the  draft  tube  forms  and  were 
bolted  to  the  central  rib  by  angle  iron  clips; 
wedges  were  placed  under  the  upper  sections. 
A  grill  work  of  8x8-in.  timbers  placed  di- 
rectly on  the  top  rib  of  the  draft  tube  form 
carried  short  vertical  posts,  which  supported 
the  central  rib  of  the  scroll  case  form.  On 
top  of  the  central  rib  rested  a  short  cylinder, 
so  to  speak,  made  ct  two  circular  ribs  with 
posts  between :  to  these  posts  and  the  posts 
supporting  the  central  rib  were  attached  the 
transverse  ribs  of  the  forms.  Lagged  cylin- 
ders, which  were  divided  into  quadrants, 
separated  by  narrow  parallel  sections  and 
wedges,   completed  the  wheel  pit   forms. 

This  method  of  constructing  the  draft  tube 
and  scroll  case  forms  oioved  to  be  erninently 
satisfactory,  as  the  forms  were  easily  as- 
sembled for  concreting,  were  readily  removed 
from  the  concrete,  and  in  the  process  were 
damaged  very  little.  In  many  cases,  however, 
the  sections  were  so  large  and  heavy  that  it 
required  considerable  ingenuity  on  the  part 
of  the  workmen  in  removing  them  from  the 
concrete  to  transport  them  to  points  where 
the  derricks  could  lift  them.  Smaller  sections 
would  have  made  this  p.art  of  the  work  con- 
siderably easier  but,  on  the  other  hand,  the 
assembling  and  the  adjusting  of  the  forms 
would   have   been   considerablv   more    difficult. 


Rapid  Construction  of  a  Mine  Tunnel 

^Methods  and   Costs. 

The  tunnel,  9,792.2  ft.  long,  is  known  as 
the  Sheep  Creek  Adit  to  the  mines  of  the 
Alaska  Gastineau  Mining  Co.,  Juneau,  Alaska. 
The  records  given  here  cover  the  8,707  ft. 
driven  between  Dec.  1,  1912,  and  April  1,  1914, 
The  tunnel  section  was  10x8  ft. ;  driving  pro- 
ceeded from  the  portal  on  an  upgrade  of  0.65 
per  cent  following  the  strike  of  the  forma- 
tion. The  rocks  penetrated  are  greenstone, 
slate  and  metagabbro  alternating  in  stretches  of 
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Fig.   2.     Steel    Ribs   for   Forms  for   Spillway    Section  of  Coon  Rapids  Dam. 


3-in.  space  was  left  for  wedges  so  that  in  re- 
moving the  forms  the  upper  quadrants  could 
be  dropped  .3  ins.  and  thus  be  loosened  suffi- 
ciently to  permit  of  being  removed  from  the 
draft  tubes.  Three  or  more  of  the  quadrants 
of  adjacent  ribs  were  fastened  together  with 
cross  bracing  and  after  being  lagged  com- 
posed one  section  of  the   form. 

The  complete  draft  tube  form  was  com- 
posed of  sixteen  of  these  sections  and  con- 
tained 20,000  ft.  B.  M.  of  lumber,  yet  it  re- 
quired only  two  days  to  take  it  apart,  move 
'*  a  distance  of  about  300  ft.  and  reassemble 


from  a  few  feet  to  several  thousand  feet.  The 
rock  was  very  hard  and  except  the  greenstone 
broke  badly.  The  methods  and  costs  of  driv- 
ing given  are  taken  from  an  abstract  of  the 
engineer's  report  as  printed  in  "Engineering  & 
Mining  Journal,"  Oct.  17,  1914. 

Plant. — The  construction  plant  comprised 
quarters,  magazine,  blacksmith  shop,  com- 
pressors, ventilating  plant  and  drill  plant.  The 
drills  were  Ingersoll-Rand  E  44,  3%-in.  piston 
machines.  Six  were  kept  on  hand,  four  at  the 
face,  one  in  the  tunnel  and  one  in  the  shop 
being  overhauled.     In  use  they  were  mounted 


on  4'/2-in.  liorizontat  bars  9  ft.  long.  Of  the 
drill  steel  the  starters  were  made  of  2-in.  cru- 
ciform, with  2%-in.  gage,  32  ins.  long.  The 
seconds  were  of  l-K-in.  cruciform,  with  'Z'A-in. 
gage  and  52  ins.  long;  the  last  three  pieces 
were  made  of  1%-in.  steel,  gages  2  5/16  ins., 
2%  ins.  and  1  15/16  ins.,  length  74  ins.,  94 
ins.  and  116  ins.  About  750  pieces  were  kept 
up,  sharpening  being  done  on  the  day  shift 
only  and  over  500  pieces  frequently  being 
dulled  per  day. 

Force  and  Shift  Arrangement. — The  force 
employed  consisted  of  70  men.  Working  on 
day  shift  only,  there  was  a  general  foreman, 
a  timekeeper,   a  tool   sharpener,   a  tool-sharp- 


Fig.   3.    Transverse    Rib  for   Draft  Tube 
Form,  Coon  Rapids  Plant. 

ener  helper,  a  blacksmith,  a  blacksmith  helper, 
a  carpenter,  an  electrician,  a  powderman,  and 
an  outside  man. ,  Two  compressor  men  worked 
12-hr.  shifts  each.  Divided  into  three  shifts 
there  were  three  shift  bosses.  12  upper-bar 
machinemen,  12  lower-bar  machinemen,  IS 
muckers,  three  carmen,  three  locomotive  engi- 
neers, three  locomotive  brakemen  and  four 
pipe  and  trackmen. 

The  arrangement  of  shifts  was  unusual. 
The  cycle  was  completed  in  18  instead  of  24 
hours,  during  this  time  each  of  the  three  crews 
into  which  the  force  was  divided  worked  6 
hours  and  rested  12.  so  that  in  each  24  hours 
there  was  8  hours  of  work  for  each  man.  The 
incoming  shift  would  relieve  the  outgoing  shift 
at  the  working  face  and  there  was  no  inter- 
mission in  the  work  for  the  purpose  of  eat- 
ing a  meal :  this  eliminated  the  delav  of  the 
meal  time  and  the  slackening  of  work  follow- 
ing heavy  eating.  The  plan  was  eminently  suc- 
cessful and  acceptable  to  the  men:  the  onlv 
objection  was  the  complication  in  the  meals 
at  the  boarding  house ;  eight  meals  had  to 
served  every  24  hours,  two  for  each  6-hour 
shift;  each  shift  got  a  meal  about  three-quar- 
ters of  an  hour  before  it  went  on  and  another 
when   it  came   off. 

Routine  of  Drilling. — After  spitting  the 
round,  the  men  walked  back  in  the  tunnel 
about  1,000  ft.  The  holes  were  counted  and 
immediately  after  the  last  lifter  went  off  the 
men  started  toward  the  face  again.  The  fans 
being  in  full  operation  continuouslv.  no  smoke 
was  encountered  until  within  about  60  ft.  of  the 
face.  One  man  then  carried  to  the  breast  a 
water  hose,  previously  connected  to  the  water 
line  and  sprayed  the  muck.  Meanwhile  the 
manifold  was  connected  to  the  air  line  and  the 
air  hose  attached  thereto.  The  top  bar  was 
next  brought  up  and  jacked  into  place;  two 
machines  were  placed  on  the  bar,  the  air 
hose  connected  as  soon  as  possible  and  drilling 
started.  At  the  beginning  of  tiAineling  opera- 
tions  it   required  about  30   minutes   from   the 
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time  the  last  lifter  was  tired  until  the  top-bar 
machines  were  running.  By  the  end  of  the  un- 
dertaking this  took  frequently  only  10  minutes 
and  seldom  more  than  15.  With  the  top  ma- 
chines in  operation,  the  four  lower-bar  ma- 
chincmen  started  mucking  out  to  make  room 
for  tlie  lower  bar.  They  threw  back  to  the 
slick  sheet,  from  which  the  muckers  loaded 
into  the  cars.  It  was  usually  possible  to  set 
the  lower  bar  and  finish  drilling  the  lower 
holes  by  the  time  the  top  machines  were  fin- 
ished, so  that  all  of  the  machines  were  torn 
down  together. 

Routing  the  Mucking. — While  the  machines 
were  being  placed  in  position,  mucking  began. 
The  empty  car  was  brought  ahead  and  the 
track  cleaned  up  to  the  slick  sheet.  Of  the 
si.x  muckers,  four  were  shoveling  continually 
and  two  resting.  The  average  output  of  the 
force  was  10  to  12  tons  per  hour.  On  a  slick 
sheet  beside  the  track,  within  50  ft.  of  the 
face  at  all  times,  an  empty  car  was  kept. 
Whenever  a  car  was  loaded,  the  carman  took 
it  down  the  track  and  brought  back  the  empty. 
There  was  thus  only  a  fraction  of  a  minute 
lost  in  changing  cars.  A  few  hundred  feet 
back  from  the  face  another  slick  sheet  was 
manitained  and  when  the  locomotive  brought 
in  a  train  of  empties,  they  were  thrown  otf  the 
track  onto  this  sheet.  The  loaded  cars  were 
run  back  to  this  point,  made  up  into  a  train 
and  hauled  out.  From  this  latter  sheet  the 
empty  cars  were  run  one  at  a  time  up  to  the 
sheet  near  the  face.  The  empty  cars  weighed 
about  1,100  lbs.  and  were  handled  by  a  man 
using  a  crowbar.  The  sheets  were  kept  about 
the  same  height  as  the  top  of  the  rail  so  that 
the  car  required  to  be  lifted  only  the  height  of 
the  flange.  No  switches  were  used  anywhere. 
At  no  time  did  the  removal  of  the  muck  limit 
the   speed    of    drifting   or   interfere   with    the 


no  relation  whatever  between  the  shift  and  the 
drilling  cycle,  the  machinemen  relieving  each 
other  without  stopping  drilling. 

Time  Schedule. — Beginning  with  the  time 
the  last  hole  was  heard  to  explode,  the  av- 
erage time  schedule  for  the  last  five  months' 
operations  would  be  about  as   follows : 

Time 
Operations.  consumed. 

Mln. 

Returning  to  face 4 

Setting  top  bar B 

Mounting  and  starting  up  two  machines.         3 

Shoveling  bacli  for  bottom  bar 30 

Drilling  20  to  25  holes 210 

Tearing    down    machines 5 

Blowing   out    holes 4 

Loading    holes    6 

Cutting  and   splitting  fuses 2 

Intei'val  to  report  of  first  hole ■. . . .         4 

Interval    from    report  of  first   hole  to   re- 
port of  last  hole 3 

Total     4  hrs.  3?  min. 

Tlie  Round. — In  drilling  the  round  the  stand- 
ard center  cut,  generally  with  six  holes,  was 
used;  these  cut  holes  varied  from  T/z  to  8  ft. 
The  side  holes  and  lifters,  which  averaged  5% 
ft.,  were  put  in  to  suit  the  ground.  Varia- 
tions in  the  nature  of  the  information  necessi- 
tated a  good  deal  of  variation  in  the  layout  of 
the  holes.  A  good  many  relievers  and 
"kickers"  were  frequently  necessary.  The 
usual  round  required  21  to  23  holes,  although 
at  times  29  were  necessary.  For  a  22-hole 
round  the  total  footage  was  about  140 ;  the 
average  rate  of  drilling  dry  holes  was  6  ft. 
per  hour,  of  drilling  wet  holes,  7  to  10  ft.  per 
hour ;  the  average  time  for  a  complete  round 
was  S'/z  to  5  hours;  the  average  advance  per 
round  was  about  4   ft. 

Tramming. — The  muck  from  the  face  was 
hand-trammed  at  first,  subsequently  a  storage- 
battery  locomotive  was  used,  transporting  ma- 


T.\ELE    1, — C0.\II'AR.\TIVE    D.M.\    ON    SHEEP    CREEK   AND   LOETSCHBERG  TUNNELS. 

Sheep    Creek.  Loetschberg.  Ratio. 

Size   of  tunnel,    ft 8.xl0  6xl0>4 

Area  of  cross-section,   sq.   ft SO  63.5  1.2(i  :  1 

Best  monthly  record,  ft 661  1,013  1:1.53 

Record  on  entire  length,  ft 544  2  490  1.1:1 

Average  progress  per  round,  ft 4  3.97 

Average  length  holes,   ft 6.37  4.54  14:1 

Number  of  holes  per  round 22  13.4  1.64  :  1 

Total  footage  holes  per  round 140  61.3  2.2S:1 

Drilling  time     per  round,  hour 1.58  4  1:2.53 

Drilling  time  per  ft.  of  hole,  min 1.72  l.r.5  1.1:1 

Entire  duration  one  round,   hr : 5.3  4.48  1.18  :  1 

Strength    of  dynamite   used 60%  S5% 

Pounds  used  per  ft.  advance 34  15.5 

Number  of   drills    used 4  4 

Support   for  drills Horiz.  bars.  Carriage 

The  data  on  the  Loetschberg  tunnel  are  based  on  a  paper,  "Tunnel  Driving  in  the  Alps,"  by 
W.  L.  Saunders,  A.  I.  M.  E.  Trans..  1911.  Detailed  data  are  given  only  for  a  period  from  Jan- 
uary. 190S,  to  July,  1910.  The  tunnel  was  started  Oct.  1,  1906,  and  finished  Mar.  31,  1911.  Tlie 
details  given  would  probably  be  slightly  modified  if  a  complete  record  were  available.  The  record 
of    1,013    feet    was    made    subsequent    to    July    1,    ISIO. 


drilling  cycle.  The  steel  plates  used  for  the 
slick-sheet  sidings  were  %xl8xl40  ins.  The 
siding  some  distance  from  the  face  was  48  to 
CO  ft.  long;  directly  opposite  it  were  %x22x 
140-in,  sheets,  resting  on  planks  down  the  cen- 
ter of  the  track,  and  also  flush  with  the  rail 
heads. 

Track-Laying. — .After  practically  all  the 
muck  was  cleaned  out,  the  shovelers  laid  ties 
to  grade  as  the  tunnel  advanced,  thus  facili- 
tating the  subsequent  laying  of  the  rails.  A 
25-ft.  false  track  was  advanced  over  the  ends 
of  the  rails  as  necessary,  so  that  the  cars  were 
always  next  to  the  muck  pile.  When  the  ad- 
vance permitted  the  insertion  of  a  set  of  rails, 
the  foreman  and  muckers  did  the  work  in  15 
to  20  minutes,  without  disturbing  the  machine- 
men. 

Bla.<iting. — On  the  completion  of  the  round, 
.shovelers,  machinemen  and  everybody  helped 
to  tear  down  the  machines  and  bars.  Then 
J4x36xl40-in.  slick  sheets  were  spread  out  for 
30  ft.  back  from  the  face  and  covered  with  a 
little  muck.  These  sheets  were  handled  with 
grappling  hooks  through  holes  in  each  corner. 
When  the  machines  were  removed,  an  air 
hose  was  attached  to  a  blow  pipe  and  the  holes 
cleaned.  The  shift  boss,  machinemen  and 
foreman  then  did  the  loading.  Double  fuse 
was  used  on  the  lifters.  The  explosives  were 
Bear  Brand  fuse,  California  8X  caps  and  Her- 
cules E.  L.  F  extra  (iO  per  cent  powder.  Spit- 
ting the  fuses  completed  the  cycle.     There  is 


terial,  men  and  waste  rock.  This  was  a  4-ton 
Jeffrey  machine,  equipped  with  63  Edison,  A-8, 
nickel-steel  cells.  The  cells  were  charged 
from  a  14-kw.  motor-generator  set,  consisting 
of  a  20-hp.,  400-volt,  alternating-current  motor, 
direct-connected  to  a  r25-volt,  compound- 
wound,  direct-current  generator.  The  Mathe- 
son  side-dumping  roller-bearing  cars  had  a  ca- 
pacity of  30  cu.  ft.;  they  were  made  by  the 
Joshua  Hendy  Iron  Works,  of  San  Francisco. 
Drill  steel  and  miscellaneous  material  were 
handled  principally  on  small  flat  cars.  The 
30-ft.  capacity  cars  were  the  largest  that  could 
be  used  on  the  slick-sheet  sidings.  They  were 
loaded  heaping  full,  since  when  loaded  they 
did  not  require  to  be  derailed.  The  track  gage 
was  24  ins.,  the  widest  for  which  the  side- 
dump  cars  could  be  built  and  allow  the  loaded 
car  on  the  track  to  pass  the  empty  on  the 
siding.  .\X  the  beginning  of  operations,  the 
locomotive  hauled  out  12  cars  in  a  train,  but 
as  the  length  of  the  tunnel  increased,  it  be- 
came necessary  eventually  to  handle  trains  of 
30  cars.  The  material  was  used  for  fills  on 
the  surface  railroad  between  the  tunnel  portal 
and  the  mill  site,  the  filling  being  dumped 
from  temporary  trestles  constructed  for  the 
purpose.  One  motorman  and  one  brakeman 
handled  and  dumped  the  trains. 

Pit'e,  Track  and  Wiring. — The  vcntilatin.g 
pipe  was  carried  on  4xG-in.  vertical  posts 
spaced  15  ft.  It  was  kept  close  to  the  face 
and  protected  by  a  bulkhead  of  ties.     A  com- 


pressed-air line  was  carried  along  the  bottom 
on  4x4-in.  sills,  which  also  supported  the 
board  walk;  the  end  of  this  pipe  was  protected 
by  the  same  bulkhead.  The  main  line  was 
always  thus  within  a  hose  length  of  the  face. 
An  extra  manifold  was  kept  on  hand  and 
when  it  was  necessary  to  e.xtend  the  pipe 
line,  this  manifold  was  attached  to  the  new 
length  of  pipe  before  the  latter  was  put  on; 
this  considerably  facilitated  the  operation.  The 
rails  used  were  50-Ib.  and  were  laid  on  6x8-in. 
by  6-ft.  ties.  When  the  track  is  widened  to  its 
permanent  gage  of  36  ins.,  one  rail  only  will 
be  moved. 

Six  wires  were  carried  the  length  of  the 
tunnel;  three  of  these  were  used  for  the 
single-phase,  110-volt  lighting  system,  the  pur- 
pose of  the  third  wire  being  to  give  equal 
voltage  at  all  points  in  the  tunnel.  The  other 
three  wires  constituted  the  three-phase,  440- 
volt  alternating  circuit  for  the  ventilating-fan 
motors. 

Speed  of  .Advance. — Drilling  was  started 
November,  1912,  but  the  work  was  not  con- 
sidered as  completely  organized  until  Decem- 
ber, 1912.  Between  Dec.  1,  1912,  and  April  1, 
1914,  a  period  of  16  months,  the  funnel  was 
advanced  8,707  ft.  with  a  single  heading,  an 
average  of  544.2  ft.  per  month.  During  the 
last  six  months,  the  average  monthly  advance 
was  596  ft.  The  greatest  monthly  advance 
was  661  ft.  made  in  November,  1913.  At 
various  times  advances  of  24  ft.  per  day  were 
made.  It  is  believed  that  this  constitutes  the 
world's  record  for  sustained  progress  in  ex- 
tremely hard  rock  with  an  8xl0-ft.  tunnel  sec- 
tion. Monthly  records  have  been  made  con- 
siderably in  e.xcess  of  661  ft.,  but  we  know  of 
no  record  which  equals  the  average  advance 
of  544.2  ft.  over  the  entire  period  of  operation 
covering  16  months  and  of  no  American  rec- 
ord which  equals  that  of  590  ft.  maintained  for 
six  months.  Table  I  compares  progress  with 
that  of  the  Loetschberg  tunnel. 

Wages  and  Bonus. — On  account  of  the  pecu- 
liar shift  arrangement,  the  men  were  paid  by 
the  hour,  and  in  addition  a  bonus  was  dis- 
tributed.    The  wages  were  as  follows : 

Machinemen,  muckers  and  carmen $0.50 

Shift  bosses    0.58 

Blacksmith    0.60 

Tool  sharpeners    0.50 

Tool-sharpener  helpers    0.40 

Blacksmith  helpers   0.35 

Compressor  men  0.-10 

Electricians     0.50 

Timekeepers    0.45 

Carpenters    0.60 

A  bonus  was  paid  as  follows :  For  300  ft. 
per  month  or  under,  no  bonus ;  for  300  to  350 
ft.  per  month,  $7  per  ft.  for  the  50  ft. ;  for  350 
to  400  ft.  per  month,  $8  per  ft.  for  the  50  ft. ; 
for  400  to  450  ft.  per  month,  $9  per  ft.  for 
the  50  ft.  This  increased  $1  per  ft.  for  every 
additional  50  ft. 

The  foreman  distributed  the  bonus  accord- 
ing to  his  judgment.  It  w-as  his  practice  to 
give  the  lower-bar  machinemen  $30  a  month 
bonus,  independent  of  the  total  amount  re- 
ceived. The  muckers,  carmen  and  niotormen 
each  received  $10  to  $15  per  month  bonus  at 
the  foreman's  discretion.  The  tool  sharpeners 
received  $45  per  month  bonus.  The  amounts 
noted  above  were  deducted  from  the  total 
bonus  of  any  one  month  and  the  remainder 
divided  equally  among  the  top-bar  machine- 
men  and  the  shift  bosses.  His  idea  was  to 
give  the  greatest  reward  and  the  greatest  in- 
centive to  the  men  chiefly  responsible  for  the 
rate  of  progress.  The  result  was  thoroughly 
satisfactorv-. 

Costs. — 'The  following  cost  data  apply  to  the 
8,707  ft.  driven  between  Dec.  1,  1912,  and  April 
1,  1914,  this  representing  the  distance  driven 
under  the  standard  conditions  described: 

Wages .$14.72 

Bonus    4. 14 

ICxplosives    4.47 

Lighting    0.28 

Tool  replacement   1-35 

Lumber  and  miscellaneous  supplies 0.75 

.store  expense  and  transportation 0.3S 

Power  and  compressed  air 2.33 

Loss  on  bo:irding  house 1.17 

Depreciation   on   mining  tools 1.29 

Total    $31.08 

A  $1  charge  per  man  per  day  for  board  did 
not  cover  the  cost,  inasmuch  as  the  food  was 
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of  high  class  and  expenses  of  transportation 
and  help  were  excessive.  Nearly  all  the  men 
ate  four  meals  per  day.  Under  "power  and 
compressed  air"  is  concluded  the  operating 
expense  of  furnishing  the  compressed  air  and 
of  ventilating.  The  labor  of  installing  pipes 
is  included,  but  not  the  cost  of  the  pipes  them- 
selves, since  they  became  permanent  equip- 
ment. 


Sectional  Planking  or  Track  for  Drag 
Line  Excavator  Work. 

The  illustrations  show  a  sectional  planking 
or  track  devised  by  J.  S.  Whitley  of  Hearin 
&  Ryan,  contractors,  Mt.  Olive  Levee  work, 
and  described  in  the  "E.\cavating  Engineer," 
January,  1915.  This  track  was  used  with  a 
Bucyrus  drag  line  excavator. 

The  section  is  24  ft.  in  length  over  all.  Ten 
of  these  sections  are  used,  five  under  each 
side  of  the  machine,  giving  a  track  of  about 
100  ft.  in  length.  Each  section  consists  of 
three  5x  16-in.  x  20-ft.  stringers  laid  side  by 
side,  thus  forming  a  roller  bed  4  ft.  wide. 
Under  theje  are  placed  ten  6x8-in.  x8-ft. 
standard  railway  cross-ties,  spaced  2  ft.  apart, 
as  shown  in  Fig.  1.  Under  these  are  three 
2V2  x  16-in.  x  20-ft.  flooring  planks,  to  serve 
as  a  stiffener,  to  elevate  the  roller  bed  and  to 
keep  the  mud  from  forcing  itself  up  between 
the  ties.  These  three  sets  of  timbers  are 
bolted  together  by  thirty  %  x  13-in.  machine 
bolts  with  heads  countersunk  below  the  sur- 
face of  the  top  timbers.  Four  1-in.  U-boIts 
in  the  ties  serve  for  hooking  the  swinging 
chains. 

The  chief  feature  of  the  section  is  the 
staggered  arrangement  of  the  top  timbers,  as 
the  sketch  shows.  The  advantage  of  this  is. 
first,  to  break  the  joint  and  make  a  more  rigid 
connection :  and  secondly,  to  make  it  possible 
to  take  a  sharp  curve  in  the  shortest  possible, 
space.  The  rollers,  in  so  doing,  always  have 
a  solid  bearing  over  the  joint. 

The  machine  can  roll  in  either  direction  on 
these  sections,  but  preferably  in  the  direction 
of  the  arrow  in  Fig.  1.  The  reason  is  that 
the  rollers  won't  strike  a  projecting  joint, 
since  the  top  timbers  on  the  section  the  drag- 
line is  on  project  over  the  ties  on  the  section 
onto  which  it  is  moving  and  the  weight  of  the 
machine  serves  to  press  it  down.  This  is  es- 
pecially important  on  soft  ground.  Further- 
more, it  is  easier  to  pick  up  and  place  the  sec- 
tions under  this  condition.  For  very  soft 
ground  the  bottom  flooring  may  be  extended 
to  the  end  of  the  ties,  thus  giving  more  bear- 
ing surface. 

An  important  point  for  the  successful  han- 
dling of  these  sections  is  the  chain  rigging  for 
picking  up  and  swinging.  This  is  shown  in 
Fig.  2.  This  consists  of  two  pieces  of  %-in. 
chain.  .3  ft.  9  ins.  long,  and  two  pieces  3  ft.  3 


put  on  the  chains,  the  end  nearest  the  opera- 
tor should  have  the  short  chains  so  that  after 
swinging  around,  the  long  chains  or  low  end, 
is   nearest   the   operator. 

For  ordinary  service,  two  cable  clamps  are 
luit  on  the  dragline  cable,  3  ins.  apart,  and 
about  10  ft.  from  the  end.  The  large  hook 
is  hooked  between  these.  In  moving  any  dis- 
tance the  chains  are  fastened  to  the  dragline 
by  means  of  an  ordinary  cable  clamp  around 
the  shank  of  the  hook  (see  Fig.  2)  thus  pre- 
venting it  from  coming  unhooked.  The  sec- 
tions, if  properly  managed  may  thus  be  swung 
ahead  and  placed  in  1%  minutes  each.  Mr. 
Whitley  states  that  the  sections  enabled  him 
to  move  his  machine  2,600  ft.  in  10  hours. 


per    cent 
3,500   cu. 


Machine  should  go  in  this  direction 

ru-Boit. 


Methods  and  Costs  of  Electric  Shovel 

Work   Removing   Slides  and   Side 

Cutting  for  Electric  Railway. 

The  shovel  used  was  a  14-B  Bucyrus  electric 
operating  at  575  volts.  A  30-hp.  hoist  motor 
and  two  15-hp.  swing  and  thrust  motor  equip- 
ment used  on  this  shovel  with  a  %-cu.  yd. 
dipper.  The  shovel  weighs  19  tons.  The  work 
recorded  was  on  the  electric  lines  of  the 
Wilkes-Barre  Ry.  Co.,  and  the  data  given  here 
are  taken  from  the  "Excavating  Engineer"  for 
January.  1915. 

H.\NDLING  A   3,500-CU.    YD.    SLIDE. 

In  May,  the  shovel  tackled  a  3,500-cu.  yd. 
slide  on  the  short  line  on  Harvey's  Lake 
Division.  Work  was  started  April  19  and  was 
completed  on  May  8.  The  material  removed 
was  hard-pan,  loosened  .by  the  action  of  the 
frost.  It  contained  a  considerable  amount  of 
gravel  and  small  boulders.  The  latter  running 
in  size  up  to  2  and  3  cu.  ft.  When  dry  this 
material  answered  perfectly  to  the  definition  of 
hard-pan.  In  the  winter  months,  the  frost 
penetrated  this  slope,  which  varied  from  20  to 
60  ft.  in  height  above  the  track  for  a  distance 
of  about  1,000  ft.  In  the  spring  when  the 
frost  came  out.  a  layer  of  this  material, 
averaging  perhaps  1%  ft.  in  thickness,  slid 
down  the  slope,  covering  one  of  the  tracks  to 
a  depth  of  from  2  to  10  ft. ;  the  outside  track 
was  kept  open  by  hand  with  some  difficulty. 
When  this  material  was  dried  out  somewhat, 
the  shovel  was  started  at  the  end  of  the  slide, 
operating  from  the  covered  track  and  loading 
into  cars  on  the  outside  track. 

Two  motor  cars  and  two  10-yd.  all-steel 
Western  side  air-dump  cars  were  used.  One 
motor  car  was  used  for  spotting  one  car,  while 
the  other  motor  car  was  hauling  the  other  car 
to  and  from  the  dump.  The  distance  to  the 
nearest  switch  was  about  800  ft.  and  the  shovel 
was  idle  while  the  spotting  car  was  taking  the 
loaded  car  to  the  switch  and  returning  with  an 
empty.  On  this  account  considerable  time  was 
lost.    The  record  of  a  typical  day's  run  shows 
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Ends  of  bottom  planks  are  shown  by  dotted  linens 
Top  Timber  5'x  I6"x  ZO'-O'  Heart  Pine.  Bottom  Timbers  Zk'xl6'xZ0-0' Heart  Pine 

Cross  Ties  6'x8'xS'-0'  Std.  R.R.Tles  E.&.C 

Fig.    1.    Sectional    Platform    Track  for   Drag    Line   Excavators. 


ins.  long.  The  sketches  show  the  arrange- 
ment. It  will  be  observed  that  two  of  these 
chains,  towards  end  B  in  Fig.  2,  are  6  ins. 
longer  than  those  hooked  to  end  A.  The 
reason  for  this  is  that  in  swinging,  one  end 
is  higher  than  the  other,  thus  making  it  easy 
to  make  a  perfect  joint.  All  sections  must  be 
placed  in  the  runway  just  as  they  came  out. 
Under  ordinary  circumstances  the  act  of 
swinging  them  from  the  rear  to  the  front  of 
the  machine  would  set  them  wrong  end  for 
end.  The  long  chains,  therefore,  should  be 
given  one-half  twist.  When  the  section  is  in 
the  air,  its  own  weight  will  naturally  swing 
it  to  the  correct  position.     When  the  pit  men 


that  the  shovel  was  in  actual  operation  22.") 
minutes  out  of  a  10-hour  day.  The  material 
was  hauled  an  average  distance  of  about  a  mile 
and  dumped  along  the  fills  for  the  purpose  of 
strengthening  the  embankments,  and  preparing 
for  a  double  track.  When  the  cars  were 
dumped  the  bulk  of  the  material  was  precipi- 
tated down  the  side  of  the  embankment.  A 
thin  layer  of  ashes  spread  on  the  steel  bottom 
of  the  cars  before  loading  greatly  facilitated 
this  free  dumping. 

Although  probably  not  more  than  20  per  cent 
of  the  material  excavated  w'as  actually  spread 
by  hand  on  the  dump,  yet  it  will  be  noted  that 
this  part  of  the  operation  represents  nearly  50 


of  the  labor  cost.  Approximately 
yds.  of  material  was  removed  in 
11  working  days.  The  work  was  considerably 
hindered  by  several  trees  that  came  down  with 
the  slide,  which  had  to  be  cut  up  and  removed. 
This  material  is  particularly  difficult  and  ex- 
pensive to  remove  by  hand,  and  when  wet,  it  is 
almost  impossible  to  handle  by  reason  of  it 
adhering  to  the  shovels.  The  cost  of  removing 
a  smaller  slide  that  occurred  at  this  location. 


Heavy  Nook  from  iinl^St 
~     .-IO-0'toendcfCabte 

Bucket—^ 


-^yilmksl'chain 


.   I  long  and  I  short 
.  ,  chain  in  each  ring 


Fig.  2.    Method  of  Hitching   in  Swinging 
Ahead   Sectional    Platfrom   Track. 

the  previous  season,  was  approximately  50  cts. 
per  cu.  yd. 

The  total  cost  of  the  shovel  operation  in  this 
instance,  as  shown  in  the  table  below,  includ- 
ing, spreading  on  the  dumps,  spotting  cars,- 
hauling,  etc.,  was  12.15  cts.,  less  than  one- 
quarter  of  the  hand  labor  cost.  One  of  the 
principal  advantages  of  the  shovel  was  that 
the  material  could  be  handled  when  in  a  semi- 
fluid state,  thereby  making  it  possible  to  get 
the  track  in  operation.  .\s  an  indication  of  the 
output  obtained  under  these  conditions,  on  May 
4,  23  10-yd.  cars  or  approximately  .345  cu.  yds., 
were  loaded  in  227  minutes,  the  shovel  moving 
ahead  in 'this  time  .36  ft.  On  May  7,  22  10-yd. 
cars  were  loaded  in  225  minutes,  moving  ahead 
40  ft.  on  a  curve.  The  material  weighed  125 
lbs.  per  cu.  ft. 

The  cost  of  handling  this  slide  as  given  by 
Mr.  Hoffman,  steam  shovel  engineer,  w-as : 

LABOR. 

Cts.  per 
cu.  yd. 

Excavating   and    loading    2.1 

Spotting  cars   1..'^ 

Hauling  and  dumping l.S 

Spreading  on  dump 4.0 

Total  labor   9.2 

Including  supervision,  about 10.0 

POWER. 
Estimate   of  power  used   by  shovel  is  160 

kw.-hrs.  per  day  @  IVi  cts..  equals  $2.40 

per  day,  or   75 

Power  used  by  motor  car  hauling  to  and 

from  dump — 175  kw.-hrs.  per  day,  or. . .       .80 

Total  for  power 1.55 

Repairs,  supplies,  etc..  were  negligible  on  this 
.ioh,  but  assiifned  to  average  $2.00  per  or  60  cts. 
per  cubic  yard. 

SUMJIART. 

Cts.  per 
cu.  yd. 

Lrabor,  including  supervision 10. On 

Power,  excavating  and  hauling  (1  mile)..     l..-i."i 
Repairs,  supplies,  etc 60 

Total    12.1.5 

Note. — No  allowance  for  interest  and  depreci- 
ation on  equipment. 

COST   OF  GR.^DTXG    SIDE   CUT. 

This  was  a  side  hill  cut  about  800  ft.  long 
with  a  depth  on  the  center  line  ranging  from 
1  to  6  ft.,  averaging  about  S^i  ft.  The  cut  on 
the  high  side  ranging  from  3  to  10  ft., 
averaging  about  6  ft.    The  cut  contained  2.4-1*'* 
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cu.  yds.  The  preliminarv  work  consisted  of 
grading  a  temporary  roadbed  parallel  with  and 
about  14  ft.  distant  from  the  center  line  of  the 
permanent  track.  Upon  this  temporary  roadbed 
the  ties  and  rails  were  laid  and  used  for  haul- 
ing the  material  to  the  dump,  after  which  the 
track  was  thrown  to  its  permanent  location. 

A  motor  car  and  a  Western  10-yd.  steel  side 
dump  car  were  used  for  hauling  the  material. 
The  grade  was  very  steep  and  the  track 
in  poor  line  and  surface,  necessitating 
slow  running  to  and  from  dump.  The  power 
on  this  line  was  weak  and  very  unsatisfactory. 
It  is  probable  that  the  output  would  have  been 
increased  at  least  one-third,  if  satisfactory 
power  had  been  available.  Generally  the  ma- 
terial was  loam  and  good  digging.  Shale  rock 
was  encountered,  however,  in  the  bottom  of 
the  cut  and  about  2.5  per  cent  of  the  material 
excavated  was  shale  ranging  from  soft,  easy 
digging  to  very  hard.  The  time  required  to 
make  the  cut  'was  12  working  days  during 
which  time  the  shovel  work  was  delayed  44 
hours  principally  by  lack  of  power.  The  ma- 
terial was  dumped  on  a  fill  about  600  ft.  in 
length,  ranging  in  depth  from  2  to  8  ft., 
averaging  about  5  ft.  About  200  lin.  ft.  of  crib 
trestle  was  erected  over  the  deeper  portion  of 
the  fill.  On  the  remainder  of  the  fill  the  track 
was  laid  on  the  original  surface  and  gradually 
jacked  up  to  grade.    The  cost  figures  follow  : 

L.ABOR. 

Per 

Total,  cu.  yd. 

Grading   for   temporary   track.... $  50.00  $0.0204 

Moving  shovel  into  position 13.24  .0054 

Excavating  and  loading  material.   107.74  .Owf; 

Hauling  and  dumping  material...     GO. 74  .024i 

Building  crib  trestle 25.00  .0102 

Spreading  material  on  dump  and 

raising  track    134.^0  .054 1 

Watchman     (%     of     watchman's 

time  charged  to  this  job) 12.80  .0052 

Blacksmith     5.90  .0024 

Throwing     track     to     permanent 

positioS    ■■■     30.00  .0122 

Total    :..,.;  ..'..$439.62     $0.1790 

Supervision    43.96         .0179 

Total     $483.58     $0.1969 

POWER. 
To  operate  shovel,   1,260   kw.-hrs. 

(S  ly^c   %  lS-90    50.0088 

Hauling  material,  480  kw.-hrs.   @ 

ji^c      7.20         .0029 

Total    $36.10     $0.0117 

SUMMARY. 

Labor,   including  supervision $0.1969 

Power  (shovel  and  train) 0117 

Total    $0.2086 

Note.~No    allowance    for   interest    and    depre- 
ciation on  equipment. 


If  one-tenth  of  all  the  ties  is  replaced  each 
year  the  average  life  is  running  at  the  rate  of 
10  years.  If  one-twelfth  is  replaced  the  aver- 
age' life  is  running  at  the  rate  of  12  years.  If 
one-eighth  is  replaced,  the  average  life  is  run- 
ning at  the  rate  of  eight  years.  If  in  10  years 
as  many  ties  have  been  replaced  as  the  total 
in  service,  the  average  life  is  10  years,  ir- 
respective of  variations  in  different  years. 

The    annual    maintenance    cost    can    be    ex- 
pressed by  the  formula: 
C 
A  =  — +  C(i  +  t) 
Y 
A^.\nnual  maintenance  charge. 
C^First  cost  of  tie  in  track. 
Y— Average    years    of    life    determined    by 
number  of  removals. 

j=Rate  of  interest  on  investment. 
t=Tax  rate  on  investment. 
By  means  of  the  above  formula  the  diagram. 
Fig.  1,  has  been  constructed  for  solving  in- 
stantly as  to  a  single  tie  or  classes  of  ties,  all 
ties  for  a  year  or  series  of  years,  the  funda- 
mental question  of  the  relation  existing  be- 
tween : 

A     First  cost  of  tie. 

B     Life  of  tie. 

C     Annual  cost  of  maintenance. 


A    Method    For    Finding    the    Annual 
Charges  for  Ties. 

The  method  for  figuring  the  annual  charges 
for  railway  ties  which  is  presented  here  was 
L;iven  by  Harrington  Emerson  and  T.  T. 
Ilowen  in  a  paper  before  the  American  Wood 
I'reservers'  Association,  Jan.  19-21,  1915. 

To  determine  the  annual  cost  of  maintain- 
uig  any  tie  all  we  need  to  know  is:  (a)  First 
cost  in  track,  (b)  Annual  interest  and  tax 
rate,     (c)   Life  of  tie. 

The  first  cost  of  the  tie  consists  of  three 
main  charges,  some  of  which  may  be  still 
further  subdivided.  The  three  main  charges 
are:  d)  First  or  wood  cost  of  tie,  including 
foreign  freight,  preservatives  and  mechanical 
protection.  (2)  Labor  and  other  costs  of  put- 
ting ties  in  the  track.  (3)  Overhead  supervis- 
ing charge.  The  sum  of  these  is  the  cost  of 
the  tic  in  track. 

On  the  first  cost  of  the  tie  there  is  a  tax 
charge  and  an  interest  charge.  In  our  cal- 
culations we  assume  a  tax  rate  of  1  per  cent 
on  value  and  an  interest  rate  of  6  per  cent, 
making  a  total  of  7  per  cent.  Any  other  rate 
can  be  used. 

The  annual  maintenance  charge  for  all  ties 
is  the  sum  of  annual  interest  and  tax  on  first 
cost  of  all  ties  in  track  and  of  the  replace- 
ment cost  in  track  of  all  ties  removed. 

Over  a  series  of  years  the  replacement  ac- 
curately determines  the  average  life  of  all  ties. 


Finally,  we  can  assume  an  average  stand- 
ard life,'  say  15  years,  and  determine  first  cost 

and  annual  costs. 

Duration,  Annual  cost 

First  cost.  years.  P.?,''^'.'?,; 

jfi  40  15  $0.0D4b 

o:oo::::::;::;;:::;:     15  0.0S20 

0  75..:.:: 15  0.1025 

1.00 15  0-1366 

The  first  illustration  given  here,  that  of 
fixed  annual  cost  with  varying  duration  and 
first  cost,  is  bv  far  the  most  valuable  of  the 
three.  This  solves  definitely  the  economic 
question  of  the  value  of  tie  treatment. 

Suppose  a  tie  without  treatment  costs  $1  in 
the  track  and  lasts  10  years.  How  much  may 
be  spent  for  treatment  to  prolong  its  life  to 
18  years?  The  annua!  cost  of  $1  tie  lasting 
10  years  is  $0.17.  The  intersection  of  the  $0.17 
horizontal  line  with  the  18-year  vertical  line 
falls  on  the  $1.35  curved  line  of  first  cost. 
Therefore,  it  will  pay  to  spend  $0.35  for  chem- 
ical treatment  or  mechanical  protection,  or 
both,  on  the  $1  tie  to  prolong  its  life  from  10 
years  to  18  vears. 

The  diagram  also  illustrates  graphically,  by 
the  steepness  of  the  curves,  the  great  ec9noiny 
in  prolonging  the  line  of  ties  that  ordinarily 
last  but  a   few  years. 

It  is,  of  course,  understood  in  this  theoret- 
ical diagram   and   tables   that  tie  maintenance 

■'(■"=  6%.'f=(% 
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Diagram   for   Figuring    Annual    Charges   for    Railway  Ties. 


Three  distinct  problems  may  be  solved  with 
this  diagram  : 

Fixed  annual  cost  with  first  cost  and  dur.-i- 
tion  of   life,  both  variable. 

To  illustrate:  Take  the  horizontal  $0.15 
line  of  annual  charge  as  the  standard  annual 
cost.  Along  this  line  there  are  numerous  in- 
tersections with  the  curved  lines  of  first  cost 
and  the  vertical  lines  of  duration.  Therefore, 
if  ties  arc  kept  up  on  an  allowance  of  $0.15 
per  tie  per  annum,   there  are  many   solutions 

as  follows : 

Duration,  Annual  cost 

First  cost.  years.  per  tie. 

$0.40 3.2 

0.60 5.5 

0.75 7.0 

1.00 12.5 

1.25 20.0 

But  we  may  take  another  problem,  namely 
that  of   first  cost   fixed,   but  annual   cost  and 

time  variable. 

Duration,  Annual  cost 

F'lrstrost.  years.  per  tie. 

$1.00. 


$0.15 
0.15 
0.15 
0.15 
0.15 


1.00. 
1.00. 
1.00. 


2 

$0.57 

3 

0.403 

4 

0.32 

5 

0.27 

First  cost,  $1.00;  2  years'  duration. 

Interest    *nrl 

Annual   cost   ■  O-"" 

Total    ■ $0.57 


is  ?  continuous  performance;  that  nothing 
takes  place  suddenly  and  that  there  are  great 
individual  variations. 

The  advantage  of  the  cost  formula  used  is 
its  extreme  simplicitv.  The  conclusions  it 
forces  on  us  are,  however,  not  invalidated  by 
any  other  formula,  however  complex. 

Annual  maintenance  is  cheap  when  good  ties 
cost  little  and  when  they  last  many  years. 
This  was  the  condition  20  years  ago.  White 
oak  ties  cost  in  certain  regions  as  httle  as 
$0  20-  the  standard  rails  were  about  HO  lbs., 
the  axle  loads  about  15,000,  the  cars  with  only 
40,000  lbs.  capacitv,  trains  comparatively^  few. 
Ties  were  rarely  rail-cut  and  lasted  indefinite- 
ly The  annual  cost  of  a  $0.20  tie  ($0.40  in 
track)  lasting  20  years,  was  $0,48  per  year. 

Now  inferior  woods  cost  more  than  best 
white  oak  formerly  did,  axle  loads  have  in- 
creased, car  loads  have  increased,  trains  are 
more  frequent  and  heavier.  It  is  a  race  be- 
tween fungus  and  rail  to  see  which  will  de- 
stroy the  tie  sooner.  A  good  tie  in  mam  track 
costs  at  least  $1  and,  unless  treated  wears 
out  in  seven  years.  A"""al  cost  $0 -.n.l  At 
this  rate  it  would  cost  a  road  with  '20,000,000 
$4  000  000  a  year  more  than  it  did  20  years 
ago  Creosote,  at  a  cost  of  $0.25,  put  on 
heavy  tie  plates  at  a  cost  of  $0.35  more,  and 
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the  first  cost  rises  to  $1.00.  Such  a  tie,  would 
have  to  last  10  years  to  give  a  yearly  cost  of 
.$0,213.  Will  it?  .Assume  that  it  lasts  10  years, 
the  annual  cost  becomes  $0,273.  This  is  $'),- 
500,000  a  year  more  than  it  was  about  1905. 

There  is  at  present  no  immediate  prospect 
of  any  economical  substitute.  In.  1SI04,  at  St. 
Louis,  I  was  shown  a  cast-iron  tie,  which  the 
patentee  thought  could  be  made  for  $3.50. 
The  interest  and  ta.x  charges  alone  on  tlfis 
tie  would  be  $0,245.  Assuming  the  tie  to  last 
30  years  and  to  have  a  scrap  value  of  $1,  the 
tie  would  cost  $0,328  to  maintain.  There  is 
still  nothing  fulfilling  the  purpose  as  cheap  as 
a  good  wood  tie.  It  is  at  present  unreason- 
able to  consider  any  substitute,  even  with  a 
certain  life  of  20  years  at  a  higher  cost  than 
$1.67,  since  $0.20  a  year  is  sufficient  to  main- 
tain best  main-line  ties. 

Tie  expense  is  reduced  to  a  minimum  bv 
five  rules:  (1)  Buy  the  ties  carefully.  (2) 
Spend  all  on  protection  that  the  gain'  in  life 
justifies.  (3)  Use  them  at  once.  (4)  Do  not 
take  them  out  before  they  are  used  up.  (5) 
Assort  them  for  proper  use. 

Careful  buying  insures  a  price  reduction  of 
about  10  per  cent  and  a  quality  increase  of 
about  20  per  cent. 

To  allo-yv  ties  to  lie  fallow  for  two  years 
shortens  the  life  two  years  and  adds  about 
$0.14  to  first  cost. 

Many  ties  are  removed  from  one  to  five 
years  before  they  are   really  gone. 

A   new,    rotten   tie   costing  to    lay    in    track 


$(•.80  and  lasting  two  years,  costs  per  year 
$0.4."i(l,  or  more  than  twice  as  much  as  the 
maintenance  of  the  best  main  track  tie,  plated 
and  preserved. 


Comparative  Water  Power  Resources 
and  Utilization  of  European  Coun- 
tries, Canada  and  the  United 
States. 

The  accompanying  table  has  been  compiled 
by  Mr.  Arthur  Surveyer  from  various  Euro- 
pean sources  from  the  reports  of  the  United 
State  Geological  Survey  and  from  the  report 
of  the  Canadian  Commission  of  Conservation. 
It  shows  the  total  available  and  developed 
water  powers  in  the  difTerent  countries  of 
Europe,  in  the  United  States,  and  in  Canada; 


Available. 
HP. 

Great    Britain 963.000 

German V    1,425,000 

Switzerland    1,500.000 

Spain    5,000,000 

Italy    5.500i000 

France    5,857,000 

.Austria-Hungary 6,460.000 

Sweden    6,750,000 

Norway    7,500,000 

Europe    40,955,000 

United    States 26,736,000 

Canada*    17,764,000 


it  also  indicates  the  percentage  of  the  utiliza- 
tion for  each  country  and  the  horse-power 
per  square  mile. 

The  data  contained  in  this  table  refer  to 
conditions  in  the  year  1911.  It  would  have 
been  more  interesting  if  complete  figures  for 
1914  had  been  available.  Unfortunately, 
nothing  authentic  could  be  obtained  except  in 
a  few  instances.  The  inclusion  of  the  new 
Shawinigan  development,  the  Canadian  Light 
&  Power  Company's  plant,  and  the  large  de- 
velopment at  Cedars  would  raise  the  figures 
for  the  Province  of  Quebec  to  over  5<X),0()0 
developed  horse-power.  Switzerland's  present 
figures  are  about  550,000  h.p.,  Norway's  over 
1,000,000  h.p.,  and  that  of  the  United  States 
between  5,500,000  and  6,000,000  h.p.  These 
data  are  reported  by  Mr.  Surveyer  in  a  paper 
presented  to  the  Canadian  Society  of  Civil 
Engineers. 
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The   Selection   of   Hauling    Machinery 
and  a   Graphical  Method   of   Esti- 
mating the  Comparative  Cost 
of  Hauling. 

The  factors  entering  into  the  selection  of 
road  machinery  and  a  method  of  determining 
the  comparative  cost  of  hauling  by  various 
methods  were  discussed  Ijy  T.  R.  Agg  in  a 
paper  before  the  American  Road  Builders' 
.'\ssociation.     The  paper  is  given  here. 

The  wide  range  of  machinery  and  appliances 
available  for  road  and  pavement  construction 
makes  advisable  a  careful  selection  for  any 
particular  class  of  work  and  yet  many  types 
of  machinery  are  so  much  alike  in  general 
design  that  a  selection  must  be  based  on  a 
careful  study  of  their  operating  characteris- 
tics. Probably  there  is  no  one  best  type  for 
any  given  set  of  conditions  nor  any  one  best 
make  of  a  given  type,  as  a  general  rule.  It  is 
not  within  the  scope  of  this  paper  to  discuss 
the  many  kinds  and  varieties  of  g^od,  bad  and 
indififerent  road  building  machinery,  but  it  is 
proposed  to  discuss  a  few  principles  ap- 
plicable to  its  selection,  operation  and  main- 
tenance. 

.SELECTION     OF     TYPE     OF     MACHINE. 

We  find  a  group  of  machines  available  for 
earth  road  work,  another  for  macadam  con- 
struction, and  so  on  through  the  various 
classes.    These  groups  overlap  to  some  extent. 

Of  the  machinery  ofifered  for  earth  road 
work  certain  types  such  as  the  leveler  are 
for  a  rather  limited  kind  of  work  while  oth- 
ers, such  as  the. blade  grader  and  elevating 
grader,  are  for  more  diverse  uses.  When  a 
selection  is  to  be  made  for  a  special  work  for 
which  only  one  class  of  machine  is  made,  one 
has  only  to  choose  the  best  bargains  from  the 
lirnited  offerings  of  the  class.  But  when  ma- 
chinery is  to  be  chosen  for  more  diverse  uses, 
operating  characteristics  and  adaptability  must 
be  considered.  It  will  usually  be  found  that 
the  selection  may  be  narrowed  down  to  two 
or  three  makes  and  the  final  choice  will  de- 
pend upon  price  and  personal  preference. 

The  leveler  has  already  been  mentioned  as 
an  example  of  a  specialized  machine,  and  the 
mixer   for  concrete  pavement  construction   is 


another.  For  this  work  it  seems  to  be  agreed 
that  the  traction  type  with  boom  delivery  is 
the  best.  Of  these,  several  makes  are  avail- 
able and  which  to  select  will  depend  upon  the 
purchaser's  opinion  as  to  the  value  and  suit- 
ability  of   individual   machines. 

On  the  other  hand  the  choice  for  earth 
road  construction  will  be  between  the  elevat- 
ing grader  and  the  blade  grader  and  between 
traction  haulage  and  team  haulage  and  be- 
tween the  steam  tractor  and  the  gas  tractor. 
Here  the  purchaser  must  decide  between  the 
classes  first  of  all,  and  then  between  indi- 
vidual  makes  of  the  class. 

This  is  typical  of  the  machinery  available 
for  many  classes  of  road  work  and  the  basis 
for  a  proper  comparison  is  not  easy  to  state. 
It  is  believed,  however,  that  the  following  fac- 
tors must  be  taken  into  account:  (a)  pur- 
chase price,  (b)  rate  of  depreciation,  (c) 
maintenance  cost,  (d)  cost  of  operation  and 
(e)  speed,  all  of  which  enter  into  the  cost  of 
doing  w'ork  with   any  piece  of  machinery. 

To  properly  estimate  these  factors  there 
are  at  present  but  incomplete  and  contradic- 
tory cost  data  available  and  engineers  and 
contractors  can  do  a  great  service  by  giving 
publicity  to  any  reliable  and  conclusive  cost 
data   that   comes   into    their   hands. 

Purchase  Price. — Some  kinds  of  machinery 
will  save  their  cost  in  comparatively  short 
time  and  such  may  unhesitatingly  be  chosen 
because  the  user  can  readily  foretell  whether 
he  has  enough  work  ahead  to  make  the  in- 
vestment profitable.  Other  kinds  require  a 
large  outlay  and  must  be  used  with  reasonable 
regularity  for  a  term  of  years  before  they 
will  prove  profitable.  Eventually,  if  they  can 
he  kept  busy  they  will  pay;  but  before  such 
machinery  is  purchased,  there  must  be  some 
assurance  that  the  necessary  work  can  be  se- 
cured. It  would  often  be  cheaper  in  the  long 
run  to  use  a  machine  which  operated  at  a 
higher  unit  cost,  but  which  could  be  purchased 
at  a  much  lower  price. 

Depreciation. — Depreciation  is  probably  the 
most  difficult  factor  to  estimate  because  the 
carefulness  of  the  operator  has  such  a  marked 
influence  on  the  life  of  a  machine.  With  most 
machinery  the  average  life  is  fairly  well  es- 
tablished and  hence  depreciation  can  easily  be 
estimated.      This    is    a   very     important     cost 


item  and  is  probably  more  often  placed  too 
low  rather  than  too  high. 

Maintenance. — The  influence  of  maintenance 
on  unit  costs  is  well  understood,  and  needs 
no  special  comment.  Probably  this  item  is 
also  more  often  underestimated  than  over- 
estimated. It  should  be  borne  in  mind  that 
maintenance  cost  really  includes  not  only  the 
charge  for  making  repairs  to  a  machine  but 
also  the  cost  of- delay  due  to  the  idle  time  of 
the  machine.  When  a  large  gang  is  working 
around  a  machine  such  as  a  concrete  mixer 
any  delay  on  account  of  the  machine  is  ex- 
pensive. 

Cost  of  Operation. — The  cost  of  operation 
for  a  machine  should  be  taken  from  the  aver- 
age of  many  runs  under  normal  conditions 
and  not  from  exceptional  runs  made  under 
the  most  favorable  conditions.  This  cost  will 
include  the  pay  of  all  men  needed  to  run  the 
machine  and  the  cost  of  all  supplies  regularly 
used   in  its   operation. 

Speed. — The  rapidity  with  which  a  machine 
performs  its  work  is  a  very  important  con- 
sideration not  only  from  the  standpoint  of 
cost  per  unit  of  work  done  but  from  the 
impetus  it  gives  to  the  entire  job.  This  is 
particularly  true  in  road  and  pavement  con- 
struction where  favorable  weather  conditions 
must  be  utilized. 

Skill  Required  to  Operate. — The  skill  re- 
quired to  operate  a  particular  machine  should 
be  given  consideration  because  expert  opera- 
tors are  not  always  easily  obtained  and  if  a 
machine  requires  considerable  skill  in  opera- 
tion to  produce  the  maximum  output,  its  av- 
erage may  be  low  due  to  the  diflScultv  of  se- 
curing and  retaining  expert  operators.  Such 
machinery  should  usually  be  purchased  only 
because  of  its  marked  superiority  in  other 
respects. 

Adaptability. — Adaptability  of  a  machine 
to  various  classes  of  work  is  an  important 
consideration  because  it  is  rarely  possible  to 
foretell  just  where  it  will  be  used  next  and 
it  is  better  to  use  a  reasonably  efficient  ma- 
chine continuously  than  it  is  to  use  a  special 
and  highly  efiicient  machine  for  a  certain  kind 
of  work  and  have  it  idle  a  large  percentage  of 
the  time. 

Having  estimated  as  accurately  as  possible 
the    various    factors    enumerated      as      above. 
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preference  should  be  given  to  the  one  type 
showing  up  the  best. 

The  adoption  of  certain  types  of  machinery 
for  various  classes  of  road  work  has  been 
largely  a  survival  of  the  fittest  although  on 
account  of  the  new  types  that  are  continually 
being  marketed,  the  process  of  weeding  out  is 
going  on  constantly.  For  most  classes  of 
highway  work  the  preferred  types  are  fairly 
well  known  and  to  enumerate  them  here 
would  serve  no  useful  purpose. 

In  rural  communities,  labor  is  usually 
scarce  and  the  contractor  in  highway  con- 
struction will  find  it  to  his  advantage  to 
utili2e  every  machine  that  will  facilitate  his 
work  even  though  it  may  not  in  all  cases  re- 
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Diflnncc  Hau^d  in  Mile:- 

Fig.  1.    A  Graphic  Comparison  of  the  Cost  of 
Hauling  Under  Assumed  Conditions. 

duce  his  unit  costs.  In  the  lonir  run,  he  will 
profit  because  of  a  greatly  increased  yardage 
for  his  season's  output. 

METHODS     OF    HAUUNG     RO.\D     MATERL^lLS. 

Those  engaged  in  constructing  roads  and 
pavements  have  long  realized  what  a  large 
item  of  cost  is  incurred  in  hauling  materials, 
and  some  discussion  of  the  methods  available 
is  pertinent  to  this  paper.  Many  factors  in- 
vrilved  in  determining  the  cost  of  hauling  are 
variable  for  work  in  different  localities  but 
for  a  given  piece  of  work  the  amount  of  each 
■f  these  can  usually  be  selected  with  reason- 
;ilile  accuracy,  and  the  economv  of  various 
methods  thus  compared. 

The  cost  of  hauling  varies  with  the  follow- 
ing factors: 

1.  Length  of  haul. 

2.  Rate  of  travel  of  the  outfit  used. 

3.  Amount  of  time  lost  at  cars  while  load- 
ing and   at   road   while   unloading. 

4.  Amount  of  time  lost  on  accou.'.t  of  bad 
rnads. 

~>.  Capacity  of  the  outfit  per  trip, 
li.  Cost  of  operation  of  the  outfit. 

Length  of  Haul. — Length  of  haul  for  a 
viven  piece  of  work  is,  of  course,  the  same 
u<:  matter  what  method  of  hauling  is  used. 

Rate  of  Travel. — The  rate  of  travel  varies 
snniewhat  between  outfits  of  the  same  kind 
and  yet  there  is  a  value  that  is  reasonably 
near  an  average  for  all  outfits  of  a  type.  For 
teams  2%  miles  per  hour,  traction  outfits  3 
miles  per  hour,  motor  trucks  10  miles  per 
hour,  and  for  the  industrial  railway  10  miles 
jier  hour  may  be  taken  as  typical  speeds,  as- 
suming half  the  distance  is  traveled  empty 
and  half  loaded. 

Lost  Time. — The  amount  of  time  lost  at 
cars  depends  upon  the  method  of  loading  the 
outfit.  If  hand  shoveling  is  resorted  to  the 
time  will  be  relatively  long  but  extra  units  of 
the  outfit  may  be  loaded  while  the  otiicrs  arc 
on  the  road.  This  is  advisal)lc  for  all  classes 
of  hauling  outfits  and  is  a  necessity  in  trac- 
tion hauling  and  with  the  industrial  railway. 
Bins  at  the  sidings  with  capacity  for  a  full 
load  for  the  outfit  may  be  used  instead  of 
extra  units  of  equipment  and  are  a  necessity 
when  the  motor  truck  is  used.  For  team  haul- 
ing the  loading  chute  may  be  cmnloved  in- 
stead of  extra  wagons.  In  any  ca.se  time  lost 
at  the  cars   is  expensive,   especially   on   short 


hauls,  and  should  be  eliminated  as  far  as  pos- 
sible. 

Records  of  loss  of  time  in  loading  and  in 
unloading  are  exceedingly  diverse,  but  the  fol- 
lowing amounts  lost  per  trip  are  near  enough 
the  average  to  give  comparable  results :  With 
team  hauling  18  minutes,  motor  trucks  (load- 
ed from  bins  or  hoppers),  6  minutes;  traction 
outfits,  30  minutes;  and  with  the  industrial 
railway.  .30  minutes. 

Time  lost  due  to  the  condition  of  the  road 
cannot  be  evaluated  in  a  discussion  like  this 
because  it  varies  throughout  the  season, 
differs  with  the  locality  and  with  the  kinds 
of  roads  over  which  the  hauling  must  be 
done.  It  is  the  greatest  with  the  traction  out- 
fit, is  about  the  same  for  team  and  motor 
truck  hauling  and  is  a  negligible  factor  for 
the  industrial  railway. 

The  capacities  of  these  outfits  per  trip  are 
also  e.xceedingly  diverse  and  perhaps  no  par- 
ticular one  is  typical,  but  equipment  of  the 
following  capacities  are  in  common  use  and 
will  serve  as  examples :  Wagons  for  team 
hauling,  2  tons ;  motor  trucks,  5  tons ;  trac- 
tion outfits,  15  tons;  industrial  railway 
trains,  20  tons. 

The  cost  of  operation  of  each  of  these 
outfits  will  vary  with  the  skill  of  the  super- 
intendent, the  character  of  the  operator,  the 
kind  of  weather  encountered  and  the  nature 
of  the  road  that  is  used.  Cost  of  operation 
should  include  the  following  items :  Interest 
on  investment;  depreciation  on  outfit;  main- 
tenance of  outfit;  fuel,  oil  and  other  supplies 
used,  and  labor  cost  of  operation. 

These  various  items  must  be  evaluated  in 
estimating  the  cost  per  hour  for  operation, 
and  a  careful  study  of  the  subject  has  led  to 
the  assignment  of  the  following  values :  Cost 
of  operation  per  hour  for  teams  $0.50,  for 
motor  truck  $2.00,  for  traction  outfit  $3.00, 
for  industrial  railw'ay  $4.00.  If  any  inequal- 
ities exist  here  they  will  of  course  change  the 
entire  relation,  but  the  method  of  comparing 
costs  of  hauling  as  outlir.ed  is  applicable  and 
that  is  the  principal  object  of  this  discussion. 

Knowing  the  relation  that  exists  between 
these  various  factors  that  enter  into  cost  of 
hauling  an  equation  may  be  written  to  show 
the  cost  per  ton  which   is  as   follows: 
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where 

d 
C  —  cost  per  ton   for  a  length  of  haul  =  — . 

d  =  distance  in  miles  traveled  per  round 
trip. 

M  =  number  of  tons  hauled  per  trip. 

s  =  speed   of  vehicle  in   miles   per  hour. 

T^^time  lost  loading  plus  time  lost  un- 
loading. 

r  =  cost  of  operation  in  dollars  per  hour. 

If.  in  the  general  expression  given  above, 
we  insert  the  values  of  the  various  factors 
for  each  method  of  hauling  we  get  the  unit 
cost  of  hauling  by  that  method  for  anv  length 

d 
of    haul    — . 
2 

These  are  as  follows : 
C  =  0.1  rf-f- 0.075,    for  team   hauling. 
C  =  0.04  rf -f  O.OI,    for   motor  truck   hauling. 
C'  =  0.6fi6rf -fO.lO,    for   traction    hauling. 
C  =  0.02  d-f- 0.10,    for      industrial      railway 
hauling. 

For  convenience  of  comparison  the  unit 
costs  for  various  lengths  of  haul  have  been 
computed  and  the  diagrams  in  Fig.  1  con- 
structed. It  is  easy  to  see  at  a  glance  the 
most  economical  method  for  any  length  of  haul. 
If  the  assumed  values  of  the  various  factors 
arc  in  any  case  inapplicable  to  a  given  set  of 
conditions  the  proper  ones  may  be  selected 
and  similar  curves  drawn  for  use  in  com- 
paring the  costs   for  these   conditions. 

It  is  also  convenient  to  know  the  capacity 
of  these  various  outfits  per  working  day  and 
the  diagrams  in  I'ig.  2  have  been  drawn  to 
show  the  amount  of  material  each  outfit  will 


deliver  per  hour  and  per  day  when  working 
under  the  assumed  conditions. 

The  important  thing  in  this  discussion  is 
not  the  relative  costs  shown  by  these  diagrams 
but  the  possibility  of  reducing  to  definite  data 
the  probable  costs  for  any  piece  of  work, 
thus  obtaining  a  basis  for  determining  which 
method   to  use. 

In  all  of  this  discussion  one  factor  has  of 
necessity  been  omitted  which  is  of  greater 
importance  than  any  other  and  that  is  the 
personality  of  the  superintendent.  One  man 
fails  to  make  certain  eauipment  pay  out  and 
another  succeeds  in  accomplishing  remarkable 
results  with  it.  Two  sets  of  cost  data  are 
obtained,  the  one  showing  abnormally  high 
costs,  the  other  showing  costs  that  are  ex- 
ceedingly low.  No  general  discussion  can 
ignore  these  facts  but  they  cannot  be  put  into 
data   for  use  in  average  cases. 

INSTRUCTIONS    TO    ENGINEERS. 

States,  municipalities  and  a  few  construc- 
tion companies  seek  to  insure  that  no  en- 
gineer in  their  employ  will  allow  the  organi- 
zation of  which  he  is  superintendent  to  fall 
below  the  average  in  efficiency.  To  that  end 
instructions  regarding  the  use  and  capacity  of 
various  kinds  of  machinery  and  as  to  methods 
of  organization  are  furnished.  Some  of  these 
manuals  of  instruction  are  excellent  treatises 
on  highway  construction.  Three  phases  of 
the  use  of  machinery  are  usually  presented 
and  these  cover  the  normal  requirements  of 
such    instruction. 

The  general  organization  of  the  work  is 
first  outlined.  Ordinarily  some  one  machine 
or  operation  is  the  pacemaker  for  the  whole 
job  and  when  that  is  true  the  engineer  in 
charge  of  construction  must  build  up  hi? 
whole  organization  about  that  machine  or 
operation.  The  instructions  can  outline  a 
workable  organization  but  the  live  engineer 
will  usually  be  able  to  improve  upon  the  de- 
tails. 

The  instructions  next  deal  with  the  ca- 
pacities of  machines,  rate  of  construction  that 
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Fig.  2.    Amount  of  Material  Delivered  Work- 
ing  Under  Assumed  Conditions. 

can  be  attained  and  quality  of  work  that 
should  result.  Such  matter  serves  admirably 
as  a  yard  st'.ck  by  which  the  engineer  may 
measure  his  efficiency  Here  again,  a  man's 
personality  will  often  enable  him  to  do  much 
better  than  the  average  set  down  in  the  in- 
structions. 

And  finally  the  instructions  deal  with  re- 
ports, cost  data  and  records  of  progress  that 
are  required.  In  this  respect  the  instructions 
will  be  specific  and  lay  down  exact  require- 
ments. 

Instructions  to  engineers  are  not,  nor  can 
they  be,  a  series  of  e.xact  rules  that  must  be 
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followed,  because  no  one  can  foresee  all 
phases  of  the  multitude  of  detail  that  enters 
into  the  prosecution  of  construction  work  and 
competent  engineers  would  be  hampered  by 
instructions  that  attempted  to  prescribe  ex- 
actly how  each  machine  should  be  utilized. 

INSTRUCTION     TO     OPERATORS. 

In  the  widespread  use  of  costlv  machinery 
there  always  lies  the  danger  of  loss  through 
incompetent  operation.  Delays  due  to  break- 
downs are  costly  and  often  avoidable.  Here 
again  many  states  and  municipal  organizations 
seek  to  avoid  trouble  by  furnishing  to  ma- 
chine  operators   complete   instructions. 

These  instructions  deal  first  of  all  with  the 
operation  of  the  machine  and  since  the  work 
is  largely  mechanical  though  skilled,  the  in- 
structions can  say  in  detail  just  how  the  ma- 
chine is  to  be  handled.  Here  minute  instruc- 
tions are  justifiable  and  they  would  include 
besides  suggestions  on  operations,  others  on 
the  care  of  the  machine,  the  making  of  re- 
pairs, methods  of  adjustments  and  renewals 
of  working  parts. 

The  matter  of  personal  conduct  should  also 
be  dealt  with  in  these  instructions  since  the 
public  often  obtains  its  impressions  of  a  de- 
partment by  the  conduct  of  some  irresponsible 
subordinate. 

The  construction  of  highways  involves  the 
handling  of  much  bulky  material  and  consid- 
eration of  efficiency  and  economy  requires 
that  the  machinery  shall  be  well  adapted  to 
the  work  for  which  it  is  used,  that  the  op- 
erations be  systematized  so  that  each  ma- 
chine will  produce  to  capacity,  that  the  ma- 
chinery shall  be  handled  in  an  intelligent  man- 
ner so  as  to  have  normal  V\ie.  and  that  the 
problem  of  transportation  be  studied  in  all 
its    relations  before   a   system   is   adopted. 


Service   Tests   of    Stone    Block   Pave- 
ments in  Brooklyn. 

Results  of  a  detailed  study  of  stone  blocks 
under  various  conditions  of  traffic  are  given 
by  H.  H.  Schmidt,  chief  engineer,  Bureau  of 
Highways,  Borough  of  Brooklyn,  New  York 
City  in  a  paper  before  Section  D  of  the  Amer- 
ican Association  for  the  Advancement  of 
Science  at  the  Philadelphia  meeting,  Dec.  30, 
1914,  as   follows: 

Granite  block  pavements  have  been  exten- 
sively used  in  the  Borough  of  Brooklyn  for 
the  past  2.5  years.  The  life  of  these  pavements 
is  generally  given  as  20  to  30  years.  Many 
of  them  have  not  been  down  more  than  .5  or 
10  years,  but  there  has  been  such  a  marked 
improvement  in  the  character  of  granite  pave- 
ments, and  such  added  demands  placed  upon 
them  by  the  advent  of  automobile  traffic,  that 
it  is  sale  to  say  many  of  these  old-style  gran- 
ite pavements,  which,  though  not  worn  out, 
have  outlived  their  usefulness,  and  are  not 
fitted  for  modern  requirements. 

The  improved  granite  pavement,  which  is 
now  quite  generally  used  in  our  larger  cities, 
is  of  very  recent  date,  having  been  in  actual 
use  only  about  five  years.  Whereas  very  lit- 
tle improvement  in  the  character  of  wood,  as- 
phalt, and  other  standard  pavements  has  taken 
place  within  recent  years,  in  the  granite  pave- 
ment many  of  the  objectionable  features  have 
been  removed. 

About  five  years  ago  studies  were  begun  of 
the  various  granite  pavements  in  the  Borough 
of  Brooklyn,  with  a  view  to  determining,  if 
possible,  the  causes  which  created  the  objec- 
tionable features.  Observation  showed  that 
certain  granite  blocks  poli.shed  under  traffic, 
so  that  they  became  extremely  slippery :  some 
wore  down  rapidly  at  the  edges,  causing  the 
top  of  the  block  to  become  turtle-backed, 
which  made  the  pavement  extremely  rough : 
some  blocks  were  found  which  disintegrated 
under  traffic,  and  still  others  were  extremely 
rough  and  not  well-shaped,  owing  to  the  fact 
that  they  were  made  from  a  granite  which 
had  improper  cleavage  planes.  On  the  other 
hand  we  found  certain  streets  where  the  blocks 
had  worn  down  smoothly  and  squarely,  often 
in  spite  of  exceedingly  wide  joints,  and  again 
we  found  blocks  which  were  smooth,  had  par- 
allel faces,  and  were  well-shaped,  so  that  they 


could  be  paved  with  close  joints,  showing  that 
they  had  been  made  from  granite  which  was 
well  adapted  to  be  split  into  paving  blocks.  It 
was  further  ascertained  that  certain  granites 
did  not  polish  under  traffic,  but  retained  a  grit- 
ty surface.  Practically  all  of  the  pavements 
examined,  notwithstanding  the  wide  variation 
of  results  obtained,  were  laid  under  specifica- 
tions which  were  identical.  The  studies  made 
it  plain  that  one  of  the  principal  features  to 
be  considered  was  the  character  of  the  granite 
used  for  the  purpose  of  making  blocks.  Before 
taking  up,  therefore,  the  general  question  of 
construction,  a  thorough  study  of  the  various 
available  granites  was  made. 

TYPES    OF    GR.^NITE    BLOCK. 

Granite  is  an  unstratified,  igneous  rock.  It 
has  a  speckled  appearance,  and  is  composed  of 
distinct  crystals  of  different  colors.  The  con- 
stituent minerals  are  mostly  quartz,  felspar, 
mica,  and  hornblende,  although  mica  and 
hornblende  are  sometimes  missing.  The 
opaque  white,  reddish  or  greenish  crystals, 
with  glistening  surfaces,  are  felspar ;  the  trans- 
parent bluish,  glassy  spots  are  quartz,  and  the 
black  ones  are  usually  hornblende.  The  mica 
when  present,  is  usually  distinguished  as  the 
glistening  scales  of  various  shades.  The  com- 
position of  granite,  its  constituent  minerals, 
and   their   character,   all   require   investigation. 

At  the  time  that  our  studies  were  made, 
there  was  practically  no  data  available  which 
gave  us  any  idea  as  to  the  relative  merits  for 
paving  purposes  of  the  various  kinds  of 
granites.  We  learned  from  the  service  tests 
of  the  stones  actually  subjected  to  traffic,  that 
the  mineralogical  composition  of  the  granite, 
the  presence  or  absence  of  certain  minerals, 
and  the  proportions  in  which  they  occur,  as 
well  as  the  size  of  the  crystals,  all  had  a  direct 
bearing  on  its  value  for  paving  purposes.  It 
was  also  recognized  that  to  procure  a  smooth, 
well-shaped  block,  it  is  absolutely  essential 
that  the  cleavage  planes  be  such  as  to  cause 
the  granite  to  split  readily  into  paving  blocks. 

After  a  conclusion  had  been  reached  as  to 
the  most  desirable  granite,  a  study  of  the  size, 
dressing,  and  paving  of  the  block  was  taken 
up.  With  the  use  of  a  concrete  base,  the  ex- 
treme depth  of  the  block  was  unnecessary,  and 
the  depth  was  therefore  reduced  from  eight 
to  five  inches.  This  not  only  reduced  the  cost 
of  the  work,  but  also  enabled  the  paving  of 
the  blocks  with  closer  joints,  as  it  was  possi- 
ble to  procure  a  better  shaped  block  when  the 
lesser  depth  was  used.  The  question  of  the 
cushion  course,  the  joint  filler,  and  the  other 
matters  which  had  to  be  considered  to  draw 
up  a  standard  specification,  were  all  carefully 
looked  into,  and  on  this  knowledge,  acquired 
almost  entirely  from  actual  service  tests,  we 
first  built  our  standard  specification.  This 
specification  has  since  been  slightly  improved 
upon  each  year  as  more  and  more  data  be- 
comes available,  and  has  been  made  to  cover 
all  of  the  various  features  before  referred  to. 

AMOUNT    OF    GRANITE    BLOCK    IN    BROOKLYN. 

The  first  granite  pavement  in  the  Borough 
of  Brooklyn  on  a  concrete  foundation,  was 
laid  in  1894.  It  is  still  in  fair  condition,  as 
compared  with  the  condition  when  originally 
laid,  although  being  composed  of  llie  old  style 
of  granite  block,  it  cannot  be  compared  with 
one  of  our  modern  pavements.  We  have  in 
the  Borough  of  Brooklyn  160  miles  of  stone 
pavement.  Of  this  mileage  2.5  miles  are  of  the 
improved  modern  granite.  The  amount  of  the 
improved  granite  laid  each  year  in  the  Borough 
of  Brooklyn  is  as  follows: 

Year.  Miles. 

1010 0.11 

1911 2.16 

1912 B.IS 

1913 10.35 

1914 6.02 

24. S2 
In  addition  to  the  above  we  have  3.5  miles 
of  granite  pavement,  made  of  blocks  recut 
from  the  old  blocks  to  the  nfew  specifications. 
This  latter  work,  though  a  vast  improvement 
over  the  old  blocks,  is  not  always  satisfactory, 
because  the  old  blocks  are  so  often  made  of 
granite  which  is  inferior  for  paving  purposes. 


and  we  have  found  some  cases,  on  heavy  traffic 
streets,  when  new  granite  block  were  paved 
adjacent  to  the  recut  blocks,  where  even  after 
two  or  three  years'  service,  the  new  blocks 
remained  in  perfect  condition,  whereas  con- 
siderable disintegration  of  some  of  the  recut 
blocks  had  taken  place.  We  have,  therefore, 
made  it  a  rule  not  to  use  recut  blocks  on 
heavy  traffic  streets,  but  find  that  on  other 
streets  they  can  often  be  used  to  advantage, 
on  account  of  their  lesser  first  cost.  There 
were  no  expenditures  for  maintenance  on  the 
2.5  miles  of  improved  granite  in  the  Borough 
of  Brooklyn  during  the  year  1914, 

CHARACTER  OF  TRAFFIC. 

In  order  to  give  a  clear  idea  of  the  char- 
acter of  traffic  in  this  borough,  and  what  is 
meant  by  heavy  traffic,  medium  traffic,  and  so 
on,  it  is  necessary  to  mention  the  traffic  stand- 
ards adopted   by  this   Bureau : 

Weight  Traffic 
Rubber  tired  vehicles.  in  tons,    value. 

Large  auto   trucks   loaded 9  5 

Large  auto  trucks  empty 4  4 

Small  auto  trucks  loaded 3  3 

Small  auto  trucks  empty 1%  2 

Pleasure    automobiles 1%  1 

Rubber  tired   carriages 2  2 

Steel  tired  vehicles. 

Loaded   trucks T-A  10 

Empty   trucks 3Vi  7 

Loaded   wagons 2%  7 

Empty    wagons 1  Vz  4 

Carriages    1  2 

Trolley    cars 10 

To  obtain  the  traffic  unit  the  following  for- 
mula is  used : 

Number  of  vehicles  passing  a  given  point  in 
8  hours  X  traffic  value  divided  by  S  x  60  x  the 
widtli  of  the  roadway  =  density  =  traffic  units 
per  minute  per  foot  width   of  roadway. 

The  density  of  traffic  may  be  divided  rough- 
ly as  follows : 

Maximum     1.16  to  1.74 

Medium     0.5S  to  1.15 

Minimum    0.00  to  0.57 

This  represents  in  a  rough  way,  in  accord- 
ance with  the  above  formula,  what  is  known 
as  a  maximum,  medium  and  minimum  density 
of  traffic  in  the  Borough  of  Brooklyn. 

If  we  take  into  consideration  merely  the 
tonnage  to  which  the  pavement  is  subjected, 
leaving  out  of  consideration  congestion  caused 
by  trolley  cars,  the  following  table  shows  ap- 
proximately what  is  meant  by  heavy,  medium, 
and  light  traffic  in  the  Borough  of  Brooklyn, 
reduced  to  the  tonnage  per  foot,  width  of  road- 
way, per  day  of  eight  hours : 

Maximum    200  to  325  or  over 

Medium    100  to  199 

Minimum    0  to     99 

Practically  all  of  our  granite  pavements  are 
laid  on  those  streets  where  the  tr.»ffic  and 
density  are  classed  as  maximum,  although  im- 
proved granite  is  used  almost  entirely  by  the 
street  railway  company  between  the  tracks. 

.TOINTS. 

The  question  of  joint  fillers  is  one  which 
deserves  considerable  study,  and  one  which  is 
still  capable  of  improvement.  My  experience 
has  been  that  whereas  in  some  cases  a  ce- 
ment grout  filler  has  given  splendid  results, 
it  cannot  well  be  used  in  busy  growing  cities, 
where  pavements  are  constantly  ripped  up  for 
the  purpose  of  installing  subsurface  work.  The 
grouted  granite  block  pavement  is  very  diffi- 
cult to  restore,  and  I  have  often  noted  that 
patches  in  this  pavement  are  very  easily  dis- 
cernible, and  even  mar  the  looks  of  the 
street.  For  the  first  few  years,  before  the 
cement  grout  wears  off,  and  before  the  pave- 
ment has  been  opened  to  any  extent,  the  pave- 
ment laid  with  the  cement  grout  filler  gener- 
ally looks  better  and  is  smoother  than  the  pave- 
ment laid  with  the  bituminous  joint  filler:  but 
iny  observation  has  been  that  after  the  lapse 
of  a  few  years  the  cement  grout  pavement  is 
generally  marred  by  patching,  and  further  by 
the  fact  that  the  cement  grout,  which  is  al- 
lowed to  a  slight  extent  to  cover  the  blocks, 
wears  off  in  patches,  disfiguring  the  street  to 
a  considerable  extent.  With  a  bituminous  joint 
filler,  on  the  other  hand,  the  patches  can  hard- 
ly be  seen,  and  the  pavement  often  improves 
in  appearance  after  a  few  years  of  service. 

With  modern  granite  block  it  is  possible  to 
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obtain  joints  averaging  from  Vi  to  %-in.  The 
blocks  are  laid  so  close  together  that  a  con- 
siderable area  of  the  blocks  touch  one  another, 
thus  giving  stability  to  the  pavement,  even 
without  the  joint  tiller.  I  do  not  think  it  is 
necessary  to  fill  the  small  space  which  is  left 
between  these  blocks  with  cement  grout,  as 
ample  rigidity  is  obtained  with  a  bitummous 
filler.  It  is  unnecessary  with  the  modern 
granite  block  pavement  to  use  paving  gravel, 
and  the  modern  practice  favors  the  use  of 
a  mixture  of  tar  or  asphalt  with  hot  sand, 
poured  into  the  joints. 

CONCLUSIONS. 

So  many  examples  of  extremely  rough  and 
pcrorly  laid  granite  pavements  e.xist  in  almost 
all  of  our  large  cities,  that  there  is  a  strong 
prejudice  in  the  minds  of  many  against  the 
use  of  this  class  of  pavement.  The  vast  im- 
provement which  has  taken  place  in  its  charac- 
ter is  not  generally  known  and  appreciated. 
Granite  pavement  is  capable  of  a  still  higher 
development,  but  block  cutters  and  pavers  mu.st 
be  further  educated  before  perfection  can  he 
attained.  One  of  the  great  difficulties  is  the 
necessity  for  eliminating  from  general  use 
blocks  produced  by  certain  quarries  where  the 
nature  of  the  granite  is  such  that  good  results 
cannot  be  obtained.  The  second  difficulty  lies 
in  the  fact  that  very  few  pavers  are  sufficient- 
ly careful,  and  have  a  sufficiently  good  eye 
and  judgment  to  pave  the  courses  with  prop- 
erly selected  blocks.  The  durability  of  a  gran- 
ite pavement  is,  after  all,  its  chief  asset,  and 
must  not  be  sacrificed  in  the  attempt  to  still 
further  improve  the  other  features. 


concrete  base  under  the  'entire  pavement, 
rather  than  make  the  base  thinner  at  the 
edges,  to  secure  the  required  crown.  This 
latter  method  is  wasteful  of  base  concrete,  as 
it  makes  the  center  excessively  heavy  in  order 
that  the  edges  be  not  weakened.  When  we 
are  using  a  concrete  base  only  4  ins.  or  4% 
ins.  thick,  it  is  necessary  that  the  subgrade  be 
reasonably  true.  The  only  way  that  1  know 
to  insure  a  uniform  thickness  of  concrete  base 
is  to  go  over  the  subgrade  with  a  template 
after  the  side  forms  are  set  and  men  will 
dress  just  as  much  subgrade,  using  a  crowned 
template  as  a  flat  one.  Most  contractors  rea- 
lize that  it  is  the  economical  thing  to  do.  No 
engineer  wants  less  concrete  than  the  plans 
call  for  and  no  contractor  can  afiford  to  fill 
up  depressions  with  gravel  and  sand  and 
cement,  with  earth  at   the  present   price. 

We  generally  set  grade  stakes  at  2.5-ft.  in- 
tervals on  each  side  of  the  road,  and  I  have 
noticed  that  a  gang  of  men  using  these  stakes 
will    not    leave    a    subgrade    flat,    but    always 


Some    Features    of    Brick    Road    Con- 
struction in  Illinois. 

A  discussion  of  the  results  of  exoerience  in 
brick  road  construction  in  Illinois  was  present- 
ed as  a  paper  before  the  Illinois  Society  of 
Engineers  and  Surveyors  at  its  recent  meeting 
b"  Rodney  L.  Bell,  a  division  engineer  of  the 
Illinois  Highway  Commission,  and  his  paper 
is  given  here  in  part. 

The  best  type  of  brick  pavement  is  laid  on 
a  concrete  base  with  grout  filler,  a  longitudinal 
expansion  joint  on  one  side  for  roads  and 
narrow  streets,  and  on  both  sides  for  wide 
streets,  and  with  no  cross  expansion  joints, 
and   this   sort  of  pavement  will   be   discussed. 

In  a  brick  road,  as  well  as  any  other  type 
of  construction,  you  can  hardly  expect  to  get 
any  better  work  than  specifications  call  for, 
but  assuming  that  your  specifications  are  all 
that  are  to  be  desired,  the  perfect  job  is  ob- 


Fig.    3.     Mixing    and    Placing    Grout    Filler — 
Note  the  Use  of  Two  Grout  Boxes. 

crowned  a  little  for  a  flat  subgrade  looks  hol- 
low to  the  eye. 

COMBINED    CONCRETE    B.'\SE    ANV    CURB. 

The  concrete  for  the  base  must  be  laid  be- 
tween the  side  forms  and  struck  off  with  a 
template  before  the  inside  form  for  the  curb 
can  be  placed.  In  making  a  template  for  this 
work,  it  should  be  cut  true  to  the  crown  of 
the  finished  road  and  the  cutting  edge  shod 
with  metal.  The  ends  of  the  template  that 
rest  on  the  side  forms  should  be  raised  at 
least  Vi  in.  to  allow  for  settlement  when  the 
base  is  floated.  Where  crushed  stone  is  used 
as  the  coarse  aggregate,  the  template  may 
have  to  be  raised  to   %   in. 

The  base  should  be  finished  so  as  to  not 
\ao'  more  than   M   in.  and   if  the  template   is 


is  rounded  with  ordinary  sidewalk  edger,  but 
the  inside  is  left  square,  thus  securing  a  bet- 
ter joint  between  the  curb  and  the  brick.  The 
inside  form  is  likely  to  settle  slightly  in  the 
soft  base,  so  it  is  often  necessary  to  remove 
the  small  ridge  of  concrete  with  a  pick  before 
the  sand  cushion   is  placed. 

One  of  the  first  difficulties  met  when  start- 
ing the  concrete  base  is  to  get  the  propor- 
tions adjusted,  so  that  you  are  getting  the 
proper  amount  of  cement.  No  matter  how 
willing  the  contractor  may  be,  it  is  necessary 
to  keep  a  close  watch  on  the  men  until  they 
get  used  to  the  proper  charge.  This  is  es- 
pecially true  when  changing  to  a  different 
mixture  from  that  which  they  have  been  ac- 
customed. Using  the  graded  material  re- 
quired under  the  specifications  of  the  Illinois 
Highway  Department.  In  calculating  the 
amount  of  cement  required,  allowance  should 
not  usually  be  made  for  more  than  40  per 
cent  voids. 

The  specifications  of  the  Illinois  Highway 
Department  for  a  concrete  base  now  call  for 
1  part  cement,  ::!  parts  fine  aggregate  and  •5 
parts  coarse  aggregate.  It  is  probable  that 
these  will  be  changed  the  coming  year  to  1 
part  cement.  W2  parts  fine  aggregate  and  f! 
parts  of  coarse  aggregate,  as  it  is  believed 
our  present  base  is  unnecessarilv  rich.  Most 
of  the  concrete  base  laid  is  probably  made 
from  pit  run  material.  There  is  no  doubt 
but  this  practice  tends  to  cheapen  the  con- 
struction, both  as  to  cost  and  to  quality,  and 
I  believe  it  also  cheapens  the  qualitv  of  the 
work  faster  than  it  docs  the  cost.  There  are 
only  a  comparatively  few  nlaces  where  a 
suitable  pit  run  material  can  be  obtained ;  and 
by  suitable  I  mean  having  the  proper  pro- 
portions of  fine  and  coarse  aggregate.  .As- 
suming that  we  have  a  pit  run  material  svvch 
that  when  your  specifications  for  1  part 
cement  to  3  or  .3J4  parts  of  sand  are  complied 
with,  it  still  is  an  economical  material  to  use. 
You  may  ask,  what  is  the  objection  to  using 
it?  My  objection  to  pit  run  material  is  that 
it  is   impossible  to  get  a  uniform   product. 

Material  when  loaded  in  the  cars  tends  to 
separate  into  coarse  and  fine  aggregate  and 
when  dumped  from  the  wagons  the  coarse  ag- 
gregate runs  to  the  edges  so  that  part  of  the 
time  most  of  the  charge  is  fine  aggregate  and 
at  other  times  it  is  mostly  coarse  aegregate. 
A  mixture  of  this  kind  can  be  handled  in  a 
bridge  abutment  where  you  have  a  sufficient 
depth  of  concrete  to  spade  but  a  4-in.  layer 
spread  out  on  the  ground  is  not  conducive  to 
spading  and  a  batch  of  cement  and  coarse  ag- 
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Fig.    1.     Laying   Concrete    Base — Note    Method    of   Constructing 
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Fig.  2.    Spreading  and  Striking  Sand  Cushion — Note  the  Placing 
o'  Brick  Along  the   Roadside. 


tainecl  only  by  careful,  sensible  attention  to 
the  little  points  in  construction.  This  sort  of 
inspection  not  only  assures  a  good,  durable 
pavement,  but  a  well-appearing  piece  of  work 
as  well,  and  when  we  pay  the  price  necessary 
to  obtain  a  good  brick  pavement,  it  is  worth 
some  care  and  money  to  see  that  it  is  pre- 
sentable. \  good  job  is  worth  what  it  costs, 
while  a  sloppy  job  has  no  excuse  for  its  ex- 
istence. 

SUHCR.M)K. 

The  subgrade  should  be  parallel  to  the  fin- 
ished   road,    giving    a    uniform    thickness    of 


properly  made  this  will  work  no  hardship  on 
a  contractor.  The  entire  purpose  of  the  in- 
spection is  to  secure  as  nearly  a  perfect  sur- 
face as  possible  and  care  is  needed  at  all 
stages.  To  get  this  surface,  a  road  doesn't 
have  to  be  sandpapered,  on  the  other  hand,  a 
job  which  has  all  its  parts  thrown  together 
can't  expect  to  be  very  presentable  as  a 
whole. 

The  inside  forms  for  the  curbs  rest  on  the 
concrete  and  are  held  bv  clam|)s  and  dividers, 
the  dividers  being  removed  as  soon  as  the 
concrete  is  placed.     The  outside  of  the  curb 


grcgale  means  a  porous  place  in  the  base. 
When  using  fine  aggregate  and  coarse  aggre- 
gate from  separate  piles,  each  batch  is  the 
same  as  every  other  batch,  which  insures  a 
uniform  mixture  throughout  the  base. 

SAND    CUSHION. 

The  specifications  of  the  Illinois  Highway 
Department  require  an  inch  sand  cushion  un- 
der the  brick  as  finished.  This  means  about 
1^1  ins.  of  compacted  sand  when  the  brick 
are  laid.  .Vftcr  the  brick  are  rolle<l  they  are 
left  practically  tlush  with  the  curb  and  the 
sand   cushion    will   not    be    rolled   up   between 
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the  courses  of  brick  more  than  V2  in.  One 
might  say  that  the  sand  cushion  absorbs  the 
little  irregularities  in  the  brick  and  the  con- 
crete base,  assuring  us  of  a  more  nearly  per- 
fect surface  than  we  would  otherwise  secure. 
If  this  is  the  purpose  of  the  sand  cushion,  I 
fell  that  the  tendency  should  be  for  a  less 
rather  than  a  greater  thickness  of  sand  cush- 
ion. The  thicker  the  cushion  the  more  like- 
lihood of  securing  an  uneven  surface.  Then, 
again,  the  thicker  the  sand  cushion  the  more 
chances  of  rolling  the  sand  up  between  the 
courses  of  brick.  I  firmly  believe  that  if 
there  is  more  than  Vz  in.  of  sand  between  the 
courses  of  brick  they  should  be  taken  up  and 
relaid ;  if  this  is  not  done  w-here  a  grout  filler 
is  used  a  pavement  is  almost  sure  to  buckle. 
A  brick  pavement  will  take  care  of  the  com- 
pression if  it  has  a  chance,  but  it  hasn't  a 
fair  chance  with  a  yielding  filler  like  sand 
for  the  lower  portion  and  a  solid  filler  like 
grout  for  the  top  portion. 

LAYING   BRICK. 

When  using  a  grout  filler  all  brick  should 
have  some  sort  of  lug  or  raised  letters  and 
these  should  always  be  laid  the  same  way. 
If  this  is  done  you  are  assured  that  the  grout 
will  reach  to  the  sand  cushion  at  all  places. 
If  this  is  not  done  there  are  certain  to  be 
some  places  that  will  not  be  grouted.  The 
longitudinal  expansion  joint  should  be  placed 
on   »he  side  from  which  the  laying  starts. 

Brick  should  be  carried  onto  the  road  on 
pallets,  instead  of  wheeling  in  barrows  and 
dumping  on  the  brick  already  laid.  Enough 
men  should  follow  the  laying  gang  to  keep 
the  brick  culled  up  ahead  of  the  men  who  do 
the  batting.  A  large  portion  of  the  brick 
that  are  rejected  are  plainly  culls  that  the 
ordinary  laborer  can  detect  as  well  as  an  in- 
spector. Most  of  these  are  misshaped  or  bad- 
ly chipped  brick  which  can  be  used  for  bats 
on  the  unfinished  side.  Incidentally  this  saves 
a  considerable  amount  of  work  for  the  in- 
spector. 

GROUT   FILLER. 

.\n  otherwise  good  pavement  may  be  ruined 
by  DOor  grouting  and  a  good  job  of  grout- 
ing may  insure  a  fair  pavement  out  of  what 
was  in  other  ways  an  inferior  piece  of  work. 
One  of  my  inspectors  told  a  contractor  this 
summer  that  he  admitted  that  a  good  filler, 
like  charity,  covered  a  multitude  of  sins. 

One  of  the  main  points  in  grouting  is  to 
get  the  first  application  so  thin  that  it  can't 
help  but  penetrate  to  the  bottom  of  each  and 
every  course.  Fool-proof,  in  other  words. 
If  there  is  any  place  that  perfect  work  is  re- 
quired, the  placing  of  the  grout  filler  is  that 
place.  The  Illinois  Highway  Department 
specifies  the  use  of  rattan  brooms  to  brush 
in  the  first  application  and  squeeges  for  th-; 
subsequent  application.  Three  applications 
may  finish  the  job  and  it  may  take  five.  The 
grouting  must  be  continued  until  the  filler 
is  brought  flush  with  the  top  of  the  brick 
and  just  as  little  surplus  grout  on  top  of  the 
brick  as  possible.  In  ending  a  day's  work 
care  should  be  taken  to  end  with  a  square 
joint.  This  can  be  accomplished  by  the  use 
of  tin  headers,  .5  ins.  wide  by  24  ins.  long. 
Thes?  headers  can  be  placed  between  two 
courses  of  brick  and  removed  after  the  grout 
has  had  a  chance  to  stififen,  but  not  set. 

CROSS    EXPANSION    JOINTS. 

I  realize  that  some  engineers  still  believe 
in  the  cross  expansion  joir/t,  but  experience 
generally  seems  to  show  that  they  are  not  only 
a  useless,  but  a  detrimental  appendage.  The 
belief  is  prevalent  now  that  instead  of  pre- 
venting buckling  they  encourage  it,  and  you 
know  that  within  two  years  from  the  time 
the  road  is  finished  there  will  be  a  low  place 
at  each  point.  In  the  eastern  division  no  state 
aid  brick  roads  have  been  constructed  with 
cross  expansion  joints.  The  theory  is  that 
they  are  not  needed  and  experience  has 
proven  the  theory  to  be  correct. 

The  brick  road  between  Buffalo  and  Ni- 
agara Falls,  17  miles  long  and  18  ft.  wide,  has 
no  cross  expansion  joints.  There  is  a  brick 
road  leading  east  from  Livingston,  N.  Y., 
along   the    south   bank    of    the    St.    Lawrence 


River,  7  miles  in  length,  that  has  no  cross 
expansion  joints.  All  of  the  better  work 
around  Cleveland,  Ohio,  was  and  is  being 
constructed  without  cross  joints.  At  Paris, 
111.,  we  have  one  road,  2%  miles  long,  with 
no  cross  joints  and  it  is  in  perfect  condition. 

.MISCELLANEOUS    DETAILS. 

The  main  objection  to  the  brick  road  is  the 
cost  and  any  means  of  reducing  the  cost  of 
construction  without  impairing  the  quality  is 
much  to  be  desired.  It  seems  to  me  that  a 
brick  wearing  surface  should  last  40  years  on 
our  country  highways  and  to  put  that  sort  of 
wearing  surface  on  an  inferior  foundation  is 
not  only  poor  judgment,  but  borders  on  the 
foolish. 

Many  engineers  doubt  the  advisability  of 
curbs  for  country  highways,  and  considerable 
work  has  been  constructed  without  them,  but 
40  years  is  a  long  time  for  a  brick  edge  to 
stand  the  turning  on  and  off  of  the  traffic 
and  the  additional  cost  of  the  curb  is  so  small 
that  I  do  not  see  how  we  can  afford  to  leave 
it  off.  A  road  without  a  curb  might  be  in 
perfect  condition  after  25  years  and  then  if 
the  brick  on  the  edge  started  to  loosen  it 
would  cost  more  to  keep  them  replaced  than 
the  original  cost  of  the  curb.  If  the  concrete 
curb  should  wear  out  completely  in  2.j  years 
you  would  then  be  just  where  vou  started 
with   the   other   type   of  construction, 

.'Kny  sort  of  construction  work  develops 
along  two  lines:  (1)  To  improve  the  qua.1- 
ity.     (2)   To  cheapen  the  cost. 

Brick  roads  have  been  developed  to  a  high 
point,  and  the  tendency  now  seems  to  be  to 
trj-  and  cheapen  the  cost  to  compete  with 
concrete  and  to  me  it  seems  to  be  a  step  in 
the  wrong  direction.  I  never  heard  anybody 
claim  that  a  natural  soil  foundation,  a  mac- 
adam foundation  or  a  gravel  foundation  was 
as  good  as  a  concrete  foundation,  nor  pit  run 
gravel  was  better  than  separated  aggregate ; 
nor  a  road  without  a  curb  was  better  than 
one  with  a  curb.  The  only  argument  is  that 
it  is  cheaper,  and,  to  my  mind,  when  cheap- 
ness takes  the  place  of  quality  it  ceases  to  be 
a  virtue.  "The  satisfaction  in  the  quality  re- 
mains long  after  the  price  is   forgotten." 

Everything  else  being  equal  the  life  of  the 
pavement  depends  directly  upon  the  quality 
of  the  brick  that  make  up  the  wearing  sur- 
face. Brick  are  manufactured  at  a  large 
number  of  places  and  from  manv  different 
kinds  of  shale.  The  shale  from  these  differ- 
ent deposits  require  different  amounts  of 
burning  and  the  resulting  brick  are  of  differ- 
ent colors  and  of  varying  hardnesses.  I  be- 
lieve that  our  present  method  of  applying  the 
rattler  test  leaves  something  to  be  desired. 
I'^ach  shale  deposit  should  be  made  the  basis 
of  scientific  investigation  as  to  the  burning 
required  to  produce  the  best  results  with  that 
material.  After  this  is  determined  each  plant 
would  know  exactly  what  was  expected  of  it. 
I  believe  this  is  a  step  in  advance  of  any- 
thing yet  attempted,  but  it  is  feasible  and 
would  work  no  hardship  on  the  manufacturer. 
.\  maximum  average  loss  would  need  to  be 
required  just  as  now,  but  brick  made  from 
one  sliale  that  will  show  an  average  loss  of 
22  per  cent  in  the  rattler,  might  be  better 
than  brick  from  another  plant  that  only  shows 
a  loss  of  20  per  cent,  because  the  first  were 
properly  liurned  and  the  latter  were  under- 
burned.  A  common  standard  for  all  is  the 
easv,   but   not  the   scientific   wav. 


Comment  on  the  Purchase  of  Asphalt 

and  Asphaltic  Cement  on  tht 

Bituminous  Basis. 

To  the  Editors  : — Referring  to  the  article  on 
"The  Purchase  of  Asphalt  and  Asphaltic  Ce- 
ment on  the  Bituminous  Basis,"  which  appears 
in  your  issue  of  January  27th,  there  are  as- 
pects of  this  question  which  it  seems  worth 
while  to  comment  upon,  as  they  are  not 
brought  out  in  the  report  of  Mr.  Broadhurst's 
paper  as  published  by  you.  Mr.  Broadhurst 
says  that  "to  place  all  asphalts  in  competition 
on  an  economically  sound  or  even  basis  the 
same    should   be   bought   on   the   basis    of   the 


contained  bitumen."  To  accomplish  this  spe- 
cifications are  drawn  outlining  requirements 
"first  as  to  quality  and  second  as  to  the 
quantity   of    contained   bitumen." 

Although  the  requirement  as  to  quality  of 
bitumen  is  mentioned,  it  is  nowhere  apparent 
that  quality  cuts  any  figure  whatever  in  the 
purchase  of  asphalt  according  to  the  method 
described  by  Mr.  Broadhurst.  It  is  perfectly 
true  that  the  number  of  square  yards  of  road- 
way that  can  be  laid  per  ton  of  asphalt  will 
depend  upon  the  percentage  of  bitumen  that 
the  asphalt  contains ;  but  this  has  no  regard 
whatever  for  the  quality  of  the  bitumen  or  the 
quality  of  the  pavement  laid  with  it.  If  con- 
sideration is  given  to  quality  rather  than 
quantity  an  entirely  different  point  of  view  is 
opened  up. 

In  the  case  of  Trinidad  lake  asphalt  the 
bitumen  of  which  is  combined  naturally  with 
impalpably  fine  mineral  matter,  portions  of 
which  are  in  colloidal  state,  its  purchase  under 
the  method  recommended  by  Mr.  Broadhurst 
would  be  virtually  prohibited,  although  the 
superiority  of  the  material  for  paving  purposes 
might  be  conceded.  The  service  given  by  this 
material  has  indeed  proved  that  the  increased 
price  per  unit  of  bitumen  is  more  than  over- 
come by  its  longevity.  The  fact  that  Trinidad 
contains  mineral  matter  carried  in  a  form 
which  cannot  be  supplied  artificially  by  the 
mere  addition  of  fine  dust  and  that  recent  in- 
vestigations have  shown  that  this  mineral  mat- 
ter plays  a  most  important  part  in  the  life  of 
an  asphalt  surface  mixture — this  advantage  be- 
comes a  reason  for  barring  out  instead  of  for 
preferring  this  bitumen.  In  addition  to  the 
peculiar  quality  of  the  mineral  matter  of 
Trinidad  lake  asphalt,  it  possesses  adhesive  and 
cohesive  properties  which  so  far  as  known  are 
not  found  as  permanent  or  unchangeable 
characteristics  of  other  asphalts.  Neverthe- 
less, these  qualities  are  entirely  neglected  when 
the  purchase  of  asphalt  is  undertaken  purely 
on  the  basis  of  the  lowest  price  that  can  be 
obtained  per  unit  of  bitumen.  Indeed  it  is 
hard  to  see  how  the  question  of  quality  enters 
into  the  transaction  if  the  method  described 
by   Mr.   Broadhurst   is  literally   followed. 

The  writer  is  well  aware  that  the  method 
recommended  by  Mr.  Broadhurst  is  not  new 
and  that  it  has  been  adopted  here  and  there, 
mainly  by  municipal  plants,  but  it  has  seemed 
worth  while  to  point  out  that  while  the  matter 
of  quality  is  mentioned  as  one  of  the  require- 
m.ents  of  the  specifications,  in  fact  and  in 
practice  there  is  no  consideration  of  quality 
when  the  price  per  unit  of  bitumen  is  the 
controlling  factor. 

So  great  is  the  disparity  between  the  price 
of  the  lake  asphalts  and  the  oil  residuals  that 
it  is  not  perhaps  of  vital  importance  to  point 
out  some  minor  discrepancies  in  Mr.  Broad- 
hurst's figures;  but  this  may  be  done  in  the 
interests  of  absolute  accuracy.  It  is  stated  that 
the  price  bid  per  ton  of  Bermudez  asphalt  is 
$24.80,  but  Mr.  Broadhurst  does  not  consider 
that  this  material  will  be  tluxed  and  that  the 
price  of  asphalt  cement  produced  will  be  much 
less  than  $24.80.  Assuming  the  cost  of  flux 
at  5%  cts.  per  gallon  and  28  lbs.  of  this  to 
every  100  lbs.  of  Bermudez,  the  cost  of  the 
asphalt  cement  would  be  $22.20  per  ton ;  and 
figuring  that  this  contains  96  per  cent  bitumen 
the  cost  of  bitumen  would  be  $23.13  per  ton. 
Trinidad  refined  asphalt  at  $18  per  ton  would 
be  equivalent  to  $32.73  per  ton  of  bitumen. 
When,  however,  the  refined  asphalt  is  fluxed 
with  58  lbs.  of  heavy  flux  to  the  hundred  the 
cost  of  the  asphalt  cement  would  be  reduced 
to  $16.41  per  ton  and  the  unit  cost  of  bitumen 
to  $23.80. 

The  more  important  consideration,  however, 
that  the  writer  wishes  to  emphasize  is  that  by 
the  purchase  of  asphalt  on  a  bitumen  basis,  a 
very  low  price  may  be  obtained  per  ton  of 
bitumen,  but  the  purchaser  may  be,  neverthe- 
less, getting  a  very  bad  bargain  since  he  is  en- 
tirely ignoring  the  question  of  the  quality  of 
the  bitumen  he  buys. 

■Very  truly  yours, 

D.  T.  Pierce. 
Executive  .Assistant.  Barber  Asphalt  Co. 

Philadelphia,   Pa.,  February  5,  1915. 
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is  considered  excellent  and  the  other  not  worth 
the  cost  of  printing.  E.  &  C.  Feb.  17,  1915;  ly^ 
cols. 


University    of    llli- 


BUILDINGS:      Armory, 
nois. 

End  Framing  for  Armory  at  University  of 
Illinois  and  Some  General  Features  of 
This   Structure 141 

Describes  and  illustrates  the  design  and  con- 
struction of  the  end  framing  for  the  212x400-ft. 
armory  at  the  University  of  Illinois.  Also  de- 
scribes heating,  lighting  and  ventilating  sys- 
tems, and  floor  construction.  E.  &  C,  Feb;  17. 
1915;  7I/I;  cols. 


BUILDINGS:    Factory;  Model,  in  Toledo,  O. 

A     Model      Factory      Building      for      Small 
Plants    144 

Describes  the  structural  features  and  equip- 
ment of  a  four-story  reinforced  concrete  factory 
building  in  Toledo,  C.  which  possesses  many 
co-operative  features  and  advantages.  The 
structure  is  intended  to  house  a  number  of 
small  manufacturing  companies.  E.  &  C.  Feb. 
17,  1915;  i  cols. 

FIRES:    Edison;   Report  of  Committee  on. 


EXCAVATION: 

c.-tvator. 


PUiiiking  for  Di-ag  Line  Ex- 


Preliminary    Report  of  Committee  on   Edi- 
son   Fire    


145 

Gives  the  preliminary  report  of  the  committee 
on  Edison  fire  appointed  by  the  American  Con- 
crete Institute.     E.  &  C,  Feb.  17.  1915;  IV2  cols. 

PIPE.     WOODEN     STAVE:      Use.     Design, 
'.'unstructlon.    Cost  and   Durability    of. 

The   Cost   of   Wooden   Stave  Pipe 146 

Fourth  in  a  series  of  five  articles  on  the  use. 
design,  construction,  cost  and  durability  of 
wooden  stave  pipe.  Discusses  various  factors 
entering  into  the  cost  and  gives  examples  of 
making  cost  estimate  from  average  units  given. 
Shows  four  cost  diagrams  covering  assembling 
staves,  inserting  metal  tongues,  putting  on 
bands,  driving  staves  endwise,  sorting  and  dis- 
tributing staves  from  piles  along  line,  bending 
and  painting  bands,  distributing  bands,  and 
spacing  and  back-cinching  bancs.  E.  &  C,  Feb. 
17.  1915;   6V2  cols. 


Failure    of    CO-  in.;    Cin- 


WATER     MAINS: 

cinnali. 

Failure    of    60-in.    Water    Main    at    Clncln- 
nati    fay    Longitudinal    Compression 148 

Substance  of  report  of  John  W.  Alvord  on 
causes  of  failure.  Condition  sliown  by  four  dia- 
grams. Failure  due  to  longitudinal  pressure 
brought  about  by  joint  contact  and  lateral 
thrust  or  jar  on  convex  side  of  slight  curve  in 
main  adjacent  to  break.     E.  &  C,  Feb.  17,  1915; 

l!^,2     cols. 


DAM:     Loch  Raven  at  Baltiinore;  Design. 

Provision  for  Upward  Pressure  and  Inter- 
ior Drainage  in  Designing  New  Loch 
Raven   Dam   at   Baltimore 150 

Describes  pro\  isions  made  to  withstand  up- 
ward pressure  under  the  bottom  of  the  dam 
and  internal  stresses  within  the  body  of  the 
dam  due  to  water  making  its  way  into  horizon- 
tal joints.  Describes  arrangements  for  bonding 
higher  dam.  to  be  built  at  some  future  date,  to 
the  present  dam.     E.  &  C,  Feb.  17,  1915;  2  cols. 

DAMS:     Construction    Plant    and    Forms. 

Plant  Arrangement  and  Form  Construc- 
tion  for   Coon    Rapids    Dam.    Minnesota..   151 

Illustrates  and  describes  general  plant  layout 
and  gives  details  of  form  construction  for  dairi. 
draft  tubes,  scroll  cases,  etc.  E.  &  C,  Feb. 
17.  1915;  514  cols. 

TUNNELS:     Driving.   Methods  and   Costs. 

Rapid  Construction  of  a  Mine  Tunnel: 
Methods    and    Costs 152 

Presents  data  on  plant,  force,  and  shift  ar- 
rangements; in  drilling,  mucking,  bricklaying 
and  blasting  methods.  Gives  time  schedule. 
De.scribes  round,  tramming,  pipe,  track  and  wir- 
ing. Gives  progress  records,  wages  and  costs. 
E.  &  C,  Feb.  17,  1915;  4  cols. 


Sectional    Planking     or     Track     for     Drag 
Line  Excavator  Work   154 

Illustrates  and  describes  a  track  devised  for 
use  with  a  drag  line  excavator.  E.  &  C.  Feb. 
17.   1915;  li/i   cols. 


SHOVELS:    Electric;  Methods  and  Costs  of 
Work, 

Methods  and  Costs  of  Electric  Shovel  Work 
Removing  Slides  and  Side  Cutting  for 
Electric    Railway    154 

Gives  data  on  labor  and  power  costs  of  hand- 
ling a  3.500-cu.  yd.  slide  on  an  electric  railway 
line  by  means  of  an  electric  shovel.  E.  &  C. 
Feb.  17,  1915;  2%  cols. 


TIES:    .-Vnniial  Charges. 

A  Method  for  Finding  the  Annual  Charges 
for  Ties   155 

Gives  a  diagram  for  figuring  the  annual 
charges  for  railway  ties  and  explains  its  use. 
E.  &  C,  Feb.  17,  1915;  3  cols. 

WATER      POWER:       Resources     of     United 
States,  (.'anada  and  Europe. 

Comparative  Water  Power  Resources  and 
Utilization  of  European  Coimtries.  Can- 
ada  and   the    United    States 156 

Gives  a  table  of  hydraulic  power  available  and 
percentage  of  present  utilization  in  these  coun- 
tries.    E.  &  C,  Feb.   17,  1915;   73  col. 


ROADS:     Hauling   Machinery    Selection. 

The  Selection  of  Hauling  Machinery  and 
a  Graphical  Method  of  Estimating  the 
Comparative    Cost   of    Hauling 156 

Discusses  various  factors  entering  in  the  se- 
lection of  road  machinery  and  gives  a  graphical 
method  of  comparing  the  relative  cost  of  haul- 
ing bv  teams,  traction  engine,  motor  trucks  and 
industrial  railway.  E.  &  C,  Feb.  17.  1915;  5% 
cols. 


PAVEMENTS:    Granite  Block.  Brooklyn. 

Service    Tests    of   Stone    Block    Pavements 
in   Brooklyn    158 

Discusses  types  of  .granite  blocks,  amount 
used,  character  of  traffic,  joints  and  the  future 
development  of  the  pavement.  E.  &  C,  Feb.  17, 
1915;  3  cols. 


ROADS:     Brick,    Illinois, 

Some    Features    of    Brick    Road    Construc- 
tion   In    Illinois 159 

Discusses  features  of  design,  construction,  the 
selection  and  inspection  of  materials  and  vari- 
ous details  relating  to  the  economics  of  brick 
road  building,     E.  .'i  C,  Feb.  17.  1915;  iVj  cols. 


PAVEMENTS:     Asphalt    Purchasing. 

Comment  on  the  Purchase  of  Asphalt  and 
Asphaltic  Cement  on  the  Bituminous 
Basis    160 

Letter  to  the  editors  calling  attention  to  the 
importance  of  considering  quality  as  well  as 
price  in  the  purchase  of  asphalt.     E-  &  C.  Feb. 

17,  1915;   l',4   cols. 


INDEX  TO  WORKS  AND  PRODUCTS  DEALT  WITH  IN  THIS  ISSUE. 
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FOREIGN  TRADE  NOTES 

The  following  foreign  trade  opportunities 
are  listed  by  the  Bureau  of  Foreign  and  Do- 
mestic Commerce.  Where  addresses  are 
omitted  in  the  items  they  may  be  obtained 
from  the  office  of  the  Bureau  at  Washing- 
ton, D.  C,  or  from  the  branch  offices  at  337 
Custom  House,  New  York;  629  Federal 
Bldg.,  Chicago,  111.;  76  Appraiser's  Stores 
Bldg.,  San  Francisco,  Cal.,  and  Association 
of  Commerce  Bldg.,  New  Orleans,  La.  In 
applying  for  addresses  reference  should  be 
made  to  the  file  numbers. 

Wire  Rope.— Firm  in  Great  Britain  wishes 
to  purchase  in  lots  of  10  coils  at  a  time,  wire 
rope.  The  rope  should  be  %-in.  in  circum- 
ference ;  bore  galvanized  fie.xible  steel  wire 
rope,  made  of  crucible  steel  wire  90  tons  per 
square  inch  breaking  strain,  G  spans  of  12  (or 
11)  wires,  with  hemp  core  to  each,  and  hemp 
main  heart.  It  should  be  in  coils  in  100 
fathoms  each,  price  to  be  quoted  per  600 
fathoms  and  not  per  hundredweight.  The  gage 
of  the  wire  should  be  27  (0.016).  Samples 
should  be  submitted.  No.  15-570.  [For  address 
see  first  paragraph.] 

Electric  JMountain  Railway. — Firm  in  Nor- 
way is  asking  bids  for  construction  of  an  elec- 
tric mountain  railwa.v.  Plans  and  specifications 
will  be  on  file  at  the  Bureau  of  Foreign  and 
Domestic  Commerce  and  its  branch  office.  No. 
15571.     [For  address  see  first  paragraph.] 

Railway  Cars. — Tenders  will  be  received  un- 
til July^  29,  1915,  for  supplying  159  "goods 
wagons"  for  the  Siamese  State  railways, 
Broad  Gage.  Copies  of  the  specifications  and 
drawings  may  be  seen  at  the  Bureau  of  For- 
eign and  Domestic  Commerce  or  its  branch 
offices,  or  may  be  purchased  from  the  Siamese 
Legation  at  Washington. 

Sheet  Steel  for  Tanks,  Etc.— Business  man 
in  Central  America  wishes  to  correspond  with 
makers  of  sheet  steel  for  tanks,  piping  and 
fittings.  No.  1.5598.  [For  address  see  first 
paragraph.] 

iNIechanical  Appliances  and  Supplies.— A  firm 
in  England  wishes  to  take  up  agencies  for 
American  products.  It  is  especially  interested 
in  mechanical  appliances  and  supplies,  such 
as_  engines  and  parts,  weighing  bridges  for 
railroads,  railway  rolling  stock,  etc.  It  de- 
sires to  secure  exclusive  agencies.  No.  15556. 
[For  address  see  first  paragraph.] 

Motors. — European  firm  wishes  to  import 
electrical  goods,  especially  electric  motors  for 
driving  motors.  Correspondence,  catalogs,  etc.. 
should  be  in  Spanish.  No.  15582.  [For  ad- 
dress   see    first    paragraph.] 

Iron  and  Steel  Products.— Firm  in  Far  East 
desires  to  receive  catalogues,  prices,  freight 
rates,  shipping  weights,  etc.,  on  all  kinds  of 
hardware,  iron  and  steel  products,  etc.  No. 
15585.      [For  address   see   first  paragraph.] 

Iron  Girders.— Egyptian  agent  of  business 
firm  in  United  Kingdom  has  called  for  quota- 
tions on  iron  girders.  Specifications,  etc.,  may 
be  had  on  application  to  the  Bureau  of  For- 
eign and  Domestic  Commerce  or  its  branch 
offices.  No.  15-587.  [For  address  see  first 
paragraph.] 

Cement, — An  .'\merican  consular  officer  in 
the  Far  East  reports  an  opportunity  to  sell 
30,000,000  lbs,  of  cement  for  delivery  during 
March  and  April,  1915.  A  detailed  report  cov- 
ering this  inquiry  may  be  had  on  application 
to  the  Bureau  of  Foreign  and  Domestic  Com- 
merce or  its  branch  offices.  Negotiations 
should  be  conducted  by  wire.  No,  15592.  [For 
address  see  first  paragrpah.] 

Wire  and  Steel  Products. — .^  general  com- 
mission agent  in  Europe  wishes  to  import 
glassware,  wire,  and  steel  products.  Cata- 
logues and  correspondence  should  be  in 
Spanish.  No.  15593.  [For  address  see  first 
paragraph.] 


The  Broderick  &  Bascom  Rope  Co.,  of  St. 
Louis,  New  York  and  Seattle,  manufacturers 
of  the  Yellow  Strand  powersteel  wire  rope, 
adopted  a  highly  hel^iful  plan  of  factory  op- 
eration during  the  recent  general  business 
depression,  due  to  the  European  war.  The 
company  decided  it  was  best  to  employ  all 
its  force,  day  and  night  shifts,  even  if  only 
part  time — rather  than  to  work  one-half  of 
the  force  full  time.  Last  spring  the  St.  Louis 
plant  was  running  full  force  at  least  85  per 
cent  of  its  full  time.  Later  in  the  year  it  was 
operated  three-fourths  time,  but  kept  the  en- 
tire day  and  night  force.  Finally,  during 
part  of  October  and  all  of  November,  it  ran 
one-half  time — still  keeping  all  the  men  em- 
ployed. During  December,  that  the  men  might 
have  some  extra  money  for  Christmas,  the 
company  operated  the  entire  St.  Louis  plant 
full  time,  day  and  night — even  though  that 
meant  piling  up  large  stocks  of  wire  rope. 
This  resulted  in  no  little  expense,  for  increas- 
ing one's  stock  several  million  pounds  is  no 
small  matter.  Now-,  with  improving  condi- 
tions, the  matter  of  employment,  time.  etc.. 
is  working  itself  out  naturally. 


NEW  CATALOGUES 

Centrifug.xl  Pumps. — Paper,  7%.xl0  ins.:  8 
pp.  Van  Wie  Pump  Co.,  Syracuse,  N.  Y. 
Bulletin  No.  300,  describing  Van  Wie  gaso- 
line driven  water  and  dredge  centrifugal 
pumps.  Several  types  are  shown  and  described 
in  detail  with  data  as  to  sizes,  capacities, 
weights,  etc. 

Comptometer. — Paper,  6x9  ins. ;  26  pp.    Felt  & 

Tarrant  Mfg.  Co.,  Chicago. 

Explains  the  operation  of  the  comptometer 
and  its  application  to  engineering  calculations. 
Gives  examples  of  its  value  in  drafting  room, 
architects'  office,  in  making  estimates,  figuring 
costs,  etc.    Illustrated. 


Dump     W'.^cons. — Paper,     9x12 


4    pp. 


INDUSTRIAL  NOTES 

The  Lake  \'iew  Sand  &  Gravel  Co.,  of  Lake 
View,  Iowa,  has  purchased  a  1%-yd.  cableway 
excavator  as  well  as  a  complete  washing, 
screening  and  crushing  plant,  from  the  H. 
Channon  Co..  Chicago.  This  plant  will  be 
in  operation  about  the  middle  of  April. 


Champion    Wagon    Co.,    Inc.,    100    Railroad 

Ave.,  Owego.  N.  Y. 

Pamphlet  calling  attention  to  the  advantages 
of  the  Champion  dump  wagon,  its  light 
weight,  spreading  device,  short  wheel  base, 
easy  loading  height,  etc.    Illustrated. 

Sheet  Metal  Proihtcts. — Paper,  6x9  ins. ;  184 
pp.  The  Berger  Mfg.  Co.,  Canton,  Ohio. 
General  Catalogue  No.  10,  'complete  illus- 
trated and  descriptive  catalogue  and  price  list 
of  the  numerous  sheet  metal  products  of  the 
company  containing  also  considerable  data  on 
pipes,  roofing,  sheet  metal  weights  and  thick- 
ness, etc. 

Steel  Forms. — Paper,  0x9  ins. ;  18  pp.  Blaw 
Steel  Construction  Co.,  Pittsburgh,  Pa. 
Bulletin  No.  65,  describing  Blawforms  for 
concrete  sidewalk,  curb,  curb  and  gutter,  road 
and  similar  construction.  Illustrated  with 
views  of  actual  installations.  Points  out  the 
advantages  of  steel  forms  and  the  special 
features  of  Blaw  steel  forms. 

Cement  Gun. — Paper,  9x12  ins. ;  2  pamphlets, 
4  and  8  pp.  Cement-Gun  Co.,  30  Church  St., 
New  York  City. 

Bulletin  No.  60,  reprint  of  article  on  ex- 
perimental levee  work  on  the  Mississippi,  and 
Bulletin  No.  9<),  reprint  of  an  article  on  the 
work  of  the  cement  gun  in  construction  of  a 
government  hospital  in  Ontario.  Both  are  well 
illustrated  and  give  interesting  details  of  the 
method  of  construction  with  the  cement  gun. 

Structural    Steel,    Sheet    Metal    Products 
AND  Machinery. — Paper,  3V^x6%  ins.;  48  pp. 
Minneapolis  Steel  and  Machinery  Co.,  Min- 
neapolis,  Minn. 

"What  We  Do,"  a  booklet  containin.g  an 
illustrated  outline  of  the  works  of  the  above 
company.  Just  a  suggestion  with  typical 
views  of  the  structural  steel,  steel  bridges, 
sheet  metal  products,  machinerv-  products,  oil 
tractors,  ornamental  iron  work,  etc.,  handled 
by  them. 


CATALOGUE  REVIEWS 

Water  Wheels.— Paper,  0x9  ins.;  64  pp.  The 
Pelton  Water  Wheel  Co.,  San  Francisco, 
Cal. 

The  Pelton  water  wheel  as  displaved  in 
Bulletin  No.  8,  entitled  "The  Pelton  System 
of  Power,"  shows  the  great  adaptability  of 
water  wheels  to  the  driving  of  every  type  of 
machinery.  The  bulletin  contains  a  great  deal 
of  hydraulic  information  which  the  company 
claims   has  not  been   previously   published. 

Peltoii  wheels  particularly  adapted  to  driv- 
ing mining,  sawmill,  industrial  and  other  ma- 
chinery, are  described  in  detail,  and  -tiumer- 
ous  illustrations  show  various  typical  instal- 
lations. 

Pages  37  to  40  inclusive  are  devoted  to 
tabulated  data  pertaining  to  the  speed,  power 
and  water  discharge  of  type  "C"  motors  and 
standard  single  nozzle  Pelton  wheels.  The 
following  pages  contain  data  required  for  es- 
timates; weir  measurement  table  with  ex- 
ample of  use:  data  on  water  wheel  governors, 
and  hydraulic  pipe  lines:  pipe  friction  tables, 
working  heads  and  weights,  etc. 

Cast  Iron  Pipe.— Cloth,  8%xl0%  ins.;  222 
pp.  United  States  Cast  Iron  Pipe  &  Foundry 
Co.,  Burlington,   N.  J. 

The  new  general  catalogue  of  the  United 
State  Cast  Iron  Pipe  and  Foundry  Co.  has 
been  prepared  with  a  view  to  giving  general 
information  of  value  to  users  of  cast  iron  pipe 
as  w-ell  as  to  illustrate  the  specific  products  of 
the  company.  The  tables  cover  full  lines  of 
pipe  and  fittings  with  accompanying  specifica- 
tions which  have  been  adopted  in  the  United 
States  as  the  manufacturers'  standards,  and 
represent  those  most  commonly  used.  Notes 
are  included  regarding  the  history  and  impor- 
tance of  cast  iron  pipe,  the  forms  of  joints, 
recent  developments  in  high  pressure  piping, 
and  other  data  of  interest  to  those  using  pipe. 
Some  tables  have  been  added  which  will  be 
helpful  in  determining  pipe  sizes  and  capaci- 
ties. 

The  book  is  of  unusual  general  interest,  is 
well  compiled  and  handsomely  illustrated.  Be- 
ginning with  a  brief  history  of  w-ater  pipe 
from  the  baked  clay  of  the  ancients  to  the 
Catskill  and  Wacbusett  aqueducts,  it  then  takes 
up  cast  iron  pipe,  describing  types  of  joints, 
high  pressure  systems,  submerged  pipe,  gas 
pipe,  and  other  uses  such  as  culverts,  drains, 
etc.  Then  follows  a  comparison  with  concrete, 
wood,  etc.,  with  table  of  costs,  protection  of 
mains,  and  jointing  materials. 

The  greater  part  of  the  book  is  taken  up  by 
the  tables  mentioned.  These  include  in  addi- 
tion to  standard  bell  and  spigot  pipe  and  fit- 
tings made  to  the  .American  Water  Works 
Specifications,  a  corresr'onding  line  of  flanged 
fittings  together  with  a  summar\-  of  the  new 
American  Standards  for  flanges.  Complete 
specifications  and  standards  of  the  -\merican 
Gas  Institute  tor  both  bell  and  spigot  and 
flanged  pipe  and  specials  are  also  included.  A 
few  pages  at  the  end  are  devoted  to  descrip- 
tion and  views  of  the  various  plants  of  the 
company. 

Hoisting   Equipment. — Paper,   9'/ixr2%   ins.; 

68  pp.  The  John  F.  Byers  Machine  Co.,  Ra- 
venna, Ohio. 

A  new  Byers  Catalogue,  No.  21,  has  recently 
been  issued,  which  comprises  a  very  complete 
illustrated  list  of  Byers'  equipment. 

The  first  few  pages  are  given  over  to  a 
general  description  giving  the  main  points  of 
construction  of  Byers'  hoisting  engines,  ar- 
ranged alphabetically  and  briefly  detailed. 
Pages  7  to  63  show  engravings  of  various 
Byers'  machines  in  actual  service,  with  revised 
and  up-to-date  tables  of  weights  and  dimen- 
sions. 

Pages  58  to  63  describe  and  illustrate  Byers' 
excavators  and  derrick  cars.  Capacities  and 
dimensions  are  given  for  these  also. 

On  page  64  statistics  on  wire  rope  and  the 
rope  capacities  of  the  various  sizes  of  Byers' 
drums.  The  following  pages  consist  of  a  brief 
outline  of  Byers'  builders'  material,  elevators 
and  a  list  of  repair  parts. 


The  past   week  has   been 
i-     very      satisfactory      one 
The    Doings     *-      regards      developments 
q£  affecting     construction     op- 

,       ...     ,  erations.     Basic   trade   con- 

the  WeeK.  ditions  continued  to  show 
improvement.  The  railroad 
outlook  was  improved  by  the  decision  of 
the  Interstate  Commerce  Commission  in 
the  transcontinental  rate  .  case.  Exports 
so  far  this  month  show  further  heavy 
gains  over  imports.  Cotton  shipments  continue 
to  be  large,  those  for  the  week  ending  Feb.  ti 
amounting  to  483,000  bales,  the  largest  weekly 
export  on  record  with  one  exception.  In  the 
four  weeks  ending  Feb.  11.  cotton  shipments 
from  Atlantic  ports  totaled  1,361,000  bales,  as 
compared  with  715,000  bales  in  1914.^  New 
financing  for  the  week  amounted  to  $179,000,- 
000,  making  the  grand  total  since  the  first  of 
the  year  $345,000,000.  There  was  an  excellent 
demand  for  municipal  bonds,  and  many  new 
issues  are  to  be  placed  on  the  market  shortly. 
Railroad  buying  was  lighter  than  in  the 
previous  week,  rail  orders  for  only  about 
44,000  tons  being  placed.  Inquiries  are  pend- 
ing for  about  55,000  tons.  In  the  construction 
field  the  volume  of  new  work  reaching  the 
call  for  bids  stage  was  the  greatest  of  any 
week  so  far  this  year.  ^Municipal  undertakings 
in  particular  made  an  excellent  showing,  there 
being  an  unusually  large  number  of  these 
projects  advertised.  Many  of  these  are  small 
but  in  the  aggregate  they  represent  a  large 
amount  of  construction  business.  They  are 
widely  scattered,  this  indicating  that  all  sec- 
tions of  the  country  are  feeling  the  return  of 
better  times.  Further  improvement  was  de- 
veloped in  the  iron  and  steel  trade.  Mill  op- 
erations of  the  Steel  Corporation  are  now  on 
the  basis  of  60  per  cent  capacity,  while  some 
of  the  independent  companies  are  running  at 
75  per  cent  capacity.  The  U.  S.  Steel  Cor- 
poration reported  an  increase  of  411,928  tons 
in  unfilled  orders  in  January.  Structural  ma- 
terial orders  were  lighter  than  usual.  Orders 
for  about  '20,000  tons  of  this  material  were 
placed  in  New  York  and  vicinity,  3,500  tons 
at  Cleveland,  and  1,700  tons  at  Columbus.  The 
Rapid  Transit  Commission  of  Boston,  Mass., 
is  asking  bids  on  1,700  tons  of  reinforcing 
bars.  The  Iron  Age  prices  for  finished  iron 
and  steel  and  for  sheets,  nails  and  wire  for 
the  week  ending  Feb.  10  were  as  follows : 
Finished    Iron    and    Steei.  Feb.  10.       Feb.  ". 

Per  lb.    to   laige   buyers.  Cts.  Cts. 

Be.'^.-s.  rail.s,  heav\',  at  mill l.'27>  1.25 

Iron  bars,   Philadelphia 1.20  l.:n 

Iron  bars,  Pittsburgh 1.10  1.10 

Iron  bars,  Chicago 1.021/2         1.00 

Steel  bars,   Pittsburgh 1.10  1.10 

Steel  bars.   New  York 1.2fi  1.26 

Tank  plates,   Pittsburgh 1.10  1.10 

Tank   plates.   New  York 1.26  1.26 

Beams,    etc.,    Pittsburgh 1.10  1.10 

Beams,  etc..  New  Yorli 1.26  1.26 

Skelp,  grooved  steel,  P'gh....     1.10  1.10 

Skelp,  sheared   steel.   P'gh....     1.15  1.1.'» 

Steel    hoops.    Pittsburgh 1.20  1.20 

Sheets.    Nails   and    Wire. 
Per  lb.  to  large  buyers. 
Sheets,  black,  No.  28,  P'gh...     1.80  I..SO 

I  Calv.  sheets.  No    28,  P'gh 3.00  3.00 

I  "n'ire  nails,  Pittsburgh 1.5.T  1.5.5 

Cut  nails.   Pittsburgh 1.50  1.50 

Fence    wire,    base,    P'gh 1.35  1.35 

Barb  wire,  ealv.,  P'gh 1.95  1.95 

For  structural  material  f.  o.  b.  Pittsburgh 
The  Irnii  Age  prices  were  as  follows  :  I-beams, 
ii  to  l."p  in. :  channels,  3  to  15  in.:  angles,  3  to  6 
in.  on  one  or  both  legs.  %  in.  thick  and  over, 
and  tees,  3  iu.  and  over,  1.10  cts. 

Railroads. — No  developments  of  particular 
importance  in  the  railroad  field  have  taken 
place  during  the  past  week.  There  is  a  pretty 
general  belief  among  railroad  contractors  that 
something  will  happen  about  March  1  and 
from  thence  on  there  will  be  quite  n  bit  of 
activity.  The  Boston  &•  Montana  Develop- 
ment Co.  is  reported  to  have  financed  its  pro- 
posed 109-mile  railroad  for  the  Big  Hole 
County  in  Montana,  and  it  is  believed  that  the 
contractors  MacArthur  Bros.  Co.  will  start 
work  in  April.  This  is  a  $.3,500,000  proposi- 
tion. 

Roads  and  Streets. — In  both  the  highway 


and  municipal  paving  fields  a  considerable 
amount  of  work  made  its  appearance  last 
week.  The  Illinois  Highway  Commission  is 
taking  bids  on  its  first  letting  of  the  year. 
This  covers  7  contracts — five  for  concrete 
roads,  one  brick  road  and  one  gravel  road. 
Milwaukee  County,  Wisconsin,  is  advertising 
two  road  jobs,  one  calling  for  26,580  sq.  yds. 
concrete  paving,  and  the  other  for  62,224  sq. 
yds',  of  concrete.  The  County  Supervisors  at 
Stockton,  Cal.,  are  calling  for  bids  on  16  miles 
of  road  work,  and  the  County  Commissioners 
at  Davenport,  Wash.,  open  proposals  March 
2  on  I2V2  miles  of  road.  New  York  State  will 
ask  bids  in  a  few  days  on  a  considerable 
amount  of  work,  and  the  California  Commis- 
sion also  will  soon  advertise  a  good  sized 
letting.  In  the  way  of  municipai  work,  Ge- 
neva, N.  Y.,  is  calling  for  bids  on  a  $94,000 
paving  job;  Painesville,  O.,  on  17,4'28  sq.  yds. 
brick  pavement;  Flint,  Mich.,  for  an  asphalt 
plant.  The  contracts  let  include  a  $200,000 
job  to  the  Consolidated  Engineering  Co.,  Bal- 
timore, Md.,  for  a  second  section  of  the  Key 
Highway;  a  California  State  Highway  con- 
tract to  Whitlock  &  Gorrill,  San  Francisco; 
and  a  $101,000  state  rural  road  job  in  Minne- 
sota. 

Bridges. — A  large  amount  of  bridge  con- 
struction is  being  advertised  for  bids.  One 
of  the  larger  undertakings  calls  for  a  rein- 
forced concrete  structure  at  Broad  St.,  Phila- 
delphia, estimated  to  cost  $300,000.  Bids  are 
also  being  asked  on  a  3-span  reinforced  con- 
crete bridge  to  be  erected  over  the  Blackstone 
River  at  Central  Falls,  R.  I. ;  a  $40,000  bridge 
at  Pine  St.,  Lima,  O. ;  a  $20,000  steel  bridge 
at  Renton,  Wash.;  a  $25,000  steel  bridge  at 
La  Conner,  Wash.,  and  a  270-ft.  reinforced 
concrete  bridge  at  Nelson,  Neb.  The  contract 
for  the  second  Narrows  bridge  at  Vancouver, 
R.  C,  has  been  let  to  C.  A.  P.  Turner,  Min- 
neapolis. Minn.,  and  the  Western  Foundation 
Co.,  at  $1,744,831.  The  Dominion  Bridge  Co., 
Montreal.  Que.,  was  awarded  the  contract  at 
$'298,.5.55  for  the  Rosedale  Section  of  the  Bloor 
St.  viaduct  at  Toronto.  Ont. 

Drainage  and  Irrigation. — No  particularly 
large  midcrtakings  in  either  the  drainage  or 
irrigation  fields  appear  to  have  been  adver- 
tised during  the  past  week.  Bids  are  being 
asked  on  a"  250.000-cu.  vd.  job  in  Matagorda 
County,  Texas.;  a  133,000-cu.  yd.  contract 
near  Westover,  La.,  is  being  advertised ;  and 
the  County  Commissioners  at  North  Yakima, 
Wash.,  open  proposals  Feb.  26  on  543,000  cu. 
vds.  of  excavation  for  an  open  ditch  and  6 
iniles  of  pipe  drains.  I.  C.  Sherwood,  Terrell, 
Tex.,  has  been  awarded  the  contract  for  a 
$476,000  reservoir  in  Ward  County,  Texas; 
Revnolds-Elv  Construction  Co.,  Springfield, 
Utah,  at  $82,625,  was  low  bidder  for  8  miles  of 
the  highline  canal  of  the  Strawberry  Valley 
Reclamation  Proiect. 

Waterworks  and  Sewerage.— -^  consider- 
able amount  of  work  in  both  the  waterworks 
and  sewereage  fields  is  being  advertised  for 
bids.  Many  of  the  smaller  municipalities  be- 
gan asking  proposals  on  new  work  or  ex- 
tensions. Kensington,  Md.,  opens  bids  Feb. 
20  on  sewerage  and  waterworks;  Lyons,  N.  Y., 
is  asking  proposals  until  March  3  on  water- 
works and  a  sewer  system ;  Dallas,  Tex.,  is 
calling  for  bids  on  three  units  of  its  sewage 
disposal  plant;  Magnolia  Park,  Tex.,  will  re- 
ceive bids  until  Feb.  23  for  waterworks; 
Schoolcraft,  Mich.,  is  calling  for  proposals 
for  waterworks;  Columbia,  S.  C,  is  asking 
bids  for  an  $85,000  extension  to  its  sewer 
system. 


cut.  The  favorable  decision  in  the  Eastern 
rate  case  and  the  success  of  the  roads  in  dis- 
posing of  their  securities  have  brought  about 
a  marked  change  of  belief.  Nearly  everyone 
interested  in  railroad  construction  now  believe 
that  a  considerable  amount  of  betterments,  ex- 
tensions and  new  line  will  be  placed  under  con- 
tract this  season.  There  is  more  than  opti- 
mism behind  this  belief.  Some  of  the  larger 
contractors  have  received  definite  assurance 
that  certain  pieces  of  work  will  be  started 
shortly.  One  of  the  biggest  labor  agents  in 
the  country,  a  man  who  ships  out  thousands 
of  laborers  yearly,  already  has  closed  contracts 
with  two  railroads  that  will  keep  him  busy  all 
the  season.  There  are  rumors  aplenty  of  what 
will  be  done,  but  there  are  also  certain  definite 
facts  that  it  make  it  practically  certain  that 
this  spring  will  see  the  opening  up  of  some  real 
old-fashioned  activity  in  the  railway  construc- 
tion field. 


.\t  the  beginning  of  1014 

railroad     contractors     were 

Railway  not     particularly    optimistic 

rrvristrnrtinn     regarding    the    outlook    for 

Construction.  ^^.^^,.  .^^  ^^^^-^  particular  line. 

They    hoped    for    the    best, 

but   they   realized   also   that 

under   the   then   existing   conditions   prospects 

were  not  good    for  the   undertaking  of  much 

construction.     This  vear  the   feeling  is  differ- 
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Time  for 

Opening 

Bids. 


A  rather  interesting  ques- 
tion came  up  at  a  recent 
road  letting.  The  official  ad- 
vertisement stated  that  bids 
would  be  received  until  3 
p.  m.  At  the  designated 
hour  six  bids  were  in  the 
hands  of  the  official  in  charge.  Two  minutes 
later  another  contractor  submitted  his  pro- 
posal. The  bids  were  opened  and  it  was  found 
that  the  late  bidder  had  ofifered  to  do  the  work 
at  a  price  about  $100  less  than  the  figures  of 
any  of  his  competitors.  The  supervisors  award- 
ed the  contract  to  the  next  lowest  bidder  on 
the  ground  that  the  low  bid  was  submitted 
after  the  specified  time.  It  w-as  then  claimed 
that  the  clock  in  the  room  of  the  official  in 
charge  of  the  letting  might  be  wrong.  A  tele- 
phone inquiry  was  made  to  the  office  of  the 
Western  Union  Telegraph  Co.  and  it  was 
found  that  the  clock  was  4  minutes  fast  as 
compared  with  the  Western  Union  clock.  If 
the  latter  time  was  to  be  accepted  the  con- 
tractor had  submitted  his  bid  two  minutes  be- 
fore the  closing  hour.  The  supervisors  de- 
cided, however,  that  their  clock  was  official 
time  as  far  as  they  were  concerned  and  re- 
fused to  change  their  decision  regarding  the 
award  of  the  work.  Last  minute  bidders  might 
draw  a  useful  moral  from  the  episode. 


.\n    encouraging    sign    of 
better   times  is  the  number 
Resumption     of   lar,ge  buildings  that  are 
r,f  -RiiilHino-      ti^    be    erected    this    sprmg. 
Ot   Building      j^pp^rts  from  various  cities 
Construction,    indicate   that   there   will  be 
an  unusual  number  of  office 
buildings,    hotels    and    other    large    structures 
placed  tmder  contract  this  season.     In  Chicago 
alone  announcement  has  been  made  since  the 
first   of  the  year  that  work  would  be   started 
soon  on  five  buildings  in  the  loop  district,  the 
aggregate  cost  of  which  will  be  in  the  neigh- 
borhood   of    $4,000,000.      Building   operations, 
especially  the  erection  of  large  oflice  structures, 
are   the   first   construction    works   to    feel   the 
pinch  of  a  tight  money  market.     .-K  general  re- 
sumption of  work  in  this  line  is  an  excellent 
indication  that  there  is  plentv  of  capital  avail- 
able for  investment  purposes. 


Two   favorite    objects   of 

attack    by    state    legistures 

Highway        ^^^e   the   railwavs   and   road 

T  „.,f^l-.4.;/r,       construction.     Everyone  be- 
Legislation.    ,.^^.^^   ,^^   ^^,^   ^,,i,,,   ,,5^,,, 

ways  and  every  statesman 
has  certain  definite  ideas  as 
lo  how  tbev  should  be  built.  As  a  result,  each 
session  of  the  legislature  sees  the  introduction 
of  manv  bills  for  improving  the  roads  of  the 
state.  No  matter  how  satisfactorily  this  work- 
has  been  carried  out  on  their  part,  there  is 
alwavs  some  one  to  suggest  a  change.  It  is 
unfortunate  that  much  of  this  proposed  high- 
way legislation  is  destructive  rather  than  con- 
structive. 
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HIGHWAY     CONSTRUCTION     IN 
IOWA. 


Details  of  Work  to  Be  Done  This  Year  in 
36  Counties. 

Mostly    Earth    and    Gravtl    Road    Construction. 


Highway  construction  in  Iowa  at  tlie  present 
time  is  conlineil  mostly  to  tlie  building  of  eartli 
roads.  In  some  localities  a  considerable  mile- 
age of  gravel  surfaced  road  is  -being  con- 
structed, but  very  little  of  the  more  e.xpensive 
types  of  road  construction  is  being  under- 
taken. A  considerable  part  of  the  earth  and 
gravel  roads  construction  is  carried  out  by  the 
day  labor  plan.  In  some  counties  practically 
all  of  the  work  is  done  by  this  method.  The 
county  is  a  unit  for  highway  improvements 
in  Iowa  and  all  work  is  in  direct  charge  of 
the  County  Board  of  Supervisors.  The  county 
engineer  has  direct  supervision  of  all  road 
and  bridge  work.  Iowa  at  the  present  time 
appears  to  offer  a  better  field  for  the  dealer 
in  road  machinery  than  it  does  for  the  road 
contractor.  In  the  way  of  bridge  and  culvert 
construction  a  great  deal  of  work  is  being 
undertaken  by  the  various  counties  and  this 
offers  many  opportunities  to  contractors.  In 
Table  1  is  given  a  summary  of  the  highway 
work  contemplated  for  the  present  year  by  30 
Iowa  counties.  Further  details  regarding 
these   improvements   follow : 

Black  Hawk  County  has  $35,000  available 
for  road  construction  during  the  present  sea- 
son. Its  program  has  not  been  decided  upon 
as  yet,  but  most  likely  will  include  several 
miles  of  earth  and  gravel  road.  Some  of  the 
work  probably  will  be  done  by  contract. 
Nathan  B.  Barber,  Waterloo,  la.,  is  County 
Engineer. 

Buchanan  County  proposes  to  construct  50 
miles  of  earth  road  and  5  miles  of  gravel 
road  during  the  present  season.  Part  of  the 
work  will  be  done  by  contracts  and  these  will 
be  let  in  March.  R.  W.  Gearhart,  Inde- 
pendence,  la.,   is   County  Engineer. 

Butler  County  has  $30,000  available  for  road 
construction  and  proposes  to  build  15  to  20 
miles  of  earth  roads  and  8  to  10  miles  of 
gravel  road.  No  contracts  will  be  let.  Frank 
E.  Cane,  Clarksville,  la.,  is  County  Engineer. 

Cerro  Gordo  County  proposes  to  construct 
20  miles  of  earth  road  and  3  miles  of  gravel 
road  during  the  present  season.  The  county 
has  $25,000  available  for  construction  pur- 
poses. The  work  probably  will  be  done  by 
contract.  R.  E.  Robertson,  Mason  City,  la., 
is   County  Engineer. 

Chickasaw  County's  construction  program 
for  the  present  year  includes  about  30  miles 
of  earth  road  and  10  miles  of  gravel  road. 
The  sum  of  $23,000  is  available.  Part  of  the 
work  will  be  done  by  contract.  A.  F.  Kem- 
man,  New  Hampton,  la.,  is  County  Engineer. 
Clarke  County  has  about  $44,000  available 
for  construction  purposes  in  1015  and  will  do 
considerable  preparatory  work  on  its  earth 
roads.  This  will  be  carried  out  by  day  labor. 
The  improvements  for  this  county  are  at 
present  mostly  bridge  and  culvert  w-ork.  J.  L. 
Hyland,  Osceola,   la.,  is  County  Engineer. 

Clay  County  proposes  the  construction  of 
earth  roads  this  season.  Survevs  for  these 
have  not  yet  been  completed.  The  improve- 
ments will  be  done  by  day  labor.  The  sum  of 
$29,000  is  available  for  construction  purposes. 
Walter  Barber,  Spencer,  la.,  is  County  En- 
gineer. 

Clayton  County  will  not  undertake  much 
new  work  during  the  present  season.  The 
county  will  keep  up  its  present  patrol  system 
of  maintenance  and  repair  work  and  will  not 
attempt  permanent  construction  until  more 
funds  are  available.  It  is  possible  that  bonds 
for  bridge  and  culvert  work  niav  be  issued 
hut  nothing  definite  regarding  this  has  been 
decided.  About  $27,203  is  available  for  road 
construction  and  maintenance  in  1015:  and 
$6,102  is  available  for  bridges.  E.  B.  Tour- 
tellot,  Elkader,  la.,  is  County  Engineer. 

Crawford  County  has  $48,000  available  in 
its  road  fund  and  $6,000  in  its  bridge  fund.  It 
will  construct  15  miles  of  permanent  grade 
for  earth   roads.     The  work  will  be   done  bv 


ciintract  and  the  letting  will  be  held  in  the 
next  two  months.  H.  B.  Fishel,  Denison,  la., 
IS   County   Engineer. 

Uavis  County  proposes  to  bring  about  100 
miles  of  earth  road  to  standard  30-ft.  section 
during  the  present  season.  The  work  will  be 
done  by  county  forces.  The  sum  of  $22,000  is 
available  for  construction.  H.  O.  Wray, 
Hloomfield,   la.,  is   County  Engineer. 

Dickinson  County  has  $29,000  available  for 
road  purposes  and  proposes  to  construct  40 
miles  of  earth  road  and  8  miles  of  gravel 
road.  The  work  will  be  done  by  contract; 
d;ite  of  letting  has  not  been  set.  C.  S.  Arthur, 
Spirit  Lake,  la.,  is  County  Engineer. 

Dubucjue  County  proposes  to  construct  20 
miles  of  gravel  road  this  year.  This  is  a  por- 
tion of  the  Hawkeye  highway  (U.  S.  Post 
Road),  for  which  the  U.  S.  Government  bears 
one-third  of  the  cost  and  the  county  the  re- 
mainder. The  county  has  $90,000  available  for 
its  work.  The  work  will  be  done  by  contract; 
date  of  letting  not  yet  decided.  W.  B.  Gurley, 
Dubuque,  la.,  is  County  Road  Engineer. 

Fayette  County  has  not  yet  decided  upon 
its  program  for  the  present  year.  It  will  have 
$55,000  available  for  construction  purposes. 
G.  A.  Blunt,  West  Union,  la.,  is  County  En- 
gineer. 

Floyd  County  will  undertake  30  miles  of 
tractor  work  with  county  machinery  during 
the  present  season.  G.  H.  Elliott,  Charles 
City,  la.,  is  County  Engineer. 

Franklin  County  will  construct  30  to  40 
miles  of  earth  road  in  1915,  the  work  being 
done  by  day  labor.  .A.bout  $52,000  is  available 
for  construction.  A.  G.  Baker,  Hampton, 
la.,  is  County  Engineer.    ■ 

Greene  County  has  about  $20,000  available 
for  construction  purposes.  It  will  build  10 
miles  of  earth  road,  the  average  yardage  of 
which  will  be  about  4,500  cu.  yds.  per  mile. 
It  also  will  construct  about  10  miles  of  gravel 
road.  The  work  will  be  done  by  contract,  the 
lettings  for  the  grading  being  held  about 
March  1.  E.  W.  Thomsen,  Grand  Junction, 
la.,  is  County  Engineer. 

Grundy  County  has  $30,000  available  for 
construction  purposes  this  year.  It  will 
Iniild  by  day  labor  about  40  miles  of  earth 
road.  E.  A.  Crary,  Grundy  Center,  la.,  is 
County  Engineer. 

Guthrie  County  has  $70,000  available  for 
construction.  No  contracts  will  be  let.  P.  E. 
Wylie.  Guthrie  Center,  la.,  is  County  En- 
gineer. 

Hardin  County  will  construct  20  miles  of 
earth  road.  The  work  will  be  done  by  con- 
tract, and  the  letting  will  be  held  about  March 
1.  The  county  has. $20,000  available  for  con- 
struction purposes.  S.  B.  Gardner,  Eldora, 
la.,  is  County  Engineer. 

Henry  County  has  $10,000  available  for  con- 
struction purposes  and  will  build  5  miles  of 
earth  road  requiring  about  25,000  cu.  yds.  of 
grading.  The  work  will  be  done  by  contract, 
the  letting  to  be  held  about  April  1.  C.  E. 
Smith,  Mt.  Pleasant,  la.,  is  County  Engineer. 

Hiunboldt  County  has  not  vet  completed  its 
plans  for  its  road  work  for  this  season.  It  is 
probable  that  some  earth  roads  and  gravel 
surfacing  will  be  constructed.  The  work  prob- 
ably will  be  done  by  contract.  About  $30,000 
is  available  for  construction  purposes.  H.  N. 
Leoreid.  Humboldt,  la.,  is  County  Engineer. 
Ida  County  has  $19,000  available  for  con- 
struction purposes  and  will  improve  about  60 
miles  of  earth  road.  No  contracts  will  be  let. 
C.  A.  Woodworth,  Ida  Grove,  la.,  is  County 
Engineer. 

Iowa  County  will  construct  0  miles  of  earth 
road.  It  has  $30,000  available  for  construc- 
tion purposes.  The  work  in  part  will  be  done 
l)v  contract,  and  the  letting  will  be  held  about 
.April  1.  Byron  Goldthwaite,  Marengo,  la.,  is 
County  Engineer. 

Jefferson  County  has  about  $60,000  available 
for  construction.  .About  PA  to  2  miles  of 
eartli  road  will  be  built.  There  also  will  be 
some  hill  cuttine  undertaken,  and  two  80-ft. 
steel  bridges  will  be  constructed.  Contracts 
for  the  bridges  will  be  let  in  Februarv  or 
March  ;  for  the  earth  work  contracts  nrobablv 
will  be  let  in  Mav.  A.  F.  Fischer,  Fairfield, 
la.,  is  County  Engineer. 


Keokuk,  la.,  has  $30,000  available  for 
road  construction  and  $43,000  for  bridges. 
It  will  grade  0  miles  of  earth  road.  The  work 
will  be  done  by  contract,  the  lettings  to  be 
held  in  March  or  April.  R.  H.  Sevmour,. 
Sigourney,   la.,   is   County   Engineer. 

Lyon  County  proposes  to  construct  45  miles 
of  earth  road.  It  has  not  yet  been  determined 
whether  the  work  will  be  done  by  contract. 
The  county  has  $26,000  available.  W.  C. 
Wyckoff.  Rock  Rapids,  la.,  is  County  En- 
gineer. 

Madison  County  has  $19,000  available  for 
road  construction  and  repair.  The  mileage  of 
earth  roads  to  be  constructed  has  not  been 
determined.  No  contracts  will  be  let:  E.  B. 
Hiatt,   Winterset,   la.,  is  County  Engineer. 

Mahaska  County  will  construct  8  miles  of 
earth  road.  It  has  not  been  determined 
whether  the  work  will  be  done  by  contract. 
The  amount  available  is  $27,000.  A.  E.  Rom- 
mel, Oskaloosa,  la.,  is  County  Engineer. 

Mills  County  will  grade  6  to  19  miles  of 
earth  road  this  year.  The  work  probably  will 
be    done    by    day    labor.      About     $10,000      is. 


T.4BLE   I.— ROAD   WORK   FOR   191.3    IN    36 
IOWA    COUNTIES. 

,— Type  of  road. -^ 

ISarth.         Gravel. 

County.  •      miles.  miles. 

Black   Hawk    ?  ? 

Buchanan     50  5 

Butler    1.51  S^* 

Cerro  Gordo   20  3 

Chickasaw    30  10 

Clark     ? 

Clay     ? 

Crawford     15" 

Davis     100* 

Dickinson     40  S 

Dubuque    20 

Fayette    ?  ? 

Floyd     30= 

Franklin     30»  ? 

Greene    10'  10 

Grundy    40 

Guthrie     ?  ? 

Hardin    20 

Henry    5* 

Humboldt    ? 

Ida    60 

Iowa    6 

Jefferson    2 

Keokuk    6 

Lyon    45 

Madison    ? 

Mahaska    8 

Mills    12 

O'Brien     ,. 100 

Page    ? 

Palo  Alto    20 

Pocahontas    ?  ? 

Pottawattamie    205»  ? 

Story    20  10 

Woodbury    1" 

Worth    7511  10" 

115  to  20  miles.  -S  to  10  miles.  'Permanent 
grade.  'Standard  36-ft.  section.  i^Tractor  work. 
"So  to  40  miles,  ".\verage  yarda,ere  about  4,.")00' 
cu,  yds.  ^Requires  moving  of  about  25,000  cu. 
yds.  ^Wagon.  shovel  and  wheeler,  5  miles; 
crowning  to  standard  section.  200  miles.  i^Wid- 
ening  roads  to  standard  width.  "75  or  SO  miles. 
1=10  or  15  miles. 


available.  F.  M.  Jackson,  Glenwood,  la.,  is 
County  Engineer. 

O'Brien  County  will  grade  100  miles  of 
earth  roads  this  year.  The  work  will  be  done 
by  day  labor.  The  county  has  $25,000  available 
for  roads  and  $40,000  for  bridges  and  culverts. 
J.  C.  Kerrigan,  Primghar,  la.,  is  County  En- 
gineer. 

Page  County  will  probably  do  considerable 
bridbe  and  culvert  Avork  the  present  season. 
The  amount  of  this  has  not  yet  been  deter- 
mined. The  road  work  probably  will  be  rather 
light,  consisting  mainly  of  blade  grader  work 
and  fills  at  culverts.  Some  of  the  work  will 
be  done  bv  contract ;  the  remainder  by  day 
labor.  The  sum  of  $16,000  is  available.  I.  H. 
Taggart,   Clarinda,   la.,   is  Countv  Engineer. 

Palo  Alto  County  has  $25,000"  available  for 
highway  purposes  and  will  construct  20  miles 
of  earth  road.  Part  of  the  work  will  be  done 
contract  and  part  by  day  labor.  Time  for 
awarding  contracts  has  not  been  fixed.  T.  R. 
Martin.  Emmetsburg,  la.,  is  County  Engineer. 

Pocahontas  County  has  $50,000  available  for 
construction  purposes  and  will  construct  a  con- 
siderable mileage  of  earth  road  and  a  few 
miles  of  gravel  road.  The  work  will  be  done 
by  day  labor.  A.  L.  Thornton,  Pocahontas, 
la.,   is   County  Engineer. 
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Pottawattamie  County  proposes  to  construct 
about  5  miles  of  earth  roads  and  to  crown  to 
standard  section  about  200  miles.  The  5  miles 
will  be  wagon,  shovel  and  wheeler  work.  In 
addition  1%  to  2  miles  of  concrete  road  will 
be  constructed  by  the  state  and  county.  Part 
of  the  work  will  be  done  by  contract.  The 
lirst  contracts  were  to  be  let  Feb.  6  and  the 
lialance  probably  in  March.  The  county  has 
,$10,000  available  for  construction  of  county 
roads,  and  $70,000  for  bridges.  H.  M.  Howard, 
Council   Blufifs,  la.,   is   County  Engineer. 

Story  County  proposes  to  construct  20  miles 
•  if  earth  road  and  10  miles  of  gravel  road. 
The  work  will  be  done  by  contract,  the  letting 
to  be  held  about  March  1.5.  The  county  has 
$60,000  available  for  roads  and  $4.5,000  for 
bridges.  Sam  Steigerwalt,  Nevada,  la.,  is 
County  Engineer. 

Van  Buren  County  does  not  contemplate 
any  permanent  road  construction  this  year. 
It  will,  however,  undertake  some  culvert  and 
liridge  construction.  No  contracts  will  be  let. 
The  county  has  $30,000  available  for  its  work. 
Geo.  H.  Craig,  Keosauqua,  la.,  is  County  En- 
gineer. 

Woodbury  County  has  $42,647  available  for 
this  season.  It  will  widen  its  earth  roads  to 
standard  width  and  uniform  section.  This 
work  will  be  done  by  day  labor.  B.  L.  Taylor, 
Sioux  City,  la.,  is  County  Engineer. 

Worth  County  proposes  to  construct  7.5  or 
SO  miles  of  earth  road  and  10  or  15  miles  of 
gravel  road.  No  contracts  will  be  let.  About 
$.30,000  is  available.  F.  R.  Lyford,  Northwood, 
la.,  is   County  Engineer. 


SEWER        CONSTRUCTION 
MILWAUKEE,   WIS. 


AT 


Bids  Asked  on  First  Contracts  of  $10,000,000 
System   of  Intercepting  Sewers. 

Brick    and    Concrete    and    Terra    Cotta    Pipe 
Sewers. 

The  city  of  Milwaukee,  Wis.,  is  about  to 
begin  construction  work  on  its  new  system 
of  intercepting  sewers.  This  improvement 
involves  the  building  of  about  35  miles  of 
>ewer  and  a  disposal  plant,  and  will  require 
an  expenditure  of  approximately  $10,000,000. 
ISids  are  now  being  asked  on  the  first  two 
contracts.  The  bids  are  asked  upon  two 
separate  types  of  circular  sewers:  one  having 
a  concrete  base  and  brick  arches ;  the  other 
being  of  concrete  throughout.  This  latter  type 
niay  be  used  for  all  circular  sewers  over  30 
ins.  in  diaineter.  Proposals  also  are  asked 
upon  two  separate  types  in  tunnel :  egg  shaped 
and  circular.  The  contracts  now  advertised 
are  Nos.  9  and  10. 

Number  9  embraces  the  construction  of  an 
intercepting  sewer  and  branches  on  the  east 
side  of  the  Milwaukee  River  from  a  point  be- 
low the  dam  to  the  intersection  of  Broadway 
and  Detroit  Sts.  The  approximate  quantities 
include  the  following: 

Combined    section,    all    concrete,    in    open 

cut,   36-in.   and   51-in.,   lin  ft SOI 

Combined  section,   all  concrete,   in  tunnel, 

".S-in.    and   ."Jl-in.,    lin.    ft 9S3 

.Sewer    with     concrete     invert    and     brick 

arch,  in  open  cut,  .■Jfi-in.,  lin.  ft ■l,427..'j 

.Sewer    with     concrete     invert    and     brick 

arch,   in   tunnel,   SG-in.,    lin.    ft 1,146..5 

Sewer    with     concrete     inveit    and     brick 

arch,  in  open  cut,  :;0-in..  lin.  ft 1,893 

Sewer    with     concrete     invert     and     brick 

arch,    in   tunnel,    .10-in.,    lin.    ft 1,863 

Terra  cotta  pipe  .sewer  in  concrete,  10. In. 

to  L'4-in.,   lin.    ft .■'..841 

-Manholes,  lin.  ft 1,762 

Special  pile  foundation,   lin.   ft L'T,'n.''>ii 

Steel    reinforcement,    Ib.s 60,000 

Flank   foundations,    ft.    B.    M 50,076 

.•\lternate  bids  on  the  above  quantities  for 
Contract  9  will  be  taken  on  4,427.5  ft.  30-in.  all 
concrete  sewer  in  open  cut,  and  3,009.82  ft. 
14-in.  by  66-in.  brick  and  concrete  scwcr  in 
tunnel. 

Contract  No.  10  embraces  the  construction 
of  an  intercepting  sewer  and  branches  on  the 
west  side  of  the  Milwaukee  river  from  the 
Helton  St.  viaduct  to  the  intersection  of  West 


Water    and    Fowler    Sts.      The    approximate 
quantities   include: 

Brick    and    concrete    invert    sewer,    48-in., 

lin.    ft 2,023 

Brick    arch    and    concrete    invert    sewer, 

42-in.,    lin.    ft 2,667 

Brick    arch    and    concrete    invert    sewer, 

3(;-in.,    Im.    ft 2,719 

Brick    arch    and    concrete    invert    sewer, 

30-in.,    lin.    ft 1,071 

Terra  cotta  pipe  sewer  in  concrete,  10-in. 

to   18-in.,   lin.    ft 2,340 

Special  pile  foundation,  lin.   ft 19,820 

Steel    reinforcement,    lbs 32,839 

Plank  foundations,  ft.   B.  Jl 42,29r> 

All  the  above  sewer  is  in  open  cut.  Alter- 
nate bids  will  be  taken  on  an  all  concrete 
sewer  for  the  48-in.,  42-in.  and  36-in.  sizes. 

Each  contract  is  to  be  completed  in  250 
working  days.  The  liquidated  damages  for 
not  completing  the  work  within  the  time 
agreed  upon,  will  be  for  each  day's  delay,  an 
amount  equal  to  V-:  per  cent  of  the  aggregate 
cost  of  the  work  embraced  in  the  contract. 
Each  proposal  must  be  accompanied  by  a 
cash  deposit  or  a  certified  check  on  a  Mil- 
waukee bank  of  $38,500  for  Contract  No.  9 
and  $25,000  for  Contract  No.  10.  The  surety 
required  is  25  per  cent  of  the  amount  of  the 
contract.  Payments  will  be  made  monthly 
on  basis  of  75  per  cent  of  the  whole  amount 
due  under  the  chief  engineer's  approxitnate 
estimate  for  the  preceding  month. 

Tlie  specifications  provide  that  not  more 
than  450  ft.  of  trench  shall  be  opened  at  any 
one  time  in  advance  of  the  completed  sewer, 
except  with  special  permission  of  the  chief 
engineer.  The  ground  is  to  be  excavated  in 
open  trenches  when  the  depth  of  flow  line 
of  completed  sewer  is  25  ft.  or  less.  Where 
more  than  this  deptli,  tunneling  will  be  per- 
mitted when  approved  by  the  chief  engineer. 
The  contractor  will  be  required  (except  when 
permission  is  otherwise  granted  by  the  chief 
engineer)  to  close  sheath  or  shore  the  trenches 
and  sides  of  all  excavations  with  good  sub- 
stantial timber  or  steel  sheathing. 

All  concrete  used  upon  the  work  is  to  be 
proportioned  approximately  as  follows :  1  ce- 
ment, 2%  sand  and  5  parts  crushed  stone  or 
gravel  (of  which  50  ner  cent  is  to  be  crushed). 
The  brick  work  will  be  composed  of  whole, 
sound,  clear  ringing  bricks  of  uniform  size, 
free  from  cracks  and  of  true  and  even  face. 
Clay  or  shale  bricks  when  placed  in  oven  for 
24  hours  and  subjected  to  temperature  of  200° 
F.  and  then  immersed  in  water  at  70°  F.  for 
24  hours  must  not  absorb  more  than  12  per 
cent  of  their  weight  of  water.  Wet  process 
concrete  brick,  when  subjected  to  the  above 
test  must  not  absorb  more  than  8  per  cent 
of  their  weight  of  water.  The  work  will  be 
in  charge  of  the  Sewerage  Commission  of 
Milwaukee,  of  which  G.  H.  Benzenberg  is 
chairman  and  T.  Chalkley  Hatton  is  chief  en- 
gineer. Bids  on  Contracts  9  and  10  will  be 
received  until  2  p.  m.,  Feb.  24. 


$6,000,000  OF  PUBLIC  WORK  CON- 
TRACTS. 

Improvements  To   Be   Let   This   Spring  by 
Philadelphia. 

Bridges — Sewers — Water    IVlains — Grade    Crossing 
Elimination. 

Extensive  i)ublic  improvements  will  lie 
started  this  spring  by  the  citv  of  Philadelphia, 
Pa.  Work  estimated  to  cost'$6,000,0ti0  has  al- 
ready been  decided  upon,  and  a  few  of  the 
contracts  have  been  let.  wliilc  bids  on  others 
will  be  opened  this  month  or  early  in  March. 

The  Bureau  of  Highways,  of  which  W.  I.. 
Coimell  is  chief,  has  already  awarded  contracts 
aggregating  $600,000  for  street  and  country 
road  repairs,  and  on  Feb.  1-5  opened  bids  for 
the  construction  of  the  Parkway  to  its  full 
width  from  T.ogan  Sq.  to  22nd  St.  For  this 
work  the  sum  of  $800,000  is  available. 

The  P.ureau  of  Water  opened  bi<ls  on  Feb.  9 
for  improvements  to  the  water  supply  of  West 
Philadelphia,  the  work  calling  for  larger  mains 
to  cost  about  $150,000,  and  for  the  construc- 
tion of  a  sedimentation  basin  at  the  Torresdalc 
filters.  This  latter  improvement  will  cost  about 
$400,000  and  will  require  about  600,000  cu.  yds. 
of  earth   excavation.     Bids  will  be  opened   in 


the  near  future  on  improvements  to  the  water 
supply  of  South  Philadelphia  that  will  call  for 
an  expenditure  of  $.500,000. 

The  Bureau  of  Surveys  has  awarded  a  con- 
tract for  an  extension  of  the  Gunner's  Run 
sewer  in  Indiana  Ave.,  under  the  bids  received 
early  this  month,  and  also  has  ordered  work 
started  on  $150,000  worth  of  branch  sewers, 
bids  for  which  were  received  recently. 

Bids  will  be  opened  on  Feb.  25  for  the  con- 
struction of  a  reinforced  concrete  bridge  and 
approaches  to  carry  Broad  St.  over  the  joint 
four  track  railroad.  This  is  a  portion  of  the 
South  Philadelphia  track  elevation.  This 
bridge  will  be  .350  ft.  wide  with  a  105  ft.  span 
and  will  cost  about  $300,000.  It  is  expected 
also  that  bids  will  be  opened  next  month  for 
grade  crossing  elimination  in  various  sections 
of  the  city  that  will  cost  over  $1,000,000.  This 
work  will  include  the  opening  of  "Tulip  and 
Emerald  Sts.,  under  the  Richmond  Branch  Rv., 
which  will  cost  the  city  about  $500,000;  the 
abolition  of  all  grade  crossings  on  the  Chest- 
nut Hill  branch  railway  north  from  Chelton 
.-Vve.,  the  cost  to  the  city  being  about  $350,000. 
and  the  abolition  of  all  grade  crossings  in  Le- 
high Ave.  between  Richmond  St.  and  Ara- 
mingo  Ave.,  representing  an  expenditure  for 
the  city  of  about  $150,000. 

In  preparation  for  the  construction  of  the 
central  loop  of  this  proposed  $40,000,000  sub- 
way system,  contracts  will  be  let  soon  for  the 
relocation  and  rebuilding  of  sewers  in  the  cen- 
tral part  of  the  city.  The  sum  of  $500,000  is 
,  available  for  these  improvements. 

Preliminary  details  are  well  advanced  for 
the  extensive  construction  program  contem- 
plated for  the  South  Philadelphia  section,  and 
the  work  will  be  placed  under  contract  in  the 
near  future.  The  working  plans  for  the  gen- 
eral revision  of  the  street  system  have  been 
practically  completed  for  the  entire  area  of 
about  5,000  acres.  Plans  for  revised  lines  and 
street  grades  covering  1,000  acres  have  been 
finished.  Specifications  for  the  removal  of 
building  preliminary  to  the  construction  of  the 
freight  yards  at  Federal  and  Reed  Sts.  have 
been  completed.  Specifications  also  are  under 
way  for  the  relocation  of  tracks  in  Delaware 
Ave.  and  for  the  construction  of  sewers  and 
water  mains,  preparatorv  to  the  permanent 
paving  of  the  avenue.  "The  belt  line  around 
the  southern  section  of  the  city,  likewise,  is  an 
improvement  of  no  small  size  that  will  come 
up  soon.  Surveys  for  the  right  of  wav  for 
this  line  have  been  made  and  steps  are  being 
taken  to  acquire  the  necessary  property.  Plans 
are  being  worked  out  for  the  viaduct  from 
Point  Breeze  Ave.  to  Magazine  Lane.  A  con- 
siderable amount  of  work  is  contemplated  in 
connection  with  water  front  developments.  An 
expenditure  of  $800,000  is  to  be  made  for  com- 
pletion of  municipal  oiers  and  for  the  con- 
struction of  a  new  pier  at  McKean  St.  .\ 
suunnary  of  some  of  the  large  undertakings 
that  will  be  placed  under  contract  soon  is  as 
follows : 

Hroad  street  bridge $300,000 

.South  Philadelphia  water  supply  im- 
provements     ; 500,000 

iipenins  of  Tulip  ,Tnd  Emerald  streets  un- 
der Richmond  Branch  Ry .tOO.OOO 

Reconstruction   and    relocation   of  sewers 

in  central  section  of  city 500.000 

Abolition  of  tcrade  crossinp's  on  Chestnut 
Hill   Branch   Ry.    from   Chelton   avenue 

^  north 350,000 

Grade  crossins  abolition  in  Ijehigh  ave- 
nue       150,000 

(  ompletion  of  municipal  piers  and  con- 
struction of  new  piers  at  McKean 
•street    SOO.OOfl.oO 

Minnesota  Surveyors  and  Engineers  So- 
ciety.— The  annual  meeting  of  the  Minne- 
sota Surveyors  and  Eneinccrs  .Society  will 
be  held  in  St.  Paul,  Minn,  February  19-20, 
headquarters  at  the  Ryan  Hotel.  Aii  excel- 
lent program  has  been  arranged  including  a 
number  of  good  papers  and  banquet  at  the 
clr.sc. 


The  Engineers'  Club  of  Memphis  at  their 
annual  meeting  held  at  Memphis,  Tenn.,  elect- 
ed the  following  ofliccrs :  J.  H.  Wcatherford, 
president:  E.  IT.  Bowser,  vice-nresident ;  C.  C. 
Pashbv,  secretary-treasurer :  directors :  H.  S. 
Gladfelter,  lohn'  McClearv.  F.  G.  Proutt,  C. 
K.  Chapin,  IT.  N.  Pharr,  W.  M.  Gardner. 
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Large  Buildings  to  Be  Erected  at 
Chicago. 

The  building  field,  especially  as  regards  the 
construction  of  large  structures,  has  been  for 
several  months  in  a  rather  unsatisfactory  con- 
dition. Parties  proposing  the  erection  of  large 
buildings  found  it  extremely  difficult  to  finance 
their  propositions.  A  decided  change  for  the 
better  has  taken  place  since  the  first  of  the 
year.  The  improved  condition  of  the  money 
market  has  made  available  large  sums  for 
building  purposes,  and  as  a  result  prospects 
are  excellent  for  much  activity  in  this  line  of 
work. 

In  Chicago  the  improvement  has  been 
marked.  In  the  downtown  district  alone  since 
Jan.  1  plans  have  been  announced  for  five  big 
buildings.  These  include  a  $2,000,000  building 
to  be  erected  for  the  W.  W.  Kimball  Co.,  at 
the  southwest  corner  of  Wabash  Ave.  and 
Jackson  Blvd.;  a  $700,000  building  to  be 
erected  for  Buck  &  Rayner  at  the  southwest 
corner  of  State  and  Adams  Sts. ;  a  $3.50,000 
building  to  be  erected  at  the  northwest  corner 
of  Randolph  and  Dearborn  Sts.,  for  E.  Elger 
Bros.;  a  $250,000  building  for  the  B.  P.  O. 
Elks  to  be  erected  at  174  W.  Washington  St. ; 
and  a  $7-50,000  building  to  be  erected  at  Wa- 
bash Ave.  and  Jackson  Blvd.  for  Lyon  & 
Healy.  The  contract  for  the  last  mentioned 
structure  has  been  let  to  Wells  Bros.  Co.. 
Chicago.  It  is  planned  to  commence  active 
construction  on  all  of  these  structures  early  in 
the  spring.  In  addition  to  the  above,  a  con- 
tract was  let  three  weeks  ago  for  a  $600,000 
warehouse,  to  be  erected  along  the  right  of 
way  of  the  Chicago  Junction  Rv.,  between  W. 
15th  St.  and  W.  15th  PI.  The  Stone  &  Web- 
ster Co.,  383  S.  Dearborn  St.,  Chicago,  III.,  and 
Boston,  Mass.,  has  the  contract. 


Present  Status  of  State  Highway  Con- 
struction in  California. 

State  highway  construction  in  California  will 
offer  opportunities  to  contractors  for  some 
years  to  come.  The  system  now  being  buill 
under  the  $18,000,000  bond  issue  will  comprise 
about  3,000  miles  of  road.  On  Jan.  15,  1915, 
over  1,000  miles  of  this  had  been  completed  or 
was  under  contract.  The  greater  portion  of 
the  work  is  being  done  by  contracts,  121  of 
these  having  been  let  up  to  Jan.  15.  In  addition 
there  were  19  day  labor  jobs. 

Surveys  have  been  made  for  2,150  miles  of 
highway,  and  layouts  have  been  made  for 
1,101  miles.  Some  382  miles  of  road  have  been 
completed  and  accepted,  and  over  250  miles  of 
the  work  had  been  completed  but  not  yet  ac- 
cepted. These  figures  relate  to  the  condition 
on  Jan.  15.  Details  of  the  work  completed  or 
under  contract,  for  that  date  are  as  follows ; 

Miles. 

Graded   only   270.1 

Waterbound  macadam  12.9 

Oil  macadam    19. 1 

Cement   concrete   (thin  bituminous   top)..  664.3 

Macadam  (asphaltic  top) 16.5 

Cement  concrete   (asphaltic  top  J 20.9 

Bituminous  concrete  0.3 

Timber  and   concrete  trestle 4.4 


Total    1,00S.J 

The  construction  in  1914  was  as  follows : 

Pavement  laid  (minimum  thickness  is  4  ins.): 

Miles. 

Portland  cement  concrete.  12  ft.  wide 6 

Portland  cement  concrete,  15  ft.  wide 20S 

Portland  cement  concrete,  IS  ft.  wide 4:; 

Portland  cement  concrete,  20  ft.  wide S 

Portland  cement  concrete,  24  ft.  wide 5 

Macadam,    waterbound    4 

Macadam,   oilbound    3 

(3raded   roads    142 

Surfacing: 

Thin   bituminous    8.5 

Asphalt 2i 

The  cement  purchased  up  to  Jan.  1,  1915,  by 
the  commission  for  use  in  road  construction 
amounts  to  895,643  bbls.,  the  purchases  by  year 
being  as  follows  :  1912,  1,32,955  bbls. ;  1913,  190,- 
622  bbls. ;  1914,  572,066  bbls.  The  highway  sys- 
tem is  being  constructed  under  the  direction  of 
the  California  Highway  Commission,  of  which 
Austin  B.  Fletcher,  Sacramento,  is  highway 
engineer. 


Canadian    Government    Public    Works 

Estimates  for  1915. 

The  Canadian  Government  probably  will 
start  few  new  public  work  undertakings  of 
importance  during  the  present  year.  It  will, 
however,  undoubtedly  provide  funds  for  con- 
tinuing the  more  important  improvements  al- 
ready started.  The  main  estimates  for  the 
coming  fiscal  year  are  now  before  parliament. 
They  provide  for  a  total  appropriation  of 
$190,.329,3o2,  a  decrease  of  $17,789,320  as  com- 
pared with  the  amount  last  vear.  Supplemen- 
tal estimates,  however,  are  yet  to  be  included, 
so  that  it  is  likely  that  the  appropriations  for 
this  year  will  at  least  equal  those  for  1914.  The 
chief  items  of  expenditure  on  public  w'orks  and 
railways  and  canals  in  the  main  estimates,  as 
submitted  to  the  House  of  Commons,  include 
the  following : 

Intercolonial  Railway   $8,128,230 

Prince    Edward    Island    Raihvav 1,938,92.5 

Hudson    Bay    Railway 5.000,000 

National    Transcontinental    Railway .5,000,000 

Quebec    bridge    3,.i00,000 

Wetland   ship   canal 5,500,00.1 

Other  canals   ". l,S2i,500 

Harbor  works   under  way 9,459,000 

The  last  item  provides  for  the  continuance 
of  the  work  already  underwav  at  Esquimalt, 
Halifax.  Port  Arthur,  Quebec',  St.  John,  To- 
ronto, Victoria,  Vancouver  and  other  harbors. 


Canal    Excavation    and    Lining    With 

Concrete. 

The  U.  S.  Reclamation  Service  will  open 
bids  next  week  for  excavating  a  new  lateral 
canal  in  the  Strawberry  Valley  Project,  Utah, 
and  for  lining  the  canal  with  concrete.  The 
work  is  located  near  Payson  City,  Utah,  on  the 
San  Pedro,  Los  Angeles  &  Salt  Lake  R.  R.  and 
the  Tintic  branch  of  the  Denver  &  Rio  Grande 
R.  R.  It  involves  about  49,000  cu.  yds.  of  canal 
excavation  and  3,670  cu.  yds.  of  reinforced 
concrete  and  provides  for  the  construction  ot 
about  9  miles  of  canal.  The  estimated  quanti- 
ties include  the  following : 

Elxcavation,   class   1,   cu.   yds 40,625 

Excavation,   class  2,    cu.    yds 7,225 

Excavation,   class  3.   cu.   yds 305 

Rolled  embankment,  cu.  yds 6,429 

Concrete    in    structures,    cu.    yds 310 

214-in.  concrete  canal  lining,  sq.  ft 436,000 

A  portion  of  the  concrete  lined  section  will 
have  a  4  ft.  bottom,  the  remainer  will  have  a 
3  ft.  bottom.  The  section  will  have  side  slopes 
of  1  on  !.  The  concrete  lining  will  be  rein- 
forced with  woven  wire  reinforcement  and 
will  have  a  smooth,  steel  trowel  finish.  The 
cement  and  reinforcing  steel  will  be  furnished 
by  the  Government. 

Bids  for  the  work  will  be  received  at  the 
office  of  the  U.  S.  Reclamation  Service,  Provo, 
Utah,  until  2  p.  m.,  Feb.  24. 


First   Illinois   State   Highway   Letting 

of  1915. 

Bids  are  now  being  asked  on  the  first  Illinois 
state  highway  contracts  to  be  advertised  this 
year.  Seven  contracts  are  included  in  this 
letting,  the  total  estimated  cost  of  the  work 
being  about  $120,943.  This  does  not  include 
the  cost  of  the  cement,  which  will  be  fur- 
nished by  the  state.  Details  of  the  work  are 
given  in  Table  I. 

T.\BLE  I. 

Estimated 

cost,  exclusive 

of  cement 

furnished 

Length,       by 

County.       Sec.  Route.     Type.  ft.         state. 

Cook   G  3         Concrete     12,957     $34,471 

Madison    ..     A     1-1-11       Brick  9,000       33,367 

Winnebago.  B  11  Concrete  6,200  18,583 
Winnebago.  .V  10  Concrete  5,280  15.503 
Whiteside  .     B  1         Concrete       4.400         8.816 

Whiteside  .     C  1         Concrete       2,000         4.152 

Alexander    .   A  1         Gravel  5,100       *5,992 

•No  materials  to  be  furnished  by  the  state. 

Bids  for  the  work  will  be  received  by  the 
State  Highway  Commission,  Wm.  W.  Marr, 
Chief  State  Highway  Engineer,  Springfield, 
111.,  until  n  a.  m.,  Feb.  28. 


NEWS  LETTERS 
St.  Louis  Items. 

M.  L.  Windham  at  Johnston  City,  111.,  will 
be  able  to  use  a  few  5  to  8-team  outfits  be- 
tween now  and  March  15. 

.\  bill  to  fix  the  curb  lines  of  streets  in  East 
St.  Louis  was  passed  by  the  East  St.  Louis 
City  Council  last  week.  This  allows  the  city 
of  St.  Louis  to  draw  specifications  for  the 
piers  of  the  east  side  approach  of  the  free 
bridge,  a  matter  which  was  delayed  because 
the  ordinance  granted  by  the  East  St.  Louis 
City  Council  for  the  approach  provided  that 
the  piers  of  the  bridge  should  be  builf  at  the 
curb  line,  and  the  curb  line  of  East  St.  Louis 
had  never  been  fixed  by  ordinance.  This  was 
discovered  by  St.  Louis  officials  when  they 
started  to  draw  specifications  for  the  piers  of 
East  St.  Louis  approach.  The  East  St.  Louis 
city  officials  requested  in  return  for  amending 
the  ordinance  that  St.  Louis  should  concede 
that  all  roads  using  the  free  bridge  should 
maintain  an  adequate  passenger  station  and 
stop  all  trains  in  East  St.  Louis  for  passen- 
gers. The  St.  Louis  officials  agreed  to  the 
request. 

C.  F.  Nagel  w-as  in  from  La  Grange,  Mo., 
getting  more  supplies  and  equipment  for  his 
new  Government  revetment  work  on  the  Mis- 
sissippi River  near  that  point. 

The  Board  of  Local  Improvements  of  the 
city  of  Alton,  III.,  has  ready  for  public  hear- 
ing, plans  and  specifications  for  bV2  miles  of 
street  paving  with  combination  concrete  curb 
and  gutter  in  District  No.  2,  in  which  the 
Western  Military  .Academy  and  Shurtleft'  Col- 
lege are  located.  Pavements  will  have  a 
4-inch  concrete  base  and  Alton  brick  will  prob- 
ably be  used.  There  has  just  been  completed 
a  sanitary  sewer  system  in  this  paving  district, 
l8Vz  miles  in  length. 

Sam  Lazarus  of  St.  Louis,  president  of  the 
Quanah,  Acme  &  Pacific  Railroad,  has  held  a 
conference  with  members  of  the  State  Rail- 
road Commission  of  Texas  in  regard  to  cer- 
tain matters  connected  with  the  plans  for  ex- 
tending the  line  from  Roaring  Springs,  its 
present  western  terminus,  to  the  Texas-New 
Mexico  line,  a  distance  of  about  150  miles. 
While  the  Railroad  Commission  has  authority 
only  over  the  Texas  part  of  the  property,  it 
is  proposed  by  Mr.  Lazarus  and  associates  to 
build  the  road  into  Roswell,  N.  Mex.,  and 
later  on  to  extend  it  to  El  Paso.  It  is  under- 
stood that  the  route  across  the  western  part 
of  the  state  will  be  through  the  town  of  Lub- 
bock, where  connection  will  be  made  with  the 
lines  of  the  Santa  Fe  system.  The  territory 
that  is  to  be  traversed  is  settling  up  with 
farmers  rapidly. 

L.  J.  Smith  of  the  L.  J.  Smith  Construction 
Co.,  of  Kansas  City,  was  with  us  a  couple  of 
days  last  week.  Nothing  new,  but  something 
coming  up  shortly. 

That  the  Missouri,  Kansas  &  Texas  intends 
to  develop  and  utilize  extensive  deep-water 
facilities  at  the  mouth  of  the  Brazos  River, 
with  Velasco  and  Freeport  as  its  ocean-traffic 
ports,  is  indicated  by  the  extensive  improve- 
ments which  it  is  preparing  to  make  with  that 
end  in  view.  Besides  the  joint  railroad  and 
wagon  bridge  which  is  being  built  across  the 
Brazos  River  at  Austin,  Tex.,  and  by  which 
means  Freeport  and  its  extensive  sulphur  min- 
ing industry  will  be  given  a  direct  transporta- 
tion outlet,  the  announcement  is  made  that 
the  entire  line  of  the  Houston  &  Brazos  Val- 
ley Railroad,  which  is  owned  by  the  Missouri, 
Kansas  &  Texas,  will  be  rebuilt.  The  grade 
will  be  raised,  the  track  relaid  and  well  bal- 
lasted, and  an  extension  constructed  from 
Freeport  to  Bryan  Mound,  3  miles.  Better- 
ments will  also  be  made  to  the  road's  port 
terminals,  it  is  stated. 

G.  B.  O'Reilly  has  prepared  a  bill  to  be  in- 
troduced in  the  Missouri  General  .Assembly 
requiring  sub-contractors  who  desire  to  avail 
themselves  of  the  present  lien  law  to  file  no- 
tice on  the  owners  of  property  on  which  the 
lien  is  to  apply  3o  days  after  the  purchase  of 
material    by    the    original    contractor,    stating- 
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material  is  unpaid  for.  O'Reilly  said  the  sub- 
contractor now  has  four  months  to  file  such 
notice.  Sometimes  the  original  contractor  ob- 
tains payment  for  the  entire  work  from  the 
property  owner  before  the  four  months  is  up, 
and  if  the  contractor  has  failed  to  pay  for 
any  of  the  material  used  in  the  building,  the 
owner  sometimes  has  to  foot  the  bill,  O'Reilly 
said.  He  said  the  bill  meets  with  the  approval 
of  all  the  agents  with  whom  he  has  dis- 
cussed it. 

M.  C.  Bartels  of  St.  Louis  was  awarded  the 
contract  for  building  the  new  St.  Louis  Coun- 
ty Producers  Company's  commission  house, 
to  be  erected  at  Sarah  St.  and  Laclede  Ave. 
here.  Contracts  price  $22,585.  The  building 
will  be  completed  by  iVIay  1.  Numerous  steel 
sheds  will  afford  shelter  for  the  farmers' 
wagons  while  they  are  selling  their  wares. 

James  K.  Cochran  and  the  Ozark  'Valley 
Railroad  Company  filed  an  application  with 
the  State  Public  Service  Commission  on  Feb. 
1,  asking  authority  to  issue  $200,000  of  stock 
and  $150,000  of  notes  to  purchase  the  'Wil- 
liamsville,  Greenville  &  St.  Louis  Railroad 
Company  in  Wayne  County  for  $300,000. 

Concrete  was  adopted  at  last  week's  session 
of  the  St.  Clair  County,  Illinois,  Board  of 
Supervisors  for  the  construction  of  the  first 
hard  road  under  the  state  aid  fund.  This  ac- 
tion was  taken  regardless  of  the  fact  that  the 
special  committee  appointed  had  recommended 
the  use  of  brick.  The  state  highway  experts 
are  expected  to  begin  shortly  to  make  the 
final  survey  of  the  road,  which  begins  near 
French  Village  and  runs  easterly  towards 
O'Failon. 

\.  Webb,  formerly  general  manager  of  the 
Missouri,  Kansas  &  Texas  Railroad,  was  pro- 
moted to  vice-president  last  week.  W.  E. 
Williams,  formerly  general  superintendent, 
was  appointed  genera!  manager  with  headquar- 
ters at  Parsons,  Kan. 

.A.  special  election  will  be  held  at  Staunton. 
111.,  this  week  to  vote  upon  a  proposition  to 
adopt  the  one  highway  commissioner  system 
in  Staunton  Township.  The  plan  has  been 
agitated  at  mass  meetings,  and  is  fathered  by 
members  of  the  Good  Roads  Association. 
Workers  for  the  change  claim  better  roads  at 
a  lower  cost  will  result  with  a  single  com- 
missioner. Staunton  last  month  voted  on  a 
proposition  to  issue  bonds  to  improve  the 
water  works  system,  hut  the  plan  was  de- 
feated. 

Col.  C.  McD.  Townsend,  U.  S.  Engineer, 
St.  Louis,  Mo.,  is  asking  for  bids  for  10,000 
lin.  ft.  of  river  bank  protection,  to  include 
material  and  work.  Bids  will  be  opened  on 
March  10  at  11  a.  m. 

The  Kaw  'Valley  Drainage  Board,  corner 
Pylc  and  Osage  Aves.,  Kansas  City,  Kan.,  will 
receive  sealed  proposals  in  duplicate  until  10 
a.  m.,  Feb.  2G,  1915,  for  approximately  1.000.- 
000  cu.  yds.  of  drainage  ditch  work.  T.  E. 
Myers  is  president  and  P.  J.  Broil  is  secretary 
of  this  board. 

D.  C.  Stephens  passed  through  St.  Louis  the 
other  day  on  the  way  to  his  big  drainage  job 
in  Cape  Girardeau  County,  Mo.  Stephens  vvill 
start  work  as  soon  as  the  weather  permits, 
which  he  expects  will  be  within  a  week  or  ten 
days.  .^.  B.  Koenig. 

PERSONALS 

Mr.  Blaine  S.  Smith  has  been  appointed 
general  sales  manager  of  the  Uniiversal  Port- 
land Cement  Co.,  succeeding  Mr.  Benjamin  F. 
Affleck,  who  has  been  elected  president  of  the 
company. 

Mr.  H.  H.  Lindcmuth  of  York,  Pa.,  has  re- 
signed as  president  of  the  'Vork  Engineering 
Co.,  which  position  he  has  held  since  the  in- 
corporation of  that  company.  Mr.  Lindcmuth 
will  again  engage  in  business  in  York,  having 
incorporated  the  Lindcmutli  Engineering  Co., 
of  which  he  is  manager,  The  firm  will  special- 
ize in  the  installation  of  steam  and  electrical 
power  plants,  heating  and  ventilating  and  re- 
'  frigerating  systems,  sprinkler  systems  and 
piping  equipments. 


Mr.  B.  F.  Beckman  has  been  made  engineer 
for  the  Fort  Smith  &  Western  Railroad  and 
of  the  St.  Louis,  El  Reno  and  Western  Rail- 
way, with  headquarters  at  Fort  Smith,  Ark. 
Mr.  Beckman  entered  the  service  of  the  Chi- 
cago, Burlington  &  Quincy  in  1898  as  assistant 
engineer,  and  two  years  later  was  made  road- 
master  for  that  company.  In  1905  he  became 
engineer  of  maintenance  of  way  for  the  Fort 
Smith  &  Western,  and  in  1907  was  made  super- 
intendent for  that  road. 

Mr.  Clifton  Brannon  has  been  made  division 
engineer  for  the  Chicago  &  Eastern  Illinois 
Railroad  with  headquarters  at  Evansville,  Ind. 
Mr.  Brannon  is  a  graduate  of  the  Rose  Poly- 
technic Institute  in  civil  engineering,  class  of 
1904.  For  two  years  followine  graduation  he 
was  assistant  engineer  at  "Vandalia  on  the  engi- 
neering corps  of  the  Evansville  &  Terre  Haute, 
afterwards  consolidated  with  the  Chicago  & 
Eastern  Indiana.  Since  190(3  he  has  been  as- 
sistant engineer  at  Evansville  or  Chicago. 

Mr.  H.  J.  Goodale  has  been  chosen  as  super- 
intendent of  public  works  of  Attleboro,  Mass., 
and  will  have  full  charge  of  all  water  works, 
sewers,  highways,  sidewalks,  drains,  etc.,  sub- 
ject only  to  the  mayor.  Mr.  Goodale  has  been 
in  engineering  work  for  twenty  vears.  For  five 
vears  of  this  time  he  was  with  the  Boston 
&  Maine  Railroad.  For  fifteen  years  he  has 
been  employed  in  municipal  work.  For  the 
past  eight  years  he  has  been  first  assistant  to 
the  engineer  of  public  works  at  Pittsfield, 
Mass. 

Mr.  R.  M.  Briner,  junior  engineer  with  the 
supervising  engineers'  office,  northern  division, 
LInited  States  Reclamation  Service,  has  been 
advanced  to  the  position  of  assistant  engineer 
in  the  service  with  headquarters  at  Great 
Falls,  Mont.  Mr.  Briner  obtained  his  civil 
engineering  education  at  the  Pennsylvania 
State  College,  leaving  in  1911  to  enter  the 
Reclamation  Service.  His  first  work  in  the 
supervising  engineer's  office  was  that  of  draft- 
ing, indexing,  cement  inspection,  etc.  In  1912 
he  was  oflSce  engineer  on  contract  work  on  the 
Hunter  project,  and  during  the  latter  part  of 
that  year  was  engaged  in  field  and  office  work 
in  connection  with  the  building  of  an  earth 
fill  dam  at  Two  Medicine  Lake,  on  the  Blackfeet 
project.  Since  that  time  he  has  been  in  the 
supervising  engineers'  office  at  Great  Falls, 
being  made  junior  engineer  in  .\pril,  1913. 

Mr.  H.  C.  McRae  has  resigned  as  division 
ehgineer  for  the  Baltimore  Sewerage  Cornmis- 
sion  to  accept  a  position  as  district  engineer 
with  the  International  Joint  Commission,  at 
Detroit,  where  he  will  have  charge  of  special 
investigations  involving  studies  of  the  problem 
and  cost  of  collecting,  transporting  and  treat- 
ing the  sew-age  of  Detroit  and  near-by  cities. 
The  object  of  this  work  is  to  relieve  the  pollu- 
tion of  the  Detroit  and  St.  Clair  rivers,  and  it 
is  under  the  direction  of  Prof.  Earle  B. 
Phelps,  consulting  engineer  to  the  commission. 
Mr,  McRae  has  been  connected  with  the  Balti- 
more Sewerage  Commission  since  1907,  when 
he  entered  that  service  as  a  cement  tester.  The 
following  year  he  was  chemist  at  the  sewage 
testing  station,  and  in  1909  was  an  assistant 
engineer.  From  1909  to  1911  he  was  an  assist- 
ant division  engineer,  and  since  that  time  has 
been  division  engineer  in  charge  of  the  disposal 
plant  at  Back  River.  He  was  in  entire  charge 
of  the  disposal  division,  the  work  of  which 
involved  expenditures  of  approximately  $2,- 
.",00,000.  He  also  had  charge  of  the  operation 
of  the  Baltimore  treatment  works  as  well  as 
construction.  Between  twenty-five  and  thirty 
million  gallons  are  being  treated  at  present. 

Mr.  E.  B.  'Van  de  Greyn  has  opened  an  office 
as  consulting  and  constructing  engineer  at  725 
Chronicle  building,  Houston,  Texas.  Mr.  Van 
de  Greyn  was  for  a  time  consulting  engineer 
for  the  Board  of  Public  Works  of  Denver, 
Colo.,  and  later,  city  engineer  and  member  of 
Board  of  Public  Works  of  the  city  and  county 
of  Denver.  His  connection  with  Denver  was 
severed  in  June,  1913,  when  a  change  in  the 
form  of  government  occurred.  I'or  three  years 
he  was  with  the  firm  of  Waddell  &  Hedrick, 


later  Waddell  &  Harrington,  consulting  engi- 
neers of  Kansas  City.  For  five  years  he  con- 
ducted a  general  engineering  business  near 
Kansas  City.  Mr.  Van  de  Greyn  graduated 
from  the  University  of  Illinois  in  munici- 
pal and  sanitary  engineering,  and  has 
had  a  varied  career.  He  was  for  a  time  in  the 
contracting  business  in  Chicago.  Among  other 
enterprises  with  which  he  has  been  connected 
in  his  private  practice  were:  the  reclamation  of 
about  3,500  acres  of  overflow  marsh  land  in 
Texas,  some  important  extensometer  tests  on  a 
new  patent  reinforcing  for  concrete,  superin-' 
tendence  of  work  for  a  large  contracting  firm 
in  Denver  and  numerous  other  projects.  In 
his  new  office  he  will  handle  general  civil  en- 
gineering work,  paying  special  attention  to 
municipal  and  sanitary  work,  drainage  and 
bridges. 

CONTR.VCTORS. 

The  E.  R.  Harding  Co.,  400-410  Robinson 
Bldg.,  Racine,  Wis.,  the  contracting  firm  which 
was  recently  awarded  several  large  sewer  con- 
struction contracts  in  that  city,  totaling  about 
$259,000,  is  one  of  the  oldest  firms  in  the  mid- 
dle west  handling  this  class  of  work,  and  has 
been  erigaged  on  similar  projects  in  many  of 
the  larger  cities  in  the  region  of  Lake  Mich- 
igan. Mr.  E.  R.  Harding,  the  president  and 
general  manager,  has  been  in  sewer,  paving 
and  general  municipal  contracting  business  for 
the  past  25  years,  and  has  done  work  of  this 
kind  in  numerous  towns  and  cities  of  Wiscon- 
sin, Illinois  and  northern  Michigan.  Mr.  E.  R. 
Waggoner,  the  secretary-treasurer,  has  been 
with  the  company  for  several  years  past.  Dur- 
ing the  past  22  years  the  company  has  been  in- 
strumental in  the  building  up  of  a  number  of 
such  thriving  communities  as  Fond  du  Lac, 
Oshkosh,  Beloit,  Janesville,  Rockford,  Peoria 
and  many  others.  The  following  list  of  sewer 
contracts  have  all  been  carried  out  by  the 
companv  since  1908:  Canton,  111.,  $75,000; 
Pekin,  111.,  $120,000;  Danville,  III,  $65,000  and 
$85,000;  Fond  du  Lac,  Wis..  $75,000,  including 
disposal  plant;  Highland  Park,  111.,  $45,000; 
East  Moline,  111.,  $100,000:  Stoughton,  Wis., 
$7,5,000;  Rockford,  111.,  $100,000.  These  in  ad- 
dition to  numerous  smaller  contracts  of  various 
kinds  of  municipal  work.  The  present  Racine 
contracts  are  as  follows :  The  Twentv-first 
St.  brick  trunk  sewer,  $89,000;  Twelfth  St. 
sewer.  $75,000,  and  the  .Augusta  St.  sewer, 
$95,000. 


OBITUARIES 

Charles  H.  Ladd,  construction  engineer  for 
the  Stone  &  Webster  Engineering  Corporation, 
died  at  El  Paso.  Tex.,  Jan.  29.  He  had  been 
engaged  on  work  at  Fort  Worth  for  the  com- 
pany and  had  recently  removed  to  El  Paso. 

John  Everill,  a  noted  road  builder  of  Salt 
Lake  City,  died  at  his  home  in  that  city,  Feb. 
2,  aged  69.  He  had  been  in  the  road  contract- 
ing business  for  many  years,  and  many  of  the 
good  roads  in  the  vicinity  of  Salt  Lake  and 
the  streets  of  that  city  were  of  his  construc- 
tion. 

Frank  Olin  Marvin,  advisory  dean  and 
founder  of  the  School  of  Engineering  at  the 
University  of  Kansas,  died  in  San  Diego,  Cal., 
Feb.  7,  aged  62.  Dean  Marvin  had  been  in  ill 
health  for  several  years  and  went  to  California 
last  December  in  an  effort  to  recover.  He  had 
been  connected  with  the  Kansas  State  Univer- 
sity since  1875,  when  he  went  there  as  assistant 
in  mathematics  and  physics.  He  became  pro- 
fessor of  engineering  in  1883,  and  was  dean  of 
the  school  of  engineering  since  1891.  Dean 
Marvin  was  also  a  member  of  the  Kansas 
State  Board  of  Health,  the  Kansas  .Academy 
of  Science,  the  Kansas  Water,  Gas  and  Elec- 
tric Light  .Association,  the  Kansas  Engineering 
Society,  the  .American  Society  of  Civil  Engi- 
neers, the  .American  Society  for  Testing  Ma- 
terials, and  a  member  and  in  1901  president  of 
the  Society  for  the  Promotion  of  Engineering 
Education.  He  was  a  frequent  contributor  to 
the  technical  press  and  to  the  proceedings  of 
the  various  technical  societies. 
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PROSPECTIVE  WORK. 

Alabama : 

Gadsden,  Ala. — Preliminary  surveys  will  be 
started  in  about  30  days  for  proposed  interur- 
ban   from  Gadsden   to   Center,  Ala.,  30  miles. 
R.  L.  Totten,  Birmingham,  Ala.,  is  engineer. 
Arizona: 

Clifton,  Ariz. — Arizona  &  New  Mexico  Ry. 
proposes    3%-mile    spur    from    Lordsburg    to 
^r,   Mine. 
Arkansas : 

Crossett.  Ark. — .Arkansas,  Louisiana  &  Gulf 
R.  R.,  contemplates  extending  its  line  to  Pine- 
Bluff,  Ark.,  but  does  not  anticipate  commenc- 
ing work  in  the  immediate  future. 
California : 

Glendale,  Cal. — Glendale  &  Montrose  Ry. 
(electric)  has  applied  to  State  Railroad  Com- 
mission for  permission  to  increase  its  capital 
stock  from  $25,000  to  $2.50,000.  J.  Frank  Wal- 
ters, 508  Grant  Bldg.,  Los  Angeles,  is  Presi- 
dent. 
Illinois : 

^Nlurphysboro,  111. — Murphysboro  &  Southern 
Ry.  proposes  extension  of  its  electric  railway 
from  Murphysboro  to  Carbondale,  8  miles. 
Work  will  include  131,000  cu.  yds.  earth  ex- 
cavation and  embankment,  12,800  lin.  ft.  of 
trestle,  937  cu.  yds.  masonry,  one  175-ft.  span 
single  track  bridge  and  a  UO-ft.  plate  girder 
span.  Date  of  letting  contracts  is  uncertain ; 
probably  will  be  3  months  or  more.  Edward 
Flad  &'Co.,  St.  Louis,  Mo.,  is  engineer. 

Tavlorville,  111. — Chicago  &  Illinois  Midland 
Ry.,  H.  M.  Hallock,  General  Superintendent, 
Taylorville,  is  reported  to  have  secured  right 
of  way  for  spur  to  connect  with  Wabash  R.  R. 

Chicago,  111. — Chicago  &  Northern  Interur- 
ban  Ry.  Co.  has  applied  for  certificate  of  con- 
venience for  constructing  line  from  city  limits 
to  Wheeling,  111..  12  miles.  Jordan  E.  Van 
Natta,  Chicago,  is  attorney  for  company. 
Kentucky : 

Irvine,  Ky. — Illinois  Central  R.  R.  has  made 
surveys   for  double  track   from  3  miles  north 
of  Irvine  to  Princeton. 
New  Jersey: 

Camden.  N.  J. — Philadelphia  &  Reading  Ry. 
will  construct  new  terminal  and  ferry  house  at 
Kaighn's  Point,  Camden. 
New  York: 

Geneva,  N.  Y. — Geneva  &  .Auburn  Ry.  con- 
templates  double    tracking    on    Exchange    St., 
from  Seneca  to  Lewis  St. 
Fennsylvania : 

Philadelphia.    Pa.— Philadelphia   &   Reading 
Ry.  has  plans  under  way  for  extension  of  track 
elevation   on    Richmond    Iiranch   to   permit   of 
opening  of  Tulip  and  Emerald  Sts. 
South  Dakota: 

Rapid  City,  S.  Dak.— Chicago,  Milwaukee  & 
St.  Paul  Ry.  is  reported  to  have  completed 
plans  for  extension  of  its  South  Dakota  line 
from  Rapid  City,  via  Sundance  to  Sheridan, 
Wye.  It  is  stated  that  contracts  will  be  let  as 
soon  as  money  market  loosens  up. 

Texas : 

San  Benito,  Tex.— San  Benito  &  Rio  Grande 
Valley  Ry.  is  reported  to  contemplate  exten- 
sion up  the  valley  to  coal  fields  of  Zapata 
County  and  possibly  to  Laredo. 

Dallas,  Tex. — Southwestern  Traction  Co., 
Dallas,  is  considering  constructing  line  be- 
tween Cleburne  and  Ballinger. 

Utah: 

Ogden,  L'tah.- Ogdeu,  Logan  &  Idaho  Ry. 
(electric)  has  started  construction  on  its 
Brieham  Citv-Wellsville  link. 

Salt  Lake'City,  Utah.— Union  Pacific  R.  R. 
mav  let  contracts  soon  for  double  tracking  on 
Castle  Rock  Hill.  Company  is  reported  to 
plan  expenditure  of  about  $1,.500.000  for  work 
this  spring  and  summer  between  Ogden  and 
Evanston. 

•Wisconsin: 

Elkhorn.  Wis.— Milwaukee  Electric  R\  & 
Light  Co.,  Milwaukee,  is  reported  contemplat- 
ing line  from  Elkhorn  to  Delavan. 


BIDS  OPENED;  CONTRACTS  LET 

California : 

Fresno,  Cal. — Chadwick  &   Sykes,  Inc.,  San 
F'rancisco,  have  contract   for  3-mile  extension 
of   Chowchilla-Pacific  R.   R.   to  new   town  of 
Robertson. 
Kansas : 

Bonner  Springs,  Kan. — Kansas  City,  Kaw 
Valley  &  Western  Interurban  Co.  has  let  con- 
tracts for  grading  for  its  extension  from 
Bonner  Springs  to  Laurence,  and  work  is  said 
to  have  been  started  last  week. 
Montana: 

Butte,  Mont. — Boston  &  Montana  Develop- 
ment Co.  is  reported  to  have  financed  its  pro- 
jected Southern  Montana  Ry.  and  it  is  said 
that  construction  will  be  started  in  April.  Mac- 
.Arthur  Bros.  Co.,  New  York  and  Chicago, 
has  the  contract.  The  line  will  be  about  lOH 
miles  long,  will  extend  from  Divide  through 
the  Big  Hole  countr\-  to  Jackson,  and  will 
cost  about  $3,500,000.  ' 
North  Carolina: 

Shelby,  N.  C. — W.  T.  Clement,  Greensboro, 
an  official  of  Broad  River  Lumber  Co.,  and  J. 
H.  Hawley,  Rockingham,  N.  C,  have  entered 
into  contract  to  build  a  21-mile  standard-gage 
railroad  from  Shelbv  to  Casar. 
Utah: 

Ogden,   Utah.— Utah   Construction   Co.,   Og- 
den,   has   been    awarded    contract    for   600    ft. 
tunnel    near   Ashton    on    Yellow-stone    line    of 
Oregon  Short  Line  R.   R. 
Washington: 

Siiokanc,  Wash.— Dixon  &  Oliver,  10th  .\ve., 
city,  have  the  contract  for  drilling  and  blast- 
ing for  grade  separation  here.  Parker,  Moran 
&  Parker,  1010  E.  Sprague  St.,  city,  have  taken 
the  contract  for  removing  all  rock  and  other 
material  from  cut. 
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BIDS  ASKED. 
California: 

Stockton,  Cal.— Until  March  2,  by  County 
Supervisors,  for  improving  about  8  miles  of 
upper  Sacramento  River  Road  and  about  8 
miles  of  Stockton  Mokelumne  Road.  F.  E. 
Quail,  County  Surveyor. 

San    Bernardino,    Cal. — Until    Feb.    23,    ac- 
cording to  reports,  by  County  Supervisors,  for 
furnishing  30,000  bbls.  crude  oil  or  road  oil. 
Illinois : 

Springfield,  111.— Until  3  p.  m.,  Feb.  23 
(change  of  date),  by  State  Highway  Depart- 
ment, Wm.  W.  Marr,  Chief  State  Highway 
Engineer,  for  furnishing  235,500  bbls.  cement 
for  State  Aid  road  construction.  Advertise- 
nient  in  this  issue. 

Springfield,  III.— Until  11  a.  m.,  Feb.  23,  by 
State  Highway  Commission,  Wm.  W.  Marr, 
Chief  State  Highway  Engineer,  for  7  state 
highwav  contracts,  as  follows ;  Cook  County, 
12,957  ft.  concrete;  Madison  County,  9,000  ft. 
brick;  Winnebago  Countv.  0.200  ft.  concrete, 
5,280  ft.  concrete;  Whiteside  County,  4,400  ft. 
concrete,  2,000  ft.  concrete ;  Alexander  County, 
5.100  ft.  .gravel.  Advertisement  in  this  issue. 
Indiana : 

Decatur,  Ind.— L'ntil  10  a.  m.,  March  2,  by 
T.  H.  Daltzell,  County  Auditor,  for  six  mac- 
adam roads. 

Monticello.  Ind.— LTntil  10  a.  m.,  March  2, 
by  A.  G.  Fisher,  County  Auditor,  for  road  in 
West  Point  Township. 

Princeton,  Tnd.— Until  11  a.  m.,  March  2, 
by  W.  T.  Roberts,  County  Auditor,  for  stone 
roads  in  Jackson  and  Columbia  Townships. 

Bloomfield,  Ind.— Until  2  p.  m.,  March  2,  by 
Geo.  E.  Kibb,  County  Auditor,  for  six  mac- 
adam roads. 

Petersburg.  Ind.— Until  2  p.  m.,  March  2,  by 
J.  P.  Grav,  Countv  Auditor,  for  road. 

Spencer,  Ind.— Until  2  p.  m.,  March  2,  by 
County  Auditor,  for  gravel  road  in  Jefferson 
Township. 

Peru,  Ind.— Until  noon,  March  8,  by  Frank 
K.    McEIhenv,    Countv    Auditor,    for    gravel 


roads  in  Butler,  Jefferson  and  Washington 
Townships. 

Wabash,  Ind.— Until  1 :30  p.  m.,  March  3,  by 
Dan  Showalter,  County  Auditor,  for  three 
roads  in  Noble  Township  and  one  in  Waltz 
Township. 

Washington,  Ind. — Until  2  p.  m.,  March  2, 
by  L.  S.  Cove,  County  Auditor,  for  pike  road 
in  Elmore  Township. 

Kokomo.  Ind.— Until  10  a.  m.,  March  2,  by 
E.  B.  Swift,  County  Auditor,  for  five  gravel 
and  stone  roads. 

Sullivan,  Ind.— Until  noon,  March  2,  by  W. 
S.  Bicknell,  County  Auditor,  for  gravel  roads 
in  Turman,  Haddon  &  Gill  Townships. 

Corydon,  Ind. — Until  2  p.  m.,  March  2,  by 
J.  L.  O'Bannon,  County  Auditor,  for  gravel  or 
macadam  road. 

Kentland,  Ind. — Until  2  p.  m.,  March  1,  by 
S.  R.  Sizclove,  County  Auditor,  for  macadam 
road  in  Jackson  Township. 

Fowler,  Ind. — Until  1  p.  m.,  March  1,  by 
Warren  Mankey,  County  Auditor,  for  gravel 
in  Grant  Township  and  stone  road  in  Bolliver 
Township. 

Portland,  Ind.— Until  10  a.  m.,  March  1,  by 
County  Auditor,  for  two  gravel  and  tw-o 
crushed  stone  roads. 

Valparaiso,  Ind. — Until  2  p.  m.,  March  1,  by 
C.  A.  Blacklv,  County  Auditor,  for  gravel  road. 

Mt.  Vernon,  Ind.— Until  2  p.  m.,  March  1. 
by  J.  R.  Hawes,  County  Auditor,  for  gravel 
roads  in  Robb,  Harmony  and  Mars  Townships. 

Greencastle,  Ind. — Until  2  p.  m.,  March  1,  by 
C.  L.  Airhart,  County  Auditor,  for  macadam 
roads  in  Cloverdale,  (greencastle  and  Washing- 
ton Townships. 

Paoli,  Ind.— Until  2  p.  m.,  March  1.  by  E.  .\. 
Palmer,  County  Auditor,  for  gravel  road  in 
French  Lick  Township. 

Indianapolis,  Ind. — LIntil  10  a.  ni.,  Feb.  24, 
by  Board  of  Public  Works,  for  grading  and 
paving  on  Rural  St.  and  Caven  St. 

Shelbyville,  Ind.— Until  11  a.  m.,  March  2. 
by  F.  W.  Fagel,  County  .-Xuditor,  for  roads  in 
Shelby  and  Washington  Tow-nships. 

Columbus,  Ind.— Until  10  a.  m.,  March  8,  by 
W.  H.  Scott,  Countv  Auditor,  for  crushed 
stone  roads  in  Haw  Creek  and  Clifty  Town- 
ships. 

Crawfordsville,  Ind.— L'ntil  11  a.  ra.,  March 
2.  by  B.  B.  Fnale,  County  Auditor,  for  road  in 
Brown  Tow-nship. 

Rockville,  Ind.— Until  10  a.  m.,  March  2,  by 
Chas.  Davis,  County  Auditor,  for  gravel  road 
in  Lilierty  Township. 

Michigan : 

Dundee,  Mich.— Until  Feb.  23,  by  Village 
Trustees,  for  paving  Monroe  St.  George 
Chanipe,  Toledo,  Ohio,  is  engineer. 

Flint,  Mich.— Until  Feb.  23,  by  City  for 
asphalt  plant.  Ezra'  C.  Shoecraft,  City  En- 
gineer. 

Minnesota : 

St.  Paul,  Minn.— Until  10  a.  m.,  Feb.  22,  by 
.■\ug.  Hohensteiu,  City  Purchasing  .Agent,  for 
grading  and  improvement  of  .Arcade  St. 
Mississippi : 

Clarksdalc,  Miss.— L'ntil  March  3.  by  count> 
and  city,  for  graveling  Fourth  St.  and  other 
streets  to  an  extent  of  about  three  miles.  The 
county  will  gravel  from  the  end  of  Fourth  St. 
to  Lvons  and  Big  Creek,  about  3%  miles ;  road 
24  ft.  wide,  gravel  16  ft.;  $6,000  per  mile  esti- 
mate. G.  R.  Shidler,  Engineer,  Clarksdale. 
Missouri: 

Weston,  AIo— L'ntil  noon,  Feb.  20,  by  Cit\ 
Clerk,  for  10,000  sq.  yds.  bituminous  macadam 
paving  (penetration  method).  1,300  ft.  curb 
and  gutter,  etc.  Chas.  E.  McCrae,  Engineer. 
Kansas  City,  Mo. 
Montana: 

Townsend,  Mont.— L'ntil  March  1,  by  Board 
of  County  Commissioners,  Wm.  G.  Ragen, 
Clerk,  for  grading  and  ditching  county  roads ; 
11   dift'erent  contracts. 

Nebraska : 

Clmaha,  Nebr.— Until  9  a.  m..  March  2,  by 
City  Clerk,  for  naving  and  curbing  with  as- 
phalt, stone  asphaltic  conc.ete,  creosoted  block, 
etc.,  portions  of  eicht  streets. 

Omaha.  Nebr.— lentil  9  a.  m.,  Feb.  2.3,  by 
Thomas  J.  Flynn,  City  Clerk,  for  construction 
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Desirability  of  Independent  Audits  of 
Municipal  Costs. 

Whenever  a  municipality  undertal<es  to  con- 
struct or  operate  plants  there  usually  comes 
criticism  of  the  economy  with  which  construc- 
tion or  operation  is  conducted.  The  criticism 
is  commonly  directed  hy  those  who  are  per- 
sonally biased,  and  it  is  answered  by  those 
who  are  personally  interested  in  the  outcome. 
Obviously  the  full  truth  is  seldom  brought  out 
under  such  conditions. 

We  have  particularly  in  mind  the  recent 
controversy  over  the  municipally  operated  ce- 
ment plant  that  furnished  cement  for  the  Los 
Angeles  aqueduct.  Cement  manufacturers 
have  claimed  that  not  only  was  the  municipal 
cement  of  poor  quality  but  that,  if  proper 
charges  were  made  for  plant  depreciation  and 
interest,  the  cement  would  be  found  to  have 
cost  the  city  fully  $2.50  a  barrel,  exclusive  of 
freight.  Reply  is  made  by  city  representatives 
(Board  of  Public  Works)  that  in  four  years 
891,048  barrels  were  manufactured  at  a  cost 
■  )f  $1.8fl  per  barrel,  including  lo  cts.  per  bar- 
rel for  depreciation. 

The  cost  accountant  of  the  Los  Angeles 
Department  of  Public  Service  states  that  when 
the  mill  is  running  at  full  capacity  the  operat- 
ing cost  has  been  as  low  as  $L10  per  bbl.  ex- 
clusive of  a  depreciation  charge.  Presumably 
he  includes  an  interest  charge  in  the  "operat- 
ing cost." 

The.  main  point  of  dispute  appears  to  be  the 
depreciation  item,  but  it  may  well  be  added 
that  the  "load  factor"  is  quite  as  important 
a  factor.  Doubtless  there  are  other  elements 
upon  which  there  would  be  disagreements  even 
among  cement  manufacturing  experts  and  cost 
analysis  engineers.  To  an  outsider  it  is  clear 
that  the  municipality,  in  every  such  case  as 
this,  is  entitled  to  at  least  one  full,  detailed 
report  from  a  disinterested  consulting  en- 
gineer, one  who  had  first  weighed  all  the  evi- 
dence presented  by  both  sides  and  had  then 
carefully  studied  the  problem  himself. 

Such  a  report  was  recently  made  by  a  com- 
mission headed  by  Mr.  Lyman  E.  Cooley,  on 
the  rates  that  should  be  charged  for  hydro- 
electric energy  generated  by  the  Chicago  Sani- 
tary District.  The  report  met  with  severe 
criticism  from  Chicago  politicians  and  daily 
newspapers,  because  an  increase  in  street  light- 
ing rates  would  result.  This  rabid  criticism  is 
itself  sufficient  evidence  of  the  need  of  such 
a  disinterested  report.  We  are  glad  to  note 
that  the  Western  Society  of  Engineers  has 
issued  a  strong,  public  protest  against  the 
criticism  of  the  report  merely  because  the 
findings  did  not  please  some  of  the  public. 

Reverting  to  Los  Angeles  aqueduct  matters, 
it  has  been  charged  that  the  full  cost  of  the 
aqueduct  will  prove  far  in  excess  of  what  the 
public  had  been  led  to  expect,  and  that  the 
estimated  costs  of  developing  and  distributing 
hydroelectric  power  are  much  too  low.  Yet, 
so  far  as  we  know,  the  city  has  not  had  a 
report  on  the  subject  made  by  engineers  not 
interested  in  the"  outcome  of  the  report.  Cer- 
tainly the  engineers  of  the  aqueduct  would 
welcome  such  a  report  from  a  fair-minded, 
competent  engineering  investigator.  The  public 
is  assuredly  entitled  to  have  the  results  of 
such  a  report  placed  before  it. 

Some  years  ago  Enginkeking  .\Nn  Con- 
TR.\CTINC  began  the  advocacy  of  a  permanent 
bureau  or  commission  in  each  large  city,  the 
function  of  such  a  bureau  being  that  of  the 
critical  stockholder  in  a  company.  ,'\  bureau 
of  that  sort  should  not  he  affiliated  with  any 
other  department  of  the  municipality,  for  it 
should  be  free  to  make  "destructive  criticism" 
where   necessary,   although    its      main     object 


should  be  "constructive  criticism. '  Incidentally 
it  may  be  mentioned  that  "destructive  criti- 
cism" often  proves  most  constructive  through 
its  exposure  of  an  incompetency  that  can  be 
remedied. 

Where  a  city  does  not  favor  a  permanent 
bureau  of  this  sort,  it  should  at  least  require 
a  periodic  engineering  audit  of  the  construc- 
tion and  operating  costs  of  all  its  important 
works.  To  be  not  only  effective  but  convinc- 
ing, such  an  engineering  audit  should  be  made 
by  independent  consulting  engineers  of  high 
standing  and   known   fairness. 

Because  state  public  service  commissions  can 
perform  some  of  the  functions  of  such  an 
independent  engineering  auditor,  we  favor  the 
control  of  public  utility  company  accounting 
and  rate  making  by  a  state  commission.  Such 
a  state  commission  is  more  apt  to  be  free  from 
the  local  politics  and  petty  self  interests  that 
have  just  been  made  so  conspicuous  in  the 
Chicago  street  light  case. 

In  these  matters,  as  in  many  others,  en- 
gineers can  well  lead  a  public  demand  for 
means  to  secure  the  full  truth. 


The  Most  Effective  Means  of  Raising 
the  Salaries  of  Engineers. 

A  chemist  in  the  employ  of  a  large  manu- 
facturing establishment  was  complaining  about 
the  small  salaries  paid  by  the  company  to  its 
chemists.  Asked  for  a  reason  as  to  this  con- 
dition he  gave  an  une.xpected  reply :  "Amer- 
ican chemists,"  said  he,  "can  not  look  for  much 
higher  salaries  until  many  chemists  become 
business  managers.  It  takes  a  chemist  to  ap- 
preciate the  worth  of  a  chemist." 

Is  there  not  in  this  last  sentence  a  general- 
ization of  great  breadth?  Does  it  not,  in  fact, 
largely  e.xplain  why  the  salaries  of  all  classes 
of  technical  men  are  low  in  proportion  to 
what  such  men  accomplish?  If  so,  the  road  to 
better  salaries  in  general  is  not  restriction  in 
the  number  of  technical  graduates  but  recog- 
nition of  their  economic  worth — a  recognition 
that  depends  largely  upon  employers  who  are 
themselves   technically   trained. 

In  electrical  industries  in  America  and  in 
chemical  industries  in  Germany  there  are  nu- 
merous examples  of  the  rise  of  technical  men 
to  important  managerial  positions.  And  with 
this  rise  have  come  better  salaries  for  tech- 
nical men  possessed  of  ability. 

In  civil  engineering  there  has  been  less 
movement  toward  the  good  above  indicated, 
but  there  has  been  some  progress,  particularly 
in  the  last  decade.  Civil  engineers  are  so  fre- 
nuently  employed  by  the  public  that  progress 
toward  better  salaries  will  never  be  very  rapid. 
It  can  be  accelerated,  however,  by  publicity 
that  will  impress  the  public  with  the  impor- 
tance of  good  engineering.  It  can  be  accel- 
erated still  more  by  the  appointment  or  elec- 
tion of  civil  engineers  to  executive  positions. 
Goethals'  prominence  as  an  executive  engineer 
has  done  much  to  impress  the  public  with  the 
worth  of  engineers  in  general.  .Should  the 
not  improbable  happen — the  election  of  such 
an  en.gineer  as  Goethals  to  the  presidency  of 
the  cotmtry — a  much  greater  efTect  upon  pub- 
lic opinion  as  to  engineering  competence  would 
follow. 

Whenever  engineers  unite  to  secure  the  ap- 
pointment of  an  engineer  to  an  important 
political  position,  they  are  unquestionably  in- 
creasing their  own  chances  to  secure  better 
salaries.  Whenever  an  engineer  establishes 
himself  as  an  executive,  he  is,  perhaps  un- 
wittingly, doing  much  to  promote  the  finan- 
cial welfare  of  engineers  in  general. 
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Engineers    Urge    Appointment    of    an 
Engineer  for  Idaho  Commission. 

We  are  glad  to  note  that  engineers  are  mak- 
ing organized  efifort  to  secure  the  appointment 
of  engineers  for  positions  as  public  service 
conimissioners.  The  latest  instance  of  this 
activity  is  the  action  of  a  committee  of  en- 
gineers of  Spokane,  Wash.  They  have  writ- 
ten the  governor  of  Idaho  asking  him  to  con- 
sider the  selection  of  an  Idaho  engineer  to  till 
a  vacancy  on  the  state  public  service  com- 
mission. 

The  committee  of  engineers  that  drafted  the 
letter  to  the  governor  consisted  of  members 
of  the  four  large  national  engineering  so- 
cieties. In  matters  of  this  sort  it  is  wise  that 
such  joint  action  be  taken.  There  is  a  grow- 
ing feeling  that,  while  national  societies  may 
well  retain  their  independent  organizations, 
local  engineering  associations  should  be  com- 
posed of  engineers  of  all  the  societies.  This 
is  particularly  important  outside  the  few  large 
cities,  and  doubly  so  wherever  it  is  desired 
to   influence  public  opinion. 

Newspapers  state  that  one  membei  of  the 
Pennsylvania  Public  Service  Commission  may 
resign.  Engineering  clubs  and  societies  in 
Pennsylvania  should  follow  the  example  of 
the  engineers  of  Spokane.  The  engineers  of 
sister  states  may  well  join  the  engineers  of 
Pennsylvania  in  the  attempt  to  secure  places 
for  at  least  two  engineers  on  the  Pennsyl- 
vania commission  of  seven  men. 


Tunneling  Speed  Records  Viewed  from 
a  Different  Angle. 

W\  comparisons  of  speed  records  of  driving 
tunnel,  as  we  have  said  before,  give  uncer- 
tainties. No  one  has  quite  decided  what  thing 
measures  tunneling  speed.  Of  two  accounts 
of  tunnel  work  very  recently  published,  one 
is  a  claim  of  the  American  record  based  on 
the  showing  of  596  ft.  monthly  advance  for 
si.x  months,  and  one  is  a  claim  of  the  .Ameri- 
can record  based  on  an  advance  of  9.32  ft.  in 
one  month.  We  have  not  attempted  to  verify 
these  statements  because  we  have  no  doubt 
that  both  are  literally  true,  .\nother  line  of 
thought  occurs  and  attracts  interest,  and  be- 
cause it  is  a  variation  from  the  direction  taken 
by  most  discussions  of  tunneling  records  we 
shall  follow  it  a  little  distance. 

The  speed  of  construction  operations  has 
increased.  Dam  building,  steel  erection,  con- 
creting, trenching,  excavation  generally  are 
all  greatly  more  rapid  novy  than  they  were 
even  a  few  years  ago.  These  greater  speeds 
are  due  very  largely  to  increased  speed  and 
capacity  of  machines  for  construction  work. 
Steam  shovels,  trench  excavators,  concrete 
mixers,  conveyors,  hoists,  haulage  systems 
have  in  many  cases  doubled  and  trebled  in 
working  speed  in  recent  times.  .Acceleration 
of  construction  has  followed.  A  book  just 
published  on  masonry  dam  construction 
points  out  that  changed  methods  and  appli- 
ances have  quadrupled  speed  of  dam  building. 
Docs  tunnel  driving  in  rock  show  any  such 
leap  in  achievement?  It  occurs  to  us  that, 
broadly,   it   does   not. 

-•\t  the  Sutro  tunnel  in  187-1-8  the  maximum 
month  recorded  417  ft.  driven;  at  Tequiquac 
in  1888  the  corresponding  record  was  656  ft. 
At  Sheep  Creek  in  !i'13-i4  the  monthly  max- 
imum was  661  ft.,  and  at  Rogers  Pass  the 
best  record  so  far  is  9,S2  ft.  Turning  to  Eu- 
rope we  quote  the  following  records  of  aver- 
age daily  progress : 

ArlberK,  lSSn-l>;S3  13.6  ft. 

Simplon,   ISnS-lOO.-)    13.7  ft. 

Loetschberg,  inOG-lSll 14.2  tt. 
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Tliese  figures  do  not  permit  of  fine  con- 
clusions, but  at  this  time  we  are  not  seeking 
tine  conclusions ;  they  show  that  speed  of 
tunneling  is  increasing,  but  that  the  rate  of 
increase  shows  no  such  leaps  as  it  has  in 
other  engineering  •  construction.  Compara- 
tively, tunneling  is  far  behind  the  general  ad- 
vance in  speed  of  construction. 

Except,  perhaps,  in  mining,  tunnel  construc- 
tion is  looked  upon  as  a  last  resort.  A  tunnel 
is  built  only  after  substitute  structures  be- 
come no  longer  adequate  or  economical  for 
service,  or  where  no  substitute  is  practicable. 
Not  long  ago  a  writer  on  water  power  as- 
serted that  as  many  such  powers  had  been 
developed  as  had  economic  right  to  be  de- 
veloped. We  presume  the  same  could  as 
truly  be  said  of  tunnels.  And  as  there  are 
innumerable  water  powers  awaiting  their 
economic  right  to  be  developed,  so  there  are 
innumerable  tunnels  waiting.  Could  some  in- 
ventive or  constructive  genius  jump  the  speed 
of  rock  tunneling  to  double  its  present  rate, 
who  would  venture  to  set  a  narrow  limit  to 
tunnel  construction  in  the  next  decade.  The 
long  tunnel  has,  through  electric  traction, 
electric  lighting  and  efficient  ventilating  sys- 
tems been  relieved  of  nearly  all  objections 
except  prohibitive  cost  and  time  of  con- 
struction. 


Hysteresis  in  the  Professions. 

The  eleventh  annual  council  of  medical  edu- 
cation of  the  American  Medical  Association. 
was  held  in  Chicago  last  week.  Dr.  Horace  D. 
Arnold,  dean  of  the  graduate  school  of  medi- 
cine at  Harvard  University,  in  addressing  the 
meeting,  suggested  the  feasibility  of  regular 
examinations  of  finished  physicians  at  intervals 
to  make  them  keep  pace  with  medical  progress. 
In  elaboration  of  this  point  Dr.  Arttold  spoke 
as  fallows  : 

The  aim  of  the  council  is  to  furnish  the  pub- 
lic with  better  doctors,  but  it  is  dilflcult  to 
raise  the  standard  of  practitioners  who  have 
been  in  the  worl^  for  many  years,  and  yet  they 
should  be  required  from  time  to  time  to  under- 
go examination  to  ascertain  if  they  have  for- 
gotten anything  they  should  know  or  whether 
they  are  keeping  up  with  the  times. 


When  we  have  approached  nearer  the  mil- 
lennium perhaps  physicians  will  be  examined 
once  in  so  many  years  to  show  that  they  are 
still   qualified   to  practice. 

The  thought  back  of  Dr.  Arnold's  remarks 
is  the  same  as  that  so  often  brought  to  the 
attention  of  the  engineer  with  reference  to  the 
importance  of  keeping  in  touch  with  engineer- 
ing progress.  We  think  it  likely  that  employers 
of  engineers  will  some  day  see  to  it  that  their 
engineers  continue  the  reading  and  study  of 
engineering  books,  society  proceedings  and 
technical  journals  even  after  accumulating 
much  first-handi  experience.  This  will  doubt- 
less come  first  in  engineering  organizations 
under  civil  service.  Such  organizations  are  not 
strangers  to  examinations  and  the  addition  of 
an  occasional  examination  to  determine 
whether  the  men  are  keeping  up  with  the  times 
can  readily  be  made.  In  other  engineering  or- 
ganizations those  in  charge  can  readily  satisfy 
themselves,  as  to  whether  or  not  their  em- 
ployes are  vegetating,  without  recourse  to  a 
written  e.xamination. 

It  seems  that  doctors  and  engineers  are 
much  alike.  -'\t  first  only  the  experience  of 
others  is  available.  With  the  acquiring  of  first 
hand  experience,  or  after  putting  in  several 
years  at  work  which  may  or  may  not  yield  ex- 
perience, the  practitioner  too  often  grows  in- 
dependent of  the  experience  of  others.  This 
tendency  toward  lagging  behind  by  many  men 
in  the  professions  is  well  known  to  the  general 
public.  The  popular  estimate  of  the  value  of 
professional  services  is  often  very  adversely 
affected  by  just  this  thing. 


Dangerous  Legislation  Affecting 

Bridge  Work. 

The  fact  that  engineers  and  contractors  have 
practically  no  representation  in  our  state  or 
national  legislative  bodies  makes  it  desirable 
that  they  at  least  give  attention  to  any  pro- 
posed legislation  affecting  their  interests.  Due 
to  the  fact  that  little  co-operative  action  can 
at  present  be  expected  on  the  part  of  our  vari- 
ous engineering  societies  it  behooves  engineers 
to  exercise  vigorously  their  individual  rights  in 
legislative  matters.    In  the  past,  legislation  has 


been  enacted  which  is  detrimental  to  the  in- 
terests of  engineers  and  contractors  simply  be- 
cause no  opposition  to  such  measures  has  beea 
voiced  by  those  affected.  The  following  quo- 
tation illustrates  the  need  of  alertness  on  the 
part  of  designers  and  builders,  the  quoted 
paragraph  being  taken  from  a  proposed  act 
now  before  the  Pennsylvania  Legislature,  the 
purpose  of  which  is  to  amend  a  section  of  a 
law  pertaining  to  bridge  work  now  done  under 
the  direction  of  county  commissioners: 

If  a  bridge  is  to  be  constructed  or  is  to  be 
entirely  rebuilt  the  commissioners  shall  accept 
any  competitive  designs  and  specifications 
therefor  presented  which  they  shall  expose  to- 
public  inspection  for  at  least  five  days  imme- 
diately prior  to  the  time  set  for  opening  the 
bids.  They  shall  consider  bids  or  proposals  up- 
on such  competitive  designs  and  specifications, 
but  it  shall  not  be  lawful  for  them  to  make  any 
contract  based  on  any  such  design  which  does 
not  comply  with  the  general  requirements  o£ 
the  survey  profile  plans  and  specifications  which 
they  have  caused  to  be  made  or  which  has  not 
been  exposed  to  public  inspection  as  above  le- 
quired.  Any  contract  shall  be  unlawful  which  is 
based  on  any  plan  or  specification  calling  for  or 
making  jse  of  any  patented  process  or  patent- 
ed design  unless  such  design  and  specifications, 
are  accompanied  by  an  offer  in  writing  signed 
by  the  person  owning  or  controlling  the  pat- 
ented design  or  patented  process  or  by  his  legal 
representative  setting  forth  the  terms  upon 
which  such  patented  design  or  process  may  be 
obtained  or  used  by  any  successful  bidder  in 
constructing  the  bridge  under  such  contract. 

There  is  little  need  for  comment  on  our  part 
as  to  the  intent  of  the  proposed  act  except  to 
say  that  it  would  apparently  place  the  whole 
concrete  bridge  business  in  the  counties  of 
Pennsylvania  in  the  hands  of  certain  patentees 
of  structures  or  processes  entering  into  their 
construction.  The  eflfect  of  the  passage  of  such 
an  act  would  be  so  far-reaching  and  so  detri- 
mental to  progress  in  bridge  building,  and  the 
possibilities  for  harm  would  be  so  great,  that 
engineers  and  contractors  will  do  well  to  exert 
their  influence  against  its  passage.  Should  such 
an  act  be  passed  no  doubt  similar  legislation 
would  be  sought  in  other  states. 
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Surveys    and    Construction    Plans    for 

Trunk  Line  Road  Construction 

in  Michigan. 

(StafT  Article.) 

The  location  of  3,000  miles  of  trunk  line 
highway  in  the  state  of  Michigan  was  provided 
for  by  an  act  of  the  legislature  of  that  state 
passed  in  1913.  The  location  of  these  roads 
was  defined  in  a  general  way  in  the  law  by 
naming  the  cities  and  towns  along  the  routes 
but,  for  the  most  part,  the  exact  lines  to  be 
followed  between  towns  had  to  be  agreed 
upon  by  the  local  authorities  and  determined 
by  the  State  Highway  Commissioner  after 
making  such  preliminary  examinations  and 
surveys  as  he  deemed  necessary. 

The  law  did  not  compel  the  construction  of 
the  roads  at  any  specified  time,  or  even  at 
all,  but  simply  provided  for  double  rewards. 
The  rewards  on  trunk  lines  range  from  $500  a 
mile  on  the  sand-clay  road,  9.  ft.  wide,  to 
$3,400  a  mile  on  concrete,  macadam  or  brick 
road  built  16  ft.  wide. 

-A  restrictive  clause  limited  the  number  of 
miles  of  trunk  line  highways  that  may  be 
rewarded  in  any  county  to  three  miles  for 
each  surveyed  township.  The  law  further  pro- 
vided that  bridges  of  more  than  30  ft.  clear 
span  shall  be  designed  and  built  under  the 
supervision  of  the  state. 

PRELIMINARY    SURVEYS. 

During  1914  preliminary  surveys  were  made 
of  1,200  miles  of  road  to  determine  the  best 
location  for  the  trunk  lines.    In  making  these 


surveys  the  information  obtained  other  than 
that  which  was  discussed  in  Engineering  and 
CoNTR.\ariNG,  Vol.  XLI,  pp.  38T  and  488,  was 
as  follows : 

(1)  Character  of  country  traversed;  tim- 
ber, cut-over  lands — character  of  stumps; 
clearing;  improved  farms. 

(2)  Approximate  location  of  buildings — 
kind. 

(3)  Condition  of  road  grade,  if  any:  (a) 
approximate  width;  (b)  alignments;  (c) 
drainage. 

(4)  Kind  of  soil  on  roadway  (a)  sand; 
(b)  clay;   (c)  loam;  (d)  swamp. 

(5)  Location,  condition  and  size  of  ditches, 
creeks  and  streams  that  must  serve  as  outlets 
for  water  from  the  roadway. 

(6)  Condition  of,  location  of  and  measure 
of  present  culverts  and  bridges. 

(7)  Photographs  of  all  truss  bridges  and 
others  that  might  need  to  be  repaired  or 
rebuilt. 

(8)  Bearings  of  roads  traversed  with 
compass. 

(9)  Intersections  with  corporate  limits  of 
cities  and  villages. 

(10)  Slope,  length  and  height  of  hills 
where  grade  exceeds  5  per  cent. 

(11)  On  traveled  roads,  number  and  kind 
of  vehicles  passed  so  as  to  form  some  esti- 
mate of  public  traffic. 

(12)  Notes  as  to  available  road  material, 
gravel,  stone,  etc. 

(13)  Approximate  estimate  of  cost  of 
grading  per  mile. 

Prime     Meridian     Preliminary     Survey. — A 


preliminary  survey  of  150  miles  of  the  prime 
meridian  through  the  state  of  Michigan  was 
made  at  an  average  cost  of  $3.50  a  mile.  A 
large  portion  of  the  distance  was  through  cut 
over  timber  land  more  or  less  covered  with 
brush  and  the  cost  per  mile  exceeded  the 
average  for  other  preliminary  surveys. 

The  following  running  notes  made  by  L.  H. 
Belknap,  the  reconnoissance  engineer,  shows 
the  method  of  recording  information: 

BETWEEN    JONESFIELD    TOWNSHIP.    SAG- 
INAW COUNTY  AND   WHEELER   TOWN- 
SHIP,    GRATIOT     COUNTT. 

Of  this  5  miles  of  line  traversed  about  2Vz- 
miles  are  sand  and  the  balance  clay. 

Passed  16  teams  going  to  or  from  market,  3 
buggies  and  one  auto.  Also  passed  20  house."*- 
and  one  church. 

The  lands  ad.ioining  are  only  partly  improved. 

There  is  no  doubt  hut  that  the  5  miles  wouldi 
become  a  main  traveled  road,  giving  much  serv- 
ice to  the  community,  were  a  good  road  con- 
structed on  this  line. 

ACROSS   MIDLAND    COUNTT. 

In  the  ?5  miles  of  line  traversed  across  this 
country  IS'i^  miles  have  a  road  built  on  the  line 
and  514  miles  have  not.  And  of  this  19 1^  miles 
14  miles  are  now  a  main  traveled  road.  But 
from  the  location  of  improved  farms  the  entu'e 
road  would  be  traveled  were  it  improved  in 
sandy  and  rough  places  and  built  where  there 
are  now   no  roads. 

Of  the  25  miles  there  are  15  miles  of  sand- 
land  and  10  miles  of  clay  adjoining  the  line. 
And  of  this  total  there  are  about  11  miles  under 
some  improvements,  the  good  clay  being  in- 
strips  three  or  four  miles  wide. 

There  are  54  houses,  2  schoolhouses  and  1 
church  along  the  road  within  a  distance  of  not 
to   exceed    GO    rods   either   side   of  the   meridian. 

In  traversing  the  line,  12  farm  teams  were- 
passed  going  to  or  from  market  and  3  autos. 
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There  wil!  be  two  new  150  to  170-foot  bridges 
and  one  new  30 -foot  bridge  to  be  built. 

ACROSS  GL.ADWIN  COUNTY. 
Of  the  25  miles  traversed  by  this  line  there 
is  now  a  road  extending  only  8%  miles  and  the 
remaining  IC'/i  miles  have  not  been  opened. 
There  are  6V2  miles  of  clay  and  IS'i  miles  of 
sand  soils  adjoining  the  line.  There  are  20 
houses  along  the  road.  One  CO-ft.  bridge  across 
Sugar  River  will  have  to  be  constructed.  The 
line  from  a  point  two  miles  north  of  Winegars 
to    the     north    county    line    of    Gladwin    passes 


BETWEEN   OSCODA   AND   CRAWFORD 
COUNTIES. 

On  231/^  miles  of  this  line  there  is  no  road,  and 
along  which  there  are  no  improvements  except 
about  100  acres  of  land  which  is  under  cultiva- 
tion and  three  houses.  There  are  many  aban- 
doned farms. 

The  land  is  level  or  slightly  rolling,  except  at 
Creek  Crossings  and  Klk  Hills.  The  soil  is 
sandy. 

There  will  be  bridges  to  be  built  by  the  state. 
One    of    about    30-ft   span    on    East    Branch    of 
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Fig,  1,     Portion  of  a  Typical  Road  Plan  for  a  Trunk  Line  Highway  in   Michigan. 


through  a  very  sandy  unimproved  section.  To 
the  east  about  two  miles  there  are  good  farms. 
The  road  on  the  meridian  north  to  Winegars 
wauld  open  up  some  good  farming  lands  and 
would  be  a  part  of  a  main  traveled  road. 

On  account  of  the  hills  in  Ogemaw  and  Ros- 
common Counties  and  a  bad  swamp  in  the  last 
mile  in  Gladwin  County,  a  detour  had  to  be 
made,  starting  at  corner  of  Sections  9  and  18, 
T.  20  N.,  R.  1  E.  On  this  detour  there  are  10 
houses  and  the  line  follows  a  road. 

BETWEEN      OGEMAW^      AND      ROSCOMMON 
COUNTIES   AND   DETOUR  ACROSS   POR- 
TION  OF  OGEMAW   COUNTY. 

Of  the  H  miles  of  line  on  the  principal  meri- 
dian there  are  only  about  IVi  miles  of  this  line 
that  is  a  road.  There  are  no  improvements  of 
any  kind  except  that  four  miles  along  the  line 
are  fenced  off  into  ranches  and  there  is  one 
farm.     The  soil  is  sandy. 

From  the  corner  of  the  Counties  Gladwin, 
Ugemaw  and  Roscommon  to  the  Michigan  Cen- 
tral Railroad  in  Towns  23  N.,  Ranges  1  E.  and  1 
W.,  the  line  may  be  considered  impracticable 
either  from  a  .building  standpoint  or  its  use  to 
the  community. 

Considering  it  from  a  construction  point,  it  is 
hard  to  estimate  the  cost  without  making  a 
careful  survey  of  the  road,  but  of  the  14  miles 
(the  length  of  this  stretch)  it  is  rolling  and 
quite  hilly  throughout  the  whole  distance.  Of 
the  hilly  portions  there  are  the  following  grades 
ranging  in  length  from  300  to  3,000  ft.,  as  fol- 
lows: 

4,000  ft.  of  3%  500  ft.  of  7%      1,100  ft.  of  12% 

3.S00  ft,  of  4%  2.100  ft.  of  8%  2,600  ft.  of  15% 
1,100  ft.  of  5%  2,700  ft.  of  9%  1,800  ft.  of  20% 
2,600  ft.  of  6%       1,700  ft.  of  10%        300  ft.  of  30% 

That  would  give  us  4  miles  of  the  14  miles  on 
a  side  hiil  with  grades  from  3  to  30  per  cent. 
Three  miles  of  this  total  length  may  be  con- 
•sldered  Ic-vel.  hut  the  balance  is  rolling,  no 
grades  being  taken  on  grades  up  to  G  per  cent 
unless  thc'y  were  for  500  feet  or  more  in  length. 

A  road  on  this  line  would  be  of  absolutely  no 
use  to  the  community  who  would  have  it  to 
build. 

Because  of  the  above  points  against  a  road 
on  the  m-^ridian  T  considered  a  dt'^tour  starting 
In  Gladwin  covmty  and  following  main  traveled* 
road  to  AVest  Branch  and  thence  west  and 
north  from  West  Branch  as  noted.  The  length 
of  this  detour  is  about  21  miles,  of  which  13 
miles  is  on  a  road  alcng  which  there  .ire  Im- 
proved farms.  Also,  on  two  miles  of  this  dis- 
tance there  is  now  being  built  two  miles  of  hard 
head  macadam  road.  Along  this  detour  there 
are  41.  houses  and  3  schoolhouses.  and  the  city 
of  West  Branch  to  be  benefited  directly. 


North  Branch,  and  one  over  main  stream  of 
Au  Sable  River  of  about  125-ft.  span. 
BETWEEN  OTSEGO  AND  MONTMORENCY 
COUNTIES. 
On  this  24  miles  of  line  there  are  6  miles  of 
road  on  the  principal  meridian.  In  three  places 
detours  were  made.  The  first  detour  was  made 
to  avoid  hills  and  marshes  in  Towns  29  and  30 
N.,  Ranges  1  E.  and  W.  This  detour  passes 
within  a  half-mile  of  Lewiston  and  goes  over 
a  route  practically  level.  Length,  14V4  miles. 
The  second  detour  is  north  of  Hetherton  about 
a  mile,  and  was  made  to  avoid  deep  pockets. 
Length  is  about  1%  miles.  Third  detour  was 
made  as  noted  to  avoid  four  miles  of  swamp. 
There  are  two  miles  of  road  on  this  Vs   line. 


Cost. — The  cost  of  preliminary  surveys  of 
1,200  miles  of  road  was  $3,269.40  or  $2.72  a 
mile.  As  previously  mentioned,  the  cost  of 
surveying  the  prime  meridian  increased  the 
average  cost. 

LOCATION    SURVEYS. 

Complete  location  surveys  and  plans  were 
made  for  299.45  miles  of  road.  In  making 
these  surveys  the  following  is  an  abstract  of 
the  method  used : 

(1)  In  establishing  center  line  permanent 
monuments  of  U.  S.  Government  land  surveys 
are  followed.  If  such  monuments  do  not  exist 
section  and  quarter  section  corners  must  be 
established  following  the  methods  of  the  U.  S. 
Government  survey. 

(2)  Stakes  with  hubs  are  set  at  100  ft. 
intervals  uniformly  2-5  ft.  from  the  center  line, 
along  both  sides  of  the  proposed   road. 

(3)  Readings  are  taken  at  each  station  at 
the   following  points:    (a)    on   the  center  line, 

(b)  o:i  the  hub  at  each  side  stake,  and  (c)  in 
the  bottom  of  ditches,  if  there  are  any  ditches. 

(4)  The  plan  must  contain  a  description 
in  sufficient  detail  so  that  the  road  can  be 
plotted  on  township  maps,  referring  to  U.  S. 
Government  survey  points  and  give  exact 
location  of  points  of  beginning  and  termina- 
tion. In  the  case  of  angling  roads,  where  the 
center  line  crosses  section  or  quarter  section 
lines,  the  station  or  place  at  the  intersection 
must  be  noted  together  with  the  distance  to 
the  nearest  section  or  quarter  section  monu- 
ment. All  angles  must  be  marked  with  per- 
manent monuments  set  on  the  center  line.  The 
plan  should  have  upon  it  a  small  key  map  of 
the  township  showing  the  location  of  the  road. 

(5)  The  plan  and  profile  must  be  placed 
on  the  same  sheet  and  the  form  indicated  in 
Fig.  1  followed  as  closely  as  possible  under 
ordinary  condition.  Scales,  of  100  ft.  to  the 
mch  horizontal  and  .5  to  10  ft.  to  the  inch 
vertical  should  be  followed.  Profile  tracing 
cloth,  10x10  ruling,  should  be  used.  Typical 
cross  sections  must  be  shown.  A  complete 
working  profile  should  show:  (a)  center  line 
with  cut  and  fills  in  figures,  (b)  side  ditches 
with  the  depth  from  Jhe  outside  hub  in  figures, 

(c)  the  distance  of  finished  center  grade  above 
or  below  each  line  of  hubs,  and  (d)  all  other 
incidental  information-  essential  to  the  con- 
struction of  tlie  road. 

(6)  Cuts  and  fills  should  balance.  Vertical 
curves  should  be  used.  .A.  minimum  grade  of 
6  ins.  in  100  ft.  is  desirable.  Elevation  of 
grade  at  culverts  and  stream  crossings  and 
change  points  should  be  referred  to  located 
bench  marks. 

Cost  of  Location  Surveys.— In  order  to  de- 
termine the  cost  of  making  surveys  for  trunk 


Fig.  2.  Standard  Cross  Sections  Used      on    Class    AB-C    State    Reward    Roads. 


Along  the  principal  meridian  there  are  23 
houses,  3  churches,  and  1  scboolhouse.  From 
a  point  a  mile  south  of  Vienna  to  a  point  a 
mile  north  of  Hetherton  there  is  good  farming 
lands  partly  Improved. 

ACROSS  PORTION  OF  CHEBOYGAN 
COUNTY. 

Of  this  11  miles  of  random  there  are  but  two 
pieces  of  improvement  on  the  line,  but  all  of 
the  beech  and  maple  lands  will  make  good 
farms.  A  detour  ought  to  be  investig.ated  to 
take  the  place  of  the  last  three  miles  and  Joint 
Route  2  west  of  the  principal  meridian.  The 
east  side  of  Section  13  is  too  hilly.  There  Is 
one  30-foot  bridge  to  be  built. 


line  roads  in  various  counties,  an  accurate 
card  record  of  cost  of  each  survey  was  kept 
and  posted  weekly  from  daily  reports  made 
by  each  employe.  This  cost  card  shows  sepa- 
rately, field  cost,  wages  paid  and  traveling 
expenses  and  office  cost,  wages  paid,  materials 
used. 

No  allowance  is  made  in  the  cost  keeping 
for  office  rent,  heat,  light,  lost  time,  profit, 
etc.,  which  would  have  to  be  added  in  order 
to  compare  fairly  with  engineers'  cost  in 
private  business. 
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Table  I  shows  the  average  costs  of  their 
work  as  obtained  from  these  cards.  The 
average  cost  of  surveys  throughout  the  whole 
state  was  $41.60  per  mile,  which  includes 
travel  from  and  to  Lansing,  stakes  used,  wages 
of  engineer  and  all  helpers,  notebooks,  tracing 
cloth,  wages  of  draftsman,  and  blue  prints  sent 
out  in  triplicate. 

To  check  these  card  costs  they  were  com- 


The  average  cost  of  construction  of  all 
classes  of  trunk  line  road  is  seldom  less  than 
$5,000  per  mile,  which  would  make  the  average 
cost  of  surveys  less  than  1  per  cent  of  the  cost 
of   construction. 

Bridge  plans  were  prepared  and  construc- 
tion supervised  on  work  amounting  to  $75,000 
at  a  cost  of  $7,500,  or  10  per  cent  of  the  total. 
On   this  work   no   standard   plans  were  used 
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pared  witli  tlie  total  expenditure  for  surveys, 
plans  and  maps  which  was  $19,824.22.  Divid- 
ing this  by  the  number  of  miles  surveyed 
during  that  period,  300  approximately,  a  cost 
of  $66.04  per  mile  is  obtained,  exceeding  the 
cost  shown  by  the  cards  by  $24.44,  which  is 
explained  by  the  fact  that  during  the  winter 
months,  draftsmen  were  employed  in  drawing 
county  road  maps  of  the  whole  state,  current 
drawing  and  filing  taking  nearly  one  man's 
whole  time,  furniture  and  surveying  instru- 
ments amounting  to  $777.24  are  charged  out 
against  the  survey  cost. 


and  this  fact  increased  the  cost  of  engineering 
and  inspection. 

TYPES   OF   CONSTRUCTION. 

No  single  type  of  construction  is  recom- 
mended for  truck  line  road  construction.  An 
endeavor  is  made  to  recommend  types  of  road 
that  will  meet  the  traffic  requirements  of  each 
locality  and  at  the  same  time  not  cost  more 
than  the  township  or  county  can  afford. 

Trunk  lines  reward  roads  are  divided  into 
six  classes  according  to  the  type  of  pavement 
used  and  designated  by  the  letters  A  to  F : 
Class  A,  clay  sand  or  one  course  gravel ;  Class 


gestions  as  to  the  method,  to  be  followed 
rather  than  iron-clad  rules  for  construction. 
The  specification  for  Class  A  roads  and  Class 
F  roads  are  of  special  interest  and  are  given 
here. 

CLAS,S  A.— LOW  TEST  GRAVEL,.  CLAY-SAX]> 
OR    ONE    COURSE    GRAVEL. 

If  good  gravel  is  obtainable  within  a  rea.soa- 
able  liaul,  say  three  miles,  there  is  no  economy 
in  class  A  construction,  except  for  the  one 
course  gravel  road,  and  at  best  a  clay-sand 
road  does  not  rank  with  a  gravel  road.  The 
construction  cost  of  a  clay-sand  road  varies 
from  $1,000  to  as  high  as  $1,800  per  mile.  The 
higher  cost,  it  can  be  seen,  does  not  vary  niuch 
from  the  cost  of  gravel  roads.  Townships  and 
counties  desiring  to  construct  this  class  of  road 
should  place  their  application  in  the  hands  of  the 
State  Highway  Department  early  in  the  season 
so  that  an  engineer  can  be  sent  over  the  ground 
where  the  road  is  proposed  to  be  built  and  rec- 
ommend the  quality  of  clay  and  sand  or  the 
grade  of  gravel  which  is  to  be  used. 

Grading. — The  roadway  shall  be  graded  so  as 
to  strictly  conform  to  the  plans  and  specifica- 
tions for  the  road  in  question,  heretofore  sub- 
mitted to  and  approved  by  the  State  Highway 
Commissioner.  The  finished  road  shall  he  not 
less  than  twenty  feet  between  and  exclusive  of 
side  ditches  or  gutters  and  have  a  cross-section 
oval  in  form,  with  an  average  rise  of  one  inch  to 
the  foot  from  the  inner  edge  of  such  ditch  or 
gutter  to  the  center  line  of  the  road.  In  general, 
earth  for  fills  should  be  taken  from  cuts.  In  no 
case  shall  deep  unsightly  ditches  be  cut  along 
the  roadside  tor  the  purpose  of  making  fills. 

Drainage. — The  side  ditches  and  gutters  shall 
be  of  such  size  as  the  drainage  requirements  of 
the  locality  demand,  and  must  be  formed  with 
true  grades,  having  sufflcrent  Incline  to  cause  a 
free  and  uniform  flow  of  water  to  the  nearest 
natural  outlets,  which  outlets  must  be  so  im- 
proved where  necessary  as   to  carry  the   water- 
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A 1/  reinforcement  to  be  structural  steel  of  either  round 
or  square  section,  [father  bars  ore  used  than  those  shown 
the  total  area  of  steel  must  not  be  reduced.  All  material 
and  workmanship  to  be  in  accordance  with  the  Michigan 
5tafe  Highway  Dep'fs  Specif  ths  for  steel  and  concr  bridges 
Edition  1914  Approx  100  cu. yds  of  concr  in  bridge  44  piles 
required.  Bottom  slab  of  footing  and  wing  walls  to  be  of 
l-Zl-5  Mix  Concr  All  other  concr  fobe  l-Z-4  Mix 

Piles  are  shown  but  wilt  not  be  necessary  if  hard 
foundations  are  secured.  Bars  may  be  lapped  afanu 
point  by  40  diameters  and  a  turn  ttiru  180° 


Design  of  an  Arch  Culvert  Used   on    Michigan   Trunk   Line   Roads. 


TABLE  I.— SHOWING   ENGINEERING   COSTS 
FOR  SURVEYS  AND  PLANS  FOR  TRUNK 

LINE  HIGHWAYS. 
Item. 

Miles    surveyed    299.45 

Total    field    cost $9,301.78 

Total    office    cost 2,737.9] 


Total    cost    

Field  cost  per  mile. . 
Office  cost  per  mile. 
Total   cost   per   mile. 


.$12 


,039.69 
31.59 
10.01 
41.60 


B,  gravel ;  Class  C,  stone-gravel ;  Class  D, 
gravel  or  slag-stone ;  Class  E,  macadam,  and 
Class  F,  concrete. 

The  cross  sections  used  on  Class  A-B-C 
roads  are  shown  in  Fig.  2.  Those  for  other 
types  are  similar  except  that  a  crown  of  9  ins. 
is  used  on  Class  D-E  roads  and  7%  ins.  on 
Class  F-G  roads. 

TYPICAL    SPECIFICATIONS. 

Specifications  for  these  roads  comprise  sug- 


quickly  away  from  the  highway.  The  slope  of 
tlie  banks  of  ditches  shall  be  not  steeper  than 
one  and  one-half  horizontal  to  one  vertical. 

Tile  drains  shall  be  laid  where  needed,  at  such 
places,  of  such  kind  and  size  and  on  such 
grades  as  may  be  shown  on  the  plans. 

In  clay  soils  trenches  shall  be  cut  through 
the  shoulders,  described  in  the  next  paragraph, 
making  outlets  into  the  side  ditches  for  water 
that  may  collect   in  the   metal  bed  during  con- 


February  24,   1915. 


Engineering   and    Contracting 


165 


struction  and  later  before  the  surface  becomes 
hard  and  water-proof.  Such  trenches  shall  be 
eight  inches  or  more  in  width  and  slightly 
deeper  than  the  metal  bed.  They  shall  be 
placed  at  all  low  points  in  the  grade  and  not 
farther  than  lOO  ft.  apart  in  retentive  soils  and 
must  be  filled  with  £:ravel  or  other  poroHS 
material  when  the  first  layer  of  metal  is  being 
applied. 

Metal  Bed  and  Shoulders. — After  the  road  has 
been  graded  as  above  described  the  metal  bed 
shall  be  formed  in  tlie  central  part  of  the  road 
grade  as  follows:  Shoulders  of  firm  earth,  or 
other  suitable  material  shall  be  placed  on  each 
side  of  the  metal  bed  not  less  than  nine  feet 
apart  or  such  greater  distance  as  may  be  re- 
quired to  retain  the  width  of  metal  specified. 
The  shoulders  shall  extend  to  the  side  ditches  or 
gutters  at  the  san^e  grade  and  curvature  as 
required  for  the  finished  road.  Where  the  road 
grade  is  high  the  shoulders  may  be  formed  by 
moving  earth  from  the  center  of  the  present 
road  grade  to  the  sides,  or,  if  the  grade  is  low. 
by  crowning  the  present  road  grade  by  scraping 
earth  from  the  sides  toward  the  center,  or,  if 
suflicient  suitable  material  cannot  be  had  along 
the  roadway,  it  shall  be  brought  from  other 
places  along  the  line  of  work. 

After  the  road  has  been  graded,  one  of  the 
three  following  forms  of  construction  for  metal 
track  must  be  used.  Use  the  one  which  will 
give  the  best  construction  with  materials  which 
may  be  had  locally. 

(  1 )       FORTY    PER   CENT   GR.WEL   ROAD. 

First  Course  of  Gravel. — After  the  road  has 
been  graded  in  the  manner  above  described,  a 
layer  of  gravel  shall  be  spread  on  the  prepared 
bed  to  such  uniform  thickness  as  to  be  not  less 
than  '>  ins.  deep  after  compacting  6  ins.  deep, 
loose  measure.  The  gravel  for  this  course  shall 
consist  of  good  clean  bank  gravel,  not  less  than 
40  per  cent  by  weight,  a  larger  per  cent  if 
possible,  of  which  shall  be  pebbles  that  will  be 
retained  on  a  screen  of  Vi  in.  mesh  and  pass 
through  a  screen  of  2y2  in.  mesh.  It  the  road 
bed  and  shoulders  are  naturally  sandy,  clay 
gravel  shall  be  used;  if  road  bed  and  shoulders 
are  naturally  heavy  sod,  sharp,  sandy  gravel 
shall  be  used.  The  gravel  shall  then  be  har- 
rowed with  a  spike  tooth  harrow  and  rolled 
until  no  further  compacting  is  possible.  The 
rolling  must  be  done  only  when  the  road  has 
been  well  wetted  by  sprinkling  or  after  rains. 
Any  hollows  that  may  develop  in  the  gravel 
during  the  process  of  rolling  shall  be  filled 
with  the  same  kind  of  gravel  and  the  rolling 
continued  until  the  surface  is  uniformly  smooth 
and  hard  and  everywhere  parallel  to  and  three 
inches  below  the  surface  of  the  finished  road. 
The  crown  can  be  preserved  during  construc- 
tion by  the  occasional  use  of  the  grader  .or 
other  suitable  floating  tools.  Ruts  formed  by 
hauling  over  the  gravel  shall  be  kept  filled 
by  using  the  harrow  twice  or  more  every  day. 
prefei'ably  Just  before  quitting  time  both  noon 
and    night. 

Second  Course  of  Gravel. — The  gravel  for  the 
second  course  shail  consist  of  good,  clean  Ijank 
gravel  forty  per  cent  by  weiglit.  a  larger  per 
cent  if  possible,  of  which  shall  be  pebbles  that 
will  be  retained  on  a  screen  of  one-eighth  inch 
mesh  and  will  pass  through  a  screen  of 
on^  and  one-half  inch  mesh.  Other  require- 
ments for  gravel  in  this  course  are  the  same 
as  specified  for  gravel  in  the  first  course.  This 
gravel  shall  be  spread  on  the  road  to  such 
uniform  thickness  as  to  be  not  less  than  three 
inches  deep  after  compacting,  four  inches 
loose  measure,  after  which  it  shall  be  harrowed 
and  rolled  in  the  same  manner  as  prescribed 
for  the  first  course.  Any  depressions  that  may  • 
he  formed  during  the  rolling  shall  be  filled  with 
the  kind  of  gravel  prescribed  for  the  second 
course  and  the  road  re-rolled  until  the  surface 
is  uniformly  smootli  and  hard  and  everywhere 
<'onforms  to  the  proposed  grade  and  cross- 
section    of    the   road. 

(2)      ONE    COURSE    SIXTY    PER    CENT    (;R.\VEI.   ROAD. 

Course  of  Gravel. — After  the  road  has  been 
graded  and  rolled  in  the  manner  above  de- 
scribed, a  layer  of  gravel  shall  be  spread  on 
the  prepared  bed  to  such  uniform  thickness  as 
to  be  not  less  than  five  inches  deep  after  com- 


pacting, six  inches  deep,  loose  measure.  The 
gravel  shall  consist  of  good,  clean  bank  gravel, 
not  less  than  sixty  per  cent  by  weight,  a  larger 
per  cent  if  possible,  of  which  shall  be  pebbles 
that  will  be  retained  on  a  screen  of  one-eighth 
incli  mesh  and  pass  through  a  screen  of  two 
inch  mesh.  The  gra\-el  course  shall  then  be 
harrov,ed  with  a  spike   tooth  harrow  and  rolled 


construction  by  the  occasional  use  of  the 
grader  or  other  suitable  floating  tools.  Ruts 
formed  by  hauling  over  the  gravel  shall  be 
kept  filled  by  using  the  harrow  twice  or  more 
every  day,  preferably  just  before  quittitig  time 
both    noon    and    night. 

(3)    Clay-Sand    Road.  

First      Course      Clay. — Four     inches     of     clay 


Fig.    5.     Typical    Trunk    Line    Macadam    Road  Construction. 


until  no  further  compacting  is  possible.  The 
rolling  must  be  done  only  when  the  road  has 
lieen  well  wetted  by  sprinkling  or  after  rains. 
Any  hollows  that  may  develop  In  the  gravel 
during  the  process  of  rolling  shall  be  filled 
with  the  same  kind  of  gravel  and  the  rolling 
continued  until  the  surface  is  uniformly  smooth 
and  hard  and  conforms  to  grade  of  the  finished 
road.     The   crown   can   be   preserved   during  the 


should  be  placed  between  the  shoulders  which 
have  been  previously  prepared,  taking  care  to 
spread  it  uniformly  nine  feet  wide;  over  this 
should  be  crowded  with  the  grader  suflicient 
sand  from  the  gutters  and  shoulders  to  make 
about  three  Inches.  This  material  should  be 
thoroughly  harrowed  with  a  disc  harrow  until 
the  sand  nearly  disappears  into  the  clay  and 
the   clay   works   to   the   top,   when   it   should   be 
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sprinkled  or  advantage  taken  of  rains  before 
rolling. 

Second  Course. — After  the  first  course  has 
been  completed,  another  layer  of  cla>'  shall  be 
spread  on  the  road  to  nine  feet  in  width,  two 
inches  thick.  Then  sand  from  the  sides  should 
be  crowded  In  with  the  grader  and  the  whole 
course  thoroughly  sprinkled  and  disc  harrowed 
together  until  a  smooth,  even  surface  is  ob- 
tained, which  will  shed  water  and  will  not 
mud  under  heavy  rains,  nor  disintegrate  in 
dry  weather.  As  the  road  is  worn  and  rutted 
with  travel,  additional  sand  can  be  drawn  in 
from  the  sides,  the  tendency  of  the  clay  on  the 
bottom  course  being  to  come  to  the  surface 
and    mud. 

Manner  of  Rolling.— Rolling  shall  be  done 
only  when  the  gravel  has  been  thoroughly 
■wetted  by  sprinkling  or  recent  rains,  and  shall 
at  all  times  begin  at  the  sides,  rolling  length- 
wise of  the  road,  but  gradually  working  toward 
the  center.  In  the  final  rolling  the  whole  sur- 
face of  the  roadway,  including  the  shoulders, 
shall  be  rolled  from  ditch  to  ditch  and  the 
whole  road  grade  left  In  such  perfect  condi- 
tion that  water  will  flow  without  obstruction 
to  the  side  ditches.  Rolling  may  be  done  with 
a  power  roller,  a  heavy  horse  roller  or  a  trac- 
tion engine  followed  by  a  weighted  field  roller, 
If  one  of  suitable  strength  to  bear  weighting 
to  three  or  more  tons  can  be  obtained. 

With  any  kind  of  a  roller  the  spike-tooth  har- 
row, preferably  of  the  lever  type,  should  be 
used  as  long  as  the  teeth  will  penetrate  the 
surface. 

CLASS    F.      CEMENT    CONCRETE. 

Grading. — The  roadway  shall  be  graded  so  as 
to  strictly  conform  to  the  plans  and  profiles  for 
the  road  in  question,  lierewitli  furnished  and 
approved  by  theo  State  Highway  Commissioner. 
The  finished  road  shall  be  not  less  than  24  ft. 
between  and  exclusive  of  side  ditches  or  gut- 
ters, and  have  a  cross-section  oval  (parabolic) 
in  form  with  an  average  rise  of  ^4  in.  to  the 
foot  in  the  concrete  roadway  and  H4  ins.  per 
foot  in  the  shoulders.  For  more  details  as  to 
the  manner  of  forming  grades  and  ditches  see 
iplans  and  profiles. 

Drainage. — The  side  ditches  and  gutters  shall 
9>e  of  such  size  as  the  drainage  requirements 
'Qt  the  locality  demand,  and  must  be  formed 
-with  true  grades  having  sufBcient  incline  to 
cause  a  free  and  uniform  flow  of  water  to  the 
nearest  natural  outlets,  which  outlets  must  be 
so  improved  where  necessary  as  to  carry  the 
'water  quickly  away  from  the  highway.  The 
slopes  of  the  banks  of  ditches  shall  be  not 
^steeper  tlian  one  and  one-halt  horizontal  to  one 
■vertical. 

Tile  drains  shall  be  laid  where  needed  at  such 
places,  of  such  kind  and  size,  and  on  such 
grades  as  may  be  shown  on  the  plans. 

in  clay  soils  trenches  shall  be  cut  through 
the  shoulders,  one  on  each  side,  described  in 
the  next  paragraph,  making  outlets  Into  the 
aide  ditches  for  water  that  may  collect  under 
the  concrete.  Such  trenches  shall  be  8  ins.  or 
more  in  width  and  slightly  deeper  tiaan  the 
concrete  bed.  They  shall  be  placed  at  all  low 
points  in  the  grade,  and  not  farther  than  100 
ft.  apart  in  retentive  soils,  and  must  be  filled 
with   crushed   stone    or   coar.se   gravel. 

Concrete  Bed  and  Shoulders. — After  the  road 
has  been  graded  as  above  described,  the  con- 
crete bed  shall  he  formed  in  the  central  part  of 
the  road  grade  as  follows:  Shoulders  of  firm 
earth,  or  other  suitable  material,  shall  be 
placed  on  each  side  of  the  concrete  bed.  such 
distance  as  may  be  required  by  the  plans.  The 
shoulders  shall  extend  to  the  side  ditches  or 
gutters  at  the  same  grade  and  curvature  as 
required  for  the  finished  road.  Where  the  road 
^ade  Is  high,  the  shoulders  may  be  formed  by 
moving  earth  from  the  center  of  the  present 
road  grade  to  the  sides,  or.  If  the  grade  Is  low, 
by  crowning  the  present  road  grade  by  scrap- 
ing earth  from  the  sides  toward  the  center,  or, 
if  sufficient  suitable  material  cannot  be  had 
along  the  roadway,  it  shall  be  brought  from 
other  places  along  the  line  of  work. 

Rolling  Sub-Grade. — After  the  shoulders  and 
concrete  bed  have  been  formed  as  above  de- 
scribed, the  whole  roadway  shall  be  rolled  un- 
til   no    more    compacting    is    possible.     The    hol- 


lows developed  by  this  rolling  shall  be  filled 
with  suitable  material  under  the  direction  of 
the  engineer  or  officers  in  charge,  and  the  road- 
%vay  again  rolled,  and  left  in  solid  and  firm 
condition,  everywhere  parallel  to  the  finished 
roadway,  the  concrete  bed  being  si-x  inches  be- 
low the  finished  grade  and  having  the  same 
crown. 

Forms. — After  t!ie  preparation  of  tiie  sub- 
base,  forms  consisting  of  2  in.  .x  6  in.  dressed 
pla!ik  shall  be  placed  on  each  side  of  the  road- 
way, at  the  specified  distance  from  the  center 
line  and  such  distance  below  the  center  line 
grade,  as  is  shown  by  the  plans  and  profiles  of 
the  road.  The  planks  shall  be  securely  staked 
so  that  they  will  hold  their  true  line  and  grade 
while  the  concrete  is  being  placed  and  while 
it    is    hardening. 

Concrete  Roadway. — Upon  the  sub-base  pre- 
pared as  hereinbefore  specified,  shall  be  laid  a 
one  course  concrete  pavement,  not  less  than  6 
ins.  thick,  mixed  in  the  following  proportions, 
viz. : 

American  Portland   cement,   1   part. 

Clean    sharp    sand,    2   parts. 

Broken  stone,   or  gravel,   3'/s   parts. 

Cement. — Only  such  Portland  cement  shall  be 
used  as  conforms  to  the  Standard  Specifica- 
tions for  Portland  Cement  adopted  by  the 
American  Society  for  Testing  Materials,  August 
16th,   1909,   w'ith   the   subsequent   amendments. 

The  contractor  must  notify  the  officers  in 
charge  and  the  State  Highway  Commissioner 
10  days  in  advance  of  the  laying  of  concrete, 
of  the  brand  of  cement  he  proposes  to  use,  and 
when  it  has  been  examined  and  approved,  that 
brand  or  one  of  equal  quality,  which  must  also 
be  approved  by  the  State  Highway  Commis- 
sioner,  shall  be  used  throughout  the  work. 

A  sack  of  cement  (94  pounds  net)  shall  be 
considered   to  have  a  volume  of  1   cu.   ft. 

The  State  Highway  Commissioner  may  re- 
quire that  the  cement  be  tested,  and  each 
shipment  certified  to  by  a  reputable  testing 
laboratory. 

All  cement  delivered  on  the  work  shall  be 
thoroughly  protected  from  the  elements. 

Fine  •  Aggregate. — The  fine  aggregate  shall 
consist  of  sand,  free  from  clay,  loam,  vege- 
table matter  and  dust,  well  graded  from  fine  to 
coarse,  all  of  which  shall  pass,  "when  dry,  a 
screen  of  >4  in.  mesh,  and  so  graded  that  the 
voids,  as  determined  by  saturation,  shall  not 
exceed  33  per  cent. 

Coarse  Aggregate. — The  coarse  aggregate 
shall  consist  of  clean,  hard,  durable,  crushed 
stone,  or  screened,  washed  gravel,  graded  in 
size  from  material  retained  on  a  screen  having 
H,  in.  mesh  and  passing  through  a  screen 
having  a  2^4   in.    mesh. 

Water. — 'Vv'ater  shall  be  clean,  free  from  oil. 
acid,    alkali  or  vegetable  matter. 

Measuring  and  Proportioning. — All  material 
shall  be  measured  in  suitable  boxes,  or  In 
wheelbarrows,  of  a  measured  capacity.  £7ach 
wheelbarrow  load  shall  be  surface  struck  with 
a  template. 

Mixing. — The  ingredients  of  the  concrete 
shall  be  mixed  to  the  desired  consistency  in  a 
batch  concrete  mixer  of  an  approved  type,  and 
mixing  shall  continue  until  the  cement  is  uni- 
formly distributed  and  the  concrete  is  homo- 
geneous and  uniform  in  color.  The  concrete 
shall  be  mixed  with  water  above  specified,  wet 
enough  to  produce  a  concrete  that  will  flush 
readily  under  light  tamping,  but  the  amount 
of  w'ater  used  shall  not  be  sufficient  to  cause 
a  separation  of  the  coarse  aggregate  from  the 
mortar  in  handling  the  concrete. 

Retempering  or  remixing  concrete  that  Is 
partially  hardened  will  not  be  permitted. 

Depositing  Concrete. — The  concrete,  prepared 
as  above  specified,  shall  be  deposited  in  strips 
extending  across  the  full  width  of  the  roadway, 
and  shall  be  deposited  as  soon  after  mixing  as 
practicable,  and  in  no  case  shall  more  than  15 
minutes  elapse  between  the  mixing  and  de- 
positing of  the  concrete. 

Concrete  shall  be  laid  and  finished  from  one 
transverse  expansion  joint  to  another,  in  one 
continuou  operation,  and  the  stoppage  of  con- 
crete laying  for  more  than  30  minutes,  must  be 
at  an  expansion  Joint,  and  the  surface  finished 
to  that  point. 


The  sub-base  must  be  kept  moist  while  the 
concrete   is  being  deposited. 

Concrete  shall  not  be  laid  when  the  tem- 
perature at  any  time  during  the  day  or  the 
night  falls  below  35'   above  zero  Fahrenheit. 

Expansion  Joints. — Vertical  transverse  expan- 
sion joints  shall  be  placed  across  the  concrete 
roadway  perpendicular  to  the  center  line,  not 
more  than  30  ft.  apart,  extending  entirely 
through  the  concrete.  These  joints  may  con- 
sist of  heavy  3-ply  tar  paper  carefully  placed, 
or  may  be  formed  with  a  '/2  in.  dressed  board 
which  has  been  tapered  to  "draw"  and  has 
been  shaped  so  that  Its  edge  will  fit  the 
specified  crown  of  the  roadway,  ^\'hen  the 
concrete  has  set,  this  board  shall  be  removed 
carefully,  the  rough  edges  of  the  concrete 
smoothed  off  and  the  joints  filled  with  an  ap- 
proved paving  pitch,  which  is  not  soft  enough 
to  "bleed"  In  hot  weather  nor  brittle  enough  to 
chip  in  cold  weather.  After  filling,  the  joints 
shall  be  lightly  covered  with  cdarse  sand. 

Finishing. — After  the  concrete  has  been 
brought  to  the  required  grade  by  means  of  a 
suitable  template  the  surface  shall  be  worked 
with  a  wood  float.  In  such  a  manner  as  to 
thoroughly  compact  it  and  to  produce  a  smooth 
uniform  surface.  Before  the  concrete  surface 
becomes  hardened,  it  shall  be  slightly  rough- 
ened by  brushing  with  a  stiff  fibre  broom. 

Care  must  be  tal:en  in  finishing  not  to  step 
on  the  concrete.  All  work  shall  be  done  from  a 
bridge  made  expressly  for  the  finishers  to 
work  from. 

Removal  of  Forms. — Forms  shall  be  removed 
when  concrete  has  set.  Immediately  after  re- 
moving the  forms  the  edges  of  the  concrete 
roadway  shall  be  beveled  to  a  horizontal  width 
of  3  ins.  and  a  vertical  depth  of  2  ins.  by 
cutting  oft  the  edges  with  a  sharp  spade  or  flat 
sharp    shovel. 

Protection. — After  finishing,  the  surface  shall 
be  kept  well  sprinkled  with  water,  and  as  soon 
as  the  concrete  has  hardened  sufficiently,  the 
surface  of  the  pavement  shall  be  covered  with 
a  thin  layer  of  dirt,  or  loam,  which  shall  be 
kept  wet  at  least  5  days  by  sprinkling  with 
water. 

Under  the  most  favorable  conditions  for  hard- 
ening in  hot,  dry  weather,  the  pavement  shall 
be  protected  from  traffic  for  at  least  10  days, 
and  in  cool  damp  weather,  for  an  additional 
length  of  time  to  be  determined  by  the  engineer 
or  officers  in  charge? 

Inspection. — During  the  laying  of  the  concrete 
pavement,  the  local  officials  shall  provide  for 
an  experienced  and  competent  inspector,  who 
shall  see  that  the  specifications  are  carried  out 
by  the  workmen.  The  qualifications  of  the  in- 
spector shall  be  such  as  to  meet  the  approval 
of  the  State  Highwa.v  Commissioner,  and  he 
shall   be  approved   by   said   Commissioner. 

IXSTRUCTIONS   FOR   CONSTRrCTIOX. 

The  plans  and  profiles  for  state  reward 
trunk  line  roads  are.  imder  the  law,  made  by 
the  State  Highway  Department,  the  construc- 
tion work  on  the  road  being  done  in  accord- 
ance with  these  plans  by  the  local  township  or 
cotmty  officials.  In  explanation  of  these  plans 
the  following  suggestions  are  made  to  the 
local  authorities : 

Sun'cy. — The  engineer  who  surveys  the 
road,  stakes  it  out  permanently  with  two  lines 
of  hubs  and  markers  set  uniformly  25  ft.  back 
from  the  center  line  of  the  road,  marking  lines 
which  are  parallel  to  the  center  line.  The 
hubs  are  small  stakes  about  1%  ins.  square, 
while  the  marker  is  a  larger  stake  set  back  of 
the  hub. 

Plan. — The  drawings  are  made  on  cross  sec- 
tion cloth  in  which  the  large  squares  measure 
1  in.  and  the  small  ones  1-10  in.  Across  the 
top  of  the  sheet  are  the  numbers  representing 
the  hubs  or  "stations,"  as  they  are  called, 
together  ■with  any  distances  noted  between 
hubs  which  are  written  + ;  for  instance,  26  + 
•50  means  50  ft.  from  hub  number  26.  meas- 
ured in  the  direction  of  hub  number  27.  Im- 
mediately below  this  line  of  numbers  is  locat- 
ed the  plan  of  the  road.  On  the  plan  are 
shown  the  location  of  cross  roads,  curves, 
culverts,  guard  rails,  telephone  poles  and 
trees.  United  States  land  corners,  buildings, 
etc.,  which  are  found  within  the  boundaries  of 
the  road,  as  shown  by  the  heavy  lines  or  the 
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light  lines  designating  fences.  Outside  of  the 
road  lines  are  shown  the  farm  buildings, 
creeks,  ponds  and  other  general  features  of 
the  topography  which  may  affect  the  grade 
of  the  road.  Farm  entrances  of  importance 
are  shown. 

Profile. — Below  the  road  plan  in  the  center 
of  the  sheet  is  the  road  profile.  The  center 
one  of  these  profiles  shows  in  a  light  irregular 
line  the  surface  of  the  present  road  before 
grading.  The  even  heavy  line  on  the  same 
base  shows  the  new  center  line  grade  of  fin- 
ished road.  The  center  line  cuts  and  fills  are 
shown  directly  above  these  two  lines,  marked 
(F)  for  fill  and  (C)  for  cut,  w^hich  measure- 
ments are  the  actual  measurements  from  the 
road  as  surveyed  to  the  top  of  the  finished 
road.  The  distance  the  finished  center  line  is 
above  the  hubs,  (marked  -f-),  or  below  the 
hubs,  (marked — ).  on  either  side,  is  shown 
by  the  figures  directly  above  the  actual  cuts 
and  fills  and  directly  below  the  center  line 
profile.  One  line  of  figures  being  references  to 
each  hub  line.  To  get  the  elevation  of  sub- 
grade  one  should  go  the  depth  of  the  metal 
below  the  point  given  by  these  figures.  All  fig- 
ures on  these  plans  are  given  in  feet  and 
tenths  of  feet.  This  enables  the  foreman  or 
commissioner  to  refer  his  center  line  cuts  and 
fills  to  hubs  after  grading  operations  have 
commenced. 

Directly  above  the  center  line  profile  is 
found  the  ditch  and  hub  profiles  for  one  side. 
The  light  dotted  line  is  the  hub  profile  which 
is  2.5  ft.  back  from  the  center  line  of  the  road. 
The  uneven  light  line  shows  the  present  line 
of  ditch  or  side  profile  of  the  road,  and  the 
heavy  dark  line  is  the  proposed  new  ditch  or 
gutter  line.  The  figures  right  above  these  lines 
are  the  distances  below  the  hub  line,  to  which 
the  bottom  of  completed  ditch  or  gutter  is  to 
be  dug.  This  also  applies  to  the  other  ditch 
or  gutter  and  hub  line  shown  on  the  lower 
profile.  If  any  question  arises  as  to  what  any 
profile  line  or  figures  refer  to,  see  notes  on 
left  end  of  each  sheet. 

Laying  Out  Work.—Belort  starting  grading 
operations  the  commissioner  or  foreman 
should  go  over  the  line  of  the  road  with  the 
profile  in  hand,  and  set  side  grade  stakes  for 
all  points  where  a  fill  is  shown.  These  stakes 
should  be  of  correct  leneth  to  drive  in  the 
ground  so  that  the  too  will  be  just  even  with 
the  finished  grade.  Then,  as  the  work  pro- 
gresses, a  sight  can  be  taken  across  the  tops  of 
these  stakes  to  tell  how  much  more  fill  is 
necessary. 

In  cuts  it  is  wise  to  keep  track  of  plowings 
and  the  approximate  depth  of  each,  so  as  to 
tell  when  vou  are  within  10  or  12  ins.  of  sub- 


grade.  Then  dig  a  hole  in  the  center  of  the 
road  and  drive  a  stake  so  that  the  top  of  it 
will  be  just  flush  with  the  sub-grade  eleva- 
tions. By  these  two  methods,  workmen  can 
then  he  instructed  to  cut  until  down  even 
with  the  top  of  the  stake,  and  fill  until  up 
even  with  the  top  of  the  fill  stakes. 

For  a  convenient,  cheap  instrument  for 
making  these  measurements  we  would  suggest 
the  use  of  a  10- ft.  pole,  marked  off  in  feet  and 
tenths  of  feet,  and  a  mason's  line  level.  These 
levels  may  be  procured  at  hardware  stores. 

Special  Features. — Culvert  plans  and  small 
bridge  plans  accompany  each  set  of  profiles 
for  the  necessary  work  along  the  line  of  that 
particular  road.  Wooden  guard  rails  are 
specified  for  each  unprotected  fill  which  is 
more  than  6  ft.  in  height.  The  plans  for  these 
guard  rails  are  shown  on  the  road  plan,  and 
should  be  built  of  good  cedar  posts  with 
sound,  straight  grained  2x6  rails.  Guard  rails 
should  be  painted  with  three  coats  of  good 
white  lead. 

CULVERTS. 

Figure  -3  shows  the  type  of  pipe  culvert 
recommended.  Details  of  concrete  culverts 
varying  from  7  to  15  ft.  in  span  were  given 
in  Engineering  and  Contracting.  Vol.  XLIII, 
p.  44.  The  plans  for  a  typical  concrete  arch 
are  given  in  Fig.  4. 
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Comment  on  the  Cube  Method  for  De- 
termining the  Melting  Point  of 
Asphalts. 

To  THE  Editors  :  On  pages  87  and  88  of 
\our  issue  for  Jan.  27,  1915,  you  reprint  a 
paper  by  J.  G.  Miller  and  P.  P.  Sharpies,  pre- 
sented to  the  .-American  Society  for  Testing 
Materials  on  the  "Methods  for  Determining 
the  Melting  Point  of  Asphalts."  The  copy 
furnished  you  was  evidently  a  preprint  of 
this  paper  prepared  for  the  meeting  of  the 
A.  S.  T.  M.,  for  you  repeat  in  your  publica- 
tion the  mistake  made  in  the  preprint  of 
crediting  the  cube  method  of  Hubbard  and 
of  stating  (in  the  fourth  paragraph  of  the 
article)   that  Hubbard  "proposed"  the  method. 

As  a  matter  of  fact  the  cube  method  de- 
scribed by  Hubbard  in  his  hook  (as  referred 
to)  was  first  proposed  in  print  by  the  Special 
Committee  on  "Bituminous  Road  Materials" 
of  the  American  Society  of  Civil  Engineers  m 
190f)    (see   report  of  this  committee  presented 


at  the  annual  meeting  of  the  society  Jan.  20, 
1915,  .'^ppendi.x  A,  page  3028,  of  the  pam- 
phlet), although  Hubbard  makes  no  reference 
to  the  previous  publication  of  the  method  by 
the  committee  referred  to. 

I  know  that  the  method  had  been  used  to 
some  extent  previous  to  its  published  descrip- 
tion by  the  committee,  but  I  cannot  find  that 
any  prior  publication  of  the  description  ex- 
ists. 

I  called  the  attention  of  Mr.  Sharpies  to 
the  above  facts  when  the  preprint  referred  to 
first  appeared,  and  if  you  will  refer  to  the 
Proceedings  of  the  American  Society  for 
Testing  Materials,  Vol.  14,  1914,  Part  II, 
pages  502,  et.  seq.,  you  will  note  that  proper 
corrections  of  the  preprint  has  there  been 
made.  Very  respectfully. 

W.  W.  Crosby. 

Baltimore,   Md. 

Tan,   28,   1915. 


A  Judge  for  County  Surveyor. 

To  THE  Editors:  I  have  read  with  much  in- 
terest your  editorial  entitled  "\  Judge  for 
County  Surveyor."  Governor  Major's  late 
appointment  to  the  office  of  County  Surveyor 
of  Jackson  County  was  a  good  deal  of  a  sur-' 
prise  and  disappointment  to  the  engineers  of 
Kansas  City,  particularly  as  engineers  of  good 
executive  ability  were  applicants  for  the  posi- 
tion. In  particular  Mr.  Chester  Cooke  was 
an  applicant,  after  having  served  two  years 
as  Superintendent  of  the  Department  of  Road 
Repairs.  The  two  years'  record  (191.3  and 
1914)  showed  his  efficiency  and  executive  ca- 
pacity in  materially  reducing  the  cost  of  re- 
surfacing and  oiling  macadam  roads,  as  shown 
by   the    following  table : 

COST   PER  MILE  ROAP  REP.^IRS  OF   .TACK- 
SON   COUNTY,    MISSOURI. 
Year.  Resurfacing.  Oilmgr. 

1911 $1,620.81         $294. IS 

1912 895.65  nfi5.fi!> 

1913 438.22  117.07 

1914 .545.77  S2.24 

It  is  unfortunate  that  an  engineer  who  has 
succeeded  as  well  as  Mr.  Cooke  did  in  his 
work  for  Jackson  County  should  receive  no 
public  recognition  of  his  services,  and  par- 
ticularly should  be  turned  down  as  an  appli- 
cant for  the  position  of  County  Surveyor  for 
a  man  who  has  had  no  engineering  experience 
and.  therefore,  lacks  the  technical  require- 
ments for  the  proper  administration  of  the 
affairs  of  the  office.  It  certainly  inspires  hope 
that  a  change  for  the  better  may  come  through 
the  publicity  department  of  our  technical! 
papers.     Very  respectfully, 

W.   Kiersted. 

Kansas  City,  Mo.,  Feb.  19,   1915. 
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Appraisal  of  City  Real  Estate. 

On  this  subject  very  little  exists  in  print. 
"Principles  of  City  Land  Values,"  by  R.  M. 
Hurd,  is  the  only  modern  .American  book  that 
we  know  on  the  subject.  In  the  "Diary  and 
Manual  of  the  Real  Estate  Board  of  New 
York"  for  1915  there  is  an  excellent  essay  by 
Mr.  William  E.  Davies,  entitled  "Technical 
Information  for  Real  Estate  Experts."  We 
have  abstracted  the  parts  of  this  essay  that 
seem  most  likely  to  be  of  value  to  appraisal 
engineers.  Among  the  data  that  follow  will 
be  found  the  detailed  cubic  foot  costs  of  two 
large  buildings  in  New  York. 

The  particular  feature  of  Mr.  Davies'  ar- 
ticle that  will  be  of  most  general  interest  is 
his  formula  for  calculating  the  value  of  city 
lots,  based  on  the  known  value  of  what  he 
calls  a  "standard  lot."  He  does  not  approve 
the  old  "Hoffman  rule,"  because  it  does  not 
check  with  known  values  in  New  York  City. 

It  should  be  noted  that  for  each  city  there 
probably  can  be  derived  a  formula  like  that 
(if  Mr.  Davies  but  not  identical  with  it.  .'\ 
western   real  estate  expert,   Mr.   Somniers,  we 


believe,  has  marked  out  a  rather  elaborate  sys- 
tem of  appraising  lots,  based  on  the  known 
value  of  standard  lots,  but  we  cannot  find  that 
his  rule  or  system  has  been  published. 

Bearing  to  some  extent  on  the  problems  of 
real  estate  appraised  are  two  recent  books : 
".Scientific  Building  Operation,"  by  Patterson 
and  Lengel,  and  "The  Commercial  Problem  in 
Buildings,"  by  C.  C.  Evers.  The  first  men- 
tioned book  contains  some  excellent  cost  data 
nn  the  operation  and  maintenance  of  office 
buildings  and  apartments.  The  second  book 
has  a  chapter  on  this  subject,  also  a  chapter 
on  valuations  of  real  estate. 

The  following  is  an  abstract  of  Mr.  Davies' 
essay  on  city  land  appraisal.  Mr.  Davies,  it 
may  be  added,  has  had  many  years'  experience 
as  an  appraiser  in  New  York  City.  He  was 
at  one  time  a  civil  engineer,  and  attributes 
much  of  his  success  as  a  real  estate  appraiser 
to  his  engineering  training.  He  suggests  that 
real  estate  appraisal  is  a  field  that  more  en- 
gineers might  profitably  enter.  Tax  suits, 
mortgages,  public  utility  rate  cases  and  the 
like  necessitate  the  employment  of  many 
skilled  real  estate  appraisers  in  all  large  cities: 


APPRAISAL  OK  CITY  REAL  ESTATE. 

Hoffman  Rule. — From  Vol.  2,  page  811,  of 
".■\  Digest  of  the  Charters.  Statutes  and  Ordi- 
nances of,  and  relating  to.  The  Corporation  of 
the  City  of  New  York,''  liy  Murray  Hoffman  : 
"In  several  cases  in  which  the  author  has 
acted  as  Commissioner  the  following  table  for 
estimating  and  apportioning  damages  and  ben- 
efits has  been  used : 

.\ggregato 
A    lot    of   ground  25  x  100  feet  $1,000  per  cent. 

10  X    25  feet       160 16 

15  X    25  feet       235 23.  j» 

20  x    25  feet       310 31 

25  X    25  feet       375 37.50 

30  X    25  feet       440 44 

35  X    25  feet       500 .50 

40  X    25  feet       560 56 

45  X-  25  feet       615 61.50 

50  X    26  feet       670 67 

55  X    25  feet       715 71.50 

60  X    25  feet       760 76 

65  X    25  feet       800 80 

70  X    25  feet       840 S4 

75  X    25  feet       S75 87.50 

80  X    25  feet       910 91 

85  X    25  feet       935 93.50 

90  X    25  feet       960 96 

95  X    25  feet       980 98 

100  X    25  feet    1,000 100 

Every   10  ft.,  if  of  equal  value  throughout, 
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would  be  worth  $100.  A  front  10  ft.  is  put 
by  this  scale  at  $100;  a  rear  10  ft.  at  $10,  or 
one-fourth.  This  scale  was  adopted  l)y  Mr. 
AlcCoun,  the  late  Vice-Chancellor  Mr.  Boul- 
ton,  late  Master  in  Chancery,  and  Mr.  John 
Sidell. 

It  strikes  me  that  the  proportion  in  favor  of 
the  front  10  ft.  ought  to  have  been  greater. 
It  is  taken  at  between  a  sixth  and  a  seventh 
of  the  whole  value,  viz. :  one-sixth  and  one- 
fourth  of  a  sixth. 

This  rule,  though  still  favored  by  many  who 
cannot  throw  aside  the  shackles  of  precedent, 
is  practically  obsolete,  being  at  least  49  years 
old,  and  consequently  entirely  out  of  conform- 
ity with  modern  conditions. 

It  also  contains  a  number  of  inconsistencies, 
which  were  convincingly  pointed  out  in  detail 
by  the  late   Henry  Harmon   Neill. 

Henry  Harmon  Neill  Rule. — Mr.  Neill 
adopted  the  50-ft.  ratio  of  the  Hoffman  Rule 
and  applied  same  to  all  depths  within  the 
limit  of  100  ft.,  making  2  ft.  worth  .50  per 
cent  more  than  1  ft.,  4  ft.  50  per  cent  more 
than  2  ft.,  and  so  on  in  the  same  proportion. 
This  method  being  pure  theory,  with  no  rele- 
vant substratum,  cannot  be  safely  used  where 
•aggressive  interrogatories  are  anticipated. 
LUDL--VM  OR  MtJRPHY  SCALE. 
{Generally  used   in   Brooklyn.) 

Location.  Pet.  Value.     Size.        Pot.  Value. 

Front      25  x  25         4S     $    430     25  x  25         43     $    4,30 
2d  25  X  25         24  240     25  x  GO         67  670 

3d  25  X  25         19  190     25  x  75         86  S60 

4th  25  X  25         14  140     25  x  100     100       1.000 

Total       25x100     100     $1,000 

IVitliam  E.  Davies  Rule. — Many  years  ago, 
when  attending  a  reference,  the  counsel  for 
the  relator,  oiie  of  the  most  able  cross-exam- 
iners in  real  estate  cases,  asked  a  witness  for 
the  respondent  if  it  were  not  a  fact  that  every 
square  foot  of  a  lot  had  a  different  value.  The 
witness  replied  yes,  and  further  stated  that  no 
appraiser  could  define  such  value.  This  ques- 
tion and  answer  made  a  great  impression  on 
me.  and  I  determined,  if  possible,  to  construct 
a  formula  which  would  fill  the  apparent 
vacuum  in  the  real  estate  profession.  My  first 
effort  in  the  necessary  direction  was  to  ob- 
tain at  great  labor  the  average  of  the  sales  of 
10,200  parcels  of  varying  depths,  thus  fixing 
numerous  points  through  which  a  curve  could 
be  run,  and  the  resultant  parabola  stated  in  a 
formula,  easy  to  remember,  and,  moreover, 
being  based  on  actual  sales,  not  subject  to  at- 
tack as  having  no  foundation. 

The   formula  is: 

Y=V1.45  (X-|-,.0352)— .226 
in  which  Y^the  proportion  of  value  of  lot  in 
question  to  value  of  standard  lot,  and  X=the 
proportion  of  depth  of  lot  in  question  to  depth 
of  standard  lot,  viz.,  100  ft. 

EXAMPLE. 

To   find   the  value  of  lot  2.5   ft.   by   103   ft. 
7Vz  ins.,  when  standard  lot  is  worth  $20,000: 
Y=V  1.4.5  (1.03625-t- .0.3.52)— .226=1 .0204 

Ergo,  a  lot  2.5'xl0.3'  7%"  will  be  worth 
$20,000x1.0204,  or  $20,408. 

An  appraiser  of  long  and  varied  experi- 
ence, to  whom  I  explained  this  formula,  told 
me  I  had  better  place  it  in  the  shape  of  a  table 
if  I  wished  it  to  come  into  general  use,  as 
few  real  estate  men  would  take  the  trouble  to 
work  out  the  formula,  although,  as  seen  by 
the  foregoing  elucidation,  it  is  liut  elementary 
arithmetic,  hence  the  following  and  various 
other  pertinent  calculations. 

It  should  be  borne  in  mind  that  this  formula 
is  applicable  to  actual  lots  or  plots  only,  and 
to  any  depth,  and  that  a  consideration  of  the 
example  heretofore  given  should  enable  any- 
one of  ordinary  intelligence  to  ascertain  the 
ratio  of  lots,  with  fractional  depths,  between 
12,5  ft.  and  200  ft.,  or  deeper  than  200  ft. 

To  key  lots  should  be.  added  the  necessary 
increment,  usually  10  per  cent,  and  to  corners 
the  Davies  Rule  ratio  of  the  proper  percentage. 

To  ascertain  percentage  added  to  inside  lot 
to  obtain  value  of  corner  lot,  divide  difference 
by  value  of  inside  lot. 

To  find  percentage  of  inside  lot  of  corner 
lot.  divide  value  of  inside  lot  by  value  of  cor- 
ner lot. 

The  percentage  deducted  from  corner  lot  to 


fix  value  of  inside  lot  is  the  result  of  differ- 
ence divided  by  value  of  corner  lot. 

To  extract  plottage,  divide  by  one  plus 
added  percentage. 

To  analyze  sale,  if  all  standard  lots,  assum- 
ing a  key  lot  to  be  worth  10  per  cent  and  a 
corner  60  per  cent  more  than  an  inside  lot, 
multiply  the  price  less  plottage  by  1  for  an 
inside  lot,  1.1  for  a  key  lot  and  1.6  for  a  cor- 
ner, and  divide  each  result  by  the  sum  of  the 
units.  When  the  lots  are  not  of  standard 
depth,  the  units  will  be  the  figures  given  in 
Davies'  Rule  plus  the  added  percentage  for 
key  and  corner  lots,  and  if  more  or  less  than 
25  ft.  wide,  the  product  of  same  and  the  width 
percentage. 

APPLICATION    TO    ORNERS. 

To  find  the  value  of  corner  2O'xG0'  if  in- 
side standard  lot  worth  $10,000  and  standard 
corner  lot  70  per  cent  in  addition : 

60  feet   ratio   (10,000  X) $7,337.10 

Add    73.371    per   cent    of   70   per    cent   or 

51.3597   per   cent 3,768.31 

$11,105.41 
Multiply   bv   .S    (width    percentage   of   20 
ft.)     .8 

Value   of   corner    20  x  60  ft $8,884,328 


To  analyze  the  sale  of  three  standard  lots 
as  per  diagram,  selling  for  $110,000,  key  lot 
being  worth  10  per  cent  and  corner  66  per  cent 
more  than  inside  lot : 

Divide  the  consideration  by  1.10  to  extract 
plottage,  leaving  $100,000;  multiply  this  quo- 
tient by  each  ratio  successively  and  divide 
products  by  the  sum  of  the  ratios. 

Ratios.  Values. 

Lot   No.    1 1.65     (100,000x1.65)        $44,000 


Lot   No. 


Lot   No. 


3  75 
1.1       (100,000x1.1) 


3  75 
(100.000) 


29,333 


Plottage,   10  per  cent. 


26,667 

$100,000 
.  10.000 

$110,000 

Copy  of  one  of  rorty-two  analyses  made  in 
a  certiorari  proceeding  to  review  a  real  estate 
assessment. 

From  Record  &  Guide  Annual,  1900,  page 
1.37: 

"Broadway,  s.  w.  cor.  65  St.,  110.1  x  157.10  x 
99.11  X  100..5,  vacant.  Nellie  Flake  wife  of  and 
Albert  Flake  as  atty.  to  Robt.  E.  Dowlin^. 
Mort,  $123,900.  March  28,  March  29,  1900.  R.  S. 
$54.     4:1136.     $177,000." 

Flake  (since  deceased)  &  Dowling  were  part- 
ners. 

Now  Miller  Building,   four  stories. 

Diagram  with  Inches  expressed  in  decimals  of 
a  foot. 


39  9-6 
114  58( 


ANALYSIS. 

Ratios.  Values. 

Lot    1    1.269  $37,1S1 

Lot    2    1.197  ■           35,070 

Lot    3    1.234  36,155 

Lot  4 1.792  52,503 

5.492 

$100,909 
Plottage,  10  per  cent 16,091 

$177,000 

The  ratios  are  obtained  by  ascertaining  the 
ratio  of  the  average  depths  by  Davies  Rule, 
adding  10  per  cent  for  key  lot,  ratio  of  66% 
per  cent  to  corner,  and  as  the  latter  is  25  ft. 
5   ins.   wide,   multiplying   result   by   the   width 


percentage  of  the  latter  figure,  and  the  values 
by  multiplying  the  price,  $177,000,  less  10  per 
cent  plottage,  $160,909,  by  the  single  ratios  and 
dividing  by  the  sum  of  the  ratios,  5.492. 

Inside  standard  lot  value  $37,181-h1.269= 
$29,298. 

Copy  of  analysis  made  in  May,  1912,  in  con- 
nection with  the  appraisal  of  property  on  west 
side  of  Broadway  between  Exchange  Alley 
and  Rector  Street. 

From  Record  and  Guide  Annual,  1911,  page 
229  • 

"Broadway,  No.  57  l  n  w  cor  Exchange  Al- 
New  Church  st  No  |  ley,  28.6  x  203.7  to  e  s 
95  or  Trinity  Place  I  New  Church  st  or  Trin- 
No.    33  J  ity  pi  X  2S.5  x  202.4, 

5 -sty  stn  ofBce  and  store  building.  Wm.  A. 
Pinkerton  of  Chicago,  111.,  to  Wm.  M.  Bar- 
rett, 272  West  85th  st,  as  Pres.  of  the  Adams 
Express  Co.,  59  Broadway.  V2  part.  All  liens. 
May  12.     May  23.  1911.     1:21.     A  $400,O00-$460,- 

000 o    C   &    100. 

Same  property.  Anna  E.  Pinkerton  of  Bklyn 
as  TRUSTEE  Robert  A.  Pinkerton  to  same. 
V2    part.      All    liens.      May    12.      May    23,    1911. 

1:21     $500,000." 

Indicated  consideration  $1,000,000. 
The   building  thereon   has   been   demolished 
and  a  32-story  office   building  erected   on   the 
site  and  .adjoining  land. 

Following  my  division  between  Broadway 
and  New  Church  Street  or  Trinity  Place, 
which  was  adopted  as  the  most  logical  by 
Justice  Lehman  in  his  decision  in  the  proceed- 
ing. Fargo  vs.  Tax  Commissioners,  taxes  of 
1905-1910,  inclusive,  reported  in  the  New  York 
Law  Journal  of  July  19,  1911,  on  pages  1740 
and  1750,  then  an  accurate  analysis  of  this 
sale,  Broadway  lots  being  considered  as  two 
and  a  half  times  more  valuable  than  Trinity 
place  lots  will  be,  as  viz. : 
3,000     square     feet     on     Broadway     at 

$225.04482  per  square  foot $    075,135 

2,599    square    feet    on    Trinity    place    at 

$90.0179   per  square   foot 233,956 


Plottage,   10  per  cent. 


$    909,091 
90,909 


$1,000,000 
Copies   of    three   of   a   number   of   analyses 

made   in  a  certiorari   proceeding  to   review  a 

real  estate  assessment. 

From  Record  and  Guide  Annual,  1906,  page 

142 : 

"32d  st.  No  13.S,  s  s,  abt  380  e  7th  av,  3-stv  brk 

tenement.       CONTRACT.       Josephine      Halbach 

with   Wm.    L.    Sutphin.    Mort   $ Nov.    12. 

Nov.  13,  1906.     3:807—62.     A  $1G,500-$1S,000 

$47,000." 

From  Record  and  Guide  Annual,  1907,  page 

252 : 

"32d  st,  No.  138,  s  s,  305  w  6th  av.  runs  s  30  x 
w  .06  X  s  20  X  \v  4.6  X  n  1  X  w  15  X  n  48.11  to 
point  X  e  20  to  beginning  3-sty  brk  tenement. 
.Josephine  Halbach  to  Investors  and  Traders 
Realty    Co.    Jan    28.     Feb    4,    1907.     3:807—62. 

A     $16,500— $18,000 • 100." 

170   Broadway,    Room   1107." 


3g~°Sr 


A.   15'  X    IS'  .11" 


Analysis. 

49'  Ratio    .6x.646  .3876  $35,311 


B.  4'  .6"  X  50' 

C.  0'  .6"  X  30' 


Ratio  .lSx.654  .1117     10,320 
Ratio  .02X.471  .0094  869 


.5087  $47,000 
Standard   lot,   disregarding   building  = 
35.811  =  $92,391. 

.3876 
From  Record  and  Guide  Annual,  1906,  page 

475 : 

"Broadway  Nos  1270 1  s  e  cor  33rd  st,  runs  s 
to  1280  33rd  st,  Nos  |^  118.6  x  e  87  x  n  17  x  w 
60  and   62  J  30  x  n  75  to  st  x  w  97.4 

to  beginning.  Lease  and  option  to  purchase 
above  for  $1,525,000  and  agreement  as  to  erec- 
tion of  new  buildings.  Mary  E.  Hanley  to 
Felix  Isman  and  George  B.  Wilson  of  Phila- 
delphia, Pa.;  21  years  from  Jan  4,  1906,  with 
privilege  four  renewals  of  21  years  each.     Feb 

3,    1906.     3:834 

'....taxes,    etc.,   and   50,000  and   60.000" 

"Broadway  Nos  1270 1  s  e  cor  33rd  st.  runs  s 
to  1280  33rd  st,  Nos  ^  118.6  x  e  87  x  17  x  w 
60  and   62  J  30   x    n    75    to   33d    st.    x 

w   97.4.       Assign    lease.       Felix   Isman,    Phila- 


February  24,  1915. 
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delphia.  Pa.  to  Geo.  B.  Wilson.  All  title. 
April   2.     April   3,    190G.     3:834 nom." 

From  Record  and  Guide  Annual,  1010,  page 

439: 

"Broadway  Nos  1270  1  s  e  cor  33rd  st,  runs  s 
to  12S0  33rd  st,  Nos  f  11S.6  x  e  87  x  17  x  w 
60  and  62  J  30  x  n  75  to  s  s  33d  st 
X  w  97.4  to  beg.  Assign  lease.  Felix  Isman, 
Phila,  Pa,  to  Geo  B  Wilson,  of  Phila.  Pa.  All 
title.  Apr  2,  lOOG.  (Rerecorded  from  Apr  3, 
ISOC.)     Dee    28,    1910.     3:834 nom." 

"Broadway  Nos  1270 1  s  e  cor  33d  st  runs  s 
to  1280  33d  st,  Nos  |  118.7  x  e  S5.9  x  n  17.0 
60  and  62,  on  map  I  x  w  27.7  x  n  7.5.9  to  s  s 
Nos    60    to    66  J  33d    st    x    w    98    to    beg, 

seven  4  and  one  3-sty  brk  loft,  str  &  office 
bldss.  Daniel  A  Lorlng  to  Geo  B  Wilson,  4228 
Walnut   st,    Phila,    Pa.     Dec   27.     Dec   2S,    1910. 

3:834—80.     A  .$765,000— $790,000 nom." 

"99  Nassau  st,   r  904." 

"BROADWAY,  Nos  1270  to  12S0. 

Wilson,  Geo  B,  4228  Walnut  st.  Phila.  Pa,  lo 
METR.OPOI^ITAN  LIFE  INS  CO.  1  Mad  Av. 

Bway,  Nos  1270  to  1280,  s  e  cor  33d  str,  Nos  60 
and  62,  on  map  Nos  60  to  66,  runs  s  118.7  x  e 
85.9  X  n  17.6  x  w  27.7  x  n  75.9  to  s  s  33d  st, 
X  w  98  to  beginning.  P.M.  Dec  28,  1910,  due 
Apr  1,  1921,  51/2%  until  Apr  1,  1916,  5%  there- 
after.    3:834 1,150,000 

Woodford,  Bovee  &  Butcher,  1  Mad  av." 

(7)ld  buildings  demolished,  12-story  "Wilson 
Building"  erected  on  site. 

Diagram  with  dimensions  from  lease  and 
option  and  inches  expressed  in  decimals  of  a 

foot : 
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Analysis. 
Southerly  lot,   17'xS7'  -|-  94'  .45 


=  average  depth  of  90.723'. 
Ratio  .943X.60  (width  percentage)     .551  $    197,183 
Next     adjoining    lot    on     north. 

25'.x64'  .45  -f  75'  .41  =:  average 


(depth  of  69.93'. 
Ratio    S06        288,438 
Key  lot,  25'x75'  .41   +  86'   .37   = 

average  depth  of  80'  .89. 

Ratio  .88  plus  10% 968        346,412 

Corner  lot,   25'x86'   .37   -|-   97'  .33 

2 
=average  depth  of  91'  .85. 
Ratio  .949   -j-   .949  of  62.2/3%   or 
63.267„     1.549        554,331 

3.874  $1,386,361 
Plottage   1"0%    138,636 

$1,525,000 
Standard  lot  197,183  =  $357,863 

.551 

From  Record  and  Guide  Annual,  1907,  page 

"Broadway  Nos  1279  1  w  s,  33.4  n  32nd  st,  runs 
and  1281   6th  av  j  w  68  x  n  16  x  w  32  x  n 

24.8  X  e  100  to  Broadway  or  6th  av  x  s  40.S 
to  beginning,  two  3-sty  brk  tenements  and 
stores. 

<:th  av  w  s,  74  n  32nd  st,  runs  n  2fi  x  w  102.11 
X  s  1.6  X  e  100  to  beginning.  Interior  sor'\ 
at  c  1  blk  bet  6th  and  7th  avs,  and  32nd  and 
33rd  sts,  6.6  w  6th  av,  runs  w  93.6  x  s  23.:; 
X  e  96.3  to  beginning,  together  known  as  Nos 
1283—1283%  Broadway,  two  3-sty  brk  tene- 
ments and  stores. 

Kdward  A  Morrison  to  Hudson  Co.  .'VIl  liens. 
Apr   17.     May   1st,    1907.     3:808—42,    43,    44.     A 

$301,000— $314,000.      Ill   Broadway,   r  914 

other  consid  and  100." 

From  Record  and  Guide  Annual,  1908,  page 
4TS : 
"Broadway    Nos     1289  1  begins    Gth    av    s    w    cor 

and    1291   6th  av  J   33rd    st,     49.4    x    100     x 

50.4  X  100. 
33d    st.    No   100   w    33d  1  s    s,    100    w    6th    av,    or 

St.    No   102  J  Broadway,   16. 8  x  26.2  x 

17.3  X  21.9. 
3   and   4-Kty  brk   hotel.      Kdward   .X    Morrison   to 

Hudson  Companies,   a  corp'n.     All  liens.     Mar 

30.     Apr   1,    1908.     3:S0S— 47    to    00.     A    $381,000 

—406,000.     Ill  Broadway,   r  914 

other  oonsld.    and   100." 

Actual  consideration  for  the  two  parcels,  $2,100,- 

000. 

Old  buildings  town  down.  Now  part  of  site 
of  Gimbcl  Brothers'  10-story  Department 
Store. 


ROUGH    ANALYSIS. 

BROADWAY  OR  SIXTH  AVENUE. 

Inside   Parcel. 

Portion  of  key  lot,  16'x6S'.  ratio.      .5069  $    180,272 

Balance,   DO'   .8"   +   49'   .5"  x  100 


ratio     

Corner  Parcel. 
Portion  of  key  lot. 

24'  .4"  -I-   25'   .4"  X  100 


2  2 

ratio     

Corner,  25'  x  100',  ratio.. 

Carried    forward    

33rd  street  key  lot.  16'  .8" 

.2". 
."Vverage  depth.  21'  . 


1.0920 
1.666 


711,882 


3SS.570 
592,713 


"  X  21' 
26'  .2" 


5.2678  $1,873,437 
.9"  X  17'  .3"  X  26- 

=  23'  .11%". 


Y    -    VI, 45    1.239582    +    .0352)    —   .226  =  0.4052. 

Brought    forward    $1,873,437 

Ergo,  this  lot  is  valued  at  .4052  of  $132, 

000  X  .6666   (width  percentage)   or 35,654 


$1,909,091 
Plottage,  107o    190,909 


Standard  Broadway  lot  592,713 
1.6666 


$2,100,000 
$355,642. 


rj^6f„ 

to  . 

w\^l9i5 

14  8  |'V^3  3 

504 

s    b 

^1 

<\1 

'"°       I    \S 

0 

t^t 

0     §!   \ 

a> 

334 

40  6      1  l'dO  \'^ 

494 

in 


51^    Av£. 

Copy   of   analysis   made   in   a  condemnation 
proceeding. 

From  Record  and  Guide  Annual,  1900,  page 
1.59: 

:s    e    cor    1st    st,    47.11    x 

105.6 
:x   72.7   X  93.3   Nos   25    to 
29%. 
Four  2-sty  frame,    brk   front  bldgs;    No   31,   5- 
sty    brk    tenem't.    1-sty    frame    store    on    av. 
Susan    A    Tier   exti-x    Daniel    Tier   to    Leopold 
Kaufman,    May  10,   1900. 
R  S  $77.50.     2:442.  77,500. 

See    projected    buildings." 

Old    buildings   demolished,    new    7-story   build- 
ing erected. 

m  Sr 


"2d  av.  No    14% 
1st  st,   Nos   25  to  31 


ROUGH    ANALYSIS. 

25'  X  93'  .3"  on  corner,  ratio 1.571     $36,207 

Balance  of  plot,  ratio 1.4SG       34,248 

3.057     $70,455 
Plottage,    10%    7.045 

$77,500 
$70,455 

Standard    lot =  $23,046. 

3.057 

Foreclosure  Sales. — Foreclosure  sales  are  no 
criterion  of  values,  for  the  following  reasons: 

First — Prospective  bidders  are  well  aware 
of  the  fact  that  the  auction  is  not  really  an 
open  one  to  the  highest  bona  fide  bidder,  as 
the  mortgagees  and  other  lienors  will  in  all 
probability  bid  up  to  the  amount  of  their  re- 
spective claims,  which  are  only  publicly  ad- 
vertised in  the  case  of  liens  prior  to  that  under 
which  the  sale  is  authorized,  subsequent  liens 
not  being  disclosed,  whereas  other  judicial 
sales  arc  almost  invariably  absolute,  positive, 
peremptory  and. without  reserve  or  upset  price, 
thus  encouraging  buyers  to  bid  against  each 
other. 

Second — In  foreclosure  sales  the  referee  has 
to  require  payment  in  cash,  while  in  partition, 
executors'  and  trustees'  sales  it  is  very  com- 
mon to  state  in  tlie  advertisement  that  a  large 
percentage  can  remain  on  bond  and  mortgage 
at  a  low  rate  of  interest,  if  desired,  and  also 
to  furnish  title  insurance  policies  free  of  cost. 


Third — It  is  the  general  impression  of  the 
real  estate  fraternity  that  it  is  much  easier 
to  deal  with  a  mortgagee  after  he  has  bid  in 
the  property,  as  time  is  allowed  for  negotia- 
tions, and  easy  terms  can  probably  be  ar- 
ranged. 

(7t'«fra/.— Whenever  land  increases  rapidly 
in  value,  although  it  may  seem  somewhat 
anomalous,  the  rental  value  of  the  buildings 
several  years  old  decreases  materially,  on  ac- 
count of  the  necessary  demolition  of  older 
buildings  and  the  construction  of  adequate  im- 
provements with  which  the  first  mentioned  can- 
not successfully  compete. 

It  is  generally  recognized  in  real  estate  cir- 
cles, and  could  not  well  be  otherwise,  that 
when  land  and  buildings  are  purchased  and 
the  latter  torn  down  in  order  to  make  way 
for  a  more  adequate  improvement,  that  the 
value,  if  any,  of  the  structures  so  demolished 
is  merged  in  the  cost  of  the  land. 

Plottage. — Plottage  is  an  added  percentage 
to  the  aggregate  value  of  two  or  more  con- 
tiguous lots  held  in  one  ownership  and  at- 
taches when  vacant  or  covered  by  a  single 
structure.  Where  there  are  separate  build- 
ings on  the  lots  and  plottage  is  claimed,  full 
value  cannot  be  allowed  for  the  buildings. 
(73  App.  Div.,  152.) 

Antiquity  of  Plottage.— As  illustrating  the 
difficulty  and  expense  of  securing  a  moderately 
sized  plot  downtown,  even  as  early  as  1830.  the 
circumstances  under  which  the  first  John  Jacob 
Astor  purchased  the  site  of  the  Aster  House 
are  here  set  forth : 

"It  was  in  18.30  that  John  Jacob  Astor  put 
into  execution  a  resolve  he  had  long  cherished 
to  rear  at  the  junction  of  two  of  the  most 
crowded  thoroughfares  of  the  city  a  hotel 
which  should  bear  his  name.  Keeping  his  own 
counsel,  he  gradually  acquired  possession  of 
all  the  houses  save  one  on  the  block  designed 
for  a  site.  John  G.  Coster,  the  wealthy  owner 
of  this,  did  not  wish  to  sell  it,  nor  was  there 
prospect  of  his  ever  falling  into  financial  diffi- 
culties that  would  force  him  to  part  with  it 
at  the  buyer's  price.  So  Astor  one  day  said 
to  him :  'Coster,  I  want  to  build  a  hotel  on 
this  block,  and  have  bought  all  the  houses  ex- 
cept yours.  It  is  of  no  particular  use  to  you, 
and  you  can  buy  another  lot  and  build_  a  palace 
with  the  money  I  will  pay  you.  Xow,  you 
name  two  friends  and  I  will  name  one  to 
value  your  property.  When  they  have  done  so. 
add  twenty  thousand  dollars  to  the  sum  upon 
which  they  agree,  and  I  will  give  you  a  check 
for  the  total  amount  in  exchange  for  a  deed.' 
This  liberal  offer  was  at  once  accepted,  and  a 
site  thus  secured  for  the  Astor  House,  which, 
opened  in  1836.  has  stood  for  more  than  sixty 
years  the  most  famous  tavern  in  America.'' 
(New  York,  Old  and  New,  Wilson.) 

Leaseholds. — .^s  far  as  I  know,  I  was  the 
first  to  introduce  the  use  of  "Inwood's  Tables," 
the  standard  English  work  on  the  subject,  but 
a  practically  similar  method,  though  in  cruder 
form,  appeared  to  prevail  before  183-5,  as  per 
following  extract  from  Hoffman's  "A  Digest 
of  the  Charters,"  etc.,  before  referred  to: 

For  example :  "John  C.  Morrison  is  the 
lessee  of  No.  6  on  our  Damage  Map,  con- 
sisting of  four  lots  corresponding  with  lots 
Nos.  78  and  79,  133  and  134,  of  the  map  of  the 
Sailor's  Snug  Harbor.  His  leases  are  to  run 
seventeen  years  from  the  first  of  November, 
eighteen  hundred  and  thirty-five,  for  the  tirst 
two  lots,  eighteen  years  from  the  same  time 
for  the  two  last.  The  ground  rent  of  the  two 
first  is  $70  each,  and  of  the  two  last  $75  each, 
averaging  $72.50  a  lot,  and  upon  the  four  lots 
equal  to>290. 
The    sum    allowed    for    damage    on    the 

four  lots  is  $20,000;   the  Interest  at  5 

per  cent  is $1,000 

From  this  Morrison  would  have  to  pay 

annually    ■ ^ 

Income    to    him $710 

The  value  of  SI    for  17  years  is $11,274 

The  value  of  $1  for  IS  years  i.s 11.690 

2)22.96-1 

Average  for  17..-i  yeiirs 11.482 

710 

114.820 
8,037.4 
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Morrison's    proportion    $  8,152.2L'u 

Sailor's  Snug  Harbor,   the  residue 11,847. 7S 

$20,000.00 

"The  whole  lease  is  in  this  case  annulled ; 
the  lessee  discharged.  He  gets  his  satisfaction 
in  the  proportion  awarded,  and  the  lessors 
get  in  the  amount  now  awarded  their  propor- 
tion, including  the  value  of  the  $290  ground 
rent  (in  the  amount  given  to  them)." 

[Inwood's  "Tables"  are  merely  tables  giving 
the  present  worth  of  an  annuity,  so  arranged 
as  to  provide  for  monthly  payments. — Ed- 
itors.] 

The  chief  distinction  between  a  leasehold 
and  a  reversionary  interest,  each  of  which  has 
its  own  determinable  value,  the  sum  of  the 
two  being  always  equal  to  the  total  value  of 
the  fee  in  perpetuity,  is  that  the  former  is  fluc- 
tuating and  insecure,  while  the  latter  is  fixed 
and   permanent. 

It  being  customary  to  make  leases  of  the 
fee  on  a  5  per  cent  basis,  it  would  therefore 
appear  that  the  lessee  must  provide  for  a 
larger  return,  which,  in  my  judgment,  should 
be  at  least  7  per  cent. 

Example:  To  ascertain  the  value  of  a  lease- 
hold of  '21  years,  of  which  10  years  has  ex- 
pired, the  net  annual  rental,  after  deducting 
all  possible  disbursements,  including  ground 
rent,  taxes,  allowances  for  vacancies  and  re- 
pairs, being  $1,13.3,  and  the  rent  payable 
monthly   in  advance : 

Net  annual   rental $1,133.00 

Present  value  of  $1   per  annum   for  11 

years  at  7  per  cent  (Inwood's  table).  7.499 

Product    $8,496,307 

Seven   per   cent    constant   monthlv   fac- 
tor (table)    1.03169 

Product    $8,765.62 

Therefore  the  value  of  this  leasehold  will  he 
$8,765. 

Renewals  of  leases  where  the  ground  rent 
remains  the  same  constitute  a  simple  problem, 
but  where  provision  is  made  for  a  reappraisal 
at  the  end  of  the  first  or  subsequent  terms,  a 
condition  arises  which  it  is  almost  impossible 
to  solve,  as  no  one  can  anticipate  the  future. 

Buildings. — Experience  in  the  cost  of  various 
structures,  material  and  labor  is  a  very  neces- 
sary element  in  determining  the  sum  buildings 
add  to  the  value  of  the  land,  although  natu- 
rally such  is  far  from  being  a  definite  figure, 
as  besides  physical  deterioration  a  shift  of 
neighborhood  may  render  expensive  improve- 
ments simply  taxpayers.  It  can,  however,  be 
confidently  stated  that  in  high-class  fireproof 
buildings,  if  kept  in  repair,  there  is  practically 
no  sensible  impairment  except  from  change  of 
fashion. 

I  have  always  considered  that  the  cubic  foot 
system,  combined,  of  course,  with  a  thorough 
scrutiny  of  the  premises,  is  the  most  accurate 
in  nearly  all  contingencies,  as  you  thus  obtain 
the  volume,  and  can  more  precisely  decide 
upon  a  unit  than  ascertain  the  value  of  an  un- 
known quantity. 

It  is  obvious  that  an  examination  of  the 
exterior  only,  quite  a  common  occurrence,  or 
even  a  careful  survey  of  the  interior,  unless 
informed  of  the  solid  contents,  cannot  enable 
anyone  to  establish  a  reliable  figure. 

The  capitalization  of  the  gross  or  net  rental 
is  likely  to  lead  to  flagrant  error,  as  very  often 
the  rents  are  decidedly  inadequate,  and  other- 
wise, for  special  reasons,  entirely  too  high. 

In  numerous  instances  where  the  value  of 
large  fireproof  buildings  was  in  litigation,  the 
opposing  counsel  frequently  demanding  such 
items,  I  have  divided  the  cubic  foot  value  into 
the  several  components,  of  which  the  follow- 
ing are  two  concrete  examples ; 

From   appraisal    of    No.   4'2    Broadway    (20 
stories.    o,21-"),000   cu.    ft.),    as    of    the    second 
Monday  of  January,   1906: 
DISTRIBUTION   OF  CUBIC  FOOT   VALUES. 

Cents. 

Architects'   fees    «.     2.1 

Interest  1.0 

Increased    cost    of    material,     labor,     etc., 

since  contract   1.9 

Excavation    1.2 

Foundation    5.0 

Brick  work  (face  brick  on  two  streets)....     4.3 

Structural  steel  6.2 

Granite  and  limestone  and   terra  cotta....     3.4 

Fireproof   floor   construction 1.8 

Fireproof  partitions    0.85 


Plastering  and   furring 2.5 

Ornamental   and    bronze    work,    stairs   and 

elevator  enclosures   4.0 

H\'draulic   elevators    2.55 

Plumbing    1.5 

Heating    and    ventilating 1.2 

Electric  light  plant  and  wiring 0.8 

Carpenter  and  joiner  work 2.2 

Interior  marble  mosaic  and  finished  floor- 
ing      2.8 

Skylights  and  copper  work 0.3 

Hardware 0.0.1 

Roofing,  tanks,  ash  lifts  and  miscellaneous  1.0 

Glass    0.9! 

Total    47.50 

From  appraisal  of  Astoria  (part  of  hotel 
Waldorf-Astoria,  7,987,000  cu.  ft.),  as  of  the 
second  Monday  of  January,  1910 : 

DISTRIBtJTION   OF  CUBIC  FOOT  VALUES. 

Cents. 

Excavation,  shoring  and  sheath  piling 3.18 

Mason  work,   rough  and  face  brick 2.31 

Fireproof   floors    1.47 

Cut  and  carved  stone 1.55 

Structural   steel    5. 26 

Ornamental  iron  work  and  bronze 1.6'J 

Fireproof  partitions    l-SU 

Plain  and  ornaniental  plastering 1.61 

Carpenter  and   joiner  work,    includes   both 

rough    and    finish 4.92 

Glass,  glazing  and  skylights .• 0.54 

Concrete   work    0.39 

Heating,  including  steam  fitting 2.21 

Terra    cotta    2.1-'i 

Sheet   metal  work 1.06 

Waterproofing    0.'.:8 

Metal   doors    0.12 

Marble,    marble   mosaic,   etc 3.52 

Fainting,  staining  and  varnishing,  includes 

no   decorations    1.86 

Plumbing    2.33 

Hardware     0.45 

Electric    Tifiring    1.41 

Electric    fixtures    1.24 

Passenger    and     service     elevators,     dumb 

waiters  and   sidewalk  lifts 1-68 

Ventilation    0.99 

Decorations     2.19 

Revolving    doors 0.12 

Refrigeration    0.31 

Vacuum  cleaning  system 0.17 

Pneumatic    system    O.OS 

Kitchen    fixtures    0.3S 

Builders'   profit    5.36 

Architect's  commission 3.34 

Carrj'ing    charges    1.69 

Miscellaneous,  mail  chute,  etc..  etc 1.43 

Total     59.00 

Some  Court  Decisions. — In  ascertaining  the 
respective  interests  of  a  landlord  and  tenant 
in  real  property  taken  by  eminent  domain  the 
following  methods  should  be  adopted  : 

The  fair  market  value  of  the  whole  prem- 
ises should  first  be  ascertained,  which  amount 
is  the  sum  total  to  be  awarded.  The  actual 
market  value  of  the  leasehold  as  a  whole 
should  then  be  determined  and  awarded  to 
the  tenant,  the  difference  between  that  value 
and  total  measuring  the  award  of  the  land- 
lord. 

In  ascertaining  the  value  of  a  leasehold  the 
same  rule  should  be  applied  as  in  ascertain- 
ing the  market  value  of  the  property  as  a 
whole.  The  tenant's  interest  in  the  lease  as 
a  whole  should  be  determined  in  the  light  of 
the  rent  he  has  paid  and  his  rights  and  obliga- 
tions under  the  lease. 

The  value  of  buildings  erected  by  the  tenant 
and  which  become  a  part  of  the  freehold 
should  not  be  treated  as  a  separate  entity  to 
the  value  of  which  he  is  entitled  in  addition 
to  the  \-alue  of  his  lease  apart  from  the  build- 
ings.    (1-20  App.  Div.,  700.) 

When  part  of  a  parcel  of  private  lands  is 
taken  by  eminent  domain  for  dock  improve- 
ments by  the  city  of  New  York,  the  cost  of 
which  improvements  is  to  be  paid  not  by  as- 
sessment but  by  the  city  at  large,  the  commis- 
sioners in  estimating  the  just  compensation  to 
be  made  may  take  into  consideration  the  spe- 
cial benefit  accruing  by  reason  of  the  improve- 
ment to  the  portion  of  the  parcel  not  taken. 

Section  822  of  the  charter  of  the  city  of 
New  York  (l!aws  of  1901,  Chap.  466),  provid- 
ing that  if  a  portion  of  the  property  of  riparian 
proprietors  which  has  been  "built  upon  or  im- 
proved" and  is  contiguous  to  lands  under 
water  or  which  were  originally  under  water 
and  used  in  connection  therewith,  be  taken  by 
the  city  for  the  improvement  of  the  water 
front,  the  owner  shall  be  awarded  the  fair 
value  of  the  entire  premises  less  the  value  of 
the  premises  in  the  condition  in  which  they 
will  be  after  a  part  thereof  is  taken,  is  consti- 


tutional and  applies  where  lands  are  taken  for 
a  water  front  by  the  city  at  its  own  expense 
without  assessment. 

Lands  which  were  originally  under  water 
and  have  been  filled  in  to  the  grade  of  an  es- 
tablished street  have  been  "improved''  within 
the  meaning  of  said  section.  (120  App.  Div., 
849.) 

Where  a  railroad  has  acquired  the  bed  of  a 
closed  street  which  is  part  of  an  area  upon 
which  it  is  erecting  a  large  terminal  station, 
the  valuation  of  lots  owned  by  the  railroad 
abutting  upon  the  closed  street  and  included 
within  the  boundaries  of  the  proposed  station 
should  be  assessed  as  interior  lots,  not  as  lots 
having  a  frontage  on  the  closed  street. 

"Plottage"  is  a  percentage  added  to  the  ag- 
gregate value  of  two  or  more  contiguous  lots 
when  held  in  one  ownership  as  representing 
an  increased  value  pertaining  to  a  group  of 
lots  by  reason  of  the  fact  that  they  admit  of 
more  advantageous  disposition  and  improve- 
ment than  a  single  lot. 

In  making  an  assessment  upon  a  whole  city 
block  upon  which  a  railroad  is  constructing  a 
terminal  station,  it  is  proper  to  add  a  "plot- 
tage" value,  as  the  land  could  be  cut  up  into 
parcels  of  convenient  size  and  sold  with  plot- 
tage advantages.  (130  App.  Div.,  734.) 

When  the  state  compels  a  man  to  give  up 
his  land  for  public  use,  and  permits  him  to 
recover,  not  what  he  thinks  it  is  worth,  but 
only  its  fair  market  value,  he  should  have  the 
right  to  prove  every  element  that  can  fairly 
enter  into  the  question  of  market  value. 

When  structures  are  well  adapted  to  the 
character  of  the  land  upon  which  they  are 
erected,  the  value  of  the  land  is  enhanced  to 
the  extent  of  the  value  of  the  buildings.  In 
such  cases  the  value  of  each  enters  into  the 
total  value  which  must  be  the  measure  of  the 
owner's  just  compensation  when  his  property 
is  condemned   for  public  use. 

When  buildings  have  an  intrinsic  value 
which  must  be  added  to  the  value  of  the  land 
in  order  to  ascertain  the  value  of  the  whole, 
the  owner  may  prove  the  value  of  his  land 
and  the  value  of  his  buildings  separately,  and 
the  latter  may  be  established  by  the  cost  of  re- 
production after  making  proper  deductions 
for  wear  and  tear.'  The  result  of  adding  these 
two  quantities  is  nothing  more  nor  less  than 
the  value  of  the  land  as  enhanced  by  the 
buildings  thereon.  This  is  not  a  conclusive 
test  of  market  value  applicable  _  to  all  cases, 
but  it  is  always  competent  evidence  where 
buildings  are  well  adapted  to  the  land  upon 
which  they  stand.     (198  N.  Y.,  84.) 


The  Auto  Truck  on  Geodetic  Work. — An 

unusual  feature  of  the  work  of  the  U. 
S.  Coast  and  Geodetic  Survey  during  the 
past  summer  was  the  successful  use  of  a  1%- 
ton  automobile  truck  in  transporting  an  as- 
tronomical party  and  outfit  through  a  portion 
of  the  southwest  which  is  generally  dreaded 
by  the  transcontinental  tourist.  The  party  was 
in  charge  of  Mr.  C.  V.  Hodgson  and  was  in 
the   field   from   May   to   October. 

During  the  season  the  truck,  carrying  a 
capacity  load,  was  run  more  than  5,000 
miles  under  road  conditions  varying  from 
the  deep  mud  encountered  in  New  Mexico 
and  Texas,  and  the  heavy  sands  of  the  Colo- 
rado River  and  Nevada  desert  regions,  to  the 
splendid  roads  of  southern  and  central  Cali- 
fornia. 

The  cost  sheets  of  the  season  show  that 
the  work  was  done  at  a  saving  of  at  least  35 
per  cent  from  the  cost  had  teams  been  used. 
The  cost  per  mile  for  oil  and  gas  varied  from 
2.7  cents  to  6.6  cents  in  diflFerent  sections  of 
the  country,  and  averaged  3.9  cents  for  the 
entire   season. 

.\  remarkable  feature  of  the  performance  of 
the  truck  and  a  tribute  to  the  good  work  of 
the  driver  was  the  fact  that,  from  the  time 
of  leaving  Colorado  Springs  to  the  end  of 
the  season,  about  six  months,  during  which 
the  truck  was  run  over  5,000  miles,  only  two 
hours  were  lost  on  the  road  on  account  of 
engine  troubles. 
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Choice     of     Pumps     for     City    Water 
Works. 

Perhaps  in  no  other  part  of  a  modern  water 
system  have  so  many  economic  mistakes  been 
made  as  in  the  selection  of  pumping  machin- 
ery. This  is  due  largely  to  two  causes;  tirst, 
in  the  past  many  civil  engineers  who  have  de- 
signed water  works  and  recommended  the 
purchase  of  equipment  have  not  been  com- 
petent judges  of  the  relative  worth  of  differ- 
ent pumps  for  a  given  set  of  conditions.  Sec- 
ond, city  boards  often  consider  their  judgment 
on  pumps  as  good  as  an  engineer's  and  over- 
ride the  latter's  recommendations.  Thus  pumps 
have  often  been  bought  because  of  low  first 
cost  without  regard  to  other  and  equally  im- 
portant considerations.  The  present  article 
discusses  the  choice  of  pumps  for  water  works 
service,  and  is  taken  from  an  article  by  Mr. 
J.  E.  Craig,  engineer  of  the  Board  of  Port 
Commissioners  of  Jacksonville.  Fla.,  in  the 
Cornell  Civil  Engineer  for  February. 

For  pumping  service  in  villages  and  small 
towns  where  the  regular  domestic  supply  is 
from  an  elevated  tank,  the  demand  is  for  a 
pump  to  fill  the  tank  at  intervals  and  to  fur- 
nish direct  pressure  for  fire-fighting  purposes. 
If  there  is  available  a  reliable  source  of  cheap 
electric  pow-er,  motor-driven  turbine  pumps, 
or  triplex  plunger  pumps  are  desirable,  the 
latter  driven  through  gears  by  electric  motors. 
If  such  electric  power  is  not  available,  triplex 
plunger  pumps  driven  by  gasoline  or  kerosene 
engines  should  be  given  careful  consideration. 
These  machines  are  highly  desirable  for  in- 
termittent service,  as  they  deliver  their  full 
output  at  once  when  started,  instead  of  re- 
quiring such  time  as  is  necessary  to  raise 
steam  in  a  boiler  for  a  steam  driven  pump. 
In  addition  to  the  great  loss  of  heat  from  the 
boiler  w'hile  the  pump  is  not  in  actual  opera- 
tion, the  inefficiency  of  all  small  direct  acting 
steam  pumps  almost  eliminate  this  type,  except 
when  operated  in  connection  with  an  electric 
lighting  system  which  requires  that  steam  be 
kept   up   most   of   the   time,   anyway. 

In  considering  the  service  for  towns  which 
use  from  1,000,000  gals,  to  5.000,000  gals,  a 
day,  there  is  a  broader  field  for  careful  con- 
sideration as  to  the  actual  conditions  to  be 
met.  When  the  supply  is  taken  from  a  river 
and  first  delivered  to  filter  beds,  there  is  noth- 
ing better  than  the  turbine  pump  for  this  serv- 
ice as  a  low  and  practically  constant  head  is 
to  be  operated  against.  The  turbine  pump  may 
he  driven  either  by  an  electric  motor  or  steam 
engine,  as  the  local  conditions  demand.  Where 
the  source  of  supply  is  wells  in  which  the 
water  does  not  rise  to  the  surface,  the  engi- 
neer may  consider  several  methods.  One  is 
the  direct  acting  deep  well  pump  with  the 
steam  cylinder  at  the  surface  and  the  water 
piston  near  the  elevation  of  the  source  of 
water,  actuated  through  a  long  vertical  piston 
rod.  One  of  the  best  examples  of  this  sys- 
tem is  at  Memphis,  Tenn.  The  Memphis  sup- 
ply is  interesting  because  such  a  large  city  is 
supplied  from  a  great  many  wells  scattered 
for  a  considerable  distance  and  flowing  into  a 
masonry  tunnel  which  is  nearly  100  ft.  below 
the  surface  of  the  ground  and  which  dis- 
charges by  gravity  into  a  sump  at  the  pumping 
station.  The  steam  cylinders  of  the  vertical  _ 
pumping  engines  are  in  the  engine  room  at 
the  surface  of  the  ground  while  the  water 
cylinders  are  far  below  near  the  surface  of 
the  water.  These  engines  have  given  excel- 
lent service. 

.Small  pumps  of  the  usual  deep  well  type  are 
liable  to  give  considerable  trouble  with  the 
water  piston  and  valves  far  lielow  the  sur- 
face of  the  floor  and  where  they  cannot  be 
inspected,  as  the  ordinary  deep  well  pump  has 
its  piston  rod  and  water  cylinder  in  a  well 
usually  less  than  1  ft.  in  diameter.  The  pumps 
at  Memphis  are  i:i  a  sump  large  enough  to 
give  ample  access  even  at  the  bottom  for  at- 
tention and  repairs  to  the  water  cylinders. 


In  parts  of  the  country  where  the  source  of 
ground  water  is  not  more  than  30  or  40  ft.  be- 
low the  surface  the  ordinary  duplex  steam 
pressure  pumps  are  put  in  a  sump,  far  enough 
below  the  surface  so  that  water  can  be  drawn 
from  the  natural  source  with  a  suction  lift  of 
not  more  than  15  ft.  This  arrangement,  which 
subjects  the  pumps  to  possible  submergence  if 
the  level  of  the  ground  water  should  rise,  and 
from  the  usual  dampness  and  inacessibility  of 
such  places,  is  in  small  favor.  In  the  rice 
fields  of  Louisiana  and  Te.xas  a  submerged 
vertical  turbine  pump  in  the  bottom  of  the 
well,  driven  through  a  vertical  shaft  either 
with  a  belt  or  electric  motor,  has  found  con- 
siderable  favor. 

For  a  reliable  method  of  raising  water  from 
a  considerable  depth  probablv  there  is  noth- 
ing better  than  compressed  air.  The  air  lift 
leaves  much  to  be  desired  in  the  matter  of 
total  efficiency,  but  its  reliability  of  operation 
and  durability  offset  this  objection.  The  en- 
tire engine  is  in  the  pumping  station.  One 
compressor  can  raise  water  from  one  well  or 
many  and  they  may  be  scattered  widely.  When 
the  available  funds  will  provide  a  compressor 
with  Corliss  valve,  steam  cylinders,  and  con- 
densors,  and  two  stage  compression,  if  the  re- 
quired pressure  warrants  this,  very  satisfac- 
tory operating  efficiency  is  obtained. 

In  the  choice  of  pumping  engines  for  the 
smaller  cities,  which  require  between  1,000,000 
and  5,000,000  gals,  daily,  there  is  a  slightly 
wider  range  of  equipment  from  which  to  make 
a  choice  to  meet  the  conditions  of  the  individ- 
ual installation.  In  this  class  of  pumping  sta- 
tion 24-hour  attention  is  usual.  Most  such 
cities  operate  an  electric  lighting  system  in 
connection  with  the  pumping  station,  which 
requires  that  boilers  be  kept  in  operation  con- 
stantly. Under  this  condition  the  choice  lies 
between  several  arrangements  with  steam  as 
the  motive  power.  When  the  engines  operat- 
ing the  generators  are  of  high  efficiency,  ample 
capacity,  and  in  duplicate,  electric  motor 
driven  pumps  give  excellent  total  efficiency. 
The  higher  steam  efficiency  obtainable  from 
the  steam  engine,  often  more  than  balances  the 
loss  in  electrical  equipment.  Either  turbine 
pumps,  direct  connected  to  electric  motors,  or 
triplex  plunger  pumps,  motor  driven  through 
gears,  are  available. 

It  is  usually  demanded  of  pumping  engines 
that  they  deliver  the  normal  domestic  con- 
sumption, against  about  50  lbs.  to  the  square 
inch,  for  more  than  95  per  cent  of  the  time  in 
operation,  and  yet  be  capable  of  furnishing  this 
same  output  and  considerably  more  for  fire 
streams,  at  125  lbs.  to  the  square  inch,  or  more. 
This  condition  means  the  engine  must  operate 
05  per  cent  of  the  time,  at  about  40  per  cent 
load,  or  at  times  of  fire  at  more  than  100  per 
cent  over-load,  depending  on  whether  the  en- 
gine is  designed  for  its  rated  service  at  do- 
mestic or  at  fire  pressure.  To  meet  these  re- 
quirements two  turbine  pumps  can  be  operated 
in  series  for  fire  pressure  and  either  operated 
singly   for  domestic  service. 

To  have  duplicate  equipment,  either  set  of 
which  is  capable  of  meeting  any  reasonable 
daily  demand  for  both  domestic  and  fire  serv- 
ice, is  absolutely  essential  for  a  first-class 
water  works  pumping  station.  To  meet  this 
condition  will  require  much  idle  equipment,  or 
operation  at  small  load  factor,  with  turbine 
pumps.  Triplex  plunger  pumps,  motor  driven, 
give  good  efficiency  under  domestic  service 
pressure,  and  will  deliver  the  same  volume  at 
double  the  pressure  when  required.  They  are 
reliable  and  worthy  of  careful  consideration 
in  this  connection.  For  service  of  this  charac- 
ter, duplex  directing  acting,  tandem  com- 
pound, or  triple  expansion,  condensing  pump- 
ing engines  are  probably  the  most  used.  Un- 
der favoralile  operating  conditions  a  duty  of 
70,000,000  ft.-lhs.  per  1,000  lbs.  of  steam 
may  be  approached.  In  the  smaller  stations  of 
this  class,  one  more  expensive  compound  en- 
gine may  be  installed,  which  will  do  most  of 


the  work  with  reasonable  efficiency,  and  one 
Standard  Underwriters'  Steam  Fire  Pump, 
which  will  serve  to  aid  in  giving  fire  service 
and  can  furnish  the  domestic  supply  also  when 
the  more  efficient  engine  must  be  stopped  for 
repairs. 

In  many  of  the  stations  delivering  5,000,000 
gals,  a  day  or  more,  vast  sums  of  money  are 
wasted,  either  through  the  operation  of  equip- 
ment unsuited  to  the  conditions,  or  that  would 
be  inefficient  under  any  conditions.  Here  it  be- 
comes possible  to  make  interesting  compari- 
sons between  present  and  final  economy.  Large 
pumping  engines  may  be  obtained  that  will 
give  a  very  high  operating  efficiency.  Some  in 
dailv  operation  are  giving  a  duty  of  about 
200,000,000  ft.-lbs.  per  1,000  lbs.  of  steam. 
These  engines,  of  course,  represent  consider- 
able capital,  and  the  problem  before  the  en- 
.gineer  is  to  determine  how  large  an  investment 
the  proposition  w'ill  warrant.  It  is  possible  to 
purchase  costly,  high-duty  engines  and  operate 
them  under  such  conditions  that  the  interest  on 
the  first  cost  of  the  engine  is  more  than  the 
saving  effected  by  their  higher  efficiency  in  op- 
eration. 

For  the  smaller  stations  in  this  class  the 
horizontal  cross  compound  crank  and  fly-wheel 
type  of  condensing  engine  offers  a  satisfactory 
total  efficiency :  its  first  cost  is  much  less  than 
the  vertical  triple  expansion,  crank  and  fly- 
wheel tvpe,  and  a  dutv  of  125,000,000  to  150,- 
000,000  ft.-lbs.  can  be  obtained. 

In  the  larger  stations  using  only  engines  of 
a  daily  capacity  of  12,000,000  gals,  or  more, 
every  factor  before  any  but  the  vertical  triple 
expansion  type  of  engine  is  chosen  should  be 
considered,  if  the  necessary  money  can  be  se- 
cured to  install  the  more  costly  type.  Data 
should  be  obtained  as  to  the  actual  daily  prob- 
able output  during  the  term  of  service  of  the 
engine  and  the  cost  and  efficiency  of  the  two 
general  types  of  machines.  In  the  larger 
pumping  stations,  when  the  city  also  owns  its 
electric  lighting  system,  there  is  a  possibility 
of  securing  considerable  saving  in  the  joint 
operation  of  the  two  stations  by  having  a 
turbine  pump  designed  to  deliver  at  best  effi- 
ciency the  average  domestic  consumption  so 
that  it  will  be  running  practically  constantly; 
this  pump  to  be  driven  by  a  synchronous  motor 
so  designed  and  operated  as  to  improve  the 
power  factor  on  the  electric  circuit. 


The  Faulty  Operation  of  the  Average 
Public  UtiHty  with  Special  Refer- 
ence to  Water  Works — Sug- 
gested Betterments. 

The  average  small  water  works  system  rep- 
resents the  largest  single  investment  in  tlie 
city  in  which  it  is  situated,  but  less  attention 
is  given  to  its  care,  operation  and  the  handling 
of  its  business  than  to  any  other  business  en- 
terprise in  the  city.  This  is  particularly  true 
in  the  case  of  municipally  owned  plants.  The 
same  thing  is  true  of  many  unregulated  pri- 
vately owned  plants  in  the  smaller  cities  where 
slipshop  management  is  made  possible  by  high 
rates  and  cheap  service.  The  need  of  more 
expert  knoviledge  in  connection  with  utility 
operation  has  long  been  indicated.  In  a  paper 
before  the  recent  auiuial  meeting  of  the  Kan- 
sas Engineering  Society  Mr.  N.  T.  Veatch,  Jr., 
.\ssociatc  Engineer  with  Worlcy  &  Black  of 
Kansas  City,  Mo.,  read  a  paper  along  thesa 
lines  from  which  the  following  matter  is 
taken. 

The  majority  of  utility  plants  in  Kansas 
were  designed  and  constructed  under  the  ad- 
vise of  competent  engineers.  If  properly  op- 
erated they  should  be  satisfactory.  Mr.  Veatch 
mentions  a  few  interesting  examples  of  plants, 
however,  so  poorly  designed  or  constructed 
as  to  make  successful  operation  diflicult  if  not 
impossible. 

Thus  the  city  of  Caney  at  present  pumps  its 
water   supply  i'rom  the  Caney   River,   directly 
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into  the  city  stan(Ipii)t',  which  is  oonhected  to 
the  city's  distrilnition  system.  Some  few  years 
ago  a  self-styled  engineer  designed  wliat  the 
people  considered  a  filter  plant.  This  consist- 
ed of  nothing  but  a  concrete  pit  on  the  river 
bank,  which  was  filled  with  broken  stone.  The 
idea  was  that  in  allowing  the  water  to  flow 
to  the  pnmps  through  the  broken  stone,  it 
would  be  purified.  As  would  be  expected,  the 
bed  of  broken  stone  soon  became  clogged,  and 
as  tlicre  was  no  way  of  cleaning  it,  it  was 
necessary  to  pump  direct  from  the  river.  This 
plan  has  been  followed  almost  since  the  in- 
stallation. Since  the  raw  water  is  pumped 
direct  into  the  city,  is  not  used  when  it  can 
be  avoided.  As  a  striking  example  of  the  ef- 
fect of  this  bad  water  the  city  has  668  services, 
but  only  37-5  are  being  used.  The  plant  costs 
about  $9,000  per  year  to  operate,  and  the  rev- 
enue is  between  $4,000  and  $5,000. 

On  top  of  all  this  the  City  Council,  wlien 
they  found  that  the  plant  was  losing  money, 
in  an  attempt  at  economy,  decided  that  it 
would  be  wise  to  carry  the  discharge  line  from 
the  pump  up  the  outside  of  a  70-ft.  standpipe 
and  discharge  into  it  from  the  top.  The  idea 
was  to  overcome  the  extra  pressure  due  to 
pumping  into  the  bottom  of  the  tank,  as  it 
would  in  their  opinion  be  easier  to  pump  the 
entire  amount  the  entire  height  of  the  tank 
through  a  10-in.  pipe  than  to  pump  into  the 
bottom  of  the  tank  against  a  body  of  water 
30  ft.  in  diameter  regardless  of  height.  This 
of  course  helps  to  make  the  plant  a  losing 
proposition,  especially  as  the  pressure  from  the 
standpipe  was  considerably  more  than  the  city 
needed  for  domestic  use.  The  city  expects  to 
let  a  contract  shortly  for  a  modern  purifica- 
tion plant,  which  will  enable  the  city  to  sell 
the  water  for  domestic  use.  The  plans  include 
arrangements  for  using  the  standpipe  for 
emergency  only,  which  will  save  perhaps  30  per 
cent  of  the  cost  of  pumping.  This  is  possible 
as  the  standpipe  is  located  on  a  hill,  which  is 
considerably  higher  than  the  city.  By  placing 
the  filter  plant  on  this  hill  enough  pressure  can 
be  obtained  by  allowing  the  w-ater  to  flow  by 
gravity  into  the  city  from  the  filters. 

At  Osawatomie,  a  direct  pumping  system 
was  installed,  with  steam  pumps.  Osawatoniie 
has  a  population  of  about  4,000  people.  The 
fact  that  it  is  necessary  to  run  the  pumps  24 
hours  each  day,  and  as  their  capacity  is  based 
on  the  maximum  demand  that  might  be  made 
upon  them  for  fires,  etc..  it  makes  the  pump- 
ing cost  much  higher  than  necessary.  .Also 
the  city  later  on  installed  an  electric  lighting 
plant  with  oil  engines.  At  present  the  cit}- 
is  operating  their  steam  plant  and  their  oil 
plant  side  by  side,  each  operating  24  hours 
per  day.  One  can  readily  see  what  a  problem 
the  operator  of  such  a  plant  has  to  make  it 
pay,  even  though  he  is  capable,  as  is  the  case. 
Osawatoniie  also  has  a  filter  plant  which  has 
never  been  satisfactory.  Plans  are  being  drawn 
at  present  for  a  complete  purification  plant, 
and  the  changing  over  of  the  two  separate 
plants  to  operate  with  the  same  power.  The 
pumping  will  be  done  by  electricity. 

Garnett  is  another  city  that  has  been  op- 
erating under  adverse  conditions.  For  a  large 
share  of  the  year  it  has  been  necessary  to 
purnp  the  water  three  times.  The  supply  is 
ordinarily  taken  from  a  small  impounding 
reservoir  which  is  replenished  regularly  by 
pumping  water  from  a  small  stream  about 
three  miles  away.  The  water  was  pumped  by 
an  old  steam-driven  mine  pump  through  an 
8-in.  cast  iron  pipe  line  for  part  of  the  dis- 
tance, and  then  flowed  by  gravity  through  a 
10-in.  vitrified  clay  pipe  to  a  point  several  hun- 
dred feet  from  the  edge  of  the  reservoir, 
where  it  was  discharged  upon  the  surface  of  the 
ground.  The  pipe  line  leaked  badly,  in  fact 
every  joint  had  to  be  re-poured  and  calked. 
Most  of  the  water  which  got  to  the  end  of  the 
pipe  line  was  lost  in  seepage  and  evaporation. 
The  excessive  cost  of  pumping  and  the  fact 
that  the  filter  plant  was  unsatisfactory  and 
poorly  designed,  causing  the  quality  of  water 
to  be  bad,  has  made  the  successful  operation 
of  the  utility  impossible.  The  city  has  repaired 
the  pipe  line,  and  made  arrangements  to  pump 
directly  into   a  new  basin  at   the  filter   plant 


which  will  avoid  the  loss  of  water  as  hereto- 
fore. The  filters  were  repaired,  and  as  soon 
as  the  city  gets  straightened  out  on  their  light 
plant,  w'hich  they  have  just  purchased,  motor- 
driven  pumps  will  be  installed  at  the  auxiliary 
station,  and  the  city  will  be  in  shape  to  make 
their  utilities  profitable. 

There  are  several  other  instances  that  could 
be  mentioned  where  the  physical  condition,  the 
design  and  other  features  make  it  next  to  im- 
possible to  operate  economically,  but  as  a 
whole  the  plants  in  Kansas  have  been  well 
designed  and  constructed  where  competent  ad- 
vice has  been  followed.  The  supervision  of 
the  State  Board  of  Health  has  been  of  great 
value  in  getting  good  plants  installed.  The 
object  of  this  paper,  however,  is  to  deal  more 
with  operation  than  the  general  features  of 
design. 

Assume  that  a  city  has  voted  bonds  for  one 
or  more  utilities,  and  that  these  have  been 
designed  and  constructed  in  accordance  with 
best  engineering  practice  to  meet  the  local 
conditions.  In  all  probability  the  first  thing 
that  is  done  after  the  construction  work  is 
completed  is  to  engage  some  one  to  run  the 
plant  or  plants,  and  quite  often,  although  there 
are  quite  a  number  of  exceptions,  the  only 
qualifications  the  chosen  man  has  are  that  he 
may  have  worked  in  an  automobile  repair 
shop,  or  perhaps  has  run  a  threshing  machine 
engine.  And  it  is  safe  to  say  that  the  cheap- 
est man  the  city  can  get  is  the  man  chosen. 
The  idea  generally  seems  to  be  that  if  some 
one  can  be  engaged  who  can  make  the  plant 
run,  regardless  of  how  it  is  run,  that  every- 
thing will  go  along  nicely.  Little  if  any  thougjit 
is  given  to  the  business  end  of  the  operating. 
This  part  is  sometimes  turned  over  to  the 
city  cuerk  and  sometimes  almost  turned  loose 
to  shift  for  itself.  It  is  nothing  unusual  to  go 
into  a  city  and  find  that  there  is  absolutely 
no  idea  on  the  part  of  the  city,  and  particularly 
the  man  in  charge,  as  to  the  amount  it  is  cost- 
ing to  produce  the  product  of  his  utility, 
whether  water  or  light.  It  is  also  nothing 
strange  to  find  that  the  number  and  location 
of  services  are  not  known;  and  where  meters 
have  been  installed  no  record  is  kept  of  the 
time  of  placing  or  the  condition  when  in- 
stalled. There  is  also  practically  no  attention 
paid  in  selecting  a  superintendent  or  manager 
as  to  whether  or  not  he  w'ill  create  a  favorable 
impression  with  the  customers  and  be  able  to 
handle  the  controversies  that  invariably  arise 
betw-een  manager  and  customer  in  a  proper  and 
politic  way. 

There  are  many  chances  for  the  proper  man 
to  make  a  favorable  showing  at  any  of  the 
cities  owning  and  operating  utilities.  Quite  a 
few  cities  in  Kansas  are  realizing  this  and 
placing  plants  in  charge  of  trained  men.  Wash- 
ington, Abilene,  Coldwater,  McPherson. 
Osage  City.  Garden  City  and  several  others 
have  placed  graduate  engineers  in  charge  of 
their  utilities.  There  are  several  other  cities 
in  the  state  that  have  perhaps  the  best  operat- 
ing records  of  any,  and  whose  utilities  are  in 
charge  of  men  who  have  made  a  very  careful 
study  of  the  business.  Of  these  cities,  CofTey- 
ville,  Cherryvale,  Topeka,  Fredonia  and  Em- 
poria have  perhaps  secured  the  best  results. 

A  good  example  of  what  a  wide  awake, 
capable  water  works  superintendent  can  do  is 
at  \yashington.  The  city  recently  hired  a  uni- 
versity engineer  graduate,  who  has  had  four 
or  five  years'  experience  in  the  design  and 
construction  of  water  works.  He  found  abso- 
lutely no  records  whatever,  and  found  that  a 
large  number  of  meters  had  apparently  never 
been  read.  Other  meters  and  services  were 
not  even  being  charged  the  minimum  rate, 
which  was  the  customary  charge  regardless 
of  what  the  meter  read.  He  will  perhaps 
double  the  city's  revenue  by  getting  their  pres- 
ent business  straightened  out  and  will  then  be 
able  to  build  up  a  larger  business.  It  is  evi- 
dent that  such  a  plan  on  the  city's  part  will 
more  than  make  up  for  the  difference  in  sal- 
aries of  competent  and  incompetent  superin- 
tendents. There  are  other  similar  instances, 
which  prove  beyond  any  doubt  that  it  is  false 
economy  to  hire  cheap  men  to  handle  a  city's 
utilities. 


SUGGKSTED  BETTERMENTS  IN  OPERATION  METHODS. 

The  following  are  some  suggestions  which 
it  is  believed  would  be  of  value  if   followed. 

Management. — The  public  utilities  in  every 
citv,  regardless  of  size,  should  have  a  well 
trained,  energetic  man  in  charge.  He  should 
be  given  such  help  as  the  size  of  the  plant 
would  require,  and  should  be  allowed  to  se- 
lect his  own  help,  also  to  discharge  it  if  neces- 
sary. He  should  be  given  to  understand  that 
politics  will  not  enter  into  his  work  in  any 
way.  .and  that  his  position  depends  on  just  one 
thing,  and  that  is  "results." 

The  manager  should  keep  his  records,  ac- 
counts, etc.,  in  such  shape  that  they  can  be 
made  public  at  any  time.  He  should  attempt 
to  take  the  people  into  his  confidence'  at  all 
times,  for  in  fact  they  are  his  stockholders, 
and  the  city  officials  his  board  of  directors. 

He  should  be  given  power  to  spend  such 
money  as  may  be  needed  to  advertise  for  new 
business.  There  is  no  reason  why  a  city  should 
not  advertise  its  product  the  same  as  any 
other  concern.  The  fact  that  they  have  a  mo- 
nopoly is  no  argument  for  not  advertising.  The 
people  need  to  know  what  is  going  on  and  to 
feel  that  by  patronizing  the  city's  utility  they 
in  turn  reduce  their  taxes.  The  manager 
should  also  feel  free  to  call  in  expert  advice. 

Coldw-ater.  Kans.,  a  city  of  perhaps  1,000 
people,  has  had  for  several  years  a  mana.ger 
for  its  utilities  who  is  a  graduate  of  the  en- 
gineering department  of  Kansas  University. 
The  utilities  even  in  this  small  place,  located 
almost  at  the  southwestern  corner  of  the  state 
where  freight  rates  are  high,  have  been  paying 
investments  from  the  start.  This  is  another 
strong  argument  for  efficient  management. 

The  idea  of  "city  management''  is  w^orking 
for  the  same  efficiency  in  the  entire  city  gov- 
ernment, as  is  desired  and  essential  in  the 
utilities.  The  commission  form  of  govern- 
ment is  a  step  forward,  but  it  is  evident  that 
it  is  far  from  being  a  cure-all,  as  some  of  the 
greatest  drawbacks  to  efficient  government  are 
not  eliminated.  To  be  more  explicit,  politics 
still  play  an  important  part  in  selecting  em- 
ployes and  labor,  and  the.  average  superintend- 
ent is  handicapped  continually  by  such  inter- 
ference. 

There  are  several  examples  in  the  state 
where  the  commission  form  of  government  has 
shown  its  advantages  over  the  council  form. 
At  Holton,  the  commission  took  charge  of  the 
city  when  the  utilities  were  in  bad  shape  and 
in  less  than  three  years'  time  have  placed 
things  in  tangible  shape  and  the  plants  are 
now   operating  successfully. 

Kingman  is  another  city  that  has  had  a 
similar  experience.  The  street  department  and 
water  works  at  Emporia  furnish  a  striking  ex- 
ample of  what  the  proper  men  can  do  when  put 
in  charge.  Manhattan,  Garnett,  Wichita  and 
a  number  of  other  cities  have  shown  the  ad- 
vantage of  the  commission  form  of  govern- 
ment. 

To  furnish  the  best  service  at  the  lowest  pos- 
sible cost  and  to  sell  all  of  his  output  possible 
should  be  the  ambition  and  persistent  effort 
of  every  water  works  mana.ger. 

Accounts. — Next  to  having  a  good  manager, 
the  most  important  item  connected  with  public 
utilities  is  the  system  of  accounting.  Too  much 
stress  cannot  be  laid  on  this.  Accurate  records 
should  be  kept  of  each  consumer,  giving  his 
name,  address,  list  of  house  fixtures,  size, 
number  and  make  of  meter,  and  each  monthly 
or  quarterly  meter  reading  should  be  shown 
on  the  books.  Records  of  meter  readings 
should  not  be  kept  as  a  permanent  record  by 
simply  filing  the  meter  reader's  cards  or  book. 

Accurate  account  should  be  kept  of  all  ex- 
penditures, showing  articles  purchased,  to 
whom  salaries  are  paid,  etc.  Record  should 
also  be  kept  showing  by  whom  each  purchase 
is  made,  and  by  whom  authorized.  'The  sys- 
tem of  issuing  orders  for  all  material  which 
are  to  be  honored  only  when  signed  by  the 
superintendent,  is  perhaps  the  best  system  of 
handling  expenditures  for  material.  The  order 
should  be  made  in  duplicate,  and  should  show 
on  its  face  the  purpose  for  which  the  ma- 
terial is  being  purchased.  It  is  then  an  easy 
matter  to  distribute  accounts  properly  by 
simply  checking  invoices  against  these  orders. 
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All  office  records  should  be  complete,  reliable, 
and  as  simple  as  possible  to  allow  of  imme- 
diate access. 

There  are  very  few  cities  that  carry  a  charge 
on  the  books  of  either  their  water  or  light 
departments,  for  rental  of  hydrants,  or  street 
lights.  It  is  argued  by  some  that  such  charges 
are  of  no  value,  as  it  is  simply  a  matter  of 
shifting  accounts.  Granting  that  it  is  merely 
a  shifting  of  accounts,  is  it  not  a  proper  one? 
In  cities  of  10,000  population  or  less  the  en- 
tire system,  including  mains  and  pumps,  elec- 
tric distribution  lines,  engines  and  generators 
are  from  '2.5  to  T-J  per  cent  larger  than  would 
be  needed  for  serving  water  and  light  to  the  city 
for  domestic  use  only.  Why  then  should  the  peo- 
ple who  become  consumersfurnish  100  per  cent 
of  the  revenue.  The  city  as  a  whole  is  bene- 
fited by  the  fire  hydrants  and  street  lights,  and 
the  city  as  a  whole  should  be  taxed  for  this 
benefit.  The  revenue  from  the  city  at  large 
ri.\ering  hydrants  and  street  lights,  plus  the 
revenue  from  the  sale  of  water,  should  make 
any  properly  managed  lUility  pay  unless  there 
are  some  special  features  to  make  the  plant 
lose  money. 

Records. — ."Xccurate  records  should  be  kept 
of  all  operating  items,  such  as  plant  costs,  hy- 
drant flushing,  repairs,  extensions,  new  serv- 
ices, etc.  The  records  of  plant  operation 
should  be  daily,  and  should  enable  the  man- 
.Hger  to  tell  each  day  what  it  cost  to  produce 
his  product  the  day  before.  This  gives  him  a 
means  of  determining  what  sort  of  an  engi- 
neer or  engineers  he  has  at  the  plant.  This 
is  especially  true  when  coal  is  used  for  fuel, 
as  the  personal  qualifications  of  the  fireman 
show  up  in  the  coal  consumption.  There  are 
few  firemen  who  can,  without  advice  and  con- 
tinual watching,  carry  the  right  amount  of 
draft,  or  proper  thickness  of  fire. 

Records  of  all  hydrants,  giving  location, 
make,  date  of  installation  and  repairs,  and 
date  of  last  inspection,  should  be  kept.  Quite 
often  the  hydrants  are  not  thought  of  until 
the  fire  department  wishes  to  connect  quickly 
and  sometimes  finds  it  out  of  repair. 

Accurate  records  should  be  kept  of  all  ex- 
tensions to  mains,  new  services,  and  all  im- 
provements which  are  covered  up.  This  is 
particularly  true  of  all  valves. 

The  fact  that  careful  management  is  essen- 
tial cannot  be  disputed  by  any  one,  and  the 
idea  is  growing  even  though  it  is  as  yet  in  its 
infancy.  If  cities  can  give  assurance  that  there 
will  be  no  political  harrassing  and  remove  the 
continual  worry  about  the  keeping  of  one's 
position,  they  will  attract  a  large  number  of 
able  men.  and  especially  engineers,  into  their 
service.  From  the  engineer's  standpoint  the 
work  is  full  of  possibilities,  and  at  present  has 
only  the  objectionable   features  indicated. 


Data  and  Discussion  on  Relative  Effi- 
ciency  of   Liquid   Chlorine   and 
Hypochlorite   of   Lime. 

The  accurate  determination  of  the  ratio  be- 
tween amounts  of  liquid  chlorine  and  hypo- 
chlorite of  lime  which  will  perform  equivalent 
disinfection  of  water  is  not  a  simple  matier. 
Such  ratios  have  usually  been  based  upon  ap- 
proximate bacterial  efficiency.  Many  factors 
must  be  considered  in  arriving  at  a  conclusion 
as  to  this  ratio.  These  factors  were  discussed 
by  Mr.  Frank  F.  Hale,  Director  of  Labora- 
tories, New  York  Department  of  Water  Sup- 
ply, Gas  and  Electricity,  in  a  paper  before  the 
latest  annual  meeting  of  the  New  Jersey  San- 
itary .Association.  The  paper  is  here  given  in 
part : 

FACTORS    INFLUENCING   R.VTIO. 

1.  Overdosing  will  influence  the  results.  If 
the  dose  applied  is  greater  than  required  the 
average  figure  for  chlorine  applied  will  appear 
too  large  and  the  bacterial  removal  propor- 
tionately too  low.  Again  overdosing,  in  my 
experience,  frequently  results  in  poor  effi- 
ciency and  should  be  avoided.  It  is  my  belief 
that  it  eats  into  sediment  and  sets  free  clumps 
of  material  containing  B.  coli,  thus  sometimes 
ap[)arently  increasing  the  B.  coli  and  the  bac- 
teria in  the  treated  water.  From  the  first  I 
have  felt  that  the  setting  free  of  sediment  was 


responsible  for  so-called  aftergrowths.  In  fact 
such  seems  to  be  the  consensus  of  opinion  at 
the  present  time.  2.  Underdosing  also  tends 
to  throw  error  upon  an  average,  since  if  the 
available  chlorine  applied  is  too  small  it 
produces  little  or  no  bacterial  removal.  3. 
The  quality  of  the  water  treated  affects  the 
results  also.  Turbidity  and  color  influence  the 
amount  of  needed  chlorine  greatly,  the  latter 
rising  or  falling  with  increase  or  decrease  re- 
spectively. Presence  or  absence  of  miscro- 
scopic  organisms,  hardness  or  softness,  all 
have  their  influence.  4.  Apart  from  these  in- 
fluences the  goodness  or  badness  of  the  water, 
considered  from  a  bacteriological  standpoint, 
decreases  or  increases  respectively  the  appa- 
rent efficiency.  It  is  well  that  greater  percent- 
age removal  is  shown  by  a  sand  filter  when  the 
bacteria  in  the  raw  water  are  high,  that  with 
less  than  100  bacteria  in  the  raw  water  a  high 
percentage  removal  is  rare.  .5.  A  certain  num- 
ber of  tests  of  treated  water  in  my  experience 
will  show  no  removal  or  even  an  increase  in 
bacteria  though  the  dose  applied  is  correct  and 
sufficient.  These  may  be  due  to  accidental 
variation  in  the  application  of  the  chemical, 
the  slipping  by  of  untreated  water,  disturbance 
of  sediment,  etc.,  but  they  influence  the  average 
and  the  ratio.  They  occur  with  both  liquid 
chlorine  and  hypochlorite  of  lime.  G.  Attenu- 
ation only  of  B.  coli  instead  of  destruction  is 
frequent.  7.  The  limits  of  analysis  offer  an- 
other difficulty.  Ordinarily  tests  are  made  in 
0.1  c.c,  1  c.c.  and  10  c.c.  of  water.  If  all 
three  dilutions  are  positive  on  the  raw  sample 
the  limit  may  not  have  been  reached  and  a 
test  in  1  c.c.  in  the  treated  sample  may  indicate 


Bleaching  Gas  Company's  with  absorbing 
tower.  Analyses  have  been  made  three  times  a 
week.  The  analyses  for  B.  coli  are  made  upon 
0.1  c.c,  1  c.c.  and  10  c.c.  quantities.  If  all 
three  tests  are  positive  in  the  raw  sample  and 
0  in  the  treated  the  result  is  considered  to  be 
100  per  cent  removal.  If  three  positive  tests 
are  reduced  to  one,  or  two  positive  tests  to 
none,  the  removal  is  considered  to  be  99  per 
cent.  If  three  positive  tests  are  reduced  to  two, 
two  to  one,  or  one  to  none,  the  removal  is 
considered  to  be  90  per  cent.  In  averaging 
several  B.  coli  results  to  find  percentage  reduc- 
tion 0.1  c.c.  results  are  multiplied  by  100,  1  c.c. 
results  by  10,  and  added  to  the  10  c.c.  results. 
The  resulting  sums  are  then  compared.  The 
averaging  analvses  at  Valhalla  are  given  in 
Table  I. 

In  order  to  study  the  results  more  closely, 
the  analyses  were  grouped  by  amounts  of 
chlorine  applied  and  separately  averaged.  The 
results  obtained  by  liquid  chlorine  between  0.1-t 
to  0.3G  p.p.m.  appeared  to  be  justly  comparable 
to  those  obtained  with  hypochlorite  of  lime  be- 
tween 0.41  to  0.63  p.p.m. 

That  a  large  amount  of  the  available  chlor- 
ine of  hypochlorite  of  lime  may  be  wasted  has 
been  demonstrated  this  year  at  our  Dun- 
woodie  plant.  West  states  that,  owing  to  varia- 
tion in  strength  ('21  per  cent — 13  per  cent  of 
available  chlorine  in  the  powder),  lumpy  con- 
dition, difficulties  of  admixture,  and  variations 
in  feed,  under  best  conditions  only  87  per  cent 
of  added  available  chlorine  is  obtained  at  the 
Torresdale  filter  in  Philadelphia.  At  Dun- 
woodie  there  are  two  .j,000-gal.  concrete  tanks 
into  which  alternately  a  drum  of  hypochlorite 
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a  purification  of  90  per  cent  when  it  may 
really  be  99  per  cent.  Again  a  negative  test 
in  10  c.c.  in  both  raw  and  treated  water  may 
be  a  90  per  cent  removal  although  it  appears 
to  be  0  per  cent  because  of  the  lack  of  100  c.c. 
tests.  8.  Lastly  the  amount  of  chlorine  actually 
getting  into  the  water  in  hypochlorite  of  lime 
application  is  very  irregular  and  uncertain,  re- 
sulting in  tremendous  errors. 

RESULTS  AT  VALH.\LLA,  N.  Y. 

Although  the  City  of  New  York  has  used 
hypochlorite  of  lime  and  liquid  chlorine  at 
many  points  it  has  been  difficult  to  choose  a 
point  at  which  the  data  were  sufficiently  exact 
to  be  reliable.  For  example,  in  the  case  of 
brooks  the  exact  amount  of  water  treated  is 
not  sufficiently  well  determined.  E.xcess  of 
hypochlorite  of  lime  is  fed  in  order  to  insure 
good  bacterial  results. 

.■\t  Smith's  Pond,  Brooklyn,  two  sources  of 
supply  admixed,  a  few  feet  from  the  point  of 
chiorination,  so  that  mathematical  combination 
according  to  volumes  was  necessary  of  the 
analyses  of  the  two  raw  samples.  At  Watt's 
Pond,  the  treated  sample  is  mixed  with  well 
water.  In  the  case  of  Croton  water,  treated  at 
Dunwoodie,  the  treated  sample  taken  for  ana- 
lysis has  passed  through  a  large  reservoir  so 
that  the  time  clement  is  uncertain  and  the 
daily  results  could  hardly  be  studied. 

Only  at  one  point  did  the  data  seem  com- 
plete and  sufficiently  exact  to  compare,  and 
even  there  the  available  chlorine  is  based 
upon  the  hypochlorite  of  lime,  amount  of  dry 
powder,  used.  The  results  at  this  point,  Val- 
halla, New  York,  with  liquid  chlorine  and 
hypochlorite  of  lime  have  liecn  carefully 
studied.  The  results  with  hypochlorite  of  lime 
cover  February,  1912,  to  November,  1913,  in- 
clusive, and  with  liquid  chlorine  December. 
1913,  to  September,  1914,  inclusive.  The  liquid 
chlorine  results  are  based  on  weight  of  chlor- 
ine   delivered.     The    machine    is    an     Klectro 


of  lime  (700-800  lbs.)  is  washed  by  water  de- 
livered with  force  from  hose.  The  emulsion 
passes  through  a  coarse  screen  where  lumps 
are  crushed  with  a  hoe  by  hand,  and  the 
solution  is  then  agitated  with  compressed  air. 
Improper  bacterial  results  were  obtained  in 
June  which  led  to  a  thorough  investigation  by 
tlie  laboratory  force.  Analyses  were  made 
every  one-half  hour  of  the  hypochlorite  of  lime 
solution  and  it  was  found  to  be  very  irregular 
in  strength  and  to  contain  not  nearly  what  it 
should  of  the  hypochlorite  of  lime  added.  -As 
low  as  10  per  cent  of  the  available  chlorine 
added  was  delivered  at  times  toward  the  end 
of  a  run,  and  the  average  loss  was  altogether 
too  high.  Instructions  were  given  the  laborers 
to  crush  more  thoroughly  all  lumps,  to  blow 
the  solution  several  times  during  the  rest 
period  and  finally  settle  two  hours.  The  air 
blast  is  applied  three  to  five  minutes  at  a  time. 
Later  the  system  was  adopted  of  blowing  the 
sludge  in  a  half  tank  of  fresh  water  before 
adding  fresh  hypochlorite  of  lime.  When 
heavier  dosing  is  necessary,  because  of  a  large 
amount  of  B.  coli  in  the  raw  water,  two  drums 
are  successively  added  to  each  tank,  making 
over  1  per  cent  solution  of  available  chlorine. 
This  seems  preferable  in  order  to  give  suffi- 
cient time  for  solution  and  settling,  a  t-^n'-  b"-- 
ing  emptied  in  si.x  hours  instead  of  three 
hours  when  feeding  eight  drums  a  da\-.  The 
sludge  is  washed  out  after  an  accumulation  of 
about  10  drums  when  there  is  an  unavoidable 
loss  of  some  of  the  solution.  Samples  at  the 
beginning,  middle  and  end  of  each  run  have 
been  analyzed  since  the  middle  of  July,  1914, 
and  serve  as  a  good  check  on  the  laborers  wdio 
nuike  up  the  solution.  The  first  week  about  9.") 
per  cent  of  the  chlorine  added  was  actually  ap- 
plied, the  second  week  it  dropped  to  8.")  per 
cent,  and  the  third  week  to  7.5  per  cent.  When- 
ever a  poor  run  is  called  to  the  attention  of 
the  laborers  results  improve.  When  the  three 
analvses  for  a  single  run  vary  there  has  been 
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insufficient  blowing.  Thus  the  poor  results  at 
midnight  of  July  IT,  for  example,  were  due  to 
a  heavy  thunder  storm  during  which,  the  men 
afterward  admitted,  they  had  failed  to  use  the 
electric  pump  which  drives  the  air.  Absolute 
changes  of  the  value  between  tanks  is  due  to 
carelessness  in  breaking  up  lumps,  variation  in 
solubility  of  the  hypochlorite  of  lime,  differ- 
ences in  weight  of  the  powder  in  different 
drums,  and  variation  in  percentage  of  available 
chlorine.  To  equalize  these  fluctuations  the 
water  of  the  new  aqueduct  (seven-eighths  of 
the  supply)  is  passed  through  Jerome  Park 
Reservoir  entering  at  the  lower  end  and  leav- 
ing at  the  upper  middle  side  so  as  to  create 
circulation,  admi.xture  and  storage.  The  stor- 
age capacity  of  the  reservoir  is  about  three 
days'  supply.  The  most  interesting  feature  of 
this  work,  apart  from  economy,  is  the  reduced 
amounts  of  hypochlorite  of  lime  used  to  pro- 
duce such  good  results.  Some  of  the  individual 
figures  were  as  low  as  0.10  to  0.14  p.p.m. 
chlorine  and  at  present  daily  averages  are 
between  0.25  and  0.40  p.p.m.  This  is  about  the 
quantity  at  which  the  liquid  chlorine  figures 
have  been  maintained  in  treating  Bronx  Water 
at  Valhalla,  of  quite  similar  character. 

There  have  been  published  figures  for  avail- 
able chlorine  of  hypochlorite  of  lime  treatment 
effective  at  0.1  p.p.m.  chlorine.  If  based  upon 
sufficiently  accurate  data,  they  tend  to  support 
the  above  remarks  and  show  that  hypochlorite 
of  lime  may  be  active  in  as  small  amount  as 
liquid  chlorine,  Cincinnati,  Ohio,  has  used 
liquid  chlorine  on  filtered  water  as  low  as  0.12 
p.p.m.  Pittsburgh,  Pa.,  has  utilized  hypochlor- 
ite of  lime,  introduced  directly  into  the  water 
so  that  it  was  completely  available,  on  filtered 
water  as  low  as  0.12  p.p.m.  available  chlorine. 

During  the  spring  of  1914  an  extended  series 
of  experiments  were  made  comparing  the  ap- 
plication of  liquid  chlorine  to  water  by  direct 
application  and  by  previous  solution  in  run- 
ning water.  Two  machines  were  used,  the 
Leavitt-Jackson  with  corundum  distributors 
and  the  Electro-Bleaching  Gas  Comnany's  with 
an  absorption  tower.  The  experiments  were 
made  at  Smith's  Pond,  Brooklyn,  on  a  mixture 
of  water  from  .Smith's  Pond  with  conduit  wa- 
ter, the  latter  a  mixture  of  surface  and  well 
water.  The  two  raw  waters  were  analyzed 
separately  and  results  were  combined  propor- 
tionately to  the  amounts  of  each.  Each  ma- 
chine was  run  24  hours  alternately  and  three 
samples  for  analysis,  one-half  hour  apart  taken 
during  the  last  hour  and  second  hour  of  each 
run,  so  as  to  bring  the  character  of  the  water 
compared  as  near  alike  as  possible. 

It  appears  from  the  results  obtained  that  the 
chlorine  yields  the  same  results  bacteriologic- 
ally  whether  introduced  directly  to  the  water 
or  put  into  solution  first.  Bacteria  counts  were 
made  on  both  gelatin  and  agar.  .An  interesting 
feature  was  indicated  in  the  fact  that  the 
absolute  number  of  bacteria  growing  upon 
gelatin  at  20°  C,  and  upon  agar  at  .37°  C. 
were  practically  the  same  in  the  treated  water, 
tending  to  indicate  that  the  residual  bacteria 
were  of  a  type  that  grew  either  at  20°  C.  or 
37°  C.  and  were  probably  identical.  Tests  were 
made  for  B.  coli  in  the  100  c.c.  quantity  also. 
With  one  exception  this  test  w'as  always  posi- 
tive in  the  treated  water,  possibly  due  to  the 
fact  that  cold  weather  prevailed. 

In  order  to  study  the  rapidity  of  the  action 
of  the  chlorine  a  series  of  square  holes  were 
made  into  the  aqueduct,  lined  with  boards,  and 
fitted  with  a  cover  in  order  to  avoid  con- 
tamination in  sampling.  There  were  six  holes, 
the  last  several  hundred  feet  from  the  ma- 
chines. Samples  were  taken,  tested  with 
orthotolidin  and  compared  with  standards. 
About  0.2  p.p.m.  chlorine  was  immediately 
consumed.  Hole  No.  2  was  only  a  few  feet 
away  from  the  point  of  treatment.  Such  im- 
mediate consumption  of  chlorine  probably 
varies  with  the  character  of  the  water  treated. 
The  water  in  these  tests  was  moving  at  the 
rate  of  about  3  ft.  per  second.  That  the  action 
of  the  chlorine  is  practically  instantaneous  is 
also  shown  by  the  fact  that  the  bacterial  re- 
sults at  an  intermediate  point  of  sampling 
within  a  few  feet  of  the  point  of  treatment 
averaged  practically  the  same  as  at  the  furthest 
point  of  sampling. 


Both  machines  showed  fluctuations  in 
amount  of  chlorine  fed  as  related  to  that  in- 
dicated. The  Leavitt-Jackson  machine  varied 
about  +  5  per  cent,  but  fed  a  total  amount  prac- 
tically as  indicated.  This  machine  delivers  a 
definite  weight  of  chlorine,  consequently  press- 
ure and  temperature  has  no  effect  except  as  re- 
gards lag  in  adjustment  automatically  made 
by  the  machine  when  conditions  are  fluctuat- 
ing. The  Electro-Bleaching  Gas  Company's 
machine  yielded  less  weight  of  chlorine  than 
indicated,  sometimes  as  low  as  72  per  cent. 
This  is  in  keeping  with  results  at  Somersworth, 
N.  H.  In  a  run  from  March  31  to  June  26, 
1914,  feeding  0.34  p.p.m.  chlorine,  the  actual 
feed  was  73  per  cent  of  the  indicated  amount. 
In  another  run  from  June  20  to  .August  28, 
feeding  0.38  p.p.m.,  the  actual  feed  was  83  per 
cent  of  that  indicated.  In  testing  the  machine 
at  Smith's  Pond,  the  water  flowing  through 
the  tower  was  measured  by  means  of  a  %-in. 
orifice  and  a  mercury  "U"  tube.  The  solution 
was  analyzed  for  available  chlorine. 

SUMM.^RY. 

1.  Intensive  study  of  the  application  of 
liquid  chlorine  and  of  hypochlorite  of  lime 
during  the  course  of  three  years  at  Valhalla, 
N.  Y.,  points  to  a  ratio  of  1  :7,  chlorine  to 
hypochlorite  of  lime,  as  productive  of  equal 
bacterial  purification  when  hypochlorite  of  lime 
is  applied  under  usual  conditions.  2.  Insuf- 
ficient attention  to  details,  causing  serious  loss 
of  available  chlorine,  is  a  large  factor  in  the 
use  of  hypochlorite  of  lime,  and  greatly  affects 
the  above  ratio.  When  efficiently  used  the  ratio 
approaches  1 :3.  3.  Liquid  chlorine  is  equally 
efficient  whether  applied  to  the  water  as  a  gas 
or'  in  solution.  4.  A  certain  immediate  con- 
sumption of  chlorine  takes  place,  probably  de- 
pendent on  the  character  of  the  water  treated. 
This  is  true  with  both  liquid  chlorine  and 
hypochlorite  of  lime.  Liquid  chlorine  soon  dis- 
appears entirely  from  the  water  whereas 
residual  hypochlorite  of  lime  may  persist  for 
weeks.  5.  The  bactericidal  action  of  chlorine 
is  practically  instantaneous.  G.  The  amount  of 
chlorine  treatment  should  always  be  based  on 
analysis  of  the  solution  with  hypochlorite  of 
lime  and  upon  loss  in  weight  of  chlorine  with 
liquid  chlorine. 

I  may  perhaps  in  closing  best  add  in  concise 
form  the  important  advantages  liquid  chlorine 
has  over  hypochlorite  of  lime.  1.  Compact  in- 
stallation. 2.  Ninety  per  cent  less  storage 
space  required  for  chemical.  3.  No  loss  of 
strength  of  chemical  during  storage.  4.  No 
sludge  problem.  5.  No  residual  hypochlorite  in 
water,  hence  less  corrosive  effect,  no  complaint 
of  odor,  and  less  danger  from  overdosing.  6. 
More  effective  per  unit  applied.  7.  More  uni- 
form application.  8.  Better  and  easier  regula- 
tion. 9.  Easier  to  handle  generally  and  less 
obnoxious.  10.  No  increase  of  hardness  in 
water.  11.  Labor  cost  less  and  chemical  more 
efficient  making  total  cost  about  equal. 


The  Development  Plan  for  the  Water 

Distribution  System  of  the  City 

of  San  Diego,  Cal. 

The  function  of  a  distributing"  system  nat- 
urally divides  into  two  parts:  first,  the  or- 
dinary consumption  for  domestic,  commercial 
and  public  uses,  and  second,  the  use  for  fire 
extinguishment.  In  the  first  case  the  demand 
is  relatively  uniform  over  the  entire  city  and 
distributed  over  many  hours  of  the  day,  while 
in  the  second  case  the  demand  is  extremely 
high  for  a  short  time  and  is  usually  confined 
to  a  small  area.  .Mso  this  second  case  must  be 
cared  for  without  interruption  to  the  first.  Both 
considerations  must  be  kept  in  mind  in  devel- 
oping the  system.  How  this  is  done  at  San 
Diego,  Cal.,  is  here  described  from  information 
given  by  P.  H.  Thearle,  chief  draftsman  of  the 
Department  of  Water,  in  his  paper  before  the 
Tanuary  meeting  of  the  employes  of  the 
department. 

In  considering  an  ideal  water  distributing 
system  for  the  entire  city  of  San  Diego,  it  is 
immediately  seen  that  the  area  covered  is  very 
naturally  divided  into  four  separate  divisions, 
as  the  main  portion  of  the  city  south  of  the 


San  Diego  River,  including  Old  Town,  all  of 
Point  Loma  and  Ocean  Beach,  Pacific  Beach, 
and  last,  La  Jolla. 

Each  of  these,  under  the  present  arrange- 
ment of  bringing  the  water  into  the  city,  must 
be  supplied  by  a  main  feeder  from  the  central 
distributing  point,  the  University  Heights 
Reservoir.  These  feeders  should  he  capable  of 
supplying  during  any  period  the  maximum 
probable  use,  bearing  in  mind  always  the  prob- 
able future  growth  of  the  section,  considering 
and  balancing  against  this  the  probable  useful- 
life  of  the  pipe  and  the  cost  of  it.  Each  of 
these  natural  divisions  is,  or  should  be,  pro- 
vided with  a  storage  reservoir  capable  of 
caring  for  any  fluctuation  in  rate  of  consump- 
tion, including  any  sudden  fire  demand.- 

Also  in  considering  these  large  main  feeders 
it  should  be  borne  in  mind  that  they  will  be 
subject  to  more  or  less  draught  from  other 
districts  they  pass  through  other  than  the  one 
they  finally  serve. 

Having  the  main  and  primary  feeders  cared 
for,  attention  is  given  to  the  separate  natural 
divisions.  Each  of  these  fed  by  a  large  main 
feeder  is  divided  into  smaller  secondary  areas, 
each  iif  which  is  surrounded  by  a  system  of 
pipes  sufficient  in  size  to  supply  any  demand 
up  to  the  maximum  for  fire  e.xtinguishment  in 
any  two  adjacent  areas. 

In  portions  of  the  city  where  the  blocks  are 
even  and  the  streets  straight  this  secondary 
division  and  also  the  next  consideration,  the 
spacing  of  the  fire  hydrants,  is  relatively  sim- 
ple, but  in  a  district  where  the  contour  of  the 
country  is  rou.gh  and  the  streets  are  laid  out 
accordingly,  this  secondary  division  sometimes 
requires  considerable  study  both  as  to  the  lo- 
cation of  pipes  and  the  spacing  of  hydrants. 

While  on  the  subject  of  hydrant  spacing 
which  should  be  the  next  consideration  I  will 
not  attempt  to  go  into  the  matter  of  pressures, 
quantities  of  water,  hose  lengths,  etc  ,  but  will 
base  hydrant  spacing  upon  the  recommenda- 
tions of  the  National  Board  of  Eire  Under- 
writers, Committee  on  Fire  Prevention,  made 
in  May,  1910.   Their  recommendations  were: 

That hydrants be  installed  so  that 

there  shall  be:  (1)  in  the  principal  mercantile 
and  other  important  districts,  two  hydrants  at 
each  street  intersection;  (2)  in  other  districts 
one  hydrant  at  each  street  intersection  and  in- 
termediate hydrants so  that  the  distance  be- 
tween adjacent  hydrants  in  no  instance  will  ex- 
ceed 350  tt. 

It  is  obvious  that  such  a  recommendation, 
if  carried  out,  all  over  the  city,  would  be  very 
expensive,  so  that  San  Diego  will  space  its 
hydrants  with  a  view  to  the  present  conditions 
and  future  growth,  trying  to  approach  as  near 
as  possible  to  the  above  mentioned  recom- 
mendation. 

To  go  back  to  the  secondary  division  in  the 
distributing  system  a  great  deal  of  study 
should  be  given  to  the  hydrant  spacings.  Many 
different  arrangements  can  be  laid  out  but  the 
main  idea  should  be  to  arrive  at  the  most 
efficient  spacing,  in  other  words,  the  least 
number  of  hydrants  (and  lowest  cost)  which 
would  be  consistent  with  safety  and  a  mini- 
mum hose  length  in  case  of  fire. 

The  final  division  of  the  system  is  the  smaller 
pipe  that  feeds  the  separate  hydrants  and  cares 
for  the  domestic  and  commercial  consumption. 
These  pipes  feed  and  cover  the  areas  surround- 
ed by  the  larger  secondary  mains.  These 
should  be  laid  as  much  as  possible  in  the  cross 
streets,  or  those  which  cross  the  short  sides  of 
the  blocks. 

Since  the  primary  consideration  is  fire  pro- 
tection there  would  be  no  object  in  entailing 
the  extra  expense  of  laying  these  pipes  in  the 
longer  streets. 

The  consumption  which  occurs  on  the  long 
sides  of  the  blocks  can  be  cared  for  by  small 
pipes,  say  by  4-in.  or  even  by  2-in.  where  a 
minimum  consumption  would  not  warrant 
larger  sizes. 

The  sizes  of  these  smaller  pipes  which  feed 
the  hydrants  must,  of  course,  be  proportioned 
so  that  larger  ones  feed  the  center  of  the 
secondary  areas  and  smaller  ones  support  the 
larger  toward  the  edge  of  the  area.  It  is,  of 
course,  apparent  that  if  a  fire  occurs,  the  con- 
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sumption  necessitated  thereby  is  confined  to  a 
very  small  area  which  is  fed  from  all  direc- 
tions. This  consumption  in  the  case  of  an 
average  fire  would  probably  be  confined  to 
two  or  three  hydrants  at  the  most  and  the 
pipes  should  be  so  proportioned  that  at  least 
this  demand  can  be  cared  for  without  any  ma- 
terial lessening  of  pressure  or  lack  of  water. 

CENER.\L  C0NSIDER.\TI0X. 

While  a  development  may  appear  to  be  right 
at  the  time  of  its  inception,  if  at  a  later  time 
when  the  question  comes  up  of  installing  the 
pipe,  due  to  a  more  detailed  study  of  any 
separate  portion  or  to  a  location  very  remote 


from  a  large  supply  main,  it  may  be  deemed 
inadvisable  to  install  mains  of  a  size  developed 
for  that  particular  locality,  there  certainly  can 
be  no  harm  done  to  the  remainder  of  the  sys- 
tem by  changing  the  development  in  this  case 
to  conform  to  present  rates  of  growth  or  local 
development. 

The  ever  present  real  estate  promoter  with 
his  acreage  property  subdivided  into  small  lots 
which  he  wishes  to  sell  for  a  dollar  down  and 
a  dollar  a  week  is  the  greatest  enemy  to  a 
properly  developed  water  system.  However, 
the  Department  of  Water,  as  the  servant  of 
the  people,  should  listen  to  his  demands  and  in 


nine  cases  out  of  ten  it  can  work  in  harmony 
with  him.  After  a  due  consideration  of  his 
needs  and  of  the  location  of  the  land  it  is 
possible  to  lay  out  a  water  system  that  will  not 
bankrupt  him  and  will  care  for  all  ordinary 
consumption  and  any  probable  fire  demand. 

In  the  first  steps  of  laying  out  a  development 
due  consideration  should  be  given  to  pipes 
which  are  already  instal  ed.  In  nearly  all  cases 
a  development  can  be  devised  that  will  make 
use  of  these  pipes  and  still  retain  its  efficiency. 
It  should  also  be  borne  in  mind  that  the 
greatest  cost  of  a  water  system  is  in  the  dis- 
tributing pipes. 
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Some     Considerations     Affecting     the 
Collection  and  Disposal  of  Sew- 
age at  Seaside  Resorts. 

For  a  distance  of  appro.ximately  125  miles 
the  coast  of  New  Jersey  has  an  almost  con- 
tinuous line  of  summer  resorts,  some  large 
and  some  small.  These  resorts  are  receiving 
a  constantly  increasing  number  of  visitors, 
excursionists  and  cottagers,  and  are  growing 
rapidly.  This  same  condition  prevails  else- 
where in  states  lying  adjacent  to  the  Atlantic 
and  Pacific  Oceans  and  to  the  Gulf  of  Me.xico. 

The  sewage  problem  at  these  pleasure  col- 
onies is  identical  with  the  same  problem  as 
met  with  elsewhere,  in  that  it  consists  in  re- 
moving the  sewage,  or  used  and  dirty  water, 
and  decomposing  wastes  as  rapidly  and  com- 
pletely as  possible  from  the  dwellings,  and 
disposing  of  them  in  a  safe,  inoffensive  and 
economical   manner. 

A  number  of  exceptional  conditions  exist, 
however,  some  obvious  and  some  not  so  evi- 
dent, which  must  be  taken  into  account  if 
satisfactory  results  are  to  be  obtained.  These 
conditions  were  fully  considered  in  a  paper 
before  the  latest  annual  meeting  of  Section  D 
of  the  American  Association  for  the  Advance- 
ment of  Science,  held  at  Philadelphia  on  Dec. 
30-31,  1914.  by  Mr.  Marshall  A.  Pugh,  Civil 
Engineer,  Philadelphia,  Pa.  The  paper  in  full 
follows. 

It  is  the  purpose  of  this  paper  to  call  at- 
tention to  some  of  the  considerations  afifecting 
the  design  and  construction  of  collecting  sys- 
tems and  sewage  disposal  plants  at  such 
resorts,  more  particularly  where  a  departure 
from  ordinary  current  practice  is  involved. 
While  nothing  particularly  new  or  novel  will 
be  presented,  it  is  probable  that  certain  details 
may  be  helpful  to  engineers  encountering 
somewhat  similar  conditions  elsewhere. 

In  a  brief  enumeration  of  salient  points 
wherein  these  seashore  colonies  differ  from 
ordinary  inland  communities,  one  of  the  first 
and  most  striking  is  the  enormous  seasonal 
change  in  population.  One  such  place  for 
which  a  plant  is  at  present  being  designed  has 
in  winter,  about  700  inhabitants,  while  in 
summer  the  number  rises  to  10,000. 

In  the  second  place,  they  are  situated  on  a 
body  of  water  of  vast  extent,  capable  of 
caring  for  an  unlimited  amount  of  sewage. 
The  beach  front  of  this  body  of  water,  how- 
ever, is  one  of  the  main  assets  of  the  resort, 
and  is  used  for  bathing  purposes.  These  com- 
munities also  frequently  adjoin  an  inlet,  bay 
or  river,  which  may  or  may  not  be  salt,  but 
which  is  ordinarily  very  popular  for  boating 
and  fishing,  and  in  some  instances  is  an  im- 
portant source  of  oysters  and  other  shell-fish. 
Often  the  water  in  such  bays  and  inlets  is 
very  shallow,  and  has  but  little  current,  or 
perhaps  pretty  much  the  same  water  flows  to 
and  fro  with  each  successive  tide.  .'\s  may 
readily  be  surmised,  these  towns  are  ordinarily 
flat,  the  highest  point  is  but  a  short  distance 
above  high  tide,  and  the  street  system  com- 
monly consists  of  two,  three  or  four  very  long 
streets  running  parallel  with  the  beach,  inter- 
sected by  short  cross  streets. 


THE    COLLECTION    SYSTEM. 

The  foregoing  conditions  affect  the  design 
of,  first,  the  collecting  system,  and  second, 
the  disposal  plant.  Some  of  the  ordmary 
canons  of  sewer  design  must  be  deliberately 
departed  from  to  a  greater  or  less  extent,  if 
the  best  results  are  to  be  obtained,  and  other 
things,  permissible  elsewhere,  are  inadvisable 
here. 

The  collecting  system  should  be  designed  to 
meet  the  conditions  imposed  by  the  level  site 
and  the  nearness  of  ground  water  to  the  sur- 
face. In  other  words,  grades  and  infiltration 
are  the  two  main  elements.  In  order  to  prevent 
deposits  which  clog  them  and  cause  odors  by 
putrefying,  sewers  should  be  laid  at  such 
a  grade  that  the  flow  of  sewage  will  wash 
along  all  such  solids,  or  in  other  words,  flow 
at  a  self-cleansing  velocity.  It  is  desirable 
that  this  velocity  should  not  be  less  than  2 
ft.  per  second  in  sanitary  sewers.  But  giv- 
mg  such  fall  to  a  sewer,  while  most  desirable 
where  it  is  feasible,  may  result  in  running  the 
outfall   down   so   low   that   pumping  is   neces- 


E.SC 
Fig.    1.     Plan   of    Union    Ave.   Sewer,    Manas- 
quan,    N.    J.,    Showing    Use    of    Liglit    Gra- 
dient to  Avoid  Necessity  of  Pumping  Sew- 
age. 

sary,  while  lighter  gradients  would  permit 
of  a  gravity  system. 

The  porous  sandy  soil  commonly  found  is 
so  permeable  that  a  deep  sewer,  apart  from 
the  difiiculty  of  construction,  is  almost  sure 
to  suffer  from  a  most  objectionable  amount 
of  infiltration  of  ground  water.  At  one  resort 
where  the  ground  lay  practically  level  for  a 
mile  back  from  the  beach,  the  writer  in  1908 
adopted  grades  in  three  of  the  trunk  sewers 
producing  a  velocity  of  1.1  ft.  per  second, 
with  some  short  stretches  at  still  lower  veloc- 
ity. Forty  per  cent  was  saved  in  the  cost  of 
the  system,  and,  an  even  more  important  con- 
sideration, pumping  was  avoided.  It  is  the 
writer's  contention  that  it  would  have  been  bad 
engineering  and  bad  financing  to  have  done 
otherwise.  These  sewers  have  been  in  satis- 
factory operation  for  the  past  six  years. 

In  the  report  of  the  Committee  on  Collec- 
tion and  Disposal  of  Sewage,  presented  to  the 
.■Xmcrican  Public  Health  Association  at  the 
Colorado  Springs  meeting  in  September,  1913, 
(see  American  Journal  of  Public  Health,  Vol. 
Ill,  No.  12,  p.  1318),  the  question  of  velocity 
of  flow  is  considered  in  its  broader  aspects. 
They  affirm  the  fact  that : 

The  gradients  of  all  sewers  should  be  such  as 


to  develop  self-cleansing  velocities,  which  the 
best  practice  shows,  should  not  be  less  than  2 
ft.  per  second  in  the  separate  system  and  2H 
ft.  per  second  in  the  combined  system.  Steep 
gradients,  however,  necessitate  deeper  trenches, 
and  here,  as  in  most  engineering  problems,  a 
solution  must  frequently  be  found  between  the 
ideal  and  that  economically  possible.  .  .  . 
Where  the  expense  of  obtaining  steeper  gra- 
dients is  material  an  actual  velocity  of  1  ft. 
per  second  in  a  well  constructed  sewer,  carry- 
ing domestic  sewage,  will,  with  a  reasonable 
amount  o!   flushing,   keep  the  sewer  clean. 

Figure  1  shows  a  situation  in  which  a  more 
radical  departure  was  made  from  accepted 
standards.  Without  this  expedient,  a  pump- 
ing station  would  have  of  necessity  been  put 
in  at  Main  street  and  Union  avenue.  This 
sewer  has  been  operating  for  about  eleven 
years,  and  though  it  has  been  flushed  only  at 
irregular  intervals,  has  given  no  trouble  from 
either  stoppages  or  odors.  A  flush  tank  in- 
stalled at  the  head  of  Morris  Ave.  has  not 
been  used  at  all. 

At  Ocean  Grove,  N.  J.,  Neptune  township 
operated  a  sewage  pumping  station  which  had 
cost  about  $20,000.  They  were  expending  $6,- 
OOO  per  year  pumping  sewage,  which  capital- 
ized, is  5  per  cent  upon  $120,000,  or  a  total  of 
$140,000.  A  lo-in.  gravity  outfall  on  a  gradient 
of  .0008  with  a  clarification  tank  at  the  head 
of  the  outfall  line,  eliminated  this  expendi- 
ture at  a  capital  cost  of  but  $35,000.  A  heavier 
gradient  was  impracticable  as  the  height  was 
governed  by  the  existing  sewers  at  one  end 
and  by  the  ocean  at  the  othei. 

It  would  be  wrong  to  infer  from  the  fore- 
going, that  the  writer  advocates  an  indiscrimi- 
nate use  of  such  grades.  They  are  to  be  em- 
ployed only  when  the  adoption  of  steeper  ones 
would  be  attended  with  difficulty  or  expense, 
incommensurate  with  the  advantages  gained. 
It  is  essential  that  great  care  be  taken  in  giv- 
ing lines  and  grades  for  such  sewers,  and 
that  equal  care  be  used  in  constructing  them. 
A  rough,  uneven  sewer  or  one  laid  with  but 
ordinary  care  on  such  light  gradients  will 
cause  trouble.  If  the  sewer  is  given  a  steep- 
er slope,  regardless  of  these  conditions,  it  is 
often  a  case  of  substituting  Scylla  for  Charyb- 
dis.  since  there  is  then  infiltration  to  con- 
tend with.  How  serious  this  may  become  can 
be  illustrated  by  condition  in  a  section  of  the 
collecting  system  at  Ocean  Grove,  N.  J.,  3.25 
miles  long,  a  part  of  the  town  known  as  West 
Grove.  (See  "The  Infiltration  of  Ground- 
Water  Into  Sewers,"  by  John  N.  Brooks, 
Trans.  Am.  Soc.  C.  E.,  Vol.  LXXVI,  p.  1909- 
1941.)  In  dry  autumn  weather  the  infdtration 
averaged  about  15,000  gals,  per  day  per  mile 
of  pipe.  On  December  30,  of  the  same  year, 
after  a  combined  rain  and  thaw,  it  rose  to 
100,000  gals,   per  day  per   mile. 

No  matter  how  carefully  the  sewer  may  be 
laid,  each  house  connection  becomes  a  source 
of  infiltration.  In  some  instances  underdrains 
may  relieve  this  condition  greatly,  but  ordi- 
narily, in  the  branches  situated  in  the  lower 
portions  of  seaside  resorts,  and  in  the  inter- 
ceptors and  trunk  sewers,  the  ocean  or  hay  de- 
termines the  minimum  height  of  ground  water, 
which  it  is  obviously  impossible  to  lower  by 
anv    svstem   of    underdrains,   not   to   mention 
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the  lack  of  an  outlet  ,  for-  the  drains  them- 
selves. In  such 'wet  places  cement  joints  are 
not  desirable.  Even  if,  despite  the  practical 
difficulties  obtaining  in  a  wet  ditch,  the  joint 
is  properly  made,  the  slightest  motion  or  set- 
tlement of  the  pipe  will  cause  a  fine  crack  to 
form,  that  will  admit  water.  A  bituminous 
joint  is  not  only  tight,  but  has  a  certain 
amount  of  flexil)ility ;  the  writer  would  there- 
fore recommend  its  being  adopted  for  all  such 
conditions. 

The  proximity  of  ground  water  to  the  sur- 
face efifectually  precludes  the  construction  of 
cellars  in  many  of  the  places  under  considera- 
tion. This  in  turn  obviates  the  necessity  for 
deep  sewers.  At  times  it  is  necessary  to  have 
them  so  close  to  the  surface  of  the  streets 
that  cast  iron  water  pipe  must  be  employed 
instead  of  vitrified  terra  cotta  pipe.  "Y"  con- 
nections are  made  to  these  just  as  in  the  case 
of  terra  cotta  pipe. 

So  far  as  the  collecting  system  is  concerned, 
all  of  the  factors  tending  to  differentiate  it 
in   any   way   from   sewers   elsewhere    may   be 


plished,  since  there  are  no  breakers,  and  the 
piling  is  often  omitted.  The  fact  that  the 
sewage  solids  may  strand  on  the  bank,  that 
there  may  not  be  current  sufficient  to  diffuse 
the  sewage  and  enable  it  to  secure  enough  dis- 
solved o.xygen  from  the  water  to  be  in- 
offensively made  way  with,  troubles  no  one 
for  a  time.  But  since  the  chief  asset  of  a 
resort  is  the  bathing  beach,  such  conditions 
soon  react  upon  the  prosperity  and  fair  name 
of  the  community.  Bays  and  inlets  are  so 
popular  for  boating  that  putrid  waters  are 
soon  noticed,  and  banks  fouled  with  sewage 
sludge  cause  undesirable  comment.  At  least 
one  such  place  has  had  a  typhoid  epidemic 
which  appears  to  be  traceable  to  flies  carrying 
the  infection  from  banks  polluted  with  sludge 
to  the  kitchen  of  a  boarding  house  not  very 
far  removed.  Lime  sprinkled  on  sludge  has 
been  found  tracked  by  flies  upon  the  surface 
of  a  cake  with  chocolate  icing,  standing  in  a 
window  a  couple  of  hundred  feet  away.  At 
Crisfield,  Maryland,  in  1913,  out  of  43  cases 
of  typhoid,  33  were  in  houses  within  .300  ft.  of 


Fig.  2.    View  of  All  That  is  Apparent  of  a  Sewage  Clarification   Tank  at  Spring   Lake,   N.  J. 
— Tank    Under   Street    In    Foreground — Note    Character  of   Contiguous   Improvements. 


found  separately  or  together  at  points  far 
removed  from  the  coast.  These  factors  are. 
nevertheless,  characteristic  of  coast  resorts 
in  general,  and  a  disregard  of  them  has  fre- 
quently led  to  both  trouble  and  expense. 

THE    DISP0S.'\L    PLANT. 

It  is  in  the  disposal  plant  that  the  most 
pronounced  differences  occur.  The  variation 
in  seasonal  flow,  since  the  quantity  contributed 
to  the  plant  in  summer  sometimes  amounts  to 
1,000  per  cent  of  the  winter  average,  plainly 
requires  to  be  taken  into  account  in  the  de- 
sign. An  Imhoff  tank,  for  example,  working 
on  a  retention  period  of  1%  hours  on  a  flow 
of  .500,000  gals,  a  day,  would  work  with  a  15- 
hour  retention  on  a  flow  of  50,000  gals,  per 
day.  The  unsatisfactory  result  may  readily 
he  imagined.  Such  a  condition  must'needs  be 
foreseen  and  provided  for  in  the  design. 

The   fact  that  the  ocean   lies  at  hand,  with 


a  drainage  ditch.  This  ditch  has  now  been 
sewered. 

It  is  such  imperfect  methods  of  discharging 
the  sewage  that  have  caused  a  prejudice 
against  utilizing  the  ocean,  although  sewage 
can  be  effectually  disposed  of  by  means  of  a 
proper  sea  outfall,  with  greater  efficiency  and 
at  less  expense  than  in  any  other  way. 

The  organic  matter  in  sewage  may  be  di- 
vided into  quickly  putrescible,  slowly  putres- 
cible,  and  non-putrescible.  The  various  juices, 
fecal  matter,  animal  and  vegetable  tissues 
putrify  readily.  The  fatty  compounds  are  but 
slowly  putrescible,  while  hair,  horn,  bone, 
cloth,  wood  and  similar  substances  are  non- 
putrescible.  Living  organisms,  bacteria, 
algae,  fungi  and  protozoa  are  all  at  work 
promoting  the  decomposition  of  the  complex 
organic  compounds  into  simpler  forms.  These 
decomposition    products    are    frequently    gas- 


The  waters  of  the  ocean  dissolve  oxygen 
from  the  air,  the  amount  depending  upon  the 
temperature  of  the  water.  The  more  easily 
oxidizable  substances  in  the  sewage  abstract 
this  oxygen  directly,  while  .the  various  bac- 
teria and  other  organisms  are  .the  agencies  by 
means  of  which  the  amrhonium  compounds 
and   other   organic  constituents   are  oxidized. 


Fig.  3.    Operating  Chamber,  Under  Street,  of 

Sewage  Clarification  Tank,  Neptune 

Township,  Ocean   Grove,  N.  J. 

If  sewage  be  discharged  into  a  body  of  water 
of  insufficient  capacity  to  furnish  the  necessary 
supply  of  dissolved  oxygen ;  in  other  words, 
if  the  sewage  removes  it  more  rapidly  than  it 
can  be  reabsorbed  from  the  air  putrefactive 
decomposition,  with  an  accompaniment  of  foul 
odors,  will  ensue.  It  is  this  condition  that  so 
frequently  occurs  when  the  discharge  takes 
place  along  tidal  meadows  and  other  inland 
reaches  of  water  frequently  found  adjacent  to 
resorts,  and  which  has  created  such  a 
prejudice  against  disposal  by  dilution. 

These  troubles  are  not  inherent  in  the 
method,  if  it  be  properly  carried  out.  No  less 
an  authority  than  Dr.  Gilbert  J.  Fowler  says, 
see  Report  of  the  Metropolitan  Sewerage 
Commission  of  New  York,  Vol.  III.  -April  30. 
1914,  pp.  174-175: 

The  conditions  which  must  be   realized   if  the 
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Fig.  5.    Profile  of  Sewer  Outfall  Pipe  at  Ocean  Grove,  N.  J. 


Fig.  4.    Diagram    Representing   Coll   Content 

of  Shore  Water  1/2  Hour  After  Discharge 

of  Settled   Effluent  1,000  Ft. 

From   Shore. 

its  boundless  capacity  to  dilute  and  digest 
sewage,  has  frequently  determined  the  type  of 
plant.  A  pipe  running  to  -the  water's  edge  or 
somewhat  beyond,  and  supported  on  piling, 
carries  the  crude  sewage  to  sea,  from  which 
every  breaker  hurls  the  floating  solids  high  up 
the  beach  to  flow  back  again  as  the  waters 
retreat.  Where  an  inlet  or  bay  is  at  hand  the 
process    is   still    more      economicallv      accom- 


eous,  liquid  or  soluble.  If  crude  sewage  be 
discharged  into  the  ocean,  the  floating  solids 
may  be  carried  by  favorable  conditions  of 
wind  and  tide  a  long  distance,  and  cause 
offensive  conditions  on  bathing  beaches. 
Garbage  (not  sewage)  from  New  York  City 
has  been  carried  70  miles  and  cast  up  on  the 
beach.  If,  however,  the  solids  are  removed 
or  comminuted  by  sedimentation  or  otherwise, 
upon  discharge  into  a  large  body  of  water 
nature  quickly  disposes  of  the  impurities. 
Traces  of  contamination  can  be  detected  in 
the  ocean  and  the  great  lakes  only  within  a 
short  distance  of  highly  polluted  rivers  or 
outfalls. 


ron.stituents  of  sewage  are  to  be  rendered  in- 
offensive or  finally  mineralized  are  essentially 
the  same  whether  the  disposal  be  by  irrigation 
upon  land,  filtration  through  artificial  biological 
filters,  or  dilution  w'ith  fresh  or  salt  water.  The 
process  is  in  all  cases  one  of  oxidation,  i.  e.. 
practically  speaking,  combustion,  and  if  it  is 
to  be  conducted  without  nuisance,  enough  oxy- 
gen must  be  present  at  all  stages  of  the  process 
to  prevent  the  formation  of  evil-smelling  prod- 
ucts. 

It  is  perfectly  legitimate  to  use  the  oxygen 
dissolved  either  in  sea  or  river  water  in  order 
to  oxidize  sewage.  'Under  proper  conditions  of 
discharge,    complete   transformation  and    miner- 
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alization  of  the  sewage  matters  can  be  effected 
in  this  way  with  less  nuisance  than  often  ac- 
companies treatment  on  filters  or  on  land. 

Messrs.  Rudolph  Hering,  of  New  York,  and 
John  D.  Watson,  of  Birmingham,  England, 
reporting  upon  the  disposal  of  sewage  at 
Toronto,  Canada,  state  that  "while  it  is  pos- 
sible from  an  engineering  standpoint  to  at- 
tain a  high  degree  of  purification  for  the 
sewage,  such  a  process  is  unnecessarily  ex- 
pensive. .  .  .  Sewage  is  finally  purified  by 
oxidation,  w^hether  this  be  on  land  or  in 
water:  on  land  by  percolation  through  beds  of 
sand  or  broken  stone,  and  in  water  by  dis- 
solved o.xygen.  We  are  of  the  opinion  that 
the  large  body  of  water  will  successfully  and 
satisfactorily  dilute  and  dispose  of  the  sewage 
effluent."     To  which  the  late  Emil  Kuichling 


Fig.  6.    View  of  Outlet  Anchor  for  End  of 
Sewer  Discharging  Outward   in  the  Sea. 

pertinently  adds:  "It  must  be  remembered  that 
the  best  method  is  always  the  one  whereby 
a  desired  end  is  reached  with  the  least  ex- 
pense." 

Nuisances  from  sewage  thus  discharged  can 
be  obviated  at  such  moderate  expense  that, 
under  conditions  ordinarily  found  along  the 
shore,  it  is  the  best  method  of  dealing  with 
the  problem. 

In  many  places  when  prejudice  exists,  on 
account  of  the  supposed  harm  to  bathers,  the 
discharge  has  been  made  into  bodies  of  water 
either  of  insufificient  capacity  or  with  too  little 
change  of  water,  properly  to  care  for  the 
burden  imposed. 

In  view  of  the  conditions  affecting  the  dis- 
posal of  sewage  that  exist  at  a  large  portion 
of  seaside  resorts,  it  may  be  stated  that  the 
first  requirement  is  the  removal  so  far  as 
possible  of  solids,  before  discharging  into  the 
ocean. 

Fine  screening  would  doubtless  accomplish 
this  result  satisfactorily,  but  it  is  not  in  use 
along  our  eastern  coast  line,  to  the  writer's 
knowledge.  It  would  seem  probable  that  the 
expense  would  be  much  higher  than  that  of 
tank  treatment,  and  in  addition,  the  disposal 
of  screenings  would  present  far  greater  diffi- 
culties than  sludging  the  tanks. 

Nor  have  two-story  or  Imhofif  tanks  found 
much  favor.  In  the  first  place,  the  expense  of 
going  down  to  a  desirable  depth  would  ordi- 
narily be  very  great.  Quicksands  and  an 
abundance  of  water  make  it  difficult  to  make 
deep  excavations.  The  desirable  character  of 
the  Imhoff  tank  sludge,  both  as  to  odor  and 
quick  drying  properties,  on  the  coast  count 
for  but  little,  since  sludge  from  one-story 
tanks  may  be  discharged  at  sea  in  the  winter, 
upon  an  outgoing  tide,  without  harm  or  of- 
fense. Furthermore,  the  short  retention  period 
and  freedom  from  septicization,  that  are  such 
desirable  features  in  an  Imhoff  tank  when  the 
effluent  is  sprayed  upon  sprinkling  filters,  have 
but   little   if   any   advantage   over  a   one-story 


tank  effliuent  when  that  effluent  is  discharged 
many  feet  beneath  the  surface  of  the  ocean. 
Conditions  may  arise,  which  will  shortly  be 
referred  to,  producing  a  nuisance  from  such 
septicized  effluents,  but  the  remedy  is  of  easy 
application. 

The  great  variation  in  seasonal  flow,  owing 
to  the  winter  and  summer  changes  in  popu- 
lation, has  already  been  referred  to  in  its  con- 
nection with  Imhoff  tanks.  At  times,  too, 
variations  in  the  flow  line,  due  to  changes 
in  the  tides,  have  a  markedly  disadvantageous 
effect. 

Imhoff  tanks  should  preferably  be  open. 
Many  disadvantages  ensue  from  covering 
them.  Moreover  they  should  have  careful 
and  constant  attention.  Where  the  character 
of  the  sludge  and  e'ifluent  are  of  moment  this 
care  is  amply  justified,  but  in  the  conditions 
obtaining  in  the  places  now  under  considera- 
tion, such  is  not  the  case,  and  the  disadvantage 
of  having  an  uncovered  tank  may  be  readily 
understood  from  an  inspection  of  Fig.  2.  This 
shows  all  that  is  apparent  of  one  of  the  clari- 
fication tanks  at  Spring  Lake,  N.  J.  It  is  situ- 
ated under  the  street  and  is  entirely  invisible. 
A  majority  of  such  plants  are,  from  the 
exigencies  of  the  case,  similarly  placed,  owing 
to  the  difficulty  of  securing  a  site  away  from 
the  street.  Surrounded  by  the  most  desirable 
and  expensive  properties  in  the  town,  as  thev 
generally  are,  the  public  and  the  residents 
alike  are  entirely  oblivious  of  their  presence. 

Figure  3  shows  the  operating  chamber  in  the 
Neptune  township  tank.  Ocean  Grove,  which 
is  also  situated  under  a  street.  The  only  evi- 
dences at  the  surface  are  some  manholes  simi- 
lar to  those  found  at  every  street  intersec- 
tion along  sewer  lines. 

One  important  precaution  needs  to  be  taken, 
the  neglect  of  which  may  cause  much  trouble. 
Reference  has  previously  been  made  to  the 
fact  that  septicized  effluents  may  give  rise  to 
nuisance.  The  flow  line  of  the  tank  is  fre- 
quently at  such  an  elevation  that  each  high 
tide,  or  in  some  instances  only  exceptionally 
high  tides,  may  back  up  into  the  tank,  inter- 
mixing with  its  contents.  Of  the  solid  con- 
stituents of  sea  water,  SO4  amounts  to  about 
7  per  cent.  It  would  appear  that  in  a  septic 
tank,  species  of  bacteria  frequently  are  pres- 
ent that  reduce  the  mineral  sulphates,  with 
liberation  of  mal-odorous  H=S,  and  in  conse- 
quence of  this,  a  bronze  seated  check  valve 
should  be  placed  at  the  outlet  end  of  each 
septic  tank  liable  to  such  flooding. 

In  a  report  by  Mr.  F.  E.  Daniels,  director 
of  Water  and  Sewage  Inspection  of  the  New 
Jersey  State  Board  of  Health,  to  Mr.  R.  B. 
Fitz-Randolph,  chief  of  the  Bureau  of  Foods, 
Drugs,  Water  and  Sewerage,  a  number  of  ob- 
servations were  made  upon  a  tank  in  which 
the  absence  of  a  check  valve  permitted  such 
flooding.  At  the  beginning  of  ebb  tide  "a 
strong  odor  was  noticed  on  the  board  walk, 
coming  in  from  the  sea.  from  the  direction  in 
which  the  wind  was  blowing,  in  a  direct  line 
from  a  point  over  the  end  of  the  outfall  sewer 
pipe.    This  odor  was  noticed  both  on  the  even- 


liberated.  As  indicating  the  amount  of  sea 
water  that  had  entered  the  tank,  the  raw  sew- 
age had  10.5  P. P.M.  chlorine.  The  tank  sew- 
age on  half  ebb  showed  390  P.P.M.  chlorine, 
and  at  low  w^ater  480  P.P.M. 

About  two  weeks  later  the  chlorine  figures 
in  the  tank  were  as  given  in  Table  I. 

TABLE   I. 

P.  P.  M. 

chlorine. 

Sample  2  ft.  below  surface  of  liquid S40 

Sample  4  ft.  below  surface  of  liquid 1,070 

Sample  6  ft.  below  surface  of  liquid 3,400 

Sample  1  ft.  above  bottom  of  tank 4,200 

Sea  water  contains 17,500 

This  would  seem  to  be  proof  positive  of  the 
presence  of  large  amounts  of  sea  water  in 
the  tank,  and  from  its  greater  specific  gravity, 
it  was  most  pronounced  at  the  bottom  in  con- 


Fig.  7.    View  of  Truck  Used  in   Running  Out 

Sewer  Outfall   Pipe   Line,  Assembled  on 

Shore,  at   Ocean   Grove,   N.   J. 

tact  with  the  accumulated  organic  matter. 
The  lesson  from  this  is  that  it  is  desirable  to 
take  measures  to  prevent  sea  water  entering 
at  any  time. 

What  effect  will  the  discharge  of  a  clarified 
effluent  to  sea  have  upon  adjacent  b.athing 
beaches?  This  is  the  question  which  has  in 
numerous  instances  provoked  much  discussion 
and  been  the  cause  of  great  differences  of 
opinion  among  residents  of  resorts. 

That  the  nuisance  from  floating  or  drifting 
solids  is  absolutely  done  away  with,  is  un- 
questionable. That  a  properly  designed  tank, 
free  from  admixture  of  sea  water,  will  dis- 
charge an  effltient  that  will  not  cause  odors  at 
the  beach,  if  the  outlet  pipe  is  of  adequate 
length  and  the  discharge  takes  place  in  sev- 
eral feet  of  water,  is  also  true.  The  ability 
of  the  ocean  to  effect  the  self-purification  of 
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Diagram   to   Illustrate  the   Launching  of    the    Sewer    Outlet    Into    Ocean    at    Manas- 
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ing  and  on  the  morning  tide  on  the  next  day, 
the  odor  in  the  morning  licing  in  a  different 
place  on  the  board  walk,  but  still  directly  in 
the  wind,  as  the  wind  had  changed  more  to 
the  east  during  the  night."  .Since  no  odor 
could  be  detected  along  the  hoard  walk  dur- 
ing either  low  water  or  flood  tide,  the  New 
Jersey  authorities  have  concluded  that  a  suffi- 
cient quantity  of  gas  was  produced  and  stored 
up  during  high  tide,  to  cause  a  nuisance  when 


its  waters  from  such  discharges  is  undoubted. 
Through  the  action  of  certain  foi:ms  of  bac- 
teria, the  organic  nitrogen  of  the  sewage  is 
converted  into  nitrates  by  aid  of  the  dissolved 
oxygen  in  the  water,  while  other  kinds  of  bac- 
teria seize  the  dissolved  o.xygen  and  causing 
its  combination  with  the  carbonaceous  matter 
of  the  sewage,  form  carbon  dio.xide.  A  third 
class  cause  this  same  carbon  to  unite  with 
hydrogen  to  form  methane. 
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A  higlier  form  of  life,  the  algae,  contain 
chlompliyll,  the  green  color  found  in  leaves. 
Like  the  latter,  under  the  action  of  sunlight 
they  dissociate  the  carbon  from  the  carbon 
dioxide,  comliining  it  with  nitrogen  to  form 
albumen,  and  liberating  the  oxygen.  The 
protozoa,  next  higher  in  the  scale  of  life,  feed 
on  the  foregoing  and  in  turn  are  consumed 
I)y  the  Crustacea.  These  latter  furnish  food 
for  fish,  thus  completing  the  chain  of  trans- 
formation. 

The  bacteria  present  in  all  waters  are  for 
the    most    part    harmless,    but    certain    types 
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Fig.   9.    View   of   Truck    Used    in    Launching 
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Township  at  Ocean  Grove,  N.  J. 

found  in  the  excreta  of  human  beings,  such 
as  typhoid  and  cholera  bacilli,  are  well  known 
sources  of  disease.  The  1).  coli,  or  intestinal 
bacilli,  are  used  as  an  index  of  pollution 
in  sanitary  analyses  of  water.  These  are  no,t 
in  themselves  dangerous,  but  indicate  con- 
tamination. It  is,  therefore,  a  matter  of  great 
interest  to  see  just  what  effect  sewage  dis- 
charges have  upon  the  color  content  of  the 
bathing  waters. 

Unfortunately,  observations  upon  this  sulj- 
ject  are  measure.  What  follows  must  be  taken 
with  due  allowance  for  the  fact  that  a  long 
series  of  experiments  alone  serve  to  establish 
a  safe  basis  for  our  guidance. 

Of  one  thing  we  are  certain:  the  ocean  is 
not  sterile,  even  at  a  distance  from  land,  but 
its  liacterial  content  is  low.  In  midocean  it 
has  been  found  by  Minervini  to  contain  from 
8  to  140  bacteria  per  cc.  Ocean  water  at  a 
distance  from  shore  contains  no  b.  coli.  At 
points  unquestionably  removed  from  points  of 
sewage  pollution  b.  coli  do  occur.  Whether 
these  bacteria  are  a  normal  inhabitant  of  the 
intestines  of  fish  is  a  question  not  fully 
settled,  but  there  is  no  doubt  that  fish  have 
been  found  at  times  to  contain  this  organism, 
and  it  also  is  present  in  the  fecal  discharges 
of  seagulls  and  other  birds.  Boats  may  add 
some  contamination.  It  is  apparent  that  these 
causes  do  not  have  a  marked  effect  upon  the 
ocean.  The  question  of  bathers  and  the  re- 
sulting pollution,  have  never,  to  the  writer's 
knowledge,  been  studied. 

Experience  had  in  swimming  pools,  with  a 
limited  quantity  of  water,  slowly  changed,  can 
evidently  show  but  the  tendency,  not  the 
amount  of  pollution,  caused  by  a  large  crowd 
•of  bathers  in  the  ocean.  Nevertheless,  as  in- 
dicative of  the  fact  that  such  pollution  does 
occur,   some   few   figures  are  given. 

The  Yale  swimming  pool,  used  by  from  300 
to  400  men  daily,  the  bathers  first  using  show- 
ers and  soap,  and  wearing  trunks  only,  was 
filled  after  thorough  scrublnng,  and  at  10  ;.30 
a.  m.  the  next  day,  contained  45,800  bacteria 
per  cc.  Twenty-four  hours  later  the  count 
had  risen  to  304,000  per  cc.  (Engineerin.g 
News,  Of),  p.  637.)  At  Purdue  University  a 
freshly  drawn  tank  contained  100  bacteria  per 
cc.  with  no  coli.  .^fter  use  by  30  bathers 
supposed  to  wash  with  soap  before  going  into 
the  pool,  there  were  109,200  bacteria  per  cc. 
with  b.  coli  present,  Engineering  News.  65, 
p.  (iSO.     Dr.  Selter  of  the  University  of  Bonn 


reports  that  a  stoker  bathed  in  a  tub,  but  did 
not  use  soap.  Before  the  l>ath  the  water  con- 
tained 24  bacteria  per  cc.  and  no  coli.  After 
bathing  for  3  minutes,  there  were  1,900  bac- 
teria per  cc.  and  40  b.  coli  p'er  cc. 

The  point  of  the  above  is  that  there  is  an 
unquestionable  introduction  of  b.  coli  into  the 
water  of  the  ocean  upon  a  crowded  bathing 
beach. 

An  examination  made  by  the  New  Jersey 
.State  Board  of  Health  and  given  here  indi- 
cates a  satisfactory  result  under  conditions 
most  favorable  for  pollution.  Figure  4  will 
illustrate  this.  Sewage,  after  tank  treatment, 
is  discharged  1,000  ft.  from  shore  at  "X-"  Two 
lloats  were  placed  in  the  w'ater  at  this  point, 
which  was  determined  by  ranges  on  shore, 
since  no  indications  of  the  sewage  were  ap- 
parent on  the  surface.  The  tide  was  running 
tlnod,  and  the  wind  E.S.E.  In  about  half  an 
hour  the  floats  reached  shore  at  H  and  J, 
respectively.     Table  II  gives  the  results. 
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There  were  but  few  bathers  at  the  time  of 
these  observations.  A  crowded  beach  would 
probably  have  obscured  these  results.  The 
wind  and  tide  were  in  the  most  favorable 
state  for  producing  a  ma.ximum  of  contamina- 
tion. It  must  be  borne  in  mind,  moreover, 
that  sea  water  is  not  a  popular  drink,  and 
that  it  is  much  less  likely  to  be  swallowed 
than  the  water  of  a  swimming  pool. 

The  typhoid  death  rate  in  Atlantic  City,  N. 
J.,  where  no  effluent  is  discharged  to  seaward 
oT  the  bathing  beach,  was  1.90  per  10,000  in 
1010  and  1911.  The  typhoid  death  rate  at 
Ocean  City,  N.  J.,  also  with  no  effluent  reach- 
ing the  beach,  was  at  the  rate  of  5.1  per 
10,000  in  1910. 

The  rate  at  Neptune  township  when  a  pre- 
pared eft^iuent  was  discharged  to  sea,  in  the 
same  year,  and  also  in  1911,  was  1.8  per  10,000, 
and  at  Asbury  Park  where  similar  conditions 
obtain   it  was   1.96  per   10,000. 

These  statistics  are  not  conclusive,  without 
fuller  information  regarding  collateral  condi- 
tions, but  they   do  not  lend  themselves  to  an 


:i3ii,  in  describing  the  effect  of  the  discharge 
of  Boston  sewage  at  Deer  Island,  says  that 
the  outlet,  which  is  at  the  end  of  a  long  sand 
bar,  is  placed  at  the  level  of  low  water,  or  a 
little  below  it.  In  spite  of  this  unfavorable 
condition,  and  the  large  flow  of  from  2,000,000 
to  3,000,000  gals,  per  hour,  "Observations  of 
the  number  of  bacteria  in  the  water  show  that 
they  diminish  with  great  rapidity  as  the  dis- 
tance from  the  outlet  increases,  and  the  num- 
ber found  at  a  distance  of  a  mile  from  the 
outlet  is  about  300  per  c.  c."  The  sea  water 
in  the  neighborhood  of  this  outlet  where  the 
sewage  is  densest,  was  found  on  one  exami- 
nation to  contain  about  3  per  cent  of  sewage. 
It  is  a  very  foul  sewage,  much  of  it  coming 
from  tanneries,  slaughter  houses  and-  manu- 
facturing establishments,  and  though  pumped 
twice,  is  not  treated  in  any  way. 

In  another  Boston  outfall  at  Peddock's 
Island,  the  outlet  is  30  ft.  deep  at  low  water. 
Though  the  discharge  of  some  2,500,000  gals, 
per  hour  is  sent  vertically  upward,  and  rises 
rapidly  through  the  salt  water,  it  is  greatly 
dispersed  and  diluted  before  reaching  the  sur- 
face of  the  sea.  All  the  above  observations 
are  based  on  conditions  in  calm  weather  and 
in  summer,  when  pollution  is  most  noticeable 

DESIGN,   CONSTRUCTION   AND  L.^UNCHINC   OF  OUT- 
F-\LL. 

-A  short  discussion  of  the  practical  consid- 
erations affecting  the  design,  construction  and 
launching  of  the  outfall,  may  not  be  amiss. 

Its  length  should  be  governed  by  the  con- 
figuration of  the  ocean  floor,  by  the  depth  of 
water  at  the  outlet  end,  by  the  proximity  of  a 
bathing  beach,  and  finally  by  the  amount  of 
sewage. 

.A  discharse.  such  as  from  the  Boston  out- 
lets, of  60,000,000  to  70,000,000  gals,  per  day 
necessarily  needs  to  be  carried  much  further 
away  from  places  of  resort  than  a  discharge 
of  1,000,000  gals,  per  day.  As  will  be  seen  by 
Fig.  5,  which  shows  a  profile  of  the  outfall 
at  Ocean  Grove,  N.  J.,  the  pipe  is  carried  over 
the  bar  and  discharges  the  sewage  beyond  this 
point  in  about  30  ft.  of  water.  It  is  not  de- 
sirable to  have  it  terminate  within  the  bar. 
hence  the  distance  of  the  bar  from  the  beach 
is  one  important  factor  in  determining  the 
length.  It  is  preferable  to  end  in  deep  water, 
and  with  a  large  sewage  flow  in  the  neigh- 
borhood of  a  bathing  beach  the  outlet  should 
lie  farther  from  shore  than  otherwise  would 
lie  necessary.  The  outer  end  must  be  securely 
held  by  an  anchor  of  sufficient  weight  to  pre- 
vent its  being  shifted  by  the  action  of  the 
waves.  For  the  same  reason,  the  outlet  should 
be  elevated  above  the  bed  of  the  ocean,  since 
it  would  otherwise  become  choked  by  sand. 
The  sewage  stream  should  be  directed  out- 
zvard  and  not  upward,  as  is  too  frequently 
done.     Such  an  outlet  anchor  is  shown  in  Fig. 
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Fig.   10.    Diagram  to   Illustrate  the   Launching   of  Sewer  Outlet   Into  Ocean  for  District   No. 
1,    Neptune   Township,   Ocean   Grove,    N.   J. 


nidictment  of  making  use  of  the  assimilative 
i-.nd  purifying"  powers  of  the  ocean.  In  recent 
plants  the  writer  has  placed  a  division  wall 
i^ear  the  outlet  end  of  the  tanks,  forming  a 
compartment  in  which  the  tank  effluent  may  be 
treated  with  liquid  chlorine  or  bleach. 

It  should  be  borne  in  mind  that  the  dis- 
charges of  sewage  at  each  of  the  various 
places  dealt  with  in  this  paper  is  materially 
less  than  that  from  a  great  metropolitan  cen- 
ter. Also  that  the  amount  of  money  that  it 
is  possible  to  expend  in  disposal  is  propor- 
tionately less.  Even  with  large  discharges, 
however,  self-purification  becomes  strikingly 
apparent.  Mr.  X.  H.  Goodnough.  see  Report 
of  the  Metropolitan  Sewerage  Commission  of 
New  York,  Vol.  Ill,  April  30,   1914,  pp.  335- 


6.  It  consists  of  a  rectangular  cast  iron 
base  plate,  supporting  a  45°  bend  which  de- 
flects the  pipe  upward.  A  straight  pipe  is  in- 
serted in  this  bend  of  sufficient  length  to 
bring  the  outlet  end  from  5  to  0  ft.  above  the 
bed  plate.  Another  45°  bend  at  the  top  di- 
rects the  sewage  flow  outward. 

The  sewer  leading  to  the  outlet  anchor  may 
be  made  of  either  cast  or  wrought  iron.  Flex- 
ible joints,  so  useful  in  river  and  harbor  cross- 
ings, have  frequently  given  trouble  in  ocean 
work.  The  changes  made  at  the  beach  in  a 
single  storm  frequently  tear  out  such  cavities 
that  the  cast  iron  pine,  in  spite  of  flexible 
joints,  is  snapped  off.  The  writer's  experience 
leads  him  to  prefer  wrought  iron  (not  steel) 
galvanized.     This  pipe  will  temporarily  bridge 
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across  these  cavities  till  they  fill  up  again.  One 
such  outlet,  put  in  eleven  years  ago,  was  un- 
damaged till  a  heavy  storm  this  year,  when 
two  lengths  separated  about  at  low  water  line. 
They  were  repaired  at  a  cost  of  $48  and  it 
was  found  that  the  galvanizing  at  this  most 
trying  part  of  the  line  was  absolutely  intact, 
and  that  no  sign  of  rust  was  visible.  This, 
with  air  and  salt  water  outside  and  sewage 
inside  was  a  most  excellent  showing.  Such 
pipe  are  preferably  screwed  together  with  long 
couplings,  and  with  the  beach  end  protected 
in  addition  by  sleeves  over  the  couplings,  such 
'  sleeves  being  about  2  ft.  long,  and  leaded  and 
caulked   precisely   like   water  pipe. 

The  pipe  just  referred  to  was  first  assembled 
on  shore,  and  was  screwed  together  while 
resting  on  rollers,  as  shown  in  Fig.  T.  The 
diagram.  Fig.  8,  shows  the  entire  operation. 
The  pipe  upon  its  rollers  lies  between  A  and 
C.  A  heavy  anchor  was  placed  at  G  and  a 
line  taken  from  it  to  the  boats  show'n  at  D. 
These  were  two  ordinary  fishermen's  boats, 
lashed  together  and  with  a  platform  between 
them.  Upon  the  platform  was  a  windlass  to 
wliich  was  attached  the  line  from  G.  The 
I  mats  were  backed  up  to  the  beach  and  the 
nutlet  anchor,  plugged  at  the  end  to  keep  the 
w  ater  out,  was  slung  between  them.  Lines 
irnm  two  additional  windlasses  at  J  and  K 
were  attached  to  the  pipe,  and  at  the  sound 
of  a  whistle,  men  on  boats  and  shore  began 
tramping  round  the  windlasses.  As  the  pipe 
iMlIed  forward,  when  it  reached  the  points 
I'.-D,  the  wind  and  current  shown  by  the 
arrow  had  deflected  the  boats  so  far  north- 
ward that   the  pipe  broke  at  C. 

.\  second  attempt  made  some  two  weeks 
later  guarded  against  this  disaster  by  having 
a  line  from  the  boats  to  "H,"  which  enabled 
tlu-m  to  be  stayed  in  the  true  course,  and  the 
]iiiie  was  successfully  placed  in  position  C-F 
with  the  anchor  at  F.  Assurance  against 
pulling  the  pipe  apart  was  given  by  threading 
a  steel  cable  through  it,  to  take  part  of  the 
strain. 

.\  great  difficulty  met  with  in  this  way  of 
launching  a  pipe  is  the  fact  that  sometimes 
weeks  and  even  months  may  elapse  before  the 
sea  is  quiet  enough  to  permit  attaching  the 
anchor  to  the  boats  at  the  water's  edge.  Ordi- 
narily even  the  slight  swells  present,  make 
the  danger  of  snapping  the  pipe  very  great. 

To  obviate  this,  and  to  enable  the  work  to 
be  done  more  expeditiously,  the  truck  shown 
in  Fig.  9  was  used  in  launching  the  Neptune 
township's  outfall  at  Ocean  Grove,  N.  J.  A 
plan  of  the  same  operation  is  shown  in  Fig.  10. 

The  galvanized  pipe  was  assembled  on  Em- 
bury avenue,   and   mouthed   on   small   wooden 


trucks.  Where  it  passed  over  the  board  walk 
and  beach,  it  was  necessary  to  have  stationary 
rollers  blocked  up  to  the  proper  grade.  Since 
the  fishing  pier  came  directly  opposite  the 
prolongation  of  Embury  avenue,  it  was  neces- 
sary to  deflect  the  pipe  at  the  board  walk  as 
shown  in  Fig.  10.  The  outlet  anchor  had  a 
wooden  plug  loosely  placed  in  it,  and  plenti- 
fully lubricated  with  thick  white  lead,  to  pre- 
vent the  entrance  of  water.  The  outlet  pipe 
was  12-in.  standard  wrought  iron  pipe,  gal- 
vanized, and  since  such  pipe  floats  when 
filled  with  air  and  so  might  be  injured  by  the 
swell  of  the  ocean,  a  .3-in.  "ballast''  pipe  was 
placed  inside  it  ami  filled  with  water,  so  as  to 
partially  sink  the  larger  pipe. 

At  1,325  ft.  from  shore,  as  gaged  by  a  taut 
line,  five  ordinary  ship  anchors  were  sunk. 
These  anchors  were  tied  together  by  a  cable 
to  which  was  attached  an  18-in.  sheave. 
Through  this  sheave  was  passed  a  %-in.  steel 
cable,  one  end  of  which  was  attached  to  the 
drum  of  a  hoisting  engine  on  shore,  and  the 
other  end  to  the  truck  carrying  the  anchor. 
This  truck  had  wheels  built  up  of  two  thick- 
nesses of  2-in.  plank,  and  had  a  hook  in  the 
back  of  a  6x6-in.  stick  of  wood  parallel  to 
and  above  the  axle,  to  which  it  was  firmly 
fastened.  This  hook  supported  the  anchor 
by  means  of  an  eye,  while  extending  from  the 
axle  was  a  long  tongue.  To  this  was  attached 
the  other  end  of  the  line  leading  out  to  the 
sheave  in  the  ocean.  To  prevent  the  outgoing 
and  incoming  lines  fouling,  the  incoming  cable 
was  floated  by  five  oil  casks  which  were  at- 
tached to  it  at  intervals. 

When  all  was  in  readiness  a  succession  of 
east  winds  and  storms  held  up  operations  for 
eleven  days.  When  this  had  ceased,  the  launch- 
ing was  made  on  an  ideal  day.  A  light  wind 
was  blowing  from  the  west  and  the  sea  was 
smooth. 

As  in  the  other  launching  described,  not  only 
was  the  cable  pulled  at  the  anchor  end,  but  a 
rope  from  the  gipsy  on  the  hoist  was  taken 
back  toward  Ocean  avenue  and  attached  to  the 
pipe  to  assist  in  the  pulling. 

When  the  engine  was  started,  the  truck 
and  anchor  moved  easily  forward,  gradually 
disappearing  as  they  reached  deeper  water. 
Since  the  auxiliary  line  from  the  gipsy  had  to 
be  detached,  the  block  and  fall  pulled  back 
and  re-attached  to  the  pipe,  the  operation  went 
on  by  stages.  These  stoppages  made  the  en- 
tire time  of  launching  2J,4  hours,  though  the 
actual  time  the  pipe  was  in  motion  was  39^2 
minutes. 

Upon  the  anchor  reaching  its  designated 
place,   1,200  ft.   from  the  board  walk,  a  bush- 


ing was  screw-ed  into  the  short  end  of  the 
outfall,  and  a  2-in.  pipe  attached  _  through 
which  water  was  forced  by  means  of  a  steam 
pump.  This  compressed  the  air  in  the  pipe, 
till  the  plug  in  the  anchor  blew  out  like  a 
cork  from  a  pop-gun.  The  pipe  then  filled 
with  water  and  settled  into  place,  except  a 
part  near  the  shore  in  which  some  air  was 
trapped.  A  J^-in.  hole  was  tapped  into  it.  al- 
lowing this  air  to  escape.  The  hole  was  then 
closed  by  a  bolt.  The  pipe  now  lay  along  the 
bottom  of  the  ocean,  the  end  at  the  beach  be- 
ing about  3  ft.  below  high  water  mark,  and 
the  outer  end  about  30  ft.  below.  The  3-in. 
ballast  pipe  was  withdrawn,  and  the  tension 
on  the  cable  released.  This  resulted  in  the 
tongue  of  the  truck  being  thrown  upward 
by  the  weight  of  the  anchor  on  the  back  of  the 
axle.  The  hook  became  disengaged  from  the 
eye,  and  the  truck  floated  to  the  surface. 

Such  are  some  of  the  considerations,  theo- 
retical and  constructive,  afltecting  the  disposal 
of  sewage  at  seaside  resorts. 

To  summarize,  we  may  briefly  sav  that  these 
considerations   are   as    follows : 

THE  COLLECTING   SVSTEIL 

1.  Use  self-cleansing  velocities  where  pos- 
sible, but  do  not  be  bound  by  them  when  they 
result  in  a  cost  incommensurate  with  their 
benefits. 

2.  When  self-cleansing  velocities  can  not  he 
wisely  adopted,  make  adequate  provision  for 
flushing.     'The  sewers  must  be  kept  clean. 

THE    DISPOS.'\L    PL.AXT. 

1.  The  plant  must  be  adapted  to  great  sea- 
sonal variations  in  flow. 

2.  The  capacity  of  the  ocean  to  digest  and 
purify  the  sewage,  being  the  most  economical 
and  effective  means  of  attaining  this  end. 
should  be  made  use  of. 

3.  When  bathing  is  an  asset,  the   discharge  , 
of  crude  sewage  to  sea  is  not  permissible. 

4.  Single  story  tanks  furnish  in  general  the 
method  best  adapted  to  treating  the  sewage  of 
resorts  before  its  discharge  to  sea. 

5.  Nuisances  from  such  effluent  do  not  arise 
if  tanks  and  appurtenances  are  correctly 
planned,  and  the  discharge  eft'ected  through 
a  properly  designed  outlet  at  a  sufficient  dis- 
tance from  shore,  and  in  10  ft.  or  more  of 
water. 

6.  It  would  appear  from  what  evidence  w'e 
now  possess,  that  no  ill  effects  to  health  re- 
sult from  the  proper  discharge  of  such  effluent. 

7.  Owing  to  the  difficulties  encountered  in 
work  along  the  coast  and  under  the  surface 
of  the  ocean,  careful  consideration  must  be 
given  to  durability  and  to  the  means  of  exe- 
cuting the  work  called  tor  by  the  plans. 


BRIDGE; 


Design,     Construction     and     Detailed 

Costs  of  the  McKinley  Ford  Bridge, 

La  Salle  County,  Illinois. 

(Staff   Article.) 

The  McKinley  Ford  Bridge,  the  design,  con- 
struction and  costs  of  which  are  fully  covered 
in  this  article,  is  located  in  Sarena  township. 
La  Salle  county,  Illinois.  It  consists  of  two 
■"iu-tt.  reinforced  concrete  through  girder  spans 
on  a  concrete  pier  and  abutments  (see  Fig. 
1  ).  The  clear  width  of  roadway  is  10  ft., 
and  .the  height  of  the  pier  and  abutments, 
from  bottom  of  footing  to  bridge  seat,  is  Hi 
ft.  11  ins.  The  bridge  was  designed  under  the 
"ficncral     Specifications     for    Bridge    Work" 

i  th'j  Illinois  State  Highway  Department,  It 
li  a  standard  type,  and  was  built  during  the 
latter  part  of  1913,  at  an  actual  cost  of 
.$;3.893.13. 

DKSIGN'    ni--    .SUBSTRUCTURE. 

Pier. — Tile  center  pier  has  a  thickness  of  3 
ft.  and  a  width  of  23  ft.  1  in.,  under  coping; 
a  thickness  of  4  ft.  2  ins.,  and  a  width  of 
.24  ft.  3  ins.  at  the  base;  and  a  height,  from 
bridge  seat  to  liottom  of  footing  of  Hi  ft.  11 
ins.     The  coping  has  a  width   of  3   ft.  8  ins., 


a  length  of  23  ft.  9  ins.,  and  a  thickness  of 
l-'i  ins.  The  footing  has  a  width  of  8  ft.,  a 
length  of  25  ft.,  and  a  thickness  of  2  ft.,  and 
it  is  reinforced  with  a  layer  of  %-in.  square 
bars,  spaced  12  ins.  on  centers.  Figure  2 
shows  a  half  plan,  half  elevation  and  a  cross 
section  of  the  center  pier.  At  the  top,  near 
each  end  of  the  pier,  there  is  a  recess  '20x25 
ins.  X  15  ins.  deep  for  the  cast  iron  rockers. 
.V  concrete  mixture  consisting  of  1  part  ce- 
ment, 3  parts  sand,  and  5  parts  gravel  was 
used.  The  pier  extends  4  ft.  6  ins.  below  the 
bed  of  the  stream. 

Abutments. — The  concrete  abutments,  which 
have  a  height,  from  bridge  seat  to  bottom  of 
footings,  of  IG  ft.  11  ins.,  are  reinforced  and 
arc  of  the  wing-wall  type,  the  wing-walls  be- 
ing of  the  cantilever  type.  The  abutments 
have  a  thickness  of  12  ins.,  with  vertical  faces, 
this  thickness  being  increased  to  18  ins.  under 
the  girders  (sec  Fig.  3,  b).  The  footings  have 
a  width  of  4  ft.  6  ins.,  a  thickness  of  20  ins., 
and  extend  to  the  same  depth  as  the  pier.  The 
size  and  arrangement  of  the  reinforcement 
are  given  in  F'ig.  3  (a)   and  (b). 

The  wing-walls  have  a  top  thickness  of  12 
ins.,  and  a  bottom  thickness  of  18  ins.  Their 
footings   have   a   width   of  (!   ft.   3   ins.   and   a 


thickness  of  20  ins.  The  type  of  section  and 
the  size  and  arrangement  of  the  reinforce- 
ment are  shown  in  Figs.  3  (b)  and  (c).  A 
concrete  mixture  consistin.g  of  1  part  cement. 
2%  parts  sand,  and  4  parts  gravel  was  used 
for  the  abutments  and   wing-walls. 

riESIGX  OF   SUPERSTRUCTURE. 

Girders. — The  girders  have  a  depth  of  5 
ft.  G  ins.,  a  thickness  of  top  flange  of  2(j  ins., 
and  of  web  of  23  ins.,  and  are  paneled  as 
shown  in  h'ig.  1.  They  are  spaced  18  ft.  2 
ins.  on  centers.  .\11  expv)sed  edges  of  the 
girders  are  beveled  with  a  -;'<i-in.  triangular 
molding,  and  all  edges  of  panels  have  a  45° 
bevel.  The  girders  are  heavily  reinforced,  the 
main  reinforcin.g  bars  being  arranged  in  four 
rows,  spaced  5  ins.  on  centers.  The  concrete 
mixture  for  the.  girders  and  floor  .system  con- 
sists of  1  part  cement,  2'/.  parts  sand,  and  4 
parts  gravel. 

iMgures  4  (a)  is  an  elevation  of  a  girder, 
and  Fig.  4  (b)  is  a  cross  section  of  the  bridge. 
These  draw-ings  show  the  principal  dimensions, 
and  give  the  size  and  arrangement  of  the  re- 
inforcement. 

Floor  .Sy.vlnii. — The  bottom  of  tlic  rein- 
forced concrete  floor  slab  is  flush  with  the  bot- 
toms of  the  girders,  while  the  top  is  crowned 
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to  conform  with  the  finished  roadway.  The 
thiclxness  of  the  floor  slab  at  the  crown  is  13 
ins.,  and  at  the  curb  10  ins.  Drainage  of  the 
roadway  is  secured  by  placing  3-in.  tile  drains 
through  the  slab  and  near  the  curb  on  8-fi. 
centers.  The  wearing  surface  (which  is  not 
included  in  this  contract)  consists  of  a  (i-in. 
layer  of  macadam. 

Details  of  the  floor  slab,  and  of  the  rein- 
forcement used  in  it,  are  shown  in  Figs.  4  (b) 
and  (c).  These  drawings  show  the  size  and 
arrangement  of  the  reinforcement,  and  the 
manner  of  extending  the  reinforcing  bars  of 
the  floor  slab  up  into  the  girders.  Other  de- 
tails of  the  reinforcement  are  also  shown  in 
Fig.  4. 


SUMMARY  OF  MATERIALS  REQUIRED. 

Reinforcing  steel:  Lbs. 

In  pier  160 

In  abutments  6,360 

In  superstructure    3C,0SO 

Total  42,600 

S  steel  bearing  pljites 490 

4  cast  iron  roclters 1,190 

Concrete:  Cu.  yds. 

Class  B,   in  pier 60.4 

Class  A,   in  abutments 103. -S 

Class  A,  in  superstructure 140. 1 

Total   Class  B 60.1 

Total   Class  A 241.2 

Total  concrete  in  bridge 304.6 

As  actually  constructed  there  were  used  in 
the  construction  of  this  bridge  308.3  cu.  yds. 


often  applying  in  country  highway  bridge 
worl<  the  detailed  data  given  in  Table  I  on 
the  procedure  followed  and  time  required  to 
build  the  structure  should  be  of  value. 


TABLE  I.— CONSTRUCTION  PROGRESS  AND 

PROCEDURE  AND  FORCE  ACCOUNT. 
Work  started  with  5  men,  including  foreman,  on 
Sept.  13,  1913. 
1913— 
Sept.  13 — 40  hrs.  dry  excavation,  south  abutment; 
10  hrs.  fixing  camp. 
14 — 25    hrs.    dry    excavation,    south    abut- 
ment. 
15 — 30    hrs.    wet    excavation,    south    abut- 
ment; 20  hrs.  fixing  camp. 
16 — 221/,   hrs.   wet   excavation,   south   abut- 
ment; 15  hrs.  unloading  steel. 
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Fig.  1.    General   Elevation  of  McKinley  Ford   Bridge,      La    Salle   County,    Illinois. 


Cast  Iron  Rockers. — Cast  iron  rockers  are 
used  under  the  ends  of  the  girders  which  rest 
on  the  center  pier;  they  are  not  used  under 
the  abutment  ends  of  the  girders.  These  seg- 
mental rockers  have  a  thickness  of  3%  ins.,  a 
depth  of  14  ins.,  and  a  length  of  2  ft.,  the 
top  and  bottom  surfaces  of  which  are  turned 
to  a  diameter  of  7  ins. 

Steel  bearing  plates,  9  ins.  wide,  1  in.  thick 
and  2  ft.  long,  are  placed  at  both  the  top  and 
bottom  of  the  rockers. 

Figure  4  (d)  shows  details  of  the  rockers 
and  plates. 

Expansion  Joint. — A  '/4-in.  tar  paper  ex- 
pansion joint  is  provided  between  the  two 
girder  spans.  Tar  paper  is  also  placed  on 
the  top  of  the  piers  between  the  rockers  and 
the  edges  of  the  piers.  The  space  around 
the  rockers  is  filled  with  asphalt. 

Figure  4  (e)  shows  details  of  the  expansion 
joint. 

EII.L    OF     MATERIALS. 

Inasmuch  as  this  bridge  is  a  standard  de- 
sign of  the  Illinois  Highway  Commission  the 
following  bill  of  materials  is  pertinent.  The 
various  reinforcing  bars  are  represented  in 
the  drawings  by  letters,  the  sizes  being  given 
in  the  bill  of  materials. 
PIER. 

Concrete,  Class  B,  1:3:5  mix,  cu.  yds 60.4 

25  bars  "t,"  'A  in.  square  x  7  ft.  6  ins.,  lbs.   160 

ABUTMENTS. 

No.               Size.  Length. 

Bar.                         of  bars.     Ins.  square.     Ft.  Ins. 

V   40                   Vs  15  0 

V,   12                   %  13  6 

Vs  16                    %  12  0 

Va  20                   %  10  6 

V.  20                   %  9  0 

h    12                   %  26  0 

h'    12                   %  26  0 

h"    24                   Vz  26  0 

h,    nc                   %  20  0 

m     40                   1/2  3  6 

11    6S                    %  7  0 

t   40                   %  4  3 

ti  68                   %  G  0 

z  6S                   %  6  0 

Reinforcing  steel,  as  listed  above,  lbs C,360 

Concrete,  Class  A,  1:2%:4  mix,  cu.  yds 103.8 

SUPERSTRUCTURE. 

No.  Size.  Length. 

Bar.                         of  bars.     Ins.  square.     Ft.  Ins. 

a    67                   %  21  6 

ai    67                   %  19  6 

a-    67                   %  23  0 

a,    67  %  26  6 

b    ..48                   '/4  19  0 

b,    84                   %  19  0 

c    20  1%  55  6 

d    -12  1%  55  6 

e    12  IVi  56  0 

f    S  1%  5fi  0 

r    268                   %  8  0 

s    160                   %  11  0 

Reinforcing  steel,  as  listed  above,  lbs. ..  .36,070 

Stee!  bearing  plates,  S  required,  as  de- 
tailed,  lbs -. 490 

Cast  iron  rockers,  4  required,  as  detailed, 
lbs 1,190 

Concrete,  Class  A,  1:2^:4  mix,  cu.  yds...       140.4 


of  co:icrete,  the  extra  3.7  cu.  yds.  being  placed 
in  the  substructure.  Square  twisted  bars  were 
used  for  reinforcement. 

CONSTRUCTION    FE.\TURES. 

Construction  w-ork  was  started  Sept.  13, 
1913,  and  the  bridge  was  completed  Nov.  28, 
1913.  The  bridge  is  located  about  four  miles 
from  the  railroad  station,  and  the  materials, 
with  the  exception  of  the  sand  and  gravel, 
were  hauled  that  distance.  The  sand  was  re- 
moved from  the  creek  and  was  transported  in 
wheelbarrows  a  distance  of  150  ft.  The  gravel 
was  also  obtained  near  the  site,  being  hauled 
about  400  ft.  About  125  cu.  yds.  of  the  total 
of  187.4  cu.  yds.  of  gravel  required  were 
screened.  The  prices  of  the  materials  are 
given  under  "Cost  Data." 

The  pier  was  located  in  the  bed  of  the 
stream,  and  the  abutments,  one  on  each  bank. 
About  500  ft.  B.  M.  of  sheet  piling  were  re- 
quired   for  the  colferdam   of   tlie   center   pier. 
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.  2.    Half  Plan,  Half  Elevation  and  Cross 
Section    of   Center   Pier   of    McKinley 
Ford    Bridge. 


Of  the  240  cu.  yds.  of  excavation  required, 
about  108  cu.  yds.  were  classified  as  dry  ex- 
cavation and  132  cu.  yds.  as  wet  excavation. 
Foremen  were  paid  65  cts.  per  hour  and  work- 
men 25  cts.  per  hour.  The  rate  of  pay  foi 
teams  was  45  cts.   per  hour. 

As   the    construction    of    this      bridge      was 
carried   on  under  conditions  similar   to  those 


17 — 20  hrs.  unloading  steel;  30  hrs.  screen- 
ing- gravel;   5  hrs.  with  team  hauling 
material. 
IS — 31    hrs.    wet    excavation,    south    abut- 
ment;   2    hrs.    fixing     camp;     12     hrs. 
screening  gi'avel. 
19 — 44    hrs.    wet    excavation,    south    abut- 
ment;  6  hrs.  fixing  camp;  7  hrs.  with 
team  hauling  supplies. 
20 — 20    hrs.    wet    excavation,    south    abut- 
ment;   30  hrs.    building   cofferdam   tor 
center  pier;   S  hrs.  with  team  hauling 
lumber. 
22 — 14  hrs.  dry  excavation,  center  pier;  33 
hrs.  wet  excavation,  south  abutment; 
3   hrs.    bending    steel;    2   hrs.    building 
cofterdam  for  center  pier;  13  hrs.  with 
team  hauling  lumber. 
23 — 30  hrs.  dry  excavation,  center  pier;   -" 

hrs.  bending  steel. 
24 — 30  hrs.  wet  excavation,  center  pier;   -ii 

his.  bending  steel. 
25 — SO  hrs.  wet  excavation,  center  pier;   In 
hrs.    bending   steel;   2   hrs.    fixing   ':•.■- 
ment  shed. 
26 — 50    hrs.    wet    excavation,    south    abut- 
ment. 
27 — 25    hrs.    wet    excavation,    south    abut- 
ment;  25   hrs.   diy   excavation,   center 
pier. 
28 — lu    hrs.    wet    excavation,    south    abut- 
ment. 
29 — 40    hrs.    wet    excavation,    south    abut- 
ment;   10  hrs.   dry  excavation,    center 
pier. 
30 — 2o    hrs.    wet    excavation,    south    abut- 
ment; 30  hr|.  fixing  camp. 
Oct.       1 — 43    hrs.    wet    excavation,    south    abut- 
ment;    10    hrs.     setting    up     concrete 
mixer. 
2 — 46   hrs.    dry   excavation,   center  pier;    4 
hrs.  wet  excavation,  south  abuimenl; 
20    hrs.    unloading   car   of   material;    5 
hrs.  teaming. 
3 — 10    hrs.    wet    excavation,    south    abut- 
ment;   20  hrs.   wet  excavation,   center 
pier;  41  hrs.  mixing  and  placing  con- 
crete,   center   pier;    40    hrs.    wheeling 
gravel. 
4 — 64    hrs.    wet    excavation,    south    abut- 
ment;   6    hrs.    wet    excavation,    center 
pier;  16  hrs.   mixing  and  placing  con- 
crete,   center    pier;    IS    hrs.    wheeling 
gravel;  10  hrs.  repairing  pump. 
6 — 971/2    hrs.   wet    excavation,    south   abut- 
ment;   IS    hrs.    building    form,    center 
pier. 
7 — 70    hrs.    wet    excavation,    south    abut- 
ment;  10  hrs.  wet  excavation,   center 
pier;    35    hrs.    building    forms,    center 
pier;    10    hrs.    placing     steel;     4     hrs. 
wheeling  gravel. 
8 — 75    hrs.    wet    excavation,    south    abut- 
ment;   15  hrs.  wet  excavation,   center 
pier;    25    hrs.    building    forms,    center 
pier;    3   hrs.    mixing  and   placing  con- 
crete; 32  hrs.  wheeling  gravel. 
9 — 20V4    hrs.   wet   excavation,   south  abut- 
ment;   25    hrs.    building   forms,    center 
pier;   SI  hrs.  mixing  and  placing  con- 
crete,   center  pier;    20    hrs.    wheeling 
gravel. 
10 — 20    hrs.    dry    excavation,    north    abut- 
ment;  26  hrs.   wet   excavation,   south 
abutment;     16     hrs.     building     forms, 
center  pier;   12  hrs.   mixing  and  plac- 
ing concrete,  south  abutment;  23  hrs. 
wheeling  gravel. 
11 — 29    hrs.    dry    excavation,    north    abut- 
ment;   23    hrs.    building  forms,   center 
pier;  70  hrs,   mixing  and  placing  con- 
crete,   center    pier;    21    hrs.    wheeling 
gravel. 
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13 — 36  hrs.  dry  excavation,  north  abut- 
ment; 11  hrs.  wet  excavation,  south 
abutment;  IS  hrs.  building  forms, 
center  pier;  IT  hrs.  wheeling  gravel. 

14 — 40  hrs.  wet  excavation,  south  abut- 
ment; 6  hrs.  building  forms,  center 
pier;  16  hrs.  building  forms,  south 
abutment;  43V^  hrs.  wheeling  gravel. 

15 — 77  hrs.  wet  excavation  and  20  hrs. 
building  forms,  south  abutment;  23 
hrs.  mixing  and  placing  concrete, 
center  pier;  3  hrs.  wheeling  gravel. 

16 — 31  hrs.  wet  excavation  and  14  hrs. 
building  forms,  south  abutment;  16 
hrs.  wheeling  gravel. 

17 — 55%  hrs.  wet  excavation,  34  hrs.  build- 
ing forms  and  14  hrs.  mixing  and 
placing  concrete,  south  abutment;  2V^ 
hrs.  removing  forms,  center  pier;  IS 
hrs.  wheeling  gravel. 

18 — 21  hrs.  wet  excavation,  17^4  hrs.  build- 
ing forms,  and  10  hrs.  mixing  and 
placing  concrete,  south  abutment; 
1714  hrs.  removing  forms,  center  pier; 
60  hrs.  wheeling  gravel. 

19 — 28  hrs.  wet  excavation,  and  10  hrs. 
mixing  and  placing  concrete,  souih 
abutment. 

20 — 20  hrs.  wet  excavation,  and  31%  hrs. 
building  forms,  south  abutment;  14 
hrs.  building  and  placing  steel;  44  hrs. 
wheeling  gravel. 

21 — 5  hrs.  wet  excavation,  35  hrs.  building 
forms,  14  hrs.  bending  and  placing 
steel,  and  21  hrs.  mixing  and  placing 
concrete,  south  abutment;  40  hrs. 
wheeling  gravel;  10  hrs.  unloading 
car,   equipment. 

22 — 12  hrs.  wet  excavation  and  21  hrs. 
building  falsework,  south  abutment; 
IS  hrs.  wet  excavation,  north  abut- 
ment; 6  hrs.  wheeling  gravel;  4  hrs. 
erecting  tent  for  tools. 

23 — CO  hrs.  wet  excavation,  north  abut- 
ment: 40  hrs.  building  forms,  south 
abutment;  5%  hrs.  unloading  car, 
equipment. 

24 — 2S  hrs.  wet  excavation,  north  abut- 
ment; 35  hrs.  building  forms  and  42 
hrs.  mixing  and  placing  concrete, 
south  abutment. 

25 — 33  hrs.  wet  excavation,  north  abut- 
ment; 16  hrs.  building  forms  and  35 
hrs.  mixing  and  placing  concrete, 
south  abutment. 

27 — 2S  hrs.  dry  excavation,  north  abut- 
ment: 20  hrs.  removing  forms,  south 
abutment. 
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29 — 12  hrs.  building  falsework,  south  floor; 
25  hrs.  building  falsework  for  south 
span;  8  hrs.  removing  forms,  south 
abutment;   2  hrs.  loading  car. 

30 — 16  hrs.  wet  excavation,  north  abut- 
ment;    20    hrs.    mi.xing    and    placing 
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car  and  10  hrs.  teaming;  30  hrs. 
■wheeling  gravel. 
1 — 2  hrs.  building  forms  and  14  hrs.  mix- 
ing and  placing  concrete,  north  abut- 
ment: 12  hrs.  loading  car  and  10  hrs. 
teaming;   54  hrs.  wheeling  gravel. 
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Fig.  4.    Half   Plan,   Half   Elevation,  Cross  Section    and    Details    of    Superstructure    of    Mc- 

Kinley   Ford    Bridge. 


concrete,  north  abutment;  20  hrs. 
building  falsework,  south  span;  2% 
hrs.  north  span;  20  hrs.  removing 
forms,  south  abutment;  2  hrs.  loading 
car  and  S  hrs.  teaming;  4  hrs.  wheel- 
ing gravel. 
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Fig.  3.     Half   Plan,   Half   Elevation,  Cross  Section  and  End  View  of  Abutment  of  McKinley 

Ford   Bridge. 


28 — 60  hrs.  wet  excavation,  north  abut- 
ment; 7  hrs.  mixing  and  placing  con- 
crete and  5  hrs.  removing  forms, 
south  abutment;  23  hrs.  building 
falsework  for  south  span. 


31 — 23  hrs.  wet  excavation,  north  abut- 
ment; 7  hrs.  cleaning  lumber;  5  hrs. 
on  south  rail  and  4G%  hrs.  on  south 
span,  building  forms;  15  hrs.  building 
falsework,  south  span;  10  hrs.  loading 


2 — 10  hrs.  pumping  while  excavating 
north  abutment;  22%  hrs.  building 
forms,  north  abutment;  30  hrs.  wheel- 
ing gravel;  20  hrs.  loading  car  and  10 
hrs.  teaming. 

3 — 7  hrs.  pumping  while  excavating  north 
abutment;  27  hrs.  building  forms, 
north  abutment;  2%  hrs.  building 
forms  and  14  his.  building  and  placing 
steel  in  south  span;  2S  hrs.  mixing 
and  placing  concrete,  north  abut- 
ment; 36  hrs.  wheeling  gravel  and  10 
hrs.   teams. 

4 — 1  hrs.  wet  excavation,  30  hrs.  building 
forms,  and  13  hrs.  mixing  and  plac- 
ing concrete,  north  abutment;  2%  hrs. 
building  forms  and  IS  hrs.  bending 
and  placing  steel,  south  span;  4  hrs. 
mixing  and  placing  concrete,  center 
pier;  45  hrs.  wheeling  gravel  and  6 
hrs.  teaming;  4  hrs.  hauling  lumber. 

D — 5  hrs.  pumping  while  excavating, 
north  abutment;  32  hrs.  building 
forms,  north  abutment;  5  hrs.  build- 
ing forms  and  40  hrs.  bending  and 
placing  steel,  south  span;  2  hrs.  mix- 
ing and  placing  concrete,  center  pier; 
45  hrs.  wheeling  gravel;  3  hrs.  hauling 
lumber. 

6 — 35  hrs.  wet  excavation  and  2  hrs. 
pumping,  north  abutment;  10  hrs. 
building  forms  and  30  hrs.  bending 
and  placing  steel,  south  span;  S  hrs. 
mixing  and  placing  concrete,  center 
pier;  39  hrs.  wheeling  gravel  and  5 
hrs.  teaming;  1  hr.  unloading  cement. 

7 — 2  hrs.  wet  excavation,  3  hrs.  pumping 
while  concreting,  21  hrs.  building 
forms,  and  44  hrs.  mixing  and  placing 
concrete,  north  abutment;  10  hrs. 
building  forms  and  20  hrs.  bending 
and  placing  steel,  south  span;  3  hrS. 
mixing  and  placing  concrete,  center 
pier;  30  hrs.  wheeling  sand  and  10 
hrs.  teaming;  1  hr.  unloading  cement. 

S— 17  hrs.  building  forms  and  16  hrs. 
mixing  and  placing  concrete;  4  hrs. 
building  forms  and  5  hrs.  mixing  and 
placing  concrete,  south  span;  14  hrs. 
bending  and  placing  steel:  44  hrs. 
wheeling  gravel  and  10  hrs.  teaming. 
(In  the  following  data  the  division  of 
work,  expressed  in  hours,  between 
foremen  and  workmen  Is  indicated; 
"a"  represents  foremen  at  05  cts.  per 
hour,  and  "b"  laborers  at  25  cts.  per 
hour.) 

9 — 2a  and  14b  building  forms,  north  gir- 
ders; 2a  and  Mb  bending  and  placing 
steel,  north  floor  system;  2b  on  mis- 
cellaneous work. 
10 — 20b  building  forms  for  north  girders; 
2a  and  25b  bending  and  placing  steel, 
north  lloor;  4a  and  35b  building  false- 
work for  north  floor;  3a  and  50b 
screening  gravel. 
ll_4b  building  forms  for  north  girders;  3b 
bending  and  placing  steel,  north  floor; 
8a  and  93b  mixing  and  placing  con- 
crete, north  floor;  la  and  20b  building 
falsework,  north  floor;  la  and  10b 
screening  gravel. 
12 — 16b  building  forms,  north  girders;  f.b 
bending  and  placing  steel,  north  floor; 
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2a  and  22h  mixing  and  placing  con- 
crete, north  girders;  2a  and  6b  build- 
ing falsework,  south  floor;  3a  and  29b 
removing  forms,  north  abutment;  3a 
and  32b  taking  gravel  from  creek. 

13 — 2a  and  20b  building  forms,  north  gird- 
er; 5a  and  fi5b  building  falsework, 
south  floor;  5b  finishing,  north  abut- 
ment; 3a  and  30b  taking  gravel  from 
creek. 

14 — 2a  and  20b  building  forms,  north  gird- 
ers; 2a  and  15b  building  fortns,  south 
floor;  3a  and  30b  building  falsework, 
south  floor;  15b  finishing,  north  abut- 
ment; 3a  and  30b  taking  gravel  fron^ 
creek. 

15 — 2a  and  20b  building  forms,  north  gird- 
ers; la  and  10b  building  forms,  south 
floor:  Sa  and  30b  mixing  and  placing 
concrete,  north  girder;  ISb  building 
falsework,  south  floor;  2a  and  21b 
screening  gravel;  2a  and  21b  getting 
gravel  from  creek. 

16 — 3a  and  20b  building  forms,  north  gird- 
ers; 4a  and  40b  bending  and  placing 
steel,  north  floor;  2a  and  20b  building 
falsewoi'k,  south  floor;  la  and  20b 
.screening  gravel;  20b  getting  gi-avel 
from  creek. 


Oct.   11 'J 

Oct.    15 5.5 

Oct.   17 5 

Oct.   IS 4.5 

Oct.   19 4 

Oct.   21 S.5 

Oct.  24 20 

Oct.   25 S 

Oct.  28 1 

Oct.   30 12 

Nov.     1 9 

Nov.      3 5 

Nov.      4 5 

Nov.      7 14 

Nov.      S 7 

Nov.   11 35 

Nov.   12 5 

Nov.    15 9.5 

Nov.  IS 5.6 

Nov.   19 35 

Nov.  20 ■  9 

Nov.   21 4.5 

Nov.   22 5.7 

Nov.    24 9 

Nov.  26 9 

Nov.   2S 11 

Total  308.3 


pleted   structure.     The  latter  view   shows  the 
topographical   conditions   at   the   site. 

COST    DAT.A. 

The  data  in  Tahle  II  give  the  quantities  of 
materials  used,  the  unit  prices,  the  cost  of 
each  item,  and  the  total  actual  cost  of  the 
bridge  to  the  contractor. 

Table  III  gives  the  unit  costs  of  the  various 
items  of  the  bridge.  There  were  308.3  cu. 
yds.  of  concrete  and  42,600  lbs.  of  steel  placed. 
There  were  used  on  this  work  410  bbls.  of 
cement,  117.2  cu.  yds.  of  sand,  and  187.4  cu. 
yds.  of  gravel.  The  costs  given  do  not  in- 
clude the  cost  of  removing  the  old  bridge; 

The  cost  of  the  excavation  per  cubic  yard 
of  substructure  concrete  was  $o.43-5,  and  the 
cost  of  the  falsework  per  cubic  yard  of  super- 
structure concrete  was  $1,278. 


Fig.  5.    View  of  McKinley   Ford   Bridge  Showing  One  Girder  Com- 
pleted and   End   Reinforcement  of  Adjacent  Girder. 


Fie.  6. 


View  of  Completed   McKinley   Ford   Bridge  —  Falsework 
Still    in    Place. 


17 — 2a  and  20b  building  forms,  north  gird- 
er; 3a  and  30b  bending  and  placing 
steel,  south  floor;  3a  and  30b  building 
falsework,  south  flooi';  la  and  30b 
screening  gravel;  la  and  20b  getting 
gravel  from  creek. 

18 — 25b  building  forms,  north  girders;  la 
and  9b  building  forms,  south  floor; 
3a  and  33b  bending  and  placing  steel, 
south  floor;  4a  and  25b  mixing  and 
placing  concrete,  north  girders;  ia 
and  10b  building  falsework,  south 
floor;   la  and  2Sb  screening  gravel. 

19 — 12a  and  144b  mixing  and  placing  con- 
crete, south  floor;  10b  building  false- 
work, south  floor. 

20 — la  and  9b  building  forms,  north  gird- 
ers; 5a  and  40b  mixing  and  placing 
concrete,  north  girders;  4a  and  25o 
removing  forms;  29b  screening  grav- 
el;  2a  getting  gravel  from  creek. 

21 — 5a  and  46b  building  forms,  north  gird- 
ers; 37b  mixing  and  placing  concrete, 
north  girders;  50b  screening  gravel. 

22 — Sa  and  4Cb  building  forms;  24b  mixing 
and  placing  concrete,  north  girders; 
41b  screening  gravel. 

23 — 3a  and  30b  building  foi'ms,  south  gird- 
ers. 

24 — 32b  building  forms  and  52b  mixing  and 
placing  concrete,  south  girders;  23b 
removing  forms,  north  girders;  I'jVi 
screening  gravel;  9b  flnishing;  5  hrs. 
teaming. 

25— 10b  finishing. 

26 — 4i5b  building  forms,  south  girders;  29b 
mixing  and  placing  concrete,  south 
girders. 

28— 51b  building  forms,  south  girders;  5?.b 
mixing  and  placing  concrete,  south 
girders;  30b  removing  forms,  soutli 
girders;  20b  removing  forms.  .Job 
completed. 

The  quantity  of  concrete  placed  during  each 
day  that  concreting  operations  were  carried 
on  is  shown  in  the  accompanying  tab'e.  On 
a  few  days  such  a  small  quantity  of  concrete 
was  placed  that  the  amount  is  included  in 
the  quantity  recorded  on  a  following  day.  The 
part  of  the  work  where  the  quantity  noted 
below  was  placed,  and  the  number  of  hours 
required  to  mix  and  place  it,  may  be  noted  by 
referring  to  the  data  given  in  Table  I.  Con- 
creting was  started  Oct.  3,  1913. 

Quantity  of  concreti^ 

Date.  placed,  cu.  yds. 

Oct.     3,  1913 9 

Oct.     4 8 

Oct.     8 2 

Oct.     9 30 

Oct.   10 3.5 


Figure  5  shows  one  girder  completed  and 
the  reinforcement  in  place  for  the  adjacent 
girder;  and  Fig.  6  shows  a  view  of  the  com- 

TABLE    II.— QUANTITIES    OF    MATERIALS, 
UNIT  PRICES   AND   TOTAL  COSTS. 

Cement,  41G  bbls.  at  $1.25 ? 

Hauling  cement  4  miles 

Sand,  in  place,  117.2  cu.  yds.  at  30  cts. . 
Hauling    sand    150    ft.    in    wheelbarrows 

from  creek   

Gravel,  in  place,  187.4  cu.  yds.  at  30  cts. 

Screening  125  cu.   yds.  of  gravel 

Hauling  gravel  400  ft 

Form  lumber,  6,000  ft.  B.  M.  at  $22.67 

Falsework  lumber.  3,000  ft.  B.  M.  at  $15 

Wire,  nails,  etc.,  240  lbs.  at  5  cts 

Hauling  form  lumber  4  miles 

Hauling  falsework  lumber  4   miles 

Reinforcing  steel,  42.600  lbs 

Hauling  steel  4  miles 

Rockers  aiid  plates,   1,680  lbs.  at  2  cts. . 

Asphalt,  50  gals,  at  15  cts 

Hauling  rcckers  and  asphalt  at  $4.50  per 

day    

Sheet  piling.  500  ft.  B.  M.  at  $20 

Cost  of  driving  sheet  piling 

Cost  of  removing  sheet  piling 

Labor  on  108  cu.  yds.  dry  excavation: 

Foreman,  40  hrs.  at  65  cts $  26.00 

Laborers,  344  hrs.  at  25  cts 86.00 

Labor  on  132  cu.  vds.  wet  excavation: 

Foreman,  130  hrs.  at  65  cts $  84.50 

Laborers,  1,272  hrs.  at  25  cts 31S.00 

Cost  of  pumping  during  excavation: 

Foreman,  9  hrs.  at  65  cts $ 

Laborers,  104  h:-s.  at  25  cts 

Cost  of  pumping  during  concreting: 

Foreman,  4  hrs.  at  65  cts $ 

Laborers.  34  hrs.  at  25  cts 

Labor,  building  forms: 

Foreman,  115  hrs.  at  65  cts. . 

Laborers.  1,146  hrs.  at  25  cts 
Labor,  building  falsework: 

Foreman,  35  hrs.  at  65  cts $  22.75 

laborers,  350.5  hrs    at  25  cts 87.63 

Labor,  bending  and  placing  steel: 

Foreman,  36  hrs.  at  65  cts $  23.40 

Laborers,  361  hrs.  at  25  cts 90.25 

Labor,   mixing  and  placing  concrete: 

Foreman,  115  hrs.  at  65  cts $  74.75 

Laborers.  1,142  hrs.  at  25  cts 285.50 

Labor,  removing  forms: 

Foreman,  20  hrs.  at  65  cts $  13.00 

Laborers,  231  hrs.  at  25  cts 57.75        70.75 

Travelin;?  expenses  of  men  from  Chicago 

and  back   100.00 

Gasoline,  oil  and  incidentals 97.00 


The    brid. 
Highway   Department 


PERSONNEL. 

e    was    designed    by    the    Illinois 


Clifford   Older,   bridge 


26.00 


2.60 
8.50 


$  74.75 
286.50 


520.00 

65. S4 

35.16 

98.40 

56,22 

78.20 

187.18 

i36.ao 

45.00 

12.00 

15.00 

7.00 

816.80 

32.00 

33.60 

7.50 

3.50 

10.00 

8.00 

5.00 

112.00 

402.50 

31.85 

11.10 

361.25 

110. 3S 

113.65 

360.25 

TABLE   III.— UNIT   COSTS  OF   VARIOUS 
ITEMS. 

Cost  per 
cu.  yd  of 
Item.  concrete. 

Cement    .51.971 


Sand 

Gravel    

Labor  on    forms 

Form  materials 

Labor  on  falsework 

Falsewoi  k  materials   

Steel,  in  place 

Mixing  and  placing  concrete 

Excavation    

Miscellaneous,   not  included  in  above. 


Total 


0.14S 
1.125 
1.525 
0.31." 
0.421 
0.161 
3.241 
1.3711 
1.897 
0.14  r, 

12.62S 


engineer.     It   was   constructed   by  the   George 
Quinlan  Construction   Co. 


Total    $3,943.13 

Salvage  on  lumber  and  falsework 50.00 


Total   net   cost   to   contractor $3,893.13 


The  Design  of  Reinforced  Concrete  T- 

Beams  and  Rectangular  Beams 

With  Steel  in  Compression. 

Contributed  by  M.  J.  Lorente,  Lynn,  Mass. 

The  methods  universally  employed  in  analyz- 
ing reinforced  concrete  rectangular  beams 
have  given  rise  to  a  few  simple  formulas.  If 
we  know  the  values  of  R  (the  coefficient  of 
resistance)  and  of  p  (the  ratio  of  the  area 
of  the  steel  in  tension  to  the  effective  area  of 
the  beam),  for  any  given  stresses,  we  can  find 
the  beam  section  for  a  certain  bending  moment 
in  a  very  short  time.  Moreover,  as  values  of 
both  R  and  p  can  be  easily  tabulated  for  vari- 
ous stresses,  the  design  of  such  beams  becomes 
extremely  simple.  In  the  case  of  T-beams  and 
beams  with  steel  in  compression,  the  formulas 
offered  by  authorities  on  the  subject  are 
cumbrous  and  impracticable  and  contain 
constants  which  are  very  troublesome  to  tabu- 
late. However,  this  difficulty  is  not  due  to  the 
nature  of  the  problem,  but  rather  to  the 
methods  which  have  been  followed  in  its 
analysis. 

In  the  analysis  of  simple  beams  it  is  abso- 
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lutely  necessary  to  find  the  arm  of  the  couple- 
resisting  tlie  bending  moment,  as  the  constants 
used  in  the  formulas  depend  on  that  arm.  But 
it  does  not  follow  that  in  T-beams  and  beams 
with  steel  in  compression  it  is  also  necessary 
to  tind  the  arm.  Yet  authorities  invariably 
proceed ,  along  the  same  analytical  lines  fol- 
lowed in  deriving  formulas  for  simple  beams 
and  give  the   following  formulas   for  the  dis- 


"O 

I 


tance  of  the  neutral  a.xis  from  the  top  of  the 
beam,  on  which  the  arm  depends. 
For  T-beams  : 


kd  = 


,2ndAs  +  {b-b')t- 


II. is 


b' 
(b-b')t 


P 


.4^-1-  {b-b,')t\ 


b' 


(1) 


For  beams  with   steel   in   compression  : 


k  =\'  2n  \P  +  P'f)  +nHp  +  p')'-n[p  +  p'> .    (2) 

Such  formulas  are,  to  say  the  least,  clumsy. 
They  also  are  unnecessary,  for  by  the  follow- 
ing methods  of  analysis  (which  the  writer  be- 
lieves to  be  entirely  new )  we  do  not  need  to 
find  the  arm  of  the  resisting  couple,  but  can 
arrive  at  formulas  which  are  very  simple  and 
whose  constants  can  readily  be  tabulated. 

FORMUL.AS    FOR    T-BEAMS. 

.Assume  a  T-beain  such  as  ABHGJIFE  (Fig. 
1).  It  is  evident  that  the  moment  of  resist- 
ance of  the  T-beam  is  equal  to  that  of  a  rec- 
tangular beam  ABDC  less  that  of  two  rec- 
tangular beams  EFIC  and  HDJG 

Likewise  the  area  of  steel  required  for  the 
T-beam  will  be  that  required  for  a  rectangular 
beam  ABDC  less  the  quantity  required  for  the 
two  beams  EFIC  and  HDJG. 


As  =  pib,di  —  pib:,d~.    (4) 

where 

M  =  bending  moment  in  inch-pounds, 

.<4s  =  required  area  of  steel  in  square  inches, 

i?i  ^  coefficient  of  resistance  for  the  large 
beam  ABDC, 

7?2  =  coefficient  of  resistance  for  the  small 
beams  EFIC  and  HDJG, 

/>!  =  ratio  of  area  of  steel  to  effective  area 
of  beam  for  ABDC, 

/>•;  =  ratio  of  area  of  steel  to  effective  area 
of  beam  for  beams  EFIC  and  HDJG. 

It  should  be  borne  in  mind  that  the  steel 
stress  will  be  the  same  for  both  the  large  and 
the  small  beams  but  that  the  stresses  in  the 
concrete  will  be  different.  In  the  large  beam 
it  will  be  the  raa.ximum  allowable  stress :  in 
the  small  ones  it  will  be  the  stress  correspond- 
ing to  the  underside  of  the  slab  forming  the 
wings  of  the  T-beam.  If  we  know  the  posi- 
tion of  the  neutral  axis  we  can  easily  find  the 
latter  stress  by   simple  proportion. 

Suppose  now  that  we  have  prepared  a  table, 
such  as  Table  I,  giving  the  values  of  tlie 
constants  R,  p  and  k  for  a  stress  of  18,0()(i 
lbs.  in  the  steel,  a  ratio  of  moduli  of  12,  and 
stresses  in  the  concrete  ranging  from  0  to  1,000 
lbs.,  and  that  we  wish  to  find  the  moment  of 
resistance  of  a  T-beam  25  ins.  deep,  with  a 
stem  10  ins.  wide,  a  flange  width  of  30  ins.  and 
a  slab  thickness  of  G  ins.  Assuming  that  the 
ma-ximum  stress  in  the  concrete  is  800  lbs., 
that  in  the  steel  is  18,000  lbs.,  and  that  the 
ratio  of  moduli  is  12,  the  stress  in  the  under- 
side of  the  slab  will  be: 
/  t     \    fc  /  (^i    \      800 

(  /       _     ) =  (  0348 )    = 

V  d    /    k  \  2.5  /    0.848 

2.']0  lbs.  per  square  inch. 

From  Table  I  we  find  that  for  stresses  of 
800  lbs.  and  250  lbs.,  respectively,  7?i  =  123, 
/>,  =  0.0077  and  R2  =  17,  p;  =  0.001. 

Substituting  these  values  in  equations  (3) 
and  (4)  we  have : 

.1/  =  123  X  30  X  25=  —  17  X  20   X   10-  = 
2,183,510  in.-lbs. 
and 

A>  =  0.0077  X  25  X  .30  —  0.001  X  20  X   10 
=  5.40. 

To  avoid  interpolatmg  for  values  which  are 
not  given  in  Table  I,  and  also  to  simplify  the 
operation  of  finding  the- stress  in  the  under- 
side of  the  slab,  a  set  of  curves  can  be  drawn 
for  a  given  stress  in  the  steel,  similar  to  that 
shown  in  Fig.  2.     In  these  curves  the  required 


I     Fig.    2.      Diagram    for    Determining    Values    of  R    and    p   for    Values    of    k,    f    and    t  d    When 

t,  =  18,000   and  n==  12, 

We  thus   have   reduced   the  problem   of   the  constants  can  easily  be  picked  out  as  follows: 

T-beam  to  that  of  rectangular  beams.  _         t 

Expressing  the  above  statements  in  formulas,  -Mong  the  scale  representing  —  (wdiere  t  = 

we  have :  d 

M  =  R,b,d',  —  R,b:,d-,    (3)  thickness  of  .slab  and  d  =  effective  depth  of 

and  beam)     find    the    required    value.      From    this 


point  follow  the  line  at  right  angles  to  the 
scale  until  it  intersects  the  oblique  line  repre- 
senting the  allowable  stress  in  the  concrete. 
From  this  point  of  intersection  follow  the  line 

t 
parallel   to   the  scale  of  —  until  it  meets  the 

d 
curves    marked    R    and    p    and    read    the  cor- 
responding values  on  their  respective  scales. 


b 


Fig.  3. 

Not  onlv  is  this  method  very  simple,  but  it 
does  not  neglect  the  compression  in  the  stem 
of  the  beam. 

RECTANGULAR     BEAMS     CONTAINI.NG     COMPRESSIVE 
REINFORCEMENT. 

The  following  discussion  refers  to  rectangu- 


TABLK 

I.— DATA  FOR  DE 

SIGNING  T 

■BEAMS 

WHEN  fs  =  IS, 000 

and  n  =  12. 

Fr. 

k. 

p. 

R. 

1000.  .. 

400 

.01110 
.01020 

174  no 

950.... 

388 

160.00 

900.... 

376 

.00950 

149.00 

Sf,0.... 

302 

.00850 

134.00 

SOO.... 

34S 

.00770 

123.00 

7S0.... 

334 

.00700 

112.00 

700.... 

316 

.00520 

lOO.OO 

650.... 

302 

.00550 

S9.0n 

600.... 

286 

.00480 

7S.O0 

550 ... . 

268 

.00410 

67.00 

500.... 

250 

.00350 

58.00 

450.... 

231 

.00290 

48.00 

400.... 

211 

.00230 

38.50 

350.... 

190 

.00190 

32.00 

,^00.... 

167 

.00140 

24.00 

250.... 

143 

.00100 

17.00 

200.... 

lis 

.00065 

11.00 

150.... 

091 

.00039 

6.00 

1011.... 

062 

.00017 

3.00 

50.... 

032 

.00005 

o.sn 

TABLE    II.— FORMI-L.A.    CONSTANTS    FOR    U 
=  18,000    LBS.,    FOR    REINFORCED    CON- 
CRETE BEAMS  WITH   STEEL  IN 
COMPRESSION. 


F.  - 

=  600  and 

P  =  ■ 

00477 

Fc  = 

I  550  and 

P  =  . 

00545 

r. 

C,. 

C~. 

Cs. 

r. 

C,. 

C~. 

C-,. 

.!!« 

.000183 

.0142 

.316 

.96 

.000173 

.0153 

.3.^,) 

.94 

.000204 

.0158 

.291 

.94 

.000183 

.0162 

.322 

.9'! 

.000228 

.0177 

.264 

.92 

.000204 

.0181 

.297 

.90 

.000250 

.0201 

.238 

.90 

.000230 

.0203 

.267 

..SS 

.000296 

.0230 

.213 

.88 

.000261 

.0231 

.241 

.Xli 

.000345 

,0268 

.187 

.86 

.000300 

.0200 

.214 

.S4 

.000410 

.0318 

.161 

.84 

.000350 

.0310 

.188 

.S2 

.000500 

.0388 

.136 

.82 

.000418 

.0370 

.162 

.SO 

.000632 

.0490 

.110 

.80 

.000512 

.0453 

.l::5 

l-V 

=  700  anc 

P  =  . 

0062 

hV  = 

:  7.50  and 

P  -  ■ 

:i069:. 

.96 

.0001,-4 

.0151 

.375 

.96 

.000149 

.0160 

.402 

.94 

.000109 

.0169 

.350 

.94 

.000158 

.0175 

.375 

.9:^ 

.000X87 

.0187 

.316 

.92 

.000175 

.0193 

.347 

,90 

.000209 

.0209 

.295 

.90 

.000194 

.0215 

.318 

.88 

.000235 

0235 

.268 

.88 

.000217 

.0240 

.292 

.86 

.000267 

.0267 

.241 

.86 

.000244 

.0270 

.265 

.84 

.000310 

.0310 

.213 

.84 

.000281 

.0310 

237 

.8:^ 

.000363 

.0363 

.186 

.82 

.000326 

.0360 

.208 

.80 

.000435 

.0435 

.159 

.80 

.000382 

.0423 

.182 

F,-  : 

=  SOO  and 

P  =  ■ 

10775 

Fc  = 

:  850  and 

P  =  • 

10860 

.96 

.000135 

.0165 

.428 

.96 

.000126 

.0170 

.463 

.94 

.000147 

.0180 

.403 

.94 

.000136 

.0184 

.428 

.92 

.000161 

.0197 

.375 

.92 

.000149 

.0202 

.399 

.90 

.000177 

.0218 

.347 

.90 

.000165 

.0223 

.376 

.88 

.000198 

.0243 

.318 

.88 

.000182 

.0246 

.349 

86 

.000222 

.0273 

.290 

,86 

.000203 

.0275 

.319 

,84 

.000252 

.0310 

.261 

.84 

.000229 

.0310 

.290 

,82 

.000287 

.0353 

.235 

.82 

.000260 

.(B52 

.261 

80 

.000336 

.0412 

.206 

.80 

.000299 

.0405 

.232 

F,- 

=  900  anc 

P  = 

00940 

.96 

.000117 

.0174 

.493 

.94 

.000127 

.0189 

.463 

.92 

.0001:!9 

.0206 

.435 

.90 

.000152 

.0225 

.406 

.88 

.000169 

.0250 

.374 

.86 

.000187 

.0277 

.346 

,S4 

.000209 

.0310 

.316 

,82 

.000236 

.03.50 

.287 

.80 

.000263 

.n:;9o 

.263 
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lar   beams   containing   both    tensile    and    com- 
pressive reinforcement: 

Referring  to  Fig.  3  the  moment  of  resistance 
of  the  concrete  in  compression  equals 

/e 
b.k.jd'-.  —, 
2 

and  the  moment  of  resistance  of  the  steel  in 
compression  equals 

kd  —  d  +  rd 

p'.b.d^.r.fc.n . 

kd 
1  f  the  two  moments  are  equal,  then 

P'  = . 

2.n.r  (A-  — 1  +  )•) 
1  f  ;1/   =   the  bending  moment  in  the  beam, 
then 

i' 

M  =  x.b.d'.k.j.  —,  (5) 

2 
where  x  =  number  of  times  which  the  area  of 
the  concrete,  or  its  equivalent  area  of  steel  in 
compression,  must  be  used  to  resist  the  bend- 
ing moment.     Hence 

fi'.b.d  (.r— 1)  =pc.b.d, 
where  p<:  is  the  required  ratio  of  steel  in  com- 
pression.    Therefore 

/.c 

.1-  = +  1. 
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Substituting  this  value  of  .i-  in  equation  (.i), 
we  have 

/      P'  \  /« 

M  =  I      ——  +  1    I  b.k.jd'. = 

V      /•'  /  2 

b.d' 

(/,c  +  C,)  . 

C, 
M.C, 

Hence  />c  = C-, 

b.d' 
and 


ng 


/" 


M.C, 


W 


b  (/-c  -I-  CO 


The  moment  of  resistance  of  the  steel  in 
tension  corresponding  to  the  concrete  in  com- 
pression =    pi.b.d.jd.fs. 

The  moment  of  resistance  of  the  steel  in 
tension  corresponding  to  the  steel  in  com- 
pression =  f^.b.d.rd.fs. 

li  these  two  moments  are  equal,  then  p>.j  =^ 
P2.r. 
Now. 

M  =  x.pi.b.d.jd.f., 

where  x  =  number  of  times  which  pi.j.b.d',  or 
its  equivalent  pz.r.b.d',  must  be  used  to  resist 
the  bending  moment. 


He 


therefore. 
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(.1-  —  1 )  p:.b.d'.r  =  p,.b.d'.r; 


pt  =   (.r  — !)/>:  =    (.1-— 1)/,, 


Hence, 


therefore, 


Pz     r  p, 

-.— +  1  =  -+1: 
/>.     i  P' 

pc.pi.j 

pa =  Ci.pc  ; 


p\r 

and  total  At  in  tension  =   (p  +  C^.pc)  b.d. 

It  should  be  noted  that  jd  is  the  distance 
of  the  centroid  of  the  compressive  forces  act- 
ing on  the  concrete  alone,  and  that  p  is  the 
ratio  of  steel  required  for  tension  when  the 
beam  has  no  steel  in  compression. 

All  of  the  constants  in  the  preceding  formu- 
las are  easily  tabulated,  as  shown  in  Table  H, 
which  gives  the  constants  w'hcn  fs  =  18,000 
lbs. 

When  the  constants  are  tabulated  in  a  simi- 
lar form  to  that  shown  in  Table  H  the  design 
of  beams  with  steel  in  compression  is  very 
materially   facilitated. 


CONSTRUCTION 

:¥!CES 


PLANT 

MATERIAl 


Electric  Steam  Tunnel  Crane. 

(Contributed. ) 

A  combination  wrecking  crane  built  for 
either  steam  or  electric  operation  has  recently 
been  received  by  the  Michigan  Central  R.  R. 
Co.  for  use  in  and  about  the  Detroit  River 
Tunnel.  It  is  hoped,  of  course,  that  an  accident 
may  never  occur  in  the  tunnel  itself,  and  in 
order  that  the  crane  need  not  be  idle  under 
normal  everyday  conditions,  it  is  adapted  for 
ordinary  uses  outside  the  tunnel  as  well  as 
the  special  use  underground.  To  this  end,  cur- 
rent for  operation  may  be  taken  from  a  third 
rail  or  from  a  flexible  cable  carried  on  the 
crane,  but  if  outside  the  limits  of  the  electric 
zone  and  beyond  the  reach  of  the  power  cable, 
the  crane  can  be  operated  by  steam  from  any 
outside  source  such  as  an  accompanying  loco- 
motive. It  is  then  available  for  regular  wreck- 
ing duty,  or  for  construction  and  yard  work. 

In  general  the  construction  is  like  the 
120-ton  capacity  steam  wrecking  cranes  which 
are  standard  on  American  railroads.  The  car 
body  is  2t)  ft.  long  and  9  ft.  6  ins.  wide,  and 
the  weight  of  the  crane  is  distributed  over  a 
wheel  base  of  19  ft.  8  ins.  Telescopic  outrig- 
gers are  provided  for  adding  stability  during 
heavy  lifting.  Air  and  hand  brakes  are  fur- 
nished with  provision  for  both  automatic  and 
straight  air.  The  complete  air  brake  system  is 
under  the  control  of  the  operator,  with  engi- 
neer's valve,  electric  air  compressor,  etc. 

No  boiler  is  furnished  with  the  crane,  but 
when  desired  steam  is  taken  from  an  outside 
source  through  a  suitable  system  of  piping. 
This  is  so  arranged  by  means  of  a  steam-tight 
skip  joint  at  the  center  of  revolution  that  the 
crane  will  slew  more  than  180°  in  either 
direction  beneath  the  pipe  without  interference. 
When  the  crane  is  operated  by  electricity  this 
piping  revolves  with  the  crane.  Both  the  steam 
engine  and  the  electric  motor  meet  equally 
well  all  operating  requirements. 

For  electric  operation  there  is  provided  a 
motor  wound  for  600  volts  d.  c.  and  having 
a  capacity  varying  from  200  hp.  for  a  short 
period,  to  115  hp.  for  one  hour's  continuous 
service.  This  motor  will  operate  on  fluctua- 
tions of  line  voltage  ranging  from  300  to  700 
volts.  The  controller  is  of  the  street  railway 
type  with  cast  grid  resistance.  Current  is  taken 
from  the  third  rail  shoes  through  a  collector 
ring.    It  is  delivered  to  a  switchboard  that  is 


furnished  with  all  necessary  switches  and  in- 
struments for  operating  the  electric  air  com- 
pressor, cable  reel,  third  rail  shoes,  lights,  etc. 
An  interesting  feature  is  the  automatic  cable 
reel  for  paying  out  and  reeling  in  the  main 
power  cable.  This  reel  has  capacity  for  500  ft. 
of  insulated  power  cable.  It  is  operated  by  a 
motor  and  automatic  control  is  obtained  by  the 
action  of  the  motor  alone,  without  the  use  of 
any  intermediate  or  external  mechanical  de- 
vices, such  as  friction  clutches,  etc.  This  motor 
has  current  on  at  all  times  the  crane  is  in 
service  and  taking  current  through  the  cable, 
so   that   practically   constant   torque   is   exerted 


revolution  in  one  minute  if  deemed  of  safe 
speed.  The  boom  may  be  raised  or  lowered 
under  full  load.  There  is  provided  a  special 
drag  or  pulling  line  connection  attached  to  the 
underside  of  the  boom.  When  self  propelled  by 
either  steam  of  electricity  the  crane  has  a  speed 
of  about  four  miles  an  hour,  but  it  mav  be 
safelv  hauled  in  regular  trains  over  main  line 
tracks  at  a  speed  of  60  miles  an  hour. 

The  maximum  radius  of  the  main  block  is 
25  ft.  and  the  minimum  is  16  ft.  Capacities  of 
the  crane  are  as  follows :  With  outriggers  in 
position ;  Main  hoist  240,000  lbs.  at  17  ft. 
radius;  main  hoist  150,000  lbs.  at  20  ft.  radius. 


Electric   Steam   Tunnel   Crane   for   Michigan    Central    R.    R. 


by  the  motor  with  consequently  practically 
constant  pull  on  the  cable.  Any  change  in  the 
pull  on  the  cable,  such  as  would  be  produced 
by  the  crane  moving  forward  or  back  re- 
sults automatically  in  the  desired  paying  out 
or  reeling  in  of  the  cable.  The  motor  is 
capable  of  standing  "stalled"  continuously 
without  danger  to  its  parts  from  over  heating. 
The  motions  of  hoisting  with  either  the  main 
or  auxiliary  hoist,  varying  the  boom  radius 
and  slewing,  are  independent  of  each  other 
and  with  loads  up  to  the  limit  of  its  power, 
these  motions  can  be  performed  simultaneously. 
With  its  maximum  load  of  120  tons  the  crane 
is  capable  of  slewing  at  the  rate  of  a  complete 


With  end  outriggers  only :  Main  hoist  140,000 
lbs.  at  16  ft.  radius;  auxiliary  hoist  30,000  lbs. 
at  25  ft.  radius.  Without  outriggers :  Main 
hoist  at  right  angles,  44,000  lb.  at  10  ft.  radius, 
32,000  lbs.  at  20  ft.  radius.  Auxiliary  hoists: 
24.000  lbs.  at  25  ft.  radius. 

This  crane  differs  from  the  electric  tunnel 
crane  of  the  Pennsylvania  Railroad  and  the 
Grand  Central  Terminal  in  that  it  may  be  op- 
erated by  steam  in  addition  to  electricity.  Fur- 
thermore it  is  not  a  double  end  crane  as  are 
those  built  by  the  same  company  for  the  work 
in  the  tunnels  of  New  York.  The  crane  was 
built  by  the  Industrial  Works  of  Bay  City, 
Mich. 


Fei)ruarv  24.   1915. 
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An  Automatic  End  Gate  for  Mine  Cars. 

Contriliuted  by  Adolplie  G.  Morlock. 
An    automatically    operated    gate    for    mine 
cars  has  been  patented  by  C.  W.   Stickler,  of 


ping  the  latch  into  the  keep  and  automatically 
locking  the  gate. 

A  tie  is  placed  across  the  top  of  the  car 
near  the  gate  ca^ting  to  prevent  the  sides  from 
spreading  and  binding  the  gate  bar.  It  should 
also  be  noted  that  the  gate  e.xtends  above 
the  bar  so  that  the  car  can  be  loaded  level  full. 

The  Lehigh  Coal  &  Navigation  Co.  of  Lans- 
ford,  Pa.,  has  equipped  several  mine  cars  with 
this   device   and   is   giving  it   a  thorough   trial 
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Automatic  End  Gate  for   Mine  Cars. 


Lansford,  Pa.,  which  should  become  popular 
for  the  simple  reason  that  it  has  no  parts  to 
get  out  of  order,  no  levers  to  operate,  will  not 
bump  open  on  level  track,  dumps  easily  and 
surely,  and  latches  itself  automatically.  The 
attachment  can  be  placed  upon  any  mine  car 
now  in  use  at  but  a  small  cost. 

A  mine  car  equipped  with  this  automatic 
device  has  been  in  use  more  than  five  months, 
making  frequent  trips  from  mine  to  tipple,  and 
has  never  failed  to  dump  or  latch  itself. 

It  is  an  economical  device  in  that  it  does 
away  with  the  services  of  the  men  now  re- 
quired to  set  and  operate  the  car  latches  be- 
tween the  shaft  and  the  headhouse. 

As  may  be  seen  from  the  accompanying 
drawing,  the  attachments  consist  of  a  casting 
fitted  to  the  top  of  the  car  at  the  gate  end 
and  the  ordinary  car  latch,  shortened,  so  as 
not  to  extend  beyond  the  body  of  the  car. 

The  casting,  as  the  detail  shows,  has  a  slot 
for  the  gate  bar  to  slide  in.  This  slot,  for 
five-eighths  of  the  thickness  of  the  gate  bar. 
has  a  pitch  of  60°  to  form  a  pocket  for  the 
bar,  so  that  the  eate  cannot  be  bumped  open 
on  level  track.  From  that  point  it  pitches  at 
4.5°  to  a  height  sufficient  to  lift  the  latch  from 
the  keep. 

As  the  car  runs  on  the  dump  the  center  of 
pressure  of  the  contents  shifts  from  the  bot- 
tom of  the  car  to  the  gate,  while  the  mo- 
mentum causes  great  pressure  to  be  exerted 
thereon.  Meanwhile,  the  car  is  tilting  down- 
ward and  the  4.5°  slot  is  assuming  a  horizontal 
position  which  permits  the  bar  to  slide,  lift- 
ing the  latch  out  of  the  keep  and  releasmg 
the  contents  of  the  car.  .^s  the  car  returns 
to  the  horizontal,  the  bar  slides  down  the  slot 
into  the  pocket  and  the  gate  slams  shut,  drop- 


preparatory   to   installing  it  on   all   their  mine 

cars. 


A     Tractor    Truck    for     Contractors' 
Hauling. 

(Contributed.) 
An  entirely  new  machine  called  a  tractor- 
truck  is  illustrated  here;  it  has  been  developed 
by  the  .Allis-Chalmers  Manufacturing  Com- 
pany, Milwaukee,  Wis.,  tn  fulfill  a  dual 
requirement:  (1)  As  a  tractor  for  gen- 
eral  hauling  purposes   for  contractors,   mines, 


in  rough  and  unbroken  country  where  the 
roads  are  poor  and  under  all  conditions  where 
the  usual  type  of  truck  cannot  be  used  on  ac- 
count of  the  road  conditions. 

As  a  truck  the  equipment  has  a  capacity  of 
iive  tons;  as  a  tractor  the  draw-bar  pull  at 
first  speed  is  9,000  lbs. ;  on  second  speed,  4,125 
lbs.;  and  at  third  speed,  2,370  lbs.  The  mak- 
ers do  not  recommend  the  machine  for  use  as 
a  tractor  on  the  fourth  speed.  Its  first  speed 
forward  is  V/z  miles  per  hour;  second  speed, 
3%  miles;  third  speed,  (i  miles,  and  the  fourth 
speed  8  to  10  miles  per  hour;  reverse  speed, 
1%  miles  per  hour.  The  fourth  speed  is 
recommended  only  for  light  loads  and 
emergency  purposes. 

This  tractor-truck  is  equipped  with  a  four- 
cylinder  T-head,  automobile  type  engine,  de- 
veloping 68  HP.  at  1,000  R.P.M.  It  is  water 
cooled,  positive  circulation  with  centrifugal 
pump.  The  radiator  is  of  the  square  tube  type 
with  belt  driven  fan.  The  carburetor  is  of 
the  automatic  float  feed  type  with  water 
jacket  for  warm  water,  and  air  inlet  shut-off 
for  starting  in  cold  weather;  gravity  feed. 

Auto  truck  practice  has  been  very  closely  fol- 
lowed in  the  rest  of  the  equipment,  the  clutch 
being  large  cone  leather  faced  with  adjustable 
spring  inserts  underneath  leather,  allowing 
gradual  engagement.  There  is  a  full  universal 
between  clutch  and  transmission,  also  Spicer 
joints  on  drive  between  the  transmission  and 
differential.  The  transmission,  differential  and 
jack  shaft  is  in  one  unit,  e.xtra  heavy;  the 
sliding  gear,  selective  type,  with  four  speeds 
forward  and  reverse,  direct  drives  on  third 
speed;  F.  &  S.  annular  ball  bearings;  chrome 
vanadiiim  steel  gears.  The  differential  is  of 
large  size  and  made  of  chrome  vanadium 
steel;  pinion  shaft  supplied  with  two  Timken 
bearings,  also  Timken  bearings  on  differential. 
The  final  drive  consists  of  special  alloy 
steel  sprockets  on  jack  shaft  and  track  wheel 
connected  by  side  roller  chains  of  e.xtra  heavy 
type.  The  treads  of  the  track  wheel  form  an 
endless  chain  which  runs  over  two  steel 
sprockets,  the  rear  sprocket  being  keyed  to 
the  same  shaft  as  the  sprocket  driven  by 
roller  chain.  The  entire  weight  carried  by  the 
track  wheel  is  supported  on  chain  connected 
rollers,  eliminating  journal  friction  at  this 
point.  At  the  rear  axle  there  are  two  semi- 
eliptic  springs  and  two  coil  springs  on  the 
front  axle ;  foot  brake  equalized,  contracting 
on  drums  connected  to  countershaft.  The 
steering  gear  consists  of  worm  and  double 
nut  with  very  large  bearing  surface  and  the 
wheel  pivots  turn  on  Timken  roller  bearings 
fitted  with  20-in.  hand  wheel. 

The  main  frame  consists  of  7-in.  rolled  steel 
channel  section,  extra  heavy  and  heavily 
trussed  with  angle  steel  sub-frame ;  castings 
are  chrome  vanadium,  annealed  and  heat 
treated. 


A  Double  Truck  Electric  Locomotive. 

(  Contributed. ) 
The      Orenstein-.\rthur      Koppel      Co.,      of 
Koppel,   Pa.,  have  just  perfected   a  new  loco- 


Tractor  Truck  for  Contractors. 


smelters,  plantations — in  fact,  wherever  a 
powerful  and  substantial  machine  is  required. 
(2)  As  a  truck  for  truck  hauling  and  for  use 


motive  cmbodving  two  distinctly  new  features, 
a  flexible  diamond  shaped  trolley  and  a  double 
truck,   permitting  use  on  track   layouts  where 


186 


Engineering   and    Contracting 


\  .ilunic  XLIII.     No.  8. 


sliarp    curves    are    encountered.     Each    of    the  counteract   these   difficuhies   the   new   arrange- 

two   features  alone  presents  a  great  stride  in  nient    contains     the     diamond-shaped     trolley, 

the    designing    of    industrial    locomotives    and  equipped  with  two  large  springs  allowing  flexi- 

both  have  successfully  stood  all  tests  to  which  bility  in  all  directions.    This  trolley  is  perma- 


Double    Truck     Electric     Locomotive. 


the  recently  erected  machine  has  lieen  sub- 
jected. 

For  years  most  of  the  larger  industrial  con- 
cerns in  the  country,  which  installed  the  electric 
system,  have  experienced  difificulty  in  arranging 
track  layouts  so  as  to  exclude  sharp  curves,  so 
much  time  and  money  has  been  lost  in  derail- 
ments and  excessive  power  needed  while  haul- 
ing around  curves.  The  greatest  difficulty  has 
been  experienced  in  plants  where  tracks  have 
been  installed  after  the  plant  had  been  built 
for  some  time  and  as  a  result  curves  of  15  ft. 
radius  and  less  often  have  been  encountered. 

The  new  locomotive  can  take  a  curve  of 
even  12  ft.  radius  while  hauling  a  train  with- 
out excessive  power  being  required  and  with- 
out derailment.  By  the  use  of  small  wheels  it 
is  possible  to  make  the  wheel-base  of  the 
trucks    short,   allowing   room    for   the    double 


nent  and  re<|uires  no  attention  on  the  part  of 
the  operator. 

The  locomotive  has  been  thoroughly  tested 
and  has  proven  its  merit  by  passing  througli  a 
series  of  successive  sharp  curves,  including 
those  of  a  12  ft.  radius  and  in  addition  to  hold- 
ing to  the  tracks  has  pulled  a  train. 


An  Improved  Side  Door  for  Contract- 
ors' Dump  Car. 

The  illustration  shows  a  side  door  for 
dump  cars.  The  construction  is  of  plank 
bound  tops  and  bottoms  by  steel  rails,  the 
plank  edges  setting  into  the  gap  between  head 
and  base  of  rail.  To  the  ends  of  the  rails  are 
connected  four  trunions  which  set  into  holes 
m  the  end  bars  as  indicated  by  the  illustration. 
The  car  pictured  is  one  of  ten  employed   for 


Contractor's    Car   with    Improved    Side    Door. 


truck  on  the  same  size  locomotive  formerly 
used  for  a  single  truck. 

Because  of  the  small  wheels  and  the  accom- 
panying low  body  of  the  locomotive,  it  is  not 
possible  to  mount  the  motor  directlv  on  the 
truck  frame,  so  in  the  new  design  tlie  motor 
is  mounted  on  the  frame  of  the  car  and  the 
wheels  are  driven  by  means  of  flexible  silent 
chains. 

The  ordinary  trolley  pole  is  also  unsuitable 
for  small  curves  as  the  trolley  wheel  invariably 
comes  off  the  wire.  Another  disadvantage  in 
the  pole  system  of  current-carrying  is  in  re- 
versing the  pole  when  changing  direction.    To 


one  year  in  handling  rock ;  the  door  remains 
true  and  unbroken.  This  car  door  is  con- 
trolled bv  the  Improved  Car  Side  Co.,  1778 
50    Church   St.,   New   York. 


Autotraction    Drill    Rig    and    Hollow 

Piston  Drill. 

Hollow  piston  drills  were  used  with  excep- 
tional success  in  excavating  for  the  power 
station  at  Turners  Falls  at  Montague  City, 
Mass.  When  the  earth  on  the  river  bank 
liad  been  removed,  the  rock  on  the  level  por- 
tion was  drilled  to  a  depth  of  30  ft.  and  shot 


for  removal  by  a  steam  shovel.  This  work 
was  done  with  a  Sullivan  class  "FV-U''  sub- 
marine type  rock  drill  with  hollow  piston  and 
hollow  drill  steel,  mounted  on  an  autotraction 


Autotraction    Drill    Rig  and    Hollow    Piston 
Drill. 

carriage.  Fig.  1,  to  facilitate  moving  from 
hole  to  hole.  The  drill  and  the  carriage  en- 
.gines  were  operated  by  compressed  air  from 
the  central  power  house.  With  this  machine, 
3-in.  holes  30  ft.  deep  were  drilled  10  ft.  apart, 
averaging  from  150  to  210  ft.  per  10-hour  day. 
The  best  day's  work  accomplished  was  eight 
3(i-ft.  holes,  the  outfit  being  moved  seven 
times. 

The  formation  consisted  o|  partially  dis- 
integrated sandstone,  increasing  in  solidity  and 
hardness  with  depth,  until  some  rock  of  con- 
siderable hardness  was  encountered  in  the  last 
few-  feet  of  the  holes.  The  rock  lay  on  a  pitch 
of  20  to  30  degrees  away  from  the  river,  in 
thin  strata.  In  this  formation,  the  cleaning 
action  secured  by  the  blast  of  exhaust  air,  dis- 
charged to  the  face  of  the  bit  tlirough  the 
hollow  piston  and  drill  steel,  was  particularly 
valuable.  It  prevented  the  clogging  of  the  bit 
liy  accumulated  chips  and  dust,  and  secured  a 
clean  rock  face  for  the  bit  to  strike  at  all 
times.  The  drill  described  is  made  by  the 
Sullivan  Machinery  Co.,  Chicago,  111. 


A  Device  for  Recovering  Rods  or  Tools 
from  Underground  Conduit. 

The   accompanying  iliagrani   sh.iws  a   pickup 
tool   for  recovering  rods  or  tools  lost  in  clav 


A  New  Pickup  Tool  for  Conduit  Work. 

conduit.  Ordinarily  when  tools  become  de- 
tached or  rods  are  broken  in  conduit  an  ex- 
cavation from  the  surface  to  recover  them  is 
required.  As  the  sketch  indicates  the  new 
tool  consists  of  a  metal  box  on  the  end  of  a 
rod ;  this  bo.x  has  two  flaps  or  doors  as 
shown.  When  a  tool  is  lost  and  remains  in 
the  conduit  the  box  is  pushed  in  until  it 
reaches  the  lodged  tool  end  which  slides  up 
into  the  box  past  the  first  door  and  is 
"caught"  as  indicated.  If  a  broken  rod  is  be- 
ing recovered  the  second  flap  or  door  catches 
it.  When  the  box  is  pulled  back  out  of  the 
conduit  the  tool  or  rod  comes  with  it.  The 
inventor,  Mr.  M.  Blumenthal,  states  that  he 
has  repeatedly  with  this  device  recovered  a 
rod  or  set  of  rods  in  five  minutes.  The  pick- 
up device  is  manufactured  bv  B.  S.  Barnard 
&  Co.,  50  Church  St.,  New  York,   N.  Y. 
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MUNICIPAL   COSTS:     Alicliting  of. 

Desirability   of   Independent  Audits  of   Mu- 
nicipal  Costs    161 

Cites  the  oontro\'eihy  over  the  inunlcipaUy- 
operated  cement  plant  in  Los  Angeles  as  an  ar- 
gument in  favor  of  a  permanent  bureau  for 
auditing  municipal  costs  or  a  periodic  engineer- 
ing audit  bv  independent  engineers.  E.  &  C 
Feb.   I'J,   i;!]5;   1^4  cols. 


ENGINEERS:    Salaries:  Means  of  Raising. 

The    Most    Effective    Means   of   Raising   the 
Salaries  of   Engineers 161 

Suggests  that  the  work  of  the  engineer  is  not 
properly  appreciated  and  hence  not  adequately 
remunerated  because  of  the  lack  of  technical 
training  and  practical  experience  on  the  part  of 
the  employer.  Hence  the  securing  of  important 
public  offices  by  engineers  will  tend  to  increase 
the  public's  understanding  of  the  work  of  the 
profes.*ion  and  conseciuently  increase  salaries.  E. 
&  C,  Feb.  24,  1915;  %  col. 


ENGINEERS:     Public    Service    Commission- 

eis. 

Engineers    Urcje   Appointment   of   an    Engi- 
neer for   Idaho  Commission 161 

Brief  comment  on  the  measures  taken  by  en- 
gineering clubs  and  societies  to  secure  the  ap- 
pointment of  engineers  to  public  service  com- 
missions, citing  the  action  of  Spokane  engineers 
as  an  instance.     E.  &  C,  Feb.  24,  1915;  14  col. 


TUNNELS:    Driving  IJecords. 

Tunneling    Speed    Records   Viewed    From   a 
Different   Angle    161 

Editorial  commenting  ui)on  the  fact  that  speed 
records  in  tunnel  driving  apparently  have  not 
changed  to  any  great  extent  of  recent  years, 
as  opposed  to  other  engineering  works  in  which 
the  rapidity  of  construction  has  greatly  in- 
creased.    .E.  &  C,  Feb.  24,  1915;  %  col. 


PROFESSIONS:     Hysteresis    in. 

Hysteresis    In    the    Professions 162 

An  editorial  urging  tl^e  importance  of  apply- 
ing a  test  of  some  kind  to  determine  whether 
the  professional  man  is  keeping  up  with  the 
times  or  is  lagging  behind.  E.  &  C,  Feb.  24, 
1915;    ',-  col. 


BRIDGE    WORK:     Legislation   Affecting. 

Dangerous     Legislation     Affecting      Bridge 
Work     162 

Editorial  comment  on  a  proposed  act  now  be- 
fore the  Pennsylvania  Legislature,  the  main 
purposes  of  which  are  to  require  that  competi- 
tive plans  and  specifications  be  permitted  at 
bridge  lettings,  and  that  no  bidder  shall  sub- 
mit a  bid  covering  plans  in  which  a  patented 
<'evice  is  used  unless  accompanied  by  the 
signed  terms  under  which  the  patentee  will  per- 
Tiiit  its  use.     E.  &  C,  Feb.  24.  1915;  I/2  col. 


ROADS:       Surveys     and      Plans,      Jlichigan 
Trunk   Lines. 

Surveys   and   Construction    Plan   for  Tnmk 
Line   Road   Construction   in    Michigan....   162 

Discusses  trunk  line  road  law.  preliminary 
surveys,  location  surveys,  cost  of  surveys,  con- 
struction plans  and  gives  typical  specifications. 
E.  &  C.  Feb.  24,  1915;  15  cols. 


ASPHALT:     Melting   Point. 

Comment   on   the   Cube   Method   for   Deter- 
mining the   Melting   Point  of  Asphalts...    157 

I^etter  commenting  on  an  article  on  the  aiM)V'' 
subject  in  previous  issue  of  Engineering  &  Con- 
tracting. Makes  corrections  as  to  credits.  E.  & 
C.  Feb.  24.  1915;   %  col. 

SURVEYOR:    Judge  for  County. 

A   Judge  for  County  Surveyor 167 

Letter  commenting  on  editorial  in  issue  of 
February  17.  Tells  of  engineers  who  were  can- 
didates for  the  above  position,  and  their  quali- 
fications.    E.  &  C,  Feb.  24,  1915;   Vi  col. 

APPRAISAL:     City  Real  Estate. 

Appraisal    of   City    Real    Estate 167 

Abstract  of  a  paper  on  "Technical  Informa- 
tion for  Real  Estate  Experts."  Gives  a  for- 
mula for  calculating  value  of  city  lots,  and  com- 
pares with  "Hoffman  rule."  Also  gives  de- 
tailed cubic  foot  costs  of  two  large  buildings, 
E.  &  C,  Feb.  24,  1915;  9%  cols. 

PUMPS:     Water  Works;    Choice   for   City. 

Choice   of   Pumps  for  City   Water  Works..    171 

Discusses  economic  ciioice  of  pumps  for  cities 
having  daily  consumption  of  water  under  1,000,- 
000  gals.,  from  1,000,000  to  5,000,000  gals,  from 
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gallons,  respectively.  E.  &  C,  Feb.  24.  1915;  2i; 
cols. 


WATER  WORKS:     Operation,   Faulty. 

The  Fai'lty  Operation  of  the  Average  Pub- 
lic Utility  with  Special  Reference  to 
Water   Works — Suggested    Betterments..    171 

Gives  a  few  examples  of  poor  water  woi'ks 
design  in  Kansas.  Discusses  faulty  operation 
of  well  designed  and  constructed  water  and 
light  plants.  Discusses  betterments  under  head- 
ings of  management,  accounting,  and  record- 
keeping. Advocates  taking  plants  out  of  poli- 
tics and  the  placing  of  trained  men  in  charge. 
E.  &  C,  Feb.  24,  1915;  4%  cols. 


WATER   STERILIZATION:   Liquid   Chlorine 
.'ind  II>'pochIorite  of  Lime. 

Data  3nd  Discussion  on  Relative  Efficiency 
of    Liquid    Chlorine    and    Hypochlorite   of 

Lime    173 

Gives  results  of  studies  made  at  Valhalla,  N. 
Y..  during  past  three  years.  Data  on  relative 
efficiency  given.  Summarizes  advantages  of 
liquid  chlorine  over  hypochlorite  of  lime.  E.  & 
C,  Feb.  24,  1914;  4  cols. 
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Development  Plan  at  San  Diego.  Calif. 
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Diego.    Calif 174 
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cols. 
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Steel    in    Compression 182 
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Also  gives  a  diagram  and  tabular  data  to  aid 
in  solving  the  formulas.  E.  &  C.  Feb.  24,  1915; 
414  cols. 
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FOREIGN  TRADE  NOTES 

The  following  foreign  trade  opportunities 
are  listed  by  the  Bureau  of  Foreign  and  Do- 
mestic Commerce.  Where  addresses  are 
omitted  in  the  items  they  may  be  obtained 
from  the  office  of  the  Bureau  at  Washing- 
ton, D.  C,  or  from  the  branch  offices  at  337 
Custom  House,  New  York;  629  Federal 
Bldg.,  Chicago,  111.;  75  Appraiser's  Stores 
Bldg.,  San  Francisco,  Cal.,  and  Association 
of  Commerce  Bldg.,  New  Orleans,  La.  In 
applying  for  addresses  reference  should  be 
made  to  the  file  numbers. 

Tramway  S  u  p  p  1  i  e  s. — The  Melbourne, 
Brunswick  &  Coburg  Tramways  Trust  is  ask- 
ing tenders  for  the  supply  and  delivery  of  car 
equipment  and  air  brakes  for  single-type 
trucks:  single-truck  combination  car  bodies; 
and  wheel  guard  equipment  and  operating 
gear.  Copies  of  the  specifications,  forms  of 
tender,  and  drawings  may  be  obtained  from 
the  offices  of  the  Melbourne,  Brunswick  & 
Coburg  Tramways  Trust,  Coburg,  Victoria, 
Australia,  upon  payment  of  the  required  fee. 
No.   15,646. 

Electrical  and  Hydraulic  Power  Machinery. 
■ — Business  man  in  Near  East  wishes  to  get  in 
touch  with  manufacturers  of  electrical  and 
hydraulic  power  plants,  flour-milling  machin- 
ery, gasoline  boats,  and  gasoline  engines.  He 
desires  to  utilize  waterfalls  for  the  purpose  of 
creating  energy  for  a  power  and  light  plant. 
No  15,662.  [For  address  see  first  paragraph.] 
Corrugated  Iron  Sheets. — One  of  the  for- 
eign legations  in  Washington  has  informed  the 
Bureau  of  Foreign  and  Domestic  Commerce 
that  a  firm  wishes  to  purchase  corrugated  iron 
sheets  for  manufacture  into  "roll-laden,"  or 
sliding  windows.  No.  15,615.  [For  address  see 
first  paragraph.] 

Nails,  Barbed  Wire,  Etc. — Business  man  in 
Italy  would  be  glad  to  receive  quotations  on 
nails,  tacks,  wire,  and  barbed  wire.  Corre- 
spondence may  be  in  English.  No.  15,628. 
[For   address   see   first  paragraph.] 

CATALOGUE     OF    ENGINEERING     AND     MINING     SO- 
CIETIES   IN    CHILE. 

Arrangements  have  been  made  for  filing  and 
indexing  any  American  catalogues  on  railway 
equipment,  materials,  construction  machinery, 
etc.,  that  may  be  sent  to  the  Institute  of  En- 
gineers of  Chile.  The  address  is  Instituto  de 
Ingenieros  de  Chile,  Santiago,  Chile.  Such 
catalogues  as  may  be  sent  to  the  institute 
should  be  the  best  available,  preferably  in 
Spanish,  although  not  necessarily  so,  and  pre- 
pared in  such  form  as  will  facilitate  filing.  If 
sent  in  loose-leaf  form,  as  some  American 
manufacturers  send  out  advertising  matter, 
they  should  be  inclosed  in  neat  envelopes. 
These  catalogues  will  be  used  only  as  refer- 
ence books  by  practicing  engineers,  and  if  the 
prices  are  not  shown  in  the  catalogue  some 
information  should  be  given  as  to  the  easiest 
method  of  obtaining  prices.  For  instance,  if 
there  is  a  local  representative  of  the  firm  in 
Chile  or  Buenos  Aires,  or  some  other  near-by 
city,  it  would  be  well  to  so  advise,  in  order 
that  time  may  be  saved  to  the  engineers  in 
making  estimates  in  the  event  that  they  seem 
pleased  with  the  American  article.  Similar 
arrangements  have  been  made  with  the  Socie- 
dad  Nacional  de  Mineria,  which  desires  cata- 
logues of  mining  and  metallurgical  machinery. 
The  Society  of  Mining  Engineers  is  organiz- 
ing a  technical  department  for  the  purpose  of 
assisting  Chilean  miners  in  the  selection  of 
machinery,  and  inasmuch  as  it  is  a  semiofficial 
institution,  it  will  probably  attract  a  good 
many  local  miners.  The  same  care  in  sending 
catalogues  to  it  should  be  exercised  as  when 
sending  catalogues  to  the  Institute  of  En- 
gineers, which  is  the  civil-engineering  branch. 
The  catalogues  for  the  Mining  Society  should 
be  addressed  as  follows :  Departamento  Tec- 
nico,  Sociedad  Nacional  de  Mineria,  Ministe- 
rio  de  Industrias  y  Obras  Publicas,  Santiago, 
Chile. 

INDUSTRIAL  NOTES 

Mr.  J.  L.  Keir,  manufacturer's  agent,  with 
offices  in  the  Abbott  Bldg.,  Broad  and  Race 
Sts.,  Philadelphia,  Pa.,  has  been  appointed 
representative    of    the    Troy    Wagon    Works 


Co..  m  that  city.  He  will  handle  Troy  motor 
truck  trailers,  reversible  traction-drawn 
wagons,  and  dump  wagons. 

The  C.  H.  &  E.  Mfg.  Co.,  Inc.,  of  Milwau- 
kee, Wis.,  manufacturers  of  contractors'  ma- 
chinery and  equipment,  will  soon  move  into 
its  new  3-story  brick,  mill  constructed,  fac- 
tory building  at  the  corner  of  Clinton  and 
Mineral  Sts.,  Milwaukee.  The  new  plant  is 
being  equipped  with  the  latest  approved  ma- 
chinery   and    manufacturing    facilities. 

The  Troy  Wagon  Works  Co.,  Troy,  0.,  has 
started  building  a  new  motor  truck  trailer 
w'orks  to  accommodate  its  growing  business  in 
this  feature  of  its  line.  The  new  building 
will  cover  16.800  sq.  ft.  of  ground,  being  120 
ft.  by  140  ft.  It  will  enable  the  company  to 
turn  out  more  than  60  trailers  a  week.  The 
Troy  Wagon  Works  Co.  is  now  making  trail- 
ers in  three  sizes,  1%-ton,  2%-ton,  and  5-ton. 
The  1%-ton  is  non-reversible,  while  the  other 
two  may  be  obtained  in  either  reversible  or 
non-reversible   types. 

The  MacArthur  Concrete  Pile  &  Foundation 
Co.,  11  Pine  St.,  New  York  City,  has  been 
awarded  the  following  contracts  recently : 
Concrete  pile  foundation  of  the  coke  bin  and 
coal  unloading  pocket  at  the  plant  of  the 
Philadelphia  Suburban  Gas  &  Electric  Co., 
unester,  Penn.  R.  C.  Cornish,  Engineer;  Pile 
foundation  of  the  Sylvan  Ave.  Viaduct.  Pitts- 
burgh, Pa.  Drave  Contracting  Co.,  General 
Contractors,  Pittsburgh,  Pa.  Foundation  (in- 
cluding piles  and  reinforced  concrete  capping) 
of  the  pan  house  and  extension  to  boiler 
house  at  plant  of  Paterson  Parchment  Paper 
Co..  Passaic.  N.  J.  W.  W.  Christie,  Engineer, 
Paterson,   N.   J. 


Cement  Show  Mixer  Contest. 

One  of  the  special  features  of  the  recent 
Sth  Annual  Chicago  Cement  Show  was  the 
guessing  contest  conducted  by  the  .\rcher 
Iron  Works,  Chicago,  111.  The  prize  in  this 
contest  was  a  No.  1  Archer  Special  concrete 
mixer.  The  mixer  was  given  away  free  to 
the  contractor  or  builder,  or  anyone  directly 
engaged  in  concrete  construction  work,  who 
would  guess  the  nearest  to  the  number  of 
stones  contained  in  the  batch  hopper  attached 
to  one  of  the  machines  belonging  to  the 
Archer   exhibit. 

During  the  evening  of  the  last  night  of  the 
show,  the  stones  were  counted  by  a  committee 
composed  of  representatives  of  the  various 
enginecrins  and  trade  publications.  There 
were  1.3,2(10  stones  in  the  hopper.  The  near- 
est guess  was  13.313  stones,  made  by  N.  G. 
Rasmussen,  203  34th  Ave..  Milwaukee,  Wis. 
Mr.  Rasmussen  is  a  member  of  the  firm  of 
Charles  Fisher  &  Son,  Milwaukee,  Wis.  This 
firm  manufacturers  all  classes  of  cement 
products  and  also  are  contractors  on  miscel- 
laneous classes  of  concrete  construction  work. 

The  contest  proved  a  feature  of  interest  to 
all  visitors  at  the  Cement  Show  and  especially 
among  contractors,  all  of  whom  seemed 
anxious  to  submit  a  good  guess.  The  No.  1 
-\rcher  Special  concrete  mixer  is  one  of  the 
successful  smaller  type  drum  batch  mixers 
which  has  been  on  the  market  for  the  past 
number  of  years.  It  possesses  the  distinctive 
feature  of  having  the  engine  mounted  on  top 
of  the  mixer  frame  out  of  the  way.  The 
mixer  is  end-dischar.ge  and  very  portable,  one 
man  being  able  to  lift  it  at  the  platform  end. 

The  Archer  Iron  Works  claim  the  mixer 
has  a  daily  capacity  of  50  cu.  yds.  of  wet  con- 
crete which  is  their  guarantee  although  they 
state  many  contractors  using  the  machine 
claim  records  greatly  exceeding  50  yds.  It  is 
a  mixer  which   sells   at  $225. 


Drills.— Paper ;  circular.  Wood  Drill  Works, 
Paterson,  N.  J. 

Describes  the  "Brownie"  drill,  designed  es- 
pecially for  breaking  up  boulders  for  crushers 
and  road  work,  small  tunnel  and  sewer  work. 
Illustrated. 

Tractor  Trucks. — Paper,  12x9  ins. ;  12  pp. 
Allis-Chalmers  Manufacturing  Co.,  Milwau- 
kee, Wis. 

Consists  of  a  number  of  interesting  photo- 
graphic reproductions  showing  Allis-Chalmers 
tractor  trucks  and  their  adaptability  to  vary- 
ing conditions. 
Locomotives. — Paper,    9x6    ins. ;    32   pp.     The 

Baldwin     Locomotive     Works,     Brpad     St., 

Philadelphia,    Pa. 

Illustrates  and  describes  the  exhibit  of  the 
Baldwin  Locomotive  Works  at  the  Panama- 
Pacific  Exposition.  Lists  materials  and  appli- 
ances used  in  construction  and  gives  general 
dimensions. 


NEW  CATALOGUES 

Road  Machinery. — Paper,  10x6^4  ins. ;  68  pp. 

Austin-Western    Road    Machinery    Co.,    910 

Michigan  Blvd..  Chicago. 

Describes  and  illustrates  many  of  the  ma- 
chines manufactured  by  the  company,  includ- 
ing various  reversible  road  machines,  rock 
crushers,  telescope  bins,  elevators,  revolving 
screens,  motor  rollers,  scarifiers,  dump  wag- 
ons,  sweepers,   sprinklers,   etc. 


CATALOGUE  REVIEWS 

RocMAc  Ro.aiDS. — Paper,  6x9  ins. ;  4  pp.  Phila- 
delphia Quartz  Company,  121  South  Third 
street,    Philadelphia,    Pa. 

A  pamphlet  containing  specifications  for 
Rocmac  roads.  Gives  concise  and  explicit  in- 
structions as  to  grade,  foundations,  wearing 
surface,  screenings,  stone,  and  construction 
methods. 

Two  methods  of  constructing  the  wearing 
surface  are  described,  i.  e..  the  "Pressure 
Method"    and   the   "Mi.xing   Method." 

Particular  instructions  for  rolling  anfj 
brooming  are  given. 

Turbine-Driven  Centrifugal  Pumps. — Paper. 

6x9  ins. ;  64  pp.    The  Terry  Steam  Turbine 

Co.,  Hartford,  Conn. 

"Terry  Turbines  for  Pump  Drive"  is  the  title 
of  Bulletin  No.  19,  which  sets  forth  in  detail 
the  advantages  and  limitations  of  turbine- 
driven  centrifugal  pumps,  and  shows  the  wide 
range  of  experience  of  the  Terry  Steam  Tur- 
bine Co.,  in  this  field  of  turbine  application. 
The  principles  of  operation  and  construction 
of  the  centrifugal  pump  are  clearly  explained 
as  are  the  details  of  the  steam  turbines  which 
have  been  successfully  used  during  the  last  ten 
years  for  driving  them. 

The  various  uses  to  which  these  pumps  may 
be  applied  are  described,  and  the  several  types 
of  pumps  so  driven  are  shown.  These  include 
boiler  feed  'lumps,  condenser  pumps,  high  duty 
pumps  for  water  works  service,  fire  service 
pumps,  ballast  pumps,  sluicing  and  contractors* 
pumps,  and  -umps  for  miscellaneous  liquids 
and  dredging  service.  Terry  vertical  pump  set* 
and  the  automatic  pump  governor  are  then 
described. 

Several  pages  at  the  end  are  devoted  to  the 
mathematics  of  centrifugal  pumps.  The  theory 
of  centrifugal  pump  design  and  methods  of 
testing  centrifugal  pumps,  are  explained,  and 
tables  of  pressure  in  pounds  per  square  inch 
for  different  heads  of  water,  and  of  friction  of 
water  in  pipes  are  given. 

Sewage  Ejectors. — Paper,  6^Ax9%  ins. ;  32  pp. 
Pacific  Flush-Tank  Co.,  The  Temple,  Chi- 
cago. 

For  the  information  of  engineers,  architects, 
contractors  and  city  officials  the  Pacific  Flush- 
Tank  Co.,  submits  Catalogue  No.  17,  descrip- 
tive of  the  P.  F.  T.  .Automatic  Sewage  Ejector 
and  appurtenances  thereto. 

The  advantages  of  these  ejectors  for  han- 
dling crude,  unscreened  sewage  are  summed 
up.  and  the  operation  with  details  of  construc- 
tion described.  The  Woodall  Operating  and 
Trip  Valve,  used  in  connection  with  the 
ejectors  is  explained.  The  various  compressors 
and  compressor  control  and  regulation  are  then 
taken  up.  The  remaining  pages  are  devoted  to- 
air  receivers  and  pressure  reducing  valves, 
sump  pumps,  notes  on  design  and  operation  of 
plants,  standard  dimensions  of  ejectors  and 
tables  and  useful  information. 

The  illustrations  are  numerous  and  include 
diagrams  and  views  showing  various  arrange- 
ments of  ejectors,  typical  compressor  stations, 
etc. 
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Contiiuied      improvement 
The  Doings      '"   iiuhistry   and    trade    has 
been      shown      during      the 
of  past   week.      The   new   con- 

,  troversy  between  this  coun- 

the  Week.        {^y  ^^d  Germany  and  Eng- 
land    was     the     only     un- 
favorable  development  of   the  week,  and  this 
had   little   effect   except   upon     the     securities 
markets.     Big  trade  gains  were  shown  by  the 
bank  clearings   for   the  week  ending  Feb.  20; 
these  figures  totaled  $3,273,000,000,  which  is  a 
gain  of  over  $17,000,000  over  the  corresponding 
week  of  last  year.     This  is  the  first  increase 
over  the  corresponding  period  of  any  previous 
year  that  has   been     shown     since     the     war 
started.     Other  favorable  developments  of  the 
week    were    the    heavy    exports    of    food    and 
cotton,  the  improvement  in  the  steel  industry, 
larger  sales  of  copper,  and  greater  buying  of 
machinery   and  tools  by   industries,   indicating 
that  these  concerns  were  preparing  for  greater 
demands   upon   them.     Official     figures      from 
■     Washington   show  that  the  excess  of  exports 
over  imports   for  the  month   of  January  was 
$145,536,103,   the   largest  trade   balance   in   the 
history  of  the  country.     Unofficial  figures   for 
the  first  two  weeks  of  February  give  a  trade 
balance  on  only  partial   returns  of  over  $67,- 
000,000.     In  the  construction  field  the  activity 
of  the  previous  week  has  been  continued.     A 
considerable  amount  of  new  work  reached  the 
,     call   for  bids  stage,   and   several  exceptionally 
large    undertakings    were    placed    under    con- 
tract.    Road  construction  is  beginning  to  make 
its  appearance  and  numerous  opportunities  in 
this   line   are   now   being   advertised   for.  bids. 
In    the    municipal    field    many    jobs    are    now 
ready  for  contractors.  The  improvements  now 
being  advertised  are  well  up  to  the  average  of 
the  corresponding  period  of   other  years.     In 
the   iron   and   steel   trade   there   has   been   en- 
couraging features.    The  U.  S.  Steel  Corpora- 
tion's mills  are  now  operating  at  70  to  75  per 
cent  capacity,  a  gain  of  10  to  15  per  cent  since 
Feb.  1.     Some  of  the  independent  concerns  are 
even    operating   at    full     capacity.      Structural 
materials   are  being  ordered   more    freely    for 
public    undertakings    and    it    is    expected    that 
orders  for  private  enterprises  will  soon  come 
before  the   trade.     The  Iron  Age  prices   for 
finished   iron   and   steel   and    for   sheets,   nails 
and   wire   for  the   week  ending  Feb.    17   were 
as  follows : 

Finished   Iron  and  Steel.  Feb.  17.       Feb.  10. 

Per  lb.  to  large  buyers.  Cts,  Ct.?. 

Be.ss.   rails,  heavv,  at  mill....     1.2-5  125 

lion  bars.   Philadelphia 1.20  1.20 

Iron  bars,   Pittsburgh 1.10  1.10 

Iron  bars.  Chicago 1.07'^         1. 021/2 

.Steel  bars,    Pittsburgh 1.10  1.10 

Steel  bars,  New  York 1.26  1.2(1 

Tank  plates,   Pittsburgh 1.10  l.Hi 

Tank  plates.  New  York 1.20  1.26 

Beams,    etc,    Pittsburgh 1.10  1.1" 

Beams,  etc..  New  York 1.26  1.2() 

.Skelp,  grooved  steel.  P'gh 1.10  1.10 

Skelp,  sheared  steel.    P'gh 1.15  l.l'i 

Steel  hoops,  Pittsburgh 1.20  1.20 

Sheets,  Nails  and  Wire. 

Per  lb.  to  huge  buyers. 
Sheets,  blaik.  No.  2S.   P'gh...      I.SO  l.SO 

Galv.  sheets.  No.  28,  P'gh .3.2.5  3.00 

Wire  nails,  Pittsburgh 1.60  l.aS 

Cut  nails,   Pittsburgh l.'i.'i  l.SO 

Fence  wire,  base,  P'gh 1.40  l.^.'i 

Barb  wire,  galv.,  P'.gh 2.00  l.Oo 

For  .structural  material  f.  o.  b.  Pittsburgh 
The  Iron  Age  prices  were  as  follows;  I-beams, 
3  to  15  in. ;  channels,  3  to  15  in.:  angles,  3  to  6 
in.  on  one  or  both  legs,  Vi  in.  thick  and  over, 
and  tpe".  3  in.   nnd  over,   1.10  cts. 

Railroads. — No  direct  developments  lead- 
in.g  to  the  commencement  of  railroad  construc- 
tion, with  the  exception  of  the  union  terminal 
at  Chicago,  appears  to  have  taken  place  dur- 
ing the  past  week.  It  is  now  practically  as- 
sured that  work  will  be  well  underway  this 
year  on  the  $65,000,000  project  of  the  Penn- 
svlvania  and  other  railroads  at  Chicago.  ,\bout 
200  men  are  already  engaged  in  demolishing 
buildings  to  make  way  for  the  temporary 
freight  houses.  The  Union  Depot  Co.  is  re- 
ported to  have  secure<l  $5,000,000  in  New 
York  for  actual  commencement  of  the  im- 
provement.    The   Illinois   Central   R.     R.     has 


taken  bids  on  6  miles  of  line  in  Illinois,  and 
several  other  roads  also  are  said  to  be  about 
to  take  up  betterments  and  double     tracking. 

Roads  and  Streets. — A  considerable 
amount  of  work  both  in  the  highway  and  niu- 
nicipal  paving  fields  reached  the  call  for  bids 
stage  during  the  past  week.  Illinois  is  adver- 
tising its  second  state  highway  letting  o_f  the 
year  and  Ohio  is  calling  for  bids  on  a  $70,000 
state  road  contract.  Winona  county,  Minne- 
sota, opens  proposals  March  23  on  104  miles 
of  road,  estimated  to  cost  $540,000;  Bremond 
Road  District  No.  2  of  Robertson  County, 
Tex.,  is  calling  for  bids  on  50  miles  of  earth, 
sand-clay  and  gravel  roads.  The  municipal 
paving  jobs  include  40,000  sq.  yds.  at  West 
Liberty,  la.;  a  $50,000  undertaking  at  Wash- 
ington, la. ;  a  $.382,000  grading,  paving,  curb- 
ing and  storm  sewer  contract  at  Pittsburgh, 
Pa.;  a  49,100  sq.  yds.  street  asphalt  job  at 
Baltimore,  Md.  The  contracts  let  include  a 
8Vi-mile  street  improvement  at  Pueblo,  Colo., 
awarded  to  the  Anderson-Hamill  Contracting 
Co.,  Pueblo,  at  $137,263;  a  $101,000  job  at 
Emmetsburg,  la. ;  and  $112,000  of  work  at 
Birmingham,   Mich. 

Bridges. — Numerous  bridge  undertakings 
came  up  for  advertising  for  bids  during  the 
past  week.  No  notably  large  structures  with 
one  exception  are  included  in  this  week's 
bridges.  Cleveland,  O..  is  calling  for  bids  for 
steel  superstructure  of  the  Clark  Ave.  viaduct,  . 
the  estimated  cost  being  $500,000.  Bids  are 
being  asked  on  two  fair  sized  undertakings  in 
Nebraska,  one  of  them,  the  bridge  at  North 
Platte,  being  estimated  to  cost  $50,000.  The 
County  Auditor  at  Mason  City,  la.,  is  calling 
for  bids  on  bridge  and  culvert  work  to  cost 
about  $25,000.  Bids  also  are  being  asked  on 
a  300-ft.  reinforced  concrete  bridge  at  Gar- 
field, Kan.,  and  a  270-ft.  concrete  bridge  at 
Superior,  Neb.  No  particularly  large  con- 
tracts appear  to  have  been  let. 

Drainage  and  Irrigation. — No  especially 
large  jobs  in  tlie  drainage  or  irrigation  fields 
appear  to  have  reached  the  call  for  bids  stage 
during  the  past  week.  The  principal  feature 
of  the  week  was  the  awarding  of  6,591.911  cu. 
yds.  of  floating  dredge  work  in  the  Little  River 
Drainage  District  of  Cape  Girardeau,  Mo. 
The  Hoosier  Land  &  Investment  Co.,  Sikeston, 
Mo.,  secured  the  work  at  6.19  cts.  per  cu.  yd. 
Waterworks. — The  work  in  the  water- 
works field  this  week  is  mostly  for  small  un- 
dertakings. Notasulga,  Ala.,  is  calling  for  pro- 
posals for  a  small  waterworks  system  ;  Perth 
Amboy,  N.  J.,  opens  bids  March  24  for  12,000,- 
000-gal.  pumping  engine ;  Akron,  O.,  is  ask- 
ing bids  for  furnishing  2,500  tons  cast  iron 
pipe ;  Salem,  Mass.,  is  asking  bids  for  addi- 
tional works  for  supply  from  Ipswich  River ; 
Chillicothe,  Mo.,  is  asking  bids  for  waterworks 
extension  requiring  the  laying  of  28,000  ft.  of 
6-in.  to  12-in.  pipe. 

Sewerage. — .\  considerable  amount  of 
sewerage  work  reached  the  call  for  bids  stage 
in  the  last  few  days.  Upper  Darby,  Pa.,  is 
a.sking  proposals  for  23  miles  of  pipe  sewer ; 
Baltimore,  Md.,  opens  bids  March  10  on  a 
storm  drain  requiring  1,200  ft.  15  by  12%  ft. 
sewer ;  Parkesburg,  Pa.,  is  calling  for  bids  on 
4  miles  of  sanitary  sewer  and  concrete  treat- 
ment tanks ;  Mount  Morris,  N.  Y.,  is  calling 
plant. 

Buildings  and  Rivers  and  Harbors.-;-The 
princip;il  development  of  the  past  week  in  the 
public  building  field  was  the  opening  of  bids 
for  the  $2,000,000  countv  court  house  at  Cin- 
cinnati, O.  The  Charles  McCall  Co.,  Phila- 
delphia, Pa.,  at  $1,945,000  on  a  granite  and 
marble  structure  was  the  low  bidder.  In  the 
river  and  har1)or  field  an  important  feature 
was  the  awarding  of  the  contract  for  the 
Government  breakwater  at  Cape  Lookout,  N. 
C.  The  work  was  let  to  D.  L.  Taylor  &  Co., 
Medina,  N.  Y..  at  $1.98  per_  ton  for  all  stone 
deposited  in  accordance  with  .specifications. 
The  contract  includes  building  a.s  much  of 
the  breakwater  and  shore  protection  as  the 
available  funds  of  $1,260,000  will  permit. 
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The    local    bidder    is    still 
the    favorite   of    fortune    in 
The  Local       some  sections  of  the  coun- 
try.     .^t  two  recent  lettings 
Bidder.  — one  in  the  east,  the  other 

in  the  west — the  native  son 
did  not  even  have  to  come 
anywhere  near  the  figures  of  the  low  bidders. 
In  one  case  there  were  four  contractors  whose 
bids  were  lower  than  that  of  the  man  receiv- 
ing the  contract.  On  the  other  job  the  local 
contractor  would  have  been  low  had  there 
not  been  three  other  bidders.  The  award  of 
both  contracts  was  made  on  the  grounds  that 
the  contractors  were  residents  of  the  towns 
where  the  work  was  to  be  done,  were  taxpay- 
ers and  would  employ  local  labor.  Both  im- 
provements were  advertised  widely  and  as  a 
result  many  outside  contractors  submitted  es- 
timates. This  competition,  of  course,  kept 
down  somewhat  the  prices  of  the  local  men. 
Possibly  this  was  one  of  the  reasons  for  in- 
viting outsiders  to  figure  on  the  work.  These 
towns,  by  letting  the  improvements  to  home 
men  will  have  to  pay  about  20  per  cent  more 
than  they  would  if  the  low  bidders  had  se- 
cured the  contracts.  They  also  have  acquired 
a  reputation  that  will  be  remembered  by  con- 
tractors when  asked  to  bid  on  their  other 
lettings. 


Signs 
of 


A   robin   was     seen     last 
week.    The  sun  runs  higher 
in  the   sky.     The   days   are 
perceptibly        longer.        All 
o      •  these  are  signs     of     spring. 

opring.  There  are   also  other  signs 

best  indicated  by  the  fol- 
lowing quotation  from  a  daily  paper :  ''The 
building  trades  unions  of  Chicago  are  de- 
mandin.g  an  increase  of  wages  aggregating 
$2,000,000  over  the  scale  of  a  year  ago."  The 
structural  iron  workers  want  a  raise  from 
68  cts.  per  hour  to  a  sliding  scale  of  70,  70% 
and  75  cts.  per  hour  for  three  years,  and  the 
architectural  iron  workers  are  asking  a  simi- 
lar increase.  The  carpenters  want  an  increase 
from  65  cts.  to  70  cts.  per  hour ;  lathers,  from 
71%  cts.  to  a  sliding  scale  of  72%  and  75  cts. ; 
stone  cutters  from  62V2  to  67%  cts. ;  sheet 
iron  workers,  from  68%  to  75  cts.;  roofers, 
from  65  to  70  cts.;  cement  finishers,  65  to  70 
cts. ;  hod  carriers  and  laborers,  40  to  50  cts. 
Judging  from  the  increases  asked  some  of 
the  union  men  are  more  interested  in  the 
amount  of  money  in  these  weekly  pay  en- 
velopes than  they  are  in  the  number  of  weeks 
that  they  will  get  them.  Labor  demands  and 
threats  of  strikes  and  lockouts  are  sure 
harbingers  of  spring  for  the  building  con- 
tractor. 


Possibly   20   cities    expect 
Grade  '''^it   railroads  will   make  a 

start    this    season      on     the 
Crossing        elimination  of  grade  cross- 
-_,-     .      ..  ings   in  their   respective  lo- 

Ehmination.  calities.  Some  of  these 
municipalities  will  be  dis- 
appointed, but  there  will  be  undoubtedly  a 
large  amount  of  work  of  this  kind  undertaken 
this  year.  In  the  middle  west  a  number  of 
large  track  elevation  projects  have  about 
reached  the  construction  stage.  Cleveland, 
Columbus  and  Indianapolis  have  undertakings 
tliat  will  call  for  an  aggre.gate  expenditure  of 
several  million  dollars,  and  it  is  likely  that 
work  will  be  started  this  spring  in  these  cities. 
Similar  projects  in  other  places  also  will  be 
taken  up.  Much  of  this  work  has  been  under 
consideration  for  years.  The  preliminary 
features  have  been  developed,  the  legal  ob- 
stacles removed,  and  the  plans  and  specifica- 
tions prepared.  In  many  cases  financial  pro- 
vision has  been  made  both  by  the  railroads  and 
the  cities.  Present  indications  are  that  con- 
tractors will  have  an  exceptionally  busy  sea- 
son in  separating  city  streets '  and  railroad 
tracks. 
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RIVER    CHANNEL    IMPROVE- 
MENT AT  KANSAS  CITY,  MO. 


Bids  Asked  on  a  1,000,000  Cu.  Yd.  Excava- 
tion Contract. 


Work  to  be   Done  for   Kaw  Valley  Drainage   Dl: 
trict. 


A  1,000,000  cu.  3-d.  excavation  contract  is 
now  Ijeing  advertised  for  bids  by  the  Kaw 
Valley  Drainage  District  of  Wyandotte  Coun- 
ty, Kansas.  Tlie  work  is  located  at  Kansas 
City.  Kan.  It  calls  for  the  excavation  of  the 
material  lying  within  the  present  channel  of 
Kansas  River  to  an  approximate  depth  of  30 
ft.  below  the  top  of  the  adjacent  levees.  The 
improvement  covers  the  section  lying  between 
the  present  levee  slopes  from  the  5th  St. 
bridge  to  the  mouth  of  the  river.  The  material 
is  to  be  deposited  on  top  and  back  of  the 
levees  and  in  waste  pits  secured  by  the  Drain- 
age Board.  It  also  will  be  used  for  strength- 
ening the  levee  from  the  5th  St.  bridge  to  the 
Argentine  wagon  bridge  along  the  west  bank 
by  raising  the  present  levee  3  ft.  and  widening 
to  a  40  ft.  crown.  A  berm  will  be  left  adjacent 
to  and  along  the  levees  extending  downward 
from  a  point  1  ft.  above  the  bottom  of  the 
revetment  on  the  levee  on  a  slope  of  5  on  1  to 
low  water,  or  less  if  required.  The  approxi- 
mate estimate  is  as  follows: 

Enbankment 
and 
Excava-      waste 
tion,  pits. 

Section.  cu.  yds.*     cu.  .yds.  Station. 

D 126,000         ]26.000         L.   B.   263tol70 

Dl S3, 700         

E 313,000         331. BOO         L,.   B.  170  to  114 

F 150,000         300,000         L,.  B.  114  to    75 

G 158,000         182,000         L.   B.     75  to    38 

H L,.  B.     38  to    22 

1 200,000         L.  B.     22  to      0 

R 134,000         R.   B.       5  to    14 

Q .'.9,700         •    R.  B.     14  to    27 

p 119,!100  20,000         R.  B.     27.to    C5 

S 144,000         114.000         R.  B.     65  to  llii 

0 21,000         lOC.IJOO         R.  B.  116  to  180 

•Includes  berms. 

The  contractor  will  be  required  to  begin 
work    within    90    days    after    notification    of 

'US  Harbor  Line 


act  of  the  legislature  approved  March  24, 
1914.  It  is  obtained  by  a  tax  of  5  cts.  on 
every  $100  of  property,  and  will  amount  to 
perhaps  $600,000  for  1015.  The  greater  part 
of  the  mileage  will  consist  of  gravel  and  mac- 
adam roads.  There  also  will  be  a  consider- 
able number  of  concrete  bridges  and  culverts 
built.  The  work  will  be  carried  out  under  the 
direction  of  the  County  Road  Engineers. 

Many  counties  already  have  taken  steps  to 
issue  bonds  for  road  construction  purposes. 
The  following  table  shows  some  of  the  coun- 
ties that  contemplate  issuing  bonds  or  already 
have  voted  in  favor  of  bonding : 

County,  County  seat.      Amount.  Election. 

Bell     Fineville.  $250,000  * 

Ballard     Wicklifte.  300.000     Feb.   27. 

Bracken     Brooksville.  400,000     

Caldwell    Princeton.  300,000     

Carter     Grayson.  150,000  • 

Elliott    Sandyhook.  

Greenup  Greenup.  200,000  * 

Knox     Barbourville.        2(10.000     Mar.   10. 

Laurel    London.  100,000  t 

Lawrence  Louisa.  100,000     Mar.  15. 

Mason    Maysville.  200,000     May. 

McCracken   Paducah.  300,000     Feb.   27. 

Nicholas   Carlisle.  125,000     Mar.  27. 

Rockcastle   Mt.  Vernon.         100,000     Mar.   25. 

Whitley Williamsburg.      250.000     Apr.    24. 

♦Issue  authorized.     tContemplated. 

Table  I  gives  a  summary  of  the  highway 
work  contemplated  for  1915  by  26  counties. 
Further  details  regarding  this  construction 
follow : 

Boone  County  has  $30,000  available  for  road 
purposes  and  will  construct  14  miles  of  mac- 
adam. Part  of  this  work  will  be  carried  out 
by  contract.  C.  W.  Goodrich,  Burlington,  Ky., 
is  County  Road  Engineer. 

Boyd  County  has  $40,000  available  for  road 
purposes.  It  will  construct  1.7  miles  of  brick 
pavement  on  concrete  base.  The  work  will 
be  done  by  contract  and  the  letting  probably 
will  be  held  soon.  W.  E.  Van  Horn,  Lock- 
wood,  Ky.,  is  County  Road  Engineer. 

Boyle  County  will  grade  30  miles  of  earth 
roads,  will  construct  1  mile  of  gravel  road, 
resurface  15  miles  of  macadam  and  repair  70 
miles  of  macadam.  Part  of  the  work  will  be 
carried  out  by  contract.     The  county  at  pres- 
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road  purposes.  If  the  issue  carries  several 
miles  of  macadam  will  be  constructed  by  con- 
tract. S.  L.  Green,  Ibex,  Ky.,  is  County  Road 
Engineer. 

Estill  County  appropriation  for  road  work 
will  not  be  made  until  the  Fiscal  Court  meets 
in  April.  No  decision  as  to  improvements  i 
to  be  undertaken  will  be  made  until  that  time 
James  Winn,  Witt,  Ky.,  is  County  Road 
Engineer. 

Garrard  County  has  $24,000  available  for 
highway  purposes.  It  will  reconstruct  IS 
miles  of  macadam  and  may  build  some  gravel 
road.  A  part  of  the  work  will  be  done  by 
contract,  the  letting  to  be  held  April  6.  J.  O. 
Bogie,  Lancaster,  Ky.,  is  County  Road  En- 
gineer. 

Grant  County  will  reconstruct  10  miles  of 
macadam  and  also  build  5  miles  of  new  mac- 
adam. The  work  will  be  done  by  contract; 
the  letting  will  be  held  in  the  spring.  W.  H. 
Beverly,  Mason,  Ky.,  is  County  Road  Engi- 
neer. 

Graves  County  has  $50,000  available  for 
road  purposes.  It  will  construct  18  miles  of 
gravel  road,  and  if  State  aid  is  secured  it  will 
build  30  miles  of  this  type  of  highway.  The 
work  will  be  done  by  contracts  which  probably 
will  be  let  in  July.  J.  E.  Carman,  Maylield, 
Ky.,  is  County  Road  Engineer. 

Henderson  County  obtains  its  funds  for 
construction  and  maintenance  of  roads  and 
bridges  by  a  tax  of  25  cts.  on  the  $100  for  a 
valuation  of  $16,000,000.  A  tax  of  10  cts.  on 
the  $100  on  the  above  valuation  provides 
funds  for  rock  roads.  About  565  miles  of 
earth  roads  are  to  be  worked  under  contract 
and  about  65  miles  of  gravel  and  macadam 
are  to  be  maintained  under  the  control  of 
the  county.  Contracts  for  the  work  will  be 
let  March  20  and  April  1.  S.  H.  Kimmel, 
Henderson,  Ky.,  is  County  Road  Engineer. 

Hopkins  County  has  $24,000  available  for 
road  purposes  and  will  construct  about  5 
miles  of  macadam.  It  has  not  been  decided 
whether  the  work  will  be  done  by  contract. 

Larue  County  has  $8,000  available  for  road 
purposes.     It   will  construct   7   miles   of  mac- 
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Channel     Excavation     Required    for      Improvement    of    Kansas     River    at      Kansas  City,  Kansas. 


acceptance  of  bid  and  must  complete  the  con- 
tract within  16  months.  Payments  will  be  made 
in  cash  or  in  Series  "B"  bonds  at  par ;  10  per 
cent  of  each  estimate  will  be  retained.  The 
work  will  be  in  charge  of  the  Kaw  Valley 
Drainage  Board,  of  which  S.  H.  McNeil,  719 
Osage  .\ve..  Kansas  City,  Kan.,  is  Chief  Engi- 
neer. Bids  for  the  excavation  will  be  received 
by  the  Drainage  Board  until  10  a.  m.,  Feb.  26. 
On  Feb.  27  the  Board  also  will  open  bids  for 
furnishin.g  a  hydraulic  dredge  and  equipment 
for  the  improvement  of  the  Kansas  River. 
Bidders  are  invited  to  submit  proposals  for 
a  15  in.  and  an  18  in.  dredge  delivered  at 
Kansas  City,  Kan.,  steam  or  electric  power, 
on  a  design  ni  their  own,  together  with  com- 
plete and  detailed  plans  and  specifications 
therefor.  The  maximum  length  of  discharge 
is  3,000  ft.  and  the  maximum  height  of  dis- 
charge is  40  ft. 


HIGHWAY     CONSTRUCTION     IN 
KENTUCKY. 


$3,000,000  of  County  Bond  Issues  Proposed. 


Details    of    V^ork    to    Be    Done    in    26    Counties. 


A  large  amount  of  highway  construction  is 
contemplated  by  counties  in  Kentucky  for  the 
present  season.  This  will  be  carried  out  by 
means  of  bond  issues  voted  by  various  coun- 
ties, by  appropriations  of  the  several  fiscal 
courts  and  by  moneys  from  the  State  Aid 
fund.     The    State   road   fund   was   created   by 


ent  has  approximately  $27,000  available  for 
road  construction  purposes.  Will  P.  Caldwell, 
Danville,  Ky.,  is  County  Road  Engineer. 

Bracken  County  will  spend  only  about  $5,- 
500  from  its  regular  road  fund  for  construc- 
tion purposes.  It  will,  however,  vote  on  a 
$400,000  bond  issue,  and  if  this  carries  about 
300  miles  of  macadam  will  be  constructed. 
Omar  Myers,  Brooksville,  Ky.,  is  County 
Road  Engineer. 

Bullitt  County  has  about  $10,000  available 
for  road  purposes.  W.  C.  Herps,  Shepherds- 
ville,  Ky.,  is  County  Road  Engineer. 

Caldwell  County  will  vote  in  a  few  days  on 
a  bond  issue  which,  if  favorable  action  is 
taken,  will  give  it  about  $300,000  for  building 
improved  roads.  If  the  issue  carries  the  work 
will  be  done  by  contract,  the  letting  to  be  held 
probably  in  June.  The  county  has  $13,500 
available  for  maintenance  of  dirt  roads.  J.  E. 
Pilant.  Princeton,  Ky.,  is  County  Road  Engi- 
neer. 

Clark  County  has  $35,000  available  for  road 
purposes  and  will  construct  about  5  miles  of 
macadam.  Part  of  the  work  will  be  done  by 
contracts ;  these  have  been  already  let.  S.  C. 
Boone,  Winchester,  Ky.,  is  County  Road  En- 
gineer. 

Edmonson  County  will  repair  about  300 
miles  of  earth  road  and  will  build  about  2 
miles  of  gravel  road  and  2  miles  of  macadam. 
The  work  will  be  done  by  day  labor  system 
by  private  donation.  John  A.  Logan,  Browns- 
ville, Ky.,  is  County  Road  Engineer. 

Elliott  County  will  vote  on  a  bond  issue  for 


adam.  Jacob  Strous,  Hodgenville,  Ky.,  is 
County  Roads  Engineer. 

Lawrence  County  will  vote  March  15  on  a 
$100,000  bond  issue  for  road  improvements, 
if  the  issue  carries  about  half  of  the  improve- 
ment will  be  carried  out  by  contract.  In  any 
case  the  county  will  have  about  $24,000  for 
road  purposes  and  will  do  some  grading.  B. 
J.  Calloway,  Louisa,  Ky.,  is  County  Road 
Engineer. 

Lewis  County  has  $135,000  available  and 
will  construct  20  miles  of  macadam.  The 
work  will  be  done  by  contract,  the  letting  to 
be  held  about  May  1.  I.  W.  Sanders,  Beatty- 
ville,  Ky.,  is  County  Road  Engineer. 

Madison  County  will  construct  40  miles  of 
earth  road  and  9  miles  of  macadam.  Con- 
tracts for  the  work  will  be  let  about  April  1. 
The  county  has  $22,000  available  for  new 
construction  and  $28,000  for  maintenance  and 
repairs  of  existing  roads.  J.  G.  Baxter, 
Richmond,  Ky.,  is  County  Road  Engineer. 

Marion  County  appropriations  for  road 
purposes  in  1915  will  not  be  made  until  meet- 
ing of  Fiscal  Court  on  Feb.  25.  It  is  possible 
that  some  of  the  improvements  will  be  carried 
out  by  contract,  which  will  be  let  sometime  in 
April. 

Mercer  County  will  construct  5  miles  of 
macadam  and  repair  50  miles.  It  also  will 
repair  50  miles  of  earth  road.  The  county 
does  its  own  work.  The  sum  of  $30,000  is 
available  for  highway  purposes.  Thomas  Mc- 
Glone,  Harrodsburg,  Ky.,  is  County  Road 
Engineer. 
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Oldliam  County  has  asked  State  aid  m  the 
construction  of  several  miles  of  new  road. 
The  county  has  about  $15,000  available  for  all 
road  purposes.  The  county  may  vote  on  an 
issue  of  bonds,  and  if  this  carries  it  is  hoped 
to  reconstruct  all  of  the  old  pikes  in  the 
county  (about  100  miles)  and  to  build  a  few 
miles 'of  new  road.  The  construction  would 
be  done  bv  contract.  The  county  constructs 
only  macadam  roads,  but  does  some  repairing 
with  gravel.  There  is  no  County  Road  Engi- 
neer at  present.  S.  E.  De  Haven,  La  Grange, 
Kv..  is  County  Judge. 

Pendleton  County  has  $10,000  available  for 
highwav  purposes.  It  proposes  to  construct 
■2o  miles  of  macadam.  No  contracts  will  be 
let.  H.  H.  Shoemaker,  Falmouth,  Ky.,  is 
County  Road   Engineer. 

Scott  County  proposes  to  reconstruct  50  Or 
GO  miles  of  macadam  during  the  present  sea- 
son. Contracts  for  the  work  will  be  let  April 
1.  The  county  at  present  has  $30,000  avail- 
able for  highway  purposes.  It  has  asked  for 
State  aid  and  if  this  is  secured  it  will  have 
about  $45,000  available.  The  county  has  about 
450  miles  of  macadam  and  only  about  3U 
miles  of  earth  road.  J.  B.  Prather,  George- 
town, Kv.,  is  Countv  Road  Engineer. 

Shelbv  County  has  $40,000  available  for 
road  purposes.  The  improvements  will  be 
made  by  contract:  G.  M.  Middleton,  Shelby- 
ville,  Ky.,  is  County  Road   Engineer. 

Warren  County  will  repair  600  miles  of 
earth  road  and  will  construct  5  miles  of  gravel 
road  and  10  miles  of  macadam.  No  contracts 
will  be  let.  M.  H.  Crump,  Bowling  Green, 
Kv.,  is  County  Road  Engineer. 

T.ABLE    I— ROAD      WORK      FOR.   1915      IN    2i 
COUNTIES    IN    KENTUCKY. 

,. Type  of  road ^ 

Earth,        Gravel.  Macadam. 
County.  miles.  miles.         miles. 

Boone    ■  ■  ■  \ 

Boyd    •■  ••■  ■■:, 

Boyle    30=  1  lo- 

Bracken    ■  • :  """ 

Bullett    ?  ?  ?. 

Caldwell    •■•  •  • :° 

Clark  ■  ■  ■  ^ 

Edmonson    300»      .  2  2 

Elliott    ••■  ■■■ 

Estill       ?  I  I, 

(Garrard    •  ■'Jj 

'Iraves    i*^ 

Hopkins    ■■■  ° 

Hudson   56o"  ...  ••• 

Larue     _  -  •  ■  ' 

Lawrence     ^-  ••■  •  ,:,• 

Lewis     •  •  •  -JJ 

Madison    ■'0  •■■  •; 

Marion     ?  j,. 

Mercer    100"  ...  •'" 

Oldham     ••■  •  ;,i 

Pendleton     •  •  ■  -°, 

.■^(■ott    ■••  0^ 

.■Shelby    ?  ?  ,? 

Warren     625«  u  10 

'1  7  miles  of  brick  on  concrete  base.  ^Graded. 
'l.'i  miles  i-esurfaced.  70  miles  repaired.  -"If  bond 
issue  carries.  =If  SSOO.OOO  bond  issue  carriss 
surfaced  roads  will  be  built.  "To  be  repaired. 
■.'Several  miles  to  be  built  if  bond  issue  carries. 
Iteconstruct.  '.Mso  reconstruct  10  miles.  i»Per- 
haps  30  miles  if  state  aid  is  received.  "To  be 
■worked  iiiif  under  contract.  i^GradlnK  "Re- 
paired. '•'.")0  miles  to  be  repaired,  '^f  bond 
issue   carries.     ^''Reconstruct  50  or  00   miles. 

The  $15,000,000  Union  Terminal  at  St. 
Paul,  Minn. 

Work  probably  will  be  started  early  this 
spring  on  the  first  improvement  for  the  new 
$15,000,000  Union  terminal  at  St.  Paul,  Minn. 
Tlic  first  work  to  be  done  will  be  the  changing 
nf  the  Mississippi  River  channel  so  as  to  pro- 
vide an  additional  area  for  the  terminal. 
This  provides  for  moving  the  channel  to  the 
south  for  a  maximum  distance  of  aliout  400 
ft.  and  calls  for  dredging  and  the  construc- 
tion of  a  riprap  wall  to  liold  the  new  liank  in 
place.  It  is  probable  that  work  of  changing 
tile  river  clianncl  will  require  about  12  to  15 
mimtlis.  While  this  is  going  on  detailed 
plans  for  the  terminal  proper  will  be  made. 
The  work  will  be  done  for  the  St.  Paul  Union 
Depot  Co..  of  which  W.  C.  Armstrong,  Hack- 
ney Bldg.,  St.  Paul,  Minn.,  is  Chief  Engineer. 
Mr.  Armstrong  was  in  charge  of  the  con- 
struction of  the  Chicago  &  Northwestern  Ry. 
lerminal  at  Chicago,  and  when  that  was  com- 
|)leted  he  became  bridge  engineer.  He  re- 
signed from  that  position  early  this  month  to 
take  charge  of  the  work  at  St.  Paul. 


A   640,000   CU.    YD.    EXCAVATION 
CONTRACT. 

Main   Canal   and   Lateral   Construction   for 
U.  S.  Reclamation  Service. 


Bids  to   be   Opened   at  Grand   Junction,   Colo.,  on 
March   10. 

Bids  are  now  being  asked  on  the  largest  ex- 
cavation contract  advertised  so  far  this  year 
hv  the  U.  S.  Reclamation  Service.  The  w;ork 
is  to  be  done  in  the  Grand  Valley  Project, 
Colorado,  and  is  situated  in  the  vicinity  of 
Grand  Junction  and  Fruita.  It  provides  for 
the  construction  of  a  portion  of  the  mam 
canal,  and  laterals  to  serve  the  area  between 
Indian  Waste  and  Big  Salt,  Wash.,  and  in- 
volves 640,000  CU.  yds.  of  excavation.  The 
canal  work  extends  from  a  point  T  miles  north 
of  Fruita  to  a  point  5  miles  north  of  Mack. 

The  improvement  is  divided  into  seven 
schedules,  tlic  first  four  covering  the  excava- 
tion of  the  main  canal  and  the  remainder  the 


Three     Grade     Crossing     Elimination 
Project. 

.A.  considerable  amount  of  grade  crossing 
elimination  work  probably  will  be  commenced 
by  the  railroads  during  the  present  year.  The 
indications  are  that  a  start  will  be  made  this 
season  on  a  number  of  projects  of  this  kind 
that  will  call  for  an  expenditure  of  several 
million  dollars.  In  several  cities  in  the  Mid- 
dle West  extensive  undertakings  are  now 
nearing  the  construction  stage. 

It  is  expected  that  definite  announcement 
as  to  track  elevation  work  at  Indianapolis, 
Ind.,  will  be  made  by  the  middle  of  next 
month,  .^t  the  present  time  the  Indianapolis 
Union  Ry.  Co.  is  getting  ready  for  a  510,000,- 
000  bond  issue  for  the  improvement.  The 
issue  will  be  guaranteed  liy  the  Pennsylvania, 
Big  Four  and  Vandalia  railroads,  and  the 
directors  of  the  several  roads  will  vote  on 
this  guaranty  before  March  15.  It  is  proposed 
to  sell  the  bonds  as  the  work  progresses,  ap- 
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nroximatelv  as  follows:  In  1915,  $1,000,000: 
1917,  $1,500,000;  1919,  $1,500,000.  A  total  of 
$860',000  of  this  issue  will  be  reserved  for  re- 
demption of  present  bonds,  and  $5,140,000  will 
he  reserved  for  future  corporate  purposes. 
The  company  is  reported  to  have  asked  prices 
three  weeks  ago  on  20,000  tons  of  structural 
steel  for  use  in  the  work,  It  is  possible  these 
figures  were  asked  in  order  to  make  estimates 
for  the  financing.  P.  J.  Landers,  Indianap- 
olis, is  Engineer  for  the  Indianapolis  Union 
Rv.  Co.  .  .„ 

At  Cleveland,  it  is  probable,  the  city  will 
start  work  in  the  near  future  on  the  separa- 
tion of  the  West  Side  grade  crossings  of  the 
New  York,  Chicago  &  St.  Louis  R.  R.  This 
improvement  will  cost  approximately  $2,500,- 
000.  .\  resolution  was  introduced  in  the 
Council  of  this  city  last  week  providing  for  a 
special  election  on  Nov.  2  to  vote  on  issuing 
bonds  for  the  completion  of  the  elimination 
of  the  grade  crossings  of  the  Pennsylvania 
R  R.  and  the  New  York,  Chicago  &  St.  Louis 
R.  R.  on  the  East  Side.  The  cost  of  this 
would  he  about  $4,253,000.  It  is  also  proposed 
that  additional  work  on  the  West  Side  and  in 
the  South  End  be  provided  for  at  the  same 
time.  This  would  bring  the  total  cost  of  the 
contemplated  improvements  to  $5,000,000. 

Work  on  the  elimination  of  grade  crossings 
of  the  Norfolk  &  Western  Ry.  at  Columbus, 
O.,  according  to  recent  reports,  is  to  be  started 
early  in  the  spring.  The  plan  here  provides 
for  track  elevation  from  a  point  near  the 
Countv  Infirmary  to  Maryland  Ave.,  under- 
passes' being  constructed  at  Livingston  .•\vc.. 
Main  St ,  Bryden  Road,  Franklin  Park  South, 
Broad  St.,  Long  St.,  Clifton  Ave.,  Mt.  Vernon 
Ave.  and  Maryland  -Xve.  The  city's  share  of 
the  improvement  will  be  about  $300,000, 


The  main  canal  will  have  bottom  widths  of 
either  7  ft.,  11  ft.  or  14  ft.  The  standard  canal 
section  for  a  length  of  2.000  ft.  will  he  as 
follows:  bottom,  14  ft.:  bank,  13  ft.;  hank 
crests  8  and  12  ft. ;  depth  water,  7  ft.  For  a 
length  of  36,900  ft.  the  standard  canal  section 
provides  for  all  ft.  bottom,  12  ft.  bank,  8  arid 
12  ft.  band  crests  and  a  water  depth  of  7  ft. 
The  standard  canal  section  for  a  length  .if 
11,500  ft.  call  for  a  7  ft.  bottom,  ;i  1i>  ft,  hank, 
8  ft  and  12  ft.  bank  crests  and  a  w;iter  dciith 
of  5.2   ft. 

The  laterals  will  have  bottoms  ranging  in 
width  from  2  ft.  to  5  ft.  The  following  gives 
the  details  of  this  work  : 


Bank 

Bank 

Depth 

Lensth, 

Bottom. 

heisrht. 

crest. 

water 

ft. 

ft. 

ft. 

ft. 

ft. 

1,500 

5 

4 

4 

11.300 

4 

3>^ 

:i 

:n,200 

4 

3 

:j 

1% 

3S,450 

3 

3 

3 

\'^ 

52,800 

3 

2V4 

3 

l'/4 

92,100 

;> 

3 

1 

117,000 

2 

2 

2 

1 

Bids  for  the  excavation  work  will  he  re- 
ceived at  the  office  of  the  U.  S.  Reclamation 
Service.  Grand  Junction,  Colo.,  until  2  p.  m., 
March   10. 


Winona  Countv,  Minnesota,  is  calling  for 
bids  for  the  construction  of  104  miles  of  road, 
estimated  to  cost  $540,000. 
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HIGHWAY     SYSTEM     OF     KERN 
COUNTY,  CAL. 


Expenditure  of  $2,500,000  To  Be  Made. 

Oiled    Macadam    and    Bituminous   Surfaced    Con- 
crete. 


COUNTY  ROAD  IMPROVEMENTS 
IN  IOWA. 

Details  of  Work  To  Be  Done  in  9  Counties. 


Earth    and    Gravel    Road   Construction. 


Kern  County,  California,  will  offer  many 
opportunities  to  the  highway  contractor  during 
the  next  few  months.  The  county  is  just  start- 
ing construction  on  a  highway  system  that  will 
call  for  an  expenditure  of  $2,500,000.  Five 
contracts  have  been  let  already,  four  of  these 
providing  for  grading  only,  and  the  fifth  for 
paving.  The  latter  was  awarded  to  George  S. 
Benson  &  Son,  Los  Angeles,  Cal.  It  covers  the 
surfacing  of  11%  miles  of  road  in  Division  7 
from  Bakersfield  to  Old  River.  Of  the  four 
grading  contracts,  one  is  in  Division  11  and  has 
been  completed ;  two  are  in  Division  9,  and  one 
of  them  has  been  completed,  and  one  is  in 
Division  .5. 

The  layout  of  the  county  highway  system  is 
shown  on  the  accompanying  map.   A  large  part 


In  our  issue  of  Feb.  17  we  gave  some  details 
of  the  road  work  proposed  for  this  season  by 
30  counties  of  Iowa.  Since  that  article  was 
compiled  reports  have  been  received  from  9 
additional  counties.  A  summary  of  the  con- 
struction contemplated  by  these  counties  is 
given  in  the  table  below : 

Type  of  road. 
Earth,       Gravel, 

County.  miles.  miles. 

Bremer    10 

Buena  Vista    20  S 

Cedar    10'  1 

Cherokee     20= 

Marion    4 

Osceola    60' 

Sac    20  6« 

Scott     25  3 

Tama    6" 

'Also  1  mile  macadam,  and  will  grade  155  miles 
of    earth    road.     ^Standard    highway.     '60    to    30 


No  contracts  w^ill  be  let.  L.  A.  Wilson,  Sibley, 
la.,  is  County  Engineer. 

Sac  county  has  about  $7.5,000  available  for 
highway  purposes  and  will  construct  20  miles 
of  earth  road  and  6  to  8  miles  of  gravel  road. 
Part  of  the  improvements  will  be  carried  out 
by  contract.  Dates  for  the  lettings  have  not 
been  set.  W.  D.  Maxwell,  Sac  City,  la.,  is 
County    Engineer. 

Scott  county  will  construct  2  or  3  miles  of 
earth  road  and  3  miles  of  gravel  road.  The 
sum  of  $38,000  is  available.  The  work  will  be 
done  by  contract,  and  the  lettings  will  be 
held  in  May  or  June.  J.  M.  Malloy,  Daven- 
port, la.,  is  County  Engineer. 

Tama  county  probably  will  undertake  about 
6  or  8  miles  of  heavy  cutting,  besides  blade 
grader  work,  .^bout  $15,000  is  available  for 
cutting  down  hills.  Part  of  the  work,  at  least, 
will  be  done  by  contract.  No  date,  however, 
has  been  set  for  awarding  contract.  F.  O. 
Nelson,  Toledo,  la.,  is  County  Engineer. 

Cedar  county  has  $36,000  available  in  its 
road  fund  and  $50,000  in  its  bridge  fund.  It 
will  construct  10  miles  of  earth  road,  1  mile  of 


Layout    of    the    Highway    System    of    Kern     County,     to     Be     Constructed      Under    a    $2,500,000    Bond    Issue. 


of  the  mileage  will  be  of  the  oiled  macadam 
type,  16  ft.  wide,  and  in  general  6  ins.  thick 
after  rolling.  This  thickness  will  be  increased 
when  it  is  deemed  expedient  to  do  so.  For  the 
bituminous  inacadam  work  the  county  will  fur- 
nish to  the  contractor,  f,  o.  b.  cars  at  the  near- 
est available  railroad  siding,  the  necessary 
broken  stone  and  asphaltic  oil. 

Some  of  the  projected  highways  will  of 
necessity  be  constructed  on  adobe  and  alkali 
soil.  Where  this  condition  exists  it  is  the  in- 
tention to  use  concrete  pavement  surfaced  with 
asphaltic  oil  and  screenings.  The  Portland 
cement,  broken  stone  and  asphaltic  oil  will  be 
furnished  by  the  county,  f .  o.  b..  cars  at  the 
nearest  available  railroad  siding. 

All  of  the  Highway  Commission's  work  will 
be  done  by  contract,  the  sections  being  adver- 
tised in  approximately  10  mile  lengths.  The 
grading  will  be  light  as  all  of  the  roads  to  be 
paved  are  in  the  level  valley. 

The  county  has  constructed  a  crushing  plant 
at  Keene,  designed  to  have  an  output  of  1,000 
tons  in  8  hours.  This  will  be  operated  by  the 
Commission  to  furnish  broken  stone  for  road 
construction.  The  rock  is  a  fair  quality  of 
granite. 

The  system  will  be  constructed  under  the 
direction  of  the  County  Highwav  Commission 
of  which  P.  H.  Everett.  Bakersfield,  Cal..  is 
Chief  Engineer. 


miles.     <G    to    S    miles.     ^2    or    3    miles.     "6    or    ^ 
miles   of  heavy   cutting. 

Further  details  regarding  these  improve- 
ments follow : 

Bremer  county  has  $25,000  available  for 
highway  purposes  and  will  construct  7  to  10 
miles  of  earth  road.  It  is  probable  that  no 
contracts  will  be  let.  C.  A.  Cool,  Waverly, 
la.,  is  County  Engineer. 

Buena  Vista  has  $40,000  available  for  con- 
struction purposes  and  proposes  to  build  20 
miles  of  earth  road  and  8  miles  of  gravel. 
The  work  will  be  done  by  contract,  the  lettings 
for  which  will  be  held  about  March  1.  George 
K.  McCullough,  Storm  Lake,  la.,  is  County 
Engineer. 

Cherokee  County  will  construct  20  miles  of 
standard  highw'ay  this  season.  The  work  W'ill 
be  done  by  contract  and  the  lettings  will  be 
held  some  time  in  May.  The  county  has  $50,000 
available  for  bridges  and  culverts  and  $45,000 
for  roads.  J.  F.  Chapman,  Cherokee,  la.,  is 
County  Engineer. 

Marion  County  has  $25,000  available  for 
road  construction  and  repairs.  It  will  build  4 
miles  of  earth  road,  the  work  probably  being 
carried  out  by  day  labor.  W.  O.  Price,  Knox- 
ville,  la.,  is  County  Engineer. 

Osceola  county  during  the  present  season 
will   construct   60  to  80  miles   of   earth   road. 


macadam  and  also  will  grade  155  miles  of 
earth  road  in  the  county  system.  The  work 
will  be  done  by  contract,  the  letting  to  be  held 
probably  in  May.  J.  C.  McLean,  Tipton,  la.,  is 
County  Engineer. 


Dredging  at  Port  Aransas,  Texas. 

A  fair  sized  dredging  contract  in  Texas 
waters  is  now  being  advertised  for  bids  by  the 
U.  S.  Engineer  at  Galveston,  Tex.  The  work 
provides  for  improving  the  deep  water  harbor 
at  Port  .-Xransas  and  the  channel  from  Aransas 
Pass  to  Corpus  Christi,  Tex,  Aransas  Pass  is 
situated  on  the  Gulf  of  Mexico,  in  the  state  of 
Texas,  and  is  about  188  miles  southwest  of 
Galveston  Harbor.  Jetties  have  been  construct- 
ed to  improve  the  channel  leading  from  the 
Gulf  of  Mexico  to  the  Pass,  and  there  is  at 
present  a  navigable  channel  20  ft.  deep 
throughout  this  distance.  During  1911  and  1912 
a  deep  water  harbor  or  roadstead  was  excavat- 
ed beginning  at  the  upper  end  of  the  Pass  and 
extending  between  Harbor  Island  and  St. 
Joseph  Island,  1,200  ft.  wide  and  3,000  ft.  long, 
with  an  extension  1,900  ft.  long  and  150  ft.  to 
400  ft.  wide.  This  harbor  was  completed  in 
October,  1912,  but  has  since  shoaled  to  18  to 
19  ft.  During  December,  1913,  and  Januarv. 
1914,  an  area  600  ft.  wide  and  about  1,500  ft. 
long  immediately  in  front  of  the  wharf  of  the 
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Aransas  Pass  Channel  &  Dock  Co.,  was 
dredged  to  25  ft.  depth.  This  has  since  shoaled 
somewhat. 

The  Aransas  Pass-Corpus  Christi  channel 
e.xtends  from  Aransas  Pass  through  Turtle 
Cove  into  12  ft.  natural  depth  in  Corpus 
Christi  Bay.  Across  this  bay  there  is  a  natural 
depth  of  over  12  ft.  The  channel  begins  again 
at  the  12  ft.  natural  depth  in  front  of  Corpus 
Christi  and  extends  to  the  turning  basin  which 
has  been  e.\cavated  in  front  of  the  Corpus 
Christi  wharves.  The  entire  channel  was 
dredged  in  1911  and  1912  to  a  depth  of  12  ft., 
100  ft.  wide,  with  turning  basin  12  ft.  deep. 
In  February,  1914,  it  was  partly  redredged. 
The  ruling  depth  at  present  is  about  8V2  ft. 

The  work  to  be  done  at  Aransas  Pass  is  the 
redredging  of  the  area  BOO  ft.  wide  and  1,500 
ft.  long  immediately  in  front  of  the  wharves 
to  25  ft.,  the  extension  of  this  area  about  200 
ft.  further  to  the  northward  with  width  of  600 
ft.,  and  depth  of  25  ft.  and  the  removal  of 
an  area  south  of  the  present  deep  water  harbor 
to  a  depth  of  25  ft.  The  approximate  quantity 
is  408,000  cu.  vds.  place  measurement,  and  the 
amount  availa'ble  is  $50,000.  The  .material  is 
hflieved  to  be  sand  and  mud.  The  spoil  must 
be  deposited  on  shores,  behind  the  established 
bulkhead  lines  and  behind  existing  dumps,  on 
cither  St.  Joseph  Island,  Harbor  Island  or 
Mustang  Island. 

The  work  in  the  Aransas  Pass-Corpus 
t  hristi  channel  will  consist  of  redredging  the 
I  liannel  and  turning  basin  wherever  necessary. 
It  is  expected  that  all  the  redredging  necessary 
will  be  confined  to  the  section  betw-een  Aransas 
I 'ass  and  McGlains  Bluff.  The  redredging  will 
be  carried  to  a  depth  of  12  ft.  and  a  width  of 
ino  ft.  The  approximate  quantity  is  100.000 
t:u.  vds.  place  measurement.  The  material  is 
believed  to  be  sand  and  mud.  .'Approximately 
$10,000  is  available.  The  material  removed 
from  the  turning  basin  will  be  deposited  be- 
tween walls  or  behind  bulkheads,  not  over 
l.dOO  ft.  away  from  the  dredge.  The  material 
removed  in  redredging  the  channel  will  be  de- 
posited along  the  existing  dump,  and  in  case 
no  dump  exists  it  will  be  placed  at  least  500  ft. 
from  the  channel. 

Bids  for  dredging  at  Port  Aransas  and  in 
the  channel  from  Aransas  Pass  to  Corpus 
("hristi  will  be  received  until  noon.  March  ?!. 
bv  Lt.  Col.  C.  S.  Riche,  U.  S.  Engineer,  Gai- 
\istnn,  Tex. 


New  President  of  the  American  Society  of 
Engineering    Contractors. 

Mr.  Hillis  F.  Hackedorn,  whose  portrait 
appears  on  this  page,  was  elected  president 
of  the  American  Society  of  Engineering  Con- 
tractors at  the  annual  meeting  of  the  society 
held  in  New  York  City,  Jan.  15.  Mr.  Hacke- 
dorn was  one  of  the  charter  members  of  the 
society  and  has  devoted  a  great  deal  of  time 
to  advancing  its  interests  so  that  his  eleva- 
tion to  the  highest  office  is  a  merited  recogni- 
tion of  his  efforts. 

Mr.  Hackedorn  is  president  of  the  Hacke- 
dorn Contracting  Company  of  Indianapolis, 
one  of  the  most  successful  contracting  com- 
panies of  the  Middle  West.  The  company 
specializes  in  concrete  bridges,  having  built 
many  of  the  notable  structures  of  this  class, 
among  which  are  the  Leonard  street  bridge, 
over  the  Grand  river  at  Grand  Rapids,  Mich. ; 
Washington  avenue  bridge  over  the  Black 
river  at  Elyria,  Ohio  (a  150-ft.  span);  the 
Bluff  Drive  bridge  in  Edgewater  Park,  Cleve- 
land;     the    Big    Creek    bridge    in     Brookside 


PERSONALS 

Mr.  Clarence  K.  Clarke  has  been  chosen 
as  citv  manager  of  Tucson,  Ariz.  He  will 
have  supervision  of  the  water,  street,  sewer- 
;iuc,  fire,  police  and  health  departments,  and 
.if   ri\er  control  work. 

Mr.  Sidney  D.  Waldon  has  severed  his  con- 
nection witli  the  Packard  Motor  Car  Com- 
pany of  Detroit  after  a  long  service.  Mr. 
lesse  G.  Vincent  will  succeed  him  as  vice 
i)resident,  in  charge  of  the  engineering  de- 
partment. 

Mr.  H.  G.  Sparks  has  been  appointed  divi- 
sion engineer  nf  the  Illinois  division,  Chicago 
.S;  Eastern  Illinois  Railroad,  with  headquar- 
ters at  Salem,  111.  Mr.  Sparks  has  been  in 
M.ntinuous  service  with  that  railroad  since 
Mav,  1905,  entering  it  as  assistant  engineer 
at  Danville,  111.  He  has  since  held  the  posi- 
tion of  assistant  engineer  at  Salem,  111.,  again 
at  Danville,  chief  draftsman  at  Chicago,  oliice 
engineer  at  Chicago,  and  division  engineer  at 
I'Aansville,   Ind. 

Mr.  .Arthur  N.  Johnson,  formerly  chief 
engineer  of  the  Illinois  State  Highway  De- 
partment and  now  highway  engineer  with  the 
I'.iireau  of  Municioal  Research  of  New  York 
City,  on  Feb.  5  delivered  a  lecture  on  "Meth- 
ods' of  Cost-Keeping  for  Highway  Engineers 
and  Contractors"  before  the  graduate  stu- 
dents in  highway  engineering  at  Columbia 
University.  On  Feb.  12  Mr.  George  C.  War- 
ren, president  of  Warren  Brothers  Comiiany, 
delivered  a  lecture  on  "Public  Recognition 
of  and  Specifications  for  Patented  Pavements' 
before  the  same  class. 


Park,  Cleveland,  tlie  llattest  semi-elliptical 
l)ridgc  in  the  world;  and  the  Bradford  and 
Adams  street  bridges  over  the  Great  Miami 
river  at  Troy,  Ohio,  which  were  the  only 
highway  bridges  withstanding  the  191.3  flood, 
for  a  distance  of   fifty   miles  along  the   river. 

The  company  has  now  under  construction 
the  Lorimer  bridge  at  Piqua,  Ohio,  five  spans, 
and  the  Levee  Road  bridge  at  Middletown, 
Ohio,  nineteen  spans,  total  length  1.917  ft.; 
both  over  the  Great  Miami  river. 

Mr.  Hackedorn  is  a  pioneer  in  reinforced 
concrete  bridge  construction  in  the  Middle 
West,  having  organized  the  Block  Bridge  & 
Culvert  Company  in  1900,  which  was  suc- 
ceeded by  the  present  company  in  1907,  both 
concerns  confining  their  activities  to  the  de- 
sign and  construction  of  concrete  bridges  and 
lieiiig  continuously  under  Mr.  Hackedorn's 
management. 

Mr.  Hackedorn  was  first  vice-president  of 
the  society  of  which  he  has  been  elected 
president,  and  is  also  a  member  of  the  Amer- 
ican Concrete  Institute,  and  of  the  'Indiana 
Engineering  Society. 

o 


Mr.  W.  S.  Clark  has  been  appointed  city 
engineer  of  ■A.nacortes,  Wash.  Mr.  Clark 
was  for  a  time  with  the  Pacific  Traction 
Company  in  Tacoma.  Since  1910  he  has  been 
associated  with  the  Arnold  Company  of  Chi- 
cago in  development  of  water  power  pro- 
jects   in    Washington. 

Mr.  Edward  P.  Burch,  consulting  engineer, 
922  Plymouth  building,  Minneapolis,  Minn., 
has  opened  a  branch  office  in  Detroit  for  gen- 
eral engineering  practice.  The  office  is  on  the 
2.'3d  floor  of  the  Dime  Bank  building,  and  is 
in  charge  of  Mr.  Lester  M.  Sears.  The  work 
will  include  mechanical,  civil,  electrical,  hy- 
draulic and  railway  engineering  in  the  vicin- 
ity of  Detroit.  Mr.  Burch  has  had  twenty- 
two  years  of  engineering  experience,  includ- 
ing seven  years  as  electrical  engineer  for  the 
Twin  City  Rapid  Transit  Co.,  and  fifteen 
years  as  consulting  engineer  with  offices  in 
Minneapolis  and  St.  Paul.  During  the  past 
six  months  he  has  been  employed  as  engineer 
in  charge  of  valuation  work  for  the  Detroit 
Electric  Railway  Commission.  Associated 
with  Mr.  Burch  are  Mr.  Tresham  D.  Gregg 
and  Lester  M.  Sears,  the  latter,  as  stated, 
being  in  charge  of  the  Detroit  office. 

Mr.  A.  G.  Wulff,  civil  engineer,  announces 
that  he  has  opened  an  office  at  309  Provident 
Bank  building,  Cincinnati,  where  he  will  con- 
duct a  general  civil  engineering  practice,  spe- 
cializing in  municipal  work.  Mr.  VVulff 
graduated  in  civil  engineering  from  the  Uni- 
versity of  Cincinnati  in  1895.  For  a  brief 
time  thereafter  he  was  with  the  U.  S.  Govern- 
ment Engineers  on  surveys  of  the  Ohio  river. 
In  1890  he  was  employed  by  the  Engineer 
Commission  on  city  water  works  at  Cincin- 
nati. The  following  year  he  entered  practice 
as  draftsman  and  engineer  and  was  engaged 
on  architectural  iron  works  and  brick  making 
machinery.  For  seven  years  he  was  engineer 
and  superintendent  for  a  firm  of  chemical 
engineers,  and  from  1904  to  1908  he  was  in 
business  as  a  general  contractor,  specializing 
in  reinforced  concrete  work.  From  1908  until 
opening  up  his  present  office  he  has  been 
assistant  city  engineer  of  Cincinnati. 

Mr.  R.  M.  Hosea,  who  has  resigned  as 
chief  engineer  of  the  Colorado  Fuel  &  Iron 
Co.,  the  Colorado  and  Wyoming  Refining  Co.. 
and  the  Crystal  River  Railroad,  effective 
February  15th,  will  retain  a  consulting  en- 
gineering engagement  with  the  above  com- 
panies and  is  open  to  any  outside  engagement. 
Mr.  Hosea  specializes  in  coal  mine  engineering 
operation,  development  and  preparation  of 
coal,  water  supply  and  irrigation  construction, 
engineering  reports  and  examinations,  wood 
stave  pipe  and  concrete  structures,  administra- 
tion of  water  supply  systems  and  technical  re- 
ports. Mr.  Hosea  designed,  constructed  and 
for  the  past  7  years  operated  the  $1,000,000 
water  supply  system  for  the  steel  plant  of  the 
Colorado  Fuel  &  Iron  Co.,  at  Pueblo,  Colo., 
and  the  various  dams  and  reservoirs  in  con- 
nection, and  many  reinforced,  concrete-cased 
wood  stave  pipe  lines  and  conduits.  He  de- 
signed and  built  most  of  the  coal  washing 
plants,  anthracite  breakers  and  coal  mine 
plants  previous  to  taking  charge  of  water  in- 
terests ;  located  and  constructed  the  railway 
lines  to  develop  coal  and  iron  properties;  op- 
ened and  developed  coal  mines  in  Iowa  'and 
Colorado  as  mine  superintendent  and  has 
had  a  valuable  operating  experience. 


CIVIL  SERVICE  NEWS 

The  Chicago  Civil  Service  Commission  an- 
nounces examinations  as  follows : 

Mechanical  Designing  Engineer:  $1,920- 
$2400;   March   5. 

Mechanical  Draftsman:  $1,080  -  $1,320 ; 
March   10. 

Foundry  Pipe  Inspector;  $1,440-$1,620 ; 
March  11. 

.Assistant  P'oundrN-  Pipe  Inspector;  $1,080- 
$1,411);  March   12. 

Bridge  Designing  Draftsman;  $1.500-$1,740 ; 
March    12. 
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BIDS   ASKED. 
Maryland: 

Baltimore,  Md.— Until  11  a.  m.,  Mar.  3,  by 
11.  K.  McCay,  City  Engineer,  for  furnishing 
steel  rails,  standard  joints,  fastenings  and 
special  work  for  municipal  railway  on  second 
section  of  Key  Highway. 

PROSPECTIVE  WORK. 

California : 

San  Bernardino,  Cal. — San  Bernardino 
Mountain  R.  R.  has  filed  condemnation  suits 
for  right  of  way  in  vicinity  of  Victorville  for 
its  proposed  line.  H.  L.  Carnahan,  Riverside, 
Cal.,   is  attorney  for  railroad. 

Victorville,     Cal. — Carl    Leonardt,    contrac- 
tor,  Los   Angeles,   contemplates   building   rail- 
road to  site  of  cement  plant  that  he  proposes 
to   erect  near  here. 
Illinois : 

Quincy,  111.— Chicago,  Peoria  &  Quincy  In- 
terurban    Co.    is    reported    to    be    planning   to 
resume    construction    in    April.      A.    B.    Roth, 
Quincy,    is    Secretary'. 
Indiana : 

Lafayette,  Ind. — Surveys  are  under  way  for 
Lafayette  &  Northwestern  Ry.,  and  it  is  re- 
ported that  construction  may  be  started  in 
April.  It  is  stated  that  contracts  are  about  to 
be  closed  for  2.50,000  ties  for  the  line.  O.  L. 
Brown,  Lafayette,  Ind.,   is  interested. 

Indianapolis,  Ind. — Union  Ry  Co.  is  prepar- 
ing a  $10,000,000  bond  issue  to  take  care  of 
track  elevation  work  in  this  city.  The  bonds 
will  be  guaranteed  by  the  Big  Four,  Vandalia 
and  Pennsylvania  R.  R.  and  will  he  sold 
about  as  follows:  1915.  $1,000,000;  1917,  $1,- 
500,000;  1919,  $1,500,000.  The  company  has 
been  getting  prices  on  20,000  tons  of  structural 
material  for  this  work,  and  it  is  expected 
that  definite  announcement  as  to  start  of  work 
will  be  made  next  month.  P.  J.  Landers  is 
Engineer. 

Gary,  Ind.— It  is  reported  that  work  will  be 
started    March    1.  on    construction    on    second 
unit    of   freight    yards    for    Michigan    Central 
Line. 
Kansas: 

Baxter    Springs,     Kan.— St.    Louis    &     San 
Francisco  R.  R.  is  reported  to  have  completed 
plans   for   15-mile  branch   from  point   .3  miles 
north  of  this  place  to  Miami,  Okla. 
Minnesota : 

St.  Paul,  Minn. — It  is  probable  work  will  be 
started  early  this  spring  on  changes  in  Mis- 
sissippi River  channel  preparatory  to  erection 
of  new  union  terminal.  Engineering  studies 
for  the  latter  are  under  way.  W.  C.  Arm- 
strong, formerly  Bridge  Engineer  of  the  Chi- 
cago &  Northwestern  Ry.,  has  been  appointed 
Chief  Engineer  of  the  Union  Depot  Co.  of  St. 
Paul  and  will  have  charge  of  the  construc- 
tion work.  Offices  have  been  opened  in  the 
Hackney  BIdg.,  St.  Paul. 

Minneapolis,    Minn. — Minneapolis.    St.    Paul 
&   Sault   Ste.    Marie   Ry.   is   reported   to   have 
negotiations  under  way  for  acquiring  the  Min- 
neapolis &  St.  Louis  R.  R. 
New  York : 

Plattsburgh,  N.  Y.— It  is  reported  construc- 
tion will  be  started  soon  on  new  railroad  from 
Fort  Ticonderoga  to  Lake  Sanford.  Line 
would  be  about  60  miles  long  and  will  open  up 
several  iron  rnines.  No  further  details  are 
available  at  this  time. 

North  Carolina: 

Winston-Salem,  N.  C. — Southern  Public 
Utilities  Co.  has  floated  $2,600,000  bond  issue 
to  be  used  for  improving  equipment  and  ex- 
tending street  car  service.  Company  operates 
in  16  cities  and  towns  in  North  and  South 
Carolina. 

Ohio: 

Columbus,  O.— Norfolk  &  Western  Ry.  is 
reported  to  be  planning  to  start  work  on  its 
grade  crossing  elimination  here.  City's  share 
of  cost   will   be   about  $300,000. 

Cleveland,  O. — Cleveland  Rvs.  Co.  contem- 
plates   expenditure    of    $840,000.      About    21 


miles  of  track  are  to  be  renewed,  5  miles  re- 
surfaced and  a  $200,000  turbine  installed. 
Oklahoma: 

Buffalo,  Ukla.— Alva,  Buffalo  &  Colorado  R. 
R.  Co.  has  been  chartered  and  proposes  line 
from  Rosston  on  W.  F.  &  N.  W.  Rv.  to  Buf- 
falo, 20  miles.  J.  H.  Moran,  Alva,'  Okla.,  is 
President. 
Oregon : 

Independence,  Ore. — Valley  &  Silez  R.  R 
may  let  contract  in  May  for  10-mile  extension 
from  Independence  to  Newport.  Work  will 
include  400,000  cu.  yds.  earth  excavation. 
20,000  cu.  yds.  rock  excavation  and  5,000  lin. 
ft.  of  trestles.  R.  L.  Donald,  707  Northwest- 
ern Bank  Bldg.,  Portland,  Ore.,  is  Manager. 

Burns.  Ore. — This  town  is  reported  as  con- 
templating  building   railroad   to   connect   with 
new  line  being  built  by  Oregon-Washington  R. 
R.  &  Navigation  Co. 
Texas: 

Marshall.    Te.x. — Texas-Louisiana    Traction 
Co.  has  applied  for  franchise  here. 
Washington : 

Seattle,  Wash. — Construction  may  be  started 
in  July  on  grade  separation  at  Argo  Station. 
Work  includes  1,800  ft.  reinforced  concrete 
lined  tunnel  to  cost  about  $450,000.  Plans 
will  be  prepared-  by  A.  H.  Dimock,  City  En- 
gineer. 
Wisconsin : 

Sheboygan.  Wis. — Sheboygan-Elkhart  Lake 
Interurban  Co.  may  start  surveys  in  a  few 
days  for  extension  from  Elkhart  Lake  to  Chil- 
ton. Edward  Hammett,  Sheboygan,  is  Man- 
ager. 

BIDS  OPENED; CONTRACTS  LET 

Georgia : 

Macon,  Ga. — Ocilla  Southern  R.  R.  has 
started  grading  at  Rochelle  for  an  extension 
toward  Macon.  It  is  planned  to  complete  8 
miles  of  the  line  w-ithin  90  days.  J.  A.  J. 
llendcrson,  Ocilla,  Ga.,  is  President. 
Illinois : 

Chicago,     111. — lUinois     Central    R.    R.    has 
taken    bids    for    6    miles    of    line    near    West 
I'rankfort,   111. 
Tennessee : 

Memphis,  Tenn. — H.  W.  Nelson  Co.,  14 
South  Canal  St.,  Chicago,  111.,  has  been  award- 
ed contract  for  150.000  cu.  yds.  of  levee  for 
Illinois   Central  R.   R. 

Washington : 

Spokane,  W'ash. — W.  J.  Hoy  &  Co.,  general 
contractors  for  grade  separation  work  at  Spo- 
kane for  Northern  Pacific  Ry.,  are  reported  to 
have  let  all  sub-contracts  except  those  for 
waterproofing  bridge  decks  and  paving.  Par- 
ker, Moran  &  Parker  have  sub-contract  for 
excavation  and  will  place  two  shovels  at  work. 
Van  Sant,  Houghton  &  Co.  have  sub-contract 
for  concrete  work. 
Wisconsin : 

Crandon,  Wis. — Peter  Nelson,  Minneapolis, 
Minn.,  who  has  general  contract  for  27-mile 
extension  of  Wisconsin  &  Northern  Ry.,  has 
opened  offices  at  Crandon  in  charge  of  H.  F. 
Wharton.  Cox  &  Grabner,  Minneapolis,  Minn., 
have  started  work  on  their  2-mile  sub-contract 
8  miles  from  Crandon.  Higgins  &  McDonald, 
ilinneapolis,  have  placed  a  steam  shovel  at 
work  on  their  sub-contract  at  the  Van  Os- 
trand  end.  E.  G.  Bradenburg,  Minneapolis, 
who  has  the  sub-contract  for  clearing  and 
building  culverts,  has  a  camp  about  6  miles 
from  Shawano. 
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BIDS  ASKED. 
California : 

Redwood  City,  Cal. — Lhitil  March  15  by 
County  Supervisors  for  11  miles  of  macadam 
(2  contracts),  2  miles  oil  macadam  and  2% 
miles  of  gravel  road. 

Redwood  Citj',  Cal. — Until  :March  1  by 
County  Supervisors  for  6.3  miles  of  oil  mac- 
adam under  two  contracts. 


Colorado: 

Brighton,   Colo.— Until   Mar.  4,   by   Fred  O. 
Pearce,  County  Clerk,  for  gravel  road. 
Florida : 

Brooksville,  Fla. — Until  noon.  Mar.  6,  by 
County  Commissioners,  M.  H.  Snow,  Clerk, 
for  hard  surface  highways  in  county.  Jaudon 
Engineering  Co.,  Engineers,  Savannah,  Ga. 

Illinois: 

Rushville,  111.— Until  2  d.  m..  :March  4,  by 
Board  of  Local  Improvements,  Thomas 
Tyree,  Secretary,  for  improvement  of  certain 
streets.  A.  E.  Phillips,  Engineer,  .\rmour  In- 
stitute of  Technology,  Chicago.  Advertise- 
ment in  this  issue. 

Champaign.  111. — Until  5  p.  m.,  March  2, 
by  City  Clerk   for  street  flusher. 

Springfield,  111.— Until  11  a.  m..  March  lo. 
by  State  Highway  Commission.  \\"m.  M 
Marr,  Chief  State  Highway  Engineer,  for 
state  aid  work  as  follows :  ^lonroe  Countv. 
1,900  ft.  concrete;  Union  Countv.  ?,:2m  i\. 
gravel ;  Bureau  County,  4,000  ft.  concrete  : 
Bureau  County,  3,928  ft.  concrete,  .\dvertise- 
ment  in  this  issue. 

Indiana : 

Indianapolis,  Ind.— Until  Mar.  1,  bv  Board 
of  Public  Works,  for  500  tons  asphalt  for 
use  in  Municipal  asphalt  repair  plant  during 
1915. 

.\ngola,  Ind.— Until  1 :30  p.  m.,  ^Mar.  10,  bv 
Roy  Hurst.  City  Clerk,  for  8,400  sq.  yds.  pav- 
ing.    C.   F.  Powers,  City  Engineer. 
Iowa: 

Cedar  Rapids,  la.— Until  10  a.  m..  Mar.  1, 
by  L  J.  Storey,  City  Clerk,  for  paving  on 
Second  St.,  Third  St.  and  Second  .\ve.  Creo- 
soted  block,  sheet  asphalt,  asphaltic  concrete 
or  vitrified  brick. 

Clinton,  la.— Until  8  p.  m..  Mar.  9,  by  F.  W. 
Leedham,  City  Clerk,  for  3,700  sq.  yds.  of 
concrete  pavement  for  3  alleys. 

V,'est  Liberty,  la.— L'ntil  ]ilarch  3  by  Town 
Clerk  (postponement  of  date  from  Feb.  16) 
for  constructing  about  40,000  sq.  yds.  of  pave- 
ment on  concrete  base  on  Third,  Fourth,  Cal- 
houn and  Spencer  Sts. ;  also  about  20,000  lin. 
ft.  of  curb.  Benton  R.  .\nderson  is  Engi- 
neer. 

^Macedonia,  la. — Until  2  p.  m..  March  3,  by 
J.  D.  Hannan,  County  .\uditor.  Council  BlufTs. 
la,,  for  following  grading  on  county  road 
system:  11,767  cu.  yds.  excavation,  estimated 
at  18  cts..  and  99.820  cu.  yds.  overhaul,  esti- 
mated at  1  ct.  Work  is  located  2  miles  east 
of  Macedonia. 

Davenport,  la. — Until  2  p.  m..  :\Iarch  3,  by 
John  W.  Crowley,  Commissioner  Public 
Works,  for  permanent  sidewalks  in  First. 
-Second  and  Third  Road  Districts  for  vear 
ending    April   1.    1916. 

'Vashin.g'.on,    la.— Until    March    S    by   J.    S. 
McElhinney,  City  Clerk,  for  paving  estimated 
tn  cost  $50,000.     Bids  will  be  received  on  brick 
and  reinforced  concrete. 
Kansas: 

Holton.  Kan.— Until  Fell.  26.  by  City  Clerk. 
for    paving    with    vitrified    brick    or    asphaltic 
concrete.     Worlev   &   Black,   Engineers,   Kan- 
sas City.  Mo. 
Maryland : 

Baltimore,  Md.— LTntil   11  a.  m..  Mar.  3,  by 
R.  K.  Compton,  Director  Paving  Commission, 
for  49,100  sq.  yds.  of  asphalt  and  6.800  sq.  yds. 
vitrified  brick  pavement. 
Minnesota : 

Winona,  Minn. — Until  2  p.  m..  Mar.  23,  by 
C  W.  Anding,  County  .\uditor,  for  !•  state 
rural  highways,  estimated  to  cost  $540.000 ; 
clearin.g,  grubbing,  earth  and  rock  excava- 
tion, turnpiking,  macadam  and  bridges  and 
culverts.  H.  B.  Childs,  District  Engineer, 
Winona.     .Advertisement  in  this  issue. 

St.  Paul.  Minn.— Until  10  a.  m.,  March  1, 
by  -"Kug.  Hohenstein.  City  Purchasing  .Agent. 
for  grading  and  improvement  of  Ivan  Way, 
Benson  Ave.,  Barrett  St..  Orange  St.,  Ivy  St., 
Finn  Ave.,  Dalv  St.,  Cleora  St. 

St.  Paul.  Minn.— Until  10  a.  m.,  March  1, 
by  Aug.  Hohenstein,  City  Purchasing  Agent, 
for  furnishing  1,200  cu.  yds.  limestone  dust, 
7.000   cu.  yds.   crushed   rock,   41   cars   crushed 
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An   Unwise  Amendment   to   the   Ohio 
Conservancy  Law. 

The  conservancy  law  enacted  last  year  in 
Ohio  has  been  brought  up  in  the  present 
session  of  the  state  legislature  for  amendment. 
This  law,  as  engineers  will  recall,  was  enacted 
to  provide  authority  for  and  jurisdiction  over 
works  for  flood  control.  The  amendments 
proposed  are  several  but  only  one  of  them  is 
particularly  of  engineering  interest  and  its  pur- 
port is  embodied  in  the  clause,  "nor  shall  any 
plan  be  adopted  which  involves  the  construc- 
tion of  detention  reservoirs  to  hold  back  the 
flood  waters  upon  some  lands  in  order  to  pre- 
vent, or  diminish  the  flooding  of  other  lands." 
The  engineer  is  prevented  by  law  in  Ohio,  if 
this  amendment  succeeds,  from  considering 
storage  reservoirs  as  a  means  of  flood  preven- 
tion. Specifically  the  storage  reservoir  plan 
chosen  for  flood  prevention  for  Dayton  and 
other  towns  in  the  Miami  Valley  is  voided 
and  another  plan  must  be  sought.  On  both 
counts  the  amendment  is  unwise. 

The  flood  control  plans  for  the  Miami  Val- 
ley werf  formulated  only  after  very  careful 
studies  by  a  number  of  engineers  of  e.xperience 
and  high  repute.  Their  economy  and  suffi- 
ciency are  as  certain  as  they  can  be  made 
by  engineering  skill.  The  specific  case  alone  is 
enough  to  counsel  mc  deration  in  legislation, 
hut  the  greater  reason  lies  in  the  general  ob- 
jection had  to  any  legislation  which  prohibits 
the  use  of  a  recognized  and  successfully  em- 
ployed means  of  solving  a  common  engineering 
problem.  The  amendment  cited  should  not  be 
enacted  and  engineers  should  exert  their  in- 
fluence to  prevent  its  enactment. 


Motor  Buses  and  Passenger  Transpor- 
tation in  Cities. 

It  is  rather  remarkable  that  the  use  of  motor 
buses  for  the  transportation  of  people  in  cities 
has  not  developed  to  any  great  e.xtent  up  to 
the  present  time  in  this  country.  There  is 
nothing  novel  in  the  idea.  Bus  lines  have  been 
in  operation  in  Washington,  D.  C,  for  twenty 
years  or  more.  In  Europe  motor  buses  are 
everywhere  in  evidence  on  city  streets.  That 
people  are  awaking  to  the  advantages  of  this 
type  of  passenger  transportation  is  evidenced 
by  the  fact  that  within  the  last  si.x  months 
motor  bus  lines  have  been  placed  in  operation 
in  a  dozen  or  more  cities  of  the  United  States, 

In  Washington  the  buses,  or  "herdics"  as 
they  are  called  there,  were  formerly  drawn  by 
horses,  but  at  the  present  time  they  are  motor 
driven.  They  formerly  operated  through  the 
exclusive  residence  districts  of  the  city  and 
were  largely  used  by  persons  in  no  ha.ste  to 
reach  their  destination.  With  the  advent  of 
the  motor-driven  bus,  however,  the  speed  of 
travel  has  been  increased  materially  and  com- 
pares quite  favorably  with  street  car  trans- 
portation. In  Los  Angeles,  Cal.,  a  bus  line  of 
22  coaches  is  in  operation  between  that  city 
and  Venice,  a  suburban  town.  These  coaches 
are  double-decked  and  have  a  seating  capacity 
of  54.  In  San  Francisco  the  present  bus  line 
of  one  company  operating  11  coaches  will  be 
increased  to  50  vehicles  during  the  Panama 
Exposition.  Between  Seattle  and  Bothell,  in 
the  state  of  Washington,  a  line  of  I'U-pas- 
senger,  pay-as-you-enter  buses  is  in  operation. 
These  buses  travel  an  average  of  210  miles  a 
day  each.  Many  other  examples  of  bus  lines 
in  successful  operation  might  be  cited,  in- 
cluding the  line  on  Fifth  .\venue,  New  York, 
that  has  been  in  operation  for  many  years. 

Motor  bus  lines  have  a  number  of  distinct 
advantages  over  other  forms  of  transportation. 


The  delay  of  one  bus  does  not  affect  the  vehi- 
cles behind,  as  in  the  case  of  street  cars. 
They  are  cleaner  and  less  noisy  than  street 
cars.  They  possess  a  flexibility  of  operation 
that  permits  frequent  stops,  widely  separated 
terminals  preventing  congestion  in  rush  hours 
and  varied  destination  points  to  suit  the  re- 
quirements of  a  fluctuating  volume  and  type  of 
traffic.  Both  express  and  local  buses  may  be 
operated  on  the  same  street,  an  impossibility 
on   the   ordinary   double-track   street   car   line. 

The  fare  charged  is  ordinarily  five  cents, 
and  on  several  lines  transfer  privileges  are 
included.  The  use  of  the  five-cent  fare  on 
lines  operated  in  the  West  and  South  has 
given  rise  to  the  expression  "jitney"  bus,  a 
"jit"  being  a  local  vulgarism  for  a  five-cent 
piece.  The  cost  of  operation  of  motor  buses, 
of  course,  varies  with  the  type  of  coach  and 
the  locality.  In  Los  Angeles  about  1,000  buses 
are  in  operation,  the  estimated  daily  receipts 
of  which  are  $8,500. 

To  the  average  man  the  advent  of  motor 
buses  is  an  occasion  of  rejoicing.  The  great 
company  of  strap-hangers  is  gleeful.  But 
from  the  standpoint  of  the  street  railway 
companies,  many  of  which  have  frankly  ad- 
mitted that  tliey  depend  upon  crowded  cars 
and  strap-hangers  for  their  profits,  a  serious 
condition  is  created.  We  are  inclined  to  be- 
lieve, however,  the  addition  of  motor  bus 
transportation  will  act  to  increase  the  total 
number  of  people  traveling,  and,  while  the 
receipts  of  street  car  companies  may  be  re- 
duced slightly,  the  necessity  of  maintaining 
and  operating  extra  equipment  for  rush  hour 
service  will  be  obviated.  And  the  citizen  will 
be  able  to  secure  a  seat. 


The    St.    Louis    Ordinance    Governing 

Quantity  Surveyors. 

.\t  various  times  we  have  published  discus- 
sions on  the  so-called  "Quantity  System  of 
Estimating"  and  on  the  duties  and  require- 
ments of  the  "Quantity  Surveyor."  It  has 
generally  been  conceded  that  the  proposed  sys- 
tem has  advantages  over  the  methods  of  es- 
timating now  in  use  in  this  country,  but  de- 
signers and  builders  have  realized  that  great 
care  would  need  to  be  exercised  in  working 
out  the  details  of  a  successful  system.  In  a 
number  of  cities  meetings  of  those  interested 
in  the  subject  have  been  held,  but  progress 
has  necessarily  been  slow,  and  definite  action 
has  been  lacking  in  most  cases.  It  is  inter- 
esting to  note  that,  due  to  the  activity  of  a 
committee  appointed  l)y  the  Engineers'  Club 
of  St.  Louis,  Mo.,  an  ordinance  was  intro- 
duced in  the  Municipal  Assembly  creating  the 
office  of  Quantity  Surveyor.  This  ordinance 
was  passed,  and  is  now  a  law.  A  bill  re- 
quiring that  all  architectural  and  engineering 
plans  of  public  work  in  Missouri  be  accom- 
panied by  a  detailed  list  showing  the  quantity 
of  each  material  used  in  the  work  has  also 
been  prepared  by  the  committee  for  intro- 
duction in  the  state  legislature  during  the 
present  session.  The  committee  is  now  con- 
sidering standard  methods  for  use  in  comput- 
ing the  quantity  of  each  kind  of  material  en- 
tering into  the  construction  of  a  building. 
The  provisions  of  the  ordinance  as  passed 
are  as  follows; 

An  ordinance  to  appoint  certain  persons  as 
Quantity  Surveyor.'?. 

Be  It  oidained  by  the  City  (if  .St.  Louis,  as 
follows: 

Sec.  t.  The  Mayor  by  and  wltb  the  approval 
of  the  Coimcil  may  appoint  any  nnnilver  of  com- 
petent persons,   who  shall  be  skilled   In   building 
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construction    and    estimating    as    quantity    sur- 
%  eyors. 

Sec.  2.  Each  quantity  surveyor  so  appointed 
shall  give  a  good  and  sufBcient  bond  to  the  City 
of  St.  Louis  in  the  sum  of  .?10,000,  conditioned 
that  he  will  faithfully  perform  the  duties  of 
quantity  surveyor  under  said  appointment, 
which  bond  must  be  executed  by  the  appointee, 
and  at  least  two  good  sureties,  to  be  approved  by 
the  Mayor  and  Council,  and  no  such  bond  shall 
be. approved  unless  each  of  the  sureties  thereon 
be  the  owner  of  real  property  assessed  at  not 
less  than  one-half  the  amount  of  the  bond. 

Sec.  3.  Any  person  who  may  employ  such 
quantity  surveyor,  and  who  may  sustain  loss  or 
damage  by  reason  of  the  negligence,  incompe- 
tency or  misconduct  of  such  surveyor,  shall  be 
permitted  to  bring  an  action  on  the  bond  of  such 
surveyor  m  his  own  name  in  any  court  having 
Jurisdiction  in  the  premises;  provided  that  any 
such  action  shall  be  brought  within  five  years 
after  the  expiration  of  the  commission  of  such 
surveyor. 

Sec.  4.  The  quantity  sui-veyors  so  appointed 
shall  be  commissioned  and  hold  office  for  the 
term  of  four  years  from  the  respective  dates  of 
their  respective  commissions,  and  they  shall 
charge  for  their  services  such  fees  as  shall  be 
.agreed  upon  with  the  parties  desiring  their  serv- 
ices, until  such  time  as  a  joint  committee  from 
the  Engineers'  Club  of  St.  Louis,  the  St.  Louis 
Chapter  oi  the  American  Institute  of  Architects 
and  the  Building  Industries'  Association  shall 
recommeiid  a  definite  schedule  of  fees  for  esti- 
mating different  classes  of  structures,  when  the 
schedule  of  fees  so  recommended  shall.  t>ecome 
the  legal  fees  for  quantity  surveyors. 

The  practical  workings  of  the  ordinance 
will  De  viewed  with  concern  by  designers  and 
builders.  It  will  be  of  interest  to  note  what 
measures  will  be  taken  by  the  mayor  and  city 
council  to  judge  of  the  "competency"  of  those 
desiring  to  qualify  as  quantity  surveyors.  The 
bond  requirement,  we  believe,  is  a  wise  one 
and  is  fair  to  both  parties  concerned,  as  loss 
or  damage  can  be  collected  by  an  employer 
only  by  proving  the  quantity  surveyor  guilty 
of  negligence,  nicompetency  or  misconduct. 
It  will  tend  to  discourage  inexperienced  and 
irresponsible  applicants,  but  should  prove  no 
barrier  to  competent  men.  The  time  during 
which  action  may  be  brought  against  the  bond 
of  the  quantity  surveyor  seems  unnecessarily 
long.  It  is  to  be  regretted  that  the  ordinance 
does  not  specify  a  definite  fee  for  service 
rendered,  as  this  point  should  have  speedy  set- 
tlement if  definite  progress  is  to  be  made. 


A    Contractor   as    Road   Engineer   and 
His  Daily  Cost  Record  System. 

Cook  County,  Illinois,  lias  a  former  con- 
tractor as  county  superintendent  of  highways. 
Incidentally  Mr.  Quinlan  is  an  engineer  but 
his  viewpoint  with  regard  to  construction 
work  is  practical — as  becomes  a  contractor. 
Many  engineers  that  become  contractors  re- 
tain the  engineer's  viewpoint  with  the  result 
that  frequently  they  do  not  remain  contractors 
for  any  great  length  of  time.  On  the  prin- 
ciple that  it  takes  a  contractor  to  catch  a  con- 
tractor. Cook  County  should  build  some  ex- 
cellent roads  in  the  next  few  years  and  build 
them  economically.  « 

The  practical  utility  of  cost  records  is  illiis- 
tratcd  in  the  system  instituted  in  this  county. 
Too  frequently  the  costs  kept  by  an  engineer 
are  of  no  value  until  the  work  is  completed 
when  the  costs  arc  computed  and  an  interest- 
ing post-mortem  is  indulged  in.  While  the 
discussion  of  such  costs  after  the  job  is  com- 
pleted  and   the   stable  door  locked,  as   might 
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be  said,  is  quite  interesting,  such  discussion 
does  not  serve  to  reduce  the  cost  of  the  work. 
The  money  has  been  spent  and  discussion  does 
not  affect   matters  one  way  or  the  other. 

By  the  system  outlined  on  another  page  the 
appro.ximate  cost  of  each  of  many  small  and 
widely  separated  jobs  may  be  determined 
quickly  and  with  sufficient  accuracy  to  enal)le 
the  superintendent  to  make  cost  saving 
changes  in  methods,  plant  or  material  imme- 
diately. Moreover,  the  system  is  simple  and 
a  minimum  of  labor  is  required  in  keeping  it 
up.  It  possesses  many  of  the  earmarks  of  a 
contractor's   method  of   daily   cost  keeping. 

The  moral  of  this  tale  is  that  a  county  road 
superintendent  must  be  all  that  the  name  im- 
plies. He  is  more  than  an  engineer  since  he 
must  devise  methods  of  accomplishing  the 
work  he  has  planned.  He  is  more  than  a 
foreman  in  that  work  must  not  only  be  done 
economically  but  in  accord  with  sound  en- 
gineering principles.  He  is  something  of  an 
efficiency  engineer,  an  arbiter  of  disputes,  and 
withal  nuist  present  a  solid  resistance  to  any 
attempt  to  substitute  political  expediency  for 
good  construction. 


"Going   Broke"  in   Road   Contracting. 

Mr.  William  R.  Ray,  State  Highway  Com- 
missioner of  Washington,  states  in  his  last 
annual  report  that  many  contractors  recently 
have  "gone  broke"  in  road  work  in  that  state. 
Unfortunately  the  state  of  Washington  is  not 
an  e.xception  in  that  respect.  California  and 
other  states  that  have  been  engaged  in  exten- 
sive road  building   show  a  similar  history. 

The  primary  reason  for  such  financial  fail- 
ures of  contractors  is  ignorance  of  road  build- 
ing costs.  The  item  of  grading  is  almost  in- 
variably underestimated  by  those  who  have 
previously  done  little  or  no  roadwork.  Yet,  if 
contractors  were  more  given  to  reading  there 
would  be  fewer  mistakes  on  this  score.  Four- 
teen years  ago  the  publication  of  Gillette's 
"Economics  of  Road  Construction"  made  clear 
the  fact  that  road  grading  normally  costs  much 
more  per  cubic  yard  than  railway  grading.  Not 
only  the  smaller  yardage  per  mile,  but  the  large 
amount  of  triinming  subgrades,  ditches  and 
slopes  result  in  higher  unit  costs  for  roads 
than  for  railroads.  Hence  the  railroad  con- 
tractor is  in  grave  danger  of  underestimating 
road  grading  unless  he  reads  and  studies  the 
literature  of  the  subject. 

The  first  cost  of  a  modern  road  making 
plant  and  outfit  is  high  in  relation  to  the  total 
amount  of  work  done  with  it  each  season.  A 
$•50,000  contract  that  must  be  completed  in  one 
road-building  season  will  normally  require  an 
investment  of  fully  $15,000  in  plant  and  equip- 
ment. If  motor  trucks  or  traction  engines  and 
trailers  are  used,  the  plant  investment  will 
exceed  this  amount.  A  very  expensive  quarry- 
ing and  crushing  plant  adds  still  more  to  the 
investment.  The  relatively  short  road-build- 
ing season  in  many  states,  coupled  with  the 
large  investment  in  plant,  should  serve  to  make 


a  contractor  "count  the  cost"  with  great  care. 
Yet  it  often  seeius  to  the  experienced  road 
contractor  that  each  year  breeds  a  new  crop  of 
fools  who  count  the  cost  not  at  all. 

Publicity  as  to  costs  and  as  to  the  failure 
of  e.xtremely  low  bidders  may  ultimately  elimi- 
nate most  of  the  "fool  bids,"  but  the  process 
is  slow  at  best. 

We  note  that  Mr.  Ray  favors  letting  road 
contracts  for  a  lump  sum  rather  than  by  unit 
prices.  This,  he  reasons,  has  the  effect  of  elim- 
inating unbalanced  bids  and  of  making  bidders 
more  careful.  Of  51  lump  sum  contracts  90 
per  cent  were  completed  at  a  cost  to  Wash- 
ington state  that  was  less  than  the  engineer's 
original  estimate.  But  of  52  unit  price  con- 
tracts only  half  were  completed  below  the  en- 
gineer's estimate. 

We  think  that  too  much  significance  should 
not  be  attached  to  these  results.  They  may 
simply  mean  that  twice  as  many  contractors 
"went  broke"  under  lump  sum  contracts  as 
under  unit  price  contracts.  That  is  usually  the 
case.  Lump  sum  bidding  is  the  most  risky  sort 
of  contracting.  The  risks  are  enough  at  best. 
We  do  not  favor  making  them  worse  by  ask- 
ing contractors  to  do  all  the  guessing  as  to 
the  percentages  of  rock,  hardpan,  and  the  like. 
E.xcept  under  unusual  or  obviously  simple  con- 
ditions, we  should  not  advise  a  contractor  to 
bid  on  a  lump  sum  basis  unless  he  were  to 
estimate  very  liberally  for  contingencies. 

Of  course  it  is  possible  to  get  contractors  to 
bid  on  a  lump  sum  basis,  but  in  the  long  run, 
it  will  be  found  an  expensive  plan.  It  will 
either  drive  conservative  and  careful  bidders 
away,  or  it  will  result  in  higher  costs  than 
under  unit  price  bidding. 

There  are  but  two  ways  in  which  a  state  can 
save  money  by  securing  lump  sum  bids:  (1) 
Through  getting  contractors  to  assume  risks 
without  fully  compensating  them  for  the  risks. 
(2)  Through  preventing  skilled  contractors 
from  outguessing  the  engineers  as  to  the  ulti- 
mate quantities  of  each  class  of  work. 

As  we  view  it,  no  government  should  desire 
to  make  money  at  the  expense  of  an  individual. 
Where  there  are  risks,  a  government  should 
assume  them  as  far  as  practicable.  If,  there- 
fore, there  is  uncertainty  as  to  the  percentage 
of  rock  excavation,  the  state  should  not  at- 
tempt to  make  a  contractor  assume  the  risk. 

.'Vn  unbalanced  bid  can  not  ordinarily  cause 
a  loss  to  a  state  save  under  one  condition, 
namely  a  wide  difference  between  the  esti- 
mated and  the  actual  quantities,  which  wide 
difference  the  contractor  foresaw  but  the  engi- 
neers did  not  foresee.  In  other  words,  if  a 
contractor  can  outguess  the  engineer  as  to  the 
ultimate  quantities,  or  if  the  engineer  has 
actually  erred  in  his  quantity  estimates,  the 
door  is  open  for  successful  unbalancing  of 
bids.  What  competent  engineer  is  ordinarily 
fearful  of  such  a  situation? 

The  common  objection  to  unbalanced  bids  is 
entirely  different.  It  is  said  that  an  unbalanced 
bid  enables  a  contractor  to  put  high  prices  on 
the   work   he   does   first,   and   thus   it  becomes 


possible  for  him  to  make  an  undue  profit  in  the 
early  part  of  the  work.  An  unscrupulous  con- 
tractor might  thus  "skim  the  cream"  and  leave 
his  bondsmen  to  finish  the  job.  If  this  is  a 
justifiable  fear,  there  is  a  remedy  at  hand. 
Let  the  contract  state  explicitly  what  unit 
prices  will  be  used  by  the  engineer  in  estimat- 
ing the  monthly  payments  to  be  made  to  the 
contractor,  only  the  final  payment  being  esti- 
mated  at   the   contractor's   unit  prices. 

The  highest  ethics  is  the  best  economics  in 
the  long  run.  Certainly  it  is  no  more  than  fair 
that  risks  be  assumed,  as  far  as  possible,  by 
the  contracting  party  that  is  best  able  to  stand 
a  loss  in  the  event  of  an  unforeseen  outcome. 
In  the  long  run,  the  assumption  of  risks  by  a 
state  or  municipality  will  reduce  the  prices  it 
pays  for  work  done.  If  engineer's  estimates 
are  exceeded  when  this  is  the  policy,  so  much 
the  worse  for  the  estimates.  These  very  ex- 
cesses proclaim  the  risk  and  roughly  indicate 
its  quantitative  amount. 

Highway  engineers  are  not  in  a  position  to 
follow  the  practice  of  railway  engineers  in  all 
their  dealings  with  contractors,  more  is  the 
pity.  Railways  usually  endeavor  to  hold  good 
contractors  by  giving  them  liberal  "classifica- 
tion" of  excavated  materials  whenever  it  is 
apparent  that  the  contractors  are  in  danger  of 
"going  broke."  An  engineer  for  a  company 
may  do  this,  but  an  engineer  for  the  public 
can  not  do  so  without  danger  of  severe  criti- 
cism from  those  who  do  not  perceive  the  un- 
derlying equity  and  the  sound  economics  of 
this  sort  of  liberality.  But  an  engineer  on 
public  work  is  not  debarred  from  so  drawing 
specifications  and  contracts  as  to  relieve  con- 
tractors of  many  risks.  Indeed  it  is  the  part 
of  real  wisdom  to  do  so. 

A  railway  engineer  is  more  free  to  guess 
roughly  as  to  "classificatioti,"  etc.,  for  the  rea- 
son just  given.  A  highway  engineer  is  more 
bound  to  dig  test  pits,  and  drive  rods,  that 
his  estimated  "classification"  may  be  close  to 
the    facts. 

We  have  chosen  grading  as  an  illustrative 
item,  but  the  same  sort  of  reasoning  applies 
to  many  other  items.  Thus,  where  gravel  or 
sand  are  to  be  used  in  building  the  road  pave- 
ment, it  seems  very  desirable  that  the  engineer 
determine  the  sources,  the  character  and  the 
available  quantity  of  these  constituents.  This 
is  usually  left  to  the  contractors  to  estimate, 
and  introduces  antither  element  of  uncertainty. 

Summing  up,  we  wish  to  emphasize  the  de- 
sirability of  such  a  complete  study  of  condi- 
tions, on  the  part  of  the  highway  engineer, 
that  he  may  draw  specifications  and  contract 
so  as  to  reduce  the  contractor's  risk  to  a 
minimum.  It  is  also  desirable  to  publish  de- 
tailed unit  costs,  not  only  of  work  that  is 
very  economic  but  of  the  most  expensive  sorts 
of  work  as  well,  stating  fully  the  conditions. 
We  believe,  too,  in  the  wisdom  of  making 
public  the  engineer's  detailed  estimate  of  pro- 
jected work.  This  is  one  of  the  most  effective 
guides  against  extremes  of  bidding,  and  it 
saves  many  a  contractor  from  "going  broke." 
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Liquid  Chlorine  Sterilization     of     the 

Water  Supply  of  St.  Catharines, 

Ontario. 

Contributed  by  Alexander  Milne,  Superintendent 
of  Water  Works,    Past   President   American 

Water  Works  Association. 
The  city  of  St.  Catharines,  Ontario,  situated 
in  the  Niagara  Peninsula  between  Lakes  Erie 
and  Ontario,  has  since  1878  obtained  its  water 
supply  from  the  Welland  Canal  (the  connect- 
ing waterway  between  the  two  lakes),  and  up 
to  recent  years  the  water  has  been  of  excellent 
quality.  However,  the  rapidly  increasing 
population  of  the  district  adjoining  the  water- 
way, together  with  the  added  amount  of  navi- 
gation through  the  canal  has  naturally  created 
a  corresponding  possible  pollution.  In  1912 
when  it  was  decided  by  the  Dominion  Govern- 


ment to  proceed  with  the  construction  of  the 
Ship  Canal  by  enlarging  portions  of  the  e.xist- 
ing  canal  to  accommodate  vessels  of  10,000 
tons,  it  was  realized  by  the  Water  Works  Com- 
mission that  steps  should  be  taken  to  protect 
the  community  from  possible  epidemics  arising 
from  the  polution  of  the  water  supply,  not 
alone  from  the  actual  operations  entailed  in 
the  necessarily  extensive  works,  but  also  from 
the  large  number  of  employes  engaged,  the 
majority  of  whom  have  little  knowledge  (and 
care  less)  of  the  laws  of  sanitation. 

The  writer  in  his  annual  report  of  191.3  again 
forcefully  reminded  the  commission  of  the  ne- 
cessity of  immediate  action,  the  analysis  show- 
ing frequent  pollution,  presence  of  B.  Coli,  and 
notice  was  issued  advising  consumers  to  boil 
all  water  before  drinking.  Action  was  taken 
by  the  commission  on  the  report  in  January, 
1914,  the  superintendent  being  directed  to  in- 


vestigate the  merits  of  the  different  methods 
of  sterilization  and  report  thereon,  and  he  was 
authorized  to  visit  a  number  of  water  works 
plants  so  equipped  in  the  adjoining  states. 

Being  quite  familiar  with  the  several  types 
of  equipments  for  the  use  of  hypochlorite  of 
lime  and  the  results  obtained  therefrom,  the 
principal  consideration  given  to  this  method 
was  the  obtaining  of  plans  and  prices  for  an 
automatically  operated  plant  suitable  to  the 
local  conditions. 

The  ultra  violet  ray  method  was  also  con- 
sidered carefully,  all  available  data  being  ob- 
tained and  studied.  Owing  to  the  fact  that  the 
local  water  supply  is  not  a  filtered  one,  and  at 
times  is  slightly  turbid  and  rather  high  in 
organic  content,  it  was  felt  that  although  the 
commission  has  available  a  large  block  of 
electric  power  "free,"  the  general  conditions 
were  not  suitable  for  the  ultra  violet  method 
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of  treatment,  and  bids  for  this  type  of  equip- 
ment were  not  asked  for. 

Liquid  chlorine  was  civen  very  careful  con- 
sideration, as  to  its  qualities,  cost,  results,  etc., 
and  the  different  types  of  apparatus  for  its 
application  and  control  were  inspected  by 
visiting  a  number  of  plants  which  were  in  op- 
eration and  by  obtaining  all  possible  data 
thereon. 


and  providing  tl.c  3t)-in.  x  'iO-in.  by-pass  with 
20-in.  valve  as  shown  in  Fig.  1,  the  20-in.  con- 
nection being  made  with  an  A.  P.  Smith  No.  2 
tapping  machine,  without  interruption  of  the 
supply. 

.•Ml  concrete  was  of  1  :6  mixture,  using  clean, 
sharp  pit  gravel,  mixed  wet,  and  liberal  quan- 
tities of  clean,  sharp  angled  limestone  spawls. 
The  cross  walls  of  the  chlorine  house  are  pri- 
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Fig.    1.      Plan    and    Profile    of    Buildings    and    Piping  for  Liquid  Chlorine   Plant  at  St.  Cath- 
arines,   Ontario,    Water    Works. 


Having  in  the  meantime  secured  prices  on 
the  different  apparatus,  the  writer  first  sub- 
mitted his  report  to  the  Provincial  Board  of 
Health  and  received  the  approval  of  that  body 
for  the  proposed  installation  and  presented 
the  report  to  the  commission  on  March  .31. 
1914,  recommending  the  installation  of  a  liquid 
chlorine  plant  for  the  sterilization  of  the  sup- 
ply. He  further  recommended  the  acceptance 
of  the  proposition  of  the  Electro  Bleaching 
Gas  Co.  of  New  York,  including  a  .30-in. 
Venturi  meter  and  complete  automatic  appara- 
tus for  the  control  and  regulation  of  the  liquid 
chlorine;  the  company  guaranteeing  the  effi- 
ciency and  accuracy  of  the  whole  apparatus 
and  furnishing  a  guarantee  bond  covering  the 
agreement. 


marily  supported  on  steel  beams,  resting  on 
the  chamber  walls,  the  whole  being  continued 
as  a  unit  up  to  elevation  303  (local  datum) 
as  shown  on  profile  of  Fig.  1.  The  concrete 
floor  of  the  chlorine  house  and  the  roof  of 
the  chamber  are  reinforced  with  4-in.  (65-lb.) 
steel  rails  and  expanded  metal. 

The  superstructure  is  of  double-hollow  con- 
crete blocks,  strapped  on  the  interior  and  lined 
with  "Beaver  Board,"  the  whole  being  finished 
in  harmonious  colors.  Power,  light  and  heat 
for  the  plant  is  obtained  from  120-volt,  66- 
cycle  current,  of  which  the  commission  has  500 
HP.  "free"  from  the  Power  Company  whose 
plant  adjoins  the  works  of  the  commission. 
Figure  2  shows  the  chemical  house,  and  a  por- 


erating  either  or  both  mains  without  disturb- 
ing the  chlorination  treatment. 

From  this  point  the  supply  is  conveyed  to 
the  city  by  two  mains,  the  20-in.  shown  on  the 
plan  is  reduced  to  16-in.  at  the  foot  of  the  es- 
carpment and  enters  the  distribution  system 
at  the  extreme  westerly  end.  The  36-in.  is  laid 
to  the  shaft  of  the  tunnel  as  shown,  the  tun- 
nel being  6x8  ft.  in  section  for  a  distance  of 
4,200  ft.  to  a  concrete  bulkhead  where  it  con- 
nects to  a  24-in.  cast  iron  main  laid  to  and 
across  the  center  of  the  distribution,  a  distance 
of  2L0O0  ft.,  thus  affording  ample  time  for 
corrtplete  chlorination  before  the  supply  reaches 
the  consumer. 

The  36-in.  Venturi  meter  is  the  product  of 
the  Builders'  Iron  Foundry  of  Providence,  R. 
I.  It  is  designed  especially  for  the  rather  un- 
usual local  conditions,  the  recording  apparatus 
being  the  float-operated  type  "M"  register,  in- 
dicator-recorder, the  indicator  and  recorder 
being  in  Imperial  gallons,  while  the  register  is 
shown  in  cubic  feet.  Figure  4  is  a  view  of 
the  Venturi  recorder  and  the  chlorine  con- 
trolling apparatus. 

The  recorder  is  placed  directly  over  the  float 
pipes  thereby  obtaining  the  best  possible  re- 
sults in  operation,  not  only  of  the  meter  re- 
cording apparatus  but  also  of  the  chlorine 
regulating  mechanism  operated  from  the  re- 
corder, all  possible  frictional  losses  being 
eliminated. 

The  liquid  chlorine  apparatus  was  made  and 
installed  by  The  Electro  Bleaching  Gas  Co.  of 
New  York,  and  is  known  as  their  Model  "C." 
automatic  type  of  equipment.  The  installation 
was  made  on  a  parallel  center  line  with  the 
meter  recorder,  at  a  distance  of  3  ft.  from 
centers,  the  whole  unit  being  as  shown  in 
Fig.  4,  and  the  operation  may  be  described  as 
fcjlows : 

From  an  aluminum  sheave  fitted  to  the  shaft 
at  the  back  of  the  meter  indicator  dial,  a  ten- 
sion cord  is  carried  at  a  right  angle  to  one  of 
a  pair  of  sheaves  bracketed  on  the  pedestal  of 
the  chlorine  controlling  apparatus.  This  ten- 
sion, or  driving  cord,  is  properly  counter 
weighted  so  that  it  will  take  up  and  convey 
to  the  chlorine  equipment  the  slightest  move- 
ment of  the  meter  indicator  shaft. 

The  two  sheaves  on  the  apparatus  known  as 
"A"  and  "B"  in  the  operations  are  mounted 
on  the  same  shaft  and  sheave  "A,"  w'hich  is 
driven  by  the  tension  cord  from  the  meter  is 
so  proportioned  in  dimension  that  a  variation 
in  the  diameter  of  the  "B"  sheave  will  permit 
of  an  adjustment  to  secure  any  desired  rate  of 
chlorine    feed    per    L000,000    gals,    of    water 


Fig.     2.     View      of      Chemical      House      and 

Nearby    Valve    House,    St.    Catharines 

Chlorination    Plant. 

The  report  and  recommendation  was  adopted 
by  the  commission  and  authority  was  given  to 
execute  a  contract  for  the  apparatus,  and  to 
l)n)ceed  with  the  work  outlined  as  necessary 
for  the  installation. 

Active  work  on  the  excavation  for  the  con- 
crete meter  and  valve  chamber  was  com- 
menced on  May  26,  the  work  being  done  by 
day  labor  under  the  writer's  supervision,  the 
excavation  at  this  point  being  16  ft.  to  20  ft. 
deep.  The  work  of  setting  the  36-in.  meter 
tube  involved  cutting  out  and  removal  of  four 
lengths  of  36-in.  pipe,  placing  the  .36-in.  valve 


Fig.  3. 


View   of   North    Portion  of  St.  Catharines     Distributing     Reservoir,     Showing     Loca- 
tion of  Concrete  Intake  Structure. 


lion  of  the  valve  house  is  shown  to  the  left  of 
the  former. 

The  genera!  design  of  piping  and  valves  at 
the  intake  crib  and  valve  house  is  as  shown 
in  Fig.  1  and  furnishes  an  ideal  combination 
of  feeds,  which  may  be  used  combined  or  in- 
dependently from  three  sejiaratc  intakes  if  so 
desired,  in  event  of  trouble  or  the  un watering 
of  either.  Figure  3  is  a  view  of  the  north 
section  of  the  distribution  reservoir  and  shows 
the  concrete  intake  crib.  The  placing  of  the 
36-in.  and  20-in.  valves  at  the  by-pass  below 
the  Venturi  meter  gives  the  advantage  of  op- 


passing  through  the  Venturi  meter  tube.  In 
other  words,  in  order  that  the  quantity  of 
chlorine  to  be  applied  may  be  adjusted  to  meet 
the  varying  quality  of  the  water,  it  is  necessary 
that  the  amount  of  movement  originating  at 
the  meter  indicator  and  transmitted  by  the 
tension  cord  shall  be  increased  or  diniinishecl 
to  secure  the  desired  action  on  the  chlorine 
controlling  valve.  This  is  the  purpose  of  the 
"B''  sheave,  and  it  is  therefore  of  such  design 
that  it  can  readily  be  removed  and  replaced 
by  sheaves  of  larger  or  smaller  diameter  as  the 
case  mav  warrant. 


190 


Engineering   and    Contracting 


Volume  XLIII.    No.  9. 


From  this  "B"  sheaVe  another  properly  bal- 
anced cord  passes  over  a  small,  loose  guide 
pulley,  mounted  on  the  electric  mechanism  box. 
This  cord  is  connected  to  one  part  of  an  elec- 
tric contact  carriage  or  switch  device.  This 
entire  mechanism  is  unique  and  of  decidedly 
interesting  design  and  correspondingly  difficult 
to  describe.  The  function  of  this  svi-itch  is 
to  make,  break,  and  reverse  the  current  passing 
to  a  small  motor,  which  operates  indirectly 
through  a  scries  of  gears,  the  valve  controlling 
the  delivery  of  the  chlorine  gas.  This  switch, 
or  contact  carriage,  is  made  of  two  separate 
parts ;  one  part  may  be  termed  the  "floating" 
section,  being  connected  to  the  tension  cord 
from  the  "B"  sheave  as  previously  mentioned. 
and  the  other  part  is  mounted  on  a  vertical 
screw  shaft  actuated  or  driven  from  the 
motor. 

The  operation  of  this  switch  may  be  briefly 
stated  as  follows ;  The  floating  portion  is 
moved  vertically  a  proportional  fraction  of  the 
total  movement  originating  at  the  meter  in- 
dicator. At  the  inception  of  this  movement 
contact  is  made  with  the  second  portion  of  the 
carriage,  so  that  the  circuit  is  closed  on  the 
motor.  As  the  motor  operates  the  screw  shaft 
revolves  moving  the  section  portion  of  the  con- 
tact carriage  vertically  up  or  down,  as  the  case 
may  be,  until  its  contact  with  the  floating  por- 
tion is  broken,  and  the  power  circuit  opened. 
This,  therefore,  stops  the  motor  as  soon  as 
the  movement  of  the  meter  indicator  ceases. 

The  chlorine  control  valve  is  actuated  by  the 
motor  through  this  same  vertical  screw  shaft 
by  universal  joint  connected  shaft  driving 
bevel  back  gearing  connected  by  a  spur  to  a 
pinion  on  the  spindle  of  the  diaphragm  regulat- 
ing valve,  this  latter  being  the  immediate  con- 
trol of  the  gas  passing  to  the  absorption  tower. 

As  all  operations  and  adjustments  of  the 
mechanism  start  from  zero,  the  large  pinion 
on  the  valve  spindle  has  been  calibrated  to  in- 
dicate on  its  face  from  zero  the  percentage  of 
valve  opening,  thus  enabling  the  operator  to 
check  the  momentary  flow  of  chlorine  as  given 
on  a  table  furnished  by  the  manufacturer  of 
the  equipment.  An  additional  check  is  provided 
by  the  "rate  of  flow''  gage  mounted  on  the  left 
which  indicates  the  flow  of  chlorine  in  ounces 
per  hour.  .'Vt  the  upper  right  of  the  frame  is 
the  chlorine  cylinder  pressure  gage,  on  the 
indicator  of  which  is  fitted  a  circuit  closing 
arm,  from  the  contact  points  of  which  are 
carried  wires  to  a  large  alarm  gong,  in  the 
caretaker's  residence  nearby,  operated  by  2 
dry  cells  which  gives  a  very  positive  alarm 
when  the  cylinder  pressure  reaches  the  low 
point  for  which  it  is  set. 

From  the  cylinders  the  chlorine  passes 
through  the  controlling  apparatus  to  the  ab- 
sorption tow-er  shown  in  Fig.  .3,  discharging 
near  its  base,  the  tower  being  filled  witli 
broken  pumice  stone  and  receiving  a  con- 
tiniious  flow  of  water  from  a  %-in.  pipe  fitted 
at  its  top  to  provide  complete  absorption  of 
the  chlorine,  the  chlorinated  solution  being 
thence  carried  by  gravitv  to  the  36-in.  main 
below,  discharging  at  the  axis  of  the  pipe. 
The  absorption  tower  and  all  pioes  and  fittings 
in  contact  with  the  chlorine  or  solution  being 
made  of  vulcanized  rubber. 

Electric  current  enters  the  building  at  the 
right  of  the  apparatus  to  a  switchboard,  120 
volts,  66  cycle,  and  for  the  operation  of  the 
apparatus  is  transformed  to  10  volts  single 
phase  by  means  of  a  Viking  pony  transformer 
wired  through  the  contact  carriage  to  the 
motor,  the  operation  of  the  electrical  appara- 
tus being  entirelv  automatic,  on  the  movement 
of  the  temporary  rate  of  flow  recorder.  In 
event  of  line  or  other  electrical  troubles  the 
apparatus  may  be  operated  temporarily  by  a 
battery  of  six  dry  cells,  for  which  provision 
is  made.  In  addition  to  these  it  is  the  inten- 
tion of  the  writer  to  install  a  small  direct- 
current  generator,  driven  by  a  Pelton  or  simi- 
lar water  wheel  in  the  basement  of  the  adjoin- 
ing valve  house,  giving  an  independent  triple 
source  of  power,  reducing  to  a  minimum  the 
danger  of  shut-downs  from  power  sources. 

The  plant  was  placed  in  operation  on  August 
10,  1914,  and  with  the  exception  of  some 
slight  adjustments  to  tension  cords,   etc.,  has 


required  no  attention,  and  has  been  highly 
satisfactory  both  as  to  mechanical  operation 
and  results  produced  in  the  sterilization  of 
the  supply  the  reports  of  the  chemist  indicat- 
ing complete  destruction  of  B.  Coli  in  the 
treated  water,  while  the  samples  untreated  in- 
dicated pollution  in  nearly  every  instance. 

Owing  to  the  rather  variable  character  of 
the  supply  it  has  been  found  necessary  to  keep 
close  observation  as  to  bacterial  conditions, 
and  to  adjust  the  ratio  of  dose  to  meet  these, 
but  so  far  the  maximum  dose  applied  has  been 
3  lbs.  of  chlorine  ner  1,000,000  Imp,  gals., 
which  was  used  for  a  short  period  during 
October,  following  severe  storms  on  the  lakes. 
For  some  time  and  at   present  we  are  apply- 


Fig.     4.     View     of     Venturi      Recorder 
Chlorine    Controlling    Apparatus, 
St.    Catharines,    Ont. 


and 


ing   1.65   lbs.   per   1,000,000  gals,   and   are   ob- 
taming  the  desired  results. 

The  installation  of  the  chlorine  and  meter 
apparatus  was  under  the  supervision  of  Mr. 
J.  A.  Kienle,  C.  E.,  representing  The  Electro 
Bleaching  Gas  Co.,  and  all  the  apparatus  was 
properly  adjusted  and  tested  bv  him  and  the 
writer  for  efiiciency  and  accuracy  when  placed 
in  operation,  and  again  after  three  months  op- 
eration before  final  acceptance.  Frequent  zero 
tests  were  made  by  the  writer  to  ensure  proper 
working. 


Fuel  Oil  in  Brazil. — There  are  several  oil- 
burning  locomotives  on  the  Mogyana  railway, 
which  is  gradually  converting  all  its  locomo- 
tives into  oil  burners.  The  Sao  Paulo  Rail- 
way is  also  experimenting  with  fuel  oil.  The 
oil  that  these  railways  are  using  is  supplied 
by  a  Mexican  company,  with  headquarters  in 
Rio  de  Janeiro.  There  is  also  a  market  for 
the  by-products  of  crude  oil,  such  as  gasoline, 
kerosene,  and  the  heavy  residues  which  are 
used   for   fuel   purposes. 


The  population  of  the  Ohio  River  basin, 
according  to  the  1010  census,  was  14,401,489, 
or  about  16  per  cent  of  the  total  population  of 
the  United   States, 


The  Results  of  Meterage  at  Columbus, 

Ohio,  With  Special  Reference  to 

Restriction  of  Waste  in  Lawn 

Sprinkling. 

In  a  paper  before  the  recent  annual  meet- 
ing of  the  Indiana  Sanitary  and  Water  Supply 
Association,  Mr.  Jerry  O'Shaughnessy,  super- 
intendent of  the  Columbus  water  works,  dis- 
cussed lawn  sprinkling  regulations.  He  said 
his  city  had  no  such  regulations,  other  than 
those  imposed  by  the  use  of  water  meters, 
and  did  not  expect  to  promulgate  a  set  of 
formal  regulations.  He  considers  the  use  of 
meters  the  most  effective  lawn  sprinkling 
regulator.  In  the  paper  some  interesting  data 
on  meterage  were  given  which  are  here 
quoted. 

Some  defect  in  a  water  system  makes  it 
necessary  to  enforce  lawn  sprinkling  regula- 
tions, i  do  not  say  that  these  defects  are 
easily  overcome  in  many  places,  and  they  may. 
he  defects  of  location,  of  construction  or  op- 
eration of  the  plant,  but  nevertheless  the  ne- 
cessity of  regulations  results  from  defects 
of  some  kind.  It  seems  that  supply  and  de- 
mand make  it  necessary  to  inaugurate  and 
enforce  what  we  call  regulations,  but  which 
in  reality  should  be  called  restrictions. 

Supply  must  be  conserved  or  enlarged  and 
must  meet  the  wants  of  demand.  Demand  may 
lie  wasteful  and  careless  in  satisfying  its 
wants.  Some  restriction  must  be  placed  upon 
it.  There  may  be  a  bountiful  supply  of_  water 
to  draw  from,  but  the  pumping  equipment 
may  not  be  sufficient  to  cope  with  the  wants  of 
demand.  There  may  be  ample  water  and  effi- 
cient pumping  service  yet  supply  cannot  meet 
the  wastefulness  of  demand.  In  such  cases 
some  kind  of  restriction  must  be  placed  on 
the  use  of  water. 

While  Columbus  grew  and  there  became  a 
greater  demand  for  water,  the  department 
added  to  and  reconstructed  its  supply  and 
pumping  works  until  we  now  have  ample 
water  supply  and  pumping  equipment  for  sonie 
years  to  come  and  are  prepared  for  a  city 
much  larger  than  its  present  size. 

But  I  think  the  one  thing  that  makes  restric- 
tion of  lawn  sprinkling  unnecessary  in  Colum- 
bus is  its  complete  meter  system.  In  that  you 
will  find  the  res'triction,  making  regulation  un- 
necessary. I  do  not  think  it  prohibits  the 
necessary  use  of  water  for  sanitary  and 
sprinkling  purposes,  but  I  know  it  makes  the 
normal  consumer  careful  of  water.  If  the 
consumer  knows  he  must  pay  for  the  amount 
of  water  measured  out  to  him,  he  will  shut 
off  the  faucet  when  not  in  use,  repair  bursted 
pipes  and  defective  plumbing.  He  soon  learns 
to  be  careful  in  the  use  of  water  as  in  other 
things. 

We  have  in  our  department,  a  system  of 
notification  of  wastage.  If  the  meter  reader 
detects  wastage  on  a  property,  a  postal  card 
notifies  the  owner  of  the  property  that  such 
wastage  exists  and  advises  him  that  the  de- 
partment is  not  responsible  for  it.  Last  year 
we  mailed  2,200  of  these  postal  cards.  We  also 
leave  a  slip  on  the  premises  where  meter  ij 
located,  showing  the  amount  of  water  con- 
sumed every  two  months.  By  these  slips  the 
consumer  knows  whether  he  is  using  more 
than  the  normal  consumption,  and  if  wastage 
exists,  promptly  repairs  the  defective  plumb- 
ing. Notwithstanding  our  efforts  to  cut  down 
the  wastage  of  water,  and  in  face  of  the  fact 
that  the  consumer  must  pay  for  it,  we  have 
enough  wastage  to  lead  one  to  the  conclusion 
that  enormous  amounts  of  water  must  be 
wasted  where  people  pay  on  the  flat  rate,  even 
though  the  system  of  service  inspection  is 
thorough. 

In  1890,  Columbus  had  6,816  taps,  of  which 
number  about  7  per  cent  were  metered.  In 
1901  we  had  15,342  taps  and  33  per  cent  of 
them  were  metered.  We  soon  realized  that 
our  water  supply  was  inadequate,  and  while  it 
had  been  worked  out  in  that  year  what  would 
have  to  be  done  in  the  way  of  storing  water 
and  providing  more  efficient  pumping  equip- 
ment, yet  it  was  known  then  this  would  not 
materialize   for   some  time     to     come.     Still 
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there  was  the  ever  apparent  necessity  for  sav- 
ing water,  as  the  wells  were  delivering  all  they 
could,  and  notwithstanding  an  increased  usage 
of  raw  river  water,  we  failed  to  meet  the  de- 
mand, for  during  long  and  severe  dry  seasons, 
the  river  would  become  so  low  it  scarcely  af- 

I     forded  any  supply.     In  1902  it  became  evident 

I    that    something    positive    must    be    done,    and 

!    that  at  once,  and  we  began  to  advise  the  use 

[    of  meters. 

(  It  was  not  the  easiest  matter  in  the  world 
lO  convince  people  of  the  necessity  for  this. 
In  order,  however,  to  force  the  meter  on 
them,  we  raised  the  flat  rate  exorbitantly  and 
left  the  meter  rate  as  low  as  possible.  At  the 
end  of  that  year  we  had  16,281  taps,  of  which 
63  per  cent  were  metered,  an  increased  use  of 
meters  of  30  oer  cent. 

The  people  began  to  have  their  plumbing 
repaired  and  learned  that  it  did  not  pay  to  be 
wasteful,  and  the  pumpage  was  materially  re- 
duced. In  this  manner,  we  pulled  through 
until  the  construction  of  the  storage  dam  in 
l&O.j  and  until  the  new  pumping  facilities 
were  installed  the  same  year. 

Back  in  1800,  when  only  7  per  cent  of  the 
taps  were  metered,  the  daily  consumption  of 
water  per  tap  amounted  to  1,021  gals.  In  190.5, 
when  76  per  cent  of  the  taps  were  metered, 
there  were  798  gals,  per  tap  used.  During 
the  year  1914,  95  per  cent  of  the  taps  were 
metered,  and  the  consumption  per  tap  was  552 
gals,  per  day. 

To  drop  from  1,021  gals,  per  tap  per  day  to 
552  gals,  per  tap  per  day,  certainly  shows  a 
reduction  in  the  waste  of  water.  There  can 
be  no  complaint  as  to  the  use  of  it  for  the 
people  are  allowed  to  use  all  they  care  to. 

The  small  consumer,  unless  his  service  is 
metered,  is  usually  the  most  prolific  in  the 
wastage  of  water,  notwithstanding  the  fact 
that  in  proportion,  the  cost  of  supplying  him 
is  the  greatest. 

In  1914,  we  had  32,218  active  accounts  for 
water,  metered  and  flat.  We  received  for 
water  during  the  year  $494,000;  $256,000  of 
this  amount  was  paid  by  2,381  consumers,  and 
the  remaining  $238,000  was  paid  by  27,687  con- 
sumers. In  April  we  collected  from  27,000 
consumers,  1-3,300  or  nearly  half,  of  whom 
used  no  more  water  in  six  months  than  3,000 
cu.  ft.  In  October  we  collected  from  28,000 
consumers,  10,500  of  whom  used  no  more  than 
3,000  cu.  ft.,  notwithstanding  the  sprinkling 
season. 

We  have  a  chart  showing  the  average 
amount  of  water  pumped  at  each  hour  of  the 
day  and  night  for  each  month  of  the  year, 
and  a  study  of  this  chart  reveals  the  fact 
that  the  time  for  sorinkling  is  regulated  by 
habit  or  ,  custom  of  the  consumers  them- 
selves;  for  it  is  done  at  the  same  hours  of 
the  day  all  over  the  city.  For  example,  con- 
sider the  months  of  July  and  November  and 
the  increased  pumpage  of  July  over  that  of 
November,  a  month  in  which  sprinkling  is 
almost  uncalled  for  and  the  weather  is  not 
cold  enough  to  necessitate  opening  faucets  to 

b  prevent  freezing. 

,  At  1  a.  m.,  the  pumpage  was  about  the  same 
for  each  month.  At  5  a.  m.,  July  showed  an 
increase  of  2,700,000  gals,  over  November ;  at 
6  a.  m.,  3,500,000:  7  a.  m.,  3,900,000;  8  a.  m., 
3,400,000;  9  a.  m.,  it  dropped  to  2,900,000, 
about  the  same  as  it  was  at  5  a.  m.  At  3  p.  m., 
the  increase  in  July  over  November  was  3,200,- 
000,  practically  the  same  as  at  8  a.  m. ;  at  4 
p.  m.,  .5,400,000;  at  5  p.  m.,  7,100,000;  at  6  p. 
m.,  10,200,000;  and  at  7  p.  m.,  12,000,000.  At 
8  p.  m.,  it  dropped  to  5,800,000  and  by  9  p.  m., 
was  back  to  2,500,000. 

From  this  it  will  be  seen  that  a  small 
amount  of  sprinkling  is  done  between  the 
hours  of  6  and  8  in  the  morning,  while  the 
heaviest  sprinkling  of  all  begins  at  5  p.  m., 
and  at  7  p.  m.,  the  maximum  amount  was 
being  done.  Then  at  8  p.  m.,  it  fell  off  and 
by  9  p.  m.,  had  almost  entirely  stopped. 

The  privilege  of  sprinkling  cannot  be  denied 
and  if  regulated  no  more  can  be  done  than  to 
set  certain  hours  for  it;  and  our  records  show 
that  people  have  their  own  notion  of  what 
time  to  sprinkle  and  it  accords  very  much  with 
the  hours   of  the   day   to  which   sprinkling  is 


confined  where  there  is  lawn  sprinkling  reg- 
ulations. The  foregoing  explains  why  Co- 
lumbus, Ohio,  has  no  lawn  sprinkling  regula- 
tions and  why  none  are  needed. 

In  conclusion,  I  would  say,  whether  or  not 
a  plant  is  well  equipped  in  the  way  of  supply 
and  pumping  facilities,  or  whether  or  not 
there  is  a  shortage  of  water  during  sprinkling 
seasons,  the  use  of  meters  is  the  best  lawn 
sprinkling   regulation    that   could   be    adopted. 


Syphoning     Water     from     Series     of 

Drilled  Wells  to  a  Common  Pump 

Well   at   Kokomo,   Ind. 

Contributed  by  Omar  O.  .Jones.  Superintendent 
of  Kokomo  Water  Worlds.  Koliomo,  Ind. 
The  problem  of  securing  more  water  from 
deep  wells  has  claimed  the  attention  of  the 
best  hydraulic  engineers  and  practical  water 
works  managers  for  many  years.  It  is  shown 
by  government  surveys  in  all  sections  of  the 
United  States  that  the  water  level  is  slowly 
but  surely  receding  and  that  our  trouble  from 
this  cause  has  only  begun.  In  nearly  all  sec- 
tions the  ground  water  table  has  been  lowered 
until   ordinary   suction   pumps   at   the   surface 
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are  obsolete.  This  condition  was  the  incen- 
tive that  gave  us  the  air  lift  and  the  screw,  as 
well  as  several  other  deep  well  pumps.  All 
of  them  are  more  or  less  efficient,  but  not 
sufficient  or  economical  enough  to  be  practical 
in  the  supply  of  well  water  for  a  city. 

We  are  all  familiar  with  the  syphon  prin- 
ciple, and  in  the  light  of  our  experience  it  is 
surprising  that  more  of  them  are  not  in  use. 

The  same  system  was  used  at  Muncie,  Ind.; 
Jamestown,  N.  Y. ;  Sioux  Falls,  S.  Dak.,  and 
Wichita,  Kans.,  all  American  Water  Works 
and   Guarantee   Co.  plants. 

Originally  the  supply  for  this  city  was  ob- 
tained from  four  6-in.  drilled  wells.  These 
were  located  in  the  bottom  of  two  receiving 
wells,  14  ft.  in  diameter  and  25  ft.  deep, 
which  served  as  reservoirs  for  the  flowing 
wells.  The  receiving  wells  were  curbed  with 
stone  and  protected  by  substantial  houses.  For 
ten  years  these  wells  had  a  flowing  capacity 
ample  for  fire  and  domestic  consumption.  The 
water  level  in  the  receiving  wells  gradually 
receded,  and  two  more  wells  were  drilled. 
These  gave  only  temporary  relief,  for  it  was 
soon  apparent  the  well  field  must  be  ex- 
tended, as  the  wells  flowed  no  longer,  or  at 
best    but   intermittently. 

Five  additional  wells  were  drilled  within  a 
radius  of  2,000  ft.  and  connection  was  made 


with  compound  pumps  erected  in  a  pit  10  ft. 
deep,  the  discharge  being  connected  with 
receiving  wells.  This  plan  was  effective,  but 
the  double  pumping  proved  very  expensive. 
The  continued  decline  in  the  water  level  and 
the  increased  consumption  made  our  position 
again  untenable.  It  was  then  decided  to  in- 
stall our  present  syphon  system,  a  description 
of  which  is  the  object  of  this  contribution. 

Plans  and  specifications  were  made  by  Mr. 
J.  N.  Chester  of  Pittsburgh,  Pa.,  at  that  time 
chief  engineer  of  the  American  Water 
Works  and  Guarantee  Co.,  for  deepen- 
ing one  of  the  receiving  wells  suffi- 
ciently for  the  outlet  of  the  syphon  line  to  be 
connected  to  all  of  the  deep  wells.  The  prob- 
lem of  blasting  out  the  bottom  of  the  well 
to  an  additional  depth  of  25  ft.  and  at  the 
same  time  to  continue  the  supply  to  the  city 
was  the  most  embarrassing  encountered. 

A  "pulsating"  deep  well  pump  was  secured 
from  the  Emmerson  Pump  Co.,  Alexandria, 
Va.,  which  consisted  of  two  12-in.  cylinders, 
6  ft.  long.  The  pump  occupied  very  little 
space,  being  suspended  from  the  top  of  the 
well  by  a  Js-in.  chain  and  lowered  as  the  ex- 
cavation progressed.  The  suction  of  this 
pump  was  inserted  in  one  of  the  drilled  wells 
in  the  bottom  of  the  receiving  well,  thus  keep- 
ing the  water  below  the  drilling  and  explo- 
sives. The  discharge  from  this  small  pump 
into  the  other  receiving  well  supplied  the  city 
for  60  days,  or  till  the  excavating  was  com- 
plete. 

Steam  for  this  pump  was  supplied  from  a 
portable  boiler  at  nominal  expense.  The  drill- 
ing was  by  hand  and  the  stone  was  hoisted  by 
horse  and  rope.  Drillers  left  the  pit  by  lad- 
der and  the  shots  were  fired  by  battery  at  the 
surface  of  the  ground.  The  work  was  done 
in  January  and  February  under  unfavorable 
conditions,  adding  quite  a  sum  to  the  cost. 

A  20-in.  cast  iron  pipe  was  laid  to  the  far- 
thest well  and  all  the  intervening  wells  were 
connected.  A  20-in.  air  chamber  was  placed 
on  the  syphon  line  entering  the  receiving  well 
and  it  was  connected  to  an  air  pump  in  the 
station.  The  drop  pipe  extended  to  2  ft. 
above  the  bottom  of  the  well  and  12  ft.  be- 
low the  natural  elevation  of  the  water  in  the 
deep  wells. 

The  syphon  line  is  20  ins.  in  diameter  and 
that  part  in  the  well  is  flanged.  A  gate  is 
placed  between  the  air  chamber  and  the  well; 
it  is  to  be  closed  when  the  bypass  is  used. 
As  shown  in  the  accompanying  drawing,  this 
16-in.  bypass  is  connected  with  the  pump  suc- 
tion and  thus  makes  it  possible  to  pump  direct 
from  the  deep  wells  should  repairs  to  the  re- 
ceiving wells  become  necessar>'. 

Previous  to  making  this  improvement, 
which  included  a  new  and  more  economical 
pump,  our  coal  consumed  was  50  to  60  tons 
per  week,  which  was  reduced  by  the  improve- 
ments liere  described  to  20  to  30  tons. 

Our  syphon  has  been  in  use  91/2  years,  with 
absolutely  no  cost  of  operation  or  mainte- 
nance. The  air  pump  is  little  additional  ex- 
pense. The  cost  of  labor  for  the  improve- 
ment was  $1,033;  for  material,  including  rent 
of  boiler,  fuel,  tools,  boots,  drayage,  explo- 
sives and  wiring,  $1,546,  giving  a  total  cost 
of  $2,579.  The  auxiliary  pump  was  sold  and 
the  deep  well  pump  returned  to  the  makers 
at  a  fair  price.  The  salvage  reduced  the  cost 
to  a  very  satisfactory  investment. 

Suggestions  for  the  Making  of  Water 
Meter  Rate  Schedules. 

In  the  preliminary  report  of  the  committee 
on  meter  rates  of  the  New  England  Water 
Works  Association,  made  late  last  year,  a  pro- 
cedure was  outlined  to  govern  the  making  of 
water  meter  rate  schedules.  The  portion  of 
the  report  here  presented  in  substance  has  to 
do  with  the  form  of  the  schedule.  The  actual 
rates  should  ever  be  determined  with  direct 
reference  to  all  the  pertinent  conditions  in 
the  locality  for  which  the  rates  arc  intended. 
This  suggested  schedule  is  believed  to  be 
adapted  to  general  use.  In  this  schedule  the 
sliding  scale  of  rates  is  recognized  and  three 
classes  of  rates  in  a  given  schedule  are  pro- 
vided.   As  stated,  tlie  actual  rates  are  for  local 
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determination  to  produce  the  required  revenue. 
The  quantities  of  water  per  annum,  per  quar- 
ter or  per  month  to  which  the  three  rates  are 
applicable  are  defined  and  made  uniform  by 
the  schedule.  A  service  cliarge  is  also  pro- 
vided. In  event  of  local  objection  to  a  service 
charge  the  committee  proposed  an  alternate 
arrangement  under  which  the  amount  of  the 
service  charge  is  applied  as  a  loading  to  the 
price  for  a  small  amount  of  water  first  sold 
from  each  service,  thus  making  in  effect  a 
fourth  and  higher  rate,  for  use  only  where  no 
service  charge  is  made. 

DIVISIGNS   OF  THE   SLIDING    SC.\LE. 

_  It  was  proposed  to  make  only  three  divi- 
sions of  the  sliding  scale.  At  the  present  time 
there  are  many  schedules  in  effect,  with  more 
and  even  with  several  times  this  number  of 
divisions.  The  committee  believed  that  in 
general  more  than  three  divisions  are  unneces- 
sary and  undesirable.  Too  many  rates  add  to 
the  complexity  of  the  schedule,  to  the  labor 
of  applying  it  and  to  the  difficulty  of  under- 
standing and  comparing  rates. 

The  committee  proposed  that  all  water  up 
to  300,000  gals,  per  annum  (equal  to  822  gals, 
per  day,  or  to  40,000  cu.  ft.  per  annum,  or 
10,1100  cu.  ft.  per  quarter)  shall  be  charged 
for  at  the  first  or  highest  rate.  This  rate  for 
convenience  will  be  called  the  Domestic  Rate. 
The  quantities  of  water  covered  by  it  will  in- 
clude substantially  all  water  used'  by  private 
residences,  and  also  much  of  the  water  used 
by  small  hotels  and  smaller  commercial  and 
industrial  establishments. 

The  second  or  Intermediate  Rate  Avill  apply 
to  quantities  in  excess  of  300,000  gals,  per  an- 
num up  to  3,000,000  gals,  per  annum. 

The  third  and  lowest  rate  will  be  called 
the  Manufacturing  Rate  and  will  apply  to  all 
water  in  excess  of  3,000,000  gals,  per' annum 
from  any  service  (equal  to  8,220  gals,  per  day, 
or  to  400,000  cu.  ft.  per  annum,  or  100.000 
cu.  ft.  per  quarter). 

It  was  recommended  that  the  price  per  1,000 
gals,  or  per  lOO  cu.  ft.  be,  in  most  cases,  an 
even  number  of  cents,  omitting  fractions,  and 
that  the  intermediate  price  for  water  be  to  the 
nearest  cent  midway  between  the  average  and 
the  mean  proportional  of  the  domestic  rate 
and  the  manufacturing  rate.  By  this  rule  the 
intermediate  rate  is  definitely  fixed  at  an 
amount  midway  or  a  little  below  midway  be- 
tween the  domestic  and  manufacturing  rates. 
There  is,  therefore,  no  need  of  discussing  the 
amount  of  this  rate.  Consideration  may  be 
concentrated  on  the  two  main  points  in  the 
schedule,  the  domestic  rate  and  the  manufac- 
turing rate;  and  with  these  fixed,  the  inter- 
mediate rate  will  follow  by  fixed  rule,  and  will 
be  certain  to  be  appropriate  in  connection 
with  the  others. 

THE  AMOUNT  OF   SLIDE  IN  THE  SC.'^LE. 

There  are  many  scales  of  meter  rates  in 
effect  at  the  present  time  in  which  the  highest 
rate  charged  for  the  first  water  is  tmduly 
large  in  comparison  with  the  lowest  rate 
charged  for  the  largest  quantities.  It  some- 
times happens  that  there  is  a  ratio  of  ten  to 
one  or  more  between  these  rates.  The  commit- 
tee disparaged  so  great  an  amount  of  slide, 
and  recommended  that  the  lowest  price  for 
water  shall  rarely  be  less  than  half  of  the 
domestic  rate. 

Where  the  price  for  manufacturing  water  is 
75  per  cent  or  more  of  the  domestic  rate,  it 
was  suggested  that  the  intermediate  rate  may 
be  omitted  and  that  the  manufacturing  rate 
then  apply  also  to  the  water  that  would  other- 
wise be  sold  at  the  intermediate  rate.  If  the 
rate  for  manufacturing  water  is  100  per  cent 
of  the  domestic  rate,  both  limits  disappear  and 
one  flat  rate  will  apply  to  all  quantities. 

Many  works  now  make  a  flat  meter  rate 
for  water.  A  flat  rate  can  only  be  fairly  ap- 
plied in  connection  with  a  proper  service 
charge.  With  an  adequate  service  charge,  the 
reason  for  the  sliding  scale  is  greatly  reduced, 
and  there  is  much  to  be  said  in  favor  of  the 
flat  rate.  The  committee  did  not  wish  to  urge 
the  sliding  scale  in  preference  to  flat  rates 
where  such  are  now  used,  and  the  proposed 
scale  lends  itself  to  use  either  with  or  without 
the  sliding  scale. 


The  principal  reason  for  the  sliding  scale 
is  that  it  costs  more  to  distribute  water  to 
many  small  takers  than  to  a  few  large  ones. 
From  the  standpoint  of  cost  only,  the  best  way 
to  take  care  of  this  excess  cost  is  by  means  of 
the  service  charge.  But  to  do  this  adequately 
would  mean  the  adoption  of  a  service  charge 
so  large  as  to  be  burdensome  to  the  smallest 
takers.  These  smallest  takers  are  not  profit- 
able to  the  system  at  low  rates  even  with  such 
service  charges  as  the  committee  now  pro- 
poses. Nevertheless  they  must  be  supplied, 
and  it  seems  to  be  a  wise  policy  to  supply  them 
at  low  rates,  making  the  larger  takers  carry  a 
proportion  of  the  excess  cost  of  supplying 
small  consumers.  The  sliding,  scale  affords  a 
means  and  perhaps  the  best  means  of  effect- 
ing this  adjustment. 

In  view  of  the  general  use  of  the  sliding 
scale  at  the  present  time,  and  in  view  also 
of  some  strong  arguments  in  favor  of  a  mod- 
erate amount  of  slide  in  the  scale,  the  com- 
mittee did  not  see  its  way  clear  to  recommend 
giving  up  the  sliding  scale,  and  only  recom- 
mended that  the  amount  of  slide  be  limited 
to  moderate  proportions  and  that  the  points 
where  change  in  rate  takes  place  be  made 
definite  and  uniform. 

SERVICE    CH.'iRGE. 

The  committee  believed  that  it  was  essential 
to  make  a  substantial  service  charge  in  order 
to  secure  equitable  rates  for  all.  The  service 
charge  may  be  naturally  made  up  of  several 
parts.  It  suggested  that  the  procedure  to  be 
followed  in  determining  the  amount  of  the 
service  charge  be  as  follows : 

First,  that  the  average  amount  of  money 
invested  by  the  works  in  the  service  pipe  and 
meter  be  ascertained.  Where  the  works  fur- 
nish the  service  pipe  to  the  curb  line,  and  the 
meter,  the  norma!  cost  seems  to  be  about  $25 
per  service.  Where  the  taker  pays  for  the 
service  pipe  and  the  works  furnish  the  meter, 
the  normal  cost  seems  to  be  about  $10  for  a 
%-in.  meter  in  position.  The  committee  sug- 
gested that  10  per  cent  of  this  cost  be  taken  as 
the  first  part  of  the  service  charge.  That  is 
to  say,  that  $2.50  per  annum  be  used  where 
both  service  and  meter  are  paid  for  by  the 
works :  $1.00  per  annum  where  the  meter  only 
is  furnished  by  the  works,  and  that  this  part 
of  the  charge  disappear  where  both  pipe  and 
meter  are  oaid  for  by  the  taker.  The  commit- 
tee believed  that  on  the  whole  10  per  cent  is 
a  fair  allov.-ance  for  the  depreciation  in  the 
service  pipe  and  meter,  and  for  the  interest  on 
the  money  invested  in  them.  The  structures 
are  not  long-lived,  and  occasional  repairs  are 
needed.  A  reasonably  approximate  figure  is 
sufficiently  close,  and  10  per  cent  is  used  in 
this  way. 

The  figures  mentioned  for  cost  of  service 
and  meter  are  believed  to  be  representative, 
but  they  should  be  increased  or  decrased  ac- 
cording to  the  ascertained  average  costs  under 
local  conditions.  Round  figures  should  be  used 
in  all  cases  as  a  matter  of  convenience,  and 
because  precision  is  unnecessary,  and  because 
it  cannot  ,be  reached  in  most  cases.  For  meters 
larger  than  the  %-in.  domestic  size,  corre- 
spondingly larger  figures  should  be  used. 

Second,  a  sum  per  annum  representing  ap- 
proximately the  cost  of  reading  the  meters, 
keeping  the  meter  records,  making  bills,  and 
collecting  the  money.  The  amount  of  this 
item  depends  upon  the  frequency  upon  which 
meters  are  read,  and  upon  local  conditions; 
for  ordinary  domestic  services  where  meters 
are  read  once  a  quarter,  $1  per  annum  may  be 
a  sufficient  allowance.  This  figure  may  also 
be  used  without  substantial  injustice  for  serv- 
ices of  all  sizes,  because  when  meters  are  read 
monthly  the  quantities  are  usually  larger  and 
the  cost  of  meter  reading  becomes  an  in- 
appreciable fraction  of  the  bill. 

Third,  an  amount  which  will  represent  the 
approximate  average  value  to  the  works  of 
the  water  that  passes  a  domestic  meter  with- 
out being  registered.  The  normal  service  of  a 
domestic  meter  for  one  day  may  be  assumed 
to  consist  of  passing  200  gals,  of  water,  more 
or  less,  in  about  two  hours,  the  whole  time 
being  made  up  of  many  short  intervals  during 
the  day.    During  the  remaining  22  hours  no 


water  will  ordinarily  be  flowing.  If  the  scrv 
ice  pipe  and  plumbing  are  perfectly  tight,  nn 
water  will  pass  during  those  22  hours;  if  there, 
is  a  leak  of  such  size  that  the  water  lost  by 
it  will  turn  the  meter,  then  the  meter  will 
register  the  flow  throughout  the  24  hours,  and 
all  the  water  passing  w^ill  be  recorded,  except 
that  there  may  be  some  slip  in  the  meter  at  a 
low  rate.  If  there  is  a  leak  in  the  service  or 
plumbing  which  allows  water  to  escape,  but  in 
amount  so  small  that  it  does  not  serve  to  move 
the  disk  or  piston  of  the  meter,  then  the 
amount  of  water  lost  by  such  leakage  in  the  22 
hours  when  the  piston  or  disk  is  not  moving 
will  be  entirely  unrecorded.  Probably  no 
meter  in  ordinary  service  will  register  a  flow 
of  less  than  100  gals,  in  22  ho^irs.  Many 
meters  in  actual  service  will  allow  much  larger 
quantities  to  pass  without  registering.  It  is 
probable  that  the  plumbing  in  every  house  has 
leaks  at  times,  through  defective  washers  in 
the  faucets  or  automatic  valves  which  permit 
the  loss  of  water  in  amounts  too  small  to  be 
recorded.  In  some  houses  such  loss  is  always 
taking  place.  In  the  aggregate  the  amount  of 
this  unrecorded  leakage  from  plumbing  is 
large.  It  probably  furnishes  the  greatest  single 
reason  why  the  amount  of  water  registered  by  i 
meters  never  approximates  closely  the  total  , 
quantity  of  water  furnished  by  the  system. 

Water  lost  .  in  this  way  is  running  at  a 
steady  rate  throughout  the  24  hours,  and  in- 
creases but  slightly  the  peak  load  of  the  plant. 
It  can,  therefore,  be  supplied  at  the  lowest 
relative  cost,  and  for  the  purpose  of  this  esti- 
mate should  be  reckoned  at  the  lowest  rate 
charged  for  any  water  that  is  sold. 

The  amount  lost  per  service  will  range  from 
nothing  to  100  gals,  per  day,  and  occasionally 
to  much  larger  quantities.  Assuming  an  aver- 
age of  50  gals,  per  day  per  service  at  a  mini- 
mum price  of  10  cts.  per  1,000  gals.,  the  value 
of  water  so  lost  amounts  to  $1.82  per  service 
per  annum. 

There  are  no  adequate  data  upon  which  this 
loss  can  be  computed,  and  the  committee  saw 
no  way  of  securing  such  data.  Nevertheless  it 
believed  that  the  matter  is  an  important  one 
and  that  a  substantial  allowance  should  be 
made  for  such  losses.  It  suggested  for  the 
present  the  use  of  $2  per  annum  for  this 
item. 

Upon  this  basis  the  service  charge  will 
amount  to  the  sum  of  these  parts,  namely, 
first,  10  per  cent  of  the  average  investment  of 
the  works  in  service  pipe  and  meter ;  second, 
$1  per  annum  for  reading  meters,  billing,  and 
collecting ;  third,  $2  per  annum  for  the  prob- 
able value  of  unregistered  water.  For  a  do- 
mestic service  with  %-in.  meter,  the  ordinary 
service  charge  may  properly  be  $3,  -where  serv- 
ice and  meter  are  paid  for  by  the  taker;  $4 
where  the  meter  is  furnished  by  the  works; 
and  $5  or  $6  where  both  meter  and  service 
pipe  are  paid  for  by  the  works,  the  lower 
figure  being  used  where  the  average  cost  of  a 
service  pipe  is  under  $15,  the  higher  where  it 
is  greater  than  $15. 

The  figures  used  in  the  above  paragraphs 
should  be  considered  only  as  general  approxi- 
mations, to  be  modified  to  meet  established 
local  conditions,  or  upon  more  complete  data. 
The  committee  suggested  that  the  method  is 
of  first  importance  and  should  be  first  dis- 
cussed and  settled,  and  that  the  values  to  be 
then  used  under  it  should  always  be  selected 
with  reference  to  the  conditions  in  each  plant 
for  which  a  service  charge  is  to  be  established. 
The  charges  for  larger  services  will  readily 
be  reached  by  the  application  of  the  same 
methods,  and  the  committee  did  not  suggest 
any  values  for  them. 

.\S    TO    THE    MANNER    OF    APPLYING    THE    SERVICE 
CHARGE. 

The  committee  recommended  that  the 
amount  determined  by  the  use  of  these  meth- 
ods, raised  or  lowered  to  a  convenient  round 
figure,  should  be  charged  for  each  service; 
that  this  charge  should  be  made  in  all  cases 
whether  water  is  drawn  or  not;  and  that  all 
water  drawn  from  the  service  should  be 
charged  at  current  rates  in  addition  thereto. 

Many  works  at  the  present  time  make  a' 
charge    for   meter    rent.     In    such    cases,    and 
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otherwise  if  desired,  the  service  charge  may 
be  called  "meter  rent,"  the  amount  being 
taken  as  the  amount  determined  for  the  serv- 
ice charge.  . 

The  method  of  making  a  service  charge 
separate  from  and  in  addition  to  the  charge 
for  water  registered  is  the  most  convenient 
and  equitable  way  of  distributing  the  costs 
considered  in  the  above  paragraphs  where 
they  belong,  and  the  committee  recommended 
it  for  use  in  all  cases. 

ALTERN.XTE   PROCEDURE. 

Where  there  is  local  objection  to  making  a 
service  charge  (even  though  called  meter 
rent),  the  following  alternate  and  less  desir- 
able procedure  may  be  used. 

The  amount  that  w-ould  be  a  fair  service 
charge  is  computed  as  above.  This  amount  is 
divided  by  60  and  the  result  to  the  nearest 
even  cent  is  added  to  the  domestic  rate,  and 
this  new-  rate  (which  may  be  called  a  loaded 
or  maximum  rate)  is  applied  to  the  first  60,000 
gals,  of  water  per  annum  drawn  from  each 
service.  If  cubic  feet  are  used,  the  amount 
is  divided  by  80,  and  the  result  to  the  nearest 
even  cent  is  added  to  the  domestic  rate  per 
lOO  cu.  ft.,  and  the  increased  rate  is  applied  to 
the  first  8,000  cu.  ft.  per  annum  used  from 
•each  service.  In  connection  therewith,  a  min- 
imum rate  must  be  established.  The  minimum 
rate  may  be  about  $-3  more  than  the  computed 
service  charge.  This  double  procedure  of 
loading  the  rate  for  the  first  quantity  of  water 
sold  from  each  service  and  of  establishing  a 
minimum  rate  will  accomplish  in  a  rough  way 
the  general  purpose  of  the  service  charge.  It 
is  less  satisfactory  because  it  is  less  fair  as 
between  the  various  small  consumers  drawing 
quantities  of  water  that  will  be  affected  by  it. 
It  is  as  fair  to  the  works  and  to  the  larger 
consumers  because  the  loading  of  the  first 
quantity  of  water  sold  by  the  method  de- 
scribed will  produce  a  sum  nearly  equal  in  the 
aggregate  to  that  which  would  otherwise  be 
directly  charged  for  the  services. 


GALLONS  OR  CUBIC  FEET. 

It  is  most  unfortunate  that  two  units  of 
measurement  are  in  common  use.  It  would  be 
much  better  if  one  could  be  discarded.  It  is 
absurd  that  two  units  should  continue  in 
general  use.  The  advantages  of  adopting 
either  one  would  he  vastly  greater  than  any 
possible  advantage  in  either.  It  would  seem 
that  the  Association  could  determine  which  it 
prefers  and  throw  its  influence  toward  its 
universal  adoption.  The  committee  felt  that 
this  should  be  done  by  action  of  the  whole 
Association  and  not  by  a  committee. 

In  the  interest  of  economy  of  labor,  it  is 
obviously  desirable  that  the  same  unit  should 
be  used  in  any  system  for  both  meter  registers 
and  schedules.  Thus  the  use  of  meters  reading 
in  cubic  feet,  with  a  schedule  of  rates  in  gal- 
lons, is  undesirable  and  should  be  avoided  by 
changing  as  rapidly  as  is  possible  so  that  both 
are  on  the  same  basis. 

FORMS    OF    SCHEDULE. 

The  committee  proposed  the  following  form 
for  a  schedule  for  meter  rates : 

For  each  service  supplied  by  %-in. 
meter  there  shall  be  a  charge  for  the 

service  and  meter  per  annum  of $ 

In  addition  thereto,  for  all  water  drawn  there 

shall  be  charged: 

Cents  per 
1.000  gals. 

For  the  first  200,000  gals  of  water  per  an- 
num, or  any  part  thereof,  the  domes- 
tic   rate   of $ 

For  water  in  excess  of  300,000  gals,  and 
under  3.000,000  gals,  per  annum,  the 
intennediate   rate  of 

For  water  in  excess  of  3,000.000  gals,  of 
water  per  annum,  the  manufacturing 
rate  of   

The  prices  to  be  written  in  the  schedule 
should  be  fixed  in  each  case  by  the  local 
authorities  to  meet  local  conditions,  and  to 
produce  the  required  revenue,  and  the  com- 
mittee made  no  suggestion  as  to  how  great 
thev    should   be.     It    is    further    the    intention 


that  cubic  feet  shall  be  substituted  for  gallons 
if  desired,  the  numbers  being  divided  by  l.o, 
so  that  the  actual  quantities  paid  for  under 
each  rate  will  not  be  changed ;  also  that  the 
rates  may  be  stated  as  semi-annual,  the  num- 
bers being  divided  by  2 ;  or  as  quarterly,  the 
numbers  being  divided  by  4 ;  or  as  monthly, 
the  numbers  being  divided  by  12. 

It  is  to  be  recognized  that  a  monthly  rate 
with  one  twelfth  the  quantities,  with  varying 
rates  of  monthly  use,  will  produce  in  some 
cases  slightly  different  annual  results  from  the 
corresponding  annual  rate,  but  it  is  recom- 
mended that  such  difference  be  disregarded, 
that  the  rates  be  made  for  whatever  period 
meters  are  read,  and  that  each  record  period 
be  considered  by  itself  in  computing  the 
charge. 

\  schedule  under  the  alternative  and  less 
desirable  arrangement,  avoiding  the  term 
"service  charge"  or  "meter  rent,"  would  read 
as  follows : 

.^^inimum  charge  for  service  with  %-in. 

meter,    per   annum $ 

Cents  per 
1,000  gals. 

For  the  first  60.000  gals,  of  water  per 
annum,  or  any  part  thereof,  at  the 
maximum  rate  of $ 

For  all  water  in  excess  of  60.000  gals, 
and  under  300.000  gals,  per  annum, 
the  domestic  rate  of 

For  all  water  in  excess  of  300,000  gals, 
and  under  3.000,000  gals,  per  annum, 
the  intermediate  rate  of 

For  all  water  in  excess  of  3.000,000  gals, 
per  anmim.  the  manufactvu-ing  rate  of 
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Preliminary  Report  of   Committee  on 
Edison  Fire. 

In  our  issue  of  Feb.  17,  1915,  we  gave  the 
preliminary  findings  of  the  "Committee  on 
Edison  Fire,"  appointed  by  the  American 
Concrete  Institute.  This  committee  consisted 
of  Cass  Gilbert  (chairman),  Walter  Cook,  W. 
H.  Ham,  Richard  L.  Humphrey,  Rudolph  P. 
Miller,  C.  L.  Norton,  J.  Knox  Taylor,  and 
E.  J.  Moore  (secretar)')-  The  following  data, 
which  were  abstracted  from  the  preliminary 
report  of  the  committee,  will  be  found  of 
value  to  engineers  and  builders: 

CENERAL     DATA     ON     THE     REINFORCED     CONCRETE 
BUILDINGS. 

The  reinforced  concrete  buildings  within 
the  burned  area  were  constructed  during 
190.5,  1906  and  1907,  in  the  following  order: 
Nos.  7,  1.5,  25,  13,  24,  12  and  11  (see  Fig.  1). 
These  buildings  are  of  the  beam-and-girder 
type;  the  columns  are  square  or  rectangular 
in  section,  with  the  exception  of  those  in  the 
first  and  second  stories  of  building  No.  7, 
which  are  circular;  the  walls  have  the  usual 
window  openings  extending  from  cohmin  to 
column  (the  wall  beams  being  cast  with  the 
floors  and  the  curtain  walls  afterwards).  The 
interior  partitions  were  constructed  of  3-in. 
and  4-in.  plaster  of  Paris  cinder  block,  plas- 
tered with  Portland  cement  mortar.  All  win- 
dow frames  and  sash  were  of  wood,  except 
those  in  the  monitors  of  buildings  Nos.  11  and 
24,  which  were  of  metal;  no  wire  glass  was 
used.  The  interior  metal  covered  wood  doors 
did  not  fulfill  the  present  requirements  for 
proper  fire  doors. 

Figure  2  shows  typical  floor  plans  of  build- 
ings Nos.  7,  11,  12,  1.3,  15.  24  and  25,  and  in- 
dicates the  location  of  broken  columns.  Fig- 
ure 3  shows  typical  floor,  wall,  girder  and 
column  details  of  building  No.  11. 


ORIGIN    AND    PROGRESS    OF    THE    FIRE. 

The  fire  started  in  one  of  the  film  inspec- 
tion booths  in  the  one-story  wood  frame 
building.  No.  14  (Fig.  1),  at  about  5:25  p.  m. 
At  this  time  the  wind  was  blowing  from  a 
point  a  little  east  of  south,  so  that  the  fire 
quickly  gained  headway  through  the  film  stock 
and  on  the  wood  frame  of  the  building,  and 
spread  to  the  lumber  piles  on  the  north  and 
the  tliree-story  frame,  box  and  cabinet  mak- 
ing building  on  the  west.  There  was  a  large 
stock  of  unfinished  cabinets,  bundles  of  wood 
veneer,  etc.,  in  building  No.  18  and  the  lower 
stories  of  building  No.  15,  so  that  the  fire  by 
6  or  6 :30  p.  m.  had  reached  serious  propor- 
tions. The  brick  walls  of  buildings  Nos.  19 
and  21  and  the  concrete  walls  of  building  No. 
12  seem  to  have  checked  the  fire  for  a  time  in 
the  region  of  building  No.  18.  The  exterior 
and  interior  walls  and  partitions  in  the  first 
and  second  stories  of  buildings  Nos.  13  and 
15  were  at  first  etifective  in  resisting  the  prog- 
ress of  the  fire,  but  it  spread  rapidly  through 
windows  to  the  third,  fourth  and  fifth  stories 
of  these  buildings,  which  presented  an  un- 
divided area,  and  traveled  east  against  the 
wind  through  the  Lakeside  Ave.  ends  of  these 
buildings.  At  7  o'clock  the  fire  had  entered 
the  Lakeside  A\c.  end  of  building  No.  1!  in 
the  three  upper  stories  and  continued  through 
to  the  east  end  of  building  No.  11  and  then 
north  through  this  building.  A  section  of 
three  upper  stories  of  this  building,  which 
seems  to  have  been  subjected  to  fire  not  more 
than  1%  hours,  collapsed  at  8:30.  At  9  o'clock 
the  fire  reached  its  height  in  the  three  upper 
stories  of  the  main  portion  of  building  No.  11. 
In  the  meantime  the  finished  cabinet  stock  in 
the  first  story  of  the  same  building  had  caught 
fire  from  the  adjoining  buildings  on  the  west, 
and  the  fire  spread  through  to  building  No. 
10  and  thence  up  the  wood  enclosure  at  the 


north  end  of  building  No.  11.  By  9  o'clock 
the  two  northerly  bays  of  this  building  w-ere 
burning  brightly  in  all  stories  and  a  section 
near  the  center  was  being  attacked  by  the  fire 
from  both  directions.  At  this  time  the  roof 
of  building  No.  10  had  collapsed  and  the  fire 
was  traveling  against  the  wind  along  the  roof 
of  building  No.  8,  on  Alden  St.,  towards  build- 
ing No.  6.  The  fire  did  not  reach  building 
No.  7  until  between  9  and  10  o'clock,  and  the 
roof  of  building  No.  6  did  not  fall  until  after 
10  o'clock.  At  about  9  o'clock  the  fire  had 
started  in  the  second  floor  of  the  Lakeside 
Ave.  end  of  building  No.  11,  adjacent  to 
building  No.  13.  The  fire  in  the  first  story 
of  building  No.  11,  in  the  Lakeside  Ave.  end, 
did  not  start  until  after  10  o'clock:  the  indica- 
tions are  that  the  damage  in  this  story  was 
due  to  the  exceedingly  hot  fire  from  the 
burning  of  the  adjacent  portion  of  building 
No.  6,  which  had  a  wood  frame  in  the  second 
story,  and  w-as  used  for  film  manufacture. 
This  was  connected  to  third  story  of  building 
No.  7  by  an  inclined  passageway. 

Mr.  Edison  gave  the  committee  the  follow- 
ing explanation  of  the  collapse  of  the  east 
end  of  building  No.  11:  On  the  fourth  floor 
of  building  No.  11  were  large  wooden  plating 
vats  containing  nitric,  hydrochloric  and  sul- 
phuric acids ;  as  these  vats  were  consumed  by 
the  fire  the  acids  were  released,  combining  to 
form  aqua  regia,  and  attacked  the  concrete  of 
the  columns  below,  causing  their  collapse. 

At  the  other  end  of  the  burned  area  the 
progress  of  the  fire  was  at  first  more  rapid; 
by  7  o'clock  it  was  general  in  buildings  Nos. 
19  and  20 ;  by  8  o'clock  it  had  destroyed  these 
buildings,  and  was  at  its  height  in  the  top 
story  of  building  No.  24,  but  was  being  held 
at  the  east  end  in  the  lower  stories  of  this 
building.  After  reaching  the  west  end  of  the 
top  storj-  of  this  building  the  fire  traveled  to 
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the  lower  stories  down  the  temporary  wooden 
enclosure  and  worked  back  to  the  fire  coming 
through  the  lower  stories  of  the  building.  By 
9:30  the  temporary  west  end  enclosure  had 
burned,  and  by  10 :30  there  was  comparatively 
little  fire  in  this  building  except  in  the  second 
story   and   at  the   extreme  west  end  of   first 


stories  of  building  No.  15,  and  the  first  story 
of  building  No.  11,  temperatures  in  excess  of 
2,500°  F.  were  reached. 

BEHAVIOR   OF  CONCRETE    IN    THE   FIRE. 

In  general,  under  ordinary  conditions  of 
fire  exposure,  the  concrete,  although  cracked, 
was  not  damaged  to  any  great  extent.     Where 
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Fig.   1.     Layout  of   Plant  of  Thomas   A. 
Location    of    Burned    Area    and 

story.  The  office  building  (No.  25)  caught 
fire  at  the  extreme  east  end  about  7  o'clock, 
and  was  not  extinguished  until  11  o'clock. 
The  principal  efforts  by  the  fire  depart- 
ment were  directed  to  this  building  in  order 
to  prevent  the  fire  spreading  to  the  laboratory, 
on  the  west  and  the  storage  battery  buildings 
on  the  opposite  side  of  Lakeside  Ave. 

SEVERITY    OF   FIRE. 

Melted  copper  and  brass  were  found  in 
nearly  all  of  the  buildings  reached  by  the  fire, 
and  several  pieces  of  fused  iron  were  also 
found.  In  nearly  all  of  the  concrete  build- 
ings melted  glass  was  found  on  the  window 
sills.  The  concrete  in  the  wall  columns  was 
less  damaged  by  spalling  than  that  in  the  in- 
terior columns  and  the  ceiling  beams,  which 
would  indicate  that  the  heat  in  the  interior  of 
different  stories  was  much  greater  than  near 
the  walls.  The  hottest  fire  and  the  highest 
temperature  were  apparently  reached  in  the 
three-story  frame  building  (No.  18),  where 
the  top  of  the  iron  hydrant^  near  the  east 
side,  was  melted.  During  the  burning  of  this 
building  the  critical  point  in  the  progress  of 
the  fire  was  reached,  and  it  got  beyond  con- 
trol. The  highest  temperatures  in  the  con- 
crete buildings  were  reached  in  the  west  end 
on  the  third  floor  of  building  No.  24,  where 
was  stored  a  very  large  quantity  of  highly 
combustible  material.  In  this  building  where- 
ever  a  wood  top  floor  was  used  it  was  in  all 
cases  entirely  consumed,  together  with  the 
wood  sleepers  embedded  in  cinder  concrete. 
In  the  lower  floor  of  building  No.  11,  in  which 
the  interior  columns  showed  the  greatest  dam- 
age, it  is  evident  that  extraordinarily  high 
temperatures  were  obtained;  in  this  portion  of 
the  building  where  the  damage  was  greatest 
the  finished  cabinet  stock,  piled  to  the  ceiling, 
was  entirely  consumed. 

The  slagging  of  concrete  during  the  fire  in 
building  No.  12  was  unquestionably  due  to  the 
materials  used  in  the  process  of  manufacture 
at  this  point,  and  this  is  still  under  investiga- 
tion. 

The  fused  metal  found  in  different  parts  of 
reinforced  concrete  buildings  would  seem  to 
indicate  that  the  fire  reached  an  intensity  of 
1,000°  F.  in  all  these  buildings,  and  in  many 
cases  as  high  as  2,000°  F.  In  the  third  story 
of    building    No.    24,    the    second    and    third 


Edison,    Inc.,   West   Orange,    N.    J.,   Showing 
Types    of    Buildings    Affected. 

the  fire  was  intense  and  of  considerable  dura- 
tion, the  damage  to  the  concrete  was  very 
much  greater.  The  variable  effect  of  heat  is 
shown  very  distinctly  on  the  interior  columns 
in  the  following  way : 

The  columns  in  the  office  building  where  a 
small  amount  of  combustible  material  was 
stored   are   little   damaged.     The   same   effect 


tense  fire  occurred.  The  concrete  at 
the  corners  either  spalled  or  cracked 
away  from  the  center  core  of  the  column, 
which,  with  two  exceptions,  maintained  its 
structural  integrity.  This  spalling  or  crack- 
ing at  the  corners  varied  in  amount  from 
1  to  3  to  4  ins.,  which  generally  left  a  col- 
umn approximating  an  octagonal  or  circular 
section.  In  many  cases  the  separation  of  the 
concrete  at  the  corners  of  the  column  was 
along  the  line  of  the  vertical  reinforcement, 
but  in  very  many  cases  the  reinforcement  was 
not  exposed.  In  this  connection,  it  should  be 
noted  that  the  piers  supporting  the  carpenter 
shop,  which  were  not  reinforced,  were  simi- 
larly spalled  at  the  corners.  The  end  walls  in 
the  three  upper  floors  of  buildings  Nos.  13 
and  15  were  of  reinforced  concrete  8  ins. 
thick  and  extended  above  the  roofs  of  the 
adjoining  buildings,  which  were  completely 
destroyed ;  while  this  was  in  the  hottest  part 
of  the  fire,  these  walls  were  practically  un- 
damaged and  are  an  admirable  demonstration 
of  the  value  of  concrete  walls  as  a  fire  barrier. 

The  behavior  of  the  concrete  under  the  un- 
usual conditions  of  this  fire  fully  demon- 
strated that  it  is  an  admirable  material  for 
fireproofing  purposes,  because  of  its  very  low 
heat  conductivity  and  its  toughness. 

The  intensity  of  the  fire  and  the  rapidity 
with  which  it  traveled  through  the  buildings 
subjected  the  concrete  to  extremely  rapid  ex- 
pansion. Building  stone,  under  similar  condi- 
tions of  rapid  expansion,  splinters  and  spalls, 
and  while  concrete  is  much  tougher,  it  is  sub- 
ject to  the  same  action.  This  action  is  propor- 
tional to  the  brittleness  of  the  material.  Under 
the  conditions  prevailing  in  a  fire  of  usual 
severity  there  is  an  opportunity  for  concrete 
to  adjust  itself  to  increase  in  temperature  and 
the  danger  of  spalling  is,  therefore,  greatly 
reduced. 

There  seems  to  be  a  general  feeling  that 
the  damage  to  wall  columns  was  the  result  of 
the  application  of  water  to  the  heated  con- 
crete. The  evidence  available  does  not  con- 
firm this  as  a  primary  cause,  as  it  is  known 
that  no  water  was  played  on  some  of  the  wall 
columns  which  were  damaged. 
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Typical    Floor    Plans   of    Buildings    Nos.  7,   11,    12,   13,    15,   24   and   25— Plant  of 
Thomas  A.  Edison,  Inc. 


is  found  in  the  machine  shop,  where  non-com- 
bustible occupancy  caused  lower  temperatures. 
Where  the  fire  was  most  intense,  the  interior 
column  comers  were  spalled  as  described  be- 
low. The  damage  to  the  concrete  form- 
ing the  columns  (square  in  section)  was 
very     general     in     these     stories     where     in- 


The  question  of  the  expansion  of  structures 
from  intense  heat  applied  over  large  areas  is 
one  that  deserves  most  careful  corisideration, 
and  is  a  matter  upon  which  very  little  infor- 
mation is  available.  Careful  study  is  being 
made  for  the  purpose  of  contributing  informa- 
tion on  this  subject.     The  San  Francisco  fire 
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showed,  to  a  limited  extent,  the  effect  of  ex- 
pansion on  structures,  but  most  of  the  avail- 
able information  applies  to  relatively  small 
units;  the  Edison  fire  is  one  of  the  first  cases 
where  an  opportunity  has  been  afforded  to 
study  the  effect  in  long  buildings  under  con- 
ditions of  a  conflagration  in  which  extreme 
temperatures  have  developed.  In  a  study  of 
the  character  it  is  unfortunate  that  compari- 
son with  some  other  type  of  construction 
could  not  have  been  included,  but  it  is  be- 
lieved that  concrete  stood  these  unusual  con- 
ditions at  least  as  well  as  could  reasonably 
have  been  expected  of  any  other  material. 

Many  statements  have  been  made  as  to  the 
depth  of  calcination  of  the  concrete,  but  no 
one  is  competent  to  say  whether  the  damage 
from  this  heat  action  extended  any  consider- 
able distance  below  the  surface  of  the  con- 
crete.    At  local  points — for  example,  building 


thick,  and  did  not  conform  to  the  present  re- 
quirements for  proper  tire  doors,  and  in  no 
case  did  they  offer  substantial  resistance  to  the 
tire.  The  windows  with  wood  frames  and 
sash,  glazed  with  plain  frlass,  which  were  used 
throughout  (with  the  exception  of  the  moni- 
tors in  building  No.  24  where  metal  frames 
and  sash  were  used  with  plain  ribbed  glass), 
gave  little  resistance  to  the  fire,  the  wood 
frames  and  sash  being  quickly  consumed.  The 
metal  frames  and  sash  in  buildings  Nos.  11 
and  24  were  badly  damaged,  while  the  glass 
was,  in  nearly  every  instance,  melted  out  of 
the  sash.  The  wood  topping  on  concrete  floors, 
including  the  sleepers,  was  entirely  consumed. 

DAMAGE  TO  CONCRETE  IN  EACH  BUILDING. 

The  cracking  of  the  concrete  at  the  corners 
of  interior  columns  was  quite  general  and  to 
a  very  limited  extent  occurred  also  at  the  un- 
derside of  beams  and  girders.     Table  I  gives 
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No.  12,  where  extraordinary  cotiditions  pre- 
vailed— the  slagging  of  the  concrete,  which 
also  carried  with  it  the  destruction  of  other 
materials,  is  not  considered  in  this  analysis. 
It  will  further  be  recognized  that  the  large 
area  of  concrete  buildings  standing  permitted 
rather  an  unusual  opportunity  for  securing  a 
number  of  examples  where  the  damage  had 
been  apparently  great,  and  in  a  fair  analysis, 
due  consideration  should  be  given  to  the  fact 
that  in  the  greatest  portion  of  these  buildings 
the  concrete  remained  firm  and  hard  and  in- 
tact after  this  severe  heat  treatment. 

BEHAVIOR    OF    OTHEK    PARTS    OI-'    CONCRETE    BUII-D- 
INGS. 

The  '!  and  l-in.  plaster  of  Paris  cinder 
blocks  which  were  used  in  the  interior  parti- 
tions and  for  stair  and  elevator  enclosures 
were  all  damaged,  and  under  severe  exposure 
were  completely  destroyed.  Such  tin-clad 
doors  as  had  been  installed  were   1  to  lV4-in. 


piping,  shafting,  etc.,  to  the  structure  had  been 
embedded  in  the  concrete  in  such  a  manner 
as  to  form  a  direct  heat  connection  to  the  re- 
inforcement; and  it  is  apparent  that  it  is  not 
good  practice  to  embed  metallic  connections 
in  such  a  way  that  they  may  become  mediums 
for  the  transmission  of  heat  into  the  interior. 
The  most  serious  damage  to  the  reinforced 
concrete  work  was  in  the  wall  columns  near 
the  ends  of  the  buildings.  This  is  especially 
true  on  the  Lakeside  Ave.  fronts  of  buildings 
Nos.  11  and  1.5;  first  story  of  the  north  end 
of  building  No.  11;  and  the  third  story  of 
both  sides  of  building  No.  24.  The  broken 
portions  of  all  these  fractured  wall  columns 
indicate  that  there  was  a  movement  of  the 
portion  of  the  building  above  the  fracture  in 
a  horizontal  direction  from  the  center  of  the 
building  toward  the  ends,  and  the  data  ob- 
tained, showing  the  progress  of  the  fire,  indi- 
cates that  the  portion  of  the  building  above 
the  fracture  w^as  heated  prior  to  that  below. 
\  witness  of  the  failure  of  a  section  of  build- 
ing No.  11  noted  that  first  two  wall  columns 
failed,  followed  by  failure  of  interior  columns 
and  general  collapse  of  three  upper  floors. 
Further  evidence  of  the  horizontal  movement 
of  the  portion  of  the  building  above  the  broken  . 
columns   was   the  V-shaped   space   where  the 

T.-\BLE      1— D.ATA      GIVING      XUMBER      AND 
PERCENTAGIC   OF   DAMAGED   COLUMNS. 


a  summary  of  the  extent  of  the  damage  to  the 
concrete,  the  data  being  taken  from  the  report 
of  the  fire  made  by  the  National  Fire  Protec- 
tion Association.  Floor  slabs  were  in  gen--^ 
eral  not  damaged  by  the  fire  other  than  that 
small  cracks  were  to  be  noted  on  the  under- 
side along  the  lines  of  the  reinforcement:  the 
concrete,  however,  seemed  to  be  sound  and 
there  was  practically  no  spalling.  The  roof 
slabs  generally  expanded  from  the  beams  and 
girders  along  the  ridge  of  the  roof. 

The  damage  to  beams  and  girders  was  at 
the  bottom  and  was  most  severe  along  the 
edges,  being  quite  general  in  the  line  of  the 
reinforcemcift ;  the  concrete  usually  remained 
in  place  and  afforded  protection  to  the  rein- 
forcement; on  the  sides  it  w'as  practically  un- 
damaged. 

It  was  noted  that  in  the  beams  and  girders, 
and  frequently  in  the  columns,  exijansion  bolts 
or    other    metallic    connections    for    attaching 
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No.  24— 

1st    73  6fi  ?.         2         2         9.6         2.7 

2nd     73  5R  fl         3         3       2C.5         4.1 

3rd   73  43  13         7       10       41.1       13.7 

4th    73  tiS  6         0         4       13.7         5.5 

5th    73  43  • 

•Interior  columns  on  this  floor  were  3/16  x  S-in. 

pipe,    concrete   filled.  All  except   two  were   de- 

Hecfed  1  to  3  ins. 

No.  11.  13.  15— 

1st    199       120  17  56         6       39.7         3.0 

2nd     199       160  IS  18         3       19.6         1.5 

3rd    199       116  16  39       2S       41.7       14.07 

4th   199       120  42  13       24       39.7       12.06 

5th    199       159  16  ..        24       20.1       12.06 

Columns  noted  as  intact  include  those  having 
surface  eraclss  not  of  a  serious  nature. 

Columns  noted  as  spalled  include  those  where 
concrete  is  so  separated  from  body  of  column  bj- 
craclis  as  to  be  of  no  structural  value,  even  if 
the  material  has  not  actually  fallen  off. 

Per  cent  seriously  injured  does  not  include 
those  that  failed. 

Columns  classed  as  failed  are  those  which 
have  lost  their  ability  to  carry  load. 


curtain  walls  joined  the  wall  columns,  which 
was  very  pronounced  near  the  ends  of  the 
buildings.  Measurements,  taken  after  the 
concrete  had  cooled,  from  plumb  lines  dropped 
from  the  corners  of  the  buildings  indicated 
that  the  corner  columns  had  returned  nearly 
to  their  former  position.  The  several  wall 
columns  which  failed  indicated  that  this  was 
primarily  due  to  the  fact  that  the  expansion 
of  the  building  above  was  greater  than  that 
below  the  fracture;  and  since  in  all  cases  the 
distance  from  the  center  of  the  building  to 
the  point  near  which  the  coUmnis  were  broken 
was  greater  than  100  ft.  and  the  free  expan- 
sion for  this  distance  for  a  difference  in  tern- 
perature  of  !,000°  would  he  over  C  ins.,  it 
would  seem  likely  that  this  expansion  was  a, 
factor  in  the  failure  of  these  wall  columns, 
h'ailurc  of  the  wall  columns  (vertically  over 
each  other  in  the  lirst,  second,  and  third 
floors)  occurred  in  the  south  side  near  the 
west  end  of  building  No.  24.  From  the  record 
of  the  progress  of  the  lire  the  main  failure 
probably  occurred  first  in  the  third  floor,  fol- 
lowed by  failure  in  the  second  floor,  and  later 
by  failure  in  the  first  floor.  The  most  remark- 
able feature,  to  be  observed  after  the  fire,  was 
that  the  monolithic  construction  was  such  as 
to  transfer  the  load  which  these  fractured 
wall  colunms  had  carried  either  to  adjacent 
interior    columns    or    adjacent    wall    columns. 
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probably  the  former.  In  the  former  case  the 
floor  construction,  with  stiff  connections  to 
columns,  acted  as  a  cantilever  above  the 
broken  columns  to  transmit  the  load  back  to 
the  interior  columns.  In  the  latter  case  the 
wall  construction  acted  as  an  arch  or  truss 
in  transferring  the  load  to  the  wall  columns 
on  either  side  of  those  broken.  Where  the 
wall  columns  had  failed  it  was  noted  that  gen- 
erally the  adjacent  end  columns  had  not.  This 
is  probably  due  to  the  lesser  load  on  the  end 
column  and  the  absence  of  restraint  by  the 
curtain  wall. 

Interior  columns  of  the  reinforced  concrete 
buildings  were  all  square  in  section  with  the 
exception  of  those  in  building  No.  7,  which 
are  circular  in  the  first  and  second  stories. 
Damage  to  the  concrete  at  the  corners  of 
square  columns  was  very  general  in  those 
stories  where  fire  occurred.  Only  two  interior 
columns  failed, — one  in  the  first  story  of 
building  No.  U  near  the  south  end  of  build- 
ing No.  7;  this  column  is  in  line  with  the  in- 
side court  wall  of  the  Lakeside  Ave.  wings  of 
buildings  Nos.  11  and  13,  and  the  primary 
cause  of  failure  was  probably  similar  to  that 
for  the  other  wall  columns.  The  second  in- 
terior column  which  failed  is  in  the  third 
story  of  building  No.  24,  at  which  point  there 
was  an  extremely  hot  fire,  and  in  addition 
this  column  was  overloaded  by  additional 
loads  thrown  upon  it  by  failure  of  the  ad- 
jacent wall  columns.  The  general  damage  to 
the  interior  columns  seems  to  have  been  pri- 
marily due  to  the  fact  that  the  surface  of 
the  concrete  expanded  much  more  rapidly 
than  that  in  the  interior  of  the  column.  This 
expansion  along  the  longitudinal  surface  of 
the  column,  in  addition  to  the  lateral  ex- 
pansion developed  by  the  extremely  rapid 
heating  of  the  two  faces  at  each  corner,  caused 
the  spalling  noted.  Damage  of  the  same  char- 
acter, although  to  a  lesser  degree,  to  the  edges 
and  the  bottom  of  beams  and  girders  also  re- 
sulted under  these  conditions ;  although  it 
should  be  noted  that  in  the  case  of  the  beams 
and  girders  the  concrete  was  not  at  the  time 
in  compression  but  in  tension,  and  this  prab- 
ably  explains  the  lesser  damage. 

There  were  two  types  of  round  columns  in 
these  buildings:  The  first  w-as  the  "Lally"  col- 
umn, which  supported  the  roof  of  building 
No.  24.  This  column  consists  of  a  wrought 
iron  pipe  forming  an  outer  shell  which  is  filled 
with  concrete.  The  intense  heat  in  the  floor 
of  this  building  expanded  the  outer  shell  so 
rapidly  that  it  blistered  and  flowed  so  as  to 
form  an  annular  bulge.  The  utility  of  this 
shell  for  structural  purposes  was  destroyed, 
and  the  concrete  core  in  most  cases  carried 
the  load;  in  some  cases  the  column  buckled 
as   a  result  of  the  heat  and   failed. 

The  other  type  of  column  having  a  circular 
section  was  that  in  use  in  the  two  lower  stories 
of  building  No.  7.  This  column  consists  of  an 
outer  shell  of  punched  metal  lath  covered  with 
1  in.  of  Portland  cement  plaster  and  of  a 
core  of  reinforced  concrete.  While  the  actual 
strength  of  the  column  after  the  fire  can  only 
be  determined  from  tests,  it  is  evident  that 
these  columns  maintained  their  structural  in- 
tegrity and  successfully  performed  the  func- 
tion as  supports  for  these  floors,  and  further, 
gave  evidence  which  indicates  that  a  column 
of  circular  form  is  preferable  to  one  of  square 
section.  While  the  fire  in  this  building  was 
not  as  severe  as  in  some  of  the  other  rein- 
forced concrete  buildings,  it  was  noted  that 
at  the  elevator  shaft,  where  the  fire  conditions 
were  alike  in  the  two  lower  stories  with  cir- 
cular columns  and  in  the  top  story  square  col- 
umns, the  corners  of  the  square  columns  were 
damaged  (similar  to  the  damage  to  square 
columns  in  other  buildings),  while  there  was 
very  little  damage  to  the  circular  columns.  The 
damage  to  circular  columns  consisted  in  the 
pitting  and  spalling  of  surface  of  the  cement 
plaster. 

There  was  an  apparent  lack  of  stiffness  in 
the  floors,  which  was  undoubtedly  due  largely 
to  the  casting  of  the  slabs  and  beams  and  gird- 
ers separately,  which  was  probably  a  contribut- 
ing cause  to  the  sagging  in  some  of  the  floors. 
Reinforced  concrete  is  most  efficient  as  mono- 


lithic construction,  and  buildings  of  this  char- 
acter require,  in  order  to  develop  the  full 
strength  of  the  structure,  a  positive  bond  be- 
tween the  slab  and  the  floor  frame. 

EFFECT  OF  DESIGN  ON  PORTIONS  DAMAGED  BY   THE 


There  seems  to  be  a  general  tendency  to 
criticize  the  design  of  these  reinforced  con- 
crete buildings,  but  it  does  not  appear  that 
this  was  a  serious  factor  in  the  damage  to  the 
concrete;  and  it  should  be  noted  that  most  of 
the  details  which  characterize  this  design  were 
those  in  use  at  the  time  these  buildings  were 
constructed ;  that  is,  this  design  should  not  be 
criticized  from  the  viewpoint  of  current  prac- 
tice, but  rather  from  the  practice  at  the  time 
the  buildings  were  designed.  Comment  is  here 
made  on  the  following  points  usually  the  sub- 
ject of  this  criticism: 

(1)  The  stirrups  used  in  the  beams  and 
girders  consisted  of  two  "L"  sections  lapped 
under  the  main  reinforcement  mstead  of  the 
usual  "U"  section.  This  detail  is  not  objec- 
tionable on  account  of  its  strength,  because  it 
gives  a  stronger  anchorage  at  the  bottom  of 
the  beam  or  girder  than  is  usually  obtained; 
but  better  anchorage  to  the  slab  should  have 
been  provided. 

(2)  The  vertical  reinforcements  in  all  col- 
umns was  not  provided  with  the  usual  metallic 
ties.  If  such  ties  had  been  used  they  probably 
would  have  held  the  concrete  together,  but 
would  not  have  prevented  the  damage  to  the 
exterior  shell  of  the  column.  After  the  heat 
reached  the  reinforcement  it  was  absorbed 
faster  than  by  the  surrounding  concrete,  and 
the  swelling  of  this  metal,  while  not  a  primary 
cause  of  the  damage  to  the  concrete  at  the 
corners  of  columns,  did  result  in  serious  strip- 
ping of  the  concrete  from  the  columns  in  many 
places. 

ESTIMATE    OF    COST    TO    RESTORE    ALL    REINFORCED 
CONCRETE   WORK. 

In  view  of  the  uncertainty  as  to  the  damage 
done  and  the  repairs  necessary,  which  can  only 
be  determined  after  load  tests  and  a  more 
complete  investigation,  it  is  impossible  to  state 
the  exact  cost  of  the  restoration.  The  officials 
of  the  Thomas  A.  Edison,  Inc.,  state  that  the 
salvage  in  machinery  in  the  reinforced  con- 
crete buildings  will  be  at  least  94  per  cent; 
of  the  buildings,  87  per  cent;  and  the  cost  for 
the  restoration  of  these  buildings  from  10  to 
15  per  cent. 


Results  of  Some  Tests  to   Determine 

the    Effect    of    Normal    and    Low 

Temperatures  on  the  Strength  of 

Cement  Mortar. 

(Contributed.) 

We  are  indebted  to  the  Aberthaw  Construc- 
tion Co.,  Boston,  Mass.,  for  the  accompanying 
data  on  the  results  of  tests  planned  by  them 
to  determine  the  action  of  normal  and  low 
temperatures  on  the  strength  of  cement  mortar 
briquettes.  The  tests  were  in  charge  of  Her- 
bert L.  Sherman,  who  was  engaged  by  that 
company.  The  series  of  tests  was  intended 
to  parallel,  as  closely  as  possible,  the  condi- 
tions existing  on  building  construction  carried 
on    in   winter    weather. 

It  was  desired  to  leani  wdiat  heating  was 
necessary  to  make  concrete  sufficiently  strong 
so  that  forms  might  be  drawn,  and  to  de- 
termine the  strength  of  concrete  under  dif- 
ferent treatments.  It  was  considered  of  par- 
ticular value  to  learn  whether  concrete,  which 
had  been  heated  for  several  days  and  then  al- 
lowed to  cool  to  the  temperature  of  the  winter 
air.  increased  in  strength;  and  if  so  how  fast 
and  how  much.  This  parallels  the  common 
practice  of  heating  a  concrete  building  for 
some  days,  and  then  leaving  it  unhealed.  If 
the  tests  indicated  that  concrete  does  not  in- 
crease in  strength  after  the  heat  is  removed, 
or  if  it  increases  only  very  gradually,  then 
there  would  be  little  reason  for  leaving  the 
forms  in  nlace  beyond  the  period  of  heating. 
For    example,    if    the    concrete    does    not    in- 


crease in  strength  after  twe  days  of  heating, 
then  the  strength  of  the  concrete  would  be 
that  of  six-day-old  heated  concrete,  even  if 
the  forms  are  left  in  place  during  cold  weather 
for  three  or  four  weeks.  Leaving  the  forms 
in  place  would  mean  a  waste  of  money  if  con- 
ditions are  entirely  safe  at  the  end  of  six 
days. 

No  claim  is  made  that  this  series  of  tests  is 
complete,  or  that  it  proves  anything  definitely. 
It  simply  shows  the  strength  of  this  particular 
set  of  briquettes,  made  in  the  way  described. 

It  is  to  be  noted  that  the  interior  of  a  mass 
of  concrete  is  protected  by  the  e.xterior,  and 
that  the  effect  of  cold  upon  a  small  briquettt 
is  more  sudden  and  more  thorough  than  it 
would  be  on  a  large  mass  of  concrete.  It 
must  be  recognized  that  concrete  throws  off 
heat  in  setting,  and  that  this  setting  heat  helps 
force  the  set  of  the  concrete.  It  is  desirable 
to  study  the  matter  further  with  full-size  sec- 
tions of  concrete.  It  is  probably  fair  to  reason 
that  a  full-size  section  is  less  seriously  affected 
than  the  small  briquette. 

It  is  to  be  remembered  that,  in  heating  a 
concrete  structure,  the  ceiling  and  upper  sec- 
tions of  the  columns  are  kept  very  much  hot- 
ter than  the  lower 'sections  of  the  columns, 
particularly  the  lower  part  of  the  wall  col- 
umns. And  it  is  very  common  to  design  the 
wall  columns  with  reference  to  architectural 
treatment,  very  often  making  them  much 
larger  than  is  necessary  to  carry  their  loads. 
This  feature  has  probably  saved  many  fail- 
ures. 

DETAILS  OF  TESTS. 

In  all  the  tests  there  was  used  a  mixture  of 
several  brands  of  "Lehigh  Valley"  cement 
and  standard  "Ottawa"  sand.  All  briquettes 
were  mixed  at  the  same  time  by  the  same  man, 
in  a  room  in  which  the  temperature  was  ap- 
proximately 72°.  All  briquettes  which  were 
held  between  40°  and  70°  were  kept  moist.  The 
briquettes  were  tested  in  a  standard  machine. 
The  frozen  briquettes  were  allowed  to  thaw- 
out  before  testing.  All  temperatures  are 
Fahrenheit. 

TEST     NO.     1. 

For  purposes  of  comparison  the  briquettes 
were  made  of  1'  part  cement  and  2  parts  sand, 
gaged  with  water.  The  materials  were  ap- 
pro.ximately  at  72°  F.  when  mi.xed,  and  after 
molding,  the  briquettes  were  kept  at  a  nearly 
constant  temperature  of  72°.  Table  I  gives 
the  results  of  these  tests. 


TABLE  I.— RESULTS  OF  TEST  NO.  1. 

Av. 
Strength  of  individ-   strength. 
Age,  days.       ual  briquettes,  lbs.      lbs. 

4 450      422      452      441 

7 463     436     435     445 

14 .504      536      532      524 

21 506     494     522     507 

28 502     496     522     507 

42 532     515     557     535 

56 

84 .".64      587      542      564 


TEST  NO.  2. 
The  mortar  and  materials  were  the  same, 
and  were  mixed  under  the  same  conditions, 
as  for  test  No.  1.  The  briquettes  were  kept  at 
72°  for  four  days,  and  were  then  placed  in 
cold  storage  at  a  uniform  temperature  of  29° 
until  the  time' of  breaking. 

tabijE  II.— results  op  test  no.  2. 

Av. 

Strength  of  individ-  strength 

A^e,  days.       ual  briquettes,  lbs.  lbs. 

4 450      422      452  441 

7 404      425      427  419 

14 467      492      492  484 

21 ;   437     450     464  450 

28 436      412      394  414 

42 430      473      465  456 

56 501     522     533  519 

84 543      541      538  541 


TEST  NO.  3. 

The  mortar  and  materials  were  the  same, 
and  were  mixed  under  the  same  conditions,  as 
for  test  No.  1.  The  briquettes  were  molded 
at  72°,  they  were  kept  at  40°  for  four  days, 
and  were  then  placed  in  cold  storage  at  a 
temperature  of  14°  up  to  the  time  of  breaking. 
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TABLE  III.— RESULTS  OF   TEST  NO.   3. 

Av. 

Strength  of  individ-  strength. 

Age,  days.       ual  briquettes,  lbs.  lbs. 

4 32S      333      354  338 

7 305      336      334  325 

14 315     326     335  325 

21 304     335     348  329 

28 304     315     298  306.. 

42 37S      362      385  375 

56 367     382     407  385 

84 463     410     426  433 

TEST  NOS.  4,  5  AND  6. 

With  the  exception  that  a  5  per  cent  salt 
solution  was  used  in  the  mortar  instead  of 
clear  water,  and  that  the  tests  were  not  con- 
tinued beyond  28  days,  tests  Nos.  4,  -5  and  6 
parallel  tests  Nos.  1,  2  and  3,  respectively. 
From  the  results  of  tests  Nos.  4,  5  and  6  it 
was  hoped  to  determine  whether  or  not  the 
presence  of  salt  was  any  aid  to  the  hardening 
of  concrete  at  temperatures  below  the  freez- 
ing point. 

TABLE  IV.^RESULTS  OF  TEST  NO.   4.    . 

Av. 
Strength  of  individ-       strength, 
Age,  davs.  ual  briquettes,  lbs.  lbs. 

4 ■ 425  433  417  425 

7 412  425  436  425 

14 506  51S  523  516 

21 506  472  493  490 

28 496  493  462  484 

TABLE  v.— RESULTS   OF  TEST  NO.   5. 

Av. 
Strength  of  individ-       strength. 
Age,  davs.  ual  briquettes,  lbs.  lbs. 

4 ■ 425  433  417  425 

7 386  367  360  371 

14  458  442  437  446 

21 456  486  455  466 

28 442  415  424  427 

TABLE  VI.— RESULTS  OF  TEST  NO.   6. 

Av. 
Strength  of  individ-      strength. 
Age,  days.  ual  briquettes,  lbs.  lbs. 

4 325  304  311  313 

7 360  356  344  353 

14 346  355  364  355 

21 412  414  426  417 

28 374  394  375  381 

TEST    NO.    7. 

Nine  briquettes  were  made  of  the  same  ma- 
terials, and  under  the  same  conditions,  as  for 
test  No.  2,  except  that  three  of  the  briquettes 
were  removed  from  the  29°  temperature  at  the 
age  of  7  days,  three  at  the  age  of  14  days  and 
three  at  the  age  of  21  days.  All  briquettes, 
after  being  removed  from  the  29°  tempera- 
ture, were  kept  at  72°  until  they  reached  the 
age  of  28  days,  when  they  were  broken  at  the 
same  time.  Table  VII  gives  the  results  of  this 
test.  From  tests  Nos.  7  and  8  it  was  hoped 
to  determine  whether  or  not  concrete,  which 
was  first  subjected  for  a  limited  period  to 
warm  weather,  then  frozen,  then  thawed  out, 
would  recover  promptly  and  would  become  as 
hard  as  concrete  subjected  to  summer  condi- 
tions. 

TABLE  VII.— RESULTS  OF  TEST  NO.  7. 

Av. 
Strength  of  individ-      strength, 
.\ge,  davs.  ual  briquettes,  lbs.  lbs. 

7—28' 527  515  534  525 

14— 'JS 516  522  53S  525 

21—28 512  483  504  .".00 

TEST    NO   8. 

Nine  briquettes  were  made  under  the  same 
conditions  as  for  test  No.  3,  except  that  three 
of  the  briquettes  were  removed  from  the  14° 
temperature  at  the  age  of  7  days,  three  at  the 
age  of  14  days,  and  three  at  the  age  of  21 
days.  After  being  removed  from  the  14°  tem- 
perature all  of  the  briquettes  were  held  at  a 
temperature  of  72°  until  they  reached  the  age 
of  28  days,  when  thev  were  broken  at  the 
same  time.  Table  VIII  gives  the  results  of 
these  tests. 

TABLE   VIII.— RESULTS  OF  TEST   NO.    8. 

Av. 
Strength  of  Individ-       strength. 
Age,  days.  ual  briquettes,  lbs.  lbs. 

7—28 494  512  524  510 

14— 2.^ 505  4S6  495  495 

21—28 452  474  483  470 

COMPARISON    OF    VARIOUS    TESTS. 

To  facilitate  a  comparison  of  the  various 
tests.  Table  IX,  which  records  the  average 
strength  of  the  bri(incttes  in  each  test,  is  given. 


TABLE   IX.— COMPARISON    OF   RESULTS   OF 


Age,  days. 


VARIOUS  TESTS. 
-  Test  No. 


3 
-Average  strength  of  briquettes. - 


4 441  441  338  425  425  313 

.  445  419  325  425  371  353 
.  524  484  325  516  446  355 


14. 
21. 
28. 


50'; 
507 


42 535  456  375 

56 

84 

7— 28. 
14—28. 
21—28. 


450  329  490  466  417 
414  306  484  427  381 


519  385 

564  541  433 


525 
525 
500 


510 
495 
470 


Data  on  the  Operation  of  Ventilating 
Fans. 

The  extensive  and  increasing  use  of  fans 
for  ventilating  purposes  has  created  a  demand 
for  specific  data  on  the  use  and  operation 
of  fans.  The  two  types  of  fans  in  common 
use  are  known  as  the  "centrifugal"  and  "pro- 
peller" fans,  each  type  having  its  particular 
field,  although  they  may  overlap  in  some  cases. 
The  following  data  on  ventilating  fans,  which 
were  taken  from  a  paper  by  C.  L.  Hubbard, 
in  The  Engineering  Magazine,  will  be  found 
of  value. 

TYPES    OF    FANS. 

Centrifugal  Fans. — The  centrifugal  type  of 
fan  includes  the  regular  paddle-wheel  blower 
or  exhaust  fan,  the  multivane  fan,  and  tlic 
cone  fan. 

The  first  of  these  is  the  standard  type,  and 
it  is  used  more  widely  than  any  other,  al- 
though the  multivane  fan  is  rapidly  coming 
into  general  use  owing  to  its  smaller  size  for 
a  given  capacity  and  to  its  higher  efficiency. 

Both  of  these  types  are  positive  in  their 
action,  and  easily  give  the  pressures  required 
to  force  the  air  through  long  ducts  at  high 
velocities.  They  are  used  alinost  exclusively 
for  air  supply  in  all  classes  of  large  buildings 
and  also  for  exhaust  ventilation  in  shops. 
factories,  office  and  municipal  buildings,  or 
wherever  the  vent  flues  and  ducts  offer  con- 
siderable frictional  resistance. 

Cone  fans  are  often  used  in  schools  and 
churches  where  large  volumes  of  air  are 
moved  under  comparatively  low  pressures. 
They  are  usually  made  to  discharge  into  a 
large  chamber  from  which  distributing  ducts 
lead  to  different  parts  of  the  building. 

Propeller  Fans. — Propeller  fans  are  adapted 
to  conditions  where  the  air  is  drawn  from 
large  gathering  chambers  and  is  discharged 
directly  outboard  against  a  low  resistance,  as 
in  the  case  of  churches,  schools,  and  hospitals. 
The  smaller  sizes  are  extensively  used  for 
local  ventilation  in  rooms  of  various  kinds. 
Propeller  fans  are  light  in  construction,  as 
compared  with  the  centrifugal  tyne,  and  arc 
capable  of  handling  large  volumes  of  air  with 
a  small  expenditure  of  power  when  operated 
under  conditions  for  which  they  are  designed. 

FAN   DRIVES. 

Ventilating  fans  may  be  driven  either  by 
steaiTi  engines,  turbines,  or  electric  motors,  ac- 
cording to  circumstances.  When  the  exhaust 
can  he  utilized  in  the  heater,  engines  and 
turbines  are  usually  more  econonncal  to  op- 
erate where  it  is  necessary  to  vary  the  fan 
speed  to  any  great  extent  during  different  pe- 
riods of  the  day.  Where  electricity  is  gen- 
erated on  the  premises  motors  are  usually  em- 
ployed for  all  fan  work,  especially  where 
ventilation  is  provided  throughout  the  year 
regardless  of  heating,  and  where  the  exhaust 
from  the  engine  would  be  wasted  during  the 
summer.  Again,  considerations  of  conven- 
ience and  quietness  of  action  often  lead  to  the 
use  of  motors  even  at  an  increased  cost  of 
operation. 

MOTORS  FOR  VKNTII.ATING  WORK. 

As  it  is  usually  desirable  to  provide  a  cer- 
tain range  of  speed  in  the  case  of  ventilating 
fans  it  is  best  to  employ  direct  current  motors 
when  possible  to  obtain  the  best  results,  and 
machines  of  this  type  must  always  be  used 
when  direct  connected  to  the  fan  shaft,  on 
account  of  the  low  speed  rciiuired. 

Shunt  motors  on  constant  potential  circuits 
are  best  adapted  to  fan  work,  being  self-regu- 
lating and  running  at  a  sufficiently  constant 
speed   for  all  practical  purposes. 


CAP.\CITY    OF    CENTRIFUGAL    FANS. 

The  capacity  of  a  centrifugal  fan  depends 
upon  the  diameter  and  width,  the  speed,  and 
the  resistance  against  which  it  operates. 

The  following  formulas  are  derived  from 
an  extended  series  of  tests  upon  a  standard 
blower  of  the  paddle-wheel  type,  and  give  re- 
sults corresponding  very  closely  with  those  ob- 
tained in  practice. 

V  =  2DNAB,    (1) 

V 

and  A'=  ,     (2) 

2DAB 
in  which 

('  =  cubic  feet  of  air  discharged  per  minute, 
D  =  diameter  of  fan  wheel,  in  feet, 
iV^  revolutions  per  minute, 
.4  =  a  factor,  depending  upon  diameter  of  fan 

(see  Table  I), 
5  =  a  factor,  depending  upon  resistance  oper- 
ated against  (see  Table  II). 

The  values  of  A  given  in  Table  I  are  based 
upon  the  assumption  that  the  width  of  the 
fan  at  the  periphery  is  0.5  of  the  diameter. 
If  the  width  is  greater  than  this,  increase  A 
in  the  same  proportion.  For  example,  if  the 
width  is  0.6  of  the  diameter  for  the  make  of 
fan  used,  multiplv  the  tabulated  value  of  A 
by  0.6 -H- 0..5  =  1.2; 

TABLE  I.— VALUES  OF  A  IN  FORMULAS 
1  AND  2. 
Diameter  of  fan, 

in  feet.  Values  of  A. 

3     2.9 

3% 3.9 

4     5.0 

i'A 0.2 

5     7.6 

6  10.7 

7  14.4 

8  18.6 

9  23.4 

10  28.7 

The  resistance  against  which  a  fan  operates 
varies  with  the  friction  in  the  ducts,  which  in 
turn  depends  upon  the  length  of  run,  the  num- 
ber of  bends,  and  the  velocity  of  air  flow. 

In  assuming  the  factor  B  the  following 
buildings  are  given  as  illustrating  types  in 
which  the  flue  velocities  and  resulting  resist- 
ances are  similar.  These  factors  are  based  on 
experience,  and  will  vary  with  the  depth  of 
heater,  velocity  of  air  flow,  length  of  ducts, 
and  number  of  bends : 

The  lowest  value  (0.6)  is  for  shops  employ- 
ing deep  heaters  from  20  to  28  pipes  in  depth, 
with  high  air  velocities  of  1,800  to  2,000  ft.  per 
minute.  The  highest  (0.9)  applies  to  schools 
and  churches  with  shallow  heaters  of  open 
pattern  and  comparatively  short  ducts  of  large 
size.  Between  these  extremes  there  is  a  wide 
variety  of  conditions  where  the  factor  for  re- 
sistance must  be  estimated   from  experience. 

TABLE   II.— VALUES  OF   B  IN    FORMUL.A.S 
1  AND  2. 
Type  of  building.  Value  of  B. 

Shops,   foundries,  factories,  etc O.OtoO.T 

Office  and  municipal  buildings,  hotels..   0.7to0.8 
Schools,   churches  and  halls 0.8  to  0.9 

The  maximum  speed  at  which  a  fan  should 
run  will  depend,  within  certain  limits,  upon 
the  quietness  of  action  it  is  desired  to  main- 
tain. 

For  ordinary  conditions  the  limiting  speeds 
given  in  Table  III  may  be  taken  as  corre- 
sponding   well    with    practice,    although    with 

TABLE  III.— MAXIMUM   SPEEDS   FOR  VARI- 
OUS SIZES  OF  FANS. 

Maximum  revolutions  per  minute. 

.a  £>  1  §  ^> 

:  ^^^      ig?       -^-SE 

a  So  0:^1^^  So 

Qvi  tOcjio  0.0  a»-  tOrtc.5 

3  800  490  380 

3M BOO  420  320 

4  460  360  280 

414 400  320  250 

5  360  280  220 

6  320  260  200 

7  270  220  170 

S      240  190  150 

9  210  170  130 

10  190         160        120 
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well  balanced  fans,  properly  supported,  the 
speeds  given  in  the  table  may  be  slightly  ex- 
ceeded  without   undue   vibration. 

Table  IV  gives  the  cubic  feet  of  air,  in 
round  numbers,  delivered  by  fans  of  different 
diameters  for  the  speeds  given  in  Table  III 
and  for  the  values  of  B  stated  in  Table  II. 

TABLE  IV.— CAPACITIES   OF  VARIOUS 

SIZES  OF  FANS. 
Cubic  feet  of  air  per  minute  for 
speeds  given  in   Table  III. 


rf  oo  3  II 

^  5°  Si"  " 

0  II  M  'Op3 

1  •=■"  '0.5  5 

C-  P-O/  Oil  o  u 

.iv  °V  IP-  II  J=3 

PC:  tni!  O  O.M  too 

3     6,200  5,900  5,300 

SM 8,200  8,000  7,000 

4     10.800  10.000  9,000 

4'/4 13,400  12.500  11,200 

5      1C.400  14,900  13.400 

6      24,600  23,300  20,500 

7      32.700  31,000  27,400 

8     42,800  39,600  35,700 

9      53,000  50,000  43,800 

10 65,100  60,000  55,000 

Rxamt>lc  1.— What  volume  of  air  will  be  de- 
livered by  an  8-ft.  fan  at  200  r.p.m.  when 
used  for  the  ventilation  of  an  ottice  building? 

In  this  case,  £1  =  8,  .V  =  200.  ,4  =  18.6,  5  = 
0.7,    from    which.     r/'  =  2  X  8  X  200  X  18.6  X 
fl.T^  41,600  cu.  ft.  per  minute. 

Example  2. — A  shop  building  is  to  be  sup- 
plied with  22.000  cu.  ft.  of  air  per  minute. 
What  should  be  the  diameter  and  speed  of 
fan? 

Looking  in  the  column  for  "Shops  and  Fac- 
tories" in  Table  IV,  it  is  found  that  this 
quantity  comes  between  the  limiting  volumes 
given  for  .5-ft.  and  6-ft.  fans.  As  it  is  nearer 
the  latter  the  larger  size  will  be  chosen.  The 
next  step  is  to  compute  the  required  speed. 
Here  we  have  F  =  22,000,  D  =  fi,  .4  =  10.7, 
and  i?:=0.6,  from  which, 
22,000 

-V  = ■ =  286  r.p.m. 

2  X  6  X- 10.7  X  0.6 
In  both  of  these  examples  the  width  of   fan 
at   the   periphery   has   been   assumed   equal   to 
0..5    the    diameter,    which    corresponds    closely 
to  the  average   fan  of  standard  make. 

POWER  FOR  nRIVINC  F.\NS. 

The  power  required  for  driving  a  fan  varies 
with  a  number  of  governing  conditions;  hence 
formulas  applying  with  any  degree  of  accuracy 
are  somewhat  cumbersome  to  use. 

The  curves  given  in  Fig.  1  have  been  plotted 
from  tables  of  horse  Dow-ers  and  include  the 
effects  of  speed,  air  volume,  efficiency,  etc. 
Thev  are  to  be  used  in  connection  with  the 
tables  and  formulas  already  given  for  ca- 
pacity  at   different    speeds. 

Horse  powers  taken  from  the  curves  should 
lie  multiplied  bv  the  factors  given  in  Table  V 
to  offset  the  effect  of  resistance. 

TABLE  v.— RESISTANCE  FACTORS  FOR  USE 
IN  CONNECTION  WITH  CURVES  IN  FIG.  I. 

Value  of  B.  HP.  (actor. 

0.60 0.70 

0.65 0.75 

0.70 0.80 

0.75 0.85 

0.80 0.90 

0.85 0.95 

0.90 1.00 

Example  3. — .\  factory  requires  a  7-ft.  fan 
running  at  a  speed  of  260  r.p.m.,  to  deliver 
the  required  volume  of  air  based  on  a  re- 
sistance factor  of  0.65.  What  power  of  en- 
gine or  motor  should  be  provided? 

Figure  1  (b)  shows  that  an  8-ft.  fan  re- 
quires 30  HP.  at  this  speed,  which,  corrected 
for  the  effect  of  resistance,  actually  calls  for 
30  X  0.75  =  22.5  HP. 

The  effect  of  closing  off  the  discharge  out- 
let from  a  fan,  or  what  is  equivalent,  increas- 
ing the  resistance,  is  to  reduce  both  the  vol- 
ume of  air  moved  and  the  power  required  for 
maintaining  a  given  speed.  This  holds  good 
until  the  outlet  is  entirely  closed,  and  the 
only  power  consumed  is  that  used  in  churning 
the  air  within  the  fan  casing. 


THE    ACTION    OF    MULTIVANE    FANS. 

As  fans  of  this  type  vary  considerably  in 
form  and  general  proportions,  it  is  not  possi- 
ble to  give  working  data  which  will  apply  to 
all  makes  with  any  degree  of  accuracy  com- 
parable to  that  which  applies  in  the  case  of 
the  paddle-wheel  tyoe. 

In  a  general  way  the  cubic  space  required 
for  a  multivane  fan  will  be  appro-ximately 
one-half  to  two-thirds  that  required  by  the 
older  type  of  the  same  capacity.  Also,  a 
multivane  fan  having  the  same  outlet  area 
as  a  paddle-wheel  fan  will  deliver  the  samV 
volume  of  air  against  a  given  resistance  when 
running  at  about  65  per  cent  of  the  peripheral 
speed,  and  will  require  appro.ximately  80  per 
cent  as  much  power.  While  fans  of  this  type 
run  more  quietly  at  higher  speeds,  they  are 
actually  operated  in  practice  at  lower  peripher- 
al velocities  than  the  paddle-wheel  fan,  vary- 
ing from  2,600  to  8,000  ft.  per  minute  in  the 
case  of  schoolhouses  and  churches,  and  3,600 
to  4,000  ft.  in  factory  work.  Under  ordinary 
conditions  static  pressures  of  1,  \V-2.  and  2  ins. 
of  water  column  mav  Ije  assumed  in  schools, 
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-  3rake  Horse  Power 
(b)  For  Fans  7 to  10  Feet  in  Diameter 

Fig.    1.     Curves    Showing    Horse    Power    Re- 
quired   to    Operate    Fans    From    3   to    10 
ft.  in   Diameter  at  Various  Speeds — 
See  Table  V. 

office  buildings  and  factories,  respectively, 
when  determining  size,  speed,  and  power  of 
fan  from  manufacturers'  tables.  Moreover, 
the  best  results  are  obtained  with  correspond- 
ing outlet  velocities  of  about  1,600,  1,800,  and 
2,000  ft.  per  minute. 

TABLE  VI.— STATIC  PRESSURES,  IN  INCHES 

OF  WATER  COLUMN.  FOR  PIPES  100  FT. 

LONG.    AT   VARIOUS    VELOCITIES. 

.Static    pressures    for   pipes    100 
ft.  long  at— 
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In  specifying  fans  with  which  the  engineer 
is  not  perfectly  familiar  it  is  usually  best  to 
state  the  volume  of  air  to  be  moved  per  min- 
ute, the  static  pressure  against  which  the  fan 
is  to  operate,  and  the  limiting  peripheral  ve- 
locity, rather  than  to  give  the  size  and  speed. 
The  static  pressure  in  any  given  case  may  be 
approximately  determined  from  Table  VI, 
which  gives  the  static  pressure  or  resistance 
for  round  pipes  100  ft.  in  length  for  different 
velocities  of  air  flow.  For  other  lengths  the 
resistance  will  vary  in  direct  proportion,  that 
is,  for  a  pipe  200  ft.  long  the  resistance  will 
be  twice  as  great,  etc. 

For  velocities  not  given  in  Table  VI  values 
may  be  interpolated  with  sufficient  accuracy. 

When  the  duct  is   rectangular  in   section   it 
may  be  reduced  to  a  circular  form  having  the 
same    frictional  area  bv  the   fornuila, 
A  A  B 

D  = , 

2(A+B) 
ip  which  D  —  diameter  of  the  equivalent  round 
duct,  and  .-/  and  B  are  the  sides  of  the  given 
rectangular  duct. 

The  resistance  offered  by  a  90°  elbow  will 
depend  upon  the  radius  of  the  inner  curve,  or 
throat,  and  mav  be  taken  as  shown  in  Table 
VII. 

TABLE    VII.— RESISTANCES    OFFERED    BY 
90°  ELBOWS. 

Length  of 
Radius,  straight   pipe, 

in  diameters  in   diameters, 

of  pipe.  having  same 

resistance. 

Vi     67 

hi     30 

%     16 

1        10 

l'/4     6 

2        4.3 

The  resistances  produced  by  standard  pipe 
heaters  of  different  depths  are  given  in  Table 
VIII,  and  for  "Vento"  cast-iron  heaters  in 
Table  IX. 

TABLE    VIII.— RESISTANCE.    IN    INCHES    OF 

WATER    COLUMN.    FOR   PIPE    HEATERS 

OF  VARIOUS   DEPTHS. 

a 

Ic  .  ,  t  I  I        ^ 

Is  I        I         S         2         2      £ 

"3  -  t-  "  QJ  C  -^  _^ 

>S  •'        -S  -  Si  c        c^ 

i:  ■  o  is  ^  X  &  &  g 

<S  fc.  ,      H  H  iS  t^  HE 

800 0.05  0.09  0.13  0.18  0.22  0.26 

1.000 0.08  0.15  0.21  0.28  0.35  0.41 

1,21.10 0.12  0.21  0.30  0.40  0.50  0.59 

TABLE  IX.    —   RESISTANCE.   IN   INCHES   OF 
WATER   COLUMN,   FOR  VENTO  HEAT- 
ERS OF  VARIOUS  DEPTHS. 


S'^  a  B  "  S  S  i 

>  OJ  ^  dj  [ft 

p.  „  o  £  =  aj 

i  .  c  6         £         5         .-:         .2 

<;s  o        E^        B       fc        li.        CO 

SOO 0.37       0.70       0.103     0.13,")     0.167     0.200 

1,000 0.59       0.109     0.160     0.221     0.262     0.313 

1,200 0.84       0.157     0.2.30     0.303     0.376     0.44!l 

In  determining  the  pressure  to  be  overcome 
in  any  given  system  the  resistance  is  com- 
puted for  the  longest  duct,  including  bends, 
and  to  this  is  added  the  resistance  due  to  the 
heater.  If  an  air  washer  is  used,  or  the  in- 
let duct  is  of  any  considerable  length,  the 
effect  of  these  should  also  be  included.  When 
the  main  duct  or  trunk-line  is  reduced  at  in- 
tervals, it  may  be  assumed  that  the  smallest 
or  extreme  section  of  the  duct  is  carried  back 
to  the  fan  independently,  and  the  resistance 
computed  on  this  basis. 

Example  4. — The  last  section  of  an  air  duct 
is  18  X  24  ins.,  the  extreme  length  of  run  350 
ft.,  and  the  air  velocity  through  duct  and 
heater  1,000  ft.  oer  minute.  There  are  four 
elbows  with  radii  equal  to  one-half  the  di- 
ameter, and  a  pipe  heater  is  employed,  16  rows 
in  depth.  What  will  be  the  total  resistance 
against   which   the   fan   luust   operate? 

Diameter     of     equivalent     round     pipe     ^=^ 
4  X  18  X  24 
=  20.5  ins.,  which  may  be  taken 

2  (18  +  24) 
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as  20  ins.  Resistance  for  100  ft.  of  straight 
pipe  at  1,000  ft.  per  minute  velocity,  = 
O.058  +  0.13 

=  0.094  ins.  of  water. 

2 

Effective  length  of  run  = 
4  X  30  X20 

3-50  + =5.50  ft. 

12 
Resistance    due    to    pipe,    =    0.094X5.5^ 
0..J1T    ins.;    resistance    due    to    heater    (Table 
VIII)    =  0.280   ins.;    and   total    resistance  = 
0.-")17  + 0.280^0.797  ins.  of  water  column. 

In  some  fan  tables  the  pressure  is  expressed 
in  ounces  per  square  inch  instead  of  inches  of 
water.  This  change  may  be  made  by  multi- 
plying inches  of  water  by  0.58,  which,  in  the 
above  case,  gives  a  pressure  of  approximately 
0.8  X  0.-58  =  0.4G4  ounces  per  square  inch. 

PROPELLER    F.\NS. 

Tests  show  that  when  operated  under  the 
usual  conditions  of  discliarge  ventilation,  that 
is,  connected  with  a  system  of  ducts  in  which 
the  velocity  does  not  e.xceed  about  700  ft.  per 
minute,  a  propeller  fan  of  good  type  will  move 
the  air  a  distance  parallel  to  the  shaft  equal 
"to  about  0.7  the  diameter  of  the  fan  per  revo- 
lution. Moreover,  the  best  results  are  ob- 
tained with  a  linear  velocity  through  the  fan 
of  appro.ximately  1,000  ft.  per  minute,  which 
corresponds  with  the  number  of  revolutions 
per  minute,  for  fans  of  different  size,  given 
in  Table  X. 

The  above  rule  expressed  as  a   formula  is: 

r  =  0.55 />■=/?, 

in  which, 

/'^^  cubic   feet  of  air  moved  per  minute, 
D  =  diameter  of   fan,  in   feet,  and 
i?=:  revolutions  per  minute. 

The  power  required  for  driving  propeller 
fans  under  these  conditions  will  run  from  0.15 
to  0.2  HP.  per  1,000  en.  ft.  of  air  tnoved  per 
minute. 

TABLE    X.    —   REVOLUTIONS    OF   FAN    PER 

MINCTE  FOR  AIR  VELOCITl^  OF  1,000 

FT.    PER    MINUTE. 

Approximate 
Diameter  of  r.p.m.   for  lin. 

fan,  in  ft.  vel.  of  1,000 

ft.    per  min. 

2        700 

21/4     575 

3        475 

31/2     400 

4 350 

5         275 

fi        225 

7 200 

S 175 

Example  5. — What  volume  of  air  will  be 
discharged  per  minute  by  a  5-ft.  fan  at  270 
r.p.m..  and  what  horse  power  will  be  required 
to  drive  it? 

Volume  of  air  per  minute  ^  0.55  X  5^  X  270 
=  18.562   cu.    ft. 

Horse  power  for  driving  the  fan=:18.5(;X 
0.2  =  3.7. 


Arbitration     Provision     for     Building 

Contracts. 

To  THE  Editors  :  The  need  for  an  arbitration 
provision  in  all  building  contracts  should  by 
thi,s  time  be  universally  recognized,  for,  apart 
entirely  from  considerations  of  relative  intel- 


ligence, ability  or  responsibility  of  architect 
and  contractor,  one  does  ont  need  to  be  re- 
minded that  omniscience  is  not  a  human  at- 
tribute. In  view  of  the  limitations  of  the  hu- 
man mind  it  would  not  be  extreme  to  say  that 
no  building  contract  can  reasonably  promise 
the  fair  and  equitable  accomplishment  of  the 
purposes  for  which  it  is  written  without' hav- 
ing a  provision  therein  for  arbitration  of  dis- 
putes arising  between  the  parties  thereto ;  and 
except  in  the  case  of  public  contracts  where, 
for  lack  of  definite  provision  in  the  statutes, 
there  may  be  some  question  as  to  the  right  of 
public  officials  to  delegate  their  powers  of  final 
decision  or  acceptance  of  work  to  other  par- 
ties, it  is  rare  nowadays  that  arbitration  in 
some  form  is  not  provided  in  every  contract. 
It  is  a  matter  of  frequent  observation,  how- 
ever, that  arbitration  clauses  do  not  effectively 
accomplish  that  for  which  they  are  designed. 
For  instance,  a  loose  wording  often  admits  to 
the  board  of  arbitration  men  inexperienced  in 
the  work  they  are  called  upon  to  judge;  but 
the  principal  cause  of  dissatisfaction  with  at- 
tempts at  arbitration  arises  from  delay  either 
in  getting  the  arbitration  under  way  or  in 
bringing  it  to  a  definite  conclusion.  It  may  be 
said  that  most  arbitrations  are  requested  on 
the  part  of  the  contractor,  and  it  may  like- 
wise be  stated  that  in  a  majority  of  cases  he 
meets  with  reluctance,  upon  the  part  of  the 
architect,  acting  as  the  agent  of  the  owner,  to 
recognize  the  necessity  for  arbitration.  The 
resulting  delays  are  generally  far  more  ex- 
pensive to  the  contractor  than  to  the  owner. 
The  more  insistent  for  arbitration  the  con- 
tractor becomes,  against  the  architect's  opposi- 
tion, the  wider  opens  the  chasm  between  them, 
and  the  more  thoroughly  they  distrust  each 
other.  Finding  arbitration  unavoidable  under 
such  circumstances,  the  affair  becomes  a  battle 
of  wits,  with  the  architect  in  the  sustained  role 
of  obstructionist;  and  if  everything  else  fails 
he  may  yet  secure  delay  without  limit  by  ap- 
pointing as  his  representative  on  the  board  of 
arbitration  a  man  under  instructions  to  delay 
negotiations  as  long  as  possible.  Such  tactics, 
because  of  the  fact  that  arliitrators  generally 
act  out  of  friendship  for  the  respective  parties 
represented  and  therefore  are  not  prone  to 
spend  more  of  their  time  on  the  matter  than  is 
absolutely  necessary,  are  generally  quite  effec- 
tive. The  decision  often  drags  until  in  despera- 
tion the  contractor  proceeds  with  his  work  and 
the  controversy  is  deferred  until,  with  the 
building  complete  and  his  bills  to  pay,  he  faces 
the  alternative  of  a  settlement  on  the  archi- 
tect's terms  or  a  protracted  lawsuit,  which, 
while  it  maj'  secure  him  justice,  must  to  some 
extent  damage  his  reputation  with  architects 
and  owners. 

These  considerations  emphasize  the  necessity 
for  providing  that  the  arbitrators  shall  he 
properly  qualified  judges  of  building  opera- 
tions ;  that  the  party  making  demand  for  arbi- 
tration shall  in  some  positive  way  show  his 
good  faith ;  that  the  other  party  .shall  in  turn 
be  required  to  show  his  good  faith  by  re- 
sponding promptly;  and  that  the  hoard  of  ar- 
bitration shall  be  required  to  proceed  expedi- 
tiously to  the  solution  of  the  problems  in- 
volved. 

To  meet  these  requirements  the  subjoined 
arbitration  provision  is  suggested  for  insertion 


in  building  contracts,  in  the  consideration  of 
which  let  it  be  noted  that  the  party  making  the 
demand  must  name  his  representative  at  the 
time  he  makes  the  demand,  and  that  thereafter 
the  time,  within  which  the  organization  of  the 
arbitrators  must  be  effected  and  their  de- 
liberations concluded  and  decision  rendered,  is 
strictly  limited.   The  provision  is  as  follows ; 

Should  any  dispute  arise  between  the  owner 
and  contractor,  or  between  the  contractor  and 
architect,  as  to  the  true  meaning  of  the  plans 
and  specifications,  or  respecting  the.  manner  or 
sufficiency  of  the  performance  of  any  work 
thereunder,  or  respecting  the  character  or  value 
of  extra  worI<  or  work  omitted,  the  questions 
in  dispute  shall,  in  the  first  Instance,  be  decided 
by  the  architect;  but  should  either  party  be 
dissatisfied  with  such  decision  the  questions 
shall,  on  written  demand  of  either  party,  deliv- 
';red  to  the  other  or  at  his  place  of  business, 
be  submitted  for  decision  to  a  board  of  arbi- 
tration consisting  of  three  men  experienced  in 
the  business  of  building,  one  to  be  named  in  the 
demand  by  the  party  making  the  demand,  ono 
by  the  other  party  within  five  days  thereafter, 
and  the  third  by  these  two  within  three  days 
thereafter;  these  arbitrators  to  have  plenary 
power  and  the  decision  of  any  two  of  them  to 
be  conclusive  and  binding  on  both  parties  to 
this  contract.  No  dispute  shall  interfere  with 
the  progress  of  the  general  construction,  but 
necessary  work  shall  proceed  under  the  direc- 
tion of  tiie  architect  and  the  decision  of  the 
arbitrators  shall  award  adequate  compensation 
therefor  to  the  contractor.  Neglect  of  either 
part.v  to  such  dispute  to  appoint  an  arbitrator 
within  Ave  days  after  such  demand  for  arbitra- 
tion has  been  delivered  shall  operate  as  a  waiv  - 
^=r  on  his  part  of  the  right  to  have  other  arbi- 
trators appointed,  and  the  question  shall  there- 
upon be  decided  by  the  arbitrator  named  in  the 
demand  for  arbitration,  whose  decision  shall  be 
conclusive  and  binding  on  both  parties  to  this 
contract.  The  life  of  any  board  of  arbitration 
shall  be  limited  to  fliteen  (15)  calendar  days 
■ifter  the  appointment  of  the  second  member 
thereof,  unless  extended  by  consent  of  both 
parties,  and  no  person  shall  be  qualified  to  .sit 
on  more  than  one  board  of  arbitration. to  con- 
sider the  same  question.  Each  party  shall  pay 
the  expense  of  the  arbitrator  appointed  by 
him;  all  other  expenses  of  arbitration  to  be 
paid  by  the  losing  party,  except  as  may  be 
otherwise  determined  by  the  board,  which  shall 
have  discretion  in  this  matter. 

With  the  exception  of  the  clause  limiting 
the  life  of  the  board  of  arbitration  and  dis- 
qualifying the  members  of  one  board  for  serv- 
ice on  another  board  to  consider  the  same 
question,  the  foregoing  provision  in  substan- 
tially the  form  given  was  about  a  year  ago,  at 
the  instance  of  the  writer,  incorporated  in  the 
standard  builders'  contract  of  the  General  Con- 
tractors' .A.ssociation  of  San  Francisco  and  has 
met  with  general  approval.  The  additional 
clause  referred  to  appears  quite  necessary  to 
round  out  the  provisimi  and  render  it  "torpedo 
proof." 

Very  truly  yours, 
F.  T.  Thi'RSTon. 
Manager,  Thurston  &  Co., 

Constructing  Engineers. 
San  Francisco,  Cal.,  Feb.  4,  1015. 


Mixing,  Curing  and  Placing  Concrete 
With  High  Pressure  Steam. 

A  description  of  a  machine  for  mixing  and 
placing  concrete  by  steam  ejections  was  pub- 
lished in  our  issue  of  Nov.  25.  1014.  At 
the  convention  of  the  American  Concrete  In- 
stitute further  data  Tin  the  work  of  this  ma- 
chine were  given  in  a  paper  by  Harold  P. 
Brown  and  from  this  paper  we  take  the  fol- 
lowing excerpts : 

The  process  consists  in  thoroughly  mixing 
measured  amounts  of  cement,  sand,  broken 
stone  and  water  in  a  cylinder,   which  is  then 


filled  with  a  hot  gas  or  vapor  under  high 
pressure.  Perfect  hydration  is  thus  secured 
and  a  most  effective  chemical  action  is  set  up 
which  gives  the  product  entirely  new  quali- 
ties. When  the  proper  pressure  and  temper- 
ature have  been  reached  and  the  curing  proc- 
ess is  completed,  the  outlet  valve  is  opened 
and  the  plastic  concrete  is  dropped  into  a 
superheated  stream  of  rapidly-moving  gas  or 
vapor.  The  wet  particles  are  separated  from 
each  other  and  can  be  carried  several  hundred 
feet  in  a  rubber-lined  hose  to  the  point  of  de- 
posit, which  may  be  many  feet  above  the 
mixer.     The   stream   is   projected   through   an 


expansible  nozzle  and  strikes  the  work  at  high 
speed,  thus  tamping  it  and  securing  unusual 
density  and  strength.  The  blow  jars  out  part 
of  the  water,  and  the  high  temperature  and 
the  sudden  reduction  of  pressure  cause  rapid 
evaporation  of  the  remaining  moisture,  so  that 
quick  setting  is  obtained.  .\X  lirst  the  stones 
or  pebbles  bound  olT,  but  when  a  layer  of 
Yi  in.  or  more  has  been  deposited  they  imbed 
themselves  and  further  tamp  the  work,  making 
it  adhere  strongl\'  to  brick,  stone,  reinforcing 
steel  or  cold  concrete.  .V  thin  slab  made  in 
this  way  has  an  almost  metallic  ring  and  is 
waterproof    at    heavy    pressure.       When     the 
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proper  amount  of  water  is  used  very  little  con- 
crete falls  away,  and  layers  over  1  ft.  thick 
have  been  placed  at  one  time  on  vertical  walls. 
More  water  is  used  in  the  final  coat,  which  is 
thus  made  plastic  enough  for  easy  finishing. 
During  each  period  of  mixing  a  stream  of 
superheated  steam  is  kept  flowing  at  low 
pressure  through  the  outlet  to  keep  the  hose 
and  the  destination  of  the  new  work  warm 
and  moist.  With  careful  handling  excellent 
work  can  be  done  in  freezing  weather. 


pressure,  a  reducing  valve  is  placed  close  to 
the  machine  and  set  for  8o  lbs.  pressure  sup- 
ply to  the  mixer,  thus  obtaining  the  required 
superheat. 

A  special  grade  of  rubber  is  used  for  the 
hose  lining  and  this  is  worn  but  very  slightly 
by  the  concrete,  since  wet  cement  to  quite  an 
extent  lubricates  the  surface.  The  writer  has 
many  feet  of  hose  which  is  still  in  good  con- 
dition after  severe  service  for  more  than  a 
year;     it    shows    very    little    wear.       Special 


..^imir^ 


Figs.  1   and  2.    Views  Showing   Cavity   in   Concrete  Wall  and  the  oame  Cavity  After   Filling 

With  Concrete  Atomizer. 


Figure  1  shows  one  of  the  many  holes  in 
a  concrete  retaining  wall  on  the  Lackawanna 
railway  in  Newark.  X.  J.,  where  the  deepest 
portion  was  15  ins.  Figure  2  shows  the  same 
place  before  screeding;  this  was  filled  in  a 
single  operation.  Figure  3  is  another  view  of 
the  same  work,  showing  the  manner  in  which 
the  stream  was  obtained  from  the  locomotive 
of  a  work  train.  The  picture  shows  two  men 
at  the  nozzle,  but  the  duty  of 'the  extra  man 
was  merely  to  keep  an  eye  on  the  watchman 
who  announced  the  approach  of  trains. 

The  machine  which  was  used  on  this  work 
was  rented  for  several  months  by  the  Lacka- 
wanna railway  and  used  in  repairing  defective 
and  honeycombed  work  subject  to  tidewater 
at  the  Hoboken  Terminal.  Here  compressed 
air  was  used,  but  in  the  repair  work  along  the 
road  steam  was  taken  direct  from  the  loco- 
motive, thus  saving  the  trouble  and  great  ex- 
pense of  the  cumbersome  air  compressor  with 
its  motor,  receiver,  regulator,  water  pump  and 
tank.  The  road  has  recently  purchased  the 
apparatus  for  further  extensive  repairs  and 
construction  work. 

One  of  the  early  experimental  machines  was 
used  about  two  years  ago  on  the  New  York 
Central  and  over  6,000  sq.  ft.  of  structural  steel 
was  covered  with  from  2  to  6  ins.  of  concrete, 
applied  with  compressed  air  and  with  steam. 
All  of  this  work  has  proved  as  hard  as  flint 
and  not  a  single  crack  or  fault  has  developed 
in  it.  This  is  true  of  all  the  work  of  my 
iither  larger  machines. 

When  the  atomizer  was  operated  with  air  at 
another  plant,  a  60-HP.  boiler  was  used  to 
supply  steam  for  the  compressor,  and  it  con- 
sumed about  400  lbs.  of  No.  3  buckwheat  coal 
per  hour,  using  forced  draught  and  producing 
about  1  cu.  ft.  of  concrete  per  minute.  When 
steam  was  used  direct  instead  of  air,  the  same 
amount  of  work  was  done  with  natural 
draught  and  less  than  100  lbs.  of  coal  per  hour 
used.  The  cost  of  the  fuel  for  mixing,  cur- 
ing and  placing  1  cu.  yd.  of  concrete  with  this 
machine  did  not  exceed  10  cts..  and  a  boiler 
of  30  HP.  would  have  been  large  enough 
for  it. 

When  steam  is  used  the  mixing  is  done  at 
a  pressure  of  75  to  80  lbs.  with  sufficient 
superheat  to  prevent  condensation,  thus  main- 
taining the  proper  amount  of  water  in  the 
concrete.  By  increasing  the  amount  of  super- 
heat to  the  proper  degree,  the  steam  issuing 
from  the  nozzle  is  kept  in  gaseous  form  so 
that  the  work  deposited  can  easily  be  seen 
by  the  operator.  The  superheater  can  be  lo- 
cated in  the  stack  of  the  boiler  if  the  w-ork  is 
nearby,  or  over  a  salamander  if  distant.  Or 
when  the  boiler  is  operated  at  180  to  200  lbs. 


couplings  are  used  with  no  metal  parts  ex- 
posed to  the  concrete  stream.  To  avoid  delay 
through  clogging  of  the  hose,  an  expansible 
rubber  nozzle  is  used  "whose  size  of  opening 
is  controlled  by  a  lever  in  the  hand  of  the 
operator.  In  case  a  pebble  blocks  the  flow, 
a  slight  movement  of  the  lever  opens  the 
passage  to  the  full  diameter  of  the  hose  and 
the  obstruction  is  blown  out.  The  pressure 
at  the  nozzle  is  about  45  lbs.  and  the  stream 
of  mingled  vapor  and  concrete  shields  the 
operator  from  rebounding  pebbles.  while 
wooden  ferrules  on  the  nozzle  levers  protect 
his  hands  from  the  heat  of  the  steam.  A 
skillful  operator  can  apply  a  thin,  even  layer 
of  concrete  almost  as  smooth  as  the  scratch 
finish  on  plaster,  or  he  can  produce  a  surface 


size  can  be  used.  In  operation  the  rapid 
motion  of  the  rotating  parts  keeps  the  air 
filled  with  flying  particles  of  concrete.  These 
particles  are  driven  through  the  outlet  valve 
and  discharged  into  the  hose,  which  is  1% 
ins.  inside  diameter.  The  speed  of  the  engine 
automatically  increases  as  the  load  grows  less, 
so  that  the  rate  of  discharge  can  be  kept  uni- 
form. When  the  cylinder  is  nearly  empty  the 
tank  pressure  falls  and  its  steam  supply  is 
shut  off :  the  rest  of  the  work  is  done  by 
the  expansion  of  the  steam  through  the  hose. 
The  piston  of  the  outlet  valve  is  made  to  clear 
all  material  from  its  path  when  closing  so  that 
no  dead  passages  are  left  in  which  concrete 
can  set  and  block  the  pipes. 

The  No.  3  Concrete  Atomizer  is  'similar  in 
construction  and  has  a  mixing  tank  5  ft.  long 
and  3  ft.  inside  diameter.  It  is  designed  to 
mi.x  about  20  cu.  ft.  of  loose  materials  with 
an  output  of  1-50  to  180  cu.  ft.  per  Iiour;  it 
will  handle  1-in.  stones.  An  engine  of  special 
design  is  used  with  this  machine  as  the  re- 
quirements of  the  service  are  unusual.  The 
engine  has  a  splash  lubrication  and  is  self- 
contained  and  powerful.  .It  can  be  operated 
with  compressed  air  when  the  machine  is  to 
be  worked  in  tunnels  or  caissons  where  steam 
cannot  be  used.  Even  in  this  case  the  air 
can,  if  necessary,  be  superheated  and  the  ad- 
vantages secured  of  combined  heat  and 
pressure. 

A  prominent  engineer  is  at  present  making 
careful  records  of  the  costs  of  curing  and 
placing  large  masses  of  concrete  with  this  ma- 
chine and  his  report  will  in  due  time  be  sub- 
mitted with  full  details  of  the  tensile  and 
crushing  strength  of  the  product.  It  must  be 
remembered  that  the  only  additional  cost  of 
the  product  beyond  the  cost  of  ordinary  power 
mixing,  is  the  fuel  required  to  heat  the  ma- 
terials to  about  350°  and  to  convey  the  con- 
crete through  the  hose  to  its  place  in  the 
work.  Operating  with  sleais  the  cost  of  fuel 
and  labor  in  mixing,  treating  and  placing  con- 
crete with  the  small  machine  has  been  less 
than  80  cts.  per  cubic  yard.  With  the  larger 
machine  the  cost  will  be  about  50  cents.  It  is 
often  objected  that  the  15  per  cent  to  20  per 
cent  greater  density  obtained  by  the  process 
causes   a   correspondingly    greater     cost      per 


Fig.   3.    View   Showing   Concrete   Atomizer    Repairing  Concrete  Wall. 


lightly  or  heavily  pebbled  as  may  be  desired. 
A  glass  finish  can  be  given  to  the  work  by 
projecting  it  against  an  oiled  sheet  of  plan- 
ished metal. 

The  No.  2  Concrete  Atomizer  has  a  charg- 
ing door  either  at  one  end  or  in  a  dome  on 
the  top.  The  driving  shaft  is  square  in  sec- 
tion and  carries  a  series  of  mixing  paddles  and 
scraping  devices  for  keeping  the  surfaces 
clear.  Ample  clearance  is  given  between  the 
paddles  and  shell  so  that  stones  up  to  %   in. 


cubic  foot  for  materials.  This  is  true,  but  ,.^ 
the  strength  of  the  product  is  multiplied  1";> 
2%  to  3,  the  section  can  be  reduced  at  lea-i 
25  per  cent  and  the  cost  of  materials  put  ^  n 
the  same  basis  as  ordinary  work  with  a  grt-.it- 
ly  increased  factor  of  safety.  The  same  re- 
sult can  be  obtained  by  using  less  cement  in 
the  mix.  The  Concrete  .Atomizer  can  bt  used 
to  replace  the  ordinary  mixer,  engine,  hoisting 
apparatus,  tower,  chutes  and  runways  in  all 
kinds  of  light  construction. 
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The     Illinois     Waterway  —  Proposed 
Eight  Foot  Channel  from  Lock- 
port  to  Utica. 

Passage  of  an  act  providing  for  an  8-ft.  wa- 
terway from  Lockport,  111.,  to  Utica,  111.,  is 
urged  in  the  message  of  Governor  Dunne  to 
the  Illinois  Legislature,  The  waterwaj  called 
for  is  one  recommended  in  a  report  by  Lyman 
G.  Cooley,  Consulting  Engineer ;  E.  J.  Kelley, 
Assistant  Chief  Engineer,  Sanitary  District  of 
Chicago ;  Walter  A.  Shaw,  C.  E.,  member  Illi- 
nois Public  Lftilities  Commission,  and  Le  Ro> 
K.  Sherman.  C.  E.,  member  Illinois  Rivers 
and  Lakes  Commission.     This  report  follows: 

At  the  present  time  a  navigable  depth  of 
over  7  ft.  exists  normally  for  a  distance  of 
262  miles  of  a  total  of  327  miles  between  Chi- 
cago and  the  Mississippi  River.  This  distance 
of  tio  miles  between  the  Illinois  River  at  La 
Salle  and  the  Chicago  Drainage  Canal  at 
Joliet  is  now  limited  to  a  draft  of  4]/2  ft. 
through  the  Illinois  and  Michigan  Canal. 

Various  projects  following  the  Des  Plaines 
and  Illinois  Rivers  have  been  presented  during 
the  past  14  years,  providing  an  adequate  depth 
for  navigation  from  the  southern  terminus  of 
the  Drainage  Canal  at  Joliet  to  the  Illinois 
River  at  La  Salle.  These  projects  have  not 
matured.  This  has  been  due  not  so  much  to 
inherent  defects  in  the  projects  or  to  lack  of 
appreciation  of  the  economic  worth  of  the  un- 
dertaking, but  rather  it  has  been  due  to  un- 
determined legal  factors  afifecting  the  avail- 
able flow  of  water  from  the  Drainage  Canal 
and  to  opposition  by  water  power  claimants. 

Your  Board  of  Engineers  has  based  its  in- 
vestigations upon  the  following  premises:   (a) 


Project  1  involves  the  deepening"  of  the  Illi- 
nois and  Michigan  Canal  from  Joliet  to  La 
Salle;  the  construction  of  new  locks  through- 
out and  the  construction  of  a  new  lock  at  the 
Sanitary  District  Power  House  at  Lockport. 
The  plan  contemplates  dispensing  with  some 
of  the  e-xisting  locks,  namely,  locks  number  8. 
10,  12,  13  and  15,  while  the  remaining  ones  are 
replaced  by  locks  of  greater  lift. 

Project  II  involves  the  deepening  of  the 
Illinois  River  from  La  Salle  to  Starved  Rock; 
the  construction  of  a  lock  and  dam  in  the  Illi- 
nois River  at  Starved  Rock ;  the  construction 
of  a  connecting  channel  and  lock  between  the 
Illinois  River  and  the  Illinois  and  Michigan 
Canal  at  Wal]>ridge  Creek,  just  below  Mar- 
seilles ;  the  improvement  of  the  Illinois  and 
Michigan  Canal  by  deepening  and  construct- 
ing new  locks  from  Marseilles  to  the  southern 
terminus  of  the  Drainage  Canal  at  Joliet;  and 
the  construction  of  a  new  lock  at  the  Sanitary 
District  Power  House  at  Lockport.  This 
project  utilizes  the  Illinois  River  as  a  water- 
way for  22  miles  of  the  total  distance  of  05 
tniles  from  Joliet  to  La  Salle. 

Project  III  involves  the  deepening  of  the 
Illinois  River  from  La  Salle  to  Starved  Rock : 
the  construction  of  lock  and  dam  in  the  Illi- 
nois River  at  Starved  Rock ;  the  construction 
of  a  connecting  channel  and  lock  between  the 
Illinois  River  and  the  Illinois  and  Michigan 
Canal  at  Walbridge  Creek,  just  below  Mar- 
seilles; the  construction  of  crib  dam  in  the 
Illinois  River  just  above  Marseilles  and  a  con- 
necting channel  and  lock  between  the  Illinois 
and  Michigan  Canal  and  the  Illinois  River  at 
this  point ;  the  construction  of  a  connecting 
channel    and    lock   between   the   Illinois    River 


way  or  large  dredge  boats  in  the  Illinois  and 
Mississippi  Rivers  as  well  as  of  those  in  the 
Great  Lakes  and  will  insure  competition  upon 
dredging  contracts  in  the  waterway  unrestrict- 
ed to  one  locality  or  to  any  one  combination 
of  contractors.  Your  Board  of  Engineers  is, 
therefore,  of  the  opinion  that  foresight  and  ul- 
timate economy  warrant  the  increased  expen- 
diture for  the  larger  size  locks  even  in  the  Illi- 
nois and  Michigan  Canal.  The  comparative 
estimated  costs  of  the  project  follow: 

Project  I — 
Excavation,  I.   &  M.   Canal,  Joliet  to 

La   Salle    $    540,700 

Locks  in  I.  &  Jl.  Canal 706,200 

Miscellaneous.  I.  &  M.  Canal 75,000 

New  lock  at  Sanitary  District  Power 

House,  Lockport   300,000 

Total   estimated   cost,   say $1,682,000 

Project  II — 

I.    &    M.    Canal.    .Toliet    to    Walbridge 

Creek    $1,060,900 

Dam,   lock,    etc.,  at  Starved  Rock 1.583,000 

New  lock  at  Sanitary  District  Power 

House,   Lockport    300,000 

Total   estimated   cost,   say $2,944,000 

Project  III— 

I    &   M.    Canal,   Joliet  to  Dresden $    509,480 

Locks  and  river  connections  at  Mar- 
seilles           682,130 

Dam,  lock,  etc.,  at  Starved  Rock 1,583,000 

New  lock  at  Sanitary  District  Power 
House,    Lockport    300.000 

Total   estimated   cost,    say $3,075,000 


Route   of    Proposed   8-ft.   Waterway  from      Lockport   to    Utica,    III. 


That  the  proposed  waterway  be  available  for 
immediate  construction  and  use.  (b)  That 
the  construction  now  contemplated  be  in  har- 
mony with  possible  future  developments,  per- 
mitting an  increase  in  size  at  such  time  as  ex- 
isting obstacles  may  be  removed  and  as  com- 
merce may  demand. 

The  Illinois  and  Michigan  Canal  may  Ije 
utilized  for  this  waterway  in  part  or  as  a 
whole  by  deenening  the  channel  and  by  en- 
larging the  locks.  Some  of  the  existing  lucks 
may  be  dispensed  with  by  constructing  new 
locks  of  greater  lift.  The  channel  thus  formed, 
however,  is  poorly  adapted  to  future  enlarge- 
ments both  as  to  increase  in  width  and  in 
depth,  and  the  relative  frequency  of  the  locks 
limits  the  speed  of  water  transportation  by 
this  route. 

The  Illinois  River  may  be  utilized  in  part 
for  this  waterway  by  raising  the  stage  and  by 
deepening  its  bed.  The  river  waterway  pos- 
sesses advantages  over  the  canal  type  in  that 
it  gives  a  greater  present  width  and  depth,  is 
readily  adapted  to  any  desired  future  enlarge- 
ment and  creates  a  channel  requiring  a  min- 
imum for  maintenance  and  operation  and  af- 
fording a  maximum  in  waterway  facilities.  The 
greater  speed  of  transportation  in  a  river  wa- 
terway of  ample  chamicl  and  unobstructed  by 
freciuent  locks  results  in  cheaper  freight  costs 
and  consequent  benefit  to  the  public. 

Three  projects  are  presented  herewith,  each 
of  which  provides  a  navigable  depth  of  at 
least  8  ft.  from  Joliet  to  La  Salle. 


and  the  Illinois  and  Michigan  Canal  at  a  point 
just  below  Dresden;  the  improvement  of  the 
Illinois  and  Michigan  Canal  by  deepening  the 
bed  and  constructing  new  locks  from  Dresden 
to  the  southern  terminus  of  the  Drainage  Ca- 
nal at  Joliet;  and  the  construction  of  a  new 
lock  at  the  Sanitary  District  Power  House  at 
Lockport.  This  project  utilizes  the  Illinois 
River  as  a  waterway  for  45  miles  of  the  total 
distance  of  65  miles  from  Joliet  to  La  Salle. 

In.  these  projects,  the  channel  of  the  Illinois 
and  Michigan  Canal  is  to  remain  60  ft.  in 
width  at  the  water  surface,  is  to  be  3()  ft.  in 
width  at  the  bottom  and  is  to  have  a  uniform 
depth  of  8  ft.  of  water.  The  minimum  width 
of  the  channel  in  the  Illinois  River  is  to  be 
150  ft.  and  the  minimum  depth  of  water  8  ft. 

The  locks, contemplated  in  the  Illinois  River 
at  Starved  Rock  and  at  the  Sanitary  District 
Power  House  at  Lockport  arc  to  have  a  width 
of  55  ft,,  a  length  of  250  ft.,  and  a  depth  of  8 
ft,,  while  the  locks  in  the  Illinois  and  Michigan 
Canal  arc  to  have  a  width  of  45  ft,,  a  length 
of  250  ft.  and  a  depth  of  8  ft.  Locks 
of  the  dimensions  adopted  for  the  Illi- 
nois and  Michigan  Canal  with  a  r2-ft.  lift 
will  cost  approximately  $00,000,  while  locks 
of  the  same  lift  and  depth,  but  having  a  width 
of  35  ft.  and  a  length  of  170  ft,,  the  size  of 
those  cm  the  llcnnciiin  Canal,  would  cost  ap- 
proximately $i;o,(l(H». 

The  construction  of  the  larger  locks  will 
permit  employment  upon  the  contemplated 
work  and  upon  subsequent  work  on  the  water- 


The  relative  amounts  in  the  foregoing  esti- 
mates which  are  chargeable  to  rehabilitation  in 
the  Illinois  and  Michigan  Canal  and  those 
which  are  chargeable  to  the  Illinois  Water- 
way under  the  Constitutional  Amendment  per- 
mitting the  $20,000,000  bond  issue,  may  be 
placed  as  follows : 

Chargealile  to     C'liarge- 

I,  &  M,  Canal       able  to  Total 

rehabilitation,  waterway.  cost. 

Project  I     $1.3S2.000      $     300.0(10  $1,682,000 

Project  II     1,061,000       1,883,000  2,044,000 

Project  III     817,000       2,258.000  3.075,000 

By  modification  in  the  design  of  the  dam 
and  at  somewhat  increased  cost,  electrical 
power  may  be  generated  at  Starved  Rock.  The 
energy  of  tlie  stream  under  the  proposed  cou- 
<litions  with  a  flow  of  10,OilO  cu.  ft.  per  sec- 
ond is  23.000  hp.  on  the  turbine  shaft.  The 
cost  of  this  power  plant  is  not  included  in  the 
forcgoin.g   estimates. 

Your  Board  of  ]'"n,ginecrs  recommends  the 
adoption  of  the  project  herein  outlined  as 
Project  III,  since,  at  slightly  increased  cost,  it 
provides  a  channel  not  only  of  greatest  present 
efficiency,  but  one  which  best  lends  itself  to 
future  progressive  development  for  future 
commercial  needs.  This  project  rec|uires  least 
for  maintenance  and  operation,  allows  the 
highest  speed  of  transportation  and  rcstdts  in 
consequent  lowest  freight  costs.  The  adoption 
of  this  projett  puts  under  immediate  develop- 
ment the  major  portion  of  the  ultimate  Illinois 
Waterway. 
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Cost   of   Drilling    With   Well    Drilling 
Machines  in  Ore  Prospecting. 

The  data  following  are  from  two  records 
of  well  drilling  or  churn  drilling  in  prospect- 
ing for  ore.  While  wages  and  prices  are  un- 
usual, the  data  are  so  given  that  they  can  be 
used  generally  by  substituting  other  figures. 
Both  records  are  from  the  "Engineering  and 
Mining  Journal"  but  the  data  have  been  con- 
siderably   rearranged. 

Pacific  Mines  Corporation. — The  figures 
here  presented  were  compiled  by  C.  H.  Pal- 
mer, Jr.,  mining  engineer,  Los  Angeles.  Cal., 
from  drilling  operations  recently  completed  at 
the  property  of  the  Pacific  Mines  Corporation, 
seven  miles  south  of  Ludlow,  Cal..  at  which 
point  the  company's  standard-gage  railroad 
connects  with  the  main  line  of  the  .\tchison, 
Topeka  &  Santa  Fe  Railroad. 

Twenty-four  holes  having  an  average  depth 
of  258  ft.  were  drilled  within  a  radius  of  1,100 
ft.  to  prospect  the  extension  of  the  present 
orebodies,  which  dip  gently  to  the  north.  A 
Star  rig  No.  23  was  used,  and  holes  were 
drilled  with  an  8V4-in.  bit  and  2!,4-in.  manila 
drill  cable.  When  casing  was  required  the 
hole  was  continued  with  a  6-in.  bit.  The  work 
was  done  by  two  drilling  crews,  each  consist- 
ing of  a  driller  and  a  helper.  On  days  when 
it  was  necessary  to  move  the  rig,  both  crews 
assisted.  The  driller  received  $6  a  dav  and 
his  helper  $4.80. 

An  average  of  the  formation  passed  through 
consisted  of: 

Wash    formation,    ft 21 

Trachyte    porphyry,    ft 210 

Kaolinized  hanging  wall,   ft 4 

Ore    zone,    ft 18 

Quai'tz-monzonite    foot    w'all,    ft o 

25  S 

No  difficulty  was  encountered  in  drilling 
these  formations,  although  the  hanging-wall 
material  was  sticky  and  the  hard-ore  zone 
necessitated  sharpening  the  bit  about  every 
6  feet. 

The  topography  is  mild  within  the  radius 
drilled.  The  weather  is  hot  in  summer  and 
the  country  arid,  the  water-supply  being  ob- 
tained at  Ludlow  for  $1.50  per  1,000  gals.  Coal 
costs  $8.15  per  ton  delivered  at  the  mine. 

These  holes  required  45  lbs.  of  coal  and  21.6 
.gals,  of  water  per  foot  drilled.  The  costs  do 
not  include  those  for  moving  the  rig  for  drill- 
hole set-ups,  which  amounted  to  $215  for  coal 
and  water  and  $203  for  labor.  The  accom- 
panying table  gives  the  distribution  of  time  in 
the  drilling  operations : 
Total  possible  drillil^  hours — 3,092. 

Hr.  %. 

Actual   drilling    2,626         34.93 

Casing    59  1.91 

Removing   casing    34  1.10 

Repairing    drilling    machine    and 

rope     141  4.56 

Fishing    for   tools 19  0.61 

Unforeseen   delays    213  6.S9 

3,092       100.00 
(Moving  the  rig  for  set-ups  took  in  all  527  hrs.) 

The  cost  of  drilling  the  24  holes  was  di- 
vided as  follows : 

Pet. 

Item.                                                        Per  ft.  total. 

Fuel,   coal    $0.]S3  17.55 

Oil  and   grease 0.007  0.66 

Firebrick     ■ 0.007  0.66 

Labor    0.59S  57.31 

Cable     0.111  10.62 

Water     0.054  5.20 

Coke     O.OIG  1.59 

Repair  parts  and   tools 0.042  3.99 

Unclassified     • 0.025  2.42 

Totals     $1,043       lOO.OO 

Wells  Nos.  1  and  2,  total  footage  drilled 
811.  having  an  average  depth  of  405  ft.,  were 
drilled  for  a  water-supply  for  milling  and  do- 
mestic purposes,  and  were  located  about  5.5 
miles  east  of  the  mine.  The  formation  passed 
through  consisted  of  wash,  fine  sand  and 
clays.  The  costs  and  time  distribution  were 
as  shown : 
Total  possible   drilling   hours — 703. 

Hr.  %. 

Actual    drilling    444         63.16 

Casing    78         11.10 

Repairing  drilling  machine  and  rope    81        11.52 

Fishing  for  tools 58  8.25 

Unforeseen    delays    •  42  5.97 

703       100.00 
(Moving  the  rig  for  set-uPs  took  in  all  149  hrs.) 


These  holes  required  til  lli.  of  coal  and  22.5 
gal.  of  water  per  foot  drilled.  Moving  the 
rig  for  drill-hole  set-ups  cost  $51  for  coal  and 
water  and  $192  for  labor  in  addition  to  the 
above  figures. 

The  higher  per-foot  cost,  in  comparison 
with  holes  Nos.  1-24,  was  due  to  the  necessity 
of  casing  both  the  wells,  while  the  distance 
from  supplies  and  shops  added  to  the  cost  in 
the  form  of  teaming  and  repairs,  respectively. 

The  cost  of  drilling  wells  1  ..nd  2  was  di- 
vided as  follows : 

Pet. 

Item.  Per  ft.       total. 

Fuel,    coal    $0,250         11.94 

Oil    and    gre'ase 0.013  0.51 

Teaming    .-. '.   0.505         24.14 

Labor    0.952         45.47 

Cable     0.194  9.28 

Water     0.057  2.71 

Coke     0.016  0.77 

Repair  parts  and  tools  0.084  4.01 

Unclassified    0.022  l.O'l 

Totals     $2,093.     100.00 

Well  No.  3,  total  footage  drilled  572.  was 
drilled  on  the  southern  edge  of  a  dry  lake  7.8 
miles  north  of  Ludlow,  Cal.,  and  a  short  dis- 
tance west  of  the  Tonopah  &  Tidewater  R.  R. 
Drilling  was  carried  on  under  difficult  condi- 
tions. The  excessive  heat,  accompanied  by 
high  wind.s,  partly  accounts  for  the  high  labor 
charges  noted  below.  One  drilling  crew  was 
used.  Eight-inch  pipe  was  used  to  case  the 
hole,  which  was  necessitated  by  caving,  caused 
by  the  encountering  of  salt  water  flows  in  the 
dark  clays. 

The  material  drilled  consisted  of: 

Wash    formation,    ft 70 

Yellow   clay,   ft 180 

Dark,    sticky   clays,    ft 322 

572 
Tlie  sticky  clays  made  the  progress  slow 
and  added  to  the  water  costs.  Boulders  also 
caused  troubles  and  delays.  Water  was  de- 
livered to  a  point  near  the  well  by  the  T.  & 
T.  R.  R.  for  $2.50  per  1,000  gallons.  This  hole 
required  100  lb.  of  coal  and  (51  gal.  of  water 
per  foot  drilled,  the  latter  including  the  water 
used  for  the  domestic  purposes  of  two  drillers 
for  95  days.     The  pipe  was  not  recovered. 

The  cost  of  drilling  well  3  was  divided  as 
follows : 

Pet. 
Item.  Per  ft.       total. 

Fuel,  coal   $0,407  9.26 

Oil   and    grease 0.005  0.11 

Firebrick     0.011  0.2-t 

Labor    1.998         45.41 

Cable    0.386  S.Sl 

Water 0.174  3.95 

Coke     0.023  0.55 

Repair  parts  and   tools 0.065  1.4.S 

Teaming 0.294  6.71 

Pipe     1.030         23.43 

Unclassified    . . .' 0.002  0.05 

Totals     $4,395       100.00 

While  the  preceding  costs  seem  high,  Mr. 
Palmer  reports  that  they  may  be  taken  as  a 
fair  average  by  those  contemplating  drilling 
similar  footages  under  the  trving  conditions 
of  an  arid  country.  Sand  storms  greatly  hin- 
dered work  on  well  No.  3  and  excessive  heat 
at  night  made  sleep  difficult.  This  decreased 
the  efficiency  of  the  drillers  and  is  partly  re- 
sponsible for  the  high  labor  charges.  .-Vn  un- 
avoidable loss  of  time  resulted  from  these  cir- 
cumstances which  had  a  corresponding  eff^ect 
of  increasing  the  water  and  fuel  costs.  Wells 
Nos.  1  and  2  were  drilled  under  more  suitable 
conditions  than  well  No.  3.  although  far  from 
satisfactory  for  efficient  labor  returns.  As 
all  drill  and  domestic  supplies  had  to  be  car- 
ried a  distance  of  5.5  miles  over  'heavy  roads, 
teaming  charges  were  high.  Conditions  were 
more  satisfactorv  for  low  costs  while  drilling 
holes  Nos.  1  to  24  inc.  Repair  shops  were  at 
hand  and  living  conditions  were  excellent. 
Boulders  encountered  in  the  wash  formation 
retarded,  however,  the  work;  also  drilling 
the  hard-ore  zone  and  monzonite,  and  often 
portions  of  the  trachyte  was  very  slow,  which 
especially  increased  the  fuel  and  labor  charges. 

Mia))ii  Coffer  Co. — Records  of  this  Arizona 
mine  for  some  five  years  as  given  by  H.  P. 
Bowen  include  about  44,500  ft.  of  churn  drill- 
ing, consisting  of  73  holes  of  an  average  depth 
of  605  ft.  In  this  work  two  No.  23  Star  trac- 
tion machines,  equipped  with  No.  24  boilers 
and     derricks,     were     used.     All     holes     were 


started  with  a  10-in.  bit  and  in  a  few  cases  it 
was  necessary  to  use  the  4^/4-in.  tools  to  reach 
the  desired  depth.  Two-inch  manila  rope  was 
used  in  starting  and  this  was  replaced  b\ 
%-in.  steel  drilling  cable  when  water  was  en- 
countered, which  occurred  usually  at  from 
.300  to  400  ft.  One-half  of  the  holes  wen 
drilled  at  the  corners  of  200-ft.  squares  and 
the  others  on  400-ft.  squares.  The  drillin;j 
was  divided  into  two  18-month  periods,  in 
each  of  which  a  nearly  equal  footage  wa< 
drilled  and  the  follov.-ing  scales  of  wages 
paid : 

1st  period.    2nd  perioJ. 

12-hr.  shift.  S-hr.  shift. 

Foreman,    per    month $200.00  $200  00 

Samplers,    per   month 100.00  100.00 

Drillers,  per  shift 6.00         -         5.00 

Helpers,  per  shift 4.80  4.00 

9-hr.  shift.  S-hr.  shift. 

Laborers,   per   shift $2.00  $2.15 

Machinisrs,  per  shift 4.25  4.25 

Carpentei-s,   per  shift 4.25  4.25 

Blacksmiths,  per  shift 4.25  4.25 

After  the  completion  of  the  second  drilling 
period,  all  tools,  casing  and  repair  parts  were 
collected,  repaired  and  stored.  The  drills  were 
taken  down  and  rebuilt  on  new  frames,  new 
parts  being  used  where  necessary,  new'  tubes 
were  placed  in  the  boilers  and  the  engines 
lined  up.  The  machines  were  then  housed-in, 
giving  practically  two  new  machines.  Be- 
sides ordinary  running  expenses,  the  accom- 
panying statements  include  the  original  cost 
of  the  machines  and  the  cost  of  rebuilding 
them,  the  cost  of  all  repair  parts,  tools,  and 
casing  charged  out  to  churn  drilling,  whether 
actually  used  or  not,  the  cost  of  two  build- 
ings, one  for  churn-drill  supplies  and  the 
other  in  which  the  drills  were  stored.  No 
credit  has  been  allow^ed  for  the  value  of  the 
rebuilt  machines  nor  for  the  still  seniceable 
tools,  casing  and  supplies.  The  drilling  cost 
of  the  two  periods  dift'ered  but  slightly,  the 
most  noticeable  variance  being  in  the  cost  of 
repair  parts  which  changed  from  Ic  per  ft. 
for  the  first  period  to  over  5c.  per  ft.  for  the 
second. 

COSTS  OF  DRILLING. 

Item.  Per  ft. 

Churn  drills    $0.S4!i 

Churn  drill   tool.«    0.2037 

Wire  drilling  cable 0  0336 

■Sand    line    0.0080 

Manila    rope    0.059S 

Beltmg     0.0045 

Casing  and   dri\ie  shoes 0.0872 

Repair  parts    0.0316 

Coal  and  coke 0.2835 

Lubricating   oil    and    grease 0.0094 

Iron    and    steel O.0049 

Galvanized   and    corrugated    iron 0.0064 

Bolts,  nuts,  washers,  and  rivets 0.0010 

Timber   .and    lumber 0.0136 

Coal   oil   and   gasoline 0.0059 

Small    tools    0  0019 

'Packing  and  waste 0.0019 

JMiscellaneous     0.0086 

Pipe  and  fittings   0.0015 

Sample    .«acks    0.0203 

Sampler's    supplies    0.0051 

Engineering  supplies    0.0037 

Churn   drill   roads    0.4382 

Water  supply  expense 0.0415 

Foreman     0.1289 

Engineers   and   draftsmen 0.0689 

Samplers    0.1505 

Drillers  and  helpers 0.6460 

Tin   and   plate   shop 0.0131 

Blacksmiths     0.0130 

Machinists     0.01G5 

Carpenters     0.0095 

Miscellaneous   labor    0.013a 

Grinding  and  assaying  samples 0.0394 

Teaming     0.2376 

$2.6976 

Supplv  warehouse    0.0097 

Churn   drill    storehouse 0.0067 

Casing  racks    0.002S 

Rebuilding   machines,    etc 0.0379 

$2.7547 
CHURX   DRILL   ROADS. 

Per  Jt. 

of  hole 

Hem.  ^ri"?^,- 

Explosives    $0.0321 

Tools  and  drill  steel 0.0063 

^Miscellaneous    supplies    0.0017 

Labor 0.3981 

$0.4382 
WATER  SUPPLY. 

Per  ft. 
of  hole 

Item.  "i^'y?-,; 

Galvanizsd   iron    $0.0032 

Pipe  and  fittings 5-5^,° 

Miscellaneous   supplies    O.0013 

Labor     ■   O-OH-* 

$0.0415 
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REBUILDING  AND   REPAIiaNG. 

Item. 

J'oreman    $  157.58 

Drillers  ard  helpers    498.50 

Tinners   and   plate   shop 53.81 

Blacksmiths     24.78 

JJachinists    145.00 

Carpenters     83.G3 

Miscellaneous    labor    41.6o 

Teaming-    199.96 

Repair  parts   415.20 

Iron  and  steel    6.72 

Bolts,  nuts,  washers,  and  rivets 8.46 

Coal  oil  and  g-asoline 17.75 

Small    tools    3.07 

Packing   and    waste    14.27 

Miscellaneous  supplies   9.77 

$1,680.14 


Comparative    Tests    of    Mud    Capping 

and   Block-Holing  for   Breaking 

Boulders. 

Tests  made  l^y  the  Bureau  of  Alines  give 
data  of  interest  to  contractors  respecting 
boulder-breaking  by  the  faniihar  method  of 
adolie-shots  and   by  block-holing. 

Adobe  shots  were  made  on  two  high-grade 
limestone  lilocks  cut  from  the  same  large 
block  and  weighing  21.5  and  iO.?  lbs.  Each 
block  was  appro-ximately  a  cube,  measuring 
12'/4xl2%xl3  ins.  The  heavier  block  was  se- 
lected for  tests  in  the  air.  It  was  laid  on  two 
6xfi-in.  timbers,  and  on  the  center  of  the  top 


side  a  .50-gram  H4-in.  cartridge  of  the  40  per 
cent  strength  low-freezing  dynamite  was 
placed.  A  No.  G  electric  detonator  was  in- 
serted in  the  cartridge  and  laid  parallel  to  the 
vertical  bedding  planes  of  the  block.  The 
charge  was  then  covered  with  a  3.5-lb.  mud 
cap  consisting  of  30  lbs.  of  dry  tire  clay  mixed 
with  b  lbs.  of  water  and  fired.  The  block  was 
not  shattered  on  top.  but  pieces  were  split  off 
around  the  sides.  The  other  block  was  then 
immersed  in  a  barrel  of  water  having  a  tem- 
perature of  70°  F.  The  water  was  32  ins. 
deep,  there  being  13^4  ins.  of  water  above  the 
block.  The  charge  was  the  same  as  in  the 
previous  trial  except  that  no  mud  cap  was 
used,  and  the  cliarge  was  coated  with  paraffin 
in  order  to  protect  it  from  absorbing  water. 
On  firing  no  apparent  damage  was  done  to  the 
block  and  no  cracks  were  visible.  This  trial 
was  then  repeated  on  the  same  block  immersed 
in  water  with  a  charge  of  100  grams.  This 
greater  charge  did  not  break  up  the  block  as 
much  as  did  the  .50-gram  charge  when  the 
block  was  in  air  only. 

Other  similar  tests  confirming  in  every  par- 
ticular these  tests,  and  again  the  confining 
effect  of  the  surrounding  material  was  shown. 
The  above  experimental  proof  is  presented  as 
a  confirmation  of  practical  experience  that 
submarine  blasting  requires  larger  charges  to 
disrupt  a  given  amount  of  material  than  open 
work  on  similar  materials.    - 


Block-hole  tests  were  made  on  two  similar 
high-grade  limestone  blocks  cut  from  the  same 
large  block  and  w-eighing  198  and  20.5  lbs.  A 
hole  1  in.  in  diameter  and  6  ins.  deep  was 
drilled  from  the  center  of  one  side  to  the 
center  of  the  block.  Each  was  charged  with  .5 
grams  of  the  40  per  cent  strength  low-freezing 
dynamite.  A  No.  G  electric  detonator  was 
used.  The  bore  hole  was  filled  with  water  in 
each  case.  The  198-lb.  block  was  fired  in  air 
and  the  20.5-lb.  block  was  suspended  in  a 
barrel  of  water  in  the  same  manner  as  in  the 
previous  tests.  Both  blocks  were  broken.  The 
following  itabulation  shows  comparative  re- 
sults : 

COMPARATIVE  RESULTS  OF  ADOBE  SHOTS 
ON  LIMESTONE   BLOCKS. 
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In   air 50         215 

In     water.  *100         203 

♦After  firing  a  50-gram  charge. 

COMPARATIVE    RESULTS    OF   BLOCK-HOLE 
TESTS  WITH  LIMESTONE  BLOCKS. 

Grams.  Lbs.       Lbs.  Lbs.      Lbs. 

In   air 5         198  52         15         12.7  7 

Ii:     water...   5         203  59         11         18.2  5 
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Methods  and   Cost  of   Constructing  a 

Rolled   Concrete  Road   in 

Washington. 

This  article  discusses  the  methods  and  cost 
of  constructing  9.-5  miles  of  the  Pacific  High- 
way in  Jackson  County.  Washington.  In  build- 
ing the  road  an  improved  type  of  concrete 
roller  was  used,  hydrafed  lime  added  to  the 
concrete  to  increase  the  density  of  the  pave- 
ment and  facilitate  handling  and  careful  pro- 
vision was  made  to  check  up  the  movement  of 
the  pavement  under  temperature  changes  and 
frost  action.  The  road  connects  the  towns 
of  Central  Point.  Medford,  Phoenix  and  Tal- 
■ent.  The  construction  between  each  town  is 
separately  described.  We  are  indebted  to 
Henry  L.  Bowlby,  state  highway  engineer  of 
Washington,  and  his  last  published  report  for 
the  data  ciiven  in  the  article. 

GR.^DING. 

The  road  from  Central  Point  to  Medford 
was  a  wornout  macadam,  2i^  years  old.  The 
macadam  had  not  been  laid  to  a  regular  grade 
and  numerous  humps  had  to  be  removed  and 
depressions  filled.  The  loosening  of  the  old 
surface  had  to  be  done  with  a  traction  engine 
and  scarifier.  The  haul  was  long  in  many 
places.  As  it  was  necessary  in  sections  to  scar- 
ify only  the  crown,  the  use  of  the  scarifier  was 
not  always  practical,  and  hand  picks  were  used 
for  a  large  part  of  the  work.  On  the  three 
right-angle  curves  the  new  roadway  left  the 
old  alignment  entirely  in  easing  off  to  a  200-ft. 
radius.  Throughout  the  entire  distance,  the  old 
road  liad  been  graded  up  quite  high,  leaving 
ditches  on  each  side,  but  the  roadbed  was  not 
of  sufficient  widtli.  It  was  necessary  to  borrow 
dirt  wherever  it  cnuld  be  obtained  to  widen  the 
shoulders  to  make  a  total  width  of  roadwav 
of  24  ft. 

On  the  Medford-Talent  section,  the  road  had 
been  graded  and  a  strip  of  crushed  rock  laid 
most  of  the  distance  varying  in  width  from 
8  to  12  ft.  There  had  been  no  attempt  to  make 
an  e\en  grade.  Tn  many  places  the  crown  was 
high  and  narrow  and  had  to  be  graded  down. 
The  shoulders  had  to  he  widened  the  entire 
distance.  In  all  places,  excciH  where  the  fills 
were  large,  the  shoulders  were  made  S  ft.  wide 
on  each  side,  to  allow  teams  to  travel  on  an 
earth  road  if  desired.  This  provides  a  32- ft. 
roadway. 

The  cost  of  grading   from   Central   Point  to 


Talent,  16.581  cu.  yds.,  was  $14,324.00,  or  80  cts. 
per  cubic  yard,  or  $1,510.00  per  mile. 

The  high  cost  of  the  grading  was  due  to  the 
fact  that  the  amount  taken  off  from  the 
surface  of  the  road  was  very  light  and  exceed- 
ingly hard. 

CONSTRUCTION      METHODS      ON      CENTR.VL      POINT- 
MEDFORD    SECTION. 

The  first  pavement  laid  was  that  between 
Central  Point  city  limits  and  jVIedford,  a  dis- 
tance of  three  miles.  This  road  had  been 
macadamized  three  years  before  at  a  cost  of 
$12,000.00  per  mile,  and  had  coinpletely  gone 
to  pieces.  However,  it  was  desired  to  make 
use  of  the  old  macadam  base  as  much  as  possi- 
ble. This  required  a  large  atnount  of  hand 
work  in  scarifying  the  old  surface. 

The  pavement  is  16  ft.  wide,  and  the  depth  of 
concrete  where  the  sub-base  was  solid,  is  no- 
where less  than  4  ins.  at  edges,  and  5  ins.  at 
center,  and  generally  it  is  4%  and  5%  ins.  thick" 


could  be  unloaded  into  the  traction  cars  by 
gravity.  All  granite  was  hauled,  the  ma.ximum 
haul  being  2%  miles,  by  a  Buffalo-Pitts  30-hp. 
traction  engine,  pulling  six  to  seven  cars,  con- 
taining an  average  of  5  cu.  yds.  each. 

The  mixing  was  done  with  a  standard  Austin 
Cube  %-cu.  yd.  concrete  paving  mixer,  requir- 
ing all  the  material  to  be  shoveled  from  the 
ground  into  wheelbarrows  and  wheeled  to  the 
skip.  An  inspector  was  kept  constantly  at  the 
skip  to  see  that  the  right  number  of  wheelbar- 
row loads,  of  the  right  size,  of  each  kind  of 
material  were  dumped  into  the  skip,  with  the 
correct  amount  of  cement  and  hydrated  lime  to 
form  each  batch.  Each  batch  was  mixed  one 
minute,  or  16  complete  revolutions  of  the  drum, 
and  then  deposited  in  a  turnover  bucket  which 
ran  out  on  a  20-ft.  boom,  and  dumped  in  place 
on  the  road  bed.  The  batches  were  given  a 
a  rather  dry  mix,  and  when  deposited,  spread 
with  hoes  having  a  blade  14  ins.  long  and  2}4 
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),  1.    Standard  Cross  Section  for  Concrete   Roads. 

-This  cross  sprti"-tn  was  iriodilied  as  described  in  the  text. 


at  edge  and  center,  respectively.  It  was  laid  in 
two  courses,  granite  screenings  being  used  as 
aggregate  in  the  top  course. 

The  sub-base  was  graded  to  a  level  section, 
water-soaked  and  rolled.  The  4x4-in.  form 
timbers  were  laid  and  fastened  with  1  l-in.  iron 
pins. 

The  sand  aiul  granite  was  liatded  and 
dmnped  in  piles  upon  the  sub-base  and  the 
cement  piled  alongside.  On  this  3-mile  section, 
the  base  consisted  of  granite  passing  a  1%-in. 
screen,  crushed  creek  gravel  and  sand.  The 
crushed  gravel  and  sand  were  purchased  from 
the  Medford  Concrete  Construction  Company, 
and  hauled  in  wagons  a  maximum  distance  of 
three  miles.  The  granite  was  shipped  via  the 
Southern  Pacific  Railway  from  Tolo  to  Crater 
Lake  Junction,  then  switched  to  a  spur  on 
the  Pacific  &  Eastern  Railway.  The  spur,  built 
by  the  county  forces,  was  graded  up  so  that 
flat  cars  with  Iniilt-up  sides  and  sliding  gates. 


ins.  deep.  When  the  base  had  been  deposited 
for  a  distance  of  20  ft.,  the  Bowlby  roller  made 
one  trip  over  it,  forward  and  back.  The  skip 
was  then  loaded  with  the  top  mixture,  made 
slightly  wetter  than  the  base  but  not  wet 
enough  to  bring  water  to  the  surface  when 
floated  lightly  with  a  wooden  float.  The  top 
layer,  Ihi  ins.  thick,  was  deposited  on  the  base 
concrete  and  rolled  at  once.  The  time  of  ex- 
posure of  base  concrete  before  the  wearing 
surface  covered  it  never  exceeded  ten  minutes. 

CONCRIvTK  ROLI,ER. 

The  roller  used  was  designed  by  H.  L. 
Bowlby  for  the  purpose  of  combining  a  strike- 
off  bo.-ird  and  uniform  tamper.  On  its  forward 
trip  the  roller  carried  a  light  wave  of  concrete 
in  front  of  the  roll,  and  since  the  roll  covers 
the  full  width  of  the  pavement  and  weighs  ap- 
proximately IK'  tons,  it  gave  a  heavy  compres- 
sion to  the  soft  concrete,  which  proved  to  be 
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much  more  uniform  and  more  effective  in  re- 
moving voids  and  making  a  dense  concrete 
than  the  ordinary  tamping  method.  The  crown 
of  the  pavement  is  in  the  roll.  The  roller 
weighs  2  tons  and  is  driven  by  a  12  hp.  gasoline 
engine.  The  roll  makes  50  r.p.m.  to  800  r.p.m. 
of  the  engine  and  is  12  ins.  in  diameter  at  the 
ends  and  16  ft.  long. 


of  the  concrete  was  laid  without  adding  the 
lime.  The  value  of  the  lime  lies,  to  a  small 
extent,  in  the  fineness  of  the  particles  serving 
as  a  filler,  but  the  main  value  fics  in  its  lubri- 
cating properties.  It  is  a  very  noticeable  fact 
that  concrete  containing  hydrated  lime  slips 
and  flows  into  place  much  easier  and  forms  a 
denser  mix  with  less  tamping  than  that  which 


(a)     Details    of    RoIIei. 


(b)     Passin.?   a   .Joint. 
Fig.  2.    The   Bowlby  Concrete   Roller   in    Operation. 


I'kOI'ORTIONING     INGREDIENTS     OF     THE     CONCRETE 
FOR    DENSITY. 

In  laying  this  pavement,  an  absolutely  dense 
mix  was  considered  imperative.  The  roller 
does  its  part  effectively  after  the  concrete  is 
poured,  but  the  more  important  feature  is  to  so 
proportion  the  mi-x  as  to  obtain  maximum 
density.  To  get  this  density,  samples  of  each 
of  the  different  materials  were  shipped  to  Ed- 
wards &  Lazell,   chemical  engineers  of   Port- 


does  not  contain  lime.  When  lime  is  added,  a 
less  amount  of  water  gives  a  greater  plasticity, 
and  therefore  less  danger  of  separation  of  the 
aggregates.  Moveover,  it  is  thought  that  the 
lime  tends  to  hold  moisture  in  the  concrete 
until  the  setting  has  passed  that  stage  where 
loss  of  its  water  due  to  absorption  from  the 
ground  below  can  affect  it. 

h't'cessity  of  Wet  Sub-Base. — In  connection 
with  the  loss  of  water-content,  it  may  be  well 
to  note  that  the  presence  of  much  moisture  in 


TABLE  I.  —  TYPICAL  MONTHLY   SEGREGA- 
TION SHEET  FOR  COST  KEEPING. 
SECTION     "c" — MIXER    NO.     1,     SEPTEMBER,     1914. 

Items  and  Amount.  Cost. 

Sand    and    gravel     (from     Bear 

Creeli),    1,213   yds $    121.30 

Handling  and  hauling 1,155.00 

$  1,270.30 

Sand    (from    Phoenix   plant),    4 

yds 5.44 

No.     0    gravel     (from    Phoenix 

plant),   266   yds 361.49 

Hauling    90.00 

456.93 

Granite — 

Quarry,  790  yds 1,433.00 

Per   cent   of   getting   plant   in 

shape    380.84 

Royalty    '. 197.50 

Freight  and   demurrage 311.00 

Haulin;?    and    handling    (cars 

to  work)    299.'49 

2,621.88 

Cement — 

15,551  sacks  used,   30  spoiled.   8,059.83 

Hauling    422.70 

Hydrate,   103  sacks 75.32 

Hauling    2.58 

Handling    96.56 

Hauling  forward    3.20 

8,660.19 

Pavement — 

Setting  forms   96.63 

Mixing  and  placing 844.99 

Finishing    128.52 

Removing  forms    52.52 

Watching  pavement    172.36 

Covering    and    sprinkling 175.88 

Fencing  pavement    54.11 

Pumping  water    272.49 

Placing  and    removing    water 

pipe    61.40 

Hauling  coal   11.25 

Coal    for   mixer 93.47 

1.963.62 

Sub-grade     1,043.60 

Rolling   labor    85.75 

Rolling    fuel    37.50 

Blacksmithing    43.33 

Shoulder    ^2^Sc 

Cleaning   pavement    38.25 

Side  roads  and  bridges 36.00 

Per  cent  of  Phoenix  spur 56.40 

—     1.534.88 

Total    $16,513.75 

Pavement  laid.  7.167  lin.  ft.,  or  12,741.4  sq.  yds. 
Cost,  $1.29  per  sq.  yd. 


where   the   soils   are   more   porous.    This   was 
noticeable  on  another  section. 

CONCRETE  IMI-XTURES. 

On  the  Central  Point-Medford  section,  the 
proportions  of  different  sized  materials  were 
quite  varied.  -The  base  ranged  from  a  1:.3:1:2 
mix  (1-cement:  3-sand  :  1-granite  passing  a  %- 
screen:  2-granite  passing  a  iVz-ih.  screen  and 
retained  on  %-screen).  a  1:1:3:2;  1:2'.4:1:3; 
1:2:1:4;  and  a  1:2:1:2:2  mix,  in  which  creek 
gravel  was  used  making  up  the  fifth  part  in 
this  proportion.  Creek  gravel  was  the  cheapest 
rock  available. 


Fig.    3.     Method    of    Piling    Aggregate    and     Cement. 


Fig.   4.    View   Showing   General    Method   of    Construction. 


land,  for  testing.  Tests  were  constantly  made 
in  the  field  by  the  inspector,  to  insure  proper 
density.  The  sand  was  likewise  tested  at  in- 
tervals, and  the  tests  showed  results  better 
than  standard  Ottawa  sand. 

Hydrated  Lime. — Hydrated  lime  was  added 
to  each  batch  in  quantities  varying  from  .5  to 
10  per  cent  of  the  weight  of  cement.     A  part 


the  sub-base  proved  to  be  absolutely  essential. 
The  sub-base  was  soaked  before  placing  the 
concrete  in  every  case,  but  there  seemed  to  be 
different  results  when  deposited  upon  different 
soils.  For  example,  a  number  of  long  stretches 
were  laid  without  any  expansion  joints,  and 
upon  those  soils  which  retain  moisture  fewer 
natural    contraction    cracks    are    found    than 


CONSTRUCTION     METHODS    MEDF0R11-T.\LENT 
SECTION. 

The  Med  ford-Phoenix  Section  was  laid  with  i 
Mixer  No.  1,  and  was  similar  to  the  Central 
Point-Medford  section,  except  that  crushed 
creek  gravel  was  used  in  the  base  instead  of 
granite,  due  to  its  lower  cost.  It  also  was  im- 
possible  to    furnish,    for   both   top   and   base, 
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TABLE  11.— SEGREGATION  OF  COST  OF  CONCRETE  PAVEMENT  FROM  CENTRAL  POINT  TO 
TALENT,    JACKSON   COUNTY,    WASHINGTON. 

Pet.  of 
Items  and  amount.  Cost  per  paving 

Cost.        Sub-totals,  sq.  yd.     cost. 

Granite  (f.  o.   b.  Tolo),  S.010.2  cu.  yds $22,357.91 

Freight  on  granite 3,576.00 

Hauling  and   handling  granite 4,811.14 

$  30,745.05     $0.3.''i0       23.4 

Cement  (f.  o.  b.  railroad  spurs),  24,S56'/2  bbls 53,059.8(; 

Hvdrate  (f.  o.  b.  railroad  spurs),  210  tons 3,545.03 

Handling   and    hauling 3,289.69 

59,895.18         .690       45.5 

.-;:!nd  and  gravel,   10,646   cu.   yds 6,924.03 

7,724.03 

14,648,06  .166       11.1 

Paving  (labor),  87,951.8  .sq.  yds 15,292.67 

Superintendence   1,020.97 

16,313.64         .185       12.4 

Warehouse  (on  P.  &.  E.) 344.07 

344.07         .004         0.3 

Phoenix  spur  (railroad) 351.70 

351.70         .004         0.3 

Depreciation  on  all  machinery,  at  13.1  per  cen' 2,802.50 

Road  machinery  maintenance  and  paving  supplies 2,580.00 

Tools    and    implements 851.53 

6,234.03  .071         4.7 

.'Storing  machinery    144.44 

144.44         .002         0.1 

Telephone    and    telegraph 70.S4  .001         0.1 

70.84         .001         0.1 

$128,747.01     $1,473 

Construction    overhead    2.752.38 

2,752.38         .031         2.1 

Totals    $131,499.39     $1,504     100.0 

This  amount,  $131,499.39.  is  80.7  per  cent  ot  the  total  expenditure  on  the  Central  Point  to 
Talent  Section,   and   also   includes  the  cost  of  all  bridges  and  culverts  from  Talent  to  Ashland  Hlli. 

Note. — The  item  "depreciation  on  all  machinery.  13.1  per  cent."  is  obtained  by  dividing  the 
total  cost  of  non-expendable  equipment  ($21,402.31)  by  the  amount  which  has  been  paid  and 
charged  in  above  cost  data,  out  of  this  amount  ($2,802.50).  See  page  44  for  statement  of  cost  of 
non-expendable  equipment. 

Note. — Cost  per  mile,  $13,842.00,   9.5  miles  constructed. 

87,951.8  sq.  yds. 


.uranite  from  the  Tolo  quarry  after  the  first 
\V2  miles.  From  this  point  the  base  consisted 
(if  inicrushed  gravel,  but  the  tests  proportion- 
ina  for  density  were  taken  often  and  rigidly. 
\  number  of  good  sand  and  gravel  beds  were 
inund  along  the  creek  with  short  hauls. 

Central  Material  Yard  Plan. — The  Phoenix- 
Talent  section  was  built  by  an  entirely  different 


cars  ■24-in.  gage,  running  on  16-lb.,  '21-in.  gage 
portable  track,  made  up  in  1.5-ft.  sections.  Each 
car  carried  three  hoppers  of  12  cu.  ft.  capacity 
each,  and  each  hopper  was  loaded  with  one 
complete  batch  for  the  mixer.  Three  trains  of 
four  cars  each  (12  hoppers)  were  employed, 
one  at  the  mixer  being  unloaded,  another  en- 
route,  and  the  third  being  loaded.    One  20-hp. 


to  be  spread  upon  it  without  sticking.  This 
interval  of  time  varied  with  the  temperature, 
and  the  movement  of  air.  Great  care  was  taken 
to  prevent  the  pavement  from  drying  on  the 
surface  for  even  the  shortest  time,  and  with 
the  extreme  heat  of  July  and  August  it  re- 
quired constant  watching.  It  w'as  kept  wet  day 
and  night  for  eight  days,  and  the  earth  cover 
left  on  for  approximately  30  days,  when  the 
road  was  thrown  open  to  traffic. 

Quarrying. — The  Ray  quarry  at  Tolo  was 
leased  to  secure  stone.  This  plant  was  in  ex- 
tremely poor  condition,  and  poorly  designed, 
which  caused  a  great  deal  of  preliminary  work 
before  crushing  started.  For  the  granite  wear- 
ing surface  it  was  decided  to  crush  the  rock  to 
pass  a  %-in.  screen,  and  it  was  impossible  to 
obtain  a  large  enough  proportion  of  %-in.  to 
sand  material  with  the  old  crushers.  The  plant 
consisted  of  two  Gates  gyratory  crushers,  a 
TJ4  K  and  a  No.  6.  There  was  not  quarry  face 
available  to  keep  even  one  crusher  running 
steadily  and  the  product  from  both  was  too 
large.  Crushing  rolls  were  installed  to  re-crush 
the  oversize,  and  by  numerous  changes  and 
constant  repairing,  the  plant  furnished  enough 
material  for  the  topping  to  keep  the  mixers 
working.  This  required  a  large  amount  of  two- 
shift  work.  The  repair  work  was  done  after 
hours  whenever  possible. 

The  quarry  itself  was  decidedly  run  down. 
The  over-burden  to  be  removed  was  a  large 
item.  These  difficulties,  coupled  with  the  in- 
herent poor  crushing  qualities  of  granite,  help 
to  account  for  the  high  cost  of  the  granite 
chips  used  in  the  wearing  surface. 

KEEPING    R0.\D   CLOSED. 

Great  difficulty  was  experienced  at  the  be- 
ginning, especially  on  the  Medford  to  Central 
Point  section,  in  keeping  traflSc  off  the  road. 
It  became  necessary  to  build  a  smooth-wire 
fence  along  both  sides  of  the  pavement  for  the 
entire  distance,  and  maintain  it  until  the  pave- 


Fig.  5.     A  Type  of  Concrete   Bridge  Constructed — Span  24  Ft. 


^io.  6.    Finished  Surface,  Shoulders  and  Cul  vert   Near  Phoenix. 


method.  To  avoid  dumping  the  material  on  the 
irround,  and  then  having  to  pick  it  up  again,  the 
'  iiitral  material  yard  plan  was  adopted.  In 
.iicordance  with  this  plan,  a  gravel  and  sand 
bar  on  the  creek  was  selected  at  a  point  con- 
venient to  the  road.  The  gravel  bar  and  a  5- 
acre  lot  lying  between  the  creek  and  the  road 
was  rented.  A  Bagley  scraper  1%  cu.  yds. 
capacity,  with  oOO  ft.  of  1-in.  cable,  a  No.  10 
Western  jaw  crusher,  rotary  screen,  and  00-hp. 
motor  were  installed.  The  sand  and  two  sizes 
of  crushed  gravel  were  screened  into  bins  of 
10  cu.  yds.  capacity  each.  From  these  bins  the 
material  was  hauled  by  road  train  to  piles  300 
ft.  distant,  located  about  the  hoist.  Besides  the 
outfit  mentioned,  a  cement  warehouse,  capacity 
l.-Wu  barrels,  was  built,  and  a  set  of  loading 
bunkers  of  10  cu.  yds.  capacity  each  were 
placed  against  the  warehouse.  Trap  doors  were 
made  in  the  bottoms,  and  placed  high  enough 
so  tliat  tRe  dump  cars  could  run  under  the 
bunkers  and  be  loaded  by  gravity.  The  Brown 
hoist  30-ft.  boom,  and  %-yd.  clamshell  bucket, 
kept  the  bins  full  from  the  piles  .surrounding  it. 
The  granite  for  the  wearing  surface  and 
cement  was  hauled  to  the  warehouse  from  the 
railway  %  mile  distant. 

Industrial  Railway. — The  aggregates,  pro- 
portioned in  batch  quantities,  were  hauled  from 
the  material  yard  to  the  mixer  on  tno  road, 
by  the  trainload,  consisting  of  special  Koppel 


gasoline  Milwaukee  locomotive  furnished  the 
traction  power.  The  cars  were  run  alongside 
the  mixer,  the  hopper  picked  up  by  the  auto- 
matic traveling  crane  on  the  mixer  and  dumped 
into  the  charging  hopper  above  the  cube. 

The  mixing  and  placing  on  this  section  was 
similar  to  that  on  previously  described  work. 
.'\11  pavement  was  covered  with  canvas  and 
kept  wet  by  the  liberal  use  of  water  until  it 
became  sufficiently  set  to  allow  earth  or  sand 


ment  was  opened  to  traftic.  Also,  watchmen 
had  to  be  posted  at  the  ends  of  the  pavement 
to  prevent  the  fence  from  being  broken  down. 
The  great  majority  of  the  people  were  law- 
abiding,  and  in  sympathy  with  the  efforts  made 
to  protect  the  pavement. 

CAP.\CITY  OF   MIXERS. 

The  economical  capacity  of  the  central  ma- 
terial yard  outfit  was  approximately  340  ft.  of 
16-ft.  pavement  G  ins.  thick,  or  600  sq.  yds.  per 


TABLE  HI.— SEGREGATION  OF  ALL  COST  OTHER  THAN  PAVING  COST  ON  THE  CENTRAL 

POINT-TALENT  ROAD. 

Pet.  of 
Items.  Cost  per   total 

Cost.        Sub-totals,  sq.  yd.     cost. 

Culverts,  labor  and  material $  4,424.79 

Wagner  Creek  bridge,  labor  and  material 1.914.27 

$  6.369.06  3.9 

♦Grading  (labor).  16.581  cu.  yds 9,611.26 

Grading,  tools  and  implements 500.00 

Grading,  supplies  1,048.38 

11,159.64  1  [6.8 

Sub-grade   (labor)    6,572.91  \    $0.86     < 

6.572.91  J  [4.0 

Shoulders   (labor)    3,164.36 

3.164.36  1.9 

Engineering,  preliminary  and  location,  paid  by  county  war- 
rants      407.94 

Engineering  location  180.98 

Engineering  construction   1,952.99 

Inspection    1.818.37 

4.360.28  2.7 

Total    $  31,626.25 

•The  cost  of  grading  and  subgrade  together  was  $1,570  a  mile,  or  86  cts.  a  cu.  yd. 
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8-hr.  day,  while  tliat  for  Mixer  No.  1  was 
approximately  400  Hn.  ft.  of  16-ft.  pavement 
6  ins.  thick,  or  710  sq.  yds.  per  8-hr.  day.  A 
smaller  crew  was  required  to  run  the  outfit  on 
the  central  material  yard  plan. 

KECORnS    AND    COST    DATA. 

Tlirougliout  this  entire  work  exact  records 
were  kept  of  the  amount  done  per  day,  where 


BRIDGE  INSPECTION  CARD. 


Name  of  Bridge 

Name  of  Stream 

Township Section 

Span Roadway Type . 

When  Built Built  by 

Inspected 

Remarks  


Fig.    1.     Bridge    Inspection    Card. 

done,  composed  of  what  material,  and  under 
what  conditions  the  work  was  done.  The  fol- 
lowing is  a  copy  of  a  page  of  the  record. 

SECTION  C— MIXER  NO.  1— JULY  14,  1914. 
Mixtures  used — ■ 
Surface,   1:1:2. 
Base,   1:2:2:4. 
Cement  used.   6G0  saclis. 
Hydrates  used,   43  sacks. 
Feet  laid,   345;   Station  568  pius  23   to  564   plus 

78. 
Total  feet  laid  to  date,  1,128,  on  Section  C. 

Cover  good;  with  sand,  7-15-14. 
Expansion  Joints,  30  feet  rubberized  felt. 
Temperature: 

8:00  o'clock  a.  m.,  66,  minimum. 

12:00  o'clock  m.,  84. 
5:00  o'clock  p.   m.,  90,  maximum. 


---Road.   OutfitNo Date -191-- 

Twp.    Sec Length Width 

ROAD  OUTFIT  DAILY  REPORT 


KIND  OF  WORK 

HOURS  mu 

COST 

Ffom 
To 

Scarifying- 

Qrading 



Rolling    -.    - 

Tt.mi 

Eitn  Meo 

^preadins  Stone.. 

Teanif 

Illfrowing  Slone  . 
RoUinl-.. 

Eiln  Men 



Team! 

Hauling  Blodef   .. 

Eitn  Men 

Spreading  Binder. 

Team  and  Man 

RoUinJ 

Slone. 
Yds. 

Material  Rec'd 

Screenings.         Gravel. 
Yds.              Yds. 

Price 

Price  of  Teams  per  day Men  per  day . 

Gasoline  used gal.  On  hand .  gal. 

Supplies  Rec'd . 

Remarks. 


Signed 


Fig.  3. 


Daily    Report   Postcard   for   a    Road 
Gang. 


Remarks — 

Colt  tracks  on  pavement  at  Station  566  plii.s 
00  to  566  plus  10. 

Four  sacks  cement  saved  by  shaking  the  emp- 
ty bags. 

River  gravel  varied  today  more  than  usual. 

Monthly  segregation  of  costs  were  kept, 
showing  in  detail  the  items  of  expense  cover- 
ing all  branches  of  the  work  entering  into  the 
cost  of  the  pavement.  Table  I  is  a  sample  page 
of  a  monthly  segregation   sheet. 


The  segregation  of  the  cost  data  in  Table  II 
covers  the  total  expenditure  in  connection  with 
the  pavement.  The  items  segregated  so  as  to 
show  the  cost  of  each  item,  the  cost  per  square 
yard,  and  the  percentage  of  the  total  cost. 

Sindy  of  Wear  and  Contraction. — Concrete 
bench  marks  have  been  set  near  the  edge  of 
the  right-of-way  at  different  places  along  the 
highway  where  conditions  or  materials  were 
changed.  For  example,  where  the  wearing  sur- 
face changed  from  1  :'2  mix  to  a  1  :1  :'2  mix,  a 
bench  mark  was  set  near  the  edge  of  the  right 
of  way  and  elevation  stamped  upon  it.  On  the 
pavement  at  points  ten  feet  each  side  of  the 
expansion  joints,  a  soft  copper  wire  is  set  6 
ins.  from  the  edge  of  the  pavement.  Measuring 
from  this  wire  exact  elevations,  read  to  thou- 
sandths, have  been  taken  every  foot  across  the 
pavement.  The  object  of  the  wire  is  to  locate 
definitely  a  point  which  can  be  found  at  any 
future  time  for  reference  with  respect  both  to 
longitudinal  and  transverse  measurements.  In 
the  years  to  come  it  will  be  possible  and  very 
easy  to  check  the  amount  of  wear  on  the  pavt 
ment  to  within  a  thousandth  of  an  inch.  Hav- 
ing the  two  measuring  points  so  close  together 
and  under  the  same  working  and  traffic  condi- 
tions, but  with  different  materials,  will  make 
it  possible  to  determine  the  merits  of  the  ma- 
terials, mixes,  and  cements  used. 

E.xact  records  of  every  contraction  crack  on 
the  entire  road  have  been  kept.  The  shape, 
dimensions  and  notable  features  are  all  drawn 
to  scale.  Where  e.\pansion  joints  were  used, 
the  sheets  show  little  besides  the  straight  lines, 
but  on  those  sections  of  roadway  where  no  ex- 
pansion joints  w-ere  used,  each  natural  crack  is 
drawn  showing  all  of  its  features.  These 
records  will  be  gone  over  and  additions  made 
in  the  future  to  show  the  yearly  behavior  of 
the  pavement. 
COST  OF  NON-EXPENDABLE  EQUIPMENT. 

Motorcycle   %      115.00 

Brown   hoist    4,600.00 

Engine,    concrete   roller  No.   2 206.00 

Track  and  cars 6,769.20 

Locomotive    2,768.47 

Plant  hoist    1,004.16 

Concrete  roller  No.  2 600.00 

Mixer   No.    2.- 2,302.60 

Locomotive  clutches   10.00 

Per  cent  of  auto 222.05 

Per  cent  mixer  No.  1 1,142.77 

Per    cent    concrete    roller    and    engine  ' 

No.    1    338.63 

Per  cent  steam  pump 45.60 

Water  pipe  876.28 

Screen   for    Phoenix   plant 181.50 

Belt  (not  used)  and  pulleys 220.05 

Total    $21,402.';i 

Note. — For  depreciation  charges,  see  Table  11. 
COMPLETION    OF   WORK. 

Work  was  begun  in  February,  1914,  and  com- 
pleted in  November.  The  pavement  was  in 
perfect  condition  in  December,  1914,  there  be- 
mg  no  more  contraction  cracks  than  were  ex- 
pected, and  absolutely  no  pot  holes  or  failures 
of  the  concrete.  .\\\  construction  was  accom- 
plished by  day  labor  under  the  supervision  of 
the  state  highway  department.  F.  \.  Kittredge 
was  the  district  engineer  in  direct  charge  of 
construction. 


Inspection    and    Cost    Record    System 

Used  on  Road  Work  in  Cook 

County,  Illinois. 

(Staff  Article.) 
Within  the  past  year  the  office  of  county 
superintendent  of  highway  for  each  of  the 
counties  in  the  State  of  Illinois  was  instituted. 
This  officer  is  an  engineer  appointed  bv  the 
.State  Highway  Commission  from  a  list  of 
eligibles  certified  by  the  county  board.  The 
superintendent  is  appointed  for  a  term  of  si.x 
years  and  is  subject  to  removal  for  cause  by 
the  county  board.  His  powers  and  duties  are 
as  follows:  (1)  Prepare  plans,  specifications 
and  estimates  for  all  bridges  built  by  the 
county  and  submit  them  for  approval  to  the 
State  Highway  Commission  before  adoption. 
(2)  Supervise  the  construction  and  mainte- 
nance of  bridges  and  roads  on  which,  the  en- 
tire expense  is  met  by  the  county  or  the 
county  and  township  jointlv.  (3)  Inspect,  re- 
port upon  and  advise  township  officials  with 
regard  to  all  bridges  and  roads  at  least  once 


a  year.  (4)  Supervise  the  repair  of  state  akl 
roads  under  the  direction  of  the  State  High- 
way Commission.  (5)  Keep  a  record  of  all 
contracts  and  purchases  of  material  or  appara- 
tus approved  by  him  in  excess  of  $200.  (6) 
To  serve  as  a  deputy  to  the  State  Highway 
Commission  when  called  upon  by  the  Commis- 
sion. State  aid  roads  are  built,  inspected  and 
maintained    by    the    State    Highway    Commis- 


ROAD  IXSPECTIOX 
Name  of  Road _  . 

No 

C.\RD. 

Township 

Width  between  Fence  lines. 

Type  of  Roadway 

Drainage 

Section. . .'. ! 

1 

Width 

Remarks 

1 

Fig.    2.     Road    Inspection    Card. 

sion,  and  tlie    county    superintendent    has    no 
jurisdiction  over  them. 

The  office  of  Geo.  A.  Quinlan,  superintendent 
of  highways  for  Cook  County,  as  at  present 
organized  consists  of  a  senior  assistant  en- 
gineer and  a  junior  assistant  engineer,  drafts- 
men, inspectors  and  clerical  employes.  Drafts- 
men and  inspectors  are  employed  as  the  work 
in  hand  demands. 

METHOD   OF   INSPECTION    TO    SECCRE   OFFICE    n.\T.\. 

Under  the  system  of  county  and  to.wnship 
road  construction  in  vogue  in  Cook  County 
prior  to  the  appointment  of  the  county  super- 
intendent of  highways  each  township  or  the 
county,    as   the    case    might   be,    employed    an 
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INSPECTOR'S  DAILY  REPORT 
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Stone  1  Rods 

Bridge 
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Con.  of  Work--. 

P.  o. 
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Fig.  4.     Daily   Report   Postcard  for  a  Bridge 
or   Culvert   Gang. 

engineer  only  when  his  services  were  needed. 
The  same  engineer  was  seldom  employed 
many  times  and  records  of  the  location,  design 
and  construction  of  roads  and  bridges  were 
not  made  by  the  county  and  were  scattered 
among  many  engineers  in  private  practice. 
Not  even  an  accurate  map  of  the  roads  in 
the  county  existed. 

It  was  found  necessary  to  go  into  the  field 
and   inspect   and    measure   up   existing   roads. 


March  .5,   1915. 
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culverts  and  bridges  to  obtain  these  records. 
This  work  is  being  accomphshed  as  rapidly  as 
more  important  \vorl<  will  permit.  To  facili- 
tate this  work  and  provide  a  convenient 
means  of  recording  the  information  records 
are  made  on  4xij-in.  cards.  Figs.  1  and  2,  that 
are  filed  in  vertical  cabinet  files. 

A  decimal  system  of  numbering  was  adopted. 
Townships  were  numbered  alphabetically,  1 
standing  for  the  township  beginning  with  A, 
etc.  Point  one  (.1)  was  used  to  designate 
bridges  and  culverts  and  point  two  (.2)  to  des- 
ignate roads.  The  actual  U.  S.  Land  Survey 
section  number  was  used  for  the  section  and 
letters  A,  B^  C,  etc.,  for  the  structure  or  road. 
For  example,  l.llOC  appearing  as  a  card  num- 
ber designated  the  township  beginning  with  A 
and  means  bridge  C  in  section  10  of  that  town- 
ship. 

Bridges  and  Culverts. — A  dimensioned  sketch 
of  tlie  structure,  in  the  case  of  a  culvert  or 
bridge,  is  made  upon  the  reverse  side  of  the 
card.  The  condition  of  the  structure  is  re- 
ported   as    "no    good"    (N.    G.),    "poor,"    or 


drainage  and  general  conditions  are  recorded. 

INSPECTION    OF    RO.-\D   CONSTRUCTION    .\ND   REP.-MR. 

Upon  the  undertaking  of  construction  or  re- 
pair work  by  either  the  township  or  county 
that  is  done  in  accordance  with  plans  pre- 
pared or  approved  by  the  county  superintend- 
ent, whether  on  contract  or  day  labor  work, 
an  inspector  is  immediately  placed  upon  the  job. 
This  inspector  makes  daily  reports  upon  post- 
card forms.  Figure  3  shows  the  type  used  on 
road  work  and  Fig.  4  that  used  on  culvert  and 
bridge  work.  (The  bridge  form  is  the  same 
as  that  used  by  the  State  Highway  Commis- 
sion). These  cards  serve  the  double  purpose 
of  enabling  the  superintendent  to  keep  track  of 
the  movements  of  various  gangs  and  the  prog- 
ress of  the  work  and  also  furnish  data  from 
which  variations  in  daily  cost  of  various  items 
are  secured  immediately  so  that  checks  or  im- 
provements may  be  applied.  The  inspector 
also  keeps  a  cost  record  diary  of  the  standard 
forms  used  by  the  Illinois  Highway  Commis- 
sion on  state  aid  roads  and  from  this  cost  rec- 
ord  the   final  costs   on   the   job   are  computed 
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Fig.   5.      Monthly    Distribution   Card. 


to    routine   work   concerning   which   especially- 
accurate  data  are  desired. 

D..\ILY    COST     SYSTEM 

Data  given  on  the  daily  post  cards  is  trans- 
ferred immediately  to  a  monthly  distribution 
card,  Fig.  ,5.  This  card  is  5x8  in.  in  size  and 
is  a  filing  card.  Labor  distribution  is  made 
on  one  side  and  materials  on  the  other  side. 
At  any  time  should  the  superintendent  desire 
to  know  how  the  cost  of  any  particular  sec- 
tion of  work  is  running  a  summary  is  quickly 
made  and  recorded  on  the  card  shown  in 
Fig.  6. 

We  are  indebted  to  Geo.  A.  Quinlan,  super- 
mtendent  of  highways  for  Cook  County,  Illi- 
nois, for  the  data  from  which  this  article  was 
prepared. 


Estimating  the  Cost  of  Concrete  Roads 

in  Milwaukee  County,  Wisconsin, 

and  Methods  and  Cost  of 

Maintenance. 

[See  Engineering-  and  Contracting.  Mav  13 
1914.    and   December    16.    1914.] 

The  method  of  preparing  estimates  for  con- 
crete road  construction  in  Milwaukee  County, 
Wis,  was  discussed  by  H.  J.  Kuelling,  en- 
gineer for  that  county,  in  a  paper  before  the 
Eleventh  Annual  Convention  of  the  American 
Concrete  Institute.  ;\Iethods  and  cost  of 
maintenance  were  also  discussed. 

CONSTRUCTION. 

The  question,  "What  is  the  cost  per  square 
yard  or  per  mile  of  concrete?"  is  as  easily- 
answered  as,  "What  is  the  cost  of  a  house?" 
One  is  as  definite  as  the  other  for  there  are 
almost  as  many  kinds  of  concrete  roads  as 
there  are  houses,  and  for  each  kind  there  is  a 
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Fig.    6.      Card    Used    In    Segregating    Daily, 
Weekly  or  Monthly  Costs. 


"i^ood"  ;  "no  good"  meaning  immediate  replace- 
ment is  necessary,  "poor"  that  frequent  close 
inspection  is  necessary,  and  "good"  that  the 
structtire  docs  not  need  close  watching.  .-\ 
Iihotograph  is  usually  taken  and  the  print 
pasted  to  the  end  of  the  card. 

Roads. — Road  inspections  arc  made  to  se- 
cure data  for  mapping  and  reference  purposes 
and  to  secure  some  record  of  the  present  con- 
dition of  existing  roads  and  the  pavements 
upon  them,  where  such  pavements  exist.  Ex- 
isting widths  between  fence  lines,  the  type  and 
width   of    surfacing   and   pertinent   data   as   to 


smce  the  data  kept  in  the  diary  is  much  more 
complete  than  that  sent  to  the  superintendent's 
office  on  the  daily  progress  cards. 

The  inspectors  remain  with  the  construction 
gangs  at  all  times  and  act  under  the  direction 
of  the  superintendent  or  his  engineers.  The 
same  system  of  reporting  is  used  on  all  work 
whether  large  or  small,  maintenance,  repair 
or  new  construction.  The  dairy  cost  record, 
however,  is  only  kept  on  work  that  warrants 
the  keeping  of  cost  data  of  great  accuracy  and 
refinement  such  as  a  large  concrete  road  con- 
struction job  and  on  work  of  a  type  dissimilar 


dift'erent  answer,  f'ven  after  the  quality  and 
thickness  of  concrete  to  be  built  has  been  de- 
termined there  are  naturally  many  local  con- 
ditions that  will  have  a  marked  bearing  oii 
the  results:  such  as  lengths  and  kind  of  roads 
available  to  haul  material  over,  facilities  for 
unloading  and  hauling  aggregates  and  cement; 
amount  of  labor  available:  the  necessity  for 
camps ;  the  distance  and  elevation  that  water 
must  be  carried  and  also  its  source ;  the 
availability  of  suitable  aggregates,  whether 
they  must  he  washed,  or  crushed  or  shipped 
by  rail ;  the  weather  conditions  that  are  liable 
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to  exist.  Any  or  several  of  these  conditions 
may  have  a  marked  effect  on  the  cost  of  con- 
struction. Given  answers  to  these  questions 
or  conditions  the  problem  of  figuring  the  cost 
becomes  much  simplified. 

Assuming  the  standard  Wisconsin  state  spec- 
ifications which  call  for  a  1:2:3%  mix  and 
assuming  a  pavement  with  an  average  thick- 
ness of  7  ins.,  I  will  attempt  to  show  j'ou 
in  as  simple  language  as  possible  how  we  ar- 
rive at  our  estimates  of  costs. 

With  an  average  thickness  of  7  ins.  we 
allow  only  5  sq.  yds.  per  cubic  yard  of  con- 
crete allowing  the  extra  inch  as  a  factor  of 
.safety.  With  a  1 :2 :3%.  mix  we  need  approxi- 
mately %  cu.  yd.  of  sand  and  about  0.84  cu. 
yds.  of  aggregate  or  a  total  in  all  of  about 
i%  cu.  yds.  of  material  for  a  cubic  yard  of 
concrete.  No  suitable  material  is  available 
without  shipping  in  by  rail  and  we  find  that 
washed  sand  and  gravel  can  be  laid  down  at 
almost  any  siding  in  the  county  for  $1  per 
cubic  yard  of  sand  or  gravel,  the  sand  to 
weigh  3,000  lbs.  per  cubic  yard  and  the  ag- 
gregate a  little  less,  depending  upon  the  idea 
of  the  dealer.  This  brings  our  sand  and 
gravel  for  a  cubic  yard  of  concrete  to  about 
$1.33,  or  about  27  cts.  per  square  yard  of 
road. 

The  next  problem  encountered  is  unloading 
this  material  into  the  hauling  vehicle.  In  our 
case  nearly  all  has  been  done  by  hand.  Al- 
lowing for  lost  time  due  to  rain,  switching  of 
cars  and  waiting  for  teams  and  figuring  labor 
at  from  $2.25  to  $2.50  per  day  of  ten  hours, 
we  have  a  cost  of  5  cts.  per  square  yard  for 
unloading.  This  may  be  reduced  a  little,  but 
have  found  it  safer  to  not  expect  too  much 
from   shovellers    especially   in   hot   weather. 

The  item  of  hauling  is  the  most  variable 
of  any,  perhaps,  in  the  entire  cost.  The 
length  of  haul,  the  method  of  hauling  and  the 
kind  of  roads  to  haul  over  all  have  a  marked 
bearing  on  the  result.  Also,  possible  weather 
conditions  must  be  taken  into  account  for 
after  a  rain  the  size  of  load  and  number  of 
trips  must  be  materiallv  reduced.  Where  steep 
grades  are  encountered,  extra  teams  must  be 
figured  upon.  Assuming  an  average  haul  of 
2Vi  miles,  a  team  would  average  about  3% 
trips  per  day  under  our  conditions,  or  about  17 
miles  per  10-hour  day  during  the  various 
kinds  of  weather.  At  $6  per  day,  which  we 
often  are  forced  to  pay,  and  assuming  an 
average  of  1%  cu.  yds.  per  load  we  arrive  at 
a  cost  of  $1.35  per  cubic  yard  of  concrete  or 
27  cts.  per  sqvrare  yard  of   road. 

The  mixing  and  placing,  under  which  we 
include  all  labor  connected  with  the  job  such 
as  watchmen,  pumpmen,  smoothing  grade, 
etc.,  will  with  our  labor  conditions  and  al- 
lowing for  lost  time  and  overhead  expenses 
come  to  about  $1  per  cubic  yard  or  20  cts. 
per  square  yard. 

In  case  steel  joints  are  placed  these  will 
come  to  about  2%  cts.  for  the  steel  and  %  ct. 
for  the  felt  when  niaced  .jO  ft.  apart  and  Vi 
in.  in  thickness  of  felt. 

The  cost  of  furnishing  water  is  rather 
uncertain  for  the  amount  of  pipe  necessary 
may  vary  from  one  to  three,  or  even  more, 
miles  per  job.  Assuming  two  miles  of  pipe 
at  a  rental  of  2  cts.  per  foot  for  use  in  plac- 
ing a  road  one  mile  long  we  have  a  water 
cost  of  about  2  cts.  per  square  yard. 

For  carrying  liability  insurance  a  contractor 
must  add  about  1%  cts.  in  our  state.  The  de- 
preciation on  machinery  we  have  found  to  be 
;ibout  Wi  cts.  per  square  yard.  Trimming  up 
the  shoulders  will  require  an  additional  ex- 
penditure of  about  1  ct. 

The  items  as  enumerated  bring  us  to  a  total 
of  87%  cts..  to  which  we  add  a  reasonable 
nrofit  when  figuring  w-hat  a  contractor  should 
bid. 

Since  we  furnish  cement  in  all  cases  we 
add  our  cement  cost  only  after  the  profit 
percentage  has  been  included.  With  cement 
at  $1.14  per  barrel  on  cars  and  20  cts.  per 
barrel  for  cartage,  we  arrive  at  a  cost  of  about 
$2.25  per  cu.  yd.  of  concrete  for  cement  or 
45  cts.  per  square  yard.  This  gives  us  a  total 
of  $1.32  without   a   contractor's   profit,   under 


the  conditions  existing  in  1913.  Work  done 
in  1913  by  force  account  varied  from  $1.30 
to  $1.61,  and  that  done  by  contract  varied 
from  $1.24  to  $1.72,  the  variations  depend- 
ing entirely  upon  the  local  conditions.  In 
1914  with  cement  slightly  higher  but  with 
labor  and  teams  considerably  cheaper,  but 
other  conditions  about  as  in  1913,  the  costs 
in  Milwaukee  countv  varied  from  $1.10  to 
$1.45. 

An  engineer  should  thus  be  able  to  compute 
the  cost  of  the  various  items  in  his  community 
and  separate  the  labor  and  material  into  fairly 
definite  per  cents  for  each  job.  He  will  find 
that  cement  will  vary  the  least  while  hauling 
labor  will  vary  the  most. 

[Editor's  Note:  In  the  discussion  of  this 
paper  in  reply  to  a  question  as  to  the  proper 
percentage  to  allow  for  contractor's  profit 
Mr.  Kuelling  stated  that  he  allowed  15  per 
cent  on  labor  and  a  little  less  on  material.  Con- 
tingencies were  allowed  for  by  estimating  the 
output  of  labor,  such  as  the  number  of  miles 
traveled  per  day  by  a  team,  somewhat  below 
the   average.] 

In  conclusion,  the  cost  of  construction,  I 
repeat,  is  merely  a  guess  unless  all  the  local 
conditions   are   considered. 

M.MNTENANCE. 

The  amount  of  maintenance  will  vary  with 
the  quality  of  concrete  jn  the  road.  In  other 
words,  concrete  that  is  of  uniform  texture 
will  wear  in  a  manner  similar  to  sandstone 
blocks  and  therefore  demand  very  little  main- 
tenance whether  the  aggregate  be  of  hard  or 
fairly  soft  material ;  the  harder  and  tougher 
the  sand  and  stone,  the  longer  the  life  of  the 
pavement.  Where  the  mortar  and  the  aggre- 
gate are  allowed  to  become  separated  when 
the  concrete  is  being  placed,  there  is  certain  to 
be  an  uneven  wearing  of  the  surface  which 
naturally  becomes  more  and  more  pronounced 
as  the  traflSc  pounds,  in  falling  into  or  climb- 
ing out  of  the  depression. 

It  would,  therefore,  seem  that  the  first 
maintenance  required  in  a  concrete  road  is  to 
get  as  uniform  and  tough  an  aggregate  as 
possible  and  then  to  be  sure  that  the  concrete 
is  properly  mixed  and  placed.  In  case  small 
depressions  do  occur  the  time  to  look  after 
them  is  as  soon  as  they  appear.  We  believe 
the  best  method  to  be  about  as  follows : 

The  surface  should  be  first  swept  w'ith  a 
steel  broom  to  loosen  any  dirt;  after  this  the 
spot  should  be  thoroughly  swept  with  fibre 
street  brooms ;  to  remove  the  fine  dust  which 
the  steel  brooms  leave  behind  we  use  ordi- 
nary house  brooms  which  leave  the  surface 
in  fairly  clean  condition.  The  depression  is 
then  covered  with  hot  Tarvia  X  and  covered 
with  coarse  sand  or  screenings  and  opejjed 
to  traffic.  In  case  the  depression  is  of  con- 
siderable depth,  or  what  might  be  called  a 
hole,    I    would    advise    one    of    two   methods. 

The  first  method  (used  in  case  it  is  desired 
to  avoid  delaying  traffic)  is  to  clean  the  de- 
pression as  described,  and  paint  it  with  a  tar 
.\fter  this  bring  the  whole  to  grade  with 
crushed  stone,  being  careful  not  to  have  stone 
as  large  in  size  as  the  depth  of  the  depression. 
Tamp  the  stone  in  place  with  hand  tampers 
or  roll  W'ith  a  roller,  if  one  is  available,  and 
fill  the  voids  with  a  heavy  bituminous  road 
binder,  allowing  about  1  gal.  per  square  yard 
per  inch   in   depth. 

The  second  method  is  to  cut  the  poor 
place  out  entirely  and  after  trimming  the 
liole  and  thoroughly  sprinkling  the  sides,  fill 
with  the  same  mixture  as  was  used  in  the 
original  road,  .^fter  pouring  the  concrete, 
treat  the  same  as  in  reconstruction.  Small 
defects  due  to  balls  of  clay,  sticks  or 
coal  getting  into  the  aggregate  may  be  best 
repaired  the  same  as  described  for  shallow 
depressions.  The  same  is  true  of  battered 
joints  or   cracks  that  may  appear. 

We  consider  it  economy  to  have  a  small 
maintenance  crew  who  go  over  all  the  roads 
in  the  county  once  or  twice  each  year.  Such 
a  crew  consists  of  a  foreman,  one  team,  and 
tour  laborers.  This  crew  will  under  average 
conditions,    in    Milwaukee    county,    cover    all 


the  joints,  cracks  and  small  pits  in  from  one 
to  two   miles  of  18-ft.   road  in  one  day  at  a' 
cost  of  from  $15  to  $30  per  mile  for  labor  and 
material. 

When  it  is  deemed  advisable  to  cover  the 
entire  surface,  the  same  method  of  cleaning 
may  be  followed,  except  that  most  of  the  dirt 
ma}'  be  removed  with  a  power  sweeper  and 
the  tar  applied  with  a  power  sprayer.  After 
the  first  treatment  of  Vi  to  Vs  gal.  of  tar  has 
been  applied,  a  second  may  be  added  in  the 
same  manner  except  that  an  asphalt  may  be 
substituted  for  the  tar  as  it  will  adhere  to 
the  tar  already  placed,  while  it  will  not  ad- 
here to  the  concrete.  We  have  several  pieces 
treated  in  different  manners  as  to  materials 
used  and  are  looking  forward  with  interest 
to   see  their  condition  this  spring. 

Treatment  of  concrete  roads  as  a  whole 
whether  necessitated  by  poor  workmanship, 
defective  materials,  or  freezing  is  considerd 
a  rather  expensive  process  compared  with 
spending  more  in  the  original  cost  and  getting 
a  road  of  a  quality  that  will  not  require  such 
a  coating  for  many  years.  Even  if  a  treat- 
ment will  last  for  two  seasons,  which  is  very 
doubtful  under  conditions  of  heavy  mixed 
traffic,  the  cost  will  come  to  several  hundred 
dollars  per  mile  per  year.  Of  course  such  a 
coating  has  some  advantages  such  as  acting 
as  a  cushion  to  horses,  preventing  wear  on 
the  concrete  itself,  doing  away  with  glare  and 
being  applied  without  delaying  traffic.  On  the 
other  hand  it  makes  the  road  more  slippery 
and  a  little  less  clean.  The  writer  thinks  that 
the  time  is  not  far  distant  when  a  coating  of 
concrete  one  or  more  inches  in  thickness  will 
be  applied  to  a  poorly  built  concrete  road  and 
made  to  stay  there,  thus  giving  an  entirely 
new  wearing  surface. 

In  conclusion,  it  is  believed  that  mainte- 
nance varies  inversely  as  the  quality  and  uni- 
formity of  the  concrete  in  the  road,  not 
arithmetically  but  more  nearly  geometrically, 
due  to  the  uniform  wearing  of  a  uniform  con- 
crete. 


Award  of  E.  H.  Harriman  Gold  Medal. — 

The  E.  H.  Harriman  Memorial  Gold  Medal 
for  the  American  Steam  Railway  making  the 
best  record  in  accident  prevention  and  in- 
dustrial hygiene  aft'ecting  the  public  and  its 
own  personnel  during  the  year  ending  June 
30,  1914.  was  awarded  to  the  New  York  Cen- 
tral Railroad.  The  medal  was  offered  by 
Mrs.  E.  H.  Harriman  to  be  awarded 
through  the  American  Museum  of  Safe- 
ty. The  committee  of  award  consisted  of : 
Mr.  Arthur  Williams,  President  American 
Museum  of  Safety;  Mr.  Samuel  O.  Dunn, 
editor  Railway  Age  Gazette ;  Prof.  Alexander 
C.  Humphreys,  president  Stevens  Institute ; 
Hon.  Chas.  P.  Neil!,  former  U.  S.  Commis- 
sioner of  Labor;  and  Hon.  Edgar  E.  Clarke, 
member  Interstate  Commerce  Commission. 
The  medal  was  received  on  behalf  of  the  rail- 
road by  Mr.  Alfred  H.  Smith,  president. 

The  progressive  steps  taken  in  the  in- 
stallation of  block  signals,  improved  road- 
bed, steel  equipment  and  modern  safety 
devices  were  taken  into  consideration,  as  well 
as  the  actual  record  of  accidents  in  awarding 
the  medal  to  the  New  York  Central.  There  has 
not  been  a  passenger  killed  in  a  train  acci- 
dent on  the  road  in  four  years,  during  which 
time  the  number  of  passengers  actually  car- 
ried on  its  trains  equaled  approximately  twice 
the  entire  population  of  the  United  States. 
Nearly  three  million  freight  and  passenger 
trains  were  operated  day  and  night  in  all 
kinds  of  weather.  During  the  year  ended 
June  30,  1914,  as  compared  with  the  previous 
fiscal  year  there  were  102  fewer  persons  killed 
and  1,068  fewer  persons  injured.  One  of  the 
interesting  features  of  the  road's  record  is  in 
the  efficiency  of  its  employes  as  indicated  by 
surprise  tests  wherein  the  employes  without 
previous  warning  were  tested  as  to  their  ob- 
servance of  signals  set  against  them,  as  to 
flagging,  blowing  whistles  at  grade  crossings, 
speed  restrictions,  etc.  Out  of  -323,892  such 
tests  made  in  the  year  in  only  389  cases  were 
the  employes  deficient,  the  percentage  of  effi- 
ciency being  99.88  per  cent. 
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FOREIGN  TRADE  NOTES 

The  following  foreign  trade  opportunities 
are  listed  by  the  Bureau  of  Foreign  and  Do- 
mestic Commerce.  Where  addresses  are 
omitted  in  the  items  they  may  be  obtained 
from  the  office  of  the  Bureau  at  Washing- 
ton, D.  C,  or  from  the  branch  offices  at  337 
Custom  House,  New  York;  629  Federal 
Bldg.,  Chicago,  111.;  76  Appraiser's  Stores 
Bldg.,  San  Francisco,  Cal.,  and  Association 
of  Commerce  Bldg.,  New  Orleans,  La.  In 
applying  for  addresses  reference  should  be 
made  to  the  file  numbers. 

Electric  Motors,  etc. — Management  ol  cotton 
mill  in  South  America  desire  to  electrify  the 
entire  mill.  It  is  stated  that  plans,  drawings, 
etc.,  of  a  modern  oil-engine  plant  should  be 
submitted.  It  is  explained  that  it  will  require 
about  40  motors  from  4  to  20  HP.  each.  Cor- 
respondence may  be  in  English.  No.  Io,776. 
|l''or  address  see  first  paragraph.] 

Central  Heating  Plants. — Firm  in  Russia 
wishes  to  establish  permanent  commercial  re- 
lations with  American  manufacturers  of  equip- 
ment for  the  installation  of  central  heating 
Iilants.  such  as  regulating  valves,  fittings  for 
joining  pipes,  sectional  boilers,  heating  ap- 
p;iratus  of  stamped  iron,  and  tools  for  con- 
necting pipes,  etc.  No.  15,804.  [For  address 
see  first  paragraph.] 

Machinery,  Wood  Vats. — Business  man  in 
West  Indies  is  about  to  organize  a  company 
with  a  view  to  establishing  a  distillery  and 
wishes  to  get  into  communication  with  manu- 
facturers of  machinery  for  distilling  purposes; 
also  with  manufacturers  of  wood  vats  of  large 
capacity.  No.  15,782.  [For  address  see  first 
paragraph.] 

Water  Meters,  Small  Tools,  etc. — Large  elec- 
trical supply  house  in  South  America  wishes 
to  get  in  touch  with  American  manufacturer 
and"  exporters  of  water  meters,  small  lighting 
sets,  shovels,  hoes  and  small  implements.  No. 
15,784.    [For  address  see  first  paragraph.] 

Railway  Materials,  Ties,  etc. — Representa- 
tive of  a  foreign  Government  is  in  New  York 
City  for  the  purpose  of  purchasing  railway 
supplies,  especially  locomotive  parts,  coaches, 
and  ties.  No.  15,790.  [For  address  see  first 
paragraph.] 

Electric  Railway  Signal  System— Railway 
and  power  company  in  Latin  America  desires 
to  get  into  communication  with  American  firms 
which  may  be  in  a  position  to  supply  electric 
railway  signal  apparatus.  Catalogues  and 
jirices,  etc.,  should  be  sent  at  once.  Corre- 
spondence should  be  conducted  in  English.  No. 
15,793,    [For  address  see  first  paragraph.] 

Pipe  Fittings. — Firm  in  Great  Britain  is  in 
a  position  to  place  large  orders  for  wrought- 
iron  fittings  for  gas,  water,  and  steam  pipes, 
etc.  No.  15,G7fi.  [For  address  see  first  para- 
graph.] 

Street  Cleaning  Machinery. — The  manager  of 
the  street  cleaning  department  of  a  city  in 
Greece  wishes  to  purchase  motor-driven  street- 
cleaning  machinery.  Plans  and  specifications 
mav  be  seen  at  the  Greek  Legation  in  Wash- 
ington, and  arrangements  may  be  made  to 
demonstrate  American  machinery  to  a  repre- 
sentative of  the  Greek  Legation  in  this  coun- 
try. To  deal  with  this  matter  in  Greece  it 
will  be  necessary  to  do  so  through  local  rep- 
resentatives. No.  15,fi88.  [For  address  see  first 
paragraph.] 

Electric  Motor. — Electric  light  company  in 
Mediterranean  city  wishes  to  purchase  100  HP. 
electric  motor.  No.  15,699.  [For  address  sec 
f^rst  paragraph.] 

Centrifugal  Pumps. — European  business  man 
desires  to  represent  American  manufacturers 
of  centrifugal  pumps,  particularly  the  self- 
contained  type,  operating  by  direct  electrical 
current  at  220  volts.  Correspondence  should 
be  in  Spanish.  No.  15,714.  [For  address  sec 
first  paragraph.] 

Concrete  Mixers. — A  firm  in  southern  Eu- 
rope wishes  to  secure  catalogues,  etc.,  on 
concrete  mixers.  It  is  stated  that  a  great 
deal  of  construction  w'ork  is  contemplated.  Cat- 
alogues and  all  correspondence  should  be  in 
Spanish.  No.  15.744.  [For  address  see  first 
p:iragraph.] 

Railwav   Tics. — ^lerchant  in   Neutral   Euro- 


pean country  w-isbes  to  import  railway  ties.  No. 
15,740.     [For  address  see  first  paragraph.] 

Structural  Steel. — .\  firm  in  one  of  the  insu- 
lar possessions  of  a  foreign  country  wishes  to 
establish  commercial  relations  with  American 
manufacturers  and  exporters  of  iron  and  steel 
beams  and  girders.  No.  15,770.  [For  address 
see   first   paragraph.] 


INDUSTRIAL  NOTES 

William  !•■.  (,urley,  nf  the  firm  of  \V.  &  L. 
E.  Gurley,  Troy,  N.  Y.,  died  Feb.  17  at  Atlantic 
City,  N.  J. 

W.  B.  Mallette  has  been  appointed  railroad 
representative  of  the  H.  W.  Johns-Manvillc 
Co.,  at  St.  Louis,  Mo.,  succeeding  John  N. 
Trent,  who  has  been  transferred  to  New  Or- 
leans,  La.,   as  branch  manager. 

The  Lea-Courtenay  Co.,  manufacturers  of 
high  duty  turbine  pumping  machinery,  90  West 
St.,  New  York  City,  which  has  been  repre- 
sented heretofore  in  Chicago  territory  by 
Maher  &  Bryne  Co.,  has  estal)lished  an  office 
of  its  own  in  the  Conway  Bldg.,  Chicago.  Mr. 
Maher  has  resigned  from  the  Maher  &  Byrne 
Co..  and  is  now  associated  with  the  Lea- 
Courtena\'  Co.  as  its  Chicago  mana.ger. 


NEW  CATALOGUES 

Forms. — Paper,  circular,  C-S  Concrete  Form 
Co.,  716  Dwight  Building.  Kansas  City,  Mo. 
Calls   attention   to    C-S    adjustable   concrete 

column    forms    for    use    with    either   beam   or 

mushroom  system.     Illustrated. 

Drawing  Tables. — Paper,  3%x6%  ins.;  8  pp; 

R.   E.   Kidder,   39   Hermon   St.,   Worcester, 

Mass. 

Shows  several  styles  of  Academy  drawing 
tables,  with  brief  descriptions,  dimensions  and 
price  list. 

Nail    Collars. — Paper,    3%x6%    ins. ;    4    pp. 

Wagner-Behm     Company,     20     E.     Jackson 

Blvd.,  Chicago. 

Describes  "Pull-Easy"  nail  collars  for  use 
with  wire  nails  used  in  temporary  scaffolding, 
false  work,  etc.    Illustrated. 

Dump  Wagons. — Paper,  8x11  ins. ;  12  pp.  Peter 
Schuttler  Co.,  22d  and  Rockwell  Sts.,  Chi- 
cago. 

Illustrates,  briefly  describes  and  gives  gen- 
eral specifications  for  several  models  of 
Schuttler  dump  wagons,  and  explains  the  uses 
to  which  each  model  is  particularly  adapted. 

Centrifugal  Pumps. — Paper,  9x6  ins. ;  48  pp. 

Lawrence    Pump   &   Engine   Co.,   Lawrence, 

Mass. 

Catalogue  "C"  showing  a  number  of  stand- 
ard designs  of  Lawrence  "Vortex"  centrifugal 
pumps.  Gives  specifications  for  general  con- 
struction, dimensional  data  for  each  pump 
shown,  and  tables  of  pipe  capacities,  friction 
head,  horse  power,  etc. 
Oxy-Acetylene    Apparatus. — Paper,    6%x9% 

ins.;   20   pp.    The  Imperial  Brass  Mfg.  Co.. 

1200  W.  Harrison  St.,  Chicago. 

Catalogue  No.  Ill,  showing  Imperial  oxy- 
acetylene  welding  and  cutting  apparatus.  De- 
scribes a  number  of  outfits  and  their  particular 
uses,  shows  some  illustrations  of  practical  ap- 
plication in  wrecking  or  construction  work  and 
gives  details  as  to  accessories. 
Road    Machinery. — Paper,    6x9    ins.;    36    pp 

Kinney    Manufacturing    Co.,     104    Boylston 

St.,  Boston,  Mass. 

Describes  and  illustrates  the  Kinney  patent 
heater  and  distributor,  auto  distributor,  motor 
truck,  road  oiling  equipment,  automatic  horse 
draw'n  heater  and  distributor,  auto  street 
flusher,  rotating  plunger  pump,  gas  generating 
heater,  and  other  equipment  for  handling 
bituminous  materials. 


different  states.  We  are  of  the  opinion,  how- 
ever, that  a  law  should  be  passed  requiring 
that  no  one  shall  qualify  as  county  surveyor 
in  this  state  unless  he  is  a  graduate  of  a  rep- 
utable engineering  college  or  has  had  at  least 
fwe  years  of  actual  experience  as  surveyor,  or 
has  completed  all  of  the  surveying  work  in 
some  reputable  engineering  college  and  has 
had  three  years  of  actual  experience  as  a  sur- 
veyor. We  further  recommend  that  the  pay 
of  county  surveyors  be  increased  to  six  dollars 
per  day. 


$10,000,000  of  Track   Elevation  Work 
in  Chicago. 

Aliout  $10,000,000  probably  will  be  expended 
during  the  present  season  by  the  railroads  on 
track  elevation  in  Chicago.  The  expenditure 
last  year  for  work  of  this  kind  in  this  eitv 
was  over  $6,000,000.  The  plans  for  1915.  how'- 
ever.  provide  for  a  great  deal  more  construc- 
tion than  was  undertaken  in  1914.  As  a  result 
it  is  expected  that  about  20.87  miles  of  road 
bed  will  be  improved.  The  schedule  of  track 
elevation  work  planned  by  the  railroads  for 
this  season  includes  the  following ; 

Miles       Miles 
Railroad    and    location.  roadbed,  track. 

B.  &  O.  terminal — Main  line.  Leav- 

itt.  from  39th  to  69th  Sts 3.S0  7.60 

Panhandle  —  Main  line,  Leavitt, 
from  .iOth  to  69th  .Sts 3.80         51.47 

St.  Paul — Bloomingdale  Road,  Ash- 
land to  Lawndale 2.63  T.f.ti 

St.  Paul — J^?\^anston  Division,  Mon- 
trose  to  Howard 1.50  3.'>:i 

Rock  Island  —  Main  line,  76th  to 
90th;  South  Chicag-o  line,  S7th  to 
South  State:  main  line,  S7th  to 
South  Carpenter   l.Sl  7  03 

AVestern    Indiana — Main    line,    71st 

to  State,  S6th  to  Stewart 1.50  S.OO 

Illinois  Central — Main  line,  100th  to 

Kensington    2.00  S.OO 

Illinois  Central  —  Kensington  and 

East,  lllth  to  Kensington 50  1.00 

Waljash— Along  75th  W..  74th  to 
Wood    3. OS         11.44 

Michigan  Central— E.  113th  St.  to 
Kensington    25  .2^, 

It  is  expected  that  construction  on  a  con- 
siderable part  of  this  work  will  be  started 
earlv  this  month. 


Tenders    Asked    for    Moncton,    N.    B., 
Bridge. 

A  bridge  involving  some  difficult  construc- 
tional features  is  now  being  advertised  for 
tenders  by  the  Public  Works  Department  of 
the  Province  of  New  Brunswick.  Canada.  The 
structure  is  to  be  erected  over  the  Petitcodiac 
River,  between  the  city  of  Moncton  and  the 
Parish  of  Coverdale.  The  site  of  the  work 
is  over  a  turbulent  tidal  water  with  some  30 
ft.  extreme  rise  and  fall.  The  bridge  will 
consist  of  one  through  fixed  rivetted  steel 
truss  span  of  355  ft.  from  center  to  center  of 
end  bearings,  and  four  through  fixed  rivetted 
steel  truss  spans  of  261%  ft.  The  substructure 
embraces  the  construction  of  two  masonry 
abutments  and  four  masonry  piers,  the  abut- 
ment ends  retaining  continuous  stone  and  em- 
bankment approaches.  The  roadway  surface 
will  be  some  54  ft.  above  the  river  bed.  The 
superstructure  will  require  2,420,000  lbs.  of 
steel.  Tenders  for  the  bridge  will  be  received 
until  noon,  March  31,  by  John  Morrisey,  Min- 
ister of  Public  Work,   Fredericton,   N.   B. 


Licensing  of  Engineers. — The  Committee 
on  Legislation  of  the  Michigan  Engineering 
Society   has    submitted   the    following   report : 

."^t  the  present  time  we  do  not  think  it  wise 
to  suggest  the  licensing  of  all  engineers.  This 
seems  to  be  in  accordance  with  the  opinion 
of  the  American  Society  of  Civil  Engineers, 
and   most   of   the   practicing   engineers   in   the 


Good  Roads  Convention  to  Meet  in  To- 
ronto.— The  first  general  meeting  in  the 
interest  of  the  good-roads  movement  in 
Canada  was  held  in  Montreal  in  May  last.  The 
convention  proved  so  successful  that  the  Ca- 
nadian and  International  Good  Roads  .'Asso- 
ciation was  organized  to  prosecute  the  w-ork 
regularly.  The  second  convention  of  this  or- 
ganization will  be  held  in  Toronto  March  22- 
26,  1915. 

It  is  announced  that  this  convention  will 
give  much  attention  to  the  plans  for  the  im- 
provement of  the  highways  of  Ontario.  In 
addition  to  the  attendance  of  delegates  from 
all  parts  of  the  Dominion,  it  is  expected  that 
a  number  of  representatives  of  the  good-roads 
organizations  in  the  United  States  will  also 
be  present  at  the  Toronto  meeting. 


CURRENT 


The  past  week  has  shown 
"Phe  Doings     renewed  expansion  in  trade 

and  a  satisfactory  increase 
of  in  industrial  operations.  De- 

,  .,.  ,  \elopments  affecting  con- 
trie  Week.       struction     operations     have 

heen  favorable.  The  excel- 
lent weather  conditions  and  the  prospects  of 
an  early  spring  have  brought  out  much  work. 
.\s  a  result  many  important  undertakings  in 
the  heavy  construction  line  and  building  have 
been  started  in  the  last  few  days.  War  orders 
continue  to  furnish  activitiy  in  many  lines. 
J<ailway  earnings  are  improving  and  the  car- 
riers and  other  large  buyers  are  showing  more 
disposition  to  place  orders.  Rail  buying  dur- 
ing the  past  week  was  light,  orders  for  only 
about  28,6'OU  tons  being  placed,  with  contracts 
for  about  (jM.Ooii  tons  additional  pending.  One 
of  the  largest  railroad  orders  of  the  week  was 
for  4,000  cars  for  the  Chicago,  Bnrling- 
inn  and  Quincy  R.  R.  In  the  con- 
struction tield  the  activity  of  the  past 
three  weeks  has  been  well  maintained.  iVIu- 
nicipalities  are  beginning  to  advertise  their  im- 
provements, and  county  and  state  highway 
commissions  are  getting  ready  for  their  sea- 
son's work.  Bids  were  opened  last  week  on 
several  large  jobs  and  a  number  of  new  under- 
takings of  importance  reached  the  call  for  bids 
stage.  In  the  iron  and  steel  trades  there  has 
been  no  falling  off  from  the  activities  of  the 
last  few  weeks.  It  is  expected  that  operations 
of  the  steel  mills  will  be  further  increased  by 
large  orders  now  being  figured  on.  There  is 
about  litO.OOO  tons  of  structural  orders  now  in 
sight  and  most  of  this  will  probably  be  placed 
this  month.  Grade  crossing  elimination  work 
,it  Indianapolis,  Ind.,  will  require  about  17,000 
tons:  the  Clark  .-Vve.  viaduct  at  Cleveland,  O., 
will  take  about  0,40(1  tons,  and  20,500  tons  will 
be  needed  for  elevated  railroad  work  in  Brook- 
lyn, N.  Y.  Tlic  Iron  Age  prices  for  finished 
iron  and  steel  and  for  sheets,  nails  and  wire 
for  the  week  ending  Feb.  24  were  as  follows : 

Finished    Iron   and   Steel,             Feb.  24.  Feb,  17. 

Per  ib.  to  large  buyer.s.  Cts.  Cts. 

Bess,   -.ails,  heavy,  at  mill....  1.25  1.2ri 

Iron    ".ars,    Philadelphia 1.20  1.20 

Iron  bars,  Pittsburgh 1.10  1.10 

Iron  bars.  Chicago 1.10  1. 071,2 

.'^teel  bars,   Pittsburgh 1.10  1.10 

.^teel  bars,  New^  York 1.269  1.26 

Tanli  r'.ates.   Pittsburgh 1.10  1.10 

Tanl<  i.lates,  Xew  York 1.269  1.26 

Beams,  etc..  Pittsburgh 1.10  1.10 

Beams,    etc..    New   York i.269  1.26 

Skelp,  grooved  steel,  P'gh 1.10  1.10 

Skein,  sheared  steel,  P'gh....  1.15  1.15 

Steel    hoops.    Pittsburgh 1.25  1.20 

Sheets,   Nails  and  Wire, 
Per  !b.  to  large  buyers. 

Sheets,  black.  No.  2S,  P'gh...  l.SO  l.SO 

Galv.  sheets,  No.  2S.  P'gh 3.40  3.25 

Wire  rails.  Pittsburgh 1.60  1.60 

Cut  nails,   Pittsburgh... 1.55  1.55 

Fence    wire,    base,    P'gh..      ..  1.40  1.40 

Barb  v/ire,  galv.,  P'gh Z.OO  2.00 

l-"or  structural  material  f.  o.  b.  Pittsburgh 
The  Iron  Age  prices  were  as  follows:  I-beams, 
.3  to  15  in. ;  channels,  3  to  15  in. ;  angles,  3  to  (! 
in.  on  one  or  both  legs,  Vi  in.  thick  and  over, 
and  tees.  3  in.  and  over,  1.10  cts. 

Railroads. — The  railroads  are  showing  no 
particular  haste  in  placing  construction  under- 
takings in  the  hands  of  contractors.^  No  devel- 
opments of  particular  importance  in  this  line 
appear  to  have  taken  place  during  the  past 
week.  The  Southern  R.  R.  is  understood  to 
have  some  double  track  work  on  its  Charlotte 
division  tliat  will  be  let  soon.  There  also  arc 
several  other  improvements  on  other  roads  that 
it  is  rumored  contractors  are  now  figuring  on. 

Roads  and  Streets. — Several  good-sized 
county  highw;i.\  jobs  came  up  for  advertising 
during  the  i)ast  week:  Milwaukee  Coiuity.  Wis- 
consin, opens  proposals  March  5  on  03,900  sq. 
vds.  of  concrete  paving  and  33,000  sq.  yds.  of 
sheet  asphalt :  the  county  commissioners  at 
bindlay.  O.,  are  asking  bids  on  24  miles  of 
waterbound  macadam,  the  first  letting  of  work 
to  cost  $.'fiiil.iiOfi;  the  countv  auditor  at  Bluffton, 
Ind.,  is  asking  l)ids  on  gravel  and  stone  roads 
to  cost  $03,000.  The  State  Roads  Conunission 
of  Maryland  opens  proposals  March   10  on  3 


nnles  of  concrete  roadway  and  for  oiling  475 
miles  of  highway  requiring  about  1,278,1100  gals, 
of  oil.  The  State  Highwav  Department  of 
Louisiana  is  asking  proposals  for  20  miles  of 
road  in  St.  Tammany  Parish.  Philadelphia, 
Pa.,  opens  bids  !March  16  for  an  improvement 
of  the  Parkwa}-  from  19th  St.  to  22nd  St.,  an 
undertaking  that  calls  for  an  expenditure  of 
several  hundred  thousand  dollars.  Other  mu- 
nicipal paving  work  includes  23,000  sq.  yds.  for 
Vincennes,  Ind. ;  12,000  sq.  yds.  for  Kinston, 
N.  C. ;  27,100  sq.  yds.  asphaltic  concrete  or 
concrete  for  Clarinda,  la. ;  a  large  amount  of 
asphaltic  concrete  for  Cedar  Rapids.  la.,  and 
the  repaving  of  23  streets  for  Bayonne,  N.  J. 
Illinois  awarded  contracts  for  four  sections  of 
concrete,  one  of  brick  and  one  of  gravel ;  Mil- 
waukee County,  Wisconsin,  let  contracts  for 
over  09,000  sq.  yds.  of  concrete  paving;  Mason 
City,  la.,  awarded  70,000  sq.  yds.  of  asphalt 
pavement. 

Bridges. — The  principal  development  of 
the  past  week  in  the  bridge  tield  was  in  the 
opening  of  bids  for  the  construction  of  the 
$1,750,000  interstate  bridge  at  Portland,  Ore. 
■The  Pacific  Bridge  Co.,  Portland,  is  reported 
to  be  low  bidder  on  the  superstructure,  and 
the  Graff  Construction  Co.,  Seattle,  low^  bidder 
on  the  concrete  substructure.  The  Cumberland 
Valley  R.  R.  is  reported  to  be  taking  bids  for 
its  $7.50,000  bridge  over  the  Susquehanna  River 
at  Harrisburg,  Pa.  The  Minister  of  Public 
Works  of  New  Brunsw'ick  is  asking  tenders 
until  March  31  for  a  bridge  over  the  Petitco- 
diac  River  at  jMoncton,  that  will  require  2.321,- 
oiMi  lbs.  of  structural  steel.  Bids  are  being 
asked  by  the  county  clerk  at  Billings,  Mont., 
for  two  fair  sized  bridges  to  be  erected  over 
the  Yellowstone  River.  Arthur  iNIcMullen  Co., 
Inc.,  Singer  Bldg.,  New  York  City,  was  award- 
ed contract  at  $242,250  for  the  Broad  St.  bridge 
at   Philailelphia.  Pa. 

Drainage  and  .Irrigation. — Xo  particularly 
large  undertakings  in  the  drainage  or  irriga- 
tion fields  appear  to  have  reached  the  call  for 
Ijids  stage  during  the  past  week.  The  Com- 
missioners of  Drainage  District  No.  5  of  Jack- 
son County,  Texas.,  are  asking  proposals  for 
canals,  drains,  levees,  etc.,  that  will  require  the 
handling  of  about  627,390  cu.  yds.  of  material. 
The  Wasatch  Grading  Co.,  Salt  Lake  City, 
Utah,  at  $47,084,  was  low  bidder  for  about  8% 
miles  of  lateral  for  the  high  line  canal  for  the 
U.  S.  Reclamation  Service. 

Water  Works. — A  number  of  calls  for  bids 
for  furnishing  pumping  machinery,  valves,  etc., 
are  being  advertised.  Chicago,  111.,  is  calling 
for  proposals  for  supply  of  five  pumping 
engines  for  its  Mayfair  station :  three  arc  to 
have  a  capacity  of  '25,000,000  gals,  and  two  to 
have  a  capacity  of  17,500,000  gals.  Woodruff. 
S.  C,  is  asking  bids  for  water  works.  Milwau- 
kee, Wis.,  w-ill  call  for  bids  shortly  on  5,680 
ft    of  9-ft.  shore  tunnel. 

Sewerage. — A  considerable  amount  of 
sewer  work  is  being  advertised  by  small  mu- 
nicipalities. Woodruff,  S.  C,  is  calling  for 
bids  on  '23,425  ft.  8-in.  sewer ;  Osborne,  Kan., 
for  22,675  ft.  sewer;  Mason  City,  la.,  for  '23,000 
ft.  8  to  15  in.  pipe  sewer;  Kinston,  N.  C,  for 
8  miles  8  to  18  in.  pipe  sewer:  Leon,  la.,  for 
64,000  ft.  6  in.  to  12  in.  pipe  sewer.  Milwaukee. 
Wis.,  awarded  the  first  contract  in  connection 
with  its  new  $10,000,000  sewer  system.  Jones 
&  Erbach,  Pittsburgh,  Pa.,  secured  the  con- 
struction of  the  east  side  sewer  at  $212,000. 
Peoples  Bros.,  Inc.,  Philadelphia,  Pa.,  was  low 
bi<lder,  at  $133,555,  for  the  Walnut  St.  sewer. 


of  rapid  transit  in  New  York  City.  The  New 
York  statute  provides  that  on  contracts  where 
alien  labor  is  employed  such  contracts  shall 
be  forfeited.  A  taxpayers'  suit  was  brought 
to  restrain  the  Public  Service  Commission  of 
the  First  District  from  declaring  forfeited 
contracts  for  the  construction  of  the  subways. 
In  order  to  fully  determine  the  question,  crim- 
inal proceedings  also  were  brought  against  a 
representative  of  the  contractors.  The  Court 
of  Special  Sessions  found  this  man  guilty  and 
fined  him  $50.  This  decision  was  reversed  by 
the  Appellate  Division  and  the  cases  were  then 
carried  to  the  higher  court.  It  was  claimed 
that  the  enforcement  of  the  act  would  deprive 
persons  of  property  without  due  process  of 
law,  and  also  would  violate  the  F'ederal  Con- 
stitution and  provision  of  treaties  with  for- 
eign nations.  The  Constitution,  it  was  pointed 
out,  granted  equal  protection  of  the  laws  to 
any  person  within  its  jurisdiction.  The  pre- 
vailing opinion  of  the  Court  of  Appeals  stated 
that 

The  oonstruction  of  public  works  involves  the 
expenditure  of  public  moneys.  To  better  the 
condition  of  its  own  citizens,  and  it  may  be  to 
prevent  pauperism  among  them,  the  Legislature 
has  declared  that  the  moneys  of  the  state  shall 
go  to  the  people  of  the  state.  The  equal  protec- 
tion of  the  laws  is  due  to  aliens  as  to  citizens; 
but  equal  protection  does  not  mean  that  those 
who  have  no  interest  in  common  property  of 
the  state  must  share  in  that  propeit>'  on  the 
same  ternjs  as  those  wlio  have  an  interest. 

The  contractors  engaged  in  the  construction 
of  the  dual  system  of  rapid  transit  in  New- 
York  City  have  been  employing  large  num- 
bers of  foreigners.  The  decision  brings  about 
a  crisis  in  this,  the  greatest  public  work  now- 
underway  in  this  country.  The  city  now-  has 
outstanding  construction  contracts  aggregating 
$142,000,000  for  subways  and  elevated  lines. 
Some  of  these  contracts  are  nearly  completed, 
others  are  only  just  begun,  and  others  are  in 
various  intermediate  stages  of  construction. 
Some  30  separate  contracting  firms  are  en- 
gaged in  this  work.  With  the  drastic  penalty 
of  forfeiture  of  contract  staring  them  in  the 
face  if  they  continue  construction  with  alien 
labor,  many  of  these  contractors  probably  will 
be  obliged  to  suspend  their  work.  It  will  be 
a  difficult  matter  to  find  enough  citizens  will- 
ing and  capable  of  carrying  out  the  unskilled 
labor  work  of  construction  in  the  subw-ays. 
There  is  no  great  number  of  Americans  that 
depend  on  pick  and  shovel  work  as  a  means 
of  livelihood.  The  employment  of  alien  labor 
on  public  works  construction  has  been  due 
mainly  to  the  fact  that  there  was  no  other 
class  of  labor  available. 


..\  decision  of  the  utmost 

Alien  importance    to    contractors 

was  rendered  last  week  by 

Labor  the    Court    of    .-Xppeals    of 

_  the    State    of    New    York. 

Law.  The    court    held    that    the 

state     law     prohibiting     the 

employment  of  aliens   on   the  construction   of 

public  works  was  constitutional.    The  suit  was 

brought  in  connection  with  the  employment  of 

this  class  of  labor  in  building  the  dual  svstcm 
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One  encouragin,g  devclop- 
Municipal  ment  of  the  past  few  weeks 
is  the  considerable  number 
Construction,  of  municipalities  that  have 
made  an  early  start  in  call- 
ing for  bids  on  their  construction  undertakings. 
Cities  in  the  middle  west  have  been  particularly 
active  in  this  respect.  In  the  east  very  little 
municipal  work  has  been  advertised  as  yet. 
Many  eastern  cities,  however,  arc  now  taking 
steps  to  secure  the  necessary  money  for  their 
improvements,  and  it  is  probable  that  a  con- 
siderable volume  of  work  in  that  section  of 
the  country  will  be  offered  to  bidders  in  the 
near  future.  Financial  interests  in  New  York 
City  are  now  making  arrangements  to  make 
large  advances  to  syndicates  and  other  bid- 
ders for  state  and  municipal  bonds  wdiich  will 
lie  publicly  offered  in  the  near  future.  These 
loans  will  aggregate  a  large  amount  and  will 
provide  for  a  great  deal  of  construction  w-ork. 
In  addition  to  the  large  loans  of  this  character 
u'any  temporary  loans  for  small  amounts  will 
be  arranged  for  various  municipalities.  There 
is  plenty  of  money  aw-aitiug  investment  at  the 
present  time  and  low  rates  of  interest  can  be 
obtained.  One  bank  in  Chicago,  for  instance, 
has  .$8,000,000  lying  idle  on  which  it  would  be 
glad  to  get  4  per  cent.  With  financial  condi- 
tions as  they  are  at  present,  indications  point 
to  the  undertaking  of  a  large  amount  of  mu- 
nicipal  construction. 
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HIGHWAY    CONSTRUCTION    IN 
MINNESOTA. 


Details  of  Work  Proposed  by  39  Counties. 

Gravel      and      Earth      Road      Construction      and 
Bridges. 

There  are  91,890  miles  of  public  roads  in 
Minnesota.  Of  this  total  9,904  miles  have  been 
improved  more  or  less,  and  11,401  miles  have 
been  designated  as  State  Roads.  The  State 
Road  System  is  composed  of  a  radial  system 
of  main  roads  in  each  county  and  includes  all 
main  lines  of  inter-county  travel.  The  state 
furnishes  engineering  supervision  on  all  road 
work  and  at  present  has  a  corps  of  76  district 
engineers  stationed  at  the  county  seats  of  the 
several  counties  who  devote  their  entire  time 
to  the  work. 

During  1914  the  total  cost  of  all  road  and 
culvert  construction  carried  out  under  the 
supervision  of  the  engineers  of  the  State  High- 
way Commission  was  $2,802,996.  The  work 
accomplished  included  the  following : 

Cost. 

Clearing  and  grubbing,  3.695  acres $    197,312 

Ditching.    410    miles 194,696 

Grading,    2,151   miles 1,476,827 

Graveling,   537   miles 366,893 

Macadam.  29.5  miles 83,989 

Other  surfacing,    79   miles 123,155 

^"^oncrete  culverts,  26-in.  and  less,  1,528        79,602 

Concrete  culverts,  over  36-in.,  316 109,431 

Corrugated    metal   culverts,    24-in.    and 

less,   4,678   105,408 

Corrugated  metal  culverts,   over  24-in., 

346    21,238 

INIiscellaneous    work    41,945 

The  principal  type  of  improved  road  con- 
struction in  the  state  consists  of  gravel  sur- 
facing. A  large  mileage  of  this  class  of  high- 
way has  been  built  and  during  the  next  few 
years  several  thousand  miles  more  probably 
will  be  constructed.  A  large  amount  of  high- 
way work  is  projected  for  the  present  season. 
Several  notably  large  undertakings  in  Minne- 
sota will  probably  be  placed  under  contract  in 
a  few  months.  Winona  County  already  is 
calling  for  bids  on  a  104  mile  road  letting  that 
calls  for  an  estimated  expenditure  of  $540,000. 
A  summary  of  the  road  work  contemplated  for 
1915  in  39  Minnesota  counties  is  given  in  Table 
I.  Further  details  regarding  this  construction 
follow . 


TABLE    I.— ROAD    "WORK    FOR     1915    IN     39 
COUNTIES  IN  MINNESOTA. 

r-Type  of  road— ^ 

Earth,         Gravel, 

County.  miles.  miles. 

Anoka     10  20 

Beltrami    24  58 

Blue  Earth    25^  9= 

Brown    48  6% 

Chicago    11%  7 

Cook     10 

Cottonwood     20'  5 

Faribault     24* 

Goodhue    ?  ? 

Hubbard    15^ 

Isanti    10» 

Itasca    50  10 

Jackson   35  8 

Kittson    17 

Koochiching    65 

Uac    qui    Parle 16  6 

Le   Sueur    25  10 

McLeod    5  20 

Muri-ay    50 

Nicollet    57 

Norman    23  2 

Otter   Tail    40  6 

Pine    12  1%' 

Pipestone    IS  3 

Pope 13 

Redwood 21  21 

Rice 26  12 

Roseau    30  2 

Scott    10  3 

Sibley    35  40 

Steele    6  16 

Stevens    30 

Todd 20  2 

Wabasha     14'  6 

Wadena     10  1 

Waseca    20  5 

Watonwan    48 

Winona    10  50» 

Yellow  Medicine    15  6 

•Grading  and  culverts.  =Gravel  surface.  'May 
turnpike  about  50  miles  additional.  'Grading, 
turnpiking  and  culverts.  =^31  miles  under  con- 
tract; 15  to  20  miles  more  to  be  built.  "Also  1 
mile  of  macadam.  'County  also  will  build  under 
bond  issue  30,  miles  of  state  rural  highway  to 
cost  about  $65,000.  ^Includes  6  miles  sand-clay 
surface.  "Also  50  miles  macadam,  4  miles  brick 
and  2  miles  concrete. 


.\noka  County  has  $35,000  available  for  high- 
way purposes  and  w'ill  build  approximately  Kt 
miles  of  earth  road  and  20  miles  of  gravel 
road.  The  work  will  be  done  by  contract,  the 
first  of  these  to  be  let  this  month.  H.  H. 
Thurston,  Anoka,  Minn.,  is  District  Engineer. 

Beltrami  County  will  construct  24  miles  of 
earth  road  and  58  miles  of  gravel  road.  TIic 
county  has  $38,000  available  and  will  bond  to 
secure  the  balance  for  the  proposed  construc- 
tion. The  work  will  be  done  by  contract ;  the 
lettings  will  be  held  in  April.  Roy  K.  Bliler, 
Bemidji,  Minn.,  is  District  Engineer. 

Blue  Earth  County  has  S60,000  available  for 
construction  purposes  and  will  grade  and  budd 
culverts  for  about  25  miles  of  earth  road.  It 
also  will  surface  with  gravel  9  miles  of  high- 
way. A  portion  of  the  improvements  will  be 
carried  out  bv  contract,  the  remainder  being 
done  by  day  labor.  B.  M.  Gallagher,  Mankato. 
Minn.,  is  District  Engineer. 

Brown  County  will  construct  48  miles  of 
earth  road  and  6%  miles  of  gravel  road  during 
the  present  season.  About  V2  of  this  work  will 
he  done  by  contract.  A  contract  for  25  miles 
of  road  already  has  been  let.  The  county  has 
$30,000  available  for  construction  purposes. 
C.  N.  Robertson,  New  Ulm,  Minn.,  is  District 
Engineer. 

Chicago  County  proposes  to  construct  11% 
miles  of  earth  road  and  7  miles  of  gravel  road 
this  year.  Date  for  awarding  contract  has  not 
yet  been  fixed;  probably  will  be  early  in  April. 
The  county  has  $24,000  available.  It  also  will 
build  a  28  ft.  girder  bridge  on  concrete  abut- 
ments under  the  plans  of  the  State  Highway 
Commission.  This  will  cost  $1,635.  C.  Spivak, 
Jr.,  Center  City,  Minn.,  'is  District  Engineer. 

Cook  County  has  $18,000  available  and  will 
construct  10  miles  of  earth  road.  No  contracts 
will  be  let.  Geo.  B.  Hughes,  Grand  Marais, 
Minn.,  is  District  Engineer. 

Cottonwood  County  proposes  to  construct  20 
miles  of  earth  road  and  5  miles  of  gravel  road. 
It  also  may  turnpike  50  miles  of  highway.  The 
county  has'  $24,000  available.  No  contracts  w-i!l 
be  let'.  D.  R.  Savage,  Windom,  Minn.,  is  Dis- 
trict Engineer. 

Faribault  County  will  grade,  turnpike  and 
build  culverts  for  23  miles  of  road.  The  work 
will  be  done  by  contracts.  Some  of  these  will 
be  let  the  latter  part  of  this  month.  The  county 
has  $40,000  available.  Ray  J.  Short,  Blue 
Earth,  Minn.,  is  District  Engineer. 

Fillmore  County  has  $.50,0{)0  available  but 
will  undertake  this  season  only  the  general 
maintenance  and  repair  of  existing  earth  roads. 
This  work  will  be  done  by  day  labor.  J.  J. 
Davy,  Spring  Valley,  Minn.,  is  District  Engi- 
neer. 

Goodhue  County  has  not  yet  laid  out  any 
road  work  for  this  season.  The  County  Board 
will  meet  in  March  and  at  that  time  will  decide 
on  the  improvements.  Wm.  Geisheker,  Red 
Wing,  Minn.,  is  Distriit  Engineer. 

Hubbard  County  has  31  miles  of  earth  road 
under  contract  and  will  build  15  to  20  miles 
more  during  the  present  season.  The  work  will 
be  done  by  contract,  and  the  letting  probably 
will  be  held  in  April.  The  county  will  have  at 
least  $14,000  available  for  construction  pur- 
poses. Chas.  E.  Spencer,  Park  Rapids,  Minn., 
is  District  Engineer. 

Isanti  County  has  about  $18,000  available  for 
highway  purposes  and  will  construct  10  miles 
of  gravel  road  and  1  mile  of  macadam.  It  has 
not  been  decided  whether  the  work  will  be 
done  by  contract.  If  contracts  are  let,  the 
letting  will  be  held  some  time  in  April.  P.  M. 
Torrell,  Cambridge,  Minn.,  is  District  Engi- 
neer. 

Itasca  County  has  $1(10,000  available  for  con- 
struction purposes,  and  will  build  50  miles  of 
earth  road  and  10  miles  of  gravel  road.  Con- 
tracts were  let  in  1914.  O.  J.  Lidberg,  Grand 
Rapids,  Minn.,  is  District  Engineer. 

Jackson  County  will  construct  about  35  miles 
of  earth  road  and  about  8  miles  of  gravel  road. 
The  work  will  be  done  by  day  labor,  using 
countv  enuipment  and  renting  some.  The  sum 
of  $20,000  is  available.  W.  E.  Matters,  Jackson, 
Minn.,  is  District  Engineer. 


Kittson  County  proposes  to  construct  17 
miles  of  earth  road  during  the  present  year. 
The  work  will  be  carried  out  by  contract,  for 
which  the  letting  will  be  held  in  April.  Th<_ 
county  has  $25,000  available  for  construction 
purposes,  which  includes  the  building  of  eighi 
bridges.  J.  E.  Dishington,  Hallock,  Minn.,  is 
•District  Engineer. 

Koochiching  County  will  expend  about  $20. 
000  on  new  work,  most  of  which  will  be  doni 
by  day  labor,  .\bout  65  miles  of  earth  roa^: 
will  be  built,  contracts  for  which  were  let  last 
year.  About  $100,000  is  available.  L.  .X 
Ogaard,  International  Falls,  Minn.,  is  District 
Engineer. 

Lac  qui  Parle  County  will  build  during  the 
present  season,  16  miles  of  earth  road  and  6 
miles  of  gravel  road.  The  improvements  will 
be  carried  out  by  day  labor,  .^bout  $30,000  is 
available.  Fred  Roe,  Madison,  Minn.,  is  Dis- 
trict Engineer. 

Le  Sueur  County  has  about  $25,000  available 
for  road  construction  purposes  and  will  build 
about  25  miles  of  earth  road  and  10  miles  of 
gravel  road.  The  work  will  be  done  by  day 
labor.  J.  W.  Hruska,  Le  Sueur  Center,  Minn., 
is  District  Engineer. 

McLeod  County  proposes  to  construct  during 
the  present  season  5  miles  of  earth  road  and 
20  miles  of  gravel  road.  The  work  will  be  done 
by  contracts,  the  lettings  to  be  held  May  1. 
About  $25,000  is  available  for  construction 
purposes.  J.  C.  Christheb,  Glencoe,  Minn.,  is 
District  Engineer. 

Murray  County  has  about  $35,000  available 
for  highway  purposes  and  proposes  to  build 
20  miles  of  earth  road.  No  contracts  will  be 
let.  P.  L.  Minder,  Slayton,  Minn.,  is  District 
Engineer. 

Nicollet  County  has  $25,000  available  for  17 
miles  of  state  road  jobs.  It  also  will  construct 
two  state  rural  highways.  40  miles  in  all,  at 
an  estimated  cost  of  $80,000.  The  county  wdl 
issue  bonds  for  its  share  of  the  latter  work. 
The  improvements  will  be  gravel  roads.  Con- 
tract for  State  Rural  Highway  No.  54  has  been 
let  at  $53,156.  The  other  work  will  be  carried 
out  by  contract,  which  will  be  let  when  tht 
plans  are  completed.  H.  W.  Daniels,  St.  Peter, 
Minn.,  is  District  Engineer. 

Norman  County  proposes  to  build  23  miles 
of  earth  road  and  2  miles  of  gravel  road  dur- 
ing the  present  season.  The  work  will  be  done 
by  day  labor.  The  county  also  will  construct 
by  day  labor  under  plans  of  State  Highway 
Commission  and  supervision  of  the  District 
Engineer,  six  concrete  and  steel  bridges  of  the 
following  spans:  22  ft.,  26  ft.,  36  ft.,  54  ft.. 
liO  ft.  and  60  ft.  The  sum  of  $:34,000  is  avail- 
able for  construction  purposes.  J.  A.  Erickson. 
-\da.,  Minn.,  is  District  Engineer. 

Otter  Tail  County  has  a  county  appropriation 
of  $30,000  for  road  construction.  The  ap- 
propriation from  the  state  fund,  which  is  nm 
made  before  March  2  will  not  be  less  than 
$25,000  and  probably  will  be  $:30,000.  The 
county  probably  will  construct  40  miles  of 
earth  road  and  6  miles  of  gravel  road.  AW  of 
the  work  will  be  carried  out  by  day  labor. 
Martin  Aalberg,  Henning,  Minn.,  is  District 
Engineer. 

Pine  Countv  has  $;30,000  available  for  high- 
way construction,  this  sum  including  state  aid. 
It  proposes  to  construct  12  miles  of  earth  road 
and.lVa  miles  of  gravel  road.  In  addition  tli> 
countv  will  build  under  a  bond  issue  30  miK, 
of  state  rural  highway  at  a  probable  cost  of 
$65  000  Most  of  the  work  will  be  by  contracts, 
whi'ch  will  be  let  about  May  1.  W.  J.  Buckley, 
Pine  City,  Minn.,  is  District  Engineer. 

Pipestone  County  will  build  18  miles  of  earth 
road  and  3  miles  of  gravel  road  duruig  the 
present  year.  About  .1;18,000  is  available  for 
construction  purposes.  No  contracts  will  be 
let.  Elmer  Keeler,  Lake  Benton,  Mmn..  is 
District  Engineer. 

Pope  Countv  will  let  contracts  March  16  f'.r 
road  building."  The  county  Ifts  $20,000  avail- 
able for  construction  purposes  and  will  build 
13  miles  of  earth  road.  Lynn  Martin,  Glen- 
wood,  Minn.,  is  District  Engineer. 

Redwood  Countv  will  construct  21  miles  of 
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earth  road  and  a  like  amount  of  gravel  road. 
The  work  will  be  done  Dy  contracts,  which  will 
be  let  sometime  this  month.  .About  $32,O0O  is 
available  for  construction  purposes.  Orin  L. 
Kipp,  Redwood  Falls,  Minn.,  is  District  Engi- 
neer. 

Rice  County  has  about  $40,000  available  for 
road  purposes  and  will  construct  approximately 
26  miles  of  earth  road  and  12  miles  of  gravel 
road.  No  contract  will  be  let.  R.  W.  Hosfield, 
Faribault,  Minn.,  is  District  Engineer. 

Roseau  County  proposes  to  construct  ap- 
pro.ximately  30  miles  of  earth  road  and  2  miles 
of  gravel  road  during  the  present  year.  The 
county  has  about  $20,000  available  for  con- 
struction purposes.  No  contract  will  be  let. 
V.  B.  Chapin,  Roseau,  Minn.,  is  District  Engi- 
neer. 

Scott  County  will  construct  10  miles  of  earth 
road  and  3  miles  of  gravel  road.  No  contract 
will  be  let  for  this  work.  It  also  will  build  by 
contract  7  bridges.  The  sum  of  $24,000  is  avail- 
able for  construction  purposes.  Donald  Childs, 
Shakopee,  Minn.,  is  District  Engineer. 

Sibley  County  has  about  $23,000  available  for 
construction  purposes.  It  proposes  to  construct 
about  35  miles  of  earth  road  and  about  40  miles 
of  gravel  road.  About  -50  per  cent  of  the 
improvements  will  be  carried  out  by  day  labor, 
the  remainder  being  done  by  contracts,  which 
will  be  let  in  the  spring.  S.  F.  Mullen.  Green 
Isle,  Minn.,  is  District  Engineer. 

Steele  County  has  $2-5.000  available  for  high- 
way purposes  and  will  construct  6  miles  of 
earth  road  and  16  miles  of  gravel  road.  The 
work  will  be  done  by  day  labor.  J.  A.  Prior, 
Owatonna,  Minn.,  is  District  Engineer. 

Stevens  County  will  build  30  miles  of  earth 
road.  The  work  will  be  done  by  contract;  the 
date  of  letting  has  not  been  determined.  The 
county  has  $18,000  available.  W.  A.  Hunt, 
Morris,  Minn.,  is  District  Engineer. 

Todd  County  has  $20,000  available  for  con- 
struction purposes  and  will  build  20  miles  of 
earth  road  and  2  miles  of  gravel.  It  also  will 
erect  two  120  ft.  span  bridges  and  seven  20  ft. 
to  30  ft.  spans.  Contract  for  120  ft.  span  and 
two  20  ft.  bridges  was  to  be  let  March  1.  The 
road  work  will  be  done  by  force  account.  S.  R. 
Green,  Wadena,  Minn.,  is  District  Engineer. 

Wabasha  County  will  have  $57,000  available 
for  road  and  bridge  construction  purposes  if 
state  apportions  amount  requested.  It  proposes 
to  build  8  miles  of  earth  road,  6  miles  of  road 
with  sand-clay  surface,  and  6  miles  of  gravel 
road.  A  number  of  concrete  bridges  also  are 
to  be  built.  The  work  will  be  done  by  day 
labor.  A.  L.  Flygare,  Wabasha,  Minn.,  is 
District  Engineer. 

Wadena  County  will  construct  10  miles  of 
earth  road,  1  mile  of  gravel  road,  a  120  ft.  span 
bridge  and  an  80  ft.  span  bridge.  It  has  $17, .500 
available.  S.  R.  Green,  Wadena,  A'linn.,  is 
District  Engineer. 

Waseca  County  has  approximately  $24,000 
available  for  construction  purposes.  It  will 
build  about  20  miles  of  earth  road  and  5  miles 
of  gravel  road.  The  work  will  be  done  by  day 
labor.  R.  F.  Nichols,  Waseca,  Minn.,  is  Dis- 
trict E.-^?ineer. 

Watonwan  County  proposes  to  construct  4.''' 
miles  of  earth  road  by  contract  and  day  labor. 
It  has  $21,000  available  for  construction  pur- 
poses. 

Winona  County's  construction  program  for 
the  present  season  includes  the  following : 

Miles. 

'^^rth  road  10 

Gravel     50 

Macadam    50 

Brick    4 

Concrete    2 

The  county  has  $550,000  available  from  a 
bond  issue  for  construction  purposes.  The 
work  will  be  done  by  contract.  \  letting  call- 
ing for  104  miles  of  road  estimated  to  cost 
$5.(0,000  is  now  being  advertised.  Bids  on  this 
will  be  received  until  March  22.  A  description 
of  the  work  is  given  elsewhere  in  this  section. 
H.  B.  Childs,  Winona,  Minn.,  is  District  Engi- 
neer. 

Yellow  Medicine  County  will  construct  ]■'> 
miles  nf  earth  road  and  fi  miles  of  gravel  road. 
No  contracts  will  be  let.  The  amount  available 
for  construction  is  $21,000.  F.  W.  Youngdale, 
Granite  Falls,  Minn.,  is  District  Engineer. 


SANITARY  SEWERSAND  TREAT- 
MENT PLANT  FOR  JOHNS- 
TOWN, PA. 


Improvements  to  Cost  $1,100,000  Proposed. 


Fine  Screen   System  of  Sewage  Treatment  Con- 
templated. 


E.xtensive  sewerage  developments,  to  include 
a  sanitary  sewer  system  to  cost  about  $994,000 
and  a  $105,000  treatment  plant,  are  proposed 
for  Johnstown,  Pa.  A  preliminary  report  and 
plans  have  been  submitted  to  the  State  Board 
of  Health.  It  is  expected  that  the  report  from 
the  State  Department  will  be  received  shortly 
after  March  1,  after  which  detailed  plans  will 
be  prepared.  An  election  is  to  be  held  on 
.\pril  20  at  which  time  the  citizens  will  vote 
on  the  project. 

The  following  details  of  the  proposed  im- 
provement are  taken  from  the  preliminary  re- 
port of  C.  P.  Collins,  Sanitary  Engineer  for 
the  city.  The  city  of  Johnstown  is  located 
on  the  main  line  of  the  Pennsylvania  R.  R-, 
78  miles  east  of  Pittsburgh.  It  lies  in  the 
valley  of  the  Little  Conemaugh  and  Cone- 
maugh  Rivers,  in  the  shape  of  a  V,  surround- 
ed by  high  hills.  Throughout  the  greater  por- 
tion of  the  city  the  street  grades  are  very 
light,  but  those  streets  extending  up  on  the 
hillsides  have  heavy  grades,  reaching  a  maxi- 
mum of  about  22  per  cent.  There  are  82 
miles  of  streets,  of  which  .34.3  miles  are  paved. 
There  are  also  52.9  miles  of  alleys,  5.5  miles 
of  which  are  paved.  The  present  area  of  the 
city  is  3,197.3  acres  and  the  present  popula- 
tion is  estimated  to  be  66,000  with  an  assessed 
valuation  of  $48,600,000. 

The  plan  of  improvement  provides  for  an 
entirely  new  system  of  sanitary  sewers,  and 
such  additional  relief  sewers  as  may  be  re- 
quired from  time  to  time  for  the  removal  of 
storm  water.  The  present  sewers  will  be  used 
to  take  care  of  the  ordinary  storm  flow  from 
the  streets.  The  territory  which  the  system 
has  been  designed  to  drain  has  been  divided 
into  11  sewer  districts. 

.\11  sanitary  sewers  up  to  and  including  27 
in.  in  diameter  are  to  be  built  of  salt  glazed 
vitrified  pipe ;  all  sizes  over  15  in.  are  to  be 
double  strength  pipe.  Sewers  over  27  in.  in 
diameter  are  to  be  built  of  brick,  reinforced 
concrete  pipe,  segmented  block  or  concrete,  de- 
pending on  existing  conditions.  There  will 
be  five  river  crossings,  three  of  which  are 
inverted  siphons.  At  all  crossings  two  pipes 
have  been  arranged  for;  one  to  take  care  of 
the  present  flow,  and  a  larger  additional  pipe 
for  future  needs. 

The  main  trunk  sewer  will  cross  the  Little 
Conemaugh  River  just  below  the  foot  bridge. 
At  this  point  it  is  a  48-in.  circular  section.  It 
follows  Iron  St.  to  Connelly  Ave.,  where  it 
increases  to  a  .54-in.  circular  section.  At  the 
end  of  Connelly  Ave,  it  parallels  the  yard 
tracks  of  the  Cambria  Steel  Co.  to  a  point  700 
ft.  above  the  Coopersdale  bridge  where  it 
joins  the  outfall  sewer  leading  to  the  dis- 
posal plant.  The  outfall  sewer  is  egg-shaped, 
54  in.  by  82  in.  in  section.  The  grade  of  the 
outfall  is  0.06  per  cent,  with  a  maximum  ca- 
pacity of  67%  cu.  ft.  per  second.  The  grade 
of  this  sewer  has  been  made  as  light  as  pos- 
sible in  order  to  enter  the  disposal  plant  at  a 
higher  elevation  and  thus  avoid  pumping.  The 
total  cost  of  the  sanitary  sewer  system  com- 
plete to  the  year  1945  is  estimated  as  being 
$993,717.  In  making  this  estimate  labor  was 
taken  at  $1.80  per  day,  and  20  per  cent  was 
added  to  all  labor  costs  and  5  oer  cent  to  all 
material  costs.  In  addition  10  per  cent  was 
added  to  cover  engineering  and  contingencies. 
The  cost  of  the  vitrified  pipe  was  arrived  at 
from  average  prices  of  the  eastern  market 
during  the  past  10  years. 

The  plan  of  sewage  treatment  has  been  de- 
signed to  meet  the  needs  of  the  city  up  to 
the  year  1930.  At  that  time  it  is  estimated  the 
population  will  reach  10-1,000.  The  site  of  the 
plant  will  be  about  6,000  ft.  below  the  present 
city  line,  where  the  city  already  has  acquirc<l 
nearly  2  acres  of  land.     This  site   will   allow 


sufficient  area  to  give  the  sewage  a  partial 
treatment  and  discharge  it  into-  the  Cone- 
maugh River  without  pumping.  It  is  proposed 
to  employ  the  fine  screen  system  of  treatment 
using  Reinsch-Wurl  screens.  The  plant  pro- 
posed by  the  Sanitation  Corporation  of  New 
York,  which  controls  the  American  patent 
'rights  to  this  screen,  contemplates  the  re- 
moval of  objectionable  solids  by  fine  screen- 
ing, chlorine  disinfection  for  effluent  during 
the  periods  of  low  water  in  the  river,  and  dis- 
posal of  the  screenings  by  burning. 

The  equipment  generally  speaking  comprises 
three  main  divisions :  Reinsch-Wurl  fine 
screens :  sterilizing  equipment  and  contact 
tank ;  high  temperature  destructor.  There  will 
be  two  Reinsch-Wurl  screens  each  14  ft.  in 
diameter  set  on  an  inclination  of  25°.  In  de- 
termining the  size  of  screens  provision  was 
made  for  a  maximum  flow  of  225  gals,  per 
capita.  The  screen  disk  will  rotate  at 
the  rate  of  about  V2  to  20  revolutions  per 
minute,  and  it  is  assumed  that  the  screen  on 
the  average  will  separate  from  .50  to  60  per  cent 
of  removable  solids  from  the  sewage  and  de- 
liver them  with  the  moisture  content  reduced 
to  not  more  than  80  per  cent. 

The  screening  plates  will  be  manganese 
bronze  %-in.  thick,  perforated  with  1/32  by  2 
in.  V-shaped  slots.  The  screens  will  be  of  the 
overhung  type  and  will  be  driven  by  a  variable 
speed  motor;  each  screen  will  require  1  to  2 
hp.  Auxiliary  emergency  power  will  be  pro- 
vided by  a  small  oil  or  gas  engine. 

The  sterilizing  equipment  will  be  of  the 
chlorinator  type,  for  disinfection  of  the  efflu- 
ent by  chlorine  gas.  The  destructor  will  be  of 
special,  extreme  high  temperature  type,  cap- 
able of  receiving  screenings  at  about  80  per 
cent  moisture  from  the  screens  and  com- 
pletely destroying  them  in  a  period  of  8  to 
10  hours  continuous  operation.  Crude  oil 
will  be  used  as  fuel,  and  an  operat- 
ing temperature  of  2,500°  F.  developed.  The 
sewage  will  be  delivered  to  the  plant  in  the 
54  by  82-in.  outfall  sewer.  It  will  flow 
through  two  sluice  gates  to  the  screens,  where 
the  solids  retained  by  the  screen  plates  will  be 
raised  from  the  sewages  and  collected  in  cov- 
ered cans  and  stored  for  burning.  The  efflu- 
ent will  flow  through  the  screen  to  the  dis- 
charge conduit  where  the  sterilizing  agent  is 
automatically  added.  From  the  detention  tank 
the  sterilized  effluent  will  pass  into  the  river. 
The   estimated  cost  of  the  proposed  plant  is : 

Mechanical  equipment %  57,000 

Substructure  and  superstructure 48.000 

Tot.il    cost    $105,000 


A  $150,000  PARK  DEVELOPMENT. 

Proposed  Improvement  of  Island  at  Beau- 
mont, Texas. 

Work   Calls   for  700,000   C.u.    Yds.    Filling, 
Boulevarding,    Etc. 


An  interesting  park  development  is  proposed 
by  the  city  of  Beaumont,  Tex.  The  park  site 
is  located  on  an  island  surrounded  by  the 
Neches  River,  Brakes  Bayou  and  the  canal  of 
the  Kirby  Lumber  Co.  This  island  at  present 
is  a  swamp  and  subject  to  overflow.  It  has 
an  area  of  67  acres.  It  is  proposed  to  raise  the 
grade  of  the  land  by  pump  dredging  from  the 
Neches  Riber  bottom.  .-Xbout  700,000  cu.  yds. 
of  material  will  be  required  for  the  fill.  The 
material  is  chiefly  sand  and  will  be  retained 
witliin  a  levee  which  will  girdle  the  island.  This 
Icvec  will  be  constructed  by  dipper  dredge  to 
a  height  of  14  ft.  above  normal  tide  water. 

The  plans  call  for  the  construction  of  a  30 
ft.  boulevard  on  top  of  the  levee  with  walks 
on  each  side.  This  boulevard  will  be  IV^  miles 
long.  an<l  there  will  be  a  fringe  of  natural 
forest  from  40  ft.  to  .300  ft.  in  width  left  be- 
tween the  levee  and  the  river  bank.  There 
will  be  constructed  in  the  area  enclosed  by  the 
boulevard  a  winding  creek  30  to  40  ft.  in  width 
and  about  2.000  ft.  long  and  a  swimming  lake 
about  80  ft.  by  2-50  ft.  with  sand  bottom.  The 
lake  level  will  be  about  7  ft.  above  the  normal 
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creek  leveL  The  water  from  tlie  creek  will  be 
supplied  by  filtering  through  a  sand  stratum 
from  the  river;  that  for  the  swimming  lake 
will  be  obtained  from  artesian  wells  or  by 
pumping  from  the  creek. 

The  chief  buildings  will  be  a  main  circular 
pavilion  and  a  comfort  station.  The  pavilioh 
will  be  130  ft.  in  diameter  with  concrete  floor, 
hollow  concrete  columns,  4  ft.  in  diameter,  and 
with  dome  and  lantern  rising  to  a  total  height 
of  88  ft.  This  stadium  is  situated  so  as  to 
command  four  beautiful  vistas  of  the  river, 
each  nearly  a  half-mile  in  length  which  is  made 
possible  by  the  graceful  natural  bends  of  the 
stream  which  is  300  to  4I.M)  ft.  in  width.  The 
comfort  station  will  be  50  by  100  ft.  1-story, 
of  concrete  construction,  bungalow  style,  pro- 
vided with  rest  rooms,  toilets,  etc.  In  addition 
to  the  two  main  buildings  there  will  be  a  re- 
fectory, tennis,  and  bath  house  and  shelters 
About  $5,000  is  to  be  spent  in  tree  planting  and 
grass  sowing. 

There  will  be  about  20,000  lin.  ft.  of  gravel 
walks,  10,000  sq.  ft.  of  concrete  walks  and 
about  11  acres  of  top-soiling  for  athletic 
grounds.  The  children's  playground  will  be 
equipped  with  modern  appliances,  wading  pool, 
swings,  slides,  teeters,  etc.  There  will  be  base- 
ball and  football  grounds,  tennis  courts,  and 
running  track. 

There  will  be  numerous  fishing  wharves 
around  the  river  bank  and  a  mile  boat  course 
laid  out  on  the  river.  The  western  end  of  the 
park,  about  20  acres,  will  be  used  by  the  re- 
gional fair  (The  South  East  Texas  Fair  As- 
sociation) for  its  home.  The  park  will  be 
equipped  throughout  with  water  and  sewer 
systems  and  electric  lights.  There  will  be  a 
wooden  pontoon  bridge,  30  ft.  wide  and  160  ft. 
long,  over  Brakes  Bayou. 

The  estimated  cost  of  the  entire  improve- 
ment is  $150,000.  The  plans  were  prepared  by 
Jas.  F.  Weed,  Consulting  Engineer,  Beaumont. 
Te.x.,  and  were  adopted  by  the  Board  of  Park 
Commissioners  and  the  City  Council  on  Jan. 
19.  An  election  will  be  held  March  3  to  vote 
on  the  issuance  of  $1-50,0(11)  of  bonds  for  im- 
proving-the  park  in  accordance  with  the  plans. 


A    $7,000,000    Industrial    Development 
in  Oregon. 

The  ratification  two  weeks  ago  by  the  Ore- 
gon legislature  of  the  lease  of  Lake  Summer 
and  Lake  Albert  makes  possible  the  beginning 
of  active  construction  in  the  near  future  on  one 
of  the  largest  private  developments  ever  under- 
taken in  the  state.  This  project  provides  for 
the  utilization  of  the  rich  salt  deposits  in  the 
lakes  by  a  syndicate  headed  by  Jason  C.  Moore, 
New  York  City.  The  lakes  are  situated  in  the 
north  central  part  of  Lake  County,  Oregon, 
about  30  miles  apart,  and  approximately  270 
miles  north  of  the  intersection  of  the  Des- 
chutes and  Columbia  River.  The  plans  call  for 
tile  construction  of  pipe  lines  from  the  lakes 
to  the  confluence  of  the  rivers,  where  it  is  pro- 
posed to  locate  a  manufacturing  plant,  utiliz- 
ing the  available  water  power. 

Present  plans  contemplate  the  construction 
of  a  wood  stave  pipe  line  14  ins.  in  diameter 
to  cost  about  $2,000,000.  At  the  lakes  it  is 
intended  to  install  pumping  plants  to  cost  about 
$500,000.  The  main  feature  of  development 
will  be  a  manufacturing  nlant  which  may  call 
for  an  ultimate  expenditure  of  $5,000,00<.X  This 
plant  will  produce  nitrates,  potassium,  sodium 
chloride,  carbonate,  bi-carbonate,  caustic  sodas 
and  baking  and  bleaching  powders.  It  is  stated 
that  plans  for  the  development  have  been  pre- 
pared by  engineers  of  New  York  City.  The 
local  engineering  work  has  been  in  charge  of 
J.  G.  Kelley,  Portland,  Ore. 


During  the  calendar  year  1913  Costa  Rica 
imported  37,931  bhls.  of  Portland  cement  (bbl. 
^.397  lbs.).  The  countries  whence  imported 
and  amounts  purchased  "therefrom  were  as 
follows :  Germany-  17,534  bbls. ;  United  States, 
14,fi9fi  bbls.:  Belgium,  3,401  bbls.:  Great 
Britain.  1.755  bbls. :  other  countries,  545  bbls. : 
total,   37,931   bbls. 


A  $540,000  HIGHWAY  LETTING  IN 
MINNESOTA. 

104   Miles    of    Road    to    Be    Constructed    in 
Winona  County. 

Excavation — Turnpiking  —  Macadam  —   Brick — 
Gravel — Culverts. 


supervision    ot 
neer,  Winona. 


H.    B.    Childs,    District    Engi- 


Bids  are  now  being  asked  on  one  of  the 
largest  highway  lettings  ever  held  by  a  county 
in  Minnesota.  The  undertaking  calls  for  the 
construction  of  104  miles  of  road,  the  esti- 
mated cost  being  $.j40,ilii0.  The  work  is  to  be 
done  for  Winona  County  under  the  Elwell 
Law,  which  provides  for  an  issue  of  10-\ear 
bondsd  by  the  county.  One-half  the  cost  of  the 
improvement  is  paid  by  the  state,  one-fourth 
by  the  county,  and  one- fourth  by  the  ben- 
efited property  owners.  The  roads  to  be  im- 
proved   are    State    Rural    Highways    Nos.    85, 


Road  Construction  for  Wells  County, 
Indiana,  for  1915. 

Wells  County,  Indiana,  is  now  calling  for 
bids  on  road  work  estimated  to  cost  about 
$03,000.  This  work  covers  all  of  the  new  con- 
struction contemplated  for  the  present  year. 
The  locations  of  the  road,  types,  lengths  and 
estimated  costs  are  as  follows: 

Length,  Est. 

Location.               Type.  ft.  cost. 

.Tefferson     Stone     15,806  $10,453 

Lancaster    Stone     3,91)0  2,967 

Jefferson     Stone     5,195  3,241 

Lancaster    Stone    9,430  7,27)' 

Lancaster    Stone     7,994  5,22K 

Liberty     Stone    15,400  '10,229 

Bluffton    Macadam     1,317  3,595 

Bluffton    Asp.    macadam.  1,975  7,738 

Bluffton    IWacadam    3,700  6,SS4 

Bluffton    Macadam     1,368  3,295 


Completefl 


Legend 

Concre-te  Roods 

—  Gravel  Roods 

Mocodam  Roods 

Brick  Roods 

Graded  Rood  NoSurfocmq 


R.6W.\ 
'S.R.H.NoM 


E.&C. 


Location   of   Highways   to    Be    Improved    in   Winona    County. 


86,  87,  88,  89,  90,  91,  95  and  90.  Their  loca- 
tions are  shown  on  the  accompanying  map. 
The  approximate  quantities  for  each  road  are 
given  in  Table  I. 

Separate  bids  for  each  of  the  roads  will  be 
received.  No  proposals  Aiill  be  entertained 
wliich  by  more  than  30  per  cent  exceed  the 
estimated  cost.  The  work  must  be  completed 
in  two  years.  The  contracts  will  be  awarded 
subject  t.o  a  favorable  decision  by  the  Supreme 
Court  on  some  points  of  the  law  brought  up 
by  the  bond  companies  and  other  interested 
parties. 

Bids  for  the  above  work  will  be  received 
until  2  p.  m.,  March  23,  by  C.  W.  Anding, 
County  Auditor,  Winona,  Minn.  The  im- 
provements   will    be    carried    out    under    the 


Bluffton    Mifcadam 

Harrison     Gravel     .. 


692  1,648 

2,G4S  1,931 

Bids    for   the   above   improvements    will  be 

received  until   10  a.   m.,   March   19,   by   C.  T. 

Kain,    County   Auditor,    Bluffton,    Ind.    T.  C. 
Guldin,  Bluffton,  is  County  Surveyor. 


NEWS  LETTERS 

St.  Louis  Items. 

Wm.  List  sent  us  a  couple  of  postal  cards 
from  Florida  last  week,  showing  how  easy 
they  live  and  what  good  times  they  have  in 
the  sunny  south.  List  expects  to  be  back  in 
Kansas  City  and  on  the  job  the  latter  part  of 
this  week. 

Capt.  A.  V.  Fetter  has  gone  to  Hot  Springs, 


TABLE    I.— APPROXIMATE    QUANTITIES    IN     WINONA 

HELD  MARCH  23. 


COUNTl-  ROAD  LETTINGS  TO  BE 


Clearing,    acres 

Grubbing,    acres 

Earth  excav.,  cu.  yds... 
Loose  rock  exc,  cu.  yds. 
Solid  roclv  exc,  cu.  yds. 

Turnpikins,    lin.   ft 

Macadam,    sq.    yds 

Gravel,  cu.   yds 

Brick,  sq.  yds 

Concrete,    cu.    yds 

Slioulders,   cu.   yds 

Riprap,   cu.   yds 

Masonry,    cu.    yds 

Rock  paving,  sq.  yds. . . . 
.Scarifying  mac,  sq.  yds. 
Clay  surfacing,  cu.  ^■ds.. 
Drain  tile,  6-in.,  lin.   ft.. 

Bridges 

Culverts,  12-in.,  lin.  ft.. 
Culverts,  18-in.,  lin.  ft.. 
Culverts,  24-in.,  lin.  ft.. 
Culverts,  36-in.,  lin.  ft.. 
Culverts,  48-in.,  lin.  ft.. 

Culverts    

Estimated    cost 

'25  lin.  ft.  10x6  ft.  and 


No.  S5. 


22,520 

6,160 

900 

82.650 

109,290 


No.  S6. 

.6 

.4 

27,270 

5.060 

2,150 

60,110 


No.  87.     No.  SS. 


-I,' 


700 
360 
300 
450 
310 
5.930 
24,000 

i,'.50'n 

1 

1,600 

1.700 

i.oon 

300 

31 

S162.540  < 
50  lin.  ft. 


17,600 

7, 4  40 

4,700 

210 

700 

16,000 

17,300 

5,620 

7,000 

55 

30 

300 

120 

1,068 

20 

300= 

■  ■  '  200 

1 

roo 

360 

450 

300 

100 

5003 

50 

100 

No.  89. 
1.8 
.6 
7,500 
1,900 
1,500 
5,800 


No.  90.     No. 
1.2     ... 


91.     No.  93 


.8 


No.  96. 
1.2 


3.640 
100 


16,680 


,590 
920 
300 

,210 


15,395 

7,600 

320 

320 

125 

350 

5,150 

4,500 

2,000 

400 

2 

900 

1,250 

1,600 

200 

100 


109.504     $-!8,678     ?32,577 
6x6  ft.     =Lin.    ft.     =30-in. 


3,520  . 
' '  '45 


;,C40 
500 
360 
100 


10. 


920 
200 


,800 
SOO 
300 
,300 


r90 


14,060 

1,300 

400 

40,150 

13,500 

6,000 


70 


50   . 
30 

'  '  '  50 

10 
60 

"sdo 

4,000= 
' ' '  '.500 

6,000 

'  '3,000 
i 

300 
300 


50 


160 
250 
150 
lOO-i 


600 

1,000 

300 


220 

400 

50 


650 
1,000 
50 


$17,845     $17,164     $50, 
'One  10x5  ft.;  two 


7x8 


ft. 


!,546 
=sc. 


$46.' 
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Ark.,  to  got  in  condition  for  spring  work.  He 
expects  to  be  back  in  time  to  begin  work  on 
his  Governmertt  revetment  job  by  March  10. 
Alike  Costello  of  Costello  Bros,  spent  a 
couple  of  days  with  us.  Ihey  have  two  steam 
shovels  and  7y  teams  at  work  near  Danville, 
Va.  Hartley  Cook  is  in  charge  of  one  of  the 
shovels,  while  Rich  and  Con  Costello  are  tak- 
ing care  of  the  other  shovel  and  team  outfits. 
C.  J.  Fox  is  boss  of  the  office  and  bookkeep- 
ing. Mike's  face  got  very  red,  clean  to  the 
back  of  his  neck,  when  we  asked  him  about 
the  "girl"  that  is  keeping  close  to  Danville  and 
when  it  "was  going  to  happen."  After  some 
coaxing  he  said  pretty  soon,  and  promised  to 
send  us  an  invitation  to  the  w'edding.  Let  it 
be  soon,  Mike. 

The  $l,.""iOi»,000  plant  of  the  Alton  Steel  Co., 
which  has  been  closed  several  months  follow- 
ing receivership  proceedings,  probably  will  re- 
open about  May  1,  it  was  announced,  follow- 
ing a  conference  of  lawyers  and  bankers  at 
Alton  the  other  day.  H.  C.  Fownes,  Jr.,  of 
Pittsburgh,  accompanied  by  his  attorney,  con- 
ferred with  J.  V.  E.  Marsh,  attorney  for  the 
bondholders,  and  Fownes  and  his  associates 
are  said  to  have  agreed  to  furnish  $loO,OUO 
cash  with  which  to  remodel  the  plant  and  re- 
sume business.  The  plant  was  one  of  the  larg- 
est in  Alton  and  its  closing  threw  several  hun- 
dred men  out  of  employment. 

Tom  Glynn  died  on  February  1  at  Terre 
Haute,  Ind.  His  widow  will  finish  the  con- 
tract he  had  there  at  the  time  of  his  death. 

Invitations  were  received  by  executives  of 
St.  Louis  railroads  to  attend  the  ceremonies 
at  the  laying  of  the  corner  stone  of  the  new 
union  depot  at  Dallas,  Tex.,  on  March  9.  The 
structure  is  being  built  by  the  Union  Terminal 
Co.  of  Dallas,  and  with  the  terminals  will  cost 
$7,000.  The  proprietary  roads  of  the  terminal 
company  are  the  Cotton  Belt,  Missouri,  Kansas 
&  Texas,  Frisco,  Houston  &  Texas  Central, 
Rock  Island,  Atchison,  Trinity  &  Brazos  Val- 
ley, and  the  Te.xas  &  Pacific. 

Federal  Judge  Hook  in  Kansas  City  has 
authorized  an  issue  of  $1,7-50,000  receiver's  cer- 
tificates of  the  Missouri,  Oklahoma  &  Gulf. 
The  proceeds  of  $750,000  certificates,  which 
will  be  sold  at  once,  will  go  for  road  con- 
struction and  repairs. 

John  Mclnerney  of  Mclnerney  &  Kelly  was 
in  from  their  Elsbeiry  Levee  job.  The  frost 
is  all  out  of  the  ground  and  they  resumed 
work  for  the  season. 

Two  bids  made  for  the  deposit  of  fire  clay 
on  the  site  of  Kemper  Park,  .Arsenal  St.  and 
King's  Highway,  were  opened  by  the  Board 
of  I'lstimate  and  Apportionment.  Both  were 
rejected,  as  neither  offered  a  price  approxi- 
mating the  board's  estimate  of  the  value  of 
the  deposit.  The  municipal  assembly  recently 
passed  an  ordinance  authorizing  the  board  to 
advertise  for  bids  for  the  purchase  and  re- 
moval of  the  deposit  to  the  street  grade.  The 
highest  of  the  two  bids  received  was  4%  cts. 
per  cubic  yard.  There  are  74,000  cu.  yds.  of 
clay  to  be  removed.  The  bids  also  were  not 
made  for  the  removal  of  the  clay  to  the  street 
level,  as  the  bidders  contended  that  the  deposit 
of  fire  clay  did  not  extend  to  that  level.  Comp- 
troller Player,  who  is  a  member  of  the  board, 
said  that  the  fire  clay  deposits  on  the  land 
adjoining  the  site  of  the  park  extended  below 
the  street  grade.  He  said  he  will  ask  the 
Hoard  of  Public  Service  to  make  borings  to 
test  the  depth  of  the  deposit  on  the  park  site. 
The  park  site  was  donated  to  the  city  several 
years  ago  and  has  never  been  improved.  It  is 
12.3  ft.  in  width  and  1,847  ft.  in  length.  Its 
surface  varies  from  HI  to  .5  ft.  above  the  street 
level. 

Ralph  Oliver  left  Chicago  last  week  with 
his  wife  for  Florida.  We  are  very  sorry  to 
hear  that  she  had  a  paralytic  shock  there  one 
day  last  week.  Doctors  advised  taking  her  to 
a  warmer  climate,  but  from  latest  reports  she 
is  not  improving. 

The  Park  Board  nf  Kansas  City,  Mo.,  ap- 
proved plans  for  a  bridge  to  he  constructed 
across  Brush  creek  to  connect  with  the  exten- 
sion of  Benton  Blvd.  into  Swope  Parkway. 
The  approach  from  the  north,  which  is  to  be 
.l.'.'i   ft.  in  length,  is  to  be  of  frame  construc- 


tion, while  the  approach  of  04  ft,  from  the 
south  will  be  of  concrete.  The  total  cost  is  to 
be  $40,000,  and  it  will  be  paid  by  a  benefit  dis- 
trict bounded  by  Linwood  Blvd.,  Brush  creek. 
Prospect  Ave.  and  Cleveland  Ave. 

Keating  Bros,  secured  a  small  job  from  the 
Chicago  &  Illinois  Midland  Ry.  putting  in  a 
spur  at  Kincaid,  111.  They  were  also  awarded 
some  street  work  there  the  other  day. 

.\nnouncement  was  made  that  the  Alissouri, 
Kansas  &  Texas  System  will  send  lO.j  of  its 
St.  Louis  employes  to  Parsons,  Kan.,  next 
month.  This  will  be  done  in  compliance  with 
a  court  decision  last  fall  to  the  effect  that  the 
Katy  must  maintain  a  larger  force  at  its  gen- 
eral offices  at  Parsons.  While  part  of  the 
general  offices  will  be  retained  in  St.  Louis, 
it  is  understood  that  the  entire  claim  depart- 
ment of  4-5  men  and  half  of  the  auditing  de- 
partment, or  (iO  men,  will  be  transferred  to 
Parsons.  The  railroad  was  incorporated  in 
Kansas  and  one  of  the  provisions  of  the  char- 
ter was  that  it  should  maintain  general  offices 
in  Kansas.  General  offices  accordingly  were 
opened  at  Parsons  and  still  larger  offices  have 
been  maintained  in  St.  Louis.  Then  the  state 
of  Kansas  brought  suit  against  the  Katy  and 
won. 

Dan  Sullivan  will  finish  his  work  at  Mc- 
Clure,  111.,  in  about  five  weeks,  weather  per- 
mitting. 

Charles  H.  Degenhardt  of  Alton,  111.,  was 
the  lowest  bidder  on  the  building  of  the  state 
aid  road  out  of  .\lton,  bids  for  which  were 
opened  at  Springfield.  Mr.  Degenhardt's  bid 
was  $-_'9,l)82.  Robert  Curdie,  another  .\lton 
contractor,  bid  $32,(j(!G.  Other  bidders  were 
Hanes  &  Nelson,  $:30,iO-5;  the  Granite  City 
Lime  &  Cement  Co.,  $32,100;  Walter  Coonan 
of  East  St.  Louis,  $33,100;  P.  M.  Johnson  & 
Co.  of  East  St.  Louis,  $:30,!)80;  the  Dumlap 
Dinold  Construction  Co.  of  EdwardsviUe,  $32,- 
!I81 ;  Meyer  &  Thomas  of  East  St.  Louis.  $33,- 
300.  The  engineer's  estimate  of  the  work,  e.x- 
■  elusive  of  machinery  and  materials  to  be  fur- 
nished by  the  state,  was  $33,366.70. 

The  Missouri,  Kansas  &  Texas  is  consider- 
ing a  proposition  to  build  an  extension  from 
Newcastle  to  Cisco,  Tex.,  a  distance  of  about 
.JO  miles. 

Geo.  C.  Smith  &  Sons  were  awarded  40,000 
yds.  of  more  work  near  Valmeyer,  III.,  a  con- 
tinuation of  the  ditching  they  had  been  build- 
ing over  a  year  and  which  they  finished  re- 
cently. 

E.  P.  Bracken,  general  manager  of  the  Bur- 
lington R.  R.,  W.  C.  Welch,  superintendent, 
and  other  officials  of  the  road  were  in  Alton 
negotiating  for  better  trackage  arrangements 
between  Alton  and  East  St.  Louis.  The  Bur- 
lington sends  a  large  volume  of  freight  over 
the  Alton  bridge,  and  having  no  track  of  its 
own  between  .'Mton  and  Fast  St.  Louis,  now 
use  the  Big  Four.  The  negotiations  for  better 
trackage  are  with  the  Bluff  Line  and  the  Illi- 
nois Terminal  and  include  yardage  arrange- 
ments at  ,-\Iton  with  the  Illinois  Terminal. 
.Another  conference  was  arranged  for  next 
week. 

Roger  Faubin  of  the  J.  W.  McMurray  Con- 
tracting Co.  was  in  from  Cape  Girardeau,  Mo. 
They  will  resume  work  at  that  point  on  the 
I'Visco  R.  R.  as  soon  as  the  river  and  weather 
permits. 

Chester  Bondurant  informs  us  that  he  has 
100,000  yds.  of  levee  work  opposite  Hannibal. 
Mo.,  that  he  will  sub-let  at  a  good  price.  Does 
not  want  to  move  any  of  his  outfits  from  the 
southern  jobs  if  he  can  help  it.  The  Bondur- 
ant Construction  Co.  has  secured  2,000,000  yds. 
of  additional  levee  work  at  the  letting  at 
Clarksdale.  Miss.  This  work  runs  from  mile 
.'1.5  down  to  below  Friars  Point,  Miss.  With 
the  exception  of  2  miles,  this  work  has  all 
been  suh-Iet.  The  Bondurant  Construction  Co. 
headquarters  are  at  Hickman,  Ky. 

The  Board  of  Public  Service  last  week 
directed  that  Florissant  Ave,  hetw-cen  Carrie 
and  Bcrnays  .'\ves.,  be  paved  with  asphalt, 
overruling  a  protest  by  several  residents  on 
the  street.  The  cost  is  estimated  by  the  board 
at  $101,460.  The  paving  will  extend  the  entire 
distance  in  front  of  Bellefontainc  and  Calvary 
cemeteries.     It  is  planned  to  place  the  street 


car  tracks  on  the  north  side  of  the  highway, 
leaving  a  roadway  of  .52  ft.  unobstructed  by 
car  tracks.  This  will  eliminate  trolley  poles 
on  one  side  of  the  street.  The  board  decided 
not  to  pave  Robin  Ave.,  Vermont  Ave.,  Goethe 
.\ve.  and  Union  Ave.,  between  Florissant  and 
Lillian  Aves.,  at  present.  These  sections  of 
streets  proposed  to  be  paved  are  in  districts 
inhabited  by  small  home  owners,  and  a  ma- 
jority of  the  residents  protested  against  the 
improvement  until  their  homes  are  paid  for. 
Soulard  St.  will  be  paved  with  asphalt,  accord- 
ing to  the  order  of  the  board. 

Fdw.  Longevine,  superintendent  on  one  of 
the  Merritt-Gilbert  Contract  Co.  ditch  jobs, 
near  Cape  Girardeau,  Mo.,  became  the  proud 
papa  of  a  baby  girl  last  week.  Mrs.  Longe- 
vine and  the  girl  are  getting  along  nicely. 

The  Bondurant  Construction  Co.  of  Hick- 
man, Ky.,  sub-let  -500,000  yds.  of  levee  w'ork 
near  Longwood,  Miss.,  to  Roger  Holmes,  who 
will  do  this  work  with  a  cableway  machine. 

Steel  construction  work  for  the  new  bridge 
oyer  the  Mississippi  River  at  Memphis,  Tenn.. 
will  begin  in  a  couple  of  weeks.  The  Virginia 
Bridge  &  Iron  Co.  will  begin  work  on  the 
.\rkansas  approach  as  soon  as  the  overflowed 
ground  has  dried  out. 

Kremer  &  Voirol  were  awarded  the  contract 
to  erect  a  new  exchange  building  for  the 
Southwestern  Telegraph  &  Telephone  Co.  in 
the  western  part  of  the  city.  The  building 
will  be  a  three-story  structure,  and  the  esti- 
mated cost,  exclusive  of  equipment,  is  $18,000. 
Geo.  W.  Thompson,  a  prominent  contractor 
and  builder  of  Bowling  Green,  Mo.,  died  on 
Feb.  U)  at  the  age  of  49  years.  The  funeral 
services  were  held  in  Bowling  Green  on  Sun- 
day, Feb.  21,  from  the  Baptist  Church. 

Charles  Fleming  is  in  serious  condition  in 
the  hospital  in  -Forest  City,  Ark.,  as  a  result 
of  a  pistol  duel  that  happened  on  Feb.  22  be- 
tween himself  and  Thos.  Keen,  a  planter  near 
Round  Pond,  Ark.  Fleming  was  on  the  point 
of  selling  a  bunch  of  cattle  under  mortgage 
as  administrator  of  an  estate  in  which  Keen 
was  financially  interested,  it  is  stated,  when 
Keen  got  an  injunction  preventing  the  sale, 
and  when  he  and  his  attorney  appeared  on 
Fleming's  premises,  an  argument  ensued  and 
before  friends  could  interfere  both  men  had 
emptied  their  weapons.  Keen  was  rushed  to 
Memphis,  where  he  died,  and  Fleming  was 
sent  to  the  hospital  in  Forest  City,  where,  it  is  ' 
stated,  he  would  recover. 

T.  J.  Dolan.  the  hustling  secretary  of  the 
International  Brotherhood  of  Steani  Shovel 
&  Dredgemen,  was  here  last  week  as  a  dele- 
gate to  the  deep  waterway  convention.  Dolan 
left  for  Pittsburg,  Kan.,  where  there  are  sev- 
eral hundred  brotherhood  men  employed.  He 
reports  that  he  has  several  good  steam  shovel 
runners  idle  in  Chicago  that  he  would  like  to 
place  on  work  immediately. 

Chas.  Nagel  spent  a  couple  of  davs  in  town. 
Nagel  w-ill  begin  getting  out  rock  for  the  Gov- 
ernment revetment  nortli  of  here  next  week. 

J.  W.  McMurray  was  in  and  out  of  town 
last  Monday.  Left  here  for  Kansas  Citv, 
promising  to  be  back  one  day  next  week.  lie 
is  ready  to  begin  on  his  new  revetment  job 
north  of  the  city  as  .soon  as  the  water  in  the 
Mississippi  falls  sufficiently  to  allow  him  to 
do  so. 

Two  weeks  of  warm  weather  here  has  taken 
all  of  the  frost  out  of  the  ground  and  public 
works  oiiening  up  with  a  rush.  While  labor 
is  plentiful  here  just  now,  it  will  only  be  a 
matter  of  a  few  weeks  before  it  will  be  a 
scarce  article.  We  would  advise  all  contrac- 
tors and  railroad  companies  who  intend  to  do 
any  work  this  year  to  get  an  earlv  start  if 
they  expect  to  get  any  Labor  out  of  St.  Louis. 

Contractors  having  idle  outfits  and  wanting 
work  for  same  write  Koenig's  Labor  .'\gcncy, 
612  Walnut  St..  St.  Louis,  Mo.,  or  -50.3  Vv.  5th 
St.,  Kansas  City,  Mo.  Koenig  will  post  you 
on  new  work  and  see  that  your  outfits  are  put 
to  work  in  a  hurry. 

The  St.  Louis  County  Court  will  issue  a 
permit  to  the  city  to  construct  a  water  pipe 
line  from  the  city  limits  along  Bellefontainc 
road  to  the  new  Industrial  School  at  Ft.  Belle- 
fontainc.    In  consideration  of  the  granting  of 
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the  permit  to  the  Board  of  Public  Service 
will  sign  an  agreement  that  water  will  be  fur- 
nished for  household  purposes  to  persons  liv- 
ing adjacent  to  the  pipe  line  until  such  time 
as  the  St.  Louis  County  Water  Co.  installs  a 
water  service  in  that  territory.  An  appropria- 
tion of  $40,000  is  available  for  this  job. 

The  Gilsonite  Construction  Co.  of  St.  Louis 
was  awarded  the  contract  for  the  construction 
of  a  new  mill  building  at  Chester,  111.,  by  the 
H.  C.  Cole  Milling  Co.  The  building  will  be 
a  six-story  structure  of  concrete  and  glass  and 
will  include  engine  room,  warehouse  and  offi- 
ces. It  is  to  be  finished  by  July  1.  The  con- 
tract for  machinery  and  equipment  will  be  let 
in  a  few  days. 

Chas.  A.  Truitt  of  the  Federal  Boarding  & 
Commissary  Co.,  has  opened  an  office  at  328 
River  St.,  Chicago,  but  spends  a  good  deal  of 
his  time  around  the  Illinois  Athletic  Club. 

The  question  of  establishing  a  new  passen- 
ger station  for  the  steam  railroads  at  Main 
and  N.  Market  Sts.  and  of  extending  the 
tracks  of  the  United  Railways  lines  to  it,  was 
presented  to  the  State  Service  Commission, 
which  met  at  the  Hotel  Jefferson  last  week. 
The  measure  is  being  urged  by  the  St.  Louis 
Real  Estate  Exchange  and  the  civic  improve- 
ment associations  of  the  northern  part  of  the 
city. 

The  controversy  between  City  Auditor  Shee- 
han  and  the  Board  of  Public  Service  with 
regard  to  the  appointment  of  William  F.  Col- 
lar of  New  York  City  as  superintendent  of 
construction  for  the  eastern  approach  to  the 
free  bridge  was  settled  on  Feb.  24  when  the 
Board  of  Estimate  and  Apportionment  ap- 
proved the  appointment.  Sheehan  refused  to 
audit  the  salary  voucher  of  Collar  for  four 
days  of  the  first  half  of  this  month  at  the  rate 
of  $.350  a  month,  on  the  ground  that  under  the 
charter  his  appointment  as  an  expert  should 
be  approved  by  the  Board  of  Estimate  and 
Apportionment.  President  Kinsey  of  the  Board 
of  Public  Service  contended  that  this  approval 
was  not  necessary,  inasmuch  as  Collar  was 
appointed  under  a  recent  ordinance  authoriz- 
ing the  expenditure  of  $100,0<»0  for  labor  and 
material  on  the  approach.  At  a  conference  on 
Feb.  24  between  Kinsey  and  the  members  of 
the  Board  of  Estimate  and  Apportionment, 
Mayor  Kiel  and  Comptroller  Player,  it  devel- 
oped that  the  issue  was  based  on  a  technicality, 
as  there  was  no  opposition  to  Collar's  ap- 
pointment. To  avoid  delay,  Kinsey  asked  the 
approval  of  the  board,  and  it  was  given. 

The  John  L.  Roper  Lumber  Co.,  Norfolk, 
Va.,  want  to  let  a  contract  for  cutting  and 
clearing  off  100,000  acres  of  land  in  Virginia 
in  blocks  of  10,000  acres.  A.  B.  Koenig. 


PERSONALS 

Mr.  C.  F.  Wallow  has  been  appointed  city 
engineer  of  York,  Pa.  Mr.  Wallow  has  been 
connected  with  the  York  city  engineering  de- 
partment for  about  twelve  years,  first  as 
draftsman,  then  as  assistant  city  engineer,  hav- 
ing charge  of  a  field  party.  He  also  has  had 
experience  in  railroad  worK,  and  in  contracting 
and  construction  of  municipal  work. 

Mr.  R.  Eraser  Armstrong  has  been  appointed 
engineer  and  superintendent  of  water  and  sew- 
erage at  St.  John,  New  Brunswick.  Mr.  Arm- 
strong is  a  graduate  of  the  University  of  New 
Brunswick,  and  took  a  post-graduate  course  at 
McGill  University  in  water  supply,  hydraulics 
and  sanitary  engineering.  For  the  past  four 
years  he  has  been  engaged  in  general  municipal 
consulting  work  in  Western  Canada. 

Professor  Arthur  H.  Blanchard  of  the  High- 
way Engineering  Department  at  Columbia 
University,  on  Feb.  9,  delivered  an  illustrated 
address  on  the  subject  "Economic  Phases  of 
Highway  Engineering"  before  the  Middle- 
town  Scientific  Association  at  its  meeting  at 
Wesleyan  University.  On  Feb.  11  he  deliv- 
ered an  address  on  the  subject,  "The  High- 
way Engineer  in  Public  Life"  at  the  annual 
meeting  of  the  Engineers'  Society  of  North- 
eastern  Pennsylvania. 


Mr.  Walter  G.  Kirkpatrick,  member  of  the 
.American  Society  of  Civil  Engineers,  and  until 
recently,  city  engineer  of  Birmingham,  Ala., 
and  special  engineer  in  the  executive  depart- 
ment of  the  Alabama  Power  Co.,  has  opened 
an  office  at  703-704  Farley  building,  Birming- 
ham, Ala.,  and  has  again  taken  up  the  practice 
he  formerly  conducted,  including  consultation, 
reports,  valuation,  designs  and  supervision  for 
water  supply  and  filtration,  sewerage  and  sew- 
age disposal,  garbage  disposal,  paving  and 
hydro-electric  power  development. 

Mr.  Howard  S.  Morse  has  been  elected 
director  of  the  Cincinnati  Bureau  of  Municipal 
Research.  Mr.  Morse  is  a  graduate  of  the 
Massachusetts  Institute  of  Technology,  and 
was  for  a  time  assistant  instructor  in  civil  engi- 
neering at  that  school.  From  1904  to  1907  in- 
clusive he  was  an  engineer  with  the  U.  S. 
Reclamation  Service.  From  1908  to  1911  he 
was  resident  engineer  for  the  Commissioners 
of  Sewerage  at  Louisville,  Ky.  For  two  years 
following  Mr.  Morse  was  engineer  in  charge 
of  the  Division  of  Sewerage,  Department  of 
Public  Service,  Cincinnati.  Recently,  until  se- 
lected for  his  present  position,  he  has  been 
engineer  for  the  Ohio  Institute  for  Public 
Efficiency,  Columbus,  Ohio. 

Mr.  Charles  P.  Williams  of  Great  Falls, 
Mont.,  has  been  assigned  to  the  position  of 
acting  supervising  engineer,  northern  division, 
U.  S.  Reclamation  Service,  having  supervi- 
sion of  the  work  in  Montana,  North  Dakota 
and  northern  Wyoming.  Mr.  Williams  is  a 
member  of  the  American  Society  of  Civil 
Engineers,  and  a  graduate  of  the  University 
of  Missouri.  For  ten  years  he  was  employed 
in  work  under  the  Corps  of  Engineers,  U.  S. 
.•\rmy,  including  river  and  harbor  improve- 
ments and  the  constructing  of  sea  coast  de- 
fenses. For  ten  years  past  he  has  been  with 
the  Reclamation  Service,  engaged  in  design 
and  construction  work.  He  has  been  suc- 
cessively project  engineer  on  the  Huntly  and 
Milk  River  projects  in  Montana,  and  the 
Shoshone  project  in  Wyoming.  For  the  past 
three  years  he  has  been  engaged  chiefly  in 
executive  work  in  connection  with  work  in 
the  Northern  Division  and  on  specifications 
and  designs  for  irrigation  works  for  the  Sun 
River  and  Milk  River  projects  and  for  the 
St.   Mary   Storage  Unit. 

Mr.  J.  W.  Fletcher  has  been  appointed  engi- 
neer in  charge  of  valuation,  construction,  bet- 
terments, inspection,  tests  and  standards  for 
the  Carolina  &  Northwestern  Railway,  with 
headquarters  at  Chester,  S.  C.  Mr.  Fletcher 
has  been  connected  with  that  railway  since 
March,  1899,  in  December  of  which  year  he 
was  appointed  roadmaster.  In  July,  1913,  he 
was  appointed  roadmaster  in  charge  of  all 
maintenance  and  engineering.  Prior  to  his  con- 
nection with  the  Carolina  &  Northwestern,  Mr. 
Fletcher  had  been  employed  in  various  fields  of 
engineering  work.  His  first  experience  was 
with  Carter  &  Parks,  civil  engineers  of  Knox- 
ville,  Tenn.,  in  1888,  soon  after  leaving  the 
L'niversity  of  Tennessee.  He  was  in  private 
practice  for  several  years,  and  later  was  en- 
gaged on  construction  of  various  Tennessee 
railways.  For  a  time  he  was  in  charge  of 
water  works  construction  at  Kno.xville,  and 
from  1895  to  1899  was  employed  by  G.  W. 
Sturtevant,  consulting  engineer  of  Chicago,  on 
water  works,  surveys  and  railwav  locations. 
For  a  time  he  also  engaged  in  gold  and  talc 
mining  in  North  Carolina. 

Mr.  W.  J.  Fairbairn  has  been  elected  by  the 
City  Commission  of  Big  Rapids,  Mich.,  as 
.general  manager  for  that  city,  succeeding  Mr. 
Claude  E.  Chappell,  who  resigned  to  accept  a 
similar  position  at  Jackson,  Mich.  Mr.  Fair- 
bairn will  have  the  management  of  the  city 
water  works,  sewers,  highways,  bridges,  fire 
department,  police  department  and  such  other 
work  as  the  commission  shall  order.  Mr.  Fair- 
bairn is  a  young  man  with  considerable  muni- 
cipal engineering  experience.  He  started  in  his 
career  with  the  Standard  Engineering  Co.  of 
Detroit,  and  later  was  employed  by  Charles  E. 
Wisner,  mechanical  engineer  of  Detroit.  For  a 
time  he  was  on  the  \J.  S.  Lake  Survev  at  Sault 


Ste  Marie.  He  then  attended  the  University 
of  Michigan,  and  in  1906  entered  the  service 
of  the  Detroit  Water  Board,  rising  to  the 
position  of  superintendent  of  construction  and 
having  charge  of  a  number  of  important  un- 
dertakings in  street  work,  water  main  exten- 
sions and  concrete  construction.  In  1912  he 
went  to  Springfield,  Ohio,  where  he  practiced 
civil  engineering  and  was  employed  on  design 
and  construction  of  steel  and  reinforced  con- 
crete work,  surveys,  and  on  machine  designs, 
etc. 

Mr.  R.  O.  Wynne-Roberts  announces  that  his 
engagement  with  the  Regina,  Sask.,  city  coun- 
cil, as  their  consulting  engineer  will  terminate 
on  May  31.  The  name  of  Mr.  Wynne-Rqberts 
is  well  known  to  readers  of  Engineering  and 
Contracting,  as  he  has  frequently  contributed 
to  its  columns.  He  has  had  a  long  and  arduous 
training  in  his  profession,  having  practiced 
since  he  was  18,  largely  in  municipal  engineer- 
ing work  in  Wales,  England,  South  Africa  and 
Canada.  He  began  as  assistant  town  engineer 
of  Llandudno,  Wales,  holding  that  position  for 
over  seven  years.  For  five  vears  he  was  bor- 
ough, water  and  gas  engineer  of  Carnarvon, 
and  later  was  selected  from  a  list  of  120  can- 
didates as  borough  and  water  engineer  of 
Oswestry.  In  1898  he  was  chosen  out  of  a  list 
of  70  candidates  as  city  and  water  engineer  for 
Capetown,  South  Africa.  He  held  that  position 
for  eight_  years,  and  accomplished  a  vast 
amount  of  municipal  work  in  that  time.  For 
four  years  following  his  return  to  England,  in 
1907,  he  practiced  as  consulting  engineer  and 
was  employed  by  several  municipalities  and  by 
the  British  Government  in  important  municipal 
matters.  In  1911  he  visited  Canada,  and  the 
United  States,  and  shortly  after  was  retained 
by  the  city  of  Regina  as  consulting  engineer. 
He  has  also  been  engaged  by  the  Provincial 
government  of  Saskatchewan  and  by  other 
municipalities.  The  Regina  water  scheme  will 
ultimately  cost  about  $2,000,000.  Mr.  Wynne- 
Roberts  is  a  member  of  the  Institution  of  Civil 
Engineers,  Canadian  Society  of  Civil  Engi- 
neers, Institution  of  British  Water  Engineers, 
Institution  of  Municipal  and  County  Engineers, 
American  Water  Works  Association,  Illinois 
Water  Supply  Association  and  is  a  Fellow  and 
Examiner  of  the  Royal  Sanitary  Institute.  He 
is  the  author  of  a  number  of  books  on  sewage 
disposal  and  hydraulic  calculation  and  of  in- 
numerable articles  for  the  technical  press. 

CONTRACTORS. 

Mr.  Edgar  H.  Adams  has  opened  an  office 
as  general  contractor  at  278  Madison  avenue. 
New  York  City.  Mr.  Adams  is  prepared  to 
take  out-of-town  work,  making  country  resi- 
dences his  specialty.  He  has  in  hand  at  present 
a  large  private  residence  at  Waterbury,  Conn., 
and  a  number  of  New  York  City  structures. 
Mr.  Adams  has  been  in  the  contracting  busi- 
ness for  about  eight  years.  He  graduated  from 
the  University  of  Vermont  in  chemical  engi- 
neering. For  ten  years  he  worked  as  chemical 
engineer,  then  entered  practical  construction 
work,  learning  both  the  mason  and  carpenter 
trades.  For  eight  years  he  has  been  superin- 
tendent of  construction  and  estimator,  taking 
full  charge  of  the  work.  During  the  past  two 
years  Mr.  Adams  has  specialized  in  country 
house  work,  having  constructed  more  than 
$123,000  of  this  class  of  building  in  New  York 
City  and  vicinity,  and  has  also  done  some 
factory  construction  work  in  Brooklyn. 

Mr.  R.  M.  Hudson,  422  Healy  Building,  At- 
lanta, Ga.,  who  was  recently  awarded  a  $200,- 
000  sewer,  water  and  paving  contract  at  Mana- 
tee, Fla.,  has  been  in  business  for  twenty 
years,  and  has  constructed  many  of  the  streets, 
sewers,  and  water  pipe  lines  in  the  southern 
cities.  Some  of  his  more  important  works  of 
recent  years  are  as  follows :  sheet  asphalt  pav- 
ing at  Charlotte,  N.  C,  $175,000 :  sheet  asphalt. 
Concord.  N.  C,  $30,000:  sheet  asphalt  and 
asphaltic  concrete  at  Columbia,  S.  C,  $1.50.000 : 
sheet  asphalt,  Charleston,  S.  C,  $55,000;  bitu- 
minous macadam,  Atlanta,  Ga.,  $100,000;  brick 
paving,  Hillsborough  County.  Florida,  $60,000. 
The  present  contract  includes  21,000  ft.  of 
water  pipe,  power  house,  storm  and  sanitary 
sewers  and  44,476  yards  of  brick  paving. 
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Honors  for  the  Engineers  of  the  Pan- 
ama Canal. 

A  merited  recognition  of  tlie  services  ren- 
dered by  the  engineers  of  the  Panama  Canal 
was  given  by  Congress  in  the  closing  hours  of 
its  session  just  finished.  Col.  Geo.  W.  Goe- 
thals  was  advancea  In  rank  to  major  general 
and  his  army  assistants,  Col.  H.  F.  Hodges 
and  Lieut.  Col.  W.  L.  Sibert,  were  made  brig- 
adier generals  of  the  line.  Brigadier  General 
Wm.  C.  Gorgas  was  promoted  to  inajor  gen- 
eral, medical  department.  The  navy  represent- 
ative on  the  Commission,  Commander  H.  H. 
Rousseau,  was  made  rear  admiral.  With  the 
act  providing  for  these  promotions  went  the 
formal  thanks  of  Congress  to  the  officers 
named. 

These  are  not  spectacular  honors  and  spec- 
tacular honors  would  not  have  been  welcomed 
by  the  men  signalized.  There  was  little  of  the 
spectacle  in  the  manner  of  the  bestowal. 
Honor  of  an  unusual  degree  was,  however, 
shown  by  the  action  of  the  Senate  in  confirm- 
ing the  nominations  immediately  upon  their 
presentation.  The  formal  thanks  of  Congress 
carried  with  the  promotions  are  no  less  un- 
usual. No  mark  of  distinction  which  great 
nations  bestow  for  notable  service  has  been 
so  rarely  awarded  as  the  thanks  of  the  Con- 
gress of  the  United  States  of  America. 


The   Effect   of   Improved   Methods   of 

Manufacturing  Paving  Materials 

Upon  the  Construction  of 

Various  Pavements. 

New  paving  materials  are  in  reality  most 
generally  materials  formerly  in  use  but  aband- 
oned on  account  of  developments  in  the  manu- 
facturing of  other  materials  previously  inferior 
in  quality.  It  would  seem  that  all  materials  in 
use  at  the  present  time  have  had  their  day  of 
popularity  and  superiority  and  many  appear  to 
have  had  several  periods  of  popular  favor 
among  engineers.  This  popularity,  however, 
is  influenced  by  other  factors,  such  as  the  type 
of  traffic  and  suitability  to  local  conditions. 

The  influence  of  methods  of  manufacture 
upon  the  quality  of  the  pavement  is  well  illus- 
trated in  the  use  of  stone  blocks.  Stone  blocks 
have  been  in  use  since  the  time  of  the  Romans 
but  the  characteristics  of  stone  block  pave- 
ments have  changed  repeatedly.  The  modern 
machine  cut  stone  blocks  laid  upon  a  mortar 
bed  result  in  a  distinctly  different  pavement 
from  that  produced  by  the  use  of  the  old  type 
of  rough  blocks. 

Improvements  in  the  methods  of  preparing 
asphalt  have  resulted  in  the  development  of 
pavements  suited  to  any  temperature  and  cap- 
able of  withstanding  the  wear  of  various  types 
of  traffic.  The  uses  of  asphalt  have  been  in- 
creased in  number  until  it  finds  a  place  in  con- 
struction of  practically  all  types  of  pavement. 
This  has  come  about  largely  through  improved 
methods  of  manufacturing.  Similarly  paving 
cements  manufactured  from  coal  tar  have 
found  an  enlarged  field  of  usefulness  through 
the  work  of  the  chemist  and  manufacturer. 

Wood  block  pavements  have  passed  through 
various  stages  of  development  and  in  each 
stage  the  characteristics  of  the  pavement  have 
changed.  Throughout  their  process  of  develop- 
ment the  manufacturer  and  not  the  builder  has 
influenced  the  changes. 

Similarly  in  the  development  of  Portland 
cement  and  its  application  to  paving  uses  and 
the  discovery  of  various  mineral  binders  of 
utility  in  pavement  construction  the  efforts  of 
the  manufacturer  are  again  felt.  Vitrified  brick 
furnish   perhaps    the   best    illustration   of    this 


point.  Fifty  years  ago  the  best  brick  manufac- 
tured were  considered  too  soft  to  withstand  the 
wear  due  to  iron  tired  vehicles.  Recent  tests 
have  demonstrated  conclusively  the  strength 
and  toughness  of  modern  paving  brick. 

The  important  part  played  by  manufacturers 
and  chemists  and  engineers  employed  by  them 
in  the  development  of  various  materials  of 
construction  is  worthy  of  praise.  That  further 
developments  will  be  made  there  can  be  no 
doubt.  It  would  seem  that  the  endowment  of 
scholarships  to  be  used  for  experiments  with 
and  study  of  paving  materials  in  various  uni- 
versities would  further  rapid  improvement. 
We  commend  this  procedure  to  the  attention 
of  manufacturers. 


Financial  Safety  Engineering. 

A  notable  article  on  water  power  develop- 
ment is  published  in  another  section  of  this 
issue.  There  are  two  sorts  of  engineering 
problems  to  be  solved  in  every  water  power 
development:  (1)  engineering  business  prob- 
lems, and,  (2)  engineering  technical  prob- 
lems. The  defining  terms  used  are  not  re- 
markably apt,  but  their  meaning  will,  we 
think,  be  plain.  Also  water  power  engineer- 
ing is  not  the  only  kind  that  involves  both  the 
sorts  of  problems  named;  it  is,  though,  a 
kind  that  presents  them  perhaps  most  dis- 
tinctly. It  therefore  affords  particularly  ex- 
cellent exemplification  of  the  subject  selected 
here  for  comment  and  which  we,  borrowing 
an  idea,  have  called  financial  safety  engi- 
neering. 

Water  power  engineering  records  more 
failures  than  any  other  kind,  perhaps,  though 
as  the  words  are  written  there  comes  to 
thought  irrigation  engineering.  These  fail- 
ures have  rarely  been  engineering  failures  in 
the  sense  that  good  engineering  was  lacking 
in  design  and  construction — in  solution  of 
purely  technical  problems.  Nearly  always  the 
failure  of  a  water  power  development  can 
be  traced  to  inadequate  consideration — often 
no  consideration — iby  the  engineer,  of  the 
fact  laid  down  by  the  writer  in  another  col- 
umn as  the  one  of  supreme  importance :  the 
necessity  for  the  complete  control  in  water 
power  work  of  the  engineering  business  prob- 
lems over  the  engineering  technical  problems. 
If  we  turn  to  irrigation  works,  hinted  at 
above  as  a  rival  to  water  powers  in  number 
of  recorded  failures,  we  find  the  same  fact 
true. 

Conceding  to  the  engineer  all  that  we  can, 
the  conclusion  still  remains  true  that  his 
thought  has  been  directed  more  often  to  the 
technical  excellence  and  completeness  of  his 
-work  than  to  its  financial  safety.  The  harvest 
of  this  sowing  has  been  the  condition  that 
the  writer  of  the  article  in  this  issue  indi- 
cates so  clearly.  A  little  further  analysis  will 
demonstrate  better  the  logic  of  this  condi- 
tion. Keeping  to  the  illustration  selected  the 
banker  who  finances  a  water  power  knows 
that  success  depends  upon  the  balancing  of 
financial  forces  just  as  unyielding  and  per- 
sistent as  any  with  which  the  engineer  deals 
in  liis  work  of  design  and  construction.  Gross 
revenue  from  users  must  balance  investment 
and  operating  charges.  This  is  the  least  re- 
quirement that  will  prevent  failure.  Consid- 
ering that  both  of  these  forces  can  only  be 
estimated,  the  difficulty  that  confronts  the 
banker  is  evident.  At  the  very  best  he  as- 
sumes risk.  This  risk  he  feels  is  intensified 
by  the  fact  that  commonly  the  engineer's  es- 
timate of  investment  and  operating  costs  can- 
not be  depended  upon,  and  more  than  com- 
monly the  engineer  has  made  no  intelligent 
estimate    of    probable    revenue. 
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These  are  not  statements  that  please  the 
engineer.  They  were  never  true  of  many 
engineers.  They  are  much  less  true  now  of 
all  engineers  than  they  were  even  a  few  years 
ago.  But  they  are  still  true  of  enough  engi- 
neers to  call  forth  frequent  criticism.  These 
columns  have  contained  within  a  few  weeks 
entirely  just  criticisms  and  well  attested  ex- 
amples of  sinfully  faulty  engineers'  cost  esti- 
mating. One  will  not  concede  for  a  moment 
that  these  facts  exist  because  engineers  can- 
not estimate  correctly.  They  exist,  as  we 
have  very  recently  remarked  editorially,  be- 
cause engineers  do  not  all  grasp  the  truth 
that  estimating  the  cost  of  an  engineering 
work  means  more  than  appro.ximating  the  phy- 
sical construction  expenditure  necessary.  If 
this  were  the  full  duty  of  the  engineer  estima- 
tor at  any  time,  it  certainly  is  not  now  his  full 
duty;  the  estimating  of  construction  costs  is 
a  part  only  of  the  art  of  engineering  esti- 
mating. 

To  secure  money  for  developing  the  water 
power  described  in  this  issue  the  engineer  was 
bound  financially  to  guarantee  the  cost  of  the 
plant.  The  circumstance  is,  we  believe, 
unique.  Comment  on  the  justice  and  equity 
of  -the  action  will  not  concern  us  here.  The 
fact  emphasized  is  that  this  action  begot  as 
noticeable  a  piece  of  financial  safety  engineer- 
ing as  we  now  readily  recall.  The  story  is 
too  well  told  in  the  article  which  we  repub- 
lish to  bear  repeating.  There  is  in  this  story 
a  most  useful  lesson  in  engineering.  It  is  a 
lesson  in  the  "new  engineering,"  whose  epoch 
is  beginning. 

The  engineer  has  established  his  reputation 
as  a  technician.  Capital  does  not  doubt  engi- 
neering ability  to  design  and  construct  a 
water  power  plant  or  an  irrigation  works  of 
the  highest  mechanical  efficiency  and  struc- 
tural durability,  but  it  does  doubt,  except  in 
proved  individuals,  engineering  ability  to 
determine  the  financial  safety  of  such  works. 
The  new  engineering,  without  excluding  any- 
thing of  the  technical  attainment  now  pos- 
sessed, includes  ability  to  appraise  the  finan- 
cial safety  of  engineering  works.  The  engi- 
neer who  can  meet  these  demands  on  his  tal- 
ents will  possess  a  worth  that  brings  fortvme 
and    reputation. 


Planning  Road  Crossings  of  Drainage 
Ditches  to  Permit  Ditch  En- 
largement. 

Drainage  work  and  road  construction  are 
beginning  to  interfere  with  each  other  in  many 
of  the  western  states.  In  some  cases  roads 
have  been  constructed  first  and  offer  obstacles 
to  the  planning  and  building  of  economical 
drainage  works ;  in  other  cases  the  country 
was  ditched  first  and  the  drainage  works 
planned  without  roads  in  mind  have  become 
obstacles  to  the  road  builder  who  later  came 
into  the  field.  These  conditions  are  certain 
to  be  intensified  as  time  goes  on.  New  drain- 
age works  are  being  built  in  greater  numbers 
and  old  drainage  works  arc  being  enlarged  in 
still  greater  numbers  while  improved  road  con- 
struction is  being  promoted  and  planned  for 
prosecution  in  volumes  far  beyond  any  con- 
ception a  few  years  ago  of  the  probabilities. 
A  real  problem  in  construction  of  drainage 
work  and  road  construction  confronts  many 
sections  of  the  middle  west,  and  this  problem 
is  concerning  the  state  and  country  drainage 
and  road  officials. 

The  ])'roblcm  of  co-ordinating  road  construc- 
tion and  drainage  works  has  two  phases.  One 
phase  presents  itself  where  swamp  or  over- 
flowed  lands  are  being   reclaimed   and   where 
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drains  and  roads  will  be  original  works.  The 
other  phase  is  presented  where  drains  or  roads 
have  previously  been  laid  down  and  either  the 
road  builder  or  the  drainage  engineer  coming 
later  must  fit  his  plans  to  the  existing  works 
of  the  other. 

In  wholly  new  land  reclamation  the  problem 
i)f  co-ordinating  drains  and  roads  is  compara- 
tively simple.  Recent  practice  in  Minnesota 
offers  a  good  illustration.  In  this  state  main 
roads  are,  as  an  integral  part  of  the  reclama- 
tion plan,  laid  down  along  the  rhain  ditch  lines. 
the  spoil  from  the  ditches  being  used  for 
grading  the  roads.  Where  main  ditch  lines  do 
not  submit  to  such  regularity  of  plan  as  in 
Minnesota,  modifications  will  be  necessary,  but 
the  broad  idea  of  planning  main  ditches  and 
main  roads  as  integral  parts  of  one  construc- 
tion is  universally  applicable.  Such  co-ordina- 
tion of  drain  and  road  planning  eliminates 
very  largely  all  troubles  of  adjustment  of 
drain  and  road  crossing  structures.  If  the 
reclamation  plan  is  comprehensive  and  well 
thought  out  it  will  be  quite  certain  that  future 
changes  in  ditch  sizes  will  not  be  required,  or 
if  they  are  required  it  will  be  quite  certainly 
known  where  they  will  be  required.  The  road 
crossing  bridge  or  culvert  can  then  be  built 
with  certainty  that  it  will  remain,  or  so  built 
that  future  expected  ditch  enlargements  can 
proceed  without  changing  the  crossing  struc- 
ture. 

When  the  problem  is  to  fit  new  drain  work 
to  e.xisting  roads  or  new  road  work  to  existing 
drains  the  problem  of  co-ordination  is  confined 
largely  to  determining  the  manner  of  handling 
crossing  structures.  Modern  improved  road 
structures  across  waterways  are  all-masonry 
or  masonry  and  steel  construction.  They  are 
too  expensive  to  permit  their  demolition  and 
reconstruction  to  be  regarded  with  unconcern. 
A  desired  and  otherwise  financially  practicable 
ditch  enlargement  may  easily  become  impracti- 
cable with  the  removal  and  rebuilding  of  a  few 
such  crossings  in  sight.  On  the  other  hand,  to 
the  road  engineer,  there  is  nothing  good  in  the 
thought  that  he  should  plan  every  ditch  cross- 
ing structure  so  as  not  to  obstruct  a  future 
ditch  enlargement  which  may  sometime  be  de- 
sired but  which  quite  as  likely  never  will  be 
desired.  Yet  conditions  require  something  to 
be  done. 

The  things  to  be  done  are  interestingly  sug- 
gested in  a  paper  by  S.  L.  Kennedy  of  the 
Minnesota  Engineering  Society.  They  are : 
first,  mutual  recognition  by  the  road  and 
drainage  officials  of  the  interelation  of  certain 
of  their  construction  problems,  and  second  the 
adoption  for  drain  crossings  by  roads  of  types 
of  structures  which  permit  ditch  deepening 
without  reconstruction.  For  example,  bridge 
crossings  should  be  founded  on  piles  or  steel 
cylinders  which  can  be  excavated  around  and 
built  downward  for  a  deepened  ditch.  When 
smaller  openings  are  required  corrugated  cul- 
verts, w-hich  can  be  dug  out  and  lowered  by 
dredge,  are  suggested.  In  most  state  road 
departments  very  well  thought  out  standard 
bridge  and  culvert  designs  exist.  It  would  be 
interesting  if  these  departments  would  study 
plans  of  road  crossing  structures  for  drainage 
ditches  with  the  view  of  devising  ones  which 
would  permit  ditch  deepening  without  heavy 
expense  for  remodeling  the  crossing  structure. 


Recent  Progress  in  Electric  Steel  Pro- 
duction. 

The  rapid  progress  made  in  the  United 
States  in  the  installation  of  electric  furnaces 
for  producing  steel  indicates  that  the  produc- 
tion of  electric  steel  has  now  passed  the  ex- 
perimental stage  and  has  entered  the  commer- 
cial field  as  an  important  factor.  Although  the 
operation  of  electric  furnaces  was  originally 
confined  almost  exclusively  to  the  production 
of  steel  castings,  its  use  appears  to  be  estab- 
lished in  the  refining  of  Bessemer  and  open- 
hearth  steels  and  in  the  production  of  high- 
grade  alloy  and  other  special  steels.  To  indi- 
cate the  rapid  progress  made  in  this  country, 
and  to  compare  it  with  the  progress  made  in 
foreign  countries,  the  following  data  compiled 
by  The  Iron  Age  are  given : 


In  190!l  there  were  only  2  electric  furnaces  in 
operation  in  this  country,  in  1910  there  were 
10,  in  1913  the  number  had  risen  to  19,  while 
there  are  now  11  such  furnaces.  Outside  of  the 
United  States  there  were  63  electric  furnaces 
in  1909,  104  in  1910,  121  in  1913,  while  at  pres- 
ent there  are  172.  It  is  thus  seen  that  the 
electric  steel  industry  promises  soon  to  reach 
large  proportions  in  this  country. 

In  European  countries  the  largest  use  has 
been  in  the  production  of  tool  and  other  special 
steels,  but  in  this  country  22  out  of  41  installa- 
tions are  for  the  production  of  steel  castings, 
while  its  use  in  refining  Bessemer  and  open- 
hearth  steels  is  being  largely  extended.  The 
present  war  will  undoubtedly  give  great  im- 
petus to  the  production  of  electric  steel  in  the 
United  States  as  importations  of  special  steels 
heretofore  have  been  high.  It  is  of  interest  to 
note  that  practically  all  of  the  advance  in 
electric  steel  making  has  come  from  within 
the  steel  industry  and  is  the  result  of  competi- 
tive efforts  of  manufacturers  to  improve  qual- 
ity. Electric  steel  undoubtedly  will  play  an  im- 
portant part  in  the  construction  of  future  long- 
span  bridges. 

Underestimating    the    Cost    of    Motor 
Trucking. 

There  have  been  published  numerous  esti- 
mates of  the  cost  of  hauling  with  auto  trucks. 
Also  there  have  been  many  statements  as  to 
the  "actual  cost"'  of  such  hauling.  But  the  term 
"actual  cost"  has  usually  been  a  misnomer,  for 
at  least  part  of  the  actual  cost — and  often  a 
very  large  part — has  been  merely  an  estimate. 
Now,  an  estimate  may  be  based  on  cost  data, 
or  not,  but  an  estimate  is  hardly  cost  data. 

Mr.  Everett  N.  Bryan,  in  a  letter  to  Engi- 
neering Record,  protests  against  the  publica- 
tion in  that  journal  of  some  misleading  "costs" 
of  hauling  with  auto  trucks — "costs"  of  about 
G  cts.  per  ton-mile — and  he  closes  his  letter 
with  this  statement : 

Cost  data,  like  dynamite,  are  verj'  useful  tools 
In  proper  hands,  but  their  accumulation  and  use 
liy  the  inexperienced  are  fraught  with  danger. 

His  criticisms  of  the  6-ct.  ton-mile  costs, 
however,  are  not  leveled  at  the  items  of  actual 
cost — the  cost  data — but  at  the  estimated  costs 
of  repairs,  depreciation  and  interest.  Therefore 
his  closing  criticism  of  published  cost  data  is 
hardly  justi5ed.  But  he  is  on  sounder  ground 
when  criticizing  certain  estimated  costs  of  in- 
terest, repairs, and  depreciation  per  ton-mile. 

It  is  evident  that  Mr.  Bryan  has  had  enough 
knowledge  of  trucking  costs  to  enable  him  to 
offer  good  suggestions  as  to  estimating.  Start- 
ing with  the  actual  performance  in  the  given 
case,  he  builds  up  an  estimated  total  cost  of 
nearly  11  cts.  per  ton-mile,  details  thus: 
DAILY  EXPENSES  OF  5  TRUCKS  FOR  1,600 
TON-MILES. 

Cost  in 
cents 
Hauling —  per  ton- 

Labor:  mile. 

Ten  drivers $30.00 

Extra  drivers    3.50 

Four  laborers  unloading.     8.00 

Total    $-11.50       2.594 

Fuel  and  lubricants — Five  truclis 
making  twentv  S-mile  trips  at 
■1%  cts.  per  mile 38.00       2.375 

Repairs  and  extras  at  approxi- 
mately 3.09  cts.   per  mile 24.72       1.545 

Tire     renewals     at     approximately 

3.50  cts.   per  mile 28.00       1.750 

Interest,  insurance  and  deprecia- 
tion at  approximately  5  125  cts. 
per  mile  41.00      2.562 

Total  for  hauling $173.22     10.826 

The  drivers  were  paid  $3  for  12-hour  shifts. 
Each  truck  hauled  4  tons  of  broken  stone, 
traveled  IGO  miles,  and  thus  averaged  320  ton- 
miles  per  24-hour  day,  the  average  length  of 
haul  being  4  miles.   No  trailers  were  used. 

Mr.  Bryan,  based  on  his  own  experience, 
estimated  that  the  item  of  repairs  (including 
miscellaneous  small  items  of  expense)  and  re- 
newals (except  tire  renewals)  would  not 
average  less  than  65  per  cent  of  the  cost  of 
fuel  and  lubricants,  or  about  8.09  cts.  per  mile. 

With  a  5-ton  truck  his  experience  has  been 
that  tire  renewals  cost  4..58  cts.  per  mile,  from 


which  he  infers  that  it  would  be  3.5  cts.  per 
mile  for  a  4-ton  truck.  He  estimates  yearly 
interest,  depreciation  and  insurance  on  a  $4,000 
truck  (4-ton)  as  follows: 

Interest,  6  per  cent  of  $4,000 $  240 

Insurance    55 

Depreciation   (exclusive  of  repairs,  renew- 
als and  tire  expense) 730 

Total,   20,000   miles  at  5.125   cts $1,023 

Speaking  of  depreciation,  Mr.  Bryan  says : 

In  the  writer's  opinion,  barring  special  condi- 
tions and  special  cases,  perhaps  100,000  miles  is 
an  ample  life  to  assume  under  average  condi- 
tions. And  the  mileage  per  year  for  an  ordinary 
road  contractor's  truck,  again  leaving  out  of 
consideration  trucks  purchased  for  a  special 
freight  haul,  or  any  other  what  might  be  termed 
haul  on  schedule,  should  be  placed  at  not  to 
exceed  20,000  miles.  .  .  .  This  would  give  a 
life  of  five  years  to  the  truck,  and  it  is  safe  to 
say  that  after  five  years  of  service,  particularly 
at  this  stage  of  motor-truck  development,  and 
in  view  of  the  advance  being  made  in  tractor 
haul,  the  contractor  should  plan  to  have  run 
out  the  life  of  his  machine. 

It  should  be  noted  that  in  the  above  given 
estimate,  there  is  nothing  for  taxes  and  for 
garage  expense.  Even  where  a  motor-truck  is 
used  in  the  country  during  the  road  building 
season,  it  should  be  remembered  that  it  re- 
quires housing  in  the  winter.  However,  the 
cost  of  housing  is  relatively  slight,  and  taxes 
do  not  ordinarily  exceed  1  to  1.5  per  cent. 

The  two  factors  most  likely  to  be  disputed 
are  the  prospective  economic  life  of  a  motor 
truck,  and  the  annual  mileage  that  it  can  be 
counted  upon  to  perform  under  normal  con- 
ditions. As  to  the  life,  it  seems  to  us  that 
much  more  than  100,000  miles  may  be  safely 
expected. 

Road  rollers  usually  average  about  100  days 
of  actual  work  each  year,  even  in  the  colder 
northern  states.  It  seems  reasonable  to  esti- 
mate fully  100  working  days  per  annum  for  a 
motor-truck  used  exclusively  on  road  work. 
Question  may  well  be  raised  as  to  whether 
night  shift  work  will  be  economic  in  the  long 
run,  particularly  when  the  time  comes  that 
motor  trucks  are  more  common.  Motor  trucks 
that  are  used  for  roadwork  are  also  used  for 
other  work  when  the  road  season  is  ended,  so 
that  the  annual  mileage  is  not  confined  to  the 
road  season. 

There  is  a  large  field  of  usefulness  ahead 
of  the  motor  truck  for  contracting  purposes. 
But  the  introduction  of  motor  trucks  will  be 
retarded  by  claims  of  economy  that  can  not  be 
fully  realized.  An  inevitable  reaction  occurs 
as  the  result  of  hopes  that  prove  to  be  too 
sanguine.  Conservative  estimates  are  to  be 
encouraged,  particularly  when  based  on  experi- 
ence extending  over  considerable  time.  The 
danger  of  underestimating  costs  does  not  arise 
from  published  cost  data,  but  either  from  a 
lack  of  such  information  or  from  failure  to 
secure  and  analyze  the  cost  data  that  have  been 
published. 


Pinnacle  Rocks  in  Alaskan  Ship  Channel. 

— Field  Engineer  John  A.  Daniels  of  the  U. 
S.  Coast  and  Geodetic  Survey,  has  located 
21  dangerous  rocks  in  42  miles  of  ship  chan- 
nel in  Alaska  during  the  past  season,  accord- 
ing to  a  report  sent  out  by  Secretary  of 
Commerce  Redfield.  These  rocks  were  lo- 
cated by  means  of  a  wire  drag  more  than  a 
mile  long,  the  wire  being  supported  by  cables 
to  surface  buoys  and  towed  along  by  power 
boats. 

One  of  these  rocks  is  of  pyramid  shape  and 
rises  over  600  ft.  from  the  bottom  of  the 
channel  to  within  17  ft.  of  the  surface.  It  is 
surrounded  by  deep  water  on  all  sides  and  is 
now  located  on  the  chart  where  a  109-fathom 
sounding  was  formerly  recorded.  Field  en- 
gineer Daniels  speaks  of  this  6()0-ft.  pyramid 
as  a  sort  of  a  submerged  Washington  Monu- 
ment. He  says  that  if  the  lead  struck  it  in  the 
old  survey  it  probably  slipped  off  into  the  deep 
water  of  109  fathoms  alongside.  But  he 
thinks  it  is  more  probable  that  it  came -in  be- 
tween two  soundings  and  was  missed  alto- 
gether. 
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Design  and  Construction  of  the  Main 

St.    Reinforced    Concrete    Viaduct 

at  Fort  Worth,  Tex. 

The  cost  of  falsework  required  for  arch 
construction,  and  the  difficuhy  of  building  and 
maintaining  it  in  streams  subject  to  floods, 
have  often  resulted  in  the  construction  of 
other  types  of  bridges.  To  obviate  the  use  of 
falsework  in  the  construction  of  reinforced 
concrete  arches  structural  steel  reinforcement 
of  the  arch  type  has  been  used,  the  reinforce-, 
ment  being  designed  to  carry  all  loads  during 
construction.  For  high  structures  over  streams 
subject  to  sudden  and  great  variation  of 
water  level  this  method  of  construction  is  of- 
ten cheaper  and  safer  than  to  use  falsework 
supported  from  the  bed  of  the  stream.  The 
following  article  describes  the  design,  con- 
struction and  cost  features  of  the  Main  St. 
Viaduct  at  Fort  Worth,  Tex.,  the  data  be- 
ing taken  from  a  paper  by  S.  W.  Bowen,  in 
Proceedings,  American  Society  of  Civil  En- 
gineers, Vol.  XL.,  p.  1761.  The  illustrations 
and  some  of  the  data  were  obtained  from 
Mr.  Bowen.  The  author  in  his  paper  also  de- 
scribes three  other  bridges,  one  of  which,  tho 
Samuels  Ave.  Viaduct,  was  fully  covered  in  a 
contributed  article  appearing  in  Engineerinu 
AND  Contracting  of  .^pril  29,  1914. 

The  city  of  Fort  Worth,  Tex.,  is  traversed 
by  the  Trinity  River  and  its  branches,  this 
river  being  very  crooked  and  requiring  the 
construction  of  a  number  of  bridges.  The  Main 
St.  Viaduct,  which  is  to  be  described,  is  the 
largest  and  most  important  of  the  four  bridges 


SRIDGE; 


seeping  down  from  the  blufi'  and  softening  the 
material  in   the  hillside. 

The  material  on  the  south  side  of  the  river 
consists  of  loam  and  clay  interspersed  with 
loose  rock  and  boulders  brought  down  by  the 
slide.  This  material  is  underlaid  with  ledges 
of  rock,  varying  in  thickness  from  6  ins.  up, 
with  thin  layers  of  hard  clay  or  shale  between 
them.  The  layers  are  horizontal,  and  they  in- 
crease in  thickness  with  the  depth.  The  ma- 
terial on  the  north  bank,  to  a  depth  of  10  or 
12  ft.,  consists  of  a  black,  sticky,  clay-like  sub- 
stance, which  has  the  property  of  remaining 
very  hard  when  moist  and  not  exposed  to  the 
air,  but  which  disintegrates  when  exposed  to 
dry  air  for  a  few  days.  Under  this  surface 
material  there  is  a  very  dense  yellow  clay,  un- 
derlaid with  sand.  This  sand  increases  in 
coarseness  with  the  depth,  and  merges  into 
gravel  near  bed-rock.  The  surface  niateriaV 
was  tested  at  a  depth  of  8  ft.,  and  sustained 
a  load  of  •3..3  tons  per  square  foot  without  ap- 
preciable settlement. 

RIVER   CONDITIONS. 

The  Trinity  River,  although  normally  a 
small  stream,  is  subject  to  sudden  freshets, 
and  carries  large  quantities  of  drift.  The 
banks  are  steep  and  the  run-ofl:'  is  rapid.  .'\s 
an  example  of  the  rapidity  of  the  rises,  a  flood 
occurred  during  the  summer  of  1912,  before 
work  started,  and  another  in  September,  1913, 
while  work  was  under  way.  During  the  first 
mentioned  freshet  a  rise  of  23  ft.  occurred  in 
24  hours.  This  rise  was  gradual  compared 
with  the  last  mentioned  flood,  where  the  rise 
amounted  to  16  ft.  in  about  IVi  hours.  The 
first  14   ft.  of  this  rise  took  place  in  about  1 


termine  the  economical  span  lengths  for  each 
type.  Three  types  were  considered,  as  follows: 
earth  fills  enclosed  by  semi-gravity  retaining 
walls,  girder  spans,  and  arch  spans. 

In  this  preliminary  work  sufficient  designing 
and  laying  out  was  done  to  enable  the  various 
quantities  to  be  determined  with  sufticient  ac- 
curacy for  the  purpose  in  view.  These  quan- 
tities were  multiplied  by  estimated  unit  prices, 
and  the  cost  per  linear  foot  of  structure  of 
each  type  for  various  heights  and  span  lengths 
was  obtained.  These  results  were  then  plotted, 
and  the  economical  span  lengths  were  deter- 
mined, as  well  as  the  points  at  which  it  was 
theoretically  economical  to  change  from  one 
type  of  construction  to  another.  The  infor- 
mation obtained  from  the  plots  was  followed 
as  closely  as  circumstances  would  permit.  In 
some  cases,  however,  the  physical  conditions 
determined  both  the  span  lengths  and  the 
type  of  structure.  For  example,  arch  spans 
wer;  used  over  the  levee  and  between  the 
south  abutment  and  pier  No.  1  (see  Fig.  1). 
Girder  spans  would  have  been  cheaper  at  these 
points  if  the  height  only  was  considered.  It 
was  not  permissible  to  place  piers  in  the  levee, 
and  a  long  span  had  to  be  used.  It  was  not 
thought  advisable  to  divide  the  span  between 
the  south  abutment  and  pier  No.  1,  on  account 
of  the  possibility  of  a  recurrence  of  the  slides 
mentioned  previously;  in  other  words,  the 
fewer  piers  on  the  south  bank  of  the  stream 
at  this  point,  the  better.  Consequently,  arch 
spans  were  used  for  these  portions  of  the 
crossing. 

The  selection  of  the  three-hinged  ribbed 
arch  with  forms  supported  from  the  reinforce- 
ment was  governed  principally  by  the  character 
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Fig.  1.   General  Elevation  of  IVIain  Street  Viaduct,  Fort  Worth,  Tex.,  Showing    Types  of  Construction  and  Span  Lengths. 


recently  constructed.  This  viaduct  has  a  54- 
ft.  clear  roadway  and  two  8-ft.  sidewalks,  pro- 
visions being  made  in  the  design  for  two 
electric  interurban  car  lines  in  the  center  oi 
the  roadway.  The  length  of  this  viaduct, 
from  the  end  of  the  north  approach  to  the 
center  of  the  south  abutment  is  174.5  ft.  3  ins., 
this  length  being  made  up  of  one  22.5-ft.  arch 
span  over  the  stream;  two  175- ft.  and  one  150- 
ft.  arch  spans ;  one  68-ft.  9-in.,  two  62-ft.  6-in., 
seven  60-ft.,  and  two  25-ft.  girder  spans;  and 
an  earth  fill  approach  between  concrete  retain- 
ing walls  of  the  semi-gravity  type.  The  south 
approach  is  curved  and  consists  principally  of 
low  retaining  wall  construction.  Figure  1 
shows  a  general  elevation  of  the  viaduct  and 
indicates  the  topography  at  the  site.  In  gen- 
eral, ornamentation  is  confined  to  the  main 
lines  of  the  structure  and  to  the  use  of  panel- 
ing and  moldings.  The  railings  are  simple 
in  outline  and  are  designed  with  a  view  to  easy 
construction.  Balconies  are  provided  at  the 
tops  of  the  arch  piers  and  abutments. 

FOUNDATION   CONDITIONS. 

With  the  exception  of  a  small  portion  of  the 
site,  rock  lies  at  too  great  a  depth  below  the 
surface  to  be  reached,  except  at  excessive  cost. 
At  Main  St.  bed-rock  lies  at  a  depth  of  from 
40  to  50  ft.  below  the  ground  surface  north 
of  the  stream.  On  the  south  side  the  rock 
crops  out  at  the  surface  on  top  of  the  bluff. 
About  twenty  years  ago  a  landslide  occurred 
on  the  south  bank  of  the  stream.  The  earth 
and  loose  rock  overlying  bed-rock  slid  toward 
the  river,  partly  wrecking  the  old  bridge.  This 
slide  extended  for  several  hundred  feet  along 
the  stream.  It  was  probably  caused  by  water 


hour.  As  such  floods  as  these  are  not  un- 
usual they  render  work  in  the  bed  of  the 
stream  decidedly  hazardous. 

SELECTION   OF  TYPE  OF  STRUCTURE. 

Because  of  the  conditions  mentioned  above 
it  was  necessary  to  adopt  a  type  of  structure 
that  would  not  be  injured  by  such  slight  un- 
equal settlement  as,  under  the  circumstances, 
might  be  expected  to  occur.  It  was  also 
thought  advisable  to  use,  at  least  for  the  arch 
spans,  a  method  of  construction  that  would 
not  require  falsework  in  the  stream. 

After  a  careful  consideration  of  various 
types,  it  was  decided  to  use,  for  the  main 
spans  of  the  viaduct,  three-hinged,  ribbed 
arches,  with  structural  steel  reinforcement  de- 
signed to  support  the  weight  of  the  forms  and 
the  plastic  concrete  of  the  ribs  and  braces 
during  construction.  For  the  approach  spans 
and  for  the  river  spans  of  the  smaller  viaducts 
girder  spans  were  adopted. 

The  three-hinged  arch  was  selected  because 
it  would  not  be  strained  by  imequal  settlement, 
because  the  stresses  are  statically  determinate, 
and  because  the  temperature  stresses  arc  elimi- 
nated. Ribbed  construction  was  adopted  as 
being  light  and  best  adapted  to  the  use  of 
hinges,  and  also  because  no  waterproofing 
would  be  required.  Structural  reinforcement 
for  the  ribs  and  braces  was  used  in  order  to 
dispense  with   falsework,  as  far  as  possible. 

PRELIMINARY    DESIGN. 

Before  beginning  the  actual  designing,  con- 
siderable preliminan,-  work  was  done  in  order 
to  determine  the  most  economical  type  of 
structure  for  various  heights,  and  also  to  de- 


of  the  foundations  and  by  the  erratic  behavior 
of  the  stream.  However,  estimates  were  made 
of  the  cost  of  this  construction  as  compared 
with  that  of  a  three-hinged  ribbed  arch  sup- 
ported on  falsework  in  the  usual  manner.  In 
making  this  comparison  the  cost  of  the  false- 
work and  the  rib  reinforcement  required  for 
this  scheme  was  compared  with  that  of  the 
rib  reinforcement  of  the  arches  as  built.  The 
hinges  and  such  portions  of  the  rib  forms  as 
were  common  to  both  schemes  were  not  in- 
cluded in  the  estimate.  It  was  found  that  the 
structure  on  falsework  would  have  cost  slight- 
ly less  than  as  built.  This  was  caused  by  the 
fact  that  spans  A,  C  and  D  are  too  low  for 
economy  with  the  self-supporting  type  of  con- 
struction ;  span  B,  however,  is  high  enough  to 
make  this  type  economical.  It  was  decided 
to  use  the  self-supporting  type  for  all  spans, 
because  of  the  danger  from  floods,  the  unstable 
character  of  the  soil  under  span  A,  and  in 
order  to  avoid  the  troubles  due  to  settlement 
of  the   falsework. 

The  selection  of  the  self-supporting  type  was 
amply  justified  by  events  which  will  be  men- 
tioned later  under  the  head  of  "Construction." 

GENERAL    LAYOUTS. 

.'\ftcr  the  preliminary  designing  had  been 
finished,  and  the  data  obtained  had  been  ar- 
ranged for  use,  the  work  of  preparing  the  gen- 
eral plans  was  started. 

A  direct  ajiproach  to  the  south  end  of  the 
structure  was  prevented  by  the  court  house 
and  jail  luiildings,  which  block  Main  St.  at  this 
point.  It  was  desirable,  therefore,  to  make 
the  south  approach  a  double  one.  One  branch, 
carrying  north-bound   traflic,     connects     with 
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Commerce  St.,  and  the  south-bound  traffic  is 
accomiTiodated  by  the  other  branch,  which  con- 
nects with  Houston  St.  Sufficient  property  has 
been  acquired  to  allow  the  street  corners  to 
be  rounded  off  so  that  the  approaches  will  fol- 
low easy  curves. 

Curved  retaining  walls  and  railings  are  be- 
ing constructed  south  of  the  south  abutment, 
where  the  viaduct  proper  ends.  It  is  expected 
that  the  block  now  occupied  by  the  jail  and 
other  buildings  will  be  cleared  by  the  city  and 
will  be  parked  to  form  a  pleasing  approach 
to  the  crossing. 

The  general  elevation  was  laid  out  to  fit  the 
conditions,  keeping  in  mind  the  data  obtained 
from  the  preliminary  designs.  It  will  be  seen 
by  referring  to  Fig.  1  that  a  symmetrical  struc- 
ture was  not  possible,  owing  to  the  contour  of 
the  ground. 

LOADING    AND    ASSUMPTIONS. 

The  loading  data  are  shown  in  Figs.  2  (a), 
(b),  (c)  and  (d).  The  50-ton  electric  cars 
and  the  21-ton  road  roller  shown  were  used 
for  the  members  of  the  floor  system,  together 
with  a  uniform  load  of  100  lbs.  per  square 
foot  on  the  sidewalks  and  remaining  roadway 
surface.     For  maximum  stresses  in  the  floor- 


maximum  stress  in  the  member.  This  im- 
pact allowance  is  one-third  of  that  required 
by  the  original  formula  submitted  by  the 
American  Railway  Engineering  Association 
for  impact  on  steel  railway  bridges,  and  was 
arbitrarily  assumed.  The  formula  was  used 
only  for  car  and  uniform  roadway  loads. 
Stresses  produced  by  the  road  roller,  which 
is  a  slowly  moving  load,  were  increased  by  25 
per  cent  in  all  cases.  No  addition  was  made 
for  impact  to  the  stresses  produced  by  the 
uniform  sidewalk  loading,  as  it  was  considered 
that  when  this  sidewalk  load  was  a  maximum 
it  necessarily  would  be  nearly  quiescent.  The 
live  loads  for  the  piers  were  not  increased  for 
impact,  as  it  was  believed  that  the  impact 
would  be  absorbed  before  reaching  the  foot- 
ings. 

The  various  conditions  of  loading  for  which 
the  arch  ribs  were  designed  are  indicated  on 
l"ig  2  (c).  Cases  I  to  IV  require  no  explana- 
tion except  to  say  that  they  served  to  produce 
maximum  stresses  in  the  ribs  of  all  spans  ex- 
cept those  of  the  unsymmetrical  arch,  span 
A.  On  account  of  this  lack  of  symmetry  these 
cases  were  elaborated  on  in  order  to  be  sure 
that   the   maximum   stresses   had    been   found. 


.o  mo 


Two  50-Ton  Elec  Cars  on  EochTrack.Areo  Cov=20'k lOO'.c 


20'  "■"    10'  "'  20' 

One  21-Ton  Rood  Roller,  Width  Covered  ■=  10' 
(al  Concentrated  Loodings 


. 

5::::::::::::::::::::::::::::: 

;:s::::::::;. ;:::;:::::::::::: 

__.^, 

Hmmllllillllllilillllillll 

::;::::=:==;;;:::::::::: 

"^" 

li               O              C)               <=■              S              g              & 

^            o            o            g            g            o           g 

\ } 


Full  L  L  and  D  0 


2 

FuliDL 
L.L  on  one-half  only 


Span  length  in  ft. 
(bl  Live  Load  per  Track  for  Piers  Only 

1 
D.L  complete, 
uniform  L  Lover  both  spans 


Full  D.L, 
L  L.on  center  half 
only 


4 

TuliaL. 

L.L.to  quarter  pH. 

only 


rr^  <rT>. 


2 
DL.only  Full  D  ond  LL. 

with  wheel  concenl 
rotions  used 

3 
D.L.of  ribs  only       FuIlDL- 

except  paving. 
'erscom^/e/'eV^portion  above  rib; 
n    ,.<-s=s=-^  *Mtobeconsidered 
/Y^      ^^M1  plastic  CForms) 


D  L.  only,without 
paving,  but  with 
forms  above  rib 


D.L  of  plastic 
nb  and  forms 
only{for  steel  rib) 


'  No+e,-  In  oil  cases  where  LL.is  called  for  wheel 
concentrations  shall  be  used  and  ollowance  included 
for  impact 

Cc)  Combinations  of  Loadings  for  Arch  Ribs. 


n 

DL  of  plastic  No  Load 

ribs  and  forms  only 

Note,- No  impact  to  be  included  with  L  L 
<d)  Com  bi  not  ions  of  Loadinqsfor  Piers 


Fig.  2.    Live  Loads  and  Combinations  of  Loads    Used   in    Designing   Arch    Ribs  and    Piers   of 
Main   Street  Viaduct,  Fort   Worth,  Tex. 


beams  the  sidewalks  were  assumed  to  be  un- 
loaded. The  arch  ribs  and  the  main  longi- 
tudinal girders  were  designed  for  the  forego- 
ing car  loading,  together  with  100  lbs.  per 
square  foot  on  the  sidewalks  and  on  the  re- 
mainder of  the  roadway.  The  road  roller  was 
also  considered  in  connection  with  the  car 
loading,  with  the  foregoing  uniform  live  load 
on  the  sidewalks  and  on  the  remainder  of  the 
roadway.  A  load  of  200  lbs.  per  linear  foot 
of  each  sidewalk  was  also  used  in  order  to 
provide  for  the  weight  of  pipes  and  conduits 
which  might  be  carried  in  the  spaces  provided 
for  them  under  the  sidewalks.  Pier  footings 
were  designed  for  the  uniform  load  per  linear 
foot  of  each  car  track  given  in  Fig.  2  (b),  to- 
gether with  a  uniform  load  of  100  lbs.  per 
square  foot  on  the  sidewalks  and  the  remain- 
ing roadway  surface. 

Impact    was   allowed    for    according   to    the 
lOOS 

formula;  /  =  ,  where  /  is  the  impact 

L-t-300 
to  be  added  to  the  live  load  stress,  5  is  the  cal- 
culated  maximum   live   load   stress,   and   L   is 
'the  loaded   length,  in  feet,  that  produces  the 


Cases  V  and  VI  are  construction  conditions 
and  were  elaborated  on  considerably.  Case 
VI  determined  the  sections  required  for  the 
structural  steel  reinforcement,  which  was  de- 
signed to  carry  the  weight  of  the  rib  and  brace 
forms,  and  the  plastic  concrete  in  these  ribs 
and  braces.  In  order  to  find  the  maximum 
stresses  in  the  members  of  the  steel  reinforc- 
ing ribs  the  stresses  were  obtained  graphically 
for  tlie  forms  filled  with  concrete  from  the 
haunch,  successively  to  the  foot  of  each  post. 
In  Case  V  the  forms  of  the  posts  and  deck 
were  assumed  to  be  finished  and  the  stresses 
in  the  reinforced  concrete  ribs  were  computed 
for  the  various  stages  of  the  concreting  of  the 
portion  of  the  span  above  the  ribs.  All  con- 
crete was  assumed  to  be  placed  symmetrically 
about  the  center  line  of  the  span.  The  post 
loads  were  first  considered,  beginning  at  the 
piers  and  working  toward  the  crown  of  the 
arch.  The  deck  was  then  assumed  to  be  con- 
creted, panel  by  panel,  working  from  the 
crown  back  toward  the  piers.  Stresses  in  the 
ribs  were  computed  analytically,  ^t  the  critical 
points,  for  each  step  as  outlined  above.  By 
this    method    of    procedure   in    concreting   the 


stresses  in  the  ribs  were  kept  within  the  limits 
set  for  working  conditions  in  the  finished  struc- 
ture. The  arch  piers  were  designed  for  the 
conditions  indicated  in  Fig.  2  (dj.  The  piers 
for  the  girder  spans  were  designed  only  for 
full  vertical   load. 

In  addition  to  the  above  mentioned  vertical 
loads  the  structures  were  designed  to  resist 
transverse  forces  due  to  wind  and  water  pres- 
sure. Tlie  arch  ribs  and  their  braces,  in  par- 
ticular, were  designed  with  great  care  to  re- 
sist these  transverse  forces.  In  general,  in 
computing  these  transverse  forces  the  water 
line  was  assumed  to  be  at  the  top  of  the 
levee.  Below  this  line  the  pressure  due  to 
the  current  was  taken  at  200  lbs.  per  square 
foot  of  vertical  projection  of  each  arch  rib 
and  spandrel  post.  Above  this  line  the  wind 
pressure  was  assumed  at  30  lbs.  per  square 
foot  of  vertical  projection  of  the  structure, 
up  to  a  line  10  ft.  above  the  top  of  the  road- 
way. The  force  assumed  for  the  current  cor- 
responds (according  to  the  formula  used),  to 
a  velocity  of  about  8  or  9  miles  per  hour, 
which  is  probably  not  far  from  the  actual  ve- 
locity at  flood  stage. 

SPECIFICATIONS. 

With  certain  modifications,  in  regard  to  unit 
stresses,  "Watson's  Specifications  for  Rein- 
forced  Concrete   Bridges"   were   used. 

The  following  is  a  list  of  the  unit  stresses 
used  for  the  various  parts  of  the  structure : 

Lbs.  per 
sq.  in. 
Tension    in   steel   bars    used    for   flange 

reinforcement    20,000 

Tension  m  steel  bars  used  for  web  rein- 
forcement        15.000 

Compression  in  concrete  in  cross  bend- 
ing, as  in  beams 750 

Compression  in  concrete,  combined  di- 
rect and  bending,  as  in  arch  ribs  and 

posts    500 

Compression  in  concrete  of  arch  ribs  for 
stresses  due  to  combined  vertical  and 

transverse  loads   650 

Bond    between    concrete    and    steel,    for 

deformed  bars 120 

Shear  in  concrete 60 

Or  a  maximum  on  the  section,  includ- 
ing shear  tal^en  by  steel,  of 150 

Bearing   of   hinge   castings   on   concrete 

specially   reinforced    800 

Compression  in  structural  rib  reinforce- 
ment due  to  weight  of  forms  and 
plastic     concrete     in     arch     ribs     and 

braces,  16,000-70  — ,  or  a  maximum  of.  12,500 
r 
Additional  compression  in  structural  rib 
reinforcement,  under  w'orkihg  condi- 
tions, and  compression  in  steel  of  oth- 
er corripression  members  =  15  times 
the  corresponding  compressive  stress 
in  concrete.  Possible  maximum  to- 
tal compression  in  structural  steel  rib 

reinforcement     20,000 

Tension    on    net    section    of    structural 

steel  reinforcement  16,000 

Bearing,    tension    and    compression    in 

cast  steel  hinges    20.000 

(Bearing  area  of  the  hinges  taken  as 
the  projected  area  of  the  hemis- 
pherical joint.) 

Bearing  on    rivets 24.000 

Shear    in    cast    steel 10.000 

Shear   on    rivets 12.000 

Lbs.  per 
sq.  ft. 
Bearing  on   soil   at  depth  of  6  ft.   below 

finished   surface    5.000 

For   each   1   ft.   increase  in   depth  more 

than  5   ft.,  add    100 

Pounds. 
Load  on  each  timber  pile 20,000 

Structural  Features. 

The  deck  consists  of  slabs  carried  on  longi- 
tudinal stringers,  which  connect  to  floorbeams. 
These  floorbeams  are  in  turn  carried  by  the 
four  main  longitudinal  girders  of  the  girder 
spans,  or  by  the  spandrel  posts,  which  rest  on 
the  four  ribs  of  the  arch  spans.  The  side- 
walks are  carried  on  cantilever  extensions  of 
the  floorbeams  outside  of  the  outer  girders  or 
ribs.  For  the  girder  spans,  such  stringers  as 
would  come  close  to  the  girders  are  omitted 
and  their  place  is  supplied  by  the  cantilevcred 
top  flanges  of  the  main  girders.  Those  canti- 
levcred top  flanges  also  provide  the  necessar\ 
compressive  area  for  the  girders. 

Two  ribs  or  main  girders  would  have  been 
more  desirable  in  some  respects  than  four, 
as  this  arrangement  would  have  done  away 
with  the  continuous  girder  action  of  the  floor- 
beams  and  would  have  made  the  reactions  on 
the  girders  and  ribs  statically  determinate. 
The  heavy  concentrated  loading  and  the  width 
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of  the  roadway,  however,  would  have  made 
the  floor  system  extremely  heavy,  therefore  the 
four-rib  arrangement  was  adopted  for  this 
crossing. 

The  length  of  floor  panels  used  was  12  ft. 
6  ins.  from  center  to  center  of  floorbeams, 
which  gave  stringers  of  reasonable  size  and 
brought  the  loads  on  the  girders  and  arch 
ribs  at  reasonably  short  intervals.  The  floor- 
beams  are  of  uniform  thickness  throughout, 
which  thickness,  17  ins.,  is  the  same  as  that 
of  the  spandrel  posts.  The  posts  are  pur- 
posely made  thinnest  in  the  direction  of  the 
axis  "of  the  structure  so  that  the  bending 
caused  by  the  changes  in  the  length  of  the  deck 
due  to  temperature  will  not  over-stress  them. 

Expansion  joints  are  provided  in  the  girder 
spans  at  each  pier,  and  in  the  deck  of  the 
arch  spans  at  the  crown  and  at  each  pier. 
The  main  girders  slide  on  top  of  the  small 
piers,  and  the  stringers  slide  in  recesses  or 
pockets  in  the  floorbeams.  All  expansion  joints 
are  packed  with  tar  paper  and  asphalt  to  form 
a  closed  but  compressible  joint,  and  all  main 
girder  joints  are  masked  by  pilasters.  Planed 
steel  bed  and  bearing  plates  are  used  under 
the  expansion  end  of  each  girder  and  stringer. 
The,';e  plates  have  anchorage  angles  riveted  to 
them  and  are  further  anchored  with  bent  an- 
chor bolts  passing  through  holes  in  these 
angles.  The  sliding  members  and  those  on 
which  the  sliding  members  rest  are  also  re- 
inforced at  these  bearing  points  with  loops 
of  steel  to  provide  for  the  shearing  stresses 
which  result  from  the  friction  of  the  plates 
on  each  other.  In  order  to  reduce  this  friction 
as  much  as  practicable  the  bed  and  bearing 
plates  are  planed  in  the  direction  of  move- 
ment, and  the  sliding  surfaces  in  contact  are 
heavily  coated  with  tallow.  U-shaped  copper 
plates,  filled  with  asphalt,  are  used  in  the  road- 
way slabs  to  close  the  opening.  Similar  plates, 
placed  in  the  reversed  position  to  those  in 
the  roadway  slabs  and  with  the  asphalt  filling 
omitted,  are  used  in  the  sidewalk  slabs  and 
curbs.  These  copper  plates  are  used  at  each 
expansion  joint  in  the   structure. 

The  arch  ribs  are  braced  together  at  the 
foot  of  each  spandrel  post  by  transverse 
braces,  which  are  of  the  same  width  as  the 
spandrel  posts  and  floorbeams  and  are  as  deep 
as  the  ribs  will  permit.  These  braces  are 
placed  in  vertical  planes. 

The  arch  ribs  are  of  uniform  thickness,  but 
they  vary  in  depth,  decreasing  regularly  from 
the  haunch  toward  the  crown.  This  is  con- 
trary to  the  theoretical  shape  of  a  three-hinged 
rib, '  which  should  be  deepest  at  about  the 
quarter  point  of  the  span  and  should  diminish 
in  depth  toward  the  haunch  and  crow^n.  This 
departure  from  the  theoretical  shape  was  made 
for  the  sake  of  appearance  only.  As  the 
hinges  are  concealed  in  the  finished  rib  it  was 
considered  that  the  ribs  would  look  best  if 
made  to  follow  the  lines  of  a  hingeless  rib. 

Each  hinge  consists  of  two  steel  castings, 
with  ball  and  socket  joints.  At  the  haunches 
one  of  these  castings  is  built  into  the  pier, 
and  the  other  is  bolted  to  the  structural  rib 
reinforcement,  as  are  also  the  castings  form- 
ing the  crown  hinge. 

All  the  piers  for  the  arch  spans  are  of  con- 
siderable width  in  order  to  resist  overturning 
forces  and  to  give  the  appearance  of  massive- 
ness  required  by  the  long  spans.  They  are  hol- 
lowed out  as  much  as  is  consistent  with 
strength  and  economy  of  forms,  in  order  to 
reduce   their  weight  and  to   save  material. 

The  small  piers  supporting  the  girder  spans 
consist  of  four  square  shafts,  battered  on  the 
four  faces.  These  shafts  rest  on  a  common 
base  and  are  connected  at  the  top  by  a  cap  and 
diaphragm  of  T-section. 

The  retaining  walls  are  of  the  semi-gravity 
type.  The  toe  of  the  section  is  reinforced  for 
bending  stresses,  and  the  reinforcement  ex- 
tends high  enough  up  the  back  of  the  wall  to 
relieve  the  concrete  of  undue  tensile  stresses. 
Expansion  joints  are  provided  at  intervals  of 
37  ft.  G  ins.,  and  pilasters  are  used  at  these 
points  to  mask  the  joints.  The  walls  have  a 
small  coping  and  are  paneled  to  relieve  the 
appearance  of  flatness. 

The  south  abutment  (see  Fig.  1)  is  founded 
on  rock,  as  is  also  pier  No.  1,  which  is  on  the 


south  bank  of  the  stream.  Pier  No.  2,  on  the 
north  bank,  is  supported  on  a  spread  founda- 
tion, with  a  portion  of  the  load  carried  on 
timber  piles.  All  other  piers  and  walls  are 
carried  on  spread  footings,  resting  on  the  strata 
previously  referred  to,  at  depths  ranging  from 
i  to  18  ft.  below  the  finished  ground  surface. 

The  railings  and  the  stairways  leading 
down  to  the  street  level  at  North  Second  St. 
are  of  reinforced  concrete,  cast  in  place,  except 
the  railing  panels  and  hand-rails,  which  were 
cast  in  molds  and  then  erected. 

The  stairways,  with  the  exception  of  the 
steps  leading  to  the  lower  landing,  are  sup- 
ported entirely  from  the  piers  and  girders  by 
structural  steel  cantilever  beams  incased  in 
concrete.  This  construction  was  adopted,  in- 
stead of  supporting  them  partly  on  the  piers 
and  girders  and  partly  on  independent  posts 
and  foundations,  in  order  to  avoid  damage 
due  to  unequal  settlement.  The  lower  steps 
were  built  on  independent  foundations  with  a 
sliding  joint  between  the  steps  and  the  re- 
mainder of  the  stairway  to  take  care  of  un- 
equal settlement. 

Provision  is  made  for  carrying  electric  wires 
and  small  pipes  under  the  sidewalks  by  means 
of  ducts  leading  into  the  railing  posts  and  up 
to  the  lighting  fixtures. 

In  order  to  reduce  the  dead  weight  of  the 
deck  as  much  as  possible,  the  usual  ballasted 
track  construction  was  dispensed  with.  An- 
chor-bolts were  set  into  the  slab  over  the 
stringers,  and  the  rails  were  secured  to  these 
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steel  girders  are  laced  together  in  the  plane  of 
the  top  and  bottom  chords  and  are  also  con- 
nected by  transverse  frames,  in  vertical  planes, 
under  each  post.  The  transverse  braces  con- 
necting the  four  ribs  are  reinforced  by  lattice 
girders  which  connect  to  the  rib  reinforcement. 
No  reaming  or  painting  is  called  for.  The 
hinge  castings  are  bolted  to  the  steel  ribs,  and 
all  other  connections,  both  shop  and  field, 
are   riveted. 

.\t  each  upper  panel  point  of  the  steel  ribs, 
clip  angles  were  provided  to  which  were  se- 
cured the  transverse  timber  beams  from  which 
the  rib  forms  were  supportd. 

A  system  of  lateral  rods,  for  use  during 
erection,  was  provided  in  the  plane  of  each 
chord  of  the  ribs.  These  rods  were  used  to 
line  up  the  steelwork  accurately,  and  to  hold 
it  in  line  while  the  ribs  were  being  concreted. 
The  rods  were  not  removed  until  after  the 
completion  of  the  work.  The  transverse 
braces,  mentioned  previously,  are  also  rein- 
forced in  each  face  with  continuous  bars,  the 
function  of  which  is  to  resist  bending  in  the 
braces  due  to  transverse  forces. 

In  addition  to  the  steel  reinforcement  re- 
quired to  resist  the  calculated  stresses  in  the 
members,  a  certain  amount  of  steel  is  used 
to  prevent  the  formation  of  shrinkage,  settle- 
ment and  temperature  cracks.  This  steel  is 
used  in  the  exterior  faces  of  thin  walls,  in  a 
longitudinal  direction  in  the  slabs,  and  to  re- 
inforce the  corners  where  two  walls  join.  All 
braces,  ribs  and  posts  are  wrapped  with  heavy 
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Fig.  3.    Cross  Section  of  Arch  Ribs  and  Floor  Construction   Near  Crovjrns  of   Arches — Main 

Street  Viaduct. 


bolts  with  cast  steel  clips.  Steel  bearing  plates 
were  provided  under  the  rails  at  each  pair  of 
bolts,  which  occurred  at  intervals  of  27  ins. 
The  rails  were  lined  and  brought  to  proper 
level  with  eccentric  washers  and  shim  plates. 
A  fiber  pad,  %  in.  thick,  was  placed  between 
the  rail  and  the  bearing  plate,  as  a  shock 
absorber. 

REINFORCEMENT. 

The  reinforcement  of  the  arch  ribs  and 
braces  consists  of  medium  steel  structural 
shapes,  supplemented  by  reinforcing  bars. 
Structural  shapes  are  also  used  for  the  luain 
supports  of  the  stairways..  All  other  rein- 
forcement consists  of  square  twisted  bars  of 
high  elastic  limit.  These  were  substituted  for 
the  round,  mechanical-bond  bars  called  for  on 
the  plans,  and  were  made  equivalent  in  cross 
section  to  the  round  bars  which  they  replaced. 
All  bars,  except  some  of  the  large  sizes,  were 
rolled  from  the  heads  of  rails  and  were  hot- 
twisted.  Cold-twisted  bars,  from  medium  steel 
billet  stock,  were  used  for  the  large  sizes,  on 
account  of  the  difticulty  of  getting  rail  heads 
of  sufficient  volume  for  this  purpose.  Tests 
of  the  two  classes  of  material  showed  that 
they  were  practically  equal  in  quality. 

The  rib  reinforcement  consists  of  curved 
lattice  girders,  to  the  ends  of  which  are  bolted 
the  cast  steel  hinges.  The  chords  of  these 
girders  are  made  up  of  four  angles  arranged 
in  the  shape  of  a  cross.  .Ml  web  members  are 
niailc  up  of  two  angles.  Three  of  these  steel 
girders  are  used  in  each  inner  rib  and  two  in 
each  outer   rib  of  each   span.     The  individual 


wire  closely  spaced,  to  which  the  longitudinal 
steel  is  secured. 

CONCRETE   PROPORTIONS. 

The  concrete  used  in  the  construction  of  the 
viaducts  is  of  three  classes :  No.  1  concrete, 
used  for  floor  systems,  girders,  arch  ribs, 
braces,  spandrel  posts,  railings,  stairs  and  rib 
seats  of  large  piers,  composed  of  1  part  Port- 
land cement,  2  parts  sand,  and  4  parts  broken 
stone;  No.  2  concrete,  used  for  retaining  walls 
ajid  abutments,  girder  piers  and  large  arch 
piers  (except  rib  seats),  composed  of  1  part 
Portland  cement,  2%  parts  sand,  and  5  parts 
liroken  stone ;  No.  3  concrete,  used  only  for 
paving  foundations,  composed  of  1  part  Port- 
land cement,  .3  parts  sand,  and  6  parts  broken 
stone.  .\  local  sand  of  good  quality  was  used, 
and  the  broken  stone  was  a  hard  limestone  of 
the  same  quality  as  that  from  the  quarries 
near  Jacksboro,  Tex.  The  maxinuim  sizes  of 
stone  for  the  various  classes  of  concrete  arc 
as  follows :  for  No.  1  concrete,  used  for  rail- 
ing, %-in.,  all  other  No.  1  concrete,  1-in. ;  for 
No.  2  and  No.  3  concrete,  2-in.  The  stone  was 
graded  below  these  maximum  sizes,  and  the 
dust  was  screened  out.  A  very  dense  con- 
crete was  obtained. 

Methods  of  Design. 

There  is  nothing  unusual  in  the  design  of  the 
structures  with  the  exception  of  the  methods 
of  designing  the  arch  ribs  and  braces.  Briefly, 
sidewalk  slabs  and  main  girders  were  designed 
as  simple  beams ;  and  continuous  members, 
such   as   floorbeams,   stringers     and     roadway 
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slabs,  were  designed  for  0.8  of  the  maximum 
positive  moments,  considered  as  simple  beams. 
In  all  cases,  where  members  were  continuous, 
steel  was  provided  over  the  supports  to  take 
the  negative  moments  at  these  points.  The 
quantity  of  this  steel  was  two-thirds  of  that 
required  to  take  the  maximum  positivje  mo- 
ments in  the  members.  The  shears  and  reac- 
tions for  continuous  members,  such  as  floor- 
beams  and  stringers,  were  increased  by  from 
10  to  25  per  cent  ( depending  on  the  number 
of  spans)  more  than  what  these  functions 
would  have  been  for  simple  spans. 


in  the  steel.  This  initial  stress  in  the  steel 
was  not  allowed  to  exceed  a  maximum  of  12,- 
500  lbs.  per  square  inch  in  compression,  as 
given  in  the  list  of  unit  stresses.  Second,  af- 
ter the  ribs  are  finished  and  the  construction 
of  the  posts  and  deck  is  under  way,  and  later, 
when  the  structure  is  carrying  live  load, 
stresses  are  set  up  in  the  ribs,  which  are 
carried  jointly  by  the  steel  and  concrete  in  the 
usual  manner.  The  assumed  ratio  of  the 
moduli  of  elasticity  of  steel  and  concrete  was 
taken  as  15;  therefore  the  maximum  possible 
compressive   stress  in   the   structural   steel   re- 


was  much  less  than  that  mentioned  above.  As 
the  center  of  gravity  of  the  steel  chords  is 
some  distance  in  from  the  face  of  the  concrete 
the  stress  in  the  concrete  at  this  point  and 
tlierefore  the  stress  in  the  steel  is  lower  than 
that  assumed.  The  actual  maximum  com- 
pression in  the  structural  reinforcement  i'- 
about  16,000  lbs.  per  square  inch. 

The  lines  of  pressure  for  the  ribs  were 
worked  out  graphically  for  the  various  posi- 
tions of  the  live  load  combined  with  dead  load 
and  for  the  various  stages  in  the  construction 
of  the  deck.    In  order  to  allow  for  the  weight 
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Cd)  Erection  Dioqrom  of  Steel  Ribs  and  Lateral  Bracing 
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(b)  Transverse  Section  Thru  Ribs  Near  Brace  Points 
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Ce)  Method  of  SuDporting  Forms 
Fig.  4.    Details  of  Design  and  Erection  Features  of  Longest  Arch  Span   (225   Ft.   Center  to   Center   of   Piers)    of    IVIaIn    Street   Viaduct- 
Structural  Steel  Reinforcement  Designed  to  Support    Forms  Without   Falsework. 


Figure  3  shows  a  typical  cross  section  of  an 
arch  near  the  crown.  This  drawing  shows 
details  of  the  floorbeams,  stringers,  roadway 
slab  and  supporting  columns. 

In  order  to  make  clear  the  methods  used  in 
the  design  of  the  arch  ribs,  braces  and  hinges 
a  detailed  account  of  this  part  of  the  work 
will  be  given. 

It  will  be  noted  that  the  structural  steel  arch 
rib  reinforcement  takes  stress  in  two  inde- 
pendent steps:  First,  as  the  ribs  are  filled 
with  concrete  the  members  take  certain  initial 
stresses,   which,   as   the   concrete   sets,    remain 


inforcement  of  the  ribs  would  be  12,500  lbs. 
plus  15  times  .500  lbs.,  or  20,000  lbs.  per  square 
inch.  This  is  based  on  the  assumption  that 
the  ribs  and  braces  are  completely  filled  with 
concrete  in  so  short  a  time  that  it  does  not 
begin  to  set  before  all  the  load  is  in  place,  and 
also  that  the  stress  in  the  concrete  at  the  cen- 
ter of  gravity  of  the  steel  chord  is  500  lbs.  per 
square  inch.  As  a  matter  of  fact,  the  ribs  were 
concreted  in  sections,  and  the  braces  were  not 
concreted  until  the  concrete  in  the  ribs  had 
set  for  several  days.  Consequently,  the  initial 
compression    in    the    structural    reinforcement 


of  the  ribs  themselves  their  dimensions  were 
first  assumed,  and  later  these  dimensions  were 
revised,  where  necessary.  The  neutral  axes  of 
the  ribs  were  drawn  midway  between  the  ex- 
treme pressure  lines.  This  made  the  neutral 
axis  of  the  rib  a  constructive  curve,  approxi- 
mating a  parabola  with  its  vertex  at  the  crown 
of  the  arch.  The  axis  as  drawn  followed 
closely  the  pressure  line  for  full  dead  and  live 
load.  The  inner  and  outer  ribs  were  rnade  of 
the  same  vertical  dimensions,  but  of  different 
thickness. 

The  next  step  was  to  find  the  stresses  in  the 
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reinforced  concrete  rib  for  the  various  stages 
in  the  constrtiction  of  the  deck  and  for  the 
dead  and  hve  load,  imder  working  conditions 
in  the  finished  structure.  The  quantity  of  steel 
required  at  each  point  to  keep  the  extreme 
tiber  stress  in  the  concrete  down  to  500  lbs. 
per  square  inch  for  the  worst  condition  was 
then  computed.  The  required  area  of  steel  in 
either  face  of  the  rib  at  any  point  was  not 
allowed  to  exceed  2. .5  per  cent  of  the  total 
cross  sectional  area  of  the  rib.  Where  on 
first  trial  the  required  quantity  of  steel  ex- 
ceeded the  above  maximum,  a  re-design  was 
made  using  a  rib   of  larger  cross  section. 

As  mentioned  under  the  head  of  "Loading" 
the  stresses  in  the  structural  steel  ribs  were 
found  graphically  for  the  various  positions 
of  load  during  the  concreting  of  the  ribs  and 
braces,  using  the  rib  having  the  dimensions 
which  had  been  determined  as  just  described. 
The  sections  of  the  structural  steel  reinforce- 
ment were  then  determined.  This  structural 
steel  reinforcement,  although  designed  to  car- 
ry the  ribs  and  braces  during  their  construc- 
tion, also  forms  part  of  the  reinforcement  of 
the  finished  rib,  as  previously  mentioned. 
Where  the  required  area  of  steel  in  the  fin- 
ished rib  exceeded  that  supplied  by  the  struc- 
tural reinforcement  the  deficiency  was  made 
up  by  the  addition  of  reinforcing  bars.  These 
Tsars  do  not  run  the  full  length  of  the  ribs,  but 
stop  ofT  where  they  are  not  needed.  It  will 
be  noted  that  these  bars  take  little,  if  any, 
initial  stress,  such  as  is  taken  by  the  structural 
reinforcement.  Additional  bars  are  placed  in 
the  sides  of  the  ribs,  running  full  length.  These 
bars  help  to  resist  transverse  bending  stresses 
and  to  prevent  surface  cracks  from  appearing. 

Figure  4  (a)  shows  the  structural  steel  re- 
mforcement  and  the  stresses  in  it  for  span  B, 
the  longest  span. 

The  transverse  forces  of  wind  and  water 
pressure,  mentioned  previously,  were  assumed 
to  be  resisted  wholly  by  the  ribs  and  braces 
acting  as  a  series  of  portals,  in  the  same  man- 
ner as  the  columns  and  girders  of  an  office 
building  act  to  resist  wind  pressure.  Figure 
4  (b)  shows  details  of  ribs  and  braces  and 
indicates  the  reinforcement  of  same.  The 
deck  was  not  given  credit  for  any  resisting 
power,  because  of  the  presence  of  the  expan- 
sion joints  over  the  haunch  and  crown  of  the 
span. 

Points  of  inflection  were  assumed  in  the 
braces,  midway  between  each  pair  of  ribs,  and 
in  the  ribs,  midway  between  the  braces.  The 
ribs  being  hinged  at  the  haunches  and  crown 
were  computed  as  being  free  to  move  at  these 
points.  Bars  were  provided  at  the  haunches, 
however,  anchoring  the  ribs  to  the  piers  and 
at  the  crown,  anchoring  the  two  halves  of  the 
rib  together.  These  bars  were  placed  in  the 
plane  of  the  neutral  axis  of  the  rib,  and  tended 
to  resist  transverse,  but  not  vertical  movement 
of  the  ribs.  The  stresses  in  the  ribs  and 
braces  were  computed  at  each  section  for  the 
moments,  shears  and  direct  thrusts  in  the 
members.  The  maximum  stresses  at  each  point 
in  the  ribs  due  to  transverse  forces  were  com- 
bined with  the  maximum  stresses  due  to  the 
vertical  loads,  and  the  ribs  were  proportioned 
accordingly. 

The  design  of  the  hinges  naturally  received 
considerable  attention.  At  first,  a  hinge  was 
studied  which  consisted  of  two  castings  hav- 
ing semi-cylindrical  bearings  and  a  pin.  This 
type  has  a  .number  of  advantages,  but  its  use 
was  finally  abandoned  on  account  of  the  diffi- 
culty of  setting  the  hinges  on  the  piers  with 
sufficient  accuracy.  Unless  the  axes  of  the 
pins  are  placed  exactly  at  right  angles  to  the 
vertical  plane  through  the  longitudinal  axis 
of  the  rib  eccentric  stresses  will  result  in  the 
rib  which  may  be  too  large  for  safety.  It 
was  finally  decided  to  use  hinges  composed  of 
two  ribbed  steel  castings,  having  a  hemis- 
pherical ball  and  socket  joint,  as  shown  in  Fig. 
4  (c).  This  joint  was  machined,  and,  by  al- 
lowing movement  in  all  directions,  it  made 
great  accuracy  in  setting  the  castings  unneces- 
sary. The  joint  also  made  it  possible  to  adjust 
the  structural  rib  reinforcement  properly  in 
vertical  planes  with  the  temporary  adjustable 
lateral   rods  provided   for  that  purpose.     This 


type  of  hinge  reduces  to  a  minimum  the  pos- 
sibility of  eccentric  stresses  in  the  ribs. 

In  proportioning  the  hinge  castings,  much 
the  same  method  was  followed  as  in  the  design 
of  a  column  base.  A  section  was  taken  through 
the  diagonal  rib  of  the  hinge,  at  the  junction, 
of  the  rib  with  the  body,  or  shaft,  of  the  cast- 
ing, and  the  tensile,  compressive,  and  shear- 
ing stresses  on  the  section  were  computed.  A 
section  was  also  taken  through  the  center  of 
the  hinge,  and  the  stresses  on  this  section 
were  computed,  on  the  assumption  that  the 
reaction  on  the  base  of  the  casting  produced 
moments   at   right   angles   to   this   section,    in- 


tection  against  scour.  Pier  No.  2  w-as  given 
particular  attention  because  of  the  fact  that 
it  is  only  a  short  distance  below  a  power  dam 
having  a  fall  of  about  15  ft.  The  bottom  of 
the  footing  course  was  placed  at  about  5  ft. 
below  the  bed  of  the  stream.  Oak  piles 
were  provided,  extending  about  15  ft.  below 
the  bottom  of  the  footing.  The  sheet  piling 
for  the  cofferdam  was  driven  about  8  ft.  below 
the  bottom  of  the  footing  and  this  w-as  left  in 
place.  The  banks  of  the  stream  at  this  point 
were  also  protected  by  a  large  quantity  of  rip- 
rap. These  precautions,  together  with  the 
fact  that  the  material  in  the  river  bed  at  this 
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(c)  Half  Section  BB 
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(d)  Half  Section  AA 
Fig.  5.    Elevations  and  Cross  Sections  of  Pier  No.  1    (South  Pier  of  Longest     Arch  Span) 
of   Main  Street  Viaduct,  Showing  Type  of   Divided   Pier. 


stead  of  radially,  as  had  previously  been  as- 
sumed. The  resultant  of  the  radial  and  di- 
rect compressive  stresses  at  the  circumference 
of  the  shaft  of  the  casting  was  also  investi- 
gated. 

The  camber  of  the  arch  spans  was  com- 
puted for  full  dead  and  live  loads,  with  im- 
pact, combined  with  temperature  and  an  al- 
lowance for  shrinkage.  The  rise  of  the  struc- 
tural ribs  was  increased  by  the  amount  of  the 
camber.  The  total  calculated  camber  for  the 
longest  span  was  about  Wz  ins. 

In  the  design  of  the  main  piers  considerable 
attention  was   given   to   the   question   of  pro- 


point  is  a  stiff  clay  not  likely  to  erode,  were 
believed  to  afford  ample  protection  against 
scour. 

Several  different  designs  and  estimates  were 
made  for  jiicr  No.  2  before  a  satisfactory  solu- 
tion was  reached.  The  following  were  con- 
sidered: First,  a  pier  similar  to  pier  No.  1 
(see  Fig.  5),  founded  on  bed-rock;  second,  a 
pier  having  its  base  at  about  the  level  of  the 
bed  of  the  river,  with  the  vertical  loads  car- 
ried on  eight  cylinder  piers,  two  under  each 
line  of  arch  ribs;  third,  a  pier  resting  on  piles 
driven  to  rock  ;  and  fourtli.  the  pier  as  built, 
having  m-odcratcly  spread  footings,  but  with  a 
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portion  of  the  load  carried  on  piles  which  do 
not  extend  to  rock. 

The  first  scheme  was  abandoned  because  of 
the  cost,  which  would  have  made  that  of  the 
structure  exceed  the  appropriation.  The  sec- 
ond scheme  was  considerd  inadvisable  because 
of  the  difficulty  of  taking  care  of  the  unbal- 
anced horizontal  thrust.  As  the  vertical  load 
would  have  been  carried  down  the  cylinders  to 
rock,  the  friction  between  the  pier  base  and  the 
material  under  it  could  not  safely  be  counted 
on  to  resist  the  horizontal  thrust.  There  then 
remained  to  resist  this  thrust  only  the  pressure 
of  the  earth  against  the  body  of  the 
pier  and  against  the  cylinders.  Compu- 
tations indicated  that  this  resisting  pres- 
sure would  be  insufficient  unless  the  body 
of  the  pier  was  extended  to  a  consider- 
ably greater  depth.  This  would  have  made 
the  cost  too  great.  The  third  scheme  was 
rejected  for  practically  the  same  reasons  as 
those  given  above  for  the  second  scheme,  and 
also  because,  after  investigation,  it  was  con- 
sidered doubtful  whether  piles  could  be  driven 
to  rock  through  the  mi.xture  of  sand  and 
gravel  overlying  it.  The  fourth  scheme  proved 
to  be  the  cheapest  and  most  feasible  of  those 
considered;  therefore  it  was  adopted,  with  the 
provisions  mentioned  above  to  protect  the  pier 
from  scour. 

The  small  piers  were  designed  for  full  ver- 
tical load  only,  using  the  unit  pressures  men- 
tioned previously. 

Rankine's  theory  of  earth  pressure  was  used 
in  the  design  of  the  retaining  walls.  The 
weight  of  the  earth  fill  was  taken  at  100  lbs. 
per  cubic  foot.  A  superposed  load  of  100  lbs. 
per  square  foot  w^as  assumed,  to  take  care  of 
the  roadway  and  sidewalk  loads.  For  con- 
venience in  computing  the  pressures,  the  unit 
weight   of   the    fill   was   considered   to   be   in- 

d' 
creased  by  the  ratio,  — ,  where  d  is  the  actual 

d 
depth  of  fill,  and  d'  is  the  actual  depth  plus 
the  depth  of  the  imaginary  fill  required  to 
produce  the  same  unit  vertical  pressure  as  the 
superposed  load.  In  the  foregoing  case,  (/'  = 
rf  +  1  ft.  For  the  higher  sections,  this  in- 
crease is  negligible,  but  for  the  lower  ones 
it  is  worth  taking  into  account. 

In  the  Main  St.  Viaduct  the  cost  of  the 
hinges  amounted  to  about  3%  per  cent  of  tli. 
total  cost.  This  is  more  than  it  should  havL 
been,  owing  to  the  high  price  paid  for  the 
steel  castings.  Even  at  this  price,  when  all 
the  advantages  of  the  three-hinged  arch  are 
considered,  the  money  paid  for  hinges  is  well 
spent.  The  ribbed  arch  has  two  great  ad- 
vantages over  tjie  barrel,  or  solid  arch.  These 
are  lightness,  with  consequent  saving  in  cost, 
and  the  fact  that  water-proofing  is  not  re- 
quired. The  latter,  alone,  is  enough  to  recom- 
mend it  to  those  who  have  had  trouble  with 
this   feature   of  arch   construction. 

Construction  Features. 

Work  on  the  Main  St.  \'iaduct  started 
early  in  December,  1912,  and  it  was  finished  in 
March,  1914.  The  climate  of  Fort  Worth  is 
such  that  concreting  can  be  carried  on  at  all 
seasons  of  the  year.  The  only  interruptions 
were  those  due  to  rains,  which  were  in- 
frequent. 

contractor's  plant  and  equipment. 
The  general  contractor's  plant  and  equip- 
ment consisted  of  a  central  mixing  plant;  two 
distributing  towers,  with  hoists,  chutes,  etc. ; 
an  electric  locomotive  and  cars  for  transport- 
ing concrete;  derricks  and  clam-shell  buckets 
for  handling  excavation  and  materials ;  a  pair 
of  driver  leads  suspended  from  the  boom  of  a 
derrick ;  and  the  usual  equipment  of  smaller 
tools  and  appliances.  The  sub-contractor  for 
the  structural  steelwork  had  a  steel  stiflF-leg 
derrick,  a  derrick  car ;  two  gin-poles,  a  two- 
bent  timber  gantry  traveler,  and  the  necessary 
hoisting  engines  and  minor  appliances.  With 
the  exception  of  one  hoisting  engine  all  the 
general  contractor's  equipment  was  electrically 
driven,  current  being  obtained  from  the  local 
power  company  and  transformed  at  the  site. 
The  sub-contractor's  equipment  was  operated 
by  steam. 


While  the  pier  excavations  were  under  way 
the  mixing  plant  was  being  built  near  pier  No. 
3  on  the  downstream  side  of  the  structure. 
This  consisted  of  an  elevated  hopper  divided 
jnto  two  parts,  one  for  rock  and  one  for  sand, 
a  measuring  box  for  sand  and  one  for  stone, 
and  a  mixer  capable  of  handling  a  batch  of 
a  little  more  than  1  cu.  yd.  of  concrete.  Be- 
hind the  mixing  plant  was  a  stiff-leg  bullvvheel 
derrick  for  unloading  materials  and  for  sup- 
plying the  hoppers  of  the  mi.xing  plant.  Ma- 
terials were  brought  to  the  site  on  cars,  on  a 
spur  track  which  crossed  the  line  of  the  via- 
duct alongside  of  the  mi.xing  plant. 

Concrete  was  discharged  from  the  mixer 
into  steel  hopper  cars  drawn  by  an  electric 
locomotive  running  on  a  narrow-gage  track. 
The  concrete  was  carried  in  these  cars  to  the 
two  distributing  towers,  where  it  was  hoisted 
and  conveyed  through  the  chutes  to  its  des- 
tination. The  larger  of  these  towers  was 
stationary  and  was  about  200  ft.  high.  This 
tower  served  the  portion  of  the  viaduct  be- 
tween pier  No.  4  and  the  south  abutment  (see 
Fig.  1),  e.xcept  where  concrete  was  dis- 
charged directly  into  the  footings  of  pier 
No.  .3  from  the  mixer.  The  other  and 
smaller  tower  was  built  so  that  it  could  be 
moved  when  required.  It  served  the  portion 
of  the  structure  between  pier  No.  4  and  the 
north  abutment.  For  the  retaining  walls  the 
concrete  was  carried  in  the  hopper  cars  to 
the  north  end  of  the  walls  where  it  was 
switched   back   on   a  trestle   midway   between 


Fig.  6.    Haunch   Hinge  of  West   Rib  of  Span 

D   of  IVlain   Street  Viaduct,  Showing 

Reinforcement   at   Hinge. 


the  walls,  the  track  being  parallel  to  and  about 
fj  ft.  above  the  tops  of  the  walls.  From  this 
trestle  the  concrete  was  passed  through  chutes 
into   the   walls. 

construction  methods. 

Steel  forms  were  used  where  there  was  suf- 
ficient duplication  to  make  their  use  eco- 
nomical. They  were  found  to  be  especially  ad- 
vantageous for  the  girders  and  floor  system, 
which  had  been  laid  out  with  the  view  of  mak- 
ing the  work  as  simple  and  giving  as  much 
repetition  as  possible.  For  example,  all  floor- 
beams  were  made  alike,  so  far  as  the  dimen- 
sions of  the  concrete  were  concerned ;  all  panel 
lengths,  and  consequently  all  stringers  of 
each  kind,  were  alike.  The  wall  forms  were 
made  up  of  squares  and  rectangles  of  such 
size  that  they  could  be  handled  readily  by  two 
or  three  men.  These  forms  were  stiffened  by 
angles  and  w-ere  bolted  together  by  bolts  pass- 
ing through  the  flange  angles.  They  were 
braced  by  timber  verticals  and  shores.  The 
grades  of  the  walls,  the  coping  and  any  irregu- 
lar portions  were  formed  in  wood.  Sufficient 
deck  and  girder  forms  were  provided  to  make 
two  of  the  62-ft.  6-in.  girder  spans.  These 
forms  were  reinforced  in  order  to  prevent 
bulging  and  deflection  between  panel  points. 

The  resulting  surface  finish  was  in  general 
very  good,  and  it  required  little  w'orking  after 
the  forms  were  removed  to  produce  the  desired 
results.     On   removing  the   forms  the  surface 


was  bush-hammered,  and  all  fins  and  lips  left' 
at  the  junction  of  the  form  sections  were  re- 
moved. In  some  cases  where  the  forms  had 
been  insufficiently  braced  untrue  surfaces  were 
corrected  by  bush-hammering.  Where  neces- 
sary, the  surface  was  rubbed  down  with  car- 
borundum blocks  and  was  washed  with  neat 
cement  grout,  which  was  rubbed  into  the  work. 
As  a  result  of  this  treatment  the  surfaces 
present  a  neat  and  uniform  appearance,  which 
is  very  pleasing.  Steel  forms  were  used  for 
the  railings.  The  panels  and  hand-rails  were 
cast  on  the  ground  and  then  erected ;  the  posts 
and  foot-rails  were  cast  in  place.  Particular 
attention  was  given  to  the  surface  finish  of 
the  railings.  All  surfaces  which  would  be 
exposed  in  the  finished  work  were,  rubbed 
down  with  carborundum  blocks  as  soon  as  pos- 
sible after  the  removal  of  the  forms.  The 
work  was  then  treated  with  a  thin  coat  of  neat 
cement  grout,  well  rubbed  in,  and  the  surplus 
grout  washed  off.  This  process  was  repeated 
until  the  surface  pores  were  filled  and  the 
work  presented  a  smooth  uniform   surface. 

After  the  main  piers  were  finished  up  to 
the  tops  of  the  skewbacks,  as  indicated  in  Fig. 
5  by  the  lines  A'-A'^  the  hinges  were  set  in 
pockets  provided  for  that  purpose.  The  space 
of  about  %  in.  between  the  base  of  the  hinge 
casting  and  the  back  of  the  pocket  was  filled 
with  neat  cement  grout,  and  the  pocket  was 
filled  with  concrete  up  to  the  line  Y-Y,  leaving 
only  the  socket  of  the  hinge  exposed.  After 
the  concrete  had  become  thoroughly  set  the 
erection  of  the  structural  steel  reinforcement 
was  commenced.  This  w-as  done  before  finish- 
ing the  piers  above  the  lines  X-X  in  order  to 
facilitate  the  handling  of  the  erection  equip- 
iient. 

Two  methods  were  used  in  erecting  this 
structural  reinforcement.  Spans  C,  D,  and  tht 
south  arm  of  span  A  were  raised  with  der- 
ricks and  gin-poles,  without  the  use  of  false- 
work. For  span  B,  a  two-bent  timber  gantry 
traveler  was  used.  This  traveler  also  raised 
the  north  arm  of  span  A.  Span  D,  which  is 
the  shortest  and  lightest  of  the  four,  was 
raised  by  a  stift'-leg  derrick  placed  on  top  of 
the  skewback  course  of  pier  No.  3,  and  by  a 
gin-pole.  The  derrick  handled  the  south 
halves  of  the  ribs,  while  the  north  halves 
were  raised  by  the  gin-pole.  After  this  span 
was  finished  the  derrick  was  moved  to  the  top 
of  the  skewback  course  of  pier  No.  2  where 
it  was  used  to  raise  the  south  half  of  span 
C,  and  to  erect  the  gantry  traveler.  Span  C 
is  considerably  heavier  than  D,  and  conse- 
quently in  raising  the  ribs  the  derrick  had  to 
be  assisted  by  a  gin-pole.  The  north  half  of 
the  span  was  raised  at  the  same  time  as  the 
south  half,  by  the  derrick  and  the  other  gin- 
pole.  The  half  ribs  of  both  these  spans  were 
necessarily  handled  in  one  piece. 

Low  and  comparatively  light  falsework  was 
used  for  span  B  and  for  the  north  half  of 
span  A.  This  was  built  at  about  the  level  of 
the  coping  under  the  skewbacks  of  the  piers 
and  it  sen-ed  to  carry  the  traveler  and  such 
bents  as  were  required  to  support  the  sections 
of  the  ribs.  Each  half  rib  was  raised  in  two 
sections,   and   field-riveted. 

When  the  steel  had  been  erected  the  ribs 
were  carefully  lined  up  in  vertical  planes  with 
the  adjustable  lateral  rods  provided  for  that 
purpose,  see  Fig.  4  (d),  and  the  field  connec- 
tions were  then  riveted.  The  next  step  was 
to  place  the  reinforcing  bars  and  to  wrap 
the  ribs  and  braces  with  heavy  wire.  The 
forms  were  then  built  in  place  and  supported 
from  the  structural  reinforcement,  in  the  man- 
ner indicated  in  Fig.  4  (e). 

Span  D  w-as  concreted  in  the  following  man- 
ner :  Radial  bulkheads  were  provided  in  each 
rib  at  distances  of  22  ft.  from  each  haunch 
hinge  (measured  along  the  rib)  and  also  at 
points  in  each  rib,  10  ft.  from  the  crown 
hinge.  The  transverse  braces  were  also  bulk- 
headed  off,  so  that  concrete  would  not  flow  in- 
to them  from  the  ribs.  Chutes  were  arranged  in 
such  a  manner  that  concrete  could  be  discharged 
in  any  one  of  the  haunch  or  crown  sections 
l.iy  changing  a  series  of  gates,  it  being  possible 
to  change  these  gates  at  a  moment's  no- 
tice. Concreting  was  started  in  the  haunch 
sections  of  the  downstream  rib.     Four  batches 
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of  slightly  more  than  1  cu.  yd.  each  were  de- 
posited in  each  haunch  section,  alternating 
batches  being  placed  between  the  two  haunch 
sections.  One  batch  was  then  deposited  in 
each  of  the  crown  sections  to  keep  the  rib 
from  being  distorted.  The  same  order  was 
followed  with  each  of  the  other  ribs,  except 
that  more  batches  were  used  for  them  at  each 
lift,  as  the  inside  ribs  are  thicker  than  the 
outside  ones.  When  all  the  ribs  had  received 
the  first  batches  of  concrete  the  process  was 
repeated  until  the  haunch  and  crown  sections 
had  been  filled.  Lagging  was  carried  up  the 
back  of  the  ribs  as  the  concreting  progressed 
to  hold  the  concrete,  which  was  necessarily 
mixed  quite  wet  in  order  to  work  well  around 
the  reinforcement.  After  setting  for  about 
four  days  the  bulkheads  in  the  ribs  were  re- 
moved, the  surface  of  the  concrete  was 
roughened,  and  the  closure  sections  of  the  ribs 
were  concreted  in  about  the  same  manner  as 
the  haunch  sections.  The  transverse  braces 
were  not  concreted  until  the  rib  concrete  had 
set  for  several  days. 

In  order  to  keep  account  of  the  distortion 
of  the  ribs  while  concreting  was  in.  progress 
sash  weights  were  suspended  from  the  steel 
brace  reinforcement  close  to  each  rib,  at 
four  points  along  the  rib.  One  weight  was 
placed  at  the  brace  on  each  side  of  the  crown 
hinge,  and  one  at  each  quarter  point  of  the 
span.  These  weights,  which  were  suspended  by 
small  wires  and  which  carried  scales,  were 
wired  to  the  weights.  A  stake  was  driven  in 
the  ground  alongside  of  each  weight,  and  a 
nail  in  the  stake  acted  as  a  pointer  on  the 
scale.     The  initial  reading  was  taken  at  each 


used.  In  order  to  give  the  material  on  the 
hillside  south  of  the  pier  the  least  possible 
chance  to  slide,  the  excavation  was  made  in 
four  sections.  The  first  section  excavated 
was  the  downstream  quarter  of  the  pier,  this 
excavation  being  about  20  ft.,  measured  up- 
and-down  stream.  After  rock  was  reached 
the  surface  was  carefully  cleaned  off  and  sev- 
eral drill  holes  were  put  down  to  test  the 
rock.  The  surface  of  the  rock  was  found 
to  be  very  rough,  with  a  slight  drop  in  eleva- 
tion away  from  the  stream.  The  drill  holes 
showed  that  the  layers  of  rock  were  very 
thick  and  had  only  minute  seams  between 
them.  There  had  been  some  apprehension  that 
the  pressure  of  the  bank  behind  the  pier  might 
cause  the  pier  to  slide  on  the  rock  before  suf- 
ficient weight  could  be  added  to  prevent  it. 
With  this  in  mind,  preparations  were  made  to 
cut  a  dowel  in  the  rock  so  as  to  bond  the  pier 
and  the  rock.  The  fear  of  sliding  was  dis- 
pelled when  the  extremely  rough  character  of 
the  rock  was  noted,  and  the  dowel  scheme  was 
abandoned.  The  pier  section  was  concreted  up 
to  the  top  of  the  13-ft.  course,  and  the  next 
section,  which  was  the  third  quarter  from 
the  downstream  end,  was  excavated  and  con- 
creted to  the  same  height  as  the  first.  The 
upstream  quarter  was  next  finished,  and  lastly 
the  second  quarter  from  the  downstream  end. 
.Ml  longitudinal  reinforcing  bars  in  the  por- 
tion of  the  pier  below  the  top  of  the  footing 
course  had  to  be  spliced,  on  account  of  the 
method  of  construction  adopted.  Care  \yas 
taken  to  bond  the  sections  of  the  footing 
course  by  vertical  re-entrant  joints  extending 
the  full  height  of  the  13-ft.  6-in.  course.  Above 


TABLE    I. — QUANTITIES    OF    MATERIALS  AND    CO 
Item 

No.                               Description.  Quantity. 

1  Grading   4,720  cu.  yds. 

2  Foundation  excavation 15,227  cu.  yds. 

3  Rocl{  excavation .144  cu.  ycis. 

4  (a)  Concrete  No.  1  (1:2:4) 10,611  cu.  yds. 

(b)  Concrete  No.  2  (1:2%  :5) 14,880  cu.  yds. 

(c)  Concrete  No.  3  (1:3:6) 438  cu.  yds. 

5  Railings   3,875  lin.  ft. 

6  Structural   steelwork 1,537,400  lbs. 

7  Steel   reinforcing  bars 1,375,150  lbs. 

8  Steel  castings 205,4(10  lbs. 

9  Iron   castings    11,173  lbs. 

10  Anchor-bolts  and  T.   P    casings 21,311  lbs. 

11  Steel   dowels 98 

13  Rip-rap    S36  cu.  yds. 

14  Manholes    2 

15  Removing  old  bridge 

17     Timber  piles 194 

Total    : 


T    OF    VIADUCT. 

Unit  price. 

Cost. 

Percentage. 

5  0.35 

$     1,652.00 

0.43 

1.00 

15,227.00 

3.96 

2.00 

888.00 

0.23 

10.25 

108,762.75 

28.16 

6.85 

101,928.00 

26,40 

6.25 

2,737.j>0 

0.71 

2.00 

7,750.00 

2.01 

0.05 

76,870.00 

19.90 

0.035 

48,130.25 

12.46 

0.07 

14,382.20 

3.72 

0.04 

446.92 

0.11 

0.06 

1. 278.66 

n.33 

3.00 

294.00 

0.08 

1.50 

1,254.00 

0,32 

50.00 

100.00 

0.03 

2.500.00 

0.65 

10.00 

1.940.00 

0.50 

$386,141.28 

100.00 

point,  and  another  set  of  readings  was  made 
afte:'  each  round  of  concreting.  At  first  a 
slight  settlement  of  the  crown  points  was  ob- 
served, followed  by  a  slight  rise.  The  dis- 
tortion was  less  than  had  been  anticipated, 
amounting  to  a  maximum  of  about   Vi   in. 

The  concrete  in  the  ribs  and  braces  was 
allowed  to  set  for  several  days  before  the 
work  of  building  the  forms  for  the  posts  and 
deck  of  the  span  was  begun.  This  portion 
of  the  work  was  concreted  in  the  manner  in- 
dicated under  the  head  of  "Loading."  The 
posts  were  concreted,  beginning  at  the 
haunches  and  working  toward  the  crown ;  then 
the  deck  was  concreted  from  the  crown  back 
toward  the  haunches,  with  the  exception  of 
the  middle  section  over  the  crown,  which  was 
placed  last  in  order  to  provide  for  the  ex- 
pansion joint  at  the  crown.  In  the  meantime 
the  piers  had  been  finished  to  their  full  height 
in  order  to  insure  stability  and  to  provide  for 
the  connection  of  the  deck  to  the  piers. 

The  concreting  of  the  other  spans  was  han- 
dled in  practically  the  same  manner  as  that 
just  described.  When  the  concreting  of  a  sec- 
tion was  started  it  was  carried  through  con- 
tinuously, by  working  day  and  night  if  neces- 
sary, so  that  the  work  was  made  as  nearly 
monolithic  as  possible. 

DifKcttttics  Encountered. — There  was  some 
difficulty  in  the  early  stages  of  the  work,  in 
sinking  the  foundations  of  the  main  piers. 
Pier  No.  1  gave  the  most  trouble,  the  unstable 
character  of  the  soil  on  the  soutli  side  of  the 
Stream  being  responsible  for  'this.  Extra 
heavy  timber  sheet  piling  and  a  large  number 
of  heavy  shores   of  timber     and     steel     were 


the  top  of  this  course  the  pier  was  built  as  a 
monolith  in  the  usual  manner.  In  concreting 
the  footing  sections  it  was  not  thought  ad- 
visable to  remove  all  the  shores  as  the  con- 
crete was  carried  up;  consequently,  some  of 
the  steel  members  from  the  old  bridge,  which 
had  been  used  for  shoring,  were  built  into 
the  pier. 

At  pier  No.  2  the  only  difficulty  experienced 
was  in  driving  the  oak  piles.  These  were 
about  20  ft.  long,  and  were  driven  to  refusal 
by  using  a  drop-hammer,  the  driving  through 
the  compact  mixture  of  sand  and  gravel  at  this 
point  being  very  difficult.  A  bearing  test  of 
the  material  in  the  bottom  of  the  pit,  after 
the  piles  were  driven,  gave  very  little  settle- 
ment under  a  load  of  about  8,000  lbs.  per 
square  foot,  with  a  loaded  area  of  about  4 
sq.   ft. 

In  September,  1913,  a  freshet  did  some  dam- 
age to  the  falsework  of  the  traveler.  Had  the 
arches  been  under  construction  on  falsework 
in  the  usual  manner  much  more  serious  dam- 
age would  undoubtedly  have  resulted. 

COST    DATA. 

There  are  given  in  Table  I  the  quantities  of 
materials,  the  unit  prices  bid  by  the  success- 
ful contractor,  the  total  cost  of  each  item,  and 
its  percentage  of  the  total  cost. 

The  cost  ol  Hie  viaduct,  per  linear  foot, 
was  $244.60;  the  cost,  per  square  foot  of 
horizontal  projection,  was  $3.66 ;  the  cost,  per 
square  foot  of  vertical  projection,  was  $6.34; 
and  the  cost,  per  cubic  foot  of  volume,  be- 
tween finished  ground  line  and  crown  of  road- 
way, was  $0,091.     The  total  estimated  cost  of 


the    viaduct,    including    paving,    lighting    and 
engineers'   fees,   was  $428,882. 

The  cost  per  square  foot  of  vertical  projec- 
tion is  based  on  the  area  of  the  projection  of 
the  viaduct  between  the  finished  ground  line 
and  the  top  of  the  roadway.  For  the  hori- 
zontal projection,  the  extreme  width  over  the 
copings  or  stringer  moldings  was  taken.  In 
computing  the  cost  per  cubic  foot  the  volume 
included  between  vertical  planes  through  the 
copings  and  between  the  finished  ground  line 
and  the  top  of  the  roadway  was  taken.  The 
total  cost  on  which  the  above  unit  costs  are 
based  is  the  cost  of  the  structure  based  on 
the  contractor's  unit  prices  and  the  quantities 
as  given  in  the  table,  to  which  has  been  added 
the  cost  of  the  paving,  lighting,  and  engi- 
neers' fees. 

PERSONNEL. 

The  work  was  designed  and  its  construction 
supervised  by  Messrs.  Brenneke  and  Fay, 
consulting  engineers,  of  St.  Louis,  Mo.  The 
writer,  as  principal  assistant  engineer  for  that 
firm,  was  responsible  for  the  design  of  the 
viaducts  and  exercised  executive  supervision 
over  the  work.  L.  H.  Faidley  had  charge  of 
the  detailed  work  of  preparing  the  plans,  and 
William  Holden  was  in  direct  charge  as  resi- 
dent engineer. 

The  contract  for  the  viaduct  was  awarded  to 
the  Hannan-Hickey  Bros.  Construction  Co.,  of' 
St.  Louis.  The  'Virginia  Bridge  and  Iron  Co. 
was  the  sub-contractor  for  the  structural  steel- 
work and  for  its  erection. 


Pulling    Steel    Sheet    Piling    'With    a 
Steam  Hammer. 

Contributed  by  'W.  F.   Schaphorst,   New  York. 

It  seems  that  an  efifective  and  economical 
method  of  pulling  steel  sheet  piling  has  at 
last  been  discovered.  With  the  advent  of  the 
steam  pile  driving  hammer  the  driving  of  the 
piling  became  a  simple  matter  as  it  was  pos- 
sible to  drive  it  through  materials  impregnated 
with  boulders.  But  pulling  has  been  so  diffi- 
cult that  it  was  common  to  hear  engineer  say, 
"The  cost  of  pulling  would  have  been  so  great 
that  we  left  the  piling  in  place."  The  methods 
of  pulling  hitherto  employed  have  varied  from 
prying  the  piling  out  with  a  long,  fulcrumed 
lever,  to  starting  it  with  hydraulic  jacks  and 
finishing  with  derricks. 

A  method  now  successfully  employed  by 
several  contractors  ccmsists  in  the  utilization 
of  the  steam  driving  hammer,  the  hammer 
simply  being  turned  upside  down,  hitched  to 
the  sheet  piling,  and  the  driving  process  re- 
versed. The  upward  blows  readily  jar  the 
piling  loose,  and  its  removal  is  then  a  relative- 
ly easy  matter. 

To  emphasize  the  advantages  possessed  by 
this  method  the  following  example  is  cited: 
Three  derricks  were  so  arranged  on  a  job  in 
New  York  as  to  strain  simultaneously  a  piece 
of  steel  sheet  pilinff  which  had  been  driven 
into  the  earth  to  bed-rock,  a  distance  of  50  ft. 
But  under  the  combined  action  of  the  three 
derricks,  with  the  assistance  of  a  workman 
hammering  on  the  piling,  the  pile  could  not  be 
loosened.  A  No.  5  "McKiernan  Terry"  ham- 
mer was  then  attached  in  its  pulling  position, 
and  when  the  strain  was  turned  on  the  pile 
was  pulled  out  readily.  If  the  piling  is  not 
too  greatly  distorted  at  the  bottom,  due  to 
driving  it  against  boulders  or  rocks,  a  No.  5 
hammer  will  pull  out  whatever  a  No.  7  ham- 
mer will  drive.  To  emphasize  further  the 
pulling  power  of  the  hammer  the  writer  has 
seen  a  pulling  yoke  of  soft  steel.  lV4x4  ins.  in 
section,  broken  during  pulling  operations. 

One  of  the  present  difficulties  is  the  tendency 
to  disruption  at  the  point  where  the  hammer 
is  attached.  Where  a  pin  is  placed  through 
the  web  of  the  piling  there  is  danger  of  shear- 
ing the  comparatively  thin  web.  Obviously, 
due  to  the  jerky  pulling  action  of  the  ham- 
mer, all  members  are  subjected  to  heavy 
stresses,  but  the  contractors  who  have  used  the 
method  appear  to  be  well  satisfied  with  the 
results  accomplished.  The  writer  is  informed 
that  a  hammer  will  soon  be  placed  on  the  mar- 
ket designed  expressively  for  pulling  sheet 
piling. 
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Plant  and  Methods  Employed  in  Lay- 
ing   the    Flexible-Jointed    Narrows 
Syphon  of  the  Catskill  Aqueduct. 

Contributed  by  Stephen  W.   Symons,  388  Henry 
St.,  Brooklyn,  N.  T. 

One  of  the  most  interesting  operations  in 
the  laying  of  the  Narrows  Syphon  of  the 
Catskill  Aqueduct,  is  that  of  caulking  the  flex- 
ible joints  in  the  large  cast  iron  pipe.  The  pipe 
is  36  ins.  in  diameter  and  in  sections  12  ft. 
long,  each  of  which  weighs  approximately  9,000 
lbs.  The  total  length  of  the  syphon  will  be 
10,000  ft.  It  is  being  laid  in  a  trench  60  ft. 
deep  and  is  covered  with  about  8  ft.  of  sand 
to  guard  against  damage  from  the  anchors  of 
vessels.  It  was  found  necessary  to  flexibly 
couple  the  pipe,  in  order  to  permit  of  its  being 
lowered  from  a  lighter  within  a  special  steel 
lattice  work,  as  well  as  to  take  up  the  inequal- 
ities of  the  trench.  The  joint  employed  is  of 
the  cast  lead  type,  spherical  in  form,  the  bell 
end  being  turned  on  the  interior,  to  a  true 
sphere  and  highly  finished  with  a  band  of  steel 
shrunk  on  the  outside.  The  spigot  has  deep 
grooves  to  retain  the  lead  and  a  turned  collar 
to  bear  in  the  bell.  A  sketch  of  the  joint  is 
shown  in  Fig.  1.  It  is  in  the  caulking  of  this 
joint,  after  the  lead  has  been  poured,  that  the 
most  interesting  part  of  the  work  occurs. 

Owing  to  the  special  form,  it  w-as  found  im- 
practical to  caulk  in  the  usual  manner  because 
of  the  necessity  of  deflecting  the  joint,  both 
while  laying  the  pipe  and  after  it  was  laid, 
which  would  be  almost  certain  to  destroy  the 
tightness  of  the  caulking. 

Caiilking  the  pipe  from  the  bell  end,  after  it 
was  in  position,  would  also  have  been  both 
expensive  and  difficult,  as  well  as  insecure, 
owing  to  the  very  strong  tides  to  be  met  with 
in  that  part  of  the  Narrows  and  the  added  cost 
of  retaining  the  services  of  a  diver. 

The  joint  eventually  adopted  was  worked 
out  from  a  suggestion  made  by  a  workman 
who  had  seen  lead  shot  forced  into  small 
joints. 

As  can  be  seen  from  the  sectional  illustra- 
tion. Fig.  1,  a  series  of  32  holes,  in  two  rows. 


METHODS   OF    LAYING    PIPE. 

The  work  is  being  carried  on  by  the  Merrit 
&  Chapman  Derrick  &  Wrecking  Co.  starting 
from  the  foot  of  79th  St.,  Brooklyn,  and  cross- 
ing the  Narrows  to  Tompkinsville,  Staten 
Island. 

Figure  2  shows  the  structural  steel  frame- 
work carrying  the  pipe,  in  place  on  the  lighter 
"Comptroller."  This  framework  e.xtends  down 
to  the  bottom  of  the  channel  and  is  curved  so 
that  the  pipe,  on  leaving  it,  will  lie  flat  in  the 
trench.  A  pneumatic  pontoon  is  attached  at 
one  end  to  supply  a  certain  amount  of  buoy- 
ancy. The  framework  will  accommodate  12 
lengths  of  pipe.  After  the  work  has  progressed 
further,  the  position  of  the  pipe  will  be 
changed.     Instead  of  coming  over  the  lighter. 
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Fig.    1.  Sketch    Showing    Elements   of    Flex- 
ible Joint  Employed  in   Laying   Narrows 
Syphon  of  Catskill   Aqueduct. 

as    shown   in   Fig.   2,   it   will   come   up   under- 
neath it. 

The  operation  of  laying  the  pipe  is  continu- 
ous, each  section  being  hoisted  to  the  top  of 
the  framework  and  lowered  into  place  with 
the  spigot  end  in  the  bell  end  of  the  previous 
pipe.  The  joint  is  then  poured,  caulked  and 
tested  and  the  lighter  with  the  framework 
warped  further  out  into  the  channel  ready 
for  the  next  length  of  pipe.  The  lighter  is 
held  by  10  anchors,  each  being  supplied  with 
1,000  to  1,200  ft.  of  wire  rope. 

POURING   THE  JOINT. 

A  removable  wooden  staging  is  erected  oyer 
che  joint  to  accommodate  the  crew,  melting 
pot  and  blow  torch. 


joint,  everything  is  made  fast,  and  the  joint 
is  ready. 

The  lead  is  heated  by  means  of  a  gasoline 
torch  operating  under  80  lbs.  air  pressure.  The 
lead  is  heated  to  800°  F.,  carefully  tested  for 
temperature  and  measured  and  the  pot  tapped. 
The  total  amount  of  lead  for  each  joint  is 
350   lbs. 

Immediately  after  the  joint  is  poured,  the 
wooden  chocks  are  knocked  out,  the  melting 
pot  swung  onto  a  hook  conveniently  placed 
near  by  and  the  wooden  platform  removed. 
The  whole  operation  taking  about  two  hours, 
from  the  time  the  pipe  is  placed  in  position. 

CAULKING    EQUIPMENT. 

Pneumatic  drills  of  the  type  ordinarily  used 
for  drilling  metals,  and  similar  portable  work 
were  adopted  as  the  most  reliable  means  for 
driving  in  the  screw  plugs. 

A  saddle  was  rigged  up  of  two  semi-circular 
sections  of  angle  iron  to  fit  snugly  over  the 
steel  band  shrunk  over  the  bell  end  of  the  pipe. 
This  saddle  carried  four  frames,  each  of  which 
carries  a  drill.  The  drill  frames  allow  of 
movement,  in  relation  to  the  saddle,  both 
longitudinally  and  radially.  This  movement 
being  controlled  by  means  of  a  hand  wheel  on 
the  dead  handle  of  the  drill,  for  radial  adjust- 
ment and  by  means  of  a  clamp  and  short 
groove,  for  the  longitudinal  adjustment.  This 
longitudinal  adjustment  being  necessary  in 
order  to  swing  the  drill  from  one  row  of  the 
holes  to  another.  The  frame  holding  the  drill 
is  pivoted  at  one  end  and  provided  with  a  long 
lever,  by  means  of  which  it  is  fed  to  and  from 
the  work. 

The  drills  used  are  of  the  angular  four- 
cylinder  type,  fitted  with  square  socket  to  ac- 
commodate the  screw  plugs.  They  are  termed 
by  their  manufacturers,  the  IngersoU-Rand  Co., 
"No.  11  C."  A  system  of  compound  gearing 
gives  them  a  free  spindle  speed  of  150  r.p.m. 
with  great  power;  this  being  computed  as 
about  995  ft.-Ibs.  The  drills  are  controlled 
both  forward  and  reverse  by  turning  the  throt- 
tle handle.  The  air  consumption  is  approxi- 
mately 55  cu.  'ft.  of  free  air  per  minute,  but 
the  operations  are  so  intermittent  that  it  is 
possible  to  use   a  compressor  of  a  little  less 
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Fig.  2.  View  of  Structural  Steel  Framework  Used  in    Laying  Nar- 
rows Syphon. 


Fig.  3.  View  Showing  Method  of  Handling  PneumaticDrllls  for 
Forcing  Cold   Lead   Pellets  Into  Shrunken    Cast  Lead    Joint. 


were  drilled  and  tapped  around  the  periphery 
of  the  bell  end  of  the  pipe.  After  the  joint  has 
been  poured  full  of  hot  lead,  small  pellets  of 
cold  lead  were  introduced  and  forced  in  by 
means  of  a  screw  plunger,  as  described  later, 
to  make  up  for  the  shrinkage  of  the  lead  in 
cooling. 


The  annular  opening  around  the  joint  is 
first  caulked  with  asbestos  rope,  held  in  place 
with  a  number  of  wooden  chocks,  bearing  on 
the  flange  of  the  spigot.  The  arrangernent  of 
the  staging  can  be  clearly  seen  from  Fig.  2. 

The  discharge  pipe  from  the  melting  pot  is 
inserted  in  a  fire  clay  mold  at  the  top  of  the 


than  half  the  aggregate  capacity  of  the  four 
drills  running  continuously,  in  connection  with 
a  receiver  of  large  capacity. 

In  this  manner  a  very  considerable  saving 
is  realized,  which  would  be  impossible  with 
any  other  type  of  drill.  The  drills  are  also 
found  admirably  adapted   to   the   heavy   work 
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owing  to   their  sturdiness   and   high   overload 
capacity. 

The  compressor  is  an  old  style  Rand.  It  is 
rated  at  98  cu.  ft.  of  free  air  at  140  r.p.m.  The 
air  pressure  carried  while  the  drills  are  in  op- 
eration, varies  from  80  to  60  lbs. 

OPERATION    OF    CAULKING. 

The  drill  frame  is  clamped  over  the  end  of 
the  pipe,  which  is  well  greased  to  allow  of  its 
being  rotated.     Two  men  operate  each  drill. 

The  holes  in  the  row  furthest  from  the  end 
of  the  pipe  are  numbered  consecutively  1,  2,  3, 
4,  the  same  numbers  applying  to  the  outside 
row  of  holes.  The  drills  are  adjusted  over  the 
holes  numbered  1 — the  word  is  given  and  No. 
1  plug  is  withdrawn,  then  Nos.  2,  3  and  4.  A 
helper  hands  four  pellets  to  each  drill  runner 
who  inserts  them  in  the  holes  with  the  screw 
plug  on  top  of  them.  When  all  is  ready  the 
screws  are  run  in  and  run  out  again,  begin- 
ning with  No.  1  and  ending  with  No.  4  hole; 
the  holes  are  again  "loaded"  and  the  opera- 
tion repeated,  this  time  from  No.  4  tp  No.  1 
hole  and  so  on  until  four  pellets  have  been 
forced  into  each  hole.  A  mixture  of  graphite 
and  grease  is  then  forced  into  each  hole,  in 
the  same  manner,  and  permanent  screws  of  a 
different  type  fitted  with  soft  lead  washers  are 
run  in. 

The  second  row  of  holes  is  handled  in  the 
same  manner,  except  that  sufficient  graphite 
mixture  is  forced  in  to  insure  thorough  lubri- 
cation of  the  entire  surface  of  the  joint.  A 
noticeable  expansion  of  the  lead  from  the  bell 
end  can  be  seen,  after  the  lirst  row  of  plugs 
has  been  driven  in.  The  methods  of  handling 
the  drills  can  be  seen  from  Fig.  3. 

Driving  the  pellets  into  the  row  of  holes 
farthest  from  the  bell  end  first  forces  the  lead 
to  expand  towards  the  bell  end  and  further 
insures  a  thoroughly  tight  joint. 

Each  pellet  measures  9/16  in.  x  1%  ins.  and 
weighs  about  3  ozs,,  a  total  of  128  pellets  or 
approximately  24  lbs.  being  driven  into  each 
joint.  The  pressure  within  the  joint  is  esti- 
mated at  22,000  lbs. 

The  whole  operation  takes  ^bout  half  an 
hour,  though  the  actual  time  for  driving  one 
set  of  four  pellets  and  running  the  plugs  out 
again  averaged  30  seconds. 

TESTING   THE   JOINT. 

The  joint  is  tested  under  the  most  severe 
conditions.  The  joint  is  first  deflected  to  5°, 
the  maximum  it  is  designed  for  being  10°.  A 
testing  machine  is  then  lowered  into  place. 

This,  as  can  be  clearly  seen  in  Fig.  4,  is 
composed  of  two  diaphragms,  held  together  by 
tie  rods  and  provided  with  rubber  cup  leath- 
ers. One  diaphragm  is  adjusted  on  each  side 
of  the  joint  and  water  under  100  lbs.  pressure 
is  introduced. 

No  leakage  has  been  recorded  up  to  the 
time  of  the  writer's  visit,  testifying  to  the 
thoroughness  of  the  work  and  the  practicability 
of  this  type  of  joint.  The  joint  showed  a 
smooth,  well-greased  surface  where  it  was  de- 
flected. 

The  total  number  of  sections  will  amount 
to  about  840.  They  are  being  laid  at  the  rate 
of  four  a  day,  so  that  it  will  take  the  better 
part  of  a  year  to  complete  the  work.  During 
the  winter  the  work  will,  in  all  probability,  be 
suspended,  on  account  of  running  ice. 

The  contractors,  the  Merrit  &  Chapman  Der- 
rick &  Wrecking  Co.,  are  handling  this  work  in 
a  highly  efficient  manner,  as  can  be  judged  by 
the  performance  set  forth  in  the  foregoing. 
The  writer  is  indebted  to  the  Merrit  &  Chap- 
man Co.  for  assistance  in  taking  the  pho- 
tographs here  reproduced  and  in  gathering  ths 
data. 


Data  and    Discussion  on   Pollution  of 

Public  Water  Supplies  Through 

Connections  to  Industrial 

Supplies. 

Occasionally  in  localities  where  the  public 
water  supply  is  of  good  quality  there  occurs 
an  epidemic  of  typhoid  fever.  A  careful  epi- 
demiological study  reveals  the  facts  that  the 
milk  supply  is  not  used  in  common,  that  the 
sanitary  conditions  are  good,  that  private 
wells  are  not  used  and  that  the  only  source 
common  to  all  is  the  public  water  supply.  But 
the  source  of  the  supply  is  satisfactory  and 
analyses  of  samples  of  the  water  have  shown 
it  to  be  free  from  pathogenic  bacteria  of  the 
colon  group.  From  what  source  then  does  the 
infection  come?  In  a  number  of  cases  it  has 
been  traced  to  industrial  connections  at  fac- 
tories and  shops,  maintaining  for  their  private 
use  polluted  water  supplies.  The  present  ar- 
ticle records  some  experiences  with  industrial 
connections,  discusses  methods  of  preventing 
pollution  by  industrial  connections,  and  gives 
some  legal  opinions  regarding  the  responsibil- 
ity for  the  pollution  of  water  supplies.  The 
matter  given  is  from  a  paper  by  L.  H.  Van 
Buskirk,  Assistant  Engineer,  Ohio  State 
Board  of  Health,  before  a  recent  conference 
of   local   health   officers   in   Ohio. 


Four  motor  buses  seating  20  passengers 
each  have  been  ordered  for  use  in  passenger 
transportation  around  Balboa  and  Ancon  by 
the  Canal  Commission.  The  extreme  length 
of  each  car  will  be  20  ft.  10  ins.;  width,  72 
ins.;  height,  9  ft.  10  ins.;  wheel  base,  144 
ins.;  and  width  of  tread,  59  ins. 


Fig.  4.  View  of   Hydraulic   Testing    Machine 

for  Testing   Deflected   Flexible  Joint  for 

Watertightness,   Narrows  Syphon. 

With  the  development  of  cities  due  to  the 
installation  of  new  factories  there  has  been 
a  gradual  increase  in  the  number  of  industrial 
connections.  In  many  instances  l^ut  one  source 
of  supply  is  used,  and  the  city  water  is  util- 
ized for  fire  protection  as  well  as  for  the  gen- 
eral manufacturing  processes.  In  the  larger 
plants  in  order  to  reduce  insurance  rates  it  is 
often  found  advisable  to  install  a  secondard 
supply.  The  source  of  this  supplv  depends,  of 
course,  upon  the  location  of  the  plant,  but  is 
generally  taken  from  some  river,  creek,  lake, 
pond  or  hydraulic  or  transportation  canal  which 
source  may  or  may  not  be  seriously  polluted, 
but  certainly  is  of  such  characteristics  as  to 
lie  unsuitable  for  drinking  purposes  and 
should  not  be  dischargctl  either  into  the  city 
mains  or  to  the  private  main  supplying  drink- 
ing water  within  the  factory.  The  saving  to 
the  factory  on  the  double  water  supply  is  from 
33%  per  cent  to  50  per  cent  of  the  premium 
on  the  fire  risk  and,  in  fact,  some  companies 
will  not  insure  a  factory  which  is  not  pro- 
vided with  two  sources  of  supply.  It  will  be 
seen,  therefore,  that  the  larger  industrial 
plants   are   greatly   in   need   of   the   two   sup- 


plies. If  two  sources  are  provided  it  is  evi- 
dent that  where  only  one  system  of  piping  has 
been  installed,  there  must  be  some  point  where 
the  pure  city  supply  and  the  impure  factory 
supply  must  be  connected.  Therein  lies  the 
danger. 

Many  superintendents  of  water  works  when 
confronted  with  the  proposition  state  that  it 
is  impossible  for  any  of  the  polluted  supply 
to  enter  the  city  mains  owing  to  the  fact  that 
a  gate  valve  is  ^provided,  which  is  kept  closed, 
and  also  that  the  city  pressure  is  higher  than 
that  maintained  by  the  factory.  He  fails  to 
realize  that  gate  valves  may  leak  or  that  the 
city  pressure  may  be  lowered  due  to  a  break 
or  heavy  consumption  or  that  the  factory  fire 
pumps  are  tested  frequently  by  inspectors 
from  fire  underwriters  at  which  times  the 
pressure  on  the  factory  side  may  be  con- 
siderably higher  than  that  on  the  city  side. 

EXPERIENCE    WITH     INDUSTRIAL    CONNECTIONS. 

An  epidemic  of  typhoid  fever  occurred  in 
Van  Wert,  Ohio,  in  December  1913,  which 
was  traced  to  an  industrial  connection  at  the 
Cincinnati  Northern  Railroad  shops.  On  Sat- 
urday, Nov.  15,  1913,  the  pumps  at  the  pump- 
ing station  of  the  Van  Wert  water  supply- 
were  stopped  and  were  not  started  again  until 
Sunday  afternoon.  From  Monday  until  Wed- 
nesday of  that  week  enteritis  was  epidemic  in 
all  parts  of  the  city,  between  500  and  600 
cases  being  reported.  On  Dec.  1,  1913,  an 
outbreak  of  typhoid  fever  occurred.  No  typhoid 
had  been  reported  during  November  1913. 
The  incidence  of  the  disease  was  sudden. 
During  the  first  two  weeks  of  December,  20 
cases  and  1  death  were  reported  and  in  the 
second  half  of  the  month  8  additional  cases 
with  1  death.  During  January  1914,  there 
were  five  cases  with  one  death  with  the  fol- 
lowing month  entirely  free  from  typhoid. 
Careful  studies  of  the  outbreak  were  made  by 
the  local  board  of  health  and  by  representa- 
tives of  the  Ohio  State  Board  of  Health.  The 
report  upon  the  investigations  showed  that 
the  public  water  supply  which  was  obtained 
from  deep  wells  was  safe  for  domestic  uses, 
and  that  it  was  not  probable  that  it  could  be 
the  source  of  infection.  It  was  ascertained 
that  the  Cincinnati  Northern  Railroad  com- 
pany maintained  a  connection  between  their 
private  supply  and  the  city  water  main.  The 
private  supply  is  obtained  from  Town  Creek 
below  the  city,  through  which  it  passes.  The 
creek  receives  the  sewage  from  about  50  out- 
lets thereby  being  seriously  polluted.  The 
Cincinnati  Northern  Railroad  maintains  two 
pumps,  one  pumping  against  a  pressure  of  110 
lbs.  and  the  other  to  a  tank  against  25  lbs. 
The  city  pressure  is  65  lbs.  A  single  gate 
valve  is  placed  on  the  line  between  the  city 
supply  and  the  discharge  side  of  the  pump 
working  against  the  pressure  of  110  lbs.  The 
city  main  discharges  into  an  elevated  tank, 
owned  by  the  railroad.  It  is  well  established 
by  the  facts  as  observed  that  the  water  from 
Town  Creek  pumped  by  the  railroad  company 
was  discharged  from  the  tank  to  the  city 
mains,  this  being  made  possible  by  the  lowered 
pressure  on  the  distrilniting  system,  resulting 
from  the  temporary  interruption  of  pumping. 
This  permitted  the  supply  to  be  contaminated 
thereby  causing  the  epidemic  which  resulted. 
The  necessity  for  the  correction  of  the  exist- 
ing conditions  was  evident  and  the  connec- 
tion between  the  two  supplies  was  discontin- 
ued. The  city  main  now  discharges  to  the  ele- 
vated tank  in  such  a  manner  as  to  make  it 
impossible  for  the  tank  to  drain  into  the  city 
mains. 

The  liability  of  a  single  gate  valve  to  leak, 
thcreliy  endangering  the  quality  of  a  public 
water  supply  has  long  been  realized  and  many 
attempts  have  been  made  to  use  check  valves 
in  combination  wilh  gate  valves.  This  ar- 
rangement has  not  proved  to  be  an  entirely 
safe  one.  One  of  the  best  examples  is  the 
typhoid  epidemic  at  Circlevillc,  which  occurred 
during  January  and  February  1914.  In  this 
case  a  careful  study  bv  the  local  board  of 
health  and  representatives  of  the  Ohio  State 
Board  of  Health  doterniined  that  the  source 
of  the  infection  must  be  the  public  water  sup- 
ply.    The  public  water  supply  which  is  owned 
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by  a  private  company  is  obtained  from  a 
horizontal  well  which  is  located  near  Big 
Darby  Creek.  Examinations  made  at  differ- 
ent times  by  the  Ohio  State  Board  of  Health 
previous  to  the  outbreak  indicated  that  the 
water  supply  was  safe.  Analyses  of  the  water 
at  the  time  of  the  outbreak  confirmed  those 
results  previously  obtained.  The  43  cases  in- 
cluded in  the  outbreak  were  with  one  excep- 
tion in  the  southerly  half  of  the  city.  Three 
deaths  were  reported.  No  satisfactory  ex- 
planation was  found  until  Jan.  31,  1914,  at 
which  time  the  local  board  of  health  learned 
of  a  connection  between  the  city  water  mains 
and  the  private  supply  of  the  American  Straw 
Board  Company,  located  in  the  southwesterly 
portion  of  the  city.  The  straw  board  company 
maintains  an  intake  to  the  Scioto  River  which 
stream  is  grossly  polluted  by  the  sewage  from 
Columbus,  located  on  the  Scioto  River  '25 
miles  above  Circleville.  The  private  supply 
is  used  for  industrial  purposes  and  for  fire 
protection.  The  city  water  enters  the  private 
system  through  a  check  valve  and  gives  added 
fire  protection.  Frequently  the  pressure  of 
the  private  supply  exceeds  that  of  the  city 
supply  and  the  check  valve  was  installed  in 
order  to  prevent  tlie  entrance  of  the  polluted 
water  into  the  city  mains.  In  addition  to  the 
check,  two  gate  valves  one  on  either  side  of 
the  check  are  provided.  Both  of  these  valves 
were  open  and  when  the  connection  was  ex- 
amined it  was  found  that  the  check  valve 
was  leaking  badly.  The  valve  was  removed 
and  repaired  and  the  gate  valve  on  the  pollut- 
ed side  was  tightly  closed.  The  outbreak  was 
sudden  both  in  onset  and  decline.  The  dis- 
tribution in  the  southern  portion  of  the  city 
showed  no  peculiar  grouping  and  all  other  pos- 
sible sources  other  than  the  public  water  sup- 
ply were  eliminated.  It  is  interesting  at  this 
time  to  note  that  a  suit  has  been  filed  in  the 
Pickaway  County  courts  against  the  Circleville 
Water  Company  by  a  man  whose  wife  con- 
tracted typhoid  fever  and  died.  The  suit  is 
in  the  courts  at  the  present  time.  A  complete 
report  of  the  outbreak  at  Circleville  was  pub- 
lished in  Engineering  and  Contr.\cting  of 
Aug.  19,  1914. 

In  1903  at  New  Bedford,  Massachusetts, 
trouble  was  experienced  due  to  leaking  check 
valves.  A  fire  occurred  at  one  of  the  large 
mills  provided  with  a  private  water  supply  of 
salt  water.  The  salt  water  pumped  by  the 
fire  pumps  at  the  mill  passed  through  leaking 
check  valves  to  the  city  mains.  Such  a  large 
amount  of  this  water  reached  the  mains  that 
it  entirely  disabled  the  fire  steamers  of  the 
city,  which  were  assisting  at  the  fire.  If  the 
mill  supply  had  been  fresh  water  the  leaking 
valves  would  not  have  been  detected  and  with 
a  polluted  supply  the  damage  that  might  have 
been  done  is  impossible  to  estimate.  In  New 
Bedford  periodical  inspections  of  all  connec- 
tions between  private  supplies  and  the  public 
water  supply  are  made.  Such  an  inspection 
occasionally  reveals  a  case  where  a  check  is 
not  in  operation. 

In  1911  a  small  outbreak  of  typhoid  fever 
occured  in  Springfield,  Ohio.  Many  of  the 
cases  vtere  found  among  the  employes  of  the 
International  Harvester  Co.  It  was  ascer- 
tained that  this  company  had  access  to  two 
supplies,  one  obtained  from  the  city  and  the 
other  from  a  small  creek.  The  two  supplies 
were  separated  only  by  a  gate  valve  with  the 
polluted  water  at  a  higher  pressure  than  the 
city  supply.  A  study  of  the  situation  led  to 
the  conclusion  that  the  polluted  creek  water 
passed  through  the  gate  valve,  entered  the 
mains  which  were  supposed  to  contain  only 
city  water  which  supply  was  used  for  drinking 
purposes  by  the  employes,  thereby  causing 
the  infection. 

A  similar  case  was  observed  in  Toronto, 
Ontario,  where  check  valves  supplying  an  of- 
fice building  failed  to  operate.  In  the  same 
city  a  small  connection  installed  by  an  em- 
ploye of  an  industrial  establishment  between 
the  public  water  supply  and  a  polluted  supply 
so  contaminated  the  public  water  supply  that 
an   epidemic   of   typhoid    fever   resulted. 

In  1913  the  Bureau  of  Health  of  Philadel- 
phia,   investigated    a    typhoid    epidemic   which 


of  the  city  water  by  industrial  connections. 
Intermittent  contamination  appeared  in  the 
city  mains,  which  upon  investigation  was 
found  to  be  due  to  what  are  termed  "Dual 
Water  Systems,"  that  is,  piping  systems  which 
could  alternately  receive  water  from  the  city 
main  and  water  from  some  other  source,  as 
for  example  from  Frankford  Creek  or  the 
Delaware  and  Schuylkill  Rivers  through  the 
private  pumping  plants.  Check  valves  were 
found  to  be  in  the  piping  systems  but  in 
many  cases  they  failed  to  operate  properly. 
Absolute  separation  of  all  such  systems  was 
required  and  no  future  installations  of  this 
type  were  permitted.  The  result  was  that 
the  intermittent  contamination  disappeared 
from  the  city  mains.  There  was  an  increase 
in  the  typhoid  rate  for  Philadelphia  during 
.'\pril  and  May  1913.  The  larger  number  of 
cases  were  confined  to  the  district  along  the 
Delaware  water  front.  This  district  is  sup- 
plied with  filtred  water  which  is  also  fur- 
nished to  other  portions  of  the  city  which 
were  entirely   free   from  typhoid. 

When  industrial  connections  are  installed  it 
is  very  frequently  found  that  the  gate  valves 
as  well  as  any  check  valvts'  which  may  be  in- 
stalled are  covered  and  within  a  short  time 
the  exact  location  of  the  same  is  not  known. 
This  condition  existed  in  Auburn,  N.  Y.  An 
examination  of  all  of  the  connections  in 
Auburn  revealed  the  fact  that  many  of  the 
check  valves  were  leaking  and  that  the  pol- 
luted water  from  the  private  supplies  was  be- 
ing forced  into  the  city  mains.  An  attempt 
was  rnade  to  prevent  any  connection  between 
the  two  supplies.  This  was  met  with  strong 
opposition  by  both  the  insurance  men  and  the 
factory  owners.  Duplicate  check  valves  of 
an  improved  type  were  then  installed.  These 
are  placed  in  suitable  chambers  and  regularly 
inspected.  A  description  of  the  so-called  san- 
itary check  valve  together  with  the  method 
employed  in  testing  the  same  was  given  in 
Engineering  and  Contracting  of  Mav  20, 
1914. 

Mr.  H.  E.  Jordan,  superintendent  of  filtra- 
tion, Indianapolis  Water  Co.,  pointed  out  the 
reasons  for  the  installation  of  the  rrivate  sup- 
ply and  the  methods  generally  in  use  in  con- 
necting the  private  supply  to  the  city  mains, 
in  Engi.meering  and  Contracting  of  March 
5,  1914. 

Three  instances  of  the  danger  of  cross 
connected  systems  were  mentioned.  The  first 
which  has  no  sanitary  significance  excepting 
indirectly,  is  that  of  an  establishment  which 
used  unpurified  canal  water.  The  canal  was 
drained  for  repairs  and  while  such  were  be- 
ing made  the  city  water  was  furnished  to 
the  plant.  When  the  repairs  were  completed, 
the  valve  to  the  canal  was  opened,  but  the 
city  supply  was  not  shut  off.  The  result  was, 
that  the  city  water  which  was  of  high  pres- 
sure not  only  supplied  the  plant  but  also 
flowed  through  the  open  valve  and  wasted  to 
the  canal.  Similar  instances  might  be  cited 
where  the  negligence  of  employes  in  leaving 
valves  open  had  the  opposite  result,  in  that 
the  polluted  supply  was  forced  into  the  city 
mains. 

Another  case  was  that  of  a  connection  in 
a  western  city.  The  connection  between  the 
private  and  public  supplies  was  provided  with 
two  valves,  both  of  which  were  to  be  closed 
excepting  at  such  times  as  the  city  water  was 
being  used.  A  water  tank  on  the  private 
system  was  used  to  receive  fresh  water  as 
well  as  water  from  ammonia  washers.  It 
was  thought  that  the  city  pressure  was  always 
above  that  of  the  private  supply,  but  at  times 
of  heavy  consumption  such  was  not  the  case. 
The  mixed  water,  therefore,  passed  into  the 
city  mains  and  frequent  complaints  as  to  the 
color  and  odor  of  the  supply  were  received. 
Owing  to  the  character  of  the  pollution  no 
serious  results  followed.  Had  the  private  sup- 
ply been  obtained  from  a  polluted  source 
typhoid  probably  would  have  resulted.  The 
people,  however,  are  entitled  to  a  safe  sup- 
ply of  water  and  one  that  is  usable.  A  water 
having  a  high  color  and  objectionable  odor 
cannot    be    considered    as    satisfactory    and   a 


supply  should  be  protected  against   such  pol- 
lution. 

In  Winnipeg,  Manitoba,  a  cross  connection 
between  the  fire  service  system  and  the  do- 
mestic supply  of  the  city  caused  an  epidemic 
of  typhoid.  The  connection  was  removed  and 
the    fever   disappeared. 

While    repairing    the    pumps    of    a    private 
water    sunnly    used    in    a    certain   building    \u 
Muncie,   Ind.,  the   city  water   was  turned   on 
The  contractor  who  was  to  make  the  repairs 
completed   his   work   and   desired   to   test    tlu- 
same.     The  open  valve  on  the  city  main  was 
forgotten,    however,    and    the    private    supply 
was   pumped   into   the   main.     A    similar  case     ; 
was  that  of  a  private  supply  stored  in  reser- 
voirs   and    used    over   and    over.     T-he    water     | 
comes  in  contact  with  a  product  of  manufac-     . 
ture  and  has  a  decided  taste  and  odor.     Owing     | 
to    the    fact    that    the    valves    connecting    the     < 
private  with  the  public  water  supply  were  not     ' 
closed  the  consumers  in  the  neighborhood  of 
the  plant  received  a  water  which  had  a  high 
color  and  a  decided  taste  and  odor. 

The  Massachusetts  State  Board  of  Health 
ordered,  some  years  ago,  the  absolute  and 
complete  separation  of  the  city  mains  from 
all  other  sources  of  supply.  The  following 
regulations  were  passed  and  are  still  in  force : 

Preamble:  No  fire  service  pipe  shall  be  laid 
into  the  premises  of  any  corporation,  firm  or  in- 
dividual havins^  connected  therewith,  directly  or 
indirectly,  supplementary  or  secondary  fire  ser- 
vice con.5iEting  of  fire  pump,  cistern,  tank, 
standpipe  or  other  apparatus,  excepting  where 
such  fire  pump,  cistern,  tank,  standpipe,  etc., 
are  supplied  with  water  from  the  city  water 
works  system  and  subject  to  the  following  regu- 
lations: 

1.  All  water  for  fire  service  pipes  shall  be 
metered;  meter  to  be  furnished  and  set  by  city 
at  the  owner's  expense.  No  charge  shall  be 
made,  however,  for  water  used  exclusively  for 
the  extinguishing  of  fires. 

2.  All  iTiain  pipes  for  fire  services  shall  be 
furnished  and  connected  by  the  city  at  the  ex- 
pense of  the  owner. 

3.  Where  a  standpipe,  tank  or  cistern  is  used 
it  shall  be  constructed  in  such  a  manner  as  to 
shield  and  protect  the  water  from  all  possible 
pollution. 

4.  Provision  shall  be  made  in  its  construction 
for  means  of  access  to  the  interior  of  it  by  the 
superintendent  or  other  agents  of  the  Water 
Department  for  the  purpose  of  inspection  and 
so  as  to  allow  for  its  cleaning  as  required  by 
the  water  department. 

5.  It  t.hall  also  be  fitted  with  a  pipe  for  the 
purpose  of  drawing  off  all  the  water  at  such 
intervals  as  required  by  the  Water  Department. 

6.  Said  drawoft  pipe  must  be  connected  with 
a  sewer  or  drain  in  a  way  that  inight  lead  to 
the  contamination  of  the  water  from  such 
source. 

7.  All  expenses  not  mentioned  herein  incurred 
on  account  of  fire  services  shall  be  borne  by  the 
corporation,  firm  or  individual  owning  the  pro- 
tected premises;  and, 

S.  The  Water  Board  shall  have  the  power 
from  time  to  time  to  prescribe  whatever  other 
rules  they  may  deem  necessary. 

Mr.  R.  J,  Thomas  of  Lowell,  Massachusetts, 
superintendent  of  water  works  states  that 
where  the  health  and  lives  of  the  people  are 
in  danger,  reliance  should  not  be  placed  on 
any  contrivance  that  operates  either  auto- 
matically or  by  hand.  The  safest  plan  is  not 
to  allow  any  connection  directly  or  indirect- 
ly between  the  pipes  of  the  public  water  sup- 
ply and  the  pipes,  tanks  or  pumps  of  the  pri- 
vate fire  service  system  containing  a  polluted 
water.  Following  the  investigation  of  the 
local  health  department  at  Philadelphia,  the 
board  of  health  passed  resolutions  under  date 
of  June  20,  1913,  as  follows: 

Whereas:  It  has  come  to  the  knowledge  of  this 
Board  that  it  is  the  practice  in  this  city  to  in- 
stall in  certain  instances  water  piping  systems 
whereby  water  from  city  mains  and  from  other 
sources  can  be  alternately  used  in  such  piping 
system;  and. 

Whereas:  It  has  been  found  that  the  city 
mains  in  localized  sections  are  now  subject  tn 
periodic  contamination;  and. 
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Whereas:  Systems  of  piping  which  possess 
the  possibility  of  allowing  contaminated  water 
to  enter  the  city's  distribution  system  have  a 
tendency  to  be  prejudicial  to  the  public  health; 
therefore,  be  it 

Resolved.  That  an  actual  physical  severance 
shall  be  maintained  between  piping  connected  to 
the  city  mains  and  piping  carrying  water  from 
any  other  source  and  that  the  Director  of  the 
Department  of  Public  Health  and  Charities  is 
hereby  authorized  and  directed  to  cause  the  sev- 
erance of  all  such  dual  systems  in  use,  and  to 
prevent  the  construction  of  any  future  system 
of  like  character. 

There  was  some  divergence  of  opinion  in 
Philadelphia  as  to  the  theory  of  the  typhoid 
epidemic.  Dr.  W.  H.  Frost,  of  the  United 
States  Health  Service,  and  Mr.  F.  Herbert 
Snow,  at  that  time  chief  engineer  of  the  Penn- 
sylvania Department  of  Health,  reviewed  the 
records  and  corroborated  the  findings  of  the 
local  officials.  The  conclusion  reached  was 
that  the  probable  cause  of  at  least  72  per  cent 
of  the  typhoid  cases  in  Philadelphia  was  due 
to  the  pollution  of  the  city  service  tnains.  A 
careful  survey  of  the  city  revealed  77  indus- 
trial connections.  Sixty-three  of  these  con- 
nections were  discontinued  in  191.3  and  14 
were  being  disconnected  at  the  beginning  of 
1914. 

The  Baltimore  County  Water  &  Electric 
Company  of  Baltimore  County,  Maryland,  pro- 
vides the  following  agreement,  which  is  en- 
tered into  by  the  above  named  company  and 
any   applicant    for   private   fire   protection : 

Any  lire  protection  system  supplied  W'ith  water 
from  the  company's  lei-vice  shall  be  supplied 
exclusively'  with  such  water,  and  no  connection 
will  be  allowed  with  any  other  system  drawing 
its  supply  from  any  other  source,  whereby  the 
company's  water  supply  may  be  contaminated 
by  the  failure  to  close  valves  or  leaking  check 
valves,  etc.;  and  no  auxiliary  or  secondary  suc- 
tion pipe  to  any  underwriter  pump  taking  water 
from  the  harbor,  streams  or  other  source  what- 
ever will  be  permitted.  Any  Are  protection  sys- 
tem using  water  from  the  harbor,  streams  or 
other  source  than  the  company's  service  shall  be 
kept  separate  from  any  such  system  supplied 
from  the  company's  service. 

EXPERT   COMMENT    ON    INDUSTRI.^L   CONNECTIONS. 

Much  has  been  said  and  is  being  said  at  the 
present  time  by  the  fire  underwriters  exploit- 
ing the  use  of  the  double  check  valve  stating 
that  absolute  protection  is  thereby  afforded. 
Mr.  William  C.  Lounsbury,  superintendent  of 
filtration,  of  Superior,  Wisconsin,  does  not 
believe  that  two  check  valves  are  better  than 
one.  On  the  contrary  he  feels  that  sometirrtes 
two  check  valves  are  twice  as  bad  as  one  be- 
cause when  two  check  valves  are  installed 
there  is  a  greater  feeling  of  safety  which  is 
not  warranted  by  the  facts.  The  apparent 
safety  is  not  assured  because  of  having  two 
inspections    a   year. 

Not  only  is  there  danger  due  to  the  leaking 
of  check  valves,  but  one  must  not  forget  that 
in  testing  the  puinps  the  pressure  is  frequent- 
ly raised  considerably  above  that  of  the  city 
supply,  Mr.  E.  T.  Lochridge,  engineer  of 
■water  works,  Springfield,  Massachusetts,  em- 
phasizes this  particular  fact  and  states  that 
there  is  a  constant  menace  in  the  testing  of 
pumps.  Ordinarily  the  factory  men  state  that 
they  simply  turn  the  fire  pump  over,  but  on 
inspection  of  the  pressure  gage  it  is  found 
that  the  pressure  often  exceeds  that  of  the 
city  mains.  The  mill  people  should  be  re- 
quired to  so  arrange  their  fire  system  that 
there  is  no  possibility  of  any  impure  water 
getting  into  the  city  mains  for  use  by  the 
people  at  the  mill  or  by  residents  in  the  vicin- 
ity of  the  mill. 

During  the  past  few  years  much  has  been 
done  to  improve  the  character  of  these  con- 
nections by  the  manufacture  of  better  and 
safer  valves.  The  old  fashioned  check  valves 
are  unsatisfactory  and  may  permit  the  city 
water  supply  to  be  polluted  frequently.  It  has 
been  noted  that  the  body  of  a  check  valve  as 
ordinarily  made  of  cast  iron  is  hardly  large 
enough  to  permit  the  valve  to  operate  and  the 
least   formation  of  tubercles  on  the  inside  of 


the  body  is  liable  to  arrest  its  opening  or 
closing.  It  has  been  pointed  out  that  a  com- 
position check  valve  would  not  be  very  ex- 
pensive and  would  seem  to  be  a  point  in  the 
right  direction  in  solving  the  trouble  arising 
from  check  valves. 

Mr.  J.  Walter  Ackerman,  chief  engineer 
and  superintendent  of  water  works  at  Auburn, 
N.  Y.,  who  presented  a  paper  in  1914  before 
the  American  Water  Works  Association  on 
the  sanitary  check  valves,  believes  that  they 
provide  a  greater  factor  of  safety  against 
pollution  than  the  old  installation,  and  that 
the  installation  of  such  valves  is  a  decided 
improvement.  It  is  his  opinion,  however,  that 
where  there  is  no  such  connection  that  the 
installation  of  the  same  could  not  be  consid- 
ered as  an  improvement  of  the  supply  and 
that  it  should  rightly  be  considered  as  a  pos- 
sible source  of  contamination.  This  is  par- 
ticularly true  owing  to  the  fact  that  few  peo- 
ple realize  the  danger  which  is  attached  to 
the  use  of  such  supplies.  The  care  of  the 
connection  is,  therefore,  not  to  be  overlooked. 

METHOD    OF    PREVENTING    POLLUTION    BY    INDUS- 
TRIAL   CONNECTIONS. 

Information  concerning  the  opinion  of  water 
works  men  about  the  country  has  now  been 
added  to  that  of  specific  cases  where  epidemics 
have  occured  due  to  industrial  connections. 
The  question  of  how  to  protect  the  public 
water  supply  against  pollution  from  industrial 
connections  now  confronts  us.  Few  methods 
of  solving  this  difficulty  have  been  proposed 
and  from  the  above  facts  it  would  seem  that 
the  only  logical  conclusion  to  reach  would  be 
that  of  eliminating  any  connection  whatever 
direct  or  indirect  with  the  polluted  water  sup- 
ply. In  order  to  provide  fire  protection  for 
manufacturing  establishments  where  no  con- 
nection is  permitted  an  independent  or  dup- 
licate sprinkler  system  could  be  installed.  The 
cost  of  such  an  installation  would  seem  to  be 
pi'ohibitive.  The  fire  underwriters  also  claim 
that  such  an  installation  is  unsatisfactory  ow- 
ing to  the  fact  that  where  the  sprinkler  heads 
are  placed  close  together  that  the  discharge 
of  one  may  cool  the  one  next  to  it  to  such  an 
extent  that  it  would  fail  to  operate.  This 
system,  however,  would  certainly  afl^ord  ab- 
solute protection  to  the  people  against  con- 
tamination of  the  public  water  supply.  An- 
other system  which  could  be  installed  is  that 
of  an  elevated  or  storage  tank  into  which 
both  the  city  water  and  the  private  supply 
could  be  discharged.  In  this  case  it  would  be 
necessary  to  provide  a  free  discharge  of  the 
city  water  in  order  to  eliminate  any  oppor- 
tunity of  back  flow  to  the  city  mains.  The 
only  additional  cost  in  this  case  is  the  con- 
struction of  a  tank,  excepting  in  a  few  in- 
stances where  the  city  pressure  would  be  in- 
sufficient to  discharge  the  water  into  the 
tank.  This  cost  would  be  small,  however, 
even  in  cases  where  duplicate  pumping  would 
be  necessary  and  in  fact  would  be  an  advan- 
tage in  affording  more  ample  fire  protection. 
Certain  individuals  interested  in  fire  protec- 
tion argue  against  the  installation  on  ac- 
count of  the  fact  that  the  city  pressure  is  not 
sufficient  at  all  times  to  fill  the  tanks.  When 
such  conditions  prevail  it  is  certain  that  the 
demand  at  a  time  of  fire  would  be  such  as  to 
make  the  supply  entirely  unreliable  and  inade- 
quate. It  would  seem  that  there  is  no  logical 
reason  why  such  an  installation  should  not 
be  provided  in  the  majority  of  cases,  even 
when  it  is  necessary  to  install  a  water  tank 
upon  the  roof  of  the  building  owing  to  the 
lack  of  ground  space. 

The  double  check  or  sanitary  check  valve  is 
especially  designed  in  order  to  protect  the 
city  water  supply  against  the  polluted  water 
of  industrial  connections.  The  moving  parts 
of  the  valve  arc  largely  constructed  of  bronze 
with  lar,gc  clear;inccs  and  the  clapper  is  faced 
with  a  medium  hard  rublier  closing  on  a  seat 
of  ample  width  to  prevent  injury  to  the  rub- 
ber. The  valve  of  the  I)ody  is  designed  so 
that  the  clapper  can  be  swung  out  through 
the  bonnet  opening,  thereby  providing  easy 
access  to  the  interior  and  affording  convenient 
inspection.  There  can  be  no  question  that 
the    valve    is    an    improvement    over    the    old 


fashioned  check  valves,  but  as  noted  above 
there  is  still  some  danger  that  the  valve  may 
not  seat  properly  thereby  permitting  some  of 
the  polluted  water  to  enter  the  city  mains. 
It  has  been  observed  that,  when  the  pressure 
is  not  increased  quickly  upon  the  valve  it 
does  not  seat  properly  and  some  water  will 
pass  into  the  city  distributing  system.  It 
would  seem  reasonable,  therefore,  to  require 
that  no  physical  connection  be  produced  be- 
tween the  two  supplies  and  that  where  two 
sources  of  supply  are  required  provision  be 
made   for  keeping  them  entirely  separate. 

LEG.\L    OPINION     RECORDING     RESPONSIBILITY     FOR 
POLLUTION    OF    WATER    SUPPLY. 

The  above  discussion  would  not  be  com- 
plete w'ithout  giving  briefly  some  of  the  legal 
opinions  in  regard  to  the  liability  of  the  mu- 
nicipality or  water  company  when  furnishing 
a  polluted  water  supply  to  the  people  of  any 
community.  Dillon  on  Municipal  Corpora- 
tions, Fifth  Edition,  Section  1316,  in  discus- 
sing contamination  of  the  water  supply  states 
that 

The  dbligation  of  a  water  company  is  not  to 
provide  water  that  is  chemically  pure,  but 
water  that  is  ordinarily  and  reasonably  pure, 
and  in  the  performance  of  that  obligation  it  is 
only  held  to  the  exercise  of  reasonable  dili- 
gence. If  it  is  liable  for  impurity  of  the  water, 
or  for  contamination  which  renders  it  xmfit  for 
domestic  use,  it  must  be  on  the  ground  of  ac- 
tionable fraud  or  negligence  without  contribu- 
tory negligence  on  the  part  of  the  consumer. 
If  the  water  company  knows,  or  from  the  situ- 
ation ought  to  have  known,  that  the  water  it 
is  distributing  in  a  municipality  is  dangerous 
for  domestic  use  from  causes  not  ordinarily 
discoverable  by  the  exercise  of  reasonable  care, 
it  owes  the  duty  to  its  customers  of  disclosing 
that  danger,  and  a  failure  so  to  do,  knowing 
that  sucli  customers  are  liable  to  use  the  water 
through  ignorance  of  its  character,  has  been 
said  to  be  a  fraud  in  law,  rendering  the  com- 
pany liable  to  legal  damages  to  any  person  in- 
jured by  such  fraud  without  any  fault  on  his 
part,  and  has  also  been  said  to  be  a  failure  of 
duty  amounting  to  actionable  negligence  to 
which  the  same  liability  is  incident. 

A  cause  of  action  for  damages  resulting 
frc-m  the  impurity  of  the  water  sounds  in 
tort  m  whatever  way  it  may  be  regarded  and 
knowledge,  or  its  equivalent,  on  the  part  of 
the  company,  and  want  of  such  knowledge,  or 
its  equivalent,  on  the  part  of  the  consumer 
damaged,  is  essential  to  legal  liability  in  the 
one  case  as  well  as  the  other. 

After  having  secured  a  proper  source  of  sup- 
ply, the  company  is  bound  to  exercise  diligence 
in  the  effort  to  preserve  the  water  from  pollu- 
tion, and  deliver  it  to  the  public  in  no  worse 
condition  than  that  which  it  is  taken  from  the 
source  of  supply.  If  it  neglects  to  perform  this 
duty,  or  if  by  reason  of  the  contamination  of 
the  source  of  supply  from  causes  over  which 
it  has  not  control,  the  water  is  unfit  for  domes- 
tic or  other  uses,  the  company  may,  at  the  suit 
of  a  taxpayer,  be  restrained  from  collecting 
water  rates,  because  it  is  Inequitable  that  It 
should  collect  these  rates  when  the  consideration 
therefore  has  failed. 

In  1910  a  damage  suit  was  brought  in  the 
courts  of  Minnesota,  against  the  city  of  Man- 
kato.  Judge  Jaggard  in  giving  his  decision 
has  sounded  the  keynote  to  the  problem  of 
the  protection  of  the  public  health  as  it 
would  seem  that  it  should  be  viewed  not  only 
by  the  courts,  but  also  by  the  people  at  large. 
The  complaint  placed  against  the  city  of  Man- 
kato  charged  that  the  defendant  citv  negligent- 
ly allowed  the  supply  of  the  water  works  sys- 
tem to  become  polluted  with  poisonous  sub- 
stances and  large  quantities  of  filth  and 
sewage  to  escape  into  and  saturate  its  water 
supply.  By  reason  whereof  plaintiffs  intestate 
contracted  typhoid  fever  and  died  as  a  conse- 
quence. The  municipality  used  as  one  means 
of  its  defense  the  consideration  that  it  was 
exercising  a  governmental  function  and, 
therefore,  was  not  liable  under  the  law.  The 
court,  however,  held  that  the  municipality 
was  liable  for  its  negligence  in  its  private  or 
corporate  capacity  and  was  not  exempt  be- 
cause   it    was    carrying    out    a    governmental 
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function.    In  the  opinion  of  the  judge  the  fol- 
lowing is  interesting.     He  states  that : 

It  is  obvious  tliat  a  sound  public  policy  liolds 
a  city  to  a  liigii  degree  of  faitlitulness  in  pro- 
viding an  adequate  supply  of  pure  water.  Nor 
does  it  appear  why  its  citizens  should  be  de- 
prived of  the  stimulating  effects  of  the  fear  of 
liability  on  the  care  and  energy  of  its  officials: 
nor  why  a  city  should  be  exempt  from  liability 
while  a  private  coiToration  under  the  same  cir- 
cumstances should  be  held  responsible  for  its 
conduct  j.'nd  made  to  contribute  to  the  innocent 
persons  it  may  have  damaged. 

Public  policy  requires  the  conservation  of  hu- 
man lif-j,  the  preservation  of  public  health  and 
the  establishment  of  public  sanitation  on  a  firm 
and  certain  basis  in  the  law. 

CONCLUSION. 

In  conclusion,  the  dangers  incident  to  the 
connection  between  private  water  supphes  of 
polluted  character  and  the  safe  public  water 
supply  cannot  be  overestimated.  The  means 
whereby  fire  protection  may  be  afforded  have 
been  mentioned  and  the  liability  of  either  the 
company  or  city,  which  owns  the  public  sup- 
ply in  case  the  supply  has  become  polluted 
through  its  negligence  has  been  shown  by  the 
opinions  handed  down  by  courts  where  such 
cases  have  been  heard.  It  is  interesting  to 
note  the  different  view  points  held  by  the 
courts  at  the  present  time  from  those  held 
20  years  ago.  It  appears  that  formerly  thf 
rights  of  property  were  paramount  over  the 
rights  of  individuals.  Recently,  however,  the 
courts  have  changed  the  tenor  of  their  deci- 
sions and  are  attaching  more  importance  to 
the  responsibility  of  the  company  or  city  in 
the  protection  of   the   public  health. 

The  fear  of  prosecution  and  the  collection 
of  damages  should  not  be  the  impelling  motive 
of  local  officials  in  the  protection  of  their 
water  supply  against  dangerous  pollution.  It 
should  be  their  first  aim  to  maintain  the  high- 
est standard  of  purity  possible  in  their  water 
supply  in  order  to  protect  the  lives  and  health 
of  the  people.  There  is  a  distinct  danger  of 
having  a  water  supply  polluted  through  con- 
nections which  may  exist  or  which  may  here- 
after exist  between  the  public  water  supply 
and  private  supplies  of  polluted  character. 
The  only  safe  policy,  therefore,  is  to  insist 
upon  a  complete  separation  of  the  public 
water  supply  from  any  and  all  private  sup- 
plies. 


Method  and  Cost  of  Constructing  a  6- 

Mile  Water  Main,  of  3-in.  Screwed 

Pipe,  for  New  Orleans  Lake 

Shore  Land  Co. 

Contributed  by  Arthur  M.   Shaw,  Consulting 
Kngineer,    New  Orleans,    La. 

The  following  data  in  regard  to  pipe  laying 
are  given  as  of  interest  on  account  of  the  con- 
siderable length  of  comparatively  small  pipe, 
laid  under  conditions  which  made  it  possible 
to  obtain  an  accurate  cost  record  of  the  labor 


involved.  The  New  Orleans  Lake  Shore  Land 
Co.  owns  about  7,000  acres  of  reclaimed  lands 
which  are  inside  the  limits  of  the  City  of  New 
Orleans  but  beyond  the  terminus  of  the  city 
water  mains.  About  400  men  and  130  horses 
and  mules  are  employed  on  the  property  at 
points  tributary  to  the  central  camp  at  Citrus 
and  the  furnishing  of  suitable  water  for  the 
laborers  and  stock  required  the  construction 
of  a  water  main  from  the  nearest  city  connec- 
tion to  the  main  camp,  a  distance  of  GVs  miles. 
It  was  estimated  that  a  2%-in.  pipe  would 
furnish  all  the  water  required,  with  a  mean 
pressure  at  the  end  of  the  existing  mains  of 
4.5  lbs.  per  square  inch,  but  in  order  to  take 
care  of  a  possible  increase  in  demand  and 
also  to  provide  for  a  probable  decrease  in 
efficiency  of  the  pipe  from  rust,  a  3-in.  pipe 
was  selected.  Owing  to  the  rapid  deteriora- 
tion of  steel  in  this  locality,  genuine  wrought 
iron  pipe  was  used.  This  was  furnished  with 
extra-long,  heavy,   recessed   sleeve  couplings. 

A  trench  of  sufficient  depth  was  dug  by 
plowing  a  double  furrow  with  an  ordinary 
mold  board  plow  and  cutting  out  the  center 
with  a  "middle  buster,"  a  double  mold  board 
plow  used  in  the  sugar  section.  A  small 
amount  of  hand  work  was  necessary  in  clean- 
ing out  loose  material  and  cutting  down  high 
points.  The  pipe  was  unloaded  from  cars  at 
a  switch  near  one  end  of  the  line  and  dis- 
tributed alongside  of  the  trench  by  wagons. 
No  part  of  the  cost  of  trenching  or  distrib- 
uting the  pipe  is  included  in  the  following. 

Two  pipe  laying  gangs  were  organized,  one 
gang  working  from  each  end.  At  the  start, 
each  foreman  was  instructed  to  put  on  as 
many  men  as  he  could  work  to  advantage  as 
it  was  an  object  to  get  water  to  the  camp  as 
early  as  possible.  One  gang  was  started  with 
four  men  and  the  other  with  six.  Short 
pieces  of  boards  were  laid  across  the  trench 
to  support  the  pipe  while  it  was  being  as- 
sembled. After  the  gangs  had  been  working 
a  few  days,  a  time  study  was  made  and  it 
was  found  that  each  crew  could  make  up  a 
joint  in  exactly  four  minutes  though  they 
were  completing  only  about  65  joints  per  day, 
the  remainder  of  the  nine  hours  being  taken 
up  in  going  to  and  from  the  work,  placing 
cross  pieces  and  pipe,  removing  protection 
sleeves,  clearing  away  weeds  and  briars  to 
permit  the  use  of  pipe  tools  at  the  joints,  ad- 
justing wrenches,  etc.  Through  the  study 
which  was  made,  it  was  found  that  rriuch  of 
the  work  that  was  being  done  by  the  pipe  lay- 
ing gang  could  be  done  to  better  advantage  by 
additional  laborers,  working  under  the  same 
foreman.  To  secure  a  higher  efficiency,  the 
following  instructions  were  issued : 

Each  foreman  will  see  that  his  gang  is  made 
up  of  six  laborers;  four  of  these  men  to  work  as 
continuously  as  possible  at  making  up  joints. 
The  two  additional  men  will  place  cross-pieces 
across  the  trench  at  proper  intervals,  place  the 
pipe  on  these  cross-pieces  to  approximate  line 
and  grade,  examine  all  pipe  for  foreign  material 
that  may  have  gotten  into  them,  remove  all 
protection  sleeves  (excepting  the  few  that  can 
not  be  started  off  without  the  use  of  a  wrench). 


lower  the  completed  sections  into  the  trench  and 
clear  away  all  obstructions  near  the  joints  that  ' 
are  to  be  made  up. 

Before  reorganizing,  the  cost  of  labor  and 
supervision  amounted  to  $.007  per  lineal  foot 
with  an  immediate  saving  after  reorganizing 
of  about  30  per  cent.  The  average  cost  after 
reorganizing  was  $.0043  per  lineal  foot.  The 
best  day's  work  for  one  gang  before  reor- 
ganizing was  70  joints  while  the  same  gang 
laid  101  joints  on  the  first  day  after  the  in- 
structions were  received.  The  best  record 
was  made  on  the  last  day  when  one  gang 
made  up  100  joints  in  six  hours  beside  cut- 
ting and  threading  one  length  for  the  closure. 
This  shows  an  average  of  3  G/10  minutes  per 
joint,  with  no  allowance  for  lost  time  or  for 
cutting  and  threading  the  short  length.  The 
cost  per  lineal  foot  for  the  last  day's  work  was 
$.00305. 

All  joints  were  made  up  with  red  lead  and 
were  turned  up  as  tight  as  possible  by  twcv 
men  using  a  48-in.  chain  pipe  wrench.  Thirty- 
six-inch  Stillson  wrenches  were  used  at  first 
but  it  was  found  that  these  did  not  give  suf- 
ficient leverage  and  resulted  in  greater  loss 
of  time  in  adjusting  to  fit  the  pipe.  Gang  No. 
1,  which  did  the  most  of  the  work  and  which 
made  the  highest  daily  average,  made  a  rec- 
ord of  100  per  cent  perfect  joints.  The  line 
laid  by  Gang  No.  2  showed  leaks  at  five  dif- 
ferent joints  when  the  city  pressure  was 
turned  on  but  these  leaks  were  close  together 
and  it  was  necessary  to  cut  the  line  at  only 
one  point  when  the  defective  joints  were  taken 
down  and  relaid. 

Flange  unions  were  placed  in  the  line  at 
frequent  intervals  and  plugged  Tees  were  in- 
serted at  all  points  where  it  was  thought  pos- 
sible that  future  camps  might  be  established. 
Right  angle  turns  were  made  by  using  elbows 
but  all  smaller  angles  were  made  by  heating 
and  bending  the  pipe.  Though  some  of  these 
bends  were  made  on  a  radius  as  small  as  10 
ft.,  there  was  no  apparent  tendency  of  the 
pipe  to  crush  or  to  open  at  the  weld. 

The  recessed  sleeves  and  the  fully  pro- 
tected threads  made  it  possible  to  start  the 
joints  with  a  minimum  loss  of  time.  Especial 
care  was  taken  to  insure  a  dear  pipe  but  on 
flushing  out  after  a  connection  with  the  city 
mains  was  made,  the  discharge  showed  a  large 
amount  of  rolling  mill  scale,  shell  chips  from 
the  adjoining  shell  road,  one  small  snake, 
"and  various  articles  too  numerous  to  men- 
tion." 

After  the  line  was  completed,  it  was  per- 
mitted to  discharge  at  full  capacity  for  one 
hour  into  a  measured  tank.  From  this  rec- 
ord, it  was  found  that  the  rate  of  discharge 
was  fully  .30  per  cent  above  the  original  cal- 
culations though  in  making  these  calculations, 
all  uncertainties  were  heavily  discounted. 
Under  present  conditions,  all  service  is  direct 
from  the  main  but  it  is  contemplated  that  as 
demands  increase,  it  will  be  necessary  to  sup- 
ply the  main  camp  from  a  local  pressure  tank, 
filling  this  from  the  main,  with  an  automatic 
valve  which  will  permit  constant  flow  from 
the  main  until  the  tank  is  filled. 
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The  Business  Engineering  Problem  In 

Water  Power  Development  With 

the   Sulution  for  a   Specific 

Case. 

The  paper  which  follows  is  an  unusually 
clear  presentation  of  the  business  engineering 
problem — the  problem  of  first  importance — of 
water  power  development.  This  paper  was 
read  by  W.  V.  N.  Powelson  before  the  Amer- 
ican Association  for  the  Advancement  of 
Science,  Dec.  31,  1914.  It  is  reprinted  with 
only  a  few  omissions; 

COMMERCI.'M.      PR.\CTIC.'\EILITY      IS      KEYNOTE      OF 
WATER  POWER  DEVELOPMENT. 

I  think  it  will  be  conceded  that  nobody 
would    waste   time   and    money   on    an    unde- 


veloped water  power  even  though  it  could 
generate  reliable  power  if  he  knew  it  could 
not  when  built  yield  an  adequate  return  upon 
the  investment.  But  because  capital  believes 
there  is  offered,  in  individual  cases,  the 
chance  of  such  adequate  return  many  are 
spending  time  and  money  in  investigating  and 
constructing  water  powers.  Confidence  in  the 
commercial  practicability  of  undeveloped 
powers  is,  therefore,  the  keynote  of  water 
power  development. 

There  is  no  way  in  advance  of  the  con- 
struction of  the  works  and  the  actual  market- 
ing of  the  power  to  fix  with  mathematical 
certainty  what  the  return  on  the  investment 
will  be,  and  the  element  of  chance,  therefore, 
necessarily  involved  in  accepting  estimates,  can 
never  be  completely  eliminated.     In  many  un- 


dertakings general  rules  may  be  applied  which 
will  predetermine  within  narrow  limits  the 
probable  financial  results,  but  water  power  un- 
dertakings are  peculiar  in  that  it  is  almost 
impossible  to  gage  the  commercial  practicabil- 
ity of  an  undeveloped  power  by  the  applica- 
tion of  a  general  rule.  Each  case  must  stand 
by  itself  and  be  examined  in  the  light  of  its 
own  peculiarities. 

NATURAL    LIMITATIONS    ON    MARKET    FOR    WATER 
POWER. 

In  this  connection  I  would  call  attention  to 
the  fact  that  a  water  power  is  a  factory 
fundamentally  the  same  as  all  other  factories 
producing  something  for  which  there  is  or 
may  be  a  demand.  But  a  water  power  as  a 
factory  is  differentiated  from  all  other  fac- 
tories by  two  very  remarkable  limitations  that 
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natural  laws  have  placed  upon  the  marketabil- 
ity of  its  product, — limitations  which  had  they 
been  placed  by  legislation  upon  all  other  fac- 
tories would  have  made  the  present  industrial 
development  of  the  world  impossible.  They 
are  none  other  than: 

(1)  That  the  thing  manufactured  may  not 
he  transported  to  or  consumed  at  any  point 
at  a  greater  distance  than  about  200  miles 
from  the  place  where  made,  and, 

(2)  That  the  thing  may  not  be  delivered 
to  a  customer  or  even  produced  except  at  the 
instant  when  the  customer  desires  to  con- 
sume it. 

■INFLUENCE    OF   INITIAL    M.^RKET    ON    SIZE   OF   DE- 
VELOPMENT. 

Water  powers — excellent  water  powers  from 
a  physical  standpoint  and  economically  admin- 
istered— have  failed  financially  because  they 
were  built  too  large  for  a  market  thus  cir- 
cumscribed by  natural  laws.  The  fact  that 
people  pay  more  attention  to  a  warning  writ- 
ten in  a  legislative  enactment  than  to  one  im- 
plied in  a  natural  law  would  indicate  that  the 
effect  of  the  natural  law,  though  not  in  any 
degree  obscure,  has,  nevertheless,  not  been 
generally  understood.  There  are  numerous 
examples  of  water  power  development  having 
been  undertaken  without,  apparently,  paying 
great  attention  to  the  natural  limitations 
placed  upon  the  market ;  and  the  result  in 
many  cases  has  been  disastrous  to  the  original 
investors. 

The  reason  a  physically  excellent  water 
power  well  administered  may  thus  fail  finan- 
cially is  because  the  principal  part  of  the  cost 
to  manufacture  power  from  water  is  made 
up  of  the  fixed  charges  on  the  investment — 
from  70  per  cent  to  90  percent  of  the  total  cost 
to  manufacture.  This  part  of  the  cost  goes 
on  indefinitely  whether  the  plant  is  operated 
or  not.  The  operating  expenses,  depending 
largely  upon  the  size  of  the  plant,  vary  from 
10  per  cent  to  30  per  cent  of  the  total  cost  to 
manufacture.  These  expenses  at  a  given  plant, 
if  it  be  kept  in  operation,  are  not  subject  to 
much  increase  or  decrease  even  with  very 
wide  differences  of  output  from  the  plant.  It 
may  be  stated,  therefore,  as  a  close  approxi- 
mation, that  the  total  cost  to  manufacture  at 
a  given  water  power  plant  is  fixed  and  inde- 
pendent of  the  volume  of  its  output.  In  other 
words,  whoever  makes  the  decision  to  develop 
a  particular  water  power  site  according  to  a 
particular  plan  or  design  assumes,  in  effect, 
the  responsibility  of  paying  a  fixed  annual 
sum,  sometimes  very  large,  for  the  right  to 
dispose  of  all  the  power  that  plant  is  capable 
of  manufacturing;  and  this  sum,  largely  the 
"hire"  for  the  use  of  the  money,  must  be  paid 
whether  the  power  can  be  sold  to  others  or 
not. 

Now,  it  may  have  been  truly  shown  that 
many  water  powers  have  been  commercially 
successful,  and  that  the  particular  plant  under 
consideration  would  be  capable  when  fully 
loaded  of  manufacturing  power  at  a  unit  cost 
as  low  as  at  any  of  the  successful  installations. 
But  while  this  circumstance  is  of  interest  and 
has  possibilities  of  great  value,  the  important 
thing  in  making  the  decision  to  build  is  not 
so  much  the  determination  of  the  cost  to  man- 
ufacture a  unit  of  power  as  it  is  the  relation- 
ship which  will  exist  between  the  total  annual 
cost  to  keep  the  plant  operating  (including 
fixed  charges)  and  the  total  aggregate  sum 
which  the  available  customers  can  afiford  to 
pay  for  power. 

NATURE  OF  RISK  INVOLVED  IN   DEVELOPING   WATER 
POWER. 

I  repeat  that  whoever  builds  a  water  power 
plant  contracts  in  effect  to  take  and  pay  for 
the  entire  block  of  power  which  that  plant  is 
capable  of  producing;  and,  in  doing  so,  as- 
sumes the  risk  involved  in  the  chance  that  he 
may  not  be  able  to  re-sell  it  for  an  aggregate 
sum  as  much  as  he  paid  for  it.  But  in  taking 
the  chance  of  losing  he  does  not  acquire  the 
sporting  chance  of  making  a  "killing."  While 
no  limit  is  placed  on  his  losses  except  by  the 
exercise  of  his  own  foresight  and  skill,  his 
profits  in  most  States  are  now  subject  to  reg- 
ulation and  control  by  public  service  commis- 
sions.    This,  of  course,  is  as  it  should  he;  but 


the  statement  of  the  fact  serves  to  empha- 
size the  peculiar  necessity,  in  water  power  de- 
velopment, for  the  exercise  of  an  unusual  de- 
gree of  foresight  in  planning  and  skill  in  ex- 
ecution, for  the  reason  that  because  of  public 
regulation  of  prices  a  fair  general  average  of 
profit  may  not  be  struck  by  averaging  the 
losses  in  certain  developments  with  extraor- 
dinary profits  in  others. 

The  skill,  or  may  I  term  it  the  science,  of 
water  power  development  lies  in  the  ability, 
first  to  skilfully  appraise  the  market,  and  then, 
to  so  plan  the  development  as  to  type  and  size 
that  the  total  annual  cost,  including  fi.xed 
charges,  to  deliver  the  necessary  power  will 
not  exceed  the  amount  the  available  customers 
can  afiford  to  pay.  In  other  words,  a  water 
power  skilfully  conceived  and  designed  must 
show  in  almost  every  detail  the  influence  upon 
it  of  its  market,  and  any  water  power  con- 
ceived or  designed  without  due  regard  to  the 
peculiarities  of  its  market  runs  great  danger 
of   financial   failure. 

CONTROLLING  INFLUENCE  OF  MARKCT  ON  DECISION 
TO   BUILD. 

Wherever  we  have  running  water  we  have 
a  natural  dissipation  of  energy — and  this  ap- 
plies to  tides  as  well  as  to  streams — and 
wherever  we  have  this  natural  dissipation  of 
energy  we  have  a  potential  water  power  and 
can,  by  the  expenditure  of  time  and  money, 
create  power  and  make  the  energy  available 
for  useful  work.  But  can  the  output  be  sold 
for  a  sum  at  least  equal  to  the  cost  to  pro- 
duce the  power?  This  is  the  question  that 
is  uppermost  in  the  minds  of  experienced 
men,  and  the  controlling  factor  is  always  the 
market.  Because  at  Niagara  Falls  the  market 
takes  all  the  power  offered  at  around  $20  per 
horse  power  year,  and  could  take  large  addi- 
tional blocks  at  that  price,  it  does  not  neces- 
sarily follow  that  a  power  in  another  part  of 
the  country  could  be  profitably  developed  even 
though  it  could  afiford  to  offer  its  output  at 
$12  per  horse  power  year  at  the  plant.  If  no 
market  exists  one  must  be  created.  The  price 
to  prospective  consumers  if  they  can  be  found, 
must  be  made  low  enough  to  overcome  the  dis- 
advantages of  the  proposed  location.  These 
disadvantages  usually  include  an  inferior  labor 
market  and  higher  freight  rates  as  compared 
with  other  available  locations. 

There  has  been  criticism  that  some  water 
powers  in  the  hands  of  experienced  water 
power  men  remain  undeveloped ;  but  this  may 
he  a  fact  holding  much  of  value  to  the  public 
in  that  it  suggests  added  facilities  for  public 
use  when  the  market  demands  them ;  and 
therefore,  in  interpreting  the  fact  that  a  water 
power  in  private  hands  remains  undeveloped, 
we  should  look  at  its  market  conditions  be- 
fore concluding  that  its  undeveloped  state  is 
contrary  to  the  public  welfare. 

THE    STRATEGY    OF    WATER    POWER    DEVELOPMENT. 

It  frequently  happens  that  where  a  good 
water  power  site  is  available  its  market,  if 
fully  analyzed,  would  be  found  too  small  to 
make  it  commercially  practicable  to  take  full 
advantage  of  the  natural  resource.  In  cases 
of  this  kind  the  danger  is  that  those  who  are 
approached  to  provide  the  money  for  the  en- 
terprise may  not  understand,  or  be  properly 
advised,  as  to  what  can  be  done  on  the  en- 
gineering side.  From  an  engineering  point  of 
view  the  temptation  to  build  a  large  water 
power,  which  per  se  is  excellent  and  capable 
of  manufacturing  power  when  fully  loaded  at 
a  low  unit  cost,  is  sometimes  so  strong  that  it 
results  in  an  emphasis  of  the  purely  engineer- 
ing side  to  the  great  detriment  of  the  enter- 
prise as  a  going  concern.  Sometimes  the  re- 
sults have  been  fatal  to  the  credit  of  the  en- 
terprise. 

Engineers  who  have  been  responsible  for 
the  financial  results  of  the  operation  of  pub- 
lic utility  enterprises  do  not  find  it  difficult  to 
keep  in  mind  the  fact  that  in  new  water 
power  enterprises  every  extra  $1,000  spent 
must  earn  net  an  extra  sum  of  about  $100  per 
annum.  When  the  market  is  smaller  than  the 
total  power  devclo|)c<l  the  initial  effect  of 
spending  this  extra  $1,000  is  the  same  on  the 
commercial  value  of  the  enterprise  as  if  the 
already  deficient  market  were  reduced.  If 
$1,000  is  spent  for  a  purpose  not  essential  to 


the  furnishing  of  an  adequate  and  reliable 
service — whether  this  money  is  used  to  pay 
for  construction  not  essential  to  the  main  pur- 
pose, or  for  inefficiency,  extravagance  or  er- 
rors— the  effect  upon  the  initial  success  of  the 
enterprise  is  the  same  as  if,  having  built  its 
lines  to  supply  all  the  existing  market,  a  part 
were  arbitrarily  withdrawn,  of  such  magnitude 
that  it  would  have  yielded  annually  about  $100 
over  and  above  the  operating  expenses  to 
serve  it.  In  large  enterprises  an  expenditure 
for  such  purposes  of  an  extra  $2.50,000  might 
not  be  felt  in  the  rate  of  dividend  distributed; 
but  in  one  of  the  smaller  projects  the  saving 
of  such  a  sum  might  make  the  difference  be- 
tween success  and  mediocrity,  if  not  between 
mediocrity  and  failure. 

I  attended  an  engineering  society  meeting, 
not  very  long  ago,  where  a  very  excellent 
paper  was  presented  dealing  with  the  recent 
development  of  a  large  hydro-electric  system, 
and  I  listened  to  a  discussion  in  which  an 
engineer  criticised  the  use  of  wooden  poles 
in  certain  branch  lines.  He  gave  several  rea- 
sons why  steel  poles  should  have  been  used, 
among  them  that  they  were  modern  and  up- 
to-date  and  would  last  longer.  He  apparently 
gave  no  thought  in  his  discussion  to  the  com- 
mercial side  of  the  enterprise.  I  listened  with 
some  impatience  because  I  happened  to  know 
something  of  the  difficulties  which  that  par- 
ticular enterprise  had  encountered  in  financing 
its  extensions,  and  I  knew  that  excellent  busi- 
ness judgment  had  been  shown  in  the  selec- 
tion of  wooden  poles,  because  a  reliable  serv- 
ice, and  a  kind  of  service  that  the  customers 
reached  by  them  would  be  glad  to  buy,  could 
be  delivered  over  them  at  a  minimum  of  cost. 
I  could  not  help  asking  myself  the  question: 
If  the  same  kind  of  engineering  judgment 
which  was  so  soundly  exercised  in  adver- 
sity had  been  used  in  the  early  stages  of  that 
enterprise,  when  the  pot  was  full  of  money, 
whether  the  financial  troubles  subsequently 
encountered  could  not  have  been,  in  a  meas- 
ure, averted  ? 

Sometimes  it  seems  wise  to  throw  away  in 
the  beginning  a  thing  of  value  in  order  to 
obtain  later  on  a  thing  of  greater  value,  and, 
therefore,  it  sometimes  seems  wise  to  spend 
on  a  water  power  development  somewhat  more 
than  is  necessary  to  accomplish  the  immediate 
purpose  in  view,  particularly  when  such  extra 
expenditure  conserves  the  opportunity  of  eco- 
nomically increasing,  later  on,  the  capacity  of 
the  plant  to  meet  a  growing  market.  But 
when  appropriating  the  extra  sum  for  this 
sometimes  very  sensible  purpose,  its  commer- 
cial effect  upon  the  initial  enterprise  must 
be  understood.  Since  its  effect  is  equivalent 
to  a  reduction  of  the  existing  available  mar- 
ket, one  must  be  sure  that  the  reduction  does 
not  proceed  so  far  as  to  leave  the  remaining 
market  unable  to  support  the  investment. 

S.MALLFR  DEVELOPMENTS   NOT  NECESSARILY  WITH- 
OUT   INTEREST. 

Resourcefulness  and  the  practice  of  good 
judgment  and  economy  is  probably  more  es- 
sential to  the  success  of  a  small  hydro-electric 
business  than  to  a  large  one  because  an  error, 
which  would  be  considered  of  minor  import- 
ance in  a  large  system,  might  involve  serious 
financial  consequences  in  a  small  one.  There- 
fore, if  we  are  to  look  at  the  science  of  water 
power  building  as  the  skilful  cutting  of  our 
cloth  to  suit  our  market,  some  of  the  smaller 
developments   are  not  without   interest. 

I  recently  designed,  built  and  put  in  oper- 
ation a  hydro-electric  system  in  eastern  Ten- 
nessee for  the  Tennessee  Eastern  Electric  Co. 
While  this  system  is  not  large  at  present,  the 
physical  structures  are  excellent  and  well 
adapted  for  their  purposes,  and  have  been  so 
designed  that  the  system  is  capable,  at  rea- 
sonable cost,  of  very  considerable  expansion 
to  meet  a  growing  market.  The  central  idea 
in  this  development  was  to  equip  to  deliver 
an  adequate  and  satisfactory  service  with  the 
least  possilile  investment  not  inconsistent  with 
the  construction  of  safe  and  durable  struc- 
tures ;  and  at  the  same  time  to  keep  fully  open 
the  door  to  economical  future  expansion.  As 
the  primary  purpose  of  this  paper  is  to  em- 
phasize the  necessity  for  the  complete  con- 
trol  in  water  power  work  of  the  commercial 
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considerations  over  the  engineering  features, 
I  will  not  attempt  to  include  in  this  paper  a 
detailed  description  of  the  work.  I  will  con- 
fine my  remarks  to  those  matters  in  connec- 
tion with  the  design  and  construction  which 
seem,  in  some  degree,  to  differentiate  this  en- 
terprise from  others,  and  I  will  begin  by  some 
observations  on  the  business  side  of  the  con- 
struction. 

DIFFICULTY   OF    INTERESTING    B.-\NKERS    IN    WATER 
POWER    DEVELOPMENT. 

To  balance  correctly  two  financial  forces 
both  of  which  are  guessed  at  is,  of  course, 
harder  than  when  one  of  the  forces  is  known. 
As  the  existing  market  in  East  Tennessee  was 
small  it  was,  of  course,  essential  closely  to  es- 
timate the  gross  revenue  from  the  available 
customers:  but  before  this  information  could 
be  translated  into  returns  upon  the  invest- 
ment, the  amount  of  this  investment  had  to 
be  known  or  assumed. 

Bankers,  while  sometimes  willing  to  accept 
promotion  estimates  of  the  cost  as  represent- 
ing the  best  Judgment  of  the  engineer  making 
them,  are  not,  as  a  rule,  willing  to  go  into  an 
enterprise  which,  on  the  face  of  it,  would  fail 
financially  if  the  cost  should  greatly  exceed 
the  estimates.  Often  bankers  are  not  willing 
to  go  to  the  expense  of  investigating  a  new 
water  power  scheme  unless  it  appears  on  its 
face  that  the  scheme  -will  pay  board  on  the 
money  invested,  even  though  the  work  should 
cost  double  the  estimate.  Now,  I  do  not  know 
of  any  new  undeveloped  water  power  project 
where  one  may  double  a  skilful  estimate  of 
cost  and  still  leave  the  enterprise  initially  sol- 
vent. This  entirely  prudent  attitude  on  the 
part  of  bankers — and  I  may  say  reasonable  in 
view  of  the  past  history  of  the  business — may 
be  responsible  for  keeping  some  water  powers, 
in  the  hands  of  promoters,  a  little  longer  in  an 
undeveloped    state. 

B.'VNKERS   REQUIRE   ENGINEER   TO    .ASSUME   FIN.AN- 
CIAL   RISK    IN   TENNESSEE    ENTERPRISE. 

To  meet  this  kind  of  an  objection,  and  to 
get  money  to  go  into  the  Tennessee  Eastern 
enterprise,  I  was  required  by  the  bankers  to 
enter  into  a  construction  contract  which  prac- 
tically guaranteed  the  cost  of  the  works.  It 
was  agreed  that  if  the  cost  of  the  hydro- 
electric system,  complete  and  in  operation, 
should  exceed  the  promotion  estimate,  the 
engineer  should  pay  the  excess  cost  up  to  the 
amount  of  his  fee  for  designing  and  manag- 
ing the  construction  of  the  works  (which  fee 
was  included  in  the  estimate)  plus  the  entire 
amount  of  all  the  engineering  charges  a.gainst 
the  cost  of  the  work.  In  other  words,  if  the 
cost  in  operating  condition  of  hydro-electric 
plant,  lines  and  substations  should  exceed  the 
promotion  estimate,  the  engineer  would  be 
liable  to  receive  nothing  for  his  own  time  and 
services,  and.,  in  addition,  would  be  liable  to 
pay  out  of  his  own  pocket  the  entire  cost  of 
all   the  engineering. 

But  on  the  other  hand,  it  was  agreed  that 
the  engineer  should  receive  the  saving  if  the 
works  were  built  for  less  than  the  promotion 
estimate,  and  he  was  given  full  executive  con- 
trol over  all  the  work  including  the  purchase 
of  materials,  employment  and  discharge  of  all 
men,  and  the  methods  of  construction.  He  ne- 
gotiated all  important  contracts  and  disbursed 
over  his  own  signature  all  money  expended  in 
creating  the  works  and  in  the  acquisition  of 
lands  .and  rights-of-way.  His  task  was  to  se- 
cure the  necessary  rights  and  to  build  in  the 
shortest  space  of  time  a  work  in  strict  accord- 
ance with  specifications  approved  by  the  con- 
sulting engineer  of  the  bankers,  and  he  was 
given  an  absolutely  free  hand  to  do  it  in  his 
own  way.  The  consulting  engineer  for  the 
bankers  in  passing  on  the  promotion  estimate 
reported  that  the  work  could  probably  not  be 
built  for  less  than  the  estimate  and  the 
chances  were  would  cost  more 

The  result,  however,  was  satisfactory  both 
to  the  investors  and  to  the  engineer,  for  the 
final  cost  of  the  work  was  less  than  the  pro- 
motion estimate,  and  the  work  as  executed 
was  fully  approved  by  the  consulting  engineer 
for  the  bankers,  and  the  development  was 
placed  in  regular  operation  in  October,  1913, 
the  dam  site  having  been  purchased  in  Aug- 
ust, ini2. 


In  principle  this  kind  of  a  contract  was  a 
substantial  safeguard  to  the  investment, 
though  it  might  have  been  improvident  for 
the  cn.gineer.  The  hazards  of  under  water 
work  on  rivers  subject  to  great  and  sudden 
floods  are  so  great  that  the  engineer  could 
never  feel  entirely  sure  of  where  he  was  com- 
ing out  until  the  dam  and  power  house  found- 
ations were  above  water.  Having  full  power 
to  hire  and  discharge  everyone  connected  with 
the  work  from  the  top  to  the  bottom,  e-xcept 
only  the  inspecting  engineer  for  the  bankers, 
he  was  able  to  surround  himself  with  able 
and  loyal  men,  to  maintain  good  discipline, 
and  to  substitute  team  play  for  friction  in  the 
organization. 

Of  course,  I  need  hardly  say  that  "over- 
head" expense  was  reduced  to  a  minimum,  and 
that  nothing  was  too  much  trouble  for  the 
staff  in  hours  or  out  if  a  dollar  was  to  be 
saved.  I  will  cite  an  example,  quite  unim- 
portant in  itself  but  it  illustrates  the  principle 
and  is  typical  of  the  methods.  Contracts  were 
made  with  many  farmers  to  cut  and  haul 
chestnut  poles  of  8-in.  tops  to  the  location  of 
particular  post  holes  marked  in  the  fields. 
This  helped  in  obtaining  pole  line  rights-of- 
way,  but  it  involved  a  multiplicity  of  detail 
that  could  have  been  avoided  by  making  a 
contract  at  an  increased  cost  with  a  responsible 
pole  dealer  to  deliver  the  poles  f.  o.  b.  cars 
at  convenient  points.  The  work  w^as  or- 
ganized and  each  farmer  had  his  particular 
work  cut  out  for  him.  But,  making  a  contract 
with  an  East  Tennessee  farmer  to  do  a  thing 
on  time  and  getting  it  done  on  time  are  quite 
different  things.  Men  on  horseback  had  to 
ride  the  line  to  see  the  farmers  frequently, 
and  to  encourage  them  to  stop  plowing  so  as 
to  keep  inviolate  the  sanctity  of  their  con- 
tracts. It  was  lots  of  trouble  getting  poles 
of  satisfactory  dimensions  at  the  holes  before 
the  erecting  gang  came  along,  and  the  pole 
line  foremen  were  at  times  almost  in  tears ; 
but  the  net  result  was  that  the  erecting  gang 
was  never  actually  delayed,  and  on  a  40  mile 
line  the  average  cost  of  first  class  35  ft.  8  in. 
top  chestnut  poles,  alongside  their  holes  ready 
for  framing,  was  $3.70  each. 

I  could  give  many  other  examples  of  how 
money  was  saved,  or  rather  not  spent,  in  con- 
sequence of  the  staff  taking  on  work  and 
trouble ;  but  further  illustration  seems  un- 
necessary, for  I  think  it  will  be  conceded  that 
economical  administration  and  the  exercise  of 
vigilance  and  good  judgment,  at  least  to  the 
extent  of  the  capacity  of  the  staff,  were  auto- 
matically secured  by  the  form  of  contract 
with  the  engineer. 

ORIGIN     OF     ENTERPRISE.      DEFECTS     IN     ORIGINAL 
SCHEME. 

The  idea  w-hich  afterwards  germinated  in 
the  creation  of  the  system  now  operated  by 
the  Tennessee  Eastern  Electric  Co.  was 
brought  to  me  by  a  citizen  of  Greeneville, 
Tennessee,  whose  father.  Judge  J.  C.  Park, 
had  an  option  on  a  water  power  site  near  that 
town  on  the  Nolichucky  River,  and  had  for 
years  been  trying  to  finance  it.  His  idea  was 
that  it  would  pay  to  develop  a  water  power 
on  his  site  and  to  supply  the  market  in 
Greeneville.  An  examination  of  the  territory 
disclosed  the  fact  that  the  dam  site  under 
option  was  not  the  best  site  available  and  even 
at  the  best  site  (which  was  afterwards  ac- 
quired), the  cost  of  the  construction  made  it 
commercially  impracticable  to  build  a  water 
power  if  the  Greeneville  market  was  the  only 
one  that  could  be  secured.  Subsequently,  in 
order  to  insure  an  adequate  initial  market,  the 
public  utilities  in  Greeneville,  Jonesboro  and 
Johnson  City  were  acquired. 

THE    DAM    SITE. 

The  best  site  available  was  quite  remark- 
able. It  was  situated  about  seven  miles  south 
of  Greeneville,  Term.,  on  the  Nolichucky 
River.  The  bottom  of  the  river  was  solid 
ledge  rock  of  Knox  dolomite,  free  from 
boulders  and  covered  with  sand  of  a  maxi- 
mum depth  not  exceeding  2  ft.  It  was  a  very 
easy  matter  to  push  a  ^-in.  iron  rod  down 
through  the  sand  and  obtain  the  clear  ring 
of  the  rock,  which  appeared  practically  level 
all  across  the  river  at  a  depth  between  6  and 


9  ft.  below  low  water.  The  river  was  but 
220  ft.  wide,  and  the  banks  were  of  solid  ex- 
posed rock  sloping  at  an  angle  of  about  45° 
to  a  height  on  one  side  of  over  100  ft.  and  on 
the  other  side  between  70  and  80  ft. 

POWER   AVAILABLE. 

With  a  dam  raising  the  water  70  ft.  it  was 
estimated  that  the  storage  available  would 
balance  the  minimum  flow  of  the  river  during 
the  driest  year  likely  to  be  encountered  to 
about  600  cu.  ft.  per  second,  and  during  any 
but  the  driest  year  to  substantially  greater 
volume.  The  character  of  the  market  in- 
dicated a  weekly  load  factor  of  about  40  per 
cent,  so  that  during  the  very  driest  year  it 
was  estimated  there  would  be  available  at 
all  times  without  recourse  to  stearri  around 
9,000  hp.  on  a  40  per  cent  weekly  load  factor, 
and  during  the  other  years  substantially  more. 
The  characteristics  of  the  stream  and  the 
steam  power  available  in  the  existing  public 
utility  plants  acquired  were  such  that  had 
the  initial  market  been  sufficient  it  would  have 
been  wise  to  build  initially  a  plant  having  in- 
stalled about  16,000  maximum  wheel  horse 
power. 

INITIAL   TERRITORY    SERVED. 

An  examination  of  the  territory  disclosed 
that  a  40  mile  transmission  line  from  the 
plant  would  reach  Greeneville,  having  a  pop- 
ulation of  about  5,000,  Jonesboro  with  a  pop- 
ulation of  about  1,500,  and  Johnson  City  at 
the  the  end  of  the  line  with  a  population  of 
about  10,000,  the  latter  town  having  a  street 
railway  system.  Thtre  were  other  towns 
within  a  reasonable  distance  of  the  plant,  but 
their  markets  did  not  seem  to  justify  their 
inclusion  in  the  original  scheme.  They  were 
left  to  be  reached  later  as  extensions  of  a 
going  and  successful  concern,  under  which 
circumstances  it  was  expected  money  could 
be  obtained  on  better  terms  than  for  the 
original   promotion. 

CENTRAL   IDE.\    OF    PLAN    OF    DEVELOPMENT. 

.\n  examination  of  the  existing  markets  in 
the  three  towns  mentioned  indicated  that  it 
would  be  unwise  to  make  an  initial  develop- 
ment of  the  whole  head  available.  The  prob- 
lem presented  was  to  design  a  development  the 
cost  of  which  could  be  supported  by  the  ex- 
isting market,  but  so  built  that  no  substantial 
part  of  the  initial  development  w'ould  be 
wasted  in  enlarging  the  plant,  later  on,  to  the 
ultimate  capacity  of  the  site.  It  was  consid- 
ered to  be  an  advantage  if  the  design  could 
admit  the  increase  by  reasonable  increments 
as  new  market  developed.  I  will  describe 
briefly  the  peculiar  features  that  were  intro- 
duced in  the  design  in  order  to  accomplish 
this  purpose. 

THE    DAM. 

The  existing  market  indicated  that  the 
initial  height  of  the  dam  should  be  about  34% 
ft. ;  but,  in  order  that  it  might  not  be  neces- 
sary, later  on,  to  uncover  the  river  bottom 
with  all  the  hazards  incident  to  such  work, 
it  was  thought  wise  to  put  in  initially  a  base 
for  a  dam  of  the  ultimate  height  (70  ft.  head) 
and  to  carry  it  above  water,  and  this  was  ac- 
cordingly done. 

The  dam,  of  concrete  gravity  type,  was  de- 
signed with  steps  on  its  profile,  and  along  its 
crest  was  placed  a  ribbon  of  sheet  lead  about 
3  ft.  wide  of  which  18  ins.  were  imbedded  in 
the  concrete  of  the  dam  as  built  and  the  other 
18  ins.  was  rolled  up  and  protected  from  ad- 
hesion of  concrete  by  a  wooden  box,  the  pur- 
pose being,  when  the  dam  is  raised,  to  open 
this  wooden  box,  straighten  out  the  lead  roll 
and  cast  the  new  concrete  around  it.  It  is  ex- 
pected that  this  lead  seal  will  form  an  effi- 
cient cut  off  between  the  old  concrete  and  the 
new'.  Certainly  this  kind  of  a  seal  will  re- 
duce the  leakage  along  the  line  of  contact  to 
a  minimum ;  but  in  order  to  prevent  such  leak- 
age as  may  occur  from  creating  a  hydrostatic 
pressure  tending  to  separate  the  concrete  at 
the  surface  of  contact  between  the  old  work 
and  the  new,  drain  boxes  running  the  length 
of  the  dam  were  built  into  the  curved  profile, 
and  it  is  intended  that  drain  pipes  shall  lead 
from  these  boxes  and  from  other  boxes  to  be 
placed  at  the  angle  of  each  step  on  the  profile 
of  the  dam.     These  drains  it  is  expected  will 
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wholly  prevent  the  building  up  of  any  hydro- 
static pressure  between  the  old  work  and  the 
new;  but,  as  an  added  precaution,  some  old 
steel  cables  that  were  available  were  laid  in 
the  concrete  of  the  initial  dam  and  brought 
to  the  surface  in  such  a  way  that  steel  rods 
may  be  hooked  into  this  cable  and  the  new 
concrete  cast  around  them.  The  initial  de- 
velopment has  been  so  executed  that  all  the 
additional  concrete  required  to  increase  the 
head  to  70  ft.  can  be  laid  in  the  dry  at  any 
ordinary  future  time  and  without  the  necessity 
of  uncovering  any  portion  of  the  river  bot- 
tom. The  construction  plant  has  been  retained 
at  the  site  ready  to  do  this  on  short  notice. 

SLUICE    W.-^Y    THROUGH     DAM. 

The  specifications  required  that  the  dam 
should  be  provided  with  a  sluice  gate  so  as  to 
make  it  possible  to  draw  down  the  pond.  This 
was  accomplished  by  leaving  a  clear  space  or 
slot  about  6  ft.  wide  between  the  dam  proper 
and  the  head  gate  structure,  from  the  top 
clear  to  the  rock  bottom  of  the  river,  except 
for  a  reinforced  concrete  connection  about  2 
ft.  thick  and  of  ogee  form.  This  connection 
serves  as  a  seat  for  a  regulating  gate  and  to 
carry  off  its  discharge  when  opened.  The 
seat  of  this  gate  is  5  ft.  below  the  top  of  the 
dam,  and  the  purpose  of  the  gate  is  to  permit 
regulation  of  the  flow  so  as  to  protect  the  5  ft. 
pin  type  flashboards  with  which  the  dam  is 
fitted.  The  gate  is  6  ft.  wide  and  if  fully 
opened  would,  when  the  water  is  flush  with 
the  top  of  the  flashboards,  present  a  clear 
opening  10  ft.  deep  and  6  ft.  wide.  The  bal- 
ance of  the  6  ft.  slot  below  the  seat  of  this 
gate  was  fitted  with  oak  stop  logs,  10  x  10  ins. 
in  section,  going  clear  to  the  bottom  of  the 
river.  This  slot  was  fitted  with  two  grooves 
about  3  ft.  apart  for  stop  logs  so  as  to  ad- 
mit of  replacements  of  logs  without  drawing 
down  the  pond. 

This  form  of  sluice  seemed  to  be  best  suited 
to  accomplish  what  we  had  in  mind.  It  was 
very  cheap  to  build ;  it  had  no  part  which  was 
not  readily  accessible  for  replacement  and  re- 
pair; and  it  was  perfectly  reliable  if,  for  any 
reason,  it  should  be  necessary  to  draw  down 
the  pond  because,  with  a  suitable  log  pulling 
device,  additional  stop  logs  could  be  pulled 
out  as  the  pond  lowered  thus  obviating  having 
to  pull  the  logs  out  under  a  great  head. 

Besides  these  advantages  it  was  very  useful 
for  bypassing  water  during  the  construction 
of  the  dam,  and  gave  a  very  excellent  account 
of  itself  during  the  final  closure.  When  we 
were  ready  to  make  the  final  closure  the  water 
was  pouring  through  the  slot  about  14  ft.  deep. 
With  a  frame  sliding  in  the  stop  log  grooves 
we  had  no  trouble  in  quickly  sliding  logs  one 
after  another  into  their  proper  place.  With- 
in two  hours  time  all  the  logs  had  been  placed 
from  the  bottom  of  the  river  to  the  top  of  the 
dam.  This  type  of  construction  was  pre- 
ferred over  the  usual  metal  gate  closing  an 
opening  through  the  dam  at  great  depth. 

HE.^D    GATE    STRUCTURE. 

The  head  gate  structure  was  so  designed 
that  when  the  head  is  raised  from  39'/^  ft. 
(with  flashboards)  to  70  ft.,  the  same  head 
gates,  screens  and  hoists  will  be  used,  and 
will  bf  placed  at  a  higher  level  so  as  to  oper- 
ate with  no  greater  head  against  the  gates 
than  in  the  initial  development. 

The  penstocks  when  the  head  is  raised  will 
be  connected  with  new  openings  higher  up. 
The  penstocks  for  the  two  wheels  initially  in- 
stalled and  nearest  the  dam  are  9  ft.  in  di- 
ameter, but  the  head  gate  structure  has  been 
designed  for  12  ft.  penstocks  for  the  two 
wheels  furthest  from  the  dam  and  not  ini- 
tially installed.  The  wheels  are  all  to  be  of 
the  same  size,  but  for  the  purpose  of  equal 
regulating  qualities  the  wheels  furthest  from 
the  dam  will  require  larger  penstocks  with 
reduced   water  velocities. 

POWER    HOUSE. 

The  Nolichucky  River  is  subject  to  very 
sudden  and  great  floods,  and  although  the 
river  has  a  natural  slope  of  about  6  ft.  to  the 
mile,  it  has  been  known  to  rise  in  flood  at 
the  site  of  the  dam  to  3.5  ft.  above  its  low 
water  mark,  at  which  time  the  estimated  dis- 
charge was  around  50.000  cu.  ft.  per  second. 


The  water  reached  this  height  from  a  low 
stage  in  less  than  12  hours.  This  is  very 
great  from  a  drainage  basin  of  only  1140 
square  miles.  Under  these  circumstances  con- 
siderable spillway  capacity  was  required,  and 
due  to  the  narrowness  of  the  gorge  it  was  not 
considered  practicable  to  make  the  power 
house  itself  a  part  of  the  dam.  The  power 
house  was  accordingly  placed  immediately  be- 
low the  dam  facing  the  stream  so  that  the 
axis  of  the  nearest  wheel  was  but  .50  ft.  from 
its  head  gate. 

Because  of  the  flood  conditions,  the  gen- 
erators had  to  be  set  35  ft.  above  low  water. 
The  vertical  type  of  unit  was  adopted  with 
the  center  of  the  wheel  placed  19  ft.  above 
low  water. 

The  power  house  is  designed  for  four  units 
of  4,000  maximum  wheel  horsepower  each  un- 
der 70  ft.  head.  The  generators  are  2,500  K. 
V.  A.  capacity,  wound  for  2,300  volts,  60 
cycles. 

The  power  house  foundations  are  of  con- 
crete and  the  superstructure  of  brick.  Brick 
was  used  because  it  was  considered  cheaper 
than  concrete.  About  450,000  brick  were 
burned  at  the  site. 

POWER    HOUSE   EQUIPMENT. 

The  feature  of  the  power  house  equipment 
which  is,  I  think,  novel  is  in  connection  with 
the  selection  of  the  size  and  type  of  generat- 
ing units.  While  the  e.xisting  market  was 
small,  there  were  excellent  reasons  for  ex- 
pecting increases  of  substantial  amounts.  If 
such  increases  should  require  raising  the  dam 
for  a  70  ft.  head,  we  did  not  wish  to  sufifer 
the  losses  incident  to  buying  generating  units 
for  a  34  ft.  head  which  would  not  be  useful 
under  70  ft.  head  and  which  in  consequence 
might  have  to  be  scrapped  in  a  short  time — 
possibly  within  two  or  three  years.  We  were 
very   anxious    to    keep   the    initial    investment 


cicncy  under  the  60-70  ft.  head  did  not  cut  a 
figure  in  the  practical  earning  capacity  of  the 
company.  As  a  matter  of  fact  the  curves  of 
performance  for  the  runners  under  60-70  ft. 
head,  furnished  by  the  makers  and  based  on 
Holyoke  test  No.  2229,  showed  maximum  effi- 
ciencies running  between  88  per  cent  and  89 
per  cent. 

The  guaranteed  efficiencies  were  as  in  Table 
I  and,  it  will  be  observed,  are  practically  the 
same  under  considerable  variation  of  head 
when  drawing  down  the  pond  of  the  ultimate 
development. 

The  order  for  the  generating  units  com- 
plete was  placed  with  the  AUis-Chalmers  Mfg. 
Co.  for  several  reasons,  but  principally  be- 
cause that  company  was  in  a  position  to  make 
a  fixed  sum  bid  under  satisfactory  specifi- 
cations on  the  complete  unit — generator,  ex- 
citer, water  wheel  and  governor — erected, 
tested  out,  and  ready  for  regular  operation 
on  the  line.  To  a  person  who  had  m  effect 
guaranteed  the  cost  of  the  plant  this  kind  of 
a  clean  cut  proposition  at  an  acceptable  figure 
was  attractive.  He  avoided  the  uncertainty 
of  the  erection  costs,  particularly  when  wheels 
and  generators  are  made  by  dift'erent  manu- 
facturers, and  he  could  require  a  single 
guarantee  of  efficiency  from  water  to  switch- 
board output.  The  units  were  promptly  put 
in  service  after  assembly,  and  have  given  sat- 
isfaction. 

The  novel  feature  of  the  unit  is  the  scroll 
casing  for  the  wheel  which  casing  is  ma8e  of 
plate  steel.  The  casing  is  of  circular  cross 
section  and  decreases  in  diameter  as  water 
leaves  it  to  enter  the  turbine  gates.  It  is  built 
up  of  conical  sections,  lap  jointed,  riveted  to- 
gether. It  is  very  economical  in  material  and 
low  in  friction  losses,  and  being  circular  in 
section  the  deformation  under  water  pressure 
is   a  minimum.     The   casing  is   held   together 


TABKE   I.— GUARANTEED  EFFICIENCIES  AT    SPEED  161   R.P.M. 


Percentage  load — 
Full  lead  (1) 

Seven-eighths    (%) 

Three-quarters    (%) 

One-halt    (%) 
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55'           60' 
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'  34' 

36'           38- 

39.5' 
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70' 

80    % 

79.5%     79    % 
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81 
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S3            83.5 

84 

83.5 

72.5 

72            71.5 

71 

74            75 

76 
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down,  but  our  anxiety  did  not  lead  us  to  con- 
template with  indifference  the  possibility  of 
throwing  away  a  substantial  sum  of  money 
within  a  short  time. 

The  suggestion  was  made  to  the  makers  of 
water  wheels  that  we  wished  to  put  in  wheels 
that  by  a  simple  change  of  runner  would 
operate  satisfactorily  either  in  range  from  34 
to  39  ft.  head  or  in  range  from  60  to  70  ft. ; 
the  speed  under  both  conditions  of  head  to 
be  the  same  so  as  not  to  change  the  frequency 
of  the  current  supplied  by  the  generators, 
which  would  be  installed  initially  of  full  size. 
Of  course,  if  this  could  be  done  without  too 
great  a  sacrifice  in  efficiency,  it  would  make  it 
possible  to  install  initially  the  same  generating 
unit  that  would  be  ultimately  required,  with 
the  single  exception  of  the  runner.  The  ide^ 
was  well  worked  out  by  at  least  two  of  our 
water  wheel  makers,  and  it  was  found  that 
the  sacrifice  in  efficiency  was  small. 

A  small  reduction  in  the  efficiency  of  the 
unit  under  the  34-39  ft.  head  would  not,  it 
was  thought,  affect  the  net  earnings  of  the 
company  because  by  the  time  so  much  of  the 
capacity  of  the  initial  installation  had  been 
sold  as  to  make  a  small  sacrifice  in  efficiency 
felt,  the  work  of  raising  the  dam  would  un- 
doubtedly be  under  way.  The  fact  that  then 
might  be  a  small  reduction  in  efficiency  in  the 
wheels  when  operating  under  the  70  ft.  head 
would  not  cut  any  figure  until  the  full  avail- 
able capacity  of  the  ultimate  development  had 
licen  sold,  and  then  only  during  the  period  of 
the  year  when  there  was  no  waste  water  run- 
ning over  the  dam.  At  these  times  the  third 
and  fourth  wheels,  last  installed  and  de- 
signed for  the  70  ft.  head  and  having  pre- 
sumably the  highest  efficiency,  would  take  the 
greater  part  of  the  load,  and  the  two  units 
first  installed  would  be  used  to  pull  peaks  and 
as  a  spare.  In  our  judgment  the  possibility 
of  a  small  decrease  of  1  or  2  per  cent  in  effi- 


on  the  side  of  the  water  exit  by  a  speed  ring 
of  cast  steel.  The  discharge  of  the  unit  is 
controlled  by  gates  of  the  outside  wicket  type. 
The  cases  were  first  assembled  in  the  shop 
and  then  knocked  down  and  shipped  in  four 
sections.  The  inlet  of  the  spiral  is  9  ft.  in 
diameter.  The  spiral  was  set,  riveted  up  and 
then  concreted  in  up  to  the  center  line.  This 
installation  is,  I  believe,  the  first  use  of  a  case 
of  this  type  and  the  idea  has  since  been  patent- 
ed. I  understand  that  cases  are  now  being 
constructed  of  this  type  with  an  inlet  of  13  ft. 
diameter,  for  use  under  100  ft.  head  giving 
about  8,500  hp. 

The  weight  of  the  rotor  is  taken  on  a  bear- 
ing of  the  Allis-Chalmers  type  mounted  on  top 
of  the  generator  housing.  The  runner  is  made 
up  of  steel  vanes  and  cast  iron  central  hub 
and  cast  iron  outer  ring.  The  operating  mech- 
anism is  all  external  and  subject  to  easy  in- 
speGtion  and  repair. 

The  exciters  are  belt  driven  from  a  pulley 
driven  by  spur  wheels  on  the  main  shaft. 
This  plan  was  used  because  it  was  a  positive 
and  reliable  way  to  get  up  excitation  for  the 
generators  and  saved  a  substantial  sum  over 
any  other  scheme.  Later  on,  when  the  busi- 
ness grows,  it  is  intended  to  use  motor  gen- 
orator  sets  for  the  continuous  excitation  and 
the  belt  driven  exciters  for  starting  up.  The 
driving  spur  wheels  on  the  main  shaft  have 
rcmo\able  wooden  teeth,  and  the  noise  of 
the  gears  is  not  excessive.  The  exciter  system 
has  worked  well. 

PLANS    TO    INCREASE    CAPACITY    OF    PLANT. 

There  are  several  ways  to  get  additional 
capacity  to  serve  an  increase  of  market,  and 
the  method  adopted  when  the  time  comes 
should  be  governed  by  the  amount  and  char- 
acter of  the  prospective  increase  of  market. 
The  runners  now  installed  are  guaranteed  to 
deliver  1,900  hp.  at  34  ft.  head  and  2,-300  hp. 
at  39^/$    ft.   head    (flashboards   on   the   dam). 
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With  new  runners  the  wheels  are  guaranteed 
to  dehver  at  least  3,200  hp.  under  60  ft.  head 
and  4,000  hp.  under  70  ft.  head.  The  head  on 
the  wheels  with  llashboards  off  will  be  fairly 
constant  because  the  water  on  the  crest  will 
rise  substantially  the  same  amount  as  the  tail 
water  for  all  ordinary  stages.  Big  floods 
when  they  come  last  but  a  few  hours  of  a 
single  day.  The  hydrograph  of  the  river  in- 
dicates that  the  head  of  the  initial  develop- 
ment will  not  be  reduced  below  30  ft.  during 
more  than  about  24  hours  per  year  on  an  aver- 
age, so  that  the  reduction  of  head  from  back- 
water is  not  a  factor  of  importance. 

If  a  small  increase  in  capacity  is  needed, 
the  installation  of  a  third  unit  with  the  assist- 
ance that  could  be  given  during  low  water  by 
the  Johnson  City  steam  plant  would  probably 
be  the  most  economical  way  to  supply  it.  A 
third  unit  under  the  initial  head  would  add 
about  2,000  hp.  to  the  capacity.  If  a  larger 
increase  is  necessary,  the  dam  can  be  raised, 
and  the  runners  changed  in  the  two  wheels 
now  installed,  and  no  additional  units  need  be 
placed.  This  would  add  about  4,000  hp.  to  the 
capacity.  The  makers  agreed  to  change  the 
two  runners  for  approximately  $1,500  each  so 
that  the  expense  to  change  is  small.  As  still 
more  capacity  is  required,  a  third  and  fourth 
unit  designed  for  TO  ft.  head  may  be  installed, 
each  of  which  would  add  about  4,000  hp.  to  the 
capacity.  Thus  we  may  expand  at  the  first 
step  from  the  present  4,000  hp.  installed  either 
to  COOO  hp.  or  8,000  hp.  If  the  first  step  is  to 
be  to  6,000  hp.  the  second  must  be  to  12,000  hp. 
and  the  third  to  16,000  hp.  If  the  first  step  is 
to  8,000  hp.  the  second  will  be  to  12,000  hp.  and 
the  third  to  16,000  hp. 

The  penstocks,  wheel  cases,  and  all  parts  of 
the  power  house  equipment  were  designed  and 
built  for  pressures  incident  to  the  ultimate  70 
ft.  head. 

TRANSMISSION    LINE. 

The  current  is  stepped  up  from  2,300  volts 
to  44,000  volts  and  is  transmitted  on  a  line  of 
35  ft.  chestnut  poles  of  8  in.  top  spaced  35  to 
the  mile  to  substations  at  Greeneville,  Jones- 
boro  and  Johnson  City.  The  pole  line  was  not 
equipped  with  a  ground  wire  because  experi- 
ence with  low  height  transmission  lines  of  this 
type  in  a  nearby  territory  indicated  almost 
no  trouble  from  lightning.  Subsequent  ex- 
perience with  the  transmission  line  of  the  Ten- 
nessee Eastern  Electric  Co.  has  confirmed  this 
judgment.  Although  the  territory  is  subject 
to  extremely  severe  electrical  storms,  there 
has  been  a  minimum  of  lightning  trouble  on 
this  line.  The  transmission  of  electricity  has 
gone  on  uninterruptedly  over  this  line  in  a 
storm  when  the  brilliant  flashes  of  lightning 
succeeded  each  other  with  almost  incredible 
rapidity  and  it  did  not  seem  possible  that  any 
line  could  stand  up  under  it.  During  severe 
lightning  the  only  effect  seems  to  be  to  cause 
a  more  or  less  continuous  discharge  of  the 
electrolytic  lightning  arrestors  that  are  placed 
at  the  hydro-electric  plant  and  at  each  sub- 
station. 

The  insulators  are  of  the  ordinary  45,000 
volt  Thomas  pin^type  mounted  on  metal  pins. 

.\cross  the  mountains  over  in  the  flat  land 
of  North  Carolina  some  of  the  companies 
with  high  steel  tower  lines  transmitting  at 
very  high  voltages  have  had  a  most  serious 
time  with  lightning.  I  am  not  clear  why  our 
line  built  without  a  ground  wire  should  be  so 
little  affected  by  lightning,  but  I  have  a  feeling 
that  being  relatively  so  low  in  height  it  is  not 
conspicuous  to  lightning  in  a  very  rolling 
farming  country  in  which  there  are  so  many 
scattered  tall  trees.  I  do  think  it  would  be 
a  distinct  addition  to  our  knowledge  of  the 
subject  if  the  conditions  under  which  these 
two  systems  are  operating  could  be  so  analyzed 
as  to  show  why  one  is  so  susceptible  to  light- 
ning disturbances  and  the  other  so  little  af- 
fected. 

CONCLUSION. 

In  conclusion  I  think  I  may  fairly  say  that  the 
fact  that  the  Tennessee  Eastern  Electric  Co.  has 
been  able  from  the  start  to  meet  all  its  fixed 
charges  and  to  pay  regularly  the  dividend  on 
its  preferred  stock  is  due  in  some  measure  to 
the  skilful  application  to  the  conditions  as 
they  existed  in  Eastern  Tennessee  of  the  prin- 


ciples discussed  in  the  first  part  of  this  paper. 
No  dividends  have  as  yet  been  paid  on  the 
common  stock  but  their  payment  is,  I  believe, 
largely  a  question  of  the  skill  that  may  be 
displayed  in  creating  and  supplying  addi- 
tional  market. 


Methods    and    Some    Costs    of    Mine 

Shaft  Sinking  in  Very  Tough, 

Hard  Rock. 

Some  general  data  of  value  on  methods  and 
costs  of  hard  rock  shaft  sinking  in  the  Duck- 
town,  Tennessee,  copper  basin  are  given  by 
Wm.  Y.  Westervelt,  consulting  mining  engi- 
neer. New  York,  in  a  paper  before  Section  D 
of  the  American  Association  for  the  Advance- 
ment of  Science.  Extracts  from  this  paper 
are  as   follows : 

No  water  difficulties  being  encountered, 
sinking  would  have  presented  no  peculiar 
problems  had  it  not  been  for  the  fact  that  the 
rocks  of  the  district  (the  ancient  graywackes 
and  mica  schists  of  probable  Cambrian  age) 
were  so  extremely  hard  and  tough  that  shaft 
sinking  in  them  could  ordinarily  be  carried  on 
only  at  a  very  slow  rate  of  progress,  while  the 
necessity  for  rapid  exploitation  of  the  newly 
discovered  ore  made  imperative  the  comple- 
tion of  the  shaft  at  the  earliest  possible 
moment.  The  difficulty  with  the  rocks  was  not 
only  their  extreme  hardness  due  to  silicification 
and  pressure,  so  that  holes  could  be  drilled  in 
them  but  slowly,  but  that  they  were  equally 
tough  and  resistant  to  blasting  because  of 
micaceous  and  hom-blendic  crystallization. 
The  result  was  that  an  excessive  number  of 
but  slowly  drillable  holes  were  required  to 
effect  even  a  moderate  cut  and  an  average  rate 
of  progress  of  25-ft.  per  month  of  actual 
sinking  time  was  until  recently  all  that  could 
be  counted  upon. 

Fortunately  five  levels,  the  lowest  some  600 
ft.  beneath  the  surface,  were  accessible  in  the 
main  mine  so  that  by  drifting  out  to  the  shaft 
location  at  each  of  these  levels  it  was  possible 
to  upraise  on  the  line  of  the  shaft  at  five  un- 
derground points  at  the  same  time  that  the 
sinking  from  the  surface  was  progressing. 
By  this  expedient  the  shaft  was  actually  com- 
pleted and  in  operation  to  the  seventh  level, 
a  depth  of  629  ft.  beneath  the  shaft  collar,  in 
the  13  months'  time  between  September,  1909. 
and  October,  1910 — a  monthly  average  of  over 
40  ft.  all  inclusive. 

No  workings  existing  below  the  seventh 
level,  further  sinking  had  to  be  confined  to 
work  in  the  bottom  of  the  shaft.  Conse- 
quently, though  ever>-  facility  then  available 
was  employed,  the  13  months  between  October, 
1910,  and  November,  1911,  were  consumed  in 
sinking  the  216  ft.  (from  the  bottom  of  the 
sump  previously  left  15  ft.  deep  below  the 
seventh  level,  to  the  bottom  of  a  sump  made 
31  ft.  below  the  ninth  level)  and  in  equipping 
the  shaft  for  operation  to  the  lower  level — a 
monthly  average  of  less  than  17  ft. 

During  the  past  summer,  sinking  below  the 
ninth  level  was  resumed  with  much  improved 
facilities.  The  principal  improvement  was  the 
substitution  of  Jackhamer  drills  for  the  3-in. 
reciprocating  compressed-air  drills  previously 
used.  Between  Aug.  22  and  Nov.  7  (when 
sinking  was  discontinued  for  station  cutting 
at  the  tenth  level),  the  shaft  was  sunk  120  ft., 
from  a  depth  of  81  ft.  to  151  ft.  below  the 
ninth  level,  or  at  a  rate  of  nearly  50  ft.  a 
month  and  about  double  the  previous  best 
record  for  progress  during  actual  time  of  sink- 
ing. It  is  planned  to  continue  the  sinking  of 
the  shaft  to  a  total  depth  of  nearly  1,200  ft. 
beneath  the  surface,  to  break  off  an  eleventh 
level  300  ft.  beneath  the  ninth  level  and  to 
leave  some  40  ft.  in  the  bottom  for  a  sump 
in  which  sinking  can  be  conveniently  resumed 
whenever  desired.  The  sinking,  the  breaking 
off  of  stations  at  the  tenth  and  eleventh  levels, 
the  timbering  and  the  installation  of  regular 
hoisting  facilities  to  the  eleventh  level  will  all 
be  completed,  it  is  hoped,  earlv  in  July,  1915. 
Should  this  be  accomplished  but  eleven  months 
will  have  been  required  to  sink  and  equip  over 
300  ft.  of  shaft  and  a  rate  of  nearly  30  ft.  per 
month,  as  compared  with  the  previous   17   ft. 


per   month,    all    inclusive,    will   have   been   at- 
tained. 

The  sinking  and  reaming  from  the  surface- 
to  the  ninth  level  was  done  with  four  3-in. 
reciprocating  compressed-air  drills  mounted 
on  two  shaft  bars.  These  machines  were 
used  to  drill  holes  from  5  to  7  ft.  deep  and 
made  about  5-ft.  advance  per  cut.  The  present 
sinking  below  the  ninth  level  is  being  done  by 
six  Jackhamers  drilling  holes  from  2  to  4  ft. 
deep  and  making  about  2-ft.  advance  per  cut. 
The  principal  advantage  in  the  use  of  the 
Jackhamers,  as  already  indicated,  is  the 
much  greater  speed  attainable.  Minor  advan- 
tages however  are  found  in  a  much  smoother 
finished  and  more  easily  aligned  shaft,  and  in 
less  violent  blasts  which  occasion  correspond- 
ingly less  damage  to  the  timber  of  the  over- 
head protecting  pentice  and  leave  the  shaft 
walls  more  solid. 

The  first  8  ft.  below  the  shaft  collar  was 
filled  ground.  The  next  63  ft.  was  reaming 
work  about  a  small  prospect  shaft.  The  next 
99  ft.  was  unassisted  sinking  largely  in  hard 
rock.  Reaming  about  upraises  then  carried 
the  work  down  to  the  seventh  level.  The  re- 
maining 200  ft.  from  the  seventh  to  the  ninth 
level  was  unassisted  sinking,  as  is  the  sink- 
ing now  in  progress  from  the  ninth  to  the 
eleventh   level. 

For  the  determination  of  the  location  of  the 
upraises  from  the  various  levels,  a  traverse 
over  2,000  ft.  long  from  the  shaft  collar  into 
the  old  mine  and  out  to  the  shaft  at  each 
level  was  required.  In  order  to  avoid  the  pos- 
sibility of  any  serious  error  in  so  vital  a  mat- 
ter, seven  complete  traverses  were  made  and 
checked  with  each  other  to  within  a  few 
inches.  The  upraises  on  the  center  line  of  the 
shaft  were  made  about  5  ft.  in  diameter  so 
that  several  feet  of  error  in  location  might 
have  been  made  and  the  upraise  still  have 
been  contained  within  the  7xl4-ft.  area  of  the 
shaft's  cross  section.  As  the  contour  of  the 
surface  made  it  advisable  to  elevate  the  shaft 
collar  8  ft.  above  the  natural  level,  the  ordi- 
nary mine  timbering  in  the  near  surface  soft 
ground  was  continued  up  above  the  surface 
for  some  20-ft.  and  made  to  serve  as  a  head 
frame  to  support  the  sinking  hoist  sheave. 
The  latter  was  a  Bacon  winze  hoist  operated 
by  compressed  -air  and  served  to  hoist  to  the 
surface  the  rock  excavated  down  the  first 
170-ft.  Below  this  depth  the  first  upraise  de- 
livered the  rock  to  the  level  beneath  and  so- 
out  through  the  old  mine.  This  sinking  hoist 
also  handled  all  supplies  for  timbering  down 
to  the  seventh  level. 

Frame  timbering  of  12  x  14-in.  sets  covered 
by  2-in.  lagging  was  used  only  to  the  solid 
rock  84-ft.  beneath  the  shaft  collar.  In  the 
solid  rock  8  .x  10-in,  dividing  timbers,  set  in 
hitches  and  dividing  the  shaft  into  two  hoist 
and  man  and  pipeway  compartments,  were  all 
that  was  required  in  addition  to  the  usual 
complement  of  cage  guides,  manway  plat- 
forms, battice  between  hoist  and  manway 
compartments,  ladders,  etc. 

All  work  has  been  carried  on  in  two  shifts 
per  diem  of  9%  hours  each.  During  the 
sinking  from  the  surface  to  the  seventh  level 
a  hoister  and  a  lander  were  kept  on  top  and 
eight  men  on  the  sinking  or  reaming  work  in 
the  bottom.  The  upraises  were  made  with 
two  telescope  feed-hammer  drills  in  each  up- 
raise, operated  by  two  men  and  a  steel  boy 
per  shift,  and  the  usual  complement  of  tram- 
mers to  remove  the  broken  rock. 

The  sinking  from  the  seventh  to  the  ninth 
level  was  done  from  the  seventh  level  bv  the 
use  of  a  hoist  placed  at  the  latter.  The  1,000- 
Ib.  capacity  steel  buckets  were  dumped  into  a 
chute  (after  closing  a  trap  over  the  hoistway 
beneath)  and  thence  directly  into  the  tram 
cars  which  were  themselves  discharged  into 
the  regular  skips  which  hoisted  to  the  sur- 
face. The  men  working  in  the  bottom  of  the 
shaft  were  protected  from  the  fall  of  either 
a  main  hoisting  skip  or  a  part  of  its  contents, 
by  a  pentice  placed  across  the  shaft  under 
the  two  hoistways.  This  pentice  consisted  of 
closely  set  12  x  14-in.  timbers  hitched  into  the.- 
rock,  covered  by  4-in.  lagging  and  loaded  fronn 
12  to    15    ft.   deep   with   waste   rock.     Similar 


March  10,  1915. 


Engineering   and    Contracting 


227 


arrangements  are  now  installed  at  the  ninth 
level  in  connection  with  the  sinking  to  the 
eleventh  level  and  in  order  to  avoid  any  in- 
terference with  the  regular  tramming  at  and 
the  hoisting  from  the  ninth  level,  the  hoist- 
way  and  chute  for  the  sinking  work  is  con- 
fined to  the  manway  compartment  of  the 
shaft. 

The  entire  shaft  work  has  been  in  the  im- 
mediate charge  of  our  Mine  Captain  A.  Ben- 
nett while  the  surveys  were  made  and  the  de- 
tails of  the  engineering  features  were  worked 
•out  by  Resident  Engineer  J.  H.  Taylor.. 

The  determination  of  costs  per  unit  on  the 
sinking  work  now  in  progress  below  the  ninth 
level  awaits  the  completion  of   this  work  but 


it  is  evident  from  the  weekly  reports  that  a 
marked  reduction  in  cost  as  well  as  in  time 
is  now  being  made  as  compared  to  the  sink- 
ing between  the  seventh  and  ninth  levels.  Costs 
down  to  the  ninth  level  are  submitted  below. 
They  include  all  outlay  up  to  and  including 
that  for  mine  captain  and  resident  engineer 
whose  salaries  were  included  in  proportion  to 
the  amount  of  their  time  required  on  the 
shaft  work.  The  working  is  known  as  the 
Gordon  Shaft  after  the  chairman  and  tech- 
nical managing  director  of  the  company. 

GORDON    SHAFT    COSTS— FIRST    860   FT.    OP 
DEPTH. 

Preparation     of    ground     and 

temporary    structure $      760.03 

Piping    5,00.5.48 


Head   frame    2,245.01 

Hoisting  plant    20,607.70 

General     equipment     cost     of 

shaft    860    ft.    deep    (largely 

sufficient     for     shaft     when  Per  ft. 

sunk  to  depth  of  2,700  ft.).. $28,618. 22  $      33.28 

Sinking.   338   ft 17,691.11  52.38 

Upraising,    412    ft 6,877.40  16.67 

Reaming,    475    ft 12,905.86  27.18 

Station  cutting  at  9  levels...  15,495.57  •1.721.73 
Cutting   hitches-  in   774   ft.    of 

shaft     3,285.76  4.24 

Timbering,   860  ft.  of  shaft...     9,645.71  11.18 

Total  cost  of  S60-ft.  shaft 
(including  general  equip- 
ment largely  sufficient  for 
shaft    when    sunk    to   depth 

of   2,700   ft.) $94,519.63        $109.90 

•Per  level. 


FEEET, 


Method    and    Cost    of    Constructing    a 
Rolled  Concrete  Road  in  Oregon. 

In  the  article  on  page  203  of  the  issue  of  En- 
CINEERINC  AND  CONTRACTING  for  March  3,  1915, 
the  name  of  the  state  should  have  been  Ore- 
gon instead  of  Washington  as  given.  Henry 
L.  Bowlby  was  formerly  state  highway  en- 
gineer of  Washington. 


The  Old  National  Road  and  Its  Recon- 
struction. 

The  reconstruction  of  the  old  National 
.Road  has  an  historic  as  well  as  practical  in- 
terest. In  a  paper  before  the  Ohio  Engineering 
Society  C.  H.  Moorefield,  of  the  U.  S.  Office 
of  Public  Roads,  discussed  the  history  of  the 
road  and  his  paper  is  given  here  in  part. 
Further  data  on  construction  features  by  J.  P. 
Beck  of  the  Universal  Portland  Cement  Co. 
are  given  in  the  latter  part  of  the  article. 

THE  OLD   NATIONAL  ROAD. 

One  of  the  leading  political  questions  in  this 
country  during  the  early  years  of  the  nine- 
teenth century  was  concerned  with  the  building 
of  public  roads  and  canals  by  the  Federal  Gov- 
•emment,  and  large  appropriations  for  such  in- 
ternal improvements  were  made  during  the  ad- 
ministrations of  Presidents  Adams,  Jefferson, 
Madison  and  Monroe.  One  of  the  most  im- 
portant of  the  projects  undertaken  during  this 
period  was  the  construction  of  an  improved 
road  from  Cumberland,  Maryland,  west  to  the 
Mississippi  River.  This  road  was  first  desig- 
nated by  Congress  as  the  "Cumberland  Road," 
l)ut  has  since  come  to  be  very  generally  known 
as  the  "National  Road "  presumably,  because 
it  was  the  most  important  road  building  proj- 
ect ever  undertaken  by  the  National  Govern- 
ment. 

WORK   EAST  OF  THE  OHIO  RIVER. 

The  earliest  act  of  Congress  relating  to  this 
road  was  in  1802  and  simply  provided  that  5 
per  cent  of  the  revenue  received  from  the  sale 
of  Ohio  public  lands  should  be  set  aside   for 


who  were  to  select  the  route  at  $4  per  day, 
the  wages  of  the  surveyor,  who  was  to  have 
charge  of  the  preliminary  engineering  work  at 
$3  per  day,  and  the  wages  of  the  surveyor's 
helpers  at  $1  per  day.  President  JefTerson  ap- 
proved this  act,  March  29,  1806. 

Construction. — The  first  contract  for  con- 
struction was  let  April  11,  1811,  and  the  road 
was  completed  from  Cumberland  to  the  Ohio 
River  at  Wheeling  about  ten  years  later.  The 
total  length  of  this  section  is  131  miles  and 
the  total  cost  of  construction  was  $1,706,845.20, 
or  at  the  rate  of  $13,029.35  per  mile;  more  than 
twice  as  much  as  the  commissioners  had 
originally  estimated.  The  entire  section  east 
of  Wheeling  was  surfaced  with  broken  stone 
put  down  in  two  courses.    There  were  no  road 


at  the  time  of  last  appropriation  for  mainte- 
nance, 16  years;  average  cost  of  maintenance 
per  mile  per  year,  including  bridge  repairs 
and  renewals,  $541. 

WORK    WEST    OF    THE    OHIO   RrVER. 

The  first  appropriation  for  continuing  the 
National  Road  west  of  the  Ohio  River  was 
made  by  the  18th  Congress  in  1825  on  the  day 
of  adjournment  and  the  final  appropriation 
for  completing  the  road  in  Ohio,  and  con- 
tinuing it  in  Indiana  and  Illinois,  was  made 
in  1838.  The  section  in  Indiana  was  con- 
structed east  and  west  from  Indianapolis  and 
was  practically  completed  before  the  Govern- 
ment discontinued  their  appropriations,  but  in 
Illinois,  no  surfacing  whatever  was  done.  Con- 
gress  provided    that    only   grading   should    be 
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Fig.  1.     Typical  Cross  Section  of  the  Old    National    Road. 


rollers  in  use  at  that  time,  and  it  was  conse- 
quently necessary  to  compact  the  stone  by  ad- 
mitting traffic  upon  it.  Since  the  bottom 
course  consisted  of  relatively  large  stone  and 
was  almost  a  foot  thick  before  compacting, 
traffic  over  it  in  springless  wagons  must  have 
been  rather  uncomfortable,  to  say  the  least. 
Besides,  it  is  said  that  the  engineers  in  charge 
of  the  work  had  a  truly  satanic  way  of  erect- 
ing barriers  which  were  frequently  shifted  in 
order  to  prevent  honest  travelers  from  using 
i-ny  part  of  the  surface  until  it  had  become 
compacted. 

The  specifications  provided  that  the  stone 
for  the  bottom  course  should  pass  a  7-in.  ring, 
and  that  for  the  top  course,  a  3-in.  ring.  The 
top  course  was  6  ins.  thick  before  compact- 
ing,  making  the   total  uncompacted   thickness 
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Fig.    2.     Typical    Cross    Section    of 

public  road  improvement  and  that  two-fifths 
of  this  amount  should  be  devoted  to  construct- 
ing a  road  from  the  Potomac  River  west  to 
the  Ohio  River.  In  1805,  Congress  authorized 
the  building  of  the  road  from  Cumberland  to 
the  Ohio  River  and  fixed  the  width  of  the 
right  of  way  at  4  rods,  the  width  of  roadway 
at  20  ft.,  the  maximum  grade  at  8%  per  cent 
and  provided  that  the  surface  should  be  made 
of  stone,  earth,  gravel  or  sand  or  a  combina- 
tion of  these.  Later,  in  Ohio,  the  width  of 
right  of  way  was  increased  to  80  ft. 

Wages. — It   is   interesting  to   note   that   this 
act  also  fixed  the  wages  of  the  commissioners 


Industrial  Railway 
the    Reconstructed    National    Road. 

of  the  road  surface  about  18  ins.,  though  this 
thickness  was  not  constant  throughout  the 
distance. 

Data. — The  following  data  apply  to  the  sec- 
tion from  Cumberland  to  Wheeling:  The  total 
length  of  the  section  is  131  miles;  width  of 
grade,  30  ft. ;  width  of  surface,  20  ft. ;  con- 
struction was  begun  in  1811  ;  practically  com- 
pleted in  1821  ;  first  appropriation  for  mainte- 
nance, 1823;  last  appropriation  for  mainte- 
nance, 18.37;  total  cost  of  construction,  $1,706,- 
845.20;  cost  per  mile  of  construction,  $13,- 
029.35;  total  expenditures  for  maintenance, 
$1,133,993.08;   estimated   average   age   of   road 


done  on  this  section,  in  order  that  the  Gov- 
ernment might  later  put  down  a  steam  rail- 
road on  the  grade  if  they  so  desired. 

The  Ohio  section  of  the  road  is  231.5  miles 
long  and  the  total  amount  of  the  appropria- 
tions for  constructing  it  was  $2,064,929.39, 
which  is  at  the  rate  of  $8,8.30  per  mile.  The 
lower  cost  west  of  the  Ohio  was  probably  due, 
to  a  large  extent,  to  the  fact  that  much  less 
grading  was  required  than  on  the  section  east 
of  the  Ohio. 

Data. — The  following  data  apply  to  the  sec- 
tion in  Ohio:  The  total  length  is  231.5  miles; 
width  of  grade,  30  ft. ;  width  of  surface,  20  ft. ; 
construction  was  begun  in  1825 ;  construction 
was  completed  in  1838;  total  cost  of  construc- 
tion, $2,064,929.39;  cost  per  mile  of  construc- 
tion, $8,830.  No  appropriations  of  any  conse- 
quence were  made  for  maintenance. 

For  the  section  in  Indiana,  155  miles  in 
length,  the  total  amount  of  the  Federal  appro- 
priations was  $1,136,600,  and  for  the  section 
in  Illinois,  160  miles  in  length,  the  total  amount 
was  $605,000.  The  total  length  of  the  Na- 
tional Road  is  about  677  miles,  and  its  total 
cost  to  the  Federal  Government,  including  pre- 
liminarv  surveys  and  reconnaissances,  was 
$6,824,919.33. 

.A.fter  1838,  the  National  Road  was  definitely 
turned  over  to  the  states  through  which  it 
passes  and  since  that  time,  so  far  as  I  am  in- 
formed, it  has  never  even  received  honorable 
mention  in  a  federal  appropriation  act,  and 
up  to  1912  no  further  appropriations  were 
made  for  the  improvement  of  any  public  road 
except  in  connection  with  Government  prop- 
erty. 

MODERN  RECONSTRUCTION   WORK. 

In  .August,  1912,  Congress  appropriated  a 
half  million  dollars  to  be  expended  under  the 
joint  supervision  of  the  secretary  of  agricul- 
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ture  and  the  postmaster  general  in  the  im- 
provement of  post  roads.  Out  of  this  appro- 
priation, $120,000  was  allotted  for  improving 
a  section  of  the  National  Road  in  Ohio. 

The  section  of  road  on  which  it  was  decided 
to  use  this  fund  extends  westward  from  Zanes- 
ville,  and  is  approximately  ^4  miles  in  length. 
The  improvement  consists  in  regrading  the  old 


brought  to  a  still  better  crown  by  means  of  a 
template  similar  to,  but  lighter  than,  the  strike- 
board.  Two  men  operate  the  template  by 
lifting  it  a  few  inches,  letting  it  fall  and  then 
moving  it  forward  about  2  ins.  after  delivering 
each  blow. 

AH  curves  over  12°  are  elevated  on  the  outer 
edge  to  a  maximum  of  8  ins.     The  super-ele- 


Fig.  3.     One  of  the  Old  Stage  Coaches  Used    on  the  National   Road. 


road  to  a  width  of  34  ft.  and  to  a  maximum 
grade  of  7  per  cent,  and  supplying  a  concrete 
pavement  16  ft.  wide  along  the  central  portion 
of  the  grade. 

The  dimensions  of  the  pavement  are:  width, 
10  ft. ;  thickness  at  center,  8  ins. ;  and  thick- 
ness at  sides,  6  ins. ;  making  the  volume  of 
concrete  per  lineal  foot,  9%  cu.  ft.,  or  about 
1,825  cu.  yds.  to  the  mile.  The  subgrade  is 
flat.  Expansion  joints  of  tarred  felt  are  gen- 
erally placed  30  ft.  apart  at  an  angle  of  30° 
with  the  center  line. 

The  entire  section  of  24  miles  was  let  in 
one  contract  which  was  awarded  by  the  Ohio 
State  Highway  Department  about  the  middle 
of  .\pril,  1914,  and  the  contractor  began  grad- 
ing operations  early  in  May.  The  first  con- 
crete was  placed  June  17,  and  the  work  was 
discontinued  November  14  on  account  of  un- 
favorable weather,  after  nearly  1.5  miles  of 
the  pavement  had  been  laid. 

CONSTRUCTION     METHODS. 

Present  Condition. — The  road  is  still  in  fairly 
good  condition  when  it  is  considered  that  prac- 
tically no  attention  has  been  paid  to  its  main- 
tenance since  it  was  turned  over  to  the  various 
states  and  later  to  the  counties.  Many  of  the 
original  stone  bridges  are  well  preserved. 

The  class  of  houses  along  the  road  dis- 
tinguish it  from  other  roads.  They  are  sub- 
stantial, many  being  of  stone.  Some  of  the  old 
inns,  which  were  built  at  intervals  of  about  15 
miles  to  serve  travelers  at  the  end  of  each 
day's  travel,  are  still  in  existence. 

Pavement  Construction. — Work  was  started 
from  both  ends,  by  grading  gangs  operating  a 
traction  engine,  grader,  rooter,  roller,  steam 
shovel,  and  50  teams.  Bridge  and  culvert 
builders  followed  soon  after,  succeeded  by 
gangs  laying  track  along  one  side  of  the  road- 
bed. As  soon  as  trains  were  running,  con- 
crete mixers  were  put  in  operation. 

Preliminary  crowning  of  the  concrete  sur- 
face was  done  with  a  strike-board  made  of 
three  1  x  6-in.  boards  bolted  together.  The 
lower  edge  is  shaped  to  the  desired  crown, 
shod  with  a  3/16-in.  plate  and  additionally  re- 
inforced by  two  small  angles.  Long  iron 
hooks,  fitting  into  eyes,  serve  to  move  the 
board,  which  is  held  erect  by  means  of  %-in. 
round  steel  handles,     .^fter  the     surface     has 

been   struck  off  two   or  three     times,     it     is 


vation  is  calculated  for  a  speed  of  30  miles 
per  hour.  This  elevation  is  accomplished  by 
rotating  the  section  of  roadway  about  its  hori- 
zontal center  line  so  that  the  cross-section  re- 
mains the  same,  the  outer  edges  of  the  road 
being  elevated  and  lowered  at  the  subgrade, 
respectively. 

Steel  forms  were  used  and  have  proved  very 
satisfactory.  Three  complete  paving  outfits  are 


while  the   other   set   is   being     wheeled     and 
dumped  into  the  mixer. 

Water. — Water  for  mi.xing  and  curing  was 
supplied  by  Dumping  stations  set  at  4-mile  in- 
tervals. These  stations  pump  2  miles  in  either 
direction,  through  2-in.  mains.  The  sand  and 
gravel  were  washed,  screened  and  remixed  to 
the  proper  gradations.  At  one  end  of  the  road, 
gravel  is  used  for  coarse  aggregate ;  and  at 
the  other  end,  crushed  stone,  the  mixtures  be- 
ing l:lVi:3  and  1:1%  :3  for  the  gravel  and 
crushed  stone,  respectively. 

Industrial  Railway. — The  contractor  has  had 
a  private  switch  built  from  the  railroad  at 
each  end  of  the  road.  The  materials  are  un- 
loaded to  stock  piles  by  clamshell  -buckets, 
from  where  they  are  loaded  to  elevated  bins 
opposite.  A  3-ft.-gage  industrial  railway  serves 
to  haul  materials.  Cars  are  run  under  the 
hoppers,  and  loaded  as  required. 

A  train,  consisting  of  an  engine,  six  cars,  a 
second  engine,  and  two  more  cars,  can  be  op- 
erated over  a  maximum  grade  of  5  per  cent. 
On  steeper  grades  the  last  two  cars  are 
dropped,  the  two  engines  run  up  with  the  six 
cars,  and  the  last  engine  backs  down  and  gets 
the  two  remaining  cars.  A  complete  train  _can 
be  loaded  in  an  average  of  15  minutes.  Cement 
is  loaded  by  hand  directly  from  the  railroad 
cars  to  flat  cars  on  the  industrial  railway,  and 
hauled  to  site  along  with  the  other  materials. 

Very  little  difficulty  has  been  encountered 
with  cars  jumping  the  track  or  with  spreading 
rails.  That  the  industrial  railway  has  proved 
an  economy,  is  shown  by  the  fact  that  the  cost 
of  hauling,  12  cts.  per  ton-mile,  is  about  half 
the  estimated  cost  of  hauling  by  teams.  As 
the  length  of  haul  increases,  the  cost  will  be 
further  reduced. 

Traction  Engine  Hauling. — A  railroad  cross- 
es the  highway  about  two  miles  from  the  west 
end.  This  2-mile  stretch  was  supplied  with 
material  by  means  of  trains  consisting  of  a 
traction  engine  and  trailer  cars.  The  cars 
were  pulled  into  the  railroad  yard,  loaded  by 
clamshell  buckets  directly  from  the  stock  pile, 
and  hauled  to  the  site.  The  one  tractor,  haul- 
ing four  or  five  2-cu.  yd.  cars  over  this  por- 
tion of  the  road,  which  is  practically  level, 
supplied  all  the  materials  for  the  single  mixer. 


Fig.  4.     Old   Stone  Arch  Culvert  on  the    National    Road    Near   Zanesville,    Ohio. 


in  operation.  One  mixer  with  a  batch  capacity 
of  9  cu.  ft.  and  two  15  cu.  ft.  mixers  were 
used.  Although  each  crew  of  35  men  is  rated 
as  capable  of  laying  600  ft.  in  a  day,  there 
has  been  no  time  when  all  were  working  at 
maximum  capacity,  so  that  the  best  day's  run 
to  date  has  been  1,520  lin.  ft.  (for  all  the  out- 
fits). Wheeling  to  the  mixer  is  done  with  a 
double   set   of  barrows,  one   set  being  loaded 


Inspection. — The  federal  government  had 
three  engineers  on  the  work  at  all  times,  while 
the  state  had  eight  inspectors  who  hand  in 
daily  reports,  which  are  compiled  on  cost-data 
sheets  by  the  government  engineers. 

This  is  the  largest  and  most  thoroughly  or- 
ganized concrete  road  job  that  has  ever  been 
carried  on  by  the  Ohio  State  Highway  De- 
partment ;    and    some    valuable    data    will    be 
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available,  it  is  anticipated,  as  the  contractor 
is  co-operating  with  the  engineers  in  the  com- 
pilation of  all  cost  figures. 

PERSONNEL. 

The  contractor  is  the  H.  E.  Culbertson  Co., 
of  Cleveland,  with  whom  are  associated  Frank 
L.  Shoemaker,  contractor,  and  H.  A.  Johnston, 
and  G.  S.  Allen,  of  the  Globe  Construction 
Co.,  all  of   Kalamazoo,   Mich.     C.  H.   Moore- 


Take  any  ordinate  and  divide  the  length 
of  that  ordinate  by  the  length  of  the  Base 
Line  to  obtain  the  percentage  of  total  as- 
sessment for  the  parcel  of  ground  represent- 
ed between  the  ordinate  and  the  street  or  alley 
improved.  With  proper  additions  or  subtrac- 
tions the  percentage  of  the  total  assessment 
can  be  obtained  for  any  parcel  of  ground  ly- 
ing  within   the   territory  to   be   assessed.     By 


E.&C, 


Fig.   5.     Preparing   Subgrade   in   the   Reconstruction   of  the   National    Road — Note  the  Type 

of    Grading    Template    Used. 


field,  senior  highway  engineer  in  the  U.  S. 
Office  of  Public  Roads,  is  the  government 
representative;  and  R.  N.  Waid  is  division  en- 
gineer for  the  Ohio  State  Highway  Depart- 
ment. 


Diagram  for  Computing  Property  As- 
sessment in  Street  and  Alley  Im- 
provement. 

To  the  Editors :  The  accompanying  graphic 
diagram  was  worked  out  by  the  writer  and 
used  as  a  standard,  in  making  the  assessments 
for  street  and  alley  improvements  in  Marion, 
Ind. 

It  has  been  customary  to  assess  back  from 
the  improvement,  on  either  side,  1.32  ft.,  or  to 
the  alley  and  to  give,  the  first  half,  or  06  ft., 
nearest  the  improvement,  70  per  cent  of  the 
total  assessment.  The  method  used  to  facil- 
itate their  work  involves  the  construction  of 
a  diagram.  Fig.  1,  which  is  drawn  in  the 
following  manner: 

1st.  Draw  to  some  convenient  scale  a  Base 
Line,  equal  in  length  to  the  distance  back 
from  the  street  or  alley  to  be  assessed  (in  our 
case  132  ft.). 

2nd.  Erect  a  perpendicular  at  the  e.xtreme 
end  of  the  Base  Line,  equal  in  length  to  the 
Base  Line. 

3rd.  Bisect  the  Base  Line  and  erect  a  per- 
pendicular at  this  point  (using  same  scale) 
the  length  of  which  is  70  per  cent  of  the 
length  of  the  Ease  Line  (in  our  case  92.4  ft.). 

Now  we  have  the  three  point  problem  to 
describe  a  circle  whose  circumference  passes 
through  these  three  points,  namely:  the  top 
of  the  perpendicular  at  the  extreme  end  of 
the  Base  Line,  the  top  of  the  perpendicular 
erected  at  the  middle  point  of  the  Base  Line, 
and  the  end  of  the  Base  Line  next  to  the 
improvement. 

After  describing  this  curve  connecting  th« 
three  points,  divide  the  Base  Lirtt  into  any 
convenient  number  of  equal  parts,  that  will 
best  serve  condition  (in  our  case  11  ft.,  22  ft., 
33  ft.,  44  ft.,  66  ft.,  and  132  ft.)  and  erect 
perpendiculard  or  ordinates  at  the  several  di- 
vision points.  Measure  these  ordinates  lying 
between  the  Base  Line  and  curve  using  the 
same  scale  as  used  in  me.^suring  the  Base 
Line. 


multiplying  the  price  per  lineal  foot  by  the 
number  of  feet  frontage  and  by  the  proper 
percentage,  the  assessment  against  any  par- 
cel of  ground  lying  within  the  territory  to  be 
assessed  is  obtained. 

Care  must  be  taken  in  drawing  the  diagram, 
yet  a  small  error  made  in  scaling  the  or- 
dinates would  change  the  various  assess- 
ments only  a  few  cents.  However,  the 
method  above  described  is  more  satisfactory 
than  approximating  or  guessing  the  amounts 
for  each  parcel  of  ground  as  is  usually  done. 

In  a  considerable  experience  in  the  past 
thirteen  years  as  city  engineer  and  four  years 
as  a  member  of  the  Board  of  Public  Works 
in  our  city  in  making  various  assessments 
this  plan  has  been  used.  Quite  frequently 
very  complex  problems  come  up  for  the  board 
to  settle  and  to  make  plain  to  the  property 
owner.  When  all  property  fronts  on  the  im- 
provement the  work  of  making  assessments 
are  very  simple,  but  this  is  not  so  when  the 
lots  run  lengthwise  with  the  improvement  and 
are  promiscuously  divided. 

Very^truly  yours, 

T.~E.  Petrie,  City  Engineer. 


Single  Gutters  for  Modern  Pavements : 
A  Possible  Economic  Develop- 
ment. 

With  a  view  to  bringing  out  a  discussion  of 
the  relative  advantages  and  disadvantages  of 
single  gutter  construction  for  modern  street 
pavements  the  following  brief  for  the  single 
gutter  type  of  construction  was  presented  by 
W.  G.  KirchofTcr  of  Madison,  Wis.,  in  a  paper 
before  the  Illinois  Society  of  Engineers  and 
•Surveyors. 

When  roads  and  streets  were  first  made  in 
ancient  times,  it  was  necessary  to  make  them 
of  soft  materials  such  as  were  found  at  the 
locality,  gravel  or  broken  stone.  Their  only 
means  of  drainage  was  to  the  side  of  the 
road,  so  naturally  they  crowned  the  center. 
Later,  when  street  pavements  were  introduced, 
it  was  a  logical  following  that  two  gutters 
should  be  made  at  each  side  of  the  street. 
Such  construction  was  a  practical  necessity 
with  the  materials  with  which  the  street  pave- 
ments were  made.  But,  today,  with  our  hard 
materials,  such  as  concrete,  brick,  asphalt  and 


creosote  blocks,  such  construction  is  not  es- 
sential or  necessary.  We  are  not  advancing 
with  the  times  when  we  stick  to  this  old 
method  of  building  streets,  especially  a  city 
pavement. 

The  use  of  two  gutters  is  an  antiquated  idea. 
Why  should  the  water  and  filth  from  a  street 
be  separated  into  two  quantities?  There  is  no 
logical  reason  for  it.  The  crowning  of  a 
street  does  not  even  serve  the  purpose  of  di- 
viding the  traffic,  which  is  essential.  The  new 
form  of  street  that  should  be  adopted,  if 
progress  along  this  line  is  to  be  made,  is  a 
street  with  a  single  gutter  in  the  center.  The 
proposed  construction  would  be  to  build  a 
pavement  with  the  surface  the  highest  at  the 
curbs  and  with  a  continuous  even  slope  from 
each  side  to  the  center  of  the  street. 

Some  of  the  advantages  of  a  pavement  con- 
structed in  this  way  are  as  follows : 

(1)  The  capacity  of  the  pavement  to  carry 
storm  water  is  many  times  that  of  a  pavement 
constructed  in  the  old  way.  (2)  It  will  keep 
the  dirt  and  filth  in  the  center  of  the  street 
where  it  was  made  and  where  it  can  be  easily 
cleaned  or  washed  away.  (3)  With  this  con- 
struction, it  will  be  easier  and  more  convenient 
to  establish  street  grades  to  conform  to  exist- 
ing conditions  than  it  is  with  the  present 
method  of  street  construction.  (4)  It  wdll  be 
more  economical  in  the  cost  of  catch  basins 
and  sewers,  as  one  or  possibly  two  catch  basins 
will  take  the  olace  of  lour  or  more.  (.5)  No 
need  of  deep  gutters  with  costly  gutter  covers 
for  sidewalks,  which  are  an  obstruction  to  the 
street.  (6)  Lower  curbs  or  none  at  all  in  resi- 
dence sections,  e.xcept  such  as  might  be  formed 
of  sod.  (7)  Greater  convenience  in  driving 
up  to  the  curb.  No  mess  of  water,  filth,  pap- 
ers, cigar  stubs,  etc.,  to  alight  into  from  a 
carriage  or  auto.  (8)  More  sanitary  because 
storm  water,  or  water  from  street  washing 
would  be  more  concentrated  and  therefore 
wash  the  street  cleaner.  (9)  The  appearance 
of  the  street  will  be  improved  from  an  aesthetic 
point  of  view.  (10)  Less  crown  (or  anti-crown 
in  this  case)  will  be  needed.  (11)  Street  will 
be  more  easily  cleaned,  as  the  debris  will  be 
concentrated  in  one  windrow  in  place  of  two 
as  now.     (12)   This  form  of  street  pavement 
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Fig.    1.     Diagram    Used    in    Making    Assess- 
ments for     Street    and     Alley     Improve- 
ments in    Marion,    Ind. 

will  tend  to  divide  traffic  to  right  and  left  hand 
side  of  the  street.  (13)  Great  advantages  on 
boulevardcd  streets  where  four  gutters  are 
now   necessary. 

The  possible  disadvantages  of  this  form  of 
street  pavement  are:  (1)  .\  narrow  street  with 
street  car   tracks.     The   gutter  would   be   be- 
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tween  the  rails,  which  would  cause  debris  to 
acumulate  in  the  wheel  grooves.  A  wide 
street  with  car  tracks  would  have  two  gutters, 
one  on  each  side.  (2)  During  heavy  storms 
the  water  in  the  center  of  the  street  might  be 
too  deep  to  walk  through,  but  this  condition 
often  occurs  where  two  gutters  are  con- 
structed. 

This  idea  of  a  single  gutter  is  not  original 
with  me;  it  is  often  used  in  alleys  and  drive- 
ways with  good  results.  I  have  been  advocat- 
ing this  form  of  street  for  the  past  two  or 
three  months  and  hope  to  see  some  of  the 
pavements  constructed  next  season,  built  along 
these  lines. 


The  Educational  Field  for  State  High- 
way Departments. 

The  field  for  educational  work  by  state 
highway  departments  was  outlined  and  prac- 
tical methods  proposed  by  J.  H.  Pratt  in  a 
paper  before  the  last  meeting  of  the  American 
Road  Congress.  A  portion  of  his  paper  is 
given  here. 

The  educational  work  that  can  and  should 
be  carried  on  by  highway  departments  readily 
divides  itself  into  three  groups : 
•    (1)   Educational   work   as   it   relates   to   the 
employes  of  the  highway  department. 

(2)  As  it  relates  to  county  and  township 
road  officials. 

(3)  As  it  relates  to  the  people  of  the  state. 

EDUCATIONAL    WORK    AS    IT   RELATES    TO   THE    EM- 
PLOYES   OF    THE     HIGHWAY    DEPARTMENT. 

There  is  very  great  need  in  many  highway 
departments  for  the  engineers  connected  with 
them  to  be  in  closer  touch  with  each  other  and 
the  head  of  the  department.  It  seems  to  me 
that  at  least  once  a  year  there  should  be  a 
general  meeting  of  all  the  state  engineers  and 
superintendents  to  be  held  at  some  suitable 
and  convenient  point  in  the  state,  where  they 
would  have  the  opportunity  of  bringing  before 
the  meeting  problems  that  have  come  up  in 
connection  with  their  individual  work  and 
upon  which  they  desire  information  and 
assistance.  General  instructions  should  be 
given  at  such  meetings  by  the  state  highway 
commissioner  or  engineer  as  to  the  general 
policy  of  the  department  and  the  character 
of  the  work  that  they  wish  to  accomplish.  I 
believe  that  by  so  doing,  the  efficiency  of  the 
work  of  the  department  will  be  increased  and 
the  engineers  and  superintendents  themselves 
will  take  a  more  lively  and  a  keener  interest 
in  seeing  that  the  work  accomplished  is  of  the 
very  highest  order  and  that  the  part  of  the 
organization  under  their  administration  is  the 
most  efficient. 

For  such  a  conference  there  is  no  reason 
why  all  the  engineers  connected  with  the  de- 
partment should  not  get  together,  because  they 
can  be  ordered  to  attend  by  the  commissioner, 
and  such  attendance  should  be  considered  as 
part  of  their  official  duties,  and  all  expenses 
incurred  by  the  engineers  should  be  borne  by 
the  highway  department.  It  is  not  a  bad  idea 
to  have  in  attendance  at  such  a  conference 
some  engineer  of  national  reputation  to  ad- 
dress the  members. 

The  state  highway  department  will  find  that 
it  is  necessary  to  train  and  educate  young  men 
in  order  to  develop  a  corps  of  engineers  of 
sufficient  magnitude  to  carry  on  the  work  that 
is  required  of  the  department.  A  student  just 
out  from  college,  although  having  received  the 
best  training  in  the  highway  engineerin,g  de- 
partment, is  not  a  competent  highway  engineer, 
but  is  capable  of  becoming  one.  He  can  work 
well  under  more  experienced  men,  but  is  not 
in  a  position  to  take  charge  of  road  work  at 
the  beginning  of  his  career,  and  he  cannot  de- 
velop into  a  competent  highway  engineer 
without  working  under  and  coming  in  contact 
with  more  experienced  men.  The  meetings  re- 
ferred to  above  are  of  verv  great  importance 
and  benefit  to  this  type  of  man,  and  are  of 
very  material  assistance  in  training  him  for 
the  work  that  will  be  required  of  him. 

EDUCATIONAL    WORK    AS    IT    RELATES    TO    COUNTY 
AND    TOWNSHIP    ROAD    OFFICIALS. 

The  educational  field  of  the  highway  depart- 
ment, in  connection  with  county  and  township 


road  officials,  will  have  to  be  co-operative.  As 
the  state  highway  department  has  absolute 
control  only  over  state  roads,  and  as  the 
county  and  township  road  commissions  have 
control  over  the  balance  of  the  roads,  there 
is  very  great  need  in  many  instances  for  a 
highway  department  to  carry  on  educational 
work  in  the  counties  and  townships. 

In  the  first  place,  the  highway  department 
must  be  able  to  show  that  they  have  something 
to  give  to  the  county  that  is  better  than  the 
county  has  in  connection  with  its  road  work. 
First  of  all,  they  must  bring  the  county  and 
road  commissioners  to  a  realization  that  it  is 
just  as  necessary  that  they  have  a  competent 
engineer  in  charge  of  their  county  road  work 
as  it  is  for  the  state  in  state  work,  and  if  the 
state  roads  have  been  built  in  a  creditable 
manner,  there  is  not  much  difficulty  in  demon- 
strating this  point  to  the  county  officials.  It  is 
harder,  however,  to  convince  the  county  and 
township  officials  that  it  is  necessary  to  have 
men  trained  in  road  construction  to  act  as 
superintendents  of  their  roads.  It  is  in  the 
appointment  of  superintendents  and  foremen 
that  politics  has  played  too  great  a  part  in 
road  work,  and  to  the  detriment  of  the  result- 
ing road.  These  men  should  be  absolutely  un- 
der the  control  of  the  highway  engineer,  and, 
as  stated  above,  should  be  men  who  are  fa- 
miliar with  and  trained  in  road  work. 

Meetings  of  Foremen. — These  men  need  to 
keep  up  with  the  advancements  made  in  road 
construction  and  maintenance,  and  in  order 
to  keep  them  abreast  of  the  times,  I  believe 
that  road  institutes  should  be  held  in  the 
counties  at  certain  intervals,  at  which  time 
various  subjects  relating  to  road  location,  con- 
struction and  maintenaiice  should  be  taken  up 
and  discussed.  The  county  superintendent  of 
roads  or  county  road  engineer,  if  there  should 
be  one,  should  hold  these  meetings  once  a 
month  or  once  in  two  months,  when  he  will  go 
over  with  his  foremen  and  supervisors  dif- 
ferent phases  of  the  road  work  and  give  them 
an  opportunity  to  bring  up  any  questions  or 
problems  that  have  come  up  during  the 
previous  month  in  regard  to  their  work.  The 
state  highway  department  should  have  gen- 
eral supervision  of  these  foremen's  institutes. 

It  will  be  found  that  such  institutes  will 
react  very  favorably  on  the  foremen,  and  will 
cause  them  to  take  a  much  greater  interest  in 
their  work  and  make  them  realize  that  they 
are  a  part  of  an  organization  which  is  build- 
ing up  their  county  or  district.  One  particular 
feature  that  is  constantly  needing  development, 
and  regarding  which  supervisors  and  foremen 
need  constant  instruction,  is  in  connection 
with  the  maintenance  of  their  roads,  and  at 
these  institutes  instruction  can  be  given  as  to 
how  to  repair  temporarily  serious  breaks  on 
bridges,  culverts  or  the  surface  of  the  road, 
so  that  the  road  is  made  passable  until  the 
superintendent  can  be  notified  and  a  force  of 
road  men  detailed  to  make  the  permanent  re- 
pairs. 

Those  connected  with  the  construction  of 
public  roads  are  like  any  other  set  of  men, 
in  that  if  they  can  be  made  to  have  a  personal 
interest  in  their  work,  thev  accomplish  more 
and  with  better  results.  I  believe  this  per- 
sonal interest  of  the  road  men  is  of  as  great 
or  greater  value  in  connection  with  building 
roads  as  in  any  other  kind  of  work,  inasmuch 
as  the  question  of  the  disposal  of  dirt  and 
rock  in  grading  is  so  dependent  on  the  road 
men  themselves  that  they  can  very  often  waste 
a  lot  of  dirt  and  also  a  great  deal  of  time  un- 
less someone  is  standing  over  them  constantly 
directing  each  individual  man's  work. 

The  highway  department  should  supply 
books  of  instruction  for  the  superintendent, 
foremen  and  supervisors,  and  if  used  in  con- 
nection with  the  institutes  thev  will  very  ma- 
terially increase  the  value  of  the  institute  and 
the  efficiency  of  the  men.  I  have  found  that 
the  information  which  it  is  desired  to  convey 
to  the  road  engineers,  superintendents  and 
foremen  is  perhaps  better  supplied  bv  short 
pamphlets  on  the  different  subjects  than  by 
trying  to  bring  it  all  under  one  book. 

Yearly  Meetings. — At  least  once  a  year  state 
highway  department  should  call  an  open  meet- 
ing in  each  county,  to  be  held  at  the  office  of 


the  county  or  road  commissioners,  for  the  i 
purpose  of  affording  instruction  relative  to  i 
matters  pertaining  to  road  and  bridge  con-  i 
struction  and  maintenance,  and  one  of  the  | 
state  highway  engineers  should  be  detailed  [._ 
to  conduct  the  meeting.  Upon  receipt  of  such 
notice  from  the  state  highway  department,  the 
county  commissioners  shall  call  such  meeting 
on  the  date  set  by  the  state  highway  depart- 
ment and  shall  be  present  themselves  and 
notify  the  county  engineer,  the  road  officials 
of  each  township  and  the  county  road  super- 
intendent or  district  road  superintendents  to 
be  present  at  such  meetings  in  person.  Each 
of  the  road  officials  thus  notified  to  attend 
shall  be  paid  the  regular  per  diem  allowance 
and  expenses  in  the  usual  manner-  for  the 
actual  time  in  attendance  at  such  meeting.  If 
the  above  is  incorporated  as  part  of  the  official 
duties  of  the  state  highway  department,  it  be- 
comes obligatory  upon  them  to  call  these  meet- 
ings and  also  makes  it  obligatory  upon  the 
county  officials  to  attend. 

Once  a  year  there  should  be  held  a  good 
roads  institute,  either  in  the  office  of  the 
state  highway  department  or,  preferably,  at  the 
state  university  or  other  state  institution, 
where  a  course  in  highway  engineering  is 
given.  At  such  an  institute,  which  should  be 
held  for  at  least  a  week,  all  county  and  town- 
ship engineers  and  superintendents  should  be 
obliged  to  attend  as  part  of  their  official  duties. 
The  program  for  the  institute  should  be 
worked  out  by  the  state  highway  department 
in  co-operation  with  the  state  educational  in- 
stitution, if  the  institute  is  held  at  the  latter 
place.  It  will  be  found  that  as  these  institutes 
are  carried  on  from  year  to  year,  they  soon 
become  clearing  houses  for  all  road  problems 
of  the  state  in  which  they  are  held. 

Road  officials  should  be  encouraged  to  sub- 
scribe to  one  or  more  road  magazines.  I  be- 
lieve it  will  be  found  verv  efficacious  for  the 
counties  to  subscribe  for  these  magazines  and 
have  them  sent  to  their  road  officials. 

EDUCATIONAL  WORK  AS  IT  RELATES  TO  THE  PEOPLE 
OF    THE    STATE. 

In  some  states  the  educational  work  that  a 
highway  department  can  carry  on  in  connec- 
tion with  informing  the  people  of  the  state  as 
to  the  road  situation,  is  the  most  important 
phase  of  educational  work  to  be  done.  As 
we  all  know,  ihe  status  and  life  of  a  state 
highway  department  are  dependent  upon  the 
people,  and  such  a  department  can  only  live 
and  develop  as  it  is  able  to  show  to  the  people 
that  it  is  efficient  and  of  economic  value  to  the 
state. 

Where  we  have  the  three  sets  of  road  offi- 
cials— state,  county  and  township — in  charge 
of  different  portions  of  a  state's  system  of 
roads,  there  is  more  or  less  conflict  between 
the  county  and  township  officials  and  the  state 
officials,  and  this  is  apt  to  engender  a  feeling 
of  antagonism  against  the  state  department. 
This  will  always  be  the  case  until  our  people, 
as  a  whole,  realize  that  the  welfare  of  the 
state  must  come  before  that  of  the  county; 
the  county  before  that  of  the  township;  the 
township  before  that  of  the  community,^  and 
the  community  before  that  of  the  individual 
family.  At  the  present  time,  in  many  states 
we  are  apt  to  consider  things  in  reverse  order 
to  what  I  have  just  mentioned.  We  cannot 
afford  to  develop  a  county  at  the  expense  of 
the  state. 

Lectures. — I  believe  that  a  state  highway  de- 
partment should  show  to  the  people  of  a  state 
the  work  it  is  doing,  what  it  has  accomplished 
and  what  it  expects  to  accomplish.  This  can 
be  done  very  effectively  by  illustrated  lectures 
to  be  given  at  the  county  seats,  and  by  the 
publication  of  reports,  giving  a  description  of 
the  work  done  during  the  previous  year.  These 
should  be  illustrated,  and  in  this  connection  it 
will  be  found  that  co-operative  work  with 
counties  can  be  very  advantageously  carried 
on  by  illustrating  in  the  reports  the  best  work 
that  has  been  done  in  several  of  the  counties, 
giving  in  connection  with  the  illustrations  cost 
of  the  construction  work.  It  will  be  an  incen- 
tive for  county  officials  to  try  to  see  that  they 
get  the  best  results  at  the  least  cost. 

Bond  Issues. — In  many  states,  counties  and 
townships  have  been  authorized  by  the  legis- 
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lature  to  issue  bonds  for  road  construction. 
1  In  some  states  the  state  highway  department 
has  the  supervision  of  the  location  of  the  roads 
which  shall  be  built  after  the  bond  issue.  In 
other  states  the  whole  control  of  the  expendi- 
ture of  the  bond  issues  is  left  to  the  local  au- 
thorities. In  this  case  the  state  highway  de- 
partment could  only  act  in  an  advisory  ca- 
pacity. They  should,  however,  try  in  every 
way  to  give  assistance  to  the  local  road  offi- 
cials, not  only  in  the  location  of  the  road,  but 
in  its  method  of  construction.  This  will  be 
accomplished  largely  by  educational  methods. 
This  can  be  brought  about  by  consultation  of 
engineers  of  the  state  highway  department 
with  the  local  road  officials.  In  giving  advice 
regarding  the  location,  they  should  explain  in 
detail  their  reasons  for  the  location  made,  and 
show  how,  in  the  end,  it  makes  a  cheaper  and 
better  road.  They  should  assist  in  the  deter- 
mination of  suitable  surfacing  material  and 
advise  the  local  officials  as  to  the  most  suitable 
and  economical  material  available  for  their 
use. 

Earth  Roads. — In  constructing  a  system  of 
improved  roads  in  any  state,  there  will  prob- 
ably not  be  over  .50  to  75  per  cent  of  the  roads 
that  will  have  hard  surfaces,  and  the  balance 
will  come  under  the  head  of  dirt  roads.  In 
some  states  60  per  cent  of  the  roads  will  be 
dirt  roads.  For  this  reason  it  is  a  good  policy 
for  a  state  highway  department  to  give  serious 
consideration  to  the  care  and  upkeep  of  the 
dirt  road,  and  they  should  call  the  attention 
of  local  road  officials  to  this  and  give  them 
instruction  as  to  the  maintenance  of  such 
roads.  Circulars  can  be  prepared  and  dis- 
tributed to  advantage  amongst  the  people  of  a 
state,  describing  the  system  of  improved  roads 
and  calling  attention  to  the  dirt  roads  leading 
to  them,  and  how,  by  a  little  thought  and  care, 
these  dirt  roads  may  be  kept  in  hard,  good 
condition  the  greater  portipn  of  the  year.  I 
do  not  believe  any  of  our  state  highway  de- 
partments are  giving  sufficient  thought  and 
consideration  to  the  dirt  road,  and  I  am  con- 
fident that  a  great  deal  of  good  can  be  ac- 
complished by  these  departments  giving  more 
heed  to  this  kind  of  road  and  instructing  road 
officials  as  to  their  construction  and  mainte- 
nance. 

It  is  just  as  necessary  that  men  skilled  in 
road  work  have  supervision  of  the  construc- 
tion and  maintenance  of  the  dirt  road  as  the 
dirt  road.  I  do  not  believe  it  is  putting  it  too 
strongly  to  say  that  one-tenth  to  one-fifth  of 
the  time  and  labor  expended  in  all  our  states 
in  public  road  work  is  absolutely  wasted,  and 
this  is  practically  true  of  the  amount  expended 
in  connection  with  the  dirt  road.  The  state 
highway  department  should  consider  it  one  of 
their  duties  to  give  such  inst-uction  as  may  be 
necessary  to  enable  the  peonle  to  save  this 
enormous  amount  of  money  that  is  now  being 
wasted  each  year. 

Traffic  Provisions. — With  the  advent  of  the 
automobile  traffic  conditions  on  the  public 
roads  have  been  very  materially  changed,  and 
not  only  is  it  necessary  for  the  state  highway 
department  to  make  a  thorough  study  of  these 
new  traffic  conditions  and  the  effect  of  these 
new  vehicles  on  the  public  road,  but  it  is  also 
necessary  for  the  department  to  give  instruc- 
tion and  advice  to  the  users  of  these  vehicles, 
as  to  the  effect  of  such  traffic  on  the  roads  and 
why  it  is  necessary  to  legislate  in  regard  to 
their  use.  The  passage  of  laws  regulating 
traffic  will  not  be  sufficient  to  control  it  for  a 
great  many  years  unless  the  users  of  the  road 
are  educated  as  to  the  need  of  such  traffic 
regulations.  Therefore  circulars  should  be 
prepared  and  distributed,  discussing  the  speed 
laws,  method  of  passing  vehicles,  the  rights 
that  the  users  of  vehicles  have  on  the  public 
roads,  and  the  license  fees  or  tax  required  of 
all  users  of  the  roads.  I  believe  that  as  we 
are  able  to  inform  our  people  in  regard  to  the 
public  road,  that  it  belongs  to  all  the  peonle 
and  not  to  any  one  class  of  users,  and  that 
the  laws  and  regulations  regarding  the  use  of 
the  public  roads  are  passed  in  order  to  make 
the  road  of  greatest  service  to  the  greatest 
number  of  people,  that  such  regulations  can 
soon  be  enforced  with  but  little  difficulty. 


Safety  Provisions. — The  new  traffic  condi- 
tions have  increased  the  dangers  of  a  traveler 
on  the  public  road,  and  I  think  the  highway 
departments  should  begin  to  take  up  a  plan  of 
educational  work  that  has  been  inaugurated, 
by  the  railroads,  that  is,  "safety  first." 
Pamphlets  should  be  supplied  to  users  of  ttie 
road,  cautioning  them  in  using  the  road  to 
give  first  consideration  to  the  safety  of  other 
users  of  the  road,  and  therefore  he  careful  in 
passing  other  vehicles  and  in  rounding  sharp 
turns.  If  all  would  co-operate  and  have  the 
public's  interest  at  heart,  the  accidents  that 
occur  on  our  public  roads  could  be  reduced  to 
a  minimum.  Each  year  there  are  an  enormous 
number  of  accidents  at  railroad  crossings, 
some  of  which  are  due  to  carelessness  of  the 
driver,  others  to  the  bad  condition  of  the 
crossing,  and  some  due  to  negligence  of  the 
railroad.  Here  again  is  an  opportunity  for 
the  state  highway  departments  to  do  very  effi- 
cient educational  work.  Have  warning  notices 
posted  at  railroad  crossings.  Have  cards  for 
distribution,  cautioning  all  users  of  the  road 
to  take  extra  precautions  in  crossing  railroad 
tracks.  The  greatest  good,  however,  can  be 
accomplished  by  working  out  a  standard  plan 
of  crossing  for  a  railroad,  when  an  overhead 
or  underground  crossing  is  not  possible.  Do 
not  approach  a  railroad  crossing  on  a  grade  of 
over  4%  per  cent,  and  if  possible,  for  15  ft. 
each  side  of  the  rails  themselves  have  the  road 
level.  Then  keep  the  road-bed  smooth  and 
hard  and  the  space  between  the  tracks  flush 
with  the  rail. 

In  order  to  carry  out  this,  it  will  be  neces- 
sary to  obtain  the  co-operation  of  the  local 
road  officials  and  the  railroads.  But  as  it  is 
right  in  line  with  the  "safety  first"  movement 
of  the  railroad,  little  difficulty  should  be  en- 
countered in  obtaining  their  co-operation. 

Road  Days. — In  many  states  the  governors 
are  issuing  proclamations  for  civic  days,  and 
usually  one  of  these  days  is  known  as  Good 
Roads  Day.  Here  the  state  highway  depart- 
ments have  a  splendid  opportunity  of  getting 
in  direct  contact  with  those  people  that  have 
the  welfare  of  the  state  at  heart.  The  depart- 
ments can  assist  the  communities  in  arranging 
programs  for  good  roads  days  and  furnishing 
lectures  as  far  as  possible. 

Model  Roads. — One  other  phase  of  educa- 
tional work  that  is,  perhaps,  as  important  as 
any  thus  far  discussed,  is  that  of  constructing 
a  sample  of  model  road  in  those  sections  of 
the  state  where  there  are  no  good  roads  and 
the  people  are  not  aroused  to  their  need  of 
them  and  the  beneficial  results  that  can  be  de- 
rived from  them.  The  construction  of  a  quar- 
ter to  a  half  a  mile,  or  even  one  or  two 
hundred  yards  of  good  road  in  such  a  com- 
munity will  often  be  the  means  of  arousing  the 
community  to  a  realization  of  what  they  need, 
with  the  result  that  they  soon  work  out  a  plan 
by  which  they  can  obtain  a  system  of  good 
roads. 


The    Financing    of    Permanent    Road 
Construction. 

The  following  summary  of  road  construc- 
tion work  as  affected  by  financial  considera- 
tions was  made  in  the  opening  address  of 
President  W.  .\.  McLean  before  the  American 
Road  Builders'  Association. 

PERMANENT  ROADS. 

The  term  "permanent"  as  applied  to  roads 
is  somewhat  misleading,  and  is  not  always  ap- 
preciated by  the  general  public.  In  the  full 
sense  of  the  word,  there  is  no  such  thing  as 
absolute  "permanency."  It  is  merely  a  relative 
term.  But  it  is  important,  in  making  safe  pro- 
vision for  financing  road  undertakings,  that 
the  matter  be  clearly  understood.  For  all 
practical  purposes  expenditure  for  the  purchase 
of  road  allowance  may  be  regarded  as 
permanent:  earthwork  and  certain  drainage  of 
an  adequate  kind  may  be  regarded  as  perma- 
nent ;  substantial  concrete  culverts  and  bridges 
may  be  regarded  as  permanent ;  heavy  road 
foundations  may  be  permanent.  But  there  is 
no  such  thing  as  a  permanent  road  surface. 
Traffic  and  natural  disintegration  cause  the 
wear  and  decay  of  any  road  surface  that  can 


be  employed,  and  adequate  provision  should 
be  made  for  the  repair  and  renewal  of  the 
surface. 

To  meet  the  immediate  needs  of  traffic 
throughout  the  United  States  and  Canada,  a 
large  amount  of  construction  must  necessarily 
be  carried  on  that  cannot  be  considered  of  a 
"permanent"  kind.  To  attempt  the  task  of  im- 
mediately building,  for  all  traffic,  roads  that 
would  have  a  maximum  of  permanence  would 
be  as  impossible  as  it  would  be  economically 
unwise.  A  large  part  of  the  farm  traffic  can, 
for  the  present,  be  best  served  by  roads  of 
moderate  cost,  lightly  surfaced  with  broken 
stone  or  gravel,  but  carefully  graded  and 
drained.  In  many  localities  even  good  earth 
roads  (but  well  graded  and  drained)  main- 
tained by  use  of  the  log-drag  must  be  depend- 
ed upon  to  meet  the  needs  of  traffic,  owing  to 
sparse  population  or  the  absence  of  local 
gravel,  stone,  or  other  suitable  surface  ma- 
terial. 

The  most  unfortunate  results  have,  however, 
arisen  in  the  treatment  of  main  roads  on 
which,  though  expensively  built,  an  eft'ort  has 
been  made  to  maintain  a  heavy  bituminous  or 
other  high-class  surface  on  a  totally  inadequate 
foundation. 

Much  discussion  has  taken  place  during  the 
past  year  on  the  subject  of  road  foundations, 
and  has  arisen  largely  from  those  who  attend- 
ed the  International  Road  Congress  in  London 
last  year,  as  a  result  of  their  observation  of 
practice  in  Great  Britain  and  in  Europe. 
European  practice  in  all  classes  of  permanent 
road  construction  has  undoubtedly  in  the  past 
tended  to  greater  mass  in  the  foundation  than 
has  been  generally  adopted  on  this  continent. 
If  past  practice  abroad  has  proven  the  need 
for  the  massive  foundation,  it  would  seem 
that,  on  this  continent,  the  use  of  light  foun- 
dations should  be  critically  considered,  with  a 
view  to  the  adoption  of  a  greater  depth  of 
stone  and  the  more  general  use  of  Telford  or 
equivalent  foundations,  particularly  for  main 
roads,  on  which  heavy  traffic  is  assured.  In 
the  construction  of  strong  foundations  there  is 
opportunity  for  permanency,  which  will  at  the 
same  time  reduce  the  cost  of  repair,  for  a 
large  outlay  may  readily  arise  from  attempts 
to  maintain  a  good  surface  on  an  insufficient 
and  yielding   foundation. 

FAIR   DISTRIBUTION   OF  COST. 

A  fundamental  necessity  in  creating  a  system 
of  roads  is  that  the  cost  shall  be  fairly  and 
equitably  levied  on  those  who  benefit.  Failure 
to  do  so  has  done  much  to  retard  road-build- 
ing in  the  past.  If  the  general  public  feel  that 
the  cost  of  roads  is  borne  in  a  reasonable  de- 
gree by  those  who  should  contribute,  much 
opposition  will  vanish.  If  the  farmer  feels 
that  he  is  being  asked  to  build  roads  for 
motorists  of  the  cities,  he  is  naturally  opposed 
to  proposals  for  road  development  on  such  a 
basis.  Out  of  this  has  grown  much  of  the 
opposition  in  some  localities  to  the  construction 
of  trunk  and  state  roads.  A  close  study  of 
the  farmer's  viewpoint  by  advocates  of  trunk 
roads  will  throw  light  on  the  road  situaiion  as 
a  whole,  and  will  indicate  that  a  successful 
road  policy  in  any  province  or  state  should 
make  provision  for  the  improvement,  if  ■  nl  of 
all  roads,  at  least  of  those  more  directly  serv- 
ing farm  traffic.  Broadly,  trunk  roads  run 
from  city  to  city,  and  are  commonly  parallel  to 
the  steam  railway.  The  market  roads,  on 
which  rural  traffic  most  frequently  concen- 
trates, radiate  from  the  station.s.  villages  and 
shipping  points,  and  are.  in  general,  at  right 
angles  to  the  trunk  roads  so  often  advocated 
for  motor  traffic. 

Trunk  roads  are  a  necessary  adjunct  of  any 
system  of  roads.  They  are  desirable,  and 
should  be  built.  They  frequently  form  part  of 
a  system  of  local  market  roads,  but  must  be 
more  sub.stantially  built  to  serve  the  more 
severe  traffic. 

It  is  difficult,  however,  for  even  the  most 
patriotic  farmer  to  rest  satisfied  with  beautiful 
pictures  and  illuminative  newspaper  descrip- 
tions of  the  splendid  roads  of  his  own  state — 
roads  he  never  sees — while  he  has  still  to  drive 
through  the  mud  axle-deep  to  his  local  market 
or  shipping  point,  with  nothing  being  done  to 
remedy  that   condition.     Rural     residents     of 
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every  good  farming  community  want  good 
roads,  and  are  willing  to  meet  a  reasonable 
outlay  for  them — nor  are  they  opposed  to 
trunk  roads  if  the  cost  is  levied  upon  the 
proper  source. 

A  farming  community,  insofar  as  is  consist- 
ent with  its  prosperity,  can  fairly  be  asked  to 
contribute  such  amount  per  mile  of  road  as 
would  properly  meet  the  needs  of  local  traffic. 
For  more  expensive  construction  for  motor 
traffic  the  remainder  of  the  cost  should  be  met 
from  a  source  representing  the  contribution 
of  cities  or  other  communities  benefited. 

Market  roads  without  trunk  roads  are  com- 
monly opposed  by  cities  quite  as  much  as  the 
farmers  oppose  trunk  roads  when  provision  is 
not  made  for  market  roads.  Upon  a  plan  of 
road  improvement  which  includes  both,  all  the 
people  can  agreeably  unite. 

It  is  not  intended  to  convey  the  impression 
that  all  roads  can  be  built  at  a  stroke,  and 
that  a  durable  road  can  be  at  once  built  to 
every  farmer's  gate.  There  must  be  a  starting 
point.  For  this  purpose  certain  roads  must 
be  selected  for  the  immediate  improvement, 
others  to  take  their  turn  later.  A  study  of 
local  traffic  conditions  will  indicate  the  roads 
on  which  traffic  seeks  to  concentrate,  and,  com- 
mencing with  these,  the  general  system  can  be 
developed  from  year  to  year. 

There  should  be  no  conflict  of  interest  be- 
tween the  two  classes  of  roads.  The  one  is 
a  necessary  adjunct  of  the  other  in  a  complete 
system  of  roads.  The  great  need  is  that  the 
value  of  both  should  be  recognized  and  ade- 
quate   measures    taken   to    develop    both    con- 


currently; but  there  should  be  no  effort  to  sub- 
stitute one   for   the  other. 

BOND  ISSUES. 

Much  difference  in  opinion  and  practice  ex- 
ists with  respect  to  the  issuance  of  bonds  for 
road  construction.  At  one  extreme  are  those 
who  oppose  all  bonded  debt  for  public  roads, 
while  at  the  other  are  those  who  advocate 
bonds  maturing  in  40  and  50  years.  It  is  prob- 
able that,  as  in  most  cases  of  widely  divergent 
opinion,  the  true  solution  is  in  a  moderate 
middle  course. 

The  primary  construction  of  a  great  system 
of  roads  has.  in  all  countries,  required  large 
initial  e.xpenditure,  such  as  can  only  be  pro- 
cured by  distributing  the  repayment  over  a 
term  of  years.  The  construction  of  main 
roads,  and  even  good  market  roads,  is  as  a 
rule  carried  on  in  very  disjointed  sections,  and 
at  a  sacrifice  of  workmanship,  if  the  cost  is 
provided  by  annual  levy  only.  The  necessary 
initial  outlay  can,  as  a  rule,  be  sustained  only 
by  borrowed  funds. 

It  may  be  asserted  as  a  further  truism  that 
the  term  for  retiring  the  bonds  should  not  ex- 
ceed the  useful  life  of  the  work.  Again,  re- 
payment in  the  briefest  possible  period  is 
favorable  in  that  the  total  interest  charges  are 
reduced. 

In  considering  the  matter,  the  road  structure 
may  be  divided  into  several  portions:  (1)  The 
system  of  drainage,  (2)  the  earth  sub-grade. 
(3)  the  foundation,  (4)  bridges  and  culverts, 
and  (5)  the  wearing  surface. 

Judging  the  future  by  past  experience,  it 
mav    be    estimated    that    long-term    bonds    for 


certain  portions  of  the  work  are  justifiable. 
An  effective  system  of  open  and  under  drains, 
deep  cuts,  extensive  fills,  and  an  adequate 
width  of  earthwork;  a  Telford,  concrete  or 
other  heavy  foundation ;  concrete  or  heavv 
steel  bridges  and  culverts  are  all  of  long 
durability,  and  may  justify  long-term  deben- 
tures. The  road  surface,  on  the  other  hand, 
has  a  comparatively  short  life,  and  will  seldom 
justify  a  debt  of  more  than-  five  or  ten  years' 
duration.  Adequate  maintenance  is  in  all  cases 
essential. 

The  method  of  finance  as  regards  the  issu- 
ance of  bonds  may  thus  be  based  on  the  life, 
not  of  the  surface  only,  but  of  the  several 
portions  of  the  structure ;  the  bonds  for  sur- 
face costs  to  be  retired  in  not  more  than  five 
or  ten  years,  while  the  long-term  period  may 
be  applied  to  what  may  be  more  truly  termed 
the  "permanent"  portion  of  the  work. 

It  might  be  logical  to  approach  the  matter 
on  the  basis  of  a  general  estimate,  meeting  a 
proportion  of  the  cost,  approximately  50  per 
cent,  by  long-term  bonds,  the  remainder,  or 
50  per  cent,  covering  surface  costs,  to  be  re- 
tired, according  to  the  life  of  the  pavement,  in 
from  five  to  ten  years. 

To  go  even  further  on  the  ground  of  safe 
finance,  and  to  pav  something  for  immediate 
benefit,  a  portion  of  the  cost  might  be  met  out 
of  the  annual  levy ;  but  that  as  a  rule  is  diffi- 
cult, and  may  tend  to  reduce  the  amount 
available  for  adequate  maintenance.  It  need 
not  be  added  that  to  meet  the  cost  of  mainte- 
nance by  the  issue  of  bonds  should  be  re- 
garded as  a  poor  method  of  finance. 
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A  Compact  Sand  and  Gravel  Washing 
and  Screening  Plant. 

The  sand  and  gravel  screen  illustrated  is 
designed  primarily  to  reduce  the  first  cost  of 
plant  construction.  This  is  accomplished,  it  is 
claimed  by  the  makers,  by  the  fact  that  these 
screens  are  combined  so  that  no  more  space  is 
required  than  for  the  old  fashioned  single 
screen.  The  amount  of  framing,  the  number  of 
platforms  and  lengths  of  shafting  are  all  re- 
duced. It  cuts  off  one-third  in  the  elevation  of 
the  plant  and  the  screen  is  on  a  level  with  the 
top  of  the  bins.    In  operation,  the  material  to 


A  Compact  Sand  and  Gravel  Washing  Plant. 

be  washed  and  screened  is  introduced  into 
the  hopper  together  with  water  and  falls  upon 
the  upper  ervd  of  the  inclined  large  size 
screen.  The  material  passing  this  screen  is 
conveyed  by  a  cone-shaped  skirt  or  auxiliary 
section  to  the  rear  end  of  the  second  size 
screen  and  the  process  repeated.  Sand  and 
water  are  finally  conveyed  into  an  ordinary 
sump  box.  This  type  of  screen  was  developed 
for  private  use  and  is  just  being  placed  on  the 
market.  It  is  manufactured  and  sold  by  the 
Biesanz  Stone  Co.,  Winona,  Minn.  This  com- 
pany designs  and  installs  plants  using  this 
screen. 


A  Grab  Bucket  Designed    for    Heavy 

Service. 

The  accompanying  illustration  shows  a  1- 
cu.  yd.  type  A-1,  two-line  ".\ndresen-Evans" 
grab  bucket  at  work  excavating  rock  which 
had  been  blasted  from  a  bridge  pier  at  Pekin, 
111.  The  bucket  shown  in  the  illustration  is 
built  for  exceptionally  heavy  service  and 
weighs  4,000  lbs.  The  rock  handled  on  this 
job  ranged  from  small  spawls  to  pieces  having 
extreme  dimension  of  3  to  4  ft.  and  weighing 
up  to  four  tons.  The  bucket  was  also  used 
to  pull  all  of  the  stub  piling,  old  logs,  the 
"Wakefield"  sheet  piling  and  the  formwork 
below  water.  This  type  of  grab  bucket  is 
made  in  sizes  ranging  from  -)4-cu.  yd.  to  10-cu. 
yds.  capacity  by  the  Andresen-Evans  Co.,  Rail- 
way Exchange  Building,  Chicago,  III. 


The    New   Ten-Ton    Knox    Tractor. 

(Contributed.) 
A  ten-ton  tractor  of  peculiar  design  is  il- 
lustrated by  Figs.  1  and  2.  This  tractor  is 
made  by  the  Knox  Motors  Co.,  Springfield, 
Mass.,  and  in  principle  is  entirely  different 
from  what  might  be  called  a  short  wheelbase 
truck.  The  chassis  proper  is  that  portion 
which  supports  the  transmission,  motor,  body, 
etc.,  and  is  carried  on  light  springs  (less  than 
one-third  as  stiff  as  those  on  a  five  ton  truck) 
to  absorb  road  vibration.  It  will  be  seen  in 
Fig.  2,  that  the  frame  does  not  extend  to  the 
rear  axle  and  that  the  rear  axle  is  entirely 
isolated  from  the  chassis  proper.  The  canti- 
lever springs  supporting  the  chassis  proper 
rest  at  their  rear  ends  in  slideways  under  the 
rear  axle.  The  rear  axle  is  driven  along  by 
the  driving  chains  while  the  strut  rods  main- 
tain it  in  line,  it  being  at  liberty  to  move  up 
and  down  equally  or  unequally  as  to  either  of 
its  wheels  without  motion  of  the  chassis 
proper.  The  rear  axle  rotates  in  the  rear 
bracket  of  the  strut  rods  and  as  the  springs 
supporting  the  trailer  platform  are  fastened 
to  the  rear  axle  itself,  the  trailer  platform  is 
at  liberty  to  remain  parallel  to  the  body  of  the 
trailer  under  all  circumstances  and  at  the  same 


time  give  the  full  support  to  the  front  end  of 
the  trailer  by  means  of  the  circle  plate.  A 
draw  bar  device  with  springs  is  attached  to 
maintain  the  trailer  platform  in  a  horizontal 
position  when  running  without  the  trailer. 

It  will  be  seen  by  the  above  that  the  tractor 
proper,  including'the  power  plant,  front  wheels 
and  body,  is  really  pushed  along  by  the  rear 
axle  through  the  distance  rods,  or  strut  rods, 


Grab   Bucket   Excavating   Rock    Fragments. 

thus  the  trailer  really  becomes  the  power 
driven  vehicle  with  a  front  wheel  drive.  This 
also  explains  why  this  particular  type  of  trac- 
tor will  climb  over  obstructions  which  can 
not  be  negotiated  with  a  touring  car,  or  with 
a  truck,  for  most  of  the  load  is  on  the  driving 
wheels,  which  are  pushing  a  heavy  load.  In 
the  Knox  system,  the  driving  wheels  are  pull- 
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ing  a  heavy  load  and  pushing  a  very  light  one 
ahead  of  them,  this  hght  load  then  acting  sim- 
ply as  a  steering  feature. 

Beginning  with  the  power  plant,  the  motor 
is  a  four-cylinder  cast  in  pairs,  5  ins.  diameter, 
5%  in.  stroke  and  is  so  designed  as  to  de- 
velop great  horsepower,  easy  starting  and 
quick  acceleration  up  to  approximately  1000 
R.  P.  M.  beyond  which  speed  the  power  will 
rapidly  diminish.     This  has  been   worked  out 


in  the  transmission  may  be  used.  Throughout, 
large  double  row  ball  bearings  are  used.  All 
of  the  gears  and  shafts  are  of  nickel  steel, 
heat  treated.  The  transmission  case  is  of  the 
barrel  type  with  the  holes  for  the  bearings 
bored  through  the  case.  The  top  of  the  trans- 
mission case  is  nothing  but  a  lid  or  plate.  The 
transmission  control  lever  is  located  between 
the  two  seats  at  the  driver's  right  hand  and 
the   other   controlling   devices   as   well   as   the 


trailer.  At  1000  R.  P.  M.  of  the  m_otor  the 
gear  will  move  the  tractor  as  follows :  High 
speed,  9.4  M.  P.  H. ;  second  speed,  3.9  M.  P.  H. 
and  low  speed,  1.6  M.  P.  H.  By  changing  the 
jack  shaft  sprockets  and  slight  alterations  the 
speed  may  be  increased  to  33  miles  per  hour. 
The  weight  of  the  complete  tractor  is  about 
8500  lbs.,  3400  lbs.  of  which  rest  on  the  front 
tires  under  all  conditions  of  load  in  the  trailer. 
The  price  of  the  tractor,  including  standard 
equipment,  is  $4500  F.  O.  B.  Springfield,  Mass. 


Small  Mazda  Lamps  With  Concentrated 
Filaments. — The  distinctive  features  of  the 
concentrated  filament  .Mazda  lamps  of  high 
wattages  have  proved  so  popular  that  the 
Edison  Lamp  Works  of  the  General  Elec- 
tric Co.  has  developed  vacuum  Mazda  lamps 
of  similar  appearance  in  the  25.  40  and  60 
watt  sizes.  This  concentrated  filament  con- 
struction gives  greater  vertical  distribution 
of  light  than  the  regular  Mazda  lamps  of 
corresponding  wattages.  The  new  lamps 
will,  therefore,  be  employed  where  natural 
distribution  of  light  downward  is  required. 
They  can  be  used  in  existing  sockets  and 
fixtures.  These  l^mps  will  be  made  in  the 
same  sized  bulbs  as  the  corresponding  reg- 
ular Mazda  lamps,  will  have  the  same 
spherical  watts  pei  candlepower  efficiency 
and  will  have  a  rated  average  life  of  600 
hours. 


Fig.    1.    Knox    Ten-Ton    Tractor. 


on  the  theory  that  when  running  under  full 
load  speed  will  be  limited,  by  this  design,  and 
that  when  running  without  load  the  tractor 
may  be  driven  at  higher  rate  of  speed  without 
damage.  The  motor  is  supported  in  front 
by  a  forged  steel  beam  and  the  two  rear  legs 
are  bolted  to  the  frame,  making  a  three  point 
suspension.  No  sod  pan  is  used  under  the 
motor  but,  in  lieu  of  same,  sheet  steel  webs 
are  used  between  the  crank  case  and  the  frame 
and  a  sheet  housing  covers  the  fly  wheel  and 
clutch.  Ball  bearing  rocker  arms  operating 
the  valves  are  used  and  are  grease  tight,  elim- 
inating grease  cups   in   this  connection. 

The  transmission  is  of  the  selective  type, 
three  speeds  forward  and  reverse  with  center 
control  and  is  of  extremely  heavy  construction. 
The  interlocking  differential  lock  is  incorpor- 
ated in  the  transmission  and  is  operated  by  a 
heel  button  in  the  floor  at  the  driver's  seat. 
Owing  to  the  interlocking  device  the  lock  can 
not  be  used  unless  the  transmission  gears  are 


steering  gear  are  located  on  the  left  hand  side, 
making  a  left  hand  drive,  center  control 
layout. 

The  foot  brake  pedal  is  automatically  locked, 
when  desirable,  and  operates  on  the  jackshaft 
through  cast  iron  shoes  against  cast  steel 
drums  14  ins.  diameter,  4  in.  face.  These 
drums  have  a  multitude  of  cooling  ribs  for 
the  radiation  of  heat.  The  hand  brake,  which 
is  located  between  the  two  seats  alongside  the 
transmission  control  lever,  operates  the  hydrau- 
lic pump  bolted  to  the  top  of  the  transmission 
gear  shift  housing  and  this  lever,  by  an  in- 
genious arrangement,  operates  in  the  same 
mannner  as  the  ordinary  hand  brake,  pulling 
back  to  apply  the  brake  and  easing  forward  to 
release  it.  The  brakes  are  so  designed  that 
they  will  hold  the  tractor  on  a  grade,  when 
abandoned  by  the  driver,  and  it  should  be 
noted  that  the  jackshaft  brakes  can  also  be 
locked,  if  (lesired.  Hydraulic  cylinders  are 
bolted   to   the   strut   rods   and   operate   on   the 


A  New  Dump  Wagon  With  Patented 
Spring  Tension  Equalizer. 

The  illustration  shows  a  new  model  of 
dump  wagon  in  which  a  low  selling  price  has, 
it  is  claimed,  been  secured  with  several  op- 
erating and  structural  improvements.  The 
patented  equalizer,  working  by  spring  tension 
on  the  chains  which  run  the  full  length  of 
the  body,  provides  for  the  raising  of  the 
doors,  one  slightly  in  advance  of  the  other, 
so  that  there  is  no  chance  for  sticking;  and 
since  there  is  an  overlapping  flange  the  bot- 
tom is  absolutely  tight.  A  patented  king  bolt 
in  connection  with  a  special  fifth  wheel  con- 
struction allows  the  wagon  to  tip  in  any  di- 
rection without  strain.  On  account  of  the 
inequalities  of  the  ground  where  most  dump- 
ing wagons  have  to  work,  this  is  a  particularly 
valuable  feature. 

The  body  is  of  very  staunch  design,  oak 
heavily  ironed,  and  with  wrought  steel  hinges. 
\  short  wheel  base  allows  turning  in  close 
quarters  and  the  arched  rear  axle  aids  clear- 
ance over  the  dumped  load.  The  winding 
device  is  said  to  be  "fool  proof."  A  safety 
catch   prevents   accidental   dumping,  while  the 


A    New    Model    Dump   Wagon. 


Fig.  2.  Sketch   Showing   Chassis   Support   in 
Rear  Axle  of  Knox  Tractor. 

in  the  neutral  position.  This  eliminates  the 
trouble  encountered  heretofore  in  breakage  of 
differential  locks  which,  although  of  tremend- 
ous advantage,  have  not  lieen  used  due  to 
this  breakage.  The  trouble  has  been  caused 
by  using  the  lock  when  one  wheel  was  spinning 
at  a  high  rate  of  speed.  With  this  new  de- 
vice the  operator  must  bring  the  transmission 
gears  to  the  neutral  position,  which  immediate- 
ly stops  the  spinning  wheel,  before  he  can  en- 
gage the  lock,     .^fter   engagement   any   speed 


break  levers  at  the  rear  axle.  The  rear. axle 
brakes  are  internally  applied  and  are  20  ins. 
diameter  and  6'/^  ins.  face  steel  spring  bands 
lined  with  raybestos.  The  hydraulic  brakes 
eliminate  the  necessity  of  brake  rod  adjust- 
ment when  adjusting  the  driving  chains.  The 
whcelbase  is  108%  ins.,  the  tires  in  front  30x4 
ins.  single  and  the  tire  in  the  rear  38x6  ins. 
dual.  The  rear  axle  is  a  solid  steel  forging 
2%x4%  ins.  of  rectangular  section  and  the 
entire  vehicle  is  standard  tread,  so  that  in 
sand  or  on  country  roads  it  can  roll  along 
easily.  The  maximum  load  on  the  front  tires 
is  about  3400  lbs.  regardless  of  the  load  on  the 


releasing  device  is  so  certain  in  its  action  that 
it  cannot  fail  to  operate. 

Without  changing  any  of  its  members,  either 
drop  or  stiff  pole  can  be  fitted  to  the  wagon. 
This  wagon  is  made  by  the  Tiffin  Wagon 
Co.,  Tiffin,  Ohio. 


Plans  for  developing  hydro-electric  power 
on  the  river  Spey,  the  swiftest  running  river 
in  Scotland,  at  a  point  one-half  mile  from  the 
coast,  have  been  delayed  by  the  war.  The  pro- 
posed plant  would  supply  power  to  many  towns 
and  villages  within  a  radius  of  20  or  30  miles. 
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The  Roughen  Adjustable  Paving  Gage. 

The  gage  illustrated  is  designed  to  eliminate 
the  necessity  of  setting  grade  stakes  on  street 
paving  worlc,  to  provide  an  accurate  measure 
as  to  the  trucness  of  the  subgrade,  to  use  as  a 
strike  board  in  the  construction  of  concrete 
pavement  and  concrete  base  and  as  a  template 
to  strike  the  sand  cushion  for  brick  pavements. 
The  gage  of  two  steel  shod  template  boards  ad- 
justable at  the  center  to  any  desired  crown  of 
subgrade  or  pavement  and  is  supported  at  the 
ends  on  rollers.  The  template  boards  are  raised 
by  a  handwheel  in  passing  over  joints  or  ob- 


Before  adjushng  loosen  four  bolts  >^ 
Short  truss  rod  on  front 


Wings  on  Front  side 


annealed  portion.  The  tempered  edge  is  finally 
hand  pounded  until  it  is  true  and  so  uniform 
in  hardness  that  the  edge  wears  straight  across, 
and  not  in  scallops.  Finally,  as  shown  by  the 
cut,  the  point  is  dropped  and  so  a  ridge  formed 
across  the  blade.  This  ridge  helps  to  break  the 
material  as  the  blade  is  thrust  into  it  and  thus 
prevents  wedging  into  the  bowl  of  the  shovel. 
The  D-handle  shovel  shown  has  a  I9-in.  drop; 
the  long  handle,  4.Vz  ft.  shovel  has  a  30-in. 
drop.  All  handles  are  second  growth  ash  sea- 
soned at  least  14  months,  and  are  made  un- 
usually large  at  the  ferrule.    The  shovels  arc 


■  Front  Side 

■Turn  to  right  to  lower  crown; 
'p  left  to  raise;  after  crown 
'S  set  retiqhten  all  bolts 


batch  hopper  of  this  same  capacity  as  drum  is 
furnished  instead  of  side  loader  when  desired. 
The  trunnion  rollers  are  15  ins.  diameter, 
1  11-16  in.  face,  pinned  solid  on  17-10  in.  shaft 
in  pairs;  shaft  revolves  in  baljliitted  bearings  4 
ins.  long.  The  trucks  are  all  steel,  three  point 
suspension;  rear  wheels  24  ins.  diameter,  front 
wheels  18  ins.  diameter,  face  4  ins.  The  main 
frame  is  83  ins.  long,  36%  ins.  wide ;  channels 
5   ins.   X   6%  lbs.    The  water  tank   is  of  the 


^       0 


Adjustable   Paving  Gage. 


structions.  When  used  on  a  street  having  a 
curb  the  guide  wheels  shown  in  the  illustration 
keep  the  template  perpendicular  to  the  curb. 
A  hanger  hooked  over  the  gage  is  used  to 
support  the  finishing  bridge  when  used  on  con- 
crete pavement  construction.  The  machine  is 
adjusted  to  slight  variations  in  street  widths  by 
changing  a  few  bolts  and  to  great  variations 
by  changing  the  template  boards.  The  gage  is 
manufactured  and  sold  by  P.  Roughen,  214 
Amory  St.,  Fond  du  Lac,  Wis. 


A    Special    Annealed    and    Tempered 
Shovel  for  Concrete  Work. 

The  illustration  shows  a  special  shovel  for 
concrete  work.  This  shovel  is  known  as  the 
Ronberg  Shovel  and  is  made  of  special  analysis 
steel  high  in  carbon.  In  addition  when  the 
shovel  is  formed  the  blade  is   annealed   from 


Special   Annealed  and  Tempered   Shovel   for 
Concrete  Work. 

the  end  of  the  ferrule  to  within  3  ins.  of  the 
edge.  This  annealing  makes  the  steel  tough  so 
that  it  will  bend  instead  of  breaking.  To  stiffen 
the  blade  against  bending  a  much  longer  rib. 
than  is  common  is  used.  The  3  ins.  of  the  edge 
not  annealed  is  tempered  by  the  Henry  Mik- 
kola  process  which  gives  a  temper  very  hard 
at  the  edge  and  less  hard  inward  toward  the 


made  with  several  sizes  of  blades  and  are  par- 
ticularly designed  for  shoveling  ore,  concrete 
materials,  concrete,  etc.  The  makers  are  the 
Conneaut  Shovel  Co.,  Conneaut,  Ohio,  De- 
partment B. 


A     Compact     Small     Batch     Concrete 

Mixer. 

A  small  gasoline  operated  concrete  mixer  of 
notably  compact  design  is  illustrated  here.  This 
mixer  has  a  capacity  of  5  cu.  ft.  and  is  oper- 
ated by  a  3%  hp.  gasoline  engine  completely 
housed  as  shown  and  all  mounted  on  all-steel 
frame  and  trucks.  It  is  optional  with  the  buyer 
to  have  an  electric  motor  in  place  of  the 
gasoline  engine.  The  specifications  of  the 
mixer  are  in  general  as  follows :  The  drum 
consists  of  double  cones  of  unequal  tapers 
comprising  only  three  parts;   the   large   semi- 


The  Acme  Non-Slip  Paving  Block. 

positive  measuring  type,  18  ins.  long,  14  ins. 
diameter,  capacity  12  gals.,  100  lbs.  working 
pressure.  A  complete  set  of  necessary  tools  is 
furnished  with  each  machine.  The  mixer  is 
made  by  the  Eureka  Machine  Co.,  Lansing, 
Mich. 


A  Non-Slip  Wood  Paving  Block. 

Wood  block  paving  as  ordinarily  laid  pos- 
sesses the  disadvantage  of  slipperiness  when 
laid  on  grades.  To  overcome  this  various 
e.xpedients  have  been  adopted  and  special 
types  of  blocks  developed.  The  non-slip  block 
illustrated  has  an  iron  insert  fitted  in  a  groove 
in  the  block.  The  upper  edge  of  this  insert 
is  flush  with  the  face  of  the  block,  a  gripping 
edge  being  obtained   by  a   sloping  cut  *n  the 


A  Truck-Mounted,   Gasoline-Operated   5  cu.    ft.  Batch  Mixer. 


steel  conical  head  with  gear,  and  a  smaller 
slightly  rounded  head,  joined  together  by  a 
shell  of  heavy  boiler  plate  steel;  it  is  non- 
tilting  and  gear  driven.  A  series  of  mixing 
blades  and  buckets  insure  uniform  mixing  and 
quick  discharge.  The  side  loader  is  of  the 
pivoted  type;  clutch  automatically  released 
when    bucket    reaches    discharge    position.     A 


wood  on  each  side  of  the  iron.  In  laying  the 
pavement  a  line  of  non-slip  blocks  is  laid 
about  every  fourth  course.  This  type  of  block 
has  been  subjected  to  a  three  year  service  test 
by  the  city  of  Boston  and  its  use  there  is  in- 
creasing. The  block  is  manufactured  by  the 
Philadelphia  Wood  Block  Co.,  Harrison  Bldg., 
Philadelphia. 
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legal  opinions.  Advocates  physical  separation 
of  public  and  industrial  water  supply  pipe  lines. 
E.   &  C,  Mar.   10,   1915;   Sy,   cols. 

WATER  MAINS:  Screwed  Pipe,  3-in.;  Meth- 
ods and  costs  of  Construction. 

Method  and  Cost  of  Constructing  a  6-Mile 
Water    Main    of   3-in.    Screwed    Pipe,    for 

New   Orleans   Lake   Shore    Land   Co 222 

Describes  methods  employed  in  trenching, 
distributing  pipe  and  making  up  the  Joints  with 
cost  data  for  pipe  laying.  E.  &  C,  Mar.  10, 
1915;  1%  cols. 

WATER    POWER    DEVELOPMENT:     Engi- 
neering  Problem. 

The  Business  Engineering  Problem  In 
Water  Power  Development  With  the 
Solution  for  a   Specific   Case 222 

Clear  presentation  of  the  business  engineering 
problem  of  water  pov/er  development.  De- 
scribes the  methods  of  procedure  in  the  case 
of  the  Tennessee  Eastern  Electric  Co.  E.  &  C, 
Mar.    10,   1915;   11  cols. 

SHAFTS:     Sinking,    Methods    and    Costs. 

Methods  and  Some  Costs  of  Mine  Shaft 
Sinking   in   Very  Tough,   Hard   Rock 226 

Describes  nature  of  rock  and  general  and 
detailed  methods  of  drilling,  blasting  and  spoil 
renewal.  Costs  are  given  of  S60  ft.  of  shaft 
completed.     E.   &  C,   Mar.   10,  1915;   2V-   cols. 


ROADS:     Concrete.  National  Road. 

The    Old    National     Road    and     Its    Recon- 
struction       227 

Discusses  the  history  of  the  old  National 
Road,  giving  type  of  construction  and  appropri- 
ations for  construction  and  maintenance.  Gives 
data  concerning  reconstruction,  methods  used 
and  progress  of  the  work.  E.  &  C,  Mar.  10, 
1915;    6   cols. 

STREETS:     Assessment    of    Property,    Dia- 
gram for. 

Diagram   for   Computing    Property   Assess- 
ments  In   Street  and   Alley   Improvement  229 

Gives  method  of  constructing  a  diagram  to 
obtain  graphically  proportionate  amounts  to  be 
assessed  against  property  in  the  improvement 
of  streets  and  alleys.  Method  used  in  Marion, 
Ind.     E.   &  C,   Mar.   10,   1915;   l^i   cols. 

STREETS:     Gutter  in  Center. 

Single  Gutters  for   Modern    Pavements:     A 
Possible   Economic   Development   229 

Discusses  the  possible  advantages  of  using  a 
single  gutter  in  connection  with  modern  paved 
streets.  Advocates  the  more  extensive  use  of 
that  type  of  construction.  E.  &  C,  Mar.  10, 
1915;    IVi    cols. 

ROADS:     State   Highway  Departments. 

The   Educational   Field  for  State   Highway 
Departments     230 

Discusses  educational  work  as  it  relates  to 
the  employes  of  the  department,  county  and 
township  officials  and  the  people  of  the  state 
as  a  whole.    E.   &  C,  Mar.   10,  1915;   4%  cols, 

ROADS:    Financing. 

The    Financing    of   Permanent   Road    Con- 
struction         231 

Discusses  the  true  definition  of  a  permanent 
road,  fair  distribution  of  the  cost  of  road  Im- 
provement and  the  construction  of  roads  with 
funds  derived  from  bond  issues.  E.  &  C,  Mar. 
10,    1915;    2y2    cols. 

CONSTRUCTION    PLANT:     Machines,    De- 
vices,   Materials. 

A  Compact  Sand  and   Gravel  Washing  and 
Screening     Plant 232 

A   Grab   Bucket  Designed  for   Heavy  Serv- 
ice       232 

The   New   Ten-Ton    Knox   Tractor 232 

Small     Mazda    Lamps    With    Concentrated 

Filaments 233 

A    Non-Slip   Wood    Paving    Block 234 

A      New     Dump     Wagon     With     Patented 

Spring    Tension    Equalizer 233 

The  Roughen  Adjustable  Paving  Gage...  233 
A   Special   Annealed   and   Tempered   Shovel 

for   Concrete   Work 234 

A  Compact  Small  Batch  Concrete  Mixer.  234 
B.   &  C,   Mar.   10.   1915;   2%   pages. 


INDEX  TO  WORKS  AND  PRODUCTS  DEALT  WITH  IN  THIS  ISSUE. 


ROCK    EXCAVATION: 

Shaft    Sinking 


226 


CONCRETE    CONSTRUCTION: 

Pavement,  209 — Viaduct,  211  —  Reinforced 
Concrete  Arches,  212 — Proportions.  213 
—Piers,  215— Dam,  224— Roads,  228— 
Gutter    229 

STEEL  CONSTRUCTION: 

Electric  Steel,  210— Steel  Arched  Bridge, 
211 — Ijoads,  212 — Reinforcement  Concrete 
Viaduct,  21.1— Forms,  216.  228— Sheet 
Piling,  217 — Structural  Steel  Framework 


for  Laying  Syphon,  218 — Penstocks,  225 — 
Special  Concrete  Shovel 234 

BITUMINOUS   PRODUCTS: 
P.aving   Materials,    Cual   Tar   Products,    209 
— Asphalt    209 

CLAY  PRODUCTS: 
Vitrified   Brick   Pavement 209 

FOUNDRY    PRODUCTS: 
Cast     Iron     Pipe,     Flexible     Joints,     218— 
Valves,   221 — Pipe  Line  Specials 222 


TIMBER   PRODUCTS: 

Wood  Blocli  Paving,  209— Falsework,  216 
Piles,  217— Mine  Timbering,  226— Wood 
Paving  Block 234 

MACHINERY  AND  APPLIANCES: 
Motor  Trucks,  210— Concrete  Mixing  Plant, 
216 — Chutes,  216 — Pile  Hammer,  217 — 
Drills,  218,  226— Hydraulic  Testing  Ma- 
chine, 219 — Power  Plant  Equipment,  225 
— Traction  Engines,  228 — Gravel  Washer, 
232— Grab  Bucket,  232— Tractor,  233— 
Dump  Wagon,  233— Paving  Gage,  233— 
Shovel,    234— Concrete   Mixer 234 
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FOREIGN  TRADE  NOTES 

The  following  foreign  trade  opportunities 
are  listed  by  the  Bureau  of  Foreign  and  Do- 
mestic Commerce.  Where  addresses  are 
omitted  in  the  items  they  may  be  obtained 
from  the  office  of  the  Bureau  at  Washing- 
ton, D.  C,  or  from  the  branch  offices  at  337 
Custom  House,  New  York;  629  Federaj 
Bldg.,  Chicago,  111.;  76  Appraiser's  Stores 
Bldg.,  San  Francisco,  Cal.,  and  Association 
of  Commerce  Bldg.,  New  Orleans,  La.  In 
applying  for  addresses  reference  should  be 
made  to  the  file  numbers. 

Iron  and  Steel  Products. — Firm  in  Nortli 
Africa  desires  immediate  quotations  on  iron 
and  steel  products,  nails,  wire,  etc.  It  is  stated 
the  firm  is  in  the  market  for  large  quantities 
of  these  materials,  and  that  if  prices,  etc.,  are 
satisfactory  a  very  valuable  business  niav  re- 
sult in  the  future'.  No.  15,809.  [For  address 
see  first  paragraph.] 

House  and  Street  Signs. — Supply  Company 
in  Central  America  wishes  to  secure  prices  and 
samples  of  house  numbers.  It  is  suggested  that 
a  nickel-plated  steel  or  copper  sheet  2%  to  3 
ins.  high  might  be  used.  It  is  stated  that  any 
material  which  would  resist  the  humidity  of 
the  atmosphere  will  be  considered.  Prices 
should  be  made  f.  o.  b.  New  York  or  New 
Orleans.  The  company  also  wishes  to  receive 
samples,  prices,  etc.,  on  street  signs.  No.  15,- 
837.    [For  address  see  first  paragraph.] 

Well  Drilling  Machinery  and  Wire  Fencing. 
— Representative  of  Latin- Ameiican  Govern- 
ment will  arrive  in  New  York  soon  for  the 
purpose  of  purchasing  well  drilling  machinery 
and  5,000,000  meters  of  wire  fencing.  No.  15,- 
843.    [For  address  see  first  paragraph.] 

Searchlight. — Business  man  in  one  of  the 
neutral  European  countries  desires  American 
manufacturers  and  exporters  to  quote,  at  once, 
prices  f.  o.  b.  New  York,  on  searchlights  for 
field  service  and  fortifications,  in  all  sizes.  Cor- 
respondence may  be  in  English.  No.  15,826. 
[For  address  see  first  paragraph.] 

Telephone  and  Telegraph  Wire. — European 
agent  desires  immediate  quotations,  f.  o.  b. 
steamer,  on  telephone  and  telegraph  wire.  It 
is  stated  that  the  Government  is  preparing  to 
expend  $134,000  for  this  commodity.  Corre- 
spondence may  be  in  English.  No.  15,824.  [For 
address  see  first  paragraph.] 

Motors. — Business  man  in  Russia  desires  to 
represent  .American  manufacturers  of  motors 
for  yachting  purposes.  No.  15,862.  [For  ad- 
dress see  first  paragraph.] 

Iron  and  Brass  Tubing. — Firm  wishes  to  re- 
ceive quotations  and  full  information  relative 
to  iron  tubing,  not  soldered,  from  %  to  2  ins. 
in  diameter ;  brass  tubing  and  brass-plated 
tubing  from  %  to  2  ins.  in  diameter  ; 
varnishes  and  metal  polish  paste;  tinned 
wire  for  bed  springs,  etc. ;  angle  iron, 
1%  by  3/16  ins.  and  1%  by  1%  ins.;  hoops, 
bands,  or  collars.  1%  by  1/32  ins. ;  and  brass 
and  enameled  articles  for  the  manufacture  of 
beds.  Correspondence  should  be  in  Spanish. 
No.  15,825.    [For  address  see  first  paragraph.] 

Magnetos. — A  firm  of  pump  specialists  in 
Europe  desires  to  get  in  communication  with 
American  manufacturers  of  high-tension  mae- 
netos  for  single-cylinder  gasoline  engines  of 
1  to  6  hp.  A  sample  machine  is  desired  for 
inspection.  Full  particulars,  prices,  conditions 
of  payment,  etc.,  should  be  sent  at  once.  It 
is  stated  that  cash  will  not  be  paid  in  advance. 
The  firm  states  that  if  the  terms,  etc.,  are  satis- 
factory an  order  for  50  magnetos  will  be  made 
at  once,  with  possible  supplementary  orders 
during  the  year  totaling  about  200.  No.  15,865. 
[For  address  see  first  paragraph.] 

Pitch  Paper. — Business  man  in  Greece  wish- 
es to  be  put  in  communication  with  American 
manufacturers  of  pitch  paper  to  be  used  for 
wrapping,  and  also  for  roofing.  The  paper 
should  be  in  rolls,  .39.37  ins.  wide.  length  not 
material.  C.  i.  f.  quotations  and  samples  should 
be  sent  at  once.  It  is  stated  that  he  wishes  to 
purchase  100  tons  of  paper  similar  to  the  sam- 
ple which  may  be  examined  at  the  Bureau  of 
Foreign  and  Domestic  Commerce  or  its  brancli 
offices.  No.  15,854.  [For  address  see  first  para- 
graph.] 


INDUSTRIAL  NOTES 

Mr.  Charles  S.  Fletcher  has  been  appointed 
Manager,  Sack  Bureau,  Universal  Portland 
Cement  Co.,  Chicago,  and  Mr.  Oscar  N. 
Lindahl  has  been  appointed  chief  accountant. 
Mr.  Gordon  Wilson  has  resigned  as  assistant 
secretary  to  accept  service  with  another  com- 
pany. 

The  Gate  City  Tent  &  Awning  Co.  and  the 
Scott-  Rawitzer  Mfg.  Co.,  both  of  Omaha, 
Nebr.,  have  consolidated  and  incorporated  as 
the  Scott-Omaha  Tent  and  Awning  Co.,  with 
offices  and  factory  at  corner  of  11th  and  Har- 
vey Sts..  Omaha,  Nebr.  Mr.  N.  C.  Scott  is 
president  and  treasurer.  This  company  manu- 
factures a  complete  line  of  contractors'  camp 
and   housing   equipment. 


NEW  CATALOGUES 

Saw  Rigs. — Paper,  6x9  ins.,  8  pp.    C.  H.  &  E. 

Mfg.  Co.,  Inc.,  Milwaukee,  Wis. 

Shows  C.  H.  &  E.  No.  6  portable  saw  rig 
and  describes  in  detail  its  construction,  opera- 
tion and  equipment. 

Engineering     and     Drafting     Specialties. — 

Paper,  SVix5Vz   ins.    Henry  V.   St.   George, 

Inc.,  10-12-14  Grand  St.,  New  York  City. 

Devoted   to  the   subject  of   Heliography   on 

tracing  cloth.    Describes  the  work,  gives  cost 

data,  sample  and  testimonial  letters. 

Coal  Drier. — Paper,  6x9  ins. ;  4  pp.   Link  Belt 

Co.,  39th  and  Stewart,  Chicago. 

Describes  the  Wendell  centrifugal  coal  drier, 
a  compact,  self-contained  machine  for  dr>'ing 
washed  coal  for  coking  purposes  and  the 
smaller  sizes  of  steam  and  domestic  coals.  Il- 
lustrated with  photographs  and  diagram  show- 
ing operation. 

Weights  and  Measures. — Paper,  6x9  ins.;  16 
pp.    Kansas   City   Testing   Laboratory,    1013 
Grand  avenue,  Kansas  City,  Mo. 
Bulletin  No.  7,  consisting  of  definitions  and 
tables  of  equivalents  of  weights  and  measures. 
The  bulletin  aims  to  aid  in  spreading  a  work- 
ing conception  of  the  metric  system.    Price  25 
cts. 

Concrete  Road  Forms. — Paper,  8x11  ins.;  16 
pp.  The  Heltzel  Steel  Form  &  Iron  Works, 
Warren,  Ohio. 

Describes  the  Heltzel  hanging  system  of  steel 
road  forms  and  shows  construction  work  in 
various  parts  of  the  country.  Points  out  the 
advantages  of  the  system  and  the  economy  of 
steel  forms.  Gives  details  of  some  large  con- 
tracts and  list  of  users  of  the  forms. 

Land  Dredges. — Paper,  10x6%  ins. ;  32  pp.  The 
Bay  City  Dredge  Works,  Bay  City,  Mich. 
Shows  Bay  City  land  dredges  in  operation 
and  the  character  of  work  performed.  The 
views  illustrate  all  manner  of  drainage,  ditch- 
ing and  irrigation  work,  and  are  accompanied 
by  testimonial  letters  which  contain  consider- 
able data  as  to  the  practical  operation  of  the 
dredges. 

Forms  for  Building. — Paper,  6x9  ins.;  8  pp. 
Crist  &  Stukenberg,  Kansas  City,  Mo. 

Describes  the  Crist  system  of  adjustable 
forms  for  concrete  building  construction. 
Shows  the  column  mold  and  describes  its  use 
with  mushroom  or  standard  beam  system  of 
construction.  The  adjustable  prop  is  also 
shown,  and  details  of  design,  sizes,  and  appli- 
cation are  given. 

Coil  Holder. — 3y2x6  ins. ;  8  pp.    Wm.  A.  Iden 
Co.,  564  Washington  Boulevard,  Chicago. 
Describes    and    illustrates    the    use    of    the 
Danker  Improved  Coil  Holder  for  twine  and 
rope,  with  data  as  to  sizes  and  prices. 

Business  Training. — Paper,  6x9  ins.;  116  pp. 

Alexander    Hamilton     Institute,     69     Astor 

place,  New  York  City. 

"Forging  Ahead  in  Business,"  is  the  title  of 
this  publication  which  comprises  a  very  thor- 
ough and  comprehensive  exposition  of  the  plan 
followed  by  the  above  institution  and  the  value 
and  practical  application  of  the  educational 
advantages  to  be  obtained  by  its  subscribers. 


Wire  Rope.— Paper,  3%x6y2  ins. ;  72  pp.  Brod- 
erick  &  Bascom  Rope  Company,  805  N.  Main 
St.,  St.  Louis,  Mo. 

Price  List  K  and  illustrated  catalogue  of 
B.  &  B.  wire  rope  and  equipment.  Also 
gives  a  brief  history  of  the  firm,  details  of  wire 
rope  construction,  describes  "Yellow  Strand" 
Powersteel,  sheaves  for  rope  transmissions, 
gives  tables  of  transmission,  directions  for 
splicing,  logging  with  wire  rope,  aerial  tram- 
ways, etc. 

Electric  HoiSTS.^Paper,  6x9  ins.;  4  pp.  Link 
Belt  Company,  .39th  and  Stewart,  Chicago. 
Describes  and  illustrates  the  Link  Belt  elec- 
tric hoist,  and  outlines  its  advantages,  such  as 
the  small  head  room  required,  accessibility  of 
all  parts,  factor  of  safety,  etc. 

Steel    Mine   Ties.— Paper,    9x6    ins.;    42    pp. 

Cambria  Steel  Company,  Johnstown,  Pa. 

Describes  Slick  steel  mine  ties  and  shows  a 
number  of  photographs  of  installations.  Gives 
tables  of  weights  and  dimensions,  standard 
sections,  standard  rail  drilling  and  splice  bar 
punching,  and  other  pertinent  data. 


CATALOGUE  REVIEWS 

Road    Machinery.  —  Catalogue-memorandum, 
3x5    ins.;    49    leaves.     The    Austin-Western 
Road  Machinery  Co.,  Karpen  Bldg.,  Chicago. 
The  above  company  is   sending   out  a   neat 
and     unique    advertising    memorandum    book 
which  is  in  brief  a  complete  index  to  the  line 
of    road   makers'    machinery    and    contractors' 
equipment  handled  by  the  firm.    In  form  it  is  a 
loose  leaf  memorandum  book,  with  a  handsome 
lithographed  celluloid  cover.  The  size.  3x5  ins., 
is   convenient   for  pocket   use,   and   the   loose- 
leaf  form  enables  the  owner  to  keep  any  page 
on  top  as  he  wishes  to  consult  it. 

The  advertising  feature  is  also  unique  and 
should  be  of  real  service  to  an  interested  pos- 
sessor. It  consists  of  a  summary  and  cata- 
logue of  the  10  large  catalogues  which  de- 
scribe the  various  classes  of  Austin-Western 
Machinery.  On  the  back  of  each  memorandum  * 
page  appears  a  brief  description  and  small 
cut  of  one  of  the  distinctive  types  of  the  ma- 
chines, with  the  number  of  the  particular  cata- 
logue in  which  it  is  fully  described  and  illus- 
trated. A  classified  index  to  tlie  entire  line 
is  given  in  the  front. 

This  memorandum-catalogue  will  be  sent  by 
the  company  to  anyone  making  application  and 
using  the  name  of  Engineering  and  Con- 
tracting. 

Machinery   for    Screened    Products. — Paper, 

6x9   ins.;    128   pp.     Stephens-Adamson   Mfg. 

Co.,  Aurora,  111. 

Section  5  of  the  "S-A"  general  catalogue 
No.  19,  describing  "S-A"  machinery  for 
screened  products,  consists  largely  of  views  of 
certain  typical  large  and  small  gravel  washing 
plants,  with  reproductions  of  the  blue  prints 
showing  the  layout  of  these  plants.  The  intro- 
duction explains  the  "S.-A."  system,  the  im- 
portance of  clean  gravel,  the  principle  of  the 
Gilbert  screen,  and  the  operation  of  a  typical 
plant.  The  screen  and  automatic  settling  tank 
are  then  described  and  some  data  as  to  stand- 
ard sizes  of  screened  gravel  are  given.  Then 
follow  the  photographs  and  diagrams,  with 
brief  descriptions  of  the  installations,  their  dis- 
tinctive features  and  specific  work. 

.'\  number  of  portable  screening  plants  used 
on  large  construction  work  are  shown,  also 
"S.-A."  concrete  mixing  plants,  "S.A."  equipped 
ore  washing  plants  and  stone  washing  plants. 
"S.-A."  equipped  crushing  and  screening 
plants,  "S.-A."  shaker  screens  for  coal  tipples, 
storage  conveying  screens,  revolving  screens, 
steel  housing,  reciprocating  grizzly  feeders, 
"Newago"  separators,  steel  bar  screens,  and 
other  equipment. 

The  last  pages  of  the  book  are  occupied  with 
data  relative  to  perforated  plates,  gages  for 
steel  sheets  and  plates,  weights,  sizes,  mesh, 
and  prices  of  screens,  price  lists  and  dimen- 
sions of  cars,  tubs,  hopper,  steel  rails,  switches, 
car  wheels,  industrial  turntables,  hoists  and 
other  apparatus  used  in  conveying  and  hoisting 
of  bulk  or  package  products. 


No     important     develop- 
The  Doings     ments    from    a    commercial 
or  industrial  point   of  view 
of  occurred     during     the     past 

,       .,,     ,  week.     Business,  in  general, 

tne  WeeK.  continued  to  show  improve- 
ment. Bank  clearings  for 
the  week  ending  March  4  were  more  than 
$U)O.UOO,OOU  greater  than  the  previous  high 
record  of  this  year,  and  only  $56,000,000  under 
the  corresponding  period  for  1914,  E.xport 
figures  for  February  show  an  e.xcess  of  over 
$120,000,000  as  compared  with  $23,800,000  for 
the  same  month  of  last  year.  Congress  ad- 
journed without  having  passed  any  particularly 
damaging  legislation,  and  business  interests  are 
confronted  no  longer  by  talk  of  embargoes  and 
shipping  bills.  The  River  and  Harbor  bill, 
carrying  a  flat  appropriation  of  $25,000,000  and 
a  provision  for  a  further  expenditure  of 
$5,000,000  from  unexpected  balances  was  passed 
last  week.  This  means  the  immediate  taking 
of  bids  on  a  large  amount  of  government 
projects.  In  the  construction  field  the  best 
showing  so  far  this  year  was  made  during  the 
past  week.  Many  large  undertakings,  particu- 
larly in  the  way  of  Jiighway  improvements 
reached  the  call  for  bids  stage.  Numerous 
municipal  projects,  especially  those  of  smaller 
cities,  also  are  being  advertised.  In  the  road 
field  alone  four  lettings  representing  an  ap- 
proximate expenditure  of  $2,000,000  are  ready 
for  bids.  .\  number  of  big  jobs  were  placed 
under  contract  and  a  great  deal  of  new  work 
made  its  appearance  and  will  be  ready  for  esti- 
mates in  the  next  few  weeks.  In  the  iron  and 
steel  trade  the  improvement  of  previous  weeks 
has  continued.  Steel  buying  during  the  past 
week  was  larger  than  the  average  during  the 
last  half  of  February.  The  Gary  works  of  the 
American  Bridge  Co.  secured  a  40,000  ton  or- 
der and  as  a  result  the  plant  which  has  been 
operating  at  60  per  cent  capacity  will  go  on 
full  time  April  1.  Rail  orders  during  the  week 
aggregated  65,000  tons,  export  orders  amounted 
to  40,000  to  50,000  tons  and  structural  steel 
orders  totaled  43,000  tons.  Pig  iron  production 
in  February  amounted  to  1,674,771  tons  as  com- 
pared with  1,001,421  tons  in  January. 

The  Iron   Age  prices   for  finished  iron   and 
steel   and   for   sheets,   nails   and   wire   for   the 
week  ending  March  3  were  as  follows : 
FIninshed    Iron   and    Steel,         March  3.      Feb.  24. 
Per   lb.    to   large    buyers.        Cts.  Cts. 

Bess,    rails,    heavy,   at   mill...     1.25  1.25 

Iron    oars,    Philadelphia    1.15  1.20 

Iron  bars,  Pittsburgh   1.10  1.10 

Iron  bars,   Chicago    1.10  1.10 

Steel   bars,    Pittsburgh    1.15  1.10 

Steel  bars,   New  York 1.319  1.269 

Tank    plates,    Pittsburgh    1.10  1.10 

Tank  plates,   New  York   1.269  1.269 

Beams,    etc.,   Pittsburgh    1.15  1.10 

Beams,   etc..  New  York   1.319  1.269 

Skelp,  grooved  steel,  P'gh 1.10  1.10 

Skelp.  sheared  steel,  P'gh 1.15  1.15 

Steel   hoops.    Pittsburgh    1.25  1.25 

Sheets,   Nails  and  Wire. 
Per  lb.  to  large  buyers. 

Sheets,  black,   No.   28,   P'gh..  1.80  1.80 

Galv.    sheets.    No.    28,    P'gh...  3.40  3.40 

Wire   nails,    Pittsburgh    1.60  1.60 

Cut    nails.    Pittsburgh     1.55  1.55 

Fence    wire,     base,     P'gh 1.40  1.40 

Barb    wire,    galv.,    P'gh 2.10  2.00 

For  structural  material  f.  o.  b.  Pittsburgh 
The  Iron  Age  prices  were  as  follows :  I-beams, 
3  to  15  in.;  channels,  3  to  15  in.;  angles,  3  to  6 
in.  on  one  or  both  legs,  Va  in.  thick  and  over, 
and  tees,  3  in.  and  over,  1.15  cts. 

Railways. — No  particular  developments  of 
importance  in  the  railway  construction  field 
have  taken  place  during  the  past  week.  No  big 
jobs  have  made  their  appearance  and  no  large 
contracts  are  reported.  One  or  two  minor 
undertakings  have  come  up  for  bids.  One  of 
these  calls  for  grading  for  the  Charles  City 
Western  Ry. ;  the  contract  for  this  will  be  let 
March  10.  Another  improvement  provides  for 
the  extension  of  the  Ohio  Valley  Traction  line 
of  Portsmouth,  O.,  from  Sciotoville  to  Hang- 
ing Rock.  The  contract  for  steel  for  third 
tracking  a  portion  of  the  Broadway  elevated 
in  Brooklyn,  N.  Y.,  has  been  awarded  to  Edwin 
F.  Shoemaker  at  $37.20  per  ton  ;  a  contract  for 
seven  stations  on  the  Fulton  St.  elevated  line 


in  Brooklyn  has  been  let  at  $258,664.  T.  A. 
Gillespie  Co.,  50  Church  St.,  New  York  City, 
was  awarded  contract  at  $554,750  for  Section 
H  of  Dorchester  tunnel  for  Boston  Transit 
Commission. 

Roads  and  Streets. — A  large  volume  of 
work  in  both  the  highway  construction  and 
municipal  paving  fields  is  now  being  advertised 
for  bids.  New  York  State  Commission  of 
Highways  is  asking  proposals  on  15  contracts 
covering  59  miles  of  road;  the  State  Highway 
Commissioner  of  Ohio  opens  bids  Marcli  12  on 
11  miles  of  improvements;  Lake  County,  Flori- 
da, is  asking  proposals  on  road  work  calling 
for  1,147,610  sq.  yds.  of  pavement;  Duval  Coun- 
ty, Florida,  opens  bids  March  25  for  surfacing 
4IJ  miles  of  highway  with  brick,  asphalt 
macadam,  or  other  materials ;  Lowdes  County, 
Mississippi,  is  asking  bids  on  22  miles  of 
macadam.  On  the  Pacific  Coast  many  large 
county  road  jobs  are  now  ready  for  bids.  The 
municipal  paving  jobs  are  rathsr  small  in 
yardage,  but  large  in  number.  The  contracts 
let  recently  include  a  $97,000  job  for  East  San 
Diego,  Cal.;  40,000  sq.  yds.  for  West  Liberty, 
la. ;  large  road  lettings  by  Starke  and  Putnam 
counties,  Ohio ;  a  $100,000  paving  contract  for 
Baltimore.  Md.,  and  $125,000  worth  of  highway 
construction  for  Milwaukee  County,  Wiscon- 
sin. 

Bridges. — .\  considerable  amount  or 
bridge  construction  came  up  for  advertising 
during  the  past  week.  The  greater  number  of 
the  structures,  however,  are  small,  and  no  par- 
ticularly large  projects  appear  to  have  reached 
the  call  for  bids  stage.  Calcasieu  Parish, 
Louisiana  is  asking  proposals  on  a  highway 
swing  bridge,  and  the  bridge  committee  at 
Rogersville,  Tenn.,  opens  bids  March  20  on  a 
1,600  ft.  steel  bridge.  The  contracts  for  the 
Columbia  River  Interstate  bridge  have  been 
awarded,  the  total  being  about  $1,305,000.  The 
King  Bridge  Co.,  Cleveland,  O.,  at  $487,860, 
was  low  bidder  for  the  superstructure  of  the 
Clark  .'\ve.  high  level  bridge  at  Cleveland. 
Central  States  Bridge  Co.,  Indianapolis,  Ind., 
was  low  bidder  on  a  steel  structure  and  O'Ha- 
gan  &  Lake,  Chicago,  111.,  were  low  bidders  on 
a  concrete  structure  at  the  letting  March  1,  at 
Winona,  Minn.  Edw.  Fay  &  Sons,  Philadel- 
phia, Pa.,  at  $74,812,  were  low  bidders  for 
repairs  to  the  Mullica  River  bridge  for  Burling- 
ton County,  New  Jersey. 

Waterworks. — The  principal  waterworks 
undertaking  that  came  up  for  advertising  dur- 
ing the  past  week  appears  to  be  the  construc- 
tion of  the  filtered  water  reservoir  for  Cleve- 
land, O.  This  will  call  for  78,000  cu.  yds.  of 
excavation  and  26,500  cu.  yds.  of  concrete. 
Fredonia,  Kan.,  is  asking  proposals  for  water- 
works improvements  to  cost  $40,000;  Holton, 
Kan.,  opens  bids  March  12  on  waterworks  to 
cost  $50,000.  Several  smaller  cities,  also,  are 
calling  for  bids  on  new  works  or  extension.  E. 
W.  Foley,  71  Wall  St.,  New  York  City,  at 
$99,000  was  low  bidder  on  the  Ashley  reservoir 
job  at  Fitchburg,  Mass. 

Sewerage. — No  especially  large  sewerage 
jobs  appear  to  have  reached  the  call  for  bids 
stage  during  the  past  week.  Most  of  the  work 
advertised  is  for  small  systems,  extensions,  or 
disposal  plants.  Upper  Darby,  Pa.,  has  award- 
ed contracts  for  sewerage  works  to  cost  about 
$120,000.  Philadelphia,  Pa.,  let  contracts  for 
the  Gunners  Run  relief  sewer  in  Indiana  St., 
requiring  an  expenditure  of  about  $200,000; 
this  city  also  awarded  a  $158,660  contract  for 
sewer  construction  in  Willow  and  other 
streets. 


a  city  in  Minnesota;  30  bidders  from  half  a 
dozen  states  presented  bids  for  road  work  for 
a  county  in  Ohio ;  on  a  $100,000  drainage 
ditch  proposition  in  Wishington  15  firms  sub- 
mitted figures;  14  contractors  offered  to  build 
a  $550,000  tunnel  section  of  the  Transit  sys- 
tem of  Boston,  Mass.  The  unusually  keen 
competition  at  recent  lettings  has  resulted  in 
many  cases  in  the  work  going  at  exceptionally 
low  prices.  A  number  of  contracts  have  been 
awarded  lately  at  figures  that  almost  lead  to 
the  conclusion  that  the  successful  bidders 
expected  some  good  angel  to  supply  them 
with  the  necessary  material  free  of  cost. 
Just  now  many  contractors  in  figuring  on  a 
job  act  as  though  that  particular  piece  of 
work  was  the  only  one  that  would  ever  be  let. 
Contracts  have  been  taken  at  prices  that  allow 
for  such  a  small  margin  for  profit  that  should 
anything  unforeseen  happen  some  contractors 
will  be  wearing  sackcloth  and  ashes  for  many 
moons.  These  conditions  will  not  continue, 
but  while  they  last  municipalities  would  do 
well  by  taking  advantage  of  them.  By  secur- 
ing bids  on  their  work  at  the  present  time 
cities  can  get  much  lower  prices  than  will  be 
obtainable  later  on  when  the  real  construction 
season  opens  up. 


Some      contractors      who 
can    see    trouble    before    it 
Labor  turns  the  corner  are  begin- 

_        ...  ning     to    worry    about    the 

Londltions.  possibiHties  of  a  labor 
famine.  They  point  out 
that  the  railways  in  com- 
mencing their  spring  maintenance  and  other 
work  already  have  made  serious  inroads  on 
the  available  supply  of  foreign  labor  in  cer- 
tain localities.  They  also  believe  that  owing 
to  the  European  war  this  supply  for  some 
months  at  least  will  receive  no  great  number 
of  recruits.  A  recently  issued  report  of  the 
U.  S.  Bureau  of  Immigration  shows  that 
there  is  some  ground  for  this  supposition. 
.According  to  the  report,  only  ;30,335  immi- 
grants came  to  this  country  during  Decem- 
ber; in  the  same  month  of  the  previous  year 
106,701  arrived.  Nearly  '20  per  cent  of  the 
total  for  last  December  were  from  Italy,  and 
of  the  entire  number  18,266  were  listed  as  la- 
borers. It  is  probably  true  that  the  number 
of  foreign  laborers  at  present  in  the  country 
is  less  than  in  previous  years.  This  is  due 
in  a  measure  to  the  trouble  in  Europe  and 
to  a  great  extent  to  the  dullness  of  last  year 
in  the  construction  field.  Many  foreign  labor- 
ers, the  Italians  especially,  when  the  first 
signs  of  slowing  up  in  construction  appear,, 
return  to  their  native  countries.  A  great  num- 
ber of  these  men  cannot  now  return.  A  prob- 
able active  construction  season  and  a  possible 
scarcity  of  labor  make  an  interesting  problem, 
for  tlie  contractor. 


Contractors     are     finding 
Competition     identy   of    company    at    let- 
tings   these    days.    Almost 
Kxtraordl-  every      opening      of       bids 

brings     together     so    many 
"^'^y*  bidders  that  overflow  meet- 

ings have  to  be  held.  On 
a  recent  $50,000  culvert  letting  in  an  Iowa 
county  33  bids  were  received;  20  contractors 
submitted   proposals  on  an  $86,000  bridge   for 
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One   branch   of   construe-- 
$2,000,000        I'on,   at    least,   is   beginning 
Qf  to   make   its   appearance   in 

Tj      J  accordance    with     expecta- 

KOaa  tions.       State     and     county 

Contracts.  highway  commissions  are 
making  a  start  on  this  year's 
program  of  road  improvements.  Since  the  first 
of  Marcli  a  number  of  important  lettings  have 
been  advertised.  IS'ew  York  called  for  bids 
on  59  miles  of  improvements,  this  work  rep- 
resenting a  probable  expenditure  of  some- 
thing like  $1,000,000.  Ohio  is  advertising  about 
$190,000  worth  of  road  improvements,  covering 
11  miles  of  highway.  Duval  County,  Florida,  is 
asking  proposals  for  hard  surfacing  some  40 
miles  of  road,  while  another  county  in  that 
state  will  open  bids  in  a  few  days  on  a  con- 
tract calling  for  over  1,147,000  sq.  yds.  of 
highway  paving.  .-\  couple  of  million  dollars' 
worth  of  work  represented  in  four  lettings  is 
not  such  a  bad  showing  for  this  season  of 
the  year.  It  is  a  pretty  good  indication  of 
what  is  to  come,  for  all  reports  point  to  there 
being  an  exceptionally  busy  season  in  the  road 
construction   field. 
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THE      $15,000,000      UNION      TER- 
MINAL AT  ST.  PAUL. 


First     Contract     May     Be     Let     Early     in 
Spring. 


station   to   be   Used   by   Nine    Railroads    Entering 
City. 


Detailed  plans  are  now  being  worked  out 
for  the  new  $15,000,000  union  passenger  ter- 
minal at  St.  Paul,  Minn.,  and  as  noted  in  our 
Feb.  2-1  issue,  it  is  likely  that  the  first  con- 
struction work  in  connection  with  this  im- 
provement will  be  started  this  spring.  The 
new  station  will  be  located  at  the  site  of  the 
old  one  and  will  have  a  315-ft.  frontage  on 
Sibley  St.,  and  220  ft.  on  Third  St. 

The  present  terminal  property  will  be  in- 
creased in  area  by  moving  the  channel  of  the 
Mississippi  River 'toward  the  south.  This  will 
add  about  37  acres  to  the  present  property  and 
will  permit  increasing  the  mileage  of  tracks 
from  9.2  to  24.9.  The  channel  changes  will  be 
affected  by  dredging  and  will  involve  the  con- 
struction of  a  riprap  wall  for  retaining  the  fill. 
The  river  changes  will  be  the  first  construc- 
tion undertaken  and  it  is  expected  that  con- 
tracts for  the  work  will  be  let  early  this  spring. 

The  general  plans  for  the  improvements,  as 
submitted  to  the  City  Council  of  St.  Paul,  pro- 
vide for  a  combination  stub  and  through  ter- 
minal with  flexible  track  connections  to  the 
three  main  approaches,  and  a  218-car  coach 
yard.  It  is  planned  to  separate  grades  at 
street  crossings,  and  between  freight  and  pas- 
senger tracks  to  as  great  an  extent  as  condi- 
tions will  permit.  The  freight  tracks,  in  gen- 
eral, under  the  plan  will  remain  as  at  present 


red  tile.  The  larger  rooms  of  the  station  will 
be  equipped  with  indirect  heating  and  venti- 
lating systems,  and  will  be  lighted  indirectly 
by  electricity.  The  power  house  for  lighting, 
heating  and' ventilating  will  be  located  in  the 
terminal  yard. 

The  terminal  will  be  used  by  all  of  the  rail- 
roads entering  St.  Paul.  An  engineering  com- 
mittee representing  these  roads  was  in  charge 
of  the  preparation  of  the  plans.  This  commit- 
tee consisted  of  Ralph  Budd,  assistant  to  the 
President  of  the  Great  Northern  Ry.,  C.  W. 
Johnson,  Consulting  Engineer,  Chicago,  St. 
Paul,  Minneapolis  &  Omaha  Ry.,  and  C  F. 
Loweth,  Chief  Engineer,  Chicago,  Milwaukee 
&  St.  Paul  Ry.  The  new  terminal  will  cost 
about  $1.5,000,000  and  will  be  constructed  by 
the  St.  Paul  Union  Depot  Co.,  of  which  W. 
C.  Armstrong,  Hackney  Bldg.,  St.  Paul,  Minn., 
is  Chief  Engineer. 


STATE    HIGHWAY     CONSTRUC- 
TION IN  WASHINGTON. 


Bill      Passed      by      House      Appropriating 
$4,000,000. 


Allotments  of   Funds  to   Various   Counties. 


A  large  amount  of  highway  construction  will 
be  undertaken  this  season  in  the  state  of  Wash- 
ington. The  House  of  Representatives  of  the 
State  Legislature  passed  recently  a  bill  appro- 
priating $4,000,000  from  the  state  road  fund 
for  the  building  of  highways.  This  sum  has 
been  apportioned  among  the  various  counties 
and  will  be  expended  under  the  direction  of 
the  County  Commissioners  and  the  supervision 
of    the    County    Engineers.      The    roads    con- 
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on  the  lower  level,  while  the  passenger  tracks 
in  the  terminal  will  be  elevated  and  the  throiigh 
tracks  carried  on  a  viaduct  past  the  station 
building. 

There  will  be  three  main  levels  in  the  sta- 
tion. The  main  waiting  room,  ticket  office, 
concourses,  etc.,  will  be  located  on  the  middle 
level  and  will  give  a  main  entrance  from  the 
street  at  grade.  The  train  concourse  will  be 
60  ft.  wide  by  350  ft.  long,  and  will  give  direct 
access  to  the  IC  stub  tracks.  The  10  through 
tracks  will  be  reached  by  means  of  a  subway 
concourse  40  ft.  by  200  ft.,  leading  from  the 
main  concourse.  Several  street  changes  are 
involved.  Sibley  St.  will  be  carried  under  the 
through  passenger  and  freight  tracks  in  order 
to  reach  the  freight  house  of  the  Chicago, 
Milwaukee  &  St.  Paul  Ry.  and  the  public  levee. 
Third  St.  will  be  lowered  so  that  a  wagon  en- 
trance can  be  provided  on  the  basement  level 
opposite  Wacouta  St.  The  top  level  of  the 
building  will  be  used  for  offices,  meeting 
rooms,  etc. 

The  baggage  room  will  have  an  area  of  20.- 
000  sq.  ft.  A  subway  will  extend  to  the  ends 
of  the  train  platforms  and  the  baggage  will  be 
raised  by  25  elevators.  An  area  of  46,000  sq. 
ft.  has  been  provided  for  mail  and  express 
matter,  which  will  be  handled  in  the  same  way 
as  the  baggage. 

The  station  will  have  a  base  course  of  rough 
pointed  Minnesota  granite.  The  exposed  por- 
tions of  the  walls  will  be  Bedford  or  similar 
stone.     The  waiting  rooms  will  be  finished  in 


structed  under  the  permanent  highway  law  of 
the  state  must  have  a  graded  width  of  at  least 
16  ft.  and  a  surfaced  width  of  not  less  than 
12  ft.  The  following  summary  of  completed 
contracts  for  permanent  highway  work  from 
March  8,  1911,  to  Sept.  30,  1914,  will  give  an 
idea   of  the  types   of   construction   in  general 

use  in  this  state  and  their  costs : 

Completed 

Type  of  surface.                       Miles.  cost._ 

Gravel  (spread  loose) 71.9  $317,879 

Gravel   (rolled)    25.55  106,600 

Waterbound    macadam 63.46  320,367 

.\sphaltic     macadam 30.83  249,413 

Vv-arrenlte     13.39  212,467 

Concrete    pavement 38.41  447,363 

Brick  pavement   17.52  455,523 

Of  the  above  contracts  147.28  miles  were  on 
the  line  of  roads  designated  by  the  1913  Legis- 
lature as  Primary  State  Highways.  The  total 
cost  of  this  mileage  was  $1,288,830.  The  fol- 
lowing table  shows  the  permanent  highway 
work  under  contract  on  Sept.  30,  1914 : 

Completed 

Type  of  surface.  Miles.  cost. 

Gravel  (spread  loose) 4S.0S  $260,425 

Gravel   (i  oiled)    67.56  298,628 

Waterbound  macadam   62.09  386,808 

.''.sphaltic  macadam    19.30  220,309 

Warrenitf     2.00«  25.769 

Standard   asphalt   pavement..       3.9i  nn^i 

Concrete  pavement    16.59t  1^'''2?3 

Brick  pavement    5.24  163,312 

,  *9  ft.  width;  balance  of  cost  in  macadam  strip 
I'o  make  16  ft.  surface.  ,^,.    , , 

tlncludes  4.2  miles  of  7  ft.  concrete  with  14 
ft.   gravel  strip. 

The  above  mileage  includes  102.31  miles  on 


Primary  State   Highway  roads,  the  total  con- 
tract price  for  this  being  $723,331. 

The    distribution     of     the     $4,000,000  fund 
among  the  various  counties  is  as  follows: 

County.  County  seat.  Amount. 

Adams    Ritzville     $63,000 

Asotin    Asotin     11,000 

Benton     Pressed    40,00li 

Chehalis    Montesano     112,000 

Chelan    Wenatchee     55,000 

Clallam    Port    Angeles 37,000 

Clarke    Vancouver    56,000 

Columbia    Dayton    28,000 

Cowlitz    Kalama    41,000 

Douglas    Waterville     33,000 

Ferry    Republic     .- 9,000 

Franklin    Pasco    37,000 

Garfield    16,000 

Grant    'Ephrata     48,000 

Island     Coupeville     9,000 

Jefferson     Port    Townsend 22,000 

King    Seattle    735,000 

Kitsap    Port    Orchard 19,000 

Kittitas    Plilcnsbure    03,000 

Klickitat     Goldendale    43,000 

Lewis     Chehalis     72,000 

Lincoln    Davenport     75,000 

Mason    Shelton     19,000 

Okanogan     ConcuUy     24,000 

Pacific    South   Bend    47,000 

Pend    Oreille Newport     20,000 

Pierce     Tacoma     266,000 

San    Juan Friday    Harbor 8,000 

Skagit    Mount    Vernon 66,000 

Skamania     Stevenson     14,000 

Snohomish     Everett     122,000 

Spokane    Spokane     375,000 

Stevens    Colville     35,000 

Thurston     Olympia     43,000 

Wahkiahum     Cathlamet     6,000 

Walla    Walla Walla    Walla 94,000 

Whatcom    Bellingham     89,000 

W^hitman    Colfax     140,000 

Yakima    North    Yakima 95,000 


HIGHWAY    CONSTRUCTION    IN 
INDIANA. 


Details     of    Work     Contemplated     by     28 
Counties. 


Gravel — Macadam — Brick — Concrete. 

Highway  work  in  Indiana  is  carried  out  with 
the  county  as  a  unit.  The  construction  and 
maintenance  of  the  roads  are  in  charge 
of  the  County  Commissioners.  The  principal 
type  of  improved  roads  are  gravel  and  mac- 
adam. During  the  last  two  years,  however, 
some  of  the  counties  have  begun  constructing 
bituminous  macadam,  concrete  and  brick  paved 
highways.  The  improvements  are  carried  out 
by  contract.  The  contracts,  as  a  rule,  range 
from  $5,000  to  $20,000  in  amount. 

A  summary  of  the  road  work  to  be  under- 
taken this  year  by  28  Indiana  counties  is  given 
in  Table  I.  Further  details  regarding  this  con- 
struction  follow : 

TABLE      I.— ROAD      CONSTRUCTION      PRO- 
GRAM FOR  1915  BY  28  INDIANA 
COUNTIES. 

, Tj-pe  of  road v 

Mac-  Con- 

Gravel,  adam.  Brick.    Crete, 

County.  miles,  miles,  miles,    miles. 

Adams    25^ 

Clay     9  13  ..  2 

Dearborn ..  8%=      ..  1.2 

Decatur    16' 

Delaware     16  17 

Elkhart    12  5»  14=  3 

Hamilton     12»  ..  ..  3= 

Hancock     6  ihi 

Hendricks    10  7  .." 

Kosciusiio    31  2 

Madison     19  ..  13 

Marion     4.5=        6.6»      ..  4.5' 

Marshall     60  ..    ■ 

Montgomery     3  6.51'^       0.5         5.5 

Ohio     2.3 

P.arke    14  ..  ..  3« 

Porter     15 

Posey    16 

Pulaski     9  9 

Randolph     9  6 

Rush     15  ..  ..   ^ 

St.    Joseph    S  ..  ..  12.5 

Sullivan    13   __     21  ?  3 

Vigo     14.75       5 

Warrick    15 

Washingtcn    2  3.5 

Wells     11.2"       1.5 

Whiteley    63  12 

120  to  25  miles.  =.Also  3  miles  bituminous  mac- 
adam. '.Mso  1  mile  bituminous  macadam.  *Prob- 
able  reconstruction.  t^Either  brick  or  concrete. 
'Proposed.  '4.000  sq.  yds.  ^Petitioned  for.  "Mac- 
adam or  concrete;  petitioned  for.  i".\lso  4  miles 
bituminous.  "10.7  miles  of  this  is  stone  road. 
>=Also  .4  mile  of  asphalt  macadam. 

Adams  County  has  $100,000  available  for 
road    construction    purposes    and    proposes    to 
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build  20  to  25  miles  of  macadam  during  1915. 
The  work  will  be  done  by  contract,  13  of  these 
already  having  been  let.  Another  letting  was 
held  on  March  2.  The  remainder  of  the  work 
will  be  placed  under  contract  in  April.  Phil 
J.  Macklin,  Decatur,  Ind.,  is  County  Surveyor. 
Clay  County  during  1915  will  undertake  the 
construction  of  9  miles  of  gravel  road,  13  miles 
of  macadam  and  2  miles  of  concrete.  The 
work  will  be  done  by  contract,  and  the  lettings 
will  be  held  in  the  spring.  Geo.  A.  Sheehan, 
Brazil,  Ind.,  is  County  Surveyor. 

Dearborn  County  already  has  awarded  the 
following  contracts  for  road  construction  this 
year:  Seven  miles  macadam  in  Hogan  Town- 
ship to  A.  Miller  for  $15,000;  1%  miles  mac- 
adam in  Lawrenceburg  Township  to  Thomas 
O'Neall  for  $13,000;  1.2  miles  concrete  in 
Lawrenceburg  Township  to  Tripeer  &  Son, 
Peru,  Ind.,  for  $21,110;  and  3  miles  bituminous 
work  in  Lawrenceburg  Township,  to  Nugent 
&  Hines  for  $30,500.  A.  W.  Karstetter, 
Lawrenceburg,  Ind.,  is  County  Surveyor. 

Decatur  County  proposes  to  construct  16 
miles  of  macadam  and  1  mile  of  bituminous 
macadam.  The  work  will  be  done  by  contract. 
Some  of  the  contracts  were  let  last  fall  and 
winter.  Bernard  Blankman,  Greensburg,  Ind., 
is   County   Surveyor. 

Delaware  County  has  awarded  contracts  for 
16  miles  of  gravel  road  and  17  miles  of  mac- 
adam for  construction  during  1915.  S.  H, 
Weber,  Muncie,  Ind.,  is  County  Surveyor. 

Elkhart  County's  construction  program  for 
the  present  year  includes  12  miles  of  gravel 
road,  probable  reconstruction  of  5  miles  of 
macadam,  14  miles  of  either  brick  or  concrete 
and  3  miles  of  concrete.  Contracts  have  been 
let  for  the  gravel  road  and  for  the  3  miles  of 
concrete  road.  All  of  the  remaining  work 
with  the  possible  exception  of  the  macadam 
reconstruction  w'ill  be  done  by  contract.  Al- 
bert A.  Rieth,  Goshen,  Ind.,  is  County  Sur- 
veyor. 

Hamilton  County  proposes  to  construct  dur- 
ing the  present  year  12  miles  of  gravel  road 
and  2  miles  of  concrete  road.  The  work  will 
be  done  by  contract.  No  date  has  been  set 
as  yet  for  calling  for  bids.  E.  A.  Baker,  No- 
blesville,  Ind.,  is  County  Surveyor. 

Hancock  County  will  construct  6  miles  of 
gravel  roads  and  4%  miles  of  macadam.  Con- 
tracts for  all  of  this  work,  with  the  exception 
of  3  miles  of  gravel  construction,  have  been 
let.  The  3  miles  of  gravel  road  will  be  let  on 
April  5.  The  county  has  $.55,000  available  for 
construction  purposes.  G.  C.  Winslow,  Green- 
field, Ind.,  is  County  Surveyor. 

Hendricks  County  has  awarded  contracts  for 
road  construction  for  1915  as  follows :  Ten 
miles  gravel  road.  7  miles  macadam  and  4,000 
sq.  yds.  brick  pavement.  T.  W.  Garrison,  Dan- 
ville, Ind.,  is  County  Surveyor. 

Koscuisko  County  opened  bids  March  5  for 
about  6  miles  of  gravel  road  and  about  2  miles 
of  macadam.  Contracts  for  other  roads  will 
be  let  later.  There  probably  will  be  20  or  25 
miles  of  gravel  road  construction.  Paul  Sum- 
ing,  Warsaw,  Ind.,  is  County  Surveyor. 

Madison  County  will  construct  approximate- 
ly 19  miles  of  gravel  road  and  13  miles  of 
concrete  road  during  1915.  Contracts  have  been 
let  and  the  work  will  be  started  this  spring. 
Wm.  F.  McVaugh,  Anderson,  Ind.,  is  County 
Surveyor. 

Marion  County  has  not  as  yet  decided  upon 
its  construction  program 'for  the  present  sea- 
son. Petitions  have  been  received  for  several 
road  improvements,  but  no  decision  has  been 
reached  as  to  what  will  ve  done.  The  types  of 
improvement  petitioned  for  and  the  total 
lengths  are  about  as  follows : 

Miles. 

Gravel    4.5 

Macadam  or  concrete 6.6 

Concrete     4.5 

If  these  roads  are  built  the  work  will  be  done 
by  contract.  The  County  Commissioners  will 
open  bids  on  March  20  for  furnishing  200,000 
gals,  road  oil  and  8,000  cu.  yds.  crushed  rock, 
etc..  for  the  use  of  the  County  Highway  Su- 
perintendent in  maintaining  improved  roads. 
Charles  E.  Cheney,  Indianapolis,  Ind.,  is  Coun- 
ty Surveyor. 

Marshall  County  contemplates  constructing 
60  miles  of  gravel  road  during  1915.    Contracts 


for  35  miles  of  these  roads  have  been  let.  The 
remaining  25  miles  are  to  be  placed  under  con- 
tract if  a  township  election  carries.  In  addi- 
tion to  the  above  petitions  are  in  for  about  10 
miles  of  other  work.  Arthur  W.  Thomson, 
Plymouth,  Ind.,  is  County  Surveyor. 

Montgomery  County's  construction  program 
for  this  year  includes  the  following: 

Three  miles  gravel  road,  contract  let  March 
2;  4  miles  of  macadam,  contract  let  on  Feb. 
2 ;  %  mile  of  brick  and  5%  miles  of  concrete, 
contract  let  on  Feb.  2.  In  addition  there  are 
4  miles  of  bituminous  road  work  and  2%  miles 
of  macadam  now  under  construction.  Milton 
L.  Nees,  Crawfordsville,  Ind.,  is  County  Sur- 
veyor. 

Ohio  County  will  construct  'ly^  miles  of 
macadam.  The  contracts  have  been  let.  About 
$8,000  is  available  for  construction  purposes. 
Geo.  H.  Keeney,  Rising  Sun,  Ind.,  is  County 
Surveyor. 

Parke  County  will  build  about  14  miles  of 
gravel  road ;  contracts  for  this  have  been  let. 
It  also  contemplates  the  construction  of  about 
3  miles  of  concrete  paving.  If  decision  to 
built  the  latter  is  favorable,  the  contract  will 
be  let  about  April  1.  H.  L.  Davies,  Rockville, 
Ind.,  is  County  Surveyor. 

Porter  County  will  construct  15  miles  of 
macadam  during  the  present  year.  Contracts 
already  have  been  awarded  for  10  miles  of  the 
work;  the  remainder  will  be  let  April  5.  Guy 
Stinchfield,  Valparaiso,  Ind.,  is  County  Sur- 
veyor. 

Posey  County  has  about  $50,000  available  for 
road  construction  purposes.     It  will  build  15 


be  held  about  May  1.  John  C.  Prow,  Salem 
Ind.,  is  County  Surveyor. 

Wells  County's  construction  program  for  the 
present  year  includes  the  following : 

Length,    Est. 

Location.                 Type.                      ft.  cost. 

Jefferson    Tsp Stone     15,S06  $10,453 

Lancaster    Tsp. . .  Stone     3,960  2,967 

Jefferson    Tsp. ...  Stone     5,195  3,241 

Lancaster    Tsp. .  .  Stone     9,430  7,27S 

Lancaster    Tsp.    .  Stone     7,994  5,228 

Liberty    Tsp Stone     15,400  10.229 

Bluffton    Macadam     1,317  3,595 

Bluffton    Asp.    macadam..     1,975  7,738 

Bluffton    Macadam     3,700  6,884 

Bluffton    Macadam     1,368  3,295 

Harrison     Tsp Gravel   2,648  1,932 

Bids  on  the  above  work,  the  total  estimated 
cost  of  which  is  about  $63,000,  will  be  re- 
ceived until  March  19  by  C.  T.  Kain,  County 
Auditor,  Bluffton,  Ind.  This  is  all  of  the  new 
contract  work  that  will  be  let  this  year.  T.  C. 
Guldin,  Bluffton,  Ind.,  is  County  Surveyor. 

Whitley  County  during  the  present  season 
will  construct  63  miles  of  gravel  road  and  2 
miles  of  macadam.  Contracts  for  this  work 
were  let  in  1914.  J.  E.  Plummer,  Columbia 
City,  Ind.,  is  County  Surveyor. 


Contracts  for  59  Miles  of  State  High- 
way in   New   York  Advertised. 

The  first  New  York  state  highway  letting 
of  the  year  is  now  being  advertised  for  bids. 
The  work  is  divided  into  15  contracts,  the  ag- 
gregate mileage  amounting  to  about  59.  Sev- 
eral of  these  contracts  involve  large  amounts 
of  work.  The  location  of  the  improvements 
and  the  number  of  miles  in  each  are  as  fol- 
lows : 


County. 

Allegany    

Cattaraugus    

Cattaraugus    

Columbia     

Chemung-Schuyler 

Erie    

Franklin   

Jefferson    

Jefferson    

Jefferson     

Monroe    

Niagara    

Putnam    

Rensselaer     

Sullivan    


Road  No. 
965A 

5543 

52S8A 

1230 

520SA 

5546 

1222 

1225 

1226 

5269B 

1237 
75SA 
909A 

5533 

5234 


Name. 

Obi-Cuba    

Hinsdale-Frarikiinville,  Part  1. . 
Little  Valley-Randolph,   Part  3. 

Harlemville-Meilenville    

Horseherds-Montour  Falls  

IS-Mile   Croek-Evans   Center. . . 

Saranac   Lake   Village 

Lorraine-Worth,    Part   1 

Lorraine-Worth,    Part   2 

County  Line-Adams  Center.... 

Pittsford   Village    

Olcott-Lockport,   Part  1 

Brewster-Carmel     

Rensselaer-De  Freestville    

Liberty-County  Line.   Part  2... 


Miles. 
9.52 
6.98 
5.35 
4.97 
1.81 
4.48 

.22 
2.86 
2.40 

.51 

.66 
8.33 

.13 
2.11 
8.51 


miles  of  gravel  road.  Contracts  for  8  miles 
have  been  let,  and  7  additional  miles  are  now- 
being  advertised.  Thos.  J.  Johnson,  Mt.  Ver- 
non, Ind.,  is  County  Surveyor. 

Pulaski  County  has  awarded  contracts  for 
9  miles  of  gravel  road  and  9  miles  of  macadam. 
The  sum  of  $45,000  is  available  for  road  con- 
struction purposes.  C.  E.  Paul,  Winamac,  Ind., 
is  County  Surveyor. 

Randolph  County  will  construct  9  miles  of 
gravel  and  6  miles  of  macadam.  Contracts 
will  be  let  this  month.  A.  B.  Purdy,  Winches- 
ter, Ind.,  is  County  Surveyor. 

Rush  County  has  $72,000  available  for  road 
purposes  and  will  construct  about  15  miles  of 
macadam  during  1915.  Most  of  this  work  al- 
ready has  been  placed  under  contract.  A.  Cam- 
eron, Rushville,  Ind.,  is  County  Surveyor. 

St.  Joseph  County  will  construct,  during  the 
present  year,  8  miles  of  gravel  road  and  12'X 
miles  of  concrete  road.  Contracts  have  been 
let.  Henderson  McClellan,  South  Bend,  Ind., 
is  County  Surveyor. 

Sullivan  County  has  $224,240  available  for 
road  purposes  and  will  construct  13  miles  of 
gravel  road,  21  miles  of  macadam,  and  3  miles 
of  concrete.  The  work  will  be  done  by  con- 
tract. About  one-half  of  the  improvements 
have  been  let,  and  the  remainder  will  be  ad- 
vertised this  spring.  Wm.  L.  Sisson,  Sullivan, 
Ind.,  is  County   Surveyor. 

Vigo  County  proposes  the  construction  this 
year  of  14%  miles  of  gravel  road  and  5  miles 
of  macadam.  The  work  will  be  done  by  con- 
tract; time  for  letting  has  not  been  set.  Her- 
bert C.  .^nderson  is  County  Surveyor. 

Warrick  County  will  build  about  15  miles  of 
waterbound  macadam.  Contracts  will  be  let 
some  time  in  April  and  May.  Louis  Meyer, 
Boonville,  Ind.,  is  County  Surveyor. 

Washington  County  will  construct  2  miles  of 
gravel  road  and  3'/i  miles  of  macadam.  The 
work  will  be  done  by  contract,  the  letting  to 


Bids  for  the  above  work  will  be  received 
until  1  p.  m.,  March  23,  by  Edwin  Duffey,  State 
Highway  Commissioner,  Albany,  N.  Y. 


A  $165,000  Bridge   Project  at  Cincin- 
nati, O. 

A  good-sized  bridge  undertaking  for  the  city 
of  Cincinnati,  O.,  will  be  advertised  soon.  The 
work  calls  for  the  construction  of  a  reinforced 
concrete  bridge  on  Park  Ave.  over  Kemper 
Lane  at  the  entrance  to  Eden  Park. 

The  improvement  will  include  a  reinforced 
concrete  structure  360  ft.  long  and  65  ft.  wide, 
with  40-ft.  roadway  and  12 '^-ft.  sidewalks.  At 
each  end  approach  fills  will  be  carried  for 
about  50  ft.  between  reinforced  concrete  re- 
taining walls  of  counterfort  type.  The  por- 
tion of  the  bridge  over  Kemper  Lane  will  be 
carried  by  three  reinforced  concrete  arch  ribs 
of  180  ft.  clear  span  between  abutments.  The 
remainder  of  the  structure  will  be  of  beam  and 
girder  construction,  25-ft.  spans.  The  super- 
structure over  the  arch  ribs  also  will  be  of 
beam  and  girder  construction,  12%-ft.  spans. 

The  roadway  descends  on  a  1  per  cent  grade 
towards  Eden  Park.  The  improvement  in- 
cludes the  relocation  of  Kemper  Lane  for  a 
distance  of  about  500  ft.,  so  that  this  street 
will  pass  under  this  arch  at  about  the  center 
of  the  span. 

The  estimated  quantities  of  the  principal 
items  of  work  are  as  follows: 

Orading,  cu.  yds 27,000 

Trench  excavation,  cu.  yds 9,000 

Reinforced  concrete,  cu.  yds 7!oOO 

Bituminous  macadam  pavement,  sq.  yds..     7,000 
Granite  curb,  lln.  ft 1,600 

The  total  estimated  cost  of  the  entire  im- 
provement is  $165,000.  Details,  plans  and 
specifications  for  the  work  are  now  being 
drawn  up,  but  the  contracts  probably  will  not 
be  let  before  May  1.  The  work  is  in  charge 
of  the  Engineering  Department  of  Cincinnati, 
O.,  of  which  F.  S.  Krug  is  the  Chief  Engineer. 
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Contracts  Let  for  Columbia  River  In- 
terstate Bridge. 

Contracts  were  awarded  a  few  days  ago  on 
the  largest  bridge  inidertaking  that  has  come 
up  for  letting  so  far  this  year.  The  structure 
is  to  be  known  as  the  Interstate  Bridge.  It  is 
to  be  constructed  over  the  Cohunbia  River  to 
connect  Portland,  Ore.,  and  Vancouver,  Wash. 
The  bridge  and  approaches  are  designed  for 
highw-ay  and  street  car  traffic  and  comprise 
about  5,000  lin.  ft.  of  steel  structure  and  12,000 
lin.  ft.  of  embankment. 

The  improvement  comprises  a  r2-span  and 
one  moveable  span  structure  over  the  main 
channel  of  the  Columbia  River,  12  girder  spans 
over  the  Oregon  Slough,  a  girder  span  and 
trestle  approaches  over  Columbia  Slough  and 
an  embankment  across  Hayden  Island.  The 
bridge  will  have  a  38-ft.  roadway  and  one  6- 
ft.  sidewalk.  The  principal  quantities  include 
9,500  tons  of  steel,  1,000,000  cix  yds.  of  em- 
bankment and  about  29,000  cu.  yds.  of  con- 
crete. 

Bids  for  the  construction  of  the  bridge  were 
received  by  the  Interstate  Bridge  Commission 
at  the  County  Courthouse,  Portland,  Ore.,  on 
Feb.  23.  The  contracts  were  awarded  to  the 
following:  U.  S.  Steel  Products  Co.,  Port- 
land, Ore.,  furnishing  superstructure  for  Co- 
lumbia River  spans  at  $417,300 ;  erecting  super- 
structure, Columbia  River  spans,  Porter  Bros., 
Portland,  $99,800;  furnishing  superstructure 
for  spans  over  Columbia  and  Oregon  Sloughs, 
Northwest  Steel  Co.,  Portland,  $89,140;  erec- 
tion superstructure.  Columbia  and  Oregon 
Sloughs,  Porter  Bros.,  $18,600;  Pacific  Bridge 
Co.,  Portland,  Ore.,  substructure,  Columbia 
River  spans,  at  $319,400,  substructure  Colum- 
bia and  Oregon  Slough  spans.  $119,700;  em- 
bankment over  Havden  Island,  Tacoma  Dredg- 
ing Co.,  Taccma,  Wash.,  $158,200;  floor  on 
steel  structure,  Warren  Construction  Co., 
Portland,   Ore.,  $82,800. 

The  bridge  is  to  be  paid  for  by  Multnomah 
County  and  Clark  Countj',  the  former  provid- 
ing five-sevenths  of  the  cost  and  the  latter  two- 
sevenths.  The  plans  were  prepared  by  Wad- 
dell  &  Harrington,  Consulting  Engineers,  Kan- 
sas City,  Mo. 

State   Highway   Contracts  in   Ohio  to 
Cost  $174,000. 

Four  state  highway  contracts  are  now  being 
advertised  for  bids  by  the  State  Highway  Com- 
missioner of  Ohio.  In  all  about  11  miles  of 
road  are  to  be  improved  at  an  estimated  cost 
of  $174,883.  The  largest  piece  of  work  (I  C 
H  No.  3)  is  located  in  Erie  County.  It  calls 
for  the  construction  of  Section  K  of  the  Cleve- 
land-Sandusky Roads  in  Vermillion  Township. 
In  Knox  County,  Section  G  of  the  Mt.  Vernon- 
Coshocton  Road  in  Monroe  Township  is^  to 
be  paved  with  waterbound  macadam  and  brick. 
This  work  is  known  as  I  C  H  No  339.  The 
other  two  contracts  are  in  Mercer  County  and 
Tuscarawas  County.  The  work  on  the  first 
mentioned  is  1  C  H  No.  73,  and  is  Section  F 
of  the  St.  Marys-Fort  Wayne  Road  in  Dublin 
Township.  The  improvement  in  Tuscarawas 
Countv  is  on  Section  J  of  the  New  Philadel- 
phia-West Lafayette  Road  (I  C  H  No.  408) 
in  York  Township.  The  following  table  gives 
some  details  of  the  work: 

ICH     ICH    ICH    ICH 

Highwav.  No.  3.  No.  339.  No.  173.  No.  40S. 

Length,    miles...       4.32  3. OS  1.60  2 

Width  pavement. 

ft      le  14  16  14 

Width   roadway, 

(t    26  26  26  29 

Pavement    Cone.     ♦Brick.     Cone.      Brick. 

Estimated    cost.  .$74,155     $44,892     $23,003     $32,823 
Date  foi-  com- 
pletion     Sept.  1.  Sept.  15.  Sept.  1.  Sept.  1. 

*Waterbound  macadam  and  bricli. 

Bids  for  constructing  the  bridges  and  cul- 
verts, grading  roadway  and  paving  will  be 
received  by  James  R.  Marker,  State  Highway 
Commissioner,  Columbus,  O.,  until  2  p.  m., 
March  12. 


PERSONALS 

Dr.  J.  N.  Ilurty  of  Indianapolis  was  elected 
president  of  the  Indiana  Sanitary  and  Water 
Supply  Association  at  its  latest  annual  meet- 
ing. Dr.  Hurty  is  well  known  throughout  the 
country  for  his  very  effective  service  as  secre- 
tary of  the  Indiana  State  Board  of  Health,  in 
which  position  he  has  formulated  constructive 
measures  for  the  safeguarding  of  the  public 
health.  For  19  years  he  has  been  State  Health 
Commissioner.  During  that  time  14  health 
statutes  have  been  recommended  by  the  In- 
diana State  Board  of  Health.  All  these  have 
been  passed  and  are  in  operation.  These 
statutes  cover  almost  every  phase  of  admin- 
istrative hygiene.  Two  of  these  laws,  namely, 
The  .\ntito.xin  Law  and  the  Rabies  Law  relate 
more  to  cure  than  they  do  to  prevention  and 
consequently  are  the  most  popular. 

Dr.  Hurty  has  told  many  plain  truths  to  the 
people  of  Indiana  about  unsanitary  living  con- 
ditions.     Naturallv    some    resentment    of    this 


As  showing  the  possibilities  for  tree  growth 
in  regions  where  irrigation  has  to  be  depend- 
ed upon,  it  is  pointed  out  by  the  Forest  Serv- 
ice that  Boise,  Idaho,  has  as  many  as  94  dif- 
ferent kinds  of  ornamental  and  shade  trees. 


has  been  shown,  particularly  in  the  rural  dis- 
tricts. The  resentment  is  giving  way  to  ap- 
preciation and  gratitude  as  rapidly  as  the  un- 
informed become  informed.  Few  men  in  In- 
diana are  as  widely  and  as  favorably  known 
as  Dr.  Hurty.  While  best  known  for  his  work 
as  State  Health  Commissioner  he  has  held 
other  important  positions.  For  15  years  he 
was  professor  of  hygiene  and  preventive  medi- 
cine in  Indiana  University.  He  was.  also,  at 
one  time  a  member  of  the  faculty  of  Purdue 
University.  Just  before  his  engagement  as 
State  Health  Commissioner  he  was  City  Sani- 
tarian of  Indianapolis  (1893-1896). 

In  addition  to  his  active  work  as  member, 
adviser  and  officer  of  The  Indiana  Sanitary 
and  Water  Supply  Association,  throughout  the 
life  of  that  useful  organization,  he  was  presi- 
dent of  the  American  Public  Health  Associa- 
tion for  1912. 

Dr.  Hurty  is  widely  known  for  his  scholarly 
and  philosophical  public  health  writings  which 
also  possess  much  literary  merit.  Nothing  in 
public  health  literature  has  been  more  widely 
quoted  than  his  fable  of  the  young,  over- 
worked mother,  who  died  of  tuberculosis  in 
the  absence  of  financial  aid  from  the  state, 
and   of  the  hog  who  waxed   fat   and  thrived 


under  the  protection  of  the  appropriations  by 
the  State  Legislature.  The  moral  of  the  fable 
is :  "Be  a  hog  and  be  worth  saving."  In  dis- 
cussing some  of  the  aspects  of  public  health 
work  he  says : 

It  is  plain  that  the  most  important  and  the 
most  difRcult  thing  to  accomplish  is  to  extract 
from  the  minds  of  the  people  their  confidence 
and  dependencies  upon  cure.  Cure  does  not 
get  society  anywhere.  Of  course,  it  is  valuable 
to  individuals.  The  race  is  not  benefited  by 
cure;  at  least  very  little.  We  must  depend 
upon  prevention  if  the  race  and  the  nation  are 
to  be   made   stronger. 

The  Ophthalmia  Neonatorum  law  tor  the  pre- 
vention of  blindness  meets  with  ver.v  little  ap- 
proval and  in  some  localities  with  opposition. 
This  is  strange  Indeed,  when  every  person  fully 
accepts  and  advocates  the  old  .saying,  "An  ounce 
of  prevention  is  worth  a  pound  of  cure."  Yet 
for  one  to  stand  strictly  for  the  practice  of  pre- 
vention is  but  to  secure  the  epithet  of  a  crank, 
while  to  stand  for  cure  one  will  be  called  prac- 
tical and  be  paid  well. 

Of  course  public  health  work  everywhere  is 
uphill  work.  The  road  is  indeed  a  rough  one, 
but  in  time  will  become  smooth  and  easily  trav- 
eled. Wliat  the  nation  needs  is  more  health. 
With  health  will  come  strength,  wealth  and 
more  happiness.  The  degenerative  forces 
which  tear  down  the  nation  and  society  may 
be  an  included  under  one  head,  and  that  is  dis- 
ease. 

Mr.  Robert  M.  Feustel  has  resigned  as  chief 
engineer  for  the  Illinois  Public  Utilities  Com- 
mission, and  will  resume  his  consulting  engi- 
neering practice  with  the  firm  of  Sloan,  Hud- 
dle, Feustel  &  Freeman  of  Madison,  Wis.  Mr. 
Feustel  was  formerly  assistant  chief  engineer 
for  the  Wisconsin  Railroad  Commission,  and 
ihe  firm  of  which  he  is  a  member  specializes 
in  valuation  and  rate  making  studies.  Mr. 
Fuestel  is  a  graduate  of  Purdue  University  and 
has  had  considerable  experience  in  the  con- 
s_truction  and  operation  of  electric  railways  and 
electric  lighting  plants  in  Indiana  and  Ohio. 

Mr.  H.  E.  Smith  has  been  appointed  chemist 
and  engineer  of  tests  for  the  New  York  Cen- 
tral Railway,  and  is  in  charge  of  chemical  and 
physical  testing  of  materials,  mill  inspection  of 
materials  for  locomotives  and  cars,  service 
trials  and  variotis  investigations  in  relation  to 
materials  and  methods  of  operation.  Mr.  Smith 
graduated  from  the  Massachusetts  Institute  of 
Technology,  in  1887,  and  for  several  years  fol- 
lowing was  assistant  chemist  for  the  Chicago, 
Milwaukee  &  St.  Paul  Railway.  In  1890  he 
was  made  chief  chemist  for  that  company,  and 
in  1902  was  appointed  chemist  and  engineer 
of  tests  for  the  Lake  Shore  &  Michigan  South- 
ern Railway  at  CoUinwood,  Ohio. 

Mr.  Henry  V.  Macksey,  civil  engineer  of 
Boston,  Mass.,  and  a  member  of  the  American 
Society  of  Civil  Engineers,  has  been  appointed 
superintendent  of  public  works  at  Woburn, 
Mass.  Mr.  Macksey  is  an  engineer  of  much 
experience,  having  held  such  positions  as  en- 
gineer in  the  water  department  of  Boston; 
superintendent  of  streets,  Boston;  construction 
manager,  Buffalo;  Lockport  &  Rochester  Rail- 
road ;  locating  engineer.  Northern  Contracting 
Co.,  Atlanta,  Ga. ;  locating  engineer,  Amazon- 
Pacific  Railway,  Lima,  Peru;  location  and  con- 
struction engineer,  Jamaica  Railways,  Jamaica, 
W.  I.;  construction  engineer.  Western  Domin- 
ion Railway  Co.,  Alberta;  consulting  engineer; 
director  of  the  port  of  Boston,  and  principal 
assistant  engineer  of  construction  for  the  Vir- 
ginia Air  Line  Railway.  Mr.  Macljsey  is  also 
a  member  of  the  New  England  Water  Works 
Association,  the  Boston  Society  of  Civil  Engi- 
neers, and  the  Massachusetts  Highway  Asso- 
ciation. 

Mr.  James  B.  True  has  been  appointed  state 
engineer  of  Wyoming  for  a  six-year  term  be- 
ginning Feb.  20,  1915.  Mr.  True  received  his 
engineering  education  partly  at  the  University 
of  Denver  and  partly  at  the  University  of  Wis- 
consin. During  his  summers,  before  leaving 
college,  he  had  gained  considerable  practical 
experience  by  working  as  a  draftsman  for  a 
consulting  engineer  in  Denver,  and  as  assist- 
ant on   construction   of  a  hydro-electric  pipe 
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line  for  the  Colorado  Fuel  &  Iron  Co.  After 
leaving  Wisconsin  University  in  1907  Mr.  True 
was  emplojed  by  the  Central  Colorado  Power 
Co.  as  office  engineer  on  a  hydro-electric  tunnel 
at  Shoshone,  and  field  engineer  on  location  and 
inspection  of  towers,  cables,  etc.  Most  of  his 
succeeding  experience  has  been  in  the  field 
of  drainage  and  irrigation  work.  In  the  sum- 
mer and  fall  of  1908  he  was  resident  engineer 
with  the  United  States  Sugar  &  Land  Co., 
Garden  City,  Kans.,  on  topographical  surveys, 
reservoir,  ditch  and  canal  location,  estimates, 
etc.  In  1909  he  was  engineer  with  the  Antlers 
Orchard  Development  Co.,  and  in  1910,  drafts- 
man and  office  engineer  for  Field,  Fellows  & 
Hinderleider,  consulting  engineers  of  Denver, 
engaged  in  similar  work.  For  about  two  and 
one-half  years  he  was  division  engineer  with 
the  Southern  .-Mberta  Land  Co.,  Medicine  Hat, 
Alta.,  engaged  in  reclamation  of  400,000  acres 
of  land.  Mr.  True  had  complete  charge  of  lo- 
cation and  construction  of  70  miles  of  the  main 
canal,  topography,  location  and  construction  of 
canals,  reservoirs  and  distribution  system 
for  the  160,000  acres  of  his  division.  Since 
March,  1913,  Mr.  True  has  been  assistant  state 
engineer  for  Wyoming,  where  his  special  ex- 
perience has  been  of  much  value. 

Mr.  LI.  E.  Breed  has  been  appointed  first 
deputy  highway  commissioner  for  the  State 
Commission  of  Highways  of  New  York,  and 
has  general  charge  of  all  construction  plans, 
etc.  The  appropriation  for  this  year  is  $10,- 
000,000,  and  many  of  the  roads  begun  under 
last  year's  appropriation  are  to  be  finished 
this  year.  Mr.  Breed  was  in  the  Department 
of  the  State  Engineer  of  New  York  from  1901 
to  1908,  holding  various  positions  up  to  that 
of  assistant  engineer.  lie  was  auditor  for 
that  department  from  1909  to  1910,  and  the 
following  year  was  assistant  chief  engineer 
for  the  Coleman  du  Pont  Road,  Inc.  Since 
that  time  he  has  been  in  practice  as  consult- 
ing engineer,  on  highway  improvement  and 
development  work. 


OBITVARIES 

George  E.  Dwyer,  formerly  city  engineer  of 
Marion,  Ohio,  and  later  engineer  at  Dayton 
on  the  Miami  &  Erie  Canal,  died  at  Cincinnati 
Feb.  28.  Mr.  Dwyer  graduated  in  civil  engi- 
neering from  the  Ohio  Northern  University  at 
Ada,  and  practiced  in  Ohio  for  about  eight 
years  prior  to  accepting  the  position  at  Marion. 
He  was  for  several  years  county  surveyor  of 
Marion  County. 

Col.  James  B.  Quinn,  Corps  of  Engineers, 
U.  S.  A.,  retired,  died  at  his  home  in  Wood- 
stock, Md.,  Feb.  23.  Col.  Quinn  graduated 
from  West  Point  in  186(1,  and  was  assigned  to 
the  engineer  corps  as  second  lieutenant.  He 
was  assigned  to  the  improvement  work  on 
Michigan  harbors,  and  later  was  engaged  in 
the  survey  of  the  LTnion  and  Central  Pacific 
railwavs.  He  was  retired  from  active  service 
in    1907. 

William  F.  Gurley,  president  of  the  firm  of 
W.  &  L.  E,  Gurley.  makers  of  mathematical 
and  surveyors'  instruments,  Troy,  N.  Y.,  died 
on  Feb.  17  at  Atlantic  City.  Mr.  Gurley  was 
born  in  Troy  in  1860,  and  was  the  son  of  Lewis 
E.  Gurley,  one  of  the  founders  of  the  well- 
known  firm.  He  graduated  from  Williams 
College,  entering  the  Gurley  works  at  once  and 
making  himself  thoroughly  acquainted  with  the 
practical  details  of  the  business.  Upon  the 
death  of  his  uncle,  William  Gurley,  he  entered 
into  partnership  with  his  father. 


CIVIL  SERVICE  NEWS 

The  United  States  Civil  Service  Commission 
announces  examinations  as  follows: 

Landscape  Architectural  Designer,  Engineer 
Department  at  Large;  $90  per  month.     .(Kpril  7. 

Expert  Landscape  Architectural  Designer, 
Office  of  Public  Buildings  and  (irounds;  $200 
per  month.    .'Vpril  6. 

Assistant  Inspector  of  Engineering  Material; 
$4.48  per  diem.    April  7. 

Electrical  Draftsman,  Radio;  $4  per  diem. 
April  7-8. 

Subinspector,  U.  S.  Navv  Yards  ;  $4.48  per 
diem.     April  7. 


New  President  of  American   Concrete 
Institute. 

Leonard  Chase  Wason,  president,  treasurer 
and  general  manager  of  the  Aberthaw  Con- 
struction Co.  of  Boston  was  elected  president 
of  the  American  Concrete  Institute  at  the  an- 
nual meeting  in  Chicago,  Feb.  10,  Mr.  Richard 
Humphrey,  the  retiring  president,  held  that 
office  for  10  years,  or  since  the  organization  of 
the  Institute,  and  had  refused  to  stand  for  re- 
election. Mr.  Wason  has  been  a  devoted  and 
able  participant  in  the  work  of  the  Institute. 
For  seven  years  he  has  been  on  the  board  of 
direction  and  for  three  years  past  has  been 
vice-president.  He  is  recognized  as  one  of 
the  foremost  exponents  of  efficiency  in  rein- 
forced concrete  construction  in  this  country. 

Mr.  Wason  graduated  from  the  Massachu- 
setts Institute  of  Technology  in  1891  and  has 
been  engaged  in  engineering  work  directly  or 
indirectly  ever  since.  For  the  past  21  years 
he  has  specialized  in  reinforced  concrete  work. 
He  has  been  responsible  for  the  design  and  ex- 
ecution of  over  $10,000,000  of  concrete  work, 
including  many  of  the  most  important  struc- 
tures in  the  United  States,  and  especially  the 
earlier  ones. 


Leonard   C.   Wason. 

Mr.  Wason  organized  the  .Aberthaw  Con- 
struction Co.  of  which  he  has  been  president 
since  189.x  The  company  has  executed  many 
million  dollars  worth  of  work  of  every  variety 
in  which  cement  is  used,  during  the  past  21 
years.  Among  these  structures  are  numerous 
bridges,  mills,  residences,  etc.,  in  the  New 
England  states,  the  Harvard  Stadium,  and 
the  largest  concrete  standpipe  in  the  world. 
I'or  seven  years  the  company  has  spe- 
cialized on  reinforced  concrete  in  indus- 
trial w-ork,  chiefly  mills  and  hydro-electric 
development.  We  learn  that  the  company  has 
under  contract  at  present  one  very  large  dam, 
many  mill  buildings  and  several  school  houses. 

Mr.  Wason  is  a  director  of  the  Contractors' 
.Mutual  Liability  Insurance  Co.  and  a  member 
of  the  Boston  Society  of  Civil  Engineers.  He 
is  also  author  of  the  Engineers'  Handbook  of 
Reinforced  Concrete,  published  in  I90.j. 

Professor  William  K.  Matt  of  the  civil  en- 
gineering department  of  Purdue  University 
and  Mr.  Henry  C.  Turner,  president  of  the 
Turner  Construction  Co.,  were  elected  as  vice- 
presidents  of  the  American  Concrete  Institute. 
Mr.  Robert  W.  Lesley  of  Philadelphia  is 
treasurer  and  Mr.  Charles  L.  Fisli  is  secre- 
tary. Mr.  Fish  is  a  graduate  of  Worcester 
Polytechnic  Institute  and  has  been  employed 
both  as  engineer  and  in  the  sales  department 
by  Milliken  Brothers.  Recently  he  has  Ijeen 
with  Emerson  &  Norris,  artificial  stone  man- 
ufacturers. 1^ 


Construction  About  to  Start  on  $1,750,- 
000  Highway  System  of  San  Ber- 
nardino County,  California. 

San  Bernardino  County,  California,  is  about 
to  commence  construction  work  on  the  ex- 
tensive system  of  highways  to  be  built  with 
the  proceeds  of  the  $1,7.50,000  bond  issue.  The 
first  $500,000  installment  of  these  bonds  was 
sold  Feb.  15  to  the  Anglo  &  London-Paris 
Bank  of  San  Francisco  and  brought  a  premium 
of  $17,338.  The  County  Highway  Commission 
has  selected  31  miles  of  roads  for  improve- 
ment first,  and  work  on  these  will  be  started 
in  the  immediate  future.  The  first  highways 
to  be  improved  are  as  follows : 

Miles. 
Base    line.    San    Bernardino   east    to    Palm 

Ave.,  Highland  4 

Colton  Ave.,  San  Bernardino,  to  Redlands. .     4. .5 
Colton  Ave.,   San  Bernardino,  southwest  to 

Colton   City    1.7 

Colton    Ave.,    Colton,    to    Riverside   County 

line     2.7 

Colton  Ave.,  Colton,  to  Cedar  Ave.,  Bloom- 

ington    3.5 

.San  Bernardino  Ave.   through  Rialto !..'> 

Archibald  Ave.,  Cucamonga,  to  Colton  Ave.     3.5 
10th    St.,    Upland,    to    Los    Angeles    County 

line     3 

Euclid  .-^ve.,  Ontario,  south 3 

Central  Ave.,  to  Chino  2.3 

Silo  .\ve. ,  Chino,  to  Euclid  Ave 1.25 

The  above  highways  are  to  have  a  20-ft. 
roadway,  of  which  16  ft.  will  be  concrete.  In 
order  to  furnish  a  comparison  of  the  cost  of 
doing  the  work  by  day  labor  and  by  contract, 
one-half  of  the  first  roads  will  be  constructed 
by  the  first  method  and  the  remainder  by  ccn- 
tract.  The  Highway  Commission  will  furnjsh 
the  cement  to  the  contractors  and  on  March  8 
opened  bids  for  supply  of  100,000  to  200,000 
bbls.  of  this  material.  The  Commission  also 
opened  bids  for  furnishing  road  rollers  and 
concrete  mixers  for  equipping  the  county 
crews  that  will  do  the  day  labor  work.  Other 
materials  on  wdiich  bids  were  opened  March 
S  included  the  furnishing  of  corrugated  iron 
pipe,  50,000  cu.  yds.  No.  1  Class  B  rock,  50,- 
000  cu.  vds.  No.  1  Class  A  rock,  20,000  cu, 
\ds.  No.  2  Class  A  rock,  5,000  cu.  vds.  No.  3 
Class  A  rock,  40,000  cu.  yds.  gravel  and  40,000 
cu.  yds.  sand.  R.  H.  Mack,  San  Bernardino, 
Cal.,  is  Secretary  County  Highway  Commis- 
sion. 

Steel  Drums  Preferred  for  Shipping  Ce- 
ment.— American  cement  imported  into 
Costa  Rica  is  used  chiefiv  by  the  railroads  and 
the  United  Fruit  Co.,  immediately  on  receipt. 
German  cement  is  imported  by  the  dealers 
who  carry  large  amounts  for  several  months 
at  a  time.  On  the  part  of  the  dealers,  accord- 
ing to  a  consular  report,  there  is  a  strong 
prejudice  against  the  w'ooden  barrel,  and  they 
are  willing  to  pay  the  additional  cost  of  32  cts. 
per  barrel  to  obtain  the  steel  drums.  .Amer- 
ican cement  manufacturers  have  thus  far  re- 
fused to  meet  local  demands  by  shipping  in 
steel  drums,  and  the  trade  has  suffered  as  a 
result.  The  American  manufacturers  insist 
that  they  have  an  excellent  tongue-and-groove 
barrel  which  is  in  ever>-  way  equal  to  the 
steel  drum,  but  actual  experience  does  not 
prove  this  to  be  a  fact.  The  loss  in  shipment 
with  steel  druins  is  practically  nil,  and  there 
is  no  subsequent  deterioration  caused  by  the 
dampness  of  the  long  rainy  season,  while 
with  shipment  in  wooden  barrels  there  is  said 
to  be  a  loss  of  at  least  10  per  cent  in  trans- 
portation, which  is  materially  increased  by  the 
subsequent  hardening  of  the  cement  in  the 
barrel  during  the  seven  or  eight  wet  months 
of  the  tropical  year. 

The  steel  barrels  are  made  of  rather  thin 
material,  and  on  being  dropped  heavily  crush 
a  little,  but  do  not  break  or  open  and  admit 
moisture.  Wooden  barrels,  with  equal  treat- 
ment, no  matter  how  well  made,  become  loose, 
if  not  entirely  broken,  and  expose  the  con- 
tents to  subsc(|uent  deterioration.  .\  careful 
review  of  the  market  indicates  that  the  mat- 
ter of  the  steel  barrel  is  the  only  obstacle 
that  prevents  American  manufacturers  from 
securing  all  of  the  cement  trade  of  this  and 
other  Central  .American  countries.  English, 
Belgian,  and  German  exporters  will  supply 
the  steel  barrel  wdienever  it  is  asked  for. 
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BIDS  ASKED. 
Ontario 

Toronto,  Out. — Until  noon,  March  16,  by 
Mayor  T.  L.  Church,  Chairman  Board  of  Con- 
trol, for  furnishing  track  material,  overhead 
line  material  and  oak  ties  for  construction 
Lanstowns  Ave.  car  line.  Advertisement  in 
this  issue. 

PROSPECTIVE  WORK. 

Arkansas : 

Trnmann,   Ark. — Poinsett  Lumber  &  Manu- 
facturing  Co.  is   having  surveys  made   for  8-- 
mile  extension  of  its  logging  road  to  Harris- 
burg. 
California : 

Mill  Valley,  Cal.— Marin  County  Electric  Ry. 
Co.  is  reported  to  have  secured  enough  stock 
subscriptions  to  warrant  beginning  work  on  its 
proposed  line  between  this  city  and  Sausalito. 
W.  Wesley  Hicks  is  interested. 
Connecticut: 

New  Britain,  Conn. — Application  has  been 
made  for  charter  for  New  Britain  Street  Ry. 
Co.,  proposing  line  in  Northwestern  section 
of  city.  William  J.  Farley,  New  Britain,  is 
interested. 
Georgia : 

Byronville,    Ga. — Georgia   Lumber    Co.   con- 
templates extending  its  logging  road  to  tim- 
ber tract  in  Sumter  County. 
Iowa: 

Charles  City,  la. — Charles  City'  Western 
R.  R.  has  taken  bids  for  grading  and 
bridge  work  for  extension  from  Charles 
City  to  Miles  Township,  8  miles,  and 
'will  let  contract  March  10.  Work  is  now  un- 
derwav  on  electrification  of  present  line,  this 
improvement  being  in  charge  of  R.  A.  Ander- 
son, Waterloo,  la.  E.  R.  Erusberger,  Charles 
City,  la.,  is  General  Manager  of  railway. 
Kentucky : 

Le.xington,  Ky.— .A  $7,600,000  bond  issue  of 
Lexington  &  Eastern  R.  R.  is  reported  to  have 
been  sold.  It  is  stated  that  part  of  proceeds 
will  be  used  for  extensions  into  Letcher  and 
Knott  County  coal  territory,  near  Rockhouse 
Creek. 
Maryland : 

Cumberland,  Md. — Western  Maryland  Ry.  is 
reported  to  contemplate  construction  of  spur 
from  its  Connellsville  Division  into  Jenner- 
Quemahoning  coal  field  in  Somerset  County, 
Pennsylvania. 
Michigan: 

Owosso,  Mich. — Michigan  LInited  Traction 
Co.,  Jackson,  Mich.,  is  reported  contemplating 
beginning  work  this  spring  on  extension  from 
Owosso  to  Saginaw,  via  Henderson,  Oakley 
and  St.  Charles. 
Minnesota : 

Minneapolis,  Minn. — Red  River  Valley  R.  R. 
has  been  incorporated  and  proposes  a  line 
from  Fargo,  N.  Dak.  to  Winnipeg.  W.  H. 
Graves,  C.  M.  Drew,  Minneapolis,  and  Robert 
Hamilton,  Milwaukee,  Wis.,  are  incorporators. 
North  Carolina: 

Edgemont,  N.  C. — Application  has  been 
made  for  charter  for  railway  to  e.xtend  from 
this  place  to  Newland,  21  miles.  W.  H.  Rag- 
land  and  J.  Robert  Campbell,  Newland,  and 
W.  W.  Barber,  Edgemont,  are  interested. 
North  Dakota: 

Beach,  N.  Dak. — It  is  reported  that  if  sub- 
scribers to  right  of  way  fund  will  pay  80  per 
cent  of  their  subscriptions  by  June  1  the 
Northern  Pacific  will  build  its  extension  south 
of  Burkey  and  Ollie  and  will  have  it  in  oper- 
ation by  Nov.  15. 
Ohio: 

Portsmouth.  O.- — Ohio  Valley  Traction  Co., 
R.  D.  York,  General  Manager,  is  reported  to 
have  taken  bids  for  its  extension  from  Scioto- 
ville  to  Hanging  Rock. 

New  Athens,  O. — .Arrangements  are  under- 
way for  financing  .^dena,  Cadiz  and  New  Ath- 
ens R\ ..  proposing  a  line  from  Adena  to 
coal  fields  in  Harrison  and  Belmont  Counties. 
Short    Creek    Coal    Co.,    has    filed    mortgage 


providing  for  $600,000  bond  issue  for  the  line, 
which  will  be  a  feeder  for  Wheeling  &  Lake 
Erie  R.   R. 
South  Dakota: 

Mitchell,  S.  Dak.— Fairmont  &  Veblen  Ry. 
is  reported  to  contemplate  building  line  from 
Mitchell  to  Wheeler,  grading  to  be  started  this 
spring.  J.  Rosholt,  Fairmont,  N.  Dak.,  is 
president. 
Texas : 

Palestine,  Tex. — Bill  is  before  legislature  to 
appropriate  $600,000  for  extension  of  Texas 
State  R.  R.  from  Palestine  to  Dallas,  100  miles. 
Chas.   Hurdleston,   Rush,   Tex.,   is   manager. 

BIDS  OPENED; CONTRACTS  LET 

Massachusetts : 

Boston,  Mass. — T.  A.  Gillespie  Co.,  SO 
Church  St.,  New  York  City,  for  $554,750, 
awarded  the  contract  by  the  Boston  Transit 
Commission  for  Section  H  of  the  Dorchester 
tunnel. 
New  York: 

New  York,  N.  Y.— John  Thatcher  &  Son, 
New  York  City,  have  been  awarded  contract 
at  $258,664,  for  7  stations  on  Fulton  St.  ele- 
vated railroad  in  Brooklyn. 

New  Y'ork,  N.  Y. — Lewis  F.  Shoemaker  & 
Co.  have  been  awarded  contract  at  $37.20  per 
ton  for  supplying  steel  for  third  tracking 
Broadway  elevated  railroad  from  Myrtle  Ave. 
to  Aberdeen  St.,  Brooklyn. 

ROADS 
STREETS 

BIDS  ASKED. 

Connecticut : 

Meriden,  Conn. — Until  6  p.  m.,  March  23,  by 
W.  S.  Clark,  Supt.  Public  Works,  for  paving 
State  St.  with  wood  block  and  vitrified  brick. 
District  of  Columbia: 

Washington,  D.  C,  Until  2  p.  m.,  March  15, 
by  District  Commissioners,  for  grading  streets 
requiring  30,000  cu.  yds.  excavation. 
Florida : 

Jacksonville,  Fla. — Until  March  25,  by 
County  Commissioners,  E.  A.  Ricker,  chair- 
man, for  surfacing  with  vitrified  brick,  asphalt 
macadam  or  other  material,  about  40  miles  of 
road. 

Tavares,  Fla. — Until  April  15  (readvertise- 
ment)  by  County  Commissioner,  H.  H.  Dun- 
can, Clerk,  for  system  of  roadways,  the  work 
including  1,091,046  lin.  ft.  of  roadway,  329,630 
cu.  yds.  e-xcavation,  and  1,147.610  sq.  yds.  pave- 
ment. Bids  are  asked  on  sand-clay  shell,  mod- 
ified asphalt,  waterbound  macadam,  macadam 
with  Rocmac  binder,  and  oiled  macadam.  The 
type  of  surfacing  will  be  determined  after  the 
bids  are  in.  It  is  desired  to  let  the  contracts 
in  as  large  sections  as  possible.  J.  B.  McCrary 
Co.,  Engineer,  Third  National  Bank  BIdg., 
Atlanta,  Ga. 
Georgia : 

Waycross,  Ga.— Until  7:30  p.  m.,  March  16, 
by  A.  C.  Lowther,  City  Clerk,  for  11,000  sq. 
yds.  of  brick  pavement. 

Illinois : 

Highland,  111.— Until  2  p.  m.,  March  27,  by 
Louis  Lory,  Jr.,  Town  Clerk,  for  5,800  ft.  of 
9-ft.  cement  road,  with  3-ft.  macadam  shoul- 
ders. W.  E.  Howden,  County  Superintendent 
of  Highways,  EdwardsviUe,  111.  Advertise- 
ment in  this  issue. 

Moline,  111.— Until  10  a.  m.,  March  17,  by 
Board  of  Local  Improvements,  Lyle  Payton, 
secretary,  for  936  sq.  yds.  reinforced  concrete 
pavement,  and  37,600  sq.  yds.  brick  pavement. 

Aurora,  III.— Until  10  a.  m.,  March  13,  by 
Wm.  C.  Flannigan,  Town  Clerk,  for  furnishing 
3,600  bbls.  cement  for  concrete  road  construc- 
tion in  Aurora  Township.  Further  informa- 
tion may  be  obtained  from  Geo.  N.  Lamb, 
County  Superintendent  of  Highways,  Geneva, 
111. 

Rockford,  III- Until  11  a.  m.,  March  15,  by 
W.  W.  Bennet,  president  Board  of  Local  Im- 
provements, for  6,500  sq.  yds.  brick  pavement 
on  Melrose  St.,  5,900  sq.  yds.  brick  pavement 


on  Clinton  St.  and  9,600  sq.  yds.  macadam  on 

Prospect  St. 

Indiana: 

Ft.  Wayne,  Ind.— Until  10  a.  m.,  March  31, 
by  Will  Johnson,  County  Auditor,  for  furnish- 
ing crushed  stone  for  road  construction. 

Richmond,  Ind.— Until  10  a.  m.,  March  18, 
by  Alfred  Bavis,  president  Board  Public 
VVorks,  for  paving  several  streets. 

Salem,  Ind.— Until  April  5,  by  I.  H.  Ruth- 
erford, County  Auditor,  for  two  roads  in 
Washington   Township. 

Terre  Haute,  Ind.— Until  11  a.  m.,  March  27, 
by  N.  G.  Wallace,  County  Auditor,  for  two 
gravel  roads. 

Newport,  Ind. — Until  10  a.  m.,  April  5,  by 
Roy  Slater,   County  Auditor,   for  gravel   road 
in  Highland  Township. 
Iowa: 

Burlington,  la. — Until  9  a.  m.,  March  18,  by 
H.  G.  Vollmer,  City  Engineer,  for  16,000 
sq.  yds.  concrete  pavement.  Advertisement  in 
this  issue. 

Perry,  la.— Until  8  p.  m.,  March  11,  by 
City,  for  12,800  sq.  yds.  pavement ;  bitulithic, 
concrete,  vitrified  block,  bituminous  concrete, 
sheet  asphalt,  vertical  fibre  block,  wood  block 
or  Dollaway.  Chas.  E.  Wilson,  engineer. 
Kansas : 

Topeka,  Kan.— Until  2:30  p.  m.,  March  11, 
by  C.  B.  Burge,  City  Clerk,  for  paving  certain 
streets  with  asphalt  concrete ;  also  for  paving 
with  brick. 

Topeka,  Kan.— Until  2:30  p.  m.,   March   11, 
by  C.  B.  Burge,  City  Clerk,  for  paving  on  11th 
St.  with  asphaltic  concrete. 
Louisiana : 

Lake  Charles,  La. — Until  10  a.  m.,  April  6,  by 
Calcasieu  Parish,  Police  Jury,  £.  C.  House, 
Clerk,  for  the  construction  of  highways  Nos. 
5  and  7.  Approximate  estimate  of  quantities : 
No.  5 — Clearing  80  acres ;  grubbing  600  sta- 
tions ;  excavating  90,000  cu.  yds. ;  900  lin.  ft. 
18-in.  vitrified  pipe.  No.  7 — clearing  25  acres; 
grubbing  400  stations ;  48,000  cu.  yds.  excava- 
tion ;  700  lin.  ft.  18-in.  vitrified  pipe,  and  5,000 
cu.  yds.  embankment. 
Massachusetts: 

Boston,  Mass.— Until  noon,  March  12,  by  D. 
Frank  Doherty,  Supt.  of  Supplies,  for  furnish- 
ing 200,000  gals,  of  emulsified  road  oil. 
Minnesota: 

St.  Paul,  Minn.— Until  10  a.  m.,  March  15, 
by  Aug.  Hohenstein,  City  Purchasing  Agent, 
for  furnishing  1,000  tons  limestone  dust,  1,000 
tons  %-in.  binder  stone,  950  cu.  yds.  crushed 
lim.estone,  41  cars  crushed  granite,  13,000  cu. 
yds.  1%-in.  crushed  rock,  3,000  cu.  yds.  asphalt 
sand  and  4,500  cu.  yds.  screened  sand. 

St.  Paul,  Minn.— Until  10  a.  m.,  March  15, 
by  Aug.  Hohenstein,  City  Purchasing  Agent, 
for  grading  and  improvement  of  Arcade  St. 
and  Lewis  and  Mabons  addition  alley. 

Minneapolis.  Minn. — Until  March  15,  by  A. 
P.  Erickson,  County  Auditor,  for  grading  and 
macadamizing  Road  No.  296. 
Mississippi : 

Columbus,  Miss.— Until  March  24,  by  Good 
Road  Commission  of  Second  District,  Lowndes 
County,  for  22  miles  of  macadam  roads.     Gus 
E.  Hauser,  Jr.,  Engineer,  Columbus,  Miss. 
Missouri : 

Kansas  City,  Mo.— Until  2  p.  m.,  March  16, 
by  Park  Commissioners  Thomas  C.  Harring- 
ton, Secy.,  for  concrete  sidewalk  on  west  side 
of  a  boulevard  along  Belmont  Ave. 

New  Mexico : 

Silver  City,  N.  Mex.— Until  March  15,  by 
City    Clerk,    for    paving    about    12    blocks    of 

New  Jersey: 

Millburn,  N.  J.— Until  8  p.  m.,  Mai-ch  22,  by 
Millburn  Township  Committee,  Milton  R. 
Silance,  Clerk,  for  the  laying  of  a  Portland 
cement  curb  on  both  sides  of  Millburn  Ave., 
between  Holmes  and  Spring  Sts.,  and  for  ce- 
ment sidewalk  on  north  side  of  same  thor- 
oughfare, Main  St.  westerly  to  Essex  St. 

New  York: 

Albany,  N.  Y.— Until  1  p.  m.,  March  23,  by 
State  Commission  of  Highways,  L.  J.  Morris, 
secretary,  for  15  contracts,  aggregating  59 
miles,    for   highway  improvement. 
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"Colonel  Goethals's  Own  Story." 

In  the  March  number  of  Scribner's  Maga- 
sine  we  have  the  first  of  a  series  of  articles 
by  Colonel  Goethals  on  the  Panama  Canal. 
Beginning  with  a  brief  review  of  the  steps 
that  led  to  his  appointment  as  chief  of  the 
canal  work,  he  passes  on  to  a  rather  extended 
defense  of  the  plan  of  building  the  canal  by 
day  labor  forces  rather  than  by  contract.  He 
says : 

I  had  never  held  the  opinion  that  it  is,  gen- 
erally speaking,  more  economical  or  advantage- 
ous to  the  government  to  do  its  work  by  con- 
tract, basing  my  conclusions  not  only  on  ex- 
perience gained  by  doing  work  in  both  ways, 
but  from  handling  all  matters  relating  to  con- 
tracts for  work  connected  with  fortifications 
and  rivers  and  harbors  under  the  Engineering 
Department  at  Large,  during  upward  of  three 
years,  while  on  duty  as  assistant  to  the  Chief 
of    Engineers,    United    States    army. 

This  statement  clears  up  at  once  the  reason 
for  the  abandonment  of  plans  to  build  the 
canal  by  contract.  His  predecessors,  Wallace 
and  Stevens,  both  railway'  engineers  of  great 
experience,  had  favored  construction  by  con- 
tract, and  Colonel  Goethals  adds : 

Not  only  were  the  President  (Roosevelt)  and 
Secretary  of  War  (Taft)  prejudiced  in  favor 
of  the  contract  system,  but  the  former  had  as- 
sured me  that  the  general  opinion  was  on  the 
same    side. 

Now  that  the  work  is  done  he  remains  of 
the  same  opinion  as  to  the  wisdom  of  build- 
ing by  day  labor.     He  says: 

Considering  the  work  as  a  whole,  were  it  to 
be  done  over  in  the  light  of  the  experience 
gained  by  its  construction,  I  would  advocate 
employing  again  the  method  that  has  been 
followed. 

Following  this  statement  one  naturally  ex- 
pects to  find  some  comparisons  of  unit  costs 
to  prove  the  alleged  economy  of  the  day  labor 
system  on  the  canal.  But  no  comparisons 
are  given,  because,  he  says,  none  are  pos- 
sible. 

From  the  very  nature  of  the  case  it  is  im- 
possible to  say  whether  the  work  has  been 
done  more  cheaply  or  more  quickly  than  it 
could  have  been  done  by  contract  if  the  plan 
favored  by  Mr.  Stevens  had  been  adopted,  for 
comparison  is  impossible. 

This  last  statement  should  not  be  forgotten, 
for  in  the  future  the  construction  of  the  Pan- 
ama Canal  by  day  labor  will  often  be  cited 
as  proof  of  the  economy  of  that  method. 
Colonel  Goethals  asserts  that  no  such  proof 
can  be  secured,  "for  comparison  is  impos- 
sible." 

The  theoretical  reasons  that  Colonel  Goe- 
thals advances  in  favor  of  the  day  labor  sys- 
tem can  all  be,  and  indeed  all  have  been,  met 
by  equally  convincing  arguments  to  the  con- 
trary. 

His  added  statement  that,  save  for  some 
changes,  the  canal  was  built  within  the  esti- 
mated cost  is  not  a  new  statement.  It  is  apt, 
however,  to  be  very  misleading  to  those  who 
do  not  know  that  he  does  not  refer  to  the 
original  estimate  of  1906,  under  which  the 
canal  project  was  undertaken  by  the  govern- 
ment. In  1908  a  revised  estimate  of  cost  was 
made,  based  on  the  high  unit  costs  that  had 
been  incurred  under  the  day  labor  system. 
Evidently  it  is  this  revised  estimate  to  which 
Colonel  Goethals  refers,  although  he  does  not 
specifically  say  so. 

The  total  cost  of  the  canal  has  been  ap- 
proximately $375,000,000,  not  including  inter- 
est during  construction.  At  3  per  cent  per 
annum  on  the  funds  tied  up  in  the  canal  work 


we  estimate  that  interest  during  construction 
would  amount  to  $50,000,000,  making  a  grand 
total  construction  cost  of  $425,000,000. 

For  a  good  many  years  to  come  the  tolls 
will  probably  not  pay  3  per  cent  interest  on 
this  investment.  Therefore  this  "development 
cost"  may  itself  become  a  very  large  sum. 
Great  as  it  is,  the  investment  will  undoubtedly 
prove  profitable  to  the  country  before  many 
years.  But  the  unprofitable  development  pe- 
riod will  be  a  national  object  lesson  in  teach- 
ing the  general  public  what  railway  officials 
mean  when  they  say  their  "development  costs" 
have  been   enormous. 


The  Immediate  Problem  in  Irrigation 
Water  Measurement. 

Studies  of  irrigation  water  measurement 
are  attaining  volume.  There  is  need  now  of 
the  direction  of  invention  toward  perfecting 
measuring  devices.  At  present  there  is  no 
device  for  measuring  irrigation  water  which 
combines  the  essentials  of  accuracy,  low  cost, 
automatic  registry  and  applicability  to  all 
conditions.  This  is  the  main  general  fact  de- 
termined by  the  tests  which  are  outlined  in 
another  section  of  this  issue.  In  passing  it 
may  be  noted  that  these  tests  are  the  first 
recorded  work  of  a  testing  station  which  is 
destined  to  produce,  as  time  goes  on,  exact 
information  concerning  a  class  of  devices 
which  the  irrigation  engineer  has,  in  the  past, 
had  to  take  largely  on   speculation. 

There  is  coming  a  time  not  so  far  ahead 
when  no  irrigation  works  will  be  planned 
without  full  consideration  of  necessary  means 
for  measuring  the  water  supplied.  As  an  ex- 
ample of  what  is  bound  sooner  or  later  to 
occur  in  every  extensively  irrigated  state  one 
may  cite  the  state  of  California.  In  California 
for  a  longer  time  than  in  any  other  state 
water  for  irrigation  has  in  many  places  been 
demanded  in  volumes  close  to  or  in  excess 
of  the  supply.  This  has  raised  the  price  of 
water  to  very  high  figures  and  this  in  turn 
has  brought  a  demand  from  both  seller  and 
buyer  for  careful  measurement  of  water. 
Finally  the  step  has  been  taken  by  law  of 
placing  in  charge  of  a  central  public  authority 
the  power  to  fix  rates  charged  for  irrigation 
water.  With  a  law  fixing  rates  for  supplying 
a  public  service  there  must  be  means  for  exact 
measurement  of  the  service  supplied. 

As  the  town  dweller  now  pays  for  metered 
water,  metered  gas  and  metered  electric  cur- 
rent, so  the  time  is  coming  when  the  irrigated 
land  owner  will  pay  for  metered  irrigation 
water.  But  the  problem  of  metering  irriga- 
tion water  is  by  no  means  the  simple  problem 
that  the  metering  of  domestic  water  supply 
is.  Some  of  its  comple.xities  are  so  well  in- 
dicated in  the  report  to  which  we  refer  above 
that  we  quote  briefly  as  follows- 

While  extreme  accuracy  is  not  expected  and 
thus  far  is  almost  never  reached,  me.asure- 
ments  within,  say.  from  2  to  ."»  per  cent  of  cor- 
rect are  reasonable  to  expect,  and  no  device 
can  be  considered  very  satisfactory  that  does 
iiot  accomplish  such  a  result.  Sometimes,  and 
especially  in  the  flatter  valleys,  irrigation 
ditches  are  but  very  little  higher  than  the  land 
to  be  watered,  making  measurement  over  a 
weir  or  other  device  requiring  a  free  over-fall 
of  the  w.ater  impossible.  In  such  cases  some 
f(»rm  of  the  submerged  orifice  or  some  kind  of 
mechanical  registering  meter  must  be  used. 
With  almost  any  one  of  these,  silt  or  debris 
carried  in  the  water,  as  well  as  temporary 
changes  in  the  canal  or  ditch  above  or  below 
the  measuring  point  (as  from  checking  up  the 
water   to    get    it    on    to    the    higher    land)    suffl- 
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ciently  change  conditions  to  alter  results  and 
to  impair  the  accuracy  of  measurements  if 
they  are  not  taken  account  of.  An  additional 
element  of  difficulty  is  found  in  the  fluctuations 
in  flow  that  almost  invariably  occur  on  every 
system,  the  same  device  sometimes  being  re- 
quired to  measure  less  and  sometimes  more 
than  the  quantity  it  is  best  suited  to  take 
account  of.  Besides  measuring  water  with 
reasonable  accuracy,  under  sometimes  widely 
varying  conditions,  a  satisfactory  device  for 
tailing  account  of  farm  water  deliveries  must 
be  extremely  simple  in  design,  and  be  made  of 
materials  that  are  available  and  inexpensive. 
It  should  at  least  in  part  be  susceptible  of  con- 
struction by  the  farmer  to  be  served,  and  to 
be  widely  used,  should  not  cost  above,  say,  from 
$2S    to  $50. 

The  need  of  the  irrigation  engineer  is  now 
not  argument  to  prove  the  desirability  of 
measuring  irrigation  water  but  a  measuring 
device  which  will  meet  the  complex  require- 
ments to  be  satisfied.  Invention  has  in  this 
task  a  wide  opportunity. 


Wear  of  Pipe  and  Trough  Conveyors 
for  Concrete  and  Concrete  Materials. 

The  successful  conveying  of  concrete  ma- 
terials and  particularly  mixed  concrete  in 
pipe  lines  and  inclined  troughs  or  chutes  has 
been  a  notable  development  in  the  last  few 
years  in  concrete  engineering.  The  various 
problems  of  size  and  support  of  pipes  and 
troughs,  shape  of  troughs,  consistency  of 
mixture  and  general  procedure  have  been 
very  completely  solved,  but  how  to  reduce 
wearing  of  pipes  and  troughs  is  still  demand- 
ing serious  study.  Old  dredge  men  who  have 
pumped  mixed  clay  and  gravel  through  steel 
pipe  know  well  its  astonishing  capacity  at 
times  for  cutting  the  best  of  steel  into  rib- 
bons. Concrete  physically  is  not  greatly  dif- 
ferent from  gravelly  clay  and  its  abrasive 
powers  should  be  much  the  same.  \\.  any 
rate  concrete  when  run  or  driven  through 
chutes  and  pipe  lines  does  wear  them  out 
and  oftentimes  does  it  in  a  very  short  time. 
The  citation  of  a  few  examples  will  perhaps 
best    present    the    condition    encounterd. 

In  lining  pressure  tunnels  on  the  Catskill 
Aqueduct  concrete  materials  were  in  several 
places  fed  down  shaft  through  steel  pipe  to 
mixers  at  the  bottom.  In  one  case  recalled, 
an  8-in.  pipe  was  used  and  in  another  case  a 
15-in.  spirally  rivited  steel  pipe.  In  both 
cases  excessive  wear  put  pipe  delivery  out  of 
competition  as  an  economic  means  of  con- 
veying concrete  aggregates  great  vertical  dis- 
tances. Incidentally  clogging  occurred  so  fre- 
quently that,  putting  excessive  wear  aside, 
pipe  chutes   were  a   failure. 

On  recent  tunnel  work  in  San  Francisco, 
placing  concrete  lining  by  pneumatic  mi.xer 
and  conveyor,  very  interesting  studies  of  pipe 
wear  are  reported.  An  8-in.  steel  pipe  was 
used  for  conveying  and  lt3-cu.  ft.  charges 
were  forced  through  the  pipe  under  120  lbs. 
air  pressure  with  velocities  of  75  to  100  ft. 
per  second.  On  level  straight  lines  ordinary 
8-in.  flanged  connection  steel  pipe  not  quite 
new  had  a  life  of  about  6,000  cu.  yds.  of 
concrete  conveyed.  The  same  pipe  on  an  up- 
grade of  7  per  cent  wore  through  first  on 
the  top.  Threaded  connections  proved  least 
durable;  the  thinning  of  the  section  by 
threading  resulted  in  rapid  cutting  through 
at  the  joints.  At  bends,  -l-ft.  radius,  %-in. 
steel  pipe  cut  through  in  instances  in  12 
hours  continuous  conveying  and  averaged 
only   60   hours  life. 

Records    of    gravity    conveying    of    concrete 
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in  open  trough  inclined  chutes  may  be  sum- 
marized about  as  follows :  No.  14  gage  blue 
annealed  steel  open  trough  chutes  have  in 
instances  cut  through  small  holes  with  1,500 
cu.  yds.  of  concrete  conveyed,  and  there  are 
recorded  instances  of  such  chutes  having  car- 
ried  20,000  cu.  yds.   without   wearing  holes. 

The  examples  selected,  it  must  be  remem- 
bered, are  purposely  e.xamples  of  failures. 
They  are  chosen  to  show  the  worst  results 
likely  to  be  e.xperienced  in  wear  of  pipe  and 
trough  conveyors.  Ordinarily  the  contrac- 
tor will  not  experience  anything  like  such 
adverse  conditions.  Were  this  not  true  these 
tonveying  methods  would  never  have  at- 
tained the  extensive  use  that  they  have.  Wlien 
excessive  wear  occurs  the  records,  though 
they  are  unfortunately  very  meager,  indicate 
that  it  occurs  because  of  exceptional  cir- 
cumstances. 

As  indicated  by  the  example  cited,  pipe 
line  wear  is  greatest  at  bends,  at  thin  spots 
like  threaded  joints  and  on  up-grades.  Trough 
chutes  cut  through  first  at  dents  or  bumps  or 
where  there  are  "soft  spots"  in  the  rolled 
plate.  Again  the  character  of  the  aggregates 
affects  greatly  the  rate  of  wear.  For  ex- 
ample pit  run  gravel  will  cause  least  wear, 
broken  stone  causes  more  rapid  wear,  and 
slag  causes  extremely  rapid  wear.  Velocity 
of  travel  of  the  concrete  is  another  factor 
of  importance.  Driving  a  batch  of  concrete 
through  a  closed  pipe  under  crowding 
pressure  at  a  speed  of  over  a  mile  a  minute 
is  a  severe  abrasive  action  for  any  steel  to 
resist.  The  wonder  is  that  the  destruction  is 
so  small  as  it  is.  Speed  and  pressure  of  flow 
increase  materially  the  rate  of  wear  of  pipes 
and  chutes. 

The  causes  named  for  e.xcessive  wear  in- 
dicate the  possible  remedies.  At  bends  in 
pipe  lines,  for  example,  elbow  sections  of 
special  pipe  may  be  used.  Cast  manganese 
steel  bends  were  finally  adopted  on  the  San 
Francisco  tunnel  work  previously  named  and 
despite  their  greater  e.xpense  proved  more 
economical  than  ordinary  steel  elbows.  Tt 
might  even  be  economical  when  long  use  i-; 
e.xpected  to  adopt  alloy  steel  or  special  steel 
pipe  for  the  line  as  a  whole,  .\nother  rem- 
edy is  a  special  joint  construction,  one  which 
will  not  produce  a  thin  spot  or  an  irregu- 
larity which   will   intensify  the   wear   locally. 

Open  trough  chutes,  inclined  so  that  flow  is 
by  gravity,  present  a  different  problem.  Good 
uniform  quality  steel  plate  shaped  smootli 
and  kept  undistorted  by  denting  or  buckling 
is  the  first  requisite.  Where  this  will  not 
serve,  resort  to  interlining  or  to  alloy  steels 
is  probably  the  only  solution  unless  change 
is  possible  to  a  smoother  aggregate  or  to  re- 
duced chuting  speeds.  Inquiry  of  one  of  the 
leading  makers  of  concrete  chutes,  the  Tnsley 
Mfg.  Co.,  brings  out  data  on  relining  chutes 
which  contractors  will  be  interested  in  not- 
ing. 

For  the  ordinary  job  the  relined  chute  is 
not     advisable     because     of     the     increased 


weight.  The  standard  untrussed  unlined 
chute  of  No.  14  steel  weighs  from  20  to  30 
lbs.  per  lineal  foot  so  that  the  ordinary  .30-ft. 
section  weighs  about  450  lbs.  A  50-ft.  trussed 
section  without  lining  weighs  905  lbs.  These 
weights  are  about  as  great  as  the  contrac- 
tor can  handle  well.  No.  14  bottom  liner 
plates  12  ins.  wide  add  about  3%  lbs.  per 
lineal  foot  or  165  lbs.  to  a  50-ft.  section. 
Taking  into  account  all  the  factors  causing 
wear  it  is  probable  that  a  lined  chute  will 
wear  three  times  as  long  as  one  without  lin- 
ing. Also  relined  chutes  are  less  liable  to 
become  dented  and  if  the  plates  contain  soft 
spots  they  are  not  likely  to  coincide  in  loca- 
tions. For  work  of  considerable  volume 
lined  chutes  are  practically  always  advan- 
tageous. 

Broadly  speaking  the  statements  made  in- 
dicate an  increased  life  due  to  relining  which 
well  repays  the  greater  cost  and  weight  wher- 
ever increased  life  will  save  renewal.  The 
notion  occurs  that  perhaps  the  same  result 
could  be  obtained  without  the  burden  of  in- 
creased weight  by  using  manganese  steel. 
Manganese  steel  plate  is  now  being  rolled 
with  high  success  and  concrete  workers  are 
already  familiarized  with  its  use  in  shovel 
blades  and  for  the  stirring  plates  of  mixers. 
For  chutes  and  pipe  lines  for  carrying  con- 
crete nothing  presents  greater  claims  for  in- 
vestigation  than   manganese   steel. 

A  New  York  Newspaper  Nominates  an 

Engineer  for  a  Public  Service 

Commissionership. 

It  is  a  matter  worthy  of  note  that  one  of 
the  great  dailies  of  New  York  City  advo- 
cates the  appointment  of  an  engineer  as  chair- 
man of  a  state  Public  Service  Commission.  It 
seems  likely  that  at  least  four  of  the  five 
State  Commissioners  of  the  First  District  will 
be  forced  out  of  office  by  the  new  governor  of 
the  state.  Commenting  on  this  contingency 
the  New  York  Evening  Post  says: 

As  to  the  question  of  appointments,  we  sin- 
cerely trust  that  the  Governor  will  not  ap- 
point Mr.  Hayward  to  a  Commissionership.  It 
would  be  a  bad  precedent  to  establish,  this  put- 
ting an  investigator  into  the  office  he  has  in- 
vestigated; besides,  there  are  plenty  of  other 
men  who,  with  no  disrespect  to  Mr.  Hajward. 
would  bulk  larger  and  carry  far  more  weight 
in  the  public  eye.  Is  there  no  engineer  of  high 
standing  available  as  chairman,  of  the  type  of 
President   Humphreys   of   Stevens   Institute? 

Mr.  Seth  Low,  former  mayor  of  New  York 
and  e.x-president  of  Columbia  University,  tes- 
tified recently  before  an  investigating  com- 
mittee of  the  state  legislature  to  the  effect 
that  the  members  of  the  Public  Service  Com- 
mission of  the  First  District  had  lacked  the 
necessary  training  and  experience.  He  voiced 
the  judgment  of  thinking  men  when  he  strong- 
ly advocated  the  selection  of  the  most  com- 
petent men  available  for   such  positions.   Cer- 


tainly the  fact  that  a  man  has  practiced  law 
is  not  a  sufficient  qualification  in  itself,  as 
many  governors  seem  to  have  thought  when 
selecting  public  service  commissioners. 

It  may  be  said  that  to  have  practiced  en- 
gineering is  not  a  sufficient  qualification  either. 
.■\nd  that  is  true.  But  an  engineer  who  is  ju- 
dicial in  temperament,  who  has  been  a  stud- 
ent of  public  utility  regulation,  and  who  has  a 
strong,  upright  character,  would  make  ex- 
cellent material  for  a  commissionership.  The 
governor  of  Connecticut  has  recently  selected 
such  an  engineer  as  a  public  service  com- 
missioner, and  it  is  to  be  hoped  that  the  gov- 
ernor of  New  York  will  do  likewise.  - 

Doubtless  engineers  in  New  York  state  will 
urge  upon  the  governor  such  an  appoint- 
ment. Would  it  not  be  well  for  them  to  se- 
cure the  assistance  of  the  daily  press  in  fur- 
thering this  object?  The  Evening  Post  has 
already  led  the  way,  and  other  papers  might 
be  induced  to  comment  favorably  upon  the 
creation  of  a  public  service  commission  com- 
posed largely  of  engineers  of  high  standing. 
New  York  is  rich  in  engineers  competent  to 
fill  such  commissionerships  with  great  effec- 
tiveness. Publicity  of  the  right  sort  can  make 
this    fact   generally  known. 


Comprehensive   Charts   for    Designing 

Reinforced  Concrete  Beams. 

For  the  solution  and  explanation  of  many 
problems  a  graphical  analysis  is  greatly  su- 
perior to  any  other  process.  The  real  danger 
of  a  graphical  solution,  however,  lies  in  the 
inability  of  many  men  to  recognize  in  it  any- 
thing more  than  a  routine  procedure  of  draw- 
ing straight  lines  and  curves — they  do  not  at 
all  times  realize  that  a  problem  is  being  com- 
pletely analyzed.  In  our  issue  of  Aug.  .5,  1914. 
we  published. a  comprehensive  chart  for  de- 
signing reinforced  concrete  beams,  which, 
together  with  the  chart  given  in  the  "Build- 
ings" section  of  this  issue,  deserve  the  care- 
ful study  of  all  structural  engineers.  Both 
charts  are  original  and  involve  features  more 
comprehensive  in  scope  than  any  diagrams 
heretofore  published.  They  show,  in  a  graph- 
ical way,  the  mathematical  skeleton  about 
which  all  our  rational  processes  of  reinforced 
concrete  designing  are  built.  In  the  form  in 
which  the  charts  are  shown,  they  constitute  an 
efficient  and  labor-saving  means  of  solving 
problems  relative  to  the  design  of  all  types  of 
reinforced  concrete  beams.  By  following  up 
the  suggestions  contained  in  the  explanation 
of  the  two  charts  mentioned,  as  regard  ex- 
tensions of  their  scopes,  they  also  furnish 
efficient  means  of  investigating  non-homogene- 
ous beams  of  all  kinds.  The  charts  have  been 
reproduced  to  a  scale  sufficiently  large  to 
permit  their  direct  application  to  problems  of 
reinforced  concrete  design.  The  author  of 
these  charts  deserves  credit  for  the  original 
and  efficient  manner  in  which  he  has  handled 
his  subject. 
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Economy  Effected  in  the  Use  of  River 

Sand  as  a  Filter  Medium  at 

Moline,  111. 

In  the  selection  of  sands  for  use  in  filters 
the  common  practice  has  been  to  choose  the 
uniform  kinds  usually  obtained  from  banks 
or  at  the  sea  coast.  Bank  sands  are  found 
in  various  parts  of  the  country,  yielding  a 
product  which  has  proved  very  efficient  as  a 
filter  medium.  Bank  and  coast  sands  are  gen- 
erally very  expensive.  To  avoid  this  cost 
other  sands  are  gradually  coming  into  use, 
notably  river  sand.  If  a  river  sand  can  be 
found  free  from  mud  and  other  objectionable 
matter  and  of  a  uniform  size  it  is  satisfac- 
tory for  filter  use.  The  cost  of  removal  of  the 
clay,  mud  and  other  foreign  matter  present 
mav  offset  the  lower  first  cost  of  river  sand 


and  make  the  bank  sand  cheaper  in  the  end. 
The  present  article,  based  on  a  paper  by  L.  A. 
Fritze,  City  Chemist  of  Moline,  111.,  before 
the  recent  annual  meeting  of  the  Illinois  Sec- 
tion of  the  American  Water  Works  Associa- 
tion, gives  some  cost  data  on  the  use  of  river 
sand  for  water  filters  at  Moline  and  Rock 
Island,  111. 

River  sands  have  been  in  use  in  a  few  slow 
and  rapid  sand  filters  from  seven  to  twelve 
years,  and  the  results  prove  that  a  satisfactory 
effluent  can  be  obtained  through  this  medium. 
Moreover,  since  the  introduction  of  chlorine 
sterilization  as  an  adjunct  to  filtration  the 
necessity  for  a  sand  of  such  high  merit  as 
formerly  is  not  now  of  such  e.xacting  im- 
portance. However,  the  size  of  the  sand 
must  be  considered,  for  one  too  fine  will 
clog  quickly,  and  one  too  coarse  will  not  yield 
a  satisfactorv  effluent. 


In  rapid  sand  filtration,  the  use  of  river 
sand  has  become  quite  common.  Inquiries 
sent  to  a  number  of  these  plants  show  that  a 
very  satisfactory  water  has  been  obtained 
with  a  sand  costing  only  one-fourth  as  much 
as  the  sand   formerly  used. 

EXPERIENCE    AT    MOLINE    AND    ROCK    ISLAND,    ILL. 

In  Moline  and  Rock  Island,  the  experience 
has  been  the  same.  River  sand  has  been  in 
service  for  two  years  with  results  which  in- 
dicate its  permanent  use.  This  sand  is  ob- 
tained from  the  Mississippi  River,  above  the 
city  of  Moline.  A  local  sand  company  sup- 
plies the  material,  collecting  it  in  the  follow- 
ing manner.  By  means  of  a  centrifugal  sand 
pump  on  a  boat,  a  barge  is  loaded.  This 
barge  is  then  unloaded,  at  the  docks  of  the 
company  by  a  stream  of  water  from  the  sand 
pump,   into   the   river  again.     After  emptying 
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the  barge,  the  sand  is  then  taken  from  the 
river  and  pumped  into  the  sand  bins.  By  this 
means  of  unloading,  the  sand  is  thoroughly 
washed  and   freed   from  objectionable  matter. 

This  raw,  unscreened  product  has  an  effec- 
tive size  of  0.28  mm.  and  a  uniformity  coeffi- 
cient of  2.11.  When  placed  in  a  filter,  the  fine 
powder  will  find  its  way  to  the  surface  during 
washing.  Unless  this  powder  is  removed,  the 
filter  will  clog  very  quickly  and  necessitate 
an  increase  in  wash  water.  By  scraping  the 
bed  and  freeing  the  sand  of  this  material,  a 
medium  will  be  obtained  with  an  effective  size 
of  .51  mm.  and  a  uniformity  coefficient  of  1.34. 
For  filtration  purposes  this  sand  is  very  effi- 
cient. 

The  loss  due  to  the  discarding  of  the  fine 
powder  will  vary  with  the  different  sands, 
ranging  from  5  to  40  per  cent.  The  Missis- 
sippi sand  contains  about  b  per  cent  fine 
powder,  which  is  very  easily  removed  by  wash- 
ing. 

It  has  been  found  that  the  size  of  gravel 
used  will  affect  the  results  obtained  with 
river  sand.  Small  gravel  %  in.  to  Vi  in.  in 
size  was  in  use  for  a  year,  but  the  results 
show  that  larger  gravel  is  needed.  To  meet 
this  requirement  gravel  2  ins.  and  over  was 
placed  ne.\t  to  the  strainers  to  a  depth  of 
9  ins.  With  the  smaller  gravel  on  this  bed 
and  the  sand  on  top,  conditions  are  very 
satisfactory.  This  filter  has  been  in  service 
six  months  and  to  date  we  have  been  unable 
to  find  packing  and  strainer  trouble.  Like- 
wise in  Rock  Island,  it  was  found  necessary 
to  supplant  the  fine  gravel  with  the  larger 
material,  when  the  river  sand  was  employed. 
Using  the  larger  size  gravel  has  eliminated 
considerable  of  their  trouble. 

The  financial  saving  of  the  river  sand  over 
the  more  e.xpensive  bank  sands  is  considerable. 
The  cost  of  the  Mississippi  River  sand  per 
cubic  yard  delivered  to  the  filter  plant  is  70 
cts.  The  loss  in  this  sand  due  to  the  fine 
powder  is  5  per  cent,  making  the  actual  cost 
per  cubic  yard  72.9  cts. 

Large  gravel  to  the  depth  of  9  ins.  is  need- 
ed to  obtain  satisfactory  results.  This  quan- 
tity represents  about  9  cu.  yds.  and  costs  $2..3-5 
per  cu.  yd.,  totals  $21.15.  This  cost  must  be 
added  to  that  of  the  sand.  The  wash  water 
required  to  free  the  sand  of  the  fine  powder 
amounts   to   125,000  gals,   and   costs    1   ct.   per 


Wing  bank  sand.  Thirty  cubic  yards  of  sand 
are  needed  per  filter  to  make  the  medium  the 
proper  depth,  and  with  the  above  figures  the 
saving  per  unit  is  $158  or  $789  for  the  five 
1,000,000-gal.   units   in  the  plant. 

It  has  been  found  that  the  yearly  loss  of 
sand  due  to  various  causes  is  about  1  cu.  yd. 
per  filter.  With  river  sand  this  means  an  an- 
nual loss  of  $3.65,  with  bank  sand  $33.65,  or 
a  net  saving  of  $30  per  year  by  using  river 
sand. 

Cost  records  on  the  cleaning  of  filters,  that 
is,  the  removal  of  the  sand  and  gravel,  and 
the  cleaning  of  the  collecting  system,  show 
that  120  hours  time  is  necessary  for  the  work, 
costing  $30.  In  other  words,  we  can  clean 
one  unit  and  replace  the  lost  sand  in  the  other 
units  for  the  same  amount  of  money  as  need- 
ed for  only  replacing  the  lost  bank  sand. 

In  conclusion,  river  sand  is  being  used  with 
satisfactory  results  in  a  number  of  filter 
plants,  the  cost  is  much  less  than  the  aver- 
age bank  sand,  and  water  w^orks  proposing  to 
buy  new  sand  can  well  afford  to  investigate 
the  quality  and  quantity  available  in  their  own 
locality,  before  purchasing  from  a  remote 
point. 

Design  and  Construction  of  the   New 

Standpipe     of     the     Youngstown, 

Ohio,  Water  Works. 

Contributed   by    N.    E.    Hawkins,    Water   Worl<s 
Engineer,  Youngstown,  O. 

The  erection  of  the  new  south  side  stand- 
pipe  for  the  municipal  water  works  depart- 
ment at  Youngstown,  Ohio,  was  recently  com- 
pleted bv  the  Chicago  Bridge  &  Iron  Works  of 
Chicago!  The  structure  is  100  ft.  in  diameter 
by  50  ft.  high  and  will  normally  provide  a 
storage  of  about  2,885,000  gals,  the  sides  of 
the  standpipe  are  constructed  of  ten  rings  of 
plates  of  the  thickness  shown  in  Fig.  1.  The 
bottom  is  made  up  of  %-in.  steel  plates  and 
is  connected  to  the  sides  by  a  6x6xl-in.  angle 
A  stiffening  angle,  6x4x%-in.,  is  riveted  to 
the  middle  of  the  eighth  ring  to  take  care  of 
the  wind  stresses  with  the  tank  empty.  A  con- 
tinuous filler  between  butt  straps  and  of  the 
same  thickness  was  used  between  this  angle 
and  the  shell.  The  top  of  the  standpipe  is  re- 
inforced by   a  horizontal  circular  girder  3  ft. 
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Fig.   1.     Elevation   of   New   Steel    Standpipe    at  Youngstown,  O. 


per  square  inch,  with  the  elastic  limit  not  less 
than  one-half  the  ultimate  strength.  The 
ultimate  strength  of  rivet  steel  was  required 
to  be  48,000  to  58,000  lbs. 

All  vertical  joints  are  double  butt  strapped 
and  all  horizontal  joints  are  lap  joints.  For 
the  bottom  plates  1%-in.  rivets  were  used, 
for  the  intermediate  joints  1-in.  and  %-in. 
rivets,  and  for  the  top  plates  and  the  bottom 
of  tank  %-in.  rivets  were  used.  The  rivets 
used  in  the  horizontal  lap  joints  were  required 
to  be  the  same  size  as  the  adjacent  vertical 
joint.  All  rivets  in  the  shell  were  driven  w'ith 
a  compression  yoke  riveter,  shown  in  Fig.  2, 
and  the  bottom  rivets  were  driven  with  an  air 
hammer.     The  pitch  of  the  rivets  in  the  hori- 


1,000  gals.  This  totals  $1.25.  Considering 
these  additional  factors,  the  cost  of  the  river 
sand  ready  for  service  in  the  filters  is  $1.47 
per   cu.   yd. 

For  comparison,  we  will  select  a  well  known 
bank  sand,  commonly  in  use  in  this  section  of 
the  country,  that  from  Red  Wing,  Minn.  The 
best  grade  of  filter  sand  obtained  at  this  place 
costs  $3  per  ton  or  $4.05  per  cu.  yd.  The 
freight  from  Red  Wing  to  Moline  is  $1.80 
per  "ton  or  $2.43  per  cubic  yard,  making  a 
total  cost  per  cubic  yard,  delivered  to  the  filter 
plant,  of  $6.48.  An  additional  charge  of  25 
cts.  per  yard  must  be  made  for  unloading, 
bringing  the  total  cost  per  cubic  yard  to  $6.73. 

Using  the  two  figures  for  sand  costs  as 
found  at  Moline,  the  river  sand  shows  a  net 
saving  of  $5.26  per  cubic  yard  over  the  Red 


6  ins.  wide.  This  girder  is  figured  to  have  a 
section  modulus  not  less  than  the  square  of 
the  diameter  of  the  standpipe  in  feet  divided 
by  250 ;  this  is  also  figured  to  support  a  uni- 
formly distributed  load  of  50  lbs.  per  square 
foot,  or  a  concentrated  load  of  500  lbs.  at  any 
point. 

The  shell  was  figured  to  keep  within  the 
following  unit  stresses: 

Axial  compression— 17,500-57—  max.  12.000  lbs. 
r 

Tension  In  plates — 12,000  lbs.  per  sq.  In.  net 
section. 

Bearing  on  rivets — 9,000  lbs.  per  sq.  In.  net 
section. 

Shear  on  rivets — 19.000  lbs.  per  sq.   In. 

Steel  plates  were  required  to  show  an  ulti- 
mate  strength   of    from   55,000   to   6.5,000   lbs. 


Fig.  2.  View  Showing  Compression  Yoke 
Riveter  and  Method  of  Blocking  Bottom 
Employed  in  Standpipe  Construction  at 
Youngstown,  O. 


zontal  joints  vary  from  5.6  ins.  at  the  bottom 
to  3%  ins.  at  the  top.  The  specifications  re- 
quired in  this  regard,  a  pitch  not  to  exceed 
6  ins.  or  ten  times  the  thickness  of  the  thin- 
nest outside  plate,  where  caulking  was  re- 
quired, and  elsewhere  not  to  exceed  6  ins.  or 
16  times  the  thickness  of  the  thinnest  outside 
plate.  A  view  of  the  interior  of  the  standpipe 
and  the  erection  derrick  used  is  shown  in 
Fig.  3. 

The  inside  of  the  standpipe  after  erection 
was  painted  with  two  coats  of  Heath  and  Mil- 
ligan  Mindura  Brine  Proof  metal  preserva- 
tive, and  the  bottom  was  covered  with  a  2-in. 
slab  of  concrete  mixed  one  part  cement  to 
two  parts  sand  to  four  parts  small  pea  gravel, 
reinforced  with  expanded  metal. 

The  foundation  was  carried  down  to  hard 
yellow  clay.  The  footing  ring  is  8  ft.  6  ins. 
deep  by  4  ft.  6  ins.  wide  with  an  18x24-in. 
offset  on  the  outside  at  the  bottom,  as  shown 
in  Fig.  4.  This  was  poured  with  1 :2%  :5  con- 
crete. The  top  5  ft.  inside  of  the  footing  was 
removed  and  refilled  with  granulated  slag, 
spread  in  9-in.  layers  and  thoroughly  soaked 
with  a  fire  hose.  A  12-in.  floor  composed  of 
1:2:4  concrete,  reinforced  with  1.2-lb,  expand- 
ed metal,  was  poured  and  carried  into  the 
footings.  There  has  been  no  indication  of 
any  settlement  and  none  is  expected. 

A  small  valve  house  10  ft.  x  12  ft.  in  plan 
with  brick  walls,  concrete  basement,  and  slate 
roof  was  built  by  the  masonry  contractor. 

The  cost  was  as  follows  : 

2.400  cu.  yds.  earth  excavation,  at  40 
cts $      960.00 

1,700  cu.  yds.  granulated  slag  fill,  at 
90  cts 1,530.00 

830  cu.  yds.  concrete,  at  $6.50 5,395.00 

4-in.  drain  pipe  1-40 
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Valve   house   complete 516.32 

Total   masonry  contract $  8,402,72 

Standpipe   proper    35,960.00 

Total     $44,362,72 

The  Chicago  Bridge  and  Iron  Works  erect- 
ed the  standpipe,  Mr,  J,  H,  DeCarpenter  of 
Youngstown   was  masonry  contractor.    Mr.  J. 


The  maximum  air  pressure  required  to 
start  a  lift  to  operating  is  equal  to  2.31  times 
the  submergence  of  the  air  pipe,  in  feet.  As 
soon  as  the  lift  begins  to  operate,  the 
pressure  is  reduced ;  because  of  the  drawing 
down  of  the  water  in  the  well,  thus  reduc- 
ing the  submergence,  and  increasing  the  lift. 
This  lowering  of  the  water  level  may  be  con- 


Fig,  3.     View  of  Interior  of  Youngstown   Standpipe   and    Erection   Derricl<    Used, 


S.  Lewis  is  superintendent  of  water  works 
and  Mr.  N.  E.  Hawkins  is  water  works 
engineer. 


The  Proper  Installation    of    Air    Lift 
Pumps. 

The  increasing  use  of  deep  wells  as  sources 
of  water  supply  for  cities  in  different  parts 
of  the  country  has  greatly  stimulated  the 
adoption  of  the  airlift.  Briefly  the  advantages 
and  disadvantages  of  air  lifts  may  be  reviewed 
as  follows.  They  are  superior  to  pumps  of  other 
kinds  because  of  the  entire  lack  of  moving 
parts  in  the  well  and  the  large  rate  of  flow 
which  can  be  obtained  by  their  use.  These 
are  especially  desirable  qualities  when  one 
or  two  wells  are  depended  on  to  furnish  the 
entire  water  supply  of  a  town.  Opposed  to 
these  desirable  qualities  is  the  low  efficiency 
of  the  device.  Its  use  should  therefore  be 
limited  to  those  cases  where  efficiency  can 
be  sacrificed  for  the  sake  of  reduction  in 
maintenance  expense,  increase  in  well  out- 
put or  increase  in  reliability.  The  use  of  the 
air  lift  should  therefore,  as  a  rule,  be  limited 
to  crooked  wells  or  those  in  which  water 
must  be  pumped  from  a  greater  depth  than 
200    ft. 

Though  air  lifts  have  been  used  for  pump- 
ing water  from  deep  wells  for  the  past  50 
years,  the  theory  of  their  operation  is  still 
so  imperfectly  understood  that  their  design 
is  almost  wholly  dependent  on  empirical 
formulae.  The  present  article  discusses  the 
proper  installation  of  air  lifts  and  is  based 
on  a  paper  by  A.  H.  Ford  of  Iowa  City  be- 
fore the  annual  meeting  of  the  Iowa  En- 
gineering  Society. 

In  general  an  air  lift  consists  of  an  air 
pipe  extending  a  considerable  distance  below 
the  level  of  the  water  in  the  well  and  so 
arranged  that  the  air  supplied  to  it  by  an 
air  compressor,  located  at  the  surface  of  the 
ground,  is  delivered  near  the  bottom  of  the 
eduction  pipe  which  carries  the  mixture  of 
air  and   water   to  the  point   of   discharge. 


siderable    and    is    the    determining    factor    in 
fi.xing  the   economical   output   of   a  well. 

A  number  of  the  factors  which  enter  into 
the  efficiency  of  an  air  lift  must  of  necessity 
be  determined  by  experiment  on  the  particu- 
lar well  in  question;  but  some  of  them  admit 
of  generally  applicable  determinations  being 
made.  Among  these  is  the  best  form  of 
foot  piece,  as  the  coiviection  between  the  air 
pipe  and  the  eduction  pipe  is  called.  Then 
are  a  number  of  forms  of  foot  piece  on  the 
market,  for  some  of  which  extravagant  claims 
of  efficiency  are  made ;  but  as  wide  variations 
in    the    efficiency    are    due    to    slight    changes 


TABLE   I.— EFFECT   OF   SUBMERGENCE   ON 

EFFICIENCY  OF  AIR  LIFT  AT 

HATTIESBURG,    MISS. 

Submergence  Efficiency. 

lift.  Per  cent. 

8.70   26.5 

5.46   31.0 

3.86    35.0 

2.91    36.6 

2.25   37.7 

1.86   36.8 

1.45    34.5 

1.19    31.0 

.96    26.5 

Flow  about  1,100  gals,  per  min. 
Lift  about  37  ft. 


in  proportion  of  other  parts  of  the  system 
or  the  method  of  operation,  such  claims  are  to 
be  looked  on  askance,  unless  they  are  backed 
up  by  adequate  guarantees.  Tests  have 
shown  that  the  effect  of  a  change  in  foot 
piece  may  be  to  increase  the  efficiency  as 
much  as  50  per  cent  when  the  head  is  high, 
with  a  much  smaller  increase  when  the  head 
is  low. 

The  efficiency  of  even  a  well  designed  air 
lift  is  low;  varying  from  20  per  cent  for  a 
lift  of  600  feet,  to  45  per  cent  for  a  lift  of 
50  ft. ;  and  is  greatly  influenced  by  the  ratio 
of  the  submergence  of  the  air  pipe  to  the  lift; 
the  best  ratio  being  about  2.  This  is  clearly 
shown  in  Table  I  giving  data  on  a  test  of  a 
well   at   Hattiesburg,    Miss.,   as     reported     in 


"Pumping  by  Compressed  Air,"  by  E.  M. 
Ivans.  In  this  test,  the  speed  of  the  air  com- 
pressor was  adjusted  so  as  to  keep  the  rate 
of  flow  of  water  constant,  while  the  length 
of  the  air  pipe  was  varied.  The  dimensions 
of  the  well  and  air  lift  were  as  follows ; 

Total  depth  of  well,  ft 453.5 

Inside  diameter  of  casing,  ins 9% 

Inside  diameter  of  air  pipe,  ins 2^ 

Inside  diameter  eduction   pipe,    ins 9% 

Static    lift,    feet 4.0 

The  results  in  Table  I  show  that  the  maxi- 
mum efficiency  is  secured  when  the  sub- 
mergence is  2.5  times  the  lift  and  that  the 
efficiency  falls   off  more   rapidly   for  a  reduc- 


TABLE  II 

—RESULTS  OF  TESTS  TO  DETER- 

MINE   BEST   FLOW   FROM 

DEEP  WELLS 

AT 

HATTIESBURG,  MlaS.,  WITH 

AIR    LIFT. 

Length  of 

Flow 

Efficiency 

air  pipe 

(gal.  per        Lift 

Per 

Duty  (gals. 

(feet). 

min.). 

(feet). 

cent. 

per  hp.-hr.). 

224 

1,495 

47.5 

32.6 

1,630 

208 

1,459 

45.8 

31.5 

1,640 

184 

1,419 

44.3 

31.1 

1,670 

162 

1.359 

39.4 

30.0 

1,790 

142 

1,299 

37.7 

30.6 

1,920 

124 

1,219 

37.6 

32.8 

2,070 

105 

1.106 

37.1 

36.7 

2,340 

S6 

1,008 

32.5 

33.4 

2,450 

79 

904 

29.3 

31.3 

2,530 

67 

802 

26.0 

30.5 

2,750 

43 



690 

21.2 

29.8 

3,240 

tion  in  the  submergence  than  for  an  increase. 
It  is  a  good  plan  therefore  to  have  the  sub- 
mergence more  than  that  calculated  for  the 
best  efficiency,  rather  than  less.  This  allows 
for  the  usual  occurrence,  viz.,  that  the  pump- 
ing lift  increases  as  more  wells  are  sunk  and 
as   the   well   is   pumped   more. 

Previous  to  this  test  the  length  of  the  air 
pipe  in  this  well  had  been  varied  with  a  view 
to  finding  out  the  best  flow  at  which  to  op- 
erate the  well.  The  important  data  are  given 
in    Table    II. 

The  air  supply  was  apparently  adjusted  so 
as  to  get  the  best  efficiency  for  each  sub- 
mergence. 

This  test  shows  an  anomalous  variation  of 
the  relation  of  lift  to  rate  of  flow;  which  is 
probably  due  to  the  coming  into  action  of  a 
second  water  bearing  stratum,  there  being 
two   cut   by   the   well,   when   the   level   of   the 

.Expanded  Metal-  Style  J-  Gen  Firepr  Co  or  equal 
'-  *. 

\   Z'Concr  Floor  inside     '-^of  Steel  Ring 
^      ':     .■■  Standpipe  ,  „  ' 


Fig.  4.     Partial  Cross  Section  of  Foundation 
of   Youngstown    Standpipe, 

water  had   dropped   35   ft.   on   account   of   the 
operation   of  the  lift. 

The  writer  believes  that  pump  duty,  water 
pumped  per  unit  of  energy  supply,  should  be 
made  the  criterion  of  operation  rather  than 
mechanical  efficiency.  He  has  therefore  cal- 
culated the  last  column.  This  shows  that  the 
test  was  not  carried  to  low  enough  sub- 
mergence to  reach  maximum  duty.  The  duty 
of  this  lift  would  have  been  increased  42  per 
cent,  and  the  cost  of  pumping  reduced  that 
amount,  had  the  well  been  operated  at  a  flow 
of  700  gals,  per  minute  instead  of  1,100  gals, 
per  minute.  The  demand  for  water  might 
not  have  allowed  operation  at  this  rate  in 
this  case,  but  in  general  the  rate  of  pumping 
should  not  be  so  high  as  to  lower  the  water 
level  in  the  well  to  such  an  extent  as  to 
seriously  decrease  the  duty,  as  defined  above. 


March  17,  1915. 
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The  present  status  of  the  air  lift  is  such 
that  it  can  be  considered  as  a  thoroughly  re- 
liable piece  of  apparatus,  but  one  should  not 
be  installed  without  the  advice  of  an  en- 
gineer who  has  made  a  special  study  of  the 
subject  and  he  should  be  given  opportunity 
to  make  trials  with  various  lengths  of  air 
pipe  and  various  speeds  of  compressor  opera- 
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Fig.     1.   Plot    of    the     Williams    and     Hazen 

Formula   for  the    Flow   of   Water    in    Cast 

Iron  Pipe — Shown  to  Illustrate  Method 

of  Logarithmic  Diagram   Plotting. 


tion,  after  the  lift  has  been  installed ;   so  as 
to   find   the   conditions   for   best   operation. 


Water-Supply  Paper  323,  covering  the  Ohio 
River  basin,  1912,  compiled  by  A.  H.  Horton, 
W.  E.  Hall,  and  H.  J.  Jackson,  has  recently 
been  published  by  the  Survey,  and  is  for  sale 
by  the  Superintendent  of  Documents,  Wash- 
ington. D.  C. 


Procedure    in    Logarithmic     Diagram 
Plotting  of  Hydraulic  Formulas. 

Contributed  by  Warren  A.   Lyon,   Syracuse. 
New  Tork. 

A  logarithmic  diagram  of  the  type  shown 
in  Fig.  1  offers  a  very  convenient  means  of 
expressing  graphically  a  formula  of  the  kind 
V=^K  D<^  S'>.  Many  of  the  best  hydraulic 
formulas  are  in  this  form  and  their  algebraic 
solution  is  often  difficult  and  tedious  on  ac- 
count of  the  fractional  exponents. 

The  only  method  which  the  writer  has  ever 
seen  published  of  plotting  these  diagrams  was 
given  in  a  series  of  articles  in  "Power"  dur- 
ing April,  1911.  The  method  there  given  was 
very  complicated  and  long  drawn  out.  The 
writer  has  devised  the  following  solution  for 
graphical  plotting,  the  only  computations 
necessary  being  four  solutions  of  the  original 
equation. 

Fig.  1  is  plotted  frcmi  the  Williams  and 
Hazen  formula,  F  =  100  r""  /"  0.001-'",  for 
the  flow  of  water  in  cast-iron  pipe.  In  this 
equation,  V  is  the  velocity  in  feet  per  second, 
s  the  slope  or  friction  head,  and  r  the  hy- 
draulic radius  in  feet.  The  discharge  and 
friction  head  lines  are  drawn  parallel  any 
convenient  distance  apart.  After  the  desired 
limits  of  discharge  and  friction  head  have 
been  chosen  (in  this  case,  0.1  to  50  cu.  ft.  per 
second  and  0.1  to  300  ft.  per  1,000  ft.),  their 
values  are  platted  logarithmically  to  any  suit- 
able scales. 

Note  that  the  graduations  from  0.1  to  1,  1 
to  10,  10  to  100,  etc.,  are  the  same.  It  is 
hence  necessary  only  to  plot  the  logarithms  of 
the  numbers  from  1  to  10  on  a  separate  slip 
of  paper  and  then  use  this  slip  as  a  scale  in 
marking  oK  the  lines  in  the  diagram. 

After  the  discharge  and  friction  head  lines 
have  been  graduated,  the  desired  limits  of 
pipe  sizes  are  chosen,  in  this  case  4  ins.  to  48 
ins.  Now  solve  the  equation  for  a  friction 
head  of  1  ft.  in  1,000  ft.  and  diameter  of  48 
ins.;  the  discharge  is  found  to  be  about  40.2 
sec.  ft.  Draw  a  line  connecting  the  1.0  ft. 
point  with  the  40.2  sec.  ft.  point.  Solve  again 
with  friction  head  of  0.1  ft.  in  1,000  ft.  and 
get  discharge  equal  to  about  11.4  sec.  ft.  Draw 
a  line  connecting  the  0.1  ft.  point  and  11.4 
point  and  mark  where  it  intersects  the  first 
line. 

Repeat  this  operation  using  diameter  equal 
to  4  ins.  and  friction  heads  of  say  300  ft.  in 
1,000  ft.  'and  10  ft.  in  1,000  ft.,  thus  obtaining 
a  second  intersection.  A  line  drawn  through 
these  two  intersections  will  be  parallel  to  the 
other  two  lines  if  the  work  has  been  correctly 
done. 

This  third  line,  on  which  are  marked  the 
sizes  of  pipe,  must  be  graduated  logarithmic- 
ally.    Since   in   all   probability,   no  even   scale 


would  exactly  fit  this  line,  it  is  necessary  to 
construct  a  special  scale.  To  do  this,  use  the 
simple  geometric  problem  of  dividing  one  line 
proportional  to  another  line.  The  construc- 
tion is  shown  in  Fig.  2. 

In  Fig.  2,  line  AB  \s  divided  logarithmically 
to  some  even  scale.  Line  AC  makes  any  con- 
venient angle  with  AB  and  distance  AC 
equals  the  distance  between  the  4-in.  and  48- 

r-                                                                                                         --  4S* 
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Fig    2.  Construction    for    Dividing    Line — AC 
Proportional  to  the  Dividing  of  AB. 

(The  length  A  C  equals  the  length  of  the  mid- 
dle or  size-of-pipe  line  in  Fig.  1.  The  length 
of  the  latter  line  is  determined  by  intersections 
of  two  pairs  of  lines  drawn  following  four  alge- 
braic solutions  of  the  formula.) 

in.  points  in  Fig.  1.  Connect  B  and  C  and 
draw  lines  parallel  to  BC  through  the  points 
on  AB,  thus  graduating  AC  in  desired  man- 
ner. These  graduations  may  now  be  trans- 
ferred to  the  size-of-pipe  line  in  the  diagram. 
In  a  similar  manner,  a  fourth  line  may  be 
constructed  giving  the  velocity  for  any  dis- 
charge. In  this  case,  substitute  the  area  of 
the  pipe  in  square  feet  and  velocity  in  feet 
per  second,  in  the  formula,  Q  =  aV  and  get 
resultant  discharge  in  cubic  feet  per  secoiid. 
The  diagram  in  Fig.  1  was  plotted  for  dis- 
charge only  and  the  corresponding  velocity 
line  would  lie  an  inconvenient  distance  to  the 
right.  Since  the  friction-head  line  falls  be- 
tween the  size-of-pipe  line  and  the  velocity 
line,  it  might  be  better  in  most  cases  to  start 
plotting  with  velocity-discharge  relation  and 
then  determine  the  position  and  graduations  of 
the  friction  head  line.  In  all  cases  of  sub- 
stituting in  an  equation  the  size  of  pipe  should 
be  made  one  of  the  substituted  quantities. 


iUILDMG: 


A    Graphical    Method    for    Designing 

Simple  Reinforced  Concrete  Beams 

and  Data  for  Designing  Simple, 

Double-Reinforced   and 

T-Beams.* 

Contributed  by  Ralph  R.  Leffler,  Chicago,  111 
The  object  of  this  article  is  to  set  forth  a 
graphical  method  for  designing  simple  rec- 
tangular reinforced  concrete  beams  for  mo- 
ment and  shearing  area.  The  author  believes 
this  method  to  be  new,  that  it  both  eases  and 
expedites  the  work.  and.  at  the  same  time, 
owing  to  its  comprehensive  and  graphical  na- 
ture, insures  greater  accuracy  of  results.  The 
formulas  underlying  the  method  are  the  com- 
monly used  ones  derived  on  the  basis  of  recti- 
linear variation  of  stress.  These  formulas 
are:  M.==Kf.bd',  A/c  =  L/.fc(f ,  and  Kf.= 
Lfc,  in  which,  for  convenience,  K  and  L  have 

•Copyrighted.  1915,  by  Ralph  R.   I^effler. 


been  substituted  for  fi  and 


kj 


respectively. 


This  substitution,  although  very  simple,  makes 
possible  the  construction  of  the  chart. 

After  M  and  V  have  been  found,  and  n 
assumed  equal  to  15,  the  use  of  a  shearing 
area  diagram,  the  bd'  table,  and  the  chart 
make  possible  the  finding  of  the  required 
values  of  b,  d  and  p  in  connection  with  any  of 
the  usual  values  of  /»,  /<•  and  v  without  the 
use  of  pencil  or  slide  rule.     A  shearing  area 

V 
diagram  for  solving  the  equation  —  =  6(f  can 

Z' 

easily  be  constructed,  but  such  a  diagram  will 
not  be  shown   here. 

The  bd^  table  (see  Table  I)  is  merely  a 
tabulation  of  values  arranged  so  that  if  any 
one  of  the  commonly  used  ratios  of  b  and  d 
is  used,  the  numerical  value  of  biP  can  be 
found  by  reading  in  the  outer  left-hand  col- 
umn.    It   can   easily  be   made   more  compre- 


hensive, but  its  present  scope  is  sufficient  for 
the   purpose   of   this   article. 

CONSTRUCTION    OF    THE    CHART. 

To  understand  the  chart  it  is  convenient  to 
refer  to  the  writer's  comprehensive  chart  for 
designing  both  simple  and  double-reinforced 
concrete  beams,  which  was  published  in  the 
Aug.  5,  191-1.  issue  of  Engineering  and  Con- 
tracting. On  that  comprehensive  chart,  di- 
rectlv  under  the  p'  =  o  curve,  will  be  found 
the   numbers,   43.2,   36.4,  31.6,   26.1,   18.6,   etc., 

L 
which  are  ratios  representing  —  at  the  points 

K 
where  p    curves    intersect    the  p'  =  o   curve. 
Note  that  if  on  the  comprehensive  chart  the 
point     (see     text     explaining     comprehensive 

chart)     falls    on    the    p'  =  o    curve,    then    — 

K 
equals  the  allowable  /•  divided  by  the  allow- 
able /^  without  the  use  of  compressive  steel 
reinforcement.  In  making  the  chart  for  de- 
signing simple  reinforced     beams     advantage 
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was  taken  of  this  relationship,  the  procedure 
being  as   follows :     From  the  comprehensive 

L 
chart  the  value  for  —  at  the  points  on  the 

K 
p' =  0  curve,  whose  abscissas  are  0.002,  0.003, 


by  assuming  Kft  equal  to  certain  convenient 
values,  such  as  30,  100,  230,  etc.  On  these 
Kf'  curves  points  were  plotted  which  repre- 
sented the  product  Kf'bd^  (the  values  of  M), 
and  since  Kfi  =  Lfc,  the  chart  rnay  be  re- 
garded   as   a   graphical    representation    of   the 


is  entirely  dependent  on  the  scale  of  the 
chart,  and  the  chart  shown  in  Fig.  1  will  give 
ample  exactitude  for  practical  purposes  in 
spite  of  the  fact  that  the  interpolation  of  fed', 
Kfi,  /c  curves  and  j)  vertical  lines  often  will 
be  found  necessary. 


zoooooo  zoooo 


1900000    19500 


1800000     19000 


1700000     18500 


1600000 


1500000 


1400000 


1300000 


1200000 


IIOOOOO 


lOOOOOOB 


lOOOOOS 


cOi^     cnoi 


Locus  whenn-IZ. 


OK-e>]-  4-«  -S-^Mr- 


L_ocus_\^her2_n;l8. 

Fig.   1.    Leffler's  Chart  for  Designing   Simple    Reinforced   Concrete   Beams. 


0.004,  0.005,  etc.,  were  found.  Then  evaluations 

L 
of  /«  =  —  A-  for  each  /c  curve  were  made,  and 
K 

the  /c  curves  were  thetj  plotted  on  a  rec- 
tangular co-ordinate  system,  in  which  values 
of  /■  were  plotted  vertically  and  values  of  K 
horizontally.  On  this  same  system  of  co- 
ordinates the  dotted  Kft  curves  were  plotted 


two  co-operating  equations,  M  =  Kf'hd'  and 
.1/  =  Lfcbd'\  which  underlie  the  designing  of 
simple  reinforced  concrete  beams. 

A  detailed  explanation  of  the  devices  and 
short  cuts  used  by  the  author  in  the  construc- 
tion of  the  chart  would  he  an  instructive  but  a 
difficult  undertaking.  The  fundamental  ideas 
underlying  the  chart  have  been  mentioned; 
they  contain  no  theoretical  approximations 
whatever.    The  degree  of  accuracy  obtainable 


USE    OF    THE    CHART. 

The  procedure  to  use  to  get  results  from 
the  chart  depends  on  which  of  the  six  var- 
iables, M,  b,  d,  p,  /.  and  /<-,  are  given.  In  the 
four  procedures  following,  note  how  the 
dotted  Kfs  curves  serve  as  transition  curves 
to  carry  us  from  the  intersection  of  two 
known  and  one  unknown  value  to  the  inter- 
section of  two  unknown  and  one  known  value 
of  the  six  variables  involved.    In  other  words 
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TABLE   I.— TABULATION   OF   bd^   VALUES    FOR  DIFFERENT  VALUES  OF  b  AND  d. 


II 


>  -^ 

108 3 

192 J 

300 5 

432 6 

588 7 

768 8 

972 9 

1200 10 

1452 11 

1728 12 

2028 13 

2352 14 

2700 15 

3072 16 

3468 IV 

3888 18 

4332 19 

4800 20 

6292 21 

6808 22 

€348 23 

6912 24 

7500 25 

8112 26 

8748 27 


II 


II 
a 


rt 

ts 

a 

^ 

■o 

rt 

ts 

■o 

rt 

36 

3.3 

32.8 

4.8 

4.8 

23.0 

3.0 

5.4 

19.8 

48 

4.4 

43.7 

5.8 

5.8 

33.6 

4.4 

6.6 

29.0 

60 

5.5 

54.8 

6.7 

6.7 

44.9 

5.1 

7.7 

39.2 

7?. 

6.6 

65.7 

7.6 

7.6 

57.8 

5.8 

8.7 

50.1 

84 

7.7 

76.5 

8.4 

8.4 

70.6 

6.4 

9.6 

61.5 

96 

8.8 

87.5 

9.2 

9.2 

84.6 

7.0 

10.5 

73.5 

108 

9.9 

98.5 

9.9 

9.9 

98.0 

7.6 

11.4 

86.7 

120 

10.9 

109.4 

10.7 

10.7 

114.5 

8.1 

12.1 

98.0 

132 

12.1 

120.2 

11.4 

11.4 

129.9 

8.7 

13.1 

114.0 

144 

13.1 

131.2 

12.0 

12.0 

144.0 

9.2 

13.8 

127.0 

156 

14.3 

142.3 

12.7 

12.7 

161.3 

9.7 

14.6 

141.6 

168 

15.4 

153.6 

13.3 

13.3 

176.9 

10.2 

15.3 

156.0 

180 

16.4 

164.0 

13.9 

13.9 

193.2 

10.7 

16.1 

172.0 

192 

17.5 

175.0 

14.6 

14.6 

213.2 

11.2 

16.8 

188.2 

204 

18.6 

186.0 

15.2 

15.2 

231.0 

11.6 

17.4 

202.0 

216 

19.7 

197.0 

15.7 

15.7 

246.5 

12.1 

18.1 

219.0 

228 

20.8 

208.0 

16.3 

16.S 

265.7 

12.5 

18.8 

235.0 

240 

21.9 

218.8 

16.9 

16.9 

285.6 

12.9 

19.3 

249.0 

252 

23.0 

229.8 

17.5 

17.5 

306.2 

13.3 

19.9 

265.0 

264 

24.1 

240.6 

18.0 

18.0 

324.0 

13.8 

20.7 

286.0 

276 

25.2 

252,0 

18.6 

18.6 

345.9 

14.2 

21.3 

302.0 

288 

26.3 

263.0 

19.1 

19.1 

364.8 

14.6 

21.9 

320.0 

300 

27.4 

274.0 

19.6 

19.6 

384.1 

15.0 

22.5 

338.0 

312 

28.5 

2S5.0 

20.2 

20.2 

408.0 

15.4 

23.1 

356.0 

324 

29.6 

295.8 

20.6 

20.6 

424.4 

15.8 

23.7 

375.0 

the  dotted  A"/'  curves  serve  to  get  us  from 
the  intersection  of  two  known  values  to  the 
intersection  of  one  known  and  one  unknown 
value,  since  /s,  /c  and  p  form  a  group  of 
variables  so  interdependent  (and  similarly  for 


M ,  b  and  d)  that  in  reality  we  have  only  two 
independent  quantities  in  each  of  these  groups. 
That  this  is  true  in  the  first  group  is  apparent 
if  it  is  noted  that  the  fixing  of  the  values  of 
any  two  of  the  three  variables  definitely  de- 


termines the  value  of  the  third;  in  the  second 
group  it  is  apparent  if  it  is  noted  that  b  and 
d  are  merely  factors  in  the  product  of  &(f, 
which  is  itself  only  one  variable  resolvable 
(if  no  consideration  is  given  to  the  shearing 
area)  into  its  constituent  parts  b  and  d,  ac- 
cording as  we  may  please. 

Procedure  i. — Usually  M,  the  allowable  /», 
and  the  allowable  /c  are  given,  and  it  is  re- 
quired to  find  b,  d,  and  p. 

In  this  case  find  where  the  horizontal  line 
of  the  allowable  /s  (see  Fig.  1)  intersects  the 
curve  of  the  allowable  /c  The  value  of  p  to 
use  is  that  represented  by  the  p  vertical  line 
passing  through  this  point  of  intersection. 
Moreover,  this  point  of  intersection  lies  on 
some  dotted  Kfs  curve  along  which  we  move 
until  the  horizontal  line  for  the  given  M  is 
met,  where  we  find  ourselves  on  some  bd^ 
curve.  ^  Taking  the  value  of  this  bd'  curve, 
the  bd'  table  is  entered  and  the  values  of  b 
and  d  obtained. 

Procedure  z. — If  M,  b  and  d  are  known,  and 
it  is  required  to  find  /s,  /<■,  and  p,  the  steps  to 
be  taken  are  exactly  the  reverse  of  those 
taken  in  "Procedure  1"  until  we  come  to  the 
dotted  A'/»  curve.  Then  the  direction  and 
distance  to  travel  along  this  dotted  A'/s  curve 
depends  on  the  value  we  may  wish  to  assign 
to  any  one  of  the  three  variables  /s,  /c,  or  p 
If  the  value  of  any  of  these  three  is  fixed,  the 
values  of  the  other  two  can  immediately  be 
read  oi¥  of  the  chart  at  the  intersection  of  the 
assigned  value  and  the  dotted  A'/s  curve.  For 
example,  assume  the  value  of  /s  to  be  fixed  at 
17,000.     In   this   case   we   would   travel   along 


TABLE   II,— LEFFLBR'S    TABLE    FOR 
Simple  Beams, ^ 


DESIGNING    SIMPLE    BEAMS,    T-BEAIIS     AND  DOUBLE-REINFORCED  BEAMS  FOR  n  =  15, 
T-Beams — Compression    in    Stem  d^ 

Neglected.  ,, Double  Reinforced  Beams.  —  =  0.1. 

d 


b ^ 


*-fc^ 


-^-pbd 


rfti 


L,-  b  _.J    ^pbd 


L  f. 
—  or  — 
K        fc 


bd^ 


48.2., 

43.2. 

39.5. 

36.4. 

34.0. 

31.6. 

30.1. 

28.7. 

27.3. 

26.1. 

24.8. 
•24.6. 

23.9. 

23.0. 
t22.7. 

22.3. 

21.6. 

20.9. 

20.2. 

19.7. 

18.6. 

16.8. 

15.4. 

14.2. 

13.2. 


K 

P 
.0025 

.003 

.0035 

.004 

.0045 

.005 

.0055 

.006 

.0065 

.007 

.0075 

.0077 

.008 

.0085 

.0088 

.009 

.0095 

.01 

.0105 

.011 

.012 

.014 

.016 

.018 

.02 


Ma 

,    Kf,    " 

K 
.00229 

.00274 

.00315 

.00360 

.00402 

.00447 

.00489 

.00530 

.00573 

.00617 

.00657 

.00672 

.00700 

.00740 

.00762 

.00780 

.00821 

.00860 

.00900 

.00940 

.01020 

.01180 

.01330 

.01490 

.01650 


Mc 

Lfe 

.110 
.118 
.125 
.131 
.137 
.142 
.147 
.152 
.156 
.160 
.163 
.165 
.167 
.170 
.173 
.174 
.177 
.179 
.182 
.185 
.190 
.199 
.206 
.212 
.218 


d  = 

k 
.232 

.258 

.275 

.291 

.305 

.319 

.333 

.344 

.354 

.365 

.374 

.380 

.384 

.393 

.397 

.402 

.411 

.418 

.426 

.433 

.446 

.471 

.493 

.513 

.530 


t  Mc  M 

2k        fabj'     '~fsjd 


K  : 


M 
bd^f. 


L  = 


3  jt/d=.2  :t/d  = 
.917    .921 


.914 
,909 
,903 
.899 
.894 
.889 
.885 
.881 
.878 
,876 
.875 
.872 
.871 
.870 
.866 
.863 
.861 
.858 
.856 
.851 
.843 
.836 
.829 
.823 


.920 
.918 
.916 
.914 
.913 
.912 
.911 
.911 
.910 
.910 
.910 
.909 
.909 
.909 
.909 
.909 
.909 
.909 
.909 
.909 
.908 
.907 
.906 
.905 


3  jt/d:=.4 


.900 
.898 
.893 
.889 
.887 
.885 
.882 
.882 
.881 
.880 
.879 
.879 
.879 
.878 
.877 
.876 
.875 
.872 
.870 
.869 
.867 


867 
865 
863 
860 
859 
854 
848 
840 
839 
833 


K  : 
L: 


K  : 

L  : 

K  : 

L  : 


K: 
L: 


K  : 

L: 


K  : 
L: 


.OOlt 
.00229 
.113 
.00275 
.123 
.00316 
.130 
.00360 
.137 
.00403 
.143 
.00448 
.148 
.00489 
.153 
;  .00535 
.158 
.00575 
.163 
.00618 
.167 
.00658 
.170 
.00673 
.172 
,00701 
.174 

■  .00741 
'  .177 

■  .00768 
.180 
.00781 
.181 
.00829 
.1.S4 
.O0S67 
.187 
.00903 

I  .190 
'  .00942 

.193 
I .0102 

.197 

':   ,0118 

,207 
; ,0133 
,214 
.0150 
.221 
.0167 
•  .228 


.00251 

.00230 

.123 

.00276 

.132 

.00318 

.139 

.00362 

.146 

.00406 

.152 

.00450 

.158 

.00490 

.163 

.00536 

.168 

.00578 

.173 

.00621 

.177 

.00661 

.181 

.00680 

.182 

.00705- 

.185 

.00745 

.188 

.00770 

.190 

.00785 

.192 

.00831 

.195 

.O0S70 

.198 

.00911 

.200 

.00950 

.203 

.0103 

.208 

.0120 

.218 

.0134 

.226 

.0151 

.234 

.0168 

.240 


.0051 
.00231 
.133 
.00277 
.143 
.00320 
.151 
.00365 
.158 
.00408 
.166 
.00452 
.172 
.00192 
.177 
.00540 
.183 
.00580 
.ISS 
,00625 
.193 
.00667 
.198 
.00684 
.199 
.00710 
.201 
.00750 
.205 
.00775 
,207 
.00790 
.208 
.00840 
.212 
.00880 
.215 
.00920 
.218 
.00960 
.221 
.0104 
227 
!0121 
.239 
.0136 
.246 
.0153 
.253 
.0170 
.261 


M 
bd=fc 

.0075t 
.00232 
.142 
.00279 
.153 
.00322 
.162 
.00368 
.170 
.00409 
.178 
.00454 
.185 
.00495 
.191 
.00541 
.197 
.00558 
.203 
.00629 
.207 
.00669 
212 

'.00689 
.21'4 
.00712 
.217 
.00753 
.221 
.00780 
.224 
.00795 
.225 
.00845 
.229 
.00885 
.232 
.00925 
.236 
.00965 
.240 
.0105 
.246 
.0122 
.257 
.0137 
.265 
.0154 
.273 
.0172 
.281 


L 


t, 
U 

.Olt  .015t 

.00233  

.152  

.00280  

.163  

.00324  

.173  

.00369  

.183  

.00410  

.191  

.00456  .00458 

.199  .225 

.00496  .00499 

.205  .232 

.00542  .0054S 

.212  .240 

.00583  .00585 

.218  .247 

.00630  .00631 

.224  .252 

.00671  .00672 

.228  .258 

.00691  .00692 

.231  .261 

.00716  .00719 

.234  .266 

.00756  .00760 

.238  .269 

.00782  .00786 

.240  .271 

.00800  .00805 

.242  .274 

.00848  .00855 

.247  .279 

.00890  .00895 

.250  .28'1 

.00930  .00938 

.252  .288 

.00970  .00980 

.257  .292 

.0106  .0107 

.263  .300 

.0123  .0124 

-.275  .312 

.0138  .0140 

.284  .322 

.0155  .0167 

.293  .332 

.0173  .0175 

.301  .342 


.02J 


.00460 

.249 

.00500 

.257 

.00544 

.265 

.00587 

.272 

.00633 

.280 

.00676 

.287 

.00695 

.290 

.00721 

.293 

.00768 

.299 

.00792 

.301 

.00810 

.305 

.00860 

.311 

.00899 

.315 

.00945 

.320 

.00990 

.324 

.0108 

.332 

.0125 

.348 

.0141 

.360 

.0168 

.372 

.0177 

.382 
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the  dotted  A'/»  curve  until  it  intersected  the 
horizontal  line  for  /•  =  17,000,  which  point  of 
intersection  would  be  on  the  curve  of  the 
actual  /c  and  also  on  the  vertical  line  repre- 
senting the  value  of  p  which  must  be  used. 

Procedure  3. — Suppose  M,  b,  d  and  p  are 
known,  and  it  is  required  to  find  the  actual 
values  of  /■  and  fc  In  this  case  find  the 
value  of  bd'  from  the  bd'  table.  On  the  chart 
find  the  point  where  the  curve  for  this  value 
of  bd'  intersects  the  horizontal  line  of  the 
given  M,  which  point  is  on  some  dotted  Kft 
curve.  Move  along  this  dotted  Kfs  curve 
until  the  vertical  line  of  the  given  p  is  inter- 
sected, this  point  of  intersection  being  on  the 
/.  horizontal  line  and  the  /c  curve  of  the  ac- 
tual /s  and  actual  fc  sought. 

Procedure  4. — If  ft,  fc,  b,  and  d  are  known, 
and  it  is  required  to  find  />  and  M,  the  steps 
to  be  taken  are  the  same  as  in  "Procedure  1" 
until  we  get  to  the  dotted  Kft  curve.  Then 
instead  of  traveling  along  the  dotted  Kfa 
curve  until  we  intersect  the  given  M  we  move 
along  it  until  the  bd'  curve  of  the  given  b  and 
d  is  met.  This  meeting  point  is  also  on  some 
horizontal  M  line,  which  gives  us  the  value  of 
M  which  the  beam  can  exert  under  the  given 
allowable  values  of  /•  and  fc.  The  value  of 
p  to  use  is  obtained  as  in  "Procedure  1,"  this 
value  being  given  by  the  vertical  p  line  passing 
through  the  intersection  of  the  horizontal  line 
of  the  given  /s  and  the  curve  of  the  given  fc 

To  show  further  the  workings  of  the  chart 
the  following  problem  involving  numerical 
values  is  given,  the  shearing  area  also  being 
taken  into  consideration. 

Suppose  the  given  values  of  M  and  V  are 
940,000  in.-lbs.  and  10,500  lbs.,  respectively. 
We  find,  from  a  shearing  area  diagram  (con- 
structed as  beforementioned),  or  by  com- 
putation, that  if  35  lbs.  is  the  allowable  value 
for  V,  bd  =  300.  If  the  beam  must  be  12  ins. 
wide,  the  bd^  table  gives  25  as  the  value  of  d 
and  7,500  as  the  value  of  bd'. 

If  we  use  the  allowable  unit  stresses  recom- 
mended by  the  American  Railway  Engineering 
Association  (/•  =  17,000  and  /c  =  750),  and 
enter  the  chart  on  the  bd'  =  7,.500  curve  until 
we  intersect  the  dotted  Kft  curve  passing 
through  the  intersection  of  /s  =  17.000  and 
/c  =  750,  we  find  the  M  that  can  be  sustained 
by  reading  in  the  outer  column  of  figures  at 
the  left  side  of  tlie  chart.  This  value  of  M 
we  find  to  be  940,000  in.-lbs.,  which  is  the 
same  as  the  given  M,  because  the  given  M 
was  so  chosen  for  convenience.  The  values  of 
b  =  12  and  d  ^  25  are  then  satisfactory,  and 
the  value  of  p  to  use  will  be  that  of  the  in- 
terpolated vertical  p  line  passing  through  the 
intersection  of  the  lines  representing  /s  = 
17,000  and  /c  =  750,  which  is    0.0088. 

Suppose,  however,  the  given  M  had  been 
1,130,000  in.-lbs.  instead  of  940,000  in.-lbs. 
Then  we  would  need  to  follow  the  "A.  R. 
E.  A."  Kfs  curve  until  we  intersected  M  = 
1,130.000,  at  which  point  we  find  ourselves  on 
the  bd'  =  8,784  curve.  Then  with  the  value 
8,784  we  would  enter  the  bdr  table  and  find 
that  with  b  =  \2  ins.,  d  would  equal  27  ins. 
The  value  of  p  to  use  would  be  the  same  as 
before  (/;  =  0.0088),  because  we  are  working 
both  steel  and  concrete  at  their  full  allowable 
working  unit  values  (/s  =  17,000  and  fc  = 
750). 

But  suppose  the  given  M  had  been  7.50,000 
in.-lbs.  Then  we  would  continue  along  the 
b(P  =  7,500  curve  until  we  intersected  M  = 
750,000,  at  which  point  we  would  find  our- 
selves on  some  Kft  curve,  which  in  this  case 
happens  to  be  the  Kfa  =  100  curve.  To  ob- 
tain p  we  go  up  along  the  Kfn  =  100  curve 
until  the  line  representing  /s  =  17,000  is  in- 
tersected. We  find  that  this  point  of  inter- 
section lies  on  the  interpolated  vertical  line 
representing  p  =  0.0067 ;  and  also  that  it  lies 
about  where  the  interpolated  curve  fc  =  637 
would  intersect  /s  =  17,000.  Therefore  the 
actual  value  of  fc  would  only  be  637  instead 
of  750,  which  shows  that  sO'  far  as  moment  is 
involved  we  could  decrease  d,  and  consequent- 
ly bd;  but  before  we  do  this  we  must  alter 
the  nature  of  our  web  reinforcement  so  as 
to  permit  v  to  have  a  greater  value  than  35. 
If  we  should  alter  the  nature  of  the  web  re- 
inforcement  (and  it  might  be  the  economical 


thing  to  do),  we  would  go  through  the  same 
process  as  before,  but  this  process  soon  be- 
comes so  familiar  that  it  is  gone  through 
with  ease,  accuracy  and  great  rapidity. 

The  fact  that  p  =  0.0067  is  used  in  this 
third  case,  instead  of  /i  =  0.0088  as  in  the  two 
preceding  cases,  is  due  to  the  external  M 
(750,000  in.-lbs.)  inducing  in  the  beam  a  re- 
sisting M  of  only  750,000  in.-lbs.,  instead  of 
the  full  M  (940,000  in.-lbs.)  that  could  be 
exerted  by  this  beam  if  reinforced  with  p  = 
0.0088.  It  is  therefore  economical  to  put  in 
only  sufficient  steel  (/>^0.0067),  working  at 
its  full  allowable  /s,  to  have  Ms  =  Mc  =  M  = 
750,000  in.-lbs. 

SOME  FEATURES   OF  THE  CH.'^RT. 

At  the  top  of  the  chart  values  of  L  and 
L/K   (or  ft/fc)  are  plotted. 

Note  how  the  L  of  any  point  on  any  fc 
curve  multiplied  by  the  value  of  the  fc  curve 
always  equals  the  value  of  the  dotted  Kfe 
curve  passing  through  the  point  on  the  /c 
curve. 

Also  note  how  the  vertical  line  through  any 
value  of  L/K  (say  20,  for  example)  passes 
through  all  the  intersections  of  the  /»  hori- 
zontal lines  and  the  fc  curves  whose  ratio 
f»/fc  equals  the  value  of  the  L/K  chosen.  But 
L/K  always  equals  equals  /s//c,  and  is  then 
the  master  key  of  the  chart. 

DESIGN    OF    T-BEAMS. 

For  designing  T-beams  "/"  curves  for  vari- 
ous values  of  i/d  can  be  plotted  across  the 
p  vertical  lines  on  the  chart.  Similarly  a  "k" 
curve  can  also  be  plotted,  only  one  k  curve 
being  necessary,  since  k,  being  dependent  only 
on  the  unit  deformation,  is  not  affected  by 
variations  of  t/d. 

The    case    most    frequently    encountered    in 

the   design  of  T-beams   is  that   in   which  Mc, 

the  allowable  /s,  the  allowable  fc.  and  t  (the 

flange    thickness)    are   known.     The    equation 

/  Mc 

d  = -|- (based  on  neglecting  the 

2k  fctbj 

compression  in  the  web)  can  then  be  solved 
for  d ;  k  being  obtained  from  the  chart  vertic- 
ally below  the  intersection  of  the  /s  horizontal 
line  and  the  fc  curve;  /  approximated  at  0.89; 
and  "b"  chosen  from  shear  considerations, 
sufficient  width  being  obtained  for  placing  the 
tensile  steel  and  rules  governing  the  allowable 
width  of  flange  being  considered.  After  this 
first  solution  a  more  correct  value  of  /  can 
be  obtained  by  reading  on  the  vertical  line 
passing  through  the  intersection  of  the  /» 
horizontal  line  and  the  fc  curve  for  a  value 
of  y  on  the  /  curve  of  the  value  for  t/d.  The 
value  of  b  can  then  be  more  intelligently  fixed 
upon.  A  second  solution,  if  needed,  will  give 
a    sufficiently   correct    value    for    d. 

It  must  be  remembered  that  the  above 
equation  applies  only_when  the  neutral  axis  is 
in  the  web.  If  tid  >  k  the  neutral  axis  is  in 
the  flange  or  at  the  edge  of  the  flange,  and 
the  procedure  is  similar  to  that  for  simple 
rectangular  beams.  If  t/d<k  the  neutral  axis 
is  in  the  web,  the  above  equation  is  the  cor- 
rect one  to  use,  and  amount  of  tensile  steel 
required  is  determined  by  solving  the  equa- 
M. 

tion,  Ai  = . 

f.fd 

If  d  also  is  known  the  equation  is  directly 
solvable  for  h. 

The  equation  itself  is  only  a  rearrangement 
of  the  upper  part  of  Formula  7,  in  Vol.  I,  p. 
145,  of  Prof.  Hool's  "Reinforced  Concrete 
Construction." 

Note  that  it  is  unnecessary  to  find  a  value 
for  p,  because  k  is  found  by  going  directly 
back  to  the  master  key  ratio  /•//<■. 

This  method  is  less  approximate  and  much 
more  direct  than  the  methods  shown  at  pres- 
ent  in   the   text   books. 

TABLE      FOR      DESIGNING      REINFORCED      CONCRETE 

BEAMS. 

The  data  given  in  Table  II  make  use  of 
the  master  key  fs/fc.  By  its  aid  the  moment 
design  of  all  simple  beams  and  of  most  T- 
beams  and  double-reinforced  beams  can  be 
accomplished.  If,  for  example,  in  a  simple 
beam,  the  value  of  M,  the  allowable  /■,  and 


the  allowable  fc  are  known,  the  table  is  en- 
tered by  means  of  the  ratio  /■//'.  To  the 
right  of  this  ratio  is  found  the  required  value 
of  p,  and  in  the  next  columns  the  values  of 
K  and  L  to  use  in  the  formulas, 

M  M 

Kft       Lfc ' 

In  double-reinforced  beams  the  value  of  ^ 
to  use  is  read  out  of  the  "p"  column  under 
simple  beams. 

Further  explanation  of  Table  II  is  believed 
to  be  needless  as  the  charts  are  graphical 
representations  of  it,  or  the  table  is  lat  least 
partially)  a  tabular  representation  of  the 
charts.  It  is  sufficiently  comprehensive  and 
accurate  for  the  problems  commonly  encoun- 
tered. It  can  readily  be  made  more  complete 
if  desired. 

SUGGESTIONS. 

As  the  ratio  /-//c  is  so  very  important  it 
would  be  well  to  add  the  formula. 


I    n       n'       n 
^  2p       4        2 


to  those  usually  given  for  designing  simple 
beams. 

Charts  in  which  values  of  L  or  L/K 
(=/i//c)  are  used  as  abscissas  (instead  of 
K  as  in  the  chart  shown)  could  be  made.  As 
nearly  as  they  can  be  foreseen  they  would  not 
be  as  valuable  as  the  chart  shown.  The  au- 
thor hopes  later  to  have  such  charts  ready 
for  publication. 

The  chart  shown  herewith  is  based  on  n  = 
15.  If  charts,  to  the  same  scale,  for  other 
values  of  n  were  made,  and  then  superimposed 
on  each  other,  a  study  of  the  effect  of  varia- 
tions of  n  could  be  made. 

The  loci  of  a  few  of  the  vertical  "p"  lines 
based  on  n  =  12  and  n  =  18  are  shown  at  the 
bottom  of  the  chart.  Note  that  they  shift  only 
about  0.1  of  a  unit  of  A.'  from  their  location 
based  on  •  ^  15.  An  attempt  was  made  to 
show  the  Iccus  of  the  fc  =  700  curve  when 
n  =  12  and  n  =  18,  but  it  was  found  that 
with  n  =  12,  it  would  almost  coincide  with 
the  fc  =  650  curve  based  on  n  =  15.  and  that 
with  «  =  18  it  would  almost  coincide  with  the 
fc  =  750  curve  based  on  n  =  18.  Further 
investigation  showed  that  this  coincidence  oc- 
curred throughout  the  chart.  It  therefore  ap- 
pears that  a  rough  chart  based  on  )!  =  12  or 
18  could  be  obtained  by  changing,  on  the  chart 
for  n  =  15,  the  value  of  /=  on  the  fc  curves 
by  50  lbs.  and  shifting  the  vertical  "p"  lines 
by  about  0.1  of  a  unit  of  K.  The  loci  of  the 
Kft  curves  and  the  bd'  curves  would  remain 
the  same. 

The  chart  shown  in  Fig.  1,  and  the  compre- 
hensive chart  published  in  the  Aug.  5,  1914, 
issue  of  Engineering  and  Contracting,  can 
be  adapted  for  use  in  designing  non-homo- 
geneous beams  other  than  steel-concrete 
beams. 

(In  its  last  report  the  Joint  Committee  rec- 
ommends that  the  allowable  fc  be  taken  at 
32.5  per  cent  of  the  ultimate  strength  of  the 
particular  concrete  used.  The  report  contains 
a  table  in  which  the  ultimate  strength  is  shown 
as  a  function  both  of  the  aggregate  and  of 
the  proportions  used  in  mixing.  The  charts 
prepared  by  the  writer  make  possible  the  adop- 
tion of  the  above  recommendation  without 
materially  complicating  the  work  in  the  de- 
signing room.) 


Durability  of  Greenheart  Timber. — Genu- 
ine Greenheart  is  said  to  be  the  most  resistant 
wood  to  marine  borers,  and  also  the  slowest 
to  decay.  It  is  very  hard  and  surpasses  iron 
and  steel  in  durability  when  in  contact  with 
salt  water.  It  has  been  known  and  used  since 
1769.  Logs  have  remained  intact  under  water 
for  100  years.  Lock  gates  in  English  canals 
are  made  of  it,  and  gates  built  in  1856  in  the 
Liverpool  canal  and  removed  in  1894  to  allow 
deepening  and  widening  of  the  canal,  were 
used  over  again.  The  sills  and  fenders  of 
the  lock  gates  on  the  Panama  Canal  are  made 
of  Greenheart  timber. 
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Provisions  of  a  Proposed  Act  to  Pro- 
vide for  the  Licensing  of  Structural 
Engineers,  and  to   Regulate  the 
Practice  of  Structural  Engi- 
neering in  Illinois. 

Due  to  a  growing  insistence  on  the  part  of 
structural  engineers  in  Illinois  that  the  enact- 
ment of  legislation  is  desirable  in  order  that 
their  interests  be  protected,  the  Western  So- 
ciety of  Engineers  authorized  its  legislative 
committee  to  draw  up  a  proposed  "License 
Law  for  Structural  Engineers."  This  com- 
mittee, consisting  of  H.  J.  Burt,  chairman, 
W.  L.  Abbott,  Andrews  Allen,  Joachim  G. 
Giaver,  Dabney  H.  Maury,  and  Ernest  Mc- 
Cullough,  has  drawn  up  a  bill,  under  the  di- 
rection of  a  legal  adviser.  This  bill  has  been 
approved  by  the  Board  of  Direction  of  the 
Western  Society  of  Engineers,  which  has  di- 
rected the  committee  to  endeavor  to  secure 
its  passage  at  the  present  session  of  the  Illi- 
nois Legislature.  The  bill  is  based  on  the 
power  of  the  State  Legislature  to  provide  for 
public  safety.  During  the  time  that  the  bill 
was  being  drawn  up  the  committee  send  out 
a  form  letter  to  engineers  throughout  the 
state.  Of  the  600  replies  received  it  is  stated 
that  about  95  per  cent  of  those  replying 
favored  such  legislation.  The  completed  bill, 
which  is  entitled  "A  Bill  for  an  Act  to  Pro- 
vide for  the  Licensing  of  Structural  En- 
gineers, and  to  Regulate  the  Practice  of 
Structural  Engineering:,  is_  herewith  given  in 
full  as  a  basis  for  decision  and  action  on  the 
part  of  engineers: 

Section  I.  Be  it  enacted  by  the  People  of 
the  State  of  Illinois,  represented  in  the  Gen- 
eral Assembly.  That  within  thirty  days  after 
the  taking  effect  of  this  Act  the  Governor 
of  the  State  shall  appoint  a  State  Board  of 
Examiners  of  Structural  Engineers,  to  be 
composed  of  five  members,  one  of  whom  shall 
be  a  Professor  in  the  Civil  Engineering  De- 
partment of  the  University  of  Illinois,  and 
the  others  shall  be  structural  engineers  of 
recognized  standing,  who  have  had  not  less 
than  ten  years  practical  e.xperience,  then  prac- 
ticing as  structural  engineers  in  the  State 
of  Illinois,  to  hold,  regulate,  supervise  and 
control  examinations  of  applicants  for  license 
to  practice  structural  engineering  in  this 
State.  Two  of  the  members  shall  be  desig- 
nated to  hold  office  until  January  31,  1917, 
and  the  other  three  shall  hold  office  until 
January  31,  1919;  and  thereafter  upon  the 
expiration  of  the  term  of  office  of  the  per- 
sons so  appointed,  the  Governor  of  the  State 
shall  appoint  a  successor  to  each  person  whose 
term  of  office  shall  expire,  to  hold  office  for 
four  years,  and  said  person  so  appointed  shall 
have  the  above  specified  qualifications.  In 
.  case  appointment  of  a  successor  is  not  made 
before  the  expiration  of  the  term  of  anv 
member,  such  member  shall  hold  office  until 
his  successor  is  appointed  and  duly  qualified. 
Any  vacancy  occurring  in  the  membership  of 
the  Board  shall  be  filled  by  the  Governor  of 
the  State  for  the  unexpired  term  of  such 
membership. 

2.  The  members  of  the  State  Board  of 
Examiners  of  Structural  Engineers  shall,  be- 
fore entering  upon  the  discharge  of  their 
duties,  make  and  file  with  the  Secretary  of 
State  the  constitutional  oath  of  office.  They 
shall,  as  soon  as  organized,  and  biennially 
thereafter  in  the  month  of  February  elect 
from  their  number  a  President  and  a  Secre- 
tary who  shall  also  be  the  Treasurer.  The 
Treasurer,  before  entering  upon  his  duties, 
shall  file  a  bond  with  the  Secretary  of  State, 
for  such  a  sum  as  shall  be  required  of  him 
by  the  Secretary  of  State,  and  in  such  form 
and  with  such  sureties  as  may  be  approved 
by  the  Governor  of  the  State.  The  Board 
shall  adopt  rules  and  regulations  not  incon- 
sistent with  this  Act  to  govern  its  proceed- 
ings; shall  adopt  a  seal;  and  shall  cause  the 
prosecution  of  all  persons  violating  any  of 
the  provisions  of  this  Act,  and  may  incur 
necessary  expense  in  that  behalf.  The  Sec- 
retary shall  have  the  care  and  custody  of  the 
seal ;  and  shall  keep  a  record  of  all  the  pro- 


ceedings of  the  Board  which  shall  be  open  at 
all  times  to  the  public. 

The  Secretary  of  the  Board  shall  receive 
a  salary  to  be  fixed  by  the  Board,  and  which 
shall  not  exceed  the  sum  of  Fifteen  Hundred 
($1,500.00)  Dollars  per  annum;  he  shall  also 
receive  his  traveling  and  other  expenses  in- 
curred in  the  performance  of  his  official 
duties,  and  each  of  the  other  members  of  the 
Board  shall  receive  the  sum  of  Ten  ($10.00) 
Dollars  for  each  day  actually  engaged  in  the 
performance  of  his  duties,  and  all  legitimate 
and  necessary  expenses  incurred  in  attending 
the  meetings  of  the  Board  and  in  conducting 
examinations,  which  together  with  all  other 
lawful  expenses  shall  be  paid  from  funds  ap- 
propriated therefor,  as  provided  by  law. 

3.  Three  members  of  the  Board  shall  con- 
stitute a  quorum.  Meetings  of  the  Board 
shall  be  called  by  the  Secretary  upon  the 
written  request  of  the  President  or  any  two 
members,  by  giving  at  least  seven  days' 
written  notice  of  such  meetings  to  each  mem- 
ber, counting  from  the  day  on  which  the  no- 
tices are  post-marked,  telegraphed  or  person- 
ally delivered. 

The  Board  shall  adopt  rules  and  regula- 
tions for  the  examination  of  applicants  for 
license  to  practice  Structural  Engineering,  in 
accordance  with  the  provisions  of  this  Act, 
and  may  amend,  modify,  and  repeal  such 
rules  and  regulations  from  time  to  time. 
The  Board  shall  immediately  upon  the  elec- 
tion of  each  officer  thereof,  and  upon  the 
adoption, .repeal  or  modification  of  its  rules  of 
government  or  its  rules  and  regulations  of 
examinations  of  applicants  for  licenses,  file 
with  the  Secretary  of  State  and  publish  at 
least  twice  in  at  least  one  Engineering 
Journal  of  general  circulation  in  the  State  of 
Illinois  and  in  one  daily  newspaper  published 
in  the  State  of  Illinois,  the  name  and  ad- 
dress of  each  officer,  and  a  copy  of  such  rules 
and  regulations,  or  the  amendments, .  repeal 
or   modification   thereof. 

4.  Provisions  shall  be  made  by  the  Board 
hereby  constituted  for  holding  examinations 
at  such  place  or  places  as  shall  be  appointed 
by  the  Board,  and  at  least  two  in  each  year, 
of  applicants  for  license  to  practice  structural 
engineering.  Notice  of  the  time  and  place 
of  the  holding  of  such  e.xaminations  shall  be 
published  in  the  same  manner  as  is  herein- 
before provided  for  the  publication  of  the 
rules  and  regulations  pertaining  to  such  e.x- 
aminations  adopted  by  the  Board,  provided 
that  the  last  day  of  such  publication  shall  be 
at  least  twenty  (20)  days  prior  to  the  date 
of  holding  such  e.xaminations.  Each  appli- 
cant shall  pay  to  the  Secretary  of  the  Board, 
in  advance,  a  fee  of  Twenty  ($20)  Dollars, 
and  shall  present  his  affidavit  that  he  is  of  the 
age  of  twenty-one  years,  or  above.  Such  ex- 
aminations shall  be  held  by  the  examiners  as 
a  body,  a  majority  of  whom  shall  constitute 
a  quorum,  or  by  a  committee  of  two  or  more 
members  selected  and  appointed  by  the 
Board.  Examinations  shall  be  conducted  by 
written  or  printed  interrogatories,  in  whole 
or   in   part. 

Each  applicant  examined  shall  sustain  a  sat- 
isfactory examination  in  the  design  and  con- 
struction of  buildings  and  structures  ac- 
cording to  scientific  principles  and  with  spe- 
cial reference  to  strengtfi  and  safety;  the 
strength  and  properties  of  the  various  build- 
ing materials;  the  principles  of  theoretical 
and  applied  mechanics;  the  principles  of  sani- 
tation, including  therein  plumbing,  heating, 
lighting  and  ventilation,  as  applied  to  build- 
ings and  building  construction;  the  ability  of 
the  applicant  to  apply  his  knowledge  to  the 
ordinary  requirements  of  structural  engineer- 
ing; and  in  such  other  matters  and  subjects 
as  the  Board  of  E.xamincrs  may  require  as 
suitable  to  fairly  and  thoroughly  test  the 
competency  of  the  applicant  to  practice  struc- 
tural enginecrmg  in  this   State. 

Every  applicant  for  a  license,  except  those 
who  apply  by  virtue  of  the  provisions  of  Sec- 
tion Five  (5')  and  Six  (G)  of  this  Act,  shall 
present  to  the  Board  of  Examiners  satisfac- 
tory proof,  by  affidavit,  or  otherwise,  as  the 
Boanl   may  direct : 

(a)   That   at   the   time   of   the   taking   effect 


of  this  Act,  he  was  actually  engaged  in  the 
practice  of  structural  engineering  in  this  State, 
and  did  not  apply  for  a  license  under  Sec- 
tion Five  (5)  of  this  Act,  and  in  such  case 
the  applicant  shall  be  entitled  to  an  examina- 
tion without  regard  to  the  number  of  years 
he  has  practiced.     Or, 

(b)  That  within  ten  years  next  prior  to 
his  application,  he  has  practiced  structural 
engineering  in  some  state  or  territory  of  the 
United  States,  or  in  some  foreign  country, 
for  not  less  than  six  years,  during  at  least 
two  full  years  of  which  period  he  shall  have 
been  in  responsible  charge  of  work,  as  prin- 
cipal or   assistant.     Or, 

(c)  That  within  ten_years  next  prior  to  his 
application,  he  has  pursued  a  course  of  study 
and  training  in  the  theory  and  practice  of 
structural  engineering  covering  at  least  ■*he 
subjects  above  specifically  enumerated,  for 
the  period  of  not  less  than  six  years,  in  the 
employ  or  under  the  supervision,  direction 
and  tuition  of  one  or  more  practicing  struc- 
tural engineers,  during  at  least  two  full  years 
of  which  period,  every  such  applicant  shall 
show  that  he  has  been  in  charge  of  work  in 
designing  or  construction  in  the  employ  or 
under  the  direction  of  such  engineer  or  en- 
gineers. Such  applicants  who  have  graduated 
from  a  college  or  school  of  engineering  con- 
sidered by  the  Board  to  be  in  good  standing 
and  requiring  a  course  of  study  of  not  less 
than  four  years,  during  at  least  thirty-six 
weeks  in  each  year,  shall  be  «redited  two 
years  upon  the  si.x-year  period  required 
above,  the  remaining  four  years  to  be  pursued 
as  hereinabove  in  this  paragraph  provided. 
The  Board  in  its  discretion  may  adopt  rules 
providing  for  credit  not  exceeding  two  years 
on  said  six-year  period  to  applicants  who 
have  pursued  a  course  of  instruction  in 
schools  or  colleges  of  engineering  approved 
by  the  Board,  but  who  have  not  graduated. 

If  the  result  of  the  examination  of  any 
applicant  shall  be  satisfactory  to  a  majority 
of  the  Board,  tmder  its  rules,  the  Secretary, 
upon  an  order  of  the  Board,  and  upon  pay- 
ment by  said  applicant  of  the  further  sum  of 
Thirty  ($30)  Dollars,  shall  issue  to  said  ap- 
plicant a  license  to  practice  structural  en- 
gineering in  this  State,  in  accordance  with  the 
provision  of  this  Act,  which  license  shall  con- 
tain the  full  name,  birthplace,  and  age  of  the 
licensee,  and  shall  be  signed  by  the  President 
and  Secretary  and  sealed  with  the  seal  of 
the  Board. 

All  papers  received  by  the  Secretary  in  re- 
lation to  applications  for  license,  shall  be 
kept  on  file  in  his  office,  and  proper  index 
and   record  thereof   shall  be  kept  by  him. 

Any  fraudulent  act  or  representation  by  any 
applicant  in  connection  with  his  application 
for  examination,  or  for  a  license  without  ex- 
amination, under  this  Act,  or  during  the_  con- 
duct of  his  examination,  shall  be  sufficient 
cause  for  the  v^fithholding  of  the  license  by 
the  Board  of  Examiners  or  for  its  revocation 
after   it    has   been   issued. 

5.  Any  person  who  shall  by  affidavit  or 
other  proof  as  the  Board  may  direct,  show 
to  the  satisfaction  of  the  State  Board  of  Ex- 
aminers of  Structural  Engineers  that  he  was 
a  resident  of  and  engaged  in  the  practice  of 
structural  engineering  in  this  State,  on  the 
date  of  the  taking  effect  of  this  Act,  shan_  be 
entitled  to  a  license  without  examination, 
provided  such  application  shall  be  made 
within  six  months  after  the  taking  effect  of 
this  Act.  Such  license,  when  granted,  shall 
set  forth  the  fact  that  the  person  to  whom 
the  same  was  issued  was  practicing  struc- 
tural engineering  in  this  State  at  the  time  of 
the  taking  effect  of  this  Act  and  is  therefore 
entitled  to  the  license  to  practice  the  pro- 
fession of  structural  engineering  without  an 
examination  by  the  Board  of  Examiners,  and 
the  Secretary'  of  the  Board  shall  upon  the 
payment  to  him  by  the  applicant  of  a  fee  of 
Fifty  ($50)  Dollars  issue  to  the  person  named 
in  said  affidavit  a  license  to  practice  struc- 
tural engineering  in  this  State  in  accordance 
with   the  provisions   of   this  Act. 

6.  The  State  Board  of  Examiriers  may  in 
its  discretion,  issue  a  license,  without  exami- 
nation, upon  payment  of  a  fee  of  Fifty  ($50) 
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Dollars,  to  a  structural  engineer  licensed  un- 
der the  laws  of  any  other  State  or  Territory 
of  the  United  States,  or  any  foreign  country, 
provided  it  appear  to  the  Board  that  in  the 
State  or  Territory  or  Country  in  which  such 
license  was  issued,  the  requirements  for  a 
license  to  practice  structural  engineering  were 
equal  to  those  prescribed  in  this  State,  and 
that  such  State,  Territory  or  Country  accord 
a  like  privilege  to  structural  engineers  who 
hold  licenses  issued  under  the  provisions  of 
this  Act. 

7.  Every  person  holding  a  license  to  prac- 
tice structural  engineering  in  this  Statae  shall 
have  it  recorded  in  the  oflSce  of  the  Secretary 
of  State  and  the  date  of  recording  shall  be 
endorsed  thereon,  and  upon  such  recording 
said  license  shall  be  of  force  and  effect 
throughout  the  State.  The  Secretary  of  State 
shall  be  entitled  to  receive  a  fee  of  $1.00  for 
the  recording  of  each  license  filed  for  record. 
Until  such  license  is  recorded  as  herein  pro- 
vided, the  holder  thereof  shall  not  e.\ercise 
any  of  the  rights  or  privileges  conferred 
therein  and  thereby. 

8.  Every  licensed  structural  engineer  shall 
have  a  seal,  the  impression  of  which  must 
contain  the  name  of  the  Structural  Engineer, 
his  place  of  business,  and  the  words,  "Li- 
censed Structural  Engineer,"  "State  of  Illi- 
nois,"' with  which  he  shall  stamp  all  plans, 
drawings  and  specifications  issued  by  him 
for  use  in  this   State. 

9.  No  corporation  or  stock  company  shall 
be  licensed  to  practice  structural  engineering, 
but  it  shall  be  lawful  for  them  to  employ  li- 
censed structural  engineers ;  and  it  sliall  be 
lawful  for  one  or  more  licensed  structural 
engineers  to  enter  into  copartnership  with 
one  or  more  architects  licensed  under  the 
laws  of  this  State,  for  the  practice  of  their 
professions. 

10.  Any  person  who  shall  be  engaged  in 
the  designing,  or  supervision  of  the  construc- 
tion, enlargement  or  alteration  of  buildings 
and  structures,  as  hereinafter  defined,  or  any 
part  thereof,  for  others  and  to  be  constructed 
by  persons  other,  than  himself  shall  be  regard- 
ed as  practicing  structural  engineering  within 
the  meaning  of  this  Act  and  shall  he  held  to 
comply  with  the  same.  Buildings  and  struc- 
tures within  the  meaning  of  this  Act  shall  be 
construed  to  mean  buildings  and  structures 
having  as  essential  structural  features,  foun- 
dations, columns,  girders,  trusses,  arches  and 
beams,  or  some  of  them,  and  in  which  safe 
design  and  construction  require  that  loads 
and  stresses  must  be  computed  and  the  sizes 
and  strength  of  parts  must  be  determined 
by  mathematical  calculations  based  on  scien- 
tific principles  and  engineering  data.  The 
designing  and  supervision  of  the  construction 
of  the  plumbing,  heating,  lighting  and  ventilat- 
ing features  of  such  buildings  and  structures 
shall  be  regarded  as  within  the  meaning  of 
this  Act.  Provided,  however,  this  Act  shall 
■not  be  regarded  as  applying  to:  (a)  Draughts- 
men, students,  clerks  of  work,  superintend- 
ents and  other  employees  of  structural  en- 
gineers duly  licensed  to  practice  under  this 
Act,  so  long  as  they  work  and  act  under  the 
instructions,  control,  direction  and  supervision 
■of  their  employers;  (b)  superintendents  of 
construction  of  buildings  and  structures  em- 
ployed and  paid  by  the  owners,  provided  such 
superintendents  act  under  the  control,  direc- 
tion and  supervision  of  a  structural  engineer, 
duly  licensed  under  this  Act ;  but  nothing 
contained  in  this  Act  shall  be  construed  to 
prevent  any  person,  mechanic  or  builder  from 
making  plans  and  specifications  for,  or  super- 
vising the  construction,  enlargement  or  altera- 
tion of  any  building  or  structure  that  is  to  be 
constructed  by   himself  or  his  employees. 

11.  After  six  months  from  the  taking  effect 
■of  this  Act,  it  shall  be  unlawful  for  any  per- 
son to  practice  structural  engineering  with- 
out a  license  in  this  State,  or  to  advertise,  or 
to  display  a  sign  or  card,  or  other  device 
which  indicates  or  represents  that  he  is  en- 
titled to  practice  as  a  structural  engineer  in 
this  State,  and  any  person  guilty  of  the  viola- 
tion of  any  of  the  provisions  of  this  Act  shall 
T)e   punished  by  a   fine  of  not   less  than   Ten 


($10)    Dollars   nor  more   than   Two   Hundred 
($200)    Dollars,   for  each   and   every  offense. 

12.  It  shall  be  lawful  and  be  the  duty  of 
the  State  Building  Commissioner  appointed 
and  acting  under  any  State  Building  Code 
which  is  now  or  which  may  hereafter  be  in 
force  and  effect  in  this  State,  or  of  any  Build- 
ing Commissioner  of  any  city,  town  or  village 
organized  under  any  general  or  special  law 
of  this  State,  which  has  adopted  a  building 
code  or  other  ordinance  or  laws  relative  to  the 
construction,  alteration,  repair,  maintenani;e 
and  safety  of  buldings  and  structures,  and 
providing  for  the  issuing  of  buijding  permits 
by  a  Building  Commissioner  or  other  officer 
designated  for  that  purpose,  to  issue  permits 
for  the  construction,  enlargement  or  altera- 
tion of  such  buildings  or  structures  to  any 
owner,  or  his  agent,  upon  the  filing  with  the 
State  Building  Commissioner  or  with  the 
Building  Commissioner  of  such  city,  town  or 
village,  of  a  true  copy  of  the  plans,  drawings 
and  specifications  '  for  the  construction,  en- 
largement or  alteration  of  such  buildings  or 
structures,  and  a  certificate  signed  by  the 
structural  engineer  who  executed  them  cer- 
tifying under  his  seal  that  said  plans,  draw- 
ings and  specifications  are  in  accordance  with 
the  State  Building  Code,  or  the  Building 
Code  of  such  city,  town  or  village,  as  the  case 
may  be,  provided,  such  structural  engineer 
shall  be  licensed  under  this  act,  and  provided, 
such  owner  or  his  agent  has  complied  with  all 
other  requirements  of  law  requisite  to  obtain 
such    building   permit. 

13.  Every  licensed  structural  engineer  in 
this  State,  who  desires  to  continue  the  prac- 
tice of  his  profession,  shall  annually,  during 
the  time  he  shall  continue  in  such  practice, 
pay  to  the  Secretary  of  the  Board  during  the 
month  of  July,  a  fee  of  Ten  ($10)  Dollars, 
and  the  Secretary  shall  thereupon  issue  to 
such  licensed  structural  engineer  a  certificate 
of  renewal  of  his  license  for  the  term  of  one 
year.  Failure  by  any  licensed  structural  engi- 
neer in  actual  practice  to  cause  his  license 
to  be  renewed  during  the  month  of  July  in 
each  and  every  year,  shall  constitute  valid 
grounds  for  the  revocation  of  his  license.  The 
failure  to  renew  such  license  in  apt  time  shall 
not  deprive  such  structural  engineer  of  the 
right  of  renewal  thereafter;  but  the  fee  to 
be  paid  upon  the  renewal  of  a  license  after 
the  month  of  July  shall  be  Fifteen  ($l-j) 
Dollars. 

It  shall  be  the  duty  of  the  Secretary  of  the 
Board  to  file  with  the  Secretary  of  State  on 
the  15th  days  of  February  and  August  in 
each  year  certified  lists  of  all  licenses  then 
in  force,  upon  the  filing  of  each  of  which 
said  lists,  the  Secretary  of  State  shall  be 
entitled  to  receive  a  fee  of  $1.00. 

14.  Licenses  issued  in  accordance  with  the 
provisions  of  this  Act  shall  remain  in  full 
force  unless  revoked  for  cause,  as  hereinafter 
provided.  Any  license  so  granted  may  be 
revoked  by  a  four-fifths  vote  of  the  State 
Board  of  Examiners  for  gross  incompetency; 
or  recklessness  in  the  construction  of  build- 
ings or  other  structures;  or  for  fraudulently 
affixing  his  seal  to  plans,  drawings  or  speci- 
fications ;  or  for  any  dishonest  practice  or 
practices  on  the  part  of  the  holder  thereof; 
or  for  fraud  in  obtaining  his  license;  or  prac- 
ticing without  payment  of  the  annual  license 
renewal  fee  provided  in  Section  Fourteen 
(14)  of  this  ."^ct ;  but  before  any  license  shall 
be  revoked  such  holder  shall  be  entitled  to  at 
least  twenty  days'  notice  of  the  charge  against 
him,  and  of  the  time  and  place  of  the  meet- 
ing of  the  Board  for  the  hearing  and  de- 
termining of  such  charge. 

For  the  purpose  of  carrying  out  the  pro- 
visions of  this  Act  relating  to  the  revocation 
of  licenses,  the  Board,  and  each  member 
thereof,  shall  have  the  power  to  administer 
oaths,  and  said  Board  shall  have  the  power  to 
secure  by  its  subpoena  both  the  attendance 
and  the  testimony  of  witnesses,  and  the  pro- 
duction of  books  and  papers,  relevant  to  any 
investigation  by  the  Board  for  the  purpose  of 
carrying  out  the  provisions  of  this  Act,  re- 
lating   to    the    revocation    of    licenses.      Wit- 


nesses shall  be  entitled  to  the  same  fees  and 
mileage  as  witnesses  in  a  Court  of  Record, 
to  be  paid  in  like  manner.  The  accused  shall 
be  entitled  to  the  subpoena  of  the  Board  for 
his  witnesses,  and  to  be  heard  in  person  or 
by  counsel  in  open  public  trial.  Any  Circuit 
Court  of  this  State  or  any  judge  thereof, 
either  in  term  time  or  vacation,  upon  applica- 
tion of  such  Board,  may  in  its  discretion  by 
order  duly  entered  by  such  court  or  judge 
thereof,  require  the  attendance  of  witnesses, 
the  production  of  books  and  papers,  and  giv- 
ing of  testimony  before  such  Board,  and  upon 
refusal  or  neglect  to  so  appear  and  testify  and 
produce  such  hooks  and  papers  as  command- 
ed by  such  order  of  the  court  or  judge  there- 
of, may  compel,  by  attachment  or  otherwise, 
as  provided  by  law,  the  attendance  of  such 
witnesses,  the  production  of  such  books,  and 
papers  and  the  giving  of  testimony  before 
such  Board,  in  the  same  manner  as  production 
of  evidence  may  be  compelled  before  said 
court.  Every  person  who,  having  taken  an 
oath  or  made  affirmation  before  said  Board, 
shall  wilfully  swear  or  aftirm  falsely,  shall  be 
guilty  of  perjury  and  upon  conviction  shall 
be  punished  accordingly.  It  shall  be  the  duty 
of  the  Secretary  of  the  Board  to  promptly 
give  notice  of  all  revocations  of  licenses  to 
the  Secretary  of  State  who  shall  make  an 
entry  thereof   in  his   records. 

1.5.  The  State  Board  of  Examiners  shall 
have  power  to  entertain  and  grant  for  good 
cause  shown,  petitions  to  vacate  its  orders 
revoking  licenses  and  reinstate  such  petitioner 
to  practice  in  this  State,  and  to  adopt  rules 
and  regulations  governing  the  requirements 
and  hearing  of  such  petitions,  provided  that 
at  least  one  year  shall  intervene  between  the 
date  of  the  entry  of  the  order  revoking  a 
license  and  the  filing  of  such  petition  in  cases 
involving  gross  incompetency,  recklessness, 
dishonest  practices,  or  fraud.  The  Board  in 
its  discretion  may  require  petitioners  whose 
licenses  have  been  revoked  for  gross  incom- 
petency or  recklessness  to  submit  to  an  ex- 
amination by  the  Board  touching  their  pro- 
fessional qualifications  and  competency  to 
practice,  which  shall  at  least  cover  the  sub- 
jects required  of  applicants  for  a  license  by 
examination.  Such  petitions  shall  briefly 
state  the  date  and  cause  of  revocation,  the 
grounds  upon  which  petitioner  seeks  rein- 
statement, and  such  other  facts  as  the  Board 
by  its  rules  may  prescribe,  and  shall  be  veri- 
fied by  the  petitioner.  The  Board  in  the 
hearing  of  such  petitions  shall,  as  near  as 
may  be,  follow  the  practice  required  by  this 
Act  in  relation  to  citations  to  revoke  licenses. 
.-Vny  person  interested  may  appear  and  contest 
s;.ch  petitions.  .-\.  majority  vote  of  the  Board 
shall  be  sufticient  to  reinstate  such  petitioners 
to  practice. 

Every  petitioner  shall  pay  to  the  Secretary 
of  the  Board,  in  advance,  upon  the  filing  of 
his  petition,  a  fee  of  Ten   ($10)   Dollars. 

It  shall  be  the  duty  of  the  Secretary  of  the 
Board  to  promptly  notify  the  Secretary  of 
State  of  the  reinstatement  of  any  such  appli- 
cant, and  the  Secretary  of  State  shall  note 
the  same  on   his  records  accordingly. 

16.  ^  It  shall  be  the  duty  of  the  Secretary  of 
the  E.xamining  Board  to  file  at  the  close  of 
each  fiscal  year  with  the  Auditor  of  Public 
.Accounts  of  the  State  of  Illinois,  a  full  an- 
nual report  of  the  proceedings  of  the  Board, 
including  a  statement  of  all  funds  received 
and  disbursed,  and  he  shall  also  pay  over  to 
the  State  Treasurer  of  the  State  of  Illinois, 
quarterly,  all  license  fees  and  renewal  and 
other  fees  collected  by  him  during  the  pre- 
ceding quarter  and  take  his  receipt  therefor. 
Said  "report  shall  be  attested  by  the  affidavits 
of  the   President  and   Secretary. 

17.  All  acts  or  parts  of  acts  inconsistent 
herewith  are  hereby   repealed. 


The  drainage  area  of  the  Ohio  River  basin 
is  203,000  square  miles,  comprising  parts  of  14 
states.  No  state  lies  wholly  within  the  basin, 
the  areas  included  ranging  from  97  per  cent  in 
Kentucky  to  less  than  1  per  cent  in  Mississippi. 


March  17,  1915. 
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Methods  Employed  in   Manufacturing 

and  Laying  Reinforced  Concrete 

Sewer  Pipe  at  Philadelphia. 

During  the  year  1914  the  Bureau  of  Surveys, 
City  of  Philadelphia,  awarded  contracts  for 
the  construction  of  reinforced  conci^ete  pipe 
sewers  on  the  combined  system,  that  is,  de- 
signed to  carry  storm  water  run  of{  and 
domestic  sewage. 

The  plans  of  these  sewers  called  for  two 
sizes  of  pipe:  3(i-in.  diameter  circular  and  3ti- 
in.  by  ■i4-in.  egg-shape;  the  alignments  being 
long  straight  lines  with  a  number  of  regular 
curves  of  30  ft.  and  -50  ft.  radius  for  extensions 
in  intersecting  streets  and  for  outlet  connec- 
tions. 

The  design  of  both  sections  called  for  one 
line  of  triangular  steel  mesh  to  be  placed  1% 
ins.  from  the  inside  face  of  the  concrete  shell; 
the  shell  for  the  Stl-in.  section  to  be  4  ins.  and 
for  the  b(i-in.  by  24-in.  section  'iy^  ins.  thick- 
ness except  at  the  base.  The  circidar  section 
was  concentric  throughout;  the  egg  shape  sec- 
tion was  designed  to  have  a  base  8  ins.  in 
width.  The  methods  employed  in  manufac- 
turing and  laying  this  reinforced  concrete 
sewer  pipe  are  here  described  from  informa- 
tion taken  from  a  paper  presented  at  the  11th 
annua!  convention  of  the  .American  Concrete 
Institute,  Philadelphia,  Pa.,  by  Mr.  Henry  T. 
Shelley,  assistant  engineer  of  sewer  construc- 
tion in  Philadelphia. 

Both  sections  were  made  in  4-ft.  lengths 
with  ends  normal  to  the  a.xis  of  the  pipe: 
molded  with  socket  and  spigot  ends,  with  the 
steel  reinforcing  projecting  at  each  end  a 
distance  of  iVz  ins.,  overlapped  when  laid  to 
form  an  interlocking  joint.  Some  3-ft.  lengths 
were  made  for  the  proper  location  of  slants 
for  house  drainage  connections  and  also  for 
closures  on  curves.  The  curves  were  turned 
with  4-ft.  and  3-ft.  lengths  with  ends  bevelled 
on  a  line  with  the  radius  of  the  curve,  other- 
wise they  were  the  same  as  for  straight  lines. 

In  this  design  the  socket  and  spigot  is 
formed  in  the  shell  of  the  pipe  (without 
projection  on  the  interior  or  exterior  surfaces) 
so  that  when  laid  in  the  trench  the  projecting 
reinforcing  can  be  overlapped  in  the  socket 
and  grouted,  the  grouting  being  done  from  a 
pouring  hole  molded  in  the  top  of  the  socket 
end  of  each  length.  By  this  means  a  con- 
tinuous  and   uniform   thickness   of   section   is 


!«MI00  lbs.,  external  loading  and  internal 
hydrostatic  requirements  were  specified  as 
were  the  character  and  the  design  of  the 
forms.  It  was  also  required  that  the  pipe  be 
made  by  an  established  manufacturer  of  rein- 
forced concrete  pipe. 

A  vacant  lot,  (jO  ft.  in  width  by  400  ft.  in 
length  was  secured,  convenient  to  the  location 
of  the  sew-ers  to  be  constructed,  and  a  plant, 


gressed  or  removal  to  different  locations  as  the 
location  of  the  several  lines  of  forms  required. 
The  forms  consisted  of  cast  iron  bottom 
and  top  rings  shaped  to  form  the  socket  and 
spigot  ends,  with  sheet  steel  inner  and  outer 
casings  rolled  to  true  cylinders.  The  inner 
and  outer  casings  were  concentric  when  assem- 
bled. The  forms  were  rigidly  held  together 
with  clamps  and  bolts  to  guard  against  cracks. 


Fig.  2.    View  of   Handling   Device   Used 
Concrete  Sewer 

consisting  of  a  one  bag  batch  mixer  operated  by 
a  -iVz  HP.  gasoline  motor,  one  30  HP.  boiler, 
measuring  barrows  and  forms  were  provided. 
The  lot  had  been  excavated  for  cellars  to  a 
depth  of  about  6  ft.  below  the  street  surface 
except  a  section  about  100  ft.  in  length  on  the 
cast  end  which  was  at  a  slight  elevation  above 
the  street  surface  and  which  was  large  enough 


Fig.    1. 


View    of    One-Horse    Cart    Used    at      Philadelphia     for     Transporting     24x36-in. 
Egg-Shaped    Reinforced    Concrete    Sewer    Pipe    from    Yards  to  Trench. 


maintained  throughout  the  length  of  the  sewer 
barrel. 

The  specifications  required  the  concrete  to 
be  mi.\ed  in  the  proportion  of  1  part  cement,  2 
parts  sand  and  4  parts  crushed  pebbles  or 
broken  stone.  The  steel  for  reinforcing  was 
cold  drawn,  open  hearth  carbon  steel  having 
a  tensile  strength   of  between  80,000  lbs.   and 


to  accommodate  the  mixer  and  (irovidc  for  the 
storage  of  materials.  The  lower  section  was 
utilized  for  the  manufacture  and  storage  of 
pipe.  The  location  of  the  mixer  provided 
descending  grades  for  the  wheel  barrow  runs 
from  the  mixer  to  the  forms.  These  runs  were 
made  in  short  sections  and  of  a  design  that 
permitted  their  Icngtiiening  as  the  work  pro- 


at    Philadelphia    in    Lowering    Reinforced 
Pipe  Into  Trenches. 

through  the  inner  and  outer  rings,  and  to  pre- 
vent the  leakage  of  the  mix.  Butt  straps  were 
provided  to  cover  joints  between  adjacent 
sheets. 

The  forms  were  assembled  in  four  lines  of 
seven  or  ten  forms  each  with  6-ft.  lanes  be- 
tween lines.  The  bases  forming  the  socket 
end  of  the  pipe  were  first  laid  to  line  and 
carefull  leveled,  a  slot  being  molded  in  this- 
base  to  receive  the  reinforcing.  This  slot  after 
receiving  the  reinforcing  was  filled  with  sand 
to  serve  as  a  stop  for  the  concrete  and  provide 
for  the  projection  of  the  reinforcing  metal  in 
the  socket. 

The  reinforcing  was  placed  after  the  inner 
steel  casings  were  assembled  and  clamped  to 
the  base;  the  assembling  of  the  outer  casings 
immediately  following.  All  surfaces  exposed 
to  the  concrete  being  coated  with  paraffin  oil. 

A  light  steel  angle,  bent  to  shape,  and  bolted 
to  the  exposed  face  of  the  inner  steel  casing 
supported  a  thin  steel  plate  coverin,g  the  entire 
interior  of  the  form.  This  plate  or  head 
served  as  a  platform  to  receive  the  concrete 
from  the  mixer  and  from  which  it  was  evenly 
deposited  and  worked  into  the  form. 

The  steel  mesh  was  received  in  rolls  of 
about  4-'i0  lbs.  average  weight  and  were  of  suf- 
ficient width  to  provide  the  reinforcing  for  the 
full  length  of  pipe  sections  without  splicing. 

Giant  Portland  cement,  Jersey  gravel  or 
Jersey  bank  sand,  and  Birdsboro  trap  rock 
aggregate,  graded  in  size  from  J4-i'i-  to  ^4-'"-. 
were  used  in  the  concrete  mixture.  The  pro- 
portions were  by  volume  although  the  mixture 
was  occasionally  changed  to  suit  the  grading 
of  the  sand  and  aggregate  so  that  frequently 
a  richer  mixture  was  obtained  than  the  1-2-4 
specified.  Measuring  barrows  were  used  to- 
serve  the  mixer.  Sufficient  water  was  used  in 
the  mix  to  cause  the  concrete  to  flow  readily 
when  dumped  on  the  steel  head  in  the  center 
of  tlie  form.    As  soon  as  mixed  the  concrete 
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was  turned  into  the  receiving  pan  in  front  of 
the  mixer,  lioed  into  barrows,  wheeled  to  the 
forms,  and  dumped  on  the  steel  heads,  from 
which  it  was  shoved  into  the  forms  uniformly 
and  spaded. 

This  work  of  placing  and  spading  was  per- 
formed by  one  man  using  a  spade  made  of  a 
steel  mortar  hoe  blade  slightly  curved,  fastened 
to  a  steel  rod  4-ft.  long  to  which  was  fitted  a 
wood  handle  3  ft.  in  length.  The  man  em- 
ployed was  skilled  in  the  work  but  with  the 
exercise  of  every  precaution,  air  pits  on  the 
surface  of  the  pipe  could  not  be  entirely  pre- 
vented, A  whole  line  of  forms  were  completed 
when  once  started.  The  forms  were  assembled 
in  the  morning  and  poured  in  the  afternoon. 
The  first  80  lengths  of  pipe  made  were  allowed 
to  harden  in  air;  the  casings  being  removed  24 
hours  after  pouring,  the  pipe  remaining  on  the 
base  three  days.  Upon  the  removal  of  the 
casings  it  was  frequently  found  that  the  con- 
crete adhered  to  them.  To  overcome  this 
adhesion  each  line  of  forms  was  subjected  to 
a  hot  vapor  bath  for  12  hours.  To  provide  this 
vapor,  a  pipe  line  leading  from  an  upright  30 
HP.  steam  boiler  was  run  over  the  center  of 
each  line  of  forms,  a  canvas  covering  entirely 
encasing  the  forms  served  to  condense  the 
steam.  The  casings  were  removed  in  12  hours 
but  the  pipes  were  allowed  to  remain  on  the 
bases  for  three  days  as  in  the  air  hardening 
process. 

The  uneven  and  great  variation  in  tempera- 
ture obtained  at  the  top  and  bottom  of  the 
forms,  unless  the  greatest  care  is  exercised, 
makes  this  a  very  questionable  process. 

Tests  were  made  to  determine  the  age  at 
which  the  pipe  could  be  laid,  and  while  excel- 
lent results  were  obtained  at  7  days  it  was  not 
considered  advisable  to  lay  it  at  that  age  and 
14  days  was  made  the  minimum  for  laying. 

LAYING  THE  PIPE, 

A  two-horse  truck  was  used  to  convey  the 
circular  pipes  from  the  yard  to  the  work;  a 
one-horse  cart  designed  for  the  purpose  being 
used  for  the  egg  shape  pipes,  each  length  was 
lined  up  along  the  trench  in  place  and  position 
for  lowering  when  delivered.  The  one-horse 
cart  is  shown  in  Fig.  1.  One  side  of  the  trench 
was  reserved  for  and  kept  clear  to  receive  the 
pipe  as  delivered,  the  opposite  side  being  used 
for  the  deposit  of  the  excavated  material.  In 
this  way  it  was  possible  to  deliver  a  large  num- 
ber of  pipes  to  the  work  before  the  trench  was 
ready  to  receive  them. 

The  plans  required  the  trenches  to  be  ex- 
cavated a  width  12  ins.  greater  than  the  hori- 
zontal external  diameter  of  the  pipe  to  be  laid 
in  them  and  to  a  minimum  depth  of  3  ins. 
below  the  bottom  of  the  pipe;  this  depth  be- 
ing increased  when  necessary  to  obtain  a  firm 
foundation.  The  design  required  all  pipe  to 
be  supported  in  a  concrete  cradle  covering  the 
full  width  of  trench  and  extending  from  the 
bottom  of  the  trench  to  a  height  of  12  ins. 
above  the  bottom  of  the  pipe.  The  concrete 
for  the  cradle  was  mixed  in  the  proportion  of 
1  part  cement,  3  parts  Jersey  gravel  and  4 
parts  crushed  stone. 

Several  methods  for  laying  the  pipe  in  this 
cradle  were  tried.  The  method  adopted  re- 
quired the  concrete  to  be  placed  in  the  trench 
to  a  depth  sufficient  to  bring  it  to  within  ^2  in. 
of  the  elevation  of  the  bottom  of  the  pipe  when 
laid.  This  was  allowed  to  harden  for  at  least 
three  days  before  pipe  was  placed  on  it.  A  bed 
of  mortar  about  %  in,  in  thickness  was  spread 
over  this  base  to  seat  the  pipe  and  bring  it  to 
its  proper  elevation.  After  the  pipe  was  laid 
and  jointed  the  cradle  was  completed  to  the 
required  height. 

Immediately  previous  to  lowering  the  pipe 
the  mortar  bed  was  spread  for  each  length ; 
the  pipe  being  shoved  over  it  and  settled  into 
place.  Each  length  was  laid  with  the  socket 
end  forward,  to  exact  line  and  grade  with  a 
snug  fit  at  the  joint. 

The  laying  of  the  pipe  was  immediately  fol- 
lowed by  the  "making  up"  of  the  joint.  This 
was  done  by  first  overlapping  the  reinforcing 
projecting  into  the  socket  and  pressing  it  into 
position,  then  applying  a  stiff  mortar  to  the 
lower  half  of  the  socket  from  the  inside  of  the 
pipe,  and  grouting  the  upper  half  fr.om  the  out- 
side  through   the   "pouring  hole"   at   the   top. 


The  mortar  was  pressed  through  the  reinforc- 
ing until  the  lower  half  of  the  socket  was 
completely  filled  when  it  was  troweled  to  a 
smooth  finish ;  a  steel  band  C  ins.  in  width  was 
then  sprung  around  the  entire  interior  of  the 
pipe  and  keyed  tight  to  prevent  the  escape  of 
the  grout,  the  exterior  being  sealed  with  a 
coat  of  stiff  mortar  covering  the  joint  on  the 
entire  upper  half  of  the  pipe  and  extending 
about  12  ins.  below  its  center.  While  the  grout 
was  being  poured  a  heavy  steel  wire  was 
worked  in  the  joint  to  prevent  choking  and  to 
expel  th^  air.  This  was  continued  until  the 
joint  was  completely  filled  and  the  grout 
brought  to  the  top  of  the  pouring  hole,  The 
steel  band  was  removed  in  24  hours  and  the 
joint  smoothed  to  a  finish  on  a  plane  with  the 
interior  surface  of  the  pipe.  The  mortar  and 
the  grout  were  made  in  the  proportion  of  1 
part  cement  and  2  parts  sand. 

A   very  cheap  and   simple  device   was   used 
to  lower  the  pipe  into  place,  as  illustrated  in 


Fig.  3.    View  of  24x36-in.   Egg-Shaped   Rein- 
forced  Concrete   Sewer    Pipe    in   Trench 
Ready  for  Backfilling,  Philadelphia,  Pa. 

Fig.  2,  It  consisted  of  a  light  O-in.  steel  I-beam 
14  ft,  long  supported  at  the  ends  on  two  wood 
"A"  frames  resting  on  2%-in.  plank  runs.  A 
small  steel  4-wheel  traveler  supported  on  the 
lower  flange  of  the  beam  carried  a  differential 
pulley  to  which  was  hung  a  wood  U-shaped 
carrier.  The  "A"  frame  consisted  of  two  6-in. 
by  6-in.  yellow  pine  legs,  with  a  4-in,  by  6-in. 
strut  bolted  2  ft,  above  their  lower  ends  to 
prevent  ■spreadins':  the  upper  ends  being  fitted 
under  the  upper  flange  of  the  beam  and  bolted 
to  the  web.  The  traveler  consisted  of  a  pair 
of  steel  wheels  fitted  to  each  side  of  the  beam 
close  to  the  web  and  seated  on  the  lower 
flange  so  as  to  move  freely  over  it.  A  light 
steel  frame  suspended  from  these  wheels  car- 
ried a  hook  from  which  was  suspended  the 
differential  pulley. 

The  wood  carrier  was  made  of  three  pieces 
of  4-in.  by  G-in.  oak,  4  ft,,  3  ft.  6  ins,,  and  12 
ins.  in  length  bolted  together  with  2-34-in,  bolts. 
The  short  length  served  to  separate  the  long 
pieces  when  bolted  together  and  provided 
space  between  them  for  the  entrance  of  the 
pipe  shell.   The  pieces  were  bolted  together  on 


edge  at  one  end;  the  ends  being  brought  flush 
so  as  to  make  a  variation  in  length  at  the 
free  end.  When  in  service  the  pipe  was  carried 
on  the  48-in,  piece  and  suspended  by  means  of 
a  heavy  eye-bolt  placed  in  the  86-in.  piece,  10 
ins.  from  its  free  end.  This  piece  extended 
over  the  top  of  the  pipe  a  distance  sufficient  to 
bring  the  eye-bolt  over  the  center  of  the  pipe. 
To  insure  greater  strength  a  band  made  of 
IH-in.  steel  %  in.  in  thickness  was  fitted 
around  the  carrier  at  the  inside  end  of  the 
middle  piece. 

When  placed  in  position  for  lowering  the 
I-beam  extended  across  the  trench  and  over 
the  pipe  lined  up  along  it.  The  "A"  frames 
were  supported  on  2i/S-in.  plank  runs  extending 
along  both  sides  of  the  trench.  By  means  of 
the  traveler  the  carrier  was  moved  directly 
over  the  pipe,  engaged  to  the  pipe  shell  which, 
after  being  raised,  was  moved  by  means  of  the 
traveler  to  a  position  directly  over  the  center 
of  the  trench  and  lowered  to  a  place  on  the 
bed  of  mortar  spread  over  the  concrete  base. 
Before  the  carrier  was  disengaged  each  length 
was  closely  fitted  at  the  joint  and  set  to  exact 
line  and  grade.  The  carrier  was  then  raised, 
the  "A"  frames  moved  forward  on  the  plank 
over  the  next  length  of  pipe,  and  the  laying 
continued.  Pipe  laying  always  commenced  at 
the  outlet  end  with  the  socket  end  forward. 
Figure  3  shows  a  section  of  the  sewer  ready 
for  backfilling.  Where  necessary  to  provide 
for  manholes  and  spur  connections  an  opening 
of  4  ft,  or  the  length  of  one  section  of  pipe 
was  made.  Where  manholes  were  to  be  built 
the  openings  were  excavated  a  width  of  4  ft. 
8  ins.  for  a  length  of  6  ft,,  or  12  ins.  from  each 
end  of  the  pipe.  The  area  of  the  concrete 
manhole  base  had  these  same  dimensions. 

A  steel  form  shaped  to  fit  the  inside  of  the 
lower  half  of  the  concrete  pipe  and  extending 
12  ins.  in  the  pipe  at  both  ends  of  the  opening 
was  used  to  form  the  invert  of  the  manhole. 
The  concrete  was  poured  around  the  form  to 
the  center  of  the  pipe,  and  after  form  exten- 
sions were  placed,  it  was  carried  to  an  eleva- 
tion of  7  ins.  above  the  inside  of  the  pipe  at 
the  top.  The  inside  of  the  manhole  base  at  the 
top  was  oval  in  shape,  the  diameters  being  3  ft. 
and  4  ft.  The  3-ft.  diameter  across  the  sewer 
was  obtained  for  the  egg-shape  section  by  nar- 
rowing the  side  walls  to  a  thickness  of  10  ins. 
Above  the  concrete  base  the  manholes  were 
built  of  brick  9  ins.  in  thickness  tapering  to  a 
24-in.  circle  at  the  top  or  street  surface.  When 
connections  for  spurs  were  to  be  provided, 
wood  invert  and  arch  forms  in  addition  to  the 
steel  invert  form  were  used.  These  forms  were 
assembled  to  form  the  entire  connection  be- 
fore the  concrete  was  poured,  making  a  mono- 
lithic section  throughout.  This  provided  a 
square  end  on  spurs  for  future  pipe  or  brick 
extensions.  The  concrete  mixture  for  man- 
holes and  spurs  was  the  same  as  for  the  pipe. 

Whenever  possible  locations  for  pipe  drains 
were  determined  and  openings  for  their  con- 
nection molded  in  the  pipe.  When  the  location 
of  drains  could  not  be  determined  before 
molding  the  pipe,  openings  for  their  connection 
were  cut  through  the  shell  with  diamond  point 
chisels  when  the  pipes  were  in  place. 

Several  years  ago,  but  when  the  cost  of 
labor  and  materials  were  about  the  same,  bids 
were  asked  and  received  for  these  sewers  of 
the  standard  brick  construction;  the  sections 
and  plans  being  identical. 

The  Ipwest  bid  received  for  the  36-in.  cir- 
cular section  of  brick  was  $7.95  per  foot  and 
for  the  36-in.  by  24-in.  egg-shape  section  of 
brick  $4.35  per  ft.  The  lowest  bid  received  for 
the  36-in,  concrete  section  was  $5.10  per  foot 
and  for  the  36-in.  by  24-in.  egg-shape  con- 
crete section  was  $4.72 ;  a  reduction  of  $2.85 
per  foot  for  the  36-in,  circular  section  and  an 
increase  of  37  cts.  per  foot  for  the  egg-shape 
section.  The  price  per  foot  includes  in  both 
constructions  excavation,  manufacture,  deliv- 
ery, laying  the  pipe,  backfill,  removal  of  exca- 
vated material  and  repaying  over  the  sewer 
trench. 

In  sewers  of  larger  section  a  greater  saving 
could  be  made  and  a  better  structure  obtained 
by  the  use  of  reinforced  concrete  pipe  than  by 
any  other  method  of  construction;  this  is  par- 
ticularly true   where  water  is  present   in   the 
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trenches  in  great  volume  and  when  its  ex- 
clusion is  imperative,  as  no  other  method  pre- 
sents equal  possibilities  of  obtaining  the  same 
density  and  imperviousness  of  either  the  bar- 
rel or  the  joint  at  the  same  low  cost. 


Method  Employed  in  Placing  a  Neg- 
lected Sewage  Treatment  Plant  in 
Successful  Operation  at  Monti- 
cello,  Arkansas. 

Mr.  Guy  A.  Watkins,  of  the  firm  of  Dickin- 
son &  Watkins,  of  Little  Rock,  .^rk..  is  au- 
thority for  the  statement  that  the  operation  of 
sewage  treatment  plants  is  a  thing  unknown 
to  the  city  councils  in  Arkansas.  The  belief 
commonly  held  is  that  a  septic  tank  digests 
all  the  sewage  conducted  to  it  and  that  the 
effluent  is  practically  pure.  In  the  last  few 
years,  however,  a  number  of  towns  in  the 
State  have  been  made  to  realize  that  the  gen- 
eral supervision  of  a  sanitary  engineer  is  es- 
sential to  the  successful  operation  of  sewage 
treatment  works,  not  only  to  prevent  odors 
but  to  prevent  law  suits.  In  most  of  the  small 
southern  cities  the  operation  of  treatment 
plants  is  left  in  the  hands  of  an  unskilled 
negro. 

The  firm  mentioned  was  engaged  to  op- 
erate the  two  plants  at  Monticello  during  1914 
and  the  present  article  describes  the  methods 
of  overhauling  neglected  septic  tanks  and  con- 
tact beds  and  of  placing  them  in  operation. 
Our  information  is  from  a  paper  by  Mr.  Wat- 
kins before  the  latest  annual  meeting  of  the 
Arkansas  Engineering  Society.  The  plant 
described  was  built  in  1909-10  and  was  de- 
signed by  Mr.  Walter  Kirkpatrick  of  Jackson, 
Miss.  It  was  allowed  to  run  without  any  at- 
tention, except  when  acute  troubles  arose.  The 
following  discussion  is  meant  to  show  how 
much  a  plant  of  this  kind  needs  the  general 
supervision  of  a  sanitary  engineer  and  is  not  a 
criticism  of  the  work  of  the  designer.  As  the 
tanks  and  contact  beds  are  similar  in  design 
to  those  which  in  the  last  five  years  have  been 
built  in  Arkansas,  a  description  of  them  will 
fairly  closely  fit  any  tank  of  the  same  general 
pattern,  and  their  deficiencies  seem  to  be  com- 
mon to  all  plants  of  their  type.  Figure  1 
shows  in  plan  and  section  one  of  the  Monti- 
cello  plants. 

DESIGN    OF    MONTICELLO    PLANT. 

The  tank  proper  is  40  ft.  long,  from  4%  to  o 
ft.  deep,  below  the  flow  line,  and  js  divided 
into  three  sections,  5,  10  and  16  ft.,  in  width. 
At  the  inlet  end  the  sewage  enters  a  small  bo.x 
2  ft.  long,  2  ft.  wide  and  18  ins.  deep,  then 
flows  through  a  large  grit  chamber  15  ft.  long, 
by  3%  ft.  wide  and  6  ft.  deep,  into  the  sec- 
tion or  sections  that  it  is  desired  to  operate. 
At  the  flow  line  there  is  an  opening  into  each 


flow  from  which  is  controlled  and  distributed 
by  three  air-lock  feeds.  The  feeding  syphons 
are  intended  automatically  to  distribute  the 
effluent  onto  the  three  contact  beds  and  were 
originally  set  so  the  beds  were  used  in  rota- 
tion. 

OPERATION  DIFFICULTIES. 

However,  things  did  not  happen  as  planned. 
First,  the  big  grit  chamber  filled  with  sludge 
in  from  six  to  eight  weeks  and  had  to  be 
cleaned.  When  cleaning  it  the  raw  sewage 
was  cut  directly  into  the  by-pass.  The  valves 
soon  rusted  badly  and  refused  to  work,  which 
made  the  process  of  cleaning  the  chambers 
even  more  disagreeable. 

Then  the  Superintendent  of  the  Light  and 
Water  plant,  who  also  has  to  look  after  the 
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Fig.   1.   Plan    and   Section   of   Sewage   Treat- 
ment   Plant   at   Monticello,   Arkansas. 


sewage  disposal  works,  decided  to  cut  the  flow 
directly  into  the  large  section.  This  was  done 
by  placing  a  pipe  from  the  small  concrete  box 
above  the  grit  chamber  across  to  a  hole  cut 
into  the  wall  of  the  tank  about  2  ft.  from  the 
bottom.  This  left  the  grit  chamber  dry  and 
everybody  was  happy  because  it  would  not 
have  to  be  cleaned. 

Then  the  air  lock  feed  began  to  go  wrong. 
The  action  of  the  acids  in  the  sewage  on  the 
iron  pipes  and  valves  was  disastrous  to  the 
automatic  operation  of  the  feed  and  it  could 
not  be  depended  upon  to  alternate  the  flow  to 
the  contact  beds.  Considerable  money  was 
spent  trying  to  make  this  automatic  device  take 
care  of  the  effluent  properly.  One  expert  was 
paid  $2.5  per  day  to  adjust  the  feeding  syphons, 


plants  in  May,  1914,  the  contact  beds  had  been 
in  constant  use  since  their  construction  in  1910. 
The  gravel  had  not  been  washed  in  the  first 
place,  and  with  all  the  sludge  that  had  been 
discharged  onto  the  beds,  all  voids  were  com- 
pletely clogged.  The  tanks  were  covered  with 
a  very  thick  scum  and  were  almost  full  of 
sludge,  so  that  the  space  left  for  the  sewage 
was  a  very  small  part  of  the  capacity  required 
to  retard  the  flow  sufficiently  to  allow  the 
solids  to  settle  out.  At  times  when  the  sludge 
became  very  active  and  gas  formed  more 
freely,  large  parts  of  sludge  would  be  loosened, 
caught  by  the  current  formed  by  the  reduced 
capacity  and  washed  out  onto  the  beds. 

As  there  is  no  connection  between  the  syphon 
emptying  a  bed  and  the  one  filling  it,  a  great 
deal  of  trouble  was  caused  by  the  filling 
syphon  locking  before  the  bed  was  full  enough 
to  trip  the  discharging  syphon.  This  left  the 
bed  almost  full  of  sewage  the  greater  part 
of  the  time  and  prevented  the  air  from  enter- 
ing the  voids  and  resting  the  bacteria  before 
another  dose  was  received.  This  practically 
killed  the  effect  of  the  contact  beds  and,  after 
they  became  clogged,  the  standing  water  on  top 
made  excellent  breeding  places  for  mosquitoes. 
The  loudest  complaint  was  on  account  of  the 
disagreeable  odors.  It  was  evident  that  some- 
thing had  to  be  done  at  once  to  prevent  odors 
in  order  to  stop  two  law  suits  that  were  then 
ready  to  be  filed  against  the  city. 

METHOD  OF  OVERHAULING  THE  PLANT, 

First  we  took  a  considerable  quantity  of 
scum  from  the  tanks,  which  temporarily  in- 
creased the  capacity  of  the  chamber  in  use, 
and  then  the  gravel  in  all  the  beds  was  thor- 
oughly washed.  For  this  purpose  a  small  gaso- 
line engine  and  a  centrifugal  pump  were  pur- 
chased. A  trench  was  dug  to  the  floor  of  the 
bed  from  the  outlet  along  one  side.  Two 
streams  of  water  played  against  the  face  of  the 
dirty  gravel  and  men  with  shovels  threw  the 
washed  gravel  behind  them,  as  shown  in  Fig.  2. 
The  water  carried  the  sediment  with  it  out  the 
by-pass.  The  gravel  was  cleaned  and  leveled 
for  about  35  cts.  per  cubic  yard. 

After  the  beds  were  all  cleaned  and  put  back 
into  service  the  effluent  was  very  clear  and  con- 
tained practically  no  matter  in  suspension.  No 
odors  were  noticeable  and  we  hoped  that  with 
the  small  increased  capacity  of  the  tanks  we 
would  have  no  further  trouble  for  several 
months.  But  in  .August  the  tank  on  the  west 
side  of  town,  without  any  warning,  began  to 
discharge  large  quantities  of  sludge.  This 
scared  the  attendant  so  he  by-passed  the  sew- 
age and  immediately  cleaned  the  section.  The 
sludge  valve  would  not  work  so  all  the  sludge 
had  to  be  dipped  out  with  buckets  and  wheeled 
to  a  pit  where  it  was  buried.  The  sludge  \yas 
4  ft.  deep  and  it  was  no  small  or  pleasant  job 
to  clean  this  tank  in  August. 


Fig.  2.   Method   of   Washing   Gravel    in   Contact   Beds 

at  Monticello. 

(Foreign  matter  washed  out  and  noatVd  off.     Clean  gravel  shoveled 

•back  of  workmen.) 


Fig.  3.  Type  of  Structure  Commonly   Used  to  Cover     Arkansas 

Septic    Tanks. 
(In   addition,    the    Monticello   Council    built    (lour   over    tanks   of   No.    1 
yellow  pine,  tongue  and  groove,  flooring  to  prevent  escape  of  odors.) 


section  and  at  the  bottom  another  opening 
drains  the  sludge  back  into  the  grit  chamber 
where  it  is  by-passed  around  the  filter  beds 
and  discharged  into  a  small  branch.  These 
openings  are  all  fitted  with  8-in.  circular  sluice 
gates,  with  screw  control  and  are  set  on  the 
inside  of  the  chambers. 

At  the  outlet  there  is  a  6  or  8-in.  opening 
from   each  chamber  to   a   narrow  trough,  the 


but  after  he  left  it  was  found  that  his  efforts 
had  not  met  with  any  more  success  than 
had  those  of  the  other  men  who  had  been 
•previously  employed.  .A  little  attention  each 
day  would  have  prevented  a  great  deal  of  this 
trouble  and  expense,  but,  supposing  the  ap- 
paratus to  be  automatic,  the  plants  were  left  to 
run  alone. 

When  we  took  over  the  operation  of  these 


In  taking  off  the  scum  it  was  noticed  that 
only  the  part  near  the  water  was  offensive  and 
only  the  top  foot  of  the  sludge  gave  off  any 
disagreeable  odor.  Below  that  depth  it  was 
black,  well  decomposed  and  odorless.  When 
the  valve  was  reached  it  was  cut  out  and  the 
section  washed  clean.  The  opening  was  then 
stopped  by  placing  a  block  over  it  from  the 
grit  chamber  side  and  bracing  it  against  the 
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opposite  wall.  Shear  gate  valves  were  ordered 
and  placed  from  the  grit  chamber  side  where 
they  can  be  more  conveniently  operated. 

This  tank  was  put  back  in  service  without 
seeding,  though  it  was  our  intention  to  have 
this  done,  and  in  three  weeks  there  was  a  good 
scum  over  almost  the  entire  surface,  which 
was  thick  enough  in  front  of  the  first  baffle 
board  to  support  the  weight  of  a  man. 

The  greatest  problem  in  the  operation  of  a 
sewage  disposal  works  is  the  handling  and  dis- 
position of  the  sludge.  -The  shallow  tanks  fill 
rapidly  and  to  keep  an  approximately  constant 
capacity  must  be  cleaned  oftener  than  is  ex- 
pected in  most  cases  where  they  have  been  in- 
stalled. To  this  fact  is  due  a  great  deal  of  the 
disappointment  found  in  most  every  town 
using  this  style  of  tank.  The  people  are  led 
to  believe  that  a  septic  tank  consumes  all 'solid 
matter  entering  it  when  really  it  only  partly 
reduces  the  organic  compounds,  leaving  a  large 
quantity  of  sludge  to  be  taken  care  of,  for 
which  no  preparation  is  made  in  the  original 
plans.  I'll  venture  that  at  no  plant  in  the 
State,  built  three  years  ago,  is  there  a  sludge 
drying  bed,  nor  is  there  any  means  provided 
for  taking  care  of  the  sludge  other  than  by- 
passing it  directly  into  the  small  branch  into 
which  the  sewage  is  discharged.  When  there 
is  no  water  in  the  branch  in'  the  summer 
months,  to  by-pass  a  quantity  of  this  sludge 
usually  brings  forth  a  storm  of  complaints. 

The  two-story  tank  has  recently  gained  great 
favor  for  the  reason  that  it  separates  the 
sludge-digestion  chamber  from  the  settling 
chamber  and  thus  the  velocity  can  be  kept 
nearer  constant  and  the  sludge  can  have  all 
the  time  necessary  for  its  thorough  digestion. 
As  the  bacteria  beds  are  on  the  under  side  of 
the  scum  and  on  top  of  the  sludge,  in  the  two- 
story  tank  the  decomposed  sludge  can  be  with- 
drawn from  the  bottom  and  the  dry  scum 
taken  from  the  top,  so  that  the  bacteria  beds 
need  never  be  disturbed.  This  well  rotted 
sludge  is  not  only  odorless,  but  is  harmless 
and  can  be  discharged  directly  into  the  stream 
at  times   of   high   water   without   causing  any 


nuisance,  though  it  is  better  to  use  a  drying 
bed  in  the  summer  months. 

Since  odors  are  considered  the  greatest 
nuisance  caused  by  a  sewage  disposal  plant,  it 
is  very  necessary  that  the  causes  of  these  be 
carefully  studied  and  efforts  made  to  prevent 
them.  After  the  Monticello  plants  were 
cleaned  up  and  put  in  better  shape,  there  has 
been  only  two  occasions  on  which  the  odors 
were  perceptible  beyond  the  limits  of  the 
plants.  Each  time  it  was  at  a  very  low  stage 
in  the  flow  and  after  several  weeks  of  hot, 
dry  weather.  At  these  times  the  sewage  was 
naturally  strong  and  the  high  temperature  en- 
couraged fermentation.  The  escaping  gas 
worked  the  scum  into  a  homogeneous  yellow- 
ish mass  all  around  the  inlet  end  of  the  tank, 
and  the  odor  of  sulphuretted  hydrogen  was 
very  apparent. 

The  first  time  this  occurred  was  in  July,  and 
as  the  hook-worm  field  doctor  was  there,  I 
had  him  e.xamine  some  of  this  yellow  scum  and 
also  some  of  the  tank  effluent  to  ascertain  if 
any  hook-worms  were  present  or  were  passing 
through  the  tank.  He  found  no  worms,  but 
did  find  good  strong  live  eggs  in  both  this 
yellowish  scum  and  the  tank  effluent.  And  in 
a  bottle  of  raw  sewage  taken  the  first  of  this 
month  were  quite  a  number  of  small  live 
worms,  closely  resembling  the  hook-worm, 
which  lived  for  several  days  after  the  bottle 
was  brought  to  the  office.  It  is  known  that 
the  germs  of  all  the  intestinal  diseases  are  not 
materially  affected  by  septic  action,  but  are 
found  in  the  effluent  as  well  as  the  influent  of 
the  tank. 

In  the  design  of  sewage  disposal  plants, 
whether  they  are  to  be  operated  by  skilled  or 
unskilled  men,  a  close  study  should  be  made 
of  all  possible  conditions  under  which  the 
tanks  and  filter  beds  might  in  the  future  have 
to  be  operated  and  the  simplest  means  of 
caring  for  the  sludge  should  be  devised.  The 
tanks  should  be  fitted  with  only  the  best  non- 
corrosive  metal  parts  that  can  be  purchased. 
If  automatic  distributers  are  used  they  should 


be  set  with  great  care  and  placed  so  the  at- 
tendant can  get  to  them — not  set  deep  down  in. 
a  snugly  fitting  concrete  pit.  Any  apparatus 
that  is  to  be  used  must  some  time  or  other  be 
adjusted  and '  enough  space  should  be  left 
around  it  to  permit  the  workman  to  use  his. 
tools  with  ease.  No  valves  should  be  placed 
inside  the  tank  if  it  is  possible  to  put  thcni 
outside. 

Where  the  ground  water  seepage  is  great 
enough  to  seriously  affect  the  operation  of  the 
plant,  as  it  sometimes  is  at  Monticello.  a 
jumping  wier  or  some  other  device  should  l'<-- 
installed  at  the  inlet  to  by-pass  the  surplus 
water.  From  the  wiers  we  placed  at  the  tank 
there,  we  find  that  over  5  ins.  on  a  '4-in.  wier. 
which  is  194,000  gals,  per  day,  overloads  one 
contact  bed,  necessitating  the  use  of  two.  To 
remedy  this  we  intend  making  the  wier  into  an 
orifice  4  by  5  ins.  in  diameter,  so  that  if  the 
flow  gets  above  5  ins.  it  will  by-pass.  .-Vt 
present  we  adjust  the  side  opening  in  the  small 
concrete  box  so  as  to  by-pass  the  surplus 
water. 

It  may  be  well  enough  to  build  some  kind 
of  structure  over  the  tanks,  but  they  should 
not  be  covered  with  a  floor.  The  type  of 
structure  used  to  cover  Arkansas  tanks  is 
shown  in  Fig.  3.  Every  part  of  the  whole 
plant  should  always  be  easily  accessible.  The 
premises  should  be  kept  clean,  the  buildings 
painted  white  and  the  grounds  parked.  This 
is  not  always  possible,  but  there  is  no  plant 
in  the  state  that  could  not  be  greatly  im- 
proved with  practically  no  more  energy  on  its 
maintenance  than  is  now  expended.  If  the 
ground  is  fenced  with  an  uglj^  lot  of  posts 
and  wire  this  could  be  covered  a  greater  part 
of  the  year  with  some  flowering  vine,  and 
other  parts  of  the  ground  could  be  planted 
with  bright,  sturdy  flowers.  Flowers  not  only 
look  well  but  aid  considerably  in  preventing 
odors.  As  the  sensitiveness  of  the  public  nose 
is  greatly  reduced  by  removing  the  knowledge 
of  the  source  of  odors  small  expenditures  for 
parking  have   been    found   well   worth  while. 
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Measuring      Devices      for      Irrigation 

Water  Tested  at  the  Davis  Field 

Laboratory,  University  of 

California. 

There  are  described  here  a  number  of  meas- 
uring devices  for  irrigation  water.  These 
devices  are  those  tested  at  the  laboratory  in- 
stalled at  Berkeley,  Cal.,  jointly  by  the  Office 
of  Experiment  Stations,  U.  S.  Department  of 
Agriculture,  the  State  Engineering  Depart- 
ment of  California,  and  the  California  Agri- 
cultural Experiment  Station.  The  descriptions 
and  records  which  follow  are  from  Bulletin 
No.  247  of  the  Agricultural  Experiment  Sta- 
tion. 

MEASURING     DEVICES    FOR    UNDERGROUND    DISTRI- 
BUTION   SYSTEMS. 

When  irrigation  water  is  distributed  in  un- 
derground pipes  measurement  is  usually  ac- 
complished at  the  hydrant  through  which  the 
water  is  brought  to  the  surface.  Three  of 
the  measuring  hydrants  used  in  southern  Cali- 
fornia have  been  installed  at  the  field  labora- 
tory. ' 

Asusa  Hydrant. — This  hydrant  (Fig.  1)  is 
chiefly  used  in  the  vicinity  of  Azusa,  Cal.,  and 
provides  for  measurement  through  one  or 
more  orifices  on  the  center  of  which  a  pressure 
head  of  4  ins.  is  maintained  by  means  of  a 
sheet-iron  spill  crest  set  at  right  angles  to 
the  orifice  plate.  The  hydrant  is  in  the  form 
of  a  concrete  box  placed  over  the  supply  pipe 
line.  The  openings  in  the  orifice  plate  are  4 
ins.  high  and  2%,  3%,  6%  and  12%,  ins.  wide, 
giving  areas  of  10,  15,  25  and  50  sq.  ins.,  re- 
spectively. When  the  water  surface  on  the 
upper  side  of  these  openings  is  held  4  ins. 
above   their    centers    they   will    discharge    re- 


spectively 10,  15,  25  and  50  ins.  By  using  dif- 
ferent combinations  of  these  openings  several 
different  amounts  up  to  100  ins.  can  be  meas- 
ured. The  water  enters  through  the  pipe 
shown  in  the  drawing.  The  orifices  for  the 
desired  amounts  to  be  turned  out  are  opened 
and  the  others  closed  with  slides.  By  adjust- 
ing the  gate  below  the  spillway  the  water  can 
be  brought  to  the  crest  of  the  spillway,  the 
area  of  the  orifices  in  square  inches  being 
then  equal  to  the  number  of  inches  turned 
out.  If  the  water  rises  above  the  openings  a 
large  part  of  the  increase  will  be  carried  back 
to  the  supply  line  over  the  spillway,  but  any 
increase  in  depth  on  the  openings  will  also  in- 
crease the  amount  turned  out. 

The  Azusa  box  as  shown  has  walls  6  ins. 
thick,  all  sides  being  vertical  and  flat.  The 
forms  required  in  making  are  therefore 
simple.  The  box  contains  78.3  cu.  ft.  of  con- 
crete. This  can  be  made  of  1  part  cement  to 
4  parts  coarse  sand.  As  the  walls  are  6  ins. 
thick  it  is  better  to  use  some  gravel  when  it 
can  be  obtained.  A  good  mixture  when  using 
gravel  is  1  part  cement,  3  parts  sand,  and  4 
parts  gravel.  The  gravel  should  not  be  larger 
than  IVz  ins.  The  concrete  for  this  box,  in- 
cluding forms,  will  cost  from  $18  to  $20  under 
a  large  contract  and  about  $30  if  made  singly. 
The  plate  with  the  openings  and  slides  can  be 
bought  already  made  for  $12  from  foundries 
in  the  vicinity  of  the  places  the  hydrant  is 
used.  The  gate  can  be  any  of  the  usual  types 
of  slide  gate. 

The  average  of  all  tests  made  of  this 
hydrant  showed  the  amounts  in  inches  being 
carried  through  the  openings  to  be  1  per  cent 
more  than  their  area  in  square  inches.  This 
difference  includes  all  errors  in  the  measure- 
ments so  that  these  ooenings  are  seen  to  be 


very  accurate.  The  tests  showed  all  openings 
or  combinations  of  openings  to  be  equally 
accurate.  The  box  will  therefore  measure  as 
accurately  as  is  required.  The  openings  are 
not  as  closely  adjustable  to  the  amounts  turned 
out,  however,  as  they  are  in  the  case  of  the 
box  of  the  Riverside  Water  Co. 

Gage  Hydrant. — This  hydrant  (Fig.  2)  has 
been  developed,  and,  so  far  as  is  known,  is 
only  used  by  the  Gage  Canal  Co.  of  Riverside, 
Cal.  The  main  box  is  of  mortar  2  ins.  thick 
and  is  made  in  the  material  yard  and  seasoned 
before  setting.  The  concrete  is  made  of  1  part 
cement  and  3  parts  coarse  sand,  mixed  quite 
dry  and  thoroughly  tamped.  The  bottom  is 
cast  separately  and  the  top  cemented  to  it  in 
the  field.  The  dimensions  of  the  box  are 
shown  in  the  drawing.  The  weir  crest  con- 
sists of  %  X  1%-in.  iron  cemented  to  the 
sides,  giving  a  final  opening  of  10  ins.  wide 
and  10%  ins.  high.  One  man  makes  two 
boxes  in  a  day.  In  making  one  box  2  2/7 
sacks  of  cement  are  used.  The  company 
charges  $10  per  box,  with  weir  not  in- 
stalled. The  outlet  chamber  into  which 
the  water  goes  after  passing  over  the 
weir  is  omitted  from  the  drawing.  In  the 
hydrant  installed  at  Davis  a  half  section  of 
18-in.  pipe  is  used  for  this  purpose,  as  shown 
in  the  photograph.  When  the  hydrant  is  not 
in  use  the  valve  shown  in  the  drawing  at  the 
end  of  the  pipe  is  kept  closed.  When  in  use 
the  valve  is  opened  to  the  desired  extent  and 
the  water  rises  from  the  valve  and  flows  over 
the  weir.  The  amount  flowing  is  determined 
by  measuring  the  depth  of  the  water  in  the 
box  above  the  crest  of  the  weir  and  either 
figuring  the  discharge  or  taking  it  from  a 
table.  The  depth  of  water  on  the  crest  is 
usually    obtained    by    measurement     from    a 
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bracket  set  level  with  the  crest  at  the  back 
side  of  the  box.  After  the  water  passes  the 
weir  it  can  be  caught  in  various  ways  and 
carried  to  its  point  of  use.  Generally  this  is 
done  by  letting  it  fall  to  a  pipe  below  and 
carrying  it  through  pipe  distributing  systems 
•or  directly  into  a  distributing  flume. 

In  the  tests  with  this  hydrant  it  was  found 
that  the  amount  of  water  discharged  for  any 


ins.  With  this  gate,  however,  there  is  no  pro- 
vision for  holding  a  constant  head  or  pressure 
above  the  opening.  The  top  of  the  plate  is  4 
ins.  above  the  center  of  the  opening.  Thus  if 
the  slides  are  set  so  as  to  hold  the  water  sur- 
face at  the  top  of  this  plate  the  discharge  in 
inches  will  equal  the  area  of  the  opening  in 
square  inches.  The  area  of  the  opening  is 
the   width   in   inches   multiplied   by  .5.     Marks 


Fig.  1.  Detail  of  Azusa  Hydrant. 


given  depth  was  greater  with  this  box  than  it 
would  be  with  a  standard  10-in.  weir.  This 
is  due  to  the  nearness  of  the  sides  of  the  box 
to  the  sides  of  the  weir  and  to  the  velocity 
conditions  in  the  box.  The  amount  of  this 
difference  increases  as  the  head  increases,  be- 
ing as  much  as  .35  per  cent  at  the  higher  heads. 
In  practice  the  principal  source  of  error  in 
using  this  box  will  be  the  difficulty  in  measur- 
ing the  depth  over  the  weir  closely.  In  the 
tests  this  was  done  with  special  gages  enclosed 


1  in.  apart  are  made  on  the  plate  to  assist  in 
measuring  the  width.  The  method  of  carrying 
the  measured  water  away  is  not  shown  on  the 
drawing  but  is  shown  in  the  photograph.  The 
water  is  usually  dropped  into  another  pipe 
system  to  be  distributed  for  use.  Care  should 
be  taken  so  to  place  the  outlet  chamber  that 
water  passing  through  the  gate  will  always 
liave  a  free  fall. 


The  cost  of  the  plate  is  $2.2.5,  the  concrete 
will  cost  from  $3.50  to  $5  for  material,  forms, 
and  labor,  and  the  cover  will  cost  about  $1.50 
more.  These  boxes  are  made  and  installed  by 
the  company  for  $10. 

In  the  tests  of  this  device  the  average  dif- 
ference between  the  number  of  inches  actually 
received  and  the  area  in  square  inches  of  the 
opening  was  about  2  per  cent.  Some  of  these 
tests  gave  more  and  some  less  than  the  meas- 
ured amounts.  For  all  tests  the  area  in  square 
inches  of  the  opening  averaged  1  per  cent 
greater  than  the  inches  actually  received.  The 
tests  show  that  where  care  is  used  to  adjust 
the  width  of  the  opening  to  the  amount  run- 
ning this  box  will  measure  water  very  closely. 

While  the  Riverside  box  is  of  the  type  used 
on  underground  pipe  systems,  the  measuring 
plate  used  in  it  can  be  set  in  open  ditches  if 
desired.  The  box  is  sufficiently  large  so  that 
the  water  passes  through  it  without  much  agi- 
tation and  can  be  brought  to  the  top  of  the 
opening  plate  quite  closely.  There  will  gen- 
erally be  some  leakage  around  the  slides  but 
these  can  be  wedged  tight  if  necessary.  The 
box  shown  will  measure  amounts  up  to  75  ins. 

FOOTE    INCH    BOX. 

This  structure  is  shown  in  Fig.  4.  It  con- 
sists of  a  box  having  two  principal  parts,  the 
larger  part  being  merely  a  section  of  flume 
set  in  the  main  channel  of  the  supply  lateral 
and  the  smaller  a  spill  and  measuring  cham- 
ber. On  one  side  of  this  smaller  portion  there 
is  a  discharge  opening  in  which  a  slide  moves 
horizontally.  The  other  side  of  this  side  box 
or  flume  is  a  spillway.  Gates  are  arranged  as 
shown  at  the  upper  end  so  that  water  can  be 
turned  into  this  side  box  as  desired.  This  is 
done  by  putting  in  as  many  flash  boards  across 
the  supply  lateral  as  are  needed  to  crowd  the 
water  into  the  side  box.  The  slide  on  the 
miner's  inch  opening  is  then  set  so  that  the 
-water  in  this  side  box  stands  level  with  the 
crest  of  the  spillway.  The  crest  of  this  spill- 
way is  placed  4  ins.  above  the  center  of  the 
opening.  The  opening  is  4  ins.  high.  Thus 
when  the  water  stands  level  with  the  spillway 
the  width  of  the  opening  of  the  slide  multi- 
plied by  four  gives  the  number  of  inches  flow- 
ing. 

This  box  does  not  require  much  fall  in  the 
supply  lateral.  The  crest  of  the  spillway 
should  be  set  so  that  the  water  in  the  main 
channel  will  be  at  least  3  to  4  ins.  below  it. 
The  water  in  the  ditch  above  can  then  be 
checked   up   with   the   flashboards     until     the 
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Fig.  2.   Detail   of  Gage   Hydrant. 


Fig.  3.  Design  of  Riverside  Measuring  Box. 


in  stilling  cans,  but  even  then  it  was  difficult 
to  get  the  depths  correctly.  Measurements  in 
open  water  with  a  rule  would  vary  much  more. 
Riverside  Box. — This  box  is  shown  in  Fig. 
3.  It  consists  of  a  shallow  box  set  over  the 
end  of  the  delivery  pipe  line.  The  water  en- 
ters through  the  bottom  of  the  box  and  is 
measured  out  through  an  adjustable  castiron 
measuring  plate  in  the  end.  The  opening  in 
this  plate  is  5  ins.  high  and  by  moving  the  iron 
slide  gates  it  can  be  varied  in  width  up  to  14 


The  Riverside  box  is  made  of  concrete  4 
ins.  thick  and  contains  18.4  cu.  ft!  of  concrete. 
The  concrete  can  be  made  of  1  part  cement,  3 
parts  sand,  and  4  parts  of  gravel  not  larger 
than  1%  ins.  in  diameter.  This  will  require 
three  sacks  of  cement  for  the  box.  The  box 
can  be  made  with  a  cover  as  shown  in  the 
drawing.  The  plates  containing  the  orifice 
can  be  purchased  already  made.  The  forms 
for  making  the  concrete  walls  arc  simple  as 
there  are  no  curves  and  all  sides  are  vertical. 


water  in  the  side  box  comes  level  with  its 
crest.  The  ditch  into  which  the  measured 
water  is  turned  must  be  lower  than  the  main 
channel  by  over  1  ft.  The  water  in  the  out- 
let flume  should  not  rise  within  about  3  ins.  of 
the  bottom  of  the  slide  opening.  If  the  water  in 
the  outlet  flume  does  rise  above  the  bottom  of 
the  slide  opening,  the  conditions  for  measure- 
ment are  changed  and  the  discharge  is  smaller 
than  with  free  fall. 
In  the  test  of  this  device     the    amount    of 
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water  supposed  to  have  been  passed,  as  meas- 
ured by  taking  the  area  of  the  slide  openings, 
averaged  4  per  cent  greater  than  was  actually 
run.  The  error  did  not  vary  with  the  amount 
of  the  discharge.  From  these  tests  it  appears 
that  the  slide  can  be  set  within  an  average 
4  per  cent  of  correct  if  care  is  used. 

This  box  will  measure  water  up  to  150  ins. 
satisfactorily  under  conditions  to  which  it  is 
adapted,  althoueh  it  is  not  in  general  an  eco- 
nomical box  to  use.  It  requires  as  much  fall 
from  the  supply  lateral  as  a  weir,  besides  some 
fall  in  the  lateral  itself.  It  also  takes  as  much 
lumber  as  is  required  for  a  check  and  turnout 
in  the   supply  later  and   a  weir  below.     The 


depth  of  water  passing  over  the  weir,  or  in 
conjunction  with  such  a  device  as  the  Hanna 
meter,  which  may  be  arranged  to  read  directly 
in  acre-feet,  measurement  by  means  of  a  weir 
gives  entirely  satisfactory  results.  Where 
conditions  permit  its  use  the  weir  is  thus  far 
the  generally  accepted  device  for  measuring 
lateral  diversions  from  main  canals.  It  is 
also  an  accepted  standard  device  for  testing 
the  rate  of  flow  from  pumping  plants,  just  as 
it  has  been  the  standard  device  in  the  tests 
that  have  been  made  of  the  various  devices  in- 


of  the  crest  length.  Care  should  also  be  taken 
to  see  that  the  weir  crest  is  long  enough  so 
that  the  water  can  be  measured  without  rais- 
ing it  higher  over  the  weir  crest  than  is  per- 
mitted by  the  available  fall.  A  number  of 
other  conditions  are  usually  laid  down  as 
necessary  for  the  weir.  The  most  important 
of  these,  briefly  paraphrased,  follow: 

1.  The  distance  from  the  crest  of  the  weir 
to  the  bottom  of  the  canal  or  floor  of  the  weir 
box  should  be  at  least  three  times  the  depth 
of  water  on  the  weir.     That  is,  with  an  18-in. 


Fig.  4.  Detail  of  Foote  Inch  Box. 


Fig.  5.  Detail  of  Cipolletti  Weir  and  Weir  Box. 


weir  will  give  more  satisfactory  measurements 
and  has  no  slides  to  leak  if  too  loose  or  to 
stick  if  too  tight.  The  inch  box  was  used  a 
good  deal  in  the  earlier  days  when  water  was 
measured  mainly  for  mining  but  is  built  but 
little  now  for  irrigation  use.  It  has  one  ad- 
vantage over  a  weir  in  that  the  amount  being 
measured  can  be  determined  directly  from 
the  area  of  the  slide  opening,  no  tables  or  fig- 
uring being  needed.  With  a  weir,  tables  must 
be  used  giving  the  discharge  for  weirs  of  dif- 
ferent lengths  at  difi'erent  depths. 

WEIRS. 

In  sections  where  the  irrigated  lands   have 
a  considerable  slope,  so  that  water  can  very 


stalled  at  Davis.  Small  movable  weirs  are 
convenient  for  use  by  farmers  for  measuring 
the  water  carried  in  their  individual  ditches 
or  discharged  by  pumping  plants. 

Three  types  of  weirs  are  chiefly  in  use  in 
irrigation  practice,  viz.:  the  Cipolletti  weir, 
the  weir  extending  the  entire  distance  across 
the  ditch  or  flume  carrying  the  water  meas- 
ured, known  as  the  weir  without  end  contrac- 
tions, and  the  rectangular  weir  that  does  not 
extend  entirely  across  the  ditch  or  flume, 
known  as  the  rectangular  weir  with  end  con- 
tractions. The  first  two  only  of  these  are  in- 
stalled at  Davis  and  described  in  this  bulletin. 

Cipolletti   Weir. — This  weir,  as   installed   at 


weir  intended  to  measure  up  to  2  cu.  ft.  per 
second,  which  requires  a  depth  on  the  weir  of 
about  G  ins.,  the  crest  of  the  weir  should  be 
about  18  ins.  above  the  floor. 

2.  The  distance  from  the  ends  of  the  weir 
crest  to  the  sides  of  the  weir  box  should  be 
about  twice  the  depth  of  the  water  on  the 
weir,  or,  say,  from  10  to  12  ins.  in  the  case 
of  an  18-in.  weir  measuring  about  2  cu.  ft.  per 
second. 

3.  The  bottom  and  sides  of  the  weir  notch 
should  be  bevelled  on  the  down-stream  side  to 
give  a  narrow  edge.  The  use  of  a  galvanized 
iron  crest  is  ^uite  common  and  very  satis- 
factory,  but   not   necessary.      Sometimes    thin 


Fig.  6.   Design   of  Submerged   Orifice   Used   by   U.  S.    Reclamation  Service. 


Fig.  7.  Design  of  Submerged  Orifice   Headgate. 


easily  be  led  from  the  supply  ditches  or  laterals 
to  the  land  without  having  to  check  the  water 
nearly  as  high  as  the  ditch  banks,  some  form 
of  weir  is  the  most  common  type  of  measur- 
ing device.  Taken  singly,  however,  a  weir, 
like  other  non-mechanical  meters,  measures  the 
rate  of  flow  and  does  not  indicate  the  total 
quantity  delivered.  In  conjunction  with  a 
water   register,  which  graphically  records  the 


Davis,  is  shown  in  Fig.  5.  The  length 
of  weir  and  size  of  box  to  make  are  of  course 
dependent  on  the  quantity  of  water  to  be  meas- 
ured. In  general,  it  may  be  said  that  a 
Cipolletti  weir  should  be  small  enough  so  that 
the  amount  of  water  to  be  measured  will  never 
give  less  than  a  depth  of  1  in.  over  the  weir 
crest,  and  large  enough  so  that  the  depth  will 
never  need   to  be  much   more   than   one-third 


pieces  of  strap  iron  are  fastened  on  the  up- 
stream side  of  the  weir  notch.  In  other  cases 
the  board  in  which  the  weir  notch  is  cut  is 
merely  bevelled  down  to  a  crest  thickness  of 
one-eighth   or   one-quarter  of  an  inch. 

4.  Water  should  not  be  allowed  to  ap- 
proach the  weir  with  a  velocity  exceeding  6 
ins.  per  second.  Also,  it  should  flow  to  the 
weir  in  a  smooth  stream  free  from  eddies  or 
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swirls.  Both  of  these  conditions  are  most 
easily  met  by  placing  the  weir  in  a  straight 
section  of  the  ditch, 

5.  The  water  passing  over  the  weir  should, 
if  possible,  have  a  free  over-fall.  Where 
necessary,  however,  it  may  rise  to  the  level  of 
the  weir  crest  without  appreciable  error  in  the 
measurement. 

6.  The  depth  of  water  on  the  weir  crest 
must  be  measured  sufficiently  above  the  weir 
to  be  free  from  the  downward  curve  of  the 
water  as  it  passes  over  the  weir.  For  con- 
venience in  making  this  measurement  of  depth 
a  stake  with  its  top  level  with  the  crest  of  the 
weir  is  usually  set  at  one  side  of  the  ditch  2 
or  3  feet  above  the  weir,  the  measurements  of 
depth  then  being  made  from  the  top  of  this 
stake  to  the  top  of  the  water. 

The  bill  of  material  given  below  covers 
what  is  necessary  for  an  18-in.  Cipolletti  weir 
box  and  weir  as  installed  at  Davis.  This  box 
is  long  enough  and  of  such  other  dimensions 
as  to  meet  the  general  conditions  that  have 
been  named.  In  some  situations  the  bo.x 
might  be  made  somewhat  shorter,  but  the  ad- 
ditional  cost   required   for  a    12-ft.   over,   say, 


SUBMERGED    ORIFICES. 

The  measurement  of  water  through  orifices 
has  long  been  common  in  irrigation  practice 
and  various  forms  of  orifices  have  been  de- 
veloped. The  essential  condition  in  the  use 
of  an  orifice,  eliminating  the  question  of  form, 
is  that  the  water  on  the  up-stream  side  of  the 
orifice  shall  completely  submerge  it.  If,  when 
in  use,  the  surface  of  the  water  on  the  lower 
side  of  the  orifice  is  below  the  bottom  thereof, 
the  orifice  is  said  to  have  a  free  discharge.  If 
the  surface  of  the  water  on  the  lower  side  of 
the  orifice  is  above  the  top  of  the  orifice,  com- 
pletely submerging  it,  it  is  classed  as  a  sub- 
merged orifice.  Except  in  the  case  of  the 
miner's  inch  box,  which  is  really  but  a  form 
of  orifice  with  free  discharge,  use  of  the 
orifice  in  irrigation  practice  is  confined  to  the 
submerged  form. 

Submerged  orifices  as  used  can  be  divided 
into  two  general  types,  viz. :  those  with  orifices 
of  fixed  dimensions  (Fig.  6)  and  those  built 
so  that  the  height  of  the  opening  may  be 
varied  (Fig.  7).  Orifices  with  fixed  dimen- 
sions are  usually  made  with  sharp  edges  simi- 
lar to  the  crest  of  a  weir.     The  most  usual 


to  vary  slightly  with  the  size  of  the  orifice. 
For  the  sizes  used  in  the  measurement  of  in- 
dividual deliveries  of  irrigation  water  this 
variation  may  be  overlooked  and  one  formula 
used  for  all  sizes. 

In  order  that  the  known  formula  for  the 
discharge  through  such  orifices  shall  apply, 
certain  standard  conditions  must  be  observed 
in  the  construction  and  use  of  these  orifices. 
The  edges  of  the  orifice  must  be  sharp  and 
definite  in  shape.  It  is  preferable  to  use  a  thin 
metal  plate  as  this  is  not  subject  to  wear  and 
change.  The  edges  of  the  orifice  should  not 
be  too  near  to  the  sides  of  the  box  on  either 
the  upper  or  lower  sides;  a  distance  equal  to 
twice  the  least  dimension  of  the  orifice  is  suffi- 
cient. The  orifice  should  be  vertical  with  the 
top  and  bottom  edges  level.  The  ditch  above 
the  orifice  should  be  sufficiently  large  so  that 
the  velocity  of  approach  will  be  small,  as  is 
necessary  in  the  case  of  a  weir.  Corrections 
can  be  made  in  the  computations  for  any  ve- 
locity of  approach  but  such  corrections  are 
more  or  less  uncertain. 

The  principal  sources  of  error  in  measure- 
ments with  this  type  of  orifice  are  due  to  er- 
rors in  the  gage  readings  to  determine  the  dif- 
ference in  the  elevation  of  the  water  on  the 
two  sides,  this  being  the  head  or  pressure  that 
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Fig.  8.  Design  of  Dethridge  Meter. 


SECT.    ELEV. 
Fig.   9.    Plan   and    Elevation   of   Installation   of   Grant-Mitchell  Meter. 


an  8-ft.  box  is  not  sufficient  to  justify  using 
the  shorter  box  where  only  a  small  number 
of  weirs  are  involved.  This  box  is  suitable 
•for  measuring  from  about  0.2.5  to  about  1.75 
or  2  cu.  ft.  per  second,  equivalent  to  12%  to 
100   customary    California   miner's   inches. 

Weir  Without  End  Contractions. — This  is 
different  from  the  Cipolletti  weir  just  de- 
scribed mainly  in  having  the  weir  board  ex- 
tend the  full  width  of  the  weir  box.  The  same 
bill  of  material  can  therefore  be  used  except 
that  more  or  less  lumber  will  be  necessary  ac- 
cording to  the  width  and  height  of  the  weir 
chosen.  This  type  of  weir  can  only  be  used 
in  a  channel  of  constant  cross-section  and 
vertical  sides  directly  above  the  weir,  such  as 
is  provided  in  the  box  shown.  This  weir  must 
be  so  constructed  as  to  allow  free  access  of 
air  to  the  under  side  of  the  falling  sheet  of 
water.  This  can  be  accomplished  by  making 
a  horizontal  notch  in  the  side  of  the  weir 
box  directly  below  the  crest  and  extending 
down  stream  to  the  end  of  the  wall.  The  water 
must  not  be  allowed  to  approach  the  weir 
with  an  appreciable  velocity.  The  velocity  of 
approach  is  largely  governed  by  the  height 
of  the  weir  board  above  the  bottom  of  the  box. 
It  has  been  suggested  by  Professor  l^ichard 
R.  Lyman,  of  the  University  of  Utah,  that  a 
weir  of  this  type  1  ft.  or  less  long  should  be 
6  ins.  high,  that  with  lengths  of  1..5  to  2. .5  ft., 
it  should  be  9  ins.  high,  that  with  lengths  of  3 
to  4  ft.  it  should  be  1  ft.  high,  and  that  with 
lengths  of  5  to  7  ft.  it  should  be  1..5  ft.  high. 


type  of  the  second  class  is  the  simple  head 
gate  (Fig.  7),  which  is  also  used  as  a  sub- 
merged orifice,  the  height  of  opening  and  loss 
of  head  being  adjusted  to  the  amount  which 

BILL  OF  MATERIAL,  FOR  CIPOLLETTI 
WEIR    BOX. 

Board 
feet, 
4  PC.  1"  X  ir  X  2'    (cut-off  walls) S 

1  pc.  1"  x  12"  X  7'    (cut-oft  walls) 7 

4  pe.  1"  X  12"  X  12'    (main   walls) 48 

7  pc.  1"  X  12"  X  12'   (floor)    84 

5  PC.  2"  X  4"  X  3'    (posts)    16 

2  pc.   4"  X  4"  X  4'-4"   (posts)    12 

8  pc.  1"  X  2"  X  2'   (cleats)    3 

1  pc.  2"  X  4"  X  4'-6"   (gate  stem) 3 

1  pc.  2"  X  2"  X  6'  (gate  stem  hrace) 2 

2  pc.  2"  X  12"  X  3'     (gate) 12 

2  pc.  2"  X  12"  X  3'    (weir  board) 12 

8  pc.  2"  X  4"  X  3'-10"   (caps  and  sills) 21 

Total 228 


it  is  desired  to  turn  out  and  to  the  loss  of 
head  available.  Of  these  two  types,  the  sharp- 
edged  orifice  with  fixed  dimensions  is  much 
the  more  accurate. 

Submerged  Orifices  With  Fixed  Dimensions. 
— This  type  of  submerged  orifice  is  used  for 
measurement  only,  the  fixing  of  the  size  of 
the  opening  preventing  its  use  as  a  headgate. 
The  experiments  which  have  been  made  by 
hydraulic  engineers  to  determine  the  coefficient 
of  discharge  for  the  standard  sharp-edged 
orifice  approach  in  accuracy  and  nimiber  those 
that  have  been  made  for  sharp-edged  weirs. 
"These  experiments  have  shown  the  coefficients 


forces  the  water  through  the  orifice.  As  these 
orifices  are  generally  used  where  there  is  but 
little  loss  of  head  available,  the  opening  is 
usually  made  sufficiently  large  to  require  as 
little  loss  of  head  as  is  practicable.  Any 
error  in  reading  this  loss  of  head  is  thus  a 
larger  percentage  of  the  whole  than  it  would 
be  for  greater  total  differences. 

In  the  use  of  the  submerged  orifice  two  gage 
readings  are  required,  one  above  and  one  be- 
low the  orifice.  The  reading  above  the  orifice 
should  be  taken  back  from  the  edge  of  the 
orifice.  In  the  type  of  structure  shown  in 
Fig.  .5  this  can  be  taken  on  the  side  wing  wall. 
The  measurement  below  the  orifice  should  be 
taken  at  least  2  ft.  below  it  and  farther  if  the 
discharging  water  is  rough.  A  convenient 
method  of  obtaining  the  difference  in  the  ele- 
vation of  the  water  above  and  below  the  orifice 
is  to  set  marks  at  equal  elevations  above  and 
below  the  orifice  or  to  set  a  board  with  its 
top  level  extending  above  and  below  the  orifice 
sufficiently  far  to  give  good  points  for  meas- 
urements. The  difference  in  measurements 
from  this  level  board  to  the  surface  of  the 
water  above  and  below  the  orifice  gives  the 
head  or  pressure  under  which  the  water  is 
passing  through  the  orifice. 

The  type  of  orifice  described  above  has  been 
adopted  by  the  U.  S.  Reclamation  Service  for 
use  where  sufficient  loss  of  head  is  not  avail- 
able for  weirs.  The  cost  of  one  of  these 
devices  installed  will  vary  from  about  $5  tc 
about  $15. 
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One  of  the  orifices  described  above,  2.0  ft. 
wide  and  0.5  ft.  high,  has  been  installed  at 
Davis  and  a  series  of  tests  made  with  dis- 
charges of  from  1  to  2.2  cu.  ft.  per  second.  The 
mean  of  all  tests  gave  a  coefficient  for  use  in 
the  formula  given  with  the  table  of  0.61,  which 
is  the  same  as  has  been  found  in  other  experi- 
ments. When  properly  installed  this  type  oi 
submerged  orifice  should  give  dependable  re- 
sults if  the  difference  in  head  is  correctly 
measured.  Care  should  be  taken  to  prevent 
silting  in  front  of  the  orifice  or  the  catching 
of  drift. 

Submerged  Orifice  Headgates. — This  type  of 
submerged  orifice  (Fig.  7)  has  been  used  to 
a  large  extent  on  systems  where  the  small 
loss  of  head  available  makes  a  combination  of 
headgate  and  measuring  device  necessary. 
While  all  such  devices  have  many  points  of 
similarity,  different  canal  companies  have 
adopted  slightly  different  forms  as  their  stand- 
ard. 

The  accuracy  of  measurement  of  water 
through  a  submerged  opening  depends  on  the 
measurement  of  the  loss  of  head,  the  area  of 
the  opening,  and  the  selection  of  the  coefficient 
for  use  in  the  formula  of  discharge. 

Measureme  ts  of  the  pressure  for  such 
gates  are  made  in  the  same  way  as  described 
for  the  submerged  orifice  with  fixed  opening. 
The  best  method  is  to  make     the     measure- 


heads.  The  loss  of  head  was  determined  by 
measuring  down  from  a  level  board  above  and 
below  the  gate  and  also  on  the  gate.  The 
mean  of  all  measurements  using  the  level 
board  gave  a  mean  coefficient  of  0.80;  the 
measurements  on  the  gate  gave  a  mean  of  0.72, 
but  were  more  variable  than  the  others. 

A  similar  gate  set  across  the  3-ft.  wide  con- 
crete flume  of  the  field  laboratory  was  also 
tested,  giving  a  mean  value  of  0.79  for  the  co- 
efficient with  level  board  readines.  The  dis- 
charges varied  from  1.6  to  6.9  cu.  ft.  per  sec- 
ond in  these  experiments. 

From  these  results  it  is  seen  that  the  co- 
efficient for  such  measuring  gales  varies  with 
the  type  of  gate.  It  is  possible  that  the  coeffi- 
cient would  have  been  lower  for  higher  rates 
of  discharge  at  Davis  if  such  tests  could  have 
been  made. 

There  are  several  types  of  these  gates  in  use 
in  California.  The  gate  used  by  Imperial 
Co.  No.  1  is  set  4  ft.  back  from  the  front  of 
the  box.  In  the  box  used  by  the  Kern  County 
Land  Co.  the  gate  is  set  at  the  front,  flush 
with  the  side  of  the  canal. 

Where  the  lack  of  sufficient  fall  for  the  use 
of  a  better  measuring  device  makes  the  use  of 
this  type  of  submerged  orifice  necessary,  a 
standard  size  and  structure  should  be  adopted, 
and  special  discharge  tables  prepared.  This 
should   then  be   rated  under  the   condition   in 
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Fig.   10.  Sectional   Elevation   of   Installation   of  12-in.    Hill   Meter. 


ments  sufficiently  far  from  the  gate  to  avoid 
any  sucking  of  the  water  on  the  upper  side 
or  rough  water  below.  The  pressure  some- 
times is  determined  by  measuring  down  to  the 
water  surface  on  the  upper  and  lower  sides 
of  the  gate.  This  is  a  poor  method  as  the 
water  is  liable  to  be  drawn  down  below  its 
true  level  above  the  gate  and  to  shoot  out 
from  the  gate  below.  The  area  of  the  opening 
is  generally  measured  between  a  fixed  mark 
on  the  gate  stem  and  the  top  frame  of  the 
gate,  the  mark  being  nlaced  so  that  it  is  even 
with  the  top  of  the  frame  when  the  gate  is 
closed.  The  width  is  the  same  for  any  height 
of  opening. 

The  proper  coefficient  to  use  in  computing 
the  discharge  through  such  orifices  is  uncer- 
tain. Within  general  limits  for  any  fixed  set 
of  conditions,  the  coefficient  is  probably  nearly 
constant,  but  the  actual  coefficient  to  use  may 
depend  on  many  variables.  For  this  reason 
discharge  tables  are  not  included.  The  values 
for  sharp-edged  orifices  0.61  or  0.62  have  been 
used  by  some  canal  companies.  It  is  certain 
that  these  values  are  too  low  for  the  orifices 
made  of  either  1-in.  or  2-in.  lumber.  The  Yolo 
Water  &  Power  Co.  have  adopted  a  standard 
form  of  headgate  3  ft.  wide  with  spreading 
wing  walls,  the  bottom  of  the  gate  being  1 
in.  above  the  floor.  Experiments  made  with 
this  gate  under  the  direction  of  Professor  B. 
A.  Etcheverry  gave  a  mean  value  for  the  co- 
efficient of  0.7.3,  which  has  been  adopted  by  the 
company  for  use  in  the  delivery  of  water. 

Tests  of  a  submerged  orifice  gate  under  two 
conditions  were  made  at  Davis.  One  gate  3 
ft.  wide  with  the  bottom  6  ins.  above  the  floor 
were  set  at  the  upper  end  of  the  turnout  box 
diverting  from  a  concrete  flume.  This  gate  is 
similar  in  type  to  the  one  shown  in  Fig.  6.  It 
was  tested  with  discharges  of  from  0.50  to  4.25 
cu.  ft.  per  second.  The  height  of  the  side 
walls  prevented  the  use  of  larger  discharges, 
although  the  gate  can     handle    much     larger 


which  it  will  be  used.  As  long  as  the  condi- 
tions of  use  can  be  maintained,  fairly  satis- 
factory measurements  can  be  made.  Care 
should  be  taken  to  prevent  the  deposit  of 
silt  or  sand  near  the  gate  as  this  will  change 
the  conditions  of  discharge  and  affect  the  rat- 
ing. The  velocity  above  the  gate  should  also 
be  made  as  small  as  practicable. 


BILL,  OF  M.ATERIAL  FOR  SUBMERGED  ORI- 
FICE HEADGATE. 

Board 
feet. 
12  PC.  2"  X  12"  X  2'    (cut-off   walls) 48 

2  PC.  2"  X  12"  X  6'-4"    (cut-oft   walls) 26 

6  PC.  2"  x  12"  X  7'-4"    (main  walls) SS 

3  PC.  2"  X  12"  X  7'-4"   (floor)    30 

1  PC  2"  X  4"  X  7'-4"  (floor)    8 

6  PC.  2"  X  4"  X  3'-10"   (posts)    15 

4  pc.   2"  X  4"  X  4'-4"    (posts)    12 

4  pc.  2"  X  4"  X  4'-4"  (gate  posts) 12 

3  PC.  2"  X  4"  X  3'-4"    (caps)    7 

3  PC.  2"  X  4"  X  3'-4"    (sills)    7 

2  pc.  2"  X  4"  X  2'-4"    (gate   caps) 3 

3  pc.  2"  X  12"  X  2'-4"   (gate)    14 

1  pc.  1"  X  6"  X  7'-6"   (gate  stem) 4 

Total    274 


The  cost  of  one  of  these  orifice  headgates  in 
Imperial  Valley  is  given  by  the  Superintend- 
ent of  Mutual  Water  Company  No.  1  as  about 
$20.  The  items  making  up  the  total  are,  lum- 
ber about  $9;  labor,  exclusive  of  excavation, 
about  $8;  excavation  and  incidentals,  about  $3. 

MECH..\NIC.\L    DEVICES    THAT    MEASURE    AND    REG- 
ISTER TOTAL  FLOW. 

It  is  stated  in  the  introduction  of  this  bul- 
letin that  to  be  fully  satisfactory  for  measur- 
ing individual  deliveries  of  irrigation  water  a 
device  should  register  the  total  amount  of 
water  passing,  rather  than  the  rate  of  flow. 
Three  devices  of  this  character — Dethridge, 
Grant-Michell,  and  Hill  meters — have  been  in- 
stalled at  Davis  and  tested. 

Dethridge  Meter. — This  meter  is  shown  in 
Fig.  8.  It  was  invented  by  Mr.  J.  S.  Dethridge, 


of  the  State  Rivers  and  Water  Supply  Com- 
mission of  Victoria,  Australia,  and  has  been 
extensively  installed  in  Victoria,  where  5,000 
are  now  in  use.  It  has  also  been  used  quite 
extensively  in   New   South  Wales. 

The  Dethridge  meter  consists  of  a  wheel  or 
drum  to  which  projecting  pieces  of  sheet 
metal  are  fastened.  The  drum  is  placed  with 
its  axle  horizontal  and  is  set  so  that  the 
projecting  blades  are  in  the  current  of  the 
ditch  to  be  measured.  A  special  box  is  built 
around  the  wheel  so  that  all  water  in  passing 
has  to  strike  against  the  blades.  In  this  way 
the  wheel  turns  in  proportion  to  the  amount 
of  water  passing.  Knowing  the  number  of 
revolutions  of  the  wheel  the  amount  of  water 
passed  can  be  determined. 

The  illustration  given  shows  one  of  these 
wheels  set  in  a  concrete  box,  but  wooden 
boxes  of  similar  form  can  be  used.  The  whole 
structure  is  set  iust  below  the  turnout  gate, 
which  is  shown  in  the  drawing.  The  bottom 
of  the  box  is  curved  to  fit  the  shape  of  the 
wheel.  About  %  in.  of  clearance  is  left  be- 
tween the  box  and  the  blades.  In  use  the 
water  comes  against  each  blade  and  pushes  it 
around  until  the  next  blade  strikes  the  water. 
In  this  way  the  space  between  the  blades  is 
filled  with  water,  which  is  carried  through  the 
meter.  The  meter  shown  seems  to  have  a 
normal  capacity  of  4  cu.  ft.  per  second  and 
can  be  crowded  to  carry  5  cu.  ft.  per  second. 
This  higher  quantity,  however,  causes  splash- 
ing over  the  top  of  the  box.  The  fall  needed 
to  turn  the  meter  varies  with  the  amount  being 
measured,  from  Vz  in,  for  1  cu.  ft.  per  second 
to  2%,  ins.  for  4  cu.  ft.  per  second.  This 
small  required  fall  makes  the  use  of  this  meter 
practicable  in  ditches  with  low  grade.  A 
counter  is  attached  to  one  end  of  the  axle  and 
this  indicates  the  number  of  revolutions  which 
the  meter  has  made  at  any  time.  The  differ- 
ence in  the  reading  of  the  counter  at  any 
two  times  gives  the  number  of  revolutions  the 
meter  has  made  between  the  times  of  reading. 
By  multiplying  this  number  of  revolutions  by 
the  number  of  cubic  feet  passed  per  revolu- 
tion, the  total  quantity  of  water  received  can 
be  determined.  It  is  most  convenient  to  trans- 
fer the  water  received  into  terms  of  acre- 
feet. 

If  it  is  desired,  with  the  Dethridge  meter, 
to  know  the  rate  at  which  water  is  being  re- 
ceived at  any  time  it  is  only  necessary  to  time 
the  meter  for  one  or  more  complete  revolu- 
tions and  divide  the  quantity  passed  per  revo- 
lution by  the  time  for  one  revolution.  Thus, 
if  it  takes  30  seconds  for  the  meter  to  make 
one  complete  turn  and  it  is  known  from  its 
rating  that  it  passes  30.5  cu.  ft.  for  each  turn, 
the  rate  of  flow  is  30.5  divided  by  30,  or  a 
little  over  one  cubic  foot  per  second. 

The  walls  of  the  box  in  which  the  Dethridge 
meter  is  set  are  4  ins.  thick  when  made  of 
concrete.  Care  should  be  used  in  getting  the 
bottom  curved  to  the  correct  circle  so  that  the 
leakage  around  the  meter  will  be  small.  This 
meter  is  somewhat  complicated  in  construction 
and  it  is  better  for  it  to  be  placed  by  canal 
companies  than  bv  land  owners.  It  will  prob- 
ably cost  less  in  this  way  as  the  drums  can  be 
bought  in  quantities.  In  Australia  the  con- 
crete box  is  made  in  parts  and  seasoned  in 
the  material  yard,  the  parts  being  then  ce- 
mented together  when  placed  in  the  field. 
When  built  of  concrete  as  shown  in  Fig.  8, 
22.8  cu.  ft.  of  concrete  and  40  board  feet  of 
lumber  are  required.  The  drums  are  best  made 
by  some  sheet  metal  works.  A  special  counter 
should  be  used  made  of  rust  resistant  metal 
as  the  ordinary  counters  have  been  found  to 
rust  out  rapidly  in  use.  Where  installed  in 
large  numbers  in  Australia  the  cost  has  been 
about  $40  per  meter-  the  cost  of  the  meter  in- 
stalled at  Davis  was  about  *60. 

The  tests  of  this  device  made  at  Davis 
showed  the  meter  to  be  quite  accurate  under 
constant  ditch  conditions  between  rates  of  flow 
of  1  to  3.5  cu.  ft.  per  second.  For  both  larger 
and  smaller  discharges  the  meter  passes  more 
water  than  it  does  between  these  limits.  The 
amount  of  water  going  through  the  meter 
varies  with  the  depth  of  drowning.  A  meter 
set  high  in  the  ditch  will  discharge  less  water 
per  revolution  than  one  set  low.    Checking  up 


March  17,  1915. 


Engineering   and    Contracting 


253 


the  ditch  below  a  meter  so  that  the  depth  is 
increased  at  the  meter  may  increase  the  dis- 
charge by  as  much  as  10  per  cent  in  some 
cases.  This  is  discussed  in  detail  in  the  ap- 
pendi.x. 

The  Dethridge  meter  of  this  size  is  adapted 
for  accurate  measurement  of  streams  varying 
from  1  to  3  or  4  cu.  ft.  per  second ;  in  Aus- 
traUa  it  is  considered  satisfactory  up  to  5  cu. 
ft.  per  second.  Where  the  quantities  are  either 
larger  or  smaller  than  these  amounts  the  error 
will  be  in  favor  of  the  water  user.  While 
rather  expensive  to  install  there  are  no  parts 
which  will  wear  out  except  possibly  the 
counter.  The  bearings  are  merely  oiled  wood- 
en blocks.  Variations  in  the  friction  will  not 
alter  the  discharge;  if  the  bearings  are  tight 
a  greater  fall  will  be  needed  to  drive  the 
wheel,  but  unless  tighter  than  they  will  be- 
come if  not  tampered  with,  the  discharge  per 
revolution  will  not  change.  Where  larger 
amounts  are  to  be  turned  out,  larger  meters 
can  be  built  or  more  than  one  installed.  The 
■meter  has  the  advantage  of  being  easily  un- 
derstood. The  wheel  stands  up  in  the  air 
and  has  a  clumsy  appearance,  yet  it  is  some 
advantage  to  be  able  to  look  across  the  field 
to  the  turnout  and  see  by  the  turning  of  the 
wheel  that  water  is  still  coming.  When  users 
realize  that  every  turn  of  the  wheel  means  so 
much  water  charged  to  them  they  will  be  more 
liable  to  economize  in  its  use.  In  addition  to 
the  22.8  cubic  feet  of  concrete  required  for 
-this  meter  and  the  galvanized  iron  wheel,  the 
following  lumber  is  necessary  : 

BILL,    OF    MATERLA.L    FOR    DETHRIDGE 
METER. 

Board 
feet 

1  PC.  3"  X  4"  X  4'-G"     4 

2  PC.  3"  X  S"  X  4'    16 

1  pc.  2"  X  4"  X  4'-G"     3 

4  pc.  2"  X  11/2"  X  3'    3 

4  pc.  2"  X  4"  X  1'    3 

1  pc.   2"  X  8"  X  4'-G"    3 

1  pc.  Hi"  X  6"  X  4'    3 

1  pc.  1  %"  X  6"  X  5'     3 

1  pc.   IVi"  X  6"  X  2'-4"    2 

Total    40 

Grant-Michell  Meter. — This  meter  is  shown 
in  Fig.  9.  It  consists  of  a  wheel  turning  in  a 
Tiorizontal  circular  opening  through  which  the 
water  is  made  to  pass.  This  opening  sets  a 
little  below  the  bottom  of  the  ditch.  The 
water  in  entering  drops  into  a  box  set  below 
the  ditch  bottom,  passes  under  a  cross  wall, 
rises  through  the  circular  opening  in  which 
the  meter  is  set,  and  passes  on  down  the  ditch. 
The  meter  consists  of_Jour  flat  blades  set  so 
that  the  water  in  flowing  through  the  circular 
opening  strikes  against  them  at  an  angle.  In 
this  way  the  wheel  is  turned  similarly  to  a 
wind  mill.  On  the  upper  end  of  the  shaft 
carrying  the  wheel  is  a  counter  which  records 
the  number  of  revolutions  of  the  wheel. 

This  meter  is  made  in  four  sizes,  12-in.,  18- 
in.,  21-in.  and  .39-in.  The  size  to  be  used  is 
determined  by  the  size  of  the  circular  openmg. 
The  rated  capacities  for  these  sizes  given  by 
the  makers  are  1.C6,  .3.75,  .5.8.3  and  16.66  cu.  ft. 
per  second,  respectively.  The  wheel,  counter, 
and  standard  for  holding  the  wheel  are  sold 
and  controlled  by  the  patentees  or  their 
licensed  agents.  The  orices  quoted  for  Pacific 
Coast  delivery,  in  lots  of  not  less  than  0,  with 
freight  but  not  duty  paid,  are  $-52.2.5.  $66.7.5, 
$74.20  and  $170.30,  respectively,  for  the  four 
sizes.  The  meter  was  invented  by  the  two 
Australian  engineers  for  whom  it  is  named 
and  has  been  used  to  some  extent  in  that  coun- 
try, but  it  has  been  but  little  used  in  the 
United  States.  The  box  for  the  meter  can  be 
built  of  either  wood  or  concrete;  that  installed 
at  Davis  is  of  wood.  The  standard  for  hold- 
ing the  meter  is  arranged  so  that  the  meter 
can  be  removed  when  not  in  use.  On  systems 
where  the  flow  through  each  meter  is  not  con- 
tinuous, the  meter  can  be  used  on  more  than 
one  ditch,  being  moved  around  as  water  is 
turned  out. 

The  tests  made  at  Davis  of  a  21-in.  Grant- 
Michell  meter  showed  that  for  discharges  of 
over  2  cu.  ft.  per  second  and  ud  to  6.5  cu.  ft. 
per  second,   the   meter  makes  one   revolution 


for  every  6.1  cu.  ft.  of  water  passed.  More 
water  is  passed  per  revolution  on  lower  rates 
of  discharge.  The  24  tests  made  show  that 
the  meter  will  probably  register  within  2.5 
per  cent  of  the  true  quantity.  The  fall  re- 
quired in  the  ditch  to  get  the  water  through 
the  meter  varies  with  the  rate  of  flow.  It  is 
about  1  in.  when  the  discharge  is  3  cu.  ft.  per 
second  and  rises  to  4  ins.  with  a  flow  of  5 
cu.  ft.  per  second. 

This  meter  is  not  as  much  affected  by 
changing  the  depths  of  water  on  the  lower 
side  as  some  others.  The  tests  at  Davis  were 
made  with  varying  depths  but  showed  no 
regular  differences.  This  is  an  advantage 
when  used  on  a  ditch  which  is  sometimes 
checked  up.  Its  high  cost,  however,  is  against 
its  general  use. 

Hilt  Meter. — This  device  is  shown  in  Fig. 
10.  It  consists  of  a  circular  opening  set  hori- 
zontally in  the  floor  of  a  box  through  which 
the  water  to  be  measured  is  made  to  pass. 
The  meter  consists  of  curved  vanes  set  on  a 
central  drum.  It  sets  in  the  center  of  the 
opening  and  is  turned  by  the  water  as  it 
strikes  the  vanes  on  rising  through  the  open- 
ing. The  turning  of  the  meter  drives  the 
gears  of  a  counting  device  which  records  the 
water  passed  in  acre-feet.  Different  sized  op- 
enings and  meters  are  used  for  different  sized 
quantities  of  water.  The  box  in  which  the 
meter  is  set  resembles  a  siphon. 

The  Hill  meter  is  patented  and  must  be 
bought  of  the  patentee  or  his  licensed  agents. 
While  it  has  not  been  used  to  any  extent  as 
yet,  and  has  not  been  pushed  commercially,  it 
is  estimated  that  the  meter  alone,  when  manu- 
factured in  quantities,  should  cost  about  $10 
each  for  the  12-in.  size  and  about  from  $12  to 
$15  for  the  larger  size,  with  a  probable  reduc- 
tion with  very  large  quantities.  The  cost  of 
the  structure  for  holding  the  12-in.  meter 
will  vary  from  $10  to  $15.  It  is  stated  by 
those  who  have  developed  this  meter  that  any 
kind  of  orifice  in  which  the  meter  can  be 
inserted  so  that  its  axis  is  vertical  will  do 
very  nicely  after  the  meter  has  been  calibrated 
to  suit  that  type  of  orifice. 

From  a  test  of  a  r2-in.  Hill  meter  at  Davis 
it  appears  that  this  size  of  the  meter  will 
register  the  quantity  passed  within  1.5  per 
cent  for  discharges  of  'from  1  to  3.5  cu.  ft. 
per  second.  For  discharges  of  less  than  1 
cu.  ft.  per  second,  more  water  passes  the 
meter  than  is  registered.  For  discharges  of 
3.5  cu.  ft.  per  second  the  water  boiled  up 
through  the  opening  so  as  to  submerge  the 
counter  of  the  meter  tested.  By  increasing 
the  length  of  shaft  of  the  meter  higher  dis- 
charges than  this  can  be  crowded  through  the 
12-in.  meter,  but  the  greater  loss  of  head  re- 
quired makes  the  use  of  larger  meters  pref- 
erable. 

The  loss  of  head  or  fall  in  the  water  re- 
quired for  this  meter  varied  from  1  in.,  when 
carrying  1  cu.  ft.  per  second,  to  6%  ins.,  when 
carrying  3.5  cu.  ft.  per  second. 

The  Hill  meter  seems  adapted  to  use  under 
the  usual  conditions  of  irrigation  practice.  It 
is  simple  and  has  few  wearing  parts.  The 
head  required  for  the  different  sizes  is  less 
than  that  needed  for  the  use  of  weirs.  The 
record  of  the  total  quantity  of  water  passed 
can  be  read  in  units  of  .001  acre-foot. 


Substitute  for  Danish  Pebbles. — The  engi- 
neers on  the  Boise  irrigation  project  in  Idaho 
have  discovered  a  serviceable  and  economical 
substitute  for  Danish  flint  pebbles  used  in 
grinding  tube  mills  for  grinding  sand  and 
cement  materials.  The  Danish  pebbles  cost 
.$26.25  per  ton  at  Boise.  Lava  rock  pieces 
found  in  the  vicinity  of  the  Government  rail- 
road were  found  to  be  equal  or  even  superior 
when  the  angles  were  worn  ofT,  and  can  be 
obtained  at  a  cost  of  about  $2  per  ton,  in- 
cluding 50  cts.  a  ton  for  rocks  which  quickly 
wear  out.  There  is  a  plcntifiil  supply  of  lava 
rock  chunks  in  the  ncighbnrhood.  They  are 
heavier  than  the  Danish  flint  pebbles,  break  up 
less  and   wear  longer. 


Progress   in   Kansas   in   Pumping  for 
Irrigation. 

Specific  data  of  interest  relating  to  irriga- 
tion pumping  practice  in  Kansas  are  given  in 
a  paper  by  H.  B.  Walker,  State  Irrigation 
Engineer,  Manhattan,  Kan.,  presented  to  the 
Kansas  Engineering  Society  at  its  recent  an- 
nual  meeting. 

Internal  combustion  engines  have  come  into 
general  use  within  recent  years  in  the  develop- 
ment of  irrigation  pumping.  By  the  use  of 
such  power  individual  pumping  plants  of  large 
capacities  have  been  constructed.  In  1894 
there  were  five  pumping  plants  in  the  state 
of  Kansas  where  gasoline  was  used  as  a  fuel. 
Since  that  time  there  have  been  a  large 
number  of  improvements  made  in  oil  engines 
and  today  practically  all  of  the  pov.-er  plants 
use  some  type  of  an  internal  combustion  en- 
gine. In  comparison  with  the  five  power 
pumping  plants  in  Kansas  in  1894-95,  Finney 
County  alone  had  fifty  pumping  plants  in  1912. 
This  gives  some  idea  of  the  rapid  development 
of  pumping  for  irrigation  in  this  state. 

The  fifty  pumping  plants  in  Finney  County 
m  1912  were  furnishing  water  for  practically 
4.000  acres  of  land,  while  the  five  little  gaso- 
hne  plants  which  were  in  operation  in  1894-95 
were  capable  of  irrigating  about  250  acres  of 
land.  Finney  county  has  perhaps  made  greater 
progres.s  in  pumping  for  irrigation  than  anv 
other  smgle  county  in  the  state,  but  within 
the  past  five  or  six  years  many  other  coun- 
ties Iiave  installed  a  large  number  of  plants. 
For  instance  Pawnee  county,  which  is  con- 
sidered to  be  in  the  central  part  of  the  state, 
now  has  twelve  pumping,  plants  which  are 
capable  of  irrigating  approximately  1,.500  acres 
of  land. 

The  improvement  in  machinery  has  had  its 
efi'ect  upon  the  economy  of  pumping.  For  in- 
stance in  1895-96  the  State  Board  of  Irriga- 
tion experimented  with  two  pumping  plants 
where  gasoline  power  was  used.  The  plant 
consisted  of  a  10-HP.  gasoline  engine  and  a 
simple  plunger  pump.  The  following  is  taken 
from  the  report  of  these  plants: 

In  considering-  this  power  the  board  found  an 
unexplored  field,  and  so  far  as  could  be  learned 
r.o  deep-well  pumps  of  large  capacity  were  In 
operation.  A  contract  was  let  to  Fairbanks, 
Morse  &  Co..  of  Kansas  City,  for  a  gasoline 
pumping  plant  to  be  erected  at  Sherman  County 
.Station  No.  4.  This  plant  operates  a  6-in.  Cook 
pump  in  a  16G-ft.  tubular  well,  with  a  water  lift 
of  133  ft.  As  will  be  seen  by  report  of  W.  G. 
Russell,  C.  E..  ante,  this  engine  pumped  787,600 
gals,  in  208  hours,  using  265  gals,  of  gasoline. 
With  gasoline  at  13.5  cts.  per  gallon,  the  cost 
per  acre  foot  is  about  $15.20.  After  making 
these  tests  the  engine  was  removed  to  Logan 
County  Station  No.  5  at  Oakley,  where  the  lift 
was  about  100  feet.  Here  a  larger  pump  was  to 
be  operated  and  it  was  hoped  better  results 
could  be  obtained.  In  415  hours  the  pump  lifted 
1,007,025  gallons,  using  3SS.C2  gallons  of  gaso- 
line. This,  with  gasoline  at  13.5  cts.  per  gallon, 
would  make  the  cost  about  ?14  per.  acre  foot. 
In  calculating  the  cost  of  water  at  Goodland  and 
Oakley,  it  will  be  observed  that  freight  on  gas6- 
line  from  Kansas  City,  oil,  waste  and  repairs, 
and  salary  of  engineer  were  not  taken  into  con- 
sideration. These  items  would  add  very  ma- 
terially to  the  cost  and  would  vary  in  every 
locality  according  to  circumstances. 

Plant  No.  4  which  w-as  located  in  Sherman 
county  pumped  the  water,  therefore,  at  a 
fuel  cost  for  gasoline  alone  of  11.4  cts.  per 
acre-foot  per  foot  of  lift,  while  the  cost  for 
fuel  alone  at  the  Oakley  plant  was  14  cts.  per 
acre- foot  per  foot  of  lift.  Since  the  time 
these  plants  were  installed  the  manufacturers 
of  internal  combustion  engines  have  made 
improvements  which  permit  the  use  of  low 
grade  oils  for  fuel.  This  quite  naturally  re- 
duces the  cost  of  pumping.  Moreover  twenty 
years  ago  it  was  necessary  to  use  quite  large- 
ly the  plunger  type  of  pump.  These  were 
operated  in  wells  of  small  capacity  and  the 
plant  efficiencies  were  usually  quite  low.  With 
our  modern  methods  we  arc  able  to  construct 
wells  capable  of  high  yields  and  in  such  wells 
the  improved  types  of  centrifugal  pumps  are 
installed  to  lift  the  water. 
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To  make  a  comparison  of  the  above  with 
our  present  conditions  the  following  data  are 
taken  from  a  test  in  1913  on  the  deep  well  ir- 
rigation pumping  plant  at  the  State  Experi- 
ment Station  at  Garden  City,  Kansas.  These 
data  were  secured  by  Mr.  Geo.  S.  Knapp,  U.  S. 
Government  Irrigation  Engineer.  The  plant 
consists  of  a  75-HP.  oil  engine  and  a  two- 
stage  turbine  centrifugal  pump  with  the  bowl 
placed  120  ft.  below  the  surface.  The  pump 
is  equipped  with  a  9-in.  discharge  pipe  and  an 
8-in.  suction  pipe.  The  pumping  head  during 
the  test  was  110.8  ft.  and  fuel  costing  3}i 
cts.  per  gallon  delivered  at  the  plant  was  used 
in  the  engine.  Approximately  $3.30  worth 
of  oil  was  used  to  dump  one  acre-foot  of 
water  or  in  other  words  the  fuel  cost  was  3 
cts.  per  acre-foot  per  foot  of  lift.  The  total 
cost  of  operation,  including  besides  the  fuel, 
lubricating  oil  and  attendance  to  plant  was 
5.1  cts.  per  acre-foot  of  lift.  On  account  of 
lack  of  power  in  the  engine  the  pump  could 
not    be    run    at    its    greatest    efficiency.      This 


probably  makes   the   fuel   cost   higher   than   it 
would  otherwise  have  been. 

The  following  data  were  secured  from  pri- 
vate plants  in  191.3,  by  Mr.  H.  E.  Murdock, 
Irrigation  Engineer,  U.  S.  Department  of  Irri- 
gation Investigation : 

(1)  Finney  county  plant.  Total  lift,  19.7 
ft.;  coal  oil  used  to  pump  one  acre-foot,  11.4 
gals.;  cost  of  coal  oil,  86.8  cts.;  coal  oil  re- 
quired per  acre-foot  per  foot  of  lift,  .58  gals., 
costing  4.41  cts. 

(2)  Finney  county  plant.  Total  lift,  69.0 
ft. ;  fuel  oil  costing  3  cts.  per  gallon  was  used 
in  engine;  fuel  oil  required  to  raise  one  acre- 
fo"ot  one  foot,  .497  gals.;  cost  of  fuel  oil  per 
acre-foot  per  foot  of  lift,   1.491  cts. 

The  above  costs  by  Mr.  Murdock  include 
onlv  the  cost  of  oil  delivered  at  the  plants. 
Comparing  the  extremes  for  the  28-year 
period  we  have  a  fuel  cost  of  14  cts.  per  acre- 
foot  per  foot  of  lift  in  1895,  compared  with  a 
cost   of   1.491    cts.   per   acre-foot   per   foot   of 


lift  in  1913,  or  in  other  words  the  fuel  cost 
of  lifting  water  has  been  reduced  to  approxi- 
mately 10.5  per  cent  of  the  cost"  in  1895.  This 
reduction  cannot  be  credited  entirely  to  the 
improvement  in  engines  but  our  development 
in  pumps  must  also  be  taken  into  considera- 
tion. 

In  1895  a  centrifugal  pump  was  used  to  test 
the  underflow  at  Garden  City,  Kan.  In  1912 
Finney  county  reported  50  power  pumping 
plants  and  all  but  two  of  these  plants  were 
equipped  with  some  type  of  centrifugal  pump. 

The  centrifugal  pump  has  made  its  progress 
by  actual  performance  in  the  field.  The  pump 
efficiencies  are  usually  below  40  per  cent  for 
the  average  farm  installation,  but  this  draw- 
back is  overcome  in  a  measure  by  their  ability 
to  lift  larger  quantities  of  water  containing 
frequently  a  considerable  per  cent  of  solid 
matter.  These  pumps  are  durable  and  reliable 
in  operation  and  undoubtedly  the  pioneer  pump 
in  well  irrigation  development  on  a  large 
scale. 
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Notes    on    the    Use    of    Concrete    and 

Brick  As  Paving  Materials  on 

Illinois  Highways. 

A  discussion  of  some  of  the  economic  fac- 
tors influencing  the  use  of  concrete  and  brick 
in  the  paving  of  Illinois  state  roads  was  pre- 
sented before  the  Illinois  Society  of  Engineers 
and  Surveyors  at  the  last  meeting  of  that  so- 
ciety by  H.  E.  Bilger,  road  engineer,  Illinois 
State  Highway  Department. 

DENSITY     OF     POPULATION     AND     RURAL     DEVELOP- 
MENT. 

,  It  should  be  noted  that  among  the  states 
of  the  Union,  Illinois  ranks  second  in  value  of 
mining  products,  third  in  value  of  its  manu- 
factures, third  in  population,  tenth  in  density 
of  population,  twenty-third  in  size  and  twenty- 
third  in  the  percentage  of  its  improved  roads. 
In  density  of  population,  Illinois  has  101  per- 
sons per  square  mile,  as  compared  with  31 
persons  per  square  mile  for  the  United  States 
as  a  whole.  An  idea  as  to  the  unequal  dis- 
tribution of  this  population  throughout  the 
102  counties  of  the  State,  can  be  gotten  from 
the  fact  that  Cook  County,  having  the  great- 
est density  of  population,  has  2,578  persons 
per  square  mile;  while  Henderson  County, 
having  the  lowest  density  of  population,  has 
only  26  persons  per  square  mile. 

The  variation  in  the  trend  of  the  popula- 
tion is  as  marked  as  that  of  the  density.  Be- 
tween the  last  two  census  reports,  the  popula- 
tion of  Chicago  increased  29  per  cent,  while 
the  population  of  the  State  increased  only  17 
per  cent,  and  during  the  same  period  the 
rural  population  in  68  counties  actually  de- 
creased. Of  the  counties  that  increased  in 
population,  the  extremes  are  found  in  Fay- 
ette County,  which  increased  only  one  per 
cent,  and  in  Williamson  County,  which  in- 
creased 62  per  cent;  while  the  counties  that 
decreased,  DeWitt  decreased  one  per  cent  and 
Pope,  17  per  cent. 

No  less  marked  than  the  unequal  distribu- 
tion of  the  Illinois  population  is  the  stage  of 
development  throughout  the  several  counties. 
In  the  light  of  this  fact,  it  is  evident  that  the 
intelligent  development  of  the  rural  highway 
problem  requires  a  full  appreciation  of  the 
local  condition  in  each  county  of  the  State. 
It  is  only  by  such  an  appreciation  that  methods 
and  types  of  road  improvement  can  be  worked 
out  to  adequately  satisfy  the  needs  of  the 
local  communities  with  expenditures  within 
their  comfortable  reach. 

TYPES    OF    CONSTRUCTION    UNDERTAKEN. 

Pursuant  to  the  new  road  law,  which  went 
into  efifect  July  1,  1913,  there  has  been  desi.g- 
nated  by  the  several  counties  some  fifteen 
thousand  miles  of  rural  public  highway  for 
State-aid  improvement.  Without  entering  into 
a  discussion  of  the  economical  types  of  con- 


struction to  fit  the  wide  variation  of  condi- 
tions, the  following  will  be  confined  to  a 
consideration  of  the  types  that  have  up  to 
this  time  been  contracted  for.  This  new  road 
law  provides  for  rural  road  improvement  with 
State-aid  to  the  amount  of  50  per  cent  of  the 
total  cost;  the  remaining  portion  being  paid 
by  the  counties.  The  work  up  to  this  time 
has  been  let  on  the  lump  sum  contract  basis. 
During  the  latter  half  of  the  year  1914,  the 
Illinois  Highway  Commission  entered  into 
contract  for  the  construction  of  75  separate 
State-aid  roads,  of  which  18  were  vitrified 
brick  and  57  Portland  cement  concrete.  These 
roads  are  almost  invariably  of  either  10  or  18 
ft.  widths.  The  18  brick  roads  aggregate 
114,188  sq.  yds.  in  17.7  miles,  and  are  located 
in  eleven  counties.  The  57  concrete  roads  ag- 
gregated 539,933  sq.  yds.  in  75  miles  and  are 
located  in  37  counties.  The  surface  of  the 
brick  roads  is  made  up  of  4-in.  vitrified  paving 
bricks,  with  a  6  in.  concrete  curb  flush  on  each 
side.  The  bricks  are  grouted  with  a  1  to  1 
Portland  cement  filler  and  are  cushioned  on  1 
in.  of  compacted  sand.  The  foundation  con- 
sists of  a  1-3-5  concrete  base  supported  upon 
the  natural  soil.  The  thickness  of  the  base 
at  the  edges  is  4  ins.,  but  on  the  center  line 
it  is  5  ins.  for  10  ft.  roads,  and  6  ins.  for  18  ft. 
roads.  The  concrete  roads  are  of  a  1-2-3^ 
mixture  of  one  course  construction.  The 
thickness  of  the  slab  at  the  edges  is  6  ins.,  but 
on  the  center  line  it  is  7  ins.  for  10  ft.  roads, 
and  8  ins.  for  18  ft.  roads.  The  slab  is  sup- 
ported upon  the  natural  soil. 

COST   OF    WORK   COMPLETED. 

The  average  amount  of  excavation  on  all 
75  jobs  was  3,800  cu.  yds.  per  mile.  Nearly  all 
of  the  jobs  were  awarded  practically  at  the 
estimate  of  the  State  Highway  Department. 
From  the  actual  cost  record  of  constructing 
these  roads,  we  are  assured  that  the  itemized 
estimates  were  reasonably  well  balanced  with 
respect  to  the  value  of  the  several  items  of 
work  entering  to  make  up  the  total  job.  By 
excluding  all  rough  grading,  drainage  struc- 
tures, and  the  like,  and  prorating  the  es- 
timated value  of  the  pavement  proper  to  the 
contractor's  bid,  we  are  enabled  to  get  not 
only  relative  figures  but  almost  absolute  prices 
on  the  concrete  or  brick  pavement  proper. 
From  the  experience  obtained  from  the  award 
of  these  75  contracts,  it  would  appear  that 
where  the  haul  does  not  exceed  2  miles,  the 
brick  pavement  proper  has  been  built  at  a 
cost  to  the  tax-payers  of  $2  per  square  yard ; 
and  the  concrete  pavement  proper  at  a  cost 
of  $1.20  per  square  yard.  The  greatest  varia- 
tion from  these  averaged  figures  is  not  great, 
and  they  may  be  taken  as  substantially  cor- 
rect, save  that  with  slight  changes  in  the  speci- 
fications, the  price  of  the  brick  pavement 
proper,  including  the  concrete  curb,  could 
have   been    $1.90.      Having   these    two    figures 


in  mind,  $1.90  for  brick  and  $1.20  for  con- 
crete, it  will  be  interesting  to  consider  some 
economic  features  with  regard  to  these  two 
modern  types  of  pavements. 

FINANCING,    ANNUAL    COST    AND    RESURFACING. 

If  we  assume  for  road  improvement  the  is- 
suance of  20-year  serial  bonds,  payable  an- 
nually, and  rating  interest  at  5  per  cent,  the 
interest  charges  on  the  value  of  one  square 
yard  of  brick  pavement  would  be  one  dollar. 
Reliable  data  on  the  maintenance  and  repair 
expenses  for  brick  roads  in  rural  territory 
are  not  available.  From  the  information  that 
is  available,  however,  and  from  the  experience 
of  small  cities  with  this  type  of  pavement,  it 
would  appear  that  a  charge  of  1  ct.  per  square 
yard  per  year  would  be  sufficient  to  cover  all 
maintenance  and  repair  on  a  brick  road  in 
rural  territory  for  the  first  25  years.  These 
three  costs,  namely,  first  cost,  interest  and 
maintenance  total  up  to  $3.15  as  the  actual 
cost  to  the  tax^payers  of  a  brick  road  for  the 
first  25  years.  Maintenance  charges  on  the 
shoulders  and  right-of-way  are  excluded  from 
this  consideration,  inasmuch  as  they  apply 
equally  whatever  the  type  of  pavement  adopt- 
ed. The  corresponding  interest  charges  on  the 
value  of  one  square  yard  of  concrete  pave- 
ment would  amount  to  63  cts.  Cost  data  on 
the  maintenance  and  repair  of  concrete  roads 
are  even  more  meager  than  on  brick,  and  es- 
timates as  to  the  probable  life  of  the  road  are 
still  more  at  variance.  One  would  be  pre- 
sumptuous, indeed,  to  assume  under  our 
mixed  traffic  conditions  the  probable  life  of  a 
concrete  road  as  long  as  that  of  a  brick  road. 
However,  from  the  experience  with  the  con- 
crete roads  that  have  been  constructed  in  re- 
cent years  under  the  supervision  of  this  de- 
partment, and  from  my  own  personal  observa- 
tion elsewhere,  there  is  every  indication  that 
the  concrete  road  is  amply  capable  of  render- 
ing a  service  fully  commensurate  with  its  cost 
of  construction. 

It  is  quite  probable  that  after  a  service  of 
some  15  years  under  mixed  traffic,  the  road 
would  economically  admit  of  a  resurfacing. 
From  present  knowledge  it  would  appear  that 
the  most  practicable  low  first  cost  resurfacing 
for  a  concrete  road,  unevenly  worn,  would  be 
a  bituminous  concrete  some  three  inches  in 
average  thickness.  In  consideration  of  the 
necessarily  high  quality  that  this  surface 
would  need  to  be,  it  is  quite  likely  that  its 
application  would  incur  an  expenditure  by  the 
taxpayers  of  as  much  as  75  cts.  per  square 
yard.  To  meet  this  expense,  if  w-e  issue  five-year 
serial  bonds,  payable  annually,  and  computing 
interest  as  before,  we  get  a  total  maintenance 
and  interest  charge  per  square  yard  of  $1.36. 
Included  in  this  is  an  estimated  upkeep  charge 
of  2%  cts.  per  square  yard  per  year  through- 
out  the  25  years. 

It  is   hardly  probable  that  the  maintenance 
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and  repair  charges  under  the  conditions  in 
question,  could  fall  below  this  figure.  These 
three  costs,  namely,  first  cost,  interest  and 
maintenance,  total  up  to  $3.19  per  square  yard, 
as  the  total  cost  to  the  taxpayers  for  a  con- 
crete pavement  for  the  first  25  years. 

It  goes  without  saying  that  there  are  ele- 
ments of  uncertainty  in  the  foregoing  con- 
sideration of  both  types  of  pavement.  These 
uncertainties  relate  particularly  to  the  esti- 
mated cost  for  upkeep  and  to  the  probable  life 
of  the  pavement;  and  moreover,  the  other 
estimates  of  cost  will  be  somewhat  modified 
by  local  conditions.  Economic  considerations 
with  regard  to  all  features  of  the  highway 
problem  can  be  worked  out  only  in  the  light 
of  local  conditions  in  the  particular  com- 
munity, so  for  the  purpose  at  hand  there  will 
be  considered  some  of  the  general  features 
relating  to  the  use  of  concrete  and  brick  as 
pavements  on  main  traveled  county  roads  in 
Illinois. 

TOPOGRAPHIC,      CLIM.MIC      AND      TRAFFIC      CONDI- 
TIONS. 

Next  only  to  the  states  of  Louisiana  arid 
Delaware,  Illinois  is  the  most  level  state  in 
the  Union.  This  topographic  condition  admits 
of  the  free  use  of  both  concrete  and  brick  for 
public  highway  paving  materials.  It  is  quite 
probable  that  of  the  public  highways  desig- 
nated for  state-aid  improvement,  as  much  as 
70  per  cent  of  the  total  mileage  will  economic- 
ally admit  of  grades  not  to  exceed  3  per  cent. 
From  this  fact,  it  is  plain  that  the  relative  ex- 
tent to  which  these  two  types  of  modern  pave- 
ment will  be  employed  must  hinge  upon  con- 
siderations other  than  topographic.  Nor  are 
there  any  traffic  or  climatic  conditions  gener- 
ally in  the  rural  districts  of  Illinois  that  would 
materially  invite  the  adoption  of  either  of 
these  types  of  pavement  to  the  exclusion  of 
the  other.  Generally,  it  can  be  stated  that 
the  consideration  that  should  measure  the 
relative  magnitude  of  the  adoption  of  these 
pavements,  are,  (1)  their  intrinsic  merits,  and 
(2)  their  total  cost  to  the  taxpayers. 

THE    CONCRETE    PAVEMENT. 

In  all  highway  improvement  the  considera- 
tion of  first  cost  bears  tremendous  weight 
with  the  taxpayers.  Available  funds  almost 
invariably  fall  short  of  being  suflncient  to 
carry  out  the  proposed  improvement.  Because 
of  this  condition,  the  public  looks  with  great 
favor  upon  the  types  of  construction  that  are 
less  expensive  in  first  cost.  In  view  of  our 
rapidly  changing  traffic  conditions,  with  the 
consequent  development  of  road  types  to  meet 
them,  it  is  quite  probable  that  in  order  to  meet 
future  traffic  conditions,  there  will  be  devel- 
oped some  economical  form  of  resurfacing 
for  the  concrete  pavement.  There  is  to  be 
considered  also  the  fact  that  with  a  given 
amount  of  money  available,  the  mileage  of 
highways  to  be  improved  with  a  concrete 
pavement  is  somewhat  greater  than  the  mile- 
age that  could  be  improved  were  the  brick 
pavement  to  be  adopted. 

In  the  construction  of  a  concrete  pavement, 
homogeneity  of  the  concrete  is  the  prime 
requisite.  Uniformity  of  wear  on  the  pave- 
ment is  not  possible  when  the  concrete  is  not 
homogeneous  throughout  its  exposed  surface. 
The  quality  of  the  coarse  aggregate  commer- 
cially available  is  a  vital  governing  condition 
in  concrete  road  construction.  While  it  would 
be  highly  advisable  that  the  French  coefficient 
of  wear  of  this  material  be  not  less  than  10, 
yet  there  are  extremely  few  quarries  in  Illi- 
nois that  can  comply  with  this  requirement. 
Inasmuch  as  the  requirements  of  the  specifi- 
cations must  be  in  harmony  with  commercial 
practicabilities,  it  becomes  necessary  at  tirnes 
to  admit  such  material  in  road  construction 
as  the  laboratory  pronounces  not  to  be  of  the 
first  class.  In  the  light  of  these  conditions, 
there  are  many  sections  in  Illinois  where  the 
available  material  is  hardly  satisfactory  for 
concrete  roads  but  entirely  so  for  the  concrete 
base  for  brick  roads.  In  these  particular  sec- 
tions the  taxpayers  would  do  well  to  look 
deeply  in  the  real  economics  of  the  concrete 
and  the  hrirk  roads  before  adopting  the  type 
less  expensive  in  first  cost.  The  possible  de- 
velopment  for   the     concrete     road     is     very 


promising,  and  because  of  the  extent  to  which 
the  availability  of  local  materials  govern  its 
cost,  these  developments  will  probably  take 
the  form  of  a  relatively  temporary  surfacing 
with  an  adequate  system  of  maintenance. 

When  a  satisfactory  method  of  surfacing 
the  concrete  pavement  has  been  worked  out, 
the  troubles  now  arising  from  joints  and 
cracks  will  have  been  reduced  to  a  minimum. 
With  regard  to  the  spacing  of  transverse 
joints  in  a  concrete  pavement,  our  experience 
has  been  that  the  matter  is  not  yet  susceptible 
of  mathematical  analysis.  True  it  is  that 
computations  have  been  made  involving  such 
factors  as  physical  properties  of  the  concrete, 
and  friction  coefficient  between  the  concrete 
and  the  sub-grade,  but  e.xoerience  seems  to 
indicate  that  the  behavior  of  the  pavement  in 
actual  service  is  not  such  as  to  be  predicted 
by  mathematical  computations.  The  occurrence 
of  transverse  cracks  has  been  almost  as  erratic 
in  pavements  with  joints  spaced  .50  ft.  apart, 
as  in  those  spaced  100  ft.  apart.  Past  ex- 
perience now  points  to  the  advisability  of 
building  concrete  pavements  with  no  trans- 
verse joints  whatever,  except  that  at  the  end 
of  each  day's  work  the  end  of  the  slab  should 
be  faced  with  a  piece  of  woo!  felt,  possibly 
Vs  in.  in  thickness.  This  would  permit  con- 
creting to  be  resumed  the  next  day,  with  the 
least  disturbance  to  the  concrete  previously 
placed.  It  is  not  to  be  expected  that  a  slab 
of  concrete  some  7  ins.  in  thickness,  and  sev- 
eral hundred  or  several  thousand  feet  in  length 
can  undergo  the  process  of  setting  up  hard 
without  yielding  to  the  shrinkage  stresses 
necessarily  introduced  by  the  high  consistency 
of  the  concrete.  I  believe  that  the  occurrence 
of  transverse  cracks  cannot  be  entirely  fore- 
stalled by  any  considerations  of  the  sub-grade 
when  a  concrete  of  high  consistency  is  used, 
and  that  the  occurrence  would  be  almost 
equally  probable  and  erratic  if  the  concrete 
pavement  were  uniformly  supported  upon  a 
liquid  bearing  throughout  its  entire  length. 
It  would  seem  that  the  difficulties  are  inherent 
in  the  nature  of  the  material,  but  in  all  prob- 
ability can  be  reduced  by  using  a  lower  con- 
sistency, and  by  the  addition  to  the  cement  of 
a  percentage  of  inert  material,  as  hydrated 
lime,  for  the  purpose  of  reducing  the  voids 
in  the  concrete,  without  effecting  its  physical 
qualities. 

The  degree  of  homogeneity  reauired  in  a 
concrete  road  is  difficult  to  get  under  actual 
construction  conditions.  It  is  evident  that  the 
prevailing  practice  of  shoveling  the  fine  and 
the  coarse  aggregates  directly  from  the  earth 
sub-grade,  is  such  as  to  permit  lumps  of  for- 
eign material  to  enter  the  concrete.  While  a 
high  degree  of  inspection  can  reduce  the 
probability  of  this  occurrence  considerably,  yet 
it  cannot  wholly  eliminate  it. 

The  concrete  pavement  should  welcome  our 
rapidly  changing  traffic  conditions.  While  the 
design  of  motor  vehicles  continues  the  use  of 
rubber  or  some  similar  material  for  tires,  the 
increasing  popularity  of  the  concrete  pave- 
ment will  be  commensurate  with  the  increase 
in  traffic  of  this  character. 

THE    BRICK    PAVEMENT. 

As  a  construction  proposition  in  the  way 
of  providing  a  serviceable  pavement  with 
low  expenses  for  its  upkeep,  the  merits  of 
vitrified  brick  have  become  established  by 
many  years  of  experience.  It  would  seem  that 
were  it  possible  to  reduce  the  first  cost  of 
brick  construction  by  some  30  per  cent,  the 
extent  of  the  near  future  adoption  of  this 
pavement  for  Illinois  roadwork  would  be 
limited  only  by  the  capacity  of  the  brick  plants 
to  furnish  the  material. 

By  the  provision  of  a  slightly  higher  per- 
centage of  the  construction  for  engineering 
services,  a  more  detailed  study  of  the  local 
conditions  would  be  made,  to  the  end  that  the 
requirements  of  the  specifications  would  be 
better  adjusted  to  meet  the  varied  physical 
conditions  encountered.  Without  a  detailed 
study  of  the  actual  conditions  of  each  particu- 
lar piece  of  work,  and  the  arbitrary  require- 
ment of  such  dimensions  and  materials  as  will 
almost  certainly  provide  so-called  fool-proof 
construction,    expenditures    for    highway    im- 


provement cannot  be  conducted  along  the  most 
economical  lines.  It  would  seem  that  by  the 
present  revision  of  our  specifications  for  brick 
pavement  construction,  such  economy  will  be 
brought  about  as  will  promote  a  somewhat 
more  general  adoption  of  this  type  of  pave- 
ment. 

With  due  consideration  having  been  given 
to  the  sub-grade,  there  appears  no  necessity 
for  the  concrete  base  having  other  than  uni- 
form 4-in.  thickness  for  ten-foot  pavements, 
and  4V2  ins.  for  18-ft.  pavements.  For  pave- 
ments of  no  greater  width  than  some  18  ft., 
practicability  and  economy  provides  the  pave- 
ment crown  bv  crowning  the  sub-grade,  rather 
than  by  increasing  the  thickness  of  the  con- 
crete base  at  the  center.  It  is  not  to  be  ex- 
pected that  sub-grade  conditions  will  be  uni- 
form throughout  the  length  of  any  pavement 
construction  job,  and  consequently  the  close 
study  of  details  during  construction,  as  well 
as  while  making  the  survey,  will  enable  excep- 
tional conditions  to  be  provided  for  by  in- 
creasing the  thickness  of  the  base,  or  by  some 
other  means. 

It  is  believed  that  a  concrete  mixture  of 
1:3%  :6  for  the  base  will  in  the  end  prove 
more  economical  than  the  1:3  :.5  mixture 
which  has  heretofore  been  used.  In  the  light 
of  our  requirements  as  to  the  fine  and  the 
coarse  aggregate,  the  practice  of  specifying  a 
very  rich  concrete  throughout  the  entire  length 
of  the  pavement,  in  order  to  care  for  possible 
weak  spots  in  the  sub-grade,  is  not  economical. 
All  isolated  weak  spots  in  the  sub-grade  should 
be  treated  as  individual  matters,  and  should 
be  taken  care  of  by  special  treatment.  With 
proper  and  practicable  workmanship  in  strik- 
ing off  the  surface  of  the  concrete  base,  there 
appears  no  reason  why  the  sand  cushion  after 
compaction  should  have  a  thickness  of  more 
than  one  inch.  A  greater  thickness  of  sand 
cushion,  and  failure  to  compact  it  are  condi- 
tions that  permit  the  sand  to  enter  the  spaces 
between  the  bricks  and  thereby  seriously  re- 
duce the  efficiency  of  the  grout  filler. 

With  respect  to  the  bricks  themselves,  it 
would  seem  that  the  first  opportunity  for  low- 
ering the  construction  cost  would  concern 
their  quality  rather  than  their  size.  For  aver- 
age rural  traffic  requirements,  it  is  not  alwavs 
economical  to  require  the  hardest  bricks  com- 
mercially available  for  this  purpose.  A  con- 
dition that  makes  for  a  serviceable  brick 
pavement  is  not  the  absolute  hardness  of  the 
brick,  but  rather  the  uniformity  of  quality.  For 
most  all  rural  traffic  conditions  in  Illinois, 
bricks  that  are  satisfactory  in  other  respects 
should  provide  a  serviceable  and  economical 
pavement,  providing  the  loss  by  abrasion  does 
not  exceed  an  average  of  22  per  cent,  and  on 
any  individual  brick  26  per  cent. 

There  is  every  reason  to  believe  that  with- 
out noticeably  reducing  the  quality  of  the 
pavement,  our  revised  specifications  will  per- 
mit the  construction  of  brick  pavements  at  a 
figure  some  15  or  20  cts.  per  square  yard 
lower  than  the  prices  gotten  in  1914.  It  is  not 
apparent  that  under  the  conditions  in  question, 
the  first  cost  of  the  brick  pavement  can  be 
reduced  materially  below  $1.80  per  square 
yard.  The  pavement  in  its  very  nature  has 
certain  items  in  its  construction  cost  prac- 
tically fixed,  and  aside  from  what  has  hereto- 
fore been  mentioned,  further  reductions  in  its 
first  cost  must  be  brought  about  by  the  adop- 
tion of  more  economical  means  and  methods 
of  handling  and  transporting  the  materials. 

However,  even  with  the  present  cost  of 
construction,  expenditures  for  brick  pave- 
ments to  be  built  in  accordance  with  modern 
specification?  are  amply  justified  by  the  as- 
sured serviccabilit.\-  inherent  in  the  very 
makeup  of  the  paveuiciit. 


River  and  Harbor  Improvements  in  Cana- 
dian Provinces. — 'I'lic  budget  prepared  by 
the  Dominion  Parliament  provides  for  the  fol- 
lowing river  and  harbor  im'provements  in 
.Mbcrta  and  Saskatchewan  :  Pigeon  Lake,  im- 
provement, $2,.500:  Prince  .\lbert,  protection 
works,  $9.000 ;  Saskatchewan  River,  improve- 
ments. $50,000;  Sturgeon  River,  improvements, 
$9,000. 
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Methods  and  Mixtures  Used  in  Con- 
structing Tar  Concrete  Pavements. 

Earlier  types  of  bituminous  concrete  pave- 
ments used  coal  tar  cement  and  some  of  the 
pavements  constructed  resembled  closely  pres- 
ent dav  Topeka  specification  mixtures.  In 
New  England,  also,  tar  concrete  has  been  used 
for  many  years.  In  a  paper  before  Section  D 
of  the  American  Association  for  the  Advance- 
ment of  Science  at  the  Philadelphia  meeting, 
December,  1914,  Philip  P.  Sharpies,  chief 
chemist  of  the  Barrett  Manufacturing  Com- 
pany, discussed  some  of  the  features  of  the 
use  of  tar  concrete  and  his  paper  is  given 
here. 

The  bituminous  material  usually  called  for 
in  specifications  is  an  asphalt  resembling  the 
asphalt  cements  used  in  asphalt  pavements. 
Coal  tar  cement  has,  however,  been  recognized 
as  a  suitable  material  and  is  provided  for  in 
the  specifications  of  the  Society  for  Standard- 
izing Paving  Specifications.  The  greater  ease 
of  using  coal  tar  cement  and  the  very  simple 
apparatus  that  can  be  used  has  raised  the  ques- 
tion of  the  comparative  durability  of  coal  tar 
cement  in  this  form  of  construction  and  of 
the  chances  of  failure  as  compared  with 
asphalts.  Relatively  speaking,  the  coal  tar 
cements  have  proved  of  so  much  worth  in 
penetration  methods  that  their  development 
for  mixing  methods  has  to  a  large  extent  been 
neglected. 

EARLY  T.\R   CONCRETE  P.WEMENTS. 

The  Topeka  specification  as  now  standard- 
ized has  been  in  use  for  such  a  short  time 
that  no  conclusions  in  regard  to  lasting  qual- 
ities of  pavements  recently  built  can  be  drawn. 
A  study  of  some  of  the  older  coal  tar  pave- 
ments shows  that  the  Topeka  mix  is  not  a  new- 
discovery  but  only  a  revival  and  that  much 
can  be  learned  from  the  old  experiments. 
Many  forms  of  coal  tar  pavements  have  been 
proposed  and  the  patent  office  shows  much 
activity  during  the  early  seventies  both  along 
penetration  and  mixing  methods.  The  state- 
ment of  methods  in  these  old  patents  is  so 
often  at  variance  with  the  pavement  actually 
laid  that  it  is  difficult  to  decipher  the  intent 
of  the  patentee.  Some  of  the  survivals  show, 
however,  a  close  resemblance  to  the  Topeka 
mix. 

In  Pittsburgh,  Pa.,  many  streets  were  laid 
18  to  25  years  ago  under  the  name  of  Vulcan- 
ite pavement,  using  coal  tar  pitch  or  mixtures 
of  coal  tar  pitch  and  asphalt  as  a  bituminous 
cement.  The  mineral  aggregate  varied  greatly 
in  different  streets  but  might  be  said  to  follow 
in  general  the  Topeka  mix.  Lang  Ave.  is  an 
example  of  the  true  Topeka  mix  and  was  laid 
in  1892.  The  cement  used  was  120°  F.  melt- 
ing point  (half-inch  cube  method  in  water) 
coal  tar  pitch  with  about  30  per  cent  free 
carbon  with  some  small  percentage  of 
Trinidad  asphalt. 

The  street  is  residential  with  a  residential 
street  traffic  and  would  be  classed  as  in  good 
condition  at  the  present  time,  with  only  nomi- 
nal repairs  daring  its  22  years  of  use.  Many 
Ather  streets  of  the  same  nature,  some  intact, 
some  resurfaced  with  asphalt,  are  extant  in 
Pittsburgh  today.  Economic  factors  alone  led 
to  the  abandonment  of  this  class  of  pavement. 

NEW    ENGL.^ND    METHODS    OF    CONSTRUCTION. 

In  New  England  coal  tar  pavements  are 
known  as  tar  concrete  pavements  or  tar  and 
gravel  pavements  and  their  widest  develop- 
ment has  been  in  sidewalk  and  private  drive- 
way work  but  a  certain  amount  of  street 
work  has  been  done  during  the  last  thirty 
years,  notably  at  Concord  and  Manchester,  N. 
H.  This  work  shows  many  successes  in  spite 
of  crude  methods  both  in  choosing  the  gravels 
and  in  mixing  the  coal  tar  cement. 

The  gravels  were  those  locally  available  and 
were  chosen  wholly  by  the  look  and  feel  based 
on  the  tar  concreter's  experience.  Coal  tar 
cement  was  made  of  a  mixture  of  crude  coal 
tar  partially  refined  by  cooking  in  open  kettles 
and  coal  tar  pitch  of  150°  melting  point  (Vz- 
in.  cube  method  in  water).  The  cement  had 
the  defect  of  retaining  a  large  amount  of 
volatile  oils  from  the  tar,  giving  at  the  start 


Fig.   1.    Views   Illustrating  the   Mixing   Plant   and    Different   Stages    in   the   Construction   of 

a  Tar  Concrete   Pavement. 


J 


March   17.   VIS. 


Engineering   and    Contracting 


257 


E.&C. 


Fig.  2.    Views  Illustrating  Different  Stages  in   Patching  a  Tar  Concrete  Pavement  In  Con- 
cord,  N.    H. 


a  very  soft  pavement,  which  grew  very  hard 
with  age.  The  relative  cost  of  the  two  ma- 
terials also  tempted  the  concreter  to  skimp 
the  pitch  on  which  the  success  of  the  pave- 
ment depended  and  use  a  surplus  of  tar,  giving 
too  great  a  preponderance  of  volatile  oils. 
At  the  present  time  many  of  the  best  tar  con- 
creters  have  adopted  a  prepared  cement. 
Usually,  a  melting  point  of  110°  F.  (%-in. 
cube  method  in  water)  is  preferred  for  street 
work  and  90°  F.  (^^-in.  cube  method  in 
water)   is  preferred   for  sidewalk  work. 

Much  of  this  tar  concrete  work  resembles 
closely  Topeka  mix  with  the  %-in.  crushed 
stone  replaced  by  pebbles.  The  screening 
analyses  of  typical  New  England  tar-concrete 
sands.  Table  I,  show  that  sands  in  Newton 
and  Brighton,  Mass.,  fall  within  the  Topeka 
specification.  The  permissible  variation  in 
sand  may  be  larger,  however,  with  the  tar 
cement  than  asphalt,  as  the  Manchester  sand, 
essentially  a  one  size  grain  sand,  gives  excel- 
lent results  in  tar  concrete.  A  sand  with  a 
sharp  aggregate  seems  more  essential  than  a 
carefully  graded  sand. 

The  percentage  of  tar  cement  used  in  New 
England  is  usually  larger  than  called  for  in 
the  Topeka  specification.  The  exact  amount 
is  varied  to  suit  the  particular  sand  used,  but 
often  runs  as  high  as  12  per  cent.  It  was 
believed  that  a  large  excess  provided  a  reser- 
voir of  tar  cement  which  was  drawn  upon  as 
needed.  It  would  seem  from  more  recent 
work  that  a  smaller  percentage  of  refined  tar 
in  the  mix  with  provision  for  seal  coats  as 
needed  was  more  economical  in  the  long  run. 
Based  upon  this  principle,  work  has  been 
done  with  as  little  as  6  per  cent  cement.  With 
this  small  percentage,  it  has  been  definitely 
proved  that  a  seal-coat  protection  is  a  neces- 
sity. Eight  per  cent  would  seem  to  be  a  bet- 
ter starting  point,  and  modifications  in  the  per- 
centage should  be  made  to  suit  local  condi- 
tions. 

Tar  concrete  street  pavements  in  New  Eng- 
land, although  not  extensively  built,  have  been 
built  without  interruption  for  many  years,  and 
where  good  workmanship  has  prevailed,  have 
held  the  confidence  of  the  public.  Some  of 
the  old  concreters  take  great  pride  in  their 
work  and  give  every  step  personal  super- 
vision. In  Concord,  N.  H.,  for  instance,  one 
man  has  done  practically  all  the  work  and 
every  square  yard  has  been  raked  out  by  his 
own  hand.  Under  the  circumstances,  it  is 
little  to  be  wondered  that  the  percentage  of 
successes  has  been  extremely  high.  Man- 
chester, N.  H.,  Laconia,  N.  H.,  Kennebunk, 
Me.,  Shelburn  Falls,  Vt.,  are  other  centers  of 
good  work. 

A  study  of  successes  and  failures  in  New 
England  tar  concrete  shows  that  the  requisites 
for  success  in  using  coal  tar  cement  in  Topeka 
mix  are : 

(1.)  Carefully  prepare  foundations  with 
due  attention  to  drainage. 

(2.)  Suitable  sands.  Either  too  fine  or  too 
coarse  sands  are  to  be  avoided.  A  sharp  sand 
gives  better  results  than  rounded  grains  and 
a  mineral  aggregate  which  has  structural 
strength  in  itself  is  to  be  aimed  at. 

(3.)  A  carefully  prepared  straight  run  coal 
tar  cement  with  a  melting  point  of  100  to  120° 
F.  (%-in.  cube  method  in  water),  (varied  to 
suit  traffic  conditions  and  local  mineral  aggre- 
gate available). 

(4.)  Careful  handling  of  the  coal  tar  ce- 
ment. Coal  tar  cement,  like  other  bituminous 
materials,  is  easily  changed  by  heating  to  a 
high  temperature  or  by  holding  a  long  time 
at  a  comparatively  low  temperature  (220°  F.) 
in  open  kettles.  Refined  tar,  mineral  aggre- 
gate and  the  mix  should  he  kept  at  or  near 
220°  F.  This  point  must  be  especially  insisted 
upon  when  high  melting  point  materials  have 
previously  been  used. 

(5.)  Expert  supervision  is  just  as  essential 
as  in  all  other  paving  work.  The  exact 
method  best  for  local  handling,  the  exact  per- 
centage of  bitumen  required,  the  correct  pro- 
portion of  mineral  aggregate,  are  matters  re- 
quiring judgment  and  experience. 
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TABL.E  I.— ANALYSIS  OF  TYPICAL  NEW  ENGLAND  TAR  CONCRETE  SANDS. 
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practical  routes."  In  the  skeleton  system  of 
highways  outlined  by  the  act.  these  constitute 
the  backbone.  The  secondary  demand  of  the 
act  is  for  lateral  road  construction;  to  connect 
with  the  highway  those  county  seats  which  are 
not  directly  served  by  either  trunk  line. 

More  highway  was  built  this  year  in  Cali- 
fornia than  was  ever  attempted  in  a  single  year 
in  any  other  state.  And  yet,  the  roads  can  not 
all  be  built  in  a  season — the  money  is  not 
available,  contractors  are  not  available,  right 
of  way  questions  take  time:  and  there  is  a  limit 
to  the  capacity  of  any  organization,  however 
efficient,  beyond  which  speed  is  obtained  only 
at  the  cost  of  efficiency  and  economy — there- 
fore,  trunk  lines  first. 

We  are  now  ready  to  take  up  the  lateral 
roads  as  a  comprehensive,  distinct  road  prob- 
lem. The  Highway  Commission  and  its  engi- 
neers   in    charge    in    each   division    have   finished 
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Fig.  3.    Kettles  and  Sand  Heater  Used  in  New     England   Tar  Concrete  Work. 


Road   Reconnaissance   and   the   Appli- 
cation of  Sound  Engineering  Prin- 
ciples to  Road  Location  in 
California. 

This  journal  has  always  contended  that  the 
application  of  sound  and  well  established  en- 
gineering principles  to  road  location  was  en- 
tirely practical  and  that  such  princinles  were 
not  adhered  to  as  closely  as  they  should  be  in 
the  practice  of  road  location  and  construction. 
Recent  reports  from  the  state  of  Cahfornia  in- 
dicate that  in  the  road  work  there  an  excel- 
lent combination  of  engineering  principles 
and  old  precedent  in  the  practice  of  road  con- 
struction has  been  established. 

In  discussing  the  lateral  road  problem  of  the 
state  in  the  last  issue  of  the  California  Road 
Bulletin  the  following  statement  of  conditions 
and  methods  is  made  : 

The  primary  demand  of  the  California  High- 
way Act  is  for  trunk  line  construction;  for  two 
roughly  parallel  lines,  one  through  the  coast 
counties  and  the  other  through  the  great  in- 
terior valleys,  the  Sacramento  and  the  San 
Joaquin,  "serving  county  seats  and  connecting 
centers   of   population   by    the   most   direct   and 


2,000  miles,  traveling  by  automobile,  through 
these  mountain  counties,  studying  their  loca- 
tion, needs  and  desires  at  first  hand.  These 
county  seats,  for  the  most  part,  lie  to  the 
east  of  the  Sierras.  Their  connecting  roads 
to  the  valley  cross  elevations  of  from  4,500  to 
7.500  feet,  and  are  snow  blocked  for  montlis 
on  end.  The  problem  is  to  build  laterals  to 
these  points  which  will  utilize  the  lowest  passes 
through  the  mountains  and  be  useable  through 
the  winter  months.  Following  the  inspection 
by  the  -Commission,  the  engineering  force  will 
study  every  detail  of  this  problem,  examine 
every  possible  or  suggested  route,  in  order  that 
the  needs,  the  wishes,  and  the  rights  of  these 
communities  under  the  law  may  be  met.  That 
actual  work  upon  the  mountain  laterals  has 
not  been  begun  does  not  indicate  that  the 
mountain  counties  have  been  forgotten,  or  will 
be  neglected.  The  spring  of  1915  will  see  this 
portion  of  the  highway  scheme  "under  active 
headway. 

The  relation  of  the  lateral  to  the  trunk  line 
expresses  itself  also  in  character  of  construc- 
tion. The  standards  of  trunk  line  construction 
have  been  set  high — no  grade  in  excess  of  7 
per  cent,  no  curves  with  shorter  radii  than  50 
ft.,   a  21-ft.   roadbed,   and  with  ideal  alignment, 


etc.  The  type  of  construction  has  been  fixed — 
the  concrete  base,  permanent  type.  The  lateral 
roads,  however,  warrant  a  much  more  flexible 
policy.  Some  of  them  will  carry  sufficient  traf- 
fic to  warrant  trunk  line  type  of  construction. 
On  the  purely  mountain  laterals  such  construc- 
tion would  be  folly.  No  one  wants,  expects,  or 
needs  city  streets  through  the  Sierras.  An  ac- 
curate study,  therefore,  of  this  problem  will 
demonstrate  the  necessity  of  varying  types  of 
construction  to  meet  varying  situations.  Grades 
steeper  than  on  the  main  routes,  narrower 
roadbeds,  surfacing  of  native  materials,  and 
similar  reasonable  economies  will  be  necessary 
in  handUng  this  lateral  problem  without  a  pro- 
hibitive cost;  and  at  the  same  time  the  result- 
ing roads  will  be  godsends  to  communities 
where  25  per  cent  grades  and  narrow,  danger- 
ous roads  without  benefit  of  sound  engineering 
are   today  the  rule. 

It  will  be  the  policy  of  the  Commission  to 
apply  sound  engineering  to  this  problem  first, 
that  these  laterals  may  be  permanently  placed 
where  they  belong;  to  expend  the  apportion- 
ment for  these  roads  where  it  should  be  spent, 
eliminating  excessive  grades,  dangerous  curves, 
etc.;  to  take  under  maintenance  the  entire 
mileage  and,  where  the  cost  of  a  perfect  road 
can  not  be  met  with  the  available  funds,  to  lay 
the  foundation  for  a  perfect  road  and  out  of 
our  maintenance  fund  gradually  perfect  such 
roads  by  the  addition  of  guard  rails,  culverts, 
retaining  walls,  surfacing,  etc.  By  such  a  sys- 
tem the  mountain  counties  will  be  opened  up 
by  roads  that  lend  themselves  to  safe  and  eco- 
nomical traffic,  and  the  mountain  counties  will 
become  a  part  of  California  practically  the 
whole  year  round. 

The  bulletin  further  states  that  the  state 
highway  engineer  and  members  of  the  commis- 
sion personally  inspected  6,800  miles  of  road 
in  advance  of  preparation  of  actual  plans  for 
road  construction.  "As  each  county  was  visited 
an  approximation  was  made  of  the  probable 
total  mileage  of  state  highway  in  the  county 
and  information  was  secured  from  supervisors, 
county  surveyors  and  others  interested,  which 
served  as  the  basis,  in  conjunction  with  addi- 
tional data  collected  at  the  office  in  Sacra- 
mento, for  a  rough  apportionment,  county  by 
county,  of  the  ,  $18,000,000  provided  for  state 
higliway  construction.  From  this  skeleton  plan 
was  worked  out  the  working  scheme  for  build- 
ing the  state  highway.  The  visits  to  the  vari- 
ous counties,  which  were  made  while  awaiting 
the  first  sales  of  bonds,  also  proved  valuable 
to  the  commissioners  in  giving  them  first-hand 
information  about  the  country  through  which 
the  state  highway  must  be  built. 

"Similar  studies  of  the  lateral  lines  which 
will  be  built  to  connect  the  county  seats  not 
on  the  principal  routes  were  undertaken  by 
the  commissioners  during  the  past  summer. 
These  lines  may  be  considered  the  second  great 
phase  of  the  state  highway  work,  the  building 
of  the  system  through  the  valleys  and  along 
the  coast  being  the  first.  Since  the  latter  was 
well  under  way  this  year  the  commissioners 
took  up  the  former,  initiating  that  work  by  a 
series  of  personal  studies  similar  to  those  made 
on  the  main  lines  in  1911. 

"At  the  meeting  on  September  22,  1914,  the 
following  instruction  was  voted  by  the  High- 
way Commission:  'That  the  Highway  Engineer 
be  and  he  is  liereby  instructed  to  cause  to  be 
made  through  the  several  Division  Engineers 
and  their  assistants  such  reconnoissances  and 
studies  of  the  lateral  state  highways  connecting 
the  county  seats  with  the  trunk  lines  as  may 
be  necessary  in  anticipation  of  the  construc- 
tion surveys.'  Such  reconnoissances  were  made 
or  are  being  prosecuted  as  fast  as  the  regular 
work   of   the   division   engineers   will  permit." 

While  the  problem  of  road  location  in  Cal- 
ifornia may  vary  somewhat  in  detail  from  that 
in  other  states,  the  fundamentals  are  the  same 
for  all  locations.  It  may  be  stated  that  the 
reconnoissance  and  study  of  road  projects  as  a 
whole  is  fundamental  to  economical  road  con- 
struction and  maintenance.  Methods  followed 
in  California  may  be  studied  with  profit  by 
other  states. 
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The  Vulcanite  pavements  of  "Pittsburgh  and  tar 
concrete  pavements  of  New  England  are  de- 
scribed and  compared  with  Topeka  specifica- 
tion. The  precautions  necessary  to  secure  suc- 
cessful work  with  the  Topeka  specification  using 
coal  tar  cement  are  given.  E.  &  C.,  Mar.  17, 
1915;    6'/!.   cols. 


ROADS:    Location,  California. 

Road    Reconnaisance    and    the    Application 
of  Sound  Engineering  Principles  to  Road 

Location    In     California 258 

Discusses  the  importance  of  prelimln.ary 
studies  of  the  units  of  a  road  system  prior  to 
construction.  Outlines  method  used  in  the  work 
of  the  California  Highway  Commission.  E.  & 
C.  Mar.  17,  1915;  2  cols. 


INDEX  TO  WORKS  AND  PRODUCTS  DEALT  WITH  IN  THIS  ISSUE. 


CONCRETE    CONSTRUCTION: 

Reinforced     Concrete     Beams,     236,    239— 
Concrete     Floor,     237 — Concrete     Sewer 
Pipe,      245 — Mea.suring      Devices.      21S 
Concrete  Paving    

STEEL  CONSTRUCTION: 

Steel   Standpipe,   237 — Reinforced  Concrete 


Beams,  239- 
Sewer,    245- 


Reinforcement  for  Concrete 
Forms,    245 — Steel    Mesh 


BITUMINOUS    PRODUCTS: 
Tar      Concrete      Pavement,      256 — Topeka 
Specifications    257 

M,   256        CLAY    PRODUCTS: 

Brick    Pavement 254 

FOUNDRY    PRODUCTS: 
C:ist  Iron  1''oimis  for  Concrete  Sewer.  245 — 
.   245  Meters    252 


MACHINERY     AND    APPLIANCES: 

Conveyors.  235— Derrick.  237,  238— Air 
Ijift  Pumps,  23S — Cart  and  Pipe  Hand- 
ling Device.  245 — Measuring  Devices  for 
Irrigation  Water,  248 — Irrigation  Pump- 
ing Plants,  253— Kettles  and  Sand  Heat- 
ers      257,  258 
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FOREIGN  TRADE  NOTES 

The  following  foreign  trade  opportunities 
are  listed  by  the  Bureau  of  Foreign  and  Do- 
mestic Commerce.  Where  addresses  are 
omitted  in  the  items  they  may  be  obtained 
from  the  office  of  the  Bureau  at  Washing- 
ton, D.  C.,  or  from  the  branch  offices  at  337 
Custom  House,  New  York;  629  Federal 
Bldg.,  Chicago,  111.;  76  Appraiser's  Stores 
Bldg.,  Sjm  Francisco,  Cal.,  and  Association 
of  Commerce  Bldg.,  New  Orleans,  La.  In 
applying  for  addresses  reference  should  be 
made  to  the  file  numbers. 

Electric  Cranes. — Bids  will  be  opened 
about  .'\pril  30  for  supplying  seven  S-ton 
and  one  10-ton  electric  cranes  for  a  port 
in  Africa.  The  plans,  specifications,  etc., 
may  be  examined  at  the  Bureau  of  Foreign 
ancl  Domestic  Commerce  and  its  branch 
offices.  No.  15868.  [For  address  see  first 
paragraph.] 

Pipe. — Construction  company  in  Europe 
wants  quotations  on  2,000  tons  of  pig  iron 
pipe  f.  o.  b.  New  York,  or  c.  i.  f.  destina- 
tion, for  waterworks  construction.  No. 
15781.     [For  address  see  first  paragraph.] 

Oil  Well  Supplies. — Firm  in  Russia  wish- 
es the  names  and  addresses  of  American 
manufacturers  and  exporters  of  oil-well 
supplies.  It  is  stated  that  deposits  will  be 
placed  in  Government  banks  to  cover  all 
transactions.  Correspondence  may  be  in 
Russian,  French,  or  German.  Prices,  etc., 
should  he  stated  in  Russian  equivalents,  and 
c.  i.  f.  Russian  ports.  No.  15943.  [For 
address  see  first  paragraph.] 

Cement. — Business  man  in  Canada  wish- 
es names  and  addresses  of  American  export- 
ers of  Portland  cement.  No.  15944.  [For 
address  see  first  paragraph.] 

Oil  Well  Machinery. — Business  man  in 
Russia  wishes  catalogues,  prices,  etc.,  on 
American  oil  well  machinery.  No.  15947. 
(For  address  see  firstparagraph.] 

Wireless  Plant. — Government  of  Latin 
American  country  is  contemplating  the 
erection  of  wireless  stations.  Full  in- 
formation is  desired  relative  the  ap- 
parati,  supplies,  etc.,  and  instajlation  of 
complete  wireless  plants.  Correspondence, 
etc.,  should  be  in  the  Spanish  language. 
No.  15892.  [For  address  see  first  para- 
graph.] 

Mining  Machinery. — Merchant  in  Russia 
wishes  to  represent  .American  manufac- 
turers of  milling  and  mining  machinery, 
and  machinery  to  be  used  in  the  tobacco 
and  paper  industries.  Catalogues,  cor- 
respondence, etc.,  should  be  in  the  German 
or  Russian  language.  No.  15905,  [For  ad- 
dress  see   first  paragraph.] 

Well  Drilling  and  Oil  Field  Machinery. 
- — South  American  Government  official  is 
scheduled  to  arrive  in  the  United  States 
about  the  end  of  March  for  the  purpose 
of  looking  over  American  oil  machinery 
and  studying  operating  methods  in  this 
country,  with  a  view  to  increasing  the  effi- 
ciency of  the  work  which  his  Government 
is  now  carrying  on.  Further  details  rela- 
tive to  the  proposed  visit  may  be  had  on 
application  to  the  Bureau  of  Foreign  and 
Domestic  Commerce  or  its  branch  offices. 
No.  15909.  [For  address  see  first  para- 
graph.] 

Metals,  Building  Materials,  Etc. — Quota- 
tions are  wanted  by  firm  in  Latin-America 
on  electrical  supplies,  metals,  building  ma- 
terials, etc.  No.  15912.  [For  address  see 
first   paragraph.] 

Drilling  Machinery. — Business  man  in 
Spain  wishes  to  secure  catalogues  and  price 
lists  of  .-American  manufacturers  of  drilling 
machinery,  especially  machines  which  may 
be  employed  in  mining  districts.  No.  15917. 
[For  address  see  first  paragraph.] 


consists  of  our  standard  Hercules  steel 
pile  installation.  Wm.  P.  Cunningham,  Jt. 
95th  St.,  owner;  John  P.  Boyland,  Archi- 
tect, and  Alexander  Brociner,  Consulting 
Engineer. 

The  Stark  Rolling  Mill  Co.  of  Canton, 
O.,  has  appointed  The  Dearborn  Steel  & 
Iron  Co.  as  its  selling  agents  in  Chicago, 
Northern  Illinois  and  Wisconsin.  The 
Dearborn  Steel  &  Iron  Co.  is  a  new  com- 
pany, composed  of  H.  C.  Perrine  and  E.  L. 
Lyon.  Both  were  formerly  connected  with 
Jos.  T.  Ryerson  &  Son,  and  Mr.  Perrine 
more  recently  was  associated  with  The 
Fred  Gardner  Co.  Offices  have  been  op- 
ened in  the  Peoples  Gas  Bldg.,   Chicago. 

The  Sanderson-Cyclone  Drill  Co.  has 
taken  over  the  Cyclone  Drill  Co.  of  Orr- 
ville,  O.  The  new  concern  will  continue 
the  manufacturing  plant  at  Orrville — the 
change  involving  simply  a  change  in  man- 
agement. The  officers  of  the  new  com- 
pany are:  R.  R.  Sanderson,  President  and 
General  Manager;  Will  For4,  Vice-Presi- 
dent; Paul  Hildebrant,  Secretary  and 
Treasurer.  Associated  with  the  above  men 
are:  C.  H.  McCarthy,  New  York  City;  W. 
T.  Kershner,  Orrville,  Ohio;  J- .  F.  Munn, 
Chicago,  Ills.  All  members  making  up  the 
new  organization  are  practical  manufactur- 
ing and  well  drill  men. 


INDUSTRIAL  NOTES 

The  Underpinning  &  Foundation  Co.,  290 
Broadway,  New  York  City,  has  been 
awarded  the  foundation  work  at  438  East 
91st  St.,   New  York   City.     The  foundation 


NEW  CATALOGUES 

Lubricators. — Paper,    6x9    ins. ;    30    pp.      Mc- 
Cord  Manufacturing   Co.,  Detroit,   Mich. 
Catalogue  No.  12,  describing  McCord  force 

feed  lubricators.     Shows  views  of  the  various 

types    and    gives    tables   of     dimensions     and 

price  list  of  parts. 

Bar  Benders. — Paper,  3%x6%     ins.;     8     pp. 

Wallace   Supplies   Mfg.   Co.,     412     Orleans 

street,   Chicago. 

Illustrated  catalogue  and  price  list  of  the 
various  bar,  rod  and  pipe  bending  and  cutting 
tools  handled  by  the  above  company. 

Stokers.— Paper,  6x9  ins. ;  20  pp. ;  Combus- 
tion Engineering  Corporation,  New  York 
City. 

Bulletin  B-2  devoted  to  Type  "E"  stokers, 
describing  the  construction,  installation  opera- 
tion and  regulation  in  detail ;  illustrated. 

Excavators. — Paper.  6x9  ins. ;  16  pp.  Gade 
Excavating  Co.,  Iowa  Falls,  Iowa. 
The  design,  operation,  capacity  and  low  op- 
erating and  maintenance  expenses  of  the 
Economy  Excavator  are  briefly  described  and 
views  of  the  machine  are  shown  in  this  book- 
let. 

Tie  for  Wall  Forms. — Paper,  leaflets.  Unit- 
Wall  Construction  Co.,  Inc.,  1324  Broadway, 
New  York. 

Leaflets  calling  attention  to  the  qualifica- 
tions of  "Tyscru,"  a  form  tie  and  anchorage 
which  also  acts  as  spacer  and  extra  reinforce- 
ment   in   concrete   wall   construction. 

Electric  Drills. — Paper,  7%xl0%  ins. ;  4 
single  leaf  bulletins.  The  Electric  Tach- 
ometer Co.,  Spring  Garden  street,  Phila- 
delphia. 

Bulletins  Nos.  200  to  20.3,  inc.,  descrifcing 
and  illustrating  "Locke  Electric  Drills"  and 
giving  a  list  of  users  and  records  of  drilling. 

Oil  Tr.\ctors. — Paper,  9x12  ins. ;  14  pp.  The 
Joliet  Oil  Tractor  Co.,  Joliet,  111. 

Describes  the  destinctive  features  of  the 
Joliet  Oil  Tractor,  such  as  simplicity  of  con- 
struction, light  weight,  three-point  spring 
tension,  roller  bearings,  selective  type  trans- 
mission, kerosene-burning  engine,  road  speed 
of  8  to  10  miles  per  hour,  steering  device, 
etc.     Illustrated. 

Caterpillar  Tractors. — Paper,  6%xl0  ins. ; 
8  pp.  The  Holt  Manufacturing  Co.,  Stock- 
ton,  Cal. 

Describes  and  illustrates  the  "Caterpillar 
18,"  the  "Littlest  Caterpillar  of  All."  Gives 
specifications  for  this  small  tractor,  points  out 


the  many  ways  in  which  it  can  be  used  and 
its  particular  advantages,  and  shows  views  of 
operations  in  various  fields. 

Concrete  Mixers. — Paper,  10%x8  ins. ;  24  pp. 
The    Cement    Tile    Machinery    Co.,    124-132 
■  Rath  street,  Waterloo,  Iowa. 

The  various  models  of  "Winner"  and 
"Money-Maker"  Concrete  Mixers  are  shown 
and  brief  descriptions  of  their  specific  appli- 
cations and  qualities,  with  general  specifica- 
tions are  given.  .'Mso  describes  the  drum,  en- 
gine and  other  features  common  to  the  en- 
tire S.  &  S.  line. 


CATALOGUE  REVIEWS 

Concrete   Roads. — Paper,   7x9    ins. ;     40     pp. 

Sandusky   Portland   Cement   Co.,   Sandusky,. 

Ohio. 

"The  Concrete  Road"  is  the  title  of  an  in- 
teresting and  useful  booklet  prepared  by  Mr. 
Arthur  C.  Newberry  of  the  Sandusky  Port- 
land Cement  Co.,  and  sent  out  with  the  com- 
pliments of  that  company. 

Beginning  with  a  brief  summary  of  the 
arguments  in  favor  of  or  against  the  con- 
struction of  concrete  roads,  the  author  takes- 
up  detailed  costs,  durability  and  resistance  to 
wear,  maintenance  costs,  construction  meth- 
ods, shrinkage  cracks,  reinforcement,  asphalt 
and  bituminous  surfaces  and  specifications  of 
American  Association  of  Cement  Manufac- 
turers. He  has  collected  data  from  all  parts 
of  the  country  and  the  booklet  is  practically  a 
summary  of  the  experience  so  far  attained 
in  this  branch  of  concrete  work. 

The  illustrations  are  numerous  and  con- 
sist of  view-s  of  various  finished  roads  andl 
of  work  underway. 

Contractors'    Equipment. — Paper,    6x9    ins. ; 

72  pp.  Whitman  Agricultural  Co.,  St.  Louis, 

Mo. 

Catalogue  No.  71  describing  the  improved' 
Sultan  automatic  gasoline  engine,  giving  full 
information  relative  to  design,  construction, 
operation  and  range  of  utility.  Also  describes 
the  Sultan  electric  lighting  system,  water 
supply  systems,  galvanized  brazed  pneumatic 
pumps,  Atlantic  force  pumps,  "Imp"  force 
pumps,  pneunio-hydro  water  systems,  .^tlas 
pumping  plants,  centifugal  pumps,  diaphragm' 
pumps,  reversible  hoists,  bricklayers'  hoist, 
belt-driven  hoist,  self-dumping  concrete  buck- 
ets, double  cage  material  elevators,  all-around' 
wood  worker.  Midget  portable  saw  rig,  porta- 
ble drag  cross-cut  saw,  tilting  cross-cut  saw, 
slide  saw  table,  all-around  dump  car,  and  the 
gaso-electric  drilling  and  grinding  plant.  Gen- 
eral descriptions  and  specifications,  with  illus- 
trations showing  design  or  operation  of  these 
machines  render  this  a  neat,  carefully  com- 
piled and  comprehensive  summary  of  Sultau' 
equipment. 

Air  Compressors. — Paper,     6x9     ins. ;     Loose 

Leaf.     Blaisdell    Machinery    Co.,    Bradford,. 

Pa. 

A  new  general  catalogue  describing  Blaisdell' 
equipment  and  containing  much  useful  infor- 
mation and  tables  of  interest  to  users  of  com- 
pressed air.  It  comes  in  a  loose  leaf  binder 
in  which  future  bulletins  may  be  inserted  as 
issued  by  the  company. 

The  numerous  uses  of  compressed  air,  and' 
its  application  to  various  industries,  the  differ- 
ent kinds  of  compressors,  comparison  of 
single  and  duplex  compressors,  and  full  in- 
structions for  air  compressor  installation  and' 
operation  are  among  the  subjects  handled. 
Cuts  showing  the  compressors,  and  diagrams 
of  construction  and  operation  are  included. 

The  tables  occupy  the  greater  part  of  the 
book,  and  give  data  on  volumes  of  air  re- 
quired, atmospheric  pressure,  power  transmis- 
sion, loss  in  pressure  due  to  friction  in  pipes, 
capacities  of  compressors,  air  consumption  of 
various  tools,  etc.  Much  miscellaneous  in- 
formation as  to  steam  consumption,  globe 
valves,  tees  and  elbows,  hoisting  engines,  andl 
various  pneumatic  tools  is  also  given. 


The     past     week     has 
The  Doings       shown    a     continued     ex- 
pansion   of   industry    and 
of  commerce         throughout 

(•v.     \HT     b.  ^^^   United   States.   Some 

the  Week.  authorities  state  that  the 
week  brought  out  the 
most  pronounced  activities  in  these  lines 
that  have  been  observed  since  last  July. 
Foreign  trade  continued  to  make  records. 
In  one  day  last  week  merchandise  ship- 
ments amounted  to  $10,500,000,  while  the 
shipments  for  the  first  week  of  March 
showed  an  excess  of  exports  of  nearly  $26,- 
000,000.  There  was  a  slightly  more  cheer- 
ful stock  market  tone,  and  a  heavy  invest- 
ment demand  for  bonds.  New  York  state 
disposed  of  a  $27,000,000  block  of  4!4  per 
cent  bonds.  Further  gains  were  reported 
in  the  steel  trade  and  railroad  earnings 
showed  an  increase.  In  the  construction 
field  there  was  some  increase  of  activ- 
ity over  the  previous  week,  as  indicated 
by  new  work  coming  up  for  bids.  The 
largest  earth  moving  job  so  far  this  year 
was  placed  under  contract  a  week  ago  last 
!\Ionday.  Several  other  big  construction 
works  also  were  let,  while  bids  were 
opened  on  a  number  of  important  under- 
takings. In  the  road  and  street  and  bridge 
fields  a  large  amount  of  work  is  now  ready 
for  contractors.  In  the  Metropolitan  dis- 
trict of  New  York  City  there  has  been  a 
general  improvement  in  building  activity. 
Speculative  building  is  increasing,  this  in- 
dicating an  easier  money  market.  Con- 
tinued improvement  has  been  shown  in  the 
iron  and  steel  trade.  Buying  by  manufac- 
turing consumers  of  iron  and  steel  has  been 
light  so  far  this  month  but  hope  is  held 
out  that  the  spring  demand  will  soon  be  an 
important  factor.  Structural  steel  demands 
are  showing  some  signs  of  spring  better- 
ment. Rail  buying  is  still  light  and  no 
particularly  heavy  orders  have  been  placed 
•during  the  past  week.  The  steel  works  of 
the  Steel  Corporation  last  week  were  run- 
ning at  67  per  cent  of  ingot  capacity. 
The  Iron  Age  prices  for  finished  iron  and 
steel  and  for  sheets,  nails  and  wire  for  the 
week  ending  March  10  were  as  follows; 
Finished   Iron   and   Steel.  Mar.  10.     Mar.  3. 

Per  lb.  to  large  buyers.  Cts.  Cts. 

Be.ss.  rails,  heavy,  at  mill....     1.25  1.25 

Iron  bans,   Philadelphia 1.15  1.15 

Iron  bars,  Pittsburgh . 1.10  1.10 

Iron  bars.  Chicago 1.10  1.10 

Steel   bars,    Pittsburgh 1.15  1.15 

Steel  bars.   New  Yorl< 1.319  1.319 

Tank   olates,   Pittsburgh 1.10  1.10 

Tank  plates.  New  York 1.269  1.269 

Beams,    etc..   Pittsburgh 1.15  1.15 

Beams,   etc..  New  York 1.319  1.319 

Skelp.  grooved  steel,  P'gh 1.10  1.10 

Skelp,  sheared  steel,  P'gh 1.15  1.15 

Steel    hoops,    Pittsburgh 1.25  1.25 

■Sheets,  Nails  and  Wire. 
Per  lb.  to  large  buyers. 

Sheets,  black.  No.  28,  P'gh l.SO  l.SO 

Galv.  sheets.  No.   28,  P'gh 3.40  3.40 

Wire  nails,  Pittsburgh 1.60  1.60 

Cut  nails,   Pittsburgh 1.55  1.55 

Fence  wire,  base,  P'gh 1.40  1.40 

Barb  wire,  galv.,  P'gh 2.10     .      2.10 

For  structural  material  f.  o.  b.  Pittsburgh 
The  Iron  Aqc  prices  were  as  follows :  I-beams 
.3  to  IS  in.;  cliannels,  .3  to  15  in.;  angles,  3  to 
6  in.  on  one  or  both  legs,  54  i"-  thick  and 
over,  and  tees.  3  in.  and  over.  I.IS  cts. 

Railways. — Nothing  of  importance  lead- 
ing to  the  beginning  of  any  large  amount 
of  railroad  construction  appears  to  have 
taken  place  last  week.  Bids  have  been 
taken  on  two  or  three  small  railroad  jobs, 
and  this  work  will  be  placed  under  con- 
tract soon.  The  Illinois  Central  Ry.  prob- 
ably will  let  a  contract  this  week  ff)r  work 
near  West  Frankfort,  111.  The  first  earth 
moving  job  in  connection  with  the  new 
$65,000,000  Union  terminal  in  Chicago  was 
awarded  last  week.  Post  &  McCord,  Inc., 
New  York  City,  have  been  awarded  a  $734,- 
000  contract  for  Section  1  of  the  Jamaica 
Ave.  elevated  extension  for  the  New  York 
Municipal    Ry.    Corp. 


Roads  and  Streets. — State  and  county 
highway  construction  this  week  are  offer- 
ing many  opportunities  to  contractors. 
Connecticut  has  begun  calling  for  bids  on 
the  first  work  of  this  season.  Massa- 
chusetts already  has  taken  proposals  on 
several  jobs,  and  Maine  will  soon  come 
into  the  field.  Ohio  is  advertising  a  num- 
ber of  improvements,  and  California  short- 
by  will  take  bids  on  several  undertakings. 
Two  or  three  counties  in  New  Jersey  are 
asking  bids  on  good  sized  road  improve- 
ments, while  on  the  Pacific  Coast  counties 
in  Washington  are  especially  active  at  this 
time  in  placing  road  work.  A  fair  amount 
of  street  paving  also  is  ready  for  bids. 
Charleston,  W.  Va.,  is  asking  proposals  on 
75,000  sq.  yds.  of  pavement,  and  Pulaski, 
Va.,  on  7  miles  of  macadam  and  concrete 
streets.  The  contracts  let  recently  include 
a  $354,294  grading  and  paving  job  for 
Pittsburgh,  Pa.,  an  $80,261  contract  for  40 
miles  of  road  near  Bremond,  Tex.;  and 
many  other  contracts  ranging  from  $40,000 
up. 

Bridges. — A  large  amount  of  bridge 
construction  came  up  for  bids  during  the 
past  week.  Many  of  these  structures,  how- 
ever, are  small.  The  County  Bridge  Com- 
missioners at  Clinton,  Tenn.,  open  pro- 
posals March  25  on  three  steel  or  rein- 
forced concrete  bridges,  525  ft.,  600  ft.  and 
625  ft.  in  length;  Colusa  County.  Califor- 
nia, is  calling  for  bids  on  27  bridges,  in- 
cluding a  2,600  ft.  concrete  trestle;  Kansas 
counties  are  calling  for  bids  on  small  struc- 
tures that  will  require  an  aggregate  of 
1,300  cu.  yds.  of  concrete.  Seattle,  Wash., 
voted  to  issue  bonds  for  $1,364,000  for  con- 
struction of  three  bridges  over  the  Lake 
Washington  Canal. 

Drainage  and  Irrigation. — The  principal 
development  in  the  drainage  field  during 
the  past  week  was  the  awarding  of  the  con- 
tract for  the  St.  Lucie  Canal  of  the  Ever- 
glades Drainage  District  of  Florida.  This 
work  involves  some  20,000.000  cu.  yds.  of 
earth  excavation.  Furst  Clark  Construc- 
tion Co.,  Baltimore,  Md.,  secured  the  con- 
tract. Mendenhall,  Straw  &  Bird  Co., 
Springfield,  Utah,  at  $100,000  were  low  bid- 
ders for  9  miles  of  main  canal  and  65  miles 
of  laterals  in  the  Grand  Valley  Project, 
Colorado. 

Waterworks. — A  number  of  contracts  for 
small  municipal  water  works  and  exten- 
sions for  smaller  cities  are  now  being  ad- 
vertised. Jefferson,  Ga.,  is  calling  for  bids, 
for  material  and  equipment,  for  waterworks 
and  sewers,  as  is  Winnsboro,  S.  C.  May- 
wood,  111.,  opens  bids  Mav  25  on  21,000  ft. 
of  water  main;  St.  Louis,  Mo.,  is  calling 
for  proposals  for  laying  38,650  ft.  6-in.  and 
8-in.  water  main.  Akron,  O.,  voted  a 
$600,000  bond  issue  for  completing  its 
water  works;  bids  on  the  work  already 
have   been  taken. 


not  less  than  $50  nor  more  than  $500,  or  im- 
prisonment for  not  less  than  30  days  nor  more 
than  90  days.  The  old  alien  labor  act  was 
placed  on  the  statute  books  mainly  through 
the  efforts  of  labor  unions.  The  amendments 
to  the  bill  repealing  this  legislation  also  prob- 
ably had  their  origin  with  the  unions.  The 
new  law,  thanks  to  this,  seems  to  contain  some 
excellent  trouble  making  possibilities. 


Law. 


The    state    legislature    of 
Alien  New  York  has  passed  a  bill 

repealing   the   law   prohibit- 
Labor  ing  the  employment  of  alien 

labor  on  public  works.  Be- 
fore taking  this  action,  how- 
ever, the  Assembly  and  Sen- 
ate tacked  on  amendments  that  may  make  a 
lot  of  trouble  for  contractors.  The  amendments 
provide,  among  other  things,  that  .American 
citizens  shall  have  preference  on  all  work  of 
a  public  nature.  If  citizens  are  not  available, 
then  aliens  may  be  employed.  The  contractor 
is  required  to  file  a  list  of  his  employes  with 
the  .State  Commissioner  of  Labor,  indicating 
those  that  are  aliens  and  those  that  arc  citi- 
zens. He  also  must  specify  the  date  and  place 
each  citizen  had  been  naturalized  and  his  na- 
tionality. The  punishment  provided  for  a  con- 
tractor who  wilfully  falsifies  his  report  re- 
garding men  in  his  employ  or  who  does  not 
give  American  citizens  preference  is  a  fine  of 
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A     job     was     let     last 
week  that  will  make  dirt 
A  20,000,000      movers    sit   up   and    take 
notice.        The      Conimis- 
Cu.  Yd.  Job.       sioners      of      the      Ever- 
glades  Drainage   District 
of    Florida,      awarded      a 
contract   that   requires   the   removal   of  20,- 
000.000  cu.  yds.  of  earth.     The  work  covers 
the  construction  of  a  24-mile  canal  and  the 
widening  and  rectifying  of  a  portion  of  the 
St.  Lucie  River.     The  canal  will  have  a  bot- 
tom width  of  120  ft.  and  a  depth  of  cut  of 
14  ft.  at  the  Lake  Okeechokee  end  ajid  will 
gradually  widen  to  a  bottom  width   of   160 
ft.  at  the  river  end.     The  greatest  depth  of 
cut  will  be  28  ft.     The  carrying  out  of  this 
work   will   involve  the   use  of  land   excava- 
tors for  removing  a  sufficient  amount  of  the 
material  from  the  canal  section  to  clear  it 
of   roots,    stumps,    brush    and    other    debris. 
The    material   will   be    used    to    construct   a 
levee    on    each    side   of   the     canal     behind 
which    the    remaining   excavation     will      be 
pumped  by  a  suction  dredge.     A  20,000,000 
cu.    yd.   earth    moving   job    is    some    under- 
taking. 


These     are     dull     days 
in   the   railroad   construc- 
Railway  tion   field.     The   big  jobs 

that  were  expected  to 
Construction,  come  up  have  not  made 
their  appearance.  The 
embargo  on  extensions, 
double-tracking  and  new  lines  is  still  in 
force.  A  10-mile  electric  railway  contract, 
with  the  grading  so  light  that  it  could  al- 
most be  done  with  a  spoon,  is  an  event 
nowadays.  The  letting  of  such  a  piece  of 
work  brings  out  enough  contractors  to 
build  a  transcontinental  railroad.  Ditch 
jobs,  irrigation  and  drainage,  receive  close 
attention  from  contractors  who  heretofore 
have  specialized  in  railway  work.  Business 
is  indeed  slack  at  the  present  time  in  the 
earth  moving  line  for  the  carriers.  But  the 
season  is  young,  and  everybody  familiar 
with  the  situation  is  confident  that  the  rail- 
roads soon  will  come  into  the  construc- 
tion field  with  at  least  a  fair  amount  of 
work. 


The      State      Senate     of 
8-Hour  Washington     has     taken     a 

common  sense  attitude  re- 
Day  on  garding  the  8-hour  day  for 
■D  J  \ir  1  public  works.  It  has  passed 
Koad  Work.  ^  (^in  exempting  highway 
construction  from  the  pro- 
visions of  the  act.  The  House  some  time  ago 
passed  a  similar  bill,  so  that  it  is  probable  that 
legislation  will  be  enacted  that  will  permit  a 
longer  working  day  on  public  road  construc- 
tions in  this  state.  The  8-hour  day  for  work 
of  this  sort  never  has  been  particularly  pop- 
ular witli  laborers.  The  majority  of  highway 
jobs  are  at  points  distant  from  cities  or  large 
towns,  in  many  cases  necessitating  the  housing 
of  the  men  in  construction  camps.  When  their 
work  is  finished  they  have  nothing  to  do,  nor 
nowhere  to  go.  Delays  on  account  of  weather 
conditions  are  frequent  in  highway  operations. 
Under  the  8-hour  act  the  men  are  prevented 
from  making  up  this  lost  time  and  as  a  result 
their  earnings  are  reduced.  A  vote  on  the 
question  by  the  men  directly  affected  undoubt- 
edly would  show  a  big  majority  in  favor  of  a 
longer  working  day  for  iinprovcments  of  this 
kind. 
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HIGHWAY  SYSTEM  OF  SAN  BER- 
NARDINO COUNTY,  CAL. 


Expenditure     of    $1,750,000     Contemplated. 

90      Miles      of      Concrete      Road;      88      Miles      of 
Macadam. 


San  Bernardino  County,  California,  as 
noted  in  our  last  issue,  is  about  to  begin  con- 
struction work  on  a  system  of  highways  that 
will  call  for  an  expenditure  of  $1,750,000. 
The  greater  part  of  this  sum  will  be  spent 
for  the  improvement  of  the  roads  lying  south 
of  the  San  Bernardino  Mountains.  North  of 
the  mountains  about  238  miles  of  highway  will 
be  improved,  but  for  this  work  only  about 
$125,000  has  been  allotted.  The  location  of 
the  highways  south  of  the  mountains  is  shown 
on  the  accompanying  map. 

The  aggregate  length  of  these  roads  is  188 
miles  and  of  this  mileage  90  miles  will  be 
5-in.  macadam  and  88  miles  5-in.  concrete. 
Both  types  will  be  finished  with  an  asphaltic  oil 
and  screenings  wearing  surface.  This  divi- 
sion of  concrete  and  macadam  is  due  largely 
to  soil  conditions.  The  paved  portions  of  all 
roads  will  be  16  ft.  wide,  with  2-ft.  shoulders 
on  each   side.     These  shoulders  vary  in  class 


Magnolia  Ave.  to  Colton  Ave.,  Fontana....     2.10 

Rancho  Ave.  to  Colton 50 

Mt.  Vernon  Ave.  to  San  Bernardino 1.30 

San  Bernardino  to  Waterman  Canyon 3.30 

Highland  Ave.  to  Cajon  Pass 22.00 

It  is  the  present  intention  of  the  Commis- 
sion to  let  some  of  the  work  by  contract  and 
to  do  some  of  it  by  force  account.  For  the 
contract  work  the  Commission  will  furnish 
cement,  rock  and  oil  f.  o.  b.  cars  at  the 
nearest  available  railway  siding.  The  system 
will  be  constructed  under  the  direction  of  the 
San  Bernardino  County  Highway  Commis- 
sion, with  offices  on  the  second  floor,  Old 
Court  House,  San  Bernardino.  R.  H.  Mack 
is  the  Secretary  and  J.  S.  Bright,  Jr.,  is  the 
Engineer. 

HORSE  SHOE  RESERVOIR  PROJ- 
ECT, ARIZONA. 

Proposed    Conservation    of    Flood  Waters 
from  Verde  River. 

Expenditure    of   $800,000   to    $2,000,000    Proposed. 

The  Salt  River  Valley  Users'  Associatioi. 
of  Phoenix,  Ariz.,  has  had  an  investigation 
made   as  to   feasibility   of  building  a  dam   on 
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Location  of  Highways  in  System  of  San  Bernardino    County. 


and  construction  but  will  be  of  a  substantial 
character. 

The  sections  of  highways  to  be  improved 
in  accordance  with  the  report  of  the  County 
Highway  Commission  are  as  follows : 

Road.  Miles. 

Base  line  to  Church   St fja 

Highland  Ave.  to  Church  St o.oO 

Mountain  Ave -a^ 

Palm  Ave.  to  Highland  Ave 1.00 

Church    St 1-™ 

Oran^'e   St     i.ou 

Redlands  to  Mill  Creek  Canyon . .-. 7.50 

Mentone  Ave.    to  Crafton  Ave I.OU 

Redlands  to  county  line 5-o0 

Road  No.  9  to  Yucaipe  City 6.UU 

Redlands  to  Colton  Ave 4. .  j 

Loma  Linda  to  Colton  Ave 5.50 

Barton  Road  to  San  Bernardino 5.50 

Redlands    to    Colton o.JU 

South  E  St.  to  Colton  Ave 1-70 

Mt.  Vernon  Ave.  to  Colton  Ave -TO 

Colton  Ave.  to  Riverside  County S.iO 

Colton    Ave    .to    Ontario 17.00 

Cedar  Ave.  to  Riverside. . . . . . ;^-60 

Etiwanda  Ave.  to  Riverside  County 7.00 

Archibald  Ave.   to  Colton  Ave..... 3.o0 

Archibald  Ave.  to  Riverside  County 4.50 

Turner    Ave •; §•"" 

Euclid  Ave.  to  county  line 8.^0 

Along    Riverside    County    line .70 

Central   Ave.    to  Chino J- JO 

Central  Ave.  to  Holt  Ave 2.J0 

Chino  Ave.  to  Euclid  Ave. . l.^o 

Silo  Ave.  to  Los  Angeles  County 2.70 

Silo  Ave.  to  Archibald  Ave. 4.30 

Tenth  St.  to  Los  Angeles  County 3.00 

Tenth  St.  to  state  highway. ...............  .60 

Mountain  Ave.  to  Twentieth  St.  upland 2.50 

Nineteenth  St.  to  Archibald  Ave 2.70 

Olive   Ave.    to   Etiwanda  Ave B.5U 

Highland  Ave.  to  Mt.  Vernon  Ave 11.00 

Riverside  Ave.  to  Highland  Ave l.oO 

Riverside  Ave.  to  Colton  Ave l.M 

Perris  Ave.  to  San  Bernardino 2.^o 

Bloomington  Ave.   to  Colton   Ave 1.70 


the  Verde  River  for  the  conservation  of  its 
flood  waters  not  already  utilized  for  irriga- 
tion on  the  project  of  the  association.  The 
surveys  and  studies  were  conducted  by  Mr.  W. 
R.  Elliott,  Water  Users'  Bldg.,  Phoenix,  the 
engineer  of  the  association,  and  his  report  was 
submitted  early  this  year.  The  report  was 
accepted  by  the  association,  but  no  definite 
action  as  to  construction  has  been  undertaken. 
There  is  reason  to  believe,  however,  that  a 
dam  will  be  built  in  the  near  future  at  the  site 
considered.  The  following  details  of  the 
undertaking  are  taken  from  Mr.  Elliott's  re- 
port: 

The  proposed  reservoir,  generally  known  as 
the  Horseshoe,  is  located  in  Tp.  8  N.,  range 
6  E.,  Gila  and  Salt  Rivers  base  and  meridian. 
The  dam  site  is  a  canyon  just  north  of  the 
line  between  Tps.  7  and  8  N.  of  range  6  E., 
and  will  be  in  section  35.  The  site  lies  in  a 
northeasterly  direction  from  Phoenix,  the  dis- 
tance by  the  Camp  Creek  road  being  about  55 
miles.  The  reservoir  when  full  (205,000  acre 
feet),  will  have  a  surface  area  of  about  4,100 
acres  and  will  be  approximately  8  miles  long 
and  IV2  miles  wide  at  the  greatest  width, 
which  is  in  Deadman's  Canyon. 

The  dam  site  is  between  two  rock  hills 
which  form  a  neck  to  the  valley  above.  These 
two  hills  will  serve  as  the  east  and  west  abut- 
ments to  the  proposed  dam.  The  distance 
from  abutment  to  abutment  at  the  top  of  the 
170  ft.  dam  would  be  about  1,250  ft.,  and  the 
distance  at  the  river  bottom  would  be  450  ft. 
Both  abutments  are  composed  of  basalt  rock. 
This  rock  could  be   used   in   the   construction 


of  the  dam.  It  is  handy  to  the  site  and  could 
be  transported  on  cableways.  The  bed  rock 
is  basalt  with  an  occasional  stratum  of  closely 
cemented  volcanic  tuff.  The  greatest  depth 
of  bed  rock,  according  to  borings,  was  40  ft. 
The  dip  was  not  in  an  ideal  direction,  but  the 
excavation  has  been  figured  to  extend  well 
into  the  bed  rock  so  as  to  give  a  horizontal 
plane  for  the  dam  to  rest  upon. 

It  has  been  assumed  that  a  natural  spillway 
e.xisted  to  the  west  of  the  dam  site  about  2,500 
ft.,  but  upon  investigation  it  was  found  to  be 
too  low  by  an  average  of  8  ft.  To  use  this 
location  it  would  be  necessary  to  build  a  con- 
crete spillway  and  rock  fill  to  the  elevation  of 
the  dajn.  Consideration  also  has  been  given  to 
building  a  spillway  on  each  side  of  the  dam, 
the  rock  excavated  from  the  spillway  to  be 
used  in  the  dam  construction.  The  total  length 
of  spillway,  if  constructed  west  of  the  dam, 
would  be  about  1,000  ft.;  if  constructed  adja- 
cent to  the  dam  it  would  be  about  700  ft.  in 
total  length. 

The  estimates  for  the  dam  cover  three 
types :  gravity  section  masonry  structure,  mul- 
tiple arch,  and  rock  till.  The  scheme  adopted 
to  control  discharge  from  the  reservoir  is  a 
well  with  gates  at  various  elevations  to  permit 
of  their  opening  under  low  pressure.  Three 
estimates  have  been  prepared.  Estimate  No.  1 
covers  a  gravity  section  masonry  dam,  straight 
in  plan,  with  spillway  located  west  of  the 
dam  about  2,500  ft.  The  height  of  the  spill- 
way above  river  bed  is  150  ft.  and  the  maxi- 
mum height  of  dam  above  river  bed  it  170  ft. 
Estimate  No.  2  provides  for  rockfill  dam  with 
concrete  face.  The  water  control  is  to  be 
by  outlet  well  with  three  gates.  The  spillway 
is  to  be  located  2,500  ft.  west  of  the  dam. 
The  dam  is  to  be  14  ft.  wide  on  top ;  the  face 
slopes  2  to  3  and  the  down  stream  slopes 
1  to  1.  The  rock  fill  is  to  extend  to  bedrock, 
and  there  is  to  be  a  concrete  cut-off  wall  to 
bedrock.  Estimate  No.  3  covers  a  reinforced 
concrete  multiple  arched  dam,  with  spillway 
located  2,500  ft.  west  of  the  dam.  The  water 
control  and  outlet  is  to  be  a  well  with  three 
gates  at  different  elevations.  The  estimated 
costs  under  these  plans  are  as  follows; 

ESTIMATE  NO.   1. 

Total. 
Excavation,    main   dam    section,    37,544 

cu.    yds 1 $      37,544 

Masonry  in  main  dam,  27G.269  cu.  yds..   1,G57.614 

Excavation   for  walls.   3,277   cu.   yds....  4,915 

Concrete  in  wing  walls,  795  cu.  yds 7.950 

Backfill  behind  wing  wr.Us,  2,345  cu.  yds.  1,759 

Excavation  for  spillway,  556  cu.  yds....  834 

Concrete  in  spillway,  S69  cu.  yds 13,035 

Fill,  1,151  cu.  yds 1,151 

Outlet  Water  Passages  and  Control: 

Lining  tunnel   10,000 

Outlet  well,  1,056  cu.  yds 10,560 

Three    gates,    4    by    S,    and   operating 

machinery    ?,,22r) 

Freight  .ind  installing" 5,000 

Foot  bridge,  50-ft.   span 600 

Roads  around  damsite 10.000 

Lands    submerged    (assumed) 50,000 

Engineering,     incidentals     and     office 

expense,  15  per  cent 272,328 

Total    estimated    cost ?2,0S6,515 

ESTIMATE    NO.    2. 

Excavation,   50,000  cu.   yds ?  75,000 

Concrete  facing,  4,125  cu.   yds 61.875 

RoekflU,  r.24.730  cu.  yds 524,730 

Water   control   and   outlet *29,3S3 

Spillway   *15,020 

Roads   around    dam *10,000 

Lands  submerged    (assumed) '50,000 

Engineering,     contingencies    and    office 

expense,  15  per  cent 38,300 

Total   estimated   cost $    804,310 

ESTIMATE    NO.    3. 

Main  dam  (estimated) $1,000,000 

Roads  around  dam *10,000 

Spillway    '15,020 

Water  well  and  control •29,835 

Lands  submerged  (assumed) •50.000 

Engineering,     contingencies    and    office 

expense,  15  per  cent 167,161 

Total  estimated  cost $1,271,566 

•Same  as  in  estimate  No.  1. 


It  is  reported  that  construction  will  be 
started  next  month  on  a  railway  between 
Peking  and  Jehol,  China.  The  work,  it  is  said, 
will  call  for  an  expenditure  of  $12,000,000, 
which  will  be  provided  by  the  Perking-Han- 
kow  and  Peking-Mukden  Rys. 


March  17,  1915. 
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HIGHWAY    CONSTRUCTION    IN 
MICHIGAN. 


Details  of  Work  to  Be  Done  This  Year  in 
Fourteen  Counties. 


Earth   Roads — Gravel — Macadam — Concrete. 


Highway  improvements  in  Michigan  are 
carried  out  under  four  systems :  County,  road 
district,  township-county  plan  and  township. 
In  counties  where  the  last  mentioned  system 
is  in  force  the  work  is  in  charge  of  township 
highway  commissions.  These  men  handle  the 
maintenance  of  all  earth  roads  in  their  town- 
ships and  also  construct  state  reward  roads 
under  the  supervision  of  the  State  Highway 
Commissioner.  Under  the  county  system  the 
highway  work  is  in  charge  of  county  road 
commissioners.  These  commissioners  are  it] 
charge  of  all  highways  taken  over  from  the 
counties  and  also  build  state  reward  roads. 

The  following  statistics  relate  only  to  the 
work  that  will  be  undertaken  this  year  by 
counties  operating  under  the  county  road  plan. 
Table  I  gives  a  summary  of  the  construction 
contemplated  by  14  counties.  Further  details 
legarding  these  improvetnents  follow. 

Alger  County  has  $10,000  available  for  con- 
struction purposes  and  proposes  to  build  G 
miles  of  macadam.  No  contracts  will  be  let. 
L.  E.  Adams,  Munising,  Mich.,  is  Engineer. 

Calhoun  County  has  $60,000  available  for 
construction  purposes  and  will  build  12  miles 
of    gravel    road    and    6    miles    of    road    with 

TABLE   I.— ROAD  WORK  CONTEMPLATED 
FOR  1915   BY  14  MICHIGAN  COUNTIES. 

; Type  of  road. > 

Ma-         Con- 
Earth.  Gravel,  cadam.     Crete. 
County.  Miles.     Miles.     Miles.     Miles. 

Alger . .  6 

Calhoun    12  6' 

Charlevoix    S  3 

Clinton    12  5.25=      .. 

Delta   22  ..  12s 

Dickinson    9  3  3« 

Genesee    50 

Gogebic    3.5 

Houghton    ..  4.5= 

Iron    20  5  6.5 

Mackinac   30  ..  7 

Marquette    18 

Oakland    19'  ..  ..  6 

Wayne    . .  ■ .  30 

'Crushed  stone  base  with  gravel  top.  'Stone 
or  slag  base,  gravel  top.  ^Also  resurfacing  12 
miles  additional.  'Bituminous.  "^Also  8.5  miles 
bituminous  carpet  coat.     °19  to  23   miles. 

crushed  stone  base  and  gravel  top.  Bids  on 
this  work  were  opened  March  15.  Alexander 
McKay,   Battle   Creek,   Mich.,   is   Engineer. 

Charlevoix  County  will  construct  8  miles  of 
gravel  road  and  3  miles  of  macadam  during 
the  present  year.  Contracts  will  be  let  about 
April  1.  The  county  has  $.3.3.000  available  for 
construction  purposes.  H.  L.  Winters,  East 
Jordan,  Mich.,  is  Engineer. 

Clinton  County  has  $33,000  available  for 
construction  work  this  yeai.  It  will  build  12 
miles  of  gravel  roads  and  5%  miles  of  roads 
having  stone  or  slag  base  and  gravel  top. 
Part  of  the  improvements  will  be  carried  out 
by  contracts,  the  letting  to  be  held  probably 
this  month.  E.  G.  Hulse,  St.  Johns,  Mich.,  is 
Engineer. 

Delia  County  proposes  to  construct  during 
191.5  22  miles  of  earth  road  and  12  miles  of 
macadam.  It  also  will  resurface  12  miles  of 
macadam.  Part  of  the  work  will  be  done  by 
contracts.  These  were  let  in  January.  The 
county  has  $80,000  available  for  construction 
purposes.  R.  P.  Mason,  Escanaba,  Mich.,  is 
Engineer. 

Dickinson  County's  construction  pi^ogram 
includes  9  miles  of  earth  roads,  3  miles  of 
gravel  and  3  miles  of  bituminous  roads.  The 
work  will  be  done  by  contracts,  which  will  be 
let  aliout  April  1.  The  county  has  $28,000 
available  for  construction  purposes.  G.  V. 
Carpenter,  Iron  Mountain,  Mich.,  is  tiic 
Engineer. 

Genesee  County  has  $120,000  available  and 
will  construct  about  50  miles  of  gravel  road. 
The  work  will  be  done  by  contract.  Geo.  H. 
McVanel,  Flint,   Mich.,  is  Engineer. 

Gogebic  County  will  construct  3Vi  miles  of 


eartli  road,  the  work  including  appro.ximately 
24,500  cu.  yds.  of  excavation.  The  improve- 
ments will  be  carried  out  by  contract.  The  let- 
ting is  to  be  held  about  May  15.  C.  F.  Win- 
kler, Bessemer,  Mich.,  is  Engineer. 

Houghton  County  proposes  to  construct  4% 
miles  of  macadam  and  also  contemplates  about 
8Vz  miles  of  bituminous  work  (carpet  coat). 
No  contracts  will  be  let.  The  county  has 
$29,500  available  for  construction  purposes. 
R.  Martin,  Houghton,  Mich.,  is  Engineer. 

Iron  County  has  $120,000  available  for  this 
year's  construction.  It  will  build  20  miles  of 
earth  road,  5  miles  of  gravel  and  6%  miles 
of  macadam.  The  work  will  be  done  by  con- 
tracts, bids  for  which  were  to  be  opened 
March  15.  A.  L.  Burridge,  Iron  Falls,  Mich., 
is  engineer. 

Mackinac  County  proposes  the  construction 
this  year  of  30  miles  of  earth  road  and  7 
miles  of  macadam.  The  work  will  be  done  by 
contract,  the  lettings  to  be  held  in  June.  The 
county  has  $70,000  available  for  construction 
purposes.  Ernest  Weaver,  St.  Ignace,  Mich., 
is  engineer. 

Marquette  County  has  $50,000  available  for 
its  highway  construction  this  year.  It  will 
construct  17  to  18  miles  of  earth  road  by 
contract.  The  lettings  will  be  held  early  in 
May.  V.  S.  Hillyer,  Ishpeming,  Mich.,  is 
engineer. 

Oakland  County  will  construct  19  to  20 
miles  of  gravel  road  and  6  miles  of  concrete. 
The  work  will  be  done  by  day  labor  and  con- 
tract. Contracts  will  be  let  in  April  or  May. 
The  suiTi  of  $129,000  is  available  for  construc- 
tion purposes.  M.  De  Glopper,  Pontiac,  Mich., 
is  engineer. 

Wayne  County  has  $432,000  available  for 
construction  purposes  this  year.  It  will  con- 
struct 30  miles  of  concrete  road  with  county 
forces.  Edward  H.  Hines  is  Chairman  Board 
of   County  Road   Commissioners. 


A    20,000,000    CU.    YDS.    EXCAVA- 
TION CONTRACT. 


Required     in     Construction     of     St.     Lucie 
Canal,  Everglades,  Florida. 


To     Be    24     Miles     Long,    with     120-ft.     to     160.ft. 
Bottom. 


One  of  the  largest  single  excavation  con- 
tracts of  the  past  three  or  four  years  was  let 
last  week.  The  contract  provides  for  the 
construction  of  the  St.  Lucie  Canal  for  the 
Board  of  Commissioners  of  the  Everglades 
Drainage  District  of  Florida.  The  Furstr 
Clark  Construction  Co.,  Baltimore,  Md.  se- 
cured the  work. 

The  contract  contemplates  the  construction 
of  a  canal  from  the  east  shore  of  Lake  Okee- 
chobee to  the  south  fork  of  the  St.  Lucie 
River,  and  the  widening  and  rectification  of  a 
portion  of  the  river.  The  quantity  of  mate- 
rial necessary  to  be  removed  will  amount  to 
20,000,000  cu.  yds.  of  earth  excavation.  The 
canal  will  be  24  miles  long,  will  have  a  bottom 
width  of  120  ft.  and  a  depth  of  cut  of  14  ft. 
at  the  lake  end,  and  will  gradually  widen  to 
160  ft.  on  the  bottom  at  the  river  end.  The 
greatest  depth  of  cut  will  be  28  ft.  The  nor- 
mal water  section  at  the  lake  end  will  be  1,480 
sq..  ft. :  at  the  river  end  it  will  be  2,200  sq.  ft. 
The  river  below  the  entrance  of  the  canal 
has  an  average  depth  of  11  ft.  with  good 
sections  and  reaches  and  lends  itself  well  to 
improvement. 

The  canal  is  being  constructed  to  provide 
the  principal  unit  of  a  control  plan  for  con- 
trolling the  waters  of  Lake  Okeechobee,  pre- 
venting their  overflow  and  inundating  the 
Everglades.  It  will  provide  the  main  outlet 
for  the  drainage  of  the  wet  lands  through 
which  it  will  pass.  It  also  will  provide  such 
navigation  and  other  features  as  may  be  rea- 
sonably and  economically  harmonized  with 
the  canal  constructed  for  lake  control  pur- 
poses. 

A  dam  with  adjustable  crest  will  be  con- 
structed near  the  lower  end  of  the  canal.  By 
means  of  this  considerable  flexibility  of  lake 
control  will  be  possible.     .\   lock  also  will  be 


provided  for  harmonizing  the  navigation  fea- 
tures of  the  waterway.  The  construction  of 
the  lock  and  dam  is  not  a  part  of  the  contract 
just   let. 

The  Furst-Clark  Construction  Co.  in  carry- 
ing out  this  work  propose  to  remove  a  suffi- 
cient amount  of  the  top  material  with  land 
excavators  to  clear  the  canal  section  of  roots, 
stumps,  brush  and  other  debris  so  as  to  leave 
comparatively  clean  earth.  With  the  material 
thus  excavated  it  is  proposed  to  construct  a 
levee  each  side  of  the  canal,  beyond  which  the 
remaining  material  is  to  be  pumped  as  exca- 
vated by  a  suction  dredge.  The  contract  calls 
for  beginning  excavation  within  three  months 
and  for  completion  within  four  years  from 
date  of  contract. 

The  project  was  reported  favorably  in  Au- 
gust, 1913,  by  the  Acting  Chief  Drainage  En- 
gineer, F.  C.  Elliot,  and  in  December  of  the 
same  year  by  the  Everglades  Engineering 
Commission,  composed  of  Isham  Randolph, 
M.  O.  Leighton  and  Edmund  T.  Perkins.  A 
summary  of  the  latter  report  was  given  in  the 
Jan.  28,  1914,  issue  of  Engineering  and  Con- 

TR.s.CTING. 

The  improvements  will  be  carried  out  under 
the  direction  of  the  Board  of  Commissioners 
of  Evargladcs  Drainage  District  of  the  State 
of  Florida,  of  which  Gov.  Park  Trammell  is 
President  and  F.  C.  Elliot,  Tallahassee,  Fla., 
is  Chief  Drainage  Engineer. 


AN    $800,000    IRRIGATION    PROJ- 
ECT—CALIFORNIA. 


District  to  Be  Formed    Near    Terra    Bella, 
Cal. 


Diversion    Dam — Reservoir — Canals— Pipe    Lines. 


An  $800,000  irrigation  project  is  proposed  by 
property  owners  in  the  Terra  Bella  section  of 
Tulare  County,  California.  The  district  will 
be  known  as  the  Terra  Bella  Irrigation  Dis- 
trict and  it  will  be  organized  under  the  Wright 
Irrigation  Act.  This  Act  provides  for  the 
formation  of  a  district  by  the  County  Super- 
visors upon  petition  of  a  majority  of  the  prop- 
erty owners  representing  a  majority  in  value 
of  the  lands  concerned.  The  district  is  au- 
thorized to  issue  bonds  for  the  construction 
or  acquirement  of  works  and  water  rights.  A 
preliminary  report  on  the  Terra  Bella  project 
has  been  submitted  recently  to  the  organiza- 
tion committee  by  Stephen  E.  Kieffer,  Con- 
sulting Engineer,  San  Francisco.  The  fol- 
lowing details  of  the  undertaking  are  taken 
from   the   report. 

The  proposed  district  comprises  the  terri- 
tory south  of  Deer  Creek  and  between  the 
Southern  Pacific  R.  R.  and  the  hills,  capable 
of  being  irrigated  from  stored  and  conserved 
waters  of  Deer  Creek.  The  proposed  work 
consists  of  a  diversion  dam  on  Deer  Creek, 
4  miles  of  diversion  canal,  a  storage  reser- 
voir of  28,000  acre-feet  capacity,  a  gravity 
outlet  or  main  distributing  canal  and  a  sys- 
tem of  riveted  steel  pressure  pipes  to  carry 
the  water  to  every  tract  of  land.  The  net 
duty  of  the  water  assigned  to  the  land  will  be 
1.5  acre-feet  during  the  irrigating  season.  The 
district  is  to  include  12,500  to  13,500  acres. 
For  the  first  acreage  the  estimated  cost  of  the 
project  is  $828,800  or  $06  per  acre;  for  13.500 
acres  the  estimated  cost  is  $839,000  or  $62.50 
per  acre. 

It  is  proposed  to  divert  the  flow  of  Deer 
Creek  by  means  of  a  diversion  dam  and  large 
canal  to  the  main  storage  reservoir.  From 
the  reservoir  an  outlet  canal  will  skirt  the 
eastern  boundary  of  the  district,  from  which 
pressure  pipe  lines  will  traverse  the  district 
from  east  to  west  and  deliver  water  in  the 
higliway  opposite  each  tract  of  land.  Each 
owner  will  be  required  to  convey  the  water 
from  the  street  main  into  his  own  property. 

The  diversion  dam  will  be  located  in  the 
bed  of  Deer  Creek  near  the  northeast  corner 
of  Section  5,  T.  23  S,  R.  29  E,  M.  D.  B.  &  M. 
It  will  be  built  of  reinforced  concrete  and 
will  be  of  the  hollow  .'\mbursen  type.  The 
maximum  overflow  height  will  be  27  ft.  with 
an    additional    5    ft.    at    the    headgates.      The 
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total  length  on  the  crest  will  be  229  ft.  The 
diversion  site  is  located  at  a  solid  granite 
ledge  which  crosses  the  canyon  at  this  point. 

The  diversion  canal  will  have  a  length  of 
about  4  miles,  made  up  approximately  of  3 
miles  of  concrete-lined  excavated  canal  (in- 
cluding 875  ft.  of  tunnel)  and  1  mile  of  iron 
fhune.  From  the  dam  to  the  tunnel  the  canal 
will  have  a  grade  of  5.28  ft.  per  mile,  a  bottom 
width  of  7  ft.,  side  slopes  %  to  1,  and  a  water 
depth  of  4  ft.  The  flume  will  have  a  grade 
of  7.92  per  mile,  a  top  width  of  8%  ft.,  and  a 
water  depth  of  4  ft.  The  tunnel  will  have  a 
clear  section  of  5  ft.  by  8  ft.,  on  a  grade  of 
26  ft.  per  mile.  Below  the  tunnel,  the  canal 
will  have  a  bottom  width  of  4  ft.,  side  slopes 
%  to  1,  water  depth  4  ft.,  and  grade  30  ft. 
per  mile. 

The  canal  will  be  lined  throughout  with  con- 
crete. Most  of  the  length  will  be  excavated 
on  a  sidehill  of  moderate  slope,  in  a  decom- 
posed granite  soil  overlying  solid  granite, 
which  outcrops  heavily.  The  entire  line  is 
near  and  easily  accessible  from  the  county 
road.  The  dams  for  the  storage  reservoir 
will  be  of  the  earthen  type,  the  material  being 
placed  by  the  hydraulic  process.  Materials  and 
physical'conditions  are  stated  to  be  admirably 
suited  for  this  method  of  construction.  The 
outlet  or  main  distributing  canal  from  the 
reservoir  to  the  land  and  from  which  the  dis- 
tributing pipe  lines  will  be  supplied,  will  have 
a  grade  of  4  ft.  per  mile,  bottom  width  from 
3  ft.  to  iVz  ft,  side  slopes  V2  to  1,  water 
depth  2y2  ft.  to  IV2  ft.,  capacity  40  to  7  sec- 
ond feet.  The  size  decreases  as  each  lateral 
is  taken  out.  The  canal  will  be  lined  through- 
out its  length  with  %-in.  reinforced  cement 
mortar.  Suitable  breast  and  diversion  gates 
will  be  provided  at  each  lateral  for  the  de- 
livery of  water  from  the  open  canal  to  the 
pipe  lines. 

A  portion  of  the  land  to  be  irrigated  lies 
above  this  gravity  canal.  To  reach  this  land 
booster  plants  will  be  required  to  lift  the 
water  from  the  canal.  The  cost  of  these 
plants  will  be  borne  by  the  property  owners 
and  is  not  included  in  the  general  cost  esti- 
mates. A  system  of  riveted  steel  pipes  has 
been  designed  to  deliver  water  in  the  road  op- 
posite every  piece  of  property  in  the  district. 
These  pipes  will  start  in  the  gravity  outlet 
canal  and  will  follow  the  subdivided  roads 
from  east  to  west,  with  cross  connections  on 
some  of  the  north  and  south  roads.  These 
pipe  lines  will  be  so  gated  and  interconnected 
that  any  portion  of  them  may  be  cut  out  for 
work  or  repairs  without  interfering  with  the 
balance.  The  diameter  of  the  pipes  will  range 
from  10  ins.  down  to  4  ins.  Under  conditions 
of  maximum  irrigation  use  a  sufficient  pressure 
head  will  be  maintained  to  give  good  domes- 
tic service. 

The  estimated  cost  of  the  project  for  12,500 
acres  is  $824,800.  If  the  gross  area  of  the 
district  is  13,500  acres  it  is  estimated  that  the 
work  will  cost  $839,000.  The  distribution  of 
the  cost  of  $824,800  would  be  about  as  fol- 
lows: First  year,  land,  etc.,  diversion  works 
and  distributing  system,  $413,800 ;  dams,  $200,- 
000.  Second  year,  completion  of  dams,  $211,- 
000. 


Bids  Asked  on  71,000  Sq.  Yds.  of  Pave- 
ment at  Charleston,  W.  Va. 

A  71.640  sq.  yd.  pavement  contract  is  now 
being  advertised  for  bids  by  the  city  of 
Charleston,  W.  Va.  The  work  involves  the 
paving  of  15  streets  and  includes  approxi- 
matelv  40,700  lin.  ft.  of  curb.  The  approxi- 
mate quantities  in  the  improvement  are  given 
in  Table  I.  Bids  will  be  received  on  all  well 
known  classes  of  paving  materials.  The  speci- 
fications provide  for  brick  with  cement  grout 
filler  or  tar  or  asphalt  filler;  for  concrete 
pavement,  sheet  asphalt,  wood  block,  bitu- 
minous concrete  and  bitulithic.  In  addition 
contractors  will  be  allowed  to  bid  upon  classes 
of  pavement  other  than  those  specified.  The 
curbing  will  be  either  stone  or  concrete.  If 
the  latter,  it  will  be  6  in.  thick  by  18  in.  deep, 
made  of  a  1 :2  :4  mix,  with  a  1 :2  facing.  Com- 
bined curb  and  gutter  will  be  6  in.  by  12  in. 
with   a  24-in.   base,   and   will   rest  on   a  6-in. 


foundation  of  broken  stone  or  gravel.  The 
concrete  base  for  the  pavement,  unless  other- 
wise specified,  will  be  5  in.  thick  of  a  1 :2%  :5 
mix.  If  a  crushed  stone  or  gravel  base  is  used 
it  will  be  7  in.  thick. 

The  specifications  for  the  concrete  pave- 
ment provides  for  a  7-in.  thickness,  the  mix 
to  be  1:2:3.  Concrete  pavements  wider  than 
20  ft.  may  be  reinforced  with  metal  fabrics 
at  the  option  of  the  engineer.  Transverse 
expansion  joints  will  be  at  intervals  not  great- 
er than  35  ft.  All  expansion  joints  will  be  of 
the    premoulded    type;    all    transverse    joints 


south  of  Clyde.  The  Teesley  bridge  is  in 
Solomon  Township,  about  5  miles  north  of 
Glasco.  For  these  structures  sand  and  gravel 
can  be  obtained  from  the  Superior  Sand  & 
Gravel  Co.,  Superior,  Neb.,  and  the  Manhat- 
tan Sand  Co.,  Manhattan,  Kan.  Suitable 
crushed  rock  can  be  had  at  Florence,  Kan. 
C.  J.  Johnson,  Irving,  Kan.,  is  the  owner  of 
the  quarry.  It,  no  doubt,  will  be  possible  to 
obtain  satisfactory  sand  from  the  Republican 
River.  Bids  for  the  work  in  Cloud  County 
will  be  received  at  the  office  of  the  County 
Clerk,  Concordia,  Kan.,  until  noon,  March  24. 


T-VBLE    I.- 
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Charleston    H.900 

Florida    2,860 

Vir.'jinia    3.060 

Park    5,0=0 

Central    11,850 

Fourth     3,820 

Ruftner 980 

Jackson 3,770 

Beauregard     3,400 

Elizabeth     -i.SOO 

McClung    3,680 

Kentucky    2,640 

Quarrier 7,110 

Caliiornia     - ^^J^^ 

.Jefferson    1.270 

•F^'gured  on  basis  of  7-in.  subgrade. 

will  be  protected  by  soft  steel  protection 
plates.  The  concrete  also  may  have  a  bitu- 
minous  wearing   surface. 

The  sheet  asphalt  paving  will  consist  of  a 
IVa-in.  binder  course  and  a  2-in.  wearing 
course.  Two  types  of  bituminous  concrete 
pavement  are  covered  by  the  specifications. 
Type  A  consists  of  two  courses — a  binder 
co'urse  and  a  2-in.  wearing  surface.  Type  B 
will  consist  of  a  paint  coat  binder  and  a  wear- 
ing surface. 

Bids  for  the  curbing  and  paving  will  be 
received  until  10  a.  m.,  March  24,  by  the 
Board  of  Affairs,  Charleston,  W.  Va.  G.  S. 
Brown  is  city  engineer. 

Seven    Concrete    Bridges    for    Kansas 

Counties. 

Nearlv  1,300  cu.  yds  of  concrete  are  re- 
quired in  two  bridge  lettings  for  Kansas  coun- 
ties now  being  advertised  for  bids.  The  work 
calls  for  the  construction  of  five  reinforced 
concrete  bridges  for  Cloud  County  and  two 
reinforced  concrete  bridges  for  Harvey  Coun- 
ty. Constructural  features  of  these  improve- 
ments are  given  in  Table  I. 

TABLE    I,— CLOUD    COUNTY,    KANSAS. 
^      ^  t  °^ 

*^    >>  9-  S  =3        O.C 

^  .    ^    S  ^■o       £  ■       £  . 

■n  g    ■5    .Sf«»  -S^     -ci        .5-3 

EKtCd           Xti       eS  ciV. 

Chavev*    24     18     12           b9.6       32.1  5,293 

Hinmant    641:18     23^4       51.1     254.2  25,667 

Shradert    20     18     24%       ....     177.8  11,519 

Murnhy*     20     IS     15%     113.8       28.9  3,613 

Teaslev*    24     18     15%     189          32.1  5,293 

Reisert    50     16     25           ....     224.1  27,970 

Kisioway*    30     16     14         105.6       29.9  6,611 

♦Reinforced  concrete  superstructure  and  plain 
concrete     substructure.        tReinforced     concrete 

superstructure    and    substructure.      JTwo  32-ft. 

spans.  §Bottom  of  foundation  to  top  of  road- 
way. 

The  Chavey  bridge  is  to  be  erected  in  Au- 
rora Township,  1  mile  west  of  Aurora.  The 
Hinman  bridge  will  be  erected  over  Wolf 
Creek  in  Buffalo  Township,  as  a  point  about 
2V^  miles  from  Concordia.  For  this  -struc- 
ture the  excavation  will  be  in  loam  and  piling 
may  be  necessary  to  secure  a  satisfactory 
foundation.  The  Shrader  bridge  will  be  built 
over  Oak  Creek  in  Lincoln  Township,  about  3 
miles  southeast  of  Concordia.  The  Murphy 
bridge  is  in  Shirley  Township,  about  2  miles 
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For  the  two  bridges  in  Harvey  County 
crushed  stone  will  have  to  be  shipped  in,  but 
suitable  sand  probably  can  be  obtained  locally. 
The  Reiger  bridge  will  be  constructed 
over  Turkey  Creek  in  Alta  Township, 
about  10  miles  from  Burton.  The  Kissoway 
bridge  will  be  erected  over  Kissoway  Creek 
in  Lakin  Township,  about  8  miles  from  Sedg- 
wick. Bids  on  the  Harvey  County  bridges 
will  be  received  at  the  office  of  the  County 
Clerk,  Newton,  Kan.,  until  noon,  March  22. 

The  seven  bridges  will  be  constructed  un- 
der the  plans  and  specifications  of  the  State 
Engineer,   Manhattan,  Kan. 


THE   IOWA   POST   ROAD. 


Bids  Asked   for  20.4  Miles  of   Highway  in 
Dubuque  County. 


Gravel    Surfacing — Reinforced    Concrete    Box 
Culverts. 


A  good  sized  gravel  road  contract  in  Du- 
buque County,  Iowa,  is  now  ready  for  bids. 
The  work  calls  for  the  construction  of  the 
Iowa  Post  Road  in  this  county;  the  road  is 
known  locally  as  the  Hawkeye  Highway.  The 
improvement  provides  for  grading  and  sur- 
facing with  gravel  20.4  miles  of  road  from 
Dyersville  to  Dubuque,  or  as  much  of  this  as 
can  be  built  for  the  approximate  sum  of 
$7.5,000.   This  is  a  unit  bid  job. 

The  main  features  of  the  work  include  75 
concrete  bo.x  culverts,  4  ft.  span  and  under ; 
132,500  cu.  yds.  unclassified  excavation;  11,000 
lin.  ft.  concrete  or  all  wood  guard  rail,  and  650 
lin.  ft.  tile  drain.  The  road  is  to  be  surfaced 
to  a  width  of  15  ft.  with  chert  gravel.  The 
improvement  is  a  good  small  shovel  and  in- 
dustrial railroad  proposition.  The  gravel  also 
can  be  handled  from  deliveries  by  the  Illinois 
Central  R.  R. 

The  concrete  culvert  construction  is  divided 
into  four  divisions  as  follows : 

Division    1 — Dyersville    to    Farley. 
No.  Size. 

16 2    ft.    by    2    ft. 

4 3    ft.    by    2    ft. 

1 3    ft.    by    3    ft. 

1 4    ft.    by    3    ft. 

Division  2 — Farlev  to  ISpworth. 

12 2    ft.    by    2    ft. 

2 0    ft.    bv    2    ft. 

2 4    ft.    by    3    ft. 

Division   3 — Epworth   to   Centralia. 

15 2    ft.    by    2    ft. 

1 4    ft.    by   3    ft. 

Division   4 — Centralia   to  Dubuque. 

19 2    ft.    by    2    ft. 

1 3    ft.    by    2   ft. 

1 4    ft.    by   3    ft. 


March  17,  1915. 
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The  Iowa  Post  Road  is  to  be  constructed 
from  a  joint  U.  S.  Government  and  County 
fund  of  $90,000,  and  the  work  will  be  in 
charge  of  Engineers  of  the  U.  S.  Office  of 
Public  Roads.  In  addition  to  the  improve- 
ments now  being  advertised,  there  will  be  let 
sometime  during  April  bridge  and  viaduct 
work  for  the  Post  Road  amounting  to  ap- 
proximately $50,000.  A  large  amount  of  road 
and  bridge  work  is  projected  in  Dubuque 
County  for  the  present  season  and  it  is  prob- 
able that  at  least  $200,000  will  be  expended  for 
these  undertakings. 

The  work  on  the  Iowa  Post  Road  will  be 
in  charge  of  B.  H.  Burrell.  U.  S.  Senior 
Highway  Engineer,  Office  of  Public  Roads, 
his  headquarters  for  this  project  being  at 
Dubuque,  la.  Bids  for  the  grading  and  sur- 
facing will  be  received  by  the  County  Super- 
visors, John  Inghram,  County  Auditor,  Du- 
buque, la.,  until  2  p.  m.,  March  31.  Bids  for 
the  concrete  culverts  will  be  received  on  the 
same  date. 


The  $750,000  Flood  Protection  Scheme 
of  Indianapolis,   Ind. 

A  large  amount  of  construction  work  is 
contemplated  for  the  present  season  by  the 
city  of  Indianapolis,  Ind.  The  Board  of  Pub- 
lic Works  adopted  plans  and  specifications 
last  week  for  the  first  part  of  the  $750,000 
flood  protection  scheme.  It  also  is  probable 
that  plans  will  be  taken  up  again  for  the 
sewage  disposal  plant.  This  latter  project  will 
involve  the  expenditure  of  $1,500,000  to  $2,- 
000,000.  The  Legislature  recently  refused  to 
pass  a  bill  for  the  creation  of  a  special  sani- 
tary district  to  construct  these  works.  It  is 
now  proposed  to  carry  out  the  undertaking 
by  assessing  the  cost  against  the  real  estate 
owners. 

The  first  work  under  the  flood  protection 
scheme  will  be  done  along  the  west  branch 
of  the  White  River  from  the  Belt  R.  R.  tracks 
on  the  south  to  14th  St.  on  the  north.  Plans 
for  this  were  adopted  on  March  10,  and  a 
hearing  on  the  condemnation  of  the  necessary 
land  will  be  held  April  2.  Bids  for  the  con- 
struction work,  it  is  stated,  will  be  opened  on 
April  2.3.  The  improvement  is  divided  in  7 
sections,  and  proposals  will  be  received  on 
one  or  all  of  them.  The  work  will  be  paid 
for  on  the  basis  of  10  per  cent  by  the  owners 
of  property  directly  benefited,  45  per  cent  by 
the  city,  and  a  like  amount  by  the  county. 

The  levee  will  be  about  75  ft.  wide  and  will 
be  from  2  to  4  ft.  above  the  1913  high  water 
mark.  It  will  carry  a  40-ft.  road  on  the  top 
and  will  have  concrete  facing  at  certain  points. 
The  river  channel  will  have  an  average  width 
of  about  650  ft.  It  is  planned  to  complete 
the  work  on  the  west  side  by  Dec.  1.  Plans 
are  now  being  finished  for  a  levee  and  street 
on  the  east  side  of  the  White  River.  In  addi- 
tion resolutions  will  be  submitted  soon  to  the 
Board  of  Public  Works  for  the  extension  of 
bridges  to  give  a  greater  waterway,  for  rais- 
ing the  Belt  R.  R.  tracks  to  bring  them  above 
high  water  limits  and  for  raising  the  tracks 
of  the  Big  Four  R.  R.  north  of  10th  St.  Plans 
also  will  be  submitted  for  weirs  or  dams  for 
reducing  the  velocity  of  stream.  B.  J.  T. 
Jeup  is  City  Engineer  of  Indianapolis. 

Annual  Meeting  of  Illinois  Section  of 

the  American  Water  Works 

Association. 

The  first  annual  meeting  of  the  Illinois 
Section  of  the  American  Water  Works  .'\sso- 
ciation  was  held  at  Champaign  March  9-11. 
This  was  the  seventh  meeting  of  the  former 
Illinois  Water  Supply  Association  which  now 
constitutes  the  section  named.  The  meetings 
under  the  new  order  of  things  promise  to  Ipe 
even  more  fruitful  of  good  results  than  in 
former  years.  The  possibilities  of  state  as- 
sociations of  water  works  men,  when  under 
competent  and  energetic  leadership,  have  been 
well   demonstrated   in   Illinois. 

There  was  the  usual  program  of  short 
papers  of  practical  nature.  Many  of  these 
were    valuable    contributions    to    water    works 


literature.  The  entertainment  and  inspection 
features  of  the  meeting  were  especially  enjoy- 
able and  instructive.  The  annual  dinner,  the 
complimentary  concert  by  the  University  of 
Illinois  Military  Band  and  the  review  of  the 
Regiment  of  student-citizen  soldiers  were  not- 
able features  on  the  entertainment  program. 
The  regiment  is  composed  of  2,300  underclass- 
men, officered  by  upper  classmen.  While  not 
at  all  warlike  the  delegates  admitted  pride  in 
this  well  drilled  body  composed  largely  of 
boys   from  Illinois  homes. 

On  Thursday  the  delegates  went  by  trolley 
to  Danville  where  the  supply  and  purification 
works  of  the  Interstate  Water  Co.  were  in- 
spected. A  greatly  appreciated  complimentary 
luncheon  was  served  to  the  visitors  at  the 
Plaza  Hotel  in  Danville,  the  Water  Company 
being  host. 

The  delegates  also  visited  two  coal  mines. 
At  the  first  strip-mining  was  in  progress.  At 
the  second,  the  visitors  descended  a  shaft  180 
ft.  deep  and  rode  by  trolley  a  distance  of  1% 
miles  to  a  point  where  a  coal  channeling  ma- 
chine was  in  operation.  This  was  an  e.xciting 
ride.  One  could  understand  the  natural  de- 
sire of  the  motorman  to  show  the  tenderfeet  a 
burst  of  underground  speed.  The  hoisting 
engineer  also  gave  the  visitors  a  couple  of 
thrills.  The  180  ft.  of  shaft  were  traversed, 
going  and  coming,  in  nothing  flat.  All  eventu- 
ally regained  the  surface  in  safety,  strength- 
ened in  their  allegiance  to  the  water  works 
business. 

About  120  people  registered  at  the  conven- 
tion. The  Section  will  hold  a  one-day  meet- 
ing in  October  of  each  year  in  addition  to 
the  usual  annual  spring  meeting  at  Urbana. 
The  place  of  meeting  in  the  fall  will  be 
changed  from  time  to  time,  in  all  probability, 
according  to  the  location  of  new  works  offer- 
ing educational  possibilities  to  the  member- 
ship. Mr.  W.  J.  Spaulding  of  Springfield  was 
elected  chairman  of  the  Section  for  the  com- 
ing year.  H.  E.  Keeler,  Rookery  BIdg.,  Chi- 
cago, was  elected  Treasurer,  and  Dr.  Edward 
Bartow,  Director  of  the  Illinois  Water  Sur- 
vey, Urbana,  was  appointed  Secretary.  Mr. 
F.  C.  Amsbary  of  Champaign  was  elected 
Trustee. 


A    $500,000    Road    Contract    in    Lake 

County,  Florida. 

A  $500,000  contract  calling  for  the  improve- 
ment of  about  200  miles  of  highway  is  now 
being  advertised  for  bids  by  the  commissioners 
of  Lake  County,  Florida.  The  approximate 
quantities  involved  in  the  work  are  as  follows : 

Roadway     1,091,046  lin.  ft. 

Excavation     329,630  cu.  yds. 

Pavement      1,147,610  sq.  yds. 

Concrete    301.62  cu.  yds. 

Square    deformed    steel 1,554  lbs. 

R.    C.    Steel 5,146  lbs. 

Terra  cotta  drains,  12  in.  to  24  in.  885  lin.  ft. 

Pole  line  to  be   moved 1.552  ft. 

Bridges  to  be  raised 57 

Bids  will  be  received  on  the  following  types 
of  surfacing:  Sand-clay,  shell,  modified  as- 
phalt, waterbound  macadam,  macadam  with 
Rocmac  binder  and  oiled  macadam.  The  ma- 
terial to  be  used  will  be  determined  after  the 
bids  are  in.  Bids  for  the  construction  of 
these  improvements  will  be  received  until 
April  15  by  the  County  Commissioners  at  the 
office  of  H.  H.  Duncan,  County  Clerk,  Tavares, 
Fla.  The  J.  B.  McCrary  Co.,  Atlanta,  Ga.,  are 
the   engineers. 


A  New  Engineering  Medal. — Leonard   C. 

Wason,  president  of  the  Aberthaw  Construc- 
tion Company,  Boston,  who  has  just  been 
elected  President  of  the  American  Concrete 
Institute,  has  offered  a  new  prize  to  be  award- 
ed annually  by  the  Institute  to  the  author  of 
the  best  paper  submitted  to  the  Institute  dur- 
ing the  year.  Competition  is  restricted  to 
members,  and  the  papers  must  be  original  in 
every  respdct  and  not  previously  published 
elsewhere.  All  papers  submitted  to  the  Insti- 
tute for  publication  in  the  annual  volume  are 
eligible  to  this  competition,  but  the  Board  has 
the  privilege  of  withholding  the  medal  any 
year  in  which  no  papers  of  sufficient  merit  are 
presented. 


A  38  Mile  Florida  Road  Letting. — Duval 

County,  Florida,  is  now  calling  for  bids 
on  a  good  sized  road  letting.  The  work  calls 
for  the  hand  surfacing  with  vitrified  brick, 
asphalt  macadam  or  other  suitable  material, 
and  curbing,  the  following  roads : 

Width 
Length,      surfacing. 
Road.  miles.  ft. 

Black  Point   extension 1.25  15 

John  Anderson   4.10  15 

John  Anderson 3.00  15 

Atlantic     Blvd 50  20 

Atlantic  Blvd 2.4  15 

Atlantic    Blvd 1.3  20 

National    Highway 14.3  15 

Kings    Road 4.0  15 

Kings    Road 3.4  15 

Lem    Turner   Road 3.6  15 

Lem    Turner   Road 5  20 

Evegreen  Ave 20 

Talleyrand    Ave 20 

Bids  for  the  improvement  of  the  above  roads 
will  be  received  by  E.  A.  Ricker,  Chairman 
County  Commissioners,  Jacksonville,  Fla.,  un- 
til March  25. 


NEWS  LETTERS 

Rust,  Swift  &  Co.  of  St.  Louis  on  INIarch 
10th  were  low  bidders  on  the  Government 
revetment  and  shore  protection  work  on  the 
Mississippi  river  in  the  neighborhood  of  St. 
Genevieve,  Mo.  Among  the  other  bidders  were 
Fruin  &  Colnon,  McCann  Bros.  Const.  Co., 
A.  V.  Fetter  &  Co.,  Kinser  Constr.  Co.,  J.  W. 
McMurray  Contracting  Co.  and  the  Miller 
Engineering  Co. 

The  Board  of  Public  Service  will  hold  a 
public  hearing  at  2  p.  m,,  March  16,  on  the 
request  of  the  Terminal  Railroad  Association 
that  it  be  permitted  to  lay  tracks  on  part  of 
the  Ranken  tract.  The  property  crosses  a 
number  of  city  "streets"  which,  though  un- 
made, have  been  platted.  The  plan  of  the 
terminal  to  lay  tracks  has  been  the  subject  of 
a  long-standing  controversy  between  the  city 
and  the  railroad.  If  the  request  is  granted, 
it  is  understood  the  terminal  will  use  the 
tracks  for  storing  cars. 

.^ndy  Koenig  celebrated  a  birthday  here  last 
Wednesday.  "He  has  a  birthday  every  week" 
and  a  party  of  contractors  and  supply  men 
who  were  visiting  the  city  on  that  day  present- 
ed Koenig  with  an  el»gant  gold  headed  silk 
umbrella  and  a  gold  headed  walking  stick. 
The  umbrella  will  see  good  service  during  our 
spring  rains,  and  the  cane  is  stored  away  for 
old  age.  Koenig  is  only  50  years  old  and  does 
not  think  he  will  require  a  cane  for  at  least 
fifty  more,  that  is,  if  he  continues  feeling  as 
good  as  he  did  at  the  cabaret  show  given  in 
his  behalf  Wednesday  night.  Among  those 
present  and  who  made  short  talks  (and  some 
long  ones)  were  J.  W.  McMurrav  of  Kansas 
City,  R.  A.  Sin  Clare  of  the  E.  I.  Du  Pont  de 
Nemours  Powder  Co.,  Chas.  Nagel  of  La 
Grange,  Mo. ;  Mark  Ragsdale,  representing 
A.  y.  Fetter  &-  Co.  of  Quincy,  III;  Roger 
Fabion  of  the  J.  W.  McMurray  Contracting 
Co.,  and  a  host  of  other  good  fellows.  The 
entertainment  lasted  until  the  wee  small  hours 
the  next  morning  and  everybody  left  for  home 
feeling  happy  even  if  they  did  lose  out  on 
some  nice  contracts  the  day  before. 

The  Highway  Improvement  Committee  of 
the  East  St.  Louis  Commercial  Club  appointed 
a  subcommittee  of  three  men  to  test  out  the 
sentiments  of  property  owners  relative  to  the 
proposed  extension  of  Main  street  from  Mis- 
souri avenue  to  St.  Clair  avenue.  The  com- 
mittee, composed  of  Chief  M.  J.  Tobin  of  the 
Fire  Department,  William  Bensinger  and 
Alderman  Charles  F.  Short  will  begin  its 
work  immediately.  Estimates  as  to  the  cost 
of  the  work  will  be  furnished  by  City  Engi- 
neer E.  F.  Harper.  Mr.  Bensinger  announced 
that  the  merchants  on  Collinsville  avenue,  be- 
tween St.  Louis  and  St.  Clair  avenues,  have 
pledged  $6,000  toward  completing  the  work. 
One  of  the  largest  items  of  cost  will  be  the 
condemnation  of  a  two  story  brick  store  at 
Main  St.  and  Missouri  Ave. 

Big  Riley  of  Clapp,  Norstrom  &  Riley  passed 
through  here  one  day  last  week  on  his  way 
back  to  Chicago  from  Hot  Springs.   Riley  Iiad 
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about  15  minutes  between  trains,  which  he 
spent  eating  breakfast  at  the  depot.  Came 
pretty  near  overlooking  to  call  us  up. 

C.  H.  Degcnhardt,  who  has  the  contract  for 
building  a  state  aid  road  out  of  Alton  as  the 
first  leg  of  a  hard  road  between  Alton  and 
St.  Louis,  will  start  work  ne.xt  Monday  at  the 
Alton  end  of  the  line.  The  contract  so  far  let 
will  require  the  use  of  a  million  of  the  large 
block  vitrified  paving  brick.  The  road  will 
begin  .3,02-l  ft.  east  of  the  corporation  line  of 
Alton  and  extend  to  East  Alton.  It  will  be 
started  again  south  of  Wood  River.  East 
Alton  and  Wood  River  being,  incorporated  vil- 
lages, will  provide  for  the  hard  road  through 
their  limits,  and  Wood  River  has  already 
started  legal  formalities  to  prepare  for  making 
an  award  of  a  contract. 

W.  F.  Woodrufif  who  finished  his  grading  in 
Wisconsin  last  fall  and  has  been  laying  up  at 
Bedford,  Ind.,  all  winter,  is  ready  to  put  his 
7-team  outfit  on  to  any  kind  of  grading. 

Ed  Harris,  Neoga,  111.,  wants  work  for  a 
small  team  outfit. 

T.  J.  Morris  &  Son  have  finished  their  work 
at  Cape  Girardeau,  Mo.  Are  in  the  market  for 
some  more  team  work. 

C.  H.  Walker  expects  to  finish  his  bridge 
and  trestle  work  on  the  K.  R.  &  C.  R.  R. 
near  Cressmont,  Ky.,  in  about  30  days.  He 
will  have  a  good  first  class  bridge  and  pile- 
driver  outfit  idle  then. 

Anderson  Bros.,  1010  Fourth  Ave.,  Rock- 
ford,  111.,  have  a  cracker  jack  22-team  outfit 
and  2  graders  idle  at  that  point. 

Harrington  Bros,  were  awarded  the  con- 
tract for  grading  a  lot  of  property  work  near 
the  corner  of  King's  Highway  and  Arsenal 
Sts.,  St.  Louis. 

B.  H.  Smith,  Concordia,  Kan.,  want  any 
kind  of  grading  in  the  west.  Smith  has  eight 
teams  idle. 

T.  E.  Luttzording  writes  us  from  Hillsboro, 
Texas,  that  he  has  10  good  railroad  teams  idle 
at  that  point  that  he  can  place  on  work  im- 
mediately.   Prefers  the  west  or  northwest. 

The  Alton  Board  of  Trade  has  under  con- 
sideration a  plan  to  erect  loading  docks  for 
Mississippi  River  barges  at  the  foot  of  Ridge 
street.  The  Kansas  City  Shippers"  Association, 
which  has  barges  in  operation  between  Kansas 
City  and  St.  Louis  would  like  to  make  Alton 
its  terminal  point,  and  probably  will  do  so  if 
docks  are  built. 

J.  E.  Kughn  &  Sons  have  finished  their 
work  at  Dows,  Iowa,  and  are  in  the  market 
for  any  kind  of  day  or  contract  work.  Prefer 
Iowa  or  South  Dakota. 

The  L.  J.  Smith  Construction  Co.  of  Kansas 
City  sold  its  factory  and  about  2%  acres  of 
land  to  the  Kansas  City  Tire  &  Rubber  Co.,  a 
new  company  that  is  just  being  organized 
there  for  the  manufacture  of  automobile  tires 
and  other  rubber  goods. 

S.  Dolman  &  Son,  Topeka,  Kan.,  were 
awarded  the  contract  for  grading,  track  lay- 
ing and  surfacing,  23  miles  of  the  Bonner 
Springs  Electric  Line  between  Kansas  City 
and  Lawrence,  Kan.  They  are  ready  to  sublet 
this  work  in  quantities  to  suit  outfits. 

The  Illinois  Traction  System  has  surveyors 
at  work  preparing  estimates  for  construction 
of  an  extension  twenty-five  miles  in  length, 
which  will  connect  the  Peoria-Springfield  line 
with  the  Bloomington-Decatur  line,  extending 
between  Lincoln  and  Wapella.  There  is  a  sec- 
tion of  territory  south  of  Bloomington  which 
is   not   reached  by  any  railroad. 

The  contract  for  water  pipe  to  be  laid  from 
the  city  limits  to  the  Industrial  School  at 
Bellefontain  Farms,  a  distance  of  eight  miles, 
was  awarded  on  March  11th  to  the  National 
Tube  Company  by  Supply  Commissioner 
Thomas.  The  company's  bid  for  steel  pipe 
was  the  lowest,  $15,435. 

The  contract  for  installing  a  new  system  of 
plumbing  in  the  St.  Louis  Federal  building 
was  awarded  on  March  11th  by  the  Treasury 
Department  to  S.  Faith  &  Co.  of  Philadelphia. 
The  successful  bid  was  $38,627.  Several  St. 
Louis  concerns  sought  this  contract,  but  the 
bids  were  too  high.  Work  will  commence  at 
once. 

A.  B.   KOENIG. 


Bids  Asked  on  $308,000  of  Sewer  Work         Mr.  John  B.  Wickware  has  been  appointed 

A+  Tn/4i'or.or-,/-.1ic  as  superintendent  of  public  works  for  Ruther- 

At  inaianapons.  ^^^.^^  j^  j  .  ^^^  ^^.ju  [^^^.^  j^^,,  ^^^^^^  ^j  ^^_ 

The    city    of    Indianapolis,    Ind.,    is    now  gjgn   and   construction   of 'municipal   improve- 

calling  for  bids  on  two  sewer  contracts,  the  ments,    sewers,    paving,    etc.     Mr.    Wickware 

total  estimated  cost  of  which  is  over  $300,-  has  had  20  years  of  general  civil  engineering 

GOO.      One    of    these    improvements    is    the  experience.     He    was    engineer    in    charge    of 

College    Ave.    main    sewer.      This    will    be  construction    for    various    contractors    on    the 

37,824  ft.   in   length,   and   will   be   composed  New  York  State  Barge  Canal, 

of  the  following:                                         ^^^  ^^  j^^^   Charles  F.  Lacombe,  until  recently  chief 

7  ft,  (Tin.  circular 2i67,'i  engineer  of  the  Bureau  of  Gas  and  Electricity 

5  ft.  9  in.  circular 2,660  of  the  city  of  New  York,  announces  that  he 

5  ft.  3  in.  circular 1,260  j,as  opened  an  office   for  consulting  electrical 

3  ftl  circular!!'. !'.!!!!!!'.!!  !!i!!l!!  i?m'!'i  2[0S5  engineering    w^ork    at    30    Broad    street.    New 

2  ft.' 6  in.  circular York.     He   will   make    a   specialty   of  .electric 

24-in.  pipe,  double  strength 2,4-!0  lighting    and    power    installations,'  the    design 

1 1  In!    P?pl'     °"...f'f!'".^.  ::!:::  ■.:■.:::::::  6:296  and    construction    of    street    lighting    syster^s, 

15;in!    pipe    3,120  rate    questions,    etc.     Mr.    Lacombe    has    had 

I2fin.   pipe ,l'o<n  fourteen  years  of  experience  in  the  engineer- 

C-in.    hose    connections 38,340  .                   V       ^.               /              ^.                     9            . 

94  manholes,  oval.  '"&   construction    and    executive    operation    of 

ic  manholes!  circular.  electric  light  and  power  enterprises.   He  served 

17  inlets.  the  city  of   New   York   for   12  years  as   chief 

2  bellmonte  junctions.  engineer  of  the  Bureau  of  Gas  and  Electricity. 

The    excavation    will    be  m    gravel    with  During  that  time  he  had  direct  supervision  of 

3  or  4  ft  of  top  soil;  the  total  excavation  j^e  illumination  of  the  streets  and  the  lighting 
will  be  about  113,000  cu.  yds.  The  sewer  g^j  ^^^^^  service  to  public  buildings,  the 
will  be  built  of  vitrihed  pipe,  concrete  j^jign  ^„^  specifications  for  street  lighting, 
'''■"'''■  °«,f|?inn  "'^  estimated  public  building  lighting  and  for  the  city's  gas 
cost  is  $.-18,000.  ancj  electric  construction  work,  the   rules  and 

The  other  contract  calls  for  the  construe-  regulations  governing  the  safety  of  private 
tion  ot  a  mam  drain  in  3bth  St  and  alley  electrical  institutions  and  the  enforcement 
east  of  Cornell  Ave.,  from  hall  Creek  to  thereof,  the  inspection  and  operation  of  the 
College  Ave.  The  total  length  is  4,376  lin.  gg^  ^^^^  electric  service  and  construction  con- 
ft.  The  sewer  will  be  8  ft.  6  in  m  size  tracts  and  the  certification  of  their  perform- 
and  will  be  built  of  brick  vitrified  block  or  ^nce,  involving  an  annual  expenditure  of  over 
concrete.  The  estimated  cost  is  $90,000.  f^^g  million  dollars,  much  administrative  work 
The  work  will  require  about  40,000  cu.  yds.  g^id  rate  adjustment, 
excavation   in  gravel.      Bids  for     the     con-  ,,,,,/.-. 

struction  of  the   College  Ave.  and  38th   St.  Mr.  W.   C.  Armstrong,  who  had  charge  of 

main  sewer  will  be  received  until  March  the  design  and  construction  of  the  Chicago 
31  by  the  Board  of  Public  Works  of  passenger  terminal  of  the  Chicago  &  North- 
Indianapolis,  Ind.  B.  J.  T.  Jeup  is  City  western  Railway,  has  been  appointed  chief 
Engineer,  and  Charles  A.  Brown  is  Assist-  engineer  in  charge  of  construction  of  the  Chi- 
ant'  Engineer  in   charge   of  sewers.  cago,   Milwaukee  &   St.    Paul   union   depot  at 

"  St.    Paul.     Mr.    Armstrong   is    a   graduate    of 

Iowa  State  College,  and  entered  railroad 
service  in  1882  as  draftsman  for  the  Wiscon- 
sin, Iowa  &  Nebraska  Railway,  now  the  Chi- 
cago &  Great  Western.  In  1884  he  became 
resident  engineer  on  the  Burlington,  Cedar 
Rapids  &  Northern,  now  part  of  the  Rock 
Island.  The  following  year  he  was  employed 
on  railroad  'surveys  in  South  Dakota  and 
county  map  work  in  Minnesota,  and  in  1887 
he  was  resident  engineer  on  the  Soo  line. 
After  one  year  as  resident  engineer  for  the 
Great  Northern  Railway  he  was  made  engi- 
neer of  track  and  bridges  on  the  Pacific  ex- 
tension of  that  railway.  He  was  with  the 
Andrews  Bridge  Co.  of  Spokane  for  one 
year,  and  with  the  Toledo  Bridge  Co.  of 
Toledo  for  three  years.  In  1899  he  was  ap- 
pointed resident  engineer  for  the  Chicago  & 
Northwestern,  and  was  in  charge  of  con- 
struction of  the  Boone  Countv  Railway  and 
the  Boone  Viaduct.  From  1902  to  1904  he 
was  bridge  engineer  for  that  company,  in  1905 
superintendent  of  construction  on  the  Mis- 
souri Pacific,  and  in  1906  bridge  engineer  for 
the  Rock  Island.  In  1907  he  returned  to  the 
Northwestern  as  terminal  engineer  in  charge 
of  design  and  construction  of  the  passenger 
station  at  Chicago,  which  was  completed  in 
1911.  Since  that  time  he  has  been  engineer 
of  bridges  for  that  railway. 


Sewer  Construction  at  Minneapolis  to 
Cost  $980,000. 

A  tentative  program  for  sewer  construc- 
tion in  1915  and  1916  has  been  laid  out  for 
the  city  of  Minneapolis,  Minn.,  that  calls 
for  an  estimated  expenditure  of  about 
$980,000.  As  proposed  the  program  com- 
prises the   following  work: 

Reinforced  Concrete 
Vitrified   Pipe.  (built  in  place.) 

Feet.  Feet. 

12-in 25,000         39-in 700 

15-in 19,000         42-in 4,300 

IS-in 17,000         45-in 1,300 

20-in 11,000         4S-in 900 

22-in 7,000         51-in 4,000 

24-in 8,300         60-in 5,200 

27-in 3,400         66-in 1,700 

30-in 2,600         69-in 700 

72-in 1,800 

Total    93.300         7S-in 600 

84-in 1,400 

S7-in 900 

96-in 2,600 

Total    26,100 

This  work  will  all  be  done  by  day  labor. 
The  contracts  for  material  needed  during 
the  season  of  1915  have  already  been  let. 
C.  Illstrup  is  Sewer  Engineer  of  Minne- 
apolis.   ■ 

PERSONALS 

Mr.  H.  E.  Bilger,  road  engineer.  Illinois 
State  Highway  Department,  Springfield,  III, 
was  transferred  on  March  2  from  the  grade 
of  Associate  member  to  that  of  member  in 
the  American   Society  of  Civil  Engineers. 

Mr.  James  Shakman,  formerly  assistant  chief 
chemist  of  the  Bureau  of  Streets  Laboratory, 
Chicago,  has  joined  the  staff  of  Walter  H. 
Flood,  Consulting  Chemical  Engineer,  326 
River  St.,  Chicago,  and  has  assumed  the  direc- 
tion of  the  road  materials  laboratory  which 
has  recently  been  considerably  enlarged. 

Mr.  Donald  C.  Wedgeworth,  resident  engi- 
neer on  the  New  York  State  Barge  Canal  at 
Syracuse,  has  been  transferred  to  Residency 
No.  2  with  headquarters  at  Schenectady.  Mr. 
Wedgeworth  has  been  connected  with  the 
New  York  State  Engineer's  Department  for 
the  past  11  years.  He  is  an  associate  member 
of  American  Society  of  Civil  Engineers. 


OBITUARIES 

J.  C.  Rothrey,  a  prominent  railway  and 
electrical  engineer  in  the  employ  of  the 
Canadian  Northern  Railway,  was  killed  by  a 
fall  from  a  train  near  'Weston,  Ont.  Mr. 
Rothrey  was  engineer  on  construction  of  the 
Gorge  Railway  between  Niagara  Falls  and 
Lewiston,  and  was  afterward  manager  of  that 
line.  Later  he  was  general  manager  of  the 
International  Railway  System  of  Buffalo.  He 
superintended  construction  of  the  Interna- 
tional Bridge  across  the  Niagara  River  and 
was  for  a  time  general  manager  of  an  electric 
railway  in  East  Liverpool,  Ohio.  Seven  years 
ago  he  joined  the  staff  of  Mackenzie  &  Mann 
in  Toronto  and  has  been  superintendent  of 
construction  of  electrical  railways  for  that 
company  ever  since. 
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Concerning  the  Permanency  of  Light 

Sectioned  Concrete  Highway 

Bridges. 

Before  the  general  establishment  of  state 
highway  commissions  it  was  difficult  to  secure 
adequate  supervision  of  the  design  and  con- 
struction of  highway  bridges.  This  lack  of 
competent  engineering  supervision,  together 
with  a  lack  of  definite  knowledge  as  to  future 
loads,  resulted  in  numerous  exceedingly  light 
highway  bridges.  In  steel  spans  the  substruc- 
tures generally  were  stronger  than  the  super- 
structures, due  to  the  use  of  stone  and  mass 
concrete  piers  and  abutments,  although  insuffi- 
cient attention  to  foundation  and  flood  condi- 
tions often  made  this  difference  problematical. 
The  present  use  of  heavier  loadings  and  better 
engineering  supervision  have  resulted  generally 
in  more  massive  and  better-balanced  structures, 
and  the  question  has  now  arisen  in  some  states 
as  to  whether  the  bridges  and  culverts  de- 
signed and  constructed  under  present  state 
highway  commission  specifications  are  too 
massive.  It  is  argued  by  some  that  the  ex- 
penditure required  by  such  designs  is  greater 
than  is  warranted  by  the  funds  available  and 
by  the  number  of  waterways  to  be  bridged. 

To  justify  the  use  of  designs  prepared  by  it 
the  State  Highway  Commission  of  Iowa  has 
recently  made  a  detailed  inspection,  analysis 
and  field  study  of  concrete  bridges  and  cul- 
verts in  service  in  that  state,  the  investiga- 
tion covering  82  bridges  and  culverts.  The  first 
step  in  the  investigation  was  an  inspection  and 
physical  examination  of  each  structure;  meas- 
urements were  made,  foundations  were  par- 
tially dug  out  and  exposed,  photograplis  were 
taken,  and  a  detailed  record  made  of  every 
evidence  of  failure  either  in  design  or  in  con- 
struction. Of  the  82  lighter-sectioned  bridges 
examined— all  built  under  county  control— 60 
have  clearly  developed  defects,  16  are  suf- 
ficiently defective  to  be  unsafe  for  traffic, 
particularly  during  periods  of  continued  high 
water,  and  2  have  collapsed  completely. 

The  defective  and  unsafe  condition  o"f  the 
spans  considered  is  attributed  by  those  in 
charge  of  the  investigation  as  being  due  to  the 
following  causes  :  Insufficient  foundation  areas, 
or  depths,  or  both,  39  cases;  inadequate  rein- 
forcement, 16  cases ;  insufficient  dimensions  of 
sections,  7  cases  ;  "thin-section"  concrete  mem- 
bers, placed  in  positions  exposed  to  frost  up- 
heaval and  stream  erosion,  30  cases;  inade- 
quate wing-w^all  lengths,  allowing  stream 
erosion  back  of  the  filling,  8  cases ;  and  in- 
ferior materials  and  workmanship,  8  cases. 

Of  the  82  structures  examined  28  have  had. 
and  17  more  are  in  immediate  need  of,  repairs 
or  renewals.  The  causes  to  which  this  lack  of 
permanency  may  be  attributed  are :  "Thin-sec- 
tion" concrete  meml>ers,  placed  in  positions 
exposed  to  upheaval  and  erosion,  28  cases ;  in- 
sufficient foundation  depths,  1.5  cases;  and  use 
of  wing-walls  of  insufficient  length  to  retain 
properly  the  approach  filling  (and  which  after 
construction  have  been  lengtliened  by  timber 
bulkheads  or  by  rip  rap),  23  cases. 

To  show  that  the  light  construction  ex- 
amined is  neither  safe  nor  permanent,  and 
that  adherence  to  the  present  state  standard 
specifications  will  correct  the  main  defects 
noted,  the  following  data  were  compiled  by 
the  investigators:  In  6.5  per  cent  of  the  de- 
fective spans  the  defects  were  due,  entirely  or 
in  part,  to  insufficient  foundation  depths,  or 
areas;  in  fact  the  foundations  of  a  majority  of 
the  bridges  examined  did  not  extend  more 
than  2  ft.  below  the  bed  of  the  stream.  In 
contrast  to  this  the  state  specifications  require 
a  minimum  depth  below  the  stream  bed  of  4 


ft.,  and  also  specify  the  use  of  piling  if  there 
is  uncertainty  as  to  the  character  of  the  foun- 
dation material.  Although  the  standard  spec- 
ifications limit  the  loading  on  clay  soils  to  two 
tons  per  square  foot,  the  pressures,  as  de- 
termined by  careful  analysis,  on  many  of  the 
structures  examined  reached  eight  tons  per 
square  foot.  In  about  27  per  cent  of  the  de- 
fective spans  insufficient  dimensions  of  sec- 
tions under  stress  were  a  contributory  cause 
of  the  defects.  Analyses  of  the  stresses  pro- 
duced in  these  bridges  under  ordinary  load 
conditions  disclosed  unit  stresses  of  from  40 
to  80  per  cent  above  those  adopted  by  the 
state.  As  a  result  of  this  investigation  it  was 
concluded  that  the  excess  material  required 
by  the  state  standard  specifications  over  that 
used  in  the  lighter-sectioned  types  investigated 
was  not  only  warranted  but  absolutely  essen- 
tial. 

In  analyzing  the  results  of  this  investigation, 
too  much  significance  should  not  be  attached 
to  the  mere  fact  that  high  stresses  were  found 
in  many  of  the  sections,  as  a  considerable 
number  of  the  structures  undoubtedly  were 
designed  for  smaller  loadings  than  are  re- 
quired by  the  present  standard  specifications. 
It  is,  however,  pertinent  to  note  that  the  as- 
sumed loadings  were  lower  than  those  now  in 
actual  use,  and  that  those  in  charge  of  the 
design  of  these  structures  failed  to  make  ade- 
quate provisions  even  for  the  loadings  now  in 
use.  As  might  have  been  expected,  a  large 
percentage  of  the  defects  and  failures  was 
due  to  insufficient  foundations;  and  it  is  in 
the  matter  of  foundation  design  that  engineers 
have  displayed  the  greatest  weakness.  The 
fact  remains  that  foundation  failures  occur 
too  frequently  in  our  so-called  permanent 
bridges.  It  is  not  improbable  that  engineers 
are  tending  toward  the  too  extensive  use  of 
thin  reinforced  concrete  sections  in  founda- 
tion design. 


Methods    of   Forming    Scroll    Casings 

and  Draft  Tubes  for  Turbine 

Water  Power  Plants. 

Few  structures  in  concrete  call  for  the  mold- 
ing of  more  complex  shapes  than  do  scroll 
cases  and  draft  tubes  for  turbine  installation. 
"Making  snail  shells"  is  the  term  applied  by 
workmen  to  this  task  and  it  does  not  greatly 
exaggerate  its  difficulty.  Complex  curved  sur- 
faces have  to  be  formed  and  formed  with 
exactness.  The  molds  for  these  surfaces  must 
be  true  in  shape  and  precise  in  size  and  they 
must  be  made  so  rigid  as  to  keep  to  shape  and 
size.  This  is  expensive  construction  and  be- 
cause of  it  and  of  the  fact  that  several  like 
scrolls  usually  are  to  be  molded  economy 
urges  that  re-use  of  forms  to  as  great  an  ex- 
tent as  practicable  shall  be  sought. 

Despite  the  obvious  intricacy  of  scroll  case 
and  draft  tube  form  construction  literature 
gives  surprisingly  few  examples  worked 
out  in  any  useful  detail.  It  is  for  this 
reason  that  the  detail  drawings  of  turbine  em- 
placement forms  wdiich  are  published  in  this 
issue  are  valuable.  With  the  descriptive  text 
these  drawings  are  examples  vvljich  can  be 
copied  from  with  certainty  in  laying  out  forms 
for  other  draft  tube  and  scroll  case  work.  The 
more  important  lesson  to  be  gained,  however, 
is  that  forms  of  this  character  are  engineers' 
work.  They  must  be  designed  and  detailed 
as  a  machine  or  a  strucural  steel  detail  is  de- 
signed by  an  engineer.  And  an  engineer  must 
direct  their  fabrication  unless  trained  pattern 
makers  are  employed.  The  average  carpenter 
is  not  skilled  enough  to  interpret  the  designs. 

Examination  of  the  drawings  for  both  scroll 
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case  and  draft  tube  forms  indicates  two  prin- 
ciple features.  The  first  is  the  collapsibility 
of  the  ribs;  the  second  is  the  assembling  of 
the  complete  form  by  sections  or  units  com- 
posed of  several  ribs  with  lagging  attached. 
These  provisions  would  be  in  any  case  neces- 
sarj'  for  handling  and  dismantling  the  forms, 
but  they  also  enable  re-use  of  the  forms  for 
succeeding  turbine  emplacements.  In  the  forms 
illustrated  and  more  clearly  in  the  forms  for 
the  draft  tubes,  the  ribs  are  individual  units. 
Comparison  is  suggested  with  the  draft  tube 
form  ribs  illustrated  in  our  issue  of  Feb.  17, 
1915,  p.  152;  here  a  longitudinal  frame  or  keel 
formed  a  center  member  to  which  rib  quad- 
rants were  bolted  to  complete  the  skeleton  of 
the  draft  tube  mold.  A  gain  in  flexibility  of 
the  form  for  erection  and  removal  is  indicated 
by   the   keel   construction. 

It  is  curious  that  in  all  the  manv  samples  of 
turbine  emplacement  form  work  that  engineer- 
ing articles  present  one  does  not  recall  a  case 
in  which  steel  forms  were  employed.  Doubt- 
less there  may  be  such  cases  and  we  shall  be 
glad  to  have  them  brought  to  our  attention, 
with  discussion  of  tlieir  success.  A  descrip- 
tion appears  elsewhere  in  this  issue  of  a  tur- 
bine installation  in  which  the  scroll  case  was 
not  molded  in  the  concrete  but  was  made  of 
plate  steel  and  was  embedded  in  concrete.  The 
merits  of  this  construction  compared  with 
those  of  more  ordinary  construction,  also  any 
comparison  of  steel  and  wood  forms  and  of 
wood  forms  of  different  designs,  are  largely 
speculative  as  far  as  the  average  engineer  is 
concerned  because  of  an  almost  total  lack  of 
published  cost  data. 


Solution  of  the  Section  Labor  Problem 

on  the  Long  Island  Railroad. 

Section  laborers  on  railways  have  for  a 
number  of  years  been  required  to  work  longer 
days  and  for  a  smaller  daily  wage  than  pre- 
vail in  other  employments.  In  addition  the 
practice  of  the  railways  is  to  take  on  and 
lay  off  section  men  with  the  seasons  and  no 
man  is  certain  of  his  job  for  any  length  of 
time  beyond  the  busy  months  of  spring  and 
fall.  The  results  of  course  were  certain.  Sec- 
tion foremen  are  limited  in  their  choice  to  men 
discarded  by  employers  paying  higher  wages 
or  if  a  capable  man  is  secured  he  remains  no 
greater  time  than  it  takes  him  to  find  better 
employment,  and  always  green  men  are  being 
trained  to  the  skilled  work  of  track  mainte- 
nance to  the  detriment  of  the  quality  of  that 
work. 

This  statement  here  of  a  condition  irritat- 
ingly  familiar  to  railway  maintenance  officials 
is  merely  to  preface  an  account  of  the  reme- 
dial measures  successfullv  taken  by  one  rail- 
way company  and  which  may  be  taken  by 
other  railways.  In  1913  the  Long  Island  R.  R. 
inaugurated  a  permanent  section  force.  The 
method  followed  is  described  in  detail  by  Mr. 
Coleman  King,  supervisor,  in  the  "Mainte- 
nance of  Way  Bulletin"  for  March,  1915.  It 
is  briefly  indicated  by  Mr.  King  as  follows: 

To  meet  this  compptition,  we  established  on 
May  IG,  1913,  our  permanent,  all-year-arounij 
section  force,  which,  includinsr  sub-foremen, 
averages  about  five  men  per  section  over  th'; 
entire  sy.stem.  The  sections  are  divided  into 
five  classes;  those  of  the  first  class  covering 
important  terminals  and  yards  are  allowed  eight 
men,  and  each  successive  cla.ss  is  reduced  hy 
one  man.  .=o  that  these  comprising  class  5  are 
allowed  four  men  only.  tJnder  this  plan  the 
force  averages  about  15  per  cent  less  than  we 
found  to  be  necessary  with  the  former  seasonal 
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fluctuating  foice.  Coincidentally,  rates  were  in- 
creased to  17VS  cts.  per  hour  for  laborers,  and 
18  cts.  per  hour  for  sub-foremen;  sub -foremen 
being  allowed  on  about  70  per  cent  of  the  sec- 
tions. At  the  same  time  a  material  Increaso 
was  made  in  the  foremen's  wages. 

Coincidentally  a  plan  was  devised  in  the 
office  for  distributing  the  work  of  maintenance 
•over  the  whole  year.  Tiiis  task  will  materially 
vary  on  different  railways  and  we  will,  there- 
fore, let  the  reader  particularly  interested  go 
to  the  original  account  for  detailed  informa- 
tion. Mr.  King's  statement  of  the  success  of 
his  plan,  however,  merits  quotation : 

So  far  we  have  found  that  the  assurance  of 
permanent  work  at  a  fair  rate  of  wages  has 
practically  eliminated  the  shifting  about  of  men 
and  the  necessity  for  breaking  in  green  men. 
and  we  still  have  fully  95  per  cent  of  the  force 
we  started  with  after  the  reorganization.  I 
leel  perfectly  safe  in  saying  that  at  the  pres- 
ent time  our  section  forces  are  comprised  of 
the  very  best  labor  obtainable;  they  take  an 
active  peisonal  interest  in  the  work,  and  do 
everything  possible  to  retain  their  places. 

The  experience  of  the  Long  Island  R.  R.  is, 
it  seems  to  us,  distinctly  instructive.  First  by 
systematizing  section  work  and  reorganizing 
the  section  forces  15  per  cent  fewer  men  were 
able  to  perform  the  work.  Second  by  in- 
creasing the  attractiveness  of  the  employment 
more  capable  men  were  drawn  to  it.  Both 
advantages  were  secured  by  means  available 
to   any   railway  company. 


Estimating  the  Cost  of  Culverts  and 

Other   Small   Structures   in 

Road   Building. 

The  contractor  or  engineer  whose  experience 
In  the  construction  of  roads  in  country  districts 
has  been  limited,  is  prone  to  error  in  estimating 
the  cost  of  culverts  and  other  small  structures. 
In  the  aggregate  the  sum  of  the  cost  of  these 
features  seldom  exceeds  ten  per  cent  of  the 
total  cost  of  the  job.  But  in  point  of  effect 
upon  the  progress-  of  other  portions  of  the 
work  and  hence  the  cost  of  other  work,  error 


in  estimating  cost  or  arrangement  of  construc- 
tion work  may  affect  total  costs  very  ma- 
terially. 

The  two  most  important  c^st  producing  ele- 
ments in  building  small  structures  are  trans- 
portation of  materials  and  the  difficulty  of 
working  small  and  widely  separated  gangs. 
The  former  is  affected  by  the  condition  of  the 
roads — usually  bad — and  the  frequent  neces- 
sity of  traversing  a  section  of  recently  graded 
road  or  road  in  process  of  being  graded,  in  the 
case  of  culvert  construction.  This  results  in 
decreasing  the  size  of  loads  that  may  be  carried 
and  limiting  the  type  of  transportation  to  horse 
drawn  vehicles.  The  latter  element  practically 
forces  the  employment  of  extra  foremen  or 
the  use  of  highly  paid  and  reliable  workmen  to 
secure  effective  work  in  the  operation  of  small 
gangs. 

The  work  that  must  of  necessity  be  done  by 
small  gangs  is  varied  and,  as  a  rule,  extends 
over  the  whole  period  required  for  the  com- 
pletion of  the  job.  It  includes  the  moving  of 
fences,  grubbing  stumps,  building  temporary 
roads,  digging  trenches  and  laying  pipe  culverts 
in  advance  of  grading  operations,  building  con- 
crete culverts,  constructing  temporary  bridges, 
trimming  and  finishing,  laying  gutter,  erecting 
guard  rail  and  numerous  other  small  jobs, 
usually  at  widely  separated  points. 

In  estimating  the  cost  of  such  work  it  is 
therefore  generally  wise  to  become  thoroughly 
familiar  with  the  ground  before  figuring  the 
probable  cost.  It  is  also  advisable  to  estimate 
such  work  from  the  labor  cost  gang  basis 
rather  than  attempt  to  use  unit  costs,  although 
it  must  be  admitted  that  the  amount  of  work 
necessary  in  so  doing  is  out  of  all  proportion  to 
the  relative  cost  of  the  work.  It  is  certainly 
convenient  to  estimate  that  concrete  culverts 
will  cost  so  much  a  cubic  yard  of  concrete  or 
guard  rail  so  much  a  linear  foot,  but  is  it  not 
wise  to  consider  the  number  of  culverts  and 
their  location  and  the  number  of  different 
points  at  which  guard  rail  is  used?  When 
these  elements  are  considered  the  amount  of 
labor  must  be  computed  or  unit  costs  increased 
by  estimate  to  secure  a  proper  bid  and  which 
is  the  safer  method  of  estimating? 


Experienced  contractors  are  familiar  with 
the  uncertainty  of  the  cost  of  these  small  struc- 
tures and  their  bids  upon  such  features  are 
generally  quite  high.  A  loss  upon  them,  how- 
ever, usually  does  not  affect  greatly  the  total 
cost  of  the  work.  But  it  is  a  matter  of  some 
satisfaction  to  remove  the  uncertainty  as  to  the 
cost  by  more  careful  methods  of  estimating 
than  it  is  the  practice  of  some  contractors  to 
employ. 


Rent  for  Street  Occupation  by  Stock 

Piles. 

In  Philadelphia  a  contractor  who  .  piles 
building  materials  in  the  street  must  pay  a 
monthly  rent  of  25  cts.  for  the  space  occu- 
pied. This  rent  is  not  adequate  recompense 
for  the  obstruction  of'several  hundred  square 
feet  of  street  nor  is  it  enough  to  discourage 
almost  as  free  occupation  of  the  roadway  by 
brick  piles  and  mortar  boards  as  would 
prevail  were  nothing  charged  for  the  privi- 
lege. Why  not  then  give  the  privilege  or  else 
charge  a  reasonable  rent?  Perhaps  the  pur- 
pose of  the  nominal  rent  is  to  necessitate  the 
formal  recording  of  the  act  of  occupation  by 
the  builder  and  thus  appraise  the  street  offi- 
cials of  the  need  of  watchfulness  and  restric- 
tion. I'here  is  sound  reason  in  this,  but  what 
we  started  to  note  here  is  another  thing.  The 
Bureau  of  Highways  of  Philadelphia,  which 
needs  money  for  its  work  of  maintaining 
streets,  proposes  that  the  rent  be  increased 
from  25  cts.  to  $5  per  month  and  that  the 
rental  be  appropriated  to  the  street  depart- 
ment funds.  The  annual  rental  that  would 
result  from  this  increase  is  estimated  at  $40,- 
000.  This  is  not  a  great  sum  but  it  would 
go  far  toward  relieving  the  handicap  of  too 
small  a  supervising  force  of  which  the  Bureau 
complains.  In  this  connection  it  is  interesting 
to  note  that  in  this  Bureau  engineering  and 
overhead  charges  together  amount  to  only  4.8 
per  cent  of  the  total  expenditures.  This  is  a 
remarkably  small  figure  as  such  charges  run 
in  municipal  and  state  work  and  seems  to 
lend  justice  to  the  claim  that  the  supervising 
force  of  the  Bureau  is  undermanned. 
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Construction    Plant   and    Methods   for 

Concrete  Work  on  the  Lock  Twelve 

Dam,  Coosa  River,  Alabama. 

Dam  construction  is  largely  a  problem  of 
plant  equipment  and  arrangement  for  handling 
rapidly  a  large  volume  of  materials  and  in  case 
of  included  power  house,  also  a  problem  of 
special  form  work  for  wheel  encasements,  pen- 
stocks and  draft  tubes.  In  an  elaborate  paper 
by  E.  L.  Sayers  arid  A.  C.  Polk  (Proc.  Am. 
Soc.  C.  E..  Vol.  XL,  p.  2189)  these  features  are 
considered  in  detail  for  Lock  Twelve  Dam  of 
the  Alabama  Traction,  Light  &  Power  Co.,  and 
from  this  paper  such  data  as  relate  exclusive- 
ly to  the  concrete  construction  are  abstracted 
as  follows : 

GENERAL   DESCRIPTION. 

The  dam  on  Coosa  River,  known  as  Lock  12 
Dam,  is  about  11  miles  northeast  of  Clanton, 
Chilton  County,  Alabama.  The  spillway  form- 
ing the  principal  part  of  the  dam  has  a  net 
crest  length  of  780  ft.,  divided  into  26  sections, 
each  30  ft.  long,  separated  by  concrete  piers, 
6  ft.  long  on  the  axis  of  the  dam.  One  the  crest 
of  each  section  of  spillway  there  is  placed  be- 
tween piers  a  gate,  30  ft.  long  and  14  ft.  high, 
of  a  modified  Stoney  type.  The  height  of  the 
dam  from  the  average  elevation  of  the  original 
river  bed  to  the  elevation  of  the  flow  line  of  the 
reservoir  is  77  ft.  The  foundations  of  the 
power  house  are  built  transversely  to  the  axis 
of  the  river  and  form  an  integral  part  of  the 
dam.  The  length  of  spillway,  power  house, 
and  abutments,  over  all,  is  1,530  ft.  5%  ins. 
The  p'  wer  house  substructure  is  ,303  ft.  4  ins. 
long,  LjG  ft.  5  ins.  wide,  and  contains  provision 
for  six  units.   Four  units  constitute  the  present 


installation,  and  the  superstructure  is  built  with 
a  temporary  wall  at  the  river  end  so  that  it  can 
be  extended  to  cover  all  six.  In  all,  there  are 
approximately  190,000  cu.  yds.  of  concrete  in 
the  power  house  foundations  and  the  dam. 
The  first  concrete  was  placed  on  April  12, 
1913;  it  was  all  placed  by  Feb.  26,  1914;  and 
commercial  power  was  turned  out  for  the  first 
time  on  April  12,  1914,  jusl  one  year,  to  the 
day,  from  the  date  of  placing  the  first  con- 
crete. 

CONSTRUCTION    PLANT. 

Railroad  Yards  and  Tracks. — -Yards  and 
tracks  for  the  storage  and  rapid  handling  of 
materials  were  provided ;  and  a  line  was  built 
down  into  the  river  bottom,  below  the  dam, 
whereby  trains  and  engines  could  get  down  on 
the  cofferdam;  this  was  known  as  the  "Low- 
Level  Line."  There  were  two  storage  yards 
for  sand  and  gravel  where  loading  and  un- 
loading operations  in  no  way  interfered  with 
regular  train  and  switching  movements.  A 
long  side  track  served  the  main  cement  ware- 
house, oil  house,  and  general  storehouse,  so 
that  cars  were  unloaded  directly  into  them. 
The  shops  were  also  served  with  another  sid- 
ing, but  the  arrangement  used  was  a  poor  one. 
The  main  line,  known  after  it  left  the  yards  on 
its  way  to  the  dam  as  the  "High  Level  Line," 
served  the  mi.xer,  cement  warehouse,  concrete 
material  bins,  and  compressor  plant,  materials 
being  unloaded  directly  to  these  various  places 
from  the  cars.  Figure  1  is  a  map  showing  this 
detailed  track  lavout. 

Cablczvays.  —  Two  traveling  cableways 
spanned  tlie  river  parallel  to  and  immediately 
over  the  face  of  the  dam.  Together,  the  two 
cableways  had  a  range  of  about  150  ft.  up  and 


down  stream.  The  towers  were  95  ft.  above 
the  rail,  their  track  elevation  being  about  440. 
The  length  of  span,  was  1,647  ft.  The  towers 
traveled  on  standard  gage  tracks  and  on  stand- 
ard M.  C.  B.  car  wheels  and  axles.  The  main 
cables  were  2%  ins.  in  diameter  and  of  patent, 
lock  laid,  flat,  steel  strands  on  the  outer  cover- 
ing. The  cableways  were  also  equipped  with 
one  button  line,  having  eight  buttons  on  it,  one 
endless  line,  and  one  hoist  line.  The  button 
and  hoist  lines  were  %-in.,  6/25-strand,  Her- 
cules, wire  ropes.  The  endless  line  was  a 
%-in.,  6/25-strand,  flat,  wire  rope.  The  button 
line  was  1,700  ft.  long,  the  hoist  line,  2,100  ft., 
and  the  endless  line.  2,600  ft,  long.  The  cable- 
ways  were  operated  by  12%xl5-in.  engines, 
driven  by  steam,  from  80-hp.  locomotive  type 
boilers,  all  mounted  on  the  trucks  of  the  tow- 
ers. The  cablewavs  had  a  rated  capacity  of 
10  tons,  and  were  operated  under  a  sag  of  80 
ft.  with  a  load  of  6  tons.  In  the  early  stages 
of  the  operation  of  the  cableways,  a  good  deal' 
of  trouble  was  experienced  with  carriers.  The 
original  carriers  seemed  to  be  too  heavy,  fre- 
quently breaking  each  other  when  they  struck. 
Lighter  carriers  were  made,  and  much  of  the 
trouble  was  eliminated.  Trouble  was  also 
caused  by  the  breaking  of  two  strands  in  No. 
2  cable.  The  first  breaks  were  welded  by  the 
oxy-acetylene  process.  The  weld  did  not  prove 
satisfactory,  and  they  broke  again ;  this  cable 
was  used  for  the  remainder  of  the  job  with 
these  strands  cut  out.  The  buttons  used  on  the 
button  lines  were  of  an  obsolete  type,  and  were 
not  satisfactory;  when  one  of  them  broke 
or  slipped  along  the  cable,  it  was  necessary,  in 
order  to  put  on  a  new  one,  to  lower  the  cable, 
cut  out  a  section,  and  replace  it,  all  of  which 
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was  expensive  and  caused  much  delay.  There 
is  now  manufactured  a  cast-steel  button,  made 
in  two  parts,  which  does  away  with  the  neces- 
sity for  lowering  the  cable.  A  button  of  this 
type  can  be  put  on  in  an  hour,  and  is  a  great 
improvement   over   the   old  one.    Extra   hoist, 


engine  was  run  by  steam  supplied  from  the 
compressor  plant,  about  100  ft.  away.  These 
mixers  had  a  capacity  of  20_  batches  per  hour, 
their  combined  capacity  being  3,200  cu.  yds. 
Materials  for  concrete  came  in  in  hopper- 
bottom    cars,    and    were    dumped    through    a 
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Fig.   1.      Plant   Layout  for   Lock   Twelve   Dam,  Coosa    River,    Alabama. 


button,  and  endless  lines  were  kept  .n  readi- 
ness at  the  head  towers,  so  that,  in  case  of  a 
breakdown  at  any  time,  they  could  be  quickly 
and  rapidly  installed.  The  cableways  handled 
practically  60  per  cent  of  the  concrete,  and 
were  run  both  day  and  night.  They  also  han- 
dled practically  all  the  excavation  in  the  early 
stages  of  the  work.  They  were  used  for  mov- 
ing and  erecting  all  derricks,  etc.,  handling 
form  lumber,  iron  and  materials  of  a  like  char- 
acter, and  were  found  to  be  exceedingly  useful 
for  the  latter  purpose. 

Derricks. — All  derricks  used  at  the  dam  for 
excavating  and  for  placing  concrete  were  of 
5-ton  capacity,  of  the  wooden,  traveling  stiff- 
leg  type,  with  37  to  40-ft.  masts  and  5o  to  G-J- 
ft.  booms.  These  derricks  traveled  on  the  up- 
stream and  down-stream  cofferdams,  parallel 
to  the  line  of  the  dam,  and  on  the  bottom  in 
the  tail-race  and  draft-tube  excavation  of  the 
power  house.  Later,  when  the  concrete  reached 
elevation  -380  in  the  power  house,  three  of 
these  derricks  were  set  up  on  high  bents  and 
were  stationary.  All  the  derricks  were  equipped 
with  %-in.,  C/19-strand,  Hercules,  steel-wire 
rope  hoist  and  boom  lines,  and  with  14-in. 
derrick  irons  and  12-ft.  bull-wheels.  Double 
blocks  were  used  on  the  booms  and  single 
blocks  on  the  hoist  lines,  and  were  operated  by 
7xl0-in.  engines,  with  swinging  gears,  driven 
by  air.  The  traveling  feature  of  these  derricks 
was  an  excellent  one,  as  their  increased  radius 
of  action  was  most  advantageous.  In  this  casr 
the  back  trucks  of  these  derricks  traveled  on 
the  top  of  the  cofferdam,  and  the  front  trucks 
on  a  trestle  resting  on  the  bottom  inside.  Three 
of  them  were  able  to  cover  a  length  of  47-5  ft. 
of  the  dam,  on  the  upstream  face.  These  der- 
ricks handled  excavation  in  skips  into  cars 
run  out  on  the  upstream  coffer,  and  took  con- 
crete from  the  cableways,  placing  it  in  the 
forms,  the  cableways  depositing  a  loaded 
bucket  in  a  certain  place  and  removing  the 
empty  bucket,  the  derrick  then  taking  the 
bucket  and  dumping  it  in  any  portion  of  the 
form  desired.  They  also  took  concrete  from 
flat  cars  run  out  on  the  upstream  cofferdam. 

Mixer  Plant. — The  mixer  plant  was  about 
200  ft.  south  of  the  cableways,  and  discharged 
concrete  to  cars  standing  at  elevation  42.5.  The 
plant  consisted  of  two  model  64,  84-cu.  ft. 
mixers,  owned  by  the  Powers  Co..  and 
driven  by  an  18x24-in.,  horizontal,  single  cyl- 
inder engine,  rented  from  the  contractor.   This 


trestle  into  a  bin  having  a  capacitv  of  800  cu. 
yds.  They  were  removed  from  this  bin  by  a 
belt  conveyor  to  a  bucket  elevator,  and  de- 
posited in  smaller  bins  over  each  mixer,  from 
which  they  were  drawn  to  the  measurmg  hop- 
pers. The  belt  conveyor  and  bucket  elevator 
were  driven  by  a  10xl6-in.  horizontal,  single 
cylinder,  engine,  also  run  by  steam  supplied 
from  the  compressor  plant.  The  drive  on  both 
the   mixers   and   elevators   was   with   belts,   to 
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the  engineers  beheve  this  to  be  somewhat  too 
thin  for  this  size.  They  suggest  that  a  %-in. 
shell  would  be  preferable.  Four  sets  of  blades 
and  one  drum  were  worn  out  on  one  mixer, 
and  three  and  one-half  sets  of  blades  on  the 
other,  in  course  of  the  job.  Two  elevators 
were  installed  during  the  progress  of  the  work. 
The  first  was  a  No.  6,  18-in.  bucket,  stone 
elevator,  67-ft.  centers,  on  the  main  pulleys.  It 
did  not  have  sufificient  capacity  to  supply  1,000 
cu.  yds.  per  10-hour  day  to  the  mixers,  as 
required,  and  was  taken  out  in  .August  and 
replaced  with  a  No.  8,  30-in.  bucket  elevator. 
.\  32-in.,  6-ply  belt,  147  ft.  long,  was  used,  and 
had  98  30xl7xl0-in.  steel  buckets.  After  the 
installation  of  the  larger  elevator,  there  was 
no  more  trouble. 

Water  was  supplied  to  the  mixers  through  a 
2-in.  line  from  the  main  storage  tank  at  the 
dam.  Two  small  iron  tanks  with  the  necessary 
control  valves,  gage  glasses,  etc.,  were 
equipped  and  set  up  overhead  in  the  mixer 
room,  and  all  the  water  drawn  directly  from 
these  to  the  mi.xers. 

As  soon  as  the  cement  was  emptied  into  the 
hoppers,  two  laborers  assigned  to  the  duty 
gathered  the  sacks,  shook  them  off  to  one  side, 
packed  them  in  bundles  of  50,  and  stored  them 
in  the  mi.xer  cement  house  until  from  20,000  J;o 
30,000  sacks  had  accumulated,  when  a  carload 
was  shipped  to  the  mills.  The  sweepings  were 
sacked  and  used  with  the  other  cement. 

Compressor  Plant. — Practically  all  derricks, 
hoists,  small  pumps,  air  drills,  small  wood- 
boring  tools,  etc..  were  operated  by  air  at  a 
pressure  of  85  lbs.,  furnished  by  a  central 
compressor  plant  which  was  near  the  mixing 
plant.  The  boilers  of  this  plant  also 
furnished  steam  for  driving  the  mixing 
plant.  Two  24x30-in.  straight  line  air  com- 
pressors, each  with  a  capacity  of  1,225  cu.  ft. 
per  minute,  furnished  all  the  air.  These  ma- 
chines w'ere  leased  with  other  equipment  from 
the  contractor.  The  compressor  and  the  mixer 
plant  were  supplied  with  steam  by  four  125-hp. 
Iiorizontal,  locomotive  type  boilers,  leased  from 
the  contractor.  The  compressors  delivered  air 
at  85  lbs.  pressure  through  a  6-in.  main  to  a 
storage  tank,  4  ft.  9  ins.  in  diameter,  12  ft. 
long,  and  of  %-in.  metal,  located  outside  the 
building.    A  system  of  pipes  was  arranged  to 
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line  shafts,  and  friction  clutches.  CJne  of  the 
drums  of  the  mixers  wore  through  compara- 
tively quickly,  due  to  the  exceedingly  tough 
and  hard  quality  of  the  stone.  This  drum 
mixed  approximately  70,000  cu.  yds.  of  con- 
crete.   These  drums  were  of  'A-in.  metal,  and 


spray  water  constantly  over  this  tank  to  keep 
it  cool,  and  a  special  grade  of  oil  was  used  in 
the  compressors  on  account  of  the  likelihood 
nf  explosion  in  the  storage  tank.  The  air  was 
distributed  to  the  principal  points  of  use 
through  a  6-in.  main. 
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Machine  and  Carpenter  Shop. — The  machine, 
carpenter,  and  blacksmith  shops  were  all  in 
one  long  building  in  the  yards  near  the  main 
storehouse.  One  line  shaft,  84  ft.  long,  ran 
through  the  length  of  the  building,  and  all 
machine  tools  were  driven  from  it.  The  en- 
gine driving  this  line  shaft  was  an  llxl4-in. 
horizontal,  single-cylinder  engine  owned  by 
the  Alabama  Power  Co.  It  was  supplied  with 
steam  by  a  30-h.p.  vertical  boiler,  leased  from 
the  contractor.  The  engine  and  boiler  room 
was  in  the  center  and  at  the  rear  of  the  shops. 
The  machine  shop  contained  the  following 
tools:  One  30-in.  radial  drill  press;  one  30-in. 
shaper ;  one  18-in.  x  10-ft.  lathe;  one  1%-in. 
bolt  threading  machine ;  one  No.  94  Forbes, 
2%  to  6-in.  pipe  cutting  and  threading  ma- 
chine; one  16-in.  x  5-ft.  lathe;  one  30-in. 
diameter  by  5-in.  face  power  grindstone,  and 


one  No.  4  Vulcan  emery  grinder.  The  black- 
smith shop  contained  the  following :  One  No. 
2  Champion  blower  for  forges;  three  black- 
smith forges,  home-made;  three  anvils,  from 
250  to  300  lbs.  The  carpenter  shop  contained : 
One  No.  8  variety  rip-saw  and  joiner;  one 
band  saw;  one  No.  402  bench  grinder;  one  No. 
8  planer  and  matcher.  This  planer  was  very 
useful,  and  surfaced  all  form  lumber;  if  the 
saw  mill  had  been  operated  by  the  company, 
however,  the  planer  should  have  been  there. 

There  should  have  been  added  to  the  ma- 
chine shop  a  power  hack-saw,  a  set  of  shears 
large  enough  to  cut  rounds  up  to  1  in.  in 
diameter  and  flats  up  to  1x3  ins.,  and  a  small 
steam-power  hammer  on  a  job  where  there 
are  a  number  of  locomotives  and  cars  to  be 
taken  care  of.  The  shops,  as  located,  did  not 
have   sufficient   floor   and   working   space,   and 
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should  have  been  separated  from  each  other. 
Both  should  have  been  closer  to  the  dam,  and 
served  by  independent  spurs  from  the  railroad, 
so  that  cars  of  lumber  could  have  been  de- 
livered to  the  platforms  and  yards  direct.  The 
laying-out  floor  of  the  carpenter  shop  should 
have  been  large  enough  to  build  one  complete 
scroll  case  form  on  it,  which  would  have  taken 
a  platform  75  ft,  square.  Also,  there  should 
have  been  a  second  laying-out  floor,  at  least 
50x100  ft.,  for  ribs  and  other  work  of  that 
kind.  The  machine  shop,  if  possible,  should 
have  been  as  close  to  the  work  as  convenient 
for  all  purposes,  and  should  have  at  least  two 
tracks  for  its  own  exclusive  use ;  one  for 
bringing  machinery,  etc.,  to  be  repaired  at  the 
shop,  the  other  to  serve  as  a  general  rip  yard 
track.  Where  a  railroad  is  operated  and  en- 
gines are  taken  care  of,  a  pit  for  dropping 
wheels  should  be  provided  on  one  of  these 
tracks. 

Locomotive  Cranes. — Two  10-ton  locomotive 
cranes  were  used  in  all  features  of  the  work. 
They  did  the  work  well,  but  the  type  used  had 
only  four  wheels,  which  was  hard  on  the  track. 
Two  1%-yd.  clam-shell  buckets  were  fur- 
nished with  these  cranes,  and  were  used  for 
unloading,  storing,  and  reloading  from  storage 
all  sand  and  gravel,  and  for  coaling  engines, 
etc.  They  were  also  used  to  assist  in  the  dis- 
posal of  excavation  from  the  dam  and  tail- 
race,  handling  loaded  skips.  They  were  also 
used  in  unloading  and  erecting  the  contractor's 
plant  and  in  reloading  it  when  the  work  was 
completed.  They  were  found  exceedingly  use- 
ful all  through  the  work,  but  were  not  quite 
big  enough  for  all  purposes.  After  the  work 
was  started  a  larger  crane  was  purchased, 
having  a  50-ft.  fixed  boom  and  a  30-ft. 
trussed  extension.  This  crane  had  a  capacity 
of  from  20  to  30  tons  at  12  ft.  radius,  and  was 
used  at  first  for  stripping  at  the  quarry  and 
loading  cyclopean  stone.  Later  it  was  used 
in  erecting  the  steel  framework  of  the  power- 
house and  handling  the  heavy  castings  and 
machinery  going  into  it. 

Quarry  Plant  and  Layout. — In  general,  the 
plant  consisted  of  a  crushing  outfit  of  two 
McCully  crushers,  with  necessary  elevators 
for  storing  in  a  large  storage  bin,  and  a  com- 
pressor plant  for  the  operation  of  derricks, 
drills,  pumps,  etc. 

STORAGE   AND   CARE   OF    MATERIALS. 

Two  yards  were  provided  for  the  storage 
of  sand  and  gravel,  and  two  were  served  by 
spurs  leading  off  the  main  line  of  the  rail- 
road west  of  the  yards,  as  shown  on  Fig.  1. 
Each  spur  branched  into  a  double  track  after 
leaving  the  main  line,  so  that  a  locomotive 
crane  operating  on  one  track  could  unload  a 
string  of  cars  on  the  other  without  having 
them  switched.  Structural  steel  was  also  un- 
loaded and  stored  in  one  of  these  yards.  In 
addition,  1,600  cu.  yds.  of  sand  were  dumped 
through  a  high  trestle  next  to  the  com- 
pressor plant  and  about  300  ft.  from  the  mixer 
bins.  Run-of-pit  gravel  (containing  about  55 
per  cent  sand)  from  Elmore  was  stored  in 
the  same  piles  with  the  sand.  Washed  gravel 
was  stored  in  separate  piles.  At  the  quarry  a 
storage  of  8,000  cu.  yds.  of  crushed  stone  was 
accumulated  during  the  latter  part  of  the  job, 
when  the  concreting  slacked  up  at  the  dam. 
This  stone  was  stored  beside  the  main  line  of 
the  quarry  branch,  being  dumped  from  T-yd. 
cars  over  the  side  of  a  10-ft.  embankment. 
Storing  this  material  at  that  place  permitted 
the  quarry  to  shut  down,  thus  getting  rid  of 
a  large  overhead  expense  some  time  before 
the  concreting  of  the  dam  was  finished.  This 
material  was  afterward  loaded  by  a  locomo- 
tive crane  operating  a  1%-yd.  clam-shell 
bucket.  A  maximum  quantity  of  8,400  cu. 
yds.  of  sand  was  in  storage  on  Dec.  14,  1914, 
and  approximately  2,000  cu.  yds,  of  Elmore 
gravel,  and  2,800  cu.  yds.  of  washed  gravel. 
These  quantities  of  materials  were  put  into 
storage  primarily  in  order  to  avoid  hauling 
over  the  railroad  any  more  material  than  was 
absolutely  necessary  after  Jan.  1,  1914;  the 
rainy  season  generally  starting  about  then  and 
giving  a  great  deal  of  trouble  from  soft 
track,  derailments,  etc. 
Cement  Storage. — Cement  was  stored  in  two 
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warehouses,  the  main  one  being  in  the  yard, 
and  having  a  capacity  of  15,000  bbls.  This 
building  was  absolutely  damp-proof,  and  the 
cement  stored  there  was  well  preserved.  The 
other  warehouse,  accommodating  about  2,000 
bbls.,  was  built  at  the  mixers.  This  storage 
fluctuated  considerably,  as  it  was  used  simply 
to  insure  a  supply  of  cement  at  the  mixers  at 
all  times.  Most  of  the  cement  used  at  the 
mixers  was  unloaded  there  directly  from  cars 
and  was  not  kept  in  storage. 

Sand. — So  much  loam  and  foreign  matter 
was  contained  in  certain  sections  of  the  sand 
pit  that  it  became  necessary  to  place  an  in- 
spector there.  He  sampled  the  sand  from  fixed 
positions  in  the  cars  and  made  the  ordinary 
rough  test  of  mixing  it  with  water  in  large 
test  tubes  and  allowing  the  material  to  settle 
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mixers,  and  kept  close  watch  on  the  character 
of  the  materials  running.  A  good  deal  of 
trouble  was  caused  by  using  washed  sand  from 
foreign  pits  by  itself;  being  very  coarse,  it 
would  not  hold  the  cement  or  water,  and 
would  not  dump  out  of  the  buckets,  thus  caus- 
ing considerable  delay  at  times.  The  prin- 
cipal remedy  was  to  dump  cars  of  fine  sand 
containing  some  loam  alternately  with  the 
coarse  sand,  mixing  it  as  much  as  possible  in 
this  manner.  About  30  per  cent  of  this  coarse 
sand  was  retained  by  a  Vs-in.  screen.  A  series 
of  tests  was  run  on  the  Elmore  gravel,  and 
also  on  the  washed  gravel,  to  determine  its 
fineness;  50  per  cent  of  the  washed  gravel 
would  pass  a  %-in.  screen,  and  55  per  cent  of 
the  Elmore  run-of-pit  gravel  would  pass  a 
%-in.   screen.     The  quantities   of   the   various 
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after  being  thoroughly  shaken  up.  The  coarse 
sand  settling  to  the  bottom  was  measured,  and 
the  percentage  of  clay  or  loam  resting  on  its 
surface  was  determined.  Cars  containing  more 
than  an  average  of  10  per  cent  of  clay  or  loam, 
as  determined  by  this  method,  were  not  ac- 
cepted. This  percentage  was  greater  than  is 
ordinarily  allowed,  but  there  were  times  when 
no  cleaner  sand  could  be  obtained,  and  many 
carloads  were  rejected.  The  concrete  obtained 
with  the  sand  was  very  dense  and  of  excellent 
quality.  A  very  close  watch  was  also  kept  on 
foreign  crushed  stone,  as  some  of  it  was  dirty; 
if  it  was  bad,  it  was  rejected,  by  an  inspector 
at  Ocampo,  before  being  brought  to  the  dam. 
Watch  was  also  kept  and  inspection  made  of 
incoming  materials  at  the  dam.  The  engineers 
in  charge  on  the  dam  made  regular  trips  dur- 
ing their  respective  shifts  to  the  bins  and  the 


materials  were  determined  both  by  measure- 
ment and  by  weight.  All  materials  coming 
through  Ocampo  were  weighed  on  a  standard 
track  scale  installed  by  the  Power  Co.  One 
hundred  cars  of  material  of  each  class  were 
weighed  and  also  measured,  and  the  weight 
per  cubic  yard  was  thus  determined.  This 
factor  was  then  used  on  all  subsequent  re- 
ceipts. All  quarry-crushed  stone  was  measured 
in  cars  at  the  quarry  by  the  inspector.  All 
Cyclopean  stone  was  measured  on  cars  by  the 
yard  clerk. 

METHODS  -OF    CONSTRUCTION. 

Forms  for  Dam. — The  forms  used  on  the 
vertical  faces  of  the  dam  were  of  the  can- 
tilever type,  built  in  sections,  12  ft.  long  and 
6  ft.  high,  with  upright  posts  extending  6  ft. 
below   the   bottom   of   the   sheeting.     All    the 


sheeting  was  sized  and  dressed  to  1%  ins.  in 
thickness,  and  all  vertical  posts  were  made  of 
two  4  x  8-in.  timbers  nailed  together,  with  1-in. 
blocks  between  them  at  the  top,  middle,  and 
bottom.  The  waling  pieces  were  4  x  8-ins.,  or 
6  X  8-ins.  laid  flat.  These  forms  were  built 
complete  and  raised  in  one  piece,  from  one  lift 
to  another,  by  a  3-ton  chain  block  hung  from 
an  A-frame,  guyed  back  with  form  wire  to 
hook-bolts  in  the  concrete.  This  particular 
kind  of  form  was  not  used  throughout  the  job, 
for,  as  the  work  progressed  and  carpenters 
became  rather  scarce,  sections  of  this  type  were 
abandoned,  and  3  x  6-ft.  panels  were  made  in 
the  carpenter  shop  and  simply  tacked  to  the 
posts.  This  type  was  practically  the  same  as 
the  first  and  was  handled  more  quickly  and 
easily  than  the  forms  of  heavier  section.  The 
following  method  was  used  to  hold  the  forms 
in  place :  When  a  form  was  completed,  %-in. 
bolts,  22  ins.  long,  with  an  ogee  washer  on 
one  end.  were  placed  in  them,  10  ins.  below  the 
top,  the  bolts  having  a  10-in.  hold  in  the  con- 
crete when  it  was  poured  around  thein.  Also, 
when  the  pour  in  the  form  was  completed,  and 
while  the  concrete  was  still  soft,  %-in.  bolts,  12 
ins.  long,  with  a  hook  on  one  end,  were  set  in 
the  concrete  opposite  each  post  and  about  6  ft. 
back  from  the  face  of  the  form.  When  a  sec- 
tion form  or  panel  was  raised,  it  was  lifted 
until  the  bottom  of  the  sheeting  was  above  the 
bolts  set  16  ins.  below  the  top  of  the  previous 
pour  of  concrete.  The  posts  were  fitted  on 
these  bolts  which  held  the  form  in  place,  pass- 
ing through  the  slot  between  the  two  4  x  8-in. 
posts.  A  waling  piece  at  the  top  of  each  sec- 
tion was  used  to  wire  the  form  back  to  the 
hook-bolts  placed  in  the  concrete.  Wedges 
were  placed  at  the  bottom  of  the  post  to  line 
up  the  form.  The  panel  forms  were  handled 
in  the  same  manner,  the  loose  posts  being 
placed  on  the  bolts  previously  set  in  the  con- 
crete, and  the  panels  dropped  into  place  be- 
hind them  and  tacked  to  the  posts.  As  the 
speed  of  filling  the  forms  increased,  two  wal- 
ings  were  used  instead  of  one.  All  expansion 
joint  forms  were  held  in  this  same  way.  For 
the  curved  section  of  the  dam,  on  the  down- 
stream face,  ribs  were  cut  to  the  proper  radius 
in  the  form  shop  and  brought  down  to  the  job 
where  sheeting  was  nailed  on  them  in  place  at 
the  dam.  The  ribs  for  all  curved  forms  were 
made  of  two  2  x  8-in.  timbers  nailed  together, 
with  a  1-in.  spacing  block  between  them,  leav- 
ing a  1-in.  slot  to  catch  the  anchor  bolts,  in  the 
same  manner  as  the  vertical  forms.  In  some 
of  the  big  blocks  on  the  dam,  where  the  con- 
crete came  up  slowly  on  the  forms,  two  2  x 
8-in.  pieces  were  used  in  place  of  the  two  4  x 
8-in.  timbers,  and  proved  satisfactory.  As  a 
general  rule,  these  forms  worked  well  and  were 
fairlv  economical  of  timber.  However,  it  is 
not  the  fastest  method:  after  a  form  is  poured, 
sufficient  time  has  to  be  allowed  for  the  con- 
crete to  set  properly  and  for  the  bolts  to  take 
hold.  More  rapid  work  could  be  done  with 
a  form  of  the  same  general  type,  but  built  up 
continuously,  releasing  the  bottom  sections  as 
the  opportunity  arose.  In  building  the  forms 
continuously,  one  could  be  raised  as  soon  as 
the  carpenters  could  walk  on  the  concrete,  and 
the  next  pour  could  be  made  from  12  to  24 
hours  sooner  than  with  the  type  used.  The 
latter,  however,  would  take  considerably  more 
timber,  but  the  speed  would  be  increased,  and 
in  a  country  where  timber  is  very  cheap  and 
speed  a  bigconsideration,  the  continuous  type 
might  pay. 

Forms  for  Powcr-Housc. — All  straight  and 
^vertical  wall  forms  in  the  power-house  were 
of  the  same  type,  and  were  handled  in  exactly 
the  same  manner  as  the  dam  forms.  All  spe- 
cial or  curved  forms,  such  as  for  draft-tubes, 
scroll  casings,  and  penstocks,  were  made  in 
the  form  shop  according  to  detailed  drawings 
furnished  by  the  company's  engineers.  The 
type  of  scroll  casing  used  w-as  more  or  less 
of  an  innovation,  and  there  was  consicLerable 
discussion  at  the  beginning  of  the  work  as  to 
the  practicability  of  moulding  such  a  compli- 
cated opening.  The  form  work,  as  can  be 
readily  seen  from  Figs.  2,  3  and  4,  was  highly 
complicated,  and,  even  when  carefully  de- 
tailed, was  difficult  of  execution  in  the  field, 
for   several   reasons :    First,   the   average   car- 
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penter  foreman  is  out  of  his  depth  on  a  com- 
plicated drawing  of  this  kind;  secondly,  the 
setting  and  lining  up  of  a  large  form  of  this 
character  is  difficult  of  execution;  thirdly,  un- 
less the  laying  out  of  the  forms  is  done  care- 


dam,  where  they  were  re-assembled  on  a  plat- 
form adjoining  a  derrick  which  could  pick 
them  up  and  place  them.  A  double  cradle 
with  anchor-bolts  in  it  was  prepared  before- 
hand, in  the  same  manner  as  the  cradle  for 
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Fig.    5.  Typical     Ribs    for    Scroll    Casing    Forms. 


fully,  they  are  hard  to  get  out.  In  the  case 
at  Lock  12,  the  engineers  made  all  the  cal- 
culations and  furnished  a  sufficient  number 
of  detailed  drawings  to  enable  the  work  to  be 
laid  out  and  assembled  in  the  form  shop.  A 
competent  engineer  assisted  the  carpenter 
foreman  in  reading  these  drawings  properly, 
and  layout  the  various  parts  of  the  form.  The 
greatest  care  was  exercised  in  setting  up  the 
forms  and  holding  them  in  place.  The  work 
was  handled  in  this  manner  with  no  great 
difficulty,  and  the  final  results  were  excellent. 
In  detail,  these  complicated  forms  were  built 
as  follows:  All  the  ribs  of  the  scroll  casings 
(Figs.  3  and  5"!  were  made  according  to  the 
drawings  furnished,  and  were  then  set  up  in 
the  shop  in  their  proper  positions,  as  laid  out, 
and  sheeted  with  1-in.  material.  The  detailed 
dimensions  for  the  ribs  are  given  in  Table  I. 
On  the  curved  portions,  1  .x  1-in.  lagging  was 
used,  in  order  that  it  might  bend  easily  and 
conform  to  its  intended  shape.  The  whole 
scroll  casing  was  built  in  p''ght  sections  in  or- 
der to  facilitate  handling  and  erecting,  each 
section  being  comolete  in  itself.  For  the  draft- 
tubes  (Figs.  2  and  6),  all  the  ribs  were  made 
and  fitted  together  on  the  form-shop 
floor;  they  were  then  taken  down  and 
hauled  to  the  dam  and  re-assembled  on  a 
platform  from  which  a  derrick  could  lift  and 
place  them.  A  concrete  cradle,  containing 
a  number  of  anchor-bolts,  had  previously  been 
built,  conforming  exactly  to  the  curve  of  the 
bottom  of  the  draft-tube,  and  these  ribs  were 
placed  on  a  1-in.  board  resting  on  this  cradle. 
Tongued  and  grooved  1-in.  sheathing  was 
nailed  to  the  ribs  after  they  had  been  prop- 
erly lined  and  braced.  The  tops  of  the  draft- 
tube  forms  were  covered  with  2  x  7-in.  planks 
which  extended  out  and  helped  support  and 
keep  in  place  the  bottom  section  of  the  scroll 
case  above.  When  a  scroll  case  was  first  put 
in  place,  it  was  blocked  up  on  wooden  posts 
to  exact  line  and  grade  and  then  small  1  x  3-ft. 
concrete  piers  were  poured  up  under  the  joints 
and  the  middle  of  each  section.  These  piers 
also  contained  anchor-bolts,  and  after  the  con- 
crete of  the  piers  had  set,  the  forms  were 
bolted  tightly  to  them.  They  were  also  wired 
down  to  hook-bolts  set  in  the  concrete  below, 
to  keep  the  form  from  floating.  Penstock 
forms.  Fig.  4,  were  made  in  sections,  6  ft. 
long,  in  the  carpenter  shop ;  they  were  then 
knocked  down  and  transported  on  cars  to  the 


the    draft-tubes.      Types    of    drawings    from 
which  these   forms  were  built  are  Figs.  2,  4 
and  5. 
The  system  of  building  complicated  curved 


setting  these  large   forms  is  recommended  as- 
the  best  and  most  accurate. 

Concrete. — As  many  different  classes  of 
material  were  used  in  the  work,  the  coarse- 
aggregate  bin,  having  a  capacity  of  800  cu. 
yds.,  was  roughly  divided  into  two  sections; 
all  crushed  stone  was  dumped  in  one  end  of 
the  bin  and  all  washed  gravel  and  Elmore 
gravel,  consisting  of  55  per  cent  gravel  and 
45  per  cent  sand,  were  dumped  in  the  other 
end.  The  sand  section  of  the  bin  was  separat- 
ed from  the  coarse-aggregate  section  by  a  par- 
tition. The  crushed  stone  and  gravel  were 
drawn  to  the  conveyor  belt  at  the  same  time, 
in  about  equal  proportions,  and  were  elevated 
into  the  coarse-aggregate  hoppers  above  the 
mixers.  The  sand  was  drawn  by  itself  and 
ran  into  a  separate  bin,  also  above  the  mixers. 
There  was  a  charging  hopper  just  above  the 
mixers,  and  all  materials  were  drawn  from 
the  bins  above  into  this  hopper,  where  they 
were  properly  proportioned.  The  mixing  of 
the  concrete  was  watched  by  an  inspector  on 
duty  at  all  times  at  the  mixer  plant,  and  he 
was  constantly  in  touch  with  the  chief  in- 
spector on  the  dam,  who  also  with  his  assist- 
ants kept  close  watch  on  the  concrete  coming- 
to  the  dam.  Three  mixtures  were  used :  1 :3  :S 
in  the  main  body  of  the  dam  and  the  heavy- 
sections  of  the  power-house ;  1 :2%  :5  in  the 
cut-off  trench  and  bottom  2  ft.  of  the  founda- 
tion of  the  dam;  and  1:2:4  around  the  scroll 
casings,  penstocks,  and  all  reinforcing  in  the 
power-house.  The  greater  percentage  of 
crushed  stone  came  from  Zion  Quarry  de- 
veloped for  this  work,  the  remainder  being 
brought  from  outside  quarries  and  shipped  to 
the  dam  by  rail.  In  addition  to  the  crushed 
stone,  31,034  cu.  yds.  of  gravel  were  used, 
principally  around  the  complicated  curved 
forms  in  the  power-house  and  in  filling  the 
stream-control  openings.  In  general,  as  shown  ■ 
by  the  analyses  of  a  great  many  different  mix- 
tures used  in  the  work,  there  was  about  10  to 
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Fig.   6.     Rib    Layout  for    Draft   Tube    Forms. 


forms  on  a  large  laying-out  floor,  and  also 
all  curved  ribs  for  other  forms  at  the  car- 
penter shop,  is  recommended  on  similar  work. 
The  shop,  however,  as  previously  noted, 
should  be  much  closer  to  the  job  than  it  was 
on  this  work.    The  concrete-cradle  method  of 


15  per  cent  too  much  fine  aggregate  used.  In 
view  of  the  results  obtained,  however,  this 
was  not  a  bad  feature.  There  were  no  honey- 
combed walls  in  either  the  dam  or  the  power- 
house, and  only  a  few  seepage  spots  appeared 
in  any  places  except  at  the  vertical  expansion 
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joints,  the  showing  in  this  respect  being  ex- 
cellent. When  broken  ofi  in  large  chunks, 
the  concrete  was  dense  and  had  a  uniform 
texture;  and  when  the  forms  were  removed, 
the  outside  appearance  of  all  walls  was  good, 
no  finishing  being  necessary  except  in  spots 
where  pieces  had  been  broken  out  by  bolts,  etc. 

Expansion  Joints. — At  first,  expansion  joints 
were  placed  100  ft.  apart,  and  after  two  of 
them  had  been  started,  the  distance  was  cut 
down  to  72  ft.  The  108-ft.  block  proved  a 
little  too  large  to  complete  satisfactorily  as 
the  concrete  at  once  end  set  before  it  did  at 
the  other.  All  joints  were  very  effective,  as 
far  as  could  be  noted  at  the  end  of  one  win- 
ter, and  no  cracks  of  any  kind  developed  in 
the  dam. 

Handling  and  Placing  the  Concrete. — The 
concrete  was  dumped  from  the  mixers  into 
2%-yd.  buckets  on  small  cars,  or  directly  into 
chutes.  The  cars  were  hauled  by  mules  to 
the  cableways,  two  cars  being  used  for  each 
mixer.  There  were  four  tracks  under  the 
cableways,  drawing  closely  to  each  other  in 
pairs  at  the  mixers.  The  Ijuckets  were  picked 
up  by  the  cableways  and  placed  at  the  points 
needed.  No.  1  mi.\er  also  dumped  directly 
into  a  chute.  Chutes  were  used  wherever 
possible  to  deliver  concrete  to  buckets  travel- 
ing on  small  cars  operated  with  a  hoisting  en- 
gine. A  large  portion  of  the  power-house 
concrete  was  passed  through  chutes,  and  the 
system  when  properly  laid  out  is  most  effect- 
ive. The  chutes  delivered  the  concrete  to 
buckets  on  cars  which  were  taken  to  the  dam, 
via  the  Low-Level  Line  and  the  upstream  cof- 
fer, by  a  dinky  locomotive.  This  method  was 
as  effective  and  rapid  as  any  used  on  the  job. 
A  great  deal  of  the  concrete  was  dumped 
directly  from  the  cableway,  and  this  method 
was  fairly  rapid.  However,  the  maximum  10- 
hour  run  with  cableways  was  seldom  more 
than  400  cu.  yds.  The  engineers  believe  that 
cars  and  derricks,  where  it  is  possible  to  use 
them,  are  more  efficient  and  rapid  than  cable- 
ways.  Where  narrow  forms  are  to  be  con- 
creted, the  cableway  is  exceedingly  slow  and 
should  not  be  used  if  any  other  method  can 
be  found.  Cyclopean  stones  were  delivered 
directly  to  the  derricks  on  the  cofferdam,  and, 
between  buckets  of  concrete,  were  set  by  the 
derricks.  Each  stone  was  carefully  washed 
and  cleaned,  and,  after  it  was  placed,  it  was 
carefully  shaken  with  a  bar  and  bedded.  In 
the    dam    the    percentage   of    cyclopean    stone 


was  small.  The_  horizontal  joints  between 
pours  were  always  left  bedded  with  as  many 
cyclopean  stones  as  possible,  in  order  to  get 
a  thorough  bond  with  the  ne.xt  layer.  A  total 
of  6,482  cu.  yds.  of  cyclopean  stone  was  placed 
in  the  dam,  or  5.1  per  cent.  In  the  power- 
house  foundations  there  were   1,188  cu.  yds. 

There  were  two  types  of  chutes  on  the  work. 
The  first  was  made  of  No.  12  gage  metal  and 
was  10  ins.  in  diameter.  It  was  of  the  semi- 
circular type,  and  was  served  by  a  special 
Ijottom-dumping  car  at  the  mixers.  The  mi.xer 
dumped  into  the  car,  and  the  car  was  pushed 
by  hand  over  a  hopper  to  the  chute,  and 
dumped  into  it.  This  chute  was  not  a  suc- 
cess, the  main  objection  being  that  it  was  too 
small.  It  clogged  frequently,  and  took  too 
many  men  strung  out  along  it  to  operate  it 
and  keep  it  clear.  The  metal  was  too  light 
and  wore  out  too  quickly.  The  size  and  type 
are  not  recommended  for  similar  work.  This 
chute  was  abandoned,  and  a  home-made  one 
was  built,  which  gave  satisfaction.  It  con- 
sisted of  a  trough,  built  in  6  to  8-ft.  lengths, 
with  sides  about  18-ins.  high,  and  well  braced ; 
%-in.  sheet  iron  was  rolled  in  8-ft.  lengths  to 
a  half  circle,  14  ins.  in  diameter,  and  fastened 
into  the  bottom  of  the  trough,  giving  a  chute 
with  high  sides  and  a  rounded  bottom.  It  was 
of  sufficient  size,  discharged  on  slopes  of  18° 
rapidly  and  without  clogging,  provided  the 
concrete  was  wet  enough  to  flow,  cost  about 
two-thirds  of  the  price  of  the  first  chute,  and 
its  life  was  nearly  twice  as  long.  It  is  to  be 
noted  that  concrete  discharged  down  a  75  to 
100-ft.  chute  was  as  good  as  that  which  fell 
only  a  few  feet  from  the  mi.xer  to  the  bucket, 
and  on  dumping  the  two  sides  in  the  forms  no 
difference  was  discerned. 

After  leaving  the  mixer  platform,  the  con- 
crete was  delivered  to  a  derrick,  via  some  one 
of  the  routes  mentioned,  and  by  it  placed  in 
the  form.  An  inspector  in  the  form  saw  that 
the  '  concrete  was  brought  up  uniformly 
throughout,  no  racking  being  allowed.  When 
it  was  seen  that  the  form  could  not  be  com- 
pleted in  one  pour,  a  temporary  saw-tooth 
bulkhead  was  put  in  to  prevent  thin-edged  lay- 
ers. The  inspector  saw  that  all  concrete  was 
well  worked  after  being  dumped ;  when  it 
lacked  sand,  it  was  worked  with  shovels  and 
tamped  until  the  mortar  had  worked  its  way 
all  through  it.  All  faces  against  forms  were 
carefully  spaded.  Two  bars  were  used  in 
bedding  the  cyclopean   stone  in  the  soft  con- 


crete. Before  making  a  new  pour  on  the  sur- 
faces of  old  concrete,  they  were  thoroughly 
cleaned  in  the  following  manner :  Two  gangs 
of  from  12  to  14  men  with  foremen,  when 
the  work  was  at  its  height,  were  kept  clean- 
ing forms  only.  Whenever  possible,  the  sur- 
faces of  the  old  concrete  were  cleaned  about 
12  hours  after  pouring,  while  they  were  still 
green,  all  scum  mortar  and  "laitance"  remain- 
ing on  top  were  carefully  picked  or  shoveled 
off,  and  the  surface  was  washed  until  it  was 
absolutely  bright  and  clean.  Great  stress  was 
put  on  this  particular  feature.  Concrete  was 
not  allowed  to  be  placed  in  any  form  until  it 
was  cleaned  to  the  satisfaction  of  the  en- 
gineer. After  the  work  got  under  wa}',  and 
the  amount  of  cleaning  insisted  on  was  fully 
comprehended  by  the  contractor's  superin- 
tendent, there  was  little  trouble.  Also,  after  a 
form  had  been  properly  washed  and  cleaned, 
a  1  :2  mortar  w-as  dumped  in  and  swept  over 
the  surface  with  a  wire  broom  just  before  the 
concrete  was  dumped.  Leaks  through  hori- 
zontal joints  have  not  appeared  in  any  por- 
tion of  the  dam  or  power-house,  and  the  en- 
gineers attribute  this  to  the  care  exercised  in 
cleaning  and  working  the  surfaces  of  old  con- 
crete as  described. 


Safety    Factors    for    Overturning    and 
Sliding  in  Dam  Design. 

To  THE  Editors  :  For  use  in  a  book  on  the 
Design  of  Dams,  I  am  trying  to  reach  as  many 
engineers  as  possible  for  an  expression  of 
opinion  as  to  the  proper  safety  factors  to  al- 
low in  the  design  of  masonry  dams  for  over- 
turning and  for  sliding  as  based  on  frictional 
resistance  alone. 

I  realize,  of  course,  that  such  a  statement 
might  be  much  qualified,  but  there  certainly 
could  be  such  a  minimum  value  under  perfect 
conditions  for  remote  or  unimportant  struc- 
tures and  a  conservative  value  for  important 
structures  or  those,  the  failure  of  which  would 
be  a  catastrophe. 

Will  you  publish  this  letter  in  the  hope  that 
replies  may  be  elicited  from  others  than  those 
directly  reached  by  the  writer? 
Yours  very  truly. 
Southern  Power  Company, 
C.  A.  Mees, 
Designing   Engineer. 
Charlotte,  N.  C,  March  8,  1915. 


Design,   Cost   and    Operation    of   New 

Sewage  Treatment  Plant  at  the  State 

Hospital,  Warren,  Pa. 

Contributed   by   P.    E.    Mebus  and   F.    R.    Berlin, 
Assistant  Engineers  with  Albright  &  Mebus, 

Philadelphia,   Pa. 
The   State   Hospital   for   the   Insane  of   the 
Northwestern  District  of  the  State  of  Penn- 
sylvania is   located   in   Warren   County,  about 
j  three  miles  north  of  the  Borough  of  Warren. 
I  The  hospital   buildings   are   located  on  gently 
I  sloping  land  in   the   valley  of  the  Conewango 
'Creek,  a  tributary  of  the  Allegheny  River.  The 
I  entire  area  of  the   hospital   grounds   is  about 
1800  acres,  principally  farm  lands.     The  present 
I  population    is    about    1,800   persons,    of    which 
!  nearly  .300  are  employes.     The  principal  build- 
ings consist  of  the  main  wards,  baths,  annex 
I  buildings,     convalescent's     buildings,     superin- 
itendent's,  steward's  and   employe's  residences, 
I  power  house   and   farm  buildings.     The  daily 
(average  sewage  flow  is  about  270,000  gals.,  or 
!approximately    150    gals,    per   capita   per    day, 
I  which  is  just  about  an  average  figure  for  in- 
stitutions of  this  character. 

An  Act  of  Assembly  dated  July  26,  1897  re- 
quired the  hospital  authorities  to  build  a  "pre- 
cipitation plant  to  prevent  the  sewage  being 
cast  on  the  waters  of  the  Conewango  Creek." 
Fortunately  nothing  was  ever  done  to  carry 
out  the  provisions  of  this  Act.     In  late  years, 
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however,  it  has  been  the  policy  of  the  State 
Board  of  Health  to  insist  on  the  installation 
of  sewage  plants  at  all  state  or  semi-state  in- 
stitutions, so  that  all  sewage  from  such  should 
cause  no  pollution  of  streams. 

Another  Act  of  Assembly  dated  June  13, 
1911  required  the  hospital  to  build  a  complete 
sewage  treatment  plant  and  a  sanitary  sewer 
system  and  made  an  appropriation  therefor 
of  $40,000.  Plans  were  at  once  prepared,  sub- 
mitted to  the  State  Board  of  Health,  and  ap- 
proved by  the  Commissioner  on  February  20, 
1912.  Work  was  begun  during  May,  1912,  but 
on  account  of  the  difficulty  of  obtaining  labor 
during  the  summer  of  1912,  its  final  comple- 
tion was  delayed  until  the  summer  of  1914. 
The  extreme  winter  weather  in  this  climate 
also  precluded  any  construction  work  between 
November  and  May,  which  partly  accounts 
for  the  delayed  date  of  completion. 

Seiver  System. — The  original  sewer  system 
was  built  on  the  combined  plan  and  discharged 
directly  into  the  aforementioned  creek.  All 
of  the  later  extensions,  however,  were  built 
on  the  separate  plan.  As  a  matter  of  econ- 
omy in  building  and  operating  the  sewage 
plant,  it  was  decided  entirely  to  separate  the 
sewage  from  the  storm  water.  This  necessi- 
tated a  new  sewer  system  for  nearly  all  of 
the  house  drainage,  leaving  the  former  sys- 
tem for  the  storm  water.  The  new  system 
consists  of  1%  miles  of  8  in.  and  10  in.  vitri- 


fied pipe  sewers  draining  to  the  collecting  well 
of  the  pumping  str '^ion,  which  is  located  on 
the  lower  ground  to  the  south  of  the  main 
building.  No  extraordinary  difficulties  were 
encountered  in  construction  of  the  sewers,  al- 
though in  several  cases  they  were  built  through 
the   foundations   of  buildings. 

SEW.^GE   PUMPING    ST.\TION. 

Only  two  sites  for  a  treatment  plant  were 
available,  one  on  an  island  in  the  creek  to 
the  east  of  the  main  building,  and  the  other, 
in  the  open  fields  to  the  west  of  the  farm 
buildings.  The  main  highway  runs  along  the 
west  bank  of  the  creek  about  100  ft.  west  of 
the  above  mentioned  island.  This  condition, 
together  with  the  possibility  of  flooding  dur- 
ing high  water  and  the  inherent  damages  to 
the  plant,  made  it  obviously  inadvisable  to 
place  it  at  this  location. 

The  other  site,  necessarily  chosen,  is  on  the 
higher  ground,  near  the  piggery  and  about 
1,200  ft.  west  of  the  main  buildings,  and  hence 
it  was  necessary  to  lift  the  sewage  about  40  ft. 

The  substructure  of  the  pump  house  is  built 
of  reinforced  concrete,  1 :2%  :5  mix,  and  con- 
sists of  two  compartments,  a  5.000  gal.  collect- 
ing well  and  a  pump  well.  The  substructure 
is  shown  in  plan  and  section  in  Fig.  1.  Lo- 
cated adjacent  to  the  former  is  a  screen  and 
rag  chamber  in  which  there  is  an  inclined 
screen  with  %-in.  openings,  through  which 
the  crude   sewage  must  pass   before  entering 
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the  collecting  well.  The  pump  well  contains 
two  5-in.  "Bufifalo"  vertical  centrifugal  pumps 
with  open  impellors.  Their  capacity  is  500 
gals,  per  minute,  each,  when  discharging 
against  a  total  head  of  nearly  50  ft.  The  suc- 
tion and  force  mains,  the  central  valves  and 
the  float  switches  are  also  located  in  this  well. 
The  advantages  of  this  arrangement  are  ob- 
vious, especially  in  the  matter  of  making  re- 
pairs to  the  pumps.  The  superstructure  is 
built  of  brick  masonry,  the  architectural  treat- 
ment of  which  is  in  conformity  with  other 
buildings  of  the  hospital  group.  The  build- 
ing houses  two  30  hp.  vertical  type  motors 
(110  volts,  D.  C),  a  switchboard,  crane,  lock- 
ers, natural  gas  heater,  work  bench,  etc.  The 
starting  and  stopping  of  the  motors  is  con- 
trolled by  the  rise  and  fall  of  the  sewage  in 
the  collecting  well.  This  is  done  by  means  of 
floats,  float  switches  and  Cutler-Hammer  con- 
trol apparatus.  At  a  determined  level  one 
unit  is  thrown  in  service  and  should  the  sew- 
age rise  still  higher,  the  other  unit  is  also 
thrown  in.  The  motors  are  thrown  out  when 
the  sewage  falls  to  a  determined  level  in  the 
same  manner.  The  switchboard  is  wired  to 
permit  either  pump  starting  on  the  "first  level" 
so  that  there  is  rotation  of  work.  Space  has 
been  allotted  for  installing  a  third  unit  when 
needed.  The  force  main  is  10  in.  cast  iron 
bell  and  spigot  pipe,  Class  A  (A.  W.  W.  A.), 
and  is  about  3,900  ft.  long  For  about  one- 
half  its  length  it  was  laid  on  concrete  posts 
along  the  sanitary  sewer,  thereby  avoiding  the 
expense  of  an  additional  trench.  It  ends  in 
the  18  in.  wide  influent  channel  of  the  Imhofif 
tank. 

THE  TREATMENT  PLANT. 

The  plant,  see  Fig.  2,  consists  of  six  units, 
as  follows :  1.  Imhoff  tank.  2.  Dosing  chamber. 
3.  Percolating  filter.  4.  Chemical  house.  5. 
Secondary  tank.     6.  Sand  filters  for  sludge. 

Imhoff  Tank. — The  first  plans  showed  a  cir- 
cular Imhofif  tank  of  the  radial  flow  type,  but 
acting  on  the  advice  of  Dr.  Imhoff,  the  de- 
sign was  changed  to  one  of  the  horizontal  flow 
type.  This  tank  is  built  of  reinforced  concrete, 
1:2:4  mix,  the  sedimentation  compartment 
overhanging  the  sludge  compartment.  The 
latter  consists  of  a  16  ft.  diameter  cylinder  su- 
perimposed on  an  inverted  cone  of  equal  di- 
ameter and  a  depth  of  5  ft.,  from  the  apex 
of  which  the  sludge  is  withdrawn  by  a  differ- 
ential head  of  about  10  ft.  The  sedimentation 
compartment  is  rectangular  in  plan,  being  16 
ft.  X  35%  ft.,  and  has  a  capacity  of  45,000  gals. 
The  average  velocity  therein  is  about  .05  ft. 
per  second.  The  "detention  period."  based  on 
the  pump  discharge,  is  about  IVz  hours,  while 
the  sludge  capacity  is  sufficient  for  about  five 
months'  storage.  The  overhanging  type  of 
tank  was  considered  better  adapted  to  the  con- 
ditions and  more  economical  than  either  a 
circular  or  a  rectangular  tank  of  uniform  cross 
section,  because  of  the  fact  that  the  sewage 
is  so  considerably  diluted,  or  in  other  words, 
for  a  given  population  the  ratio  of  the  re- 
quired sedimentation  capacity  to  required 
sludge  capacity  is  practically  double  that  found 
in  ordinary  practice.  The  tank  is  provided 
with  the  usual  side  vents  and  also  a  central 
vent  of  8  sq.  ft.  rectangular  area.  The  main 
tank  walls  are  18  ins.  thick  and  extend  18  ins. 
above  the  level  of  the  sewage,  while  the  stack 
walls  are  4  ins.  thick  and  extend  3%  ft.  above 
the  water  level.  The  diaphram  walls  are  4  ins. 
thick  and  are  supported  by  two  intermediate 
ribs  built  of  6  x  4  x  %  in.  angles  enclosed  in 
concrete.  To  the  rib  angles  other  angles  are 
riveted  at  right  angles  and  in  such  a  manner 
that  one  end  rests  in  the  main  tank  and  the 
other  in  a  transverse  concrete  beam  under 
the  central  diaphragm.  The  reinforcements 
in  the  stack  walls  and  diaphragm  walls  consist 
of  Vi-'m.  square  bars  spaced  at  4-in.  centers, 
both  directions.  The  sewage  is  distributed 
over  a  weir  at  one  end  of  the  tank  and  col- 
lected at  the  other  end  by  three  weirs  pro- 
tected by  concrete  scum  boards.  This  ar- 
rangement assures  a  nearly  even  distribution 
of  sewage  over  the  entire  cross  section  of  the 
tank. 

Dosing  Chamber. — Built  adjacent  to  and  in 
the  intervening  space  between  the  Imhofif  tank 
and  the  chemical  house  is  the  dosing  chamber, 


the  reason  for  which  will  appear  later.  The 
tank  is  rectangular  in  plan  and  of  the  taper 
type  which  gives  a  somewhat  better  distri- 
bution of  sewage  on  the  percolating  filter.  The 
sewage  is  discharged  by  a  12  in.  Miller  syphon, 
fitted  for  heads  varying  from  'iVz  to  4%  ft. 
Each  discharge  is  about  1,200  gals. 

Percolating  Filter. — The  percolating  filter  is 
99  ft.  5  ins.  x  95  ft.  in  plan  and  has  a  super- 
ficial area  of  0.22  ±  acres.  The  present  rate 
of  operation  is,  therefore,  1,300,000  gals,  a  day. 
The  average  depth  of  the  filter  media  is  IVi 
ft.  and  consists  of  2  in.  to  3%  in.  size  Buffalo 
limestone.  The  distributing  system  consists  of 
cast  iron  bell  and  spigot  pipe  supported  by 
square  concrete  posts  running  to  the  floor. 
The  sizes  of  the  feed  pipes  vary  from  16  to  6 
ins.  internal  diameter.  The  riser  pipes  are  3 
in.  wrought  iron  and  are  set  in  the  cast  iron 
tees  placed  along  the  lateral  feed  pipes  12  ft. 
6  ins.  on  centers.  Reading  type  nozzles  are 
used  to  spray  the  sewage  on  the  surface  of 
the  bed.  There  are  altogether  72  nozzles,  9 
of  which  spray  half  circles.  The  underdrain- 
age  consists  of  10  in.  semi-circular  cement  tiles 
laid  on  a  6  in.  concrete  floor  sloping  toward 
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Fig.   1.   Plan    and   Section   of   Sewage    Pump- 
ing   Station    Substructure    and    Machin- 
ery at   State   Hospital,   Warren,   Pa. 

the  main  collecting  channel  which  runs  along 
the  entire  southerly  side  of  the  filter. 

Chemical  House. — This  channel  passes 
through  the  chemical  house  wall  and  forms 
the  mixing  channel  in  which  the  hypochlorite 
of  lime  is  mixed  with  the  effluent  of  the  per- 
colating filter.  From  here  the  same  channel 
carries  it  to  the  secondary  tank  which  adjoins 
the  chemical  house  to  the  north.  In  addition 
to  the  mixing  channel,  this  building  houses 
three  reinforced  concrete  tanks,  one  of  which 
is  used  for  mixing  the  dry  powder  with  water 
and  the  other  two  for  storing  the  resulting  so- 
lutions preliminary  to  adding  them  to  the  sew- 
age. There  are  also  two  smaller  concrete 
tanks  called,  respectively,  the  "measuring"  and 
the  "orifice"  tanks.  The  orifice  tank  rests  di- 
rectly on  the  floor  of  the  house  with  the 
measuring  tank  located  immediately  above  it, 
so  that  the  hypo  solution  flows  by  gravity 
from  the  latter  to  the  former.  The  measuring 
tank  is  in  turn  located  below  the  solution 
tanks  and  connected  thereto  by  1  in.  wrought 
iron  piping.  The  operation  of  adding  the  hypo 
solution  will  be  described  later  on. 

Secondary    Settling    Tank. — The    secondary 


tank  is  merely  a  plain  sedimentation  tank  with 
a  sloping  floor  so  that  the  sludge  may  be 
drained  to  the  low  end.  It  provides  a  deten- 
tion period  of  about  %  hour.  The  details  and 
operation  are  similar  to  the  Imhoff  tank. 

Sand  Filters  for  Sludge. — Two  sand  filters, 
each  30  x  60  ft.  in  plan,  are  provided  for  dry- 
ing the  sludge  and  are  located  about  200  ft. 
east  of  the  plant.  The  sludge  from  both  tanks 
is  carried  thereto  by  an  8  in.  vitrified  pipe 
sewer.  This  sewer  also  serves  as  a  by-pass 
line,  suitable  connections  having  been  made 
for  this  purpose.  If  necessary  to  by-pass  the 
plant,  therefore,  the  sewage  will  at  least  have 
the  benefit  of  a  straining  action.  This  ac- 
counts for  the  extra  large  area  of  t-hese  beds 
not  all  of  which  is  needed  for  sludge  drying. 
A  concrete  trough  provided  with  suitable  out- 
lets distributes  the  sludge  to  each  bed  and 
incidently  provides  a  division  wall  between 
the  beds.  The  filtering  media  consists  of  2  ft. 
of  graded  gravel  underdrained  by  a  system  of 
4  and  6  in.  vitrified  pipes  laid  with  open  joints 
in  a  bed  of  1  to  1%  in.  gravel.  The  drainage 
discharges  into  the  10  in.  vitrified  pipe  sewer 
which  carries  the  effl'uent  of  the  plant.  This 
final  effluent  is  discharged  into  the  aforemen- 
tioned main  storm  water  sewer  which,  in  turn, 
carries  it  to  the  Conewango  Creek. 

Cost  of  Plant  and  Sewer  System. — Table  I 
gives  a  complete  summary  of  the  various 
items,  quantities  and  contract  prices  for  the 
entire   system. 

OPERATION. 

The  entire  plant  has  been  in  operation  for 
nearly  five  months  under  the  supervision  of 
the  consulting  engineers.  Mr.  E.  E.  Lud- 
wick,  the  resident  engineer,  has  had  imme- 
diate, charge  of  the  plant  up  to  this  time.  The 
results  obtained  during  this  short  period  have 
very  fully  met  all  the  expectations  of  the  de- 
signers and  the  requirements  of  the  State 
Board  of  Health.  All  the  vents  of  the  Imhoff 
tank  at  first  showed  a  decided  tendency  to 
scum,  but  by  the  daily  use  of  a  stream  of  water 
from  a  %-in.  hose,  this  scum  formation  has 
been  completely  broken  up  and  the  surface  is 
kept  clean.  This  shows  that  by  giving  such 
matters  the  proper  attention,  the  operating  dif- 
ficulties may  be  reduced  to  a  minimum.  The 
slopes  of  the  dfaphragm  walls  (proclivity  1.2 
on  1)  are  steep  enough  to  prevent  sludge  from 
adhering  thereto.  The  sludge  has  not  yet 
"ripened"  and  only  small  quantities  have  been 
withdrawn  to  date.  No  trouble  is  anticipated 
however  from  this  source.  The  percolating 
filter  is  uncovered  and  despite  the  fact  that 
during  the  past  winter  it  has  operated  at  tem- 
peratures as  low  as  — 28°  F.  it  has  been  and 
still  is  in  splendid  condition  and  there  are  no 
evidences  of  pooled  areas.  The  efiltuent  is 
clear,  colorless  and  apparently  well  nitrified. 
It  has  been  found  to  be  stable  with  methylene 
blue  for  the  required  five  days.  No  odors  are 
noticeable  at  either  the  pump  hou>e  or  the  dis- 
posal plant,  which  is  undoubtedly  due  to  the 
fact  that  the  sewage  is  kept  fresh  and  passed 
through  the  plant  as  rapidly  as  practicable. 

The  device  for  adding  the  hypo  solution  to 
the  filter  effluent  in  proportion  to  the  flow  is 
rather  unique.  It  is  shown  in  Fig.  3.  It  con- 
sists essentially  of  a  log  float  located  in  the 
dosing  chamber,  a  "walking  beam,"  and  the 
aforementioned  measuring  and  orifice  boxes. 
The  "walking  beam"  is  fastened  in  the  chem- 
ical house  wall  and  wire  ropes  lead  from  each 
end  of  it,  the  one  to  the  log  float  in  the  dos- 
ing chamber,  and  the  other  to  the  stem  of  the 
outlet  plug  of  the  measuring  box.  This  is  the 
reason  for  locating  the  chemical  house  imme- 
diatelv  adjacent  to  the  dosing  chamber.  The 
Imhoff  tank  effluent  channel  is  extended  into 
the  dosing  chamber  and  forms  a  necessary  ad- 
junct to  the  device.  Its  operation  is  as  fol- 
lows: We  will  suppose  the  dosing  chamber 
empty ;  the  nozzles  have  then  finished  spray- 
ing; the  flow  in  the  collecting  channel  is  rap- 
idly diminishing:  and  the  log  float  is  lying  in 
the  bottom  of  the  chamber.  To  the  end  of 
the  Imhofif  effluent  channel  there  is  attached  a 
wooden  gate  pivoted  to  swing  in  an  oblique 
direction  and  also  attached  to  the  log  float  in 
a  way  that  when  the  float  lies  on  the  syphon 
chamber  floor  the  gate  is  held  tightly  against 
the  end  of  the  channel  so  that  the  eflluent  is 
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dammed  up  therein.  This  position  is  main- 
tained until  said  channel  is  filled  to  the  height 
of  a  weir  when  it  overflows  and  the  dosing 
chamber  begins  to  fill.  This  causes  the  log 
float  to  rise  and  upon  rising  releases  the  gate 


Fig.    2.  Part     Plan     of    Sewage    Treatment 
Works  at   State   Hospital,  Warren,   Pa. 

which  opens  and  allows  the  discharge  to  take 
place  properly  from  the  end  of  the  channel. 
During  this  time  the  measuring  and  orifice 
bo.xes  have  emptied  their  contents  into  the 
mixing  channel.  The  flow  of  hypo  solution 
into  the  measuring  tank  is  controlled  by  a 
glass  float  and  float  valve.  A  chain  attached 
to  the  glass  float  and  to  the  wire  rope  leading 
to  the  "walking  beam"  holds  the  float  in  a 
position  which  keeps  the  control  valve  closed 
and  no  solution  is  wasted.    When  the  log  float 


TABLE    I.— ITEMS,    QUANTITIES    AND    UNIT    CONTRACT    PRICEb    FOR    SEWAGE    COLLEC- 
TION AND  DISPOSAL  WORKS   AT   STATE  HOSPITAL,   WARREN,   PA. 

Item.                                                                                          Unit  price  Quantity. 

8-in.  vitrified  pipe  sewer,  depth  under  C  It $  0.45  per  ft.  2.025.06  ft. 

S-in.  vitrified  pipe  sewer,  depth  6  ft.  to  8  tl 0.55  per  ft  2,638.4     ft. 

8-in.  vitrified  pipe  sewer,  depth  S  ft.  to  10  ft 0.70  per  ft.  1,876.98  ft. 

S-in.  vitrified  pipe  sewer,  depth  10  ft.  to  12  ft 0.S5  per  ft.  726.5     ft. 

8-in.  vitrified  pipe  sewer,  depth  12  ft.  to  14  ft 1.20  per  ft.  112.0     ft. 

lO-in.  vitrified  pipe  sewer,  depth  under  6  ft 0.51  per  ft.  379.5     ft. 

10-in,  vitrified  pipe  sewer,  depth  6  ft.  to  8  ft 0.60  per  ft.  202.6    ft. 

10-ln.  vitrified  pipe  sewer,  depth  8  ft.  to  10  ft 0.75  per  ft.  473.4     ft. 

10-in.  vitrified  pipe  sewer,  depth  10  ft.  to  12  ft 0.90  per  ft.  204.5     ft. 

10-in.  vitrified  pipe  sewer,  depth  12  ft.  to  14  ft 1.25  per  ft.  635.1     ft. 

12-in.  vitrified  pipe  sewer  (depth  varies) 1.10  per  ft.  171.5     ft, 

S-in.  Y's  or  T's 0.40  each  38 

10-in.  Y's  or  T's 0.50  each  7 

12-in.  Y's  or  T's 0.55  each  2 

Deep   cut   laterals    2.50  each  2 

Subs.  S-in.  c.  i.  p.  for  8-in.  vitrified  pipe 0.80  per  ft.  226.09  ft. 

4-ft.  diam.  M.  H.  6  ft.  deep  or  under 36.00  each  31 

4-ft.  diam.  M.  H.    extra  depth  (feet) 6.25  per  ft.  85.12  ft. 

3 V.-ft.  diam.  M.  H.  6  ft.  deep  or  under 32.00  each  9 

B\i-it.  diam.  M.  H.  extra  depth  (feet) 4.60  per  ft.  19.12  ft. 

Drop  connections   (vertical  feet) O.SO  per  ft.  28.84  ft. 

Flush  tanks 29.50  each  3 

Rock  excavation  1.75  cu.  yd.  2  cu.   yds. 

8-in.  vitrified  pipe  sewer  in  concrete  (to  top  of  pipe) 0.45  per  ft.  43.5     ft. 

10-in.  vitrified  pipe  sewer  in  concrete  (to  top  of  pipe) 0.45  per  ft.  6        ft. 

Earth  excavation  (cu.  yds.) 0.53  cu.  yd.  2,512.45  cu.    yds. 

Concrete— mix   1:21/2:5    6.15  cu.  yd.  72.33  cu.    yds. 

Pump  house   (superstructure) ?1,015.00  1 

Complete  pumping  units  and  switchboard 900.00  each  2 

Suction  and  discharge  piping  in  pump  well 220.00  Lump. 

10-in.  C.  1.  force  main  complete $  1.60  per  ft.  3,911.83  ft. 

Grading     0.25  cu.  yd.  148        cu.    yds. 

Concrete — mix  1:2:4    S.30  cu.  yd.  333.65  cu.    yds. 

Concrete— mix  1:2:3   14.00  cu.  yd.  17.46  cu.   yds. 

Concrete— mix  1:3:6    5.10  cu.  yd.  292.90  cu.    yds. 

Reinforcing  steel    0.032  per  lb.  23.807.1     lbs. 

10-in.  underdrains  for  perc.  filter 0.12  each  S,S43        pes. 

Concrete  block  retaining  wall  for  perc.  filter 7.00  cu.  yd.  102.94  cu.    yds. 

Filter  media  2.57  cu.  yd.  2,533.54  cu.    yds. 

6-in.  C.  I.  P 0.90  per  ft.  12.33  ft. 

8-in.  C.  I.  P 1.04  per  ft.  690.5     ft. 

16-in.  C.  I.  P ■4-65  per  ft.  60.13  ft. 

16-in.  by  16-in.  by  12-in.  C.  I.  3-way  branch 25.70  each  8 

16-in.  by  16-in.  by  12-in.  by  6-in.  C.  I.  4-way  branch 32.50  each  1 

6-in.    Vi   bend 5.00  each  1 

S-in.  by  8-in.  by  3-in.  tees '. 6.60  each  72 

8-in.  plugs  1-60  each  9 

16-in.  plugs  7.50  each  1 

8-in.  by  8-in.  Y 13.00  each  1 

16-in.  L.   R.   Va  bends 14.25  each  2 

8-in.  blank  fiange 3.00  each  1 

12-in.  by  S-in.  C.  I.  reducers 7.60  each  9 

16-in.  gate  valves   60.00  each  1 

8-in.  gate  valves   18.50  each  10 

Valve  boxes  for  8-in.  valves 3.75  each  10 

Valve  keys   1-40  each  1 

s-in.  sluice  gates 24.50  1 

10-in.  sluice  gates 26.50  2 

6-in.  sluice  gates 24.00  1 

Riser  pipes  and  nozzles 5.25  each  72 

12-in.  Miller  syphon 217.00  1 

6-in.  V.   p.   underdrains  (sludge  bed) 0.15  ft.  560        ft. 

Filter  media  (sludge  bed) 1.10  cu.  yd.  15 

Chemical  house  (entire,  except  concrete  tanks) 877.00  each  1 


ing  chamber  has  been  filled,  the  syphon  begins 
discharging  and  the  nozzles  'spraying.  As  the 
water  reaches  a  predetermined  height,  the  log 
float  pulls  on  the  wire  rope,  which,  in  turn, 
pulls  the  plug  from  its  seat  and  the  solution 
flows  into  the  orifice  box  below  and  is  irn- 
mediately  added  to  the  filter  effluent  which  is 
now  flowing  in  the  channel.  As  the  flow  in 
the  channel  decreases,  the  flow  from  the  ori- 


Health.  It  also  gives  analyses  showing  the 
condition  of  the  creek  above  the  sewer  outlet, 
all  of  which  is  self  explanatory. 

ENGINEERS    AND    CONTE.'kCTORS. 

The   entire   system   was   designed   and  con- 
structed under  the  supervision  of  .\lbright  & 


Tops  of  Walls, 


TABLE  IL— REPORTS  OF   BACTERIOLOGICAL    ANALYSIS    OF 
PLANT,    STATE   HOSPIT.4L,    WARREN. 


SEWAGE 
PA. 


FROM    DISPOSAL 


^Walking  Beam  and 
Support 

Chemical  Ho., 


, Raw  sewage. 

Total  bac.     B.  coll. 


1458000 

162000 

594000 

1134000 

147000 

567000 

594000 

78000 

918000 

756000 

90000 

594000 

594000 

216000 

324000 

4800 


CREEK  WATER  (above  sewer  outlet). 
Total 

Date.  bacteria.       B.  coli. 

December  10 960  420 

December  17 1320  420 

January     7 840  8 

January    M 248  33 

January   21 208  42 

January  28 600  9C 

February  4 660  12 

Note. — Pollution  of  creek  water  is  due  to  the 
sewage  discharged  into  it  by  the  City  of  James- 
town, N.  Y.,  about  20  miles  distant. 

rises  the  brass  plug  is  forced  to  its  seat  by 
a  spring,  thereby  closing  the  measuring  tank 
outlet.  This  allows  the  glass  float  to  drop, 
thereby  opening  the  control  valve  and  per- 
mitting the  tank  to  fill.  Wlien  fidl  it  is  auto- 
matically shut  off  by  the  glass  float,  and  we 
have  a  measured  quantity  of  solution  stored 
in  the  box.     Again,  during  this  time  the  dos- 


-Imhoff  tank  eft.-^  ^Filter  effluent. -^ 

Total  bac.     B.  coli.  Total  bac.     B.  coll. 

January  7. 
114000  78000 

January   14. 
133000  96000 

January   21. 
120000  270000 

January  28. 
216000  lOSOOO 

February  4. 


66000 


6400 
8640 
4S0OO 
1980 
1200 


,— Final  effluent.-^ 

Total  bac.  B.  coli. 

72  0 

38  0 

9  0 

4S  0 

48  0 


nee  also  decreases,  due  to  lowering  of  the  head 
so  that  the  hypo  solution  is  added  almost  di- 
rectly in  proportion  to  the  flow.  The  next 
cycle  has  meanwhile  begun  and  continues  as 
long  as  the  sewage  flows.  Should  the  sewage 
flow  cease  entirely,  there  would  be  no  solu- 
tion added  at  all.  This,  then,  is  a  double  act- 
ing device  adding  the  hypo  solution  in  nearly 
a  direct  ratio  to  the  sewage  flow  and  effecting 
an  economy  in  not  allowing  any  solution  to 
flow  to  waste.  The  strength  of  the  solution 
is  so  computed  that  the  filled  measuring  box 
taken  together  with  the  syphon  discharge  re- 
sults in  adding  available  chlorine  at  the  rate 
of  IV2  parts  per  million  to  the  filter  effluent. 
This  quantity  is  sufficient  to  meet  all  the  nec- 
essary  requirements. 

Table  II  gives  the  weekly  results  of  analyses 
for   1915  as   reported  by   the   State   Board  of 


Tank 


Mixing 
Channet 


Fig.     3.   Diagrammatic     Section     Illustrating 
Operation   of    Automatic   "Hypo"    Feed 
Apparatus     in     Sewage     Treatment 
Plant    at    State    Hospital,    War- 
ren,  Pa. 
(Dosing   and    measuring    tanks    empty,    orifice 
tank   feeding   solution   to   eflluent.) 

Mebus,  Consulting  Engineers,  of  Philadelphia, 
Pa.  The  construction  work  was  efficiently 
carried  out  under  the  personal  supervision  of 
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Mr.  P.  L.  Scholl,  of  the  firm  of  P.  L.  Scholl  & 
Co.,  Contractors,  of  Reading,  Pa. 

Extra  work  at  cost  plus  10  per  cent  amount- 
■ed  to  $734.68.  The  total  contract  cost  was 
$37,855.90. 


Surprising  Results  Disclosed  by  Sani- 
tary Survey  of  Vincennes,  Ind. 

During  the  summer  of  1914  the  Water  Lab- 
oratory of  the  Indiana  State  Board  of  Health 
<;onducted  a  sanitary  survey  of  the  city  of 
Vincennes.  This  representative  Indiana  city 
has  a  population  of  about  17,000,  and  is  the 
oldest  town  in  the  State.  In  this  survey,  here 
described  from  information  given  by  J.  C. 
Diggs,  Water  Chemist  of  the  Board,  in  a  paper 
before  the  Indiana  Sanitary  and  Water  Sup- 
ply Association,  every  private  well  in  the  city 
was  e.xamined  chemically  and  bacterially, 
every  back  yard  and  every  privy  vault  was 
inspected  and  classified,  and  data  were  ob- 
tained from  every  household  regarding  the 
health  conditions  during  the  past  year.  Spe- 
cial attention  was  paid  to  the  study  of  typhoid 
fever. 

The  percentage  of  the  population  depend- 
ing on  shallow  well  supplies  is  here  greater 
than  in  any  city  of  similar  size  in  the  State,  al- 
though filtered  public  supply  is  available.  The 
city  has  a  most  complete  public  sewerage  sys- 
tem of  recent  construction,  but  as  yet  only  a 
small  percentage  of  the  population  uses  it. 
There  is  an  out-of-door  toilet  at  nearly  every 
house.  The  city  lies  on  flat  formations  of 
sand  and  gravel. 

Field   parties   consisted   of   three   men;   one 


man  called  at  each  house  for  certain  data. 
These  data  consisted  of  the  name  and  address 
of  the  resident,  owner  of  the  property,  source 
of  water  supply,  means  of  sewage  disposal, 
sanitary  condition  and  appearance  of  the  back 
yard  and  the  health  condition  of  the  family. 
These  data  were  collected  on  a  specially  print- 
ed card,  on  the  reverse  side  of  which  was  later 
placed  the  analysis  of  the  sample  of  water  col- 
lected at  the  home.  A  second  man  made  the 
inspection  of  the  privy  vault  and  sketched  a 

TABLE  I.  —  RESULTS  OBTAINED   IN   SANI- 
TARY SURVEY  OF  VINCENNES,  IND.,  1914. 


i          i  s  1  ^  ^    ^  g 

i          i  >:  I  1  I  -  ^ 

CO               KfcOH  omix 

A.  1,324  1,175  71  1,077  909  168  15 

B  909  S24  53  717  508  209  29 

C  664  335  41  380  307       73  19 

D  1,092  895  22  826  534  292  34 

Total    ..3,989  3,229  187  3,000  2,258  742  24.7 


rough  map  showing  the  location  of  the  houses, 
wells  and  privies  of  each  block.  The  third 
man  collected  the  sample  of  water  from  the 
well.  Inspections  were  made  each  morning 
until  40  samples  of  water  had  been  collected. 

Table  I  shows  there  are  3,989  residences  in 
the  city  of  Vincennes.  3,229  privies  and  187 
cesspools.  Si.x  hundred  and  eleven  of  the 
privy  vaults  were  in  such  a  bad  condition  on 
account  of  improper  construction,  need  of  re- 
pair or  filthiness  that  orders  were  issued  from 


the  oflice  of  the  City  Board  of  Health  that 
proper  improvement  be  made. 

In  all,  3,000  wells  used  for  drinking  water 
were  examined.  These  wells  were  divided 
into  two  classes — polluted  and  satisfactory. 
Whenever  a  well  showed  by  a  chemical  examina- 
tion that  it  was  receiving  a  considerable 
amount  of  pollution — indicated  by  abnormal 
nitrate,  nitrite  and  chlorine  factors,  or  that  it 
was  contaminated  with  sewage  organisms,  to- 
gether with  unfavorable  surroundings,  the  well 
w-as  classed  as  polluted.  Of  the  total  num- 
ber examined,  722  wells  were  deemed  to  be 
contaminated. 

Fully  90  per  cent  of  the  wells  are  shallow. 
Generally  speaking  it  was  found  that  in  spite 
of  the  very  numerous  outhouses,  cesspools  and 
manure  piles  the  pollution  from  them  did  not 
travel  far,  on  account  of  the  purifying  action 
of  the  sand  and  gravel  soil.  In  practically  all 
cases  of  abnormal  chemical  factors  the  pollu- 
tion could  be  traced  to  a  nearby  deep,  leaching, 
privy  vault  or  cesspool.  Wells  were  thus  af- 
fected at  considerable  distances.  Practically 
all  cesspools  were  constructed  with  pervious 
bottoms  to  minimize  the  number  of  cleanings 
necessary. 

Vincennes  is  not  an  abnormally  unhealthy 
city,  due  to  the  underlying  sand  and  gravel. 
This  formation  originally  furnished  a  good 
water  supply  and  now  serves  as  a  means  of 
sewage  disposal :  it  should  not  be  used  for 
both  purposes.  Probably  many  of  the  polluted 
wells  have  not  yet  caused  serious  illness,  but 
at  almost  any  time  the  purifying  process  of 
the  soil  may  be  carried  out  less  efficiently  and 
the  sewage  organisms  will  then  pass  into  the 
wells. 


The     Design     of     Concrete     Highway 

Bridges  With  Special  Reference 

to  Standardization. 

The  following  data  apply  to  the  various  fac- 
tors influencing  the  design  of  reinforced  con- 
crete bridges.  Some  of  the  factors  discussed 
are  not  given  sufficient  attention  by  engineers, 
and  a  stud}'  of  the  data  presented  should  prove 
of  distinct  value.  Many  of  the  illustrations 
are  drawn  from  the  established  practice  of  the 
Iowa  Highway  Commission.  The  data  were 
abstracted  from  a  paper  by  C.  B.  McCullough, 
designing  engineer,  Iowa  Highway  Commis- 
sion, presented  at  the  11th  annual  convention 
of  the  American  Concrete  Institute  at  Phila- 
delphia. 

STREAM  BEH.'VVIOR  AND  ITS  EFFECT  ON  DESIGN. 

No  bridge  structure  can  ever  be  safely  and 
economically  designed,  nor  should  the  prepara- 
tion of  such  a  design  ever  be  attempted,  with- 
out an  accurate  and  adequate  knowledge  of 
the  behavior  at  all  times  and  under  all  condi- 
tions of  the  waterway  over  which  it  is  desired 
to  place  the  bridge.  In  treating  the  subject  of 
bridge  design,  therefore,  a  study  of  stream 
conditions  logically  assumes  first  place  in  point 
of  time,  and  it  may  be  so  placed  in  order  of 
importance,  particularly  if  the  construction  is 
of  concrete,  inasmuch  as  this  material  when 
once  misplaced  can  be  corrected  only  at  a 
tremendous  expenditure.  Moreover,  if  the  ex- 
pedient of  wrecking  and  rebuilding  must  be 
resorted  to  the  labor  costs  are  always  excessive 
and  practically  none  of  the  material  can  be 
salvaged. 

The  geologist  has  classified  the  three  stages 
of  stream  development  as  :  the  stage  of  youth  ; 
the  stage  of  maturity:  and  the  stage  of  old 
age.  The  first  stage  begins  with  the  forma- 
tion of  the  first  gulley  on  the  hillside  and 
continues  until  the  stream  has  establi5.hed  for 
itself  a  grade  or  base  level.  Throughout  this 
period  the  stream  is  eroding  its  channel,  but 
it  has  done  no  work  as  yet  on  its  flood  plane. 
In  the  younger  streams  in  this  stage  the  water- 
ways are  carried  in  comparatively  shallow 
channels,  and  the  headroom  available  in  bridg- 


ing consequently  is  low.  The  end  of  this  stage, 
however,  finds  the  stream  channels  consider- 
ably deeper. 

The  second  stage  of  stream  development  wit- 
nesses the  cutting  and  formation  of  the  flood 
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Fig.  1.   Iowa  Highway  Commission  Standard 

Loading    Distribution .  for    15-Ton    Traction 

Engine. 


plane  but  no  further  erosion  of  the  channel 
The  general  gradient  now  being  more  uni- 
form, as  the  general  valley  or  flood  plane  is 
widened,  the  stream  enters  the  "meandering" 
stage,  and  the  danger  of  a  channel  change  is 


increased.  The  water  at  ordinary  stages  is 
now  carried  in  deeply  cut  ravines  and  head- 
room is.  in  general,  no  longer  limited. 

The  third  stage  of  development  witnesses  a 
complete  erosion  of  the  flood  plane  and  valley. 
The  streams  in  this  stage  are  in  general  filling 
rather  than  cutting,  and  are  even  more  un- 
stable or  meandering  than  in  the  second  stage. 

The  first  stage  stream  is  found  in  the  newer 
drift  areas  of  the  glaciated  region  which  oc- 
cupies the  northern  part  of  the  United  States 
and  in  the  mountainous  regions  of  the  un- 
glaciated  area.  The  second  and  third  stages 
are  encountered  in  the  older  glacial  drift  areas 
and  in  the  unglaciated  lowlands.  The  topo- 
graphy accompanying  these  latter  stages  of 
development  being  older,  a  more  complete 
weathering  and  breaking  down  of  the  surface 
materials  has  taken  place,  and  in  general  con- 
crete materials  are  encountered  less  frequent- 
ly than  in  the  former  areas. 

The  stage  of  stream  development  has  a  close 
bearing  on  that  most  important  consideration 
of  design,  the  selection  of  type,  thus  for  the 
first-stage  stream  the  low  available  headroom 
often  renders  the  selection  of  the  through 
girder  or  flat  slab  type  of  construction  im- 
perative, while  the  low  pier  heights  may  throw 
economy  on  the  side  of  the  short  multiple  span 
construction,  A  plentiful  deposit  of  glacial 
gravel  near  the  bridge  is  not  unusual  with  this 
topography,  and  it  may  so  cheapen  the  haul- 
ing cost  as  to  make  the  mass  type  of  construc- 
tion cheaper  than  the  relatively  light,  heavily 
reinforced  types. 

For  streams  in  the  second  and  third  stages 
of  development  the  channels,  being  now  com- 
pletely cut,  are  in  general  deeper,  and  the 
saving  of  headroom  is  often  a  minor  consider- 
ation. A  frequency  encountered  scarcity  of 
concrete  materials,  and  the  resultant  long  haul 
for  country  highway  bridge  work,  renders 
massive  construction  in  general  more  expen- 
sive than  the  heavily  reinforced  type.  _ 

The  greatest  difference  in  behavior  of 
streams  in  the  three  stages  of  development, 
and  the  one  that  most  vitally  affects  bridge 
design  is  the  difference  in  the  eroding  qualities. 
While  the  cutting  power  of  a  stream  varies 


March  24,  1915. 


Engineering    and    Contracting 


269 


as  the  square  of  the  velocity,  the  carn-ing  ca- 
pacity varies  as  the  sixth  power  of  the  same. 
The  eroding  power,  which  hes  between  these 
two  values,  may,  in  alluvial  soils,  assume  a 
value  very  near  the  latter  value  as  the  prob- 
lem becomes  practically  one  of  carrying  capac- 
ity. The  results  of  this  increased  eroding 
power  during  periods  of  high  water  and  con- 
sequent increased  velocity  are  truly  appalling. 
This  factor  in  first-stage  streams  necessitates 
extra  precaution  as  regards  scour — such  as 
aprons,  cross  walls,  paving  of  stream  beds,  etc., 
and  makes  it  imperative  that  all  foundations 
shall  be  carried  well  below  the  ultimate  scour- 
ing lines  and  be  protected  in  every  way  against 
erosion. 

Streams  in  the  more  mature  stages,  having 
lost  the  power  of  erosion  and  having  in  gen- 
eral well  defined  banks  and  broad  flat  flood 
planes,  can  often  be  bridged  with  the  pedestal 


tion,  although  no  great  amount  of  data  has  as 
yet  been  made  public.  Such  a  series  of  ex- 
periments are  now  under  way  by  the  Engin- 
eering Experiment  Station  of  the  Iowa  State 
College  and  the  State  Highway  Commission  of 
Iowa.  Two  full  size  test  spans,  one  a  rein- 
forced concrete  slab  and  the  other  an  I-Beam 
span  with  reinforced  concrete  floor,  have  been 
constructed  for  this  purpose.  The  external 
loading  is  applied  by  means  of  a  pair  of  hy- 
draulic jacks  of  30  tons  capacity,  and  the  dis- 
tortions both  in  the  concrete  and  in  the  rein- 
forcing steel  are  measured.  While  the  re- 
sults of  these  tests  are  as  yet  too  incomplete 
for  presentation,  so  far  as  they  have  gone  they 
seem  to  indicate  that  the  assumptions  usually 
made  are  safe. 

The  total  load  distribution  may  be  considered 
as  composed  of  two  portions :  that  due  to  the 
strength  of  the  section  itself,  and  that  due  to 
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Fig.    2.  Cross    Section    of    Standard    24-Ft.    Reinforced    Concrete 
Deck     Girder     Bridge — Iowa     Highway     Commission. 


or  viaduct  type  of  substructure  with  entire 
safety.  The  stream  is  now  in  its  meandering 
stage,  and  the  instability  of  the  stream  must 
be  taken  into  consideration  and  guarded 
against,  although  in  general  no  new  channel 
will  erode  below  the  estabhshed  base  level  of 
the  stream. 

The  development  of  the  stream  may  be  ar- 
rested at  any  time  by  artificial  conditions  and 
made  to  assume  characteristics  of  an  entire- 
ly different  stage  of  development. 

In  concluding  the  subject  of  stream  be- 
havior it  must  be  pointed  out  that  certain 
of  the  conditions  affecting  the  selection  of 
type,  such  as  available  headroom,  accessibil- 
ity of  concrete  materials,  etc.,  are  largely  local, 
and  must  be  worked  out  for  each  individual 
structure,  but  their  relationship  to  stream  de- 
velopment and  topography  is  extremely  im- 
portant in  fixing  the  type  chosen  for  stand- 
ard construction  for  small  work  over  any  con- 
siderable area. 

The  question  of  stream  erosion  cannot  be 
too  carefully  studied.  Probably  90  per  cent  of 
our  concrete  bridge  failures  are  foundation 
failures,  and  by  far  the  majority  of  these  are 
due  to  erosion  of  foundations  rather  than  to. 
insufficient  bearing.  Bearing,  either  natural 
or  artificial  (piling),  can  be  secured  if  care- 
ful soundings  are  made,  but  protection  against 
erosion  requires  a  careful  study  of  stream  con- 
ditions. The  tendency  of  any  stream,  if  the 
materials  along  its  bed  are  equally  resistant 
to  abrasion,  is  to  establish  for  itself  a  uniform 
grade;  and  therefore,  if  for  a  short  distance 
on  each  side  of  a  proposed  bridge  site  a  pro- 
file of  the  present  stream  bed  is  secured,  a 
grade  line,  platted  thereon,  will  furnish  val- 
uable information  as  to  the  probable  future 
base  level  or  grade  of  stream.  The  necessity 
for  a  study  of  this  kind  as  a  part  of  each 
bridge  survey  cannot  be  too  strongly  em- 
phasized. 

LOADINGS. 

Next  in  the  order  of  time  and  importance 
comes  the  factor  of  loadings.  The  actual 
weight  of  the  dead  and  live  load  is,  of  course, 
a  matter  of  unit  weights  of  such  materials 
as  filling,  paving,  etc.,  and  of  the  weights  of 
the  maximum  artificial  loads  to  which  the 
structure  (based  upon  past  experience  and  fu- 
ture traffic  requirements)  is  likely  to  be  sub- 
jected. The  determination  of  the  distribu- 
tion of  load  concentrations,  and  of  the  amount 
and  effect  of  internal  temperature  variations, 
constitutes  an  equally  important,  although  a 
much  more  complicated,  problem.  The  dis- 
tribution of  load  concentractions  has  of  late 
been  the  subject  of  considerable  experimenta- 


the  fill  or  covering  material.  The  assumption 
as  to  load  distribution  due  to  both  of  these 
factors,  for  the  standard  traction  engine  load- 
ing adopted  by  the  State  Highway  Commission 
of  Iowa,  is  illustrated  in  Fig.  1.  This  may  be 
said  to  represent  present  average  engineering 
practice   for  highway  loadings. 

The  determination  of  the  internal  tempera- 
ture range  in  concrete,  heretofore  a  matter  of 
much  conjecture,  was,  during  the  period  1908- 
1912,  made  the  subject  of  a  series  of  experi- 
ments by  the  Iowa  State  College  Engineering 
Experiment  Station  and  the  Iowa  State  High- 
way Commission.  These  tests  were  made  on 
two  reinforced  concrete  arch  structures.  (For 
a  description  and  results  of  these  tests  see  En- 
gineering .'^ND  C0NTR.\CTING  of  Nov.  12,   191.3.) 

The  tests  showed  a  yearly  range  in  tempera- 
ture, for  reinforced  concrete  structures  typical 
of  highway  arch  construction  in  Iowa,  of  about 
80°  F.  Such  a  temperature  range  leads  to 
stress  values  often  several  times  in  excess  of 
those  heretofore  assumed  to  result  from  tem- 
perature variation.  These  tests  have  resulted 
in  a  considerable  modification  of  the  shape  and 


Superstructures. — The  slab  type  of  super- 
structure consists  of  a  simple  beam  or  slab, 
reinforced  for  main  and  diagonal  tension  by 
longitudinal  rods,  and  for  lateral  distribution, 
shrinkage  and  temperature  stresses  by  trans- 
verse rods. 

The  deck  girder  type  (see  Fig.  2)  depend? 
for  its  economy  on  the  fact  that  the  carrying 
capacity  of  a  beam  varies  as  the  square  of 
the  depth  but  only  as  the  first  power  of  the 
width.  Thus  the  use  of  deep  narrow  girders 
operates  to  reduce  the  amount  of  material  and 
consequently  cut  down  the  cost.  The  "stresses 
arising  in  the  superstructure  are  transmitted 
into  the  girders  by  means  of  a  thin  doubly 
reinforced  floor,  which  acts  as  a  beam  par- 
tially fixed  and  partially  continuous.  The  gird- 
ers themselves  are  reinforced  for  main  and  di- 
agonal tension  both  by  bent  up  rods  and  by 
stirrups. 

In  the  through  type  of  girder  construction 
(see  Fig.  3)  two  main  side  girders  support 
the  floor,  which  is  hung  or  suspended  between 
them.  The  main  girders  act  as  simple  beams 
and  the  floor  as  a  partially  fixed  beam,  the 
point  of  contraflexure  being  taken  at  about  12 
ins.  from  the  girder,  this  distance  being  based 
upon  experiment.  A  comparison  of  quantities 
for  the  three  types  of  superstructure  is  graph- 
ically shown  in  Fig.  4.  The  economy  of  cost 
of  the  deck  type  over  the  through  type  is  prob- 
ably represented  by  the  relative  position  of 
the  quantity  curves,  the  form  work  being 
equally  difficult  for  both  types.  The  cost  of 
slab  construction  is.  on  the  other  hand,  some- 
what cheaper  than  the  quantities  would  indi- 
cate, on  account  of  the  simple  form  work, 
and  this  type  of  construction  is  probably  the 
economical  one  for  spans  below  20  or  22  ft. 
The  economy  of  the  through  girder  and  the 
slab  over  the  deck  type  is  one  of  headroom 
rather  than  of  cost. 

Substructure. — The  first  type  of  concrete 
substructure  was  patterned  after  that  of  stone 
masonry,  being  heavy  and  massive  and  depend- 
ing for  its  stability  on  the  weight  rather  than 
the  structural  integrity  of  the  material.  From 
this  type  there  evolved  the  cantilevered  or  re- 
inforced stem,  whose  stabilit\'  depends-  upon 
the  weight  not  only  of  the  structure  itself  but 
also  of  the  earth  filling  placed  over  the  can- 
tilevered base.  Considerable  economy  result- 
ed in  the  use  of  this  type  of  construction 
wherein  reinforcing  steel  in  tension  was  made 
to  replace  weight  heretofore  furnished  only 
at  the  expense  of  extra  material. 

A  distinct  step  in  advance  of  this  latter  type 
is  the  so-called  "unit"  type  wherein  the  wing- 
walls  are  made  to  give  added  stability  to  the 
entire  construction.  This  is  accomplished  by 
anchoring  securely  the  wings  to  the  abutment 
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Fig.    3.  Cross    Section    of    Standard    30-Ft.    Reinforced   Concrete  Through   Girder   Bridge 

—  Iowa    Highway    Commission. 


size  of  the  concrete  highway  arch  as  adopted 
in  Iowa. 

DETAILS  OF   DESIGN. 

Next  in  order  comes  the  calculation  of 
stresses  and  the  working  out  of  details.  While 
space  will  not  permit  a  complete  discussion  of 
the  various  methods  followed  ,in  highway 
bridge  design,  a  brief  discussion  of  a  few  of 
the  more  common  types  of  com.-rete  struchic^s 
adopted  as  standard  by  th  '  Statv  Highway 
Commission  of  Iowa  may  be  of  interest  as 
illustrative  of  the  recent  development  'along 
this  line. 


body  by  means  of  tension  rods  so  placed  that 
in  overturning  the  entire  wing,  together  with 
the  abutment,  must  be  lifted  about  the  point  of 
rotation.  The  rigid  anchorage  of  the  wing 
produces  a  Uiovemcnl  of  the  center  of  gravity 
iip.ckward,  or  away  from  the  stream,  and  a  con- 
sequent lowering  of  the  earth  pressure.  The 
amount  of  this  decrease  in  pressure  is  shown 
graphically  in  Fig.  5.  The  entire  unit  action 
is  dependent  upon  the  tension  rods,  which  are 
proportioned  to  lift  the  entire  wing  wall  at 
the  beginning  of  rotation. 
The  safeguarding  and  beautifying  of  the  ap- 
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proach  is  an  important  factor  in  bridge  design 
and  one  to  which  too  httle  attention  has  been 
paid  in  the  past.  Effusive  ornamentation  of 
the  structure  itself  apparently  has  often  been 
considered  sufficient  to  compensate  for  a  de- 
plorable lack  in  this  respect.  As  a  simple,  yet 
effective,  method  of  producing  a  pleasing  ap- 
proach effect,  and  at  the  same  time  safeguard- 
ing against  accident  due  to  the  sudden  narrow- 
ing of  the  roadway  at  the  bridge  site  (a  con- 
dition that  for  reasons  of  economy  will  con- 
tinue to  exist  for  some  time),  the  wing-walls 
on  the'  standard  short  span  construction  have 
been  carried  level,  out  to  a  point  sufficient  to 
give  a  clear  distance  between  them  equal  to 
the  width  of  the  traveled  roadway,  and  hand- 
rails have  been  constructed  thereon.  The  ef- 
fect is  simple,  yet  it  gives  a  finished  appear- 
ance not  otherwise  produced. 

Arch  Type. — No  discussion  of  highway 
bridge  design  is  complete  without  a  treatment 
of  the  fixed  reinforced  concrete  arch.  From 
an  architectural  standpoint  the  arch  has  been 
and  always  will  be  a  favorite  because  of  the 
quiet,  simple  dignity  of  its  lines.  The  stresses 
arising  in  the  ring  of  an  arch  are  indetermin- 


crease  in  rise,  and  analyses  of  very  flat  arches 
often  fail  to  indicate  serious  overstress. 

(3)  The  unit  fiber  stresses  vary  approxi- 
mately as  the  bending  moment  and  inversely 
as  the  square  of  the  depth  of  section.  Thus 
a  condition  of  overstress  can  be  remedied  sim- 
ply by  increasing  the  section,  as  the  moments 
and  thrusts  remain  practically  unchanged. 

The  tests  conducted  on  the  bridges  previous- 
ly referred  to  disclose  a  temperature  condition 
far  in  excess  of  that  formerly  believed  to 
exist,  and  the  resulting  moments  are  found 
to  be  nearer  100  per  cent  than  10  per  cent 
of  the  dead  and  live  load  values,  as  is  illus- 
trated by  a  comparison  of  five  typical  arch 
spans  given  in  Table  I. 

In  view  of  the  fact  that  the  temperature  var- 
iation, particularly  for  light  highway  loadings, 
becomes  the  determining  factor  the  following 
relationships,  which  can  easily  be  proven,  seem 
to  have  an  important  bearing  on  the  limitations 
of  the  arch  design. 

(1)  For  a  given  span  the  moment  due  to 
temperature  varies  inversely  as  the  rise,  and 
the  corresponding  thrust  varies  inversely  as 
the  second  power  of  the  same.    Thus  a  slight 


superstructure  design.  For  the  substructure, 
inasmuch  as  the  entire  theory  of  stress  dis- 
tribution in  a  fixed  arch  is  based  upon  a  hy- 
pothesis of  fixed  and  immovable  abutments, 
great  care  should  be  exercised  to  insure  such 
rigidity  of  base.  Construction  of  the  arch 
type  over  first-stage  streams  is  extremely  haz- 
ardous unless  solid  rock  is  encountered,  and 
in  any  location  the  greatest  precaution  to  se- 
cure adequate  foundation  bearings  is  absolutely 
essential  to  the  integrity  of  the  superstructure. 

In  concluding  the  subject  of  arch  bridges  it 
should  be  pointed  out  that  by  far  too  little  in- 
formation is  available  concerning  the  action 
of  the  arch.  The  larger  portion  of  those  small 
cracks,  the  elimination  of  which  constitute  such 
a  problem  to  the  concrete  bridge  builder,  oc- 
cur in  the  arch  type.  Very  few  arches  are 
economically  designed,  and  the  great  need  of 
experimentation  along  this  line  is  apparent  to 
all  who  are  familiar  with  the  problems  pre- 
senting themselves  to  the  designer. 

The  State  Highway  Commission  of  Iowa  is 
endeavoring  to  meet  this  need  by  a  series  of 
experiments  based  upon  the  results  of  which 
it  is  hoped  to  present  a  series  of  standard  arch 
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Fig.    4.  Quantities    of    Concrete     in    Three    Standard     Types     of 
Reinforced    Concrete    Superstructures — Iowa    Highway  Commission. 


Fig.  5.  Toe  Pressure  for  Abutment  Designed    as    Retaining    Wall 
and    as    Unit   Abutment. 


ate  statically,  and  can  be  computed  only  from 
the  theory  of  elasticity.  They  are  thus  seen 
to  be  dependent  not  only  upon  the  loadings 
but  also  upon  the  size  and  shape  of  the  ring 
as  well. 

The  working  out  of  the  true  economical 
shape  and  section  for  the  arch  type  is  a  prob- 
lem considerably  involved  and  concerning 
which  a  great  deal  has  been  written.  The  re- 
cent data  on  temperature  variation,  however, 
have  operated  to  modify  to  a  considerable  de 
gree  the  limitations  of  design  and  the  econom- 
ical section  of  the  arch  type,  and  much  of  the 
data  published  is  now  of  little  value,  especially 
for  the  lighter  highway  loadings.  This  is 
shown  by  a  consideration  of  the  following 
facts : 

In  the  design  of  the  concrete  arch  it  has 
been  customary  among  many  designers  to  al- 


decrease   in    rise   will   produce   a   material   in- 
crease in  ring  stress. 

(2)  While  the  fiber  stresses  for  a  given 
moment  vary  inversely  as  the  square  of  the 
depth  of  section  it  must  be  remembered  that  in 
dealing  with  temperature  changes  the  moments 
themselves  vary  directly  as  the  cube  of  the 
depth  of  section.  Thus  when  the  temperature 
moment  constitutes  the  larger  part  of  the  total 
moment  an  increase  in  section  often  operates 
to  increase  rather  than  decrease  the  unit  fiber 
stresses. 

(3)  The  stresses  due  to  temperature  are  a 
maximum  at  the  crown  and  spring  line  of  the 
arch  but  are  of  opposite  signs.  These  decrease 
from  crown  to  spring  line,  passing  through  a 
zero  value  and  assuming  their  original  or 
crown  values  near  the  quarter  point  (this 
point    can    be    determined    exactly    for    every 


superstructures   designed    with    a   true    regard 
for  safety  and  economy. 


TABLE    I.— C0MPAR.\T1VE   BENDING   MOMENTS  DUE  TO  DE.\D  AND  LIVE  LOADS  AND  TO 

TEMPERATURE    VARIATION. 
Arch  Span,      , — Bending    moment,    ft.-lbs. — v 

ring.                                                              ft.          D.  &  L.   load.        Temperature.  Live   loadings. 

A    40                    8,466                         30,302  100  lbs.  per  sq.   ft. 

B   55                  34,050                         43,800  200  lbs.  per  sq.   ft. 

C    60                  30,791                         38,310  60-ton   elec.    eng. 

D 70                  48.676                         45.700  40-ton   elec.   eng. 

•E    90                  23,350                         31,580  100  lbs.  per  sq.  ft. 

P   70                  71,724                         50,300  60-ton   elec.    eng. 

•Light  open  spandrel  construction. 


low  an  arbitrary  percentage  (from  10  to  20  per 
cent)  of  the  dead  and  live  load  stresses  to 
cover  stresses  induced  by  temperature  change. 
All  stress  values  then  become  a  function  of 
the  external  loading  and  the  following  rela- 
tionships can  easily  be  shown  to  obtain : 

(1)  For  a  given  span  the  movements  are 
independent  of  the  rise  but  the  thrusts  vary 
inversely  as  the  same. 

(2)  The  fiber  stress,  being  largely  deter- 
mined by  the  bending  moment  rather  than 
the  thrust,  does  not  increase  rapidly  with  a  de- 


arch,  it  being  dependent  upon  the  shape  and 
size  of  the  arch  ring). 

From  the  first  two  considerations  it  is  at 
once  apparent  that  for  each  span  length  there 
will  be  a  limiting  minimum  rise  beyond  which 
it  is  not  safe  to  design.  From  the  third  con- 
sideration it  is  apparent  that  for  light  high- 
way loadings,  in  which  temperature  stresses 
are  largely  governing,  there  need  be  in  gen- 
eral but  slight  increase  in  section  between  the 
crown  and  quarter  point. 

Thus  far  the  discussion  has  been  limited  to 


Kinds  of  Paint  and  Painting  Methods 

Used  on  Steel  Work  By  Various 

Railroads. 

The  accompanying  data  on  the  practice 
of  important  railroads  of  the  United 
States  and  Canada  in  regard  to  the  kind 
of  paint  used  on  steel  work,  and  the  methods 
of  its  application,  were  obtained  by  the 
Committee  on  Iron  and  Steel  Structures 
of  the  American  Railway  Engineering  Asso- 
ciation. A  circular  letter  was  sent  to  an 
official  of  each  of  the  principal  railroads  (with 
a  few  exceptions)  in  the  United  States  and 
Canada.  The  same  letter  was  also  sent  to  an 
official  of  each  of  several  foreign  railroads. 
The  circular  made  inquiry  by  means  of  several 
questions  grouped  under  the  headings  of:  (1) 
shop  coat  on  new  fabricated  steel;  (2)  field 
coats  on  new  fabricated  steel;  (3)  repainting 
or  maintenance  of  bridges  under  traffic.  These 
circulars  were  sent  to  67  different  railroads  or 
railroad  systems,  and  replies  were  received 
from  53  of  them.  A  summary  showing  the 
extent  of  use  of  each  kind  of  paint  as  indi- 
cated by  the  replies  follows ;  the  figures  and 
percentages,  (which  do  not  include  the  New 
Zealand  railways),  refer  to  individual  rail- 
roads : 
(i)  Shop  Coat  for  New  Steel: 

Red  lead  pigment  paint,  29  out  of  50,  equal 
to  58  per  cent. 

Linseed  oil  only,  5  out  of  50,  equal  to  10  per 
cent. 

Linseed  oil,  parts  in  contact  after  assembling 
with  red  led  pigment  paint,  2  out  of  50,  equal 
to  4  per  cent. 

Linseed    oil,  parts   in   contact   after  assem- 
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bling  with  various  proprietary  paints,  4  out  of 
60,  8  per  cent. 

Graphite  and  carbon  pigment  paints,  includ- 
ing lampblack  paint,  8  out  of  50,  16  per  cent. 

Miscellaneous,  2  out  of  50,  4  per  cent. 
(2)  Field  Coats  for  New  Steel: 

Red   led   straight  or  in  part,   12   out  of  48, 
25  per  cent. 

Carbon   or  graphite   or   both,   24   out   of  48, 
50  per  cent. 

Miscellaneous,  12  out  of  48,  25  per  cent. 
(S)  Repainting  or  Maintenance  Under  TrafHc : 

Carbon,  1-3  out  of  46,  28  per  cent. 

Graphite,  7  out  of  46,  15  per  cent. 

Both   carbon   and   graphite,   4   out   of  46,   9 
per  cent. 

Red   lead  straight  or  in  part,   11  out  of  46, 
24  per  cent. 

Various  kinds,  11  out  of  46,  24  per  cent. 


end  spans  being  balanced  by  the  adjacent 
halves  of  the  center  span.  The  bridge  has  a 
clear  roadway  of  24  ft.,  with  two  5-ft.  side- 
walks. The  abutments  retain  the  filled  ap- 
proaches and  anchor  the  ends  of  the  end  can- 


were  designed  to  carry  a  21-ton  road  roller 
having  front  and  rear  axles  spaced  7  ft.  on 
centers.  The  assumed  distribution  of  the 
roller  load  was  7  tons  at  the  front  axle  and  7 
tons  each  on  tw'O  rear  wheels  spaced  7  ft.  apart 
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.Design  of  the  Reinforced  Concrete  Can- 
tilever   Bridge    on    Runnymede 
Ave.,  Cleveland,  Ohio. 

(Staff  article.) 
I. 
The  city  of  Cincinnati  has  recently  com- 
pleted a  reinforced  concrete  bridge  over  West 
Fork  Creek  on  Runnymede  Ave.,  which  pos- 
sesses some  unusual  design  features.  The 
bridge  was  built  to  replace  a  light  steel  deck- 
truss  span  of  about  60  ft.,  which  rested  on 
plain  concrete  abutments  extending  to  a  depth 
of  only  a  few  feet  below  the  creek  bottom. 
During  the  floods  in  March,  191.3,  the  abut- 
ments of  the  old  structure  were  undermined, 
and  toppled  forward,  crushing  the  steel  span 
between  them.  The  new  structure  is  on  a  5 
per  cent  grade.  This  article  deals  with  the 
design  features  of  the  bridge :  the  construc- 
tion features  and  costs  will  be  treated  in  our 
April  7  issue. 

DESIGN    FEATURES. 

General. — The   new   bridge,   which    was    de- 
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Fig.    1.   Half    Plans    and    General    Elevation   of   Runnymede   Ave.   Bridge,  Cincinnati,  O., 
Showing    Type    of    Structure    and    General    Dimensions. 
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tilever  spans.  Figure  1,  which  shows  a  general 
plan  and  elevation  of  the  bridge,  indicates  the 
type  of  structure  and  gives  its  general  di- 
mensions. It  will  be  noted  by  referring  to 
this  drawing  that  the  abutments  have  pile 
foundations,  while  tlie  piers  have  spread  foot- 
ings carried  to  hard  blue  clay  at  a  depth  of 
about  23  ft.  below  the  original  ground  surface. 
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on  the  rear  axle.  The  main  cantilever  girders 
were  designed  for  a  live  load  of  150  lbs.  per 
square  foot  on  the  roadway  and  for  100  lbs. 
per  square  foot  on  the  sidewalks,  the  entire 
bridge  being  loaded. 

The  average  load  on  the  soil  under  the  pier 
footings,   due   to  full  live   and   dead   loads,   is 


.Kyrror  Pier'A  ll'-O'  for  Pier'B' 
(g)  Long.  Elewof  Pier  Shaft 


(C)  Longitudinal  Section  D-D      as  noted. 


S'o.c.  both  directions - 


6-0" 


(h)  End  Elevation  of  Shaft 


Fig.   2.   Details   of    Superstructure    and    Piers   of    Runnymede    Ave.   Cantilever   Bridge. 


signed  as  a  cantilever  structure,  consists  of  a 
65-ft.  center  span  and  tw-o  32-ft.,  6-in.  anchor 
spans.  Its  entire  weight  is  carried  by  the  two 
main   piers   adjacent   to   the   center   span,   the 


Loads  and  Allowable  Stresses. — The  road- 
way slab  was  designed  for  a  live  load  of  600 
ll)s.  per  square  foot  and  the  sidewalk  slab 
for  100  lbs.  per  square  foot.    The  cross  beams 


about  2%   tons  per  square  foot.     The  unbal- 
anced live  load  may  produce  a  pressure  at  the 
toe  of  3Vi  tons  per  square  foot. 
Both   the   superstructure   and   the   substruc- 
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ture   were   designed    for  the   following  allow- 
able stresses: 

Compression  in  extreme  liber  of  concrete, 
lbs.  per  square  inch. 

Tension  in  reinforcing  steel,  20,000  lbs. 
square  inch. 


700 
per 


All  piles  were  driven  until  they  indicated  a 


are  C  ft.  x  10  ft.  7  ins. ;  at  the  top  of  all  pier 
shafts  the  dimensions  are  3  ft.  x  7  ft.  The 
height  of  the  north  pier  shafts  is  21  ft.  6  ins., 
while  that  of  the  south  shafts  is  24  ft.  0  in. 
Figures  2  (g)  and  (h)  are  detail  drawings  of 
the  piers.  The  pier  shafts  of  each  pier  are 
connected  at  the  top  and  braced  by  means  of 
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Fig.  3.   Details  of  Reinforced  Concrete   Piles   for    Abutments    of    Runnymede    Ave.    Bridge. 


carrying  capacity  of  at  least  25  tons,  as  indi- 
cated by  the  "Engineering  News"  formula. 

Concrete  Proportions. — The  concrete  used 
for  the  superstructure,  substructure  and  piles 
consists  of  1  part  cement,  2  parts  sand,  and  4 
parts  critshed  gravel  1  in.  and  under. 

In  casting  the  railing  and  posts  a  1 :3  cement 
mortar  was  used. 

Superstructure  Design. — The  reinforced  con- 
crete superstructure  consists  of  two  main  can- 
tilever girders  carrying  a  floor  system  consist- 
ing of  floorbeams  and  slab  construction.  The 
cantilever  girders  are  2  ft.  thick,  and  vary  in 
depth  from  4  ft.  6  ins.  at  the  center  of  the 
span  to  13  ft.  6  ins.  over  the  piers,  being 
curved  on  the  bottom  to  a  radius  of  63  ft. 
2%  ins.  (see  Fig.  2,  a  and  b).  The  bottom 
reinforcement  for  these  girders  consists  of  two 
1-in.  square  twisted  bars,  while  the  number 
and  arrangement  of  the  1-in.  bars  in  the  top 
reinforcement  varies  along  the  length  of  the 
girders  as  shown  in  Figs.  2  (a)  and  (d).  The 
top  and  bottom  reinforcing  bars  are  tied  to- 
gether with  stirrups  consisting  of  %-in.  square 
bars  spaced  2  ft.  on  centers. 

The  floorbeams  have  a  width  of  12  ins.  and 
a  depth  varying  as  shown  in  Fig.  2  (b),  to 
conform  to  the  crown  of  the  roadway.  For 
the  center  span  these  floorbeams  are  spaced 
8  ft.  on  centers,  while  for  the  anchor  spans 
their  spacing  is  8  ft.  7%  ins.  on  centers.  Fig- 
ures 2  (b)  and  (c)  give  complete  details  for 
these  beams.  The  cantilever  arms  are  anchored 
to  the  reinforced  concrete  abutments  by  means 
of  a  special  form  of  end  floorbeam  which  en- 
gages a  projection  on  the  abutment.  Figure 
2  (e)  is  a  cross  section  of  the  end  floorbeam 
showing  its  shape  and  reinforcement. 

The  reinforced  concrete  roadway  slab  is 
continuous  over  the  floorbeams.  It  has  a  thick- 
ness of  7%  ins.,  and  is  reinforced  as  shown 
in  Figs.  2  (b)  and  (c).  The  roadway  slab 
is  waterproofed  with  one  layer  each  of  bur- 
lap and  felt  coated  with  coal  tar  pitch. 

The  sidewalk  slab  has  a  thickness  of  6  ins. 
and  is  reinforced  as  shown  in  Fig.  2   (b). 

The  reinforced  concrete  railing  posts,  which 
are  spaced  8  ft.  IVz  in.  on  centers,  extend  3  ft. 
8  ins.  above  the  top  of  the  sidewalk  slab.  The 
railing  consists  of  an  upper  and  lower  rein- 
forced concrete  member  and  a  paneled  web  2 
ins.  thick.  Figure  2  (f)  is  a  cross  section  of 
the  railing  showing  its  principal  details. 

The  roadway  surfacing  consists  of  a  4-in. 
layer  of  brick,  with  cement  grout  filler,  laid 
on  a  2-in.  sand  cushion.  The  crown  of  the 
24-ft.  roadway  is  4  ins.  The  curb  is  formed 
by  a  6x%-in.  plate,  anchored  into  the  concrete 
with  l-'/4x.3/16-in.  hooked  bars  spaced  2  ft.  on 
centers.  At  the  ends  of  the  anchor  spans  the 
surfacing  consists  of  a  strip  of  concrete  8  ins. 
wide,  which  is  retained  and  protected  by  a  4x 
3x%-in.  angle  extending  across  the  roadway 
and  anchored  into  the  end  floorbeam  as  shown 
in   Fig.   2  (e). 

Substructure  Design. — The  divided  piers  are 
heavily  reinforced  to  provide  for  bending 
stresses  due  to  unbalanced  live  loadings.  Both 
piers  have  spread  footings  extending  to  a 
stratum  of  hard  blue  clay — practically  shale. 
The  footing  of  each  pedestal  pier  is  11x16  ft., 
the  longer  dimension  being  parallel  to  the 
longitudinal  axis  of  the  bridge.  At  the  top  of 
the  footing  the  south  pier  shafts  have  dimen- 
sions of  6  ft.  X  11  ft.,  while  the  north  shafts 


a  deep  reinforced  concrete  strut,  as  shown  in 
Figs.  2  (g)  and  (h). 

The  abutments  are  founded  on  reinforced 
concrete  pre-cast  piles,  17  piles  being  used  un- 
der each  abutment.  These  piles  are  hexagonal 
in  shape,  with  a  long  diameter  at  the  top  of 
14  ins.  and  at  the  bottom  of  8  ins. ;  two  lengths 
of  piles  were  used — 30  ft.  6  ins.  and  25  ft.  6 
ins. — the   six   outside   piles   in   each   abutment 


The   abutments,   which   are  essentially   rein- 
forced  concrete   retaining   walls   of   the  canti- . 
lever  type,  also   form  support   and   anchorage  i 
for   the   end   cantilever  spans.     Figure  4    (a) 
is  a  half  footing  plan  of  the  north  abutment, 
indicating   the   arrangement   of   the   piles   and 
pile  caps.     The  reinforcing  bars   for  the  pile 
caps  are  shown  in  this  drawing,  but  those  in 
the  footing  proper  have  been  omitted.     Figure 
4  (b)  is  a  half  elevation  of  the  abutment  wall,  ' 
and  Fig.  4  (c)  is  a  cross  section  of  it.    These  . 
drawings  indicate  the  type  of  wall  used,  and 
give  the  general  dimensions  and  the  size  and  ' 
arrangement  of  the  reinforcement.     The  man- 
ner of   providing   support   and   anchorage   for 
the  end  cantilever  arms  of  the  bridge  is  clear- 
ly shown  in  Figs.  4   (b)   and   (c)   and  in  Fig. 
2    (e).     Figure  4    (d)   is  a  detail   showing,  in' 
plan,  the  junction  of  the  wing-wall  and  abut-  ' 
ment   wall.     The   wing-walls,   which   form   an  i 
angle  of  45°  with  the  axis  of  the  bridge,  have  . 
a  length  of  14  ft.  C  ms.  and  are  provided  with 
the  same  type  of  railing  as  the  main  structure. 

PERSONNEL. 

The  bridge  was  designed  by  the  Engineer- 
ing Department  of  the  City  of  Cincinnati,  F. 
S.    Krug,   chief   engineer ;    Frank   L.    Raschig, 
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having  the  shorter  length.  Figure  3  is  a  de- 
tail drawing  of  these  piles.  They  were  driven 
through  loam,  sand  and  yellow  clay  into  hard 
blue  clay. 


principal  assistant  engineer,  and  Edgar  K. 
Ruth,  assistant  engineer  in  charge  of  office  and 
design.  We  are  indebted  to  Mr.  Ruth  for  the 
data  upon   which  this   article   is  based. 


March  24,  1915. 
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Method    of    Relining    a    Small    Brick- 
lined  Water  Works  Reservoir  with 
Asphalt  and  Concrete  at 
Irwin,  Pa. 

■Contributed   by  John   M.    Rice,    Assistant    Engi- 
neer witli   ]\Iorris    Knowles,    Consulting    En- 
gineer, Pittsburgh,   Pa. 

The  reservoir  here  described  is  part  of  the 
Westmoreland  Water  Company's  system  and 
is  located  just  outside  the  Borough  of  Jean- 
nette  on  the  Pittsburgh  and  Greensburg  Pike. 
It  supplies  water  to  the  higher  portions  of 
Irwin  and  provides  a  reservoir  for  fire  pro- 
tection for  the  whole  of  the  town.  This  reser- 
voir was  built  in  the  years  1888  and  1889  and 
originally  had  puddled  slopes  faced  with  rip- 


Grant 


The  design  of  the  completed  work  is  shown 
on  the  drawing  in  Fig.  1.  During  the  progress 
of  the  work,  it  was  decided  that  a  ground 
water  drain  should  be  constructed  along  the 
north  and  west  sides  of  the  reservoir  to  cut 
off  any  ground  water  flow  which  might  either 
contaminate  the  water  in  the  reservoir  or 
break  the  waterproof  lining,  due  to  the  build- 
ing up  of  the  hydrostatic  pressure. 

DESCRIPTION    OF   WORK. 

The  old  reservoir  had  a  diameter  of  151  ft. 
at  the  top  of  the  embankment  and  was  lined 
with  brick  on  a  clay  foundation.  The  maxi- 
mum height  of  embankment  was  about  17  ft. 
on  the  south  side  and  the  minimum  about  2  ft. 
on  the  north  side.  The  embankment  appears  to 
have  been  made  up  of  material  from  the  ex- 


membrane  on  top  of  the  old  lining.  5.  The 
protection  of  the  waterproofing  by  a  layer  of 
concrete.  6.  Increasing  the  capacity  and  pres- 
sure by  the  use  of  a  circular  and  vertical  wall 
6  ft.  high  around  the  top.  7.  The  protection 
of  waterproofing  and  the  purity  of  reservoir's 
contents  by  a  ground  water  drain. 

ORDER    OF    WORK. 

The  contractor  began  work  by  excavating 
for  the  vertical  wall  foundation  while  the 
water  was  still  in  the  reservoir.  The  material 
encountered  was  yellow  clay  for  the  most 
part,  but  some  large  stones  were  found.  On 
the  north  side  of  the  embankment,  the  original 
surface  was  cut  through  and  it  was  found  that 
the  embankment  had  been  placed  upon  it  with- 
out  stripping   the   top    soil.     Several   test   pits 
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Fig.   1.   Details  of  Design  for   Relining  with    Asphalt   and   Concrete   the    Reservoir  of  the      Westmoreland   Water  Co.,  at   Irwin,   Pa. 


rap.  As  considerable  trouble  was  experienced 
in  keeping  the  reservoir  tight,  the  riprap  was 
torn  out  and  a  brick  lining  substituted  in  1895. 
This  did  not  prove  satisfactory  and  in  1913, 
the  design  was  prepared  for  a  complete  re- 
construction of  the  reservoir  consisting  in  the 
consruction  of  a  circular  vertical  wall  near  the 
toe  of  the  existing  slope  and  having  a  layer  of 
asphalt  and  concrete  over  the  existing  floor. 
The  space  between  the  existing  slope  and  the 
vertical  wall  was  to  be  filled  with  excavated 
material  obtained  from  the  toe  of  the  slope. 
Nothing  was  done  in  1913,  but  in  1914  a 
further  study  of  the  situation,  preliminary  to 
letting  contracts,  showed  that  a  somewhat 
cheaper  construction  might  be  secured  by 
waterproofing  the  existing  slopes  and  building 
a  circular  wall  at  the  top.  This  design  was 
adopted  and  plans  were  prepared  on  this  basis. 


cavation  and  was  a  heavy  clay.  It  was  well 
saturated  with  water,  as  was  disclosed  by  test 
pits.  It  has  leaked  very  seriously  in  the  past 
and  it  was  impracticable  to  keep  more  than 
3%  ft.  of  water  in  the  basin. 

In  order  to  remedy  this  condition  and  to  se- 
cure a  greater  reserve  quantity  of  water  for 
fire  protection  at  Irwin,  the  repairs  and  addi- 
tions hereinafter  described  were  determined 
upon.     These  consist  of: 

1.  The  removal  of  the  top  slope  paving  to  a 
depth  of  5  ft.  6  in.  2.  Examination  of  the  en- 
tire remaining  lining  and  the  removal  of  the 
portions  which  seemed  to  have  an  insecure 
foundation.  3.  The  cleaning  of  the  floor  and 
slopes,  the  filling  up  of  all  depressions  of  the 
brick  work  and  the  smoothing  up  of  the  orig- 
inal lining,  preparatory  to  placing  the  water- 
proofing.    4.  The  placing  of   a  waterproofing 


were  dug  when  the  elevation  of  wall  footing 
was  reached  and  the  ground  further  tested  by 
the  use  of  bars  and  tlie  material  found  to  be 
of  the  same  consistency  throughout. 

The  footing  of  1:2:4  concrete  was  next 
placed  in  blocks  about  10  ft.  2  ins.  long.  When 
this  work  was  finished,  the  reservoir  was 
drained  and  the  floor  and  slopes  were  care- 
fully tested  by  tapping  them  with  an  8-lb. 
hammer,  and  any  hollow  places  beneath  the 
brick  w-ork  were  discovered  by  the  sound.  In 
this  manner  a  number  of  small  holes  were 
found  and  one  large  one.  .\\\  of  these  places 
were  filled  with  concrete  and  then  the  whole 
surface  of  the  floor  and  slopes  was  plastered 
over  and  smoothed  up  lo  receive  the  water- 
proofing. After  this  coating  had  become  dry, 
the  waterproofing  membrane  was  placed. 

lVater[>roofing. — The    specifications    require 
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that  "A  layer  of  asphalt  heated  to  400°  F.,  1/16 
in.  thick  shall  be  spread  upon  the  Hoor  and 
while  this  is  still  hot,  a  layer  of  burlap  shall  be 
placed  upon  it  and  carefully  rolled  out  to 
avoid  wrinkles  and  aii;  space.  This  shall  be 
followed  by  a  layer  of  heated  asphalt,  1/16  in. 
thick."  The  contractor  was  required  to  submit 
samples  of  the  asphalt  and  burlap,  which  he 
proposed  to  use,  and  the  former  was  tested 
and  gave  the  following  analysis  : 

Bitumen  soluble  in  carbon  bisulphide 99.5% 

Total  bitumen  soluble  in  SB°   naphtha 69.9% 

Specific  gravity  at  70°  F 99S3 

Loss  after  heating  at  325°  F,  5  hours C% 

Penetration    at    32°    F,    No.    2    needle,    200 

grams,   one  minute. 27. 

Penetration   at   77°   P,    No.    2   needle,    100 

grams,  5  seconds 37. 

Penetration   at   115°   F.    No.    2   needle,    50 

grams,  5  seconds 72. 

The  asphalt  was  heated  in  a  large  kettle  up 
to  about  350°,  and  was  then  transferred  by  a 
ladle  to  a  smaller  kettle,  where  the  tempera- 


Tliis  concrete  was  1  ;2 :4  mixed,  placed 
rather  wet,  screened  and  then  troweled  to  give 
an  impervious  surface.  The  floor  was  laid  in 
alternate  blocks,  as  shown  in  Fig.  2d. 

Meanwhile,  the  waterproofing  of  the  slopes 
continued  and  as  soon  as  the  concrete  floor 
had  been  placed,  work  was  begun  on  covering 
up  the  slope  waterproofing.  Here  again,  the 
extreme  unevcnness  of  the  original  lining 
caused  an  excess  of  concrete  to  be  used  in 
order  to  bring  the  final  surface  to  a  smooth 
plane.  Figures  2e  and  2  f  show  the  method 
employed  in  placing  the  concrete  slope  paving. 

After  the  lower  tiers  of  slope  slabs  had  been 
placed,  it  was  determined  to  put  water  into  the 
reservoir,  in  order  to  provide  fire  protection 
for  the  borough ;  the  floor  and  slopes  were 
therefore  cleaned  and  water  turned  in  21  days 
from  the  date  of  emptying  the  reservoir.  This 
gave  a  depth  of  water  of  7  ft.  and  storage  of 
535,000  gals.,  two  days'  supply  for  Irwin. 


ing  of  August  22  and  completed  the  pouring  at 
2  p.  m.  on  the  23d.  The  work  during  the  night 
w-as  well  illuminated  with  lights  and  the 
construction  proved  satisfactory. 

The  top  of  the  wall  was  finished  with  a  1-in. 
layer  of  1 :2  mortar  well  troweled  and  edged 
ofif.  The  concrete  was  a  wet  1:2:4  mix  and  the 
wall  was  designed  to  have  sufficient  steel  to 
take  the  full  load  at  a  stress  of  12,000  lbs.  per 
square  inch.  On  the  removal  of  the  forms, 
the  surface  was  rubbed  down  with  wooden 
floats  and  carefully  smoothed  up.  The  forms 
and  runway  for  concreting  the  top  of  the  wall 
are  shown  in  Fig.  2h. 

After  the  vertical  wall  was  finished,  the 
upper  floor  slab  was  placed.  The  workmen 
were  supported  from  the  wall  as  shown  in 
Fig.  2i,  and  the  joint  between  the  slab  and  the 
vertical  wall  was  filled  with  hot  asphalt.  The 
water    was    then    entirely    removed    from    the 


Fig.   2.  Construction    Views    Showing    the    Relinjng     with   Asphalt   and   Concrete   of  a    Brick-Lined     Reservoir  at  Irwin,  Pa. 

(a)  Application  of  A.sphalt  and  Burlap,  (b)  Heating  Asphalt,  (c)  Cutting  Up  Asphalt,  (d)  Placing  Floor  Blocks,  (e)  Placing  Concrete  in 
Curved  Block.s  at  Toe  of  Slope,  (f)  Placing  Concrete  in  Lower  Tier  Slope  Blocks.  (g)  Placing  Wall  Reinforcement — Note  Use  of  Building  Paper 
Against  Form,     (h)  Forms  and  Runway  for  Concreting  Top  of  Wall,     (i)  Concreting  Upper  Tier  of  Slope  Blocks. 


ture  was  raised  to  about  440°.  From  this  point 
it  was  taken  to  the  work  and  applied  to  the 
surface  of  the  floor  and  slopes  by  the  use  of 
mops.  While  it  was  still  hot,  a  strip  of  burlap, 
40  ins.  wide  and  from  15  to  20  ft.  long  was 
rolled  out  upon  it.  The  top  coating  of  asphalt 
was  applied  soon  afterwards,  and  before  the 
burlap  had  become  cold.  It  was  also  applied 
by  mops. 

The  application  of  the  waterproofing  is 
shown  in  Fig.  2a,  and  the  apparatus  used  for 
heating  is  shown  in  Fig.  2b.  Figure  2c  shows 
the  method  of  cutting  up  the  asphalt  as  re- 
ceived on  the  ground. 

After  the  waterproofing  mat  had  been  placed 
upon  the  floor  and  before  the  work  on  the 
slopes  had  been  finished,  the  concrete  protec- 
tion was  placed.  This  consisted  of  alternate 
blocks  about  7  ft.  8  ins.  square,  originally  de- 
signed to  have  an  average  thickness  of  4  ins., 
but  due  to  the  unevenness  of  the  floor  and  to 
the  desire  to  secure  satisfactory  drainage  of 
the  bottom  to  the  sump,  this  actually  averaged 
5%  ins. 


Before  the  upper  tier  of  blocks  was  placed, 
it  was  decided  to  build  the  vertical  wall,  con- 
structed to  the  dimensions  shown  on  the  draw- 
ing, Fig.  1.  The  horizontal  rods  were  sup- 
ported by  channels  spaced  6  ft.  apart.  The 
steel  came  in  35  ft,  lengths  and'was  lapped  30 
ins.  for  the  %  in.  and  35  ins.  for  the  %  in. 
bars. 

In  order  to  secure  as  smooth  a  surface  for 
the  exterior  of  the  wall  as  possible,  the  con- 
tractor placed  a  layer  of  building  paper  on  the 
inside  of  the  forms  as  shown  in  Fig.  2g  which 
also  shows  the  placing  of  the  wall  reinforce- 
ment. 

The  forms  consisted  of  %  in.  hemlock  or 
pine  surfaced  on  both  edges  and  one  side.  The 
outside  studding  was  2.x6-in.  hemlock,  spaced 
2  ft.  center  to  center  and  braced  from  the 
embankment.  The  inside  forms  were  wired  to 
the  outside  at  the  bottom  and  midway  at  each 
rib  of  studding  between  top  and  bottom. 

The  specifications  required  this  wall  to  be 
poured  monolithic  and  to  comply  with  this,  the 
contractor  began  work  at  7  p.  m.  on  the  even- 


reservoir  and  after  a  thorough  cleaning  of 
slopes  and  floor,  it  was  filled. 

The  specifications  required  that  the  reservoir 
should  not  show  a  leakage  of  more  than  one 
vertical  inch,  measured  at  the  surface,  and 
although  the  final  acceptance  test  has  not  yet 
been  run,  preliminary  measurements  indicate 
that  less  than  Vz  in.  is  lost.  It  is  confidently 
expected  that  even  this  will  be  reduced  after 
a  short  wdiile. 

As  soon  as  the  concrete  work  was  finished 
the  ground  water  drain  was  constructed.  This 
consisted  of  a  trench  backfilled,  in  part,  with 
coarse  grained  filling.  This  included  the  brick 
removed  from  the  old  lining  of  the  reservoir. 
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Methods  and  Apparatus  Employed  in 

Carrying    on    Continuous    Water 

Waste  Surveys  in  the  District 

of  Columbia. 

The  Pitometer  Division  was  organized,  in 
1906,  to  carry  on  systematic  waste  water  sur- 
veys after  the  city  had  narrowly  averted  a 
water  famine  in  the  winter  of  1904-05.  The 
per  capita  consumption  had  increased  from  161 
gals,  in  1896  to  217  gals,  in  1906.  The  Pi- 
tometer Division  was  enlarged  several  times 
until  in  1913  it  consisted  of  40  men,  5  teams 
and  11  pitometers.  The  force  has  since  been 
gradually  reduced  as  leaks  and  waste  were 
eliminated.  The  work  is  now  performed 
throughout  the  entire  year,  each  portion  of 
the  city's  system  being  subjected  to  the  most 
minute  examination  possible,  and  where  faulty 
valves  or  lack  of  circulation  prevent  proper 
tests,  these  conditions  are  remedied  in  order 
that  the  pitometer  surveys  may  be  complete. 
The  methods  and  apparatus  employed  in  mak- 
ing these  continuous  water  waste  surveys  were 
described  by  j\lr.  Paul  Lanham,  Pitometer  Op- 
erator, in  a  paper  before  the  Indiana  Sanitary 
and'  Water  Supply  Association.  The  paper 
is  here  given  practically  in  full. 

The  procedure  is  as  follows :  The  city  is 
divided  into  a  number  of  large  divisions, 
known  as  permanent  pitometer  districts,  it 
being  the  intention  to  maintain  the  boundaries 
of  these  districts  as  nearly  constant  as  cir- 
cumstances will  permit,  in  order  that  data  may 
be  collected,  recorded,  and  compared.  Only 
by  keeping  a  close  watch  on  the  same  district 
for  several  years  can  the  causes  of  the  fluctua- 
tions in  the  consumption  be  determined.  The 
determination  of  the  condition  of  a  district  is 
not  a  mere  matter  of  pitometer  records  and 
computations,  but  rather  the  result  of  a  close 
study  of  the  territory  extending  over  years. 

The  consumption  in  each  district  is  measured 
for  a  period  of  seven  days  by  recording  pitom- 
eters placed  on  the  large  mains  entering  the 
district,  and  where  important  mains  pass  en- 
tirely through  a  district,  at  the  same  time 
feeding  that  district  through  side  stops,  a 
pitometer  is  also  placed  at  the  extreme  bound- 
ary,   a    deduction    of    its    measurement    being 


Fig.     1.    Permanent     Pitometer     Connection 
Installed  on  6   in.  Water  Main  at  Wash- 
ington,   D.    C. 

firon  valve  casing  with  flusii  cover  i.s  placed 
on  top  of  concrete  Ting.  A  portion  of  fill  is  made 
with  ashes  to  facilitate  i^eepage  of  water  due 
to  leaky  connections,  rainfall  and  drain.ige  from 
water  jacl-:ets  and  water  motors  on  recorder.) 


made  from  the  total  indicated  by  the  instru- 
rnent  at  the  point  of  entry.  The  work  of  run- 
ning these  instruments  is  assigned  to  one  of 
the  field  parties  and  is  carried  on  constantly,  it 
being  the  desire  to  secure  as  many  measure- 
ments as  possible  in  each  large  district  so  that 
we  may  know  what  conditions  should  exist 
at  any  season  of  the  year  in  the  future. 
Having  selected   a   district   for   detailed   ex- 


amination with,  for  example,  a  night  consump- 
tion of  75  per  cent  of  the  mean  daily  rate, 
which  is  the  rule  and  not  the  exception  in  this 
city,  each  of  the  field  parties  is  assigned  a  por- 
tion and  proceeds  to  find  the  leaks  as  well  as 
to  analyze  and  account  for  all  night  flows. 
A  recording  pitometer  is  placed  upon  one  of 
the  permanent  connections  on  one  of  the  small 
mains  within  the  territory,  see  Fig.  1,  and 
valves  are  closed  in  such  a  manner  that  the 
entire  feed  for  the  territory  under  test  must 
pass  through  that  main.  .A.t  the  beginning  of 
the  test,  however,  only  one  square  is  included 
or  the  least  number  of  squares  necessary  to 
include  one  fire  hydrant.  This  hydrant  is  then 
opened    sufficiently    to   produce   a   velocity  ,  of 


be  due  to  underground  leakage  from  the  main 
itself,  or  from  the  service  pipes  between  the 
curb  and  the  main.  This  is  all  the  informa- 
tion desired  on  the  night  inspection  and  the 
tracing  up  and  elimination  of  the  suspicious 
flows  thus  detected  is  prosecuted  in  the  day 
time.  Assurning  that  as  a  result  of  the  night 
work  a  definite  flow  is  detected  on  a  particular 
service  pipe,  the  inspector  assigned  to  its  in- 
vestigation first  listens  on  the  pipe  with  the 
aquaphone.  and  if  the  flow  is  still  present  en- 
ters the  house  and  makes  a  thorough  inspec- 
tion of  all  the  fixtures.  In  case  these  are 
found  to  be  defective  and  wasting  water  he 
has  to  use  his  own  judgment  as  to  the  amount 
discharged  and  report  conditions  to  his  imme- 


Fig.    2.   Employes    of     Pitometer     Division,      Washington,     D.     C,     Water     Department, 

Prodding   for   Underground    Leak,    Indicated    by   the    Pitometer. 

(Steel  frost  pin  is  used  to  pierce  asphalt  and  slender  steel  rod  is  then  driven  to  the  main.  Use 
of  aquaphone  or  mud  on  rod  then  gives  knowledge  of  proximity  of  leak.  Very  small  leaks  as  well 
as  large  ones  are  frequentl.v  located   in  this  manner.) 


about  3  ft.  per  second  past  the  pitometer.  This 
is  done  to  bring  the  instrument  well  within 
its  accurate  recording  range,  and  thereby  pro- 
duce reliable  indications  on  subsequent  opera- 
tions. Having  allowed  a  short  interval  for 
the  recorder  to  plot  the  rate  of  flow  prevailing, 
the  operators  proceed  to  close  o{{  the  square 
desired  to  be  tested  just  beyond  the  boundaries 
of  the  small  isolation  previously  described. 
Test  is  made  of  the  shut  off  of  this  square 
and  if  it  is  found  O.  K.  the  closed  valve  lying 
between  it  and  the  pitometer  is  opened  and  a 
lantern  signal  is  transmitted  to  the  man  at  the 
instrument.  Upon  receipt  of  the  signal,  this 
man  makes  a  mark  upon  the  record  and  gives 
it  a  serial  number,  to  be  used  later  for  the 
proper  interpretation  of  the  chart.  This 
method  is  continued  for  all  squares  to  be  test- 
ed wherever  practicable. 

In  some  cases  it  is  considered  desirable 
first  to  include  the  district  including  all  squares 
to  be  tested  and  make  the  individual  test  by 
shutting  of¥  the  successive  squares  and  mark- 
ing the  chart  at  the  instant  the  various  valves 
are  closed.  In  Washington  this  method  has 
been  entirely  abandoned  because  of  the  inter- 
ference caused  by  the  fluctuations  occurring 
in  the  squares.  These  tests  are  continued  for 
all  squares  which  can  be  tested  from  the  con- 
nection and  the  pitometer  is  then  shifted  to  a 
new  location  where  the  process  is  continued 
for  the  new  squares. 

When  a  flow  is  detected  in  a  square,  an  in- 
spection of  all  the  curb  stopcocks  is  made, 
these  having  previously  been  examined  and 
placed  in  condition  for  inspection.  Where 
flows  are  heard  with  the  aquaphone  the  stop- 
cocks are  operated  and  the  location  of  the 
flow  relative  to  the  curb  line  established,  since 
the  closure  of  the  cock  eliminates  that  portion 
of  the  pipe  from  the  curb  into  the  premises, 
the  cessation  of  the  flow,  of  course,  showing 
the  cause  to  be  in  that  portion  and  vice  versa. 
Where  flows  are  thus  found  to  be  controlled 
by  the  stopcocks  they  are  left  oflf  until  a  sec- 
ond pitometer  test  of  the  section  of  main  sup- 
plying them  is  made,  when  by  comparison  of 
the  two  tests  of  the  same  square,  with  and 
without  the  flowing  services,  the  rate  of  con- 
sumption and  waste  through  these  services  is 
obtained. 

Having  by  the  operations  just  described  lo- 
cated and  measured  all  flows  entering  the 
houses  or  leaking  from  the  pipes  between  the 
curb  line  and  the  premises,  any  balance  must 


diate  superior  in  charge  of  the  test.  If  no 
leaking  fixtures  are  discovered  and  the  noise 
on  the  pipe  continues,  an  examination  of  the 
underground  portion  is  made,  and  test  holes 
on  the  line  of  the  pipe  are  driven  until  water 
is  detected  on  the  steel  prod  used  for  that  pur- 
pose, as  shown  in  Fig.  2.  An  excavation  ex- 
posing the  leak  is  then  opened  and  a  notice 
served  on  the  occupant  of  the  premises  to  have 
repairs  made  under  penalty  of  having  the  sup- 
ply cut  off. 

It  frequently  happens  that  flows  detected  and 
measured  entering  the  service  pipes  at  night 
are  found  to  have  vanished  when  the  inspector 
returns  in  the  day  time  to  determine  their 
cause,  and  when  this  is  the  case  the  flow 
must  have  been  due  to  fixtures  left  open.  This 
information  is  recorded  and  the  statements  of 
the  results  of  the  surveys  show  the  total  night 
flow  due  to  this  cause  in  each  district.     The 


Fig.    3.  Old    Method    of    Traversing    a    20-ln. 

Water    Main    with    Manual    Recorder, 

Washington,  D.  C. — Now   Done  with 

Automatic   Recorders. 


search  for  the  underground  leakage  on  the 
mains  or  on  the  portion  of  the  service  pipes 
lietween  the  mains  and  the  curb  lines  is  made 
in  the  same  way,  great  reliance  being  placed 
upon  the  aquaphone.  Digging  through  a  thick 
surface  of  perfectly  dry  sheet  asphalt  or  con- 
crete to  uncover  leaks,  the  existence  of  which 
might  never  have  been  suspected,  is  made  pos- 
sible by  the  aquaphone.  All  information  se- 
cured in  the  course  of  the  surveys  is  recorded 
on  cards  by  clerks. 

The  method  of  procedure  given  above  is 
basic,  and  in  practice  is  subject  to  alterations 
to  suit  varying  conditions.    For  instance,  while 
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each  house  connection  is  required  by  law  to 
have  a  stopcock  at  the  curb  line  accessible 
through  a  suitable  type  of  box,  actually  only 
about  20  per  cent  of  the  houses  in  the  older 
section  of  Washington  were  found  to  be  so 
equipped.  The  stopcocks  themselves  were  sel- 
dom missing,  but  the  curb  boxes  were  in  such 
a  condition  as  to  be  almost  useless  for  the 
purpo.se  intended.  This  state  of  affairs  made 
necessary  the  employment  of  a  number  of  ad- 
ditional laborers  to  repair  and  clean  these 
boxes  in  order  that  the  stopcocks  could  be 
used  for  the  localization  of  the  suspicious 
flows  detected  by  the  tests.  Constant  atten- 
tion to  the  boxes  for  the  past  eight  years  has 
placed  them  in  a  fairly  good  condition,  facili- 
tating the  resurveys  considerably.  This  work, 
while  undertaken  primarily  to  assist  in  the 
pitometer  tests,  has  a  substantial,  permanent 
value  in  the  improvement  of  the  water  system, 
which  should  not  be  overlooked  when  con- 
sidering costs. 

The  question  of  the  subdivision  of  the  mains 
into  small  sections  is  largely  dependent  upon 
the  number,  location  and  character  of  the 
valves.  The  ideal  arrangement  would  be  that 
in  \yhich  the  valves  were  so  situated  that  all 
sections  of  mains  between  street  intersections 
could  be  tested  separately,  this  arrangement 
giving  tests  of  convenient  extent,  easily  iden- 
tified. In  Washington  conditions  at  the  time 
the  pitometer  tests  were  begun  were  very  fav- 
orable to  subdivisions  of  this  nature  and  since 
that  time  the  rapid  replacement  of  the  four 
way  single  stem  valves,  which  had  been  the 
favored  type,  with  four  way  four  stem  valves 
has  facilitated  the  tests.  In  spite  of  these  very- 
favorable  conditions,  however,  a  number  of 
instances  have  arisen  where  the  proper  local- 
ization of  the  flow  could  not  be  made  because 
of  either  the  lack  of  a  valve  or  its  failure  to 
control  the  main  under  test.  The  investiga- 
tions in  these  cases  were  never  abandoned, 
however,  for  these  reasons,  but  either  a  valve 


Fig.     4.  View     of    Assembled     Photographic 

Recording    Pitometer,     Formerly     Used 

in    Washington,    D.    C. 

(Inverted  U-tube  uses  a  red  fluid,  lighter  tlian 
water,  for  indicating  velocities.  Tube  is  water 
.1acl<eted  to  prevent  errors  due  to  expansion  and 
contraction.  Sample  chart  in  upper  corner.  Thi.s 
photographic  recorder  was  set  up  in  small 
houses  or  sheds,  called  field  boxes,  in  the  field. 
Small  oil  stoves  were  used  in  these  sheds  when 
necessary  to  prevent  freezing  of  tubes.) 


was  installed  or  the  defective  one  repaired.  In 
this  way  also  the  pitometer  surveys  produced 
in  addition  to  water  economy,  improvement  in 
the  distribution  system. 


As  the  primary  intent  of  the  surveys  is  the 
detection  and  prevention  of  water  waste,  it  is 
obvious  that  legitimate  consumption  of  water 
may  be  excluded  from  the  tests  when  possi- 
ble. .As  practically  all  of  the  legitimate  con- 
sumption occurs  during  daylight  and  eve- 
ning hours,  while  the  leakage  will  be  continuous 
through  the  24  hours,  it  logically  follows  that 
the  better  time  for  the  prosecution  of  the  work 
is  during  the  hours  between  midnight  and 
dawn.  This  not  only  refers  to  the  actual 
pitorneter  tests,  but  also  to  the  aquaphone  in- 
spections of  all  service  pipes,  valves,  and  other 
appurtenances,  as  in  this  branch  of  the  work 


Fig.    5.   Front    View    of    Pitometer    Recorder 

Now    Used    Exclusively    in    Washington 

for   Making    Flow    Measurements. 

Generally. — Manograph,  Type  B. 


the  absence  of  street  noises  is  very  important. 
The  tracing  of  flows  detected  at  night,  how- 
ever, must  frequently  be  continued  in  the  day 
time  when  the  houses  are  accessible  and  ex- 
posed fixtures  visible. 

During  the  early  years  of  the  surveys  the 
large  number  of  underground  leaks  existing 
made  it_  possible  to  show  substantial  results 
by  relatively  rough  tests.  Figure  3  shows  the 
traversing  of  a  21  in.  main  with  a  manual  re- 
corder ;  this  work  is  now  done  by  automatic 
recorders.  As  the  large  leaks  were  detected 
and  remedied  the  work  became  more  and  more 
difficult  until  the  necessity  for  giving  closer 
attention  to  the  small  flows,  previously  ignored 
in  practically  all  squares,  was  evident.  For 
this  close  study,  however,  the  photographic 
recorders  of  the  type  shown  in  Fig.  4  were 
found  inadaptable  and  no  suitable  instrument 
for  the  work  could  be  secured.  The  aggre- 
gate quantity  of  waste  involved  made  the 
problem  of  prime  importance  and  experiments 
vyere  therefore  made,  resulting  in  the  produc- 
tion of  an  extremely  sensitive  and  accurate 
portable  recorder,  which  after  several  years 
of  use,  has  been  found  entirely  satisfactory, 
and  has  amply  repaid  the  expense  involved. 
The  chief  points  striven  for  in  this  instrument 
were  quick  response  to  changes  in  flow  upon 
the  night  tests  and  a  visual  record  of  these 
changes,  together  with  portability  and  con- 
venience in  manipulation.  The  successful  ter- 
mination of  the  experiments  has  permitted 
us  to  continue  the  surveys  for  the  localization 
of  very  small  flows  and  produce  profitable  re- 
sults otherwise  impossible.  A  front  view  of 
the  pitometer  recorder  now  used  in  Washing- 
ton for  making  flow  measurements  generally  is 
shown  in  Fig.  5.  The  recorder  for  making 
subdivision  night  tests  and  all  special  tests  of 
short  duration  is  shown  in  Fig.  6. 

The  total  underground  leakage  located  and 
prevented  to  date  in  the  District  of  Columbia 
amounts  to  40,000,000  gals,  daily  and  the  mean 
daily  water  consumption  for  the  entire  city  is 
today  11,000,000  gals,  less  than  when  the  sur- 
veys were  started  in  1906,  and  equals  the  con- 
sumption 1-3  years  ago,  in  spite  of  the  fact 
that  the  population  has  increased  by  over 
69,000  inhabitants,  and  previous  to  the  inaugu- 
ration of  the  suri'eys  the  daily  rate  of  con- 
sumption had  been  increasing  approximately 
2,.500,000  gals,  per  year.  The  average  cost  for 
carrying  on  the  investigation  for  the  past  six 


years  was  $32,000  per  year,  which  includes  ex- 
tensions of  plant  in  addition  to  operation  costs. 
The  average  saving  in  the  mean  daily  water 
consumption  was  5,000,000  gals,  per  vear.  Plac- 
ing a  value  of  1  ct.  per  1,000  gals'  upon  the 
water,  this  saving  represents  an  average  return, 
of  57  per  cent  on  the  investment.  Our  aim  i.s 
to  reduce  the  per  capita  consumption  from  151. 
its  present  figure,  to  130  gals,  daily,  and  with 
the  systematic  pitometer  inspections  for  the 
elimination  of  the  underground  leakage  and 
universal  metering  of  service  pipes  for  the 
prevention  of  careless  waste,  we  are  already  in 
sight  of  our  goal. 


Fig.   6.   Front    View   of    Pitometer    Recorder, 

Now    Used    in    Washington   for    Making 

Subdivision    Night    Tests    and    All 

Special  Tests  of  Short  Duration. 

(This  instrument  is  built  especially  for  this 
purpose,  has  very  rapid  paper  feed,  and  is  very 
sensitive.     It   is  the  Type  A  Manograph.) 

a  time  and  then  suddenly  have  to  use  eight 
filters.  Naturally  the  coagulant  and  germi- 
cide must  be  proportioned  to  the  amount  of 
water  being  filtered.  Now  while  using  liquid 
chlorine,  the  regulation  of  the  germicide  is 
much    more   simple,   accurate   and    economical 


Famous    Bubbly    Creek    Filter    Plant 

Acdopts  Liquid  Chlorine  Treatment. 

In  the  summer  of  1908  the  Bubblv  Creek 
filter  plant  at  the  Chicago  Stock  Yards  set  the 
lead,  in  this  country,  in  the  use  of  hypochlorite 
of  lime  for  water  disinfection.  Very  recently 
a  liquid  chlorine  apparatus  was  purchased. 
Chlorine  is  received  in  cylinders  that  hold  10.> 
Ibs.  of  the  liquified  gas.  The  experience  gained 
by  operating  this  apparatus  during  the  first 
month  (February,  1915)  was  described  by  Mr. 
C.  A.  Jennings,  Superintendent  of  Filtration. 
in  a  paper  before  the  recent  annual  meeting 
of  the  Illinois  Section  of  the  American  WateV 
Works  Association. 

Mr.  Jennings  has  concluded  that  in  com- 
parison with  the  use  of  "hypo"  at  the  Bubbly 
Creek  filter  plant  the  use  of  liquid  chlorine  has 
the  following  advantages:  (1)  There  is  con- 
siderably less  labor  involved;  (2)  the  absorp- 
tion of  the  gas  by  the  water  is  more  rapid ; 
(3)  there  is  no  loss  of  chlorine  and  smaller 
quantities  can  be  used  to  accomplish  equivalent 
results;  (4)  there  is  no  deterioration  of  the 
chlorine  in  the  cylinders  while  using  or  while 
stored;  (5)  the  changing  of  the  rate  of  ap- 
plication is  easily,  quickly  and  accurately  ac- 
complished; (6)  there  is  no  odor  of  chlorine 
about  the  plant;  (7)  the  cost  is  considerably 
less. 

There  are  mechanical  features  about  the 
Bubbly  Creek  filter  plant  which  are  believed 
to  be  peculiar  to  it.  These  features  are  the 
enormous  amount  of  hypochlorite  necessary  to 
disinfect  the  water,  the  poor  mechanical  means 
for  getting  into  solution  all  of  the  hypochlorite 
used,  which  resulted  in  a  large  loss  of  avail- 
able chlorine,  and  the  irregularity  in  the  opera- 
tion of  the  plant  due  to  a  var>-ing  consumption 
and  small  storage  capacity.  This  often  caused 
it  to  be  necessary  to  run  one  or  two  filters  for 
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than  with  hypo.  The  ratio  of  costs  during  one 
month's  operation  with  liquid  chlorine  with  an 
average  raw  water  supply  and  the  treated  fil- 
tered water  as  low  in  tsacteria  as  when  using 
liypo,  was  1  to  3  in  favor  of  liquid  chlorine. 
It  is  hardly  probable  that  every  plant  will  show 
such  a  large  difference  in  the  costs  of  disin- 
-fection  by  the  two  methods. 


Data   on   "Coppering"   a   Reservoir   at 

Hartford. 

Once  each  month  from  May  to  September 
inclusive,  in  1913,  microscopic  examinations 
•were  made  of  samples  of  w-ater  taken  from  all 


the  reservoirs  in  the  Hartford,  Conn.,  water 
works  system.  Special  examinations  of  cer- 
tain of  the  samples  were  made  when  it  seemed 
advisable. 

Early  in  the  summer  a  heavy  growth  of  al- 
gae developed  in  Reservoir  No.  4  and  the  odor 
became  so  objectionable  that  the  supply  could 
not  be  used.  On  July  24,  the  reservoir  was 
treated  with  copper  sulphate  (one  part  to  3.36 
million  parts  of  water),  a  method  now  com- 
monly used  to  destroy  odor-producing  vegeta- 
ble growths  in  drinking  supplies,  and  the  fol- 
lowing summary  of  microscopical  examina- 
tions shows  the  success  of  the  treatment  and 
the  rapidity  of  its  action. 


Reduction  in 
microscopic 
Date  of  organisms, 

examination.  Per   cent. 

July  26  (2  days  after  treatment)  81.0 

July  2S     98.7 

July  30     99.3 

August  1     99.6 

On  .\ugust  26  Reservoir  No.  6  was  similarly 
treated  with  one  part  of  copper  sulphate  to 
3.36  million  parts  of  water.  An  examination 
of  the  water  two  days  after  treatment  showed 
a  reduction  of  90  per  cent  of  the  micro-or- 
ganisms. 

These  data  are  from  the  60th  annual  report 
of  the  Board  of  Water  Commissioners  of 
Hartford. 


iOADS  AMD  STREET 


The  Economic  Limit  of  Pavement  Re- 
pairs. 

The  determination  of  the  point  in  the  life 
of  a  pavement  at  which  renewal  becomes  more 
.economical  than  further  repairs  was  discussed 
by  G.  E.  Norton  in  the  Cornell  Civil  Engi- 
neer and  his  method  of  determining  this  point 
■of  renewal  is  given  here. 

However  well  a  roadway  may  be  con- 
structed there  must  be  repairs  and  such  will 
increase  in  extent  and  expense  until  a  limit  is 
reached  where  renewals  are  dictated  by  con- 
siderations' of  economy.  While  there  may  be 
an  interesting  possibility  of  maintaining  a 
roadway  in  satisfactory  service  by  continued 
repairs  for  an  indefinite  time,  such  today  ap- 
pears a  remote  contingency. 

Comparatively  little  attention  has  been  given 
to  a  true  limitation  between  repairs  and  re- 
•newals  although  the  basic  theory  has  been 
developed.  (See  Gillette's  Cost  Data;  second 
edition,  page  27.)  The  theoretical  problem 
involved  is  a  most  interesting  one  from  a 
purely  engineering  consideration.  Were  all 
roadways  repaired  and  renewed  from  a  com- 
mon source  of  revenue  and  under  a  common 
supervision  and  determiantion  this  question 
might  reasonably  be  left  to  the  judgment  and 
knowledge  of  the  engineer.  However,  main 
highways  are  often  constructed  by  the  state 
and  repairs  demanded  of  a  county  or  town  in 
which  located.  City  pavements  are  often  re- 
paired at  general  expense,  but  a  portion  or  all 
the  cost  of  reconstruction  is  assessed  locally. 
,  Wherever  there  is  a  transfer  of  responsibility 
or  financial  obligation,  when  repairs  cease  and 
reconstruction  is  demanded,  this  problem  will 
hecome  not  only  an  engineering  one  but  one 
•of  most  general  interest,  and  the  limits  placed 
or  recommended  by  the  engineer  must  be  sus- 
ceptible of  explanation  to  others  and  of  such 
sound  and  simple  elements  as  to  appeal  to  the 
lay  judgment.  The  requirement  to  be  met  is 
that  of  minimum  expense  for  providing  a 
roadway  for  an  indefi  ite  continuous  period  of 
time,  or  determination  of  the  limit  where 
maintenance  by  repair  exceeds  in  cost  mainte- 
nance by  renewal.  To  determine  this  limita- 
tion we  must  know  the  cost  of  repairs  year 
hy  year  and  the  cost  of  renewal,  which  may 
theoretically  be  the  same  as  the  cost  of  origi- 
tial  construction. 

Some  hold  that  sinking  fund  provisions,  etc.. 
should  enter  into  this  determination,  but  a  full 
■consideration  of  the  various  methods  by  which 
funds  are  provided  and  the  varying  values  of 
moneys  to  the  diverse  contributers  to  the  ex- 
pense seem  to  make  this  an  unnecessary  re- 
finement, at  least  until  a  general  theory  is  bet- 
ter founded  and  accepted. 

For  this  discussion  we  accept  the  fact  that 
pavement  repairs  increase  with  the  age  of 
pavement  and  will  further  assume  that  the 
cost  of  renewal  of  wearing  surface  is  equal  to 
the  original  cost  of  providing  such  surface. 

Where  repairs  increase  directly  a.s  the  first 
power  of  the  age  then  the  economical  limit  of 
life  is  reached  when  the  total  cost  of  repairs 
equals  the  cost  of  the  article.  When  these  re- 
pairs increase  with  the  square  of  the  age  then 
the  limit   is   reached   when   repair   cost   equals 


one-half  that  of  the  article.  If  the  repair  rate 
increases  by  any  uniform  rate  then  a  mathe- 
matical solution  can  be  reached  for  minimum 
cost  of  providing  a  continuous  surface  by  re- 
pairs or  renewal. 

Unfortunately  the  variations  in  soil,  clirnate, 
traffic,  and  materials  plus  the  ever  present  limi- 
tations of  human  judgment  make  most  unlikely 
any  regular  curve  of  increase  in  repair  cost  of 
a  single  road  or  pavement.  No  average  result 
of  a  number  of  examples  can  be  truthfully 
used  as  a  criterion  for  a  single  case.  The  de- 
termination must,  therefore,  be  made  from  the 
record   of    the    individual   pavement,    although 


TABLE   I.— COST    OF    REPAIRS     BY     YEARS 
BASED  ON   RENEWAL.  AT  $1.50 
A    SQUARE   YARD. 
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Fig.   1.    Annual   Cost  of  Certain    Pavements 

at  Various  Ages. 

Cost  of  surface  plus  cost  of  repairs  divided  by 
age  of  pavement,  with  depreciation  or  renewal 
curve   for  determination   of   minimum   cost. 

such  determination  may  well  be  made  in  the 
light  of  a  knowledge  of  general  behavior  and 
limitations  of  other  similar  construction.  The 
method  here  proposed  is  simple  in  its  applica- 
tion, readily  understood  by  the  layman,  and  is 
apparently  as  accurate  as  this  problem  at  its 
best  will  warrant. 

To  determine  the  economical  limit  of  repairs 
two  variables  must  be  considered  and  the  limit 
will  occur  at  the  minimum  of  their  sum.  If  a 
pavement  surface  is  used  20  years,  one-twen- 
tieth of  its  cost  may  be  taken  as  its  annual  de- 
preciation, but  if  in  use  but  10  years  then  one- 
tenth  the  cost  is  the  annual  depreciation.  For 
any  particular  class  of  pavements  there  may 
be  prepared  a  table  of  depreciation  by  dividing 
the  cost  of  renewable  surface  by  numbers  rep- 
resenting the  age  of  pavement.  For  the  cost 
of  repairs,  if  at  end  of  10  years  10  cts.  per 
yard  have  been  expended  for  repairs,  the  av- 
erage rate  has  been  1  ct.  per  year.  If  at  20 
years  60  cts.  per  yard  have  been  expended  then 
the  average  repair  rate  has  been  3  cts.  per  yard 
per  year.  For  an  application  of  this  method 
Table  I  is  made. 
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17 2.9 
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In  Table  I  the  cost  of  renewable  surface  is 
assumed  at  $1.50  per  square  yard.  This 
amount  is  divided  by  the  consecutive  numbers 
representing  age  of  pavement  (column  1),  and 
gives  the  annual  allowance  for  depreciation  as 
shown  in  column  5.  The  actual  expenditure 
made  annually  for  repairs  per  square  yard  are 
given  in  column  2.  In  column  3  is  shown  the 
totals  of  such  repair  cost  to  the  given  year  and 
in  column  4  the  average  cost  of  repairs  per 
year  to  that  date  (column  3  divided  by  col- 
umn 1).  Column  6  (the  sums  of  columns  4 
and  5)  shows  the  cost  of  depreciation  plus 
cost  of  repairs  and  in  this  is  to  be  found  the 
minimum  or  limit  of  repairs.  This  example 
shows  that  the  cost  of  providing  the  pave- 
ment over  a  term  of  years,  depreciation  plus 
repairs,  had  been  a  decreasing  one  excepting 
in  the  28th  year,  where  a  large  repair  expendi- 
ture had  raised  the  annual  cost,  but  that  a  lower 
cost  was  thereafter  reached. 

An  immediate  use  of  such  a  tabulation  is 
found  in  determination  of  the  allowable  re- 
pairs for  any  year.  An  inspection  at  once 
shows,  with  an  annual  cost  of  9.5  cts.  per  yard 
per  year  at  the  20th  year,  that  if  9.5  cts.  be  ex- 
pended in  the  21st  year  the  annual  cost  rate 
will  remain  the  same.  As  the  repairs  in  the 
21st  year  were  less  than  9.5  cts.  (5.8  cts.)  the 
average  annual  cost  was  reduced  to  0.3  cts. 
Had  it  exceeded  9.5  cts.  the  average  annual 
cost  would  have  been  increased.  From  the 
above  consideration  the  following  rule  is 
formulated  : 

The  allowable  repairs  for  a  succeeding  year 
should  not  exceed  the  sum  of  the  total  cost 
of  repairs  to  date,  plus  the  cost  of  the  wearing 
surface,  divided  by  the  age  of  pavement,  and 
when  the  necessary  repairs  will  exceed  such 
amount  the  street  should  be  resurfaced.  This 
rule,  like  the  celebrated  artist's  paints,  should 


278 


Engineering   and    Contracting 


Volume  XLIII.     No.   12. 


be  applied  with  brains.  It  is  believed  to  be 
sound,  simple,  easy  of  application,  and  a  val- 
uable aid  to  aa  engineer's  broad  judgment. 

To  fairly  discuss  the  rule  some  applications 
are  given.  These  are  from  maintenance  rec- 
ords of  sheet  asphalt  pavements  in  Buffalo, 
N.  Y.,  where  detailed  records  of  yearly  costs 
are  available  for  nearly  700  contracts.  In  Fig. 
1  are  shown  annual  costs,  repairs  plus  depre- 
ciation for  six  streets  with  fairly  uniform  re- 
pairs. There  is  also  plotted  for  reference  the 
curve  of  depreciation,  cost  150  divided  by  age, 
all  figures  in  cents  per  square  yard.  Figure  2 
shows   the    same    record    for   three   streets    in 
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Fig.  2.    Annual  Cost  of  Certain   Pavements 

at  Various  Ages. 

Cost  of  surface  plus  cost  of  repairs  divided 
by  age  of  pavement  wliere  minimum  cost  rule 
has  been  violated. 

which  the  rule  of  minimum  cost  has  been  vio- 
lated and  repairs  continued. 

These  streets  may  be  briefly  described  as 
follows: 

.  (I)  17,235  sq.  yds.,  heavy  traffic,  about  5,000 
tons  per  day,  now  in  good  condition  except 
somewhat  uneven. 

(2)  5,800  sq.  yds.,  heavy  traffic  street.  Con- 
demned in  24th  year. 

(3)  19,100  sq.  yds.,  medium  traffic  street. 
General  conditions  warrant  an  early  condemna- 
tion. 

(4)  22,500  sq.  yds.,  medium  traffic.  Con- 
demned in  31st  year  and  repaved  in  32nd  year. 
This  street  is  used  for  further  study  in  Fig.  3. 

(5)  8,900  sq.  yds.,  residence  street.  Laid  on 
a  bituminous  base.  Surface  worn  very  thin, 
but  bituminous  base  prevents  deep  holes. 

(6)  5,800  sq.  yds.,  short  residence  street  of 
exceptionally  low  repair  costs,  0.8  cts.  per  yard 
per  year  for  27  years,  apparently  destined  for 
long  life. 

(7)  7,000  sq.  yds.,  residence  street  in  fairly 
serviceable  condition.  In  its  22nd  and  23rd 
years  27.6  cts.  per  yard  were  expended  for  re- 
pairs. 

(8)  13,400  sq.  yds.,  medium  traffic  street. 
One  of  several  streets  laid  same  year  on  which 
guaranty  was  voluntarily  extended  3  years.  In 
its  24th  and  25th  years  48.6  cts.  per  square 
yard  were  expended  for  repairs.  Now  in  fair 
condition. 

(9)  18,200  sq.  yds.,  medium  traffic  residence 
street,  now  in  fair  condition.  In  22nd  and  23rd 
years  20.9  cts.  per  square  yard  were  expended 
in  repairs. 

Some  irregularities  in  these  lines  are  due  to 
known  insufficiencies  of  repairs  or  entire  omis- 
sion for  one  year. 

In  applying  this  rule  several  points  should  be 
borne  in  mind : 

(a)  Repairs  due  to  settlements  or  other 
local  causes  may  warrant  a  high  rate  when 
such  repairs  may  place  the  whole  surface  in  a 
satisfactory  condition. 

(b)  Known  deficiencies  of  repairs  for  a 
period  followed  by  such  as  replace  deficiencies 
must  be  given  due  consideration. 

(c)  Due  regard  for  general  condition  of 
whole  surface.  Occasionally  pavements  ex- 
hibit some  traits  of  the  celebrated  "one-horse 
shay." 

(d)  If  a  pavement  is  plainly  of  quality 
below  the  average  of  its  kind  its  annual  costs, 
while  decreasing,  may  be  so  much  above  the 
reasonable  expectations  for  its  successor  that 
the  rule  should  be  tightly  drawn  or  perhaps 
forced,  while  with  the  reverse  condition  some 


leniency  may  be  felt  for  one  which  is  giving 
better  than  average  service.  This  is  illustrated 
by  No.  5  above. 

The  impossibility  of  making  such  uniform 
repairs  as  to  create  a  smooth  curve  of  annual 
cost  demands  a  careful  study  of  the  line  and 
a  smoothed  or  average  curve  of  cost  may  well 
be  sketched  and  studied  in  making  final  de- 
cision. 

This  rule  has  been  applied  in  Buffalo  for 
about  three  years,  at  first  as  a  check  upon  the 
opinions  of  those  long  in  charge  of  such  work 
and  later  as  a  guide  in  the  formation  of  such 
opinions,  and  has  been  found  to  be  most  sound 
and  to  conform  to  judgment  based  on  ex- 
tended  experience. 

The  argument  for  use  of  sinking  fund  curve 
instead  of  a  straight  depreciation,  while  theo- 
retically warranted,  has  little  practical  merit. 
In  Fig.  3  is  shown  line  A,  straight  deprecia- 
tion or  cost  divided  by  age;  line  B  is  the  smk- 
ing  fund  curve  at  4  per  cent  compound  m- 
terest  to  produce  $1.50  at  the  given  age.  They 
depart  from  the  parallel  by  only  about  0.1  ct. 
between  20  and  30  year  ages — an  immaterial 
amount.  Above  these  lines  have  been  plotted 
as  lines  A  and  B,  the  record  of  street  No.  4 
of  Fig.  1,  based  respectively  on  straight  and 
sinking  fund  depreciation ;  they  show  no  ap- 
preciable difference  in  character  to  warrant 
use  of  the  more  complicated  sinking  fund  pro- 
vision. 

Another  element  may  well  enter  into  this 
problem.  In  the  above  discussion  no  allow- 
ance has  been  made  for  deteriorated  condition 
of  a  roadway  during  its  determined  life.  Gen- 
erally an  old  surface  will  be  uneven  and  less 
desirable  even  if  intact  and  serviceable;  and 
at  times  some  weight  should  be  given  to  such 
condition.  It  is  possible  in  the  rule  herein 
suggested  to  make  allowance  for  a  deterio- 
rated useful  value  of  a  wearing  surface  and 
also  give  weight  to  losses  occasioned  through 
interruption  of  traffic  in  resurfacing  by  de- 
creasing or  increasing  the  assum.ed  value  of 
the  wearing  surface. 

No  attempt  has  here  been  made  to  discuss 
the  various  theories  which  have  been  advanced 
for  this  purpose  as  such  would  of  necessity 
be  somewhat  controversial.  The  pure  theory 
of  limitation  of  repairs  may  well  have  more 
extended  and  public  discussion  than  generally 
accorded  to  it.  It  is  of  the  essence  of  sound 
engineering  and  of   vast  financial  import. 

The  intent  in  this  presentation  is  but  to  sug- 
gest a  simple  rule  for  guidance  in  an  impor- 
tant determination  and  one  which  is  equally 
applicable  in  any  elimination  between  repairs 
and  renewals. 


Definitions    of   Terms    Used    in    Road 
Construction. 

The  following  recommended  nomenclature 
for  materials  and  methods  used  in  road  con- 
struction was  presented  in  the  report  of  a 
special  committee  of  the  American  Society  of 
Civil  Engineers  published  in  Vol.  XL,  p.  3010 
of  the  Proceedings  of  that  society.  The  com- 
mittee was  constituted  as  follows :  W.  W. 
Crosby,  chairman;  H.  K.  Bishop,  A.  W.  Dean, 
N.  P.  Lewis,  C.  V.  Tilden,  G.  W.  Tillson,  and 
A.  H.  Blanchard,  secretary.  The  derivation 
and  use  of  the  nomenclature  recommended  is 
stated  in  the  report. 

For  the  sake  of  uniformity  and  clearness,  the 
committee  recommends  that  the  following  lists 
of  terms  of  frequent  use  in  expressions  relat- 
ing to  highway  work  be  recognized  as  having 
the  meanings  set  forth  in  the  list,  unless  other- 
wise definitely  stated  at  any  time  by  a  user  of 
such  term  or  terms.  The  committee  further 
recommends  that  new  terms  or  phrases,  coined 
with  the  idea  of  expressing  delicate  shades  of 
meaning  through  the  medium  of  one  or  two 
words  rather  than  by  longer  expressions,  be 
suggested  or  used  only  after  full,  careful,  and 
conservative  consideration  for  the  sake  of 
avoiding  the  utmost  further  confusion  in  the 
use  of  terms. 

In  the  list  given  will  be  found  some  terms 
and  definitions  adopted  by  the  American  So- 
ciety for  Testing  Materials  noted  thus  *,  others 
by  the  American  Reporters  on  Communication 
No.  10  at  the  Third  International  Road  Con- 


gress, designated  thus  t,  and  other  terms  and 
definitions  which  have  been  proposed  by  the 
Committee  on  "Standard  Tests  for  Road  Ma- 
terials" (Committee  D  4)  of  the  American 
Society  for  Testing  Materials,  which  have  been 
indicated  thus  t.  The  committee  wishes  to 
acknowledge  here  its  obligations  for  sug- 
gestions thus  reaching  it. 

DEFINITIONS. 

Aggregate. — The  mineral  material,  such  as 
sand,  gravel,  shells,  slag,  or  broken  stone,  or 
combinations  thereof,  with  which  the  cement 
or  the  bituminous  material  is  mixed  to  form 
a  mortar  or  concrete.  Fine  aggregate  may  be 
considered  as  the  mineral  inert  material  which 
will  pass  a  Ji-in.  screen,  and  coarse  aggregate 
the  material  which  will  not  pass  a  Vi-'m.  screen. 

Asphalt. — t  Solid  or  semi-solid  native  bitu- 
mens, solid  or  semi-solid  bitumens  obtained  by 
refining  petroleums,  or  solid  or  semi-solid 
bitumens  which  are  combinations  of  the 
bitumens  mentioned  with  petroleums  or  deriva- 
tives thereof,  which  melt  on  the  application  of 
heat,  and  which  consist  of  a  mixture  of  hydro- 
carbons and  their  derivatives  of  complex  struc- 
ture, largely  cyclic  and  bridge  compounds. 

Asphalt  Block  Pavement. — One  having  a 
wearing  course  of  previously  prepared  blocks 
of  asphaltic  concrete. 

Asphalt  Cement. — A  fluxed  or  unfluxed  as- 
phaltic material,  especially  prepared  as  to  qual- 
ity and  consistency,  suitable  for  direct  use  in 
the  manufacture  of  asphaltic  pavements,  and 
having  a  penetration  between  5  and  2.50. 

Ahphaltcnes. — t  The  components  of  the 
bitumen  in  petroleum,  petroleum  products,  mal- 
thas, asphalt  cements,  and  solid  native  bitu- 
mens, w-hich  are  soluble  in  carbon  disulphide, 
but  insoluble  in  paraffin  naphthas. 

Asphaltic. — Similar  to,  or  essentially  com- 
posed of,  asphalt. 

Base. — Artificial  foundation. 

Binder. —  fl)  A  forei^  or  fine  material  in- 
troduced into  the  mineral  portion  of  the  wear- 
ing surface  for  the  purpose  of  assisting  the 
road  metal  to  retain  its  integrity  under  stress, 
as  well  as,  perhaps,  to  aid  in  its  first  construc- 
tion. (2)  The  course,  in  a  sheet-asphalt  pave- 
ment,   frequently   used   between    the    concrete 
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Fig.  3.    Flat   Depreciation   or   Renewal   Com- 
pared  With    Sinking    Fund    Provision   to 
Show   Parallelism   at   Critical    Ages. 

Repair  cost  of  Street  No.  1,  Fig.  1,  added  to 
show   similarity   of  lines  of   cost. 

foundation  and  the  sheet-asphalt  mixture  of 
graded  sand  and  asphalt  cement. 

Bitumen. — *  A  mixture  of  native  or  pyrog- 
enous  hydrocarbons  and  their  non-metallic 
derivatives,  which  may  be  gases,  liquids,  vis- 
cous liquids,  or  solids,  and  which  are  soluble 
in  carbon  disulphide. 

Bituminous  Cement. — A  bituminous  material 
suitable  for  use  as  a  binder  Jiaving  cementing 
qualities  which  are  dependent  mainly  on  its 
bituminous  character. 

Bituminous  Concrete  Pavement. — One  com- 
posed of  stone,  gravel,  sand,  shell,  or  slag,  or 
combinations  thereof,  and  bituminous  materials 
incorporated  together  by  mixing  methods. 
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Biluininuus  Macadam  Pavement. — One  hav- 
ing a  wearing  course  of  macadam  with  the  in- 
terstices filled  by  penetration  methods  with  a 
bituminous  binder. 

Bituminous  Material. — Material  containing 
bitumen  as  an  essential  constituent. 

Liquid  Bituminous  Material. — t  Bituminous 
material  showing  a  penetration  at  normal  tem- 
perature under  a  load  of  50  grammes  apphed 
for  1  sec.  of  more  than  350. 

Semi-Solid  Bituminous  Material. — t  Bitu- 
minous material  showing  a  penetration  at  nor- 
mal temperature  under  a  load  of  100  grammes 
applied  for  5  sec.  of  more  than  10,  and  under 
a  load  of  50  grammes  applied  for  1  sec.  of  not 
more  than  3.50. 

Solid  Bituminous  Material. — t  Bituminous 
material  showing  a  penetration  at  normal  tem- 
perature under  a  load  of  100  grammes  applied 
for  5  sec.  of  not  more  than  10. 

Bituminous  Pavement. — One  composed  of 
stone,  gravel,  sand,  shell  or  slag,  or  combina- 
tions thereof,  and  bituminous  materials  incor- 
porated together. 

Bituminous  Surface. — A  superficial  coat  of 
bituminous  material  with  or  without  the  addi- 
tion of  stone  or  slag  chips,  gravel,  sand,  or  ma- 
terial of  similar  character. 

Blanket. — See  "Carpet." 

Bleeding. — The  exudation  of  bituminous  ma- 
terial on  the  roadway  surface  after  construc- 
tion. 

Bloimi  Petroleums. — t  Semi-solid  or  solid 
products  produced  primarily  by  the  action  of 
air  upon  originally  fluid  native  bitumens  which 
are  heated  during  the  blowing  process. 

Bond. — The  combined  action  of  inertia,  fric- 
tion, and  of  the  forces  of  adhesion  and  co- 
hesion which  helps  the  separate  particles  com- 
posing a  crust  of  pavement  to  resist  separation 
under  stress.  Mechanical  bond  is  the  bond 
produced  almost  wholly,  in  a  well-built  broken- 
stone  macadam  road,  by  the  interlocking  of 
angular  fragments  of  stone  and  the  subsequent 
filling  of  the  remaining  interstices  with  the 
finer  particles. 

Bound. — Bonded. 

Water-Bound. — Bonded  with  the  aid  of 
water. 

Bituminous  Bound. — Bonded  with  the  aid  of 
bituminous  material. 

Brick  Pavement. — One  having  a  wearing 
course  of  paving  bricks  or  blocks. 

Bridge. — A  structure  for  the  purpose  of  car- 
ring  traffic  over  a  gap  in  the  road-bed  meas- 
uring 10  ft.  or  more  in  the  clear  span. 

Camber  of  a  Road. — See  'Crown." 

Camber  of  a  Bridge. — The  rise  of  its  center 
above  a  straight  line  through  its  ends. 

Carbcnes. — t  The  components  of  the  bitumen 
in  petroleums,  petroleum  products,  malthas,  as- 
phalt cements,  and  solid  native  bitumens,  which 
are  soluble  in  carbon  disulphide,  but  insoluble 
in  carbon  tetra-chloride. 

Carpet. — A  bituminous  surface  of  appreciable 
thickness,  generally  formed  on  top  of  a  road- 
way by  the  application  of  one  or  more  coats 
of  bituminous  material  with  gravel,  sand,  or 
stone  chips  added. 

Cement. — An  adhesive  substance  used  for 
uniting  particles  of  other  materials  to  each 
other.  Ordinarily  applied  only  to  calcined 
"cement  rock,"  or  to  artificially  prepared,  cal- 
cined, and  ground  mixtures  of  limestone  and 
silicious  materials.  Sometimes  used  to  desig- 
nate bituminous  binder  used  in  bituminous 
pavements,  when  the  expression  "bituminous 
cement"   (q.  v.)  is  understood  to  be  meant. 

Cement-Concrete. — An  intimate  mixture  of 
gravel,  shell,  slag,  or  broken  stone  particles 
with  certain  proportions,  of  sand  or  similar 
material,  cement  and  water,  made  previous  to 
placing. 

Cement-Concrete  Pavement. — One  having  a 
wearing  course  of  hydraulic  cement  concrete. 

Cemented. — Bonded.  Referring  to  water- 
bound  macadam,  the  term  "cemented"  is  used 
to  designate  that  condition  existing  when, 
after  rolling  the  stone  forming  the  crust,  the 
remaining  voids  have  been  filled  with  the  finer 
sizes,  and  the  stone  dust  or  "flour"  has,  under 
the  action  of  water,  taken  a  "set,"  as  does 
cement  itself. 

Chips. — Small  angular  fragments  of  stone 
containing  no  dust. 


Clay. — Finely  divided  earth,  generally  si- 
licious and  aluminous,  which  will  pass  a  200- 
mesh  sieve.    Also  see  "Gravel." 

Coal-Tar. — t  The  mixture  of  hydrocarbon 
distillates,  mostly  unsaturated  ring  compounds, 
produced  in  the  destructive  distillation  of  coal. 

Coat. — See  "Carpet."  (1)  The  total  result  of 
one  or  more  single  surface  applications.  (2) 
To  apply  a  coat. 

Coke-Oven  Tar. — t  Coal-tar  produced  in  by- 
product coke  ovens  in  the  manufacture  of  coke 
from  bituminous  coal. 

Consistency.- — t  The  degree  of  soUdity  or 
fluidity  of  bituminous  materials. 

Course. — One  or  more  layers  of  road  metal 
spread  and  compacted  separately  for  the  for- 
mation of  the  road  or  pavement.  Courses  are 
usually  referred  to  in  the  order  of  their  lay- 
ing as  first  course,  second  course,  third  course, 
etc.  Also  a  single  row  of  blocks  in  a  pave- 
ment. 

Crown. — The  rise  in  cross-section  from  the 
lowest  to  the  highest  part  of  the  finished  road- 
way. It  may  be  expressed  either  as  so  many 
inches  (or  tenths  of  a  foot),  or  as  rate  per 
foot  of  distance  from  side  to  center,  i.  e.,  "the 
crown  is  4  in.,"  or  "the  crown  is  Yz  in.  to  the 
foot." 

Crusher  Run. — The  total  unscreened  prod- 
uct of  a  stone  crusher. 

Crusher-Run  Stone. — The  product  of  a  stone- 
crusher,  unscreened  except  for  the  removal  of 
the  particles  smaller  than  remaining  on  about 
a  !4-in-  screen. 

Crust. — That  portion  of  a  macadam  or  sim- 
ilar roadway  above  the  foundation  consisting 
of  the  road  metal  proper  with  its  bonding 
agent  or  binder. 

Culvert. — A  structure  for  the  purpose  of  car- 
rying traffic  over  a  gap  in  the  road-bed,  meas- 
uring less  than  10  ft.  in  clear  span. 

Cut-Back  Products. — Petroleum,  or  tar  resid- 
uums,  which  have  been  fluxed,  each  with  its 
own  or  similar  distillates. 

Dead  Oils. — *  Oils,  with  a  density  greater 
than  water,  which  are  distilled  from  tars. 

Dehydrated  Tars. — t  Tars  from  which  all 
water  has  been  removed. 

Ditch. — The  open-side  drain  of  a  roadway, 
usually  deep  in  proportion  to  its  width,  and 
unpaved. 

Drainage. — Provision  for  the  disposition  of 
water. 

Side-Drainage. — That  along  the  sides  of  the 
roadway. 

Sub-  or  Under-Drainage. — That  below  the 
surface. 

Surface  Drainage. — That  on  the  roadway  or 
ground  surface. 

V-Drainage. — That  provided  by  the  construc- 
tion of  troughs  in  the  sub-grade  of  the  road- 
way, which  troughs  are  like  a  "V,"  with  flat 
sloping  sides,  and  are  filled  with  stone. 

Dust. — %  Earth  or  other  matter  in  fine,  dry 
particles,  so  attenuated  that  they  can  be  raised 
and  carried  by  air  currents.  The  product  of 
the  crusher  passing  through  a  fine  sieve. 

Dust  Layer. — Material  applied  to  a  roadway 
for  temporarily  preventing  the  formation  or 
disoersion  under  traffic  of  distributable  dust. 

Earth  Road. — A  roadway  composed  of  nat- 
ural earthy  material. 

Emulsion. — A  combination  of  water  and  oily 
material  made  miscible  with  water  through  the 
action  of  a  saponifying  or  other  agent. 

Expansion  Joint. — A  separation  of  the  mass 
of  a  structure,  usually  in  the  form  of  a  joint 
filled  with  elastic  material,  which  will  provide 
opportunity  for  slight  movement  in  the  struc- 
ture. 

Fat. — Containing  an  excess.  A  fat  asphalt 
mixture  is  one  in  which  the  asphalt  cemeiit  is 
Ml  excess  and  the  excess  is  clearly  apnarent. 

Filler. —  (1)  Relatively  fine  material  used  to 
fill  the  voids  in  the  aggregate.  (2)  Material 
used  to  fill  the  joints  in  a  brick  or  block  pave- 
ment. 

Fi.red  Carbon. — *  The  organic  matter  of  the 
residual  coke  obtained  upon  burning  hydrocar- 
bon products  in  a  covered  vessel  in  the  absence 
of  free  oxygen. 

Flour. — tFinely  ground  rocks  or  minerals 
pulverized  to  an  impalpable  product. 

Flush  Coot. — Sec  "Seal  Coat." 

Flushing. —  (1)   Completely  filling  the  voids. 


(2)  Washing  a  pavement  with  an  excess  of 
water. 

Flux. — t  Bitumens,  generally  liquid,  used  in 
combination  with  harder  bitumens  for  the  pur- 
pose of  softening  the  latter. 

Footway. — The  portion  of  the  highway  de- 
voted especially  to  pedestrians.     A  sidewalk. 

Foundation. — The  portion  of  the  roadway 
below  and  supporting  the  crust  or  pavement. 

Artificial  Foundation. — That  layer  of  the 
foundation  especially  placed  on  the  sub-grade 
for  the  purpose  of  reinforcing  the  supporting 
power  of  the  latter  itself,  and  composed  of 
material  different  from  that  of  the  sub-grade 
proper. 

Free  Carbo)i. — *  In  tars,  organic  matter 
which  is  insoluble  in  carbon  disulphide. 

Gas-House  Coal-Tar. — t  Coal-tar  produced 
in  gas-house  retorts  in  the  manufacture  of  il- 
luminating gas  from  bituminous  coal. 

Grade. —  (1)  The  profile  of  the  center  of  the 
roadway,  or  its  rate  of  rise  or  fall.  (2)  Ele- 
vation. (3)  To  establish  a  profile  by  cuts  and 
fills  or  earthwork.  (4)  To  arrange  by  sizes, 
broken  stone,  gravel,  sand,  or  combinations  of 
such  materials. 

Gravel. — Small  stones  are  pebbles  usually 
found  in  natural  deposits  more  or  less  inter- 
mixed with  sand,  clay,  etc.,  but  in  which  mix- 
ture the  particles  which  will  not  pass  a  10-mesh 
sieve  predominate,  grave!  clay,  gravel  sand, 
clayey  gravel,  and  sandy  gravel  indicate  the 
varying  proportions  of  the  finer-sized  par- 
ticles. The  differentiation  between  gravel, 
sand,  silt,  and  clay  should  be  made  on  the  fol- 
lowing basis : 

Size  of  particles.  Names. 

Retained  on  a  10-mesh  sieve Gravel 

Passing  a  10-mesh  and  held  on  a  200-mesh 

sieve     Sand 

Passing  a  200-mesh  sieve Silt  or  clay 

Pea  Craz'cl. — Clean  gravel  the  particles  of 
which  equal  peas  in  size. 

Grit. — Stone,  slag  chips,  or  small  gravel  free 
from  finer  material. 

Gutter. — The  artificially  surfaced  and  gener- 
ally shallow  waterway  provided  usually  at  the 
sides  of  the  roadway  for  carrying  surface 
drainage.  Occasionally  used  synonymously 
with  "ditch,"  but  incorrectly  so,  as  "gutters" 
are  always  paved  or  otherwise  surfaced,  and 
ditches  are  not. 

Haunches. — The  sides  or  flanks  of  a  road- 
way.    Sometimes  also  called  "quarters." 

Highway. — The  entire  right  of  way  devoted 
to  public  travel,  including  the  sidewalks  and 
other   public  spaces,  if   sucli   e.xist. 

Layer. — A  course  made  in  one  application. 

Loam. — Finely  divided  earthy  material  con- 
taining a  considerable  proportion  of  organic 
matter. 

Macadam. — A  road  crust  composed  of  stone 
or  similar  material  broken  into  irregular  angu- 
lar fragments  compacted  together  so  as  to  be 
interlocked  and  mechanically  bound  to  the  ut- 
most possible  extent. 

Mastic. — A  mixture  of  bituminous  material 
and  fine  mineral  matter  suitably  made  for  use 
in  highway  construction  and  for  application  in 
a  heated  condition. 

Afaf.— t  See  "Carpet." 

Matrix. — A  composition  or  material  forming 
a  cushion,  or  binding  the  aggregate  together. 

Mesh. — The  square  opening  of  a  sieve. 

Metal.See  "Road-Metal." 

Mortar. — .A  mixture  of  fine  material  such  as 
sand,  cement,  and  water  or  other  liquid  suit- 
ably proportioned  and  incorporated  together 
for  the  purpose  for  which  it  is  used. 

Mush. — .'\  greasy  mud  sometimes  found  on 
liituminous  crusts. 

Normal  Temperature. — t  In  laboratory  in- 
vestigations, 25°  cent.   (77°  Fahr.) 

Oil-Gas  Tars. — Tars  produced  by  cracking 
oil  vapors  in  the  manufacture  of  oil  gas. 

Patching. — Repairing  or  restoring  small  iso- 
lated areas  in  the  surface  of  the  metaled  or 
paved  portion  of  the  highway. 

Palliative. — .'\  short-lived  dust  layer. 

Pavement. — The  wearing  course  of  the  road- 
way or  footway,  when  constructed  with  a  ce- 
ment or  bituminous  binder,  or  composed  of 
blocks  or  slabs,  together  with  any  cushion  or 
"binder"  course. 

Penetration. — In     laboratory     investigations, 
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the  distance,  e.xpressed  in  tenths  of  a  milli- 
meter, entered  a  sample  by  a  No.  2  cambric 
needle  operated  in  a  machine  for  the  purpose 
and  under  known  conditions  of  loading,  time, 
and  temperature.  The  degree  of  solidity  of 
bituminous  materials. 

In  construction,  the  entrance  of  bituminous 
material  in  to  the  interstices  of  the  metal  of 
the  roadway. 

Penetration  Method. — The  method  of  con- 
structing a  bituminous-macadam  pavement  by 
pouring  or  grouting  the  bituminous  material 
into  the  upper  course  of  the  road  metal  before 
the  binding  of  the  latter  has  been  completed. 

Pitch. — t  Solid  residue  produced  in  the  evap- 
oration or  distillation  of  bitumens,  the  term 
being  usually  applied  to  residue  obtained  from 
tar. 

Hard  Pitch. — Pitch  showing  a  penetration  of 
not  more  than  ten. 

Soft  Pitch. — Pitch  showing  a  penetration  of 
more  than  ten. 

Straight-Run  Pitch. — t  A  pitch  run  in  the  in- 
itial process  of  distillation,  to  the  consistency 
desired  without  subsequent  fluxing. 

Pocket. — .-^  hole  or  depression  in  the  wear- 
ing course. 

Pot-Hole. — A  hole  extending  below  the  wear- 
ing course. 

Profile. — A  longitudinal  section  of  a  high- 
way, generally  taken  along  the  center  line. 

Quarters.— The  four  sections  of  equal  width 
which,  side  by  side,  make  up  the  total  vi-idth 
of  a  roadway. 

Raveling. — The  loosening  of  the  metal  com- 
posing the  crust. 

Refined  Tar. — t  A  tar  freed  from  water  by 
evaporation  or  distillation  which  is  continued 


Setting  Up. — The  relatively  quick  change 
such  as  takes  place  in  a  bituminous  material 
after  its  application  to  a  roadway,  indicated 
by  its  hardening  after  cooling  and  exposure 
to  atmospheric  and  traffic  conditions,  as  op- 
posed to  the  slower  changes  later  occurring 
gradually  and  almost  imperceptibly. 

Shaping. — Trimming  up  and  preparing  a  sub- 
grade  preparatory  to  applying  the  first  course 
of  the  road  metal  or  artificial  foundation. 

Sheet-Asphalt  Pavement. — One  having  a 
wearing  course  composed  of  asphalt  cement 
and  sand  of  predetermined  grading,  with  or 
without  the  addition  of  fine  material,  incorpo- 
rated together  by  mixing  methods. 

Sheet  Pavement. — A  pavement  free  from 
frequent  joints  such  as  would  accompany  small 
slabs  or  blocks,  and  which  has  an  appreciable 
thickness  (say,  in  excess  of  1  in.  on  the  av- 
erage)  for  its  wearing  course. 

Shoulders. — The  portion  of  the  highway  be- 
tween the  edges  of  the  road  metal  or  pavement 
and  the  gutters,  slopes,  or  watercourses. 

Side  Drains. — See  "Drainage." 

Sidewalk. — The  portion  of  the  highway  re- 
served for  pedestrians. 

Sieve. — In  laboratory  work  an  apparatus,  in 
which  the  apertures  are  rectangular,  for  sep- 
arating sizes  of  material. 

Silt. — Naturally  deposited  fine  earthy  ma- 
terial, which  will  pass  a  200-mesh  sieve.  Also 
see  "Gravel." 

Spalls. — Fragments  broken  off  by  a  blow,  ir- 
regular in  shape,  and  of  sufficient  size  to  be 
comparable  to  the  original  mass. 

Squeegee. — A  tool  with  a  rubber  or  leather 


Telford  Macadam. — Macadam  with  an  arti- 
ficial foundation  of  Telford. 

Under-Drain. — See  "Drainage." 

Upkeep. — Maintenance. 

V-Drain. — See  "Drainage." 

Viscosity. — The  degree  of  fluidity  of  bitum- 
inous materials. 

Volatile. — Applied  to  those  fractions  of  bi- 
tuminous materials  which  will  evaporate  at 
climatic  temperatures. 

JVater-Bound. — Bound  or  bonded  with  the 
aid  of  water. 

JVater-Gas  Tars. — Tars  produced  by  crack- 
ing oil  vapors  in  the  manufacture  of  car- 
bureted water  gas. 

Wearing  Coat. — The  superficial  layer  ,of  the 
crust  or  pavement  exposed  to  traffic. 

IVearing  Course. — The  course  of  the  crust 
or  pavement  exposed  to  traffic. 

Wood  Block  Pavement. — One  having  a 
wearing  course  composed  of  wood  paving 
blocks,  generally  rectangular  in   shape. 


Some  Costs  of  Street  Repair  Work  in 

Philadelphia  in   1914. 

Complete  cost  records  of  all  street  repair 
work  by  city  forces  are  kept  by  the  Philadel- 
phia Bureau  of  Highways.  In  the  Bureau's 
report  for  1914  costs  are  given  for  all  work 
done  during  the  year  named  and  from  these 
we  summarize  the  data  given  for  Bituminous 
Surface  Treatment.  The  total  area  of  bitumi- 
nous surface  treatment  work  was  1,034,470  sq. 
yds.,  requiring  334,377  gals,  or  14,435,847  lbs. 
of  bituminous  material.  Gravel  cost  per  ton 
delivered  on  the  street  $2.14  and  the  average 
cost   of   trap    rock   chips   per   ton   was   $2.30. 


T.^BLE  I.— DETAIL,  COSTS  OP  BITUMINOUS  SURFACE  TREATMENT   WORK,  PHIL.ADEL.PHIA  BUREAU  OF  HIGHWAYS,  1914. 


Rcnned  coal  tar,  heavy  (Tarvia  A),  1st  treatment 
Refined  coal  tar,  heavy  (Tarvia  A),  retreatment. . 
Refined  coal  tar,  light  (Tarvia  B),  1st  treatment. 
Refined  coal  tar,  light  (Tarvia  B),  retreatment... 
Refined  water  gas  tar,  light  (Ugite),  1st  treatment 
Refined  water  gas  tar,  light  (Ugite),  retreatment. 

Asphalt  cutback,   1st  treatment^ 

Asphalt  cutbacli,  retreatment 
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until  the  residue  is  of  desired  consistency,  or 
a  product  produced  by  fluxing  tar  residuum 
with  tar  distillate. 

Renezvals. — Extensive  repairs  over  practical- 
ly the  whole  surface  of  the  metaled  or  paved 
portion  of  the  highway. 

Repairs. — The  restoration  or  mending  of  a 
considerable  amount  of  the  metaled  or  paved 
portions  of  the  highway,  but  not  usually  of  a 
majority  of  the  surface  area.  More  extensive 
than  "Patching"  but  less  so  than  "Renewals." 

Resurfacing. — The  renewal  of  the  surface 
of  the  crust  or  pavement. 

Road. — A  highway  outside  of  an  urban  dis- 
trict. 

Road-Bcd. — The  natural  foundation  of  a 
roadway. 

Road  Metal. — Broken  stone,  gravel,  slag,  or 
similar  material  used  in  road  and  pavement 
construction  and  maintenance. 

Roadzvay. — That  portion  of  a  highway  par- 
ticularly devoted  to  the  use  of  vehicles. 

Rock  Asphalt. — Sandstone  or  limestone  nat- 
urally impregnated  with  asphalt. 

Rock  Asphalt  Pavement. — A  wearing  course 
composed  of  broken  or  pulverized  rock  asphalt 
with  or  without  the  addition  of  other  bitumin- 
ous materials. 

."■land. — Finely  divided  rock  detritus  the  par- 
ticles of  which  will  pass  a  10-mesh  and  be  re- 
tained on  a  200-mesh  screen.  Also  see 
"Gravel." 

Sand-Clay  Road. — A  roadway  composed  of 
an  intimate  mixture  of  sand  and  clay. 

Scarify. — To  loosen  and  disturb  superficially. 

Screen. — In  laboratory  work  an  apparatus,  in 
which  the  apertures  are  circular,  for  separating 
sizes  of  material. 

Screenings. — Broken  rock  of  a  size  that  will 
pass  through  a  J4  to  54-in.  screen,  depending 
on  the  character  of  the  stone. 

Sea!  Coat. — A  final  superficial  application  of 
bituminous  material  during  construction  to  a 
■bituminous  pavement. 


edge  for  scraping  or  cleaning  hard  surfaces,  or 
for  spreading  and  distributing  liquid  material 
over  and  into  the  superficial  interstices  of 
roadways. 

Squeegee  Coat. — An  application  by  means  of 
the  squeegee. 

Stone  Block  Pavement. — One  having  a  wear- 
ing course  composed  of  stone  blocks  quite  or 
nearly  rectangular  in  shape. 

Street. — A  highway  in  an  urban  district. 

Sub-Grade. — The  upper  surface  of  the  na- 
tive foundation  on  which  is  placed  the  road 
metal  or  the  artificial  foundation,  in  case  the 
latter  is  provided. 

Superficial  Coat. — A  light  surface  coat. 

Surface  Coat. — See  "Carpet." 

Surfacing. —  (1)  The  crust  or  pavement.  (2) 
Constructing  a  crust  or  pavement.  (3)  Finally 
finishing  the  surface  of  a  roadway.  (4)  Treat- 
ing the  surface  of  a  finished  roadway  with  a 
bituminous  material. 

Surface  Treatment. — Treating  the  finished 
surface  of  a  roadway  with  bituminous  mate- 
rial. 

Tailings. — Stones  which  after  going  through 
the  crusher  do  not  pass  through  the  largest 
openings  of  the  screens. 

Tar. — t  Bitumen  which  yields  pitch  upon 
fractional  distillation  and  which  is  produced 
as  a  distillate  by  the  destructive  distillation  of 
bitumens,  pyro-bitumens,  or  organic   material. 

Telford. — Properly  an  artificial  foundation 
advocatetl  by  Thomas  Telford  (17.57-1820), 
and  consisting  of  a  pavement  of  stone  about 
8  in.  thick,  laid  by  hand  and  closely  packed 
and  wedged  together.  The  individual  stones 
were  desired  to  be  about  16  sq.  in.  in  section, 
and  about  18  in.  in  length.  They  were  set 
close  together  on  the  prepared  sub-grade,  their 
longest  dimension  vertical  and  on  their  larger 
ends,  their  interstices  chinked  with  smaller 
stones,  and  the  whole  rammed  (or  rolled) 
until  firm  and  unyielding. 


Table  I  gives  the  square  yard  costs.  The  costs 
per  gallon  applied  were : 

Cts. 

Tarvia  .S.  8% 

Tarvia  B  7 

Ugite,  cold   S 

Ugite,  hot  9 

Studies  in  Stream  Flow  Measurements. — 

From  studies  of  the  variation  in  the  flow 
of  streams  it  has  been  concluded  that  the 
flow  of  any  stream  which  is  to  be  used  for 
any  purpose  should  be  known  for  at  least  five 
years,  and  that  the  value  of  the  records  of 
the  flow  of  any  stream  increases  practically  in 
direct  ratio  to  the  length  of  the  records  up 
to  about  20  or  30  years.  If  the  flow  of  all 
streams  having  100  square  miles  or  more  of 
drainage  area  were  known  for  a  10  to  20  year 
period  and  a  certain  number  for  longer  pe- 
riods, there  would  be  no  problem  relating 
to  the  flow  of  streams  which  could  not  be 
definitely,  economically,  and  safely  solved.  The 
greater  part  of  the  controversy  in  regard  to 
which  plan  is  best  adapted  for  the  control  of 
floods  is  due  almost  wholly  to  the  lack  of  data 
in  regard  to  the  habits  and  the  eccentricities 
of  the  streams  involved. 

A  careful  investigation  of  the  number  of 
gaging  stations  needed  for  a  detailed  study  of 
the  stream  flow  in  the  Ohio  basin  exclusive 
of  Cumberland  and  Tennessee  Rivers  indicat- 
ed that  there  should  be  at  least  350  gaging  sta- 
tions maintained  simultaneously  for  a  period 
of  about  10  years,  for  the  purpose  of  obtain- 
ing full  data  for  use  in  determining  every 
factor  with  relation  to  the  floods  in  the  Ohio 
River  basin  and  how  they  may  best  be  con- 
trolled. At  present  some  60  stations  are  be- 
ing maintained.  Until  detailed  information  is 
available,  opinions  as  to  the  best  general 
method  of  flood  control  in  the  Ohio  basin 
must  be  based  on  preconceived  ideas  and  are 
without  the  foundation  of  facts  which  should 
be  available  to  prove  their  truth  or  falsity. 


March  24,  1915. 
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A    Combined    Sweeper    and    Sprinkler 
for  Street  Cleaning. 

(Contributed.) 

The  illustration  shows  a  rotary  sweeper 
combined  with  a  water  spray  for  laying  the 
dust.  Besides  the  regular  rotary  sweeper  fea- 
tures   the    new    machine    has    a    double    speed 


reduce   the   expensive   and   but   partly  efficient 
hand  work. 

The  sweeper  and  sprinkler  is  manufactured 
by  the  Austin  Manufacturing  Co.,  Chicago,  111. 


A   New  Wall   Form   Tie   and   Spacer. 

A   simple  and  neat  tie  and  spacer   for  wall 
forms  and  for  a  variety  of  other  purposes  of 


Combination   Two-Speed    Rotary   Sweeper  and   Sprinkler. 


broom  covered  with  a  steel  housing  and  ca- 
pable of  being  thrown  into  high  or  low  speed 
by  a  lever.  A  tank  on  top  of  this  sweeper  and 
fitted  with  filling  hose  and  overflow  pipe  car- 
ries the  water  for  sprinkling.  Water  is 
sprayed  just  ahead  of  the  broom  through 
either  or  both  of  two  perforated  pipes.  Valves 
controlling  the  spray  are  at  the  right  hand  of 
the  driver.  All  parts  of  the  spray  arrangement 
from  the  tank  down  are  made  of  brass. 

It  is  claimed  by  the  manufacturers  that  the 
variation  possible  in  the  speed  of  the  broom  is 
of  great  value,  because  on  machines  not  so 
fitted,  the  surface  speed  of  the  broom  de- 
creases as  its  diameter  is  reduced,  with  a  cor- 
responding loss  of  cleaning  efliciency,  but  with 
this  machine  the  broom  can  be  run  at  high 
speed  after  it  has  worn  down,  and  the  max- 
imum capacity  retained  until  it  is  entirely 
worn  out.  Also  there  are  some  streets  in 
every  town  that  get  much  dirtier  than  others, 
and  with  the  old  style  one-speed  broom  sweep- 
ers the  cleaning  of  such  streets  has  been  diffi- 
cult. They  had  to  be  gone  over  several  times, 
or  the  team  was  speeded  up  to  increase  the 
speed  of  the  broom,  but  this  latter  method  de- 
feated its  own  ends,  because  while  the  revolu- 
tions of  the  broom  were  increased  the  rate  of 
travel  was  faster  and  the  capacity  of  the 
broom  was  no  greater.  The  two-speed  broom 
sweeper  meets  such  a  condition  perfectly.  The 
team  is  driven  at  the  regular  rate,  but  the 
broom  thrown  into  high  gear,  securing  exact- 
ly the  same  results  as  going  over  the  work 
several  times,  but  doing  it  in  one  trip. 

Then  there  is  the  spring  cleaning  to  be  con- 
sidered, when  all  the  dirt  that  has  accunuilated 
during  the  winter  must  be  removed.  Former- 
ly, it  has  been  necessary  to  do  most  of  this 
work  by  hand,  but  by  running  the  broom  of 
this  sweeper  at  high  speed  with  an  extra  horse 
if  necessary  for  additional  power  on  this 
special  occasion,  it  will  be  possible  to  greatly 


fnrm  anchorage  and  support  is  shown  by  the 
sketch.  The  construction  and  action  of  the 
tie  is  clear  from  the  drawing.  The  ties  are 
made  of  steel  spring  wire  in  lengths  from  6  to 
30  ins.  and  with  diameters  corresponding  to 
lengths.  The  ends  require  standard  %-in.  lag 
screw  bolts.  Bent  ties  and  copper  coated  or 
galvanized  ties  are  made  to  order.    This  tie  is 


ra^e«i>l 


lustration,  covers :  Spans  from  6  ins.  to  70  ft. ; 
loads  from  10  to  100,000  lbs. ;  bending  moments 
from  100  to  1,000,000  ft.-lbs.;  various  kinds 
of  reinforcement,  including  rods,  triangular 
mesh,  expanded  metal,  etc.;  percentages  of  re- 
inforcernent  ranging  from  0.01  to  5  per  cent  ^ 
and  various  concrete  and  steel  stresses  in  com- 
mon use.  The  device  is  4  ins.  x  10  ins.  x  3/1& 
in.  thick;  it  is  made  of  hard  fiber,  water- 
proofed, and  weighs  about  4  ozs.  The  scope 
and  application  of  the  rule  is  explained  fully, 
by  a  set  of  instructions  which  accompanies 
each  rule.  The  device  was  invented  by  Ben- 
jamin E.  Winslow;  its  mechanical  construc- 
tion was  designed,  and  the  rule  is  manufac- 
tured, by  Henry  W.  Tomlinson,  66  E.  Van 
Buren  St.,  Chicago.  Mr.  Winslow  is  also  the 
inventor  of  a  slide  rule  for  designing  steel 
and  wooden  beams. 


A  Steel  Side  Form  for  Concrete  Road 

Construction. 

The  steel  road   form  illustrated  is  made  in 
12-ft.   standard  length   sections   and   in  5  and 


A 
Rail  5"x  12ft. 

B 
Steel  Stake 

C 
Flange  in  slot 

z 


^ 


E&C. 
A   Steel   Side   Form  for  Concrete   Roads. 

6-in.  depths.    The  steel  rails  are  made  of  high 
carbon,  open  hearth  steel  with  right  angle  bent 


Wall  Form  Tie  and  Spacer. 


marketed  by  the  Unit-Wall  Construction   Co., 
Inc.,  1-328  Broadway,  New  York,  N.  Y. 


A    Slide    Rule    for    Computing    Rein- 
forced Concrete  Beams  and  Slabs. 

.•\  new   slide   rule   for  computing  reinforced 
beams   and   slabs   having  single   reinforcement 


flanges  on  the  top  and  bottom.  In  setting  up, 
the  steel  stakes  are  driven  in  the  ground  and 
the  rails  placed,  a  patented  sleeve  connection 
serving  to  fasten  them  securely  together.  No 
hammer  or  bolts  are  required.  Rails  are  readily 
taken  up  at  any  point  along  the  job  to  permit  a 
wagon  to  pass  through.    The  forms  are  manu- 
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Winslow's  Concrete  Computing  Slide   Rule. 


has   just   been    placed   on    the    market.     This 
rule,  which  is  shown  in  the  accompanying  il- 


factured  by  the  Heltzel  Steel  Form  and  Iron 
Works,  Warren,  Ohio. 
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A    Portable    Variable    Height    Wagon 

Loader  for  Contractors. 

With  the  increased  use  of  motor  trucks  and 
the  greater  consideration,  in  horse  hauling, 
of  the  importance  of  reducing  lime  waiting  for 
load  to  be  received,  mechanical  wagon  loaders 
are   becoming  of   great   importance.    The   ac- 


and  joint' liars  of  several  forms.  /Xs  shown  by 
the  sketch  one  leg  of  the  bar  is  cut  at  inter- 
vals so  as  to  form  a  tongue  or  lug  which 
anchors  the  bar  to  the  concrete.  Stock  bars 
are  made  of  soft  steel  angles  ■2%xl%.x3/16 
ins.,  weighing  about  2Vi  lbs.  per  foot,  with 
lugs  every  6  ins.  clear,  and  are  furnished  in 
a  variety  of  lengths.    These  bars  are  made  by 


An  Adjustable  Grade  Board  and  Clamp 

for  Scaffolding. 

The  sketch  here  shows  an  adjustable  grade 
board  outfit  that  offers  several  claims  of  ad- 
vanfages  compared  with  the  usual  construction 
of  stakes  with  nailed  cross  boards.  In  the 
outfit  shown  the  uprights  are  steel  rods  or 
pipes  to  which  the  grade  board  is  held  by 
special  clamps.  These  clamps  will  take  any 
board  6  ins.  wide  up  to  2  ins.  thick ;  1-in. 
diameter  uprights  are  used.  The  illustration 
shows  clearly  the  method  of  attaching  the 
clamps  and  boards.  With  these  clamps  run- 
ways for  barrows  and  elevated  mixing  boards 
can  be  quickly  made.  The  outfit  is  particularly 
useful  when  hard  streets  offer  diffictilties  in 
driving  stakes.  There  is  no  waste  by  nailing 
of  boards  and  the  several  parts  can  be  used 


Elevating    Bin    Portable    Wagon    Loader    in    High  and   Low   Positions. 


companying  illustrations  show  in  two  posi- 
tions a  new  wagon  loader  designed  by  Mr. 
Frank  J.  Monahan.  A  thoroughly  braced 
four-leg  frame  10  ft.  high  carries  inside  a  bin 
or  hopper  of  No.  10  gage  steel  fitted  with 
gate  and  chute.  The  bin  is  suspended  from 
the  frame  top  by  a  chain  hoist  by  which  it 
can  be  elevated  and  lowered  and  adjusted  to 
any  height  desired  between  top  and  bottom. 
The  two  illustrations  show  the  bin  at  its 
highest  and  lowest  positions.  The  chain  hoist 
has  a  capacity  of  4  tons  and  the  bin  holds  2 
cu.  yds.  The  loader  is,  however,  made  of  any 
capacity,  height,  etc.,  that  the  user  may  desire. 
The  wheel  mounting  makes  the  loader  port- 
able, a  handle  is  provided  for  hauling.  When 
the  bin  is  at  the  top  it  is  the  right  height  to 
be  shoveled  into  from  a  gondola  car.  At  its 
lowest  point  it  can  be  shoveled  into  directly 
from  stock  pile,  and,  when  filled,  quickly 
hoisted  high  enough  to  discharge  into  wagons. 
The  gate  and  chute  are  operated  by  a  hand 
wheel  which  permits  control  of  the  discharge. 
This  loader  is  marketed  by  William  Heggie, 
Joliet  and  Crowley  Aves.,  Joliet,  111. 


the    Universal     Concrete     Bar     Co., 
Washington  St.,  Chicago,  111. 


167    W. 


Adjustable     Grade     Board     Outfit    for     Pipe 
Laying. 

many  times.  These  clamps  are  listed  at  $22 
per  dozen  by  the  inventor,  Russell  H.  Peck, 
World  Bldg.,  New  York,  N.  Y. 


A  Mixer  and  Grouter  for  Paving  Work. 

Grout  filler  for  brick  and  block  pavement 
has  been  always  mixed  by  hand  and  grout 
mi.xing  bo.xes  of  various  shapes  and  degrees  of 
portability  have  been  frequently  described.  A 
machine  substitute  for  the  grout  mixing  bo.x, 
grout  pouring  buckets,  scoops  and  hoes  is 
illustrated  here.  It  consists,  as  will  be  seen, 
of  a  drum  mi.xer  which  discharges  into  a 
swinging  chute  which  spreads  the  grout  over 
a  wide  area  without  moving  the  mixer.  The 
mixer  is  of  the  non-tilting  drum  type  operated 


Gas  and  Electric  Rate  Schedule. — One  of 

the  most  far-reaching  orders  that  has  been 
issued  in  years  by  the  New  York  State  Pub- 
lic Service  Commission  in  the  Second  District 
requires  the  rate  schedules  of  all  gas  and  elec- 
tric corporations  and  all  municipalities  subject 
to  the  regulation  of  the  Commission  to  be 
filed  in  the  Commission's  office,  and  also  to 
be  kept  in  convenient  form  for  the  inspec- 
tion of  customers  at  all  offices  of  such  cor- 
porations and  municipalities  where  contracts 
for  service  are  inade,  or  payment  for  services 
received. 


Corner  Bars  and  Joint  Bars  for  Con- 
crete Construction. 

The  protection  of  concrete  columns  and  curb 
corners  and  of  joints  in  pavement  and  bridge 


A   Grout   Mixer  and   Distributor  for  Paving    Work. 


Special  Special 

Corner  Bars  Join+  Bars 

Corner   and   Joint   Bars  for  Concrete   Work. 

floors  calls  frequently  for  steel  armoring.    In 
the  accompanying  sketches  are  shown  corner 


b\  a  housed  m  2  hp  gasoline  engine,  all 
mounted  on  wheels  for  ready  transportation. 
.-Ml  parts  of  the  machine  are  steel.  The  drum 
is  gear  driven.  The  bottoin  of  the  chute  end 
is  a  circular  plate  perforated  with  30  holes  1 
in.  in  diameter.  The  dimensions  of  the  mixer 
are:  Height  5%  ft.  and  width  51  ins;  it 
weighs  1,000  lbs.  The  five  point  support  gives 
great  rigidity  and  all  details  are  strong  and 
durable.  This  mixer  is  made  bv  the  Marsh 
Capron  Mfg.  Co.,  467  Old  Colony  Bldg., 
Chicago,  111. 


This  order  follows  out  the  plan  of  the  Com- 
mission in  regulating  other  corporations  under 
its  control,  and  requiring  the  fullest  pub- 
licity of  all  rate  schedules  in  order  to  prevent 
discrimination.  The  order  specifies  that  the 
rate  schedules  are  to  be  printed  in  uniform 
style  and  that  when  asked  for  by  a  customer 
the  person  having  charge  of  them  in  the  cor- 
poration's office  shall  give  all  necessary  assist- 
ance in  gaining  information  therefrom.  The 
schedules  include  not  only  rates,  present  or 
proposed,  but  regulations  for  service  and 
privileges  and  facilities  under  each  rate. 
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INDEX  TO  TECHNICAL  ARTICLES. 


March  24,  1915. 


BRIDGES:     Concrete  Highway;  Permanency 
of. 

Concerning  the  Permanency  of  Light  Sec- 
tioned  Concrete   Highway    Bridges 259 

Editorial  comment  on  the  resiilt.s  of  an  in- 
vestigation by  the  Iowa  State  Highway  Com- 
mission to  determine  the  permanency  of  eight 
sectioned  concrete  highway  bridges.  Gives 
some  data  on  the  bridges  investigated.  E.  & 
C,   Mar.   24,   1915;   1  col. 

TURBINE  INSTALLATION:    Scroll  Casings 
and  Draft  Tube  Forms. 

Methods  of  Forming  Scroll  Casings  and 
Draft  Tubes  for  Turbine  Water  Power 
Plants     259 

Editorial  on  the  scarcity  of  data  and  litera- 
ture on  the  work  of  scroll  case  and  draft  tube 
form  construction,  and  calling  attention  to  an 
article  in  this  issue  describing  one  installation. 
E.   &  C,  Mar.   24,  1915;    %  col. 

RAILWAYS:     Section    Labor    Problem. 

Solution  of  the  Section  Labor  Problem  on 
the    Long    Island    Railroad 259 

Editorial  comment  on  the  remedial  measures 
taken  by  the  Long  Island  Railroad,  by  the  or- 
ganization of  a  permanent  section  force.  E.  & 
C,  Mar.   24,  1915;   1  col. 

ROADS:     Culverts;    Estimating. 

Estimating  the  Cost  of  Culverts  and  Other 
Small  Structures  In    Road   Building 260 

Comment  upon  the  desirability  of  using  labor 
cost  methods  of  estimating  small  structures 
rather  than  total  unit  costs  and  the  effect  of 
transportation  and  small  gangs  upon  these 
co.<it.<5.     E.   &  C,  Mar.   24,  1915;    %   col. 

STREETS:  Occupation  by  Stock  Piles. 
Rent  for  Street  Occupation  by  Stock  Piles  260 
Comments  on  the  system  proposed  by  the  Bu- 
reau of  Highways  of  Philadelphia  to  charge 
rental  for  the  use  of  streets  by  contractors  for 
stock  piles,  etc.,  and  to  use  the  money  so 
earned  tor  street  repairs.  E.  &  C,  Mar.  24, 
1915;    %    col. 


DAIVIS:     Coosa  River,  Alabama. 

Construction   Plant  and   Methods  for  Con- 
crete   Work    on    the    Lock    Twelve    Dam, 

Coosa    River,    Alabama 260 

Describes  the  construction  of  concrete  work 
on  the  dam,  giving  details  as  to  construction 
plant,  storage  and  care  of  materials,  forms  used, 
handling  and  placing  of  concrete,  etc.  E.  &  C, 
Mar.   24,  1915:   15  cols. 


SEWAGE    TREATMENT    PLANT:     Institu- 
tional;  Warren,   Pa. 

Design,  Cost  and  Operation  of  New  Sew- 
age Treatment  Plant  at  the  State  Hos- 
pital,    Warren,     Pa 265 

Describes  and  illustrates  features  of  design 
comprising  pumping  station,  Imhoff  tank,  dosing 
chamber,  percolating  filter,  chemical  house,  sec- 
ondary settling  tank,  and  sand  filters  for  sludge. 
Fully  describes  and  illustrates  the  operation  of 
the  automatic  "hypo"  feeding  apparatus.  Shows 


analytical  results  of  operation.     Gives  unit  con- 
tract prices.     E.   &  C,  Mar.   24,  1915;  7  cols. 


SANITARY  SURVEY:     Vincennes,  Ind.;  Re- 
sults of. 

Surprising    Results    Disclosed    by    Sanitary 
Survey   of  Vincennes,    Ind 268 

Describes  methods  of  making  survey  and  rec- 
ords and  discusses  results  obtained.  Popula- 
tion 17,000.  City  has  filtered  public  water  sup- 
ply and  most  complete  sewerage  system  in 
state.  There  are  3,989  residences.  3,229  privies 
and  1S7  cesspools;  3.000  wells  used  for  drink- 
ing water  supply  and  24.7  per  cent  were  found 
polluted.     E.  &  C,  Mar.  24,  1915;   1  col. 


BRIDGES:     Concrete  Highway;  Design  of. 

The  Design  of  Concrete  Highway  Bridges 
With  Special  Reference  to  Standardiza- 
tion         268 

A  discussion  by  C.  B.  McCullough  of  the  vari- 
ous factors  influencing  the  design  of  concrete 
highway  bridges,  particularly  standard  types. 
Gives  specific  data  and  diagrams  showing  the 
effect  ft  stream  behavior,  loadings,  tempera- 
ture stresses,  etc.,  and  illustrates  some  standard 
types  of  the  Iowa  Highway  Commission.  E.  & 
C,  Mar.   24,   1915;  71/2   cols. 


PAINTS   AND    PAINTING:     Used   by   Vari- 
ous Railroads. 

Kinds  of  Paint  and  Painting  Methods  Used 
on   Steel   Work  by  Various   Railroads 270 

Gives  a  summary  of  the  kinds  of  paint  and 
the  painting  methods  used  by  various  railroads 
of  the  United  States  and  Canada  both  for  new 
steel  work  and  for  maintenance.  E.  &  C,  Mar. 
24.   1915:    V,   col. 


BRIDGES:        Runnymede    Ave.,    Cincinnati, 
Design. 

Design     of    the     Reinforced     Concrete    Can- 
tilever Bridge  on   Runnymede  Ave.,  Cin- 
cinnati,   Ohio    271 

Describes  and  illustrates  in  detail  the  design 
of  a  reinforced  concrete  cantilever  bridge  con- 
sisting of  a  65-ft.  clear  center  span  and  two  3:^- 
ft.  6-in.  anchor  spans.  The  bridge,  which  pos- 
sesses some  unusual  features,  crosses  West 
Fork  Creek  on  Runnymede  Ave.,  Cincinnati,  O. 
E.   &  C,  Mar.   24,  1915;  6  cols. 


RESERVOIR,    WATER    WORKS:     Relining, 
Concrete   and   Asphalt  over  Brick. 

Method    of    Relining    a    Small    Brick-Lined 
Water    Works     Reservoir    with     Asphalt 

and   Concrete  at   Irwin,   Pa 273 

Illustrates  details  of  design  and  shows  nine 
views  of  various  features  of  the  construction. 
K.   &  C,  Mar.  17,  1915;   5%  cols. 


WATER     WASTE     SURVEYS:     Continuous, 
Washington,   D.   C. 

Methods  and  Apparatus  Employed  In  Car- 
rying on  Continuous  Water  Waste  Sur- 
veys   in   the    District   of   Columbia 275 

Descri43es    improved    methods    necessary    after 
several  years'   work  had  located  large  leaks  by 


rough  methods  and  greater  skill  Uecame 
requisite  for  finding  the  smaller  leaks.  Also 
shows  views  of  old  and  new  apparatus,  the  lat- 
ter being  very  sensitive.  E.  &  C,  Mar.  24,  1915; 
51/2    cols. 


WATER     STERILIZATION:     Liquid    Chlor- 
ine;  Bubbly  Creek  Filter,  Chicago. 

Famous  Bubbly  Creek  Filter  Plant  Adopts 
Liquid    Chlorine    Treatment 276 

"Hypo"  first  used  in  America  "at  this  plant. 
Liquid  chlorine  adopted  recently  and  found  to 
posse.sis  many  advantages  over  older  treatment, 
including  lower  cost.  E.  &  C,  Mar.  24,  1915;  i/4 
col. 


RESERVOIR;   WATER   SUPPLY: 

ing";  Data  on. 


"Copper- 


Data  on  "Coppering"  a  Reservoir  at  Hart- 
ford        277 

Shows  effect  and  rapidity  of  action  when  one 
part  of  copper  sulphate  was  added  to  3.36  mil- 
lion parts  of  water  in  two  of  the  Hartford, 
Conn.,  reservoirs.  E.  &  C,  Mar.  24,  1915;  % 
col. 


PAVEMENTS:   Economic  Point  of  Renewal. 
The   Economic  Limit  of  Pavement  Repairs  277 
Gives  table  and  charts  and  discusses  the  life. 

cost    of    repairs    and    point    at    which    pavement 

renewal  becomes  economical.     E.  &  C,  Mar.  24, 

1915;  6%  cols. 

ROADS:    Definitions  of  Terms. 

Definitions   of  Terms   Used    In    Road    Con- 
struction         278 

Nomenclature  recommended  by  a  special  com- 
mittee of  the  American  Society  of  Civil  Engi- 
neers.    E.   &  C,  Mar.  24,  1915;  4%  cols. 


STREETS:    Repair  Costs,  Philadelphia. 

Some  Costs  of  Street  Repair  Work  In  Phil- 
adelphia   in    1914 278 

Table  giving  costs  per  square  yard  of  bitu- 
minous surface  treatment  work  in  Philadelphia 
during  1914.     E.   &  C,  Mar.  24,  1915;   V2  col. 


CONSTRUCTION  PLANT:  Machines,  De- 
vices,   Materials. 

A  Combined  Sweeper  and  Sprinkler  for 
Street  Cleaning   281 

A  New  Wall  Form  Tie  and  Spacer 281 

A  Slide  Rule  for  Computing  Reinforced 
Concrete   Beams  and  Slabs 281 

A  Steel  Side  Form  for  Concrete  Road  Con- 
struction       281 

A  Portable  Variable  Height  Wagon  Loader 
for  Contractors 282 

Corner  Bars  and  Joint  Bars  for  Concrete 
Construction    282 

A   Mixer  and  Grouter  for  Paving  Work....   282 

An  Adjustable  Grade  Board  and  Clamp  for 
Scaffolding    282 

E.  &  C,  Mar.  24,  1915;  2  pages. 


INDEX  TO  WORKS  AND  PRODUCTS  DEALT  WITH  IN  THIS  ISSUE. 


CONCRETE  CONSTRUCTION: 

Concrete  Highway  Bridges,  259,  2S8— 
Forms,  2(;3 — Dam,  26;!— Power  House,  263 
— .Aggregate,  2(11 — Handling  and  Placing, 
265— Imhoft  Tanks,  26C— Concrete  Canti- 
lever Bridge,  271 — Lining  Brick  Reser- 
voir, 273 — Form  tor  Concrete  Roads,  281 
—Concrete  Form  Tie,  2S1— Corner  and 
Joint  Bars  for  Concrete  Work 282 

STEEL  CONSTRUCTION: 

Scroll  Casings,  259,  260— Draft  Tube  Forms, 
259,     260— Reinforcement      In      Concrete 


Bridges,  270,  271— Paints  for  Steel  Struc- 
tures, 270 — Steel  Side  Form  for  Concrete 
Roads    281 

BITUMINOUS    PRODUCTS: 

Asphalt  Lining  for  Reservoir,  273 — Defini- 
tions of  Terms,  278 — Costs  of  Bituminous 
Surface  Repairs  280 

FOUNDRY    PRODUCTS: 

Cast  Iron   Pipe  .and  Specials 266 

TIMBER   PRODUCTS: 

Forms    263,274 


MACHINERY  AND  APPLIANCES: 

Cableways,  260— Derricks.  261  —  Mixer 
Plant,  261 — Compressor  Plant,  262 — Loco- 
motive Cranes,  262 — Concrete  Handling 
and  Placing  Equipment,  265 — Pitometers 
and  Automatic  Recorders,  275 — Street 
Sweeper  and  Sprinkler,  2S1 — Wagon 
Loader,  282— Slide  Rule.  281— Steel  Side 
Form,  281— Corner  and  Joint  Bars,  282— 
Mixer  and  Grouter,  282— Grade  Board...    282 
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FOREIGN  TRADE  NOTES 

The  following  foreign  trade  opportunities 
are  listed  by  the  Bureau  of  Foreign  and  Do- 
mestic Commerce.  Where  addresses  are 
omitted  in  the  items  they  may  be  obtained 
from  the  office  of  the  Bureau  at  Washing- 
ton, D.  C,  or  from  the  branch  offices  at  337 
Custom  House,  New  York;  629  Federal 
Bldg.,  Chicago,  111.;  76  Appraiser's  Stores 
Bldg.,  San  Francisco,  Cell.,  and  Association 
of  Commerce  Bldg.,  New  Orleans,  La.  In 
applying  for  addresses  reference  should  be 
made  to  the  file  numbers. 

Power  Lawn  Motors. — Sales  agent  in  Can- 
ada wishes  names  and  addresses  of  manufac- 
turers of  power  lawn  rollers.  No.  15984.  [For 
address  see  first  paragraph.] 

Engines. — Firm  in  Russia  desires  to  pur- 
chase small  alcoiiol,  benzine,  or  kerosene  en- 
gines for  boats,  etc. ;  moimtings  for  central 
lieating  and  water  supply;  and  cranic  shafts, 
etc.  Correspondence  should  be  in  the  Russian 
or  German  language.  Prices,  etc.,  should  be 
stated  in  Russian  equivalents,  and  quotations 
should  be  c.  .i.  f.  Russian  ports.  No.  15958. 
[For  address  see  first  paragraph.] 

Clay-Working  Machinery. — Business  man  in 
Latin  America  desires  to  receive  catalogues, 
prices,  and  full  information  relative  to  ma- 
chinery for  making  clay  products.  Correspond- 
ence, catalogues,  etc.,  should  be  in  Spanish. 
No.  15965.  [For  address  see  first  paragraph.] 
Railway  Supplies,  Etc. — Government  con- 
tract agent  in  Europe  desires  to  communicate 
with  American  manufacturers  and  exporters 
of  railway  supplies  and  equipment,  including 
machinery  and  locomotives.  Prompt  replies 
are  requested.  Correspondence  should  be  in 
the  Italian  language,  and  weights,  measure- 
ments, etc.,  should  be  in  the  metric  system. 
Prices  should  be  quoted  in  gold  lire,  f.  o.  b. 
destination.  Reference  is  given.  No.  15967. 
[For  address  see  first  paragraph.] 

Pumps,  Road-Making  Machinery,  Etc. — En- 
gineer in  Russia  desires  to  get  in  touch  with 
American  manufacturers  of  electrical  and 
plumbing  supplies,  pumps,  boilers,  road-making 
machiner}',  fire  engines  and  extinguishers, 
stump-pullers,  and  material  for  municipal 
laundries  and  bathing  houses.  Correspond- 
ence may  be  in  English.  No.  15991.  [For  ad- 
dress see  first  paragraph.] 

Street  Sweeper  and  Flusher. — Canadian  city 
may  purchase  street  sweeper  and  flush  cart. 
No.  15993.  [For  address  see  first  paragraph.] 
Brick  Making  Machinery. — Russian  firm 
wishes  catalogues  and  price  lists  of  brick- 
making  machinery,  together  with  estimates  for 
a  complete  plant,  including  automatic  trans- 
portation devices.  Correspondence  should  be 
in  Russian  or  German.  Prices,  etc.,  should  be 
stated  in  Russian  equivalents,  and  be  made 
c.  i.  f.  Russian  ports.  No.  15999.  [For  ad- 
dress see  first  paragraph.] 

Motor  Trucks. — American  consular  office  in 
Central  America  reports  an  opportunity  to  sell 
automobile  trucks.  No.  16011.  [For  address 
see  first  paragraph.] 

Grain  Elevators  and  Refrigerating  Machin- 
ery.— Mechanical  Engineer  in  South  America 
is  desirous  of  securing  prices  and  full  informa- 
tion relative  grain  elevators  and  refrigerating 
machinery.  Correspondence,  catalogues,  etc., 
should  be  in  Spanish.  No.  16015.  [For  ad- 
dress see  first  paragraph.] 

Motor  Trucks. — Firm  in  Southern  Europe 
wishes  catalogues,  price  lists,  etc.,  of  motor 
trucks.  No.  16022.  [For  address  see  first  para- 
graph.] 

Iron  Pipes,  Etc. — A  merchant  in  one  of  the 
neutral  European  countries  wishes  to  represent 
American  manufacturers  and  exporters  of 
foundry  pig  iron,  sheet  metal,  malleable  iron, 
and  pipes  for  gas  and  water  conduits.  He 
wishes  to  represent  on  a  commission  basis. 
No.  16020.  [For  address  see  first  paragraph.] 
Pipe,  Turbines.  Etc. — Firm  of  Agents  and 
importers  in  Russia  wishes  to  represent  Ameri- 
can manufacturers  of  textile  machinery, 
laundry  and  ventilating  machinery,  malleable 
fittings  and  pipes,  steam  and  water  turbines, 
electrical  machinery,  etc.  Correspondence  may 
be  in  English.  Prices,  etc.,  should  be  stated 
in   Russian   equivalents  and  quotations  should 


be  made  c.  i.  1.  Russian  ports.  No.  16016.  [For 
address   see  first   paragraph.] 

Water  Pipes,  Etc. — City  in  South  America 
is  contemplating  replacing  the  old  earthen 
water  tubes  in  use  in  the  city  water-supply 
system.  It  is  believed  there  will  be  an  oppor- 
tunity for  American  firms  to  secure  business 
in  connection  with  this  work.  (No.  16030. 
[For  address  see  first  paragraph.] 

Railway  Supplies. — An  American  consular 
officer  in  the  Far  East  has  transmitted  specifi- 
cations for  the  following  railway  supplies ; 
Fire-box  steel,  boiler  tubes  and  staybolt  iron, 
brushes,  copper  wire,  tube-hole  liners,  files, 
hammers,  spanners,  oilers,  feeders,  buckets, 
and  cans.  The  specifications  may  be  exam- 
ined at  the  Bureau  of  Foreign  and  Domestic 
Commerce  or  its  branch  oflSces.     No.  16000. 

Shovels. — Business  man  in  Canada  desires 
to  establish  commercial  relations  with  Ameri- 
can manufacturers  and  exporters  of  shovels. 
No.  15991.     [For  address  see  first  paragraph.] 

Harbor  and  Port  Construction. — An  Ameri- 
can consular  officer  in  the  Near  East  has 
transmitted  a  detailed  report  and  drawings 
relative  to  harbor  and  port  improvements 
which  are  to  be  undertaken  in  the  near  future. 
Copies  of  the  full  report  and  the  drawings 
mav  be  inspected  at  the  bureau  and  its  branch 
offices.     No.   15998. 


INDUSTRIAL  NOTES 

The  Terry  Steam  Turbine  Co.,  Hartford, 
Conn.,  has  opened  an  office  in  the  Michigan 
Trust  Bldg.,  Grand  Rapids,  Mich.,  in  charge 
of  Mr.  A.  L.  Searles,  to  cover  the  southern 
peninsula  of  Michigan.  The  Chicago  office  of 
the  Terry  Co.  is  now  in  charge  of  Mr.  A.  W. 
de  Revere,  and  located  in  the  Peoples  Gas 
Bldg. 

Among  the  contracts  recently  awarded  the 
Raymond  Concrete  Pile  Co.  of  New  York  & 
Chicago,  are  the  following :  Placing  Raymond 
concrete  piles  in  the  foundation  of  apartment 
building  for  Nels  Gross,  Delaware  Place,  near 
Seneca  St.,  Chicago,  111.  Wm.  Ernest  Walker, 
architect.  Building  marine  railway  at  the  plant 
of  the  Maryland  Steel  Co.  of  Sparrows  Point, 
Md.  Placing  concrete  piles  for  the  Hardy 
Apartment  at  200  E.  Delaware  PL,  Chicago,  111. 
Chatton  &  Hammond,  architects;  McLennan 
Construction  Co.,  contractor.  Placing  concrete 
piling  for  the  foundation  of  the  Union  Na- 
tional Bank  Bldg.,  Cleveland,  O.  Walker  & 
Weeks,  architects;  Crowell-Lundoff- Little  Co. 
general  contractors. 


NEW  CATALOGUES 

Concrete  Mixers.— Paper,  folder;  T.  L.  Smith 
Co.,  1125  32nd  St.,  Milwaukee,  Wis. 
Folder     describing     the     Smith     Mixerette, 

with    views    of    the    machine    and    equipment. 

Gives  weight,  capacity,  price,  etc. 

Galvanized  Conduit. — Paper,  4x9  ins. ;  8  pp., 
Sprague  Electric  Works,  New  York  City. 
Description,  price  list  and  list  of  installa- 
tions of  "Greenfielduct,"  a  hot  galvanized  con- 
duit made  from  an  especially  selected  soft, 
mild  steel. 

PCNCHING    AND     SHEARING     MACHINE. — Paper, 

8%xll    ins.;    4    pp.,    Joseph    T.    Ryerson    & 

-Son,  Chicago. 

Bulletin  No.  11,101,  describing  Ryerson 
quintuple  combination  punching  and  shearing 
machine.     Illustrated. 

Metal  Coating. — Paper,  6x9  ins. ;  8  pp.  Hess 
&  Son,  10.31  Chestnut  St.,  Philadelphia,  Pa. 
Describes   "Epicassit,"   a  metallic   protective 

coating  for  metal  articles  or  structures  of  all 

kinds.    Describes  the  various  brands  and  gives 

instructions   for  application. 

Wire  Rope. — Paper,  3%x6  ins.;     94     pp.     A. 

Leschen  &  Sons  Rope  Co.,  St.  Louis,  Mo. 

Catalogue  No.  35,  containing  tables  and 
data  relative  to  wire  rope  and  aerial  wire  rope 
tramways.  Gives  considerable  general  in- 
formation on  the  uses  of  wire  rope  for 
logging,  cableways,  power  transmission,  etc. 
Illustrated. 


Wire   Rope. — Paper,    8x10    ins. ;     16    pp.,    A. 

Leschen  &  Sons  Rope  Co.,  St.  Louis,  Mo. 

Exposition  number  of  "Leschen"s  Hercules," 
devoted  to  the  Panama-Pacific  Exposition,  and 
describing   some   instances   in   which    Leschen 
wire  rope  was  used  in  installing  exhibits. 
Oxyacetylene  Welding. — Paper,  6x9  ins. ;  30 

pp.       Vulcan     Process     Co.,     Minneapolis, 

Minn. 

Catalogue  No.  4,  describing  the  Vulcan 
process  of  oxyacetylene  welding  and  cutting 
of  metals.  Shows  the  apparatus  and  gives 
data  relative  to  the  various  plants  furnished. 
Tables  of  weights,  pressure,  gas  consump- 
tion, costs,  etc.,  are  also  included. 

Cableways. — Paper,  9x12  ins.;  8  pp.     Lidger- 
wood    Manufacturing   Co.,   96   Liberty   Street, 
New  York  City. 

Bulletin  No.  32,  "Cableways  on  Filtration 
Work,"  describes  and  illustrates  the  installa- 
tion of  Lidgerwood  traveling  cableways  and 
their  work  at  the  Cleveland,  Ohio,  filtration 
plant.  Also  shows  a  traveling  cableway  at 
work  on  concrete  filters  at  Aspinwall,  Pa. 

Concrete  Atomizer. — Paper,  8%xll  ins.;  4 
pp.,  Harold  P.  Brown,  124  Liberty  St.,  New- 
York  City. 

Describes  and  illustrates  a  concrete  mixer 
and  atomizer  designed  for  mixing  and  placing 
concrete  by  steam  ejections,  of  particular  use 
in  repairing  walls,  or  to  apply  plaster,  cement, 
whitewash  and  paint,  to  join  old  and  new 
concrete,  etc. 


CATALOGUE  REVIEWS 

Steel  Windows. — Paper,  9x11  ins.,  loose  leaf 

form,    12    sections;    Detroit    Steel    Products 

Co.,  Detroit,  Mich. 

Catalogue  No.  G,  describing  Fenestra  solid 
steel  casements.  The  book  is  loose  leaf  in 
form,  each  general  subject  being  discussed  in 
a  separate  section.  The  subjects  of  the  12 
sections  included  in  the  catalogue  are  Fenestra 
Side  Wall  Sash,  Fenestra  Monitor  Sash, 
Fenestra  Steel  Channel  Doors,  Fenestra  Steel 
Partitions,  Fenestra  Powerhouse  Sash,  Fen- 
estra for  Textile  Mills,  Fenestra  Detention 
Sash,  Fenestra  Underwriters'  Sash,  Fenestra 
for  School  Buildings,  Detroit  and  Fenestra 
Solid  Steel  Casements,  Fenestra  Erection  and 
Glazing,  Fenestra  Installations. 

A  complete  inde.x  to  all  the  sections,  a  gen- 
eral explanation  of  the  uses  and  advantages  of 
Fenestra,  a  history  of  its  origin,  and  a  list  of 
the  types  of  construction  included  in  the  Fen- 
estra line,  appear  in  the  first  section.  Each 
section  is  fully  illustrated  with  half-tones  and 
line  cuts  showing  construction  details,  stand- 
ard sections,  etc.  Considerable  tabular  data  as 
to  sizes,  weights,  spacing,  etc.,  are  also  given. 
Section  11  consists  of  directions  for  handling 
and  installing  Fenestra,  and  Section  12  of 
photographic  reproductions  of  many  typical 
installations. 

Concrete  Reinforcing. — Paper,  4%xT  ins.,  48 

pp.,  American  System  of  Reinforcing,  10  S. 

La  Salle  St.,  Chicago,  111. 

Handbook  of  Concrete  Construction,  outlin- 
ing briefly  the  methods  of  design  used  by  the 
engineering  department  of  the  above  com- 
pany. Explains  the  advantages  of  the  "Unit 
System"  over  "Loose  Bar  Construction,"  the- 
ory of  design,  general  design  of  slab  and  beam, 
column  design,  "Unit  Frames"  for  concrete 
beams  and  girders.  "Unit  Spirals"  and  the 
advantages  of  the  American  system  of  rein- 
forcing. Gives  information  on  structural  steel 
fireproofing,  the  "American"  bar,  less  than  car- 
load shipments,  etc. 

The  tables  give  areas  of  columns,  rods,  bars, 
fabric  for  roads,  safe  loads  for  spiral  columns, 
slab  thickness  and  reinforcing,  tests  of  "Unit" 
spirals,  weights  and  extras  of  ".\merican" 
bars.  "Unit"  fabric  for  concrete  slabs,  etc.  The 
little  book  is  well  illustrated  with  views  of 
construction  work  or  completed  structures  in 
which  "Unit"  frames  for  concrete  bearns, 
"Unit"  spirals  for  concrete  columns,  "Unit" 
fabric  for  concrete  slabs  or  the  "American 
system"  throughout,  has  been  used. 


No    developments    affect- 
The  Doings     '"S     adversely     the     indus- 
try   and    commerce    of    the 
of  country     took     place     dur- 

,  -,,  ,  ing  the  past  vifeek.  The 
the  WeeK.  steady  but  slow  advance 
of  business  activities  con- 
tinued. Progress  was  made  in  railroad 
financing  and  large  additions  were  made 
to  new  security  issues.  A  number  of  municipal 
bond  issues  found  ready  markets.  The  excess 
of  exports 'for  the  week  ended  March  13  ex- 
ceeded $47,000,000,  which  is  the  largest  balance 
in  favor  of  the  United  States  ever  produced 
by  a  single  week's  foreign  trade.  There  were 
distinct  indications  of  sustained  recovery  in 
the  leading  industries,  in  building  construction 
and  in  general  merchandising.  AH  in  all  the 
developments  of  the  past  week  were  such  as 
support  confidence  in  a  coming  period  of  ac- 
tivity. In  the  construction  field  there  was  no 
slowing  up.  JNIany  undertakings  of  importance 
reached  the  call  for  bids  stage,  many  good 
sized  contracts  were  placed,  and  much  new 
•work  made  its  appearance.  State,  county  and 
township  highway  construction  is  furnishing 
many  opportunities  for  contractors.  Municipal 
paving  work  is  opening  up  in  good  shape  and 
state  and  county  bridge  jobs  are  abundant. 
Large  construction  jobs  in  the  waterworks 
and  sewerage  fields  have  been  few  as  yet. 
Many  small  municipal  undertakings  in  these 
lines,  however,  are  now  being  advertised,  and 
prospects  are  good  that  some  of  the  larger 
work  will  be  ready  for  contractors  in  the  near 
future.  In  the  Iron  and  Steel  Trade  the  im- 
provement of  previous  weeks  has  continued. 
The  Iron  Age  reports  that  the  scale  of  mill  op- 
erations for  the  entire  steel  industry  is  around 
€0  per  cent.  During  part  of  last  week  the 
Steel  Corporation's  steel  ingot  plant  was  work- 
ing at  69  per  cent.  Structural  and  bar  business 
is  increasing.  The  Steel  Corporation  has  an- 
nounced its  intention  of  building  a  new  steel 
tie  plant  at  Homestead,  and  also  will  under- 
take important  improvements  at  New  Castle. 
Rail  buying  has  been  light  but  ship  building 
has  furnished  much  business  to  the  plate  mills. 
Tlie  Iron  Age  prices  for  finished  iron  and  steel 
and  for  sheets,  nails  and  wire  for  the  week 
ending  March  17  were  as  follows : 
Finished    Iron    and    Steel.  Mar.  17.  Mar.  10. 

Per  Lb.  to  Large  Buyers —      Cts.  Cts. 

Bess,   rails,  heav.v,   at  mill....     1.25  1.25 

Iron    bars.    Pliiladelphia    1.15  1.15 

Iron    bars,    Pitt.sl3Urgh    1.10  1.10 

Iron    bars.    Chicago    1.10  1.10 

Steel    bars.    Pittsburgh    1.15  1.15 

Steel    bars.    New    York    1.319  1.319 

Tank  plates.    Pittsburgh    1.10  1.10 

Tank  plates.  New  York 1.269  1.269 

Beams,    etc..    Pittsburgh    1.15  1.15 

Beams,    etc..    New   York 1.269  1.319 

Skelp.    grooved    steel.    P'gh...     1.10  1.10 

Skelp.    sheared    steel,    P'gh...     1.15  1.15 

Steel    hoops.    Pittsburgh    1.25  1.25 

Sheets,    Nails  and  Wire. 

Per  Lb.   to  Large  Buyers — 
Sheets,    black,     No.     28.    P'gh.     1.80  1.80 

Galv.    sheets.    No.    28.    P'gh...     3.40  3.40 

Wire     nails.     Pittsburgh 1.60  1.60 

Cut     nails.     Pittsburgh 1.55  1.55 

Fence    wire,    base.    P'gh 1.40  1.40 

Barb    wire.     galv..     P'gh 2.30  2.10 

For  structural  material  f.  o.  b.  Pittsburgh 
The  Iron  Age  prices  were  as  follows :  I-beams 
3  to  15  in. ;  channels,  3  to  15  in. ;  angles,  3  to 
■6  in.  on  one  or  both  legs,  %  in.  thick  and 
over,  and  tef,  3  in.  and  over,  1.15  cts. 

Railways. — The  railroads,  as  far  as  the 
beginning  of  new  construction  is  concerned, 
are  still  watchfully  waiting — and  so  are  the 
contractors.  Nothing  has  developed  during  the 
past  week  that  would  indicate  that  the  carriers 
were  ready  to  give  out  any  large  amount  of 
work.  The  Chicago  &  Northwestern  Ry.  has 
awarded  about  $150,000  worth  of  bridge  work 
on  various  parts  of  its  system.  The  Cleary- 
White  Construction  Co.,  Chicago;  Widcll  Co., 
Mankato,  Minn.,  and  the  Koss  Construction 
Co..  Des  Moines.  la.,  secured  the  contracts. 
The  Illinois  Central  R.  R,  will  award  a  con- 
tract early  this  week  for  6  miles  of  line  near 
West  Frankfort,  111.  The  Ohio  Valley  Trac- 
tion Co.,  Portsmouth.  O.,  was  to  let  contracts 
Saturday  for  a  jil-mile  extension.    The  Public 


Service  Commission  of  the  First  District,  New 
York  City,  is  calling  for  bids  on  another  sec- 
tion of  the  Dual  System  of  Rapid  Transit. 
About  20  more  sections  of  this  improvement 
are  yet  to  be  placed  under  contract,  and  it  is 
hoped  to  advertise  them  all  within  six  months. 

Roads  and  Streets. — A  great  deal  of  work 
in  the  state  and  county  highway  improvement 
fields  is  now  being  advertised  for  bids.  Cali- 
fornia is  asking  proposals  on  tJ  contracts  aggre- 
gating 29  miles  of  road;  Ohio  opens  bids  April 
2  on  20  construction  contracts  and  two  repair 
jobs;  Illinois  is  calling  for  bids  on  7  contracts. 
New  Jersey,  Ohio  and  Washington  counties 
also  are  asking  proposals  on  sever  1  road  jobs. 
In  the  municipal  paving  field  a  large  number 
of  jobs  reached  the  call  for  bids  stage  last 
week.  Houston,  Tex.,  opens  bids  April  12  on 
a  contract  estimated  to  cost  ,$187,000.  Eagle 
Grove,  la.,  is  calling  for  bids  on  52,000  sq.  yds. 
of  pavement;  Walla  Walla,  Wash.,  on  a  $90.- 
000  job ;  Phillipsburg,  N.  J.,  on  a  61,000  sa.  yd. 
contract,  and  Cumberland,  Md.,  on  57,000  sq. 
yds.  The  road  and  street  contracts  let  recentlv 
include:  A  $95,000  lob  at  Moline,  III;  a  $142,- 
000  job  at  Topeka,  Kan.;  a  large  amount  of 
work  at  Wilkesbarre,  Pa. ;  a  $100,000  road  con- 
tract in  Nez  Perce  County,  Idaho.  The  Mc- 
Nichol  Paving  &  Construction  Co.,  Philadel- 
phia, at  $151,591  was  low  bidder  March  16  for 
improvement  of  Parkway  at  Philadelphia. 

Bridges. — A  considerable  amount  of  small 
bridge  and  culvert  construction  is  now  being 
advertised  for  proposals.  No  especially  large 
undertakings  in  this  field,  however,  appear  to 
have  reached  the  call  for  bids  stage  during  the 
past  week.  One  Iowa  county  is  calling  for 
bids  on  75  reinforced  concrete  bridges  and 
culverts.  Several  other  counties  also  are  ask- 
ing proposals  on  groups  of  small  bridges  and 
culverts.  The  Chesapeake  &  Ohio  R.  R.  has 
finally  financed  the  bridge  to  be  erected  at 
Sciotoville,  O.,  and  has  awarded  the  contract 
for  15,000  tons  of  steel. 

Waterworks. — No  particularly  large  un- 
dertakings in  the  waterworks  field  appear  to 
have  come  up  for  advertising  during  the  past 
week.  Bids  are  being  asked  by  several  cities 
for  the  supply  of  pumps,  pipe,  and  other  sup- 
plies. Union,  S.  C,  is  calling  for  bids  for  an 
extension  requiring  21,000  ft.  8-in.  pipe ;  Lar- 
amie, Wyo.,  is  asking  proposals  on  an  18,000- 
ft.  extension ;  Morning  Sun,  la.,  opens  bids 
.''ipril  5  for  waterworks  to  cost  $25,000.  Cleve- 
land, O.,  has  awarded  a  $272,000  contract  for  a 
filtered  water  reservoir;  Salem,  Mass.,  let  a 
$51,000  job  for  additional  work  for  supply 
from  Ipswich  River;  Holton  Kan.,  awarded 
contracts  for  waterworks  extensions  and 
Chillicothe,  Mo.,  placed  contracts  for  a  new 
water  system. 

Sewerage. — Grinnell,  la.,  is  asking  bids  on 
69,000  ft.  of  sanitary  sewers;  Butte,  Mont.,  is 
readvertising  the  construction  of  13  miles  of 
sewer;  York,  Pa.,  opens  bids  April  2  on  a 
sewage  disposal  plant  to  cost  $90,000.  Round- 
up, Mont.,  is  asking  proposals  on  20,000  ft.  of 
sewer;  Salem,  O.,  on  52,000  ft.,  and  Fitchburg, 
Mass.,  on  3,400  ft.  of  main  intercepting  sewer. 


47  otiier  state  legislatures  in  this  country  and 
in  each  one  of  them  some  representative  or 
senator  has  a  pet  bill  for  reducing  the  revenues 
of  the  railroads.  This  is  one  of  the  reasons 
for  the  dullness  in  the  railway  construction 
field. 


When     state     legislatures 
convene  the  open  season  for 
Railway         Ihe    railways   begins.     They 
.         .  arc  a  shining  target  and  any 

Legislation,  statesman  who  wishes  may 
take  a  shot  at  them.  Of 
late  there  has  been  some  let- 
up in  the  amount  of  legislation  aimed  at  the 
common  carriers.  But  they  are  still  a  favorite 
subject  for  the  law  makers  and  no  legislative 
session  is  considered  complete  without  the  pass- 
age of  a  few  acts  that  afifect  the  treasuries  of 
the  railroads.  Some  person  with  a  sharp 
pencil  has  figured  out  that  14  bills  now  before 
the  Minnesota  legislature,  if  they  all  become 
laws,  will  cost  the  railroads  operating  in  that 
state  $7,000,000  the  first  year.  In  addition 
there  is  a  bill  providing  for  the  establislmicnt 
of  the  municipal  depot  at  Minneapolis,  calling 
for  an  expenditure  of  $17,000,000  and  annual 
maintenance  charges  of  $1,600,000.     Tliere  are 
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The     highway     construc- 
tion    season     is     beginning. 
Highway        New  York  opens  bids  in  a 
.  few  days  on  its  first  letting 

Construction,  of  the  year.  Ohio  is  calling 
for  proposals  on  22  con- 
tracts estimated  to  cost 
$600,000.  CaHfornia  is  asking  estimates  on  29 
miles  of  state  highway.  Connecticut  and 
Massachusetts  are  beginning  to  show  signs  f 
activity  and  Maine  soon  will  ask  bids  on  the 
first  roads  in  its  1915  construction  program. 
The  Highwav  Commissioner  of  Arkansas  esti- 
mates that  $5,000,000  or  $6,000,000  will  be  ex- 
pended this  season  on  road  work  in  that  state. 
North  Carolina  has  a  highway  commission  and 
the  legislature  of  that  state  at  its  last  session 
helped  matters  along  by  passing  some  100  bills 
affecting  road  improvements  in  the  various 
counties  and  townships.  The  legislature  of 
Washington  appropriated  $6,000,000  for  high- 
way construction  and  maintenance  dur- 
ing the  next  two  years.  Illinois  already 
has  awarded  contracts  for  two  highway  lettings 
and  is  now  taking  bids  on  the  third. '  Reports 
from  all^  sections  of  the  country  indicate  that 
there  will  be  great  activity  in  highway  con- 
struction during  the  present  year.  A  record- 
breaking  amount  of  road  work  will  be  under- 
taken during  the  next  few  months  by  states, 
counties,  townships  and  districts. 


The  idle  team  outfit  is  a 

Idle  serious    proposition    for    its 

owner.     Mules  are      so  pe- 

Team  culiarly     constructed       that 

Diil-fifc  ''^^y  insist  on  their  daily  ra- 

«-»utnts.  tJQj^j    g^.gjj    when    they    are 

not  earning  their  feed.  The 
contractor  with  a  steam  shovel  plant  can  sit 
tight  and  wait  until  something  turns  up.  He 
doesn't  have  to  fork  out  hay  and  pass  around 
grain.  The  contractor  with  the  team  outfit, 
however,  must  hustle  around  for  another  job, 
for  even  a  short  period  of  idleness  means  the 
eating  up  of  the  season's  profits.  Very  little 
railroad  grading  is  underway  at  the  present 
time  and  as  a  consequence  many  contractors 
have  had  to  hunt  another  paymaster.  Govern- 
ment irrigation  developments  are  furnishing 
work  for  many  team  outfits.  Others  are  em- 
ployed in  levee  construction  and  in  drainage 
ditching.  Some  contractors,  who  in  the  past 
engaged  only  in  railway  grading,  have  now 
taken  up  the  construction  of  earth,  sand-clay 
and  gravel  roads  in  southern  states.  Other 
contractors  are  taking  subcontracts  for  the 
hauling  of  materials  for  use  in  road  building. 
Several  contractors  have  secured  good  con- 
tracts from  real  estate  firms  for  grading  for 
new_  subdivisions.  One  man  with  a  10-team 
outfit  kept  busy  in  grading  lots  for  building 
contractors. 


After  many  years  of  agi- 

Arbitration     V''""  •''"^    '^'°    ^^^^..o^ 
PI  ■  dctermmed    effort,    buildmg 

L-iause  in  contractors  have  secured 
Contracts.  more  equit.able  contract  con- 
ditions. On  March  8  the 
Joint  Committee  of  the 
.'\mcrican  Institute  of  Architects  and  the  Na- 
tional Association  of  Builders'  Exchanges  rati- 
fied the  contract  documents  that  have  been 
under  consideration  by  these  two  organiza- 
tions for  the  last  two  years.  The  new  docu- 
ments provide  for  arbitration  of  all  matters  in 
dispute  and  make  many  other  changes  that 
have  heretofore  perceptibly  increased  the  cost 
of  erecting  lnuldin.gs.  The  new  form  of  con- 
tract in  eliminating  drastic  arbitrary  powers 
that  existed  in  documents  governing  building 
construction  will  prove  of  great  benefit  not 
only  to  contractors  but  also  to  the  owners. 
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HIGHWAY     CONSTRUCTION     IN 
ILLINOIS. 


Details  of  Work  Contemplated  in  24  Coun- 
ties. 


Earth    Roads — Gravel — Macadam — Brick — 
Concrete. 

Tlie  first  contracts  under  the  state  aid  law 
in  Illinois  were  let  early  in  July  of  1914.  Dur- 
ing the  period  from  July  1  to  Dec.  1  contracts 
covering  approximately  100  miles  of  state-aid 
roads  were  let.  Of  this  total  about  80  per 
cent  were  concrete  and  20  per  cent  brick  on 
a  concrete  base.  These  contracts  called  for 
work  m  48  of  the  102  counties  of  the  state. 
It  is  estimated  that  of  the  contracts  placed 
last  year  some  75  per  cent  of  the  work  had 
been  finished  before  weather  conditions  neces- 
sitated a  shutdown,  leaving  about  25  per  cent 
to  be  completed  this  spring.  For  the  present 
season  plans  already  had  been  prepared  on 
Feb.  1  for  the  construction  of  roads  and 
bridges  in  28  additional  counties,  and  this 
work  will  be  carried  on  in  the  spring  and 
summer  of  1915.  Plans  also  were  under  way 
for  work  in  17  other  counties.  In  all  probability 
93  counties  will  avail  themselves  this  season 
of  the  state  aid  allotments  of  the  Highway 
Commission.  It  is  expected  that  the  expendi- 
tures in  1915  from  the  appropriation  of  the 
48th  General  Assembly  will  be  approximately 
the  same  as  were  made  in  1914. 

The  following  table  from  Illinois  High- 
ways shows  the  sections  of  state-aid  highway 
that  have  been  completed  and  accepted  by  the 

state  previous  to  Feb.  1,  1915: 

Total 

County.  Sec.         Type.  Miles.  cost. 

Sangaraan    B  Concrete  0.G3  $7,537 

Sangamon    D  Concrete  0.62  6.651 

Champaign   ...  C  Brick  1.33  1S,53J 

Edgar    A  Brick  0.98  14,S9G 

Cass    A  Concrete  0.74  6,901 

Iroquois    B  Concrete  2.52  22,785 

Sangamon    C  Concrete  0.45  6,664 

Tazewell    A  Concrete  0.81  9,82'. 

Will    A  Concrete  1.87  19,9U3 

Bond     A  Brick  0.38  9,68.: 

Cook    A  Concrete  9.50  6,917 

Cook     B  Concrete  1.34  19,501 

McHenry    A  Concrete  0.49  5,96a 

Sangamon    ....  E  Concrete  0.63  7,70.i 

McHenrv    B  Concrete  0.28  3,571 

Livingston   A  Concrete  2.37  26,240 

Sangamon    ....  A  Concrete  0.63  6,493 

Tazewell     C  Concrete  0.44  4,152 

Clay    A  Concrete  0.70  6,289 

Douglas    B  Brick  0.48  6,008 

Cook     E  Concrete  3.6S  65,808 

Kankakee    A  Concrete  1.79  22,682 

Menard     A  Concrete  0.44  6,207 

Total     24.10         

The  first  state-aid  road  letting  for  1915  was 
held  on  Feb.  23,  when  bids  were  opened  for 
seven  sections  of  highway.  These  sections 
and  the  contract  price  were  as  follows : 


o  J,  o  >>  »  o 

O  CO  K  H  JO 

Cook     G  3     Concrete     12,957     $27,070 

Madison   ....   A     1  +  11     Brick  9,000       29,893 

Winnebago    .   B  11     Concrete       6,200       14,400 

Winnebago    .  A  10     Concrete       5,280       10,947 

Whiteside    ..   B  1     Concrete       4,400       

Whiteside    ..   C  1     Concrete       2,000     flO.SSS 

Alexander    . .   A  1     Gravel  5,100         6,448 

•Exclusive  of  cement,  which  is  furnished  by 
state.     fFor  Sections  B  and  C. 

The  second  letting  was  held  on  March  10, 
at  which  time  bids  were  opened  on  four  sec- 
tions of  highway.  The  sections  and  the  prices 
at  which  the  work  was  let  were  as  follows : 


^  .as  V  Ml  *j 

O  So  ^  HP 

Monroe   A      1       Concrete       1.900       $  2,300 

Union     A      1       Gravel  3,200  t 

Bureau    A      7      Concrete      4,000        

Bureau    B       4       Concrete       3,928       tl2,866 

•Exclusive  of  cement,  which  is  furnished  by 
state.  tNot  let.  JCombined  brick  for  Bureau 
A  and  B. 

The  third  letting  of  the  present  year  is  now 


being  advertised.  This  work,  bids  on  which 
will  be  opened  March  31,  comprises  the  fol- 
lowing : 

*"«  3 

■^  o  .  C3         c       -i^   . 

C  S  ^  bo  .-  aj.M  y  ?J  0) 

3  o  a  a         M-"  1.    .g-" 

o  o  ^  «  c2o«-,.SSi5 

O  to  B  J        BS&ocm 

Morgan     A       Concrete         4,468         $10,529 

Clinton     A       Concrete         5,550  9,598 

Effingham    ..     A       Concrete         7,560  9,276 

Piatt    .\       Brick  5,000  13,106 

Peoria    B       Concrete       10,452  30,458 

Union     A       Gravel  3,200  *3,130 

Johnson    A       Bridges  t205  *2,700 

*No  materials  furnished  by  state.  tCu.  yds. 
reinforced  concrete. 

Several  counties  in  the  state  also  will  start 
work  this  season  on  highway  improvements 
to  be  carried  out  under  bond  issues.  Vermil- 
lion Countv  will  expend  about  $1,500,000  for 
its  work.  In  Cook  County  a  $2,000,000  bond 
issue  was  authorized  last  November  for  road 
work. 

A  tentative  outline  of  the  road  work  pro- 
posed for  this  season  in  24  Illinois  counties  is 
given  in  Table  I.  Further  details  regarding 
these  improvements  follow :  Alexander  Coun- 
ty has  $36,000  available  for  highway  purposes 
and  will  repair  50  miles  of  earth  road  and 
construct  3  miles  of  gravel  road.  The  latter 
work  will  be  done  by  contracts,  which  will 
be  let  in  August  or  September.  W.  N.  Moy- 
ers,  Mound  City,  111.,  is  County  Superintend- 
ent of  Highways. 

Boone  County  has  $51,627  available  for 
township  work.  No  construction,  however,  had 
been  determined  on.  T.  W.  Humphrey,  Belvi- 
dere,  111.,  is  County  Superintendent  of  High- 
ways. 

Bureau  County  has  $43,000  of  county  and 
state  funds  available  for  state-aid  roads.  Four 
miles  of  concrete  road  will  be  constructed,  the 
contracts  for  which  will  be  let  by  the  State 
Highway  Commission.  About  $10,000  will  be 
expended  by  the  townships  in  the  county  for 
special  gravel  construction.  Contracts  for  this 
will  be  let  about  August.  The  total  township 
road  and  bridge  funds  amount  to  $114,000. 
This  will  be  expended  as  the  Commissioners 
may  determine.  F.  R.  Bryant,  Princeton,  111., 
is   County   Superintendent  of   Highways. 

Champaign  County  has  $8,000  available  for 
construction  purposes.  About  %  mile  of  brick 
road  will  be  built.  Contracts  for  this  will  be 
let  in  the  spring  by  the  State  Highway  Com- 
mission. G.  C.  Faircio,  Urbana,  III.,  is  County 
Superintendent  of  Highways 

Crawford  County  has  $.55,000  available  for 
state  roads  and  about  $40,000  of  road  and 
bridge  funds.  About  4  miles  of  gravel  road 
and  6  miles  of  macadam  will  be  constructed. 
In  addition  4  miles  of  state-aid  road  in  this 
county  are  now  under  construction,  and  are 
about  50  per  cent  completed.  Part  of  the  new 
work   will   be   done   by   contract,   the    lettings 

TABLE  I.— HIGHWAY  IMPROVEMENTS  PRO- 
POSED FOR   1915   IN   24  ILLINOIS 
COUNTIES. 

I Type  of  road , 

Earth,  Grav.,  Mac,  Brick,  Cone. 
County.  miles,  miles,  miles,  miles,  miles. 

Alexander    50'  3 

Boone    

Bureau    . .  . .  . .  4 

Champaign     . .  . .  % 

Crawford     4  6  . .  4= 

De    Kalb 110  35  8 

De    Witt 3  

Franklin 1  '4 

Grundy     ..  ..  ..         14/5= 

Hardin    10 

Henry 2 

Iroquois    S  2Vi       . .  1  Vi 

Kane    40  ..  ..  2* 

Marion . .  . .  . .  ? 

Mason     ?  ?  ?  ?  ? 

Ogle     50  20  10  2 

Piatt 5 

Pulaski    301  \y^ 

Vermillion     . .  . .  . .        175° 

Wabash    20  

Will     ?  ?  ?  ?  ? 

Whiteside ..  ..  ..  2 

Williamson 2«         ..  1>4 

Winnebago    ?  ?  ?  ?  1 

'Repairs.  'By  state  aid,  now  about  50  per 
cent  completed.  ^Under  contract.  *Probable 
that  6  or  8  miles  additional  of  concrete  will  be 
built  as  state-aid  work.  ^175  miles  of  concrete 
and  brick  paved  roads;  will  probably  build  V3 
of  this  total  this  year.  'Also  %  mile  of  bitu- 
minous work. 


to  be  held  sometimes  between  May  and  July. 
J.  P.  Lyon,  Robinson,  111.,  is  County  Superin- 
tendent of  Highways. 

De  Kalb  County  has  $129,000  available  for 
construction  purposes.  It  will  probably  con- 
struct 35  miles  of  gravel  road  and  8  miles  of 
macadam.  Most  of  the  work  will  be  done  by 
contracts,  which  will  be  let  in  the  spring.  Wm. 
C.  Miller,  Sycamore,  111.,  is  County  Superin- 
tendent of  Highways. 

De  Witt  County  has  $30,000  available  for 
road  purposes.  It  will  construct  2  or  3  miles 
of  new  earth  road  and  will  carry  out  the 
usual  amount  of  repairs  and  upkeep  on  earth 
roads,  all  work  being  done  by  the  Town- 
ship Commissioners  of  Highway-^.  .A  new 
steel  and  concrete  bridge  is  planned  for  the 
highway  on  the  county  line  between  Rutledge 
and  Empire  Townships,  De  Witt  and  McLean 
Counties.  E.  F.  Campbell,  Clinton,  111.,  is 
temporary  County  Superintendent  of  High- 
ways. 

Franklin  County  will  have  1%  miles  of  con- 
crete state-aid  road  constructed  this  season. 
Contracts  for  the  work  will  be  let  about  June 
by  the  State  Highway  Department.  The  coun- 
ty has  $10,000  available  for  construction  pur- 
poses. George  F.  Benton,  Hampton,  111.,  is 
County   Superintendent  of  Highways. 

Grundy  County  has  9,000  ft.  of  concrete 
road  under  construction.  The  contract  for 
this  was  awarded  on  Sept.  29  for  $15,489.  F. 
W.  Stine,  Morris,  111.,  is  County  Superintend- 
ent of  Highways. 

Hardin  County  has  $3,000  available  for  con- 
struction purposes  and  will  grade  10  miles  of 
earth  road  by  force  accounr.  W.  M.  Ball, 
Elizabethtown,  111.,  is  County  Superintendent 
of  Highways. 

Henry  County  will  have  probably  2  miles 
of  concrete  state-aid  highway  constructed  this 
year.  The  contract  will  be  let  by  the  State 
Highway  Department.  James  H.  Reed,  Cam- 
bridge, III,  is  County  Superintendent  of  High- 
ways. 

Iroquois  County  has  $165,262  in  its  road  and 
bridge  fund  and  $21,200  available  for  town- 
ship hard  roads.  Probably  8  miles  of  gravel 
road  and  about  IVz  miles  of  macadam  will  be 
constructed.  About  1%  miles  of  concrete 
state-aid  road  also  will  be  built.  Only  the 
latter  work  will  be  done  by  contract.  Benj. 
Jordan,  Watseka,  111.,  is  County  Superintend- 
ent of  Highways. 

Jasper  County  has  $7,200  available  for 
bridges  on  state-aid  roads.  The  work  will  be 
done  by  contract;  time  for  letting  has  not 
been  determined.  S.  A.  Connor,  Newton,  111., 
is  County  Superintendent  of  Highways. 

Kane  County  has  $119,515  available  in  town- 
ship road  funds.  It  will  construct  40  miles 
of  gravel  road  and  2  miles  of  concrete.  No 
contracts  will  be  let.  It  is  also  probable  that 
6  or  8  miles  of  18-ft.  concrete  road  will  be 
built  by  county  and  state  funds  as  state-aid 
work.  G.  N.  Lamb,  St.  Charles,  III.,  is  County 
Superintendent  of  Highways. 

Marion  County  has  $14,825  available  from 
joint  county  and  state  fund.  Of  this  sum  $6,325 
will  be  expended  on  a  10-ft.  concrete  road, 
bids  for  which  will  be  opened  in  April  or  May. 
The  balance  will  be  expended  on  permanent 
bridge  work.  In  addition  there  will  be  $45,- 
000  of  township  funds,  of  which  %  will  be 
spent  on  permanent  bridge  work  and  the  re- 
mainder on  maintenance  work  on  the  present 
roads.  Lee  S.  Trainor,  Centralia,  111.,  is  Coun- 
ty  Superintendent   of   Highways. 

Mason  County  has  $49,500  available  for  con- 
struction purposes.  H.  V.  Schoonover,  Ha- 
vana, 111.,  is  County  Superintendent  of  High- 
ways. 

Ogle  County's  probable  construction  pro- 
gram for  1915  includes  50  miles  of  earth  work, 
20  miles  of  gravel,  10  miles  of  macadam  and 
2  miles  of  brick.  The  work  will  be  done  by 
contract.  The  county  has  $50,000  available 
for  construction  purposes.  Alex  .Anderson, 
Polo,  III.,  is  County  Superintendent  of  High- 
ways. 

Piatt  County  has  $58,868  available  for  con- 
struction purposes.  Five  miles  of  brick-paved 
roads.  Lee  S.  Trainor,  Centralia.  111.,  is  Coun- 
done  by  contract.  One  letting  for  1%  miles 
probably  will  be  held  this  month.     T.  J.  .\n- , 
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derson,  Moiiticello,  111.,  is  County  Superin- 
tendent of  Highways. 

Pulaski  County  has  $17,000  available  for 
construction  purposes.  It  will  repair  30  miles 
of  earth  roads  and  will  build  iy2  miles  of 
gravel  road.  The  latter  work  will  be  done  by 
contract,  which  will  be  let  in  August  or  Sep- 
tember. W.  N.  Moyers,  Mound  City,  111.,  is 
County  Superintendent  of  Highways. 

Vermillion  County  on  Nov.  3,  1914,  voted 
to  authorize  a  bond  issue  of  $1,500,000  for  the 
construction  of  a  system  of  improved  roads 
in  the  county.  This  improvement  was  out- 
lined in  the  Jan.  6,  1915,  issue  of  Engineering 
AND  Contracting.  About  175  miles  of  road 
are  to  be  surfaced  with  concrete  or  brick. 
Most  of  the  surfacing  will  be  concrete.  The 
roads  are  to  be  paved  for  a  width  of  10  ft. 
It  is  planned  to  spread  the  work  over  three 
years,  expending  about  $500,000  per  year.  Con- 
tracts will  be  let  about  June  1.  Wm.  S.  Dil- 
lon, Danville,  County  Superintendent  of  High- 
ways, is  engineer  in  charge  of  the  $1,500,000 
worth  of  road  work. 

Wabash  County  will  construct  20  miles  of 
gravel  road.  A  bond  issue  for  this  work  was 
voted  on  Feb.  8.  The  improvements  will  be 
carried  out  by  contract.  Guy  W.  Courter,  Mt. 
Carmel,  111.,  is  County  Superintendent  of 
Highways. 

Whiteside  County  has  $19,000  available  for 
state-aid  roads  and  $106,000  for  general  town- 
ship work.  Two  miles  of  concrete  road  will 
be  constructed,  contracts  for  which  will  be 
let  by  the  State  Highway  Department.  V.  N. 
Taggart,  Morrison,  111.,  is  County  Superin- 
tendent of   Highways. 

Williamson  County  has  $26,000  available  for 
construction  purposes.  Two  miles  of  mac- 
adam, 1%  miles  of  concrete  road  and  %  mile 
of  bituminous  work  will  be  undertaken.  The 
work  will  be  done  by  contract.  P.  B.  Wilson, 
Marion,  111.,  is  County  Superintendent  of 
Highways. 

^A^innebago  County  will  construct  during 
1915  1  mile  of  18-ft.  concrete  road  and 
1%  mile  of  10-ft.  concrete  road.  Contract 
will  be  let  by  the  State  Highway  Department. 
No  definite  plans  have  been  prepared  as  yet 
for  the  other  road  work  in  this  county.  A.  R. 
Carter,  Rockford,  111.,  is  County  Superintend- 
ent of  Highways. 

Woodford  County  has,  a  total  road  and 
bridge  tax  of  $65,000.  No  new  work,  however, 
will  be  undertaken  this  season.  A.  B.  Hurd, 
El  Paso,  111.,  is  County  Highway  Superintend- 
ent. 


RECLAMATION    OF    OVER- 
FLOWED TERRITORY  IN 
SOUTH. 


Large  Areas  of  Cut-Over  Lands  to  Be  Re- 
claimed. 


Plan    for   Districts    on    Big    Black    River,    Missis- 
sippi. 

Reclamation  of  overflowed  cut-over  lands  in 
southern  states  will  during  the  next  few  years 
offer  many  construction  opportunities.  With 
the  cutting  of  the  most  valuable  timber  from 
the  swamp  and  overflowed  lands  it  has  be- 
come evident  that  future  returns  from  these 
acreages  must  be  sought  in  agriculture.  Each 
year  this  condition  is  becoming  more  promi- 
nent in  the  South.  Formerly,  heavy  growths 
of  valuable  timber  afforded  a  revenue  from 
these  lands;  but  with  the  cutting  of  this  tim- 
ber the  land  becomes  valueless  unless  drained 
and  put  under  cultivation.  It  is  probable  that 
the  increasing  demand  for  land  for  acriculture 
will  in  the  near  future  make  necessary  the 
reclamation  of  a  good  portion  of  these  lands. 

Draina.ge  engineers  of  the  U.  S.  Department 
of  Agriculture  have  been  studying  the  ques- 
tion and  have  completed  recently  an  extensive 
survey  of  conditions  along  the  Big  Black 
River,  Mississippi,  with  the  object  of  formu- 
lating plans  for  reclaiming  overflowed  land 
in  that  section.  This  river  enters  the  Missis- 
sippi River  at  a  point  about  20  miles  below 
Vicksburg,  and  conditions  along  it  are  fairly 


representative  of  those  that  exist  in  greater 
or  less  degree  on  many  southern  streams. 

Under  present  conditions  from  75  to  100 
per  cent  of  the  Big  Black  River  bottoms  are 
overflowed  to  a  depth  of  from  3  to  8  ft.  by 
each  heavy  rainstorm  that  lasts  from  2  to  3 
days  and  covers  the  entire  watershed.  The 
problem  is  to  restrict  the  area  flooded  and  to 
reduce  the  durations  of  the  overflows  by  pro- 
moting a  quick  passage  of  the  flood  waters 
through  the  valley.  The  plan  for  ultimate 
reclamation  as  devised  by  the  U.  S.  Drainage 
Engineers,  involves  the  excavation  of  a  main 
ditch  and  laterals  in  the  upper  portion  of  the 
valley  and  construction  of  leveed  floodway 
through  the  remaining  portion.  Provision  for 
tributary  streams  and  for  interior  drainage 
also  is  made.  To  carry  out  this  work,  30 
drainage  districts  having  a  total  area  of  96,- 
088  acres  are  planned. 

The  estimated  cost  of  the  work,  exclusive 
of  that  of  clearing  the  main  floodway,  varies 
in  the  different  drainage  districts  from  $15.72 
to  $41.36  per  acre,  the  average  cost  per  acre 
for  the  36  districts  being  $23.06.  The  engineers 
recommend  that  the  clearing  of  the  main 
floodway  be  done  by  a  separate  organization 
comprising  all  of  the  overflowed  land  below 
District  No.  1,  exclusive  of  that  of  the  flood- 
way  itself.  On  this  basis  the  cost  of  clearing 
would  be  $5.21  per  acre  benefited.  Especial 
attention  is  called  to  the  necessity  of  provid- 
ing sedimentation  areas  at  the  lower  extremi- 
ties of  the  several  tributaries  of  the  river,  and 
of  taking  immediate  steps  to  arrest  the  hill- 
side erosion  now  taking  place  within  the 
watershed.  According  to  a  report  by  the  U. 
S.  Drainage  Engineers  it  is  doubtful  if  con- 
ditions in  the  valley  at  this  time  justify  the 
expenditure  necessary  for  the  complete  recla- 
mation as  outlined.  It  is  stated,  however,  that 
the  work  in  at  least  one  of  the  districts  (No, 
1)  should  be  carried  out  at  once.  A  feature 
that  contributes  greatly  to  the  high  cost  per 
acre  for  the  levee  districts  is  the  narrowness 
of  the  bottoms  as  compared  with  the  large 
amount  of  water  that  must  be  provided  for. 
It  has  seemed  advisable,  however,  to  propose 
plans  for  the  reclamation  of  the  entire  part 
of  the  valley  under  consideration,  as  the  in- 
creasing demand  for  agricultural  land  will 
doubtless  make  the  reclamation  of  these  lands 
desirable. 


tract  VI-Tul,-4-E2  also  is  in  Tulare  County.  It 
e.xtends  from  Goshen  to  Travers,  is  about  8% 
miles  in  length  and  is  to  be  built  of  Portland 
cement  concrete.  Contract  VII-Ora,-2-A  cov- 
ers about  4  miles  of  road  in  Orange  County, 
extending  from  Section  32,  T.  8  S.,  R.  7  W.,  to 
Serra,     This  section  is  to  be  graded. 

Bids  for  the  above  improvements  will  be 
received  until  2  p.  m.  April  5,  by  the  State 
Highway  Commission,  515  Forum  Bldg.,  Sac- 
ramento, Cal.  Austin  B.  Fletcher  is  State 
Highway  Engineer. 


Twenty-nine  Miles  of  State  Highway 
in  California  Advertised  for  Bids. 

The  California  Highway  Commission  is 
now  asking  bids  on  first  state  highway  letting 
of  the  present  year.  The  work  advertised 
covers  six  contracts  and  includes  an  aggregate 
of  233,000  cu.  yds.  of  unclassified  excavation 
and  27,530  cu.  yds,  of  concrete  pavement.  In 
all  21)  miles  of  highway  are  to  be  improved. 

Table  I  shows  the  quantities  in  the  si.x  con- 
tracts. Contract  III  Yub,-3-A  is  located  in 
Yuba  County,  and  extends  from  the  southerly 


COUNTY  HIGHWAY  CONSTRUC- 
TION. 


Details  of  Work  to  Be  Done  in  Iowa,  Ken- 
tucky, Minnesota  and  Wisconsin. 


In  previous  issues  details  were  given  of  the 
highway  construction  contemplated  for  the 
present  season  in  various  counties  in  Iowa, 
Kentucky,  Minnesota  and  Wisconsin,  Since 
the  publication  of  these  figures  returns  have 
been  received  from  additional  counties  in  the 
four  states.  A  summary  of  the  construction 
in  these  counties  follows : 

, Type  of  road , 

Earth,    Gravel,    Mac, 

County  and  state.  miles,      miles,      miles. 

Jones,   Iowa   30 

Polk,  Iowa   2  3 

Winnebago,    Iowa    47' 

Greenup,    Kentucky    100^ 

Todd,   Kentucky ..  7 

Chippewa,  Minnesota  ...  25 
Kanabec.  Minnesota  . ...  10 
Kandiyohe,    Minnesota    , .     40  7 

Marshall,    Minnesota    . . ,  ,     35 

Wright,    Minnesota   10  15 

Washburn,    Wisconsin    . .        ? 

Wood,    Wisconsin    20  . .  5' 

135  miles  engine  grader  work;  12  miles  per- 
manent road,  -Will  make  start.  'Also  2Vi  miles 
concrete  road. 

Further  details  regarding  these  improve- 
ments follow ; 

Jones  County,  Iowa,  has  $40,000  available 
for  bridge  construction  and  $38,000  for  road 
purposes.  It  will  construct  30  miles  of  earth 
road,  the  work  being  done  by  contract.  Let- 
tings  will  be  held  in  March  or  April,  J.  F. 
Whalen,  Anamosa,  la,,  is  County  Engineer. 

Polk  County,  Iowa,  will  construct  2  miles 
of  earth  road  and  3  miles  of  gravel  road.  The 
work  probably  will  not  be  done  by  contract. 
The  county  has  $33,000  available  for  highway 
purposes,  H,  C.  Curtis,  Des  Moines,  la,,  is. 
County  Engineer. 

Winnebago  County,  Iowa,  has  $40,000  avail- 
able for  construction  work.  It  will  under-^ 
take  35  miles  of  engine  grader  work  on  earth; 
roads  and  also  will  construct  12  miles  of  per- 
manent earth  road.  The  latter  work  will  be 
done  by  contract ;  letting  will  be  held  in  .^pril. 
The  35'  miles  of  grader  work  will  be  done  by- 
county  crew,  O,  N,  Gjellefold,  Forest  City, 
la,,  is  Countv  Engineer, 

Greenup  County,  Kentucky,  has  $200,000 
available    for   construction    purposes.      It    will 


TABLE  I.— QUANTITIES  IN  SIX  STATE  HIGHWAY   CONTRACTS  IN  CALIFORNIA. 

III-Yub.     III-Yol.     III-Yol.     VI-TuI.     VI-Tul.     Vll-Ora. 

^  2-A. 

■7,500 


yds. 


A, 
000 

SO 
200 

4S 


B^xcavation,  without  classification,  cu 
Corrugated  iron  pipe,  12-in,,  lin.  ft.. 
Corrugated  iron  pipe,  IS-in.,  lin.  ft.. 
Corrugated  iron  pipe.  24-in.,  lin.  ft. . 
Corrugated  iron  pipe,  36-in,,  lin.  ft.. 
Concrete,  culverts  and  monuments,  cu.  yds,.  SO 

Concrete   pavement,    cu.   yds 3,210 

Gravel  resurfacing,  tons 

Guard  rail,  lin,   ft 1,320 

Monuments,  haul  and  set 3S 

Wooden   piles,  lin.   ft 


6-A, 
6,3,000 
300 
50 


15 

7,210 


i;-c, 

IS, 000 
168 
48 


4-El. 

24,000 

ISO 


4-E2, 

34,000 

60 


■IS 


IfiO 

15 

3 

700 

3 

5on 

I 

700 

20 

125 
5,200 

'4,00'6 
58 


121 
S,210 


5C2 
506 


S4 


46 
1,440 


to  Morrison's  Crossing.  It  is  about  3  miles  in 
length  and  is  to  be  built  of  Portland  cement 
concrete.  Two  sections  of  the  highway  are  in 
Yolo  County.  Contract  III-Yol, -6-.A.  extends 
from  Davis  to  Yolo  By-Pass,  is  about  5  miles 
in  length  and  is  to  be  graded  and  a  portion 
built  of  Portland  cement  concrete.  Contract 
III-Yol.-0-C  Is  about  3%  miles  in  length  and 
is  to  be  built  of  Portland  cement  concrete.  It 
extends  from  Yolo  By-Pass  to  tlie  Sacramento 
River. 

Contract  VI-Tul. -4-El  is  located  in  Tulare 
County  and  extends  from  Travers  to  northerly 
boundary.  It  is  about  5  miles  in  length  and  is 
to  be  built  of  Portland  cement  concrete.    Con- 


begin  work  on  100  miles  of  earth  road  im- 
provement. The  work  will  be  done  by  con- 
tract, R,  M  Scott,  Greenup,  Ky.,  is  County 
Engineer, 

Todd  County.  Kentucky,  has  $14,000  avail- 
able for  construction  purposes  and  w-ill  build 
about  7  miles  of  macadam.  No  contracts  wilt 
be  let.  J,  B,  Miller,  Elkton,  Ky,,  is  County 
Engineer, 

Chippewa  County,  Minnesota,  will  construct 
25  miles  of  earth  road  during  the  present  sea- 
son. The  work  will  be  done  bv  contract,  the 
letting  to  be  held  April  12,  About  $21,000  is 
available.  F.  O.  Nelson,  Montevideo,  Minn., 
is  District  Engineer. 
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Kanabec  County,  Minnesota,  has  $27,000 
available  for  construction  purposes  and  will 
build  about  10  miles  of  earth  road.  No  con- 
tracts will  be  let.  A.  H.  Merrill,  Mora,  Minn., 
is  District  Engineer. 

Kandiyohi  County,  Minnesota,  has  about 
$23,000  available  for  construction  purposes  and 
about  $0,700  for  maintenance.  It  is  proposed 
to  construct  40  miles  of  earth  road  and  7  miles 
of  gravel.  Bids  will  be  taken  in  April,  May  or 
June.  Charles  J.  Estlund,  Willmar,  Minn.,  is 
District  Engineer. 

Marshall  County,  Minnesota,  has  $30,000 
available  for  construction  purposes  during  the 
present  year.  About  $25,000  will  be  e.xpended 
on  35  miles  of  earth  road  (state  roads).  The 
work  will  be  done  by  contracts  which  will  be 
let  in  April.  Oswald  Lind,  Warren,  Minn.,  is 
District  Engineer. 

Wright     County,     Minnesota,     has     $40,000 


SEWERAGE     DEVELOPMENT 
FOR  CLEVELAND,  O. 

Expenditure     of    $1,677,000     Proposed     for 
Present  Year. 


Construction  of   Diversion  Sewer  and  Treatment 
Worl<s. 


A  large  amount  of  work  is  contemplated  for 
the  present  season  by  the  city  of  Cleveland  in 
connection  with  the  construction  of  its  im- 
proved sewerage  and  sewage  treatment  works. 
The  estimated  total  cost  of  the  entire  com- 
pleted project  is  $3,859,000.  Of  this  sum 
work  to  cost  $1,353,000  has  been  completed, 
is  under  contract  or  is  provided  for  by  ordi- 
nance. The  work  contemplated  for  1915  is 
estimated    to    cost   $1,677,000.      The    status    of 


This  will  comprise  grit  chambers,  fine  mesh 
screen,  disinfection  apparatus.  The  sewage  will 
be  discharged  through  a  submerged  outlet  out 
in  the  lake.  The  Easterly  Sanitary  District 
excludes  the  entire  northeasterly  portion  of 
the  city,  taking  in  the  area  east  of  the  Cuyo- 
hoga  River  and  north  of  Kingsbury  Run,  and 
inchiding  the  Doan  Brook  Valley,  East  Cleve- 
land and  the  newly  annexed  territory  of  Not- 
tingham and  Euclid  Village.  Most  of  the 
sewage  from  this  district  already  passes  into 
the  lake  at  E.  140th  st.  It  is  intended  to  in- 
stall on  the  land  at  this  point  a  sewage  treat- 
ment plant  comprising  grit  chambers,  sedi- 
mentation tanks  of  relatively  small  capacity 
and  disinfection  apparatus.  A  breakwater  now 
under  construction  at  this  point  will  protect 
the  city  property  and  permit  the  reclamation 
of  some  30  acres  of  land. 


TABLE  I. -DETAILS  OF  20   CONTRACTS   NOW  BEING 


Coiint\'. 


Allen    

Champaign    . 

Clark    

Defiance    . . . 

Erie    

Fayette  .... 
Hancock    ... 

Huron    

Lake    

Montgomery 
Paulding  .  . . 
Paulding  . . . 
Putnam  .... 
Sandusky    . . 

Shelby    

Tuscarawas 
Tuscarawas 
Tuscarawas 
Warren    .... 
Williams    . . . 


Section.     Road 


ADVERTISED    BY  THE  STATE  HIGHWAY  DEPARTMENT,  COLUMBUS,  OHIO 

Width       Width 
Townsliip.  Length,  paving,  roadway 


G 

K 
H 
C 
L. 
G 
E 
K 
H 

I 

E 
D 
H 
F 
B 
K 

I 
J 
B 

J 


Type.  iTTiles. 

Lima-Ottawa    German  and  Bath Brick   47 

Troy-Urbana-Southern    Concord Conctete 1 


Springfield-Washington  C.   H Harmony    W.   B.    macadam. 

Hlcksville-Defiance    Mark    Conciete    

Cleveland-Sandusky    Berlin   Concrete    

Springfield -Washington  C.  H Union  Brick 

Dima-Sandusky Union  W.    B.   macadam. 

Plymouth-Norwalk    Norwalk    Concrete    

Cleveland-Buffalo    Mentor  Brick 


Dayton-Troy Harrison 

Deflance-Delphos    Brown    W. 

Continental-Paulding     W. 

Van  Wert-Ottawa  Monterey    W. 

Fremont-Castalia    Riley   W. 

Piqua-Sidney    Clinton-Sidney   W, 

Wooster-Canal    Dover Franklin  Brick 

New    Comerstown-Urichsville Clay    Brick 

New    Philadelphia-West   Lafayette York    Brick 

Cincinnati-Chillicothe    Harlan    W.   B. 

Brvan-Pioneer    Madison  W.    B, 


2.87 
4.03 
4.56 
.IG 
1.02 
1.07 
4.69 
Brick     1.4S 


B.  macadam . 

B.  macadain. 

B.  macadam. 

B.  macadam. 

B.  macadam. 


macadam . 
macadam. 


1.00 
1,02 
1.97 
2.00 
1.T8 
1.20 
1.00 
2.00 
2.15 
1.03 


ft. 
IS 
14 
16 
16 
IC 
16 
16 
10 
18 
15 
14 
14 
16 
16 
16 
15 
15 
14 
14 
14 


ft. 
28 
26 
26 
26 
28 
31 
26 
20 
27 
30 
24 
24 
26 
26 
26 
28 
36 
29 
26 
24 


Estimated 
cost. 

$11,912 
11,571  . 
26,51S 
51,77i; 
81,221 
2,872 
8,534 
12,920 

132,363 
33,310 
10,502 
7,805 
14,264 
18,630 
17,809 
23,108 
22,094 
34,938 
17,529 
10,351 


available  for  construction  purposes.  It  will 
build  10  miles  of  earth  road  and  15  miles  of 
gravel  road.  Contracts  will  be  let  about  April 
15  to  June  15.  F.  W.  Van  Krevelen,  Buffalo, 
Minn.,  is  District  Engineer. 

Washburn  County,  Wisconsin,  has  $18,000 
available  for  construction  purposes,  and  will 
expend  this  money  on  earth  roads.  No  con- 
tracts will  be  let.  F.  L.  Irwin,  Spooner,  Wis., 
is  County  Highway  Commissioner. 

Wood "  County's  construction  program  for 
the  present  season  includes  20  miles  of  earth 
road,  5  miles  of  macadam  and  2%  miles  of 
concrete.  The  latter  will  be  constructed  by 
contract,  letting  to  be  held  after  March  15. 
The  county  has  about  $70,000  available  for 
construction  purposes.  Louis  Amundson, 
Grand  Rapids,  Wis.,  is  County  Highway  Com- 
missioner. 


the    improvement 
tabulation  : 


is   shown   in   the   following 


Twenty-two  State  Highway  Contracts 

In  Ohio  Now  Being  Advertised 

for  Bids. 

The  lirst  state  highway  letting  of  importance 
of  the  present  year  in  Ohio  is  npw  being  adver- 
tised for  bids.  The  work  includes  20  construc- 
tion contracts  and  2  contracts  for  the  Bureau 
of  Maintenance  and  Repairs.  One  of  the  latter 
improvements  provides  for  work  on  a  section 
of  the  National  Road  (west)  in  Franklin  and 
Prarie  Township.  Franklin  County.  It  incUides 
grading  shoulders  and  ditches,  constructing 
waterbound  gravel  side  drive  8  ft.  in  width  and 
39,200  ft.  in  length,  constructing  waterbound 
macadam  16  ft.  in  width  and  573  ft.  long,  sur- 
facing with  tar  and  screenings  16,473  ft.  for 
a  width  of  16  ft.,  surface  treating  with  screen- 
ings for  a  16-ft.  width  a  length  of  22,727  ft., 
and  making  other  repairs.  The  total  length  of 
the  road  is  7.42  miles  and  the  estimated  cost 
of  construction  is  $19,396.  The  other  job  for 
the  Bureau  of  Maintenance  and  Repairs  calls 
for  paving  the  roadw'ay  with  concrete  in  Sec- 
tion L  of  the  Mansfield-Golin  Road  in  Madison 
Township.  The  work  covers  .74  mile  of  road 
for  a  width  of  20  ft.  and  is  estimated  to  cost 
$1.5,2.57. 

Details  of  the  other  20  contracts  are  given 
in  Table  I.  On  each  of  these  bids  are  asked 
for  constructing  the  bridges  and  culverts  and 
grading  roadway  and  paving.  The  bids  will  be 
received  until  2  p.  m.  April  2.  by  James  R. 
Marker,  State  Highway  Commissioner,  Co- 
Jumbus,    O. 


■    Sewerage: 

Southerly  inter- 
ception     $ 

S.  Walworth  Run 
diversion  sewer 
proper    

Connec  t  i  o  n  s  to 
Walworth  Run 
diversion  sewer. 

Morgan  Run  sew- 


er 


■do 
Sh  ° 

5  C      V 

^  (LI  QJ  C 


583,000 


150,000 


,°  > 

Hr-f        "O 

C  t,  g 

O  o  2  E 


o 

a         -r-t 

O  r  t- 
■^—  n 

i°i 

Woo 


577,000     $1,160,000 


400,000 


Southern      Brook- 
lyn   branch 

Sewage  Disposal: 
Southerly — 

Land    100,000 

Treatment    works      100,000 
Westerly — 

Land    33,000 

Treatment    work's 

(screens)    26,000 

Easterly — 

Land     110,000 

.Shore  protection. .  110.000 
Treatment  works.  *25,000 
Sewage  testing 

station    56,000 


600,000 


100,000 


400,000 

110,000 

210,000 

10,000 

160,000 
700,000 

33,000 

200,000 

110.000 
110,000 
600,000 

56,000 


Total    $1,353,000     $1,077,000     $3,859,000 

*Can  be  expended  in  preparation  of  site. 

The  plan  of  sewerage  developments  pro- 
vides for  three  main  outlets.  The  city  ac- 
cordingly has  been  divided  into  three  sanitary 
districts,  called  for  convenience  the  southerly, 
westerly  and  easterly  districts.  The  main  sew- 
ers have  been  designed  to  have  a  capacity  to 
accommodate  an  estimated  population  of 
1,700,000  people,  on  the  basis  of  400  gals,  per 
capita. 

The  Southerly  Sanitary  District  includes 
that  part  of  the  city  south  of  Kingsbury  Run 
and  east  of  the  Cuyahoga  River.  The  inter- 
cepting sewer  for  this  district  will  terminate 
on  land  now  owned  by  the  city  in  Newburgh 
Heights  village,  at  which  point  a  sewage 
treatment  plant  comprising  grit  chambers,_  sed- 
imentation tanks  and  sprinkling  filters  will  be 
constructed.  In  the  westerly  sanitary  district 
the  entire  sewage  from  the  west  side  will  be 
collected  at  the  lake  front  near  W.  58th  St., 
where   a   treatment   plant   will   be   constructed. 


The  general  plans  for  collecting  the  entire 
sewage  of  the  city  have  been  approved  by  the 
State  Board  of  Health.  Partially  detailed  plans 
for  the  westerly  and  southerly  treatment 
plants  have  been  submitted  to  the  Board,  and 
general  plans  for  the  easterly  treatment  plant 
were  to  be  ready  for  submission  this  month. 

The  contract  for  sewers  in  the  valley  of 
Morgan  Run  was  let  in  May,  1913,  and  the 
work  was  completed.  Contracts  for  the  con- 
struction of  the  southerly  inteixepting  sewer 
from  Kingsbury  Run  to  Morgan  Run  were  let 
in  June  of  last  year.  'These  contracts  covered 
11,220  lin.  ft.  of  sewer,  and  of  this  about  3,000 
ft.  had  been  completed  up  to  Feb.  1  last.  The 
construction  of  the  remaining  portion  of  the 
sewer,  from  the  city  limits  to  the  treatment 
plant,  is  being  delayed  until  some  permission 
is  obtained  from  the  officials  of  Newburgh 
Heights  to  construct  a  sewer  within  the  vil- 
lage. The  contract  for  the  excavation  pre- 
liminary to  building  the  southerly  treatment 
plant  has  been  let.  The  contract  for  the  E. 
140  St.  breakwater  was  let  in  September, 
1914,  and  up  to  about  Feb.  1  approximately 
700  ft.  of  the  total  length  of  2,600  ft.  had  been 
placed. 

R.  Winthrop  Pratt  is  Engineer  in  charge  of 
the  improved  sewerage  and  sewage  treatment 
work  of  Cleveland. 


Highway  Construction  in  North  Caro- 
lina. 

A  considerable  amount  of  highway  con- 
struction will  be  undertaken  in  North  Caro- 
lina during  the  present  season.  The  State 
Legislature,  which  adjourned  recently,  passed 
nearly  100  bills  providing  for  road  improve- 
ments in  nearly  every  county  in  the  state.  Sev- 
eral of  these  bills  authorized  good-sized  coun- 
ty bond  issues. 

The  legislature  also  passed  the  bill  provid- 
ing for  a  State  Highway  Commission.  This 
will  consist  of  Governor  Craig  and  State 
Geologist  Joseph  Hyde  Pratt,  ex-officio  mem- 
bers ;  Prof.  Marvin  H.  Stacy  of  the  Engineer- 
ing Department  of  the  LTniversity  of  North 
CaroHna;  Prof.  W.  C.  Riddick  of  the  Engi- 
neering Department  of  the  North  Carolina 
College  of  Agriculture  and  Mechanical  Arts ; 
E.  C.  Duncan,  Raleigh,  and  Col.  Benehan  Cam- 
eron. Sagville ;  Guy  V.  Roberts,  Asheville.  The 
Commission    will   select   a   State   Road    Engi- 


March  24,   VJ15. 
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neer.  The  act  provides  an  appropriation  of 
$10,000.  Engineering  assistance  will  be  given 
to  county  authorities  applying  for  aid  in 
the  location  and  construction  of  public  high- 
ways. Already  some  20  counties  have  filed 
applications  with  the  Commission. 


Reorganization   of   Idaho   State   High- 
way Commission. 

The  Legislature  of  the  state  of  Idaho  has 
passed  a  bill  for  the  reorganization  of  the 
State  Highway  Commission.  The  act  has  been 
approved  by  the  Governor.  The  bill  provides 
for  a  commission  of  three  members,  one  to 
be  the  Secretary  of  State,  who  also  is  Secre- 
tary of  the  board,  and  two  to  be  appointed  by 
the  chief  executive  of  the  state.  The  Com- 
missioners are  to  have  terms  of  four  years. 
The  present  board  consists  of  five  members. 
Under  the  reorganization,  the  State  Engineer 
and  the  head  of  the  department  of  engineering 
of  the  state  university,  members  of  the  old 
board,  are  not  included  in  the  membership  of 
the  new  one  Changes  also  are  made  in  the 
present  highway  law.  The  highway  tax  is  ap- 
portioned 60  per  cent  to  the  county  and  40  per 
cent  to  the  highway  fund.  Authorization  is 
given  for  the  employment  of  convict  labor  on 
state  highways  at  $5  per  month.  New  rates 
of  license  fees  required  of  automobile  owners 
are  as  follows:  30  hp.,  $15;  from  30  hp.  to  40 
hp.,  $20;  up  to  and  including  50  hp.  $40;  mo- 
torcycles. $5 ;  manufacturer  or  dealer,  $35  for 
each  make  carried. 


Vermont     Society     of     Engineers. — The 

third  annual  meeting  of  the  Vermont  Society 
of  Engineers  was  held  at  Hotel  Vermont  in 
Burlington,  INIarch  11.  The  morning  and  after- 
noon session  were  given  over  to  business  and 
the  reports  and  discussions  of  standing  com- 
mittees. A  dinner  was  given  and  a  public 
meeting  w'as  held  in  the  evening,  when  several 
interesting  addresses  were  given.  The  officers 
elected  for  the  coming  year  are :  President, 
A.  C.  Grover,  Rutland;  vice-president,  H.  M. 
Mcintosh,  Burlington;  W.  H.  Vorce,  St. 
Albans;  secretary,  G.  A.  Reed,  Barre ;  treas- 
urer, A.  S.  Winslow,  Northfield :  Director  for 
three  years,  J.  W.  Votey,  Burlington.  The 
reports  show  an  increase  in  membership  of  19 
during  the  year,  making  a  total  enrollment  of 
102  at  this  time. 


PERSONALS 

Mr.  .A.fthur  L.  Mullergren,  consulting  en- 
gineer, formerly  of  Poteau,  Okla.,  is  now  con- 
nected with  the  Benham  Engineering  Co.,  con- 
sulting engineers,  of  Oklahoma  City. 

Mr.  James  A,  Smith  assumed  the  presi- 
dency and  active  management  of  the  Cleve- 
land Engineering  Construction  Co.,  engineers 
and  contractors,  Cuyahoga  Bldg.,  Cleveland, 
Ohio,  on  March  1.  Mr.  Smith  has  a  wide  ex- 
perience in  the  construction  of  harbors,  rail- 
roads, foundations  and  in  dredging  work. 

Mr.  Gustav  J.  Requardt,  2235  Eutaw  Place, 
Baltimore,  Md.,  has  been  appointed  acting  di- 
vision engineer,  sewage  disposal  division,  Bal- 
timore Sewerage  Commission.  He  succeeds 
Mr.  H.  C.  McRae  and  will  have  charge  of  the 
operation  of  the  plant  and  the  completion  of 
a  contract  for  the  building  of  28  40-ft.  radial- 
flow  Imhoff  tanks,  Ifl  40-ft.  sludge  tanks  and 
5%  acres  of  sludge  beds.  Mr.  Requardt  has 
been  connected  with  the  Baltimore  Sewerage 
Commission  since  1909,  and  has  worked  on 
the  construction  of  the  sewage  disposal  plant, 
practically  from  its  beginning,  first  as  a  "line 
and  grade"  man,  then  as  assistant  engineer 
and  recently  as  assistant  division  engineer  in 
charge  of  contracts. 

Mr.  Charles  L.  Fish,  who  was  chosen  as 
secretary  of  the  American  Concrete  Institute,  is 
a  graduate  in  civil  engineering  of  the  Worce- 
ster Polytechnic  Institute,  class  of  1901.  He 
was  instructor  in  mathematics  and  civil  engi- 
neering in  the  Agricultural  and  Mechanical 
College  of  North  Carolina  for  two  years.  For 
six  years  he  was  with  Milliken  Brothers  of 
New  York  City  in  the  designing  and  contract- 


ing departments.  Since  that  time  he  has  been 
employed  in  the  capacity  of  sales  manager  and 
building  superintendent  for  V.  J.  Hedden  & 
Sons  Co.,  Tucker  &  Vinton  of  New  York,  and 
the  Emerson,  Norris  Co.,  manufacturers  of 
artificial  stone.  Mr.  Fish  will  take  up  the 
business  management  of  the  Institute  and  is 
also  editor  of  the  journal  published  by  that 
association.  His  headquarters  are  at  1418 
Walnut  St.,  Philadelphia. 

Mr.  C.  C.  Elwell  has  been  appointed  a  mem- 
ber of  the  Public  Utilities  Commission  of 
Connecticut  for  a  term  of  six  years,  beginning 
July  1,  1915.  Mr.  Elwell  has  been  chief  engi- 
neer for  the  Commission  since  its  creation  "in 
September,  1911.  Mr.  Elwell  is  a  graduate 
from  the  University  of  Maine,  class  of  1878. 
He  was  in  the  Lighthouse  Engineer  Depart- 
ment in  South  Carolina  until  1882,  when  he 
entered  railway  service,  being  connected  witli 
the  New  York  &  New  England,  Wilmington 
&  Northern  and  Baltimore  &  Ohio  Railways 
as  assistant  engineer,  roadmaster  or  engineer, 
maintenance  of  way,  until  1893.  In  that  year 
he  became  connected  with  New  York,  New 
Haven  &  Hartford  Railroad  Co.  as  road- 
master  in  charge  of  four-tracking  between 
New  Y'ork  and  New  Haven.  For  13  years 
he  was  division  superintendent  and  for  three 
years  was  engineer  of  the  company's  trolley 
lines  in  Connecticut  and  New  York.  He  left 
that  position  in  1911,  when  he  was  employed 
by  the  Connecticut  Public  LUilities  Commis- 
sion. 

Mr.  Butler  Smith,  civil  engineer  of  Mil- 
bank,  S.  D.,  has  been  appointed  county  sur- 
veyor for  Grant  County,  South  Dakota.  Mr. 
Smith  specializes  in  bridge  work  and  ditch- 
ing, and  during  his  term  of  office  will  have 
the  superintendency  of  construction  of  the 
Grant  County  court  house,  a  $100,000  building. 
Mr.  Smith  has  been  connected  with  railroad 
work  through  most  of  his  professional  career. 
He  began  in  1899  as  rodman  for  the  Atlantic, 
Valdosta  &  Western,  and  has  held  positions 
as  follows:  Assistant  chief  engineer,  Indian- 
apolis Southern ;  assistant  engineering  corps, 
Pennsylvania  lines,  and  the  Vandalia ;  resident 
engineer,  Indianapolis,  Newcastle  &  Toledo 
Electric;  resident  engineer,  Chicago,  Milwau- 
kee &  St.  Paul;  chief  engineer,  division  and 
resident  engineer  on  various  preliminary 
steam  and  electric  railways,  including  the 
Logansport,  Hammond  &  Chicago,  the  Lima 
&  Toledo,  and  the  Oakland,  Charleston  & 
Western.  In  May,  1912,  he  began  on  double- 
track  work  in  South  Dakota  for  the  Chicago, 
Milwaukee  &  St.   Paul. 

Mr.  Edward  Wegmann  and  Mr.  A.  G.  Hill- 
berg  announce  that  they  have  taken  offices  in 
the  South  Ferry  Bldg.,  New  York  City,  to 
engage  as  consulting  hydraulic  engineers  on 
water  works,  waterpower  developments,  sewer 
systems,  irrigation  and  drainage  products,  un- 
der the  firm  name  of  Wegmann  &  Hillberg. 
.■\n  extensive  biographical  sketch  of  Mr.  Weg- 
mann appeared  in  these  columns  March  25, 
1914.  He  was  for  more  than  30  years  con- 
nected with  the  construction  of  the  Croton 
water  works  for  New  York  City,  was  the  last 
chief  engineer  for  the  .Aqueduct  Commission- 
ers, and  subsequently  for  four  years  was  con- 
sulting engineer  for  the  Department  of  Water 
Supply,  Gas  and  Electricity.  He  is  well  known 
through  his  books,  "Design  and  Construction 
of  Dams"  and  "The  Water  Supply  of  the 
City  of  New  York."  Mr.  Hillberg  'has  been 
connected  with  large  hydro-electric  develop- 
ments, notably  the  Mississippi  River  Power 
Co.'s  plant  at  Keokuk,  Iowa.  For  the  past 
two  years  he  has  been  associate  editor  of 
P.iigiiieenng  Record,  in  charge  of  hydraulics. 

Mr.  Andrew  A.  Woods  has  been  made  su- 
lierintendent  of  the  New  Orleans  &  North- 
western Railroad  Co.,  with  headquarters  at 
New  Orleans,  succeeding  the  late  S.  E.  Flan- 
agan. Mr.  Woods  is  a  graduate  in  civil  en- 
gineering from  Tulane  University,  and  en- 
tered the  railway  field  as  rodman  on  the  New 
Orleans  &  Western,  now  the  New  Orleans 
Terminal  Co.  For  one  year  he  was  drafts- 
man in  the  maintenance  of  way  department 
of  the   New  Orleans  &  Northwestern  and  in 
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1898-99  was  draftsman  and  inspector  on 
bridge  pier  construction  for  the  Alabama  & 
Vicksburg,  and  Vicksburg,  Shreveport  &  Pa- 
cific railways.  For  two  years  following  he 
was  assistant  engineer  of  maintenance  of  way 
for  the  New  Orleans  &  Northwestern,  and- 
from  November,  1901,  to  July,  1913,  was  resi- 
dent engineer  in  charge  of  maintenance  of 
way  for  the  two  Vicksburg  lines.  Since  July, 
1913,  until  receiving  his  present  appointment 
in  February  last,  Mr.  Woods  has  been  resi- 
dent engineer  in  charge  of  maintenance  of 
way  for  New  Orleans  &  Northwestern  at  New 
Orleans. 

Mr.  James  Walker  and  Mr.  George  H. 
Cressler  have  announced  their  association  un- 
der the  firm  name  of  Walker  &  Cressler,  Con- 
sulting Engineers,  with  offices  at  742  First  Na- 
tional Bank  Building,  Chicago.  Both  men  are 
graduates  of  the  Sheflield  Scientific  School  of 
Yale  University,  Mr.  Walker  as  a  civil  engi- 
neer in  the  class  of  1894,  and  Mr.  Cressler  a& 
a  mechanical  engineer  in  the  class  of  1902. 
Mr.  Walker  has  been  engaged  in  consulting- 
practice  in  Chicago  for  ten  years,  being  iden- 
tified during  that  period  with  work  in  con- 
nection with  the  Chicago  Elevated  Railways 
Co.,  the  Chicago  Surface  Lines,  the  Chicago 
Association  of  Commerce  Committee  of  In- 
vestigation on  Smoke  Abatement  and  Elec- 
trification of  Railway  Terminals,  various  elec- 
tric railroad,  lighting  and  power  companies, 
and  financial  institutions  interested  in  public 
utility  properties.  Mr.  Cressler,  for  the  past 
ten  years  vice-president  and  chief  engineer  of 
the  Kerr-Murray  Manufacturing  Co.,  Fort 
Wayne,  Ind.,  is  a  member  of  the  .American 
Society  of  Mechanical  Engineers,  American 
Gas  Institute,  National  Commercial  Gas  As- 
sociation, and  several  state  and  district  asso- 
ciations. He  has  designed  and  constructed 
gas  works  installations  in  more  than  one  hun- 
dred cities  of  the  United  States  and  Canada.  The 
firm  is  now  engaged  in  work  embracing  all 
phases  of  the  relation  of  railway,  gas  and 
electric  utilities  to  the  investor  and  the  pub- 
lic, including  construction,  operation,  manage- 
ment, examinations,  appraisals,  reports,  deter- 
mination of  rates,  and  representation  in  con- 
nection with  the  exercise  of  public  authority. 


OBITUARIES 

John  C.  Breedlove,  assistant  engineer  of  the 
Northern  Pacific  Ry.,  died  recentiv  in  St. 
Paul.  Mr.  Breedlove  graduated  from  Cornell 
in  1901  and  has  served  in  the  Northern  Pa- 
cific engineering  corps  for  ten  years.  He  was 
39  years   old. 

Maurice  J.  Hickey,  a  retired  railroad  con- 
tractor, died  at  his  home  in  Tacoma,  Wash., 
March  13,  aged  62.  Mr.  Hickev  was  for  12 
years  in  the  service  of  the  Northern  Pacific, 
and  was  superintendent  of  construction  of 
roundhouse  and  car  shops  in  South  Tacoma. 
He  then  entered  the  contracting  field  from 
which  he  retired  several  years  ago. 

Morton  Riddle,  general  manager  of  the 
Florida  East  Coast  Railway  Co.,  died  at  his 
home  in  St.  .'Vugustine,  Fla.,  March  4.  Mr. 
Riddle  entered  service  with  the  Norfolk  & 
Western  in  1887  and  was  with  that  company 
and  the  Charleston,  Cincinnati  &  Chicago  Ry. 
in  general  engineering  work  until  1890,  when 
lie  became  roadmaster  for  the  .Atlantic  Coast 
Line  Railroad.  He  was  made  superintendent 
tor  the  railroad  in  1900,  assistant  chief  engi- 
neer in  1904  and  general  superintendent  in 
1905.  He  left  the  service  of  that  road  in  Feb- 
ruary, 1914,  to  take  the  position  of  general 
manager  for  the  Florida  East  Coast  Ry. 


CIVIL  SERVICE  NEWS 

The  United  Stales  Civil  Service  Commission 
announces  examination  as  follows : 

Surveyor-Draftsman  ;  forest  service ;  $1  200 
to  $1,500  per  annum;  April  28-29. 

Gas  Waste  Engineer;  Bureau  of  Mines; 
$2,400  to  $3,600  per  annum ;  April  20. 

Hull  Draftsman ;  office  of  chief  of  engi- 
neers; $1,800  per  annum;   April  28-29. 
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BIDS  ASKED. 
Ontario: 

Toruino,  Ont.— Until  noon,  March  .30,  bv 
Mayor  T.  L.  Church,  Chairman,  Board  of 
Control,  for  sweeper  body  and  equipment. 
Equipment  for  machine  shop,  mechanical  and 
electrical  equipment  for  car  bodies  and  4  car 
bodies  .'dl  for  Toronto  Civic  Railway. 

PROSPECTIVE  WORK. 

Alaska : 

Cordova,  Alaska. — Report  of  Alaska  Engi- 
neering Commission  on  its  surveys  for  govern- 
ment railroad  has  been  submitted  to  President 
Wilson.  Secretary  Lane  is  reported  to  have 
asked  $2,000,000  for  commencement  of  work. 
Arizona: 

Tucson,  .Ariz. — Advices  from  this  city  state 
that  there  is  some  prospect  of  the  Calumet  & 
Arizona  Copper  Co.  starting  work  soon  on  a 
line  to  its  mines  at  Ajo  in  Pima  County.  The 
railway  may  be  built  from  Tucson,  a  distance 
of  125'  miles,  or  from  Gila  Bend,  60  miles.  It 
probably  would  be  part  of  El  Paso  &  South- 
western system. 
Indiana : 

Lafavette,  Ind. — Surveys  have  been  com- 
pleted "for  Lafayette  &  Northwestern  R.  R. 
proposing  interurban  from  Lafayette  to  Kan- 
kakee, 111.,  and  it  is  believed  construction  will 
be  started  this  spring.  George  M.  Sewell, 
Wabash,  Ind.,  is  Superintendent  of  Construc- 
tion. 

Indianapolis,  Ind. — Union  Railway  Co.  has 
awarded  contracts  for  8,000  tons  of  steel  for 
track  elevation  here,  and  it  is  understood  that 
construction  work  will  be  started  in  a  few 
days.     P.  J.  Landers  is  Engineer. 

Sullivan,   Ind.— J.  B.  Dorris,   Sullivan,   Ind., 
has  a  40-team  outfit  idle. 
North  Carolina: 

Beaufort,  N.  C— Norfolk  Southern  R.  R. 
is  reported  contemplating  extending  its  line 
from  Beaufort  to  Cape  Lookout. 

Durham,  N.  C— Proposition  is  before  Com- 
mercial Club  of  this  city  for  aid  in  construct- 
ing proposed  Alamance,  Durham  &  Orange 
R.  R.  This  is  interurban  proposition  for 
line  between  Durham,  Chapel  Hill  and  Bur- 
lington. It  is  suggested  that  Durham  Town- 
ship vote  $150,000  bonds  for  the  road. 

Burlington,  N.  C— The  Alamance-Durham- 
Orange  Railway  &  Electric  Co.  has  applied  for 
charter.  Company  proposes  50-mde  electric 
railway  from  Ossippee  to  Durham,  to  cost 
about  $2,000,000.  Junius  Hardin,  Burlington, 
N.   C,   is  interested. 

Edgemont,  N.  C— Engineering  work  will  be 
started  on  April  7  for  proposed  line  of  New- 
land  Averv  Northern  R.  R.  Company  projects 
line  from  Edgemont  to  Newland,  N.  C,  open- 
ing up  large  body  of  timber  land  and  mining 
land.  P.  M.  Brown,  Newland,  N.  C,  is  Pres- 
ident; J.  W.  Ragland,  Newland,  N.  C,  is 
General  Counsel;  and  W.  W.  Barber,  Edge- 
mont, N.  C,  is  Manager. 

Newton,  N.  C— Carolina  &  Northwestern 
Ry,  T.  W.  Fletcher,  Jr.,  Chief  Engineer, 
Chester,  S.  C,  will  undertake  betterment  work 
shortly.  Company  also  proposes  21-miIe  ex- 
tension from  Edgemont. 
Ohio : 

Toledo,  O.— Incorporation  papers  have  been 
filed  for  extension  of  St.  Joseph  Valley  Ry. 
(electric"),  Elkhart,  Ind.,  from  Indiana  state 
line  to  Toledo. 

Cleveland.  O.— City  Council  has  passed  or- 
dinance  authorizing   letting   of   first   contracts 
on  Union  Ave.  S.  E.  grade  crossing  elimina- 
tion. 
Utah: 

Ogden,  Utah.— Ogden,  Logan  &  Idaho  Ry. 
may  have  work  started  soon  on  connecting 
electric  railway  between  Brigham  City  and 
Wellsville.  This  involves  some  36  miles  of 
work  and  will  require  some  heavy  construc- 
tion. 
Virginia : 

Cape  Charles  Citv,  Va.— New  York,  Phila- 
delphia &  Norfolk  R.  R.  is  stated  to  contem- 


plate   a    number    of    improvements    for    this 

spring. 

Wisconsin : 

New  Richmond,  Wis.— Minneapolis,  St.  Paul 
&   Sault   Ste.   Marie   Ry.   is   reported   contem- 
plating  extension    from    Dresser    Junction    to 
New  Richmond. 
Wyoming : 

Sheridan,  Wyo. — Beaver  Hills  Coal  Co.,  ac- 
cording to  reports,  will  expend  about  $100,000 
for  constructing  10-mile  steam  line  between 
Sheridan  and  its  mines. 

BIDS  OPENED; CONTRACTS  LET 

North  Carolina : 

Shelby,  N.  C— S.  S.  Royster  and  O.  Elam, 
Shelby,  are  reported  to  have  taken  contract 
to  build  and  equip  steam  railroad  from  Shelby 
to  Casar,  21  miles.  Belwood-Fallston  and 
Casar  districts  have  voted  $80,000  of  bonds 
and  the  county  $40,000  for  the  road. 
Ohio: 

Portsmouth,  O. — Ohio  Valley  Traction  Co., 
10th  and  Offnere  Sts.,  Portsmouth,  has  opened 
bids  for  extension  of  its  lines  from  Sciotoville 
to  Hanging  Rock,  21  miles. 
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BIDS  ASKED. 
California: 

Sacramento,  Cal. — Until  2  p.  m.,  April  5,  by 
California  Highway  Commission,  A.  B.  Fletch- 
er, Highway  Engineer,  for  6  contracts  as 
follows :  3  miles  concrete  in  Yuba  County ;  5 
miles  in  Yolo  County,  to  be  graded  and  por- 
tion paved  with  concrete ;  iVz  miles  concrete 
in  Yolo  County ;  5  miles  concrete  in  Tulan 
County;  4%  miles  concrete  in  Tulare  County; 
4  miles  to  be  graded  in  Orange  County. 

Fairfield,    Cal.— Until    April    6,    by    County 
Commissioners   for  improvements  to  road  be- 
tween Valejo  and  Valejo  Cemetery. 
Connecticut : 

Manchester,  Conn. — Until  5  p.  m.,  April  3, 
liy  Selectmen  for  construction  of  7,000  to 
10,000  ft.  of  curbing,  a  quantity  of  radius  and 
drive  corners,  40,000  to  60,000  sq.  ft.  of  con- 
crete walks,  etc.  Howald  I.  Taylor,  member 
of  selectmen. 
District  of  Columbia: 

Washington,  D.  C. — Until  2  p.  m.,  April  5, 
by  District  Commissioner,  for  furnishing  and 
delivering  broken  stone  and  for  quarrying  and 
crushing  trap  rock  at  the  District  Quarry, 
Dickerson,  Md. 
Illinois : 

Chicago,  III- Until  11  a.  m.,  March  26,  by 
Board  of  Local  Improvements  for  26  con- 
tracts  for  street  paving. 

Swansea  (P.  O.  O'Fallon)  111.— Until  7  p. 
m.,  March  27,  by  Board  Local  Improvements, 
Anton  Schroeder,  President,  for  6,750  sq.  yds. 
vitrified  brick  paving  on  4  in.  concrete  base; 
grout  filler,  wool  felt  asphaltum  expansion 
joint. 

Springfield,  111.— Until  11  a.  m.,  March  31, 
by  State  Highway  Commission,  W.  W.  Marr, 
Chief  State  Highway  Engineer,  for  four  con- 
tracts for  state  aid  concrete  roads,  one  con- 
tract for  brick  road,  one  contract  for  gravel 
road  and  one  contract  for  bridges.  Advertise- 
ment in  this  issue. 

Vermillion,  111.— Until  2  p.  m.,  April  9,  by 
Commissioners  of  Elbridge  Township  (3  miles 
south  of  Vermillion)  for  3.800  lin.  ft.  gravel 
on  Nevins  Road  and  6,454  lin.  ft.  of  gravel  on 
Sandford  Road,  contract  to  include  2,800  cu. 
yds.  of  earthwork  and  several  concrete  cul- 
verts. Plans  with  Karl  J.  Barr,  County  Su- 
jierintendent  of  Highways,  Paris,  111. 
Indiana : 

Frankfort,  Ind. — Until  10  a.  m.,  April  1,  by 
City,  for  improvement  of  two  streets  and  one 
alley  with  brick,  concrete,  asphaltic  macadam 
or  bituminous  concrete  involving  13.690  sq. 
yds.  roadway,  41,000  sq.  ft.  cement  sidewalk, 
10,000  ft.  curb,  3,200  ft.  10-in.  and  12-in.  tile 
sewer  and  other  work.  Estimated  cost  $38,- 
170.     R.   H.  Boynton,   City  Engineer. 


Iowa: 

Red  Oak,  Iowa.— Until  10  a.  m.,  March  31, 
by  City  Clerk,  for  paving  on  portions  of  5th 
and  8 'other  streets  with  brick,  concrete,  as- 
phaltic concrete  or  sheet  asphalt. 

Keokuk,  la.— Until  March  30  by  City  for 
8,000  sq.  yds.  7  in.  concrete  pavement,  1% 
miles  6-in.  by  18-in.  concrete  curb,  and  7,200 
cu.  yds.  excavation.  J.  F.  Winters,  City  En- 
gineer. 

Forest  City,  la. — Until  April  16,  by  Town 
Clerk,  for  paving  with  concrete,  asphaltic  con- 
crete or  brick. 

Eagle   Grove,   la.— Until  7  :.30   p.  m.   March 
30,  by  S§m.  Middleton,  City  Clerk,  for  52,625 
sq.    yds.    of   paving,    asphaltic    concrete,    sheet 
asphalt  or  concrete. 
Kansas : 

Atchison,  Kans. — Until  March  25,  by  Victor 
King,  City  Clerk,  for  paving  the  intersection 
of  14th  St.  and  Utah  Ave.,  in  front  of  the 
new  viaduct. 

Junction  Citv.  Kan. — Until  5  p.  m.,  March 
29,  by  T.  W.  Dorn,  City  Clerk,  for  the  pav- 
ing of  Pine  St.,  Washington  to  Adams  Sts., 
with  Portland  cement  concrete ;  2,760  sq.  yds, 
pavement;  1,840  lin.  ft.  combined  8-in.  curb 
and  18-in.  gutter ;  80  lin.  ft.  combined  curb 
and  gutter  to  be  reset;  1,000  cu.  yds.  earth 
excavation ;  100  lin.  ft.  18-in.  vitrified  sewer 
tile,  and  4  catch  basins.  W.  Van  Buck,  City 
Engineer. 
Maryland : 

Cumberland,  Md.— Until  9  ;30  a.  m.,  April 
5,  by  James  P.  Gafifney,  City  Engineer,  for 
57,000  sq.  yds.  brick  paving  on  concrete  base. 

Baltimore,  Md.— Until  11  a.  m.  March  31, 
by  R.  Keith  Compton,  Chairman  Paving 
Commission,  for  paving  on  German  St. ;  1,700 
sq.  yds.  wood  block;  1,000  sq.  yds.  granite 
lilock,  12,110  sq.  yds.  redressed  granite  block. 

Michigan: 

Port  Huron,  Mich. — Until  .April  1,  by  Coun- 
ty Road  Commissioners,  Albert  P.  Ryan,  Clerk, 
for  the  construction  of  3  miles,  more  or  less, 
of  State  Trunk  Line,  class  "E"  road,  on  the 
Port  Huron  and  Yale  State  Trunk  Line. 

Minnesota: 

St.  Paul,  Minn,— Until  10  a.  m.,  March  29, 
by  Aug.  Hohenstein,  City  Purchasing  Agent, 
for  furnishing  700  sq.  yds.  4-in.  yellow  pine 
creosoted  wood  blocks. 

Duluth,  Minn.— Board  of  Public  Works  has 
called  for  bids  for  the  improvement  of  High- 
land St.,  59th  to  66th  Aves.  west,  and  for  the 
construction  of  approaches  to  the  i;ew  D.  M. 
&  N.  subway  to  be  erected  this  spring  under 
Highland  St.  The  estimated  cost  of  the  latter 
is  $14,000.    Date  of  opening  bids,  March  26. 

Duluth,  Minn.— Until  April  3,  by  O.  Halben, 
County  Auditor,  for  3%  miles  of  gravel  road. 

New  Jersey: 

Belleville,  N.  J.— Until  March  30,  by  Rob- 
ert G.  Minion,  Town  Clerk,  for  furnishing 
crushed  trap  rock  and  for  concrete  work  dur- 
ing present  year. 

Newark,  N.  J.— Until  3:15  p.  m.,  April  1, 
bv  Street  and  Water  Commissioners,  M.  R. 
.Sherrerd,  Chief  Engineer,  for  3,000  sq.  yds. 
wood  block  on  Central  Ave.,  2,200  sq.  yds. 
granite  block  on  Margarette  St.  and  2,800  sq. 
yds.  granite  block  on  Niagara  St. 

Somerville,  N.  J.— Until  10  a.  m.,  April  2, 
by  L.  E.  Opie,  Director  County  Freeholders, 
for  1  mile  waterbound  macadam  in  Bridge- 
water  Township  (10,086  sq.  yds.  surface; 
9,562  cu.  yds.  excavation).  Joshua  Doughty, 
Jr.,  County  Engineer,   Somerville. 

Chesterfield,  N.  J.— Until  .April  3,  by  Town- 
ship (Tlerk,  for  about  2'-^  miles  of  macadam. 
Jas.  Logan,  Countv  Engineer,  Mt.  Holly,  N.  J. 

Mt.  Holly,  N.  J.— Until  March  31,  by  Jo- 
seph S.  Bright,  Chairman  Freeholders  Com- 
mittee, for  supplying  road  oil  for  County  for 
1915.     Jas.  Logan,  City  Engineer. 

Phillipsburg,  N.  J.— Until  2  p.  m.  April  3, 
])y  Robert  P.  Howell,  Commissioner  of 
Streets,  for  repaving  South  Main  St.  upon 
present  concrete  foundation.  Schedule  A, 
10,500  sq.  vds.  vitrified  block;  Schedule  B, 
20,800  sq.  yds.  vitrified  block;  Schedule  C.  10,- 
500  sq.  yds.  wood  block;  Schedule  D,  20,800 
sq.  yds.  wood  block. 
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Public  Service  Publications. 

Small  periodicals  issued  locally  by  public 
service  corporations  have  become  quite  numer- 
ous. These  little  journals  perform  a  service 
as  a  preventive  of  and  an  antidote  for  cap- 
tious criticism.  As  examples  there  have  come 
to  us  two  issues  of  the  "trolley  talks,"  an  edi- 
tion of  50,000  of  which  is  issued  each  Mon- 
day and  distributed  to  the  patrons  of  the  Port- 
land (Oregon)  Railway.  Light  &  Power  Co. 
One  of  these  "talks"  can  be  read  in  five  min- 
utes and  it  is  bright  and  chatty  enough  to  be 
read  and  thus  a  page  or  a  paragraph  dealing 
with  "investments,  interest,  taxes,  operation 
and  in  a  general  way  with  what  the  company 
has  done  and  is  doing  in  the  way  of  main- 
taining reliable  service"  is  conveyed  to  the 
patron  to  the  improvement  of  his  attitude  to- 
ward  the   street  railway  services. 


Some  Possibilities  of  Popular   Educa- 
tional Work  by  the  Larger  Water 
Works  Associations. 

What  appeal  for  intelligent  co-operation  do 
the  larger  associations  of  water  works  man- 
agers make  by  publicity  literature  addressed 
directly  to  consumers?  The  answer  is:  They 
make  no  attempt  by  this  means  to  instruct  or 
otherwise  to  concern  the  consumer  in  mat- 
ters in  which  his  aid  and  support  will  con- 
tribute greatly  toward  perfect  service  in  pub- 
lic water  supply.  To  be  able  to  make  this 
answer  authoritatively  the  following  inquiries 
were  made  of  officials  of  the  American  Water 
Works  Association  and  of  the  New  England 
Water  Works  Association: 

Can  you  tell  me  whether  the  Association  has 
ever  had  a  Publicity  Committee  whose  function 
it  was  to  prepare  matter,  pertaining  to  the 
water  works  business,  for  publication  in  news- 
papers or  lay  magazines?  Has  any  work  of 
this  kind  ever  been  done  by  any  individual 
acting  for    the  Association? 

More  specifically,  I  should  be  glad  to  have 
you  advise  me  if  the  Association  has  ever  made 
a  direct  effort  to  educate  the  public  with 
reference  to  the  water  works  business  in  any 
of  its  phases.  I  am  familiar,  of  course,  with 
the  educational  work  carried  on  among  water 
works  men  by  the  Association,  but  I  have 
reference  in  the  foregoing  only  to  the  education 
of  the  public  by  direct  means.  What,  if  any- 
thing, has  been  clone  by  your  Association  along 
this  line? 

What  were  the  answers?  The  New  England 
Water  Works  Association  has  never  done  any 
work  along  the  lines  mentioned ;  and  the  Amer- 
ican Water  Works  Association  has  never  had 
a  Publicity  Committee,  nor  has  it  ever  made 
any  direct  effort  to  educate  the  public.  The 
official  of  the  latter  organization  also  stated 
that,  "Our  endeavor  has  been  to  educate  our- 
selves more  than  the  public." 

With  the  basic  facts  thus  established  we 
may  profitably  consider  some  of  the  possi- 
bilities of  organized  efforts,  on  the  part  of 
the  two  Associations  named,  to  educate  the 
general  public  on  certain  broad  rnatters  in 
which  the  members  of  the  Associations  have 
expert  knowledge  and  in  which  the  public  is 
uninformed  and  indifferent. 

As  suggested  in  the  quoted  paragraphs  we 
believe  Publicity  Committees  should  be  ap- 
pointed to  carry  out  the  educational  work.  It 
is  unnecessary  to  enumerate  all  the  subjects 
upon  which  publicity  matter  should  be  pre- 
pared. Any  reader  interested  in  water  supply 
matters  will  readily  see  the  possibilities  offered 
bv  this  plan.     We  sliall,  for  the  sake  of  illus- 


tration, discuss  but  a  single  topic,  namely,  bet- 
ter operation  of  water  works  systems. 

Many  readers  will  doubtless  recall  the  article 
entitled:  "The  Faulty  Operation  of  the  Aver- 
age Public  Utility  with  Special  Reference  to 
Water  Works,"  which  was  published  in  our 
issue  of  Feb.  24,  1915.  The  article  showed 
clearly  the  difference,  to  all  interests,  between 
competent  and  incompetent  water  works  oper- 
ation. That  even  small  towns  can  be  made 
to  see  that  the  operator  of  a  public  water  sup- 
ply should  have  special  knowledge  of  his  busi- 
ness is  shown  by  the  cited  cases  of  several 
Kansas  towns.  This  is  the  sort  of  thing  which 
the  suggested  Publicity  Committees  should 
work  upon  by  preparing  suitable  matter  for 
publication  in  local  papers. 

This  suggestion  is  not  offered  as  a  criticism 
of  the  Associations  but  is  meant  to  show  how 
their  great  influence  can  be  extended  to  everv 
city  at  a  small  outlay  of  time  and  money.  Re- 
sults will  not  be  immediate  but  they  will  be 
sure  to  come.  The  chain  of  influence  will  be 
practically  endless.  Local  editors  will  be  the 
first  ones  converted  and  they  can  be  depended 
upon  to  bring  up  at  opportune  times,  in  their 
editorial  writing,  the  .facts  and  arguments 
disseminated  by  the  Committees.  This  sug- 
gestion also  carries  with  it  a  way  for  greatly 
increasing  the  membership  of  the  Associations. 


The  "Jitney"  vs.  the  Street  Car. 

The  writer  was  invited  by  a  Bell  telephone 
official  to  talk  across  the  continent.  Sitting  in 
New  York  the  writer  asked  the  man  at  the 
'Frisco  end  whether  he  had  used  a  street  car 
or  a  "jitney"  to  reach  his  office  that  morning. 
The  reply  came — and  it  was  as  distinct  as  if  it 
had  traveled  only  across  the  street : 

I  rode  down  in  a  trolley  this  morning,  but 
yesterday  I  used  a  jitney.  It  may  interest  you 
to  know,  however,  that  if  you  were  injured  on 
one  of  those  conveyances  you  could  probabl.v 
recover  nothing  in  the  way  of  damages  for  the 
injury. 

So  many  irresponsible  individuals  own  and 
operate  the  "jitney  buses"  that  it  has  already 
become  a  serious  question  as  to  their  right  to 
run  upon  the  streets  of  a  city  unless  they  fur- 
nish bonds  that  will  protect  both  their  patrons 
and  the  public.  Also  it  is  apparent  that  these 
conveyances  should  pay  a  substantial  tax  for 
the  privilege  of  using  the  streets. 

When  liability  insurance  premiums  and 
faxes  are  paid,  there  is  reason  to  believe  that 
many  of  the  "jitneys"  will  either  cease  to  oper- 
ate as  such  or  will  raise  their  rates  of  fare 
from  5  cts.  to  a  considerably  higher  price. 
However,  it  should  not  be  too  hastily  assumed 
that  a  higher  fare  will  drive  these  buses  out 
of  business. 

One  very  significant  aspect  of  the  "jitney" 
development  is  the  ever  present  risk  that  even 
a  well  established  public  utility  company  runs. 
It  has  often  been  said  that  although  gas  com- 
panies were  financially  injured  by  the  develop- 
ment of  electric  lighting  companies,  no  sim- 
ilar danger  confronted  electric  street  railways. 
.^nd  behold  the  result,  even  before  tlie  breath 
of  the  prophets  has  cooled!  Still  this  same 
tribe  of  prophets  will  probably  continue  to  talk 
of  the  safety  of  investment  in  a  monopoly,  and 
to  urge  the  sufficiency  of  a  6  or  7  per  cent  re- 
turn  as  the  maximum   allowable. 

The  autobus,  we  may  rest  assured,  has  come 
to  stay.  Each  year  has  witnessed  a  decrease 
in  the  first  cost  of  motor  cars,  until  now  they 
can  become  successful  competitors  of  electric 
traction  under  certain  conditions.  Let  the  cost 
of  automobile  tires  be  substantially  reduced 
and   there   will   inevitably    follow    a   great   in- 
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crease  in  the  use  of  autobuses.  Much  the  same 
effect  will  follow  the  more  extensive  laying  of 
continuous  smooth  pavements. 

That  the  trolley  car  will  not  be  entirely  dis- 
placed, is  evident,  but  it  seems  equally  evident 
that  the  revenues  of  many  trolley  lines  are 
likely  to  suffer,  for  a  time  at  least  The  pub- 
lic has  a  habit  of  eventually  growing  up  to 
every  added  means  of  transportation,  but  the 
growth  is  often  sufficiently  slow  to  result  in 
reduced  earnings  for  the  older  transportation 
agencies. 


Effective   Cost  Keeping  by  The  Phil- 
adelphia Bureau  of  Highways. 

Complete  costs  of  all  street  maintenance 
work  are  recorded  by  the  Philadelphia  Bureau 
of  Highways.  In  another  column  of  this  is- 
sue the  method  of  ascertaining  and  recording 
these  costs  is  described.  A  week  ago  we  pub- 
lished an  example  of  actual  cost  records. 
Neither  in  the  method  nor  in  the  results  is 
there  any  technical  novelty;  the  method  is 
practical  and  serviceable  and  the  records  are 
commendable.  The  value  of  both  the  cost 
keeping  and  the  cost  data  lies  in  the  serv- 
ice that  they  are  rendering  the  Bureau  ad- 
ministration. A  similarly  good  and  honestly 
operated  cost  keeping  system  will  render  just 
such  valuable  service  to  any  public  works  de- 
partment of  any  city. 

Costs  in  themselves  have  no  great  value.  It 
is  interesting  for  Philadelphians  to  know  that 
they  are  paying  no  more  for  street  main- 
tenance than  are  Bostonians,  but  it  is  not 
of  vital  significance  whether  they  are  or  are 
not.  Cost  records  whose  only  service  is 
demonstration  that  a  city  is  not  spendthrift 
in  its  street  maintenance  are  worth  while, 
perhaps,  but  they  are  not  of  exceeding  value. 
This  last  value  comes  only  when  the  costs 
of  one  year  or  one  street  division  are  made 
to  serve  as  a  means  of  reducing  costs  the  next 
year  or  in  another  street  division.  This  is 
the  kind  of  service  that  the  Philadelphia 
Bureau  of  Highways  is  securing  from  its  cost 
keeping.  It  is  doing  this  by  two  main  ways. 
By  publication  of  costs  recorded  by  in- 
dividual repair  gangs  and  by  individual  city 
districts  competition  is  created.  This  is  one 
of  the  oldest  of  uses  of  cost  records,  and 
perhaps  the  one  that  first  suggests  itself  to 
the  tyro  in  cost  keeping,  but  it  is  none  the 
less  an  effective  use.  The  desire  to  excel  is 
fundamental  in  man.  To  keep  this  desire  ex- 
cited, under  control,  is  one  of  the  oldest 
devices  of  the  manager.  Cost  keeping  is  a 
means  of  measuring  excellence  and  record- 
ing results  in  terms — dollars  and  cents — un- 
derstood by  the  dullest  of  wage  earners.  In 
Philadelphia  Mr.  William  H.  Connell,  Chief 
of  the  Bureau  of  Highways,  finds  that :  "The 
moral  effect  on  the  organization  is  alone  a 
justification  for  keeping  unit  cost  records." 

It  is  in  cost  analysis,  however,  that  the 
Bureau  discovers  the  greatest  service  of  its 
cost  records.  In  bituminous  surface  treat- 
ment, for  example,  the  cost  in  1914  was  1% 
cts.  per  square  yard  less  than  it  was  in  1913. 
Of  this  total  saving,  1  ct.  per  square  yard,  or 
14  per  cent  of  the  entire  cost  of  the  work,  was 
entirely  due  to  increased  efficiency  in  the 
organization  handling  the  work.  Analysis  in 
detail  of  the  costs  recorded  in  191.3  showed 
high  cost  points  which  by  attention  in  1914 
were  leveled  down  to  the  general  stand- 
ard of  economy.  In  the  office  of  the  Bureau 
this  winter  the  costs  of  1914  have  in  turn 
been  analyzed  with  the  purpose  of  making 
further  economies.  This  leveling  down  proc- 
ess  has,   of   course,   its   limit,   but   the   lowest 
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plane  becomes  then  a  datum  above  which  a 
cost  attracts  investigation. 

A  very  common  objection  offered  to  cost 
keeping  systems  which  make  the  foreman 
on  the  work  the  record  keeper  is  that  either 
the  foreman  neglects  his  duty  as  director  of 
the  men  or  he  neglects  or  confuses  the  rec- 
ords. The  experience  of  the  Philadelphia 
Bureaus  of  Highways  is  emphatically  re- 
corded as  disproving  this  objection.  Instead 
of  being  a  disadvantage  to  the  foreman's 
work  it  is  a  great  advantage  to  it.  As  stated 
in  the  report  of  the  Bureau  Chief,  "It  tends 
to  develop  the  foreman,  awaken  his  interest, 
and  in  many  instances  make  a  new  man  of 
him,  simply  because  he  is  placed  on  his 
mettle,  taken  in  to  a  certain  extent  on  the 
financial  and  business  end  and  made  a  more 
important  factor  in  the  organization. 

Whether  or  not  the  cost  keeping  system  of 
the  Philadelphia  Bureau  of  Highways  is  the 
best,  in  form  and  method,  for  its  purposes, 
it  has  proved  its  value.  It  alone  is  credited 
by  the  IBureau  officials  with  having  given  them 
both  the  information  disclosing  needed  re- 
forms and  the  tool  by  which  reforms  could 
be  worked  out. 


"The    Engineer's    Idea    of    Values    Is 

Usually  Confused." — Prof.  John 

R.  Commons. 

It  will  be  recalled  that  when  the  question  of 
railway  valuation  was  before  Congress  two 
years  ago.  Senator  La  Follette  strongly  cham- 
pioned having  the  appraisals  conducted  by  a 
board  of  "economists"  rather  than  by  a  board 
of  engineers.  He  brought  witnesses  before 
the  senate  committee  on  interstate  commerce, 
to  convince  that  committee  of  the  importance 
of  keeping  engineers  in  their  place  as  the  reci- 
pients of  orders  from  a  board  of  professional 
"economists."  His  star  witness  on  this  point 
was  Prof.  John  R.  Commons,  professor  of 
political  economics  in  the  University  of  Wis- 
consin. 

After  indicating  that  his  own  experience 
had  been  mainly  as  a  teacher  of  political 
economy.  Prof.  Commons  undertook  to  show 
that  engineers  do  not  understand  the  theory 
of  value  as  applied  to  public  utility  property. 
We  think  all  engineers  will  be  interested  in 
his  criticism,  so  we  quote  it  in  full : 

These  questions  of  valuation,  I  think,  have  a 
very  important  bearing  on  the  personnel  of  the 
staff  that  is  to  do  the  valuing.  It  appears  to  me 
that  this  is  much  greater  than  a  problem  for 
engineers.  It  has  been  suggested  here  that  there 
should  be  created  a  board  of  engineers,  partly 
appointed  by  the  commission  and  partly  by  the 
railroads — partly  by  the  engineering  associa- 
tions, possibly  by  the  War  Department,  etc. 

The  engineer  is  essential  in  making  this  val- 
uation. It  can  not  be  made  without  his  assist- 
ance, but  all  that  he  can  make  is  a  physical 
inventory.  As  engineer  it  is  not  his  province 
to  go  into  the  constitutional  question  of  reason- 
able value.  For  that  purpose  the  valuing  board 
would  netd  a  constitutional  lawyer,  a  person 
familiar  with  the  decisions  of  the  court  and  the 
principles  of  reasonable  valuation  as  against 
market  valuation. 

The  engineer's  idea  of  values  is  usually  con- 
fused. He  does  not  distinguish  between  what 
you  might  call  the  engineering  use.  or  engi- 
neering value  of  the  property,  and  its  valuation 
as  a  charge  against  the  public.  For  example,  an 
engineer  would  value  property  according  to  Us 
operating  etliciency,  and  if  there  had  been  a 
depreciation  account  so  calculated  that  it  would 
wipe  out  the  value  of  a  piece  of  property  in 
thirty  years,  the  public  would  pay  in  the  form 
of  depreciation  as  operating  expenses  an  amount 
which  would  eliminate  the  value  of  that  piece  of 
property  in  that  period.  But  if  the  engineer 
finds  that  that  piece  of  property  nevertheless 
has  an  operating  value  that  will  turn  out,  not 
value  to  the  public,  but  turn  out  products  or 
service  to  the  public,  he  gives  it  what  he  calls  a 
"minimum  service  value";  that  is,  it  is  still  val- 
uable as  a  piece  of  mechanism  to  turn  out  ser- 
vice, even  though  from  the  standpoint  of  the 
public   its  value  as  a  charge  against  them  has 


been  entirely  eliminated  tlirough  a  depreciation 
account.  In  that  way  the  engineer,  not  under- 
standing that  In  making  an  Inventory  of  physi- 
cal property  he  Is  setting  up  a  charge  against 
the  public  In  doing  so,  confuses  his  Idea  of 
operating  value,  or  operating  efficiency,  with  this 
other  entirely  different  Idea  of  a  credit  and  debit 
relation  between  the  Investor  and  the  public. 
Now,  to  correct  the  engineer  in  that  computa- 
tion, it  is  necessary  to  have  an  accountant.  An 
accountant  is  just  as  essential  to  this  valuation 
as  an  engineer,  and  the  engineer's  value  should 
be  made  under  the  direction  of  others  who  have 
the  Idea  which  Is  Involved  In  this  case  of  rea- 
sonable value. 

I  should  say  also  that  there  should  be  needed 
an  economist,  because  the  court  is  really  acting 
as  a  kind  of  faculty  of  political  economy.  They 
are  working  out  a  theory  of  value  which  econo- 
mists are  also  working  out;  the  two  theories  do 
not  always  gibe.  But  there  ought  to  be  some- 
body there  who  knows  the  literature  and  the 
theories  of  value,  so  that  he  can  properly  weigh 
the  different  theories  and  properly  distinguish 
between  them,  and  also  between  this  reasonable 
value,  which  economists  do  not  usually  take 
into  account,  and  these  market  values  which 
are  the  dominant  ideas  in  the  minds  of  econo- 
mists. That  is  to  say,  this  valuation  staff 
should  be  more  than  engineers.  It  should  in- 
clude experts  in  all  of  the  elements  involved  in 
the  valuation. 

"The  engineer's  idea  of  values  is  usually 
confused,"  says  Prof.  Commons.  But  when 
he  proceeds  to  show  the  nature  of  the  con- 
fusion we  find  that  he  himself  is  confused  as 
to  the  meaning  of  the  word  "value,"  for  the 
"credit  and  debit  relation  between  the  (public 
utility)  investor  and  the  public  is  not  a  matter 
of  values  but  of  costs.  And  this  very  "credit 
and  debit  relation,"  as  Prof.  Commons  terms 
it,  is  one  that  had  been  discussed  by  engineers 
prior  to  any  mention  of  if1)y  Prof.  Commons 
or  any  other  political  economist.  In  En- 
gineering AND  Contracting,  Dec.  11,  1912, 
there  is  an  article  by  Halbert  P.  Gillette,  en- 
titled, "Two  Conflicting  Theories  of  Valua- 
tion of  Public  Service  Companies."  In  that 
article  Mr.  Gillette  discussed  at  length  two 
theories  of  "valuation,"  the  "agency  theory," 
and  the  "competitive  theory,"  as  he  termed 
them.  The  "agency  theory"  gives  the  "credit 
and  debit  relation"  that  Prof.  Commons  men- 
tions. The  "competitive  theory"  gives  the  or- 
dinary commercial  value  of  property. 

Prof.  Commons,  in  the  course  of  establish- 
ing his  qualifications  as  a  witness,  laid  stress 
on  the  study  he  had  made  of  court  decisions 
relative  to  rate  making  and  appraisals.  He 
undertook  to  convince  the  Senate  Committee 
that  the  courts  are  leaning  toward  the  "credit 
and  debit  relation"  in  arriving  at  property 
values.  How  superficial  his  study  of  court 
decisions  must  have  been  is  indicated  by  all 
the  Supreme  Court  decisions  of  the  last  17 
years,  as  given  in  an  anticle  that  appears  else- 
where in  this  issue. 

What  most  professors  of  political  economy 
fail  to  appreciate  is  the  fact  that  engineers  are 
primarily  economists — real  economists  and  not 
would-be  economists.  The  training  of  engi- 
neers is  aimed  to  produce  men  capable  of 
designing,  locating,  and  operating  with 
economy.  Many  engineers,  particularly  those 
who  have  been  in  charge  of  appraisals  and  rate 
studies,  have  read  all  the  important  works  on 
political  economy  from  Adam  Smith  to  F.  W. 
Taussig  and  Irving  Fisher.  They  have,  in 
fact,  qualified  as  being  "somebody  who  knows 
the  literature  and  the  theories  of  value,"  and, 
in  addition  to  knowing  "theories  of  value," 
they  know  values. 

This  brings  us  to  the  prime  object  of  these 
editorial  remarks.  While  many  engineers  are 
well  acquainted  with  the  theories  of  political 
economists,  it  is  desirable  that  every  engineer 
should  be  well  informed  on  the  subject.  To  be 
well  informed  it  is  necessary  to  do  more  than 
review  one's  college  text  book  on  political 
economy.  Books  and  articles  advocating  ex- 
treme theories,  such  as  the  single  tax  theory 
of  Henry  George,  should  be  studied.  Inci- 
dentally, it  may  be  added,  George's  "Progress 
and   Poverty"   is,   perhaps,   the  most   fascinat- 


ingly written  of  all  works  on  political 
economics. 

In  the  course  of  such  study,  it  is  well  to 
read  critically,  making  passages  and  terms 
that  should  be  reverted  to  for  further  con- 
sideration. Looseness  of  reasoning  and  fail- 
ure to  define  terms  properly,  if  at  all,  char- 
acterize most  of  the  writers  on  "economics." 
Even  the  careful  John  Stuart  Mill  is  often 
careless  in  the  use  of  words.  Thus  he  re- 
peatedly says  "law  of  nature,"  when  he  really 
means  "force."  Taussig  says  rent  is  not  a  part 
of  cost  of  production,  when  he  means  that 
rent  does  not  affect  the  price  of  products. 
Fisher  excludes  interest  as  a  part  of  cost,  on 
the  ground  that,  taking  society  as  a  whole, 
the  interest  credits  exactly  balance  the  inter- 
est debits!  He  fails  to  see  that  for  "society 
as  a  whole"  there  can  be  no  such  thing  as 
cost,  since  cost  implies  a  transaction  between 
two  parties.  "Society  as  a  whole"  being  one 
party,  none  of  the  reasoning  as  to  costs  and 
values  applicable  to  individuals  can  be  ap- 
plied to  "society  as  a  whole." 

To  an  engineer,  accustomed  as  he  is  to  pre- 
cision in  the  use  of  data  and  terms,  it  is  as- 
tounding to  see  the  mass  of  ill  digested  theories 
and  poorly  defined  terms  that  make  such  bulk 
in  the  literature  of  political  economy.  Never- 
theless, m  spite  of  all  the  errors  and  crudities 
of  political  economists,  it  repays  an  engineer 
to  master  their  doctrines.  In  the  very  act  of 
doing  so,  an  engineer  receives  valuable  train- 
ing in  the  science  of  logic,  more  especially  in 
that  part  of  logic  that  teaches  how  to  avoid 
fallacies  of  confusion. 

We  leave  the  subject  of  political  economy 
with  three  inter-related  queries  : 

How  can  any  man  successfully  teach  true 
national  economics,  until  he  has  become  an 
expert  at  engineering  economics? 

Is  not  the  science  of  engineering  economics 
the  foundation  of  all  public  utilities,  all  eco- 
nomic geology  and  mining,  all  manufacture 
and  transportation,  all  agriculture? 

Can  a  man  who  has  never  had  to  solve  a 
simple  unit  cost  equation  be  a  safe  teacher 
of  the  infinitely  more  complex  economic  phe- 
nomena of  exchange  relations  between  classes 
of  men  and  nations? 


The    Danger   of    Incomplete    Costs    of 

Motor  Truck  Haulage. 

Recognition  of  the  utility  of  motor  trucks  in 
construction  work  is  certain  to  increase.  A 
thing  which  will  delay  progress,  however,  is 
untruthful  records  of  economy  of  motor  truck 
1  a"  u^^i  As  pointed  out  in  our  issue  of  -March 
10,  the  falsity  in  most  instances  is  the  omission 
of  some  Item  of  indirect  expense.  Generally 
the  omission  is  due  to  ignorance  or  oversight 
but  It  IS  harmful.  Exaggerated  records  of 
motor  truck  economy  have  no  useful  place  in 
any  campaign  to  increase  the  use  of  motor 
trucks  in  engineering  construction.  Error  in 
the  opposite  direction  will  serve  belter.  Our 
belief  that  these  things  are  true  and  which 
encouraged  us  to  write  the  editorial  of  March 
10,  IS  confirmed  by  a  letter,  received  from  a 
prominent  engineer,  commenting  on  that  edi- 
torial. 

The  writer  states  that  as  a  result  of  testi- 
mony recently  given  in  a  water  works  rating 
case  in  the  West,  he  had  a  very  careful  in- 
vestigation made  of  the  cost  of  motor  trucking 
to  a  number  of  concerns:  contractors,  coal 
companies,  public  works  and  others.  These 
data  indicated  that  the  cost  per  ton  mile  of 
hauling,  with  four  or  five-ton  motor  trucks, 
was  much  higher  than  were  given  bv  some 
published  data.  When  proper  allowances  were 
made  for  depreciation  and  overhead  costs,  by 
the  owners  of  the  trucks,  the  records  seemed 
to  indicate  that  figures  of  less  than  20  cts.  per 
ton  mile  were  rarely  attained,  and,  under  sub- 
urban conditions,  that  from  25  to  .30  cts.  per 
ton  mile  was  undoubtedly  a  safer  figure  to 
use.  He  states  that  his  investigations,  made 
with  a  great  deal  of  care,  indicate  that  most 
of  the  published  results  are  grossly  inadequate 
in  their  assumptions. 

Our  correspondent  expects  soon  to  make 
public  the  full  results  of  the  studies  mentioned 
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in  a  discussion  of  experience  in  motor  truck- 
ing before  a  prominent  engineering  society.  In 
this  we  hope  he  will  be  joined  by  many  others. 
Numerous    actual    cost    data    should    now    be 


available  and  should  be  given  publicity.     From  ing  from  assumptions  and  by  inference.    Con- 

the    standpoint    of    engineers    and  contractors  tractors  and  engineers  of  public  works  depart- 

the  subject  of  motor  trucking  cost  is  now  old  ments  who  have  actual  motor  trucking  costs 

enough  to  render  unwarranted  further  reason-  should  make  them  public  at  this  time. 


ATEE  WOl 


Design,  Construction  and  Cost  of  New 

Water  Works  Reservoir  at  Regina, 

Sask. 

Contributed  by  R.  O.  Wynne-Roberts,  Consulting 
Civil   Engineer. 

The  part  of  Boggy  Creek  watershed  from 
which  the  city  of  Regina  obtains  its  main  sup- 
ply of  water,  is  about  72  square  miles  in  area, 
and  the  nearest  point  to  the  city  is  about  six 
miles  distant  by  skyline,  or  eight  miles  by  road. 
The  watershed  has  a  pear-shaped  boundary, 
the  narrowest  and  lowest  point  being  at  the 
southwest  corner  where  the  city  owns  land. 
On  this  land  about  45  artesian  wells  have  been 
sunk,  under  the  writer's  advice;  the  water  in 
all  cases  overflows  the  surface  and  is  collected 
and  conveyed  by  underground  pipes  to  Barton 
pump-well,  which  has  a  capacity  of  270,000 
gals.  In  a  pump  house  adjacent  to  the  well 
there  are  two  80-HP.  Crossley  oil  engines,  and 
two  2,000,000-g.p.d.  turbine  pumps  to  raise  the 
water  to  Tor  Hill  reservoir,  which  was  de- 
scribed in  Engineering  and  Contracting  of 
Dec.  10,  1913.  This  reservoir  has  a  capac- 
ity of  5,000,000  gals,  is  built  of  reinforced  con- 
crete, circular  in  plan,  202  ft.  in  diameter  and 
25  ft.  deep,  and  stands  about  90  ft.  above  the 
pumps  and  about  120  ft.  above  the  city  street 
level.     The  water  is  conveyed  from  this  reser- 
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The  10-in,  supply  is  pumped  into  the  city 
main  by  an  electrically  driven  turbine  pump, 
but  the  18-in.  ordinarily  affords  a  gravity 
pressure  of  45  lbs.  per  square  inch.  When  the 
demand  is  great  and  the  pressure  is  diminished, 
then  the  water  is  pumped  by  5,000,000-g.p.d. 
Escher  Wyss  turbine  pumps,  driven  by  Bellis 
&  Morcom  high  speed  steam  engine. 

ADDITIONAL  SUPPLY. 

The  writer  some  time  ago  reported  to  the 
city  council  on  the  question  of  additional  water 
supply,  and  recommended  the  adoption  of  a 
scheme  which  involved  the  taking  of  water 
from  five  watersheds  contiguous  to  Boggy 
Creek,  making  a  total  area  of  about  200  square 
miles  and  estimated  to  yield  about   10,000,000 


the  time  being.  The  supply  to  the  reservoir 
is  from  the  10-in.  line  and  the  night  surplus 
from  the  18-in.  main. 

Having  considered  all  points  of  the  scheme, 
it  was  decided  to  build  such  a  reservoir.  There 
were  two  sites  available,  one  near  the  ceme- 
tery on  which  a  duplicate  of  the  Tor  Hill 
circular  reservoir  could  be  constructed,  and 
the  other  a  piece  of  land  near  the  power  house. 
Having  regard  to  the  convenience  of  a  reser- 
voir near  to  the  power  house  and  the  obviation 
of  the  cost  of  laying  a  large  main  from  the 
other  site,  the  power  house  site  was  selected. 
This  land,  however,  was  limited  and  did  not 
permit  of  embankments,  consequently  the 
writer   designed   a  rectangular  basin  covering 


Fig.   1. 


Plan   of   New   Water   Works   Reser- 
voir at  Regina,  Sask. 


Fig.  2. 


Typical  Sections  Through  Wall,  Roof  and  Floor  of  New  Water  Works  Reservoir  at 

Regina,   Sask. 


voir  to  the  city  by  an  18-in.  steel  main,  which 
has  a  maximum  delivering  capacity  of  about 
3,500,000  gals,  per  diem. 

In  an  adjoining  section  are  located  a  num- 
ber of  springs,  yielding  from  400,000  gals,  up- 
wards, according  to  the  season.  This  consti- 
tuted the  only  source  of  supply  'for  the  city 
until  1911,  and  was  quite  inadequate.  This 
water  is  conveyed  by  15-in.  vitrified  pipes  to  a 
basin  half  way  to  Regina,  and  thence  by  a 
cast  iron  main  partly  12  ins.  but  principally 
10  ins.  in  diameter.  The  present  total  yield 
is  from  2,500,000  to  .3,000,000  gals,  per  day,  but 
it  is  estimated  that  Boggy  Creek  area  will 
yield  up  to  4,000,000  or  5,000,000  gals,  per  day, 
by  extending  the  collecting  lines  and  sinking 
additional  wells. 


gals,  per  day.  This  scheme  can  be  carried  out 
piecemeal,  provided  the  initial  works  are  prop- 
erly laid  out.  A  part  of  the  scheme  was  a 
27-in.  steel  main  to  tap  the  Silver  Stream 
area,  with  a  branch  to  Tor  Hill  reservoir.  As 
the  existing  mains  from  Boggy  Creek  were 
delivering  the  maximum  quantity  on  gravita- 
tion pressure  system,  it  was  deemed  desirable 
to  lay  the  part  of  the  27-in.  main  from  Tor 
Hill  reservoir  to  the  city  so  as  to  supplement 
the  quantity  and  pressure.  The  cost  of  the 
pipe  line  was  estimated  at  about  $508,000,  which 
was  a  large  amount  to  incur  under  the  pre- 
vailing financial  conditions.  As  a  city  reser- 
voir would  be  necessary  even  with  such  a  main. 
City  Works  Commissioner  Thornton  con- 
sidered   that    the   reservoir   would    suffice    for 


the  entire  site  and  part  of  a  closed  street,  the 
length  being  250  ft.,  width  153  ft.,  water  depth 
22  ft.,  and  a  capacity  of  5,000,000  gals.,  which 
was  estimated  to  cost  about  $125,000,  exclusive 
of  the  land.  The  plan  of  the  reservoir  is 
shown  in  Fig.  1.  Reservation  was  made  for  a 
duplicate  reservoir  to  be  built  in  the  future. 

m-SIGN      AND      construction      OF      NEW      (POWER 

house)  reservoir. 

The  site  was  practically  level,  and  as  it  was 
advisable  to  assure  a  constant  head  on  the 
turbine  pumps,  most  of  the  reservoir  had  to 
be  built  above  ground.  The  floor  level  is  6 
ft.  below  the  ground  surface,  and  the  top 
water  line  about  16  ft.  above.  The  work  will 
be  described  in  the  order  of  construction. 
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Excavation. — It  was  intended  to  excavate 
the  ground  by  machine,  but  to  afford  more 
employment,  it  was  done  entirely  by  manual 
labor.  The  excavation  extended  about  1  ft. 
beyond  the  wall  lines,  and  to  an  average  depth 
of  7  ft.  4  ins.    The  actual  cost  of  labor  was  4G 


Fig.  3.     Section  Showing  Method  of  Fasten- 
ing Horizontal  Reinforcing  Rods  in  New 
"Power  House"  Reservoir  at  Regina. 

cts.  and  team  work  30  cts.  per  cubic  yard.  The 
material  was  entirely  gumbo  clay. 

Floor. — The  floor  for  a  distance  of  22  ft. 
inwards  from  the  walls  is  20  ins.  thick,  the  cen- 
tral portion  is  12  ins.  thick  and  under  each 
column  20  ins.  thick.  The  reinforcement  con- 
sists of  %-in.  rounds  at  12-in.  centers  in  the 
lower  part  of  the  thicker  concrete  near  the 
walls,  and  these  bars  extend  8  ft.  up  the  walls 
to  form  the  necessary  tie.  Half-inch  round 
bars  are  also  laid  within  6  ins.  of  the  surface 
at  6-in.  centers  in  two  directions.  These  bars 
are  tied  with  wire  at  every  fifth  intersection  in 
one  direction,  and  at  every  intersection  in  the 
other.  The  column  bases  have  an  extra  layer 
of  %-in.  bars  at  12-in.  centers  in  the  lower 
portion.  The  concrete  was  laid  to  the  level 
of  the  bars,  and  when  these  were  placed  the 
next  portion  of  concrete  was  poured  on,  and 
finally  a  2-in.  finishing  coat  of  fine  concrete 
was  laid  and  trowelled  to  a  close  textured  sur- 
face. There  is  a  fall  of  1  ft.  from  one  end 
to  the  other  of  the  floor,  and  a  small  fall  from 
the  sides  to  the  major  axis. 

Walls  and  Counterforts. — The  walls  are  33 
ins.  thick  at  the  base,   with  an  addition  of  a 
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Fig.  4.  View  of  Concreting   Plant  for  Regina 
Reservoir., 


splay  on  the  inside  of  30  ins.  There  is  a  set 
back  on  the  outside  of  the  wall  at  the  ground 
surface,  and  here  the  concrete  is  14  ins.  thick, 
and  at  the  top  10  ins.  thick,  as  shown  in  Fig. 
2.  The  external  faces  a-e  vertical,  but  on  the 
inside  there  is  a  batter  of  11  ins.  in  a  height  of 
23  ft.  There  is  an  overhanging  coping  on  top 
with  a  sloping  surface  to  shed  the  water.   The 


set  back  and  overhanging  coping  of  12  ins.  will 
be  the  base  and  finish,  respectively,  of  a 
cellular  tile  wall  which  will  be  explained 
further.  The  counterforts  are  14  ins.  thick, 
and  are  located  on  the  line  of  beams  and  in- 
termediately, and  their  bases  extend  into  the 
reservoir  for  11  ft.  6  ins.  and  finish  at  9  ins. 
above  topwater  level,  the  projection  there  be- 
ing 12  ins.  The  counterforts  at  the  corners  are 
smaller  to  admit  of  circulation  of  the  water. 
The  extreme  corners  were  filled  in  solid  to 
avoid  complicated  form  work,  etc.  At  the  con- 
nections of  counterforts  with  the  wall  6-in. 
splays  are  provided.  Spaces  were  left  in  top 
of   walls  to   receive  beams,  etc. 

The  reinforcements  were  calculated  on  the 
assumption  that  the  walls  between  the  counter- 
forts were  acting  as  simple  beams,  having 
depths  equal  to  the  thickness  of  the  walls,  and 
a  uniform  load  equivalent  to  the  varying  depths 
of  water.  The  horizontal  reinforcements  are 
round  bars  varying  in  diameters  and  spacing 
to  correspond  approximately  to  the  area  of 
steel  required,  at  the  base  there  are  %-in.  bars 
at  .3Vi-in.  centers,  and  at  the  top  %-in.  bars 
at  4-in.  centers.  These  bars  were  cranked 
at  the  necessary  distances  and  the  ends  bent. 
As  it  was  too  troublesome  a  work  to  fre- 
quently change  the  cranking,  owing  to  the  re- 
duced thickness  of  the  wall,  the  changes  were 
made  at  si.x  points.  The  counterforts  were 
calculated  as  cantilevers  hinged  at  the  base  of 
the  wall  and  tied  to  the  floor  at  the  toe,  and 
are  horizontally  reinforced  at  the  same  spac- 
ing or  multiples  thereof  as  the  wall,  but  the 
diameters  are  less.  The  tension  bars  connect- 
ing the  toe  to  the  floor  consist  of  nine  1%-in. 
rounds  linked  round  bars  of  the  same  di- 
ameter, inserted  crossways  in  the  floor  con- 
crete. These  bars  extend  upward  for  one- 
third  the  height ;  there  the  number  is  reduced 
to  four,  and  from  two-thirds  height  to  the  top 
there  are  two  %-in.  rounds.  The  overlaps 
are  2  ft.,  and  the  ends  of  the  bars  are  all 
bent.  The  horizontal  bars  connecting  the 
tension  bar  to  the  wall  are  bent  into  horizontal 
hooks  to  slip  over  the  tension  bar  and  vertical 
bends  to  fall  over  the  wall  bars.  There  are 
%-in.  rounds  at  12-in.  centers  vertically  con- 
necting the  counterforts  with  the  floor.  To 
provide  for  temperature  stresses,  continuous 
triangle  steel  mesh  reinforcements  are  in- 
serted within  about  3  ins.  of  the  outside  face. 

.•Xs  it  was  most  important  that  the  horizontal 
wall  reinforcements  should  be  placed  where 
designed  and  held  there  during  the  process  of 
concreting,  the  writer  adopted  practically  the 
same  method  as  on  Tor  Hill  reservoir.  Ver- 
tical standards  consisting  of  2x2x3/16-in. 
angles  are  located  one  at  each  buttress  and 
two  between.  Two  holes  were  drilled  in  one 
web  to  receive  each  bar,  and  a  soft  wire  in- 
serted through  the  two  holes  to  bend  the  bar 
in  place  at  the  required  distances  apart,  see 
Fig.  3.  This  method  fi.xed  the  bar's  per- 
manently, and  although  men  climbed  up  and 
down,  no  movement  took  place.  The  rein- 
forcements and  supports  gave  the  impression 
of  a  secure  steel  basket  work.  All  overlaps  of 
wall  reinforcements  took  place  at  junction  of 
the  counterforts  with  the  wall. 

Columns. — The  84  columns  are  18  ft.  9  ins. 
apart  in  one  direction  and  19  ft.  %  in.  in  the 
other,  and  are  16  ins.  square,  resting  on  pyra- 
midical  bases,  and  the  height  from  the  top  of 
the  base  to  the  underside  of  the  beams  is  21 
ft.  9  ins.,  or  slightly  over  16  times  the  least 
dimension.  It  is  somewhat  difficult  to  assure 
true  alignment  and  perpendicularity  for  a  ver- 
tically cast  column  of  this  height,  and  to  pre- 
vent any  bending,  the  reinforcement  consisted 
of  2x2.x3/16-in.  steel  angles  tied  together  by 
l.x%-in.  flat  iron  riveted  at  24-in.  centers,  which 
proved  to  be  very  satisfactory. 

Roof. — It  was  intended  to  construct  the 
roof  entirely  of  reinforced  concrete  to  carry 
a  live  load  of  200  lbs.  per  square  foot,  and 
careful  designs  were  prepared  for  this  pur- 
pose, but  owing  to  a  suspension  of  the  work 
caused  by  financial  disturbances  due  to  the 
European  political  situation,  much  time  was 
lost  and  it  was  necessary  to  adopt  a  quicker 
method  of  construction.  Consequently  steel 
joists  were  substituted  for  the  reinforced  con- 
crete  beams.     The  primary  beams  run   across 


the  reservoir,  and  the  secondary  beams  length- 
wise. The  primary  beams  are  18  ft.  9  ins. 
long  and  rest  on  the  columns,  and  the  secon- 
dary are  19  ft.  %  in.  less  thickness  of  primary 
web  and  are  secured  together  by  standard 
angle  connections.     The  secondary  beams  are 
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Fig.   5.      Sectional    Elevation   Through   18-ln. 
Inlet   of   New    Water   Works    Reser- 
voir at   Regina. 

6  ft.  4  ins.  apart.  The  roof  concrete  floor  is 
5  ins.  thick,  rests  on  the  steel  beams  and  is 
reinforced  with  No.  31-A  continuous  triangle 
steel  mesh  54  ins.  wide,  with  overlaps  of  4  ins. 
The  work  of  concreteing  has  had  to  be  sus- 
pended owing  to  the  frost,  and  will  be  com- 
pleted in  the  spring.  Manhole  covers  at  each 
end  and  four  ventilators  were  inserted  in  the 
roof.  The  roof  has  a  fall  of  12  ins.  from 
the  middle  to  the  ends  and  rainwater  outlets 
are  provided  to  carry  ofi^  the  surface  water. 
The  roof  beams  and  concrete  are  disconnected 
from  the  walls  by  a  thick  layer  of  felt,  so  as 
to  obviate  any  stress  induced  by  temperature 
contraction  or  expansion  being  applied  to  the 
walls. 

Water  Proofing. — No  waterproofing  com- 
pound was  used  with  the  concrete,  but  when 
the  walls  were  dry  a  thick  layer  of  hot  liquid 
bitumen  was  painted  on,  and  this  was  after- 
wards coated  with  neat  cement  cream.  Tliis 
process  was  found  to  be  effectual  in  the  Tor 
Hill  reservoir  and  was  again  applied  in  this 
case.  The  roof  will  be  coated  in  a  similar 
manner. 

Concrete  Mixtures. — The  cement  was  sup- 
plied by  the  Canada  Cement  Co.  and  the  gravel 
was  obtained  from  the  city  gravel  pits,  supple- 
mented  bv   some   screened   gravel     from     the 
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Fig.   6.      Sectional    Elevation   Through    14-in. 
Overflow,    Regina    Reservoir. 


neighborhood.  The  pit  gravel  was  tested  be- 
fore the  work  was  started  and  found  to  be 
fairly  uniform.  No  screening  was  done.  There 
are  railway  spur  tracks  at  each  end  of  the 
reservoir,  which  were  found  to  be  very  con- 
venient, for  the  gravel  was  shovelled  into  the 
hopper,  cement  added  and  the  whole  mixed 
by  Ransome  mixers.     Five  bags  of  cement  per 
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cubic  yard  of  gravel  were  used  in  the  floor; 
l!  bags  in  the  walls,  8%  bags  in  the  columns,  8 
bags  in  tlie  roof,  and  6.3  bags  per  cubic  yard 
in  the  floor  finish. 

Drawings.— The  drawings  were  so  prepared 
that  the  nature  of  the  reinforcements  in  every 
part  of  the  work  could  be  seen,  that  is,  the  po- 
sition of  the  cranks,  bends,  overlaps,  etc.,  were 
shown,  and  the  number  of  bars,  diameters, 
lengths,  and  weights  were  given.  When  the 
work  was  being  carried  out,  the  cranked  bars 
fell  into  their  allotted  places  and  then  were 
fastened  by  wire.  The  work  proceeded 
methodically  from  start  to  finish,  and  doubtless 
this  contributed  considerably  to  the  economies 
effected,  for  there  was  very  little  loss  of  labor 
and  materials,  the  work  having  been  prear- 
ranged. 

Placing  Concrete.— As  the  concrete  was 
mixed  it  was  conveyed  in  ordinary  two  wheel 
tipping  concrete  carts  over  runways  erected 
from  time  to  time  in  the  most  convenient  po- 
sitions. Men  were  employed  in  slicing  tlie 
concrete  in  place,  and  care  was  taken  to  as- 
sure that  the  steel  was  properly  covered.  Fig- 
ure 4  is  a  view  of  the  concreting  plant. 

Drains.— An  8-in.  sewer  pipe  was  laid  out- 
■iide  the  base  of  the  walls  to  remove  any  water 
that  may  collect  there,  and  also  to  conduct 
the  rainwater  to  the  sewer. 

Tile  Facing.— As  the  land  occupied  by  the 
reservoir  was  limited  and  expensive,  it  was 
essential  that  the  fullest  possible  use  should  be 
made  of  it.  Consequently  embankments  had  to 
be  eliminated  and  the  waUs  supported  internal- 
ly, hence  the  reason  for  using  counterforts. 
Owing  to  the  absence  of  external  protection 
such  as  would  be  obtained  by  embankments, 
steps  were  taken  to  insulate  the  wall  against 
temperature  in  another  manner.  After  due 
consideration,  the  method  that  was  deemed  ex- 
pedient was  the  construction  of  an  external 
cellular  tile  facing.  Ties  have  been  left  on  the 
outside  of  the  concrete  walls  to  bind  the  tde 
facing  to  it.  The  facing  has  been  designed  to 
produce  a  pleasing  effect,  by  providing  pilasters 
and  recessed  panels.  The  winter  arrived  be- 
fore this  work  could  be  undertaken,  and  con- 
sequently it  was  held  over  until  the  coming 
spring  weather. 

Inkts.— There  are  two  inlets,  one  at  each 
end,  one  18-in.  and  one  10-in. ;  this  is  because 
of  local  conditions.  Each  inlet  is  provided 
with  a  sluice  valve  on  the  outside  of  the  reser- 
voir, and  a  Glenfield  &  Kennedy  equilibrium 
ball  valve  which  will  control  the  height  of 
water  at  any  predetermined  level.  As  previous- 
ly mentioned,  the  18-in.  inlet  will  discharge 
the  surplus  night  flow,  and  to  assure  the  city 
a  pressure,  a  Glenfield  &  Kennedy  loaded 
equilibrium  valve  with  by  pass,  has  been  insert- 
ed on  this  main,  and  so  adjusted  that  no 
water  will  discharge  into  the  reservoir  until 
the  main  pressure  has  exceeded  a  fixed  point. 
In  other  words,  the  equilibrium  valve  will  act 
as  a  relief,  and  when  the  water  level  has 
reached  a  definite  position,  then  the  ball  valve 
will  shut  off  the  supply.  The  18-in.  inlet  is 
shown  in  elevation  in  Fig.  5. 

Ouilet.—Theve  is  one  .30-in.  bell  mouthed 
outlet  at  the  upper  end  of  the  reservoir,  and 
this  is  connected  to  the  pumping  plant  in  the 
Power  House  close  by.  AH  valves  on  this 
line  are  24-in.,  with  taper  pipes  at  each  end. 

OverAow  and  Scour. — These  are  located  at 
the  lower  end  of  the  reservoir.  The  overflow 
pipe  has  a  bell  mouth  top,  and  is  22  ft.  0  ins. 
above  the  floor  at  that  point.  It  is  secured 
to  the  wall  by  4x%-in.  steel  stays.  The  scour 
pipe,  also  14-in.  diameter,  is  situated  in  a 
sump  3  ft.  deep.  The  overflow  and  scour  run 
into  one  pipe  outside  the  reservoir  where  the 
valves  are  located.,  An  elevation  of  the  over- 
flow is  shown  in  Fig.  G. 

All  external  valves  are  provided  with  cham- 
bers. Ladders  are  constructed  of  4x'/i-in. 
steel  stringers  and  %-in.  rings  15  ins.  apart, 
and  18  ins.  long. 

Puddle  Kings. — All  cast  iron  pipes,  bends, 
etc.,  inserted  in  the  concrete  work  were  pro- 
vided with  ()xl-in.  puddle  rings  cast  on  with 
brackets,  with  the  view  to  preventing  water 
seeping  along  the  pipework. 


Power  House  Connections. — Inasmuch  as  it 
was  important  to  provide  adequately  for  fire 
extinction,  the  writer  advised  that  the  connec- 
tions between  this  city  reservoir  and  the  pump 
should  be  made  as  large  as  possible,  to  suffice 
for  some  years,  and  in  the  interval  the  addi- 
tional 27-in.  main  from  Tor  Hill  reservoir, 
already  referred  to,  would  doubtless  be  con- 
structed. 

The  basis  of  the  calculation  in  connection 
with  computing  the  quantity  of  water  re- 
quired for  fire  extinction  purposes,  was  the 
formula  suggested  by  the  American  National 
Board  of  Fire  Underwriters,  which  is : 
Y  =  850  VlTCl  — 0.01  VX),  in  which  Y 
represents  imperial  gallons  per  minute,  and  X 
represents  the  population  in  thousands. 

The  pipe  arrangement  at  the  power  house 
consists  of  one  36-in.  supply  main  fed  by  the 
18-in.  main  from  Tor  Hill  reservoir  and  80- 
in.  pipe  from  the  city  reservoir,  and  one  36-in. 
delivery  main ;  these  are  parallel  and  only  a 
few  feet  apart.  When  the  gravity  supply  and 
pressure  from  the  18-in.  main  is  ample  (sup- 
plemented by  the  10-in.  supply  which  hitherto 
had  to  be  pumped),  then  the  water  passes  di- 
rect into  the  36-in.  delivery  main;  otherwise 
all  water  is  conducted  to  the  supply  main  and 
pumped  at  city  pressure  into  the  3G-in.  delivery 
main.  There  is  an  outlet  from  the  36-in.  de- 
livery leading  into  a  warmed  underground 
chamber  under  the  footway,  and  there  it  is 
divided  into  three  distributing  mains,  24-in. 
to  southeast  district,  24-in.  to  southwest  dis- 
trict and  an  18-in.  to  the  north  district.  Each 
of  these  distributing  mains  is  so  arranged  that 
the  connections  in  the  chamber  will  allow  one, 
two  or  three  of  the  branches  to  be  used  simul- 
taneously. On  each  branch  there  is  a  Glen- 
field &  Kennedy  pressure  regulating  valve, 
which  can  be  adjusted  to  any  pressure,  and 
each  main  has  a  Simplex  Venturi  meter.  The 
pressure  regulating  valves  are  normally  out  of 
commission,  but  when  a  fire  occurs  in  any 
district,  two  of  the  pressure  regulators  are  put 
into  action  by  simply  opening  small  taps  near 
the  pump,  and  thus  the  fire  pressure  produced 
by  the  pumps  is  thereby  concentrated  on  the 
district  from  which  the  alarm  was  received. 
These  regulators  have  lever  arms  carrying  the 
weights  which  fix  the  outlet  pressure,  and  the 
piston  connected  to  the  free  end  of  the  lever 
is  operated  by  the  outlet  pressure,  causing  it  to 
rise  or  fall,  and  in  doing  so  an  indicator  in 
the  power  house  is  moved  correspondingly,  and 
thus  the  operating  engineer  can  see  at  a  glance 
what  is  taking  place. 

Each  Venturi  meter  is  connected  to  the 
power  house  by  two  wrought  iron  pipes,  which 
conduct  the  main  pressure  and  the  throat 
pressure  to  the  recorder  which  indicates  the 
rate  of  flow,  records  on  a  chart  the  varying 
flows  and  also  shows  by  a  counter  the  total 
quantity  discharged. 

The  credit  for  the  neat  and  simple  con- 
trivance installed  in  connection  with  the  regu- 
lator valves  and  Simplex  Venturi  meters  is 
due  to  IVtr.  T.  H.  Smallwood. 

Forms. — The  wall  forms  consisted  of  1x8- 
in.  sheeting  supported  by  2x4-in.  uprights  at 
24-in.  centers,  tied  and  strutted  to  forms  on 
the  opposite  face  by  soft  wire.  The  counter- 
forts were  formed  in  a  similar  manner,  except 
that  the  sloping  face  had  2x8-in.  and  splays 
2xl0-in. 

The  runways  were  built  of  6x6-in.  verticals, 
4x6-in.  horizontals,  and  2xl2-in.  surface  boards. 

COST  OF  RESERVOIR. 

As  already  stated,  the  estimated  cost  of  the 
reservoir  and  connection  was  $125,000 ;  the 
reservoir  alone  was  estimated  to  cost  $110,000, 
and  the  connection  the  balance.  The  total  ac- 
tual cost  of  the  reservoir  was  $78,514.80,  and 
the  pipe  connections  $14,951.72,  making  a  total 
of  $93,466.58,  or  $94,657.00  inclusive  of  sundry 
expenses,  so  that  a  saving  of  at  least  $30,34-1, 
which  is  equal  to  23.2  per  cent  on  the  estimate, 
was  effected  by  carrying  out  the  work  under 
the  direct  control  (,f  the  waterworks  depart- 
ment. 


ltemi::ed  Cost. — Following  are  a  few  of  the 

itemized  costs : 

Labor — 

Excavation,  per  cu.  yd JO. 46 

Concrete  mixing  tor  floor,  per  cu.  yd...     .ilhi 
Concrete  placing,  for  floor,  per  cu.  yd..     .21i/^ 
Concrete  mixing,  tor  walls,  per  cu.  yd..     .54 
Concrete  placing,  for  walls,  per  cu.  yd..     .50 
Concrete  mixing,  floor  finish,  per  cu.  yd.     .5H4 
Concrete  laying,  floor  finish,  per  cu.  yd..  2.03 
Concrete    mixing,  columns,  per  cu.  yd..     .46 
Concrete  placing,  columns,  per  cu.  yd...  1.22V4 

Concrete  mixing,   roof,  per  cu.  yd 4914 

Concrete  placing,  roof,  per  cu.   yd 44% 

Steel  reinforcement  in  floor,  per  100  lbs.     .16 
Steel  reinforcement  in  walls,  per  100  lbs.     .5914 

Steel  angle  standards    per  100  lbs 77 

.Steel  bending  for  walls,  per  100  lbs HV- 

Steel  mesh  in  roof,  per  100  lbs 20?i 

Formwork  wall,   per  sq.  ft 05 

Stripping  formwork  from  walls,  per  sq. 

ft % 

Formwork  for  columns,  per  sq.  ft 05V* 

Stripping  formwork   from   columns,   per 

sq.  ft 0114 

Formwork  for  roof,  per  sq.  ft 03 

Waterproofing   walls,    per   sq.    ft % 

Cement  washing  walls,  per  100  sq.  ft 70 

Structural  steel  in  roof,  per  ton 2.94 

Placing   column    reinforcement,    per   100 
sq-   ft 70% 

The  walls  cost  for  labor  in  placing  concrete : 
$0.3014  per  cu.  yd.  for  the  first  9  ft.  in  height. 
.47      per  cu.  yd.  for  the  second  9  ft.  in  height. 
1.05      per  cu.  yd.  for  the  third  9  ft.  in  height. 
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Design  and  Cost    of    Concrete    Posts 
Used  Along  Catskill  Aqueduct. 

The  Board  of  Water  Supply  of  the  City  of 
New  York  has  used  about  150  miles  of  rein- 
forced concrete  fencing  around  the  Ashokan 
reservoir,  spoil  banks,  borrow  pits,  gate  houses 
and  otlier  locations  along  the  Catskill  aque- 
duct. 

In  enclosing  the  Ashokan  reservoir  prop- 
erty, over  14,000  concrete  posts  were  used  by 
Mr.  Honness,  Department  Engineer  of  the 
Reservoir  Department,  in  constructing  about 
43  miles  of  fencing,  the  posts  being  placed  at 
intervals  of  16  ft.  Straining  or  anchor  posts 
were  used  on  straight  lines  at  intervals  of 
about  300  ft.  and  at  all  abrupt  angles.  These 
posts  were  W2.  ins.  square  at  the  top  and  8  ins. 
square  at  the  bottom  and  7  ft.  9  ins.  long.  They 
were  reinforced  with  four  %-in.  square  twisted 
steel  bars,  held  in  position  by  five  hoops  made 
of  the  same  material.  The  line  posts  were 
"U"  shaped,  5%  ins.  over  all  at  the  bottom 
and  3%  ins.  at  the  top,  reinforced  with  four 
No.  5  U.  S.  steel  wire  gage  rods.  All  posts 
were  made  on  the  site  by  the  contractor  for 
tlie  fencing,  the  concrete  consisting  of  one  part 
cement  to  four  parts  aggregate  in  which  the 
sand  was  limited  to  %-in.  maximum  size  and 
the  stone  to  such  size  as  would  pass  through 
a  %-in.  screen  and  be  retained  on  a  %-in. 
screen. 

The  specifications  required  the  posts  to  be 
kept  moist  for  two  weeks.  Occasional  sprink- 
ling was  not  satisfactory  and  it  was  necessary 
to  cover  the  posts  with  something  that  would 
retain  the  moisture.  After  being  cured  from 
15  to  30  days,  the  posts  were  hauled  to  the 
site  on  wagons  equipped  with  platforms  on 
which  the  posts  lay  flat,  no  packing  of  any 
kind  being  used.  The  number  of  posts  dam- 
aged in  handling  did  not  exceed  1.5  per  cent. 
The  posts  in  general  have  been  satisfactory, 
but  would  perhaps  have  been  more  satisfactory 
had  the  square  posts  used  as  end  or  anchor 
po.sts  been  made  with  a  lieavier  section,  as  an 
unbalanced  strain  occasionally  broke  them  off 
at  the  surface  of  the  ground. 

These  posts  were  furnished  under  a  con- 
tract which  included  the  manufacture,  delivery 
and  setting,  but  not  the  excavation  of  the  hole 
or  the  cement  and  reinforcement  used  in  their 
manufacture.  •.'\t  the  contract  prices,  the  cost 
of  the  line  posts  in  place  was  $1.47  each,  dis- 
tributed as  follows :  Post,  90  cts. ;  cement,  14.5 
cts. ;    reinforcement,  17.5  cts.;  excavation  and 
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backfilling,  25  cts.  The  corner  and  anchor 
posts,  set  in  concrete  with  one  brace  and  thrust 
block,  complete  in  place,  cost  $13.81,  made  up 
of  the  fc^llowing  items:  Post  $1.30,  cement  32 
cts.,  reinforcement  43  cts.,  earth  excavation  .50 
cts.,  concrete  to  refill  post  hole  $6,  galvanized 


angle   iron   brace 


excavation 


thrust 


of  the  type  "G"  post  were  damaged  and  not 
over  1  per  cent  of  the  heavier  types.  In  gen- 
eral the  posts  were  delivered  by  automobile 
trucks.  Type  "D"  posts  were  found  rather 
light  for  anchor  posts,  but  type  "K"  was  found 
very  satisfactory. 

To  obtain  satisfactory  bond     in     type     "G" 


TypeD        TypeG        TypeU      TypeK      TypeL 


TypeJ 


Types  of   Reinforced  Concrete   Fence    Posts    Built   Along   Catskill    Aqueduct. 

Tjpe  D — 1  pieces  Vt  in.  square  hy  7  ft.  .S  ins.  long,  corrugated;  weight  C. 75  lbs.;  0.60  bag  cement; 
volume  1.792  cu.  ft.  Type  G — 3  pieces  No.  5  wire  7  ft.  2  ins.  long;  weight  2.4D  lbs.;  0.20  bag 
cement;  volume  0.595  cu.  ft.  Type  U — 4  pieces  No.  5  rods  7  ft.  2  ins.  long;  weight  3.26  lbs.; 
0.32  bag  of  cement;  volume  0.9063  cu.  ft.  Type  K — 4  pieces  V4  in.  square  by  7  ft.  6  ins.  long, 
twisted;  weight  26.35  lbs.;  1.05  bags  of  cement;  volume  3.185  cu.  ft.  Type  L — 4  pieces  V2  in. 
square  by  9  ft.  6  ins.  long',  twisted;  weight  32.3  lbs.;  1.14  bags  of  cement;  volume  4.025  cu.  ft. 
Type  J — 0.31  bag  of  cement;   volume  1.045  cu.    it. 


block,  earth,  14  cts.,  concrete  for  thrust  block 
$2.10.  Post  holes  for  line  posts  in  rock  cost 
40  cts.  each  additional  and  for  corner  and  an- 
chor posts  and  thrust  blocks  $1.02  additional. 

In  the  Southern  Aqueduct  Department.  Mr. 
F.  E.  Winsor,  Department  Engineer,  used  ap- 
proximately 7,.500  posts  in  building  about  23 
miles  of  fencing  along  higliways,  property  lines 
and  right-of-way.  These  posts  were  manufac- 
tured by  the  contractor  at  three  points,  from 
which  they  were  distributed  over  a  length  of 
line  of  about  30  miles.  As  a  rule,  the  posts 
were  not  delivered  and  set  in  less  than  30  days 
after  being  cast. 

Complete  data  are  not  available,  but  it  is 
estimated  that  in  handling  not  over  3  per  cent 


posts,  it  was  necessarv  to  rust  the  reinforcing 
wires  by  diluted  solution  of  salammoniac ;  it 
is  believed  that  more  satisfactory  results  would 
have  been  obtained  by  using  twisted  rods  for 
reinforcement.  Some  crazing  has  developed 
on  the  surface  of  these  posts,  and  it  is  feared 
that,  due  to  the  thin  section  of  concrete,  this 
may  shorten  the  life  of  the  posts.  It  was  also 
noted  that  the  strength  of  the  posts  was  ma- 
terially decreased  when  the  reinforcement  was 
too  near  the  neutral  axis. 

Tests  were  made  on  19  posts.  They  were 
tested  as  cantilever  beams  4  ft.  long,  with  a 
gradually  increasing  load  concentrated  at  the 
end. 

The  average  breaking  load   (four  tests)   for 


posts  made  of  run-of-bank  was  180  lbs.  Posts 
made  of  crushed  trap  rock,  in  which  clean, 
smooth  rods  were  used,  developed  a  breaking 
load  (three  tests)  of  185  lbs.,  while  the  aver- 
age for  posts  slightly  rusted  (five  tests)  was 
324  lbs.  By  substituting  three  V4-in.  deformed 
bars  for  No.  5  gage  wire,  the  average  break- 
ing load  obtained  in  five  tests  was  increased 
to  nearly  500  lbs.  The  types  of  posts  described 
above  with  their  reinforcement  are  illustrated 
by   the  accompanying  drawings,   Fig.   1. 
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Pumping  Capacity  in  Pennsylvania  Coal 
Mines. — The  quantity  of  water  that  must  be 
pumped  and  hoisted  out  of  the  anthracite 
mines  of  Pennsylvania  has  increased  nearly 
10  per  cent  in  the  last  ten  years,  and  will  con- 
tinue to  increase,  making  the  mining  of  an- 
thracite constantly  more  expensive.  It  has 
been  computed  that  every  ton  of  coal  removed 
from  the  mines  involves  the  removal  of  a  ton 
of  water  every  year  thereafter  until  the  mine 
and  all  workings  connected  with  it  are  worked 
out  and  abandoned. 

In  1904  there  were  846  pumps  below  ground 
and  ten  years  later  there  were  929  pumps, 
many  of  them  of  greater  capacity  than  the 
old  ones  they  replaced,  besides  the  huge  water 
hoists.  In  1904  the  capacity  of  these  pumps 
was  745,690  gals,  per  minute  as  against  the 
1,037,009  gals,  per  minute  recorded  as  their 
capacity  in  the  last  annual  report  of  the  Penn- 
sylvania Department  of  Mines. 

All  of  this  pumping  capacity,  necessary  to 
meet  periods  of  "heavy  water,"  is  not  in  use 
all  the  time.  The  quantity  of  water  actually 
delivered  at  the  surface  in  1904  was  446.120 
gals,  per  minute.  Ten  years  later  it  was  489,- 
600  gals,  per  minute,  or  about  250,000,000.000 
gals,  a  year.  This  is  equal  to  approximately 
950,000,000  tons  a  year,  or  thirteen  and  a  half 
times  as  many  tons  as  the  total  output  of  coal. 


AND  STREET, 


The  Economic  Design  of  Culverts  for 
Various  Depths  of  Fills. 

The  economical  length  of  culverts  for  use 
on  highways  and  the  design  of  headwalls  for 
various  depths  of  fills  were  discussed  in  a 
paper  before  the  Ohio  Engineering  Society 
by  P.  K.  Sheidler,  a  division  engineer  of  the 
Ohio   Highway   Department,   as   follows : 

Under  ordinary  conditions  the  headwalls  of 
highway  culverts  should  have  the  same  length 
and  height,  irrespective  of  depth  of  fill  over 
them — unless  some  special  condition  exists, 
as  mentioned  later.  This  design  allows  the 
use  of  standard  plans  in  the  construction  of 
culverts.  To  use  a  standard  plan  one  has 
only  to  determine  the  proper  length  of  barrel 
for  the  given  depth  of  fill  at  a  certain  loca- 
tion. In  getting  out  a  set  of  plans  where 
standards  are  used,  one  blue  print  of  a  cer- 
tain type  of  structure  can  be  used  for  more 
than  one  structure,  if  the  necessary  length 
of  barrel  be  indicated  for  each  particular 
structure. 

It  is  a  fact  that  there  are  cases  where  head- 
walls  must  be  designed  higher  and  necessarily 
longer  than  ordinary  circumstances  would  de- 
mand. These  are:  (1)  Where  the  end  or  ends 
of  the  culvert  would  come  outside  of  the 
right-of-way  line,  and  it  would  either  be  im- 


practical  or   impossible   to   procure   additional 
right-of-way. 

(2)   Where    the    additional    filling    material 
would  cost  more  than   the   extra   masonry   in 


Fig.  1.     A  Stone  Arch  Culvert  of  4  ft.  Span 
With    High    Head    Walls. 

the  larger  walls.  While  this  case  is  rare,  it 
is  possible — such  as  in  rock  cut,  or  where 
filling  material   would   have  to   be  hauled   an 


excessive  distance,  and  materials  for  masonry 
construction   easily   obtained. 

(3)  On  side  hill  slopes  where  the  grade 
of  flow  line  is  as  great  or  greater  than  the 
side  slopes  of  the  road  improvement,  calling 
for  a  wall  to  be  built  as  close  to  roadway  as 
clearance  will  allow. 

(4)  Where  the  structure  occurs  in  a  V- 
shaped  ravine  of  practically  constant  width, 
in  which  the  grade  of  flow  line  is  very  steep. 

It  is  a  common  practice  to  design  head- 
walls  of  a  sufficient  length  to  keep  the  opening 
clear  when  earth  is  assumed  to  fall  around 
the  ends  of  the  headwalls  on  a  1%  to  1  slope. 
Some  soils  require  designing  for  flatter  slopes 
than  this,  while  perhaps  in  some  cases  a  steep- 
er slope  could  be  assumed  without  obstruct- 
ing the  opening. 

When  culverts  are  to  be  constructed  in 
connection  with  new  road  work,  it  is  very 
essential  that  attention  be  given  to  this  feat- 
ure, as  freshly  excavated  material  will  be 
brought  against  the  headwalls  in  finishing  the 
bermes  or  dressing  the  slopes.  In  building 
structures  on  a  road  not  being  improved,  this 
is  nearly  as  important  from  the  standpoint 
of  future  improvement,  but  the  need  of  it  is 
not  so  apparent  at  the  time,  as  the  earth  sur- 
rounding   the   headwalls    has   become   settled, 
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and    will,    from    several    causes,    stand    at    a 
steeper  slope. 
In   planning     culverts     another     important 


versally  used  35/100  of  the  total  height  for 
the  base  of  all  headwalls.  Using  this  basis, 
the   quantities   computed     as     being     in     this 
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END    VIEW  SECTION 

Fig.   2.     Comparative    Design    With    Long    and    Short    Barrels   of   the   Culvert 

Shown    In    Fig.   1. 


feature  must  be  kept  in  mind.  I  refer  to  the 
necessity  in  future  years  of  providing  more 
roadway  for  increased  traffic.  Today  we  are 
replacing  bridges  of  12  and  14-ft.  roadway 
with  those  of  16,  18  or  even  24  ft.  If  a 
culvert  had  been  constructed  25  years  ago 
with  a  high,  massive  headwall,  instead  of  a 
long  barrel  and  low  headwall,  today  it  be- 
comes necessary  for  us  to  destroy  all  of  this 
large  wall — or  at  least  to  remove  part  of  it 
and  cover  it  over — in  order  to  carry  a  wider 
roadway  across.  Extending  a  culvert  that 
has  been  built  with  long  barrel  and  low  head- 
wall  can  be  done  at  a  much  less  cost. 

Figure  1  shows  a  small  stone  arch  culvert 
of  4-ft.  span.  The  height  of  wall  above  flow 
line  is  15y2  ft.,  but  the  length  of  wall  is  only 
27  ft.  The  grade  of  the  roadway  is  level  with 
the  top  of  the  headwalls,  which  are  24  ft. 
apart. 

Being  able  to  measure  only  the  length  and 
width  of  the  wall  at  the  top,  it  was  necessary 
to  assume  a  bottom  width  of  the  walls  in 
order  to  compute  quantities.  The  assumption 
made  for  this  bottom  width  was  .35/100  of 
the  total  height  of  wall.  This  may  be  slightly 
less  than  the  practice  of  some  designers  would 


structure    are:    120    cu.    yds.    stone    masonry; 
9  cu.  yds.  concrete,  and  50  lin.  ft.  handrail. 
In  all  of  these  examples,  the  cost  of  exca- 


structures  were  built.  We  must  treat  the 
cost  of  excavation  in  this  manner.  This, 
no  doubt,  gives  the  original  structure 
an  advantage  in  these  comparisons  of 
costs,  for  excavating  for  the  large  walls 
shown,  located  as  they  are,  up  against  the 
roadway,  would  result  in  larger  quantities 
than  we  would  get  for  small  headwalls. 

To  effectively  show  the  difference  in  quanti- 
ties obtained  by  designing  a  structure  of  the 
same  waterway  as  the  present  one,  and  fitting 
the  road  section  also,  but  with  a  long  barrel 
and  small  headwall,  a  design,  Fig.  2,  has  been 
prepared  portraying  the  new  design  superim- 
posed on  the  old.  The  new  design  being 
shown  in  dotted  lines  where  it  extends  beyond 
the  limits  of  the  old. 

The  same  assumptions  were  used  in  ob- 
taining the  small  headwall  dimensions  except 
the  length  is  designed  for  a  1%  to  1  slope, 
while  the  old  wall  would  have  to  be  44  ft. 
long  to  carry  a  1%  to  1  slope. 

The  quantities  contained  in  the  new  design 
complete  are ;  70  cu.  yds.  stone  masonry,  200 
cu.  yds.   earth   fill. 

The  comparisons  of  cost  using  unit  prices 
prevailing  at  the  time  the  structure  was  built 
are  shown  in  Fig.  2.  The  price  of  $5.50  per 
cu.  yd.  was  the  actual  cost  of  stone  masonry 
on    one    of    the    structures    used    as    an    illus- 


Fig.    3.     A    Stone    Arch    of    20-ft.    Span. 


vation  for  the  wall  is  assumed  to  be  included 
in  the  yard  price  of  the  masonry,  which  is  a 
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CROSS    SECTION  CND  VIEW 

Fig.    4,     Comparative    Design    With    Long    and    Short    Barrels   of   the   Culvert 

Shown    in  Fig.  3. 

,  permit,  while  on  the  other  hand  we  find  walls  common  practice  in  the  counties  in  this  state, 

i  that  have  thus  far  performed  their  duty  with  and  owing  to  the  difficulty  of  our  making  any 

•  a  base  of  less  than  3/10  cf  the  height.  How-  rational  as.siimption  as  to  the  probable  contour 

;  ever,   for  these  comparisons,   we     have     uni-  of  the  original  road  section  at  the  time  these 


tration.  This  cost  is  not  for  merely  building 
extensions  to  the  present  culvert,  but  repre- 
sents the  cost  of  an  entirely  new  culvert. 
There  would  have  been  a  saving  of  $307  in 
the  cost,  had  the  new  design  been  used. 

The  structure  shown  in  Fig.  3  is  a  stone 
arch  of  20-ft.  span.  This  culvert  is  located 
in  a  fill  across  a  valley  perhaps  800  ft.  wide, 
and  the  road  grade  is  practically  18  ft.  above 
ihe  adjoining  fields. 

The  side  walls  are  not  designed  for  1%  to 
1  slopes.  Had  they  been,  the  side  walls  would 
lie  8H  ft.  long  instead  of  63  ft.  Old  willow 
trees  on  both  sides  of  this  fill  help  consider- 
ably in  keeping  the  fill  in  place,  f^owever,  it 
was  necessary  to  build  the  large  concrete  wall 
shown  in  Fig.  4  to  keep  the  fill  back  when  a 
subsequent  widening  of  the  fill  was  made. 
.■\lso  the  bank  at  the  other  end  of  the  same 
wall  was  riprapped  for  the  same  purpose.  Us- 
ing the  same  as.sumption  for  width  of  walls 
at  bottom,  the  quantities  and  estimated  cost 
of  structure,  nut  including  riprap,  are  shown 
in  Fig.  4. 

The  other  type  of  structure  designed  for 
this  cross  section  is  shown  by  the  dotted  lines, 
and  quantities  and  estimated  cost  also  given 
in  Fig.  4  show  a  savine  of  $1,723. 

The  third  structure  shown  in  Fig.  5  is  a 
stone  arch  of  4-ft.  span.  The  plan  shows  a 
stone  wall  40  ft.  6  ins.  long  and  17  ft.  3  ins. 
high  above  the  flow  line.  At  each  end  is  a 
short  concrete  wall  evidently  built  at  a  later 
date  to  intersect  the  sides  of  the  ravine  shown 
in  the  photograph,  to  keep  the  road  fill  en- 
tirely behind  the  wall. 

The  upper  end  of  the  culvert.  Fig.  6,  is  not 
shown  for  the  reason  that  it  extends  under 
the  railway  fill,  and  takes  care  of  underground 
drainage  which  does  not  require  a  headwall. 
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The  cost  of  the  high   wall  is   estimated  to 
have  been  as   follows : 

169  cu.  yds.  stone   masonry  at   $5.50 $    929.50 

22  cu.  yds.  concrete  at  $8.00 176.00 

Total     $1,105.50 

while  the  cost  of  construction  shown  in  dotted 
lines  is : 

30  cu.  yds.  stone   masonry   at   $5.50 $105.00 

300  cu.  yds.  fill  at  40  cts 120.00 

Total    $285.00 

The  smaller  headwall  design  in  this  case  would 
have  cost  about  one-fourth  that  of  the  design 
used— a  saving  of  $820.50. 

To  show  graphically  the  difference  in  cost 
between  the  two  kinds  of  designs,  a  curve  has 


a  given  deoth  of  fill,  a  culvert  with  a  long 
barrel  and  small  headwalls,  can  be  built  at 
less  cost  than  one  with  a  short  barrel  and 
large  headwalls. 


The  Equipment  and    Maintenance    of 

Convict  Gangs  in  Georgia. 

To  secure  accurate  data  to  form  a  basis  for 
the  investigation  of  road  work  for  misde- 
meanor convicts  a  questionaire  was  prepared 
to  be  submitted  to  persons  actually  engaged  in 
working  misdemeanor  convicts  on  the  roads. 
This  questionaire  has  been  sent  to  every  coun- 
ty   in    Georgia    and    the    results    obtained    are 
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Fig.  5.     A   Stone   Arch   of  4-ft.   Span. 


been  drawn  for  each.  In  the  upper  left-hand 
corner  of  Fig.  7  (see  p.  291)  is  shown  in  full 
lines  the  culvert  used  as  a  base — 30  lin.  ft.  of 
18-in.  cast  iron  pipe  with  gravity  headwalls 
designed  to  hold  a  1%  to  1  slope.  Superim- 
posed on  this  section  is  shown  in  dotted  lines 
the  two  methods  discussed  of  increasing  the 
structure  to  provide  for  the  increased  depth 
of  fill  above  flow  line. 

Two  tables  were  computed  to  obtain  data 
for  plotting  the  curves  and  are  also  shown. 
The  table  marked  "A"  (see  p.  291)  gives  total 
costs  of  culverts  whose  barrels  are  kept  a  con- 
stant length  of  30  ft.  and  whose  headwalls  are 
raised  and  lengthened  for  different  depths  of 
fill  varying  by  1  ft. 

Table  "B"  shows  the  cost  of  culverts  whose 
headwalls  are  kept  of  constant  dimension,  and 
whose  barrels  vary  in  length  to  fit  the  road 
section. 

The  curve  "C"  was  olotted  to  show  the  cost 
of  fill  that  would  be  necessary  to  cover  the 
barrel  of  the  long  culverts  and  to  occupy  the 
space  taken  up  by  the  high  headwalls,  if 
they  were  to  be  removed.  The  area  between 
the  curves  "B"  and  "C"  represents  this  cost— 
the  ordinates  being  plotted  from  the  curve 
"B." 

The  sudden  jump  in  the  upper  curve  is 
caused  by  adding  the  cost  of  handrail  to  this 
type  of  culvert  at  the  point  where  top  of  the 
wall  is  five  feet  above  flow  line  in  order  to 
comply  with  the  state  law  governing  this.  The 
assumed  prices  used  are : 

Concrete,    cu.   yd ^o'Hn 

18-in.  cast  iron  pipe,  lin.  ft 2.00 

Handrail,   lin.    ft 1-00 

Earth  fill,  cu.  yd ™ 

In  order  to  show  a  specific  example  from 
these  tables,  we  have  selected  the  two  types 
of  culverts  that  would  be  necessary  for  a  fill 
of  ten  feet  above  the  flow  line— the  two  types 
are  superimposed  to  make  the  comparison 
more  striking.  This  is  shown  in  Fig.  7.  The 
cost  of  the  culvert  with  the  high  walls  is 
$607.60,  while  that  of  the  other  is  only  $162,80, 
representing  a  saving  of  $444.80. 

To  summarize,  the  following  points  should 
be  considered  in  culvert  design:  (1)  The  de- 
sign of  drainage  structures  requires  as  careful 
attention  as  any  other  part  of  a  road  improve- 
ment. (2)  The  primary  object  of  a  culvert 
is  to  conduct  water  under  the  roadway.  _  (3) 
Where  a  large  amount  of  culvert  work  is  to 
be  handled,  a  design  with  the  length  of  barrel 
as  the  only  variable,  enables  one  plan  to  be 
used  for  many  culverts.     (4)    Ordinarily,   for 


presented  here  in  a  condensed  form.  Thev 
give  the  viewpoint  of  citizens  and  officials  in 
Georgia  and  are  uncolored  by  outside  in- 
fluence. These  data  were  presented  in  a  paper 
before  the  Philadelphia  Convention  of  the 
American  Association  for  the  Advancement  of 
Science,  by  Jas.  Leland   Stanford. 

NUMBER    OF    CONVICTS    EMPLOYED. 

The    Georgia    Prison    Commission     reports 
that   practically   all   of   the   misdemeanor   and 


PLAN 


SIZE    OF    A    ROAD    GANG    UNDER    ORDINARY    CONDI- 
TIONS. 

Regardless  of  the  kind  of  work  undertaken 
by  a  convict  gang  the  factors  noted  in  Table 
I  will  be  involved.  The  annual  interest  on  the 
first  cost  and  depreciation  of  the  equipment 
are  included  in  the  annual  expense  of  main- 
taining the  convicts.  The  economical  solu- 
tion is  to  so  adjust  the  size  of  road  gang  as 
to  render  the  sum  of  these  factors  a  minimum. 

According  to  reports  received  and  actual  ex- 
perience, which  may  be  said  to  have  passed 
the  experimental  stage,  a  guard  can  most  eco- 
nomically and  advantageously  handle  15  men. 
Fifteen  men  per  guara  under  ordinary  local 
conditions  in  the  southeastern  states  has, 
therefore,  been  chosen  as  a  unit.  And  it  is 
suggested  to  the  engineer  that  in  planning  a 
county  gang,  to  make  the  gang  some  multiple 
of  fifteen,  if  he  would  secure  the  greatest  effi- 
ciency per  guard  and  the  greatest  efficiency  per 
gang.  The  size  of  a  gang  varies  in  numbers 
according  to  the  wealth  and  population  of 
the  county,  as  each  county  works  its  own 
misdemeanor  convicts.  In  exceptional  in- 
stances only  should  a  road  gang  be  less  than 
two  units  or  30  men,  as  the  expense  per  man 
has  been  found  to  increase  rapidly  when  the 
number  is  smaller. 

The  number  of  units  comprising  a  gang 
should  be  proportionately  determined  by  such 
factors  as  the  expense  per  man;  mileage  of 
roads  to  be  constructed  and  repaired ;  the 
character  of  the  work  to  be  done;  the  class 
of  men  in  the  gang;  and  the  equipment  pro- 
vided. 

Mr.  John  C.  Koch,  Athens,  Ga.,  reports  that 
in  heavy  cuts  and  fills  gangs  work  efficiently 
up  to  seven  units.  For  ordinary  construction 
work  on  county  roads  some  distance  from  a 
base  of  supplies,  experience  has  proved  it  more 
economical  to  divide  a  gang  when  it  exceeds 
appreciably  six  units. 

The  expense  per  man  both  as  to  food  and 
guarding  at  night  increases  rapidly  as  the 
number  of  men  in  a  gang  falls  belowr  30  and 
decreases  just  as  rapidly  as  the  gang  increases 
by    units    up    to    a    certain    limit.      One   night 
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Fig,   6,     Comparative   Designs   With    Long   and   Short   Barrels  of  the  Culvert  Show/n   in 

Fig.    5. 


felony  convicts  with  the  exception  of  the 
women  and  those  in  poor  health  are  employed 
in  some  phase  of  highway  work.  A  total  of 
2,441  misdemeanor  and  2,740  felony  convicts 
were  worked  by  124  counties  during  1914. 


guard  can  handle  a  camp  of  90  convicts  quite 
easily  since  the  day  guards  sleep  nearby  and 
are  ready  to  give  him  assistance  at  any  time. 
Moreover,  men  who  worked  on  the  roads 
all  day  hardly  need  a  guard  at  night.  When 


March  31,  1915. 
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TABLE   I.— COST  OP   MAINTENANCE  PER   CON^'ICT    PER  DAY. 

One  Two  Four  Six 

unit.  units.  units.  units.                    Report   of   ofBcial. 

1  physician    0.111  0.055  0.027  0.019 

1  warden    0.133  0.066  0.066  0.022      (A)  F.   F.  Hill,  Homer,  Ga. 

1  day  guard  per  unit' 0.066  0.066  0.O66  0.066      (B)  J.  C.  Redman,  Butts  County. 

1  nig-ht  guard  per  camp 0.066  0.033  0.016  0.011      (C)   E.  H.  Myers,  Ware  County. 

A  B               C  D 

Food       0.250  0.230  0.204  0.168      (D)  V.  O.  Morgan,  DeKalb  County. 

Clothin"-                   0.106  0.100  0.095  0.091     (E)  Av.    of  several  similar  reports. 

Depreciation O.075  0.02S  0.025  0.021 

Interest  on  first  cost,  all  kinds 

of  equipment   0.058  0.022  0.020  0.016 

Total  cost  per  day 0.865         0.600         0.519         0.414 

Actual  oractice   plus   intarest..     0.850         0.559         0.446         0.396 

E  B  C  B 

•Compiled  from  report  of  J.  E.  Levorn,  Supt.  of  State  Reformatory. 
•Compared  with  Searles'  Field  Engineering,  page  25. 

Based  on  salaries  for  month:    Physician,  $50;   warden,  $60;  each  guard,  ?J0. 
Rate  of  interest,  6  per  cent.  ,„„.«., 

iThe  maximum  amount  allowed  a  guard  by   the  convict  act  of  1908  is  $50  a  month. 
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Fig.   7.     Curves   and    Tables   Showing    the    Difference  in  Cost  Under  Various  Depths  of  Fill 

of  a  Typical    Road  Culvert. 
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a  four-unit  camp  is  divided  into  two  camps 
of  two  units  each,  an  extra  night  guard  and 
an  additional  warden  must  be  employed  since 
the  law  requires  a  warden  to  each  camp. 

TABLE  IV.— ROAD  MACHINERY  AND  ROAD 
WORKING  EQUIPMENT  FOR  A  TWO-UNIT 
GANG,  EARTH  AND  SAND-CLAY  CON- 
STRUCTION. 

Item.  Cost. 

Large  C-horse  grader $    255.00 

Two-hor.se  grader  110.00 

Large  rock  or  rooter  plow 35.00 

Rock   plow    20.00 

6  drag  scrapers    36.00 

4  wheel  scrapers   240.00 

4  2-horse  wagons    2C0.00 

10  large  nmles    2,250.00 

5  sets  of  double  harness 100.00 

Hammers,  shovels,  picks  and  axes 74.00 

Total    cost    of   machinery   and    equip- 
ment     $3,350.00 

Note. — Table  from  "Good  Roads  for  Georgia," 
Jan,  1900.  by  Dr.  C.  M.  Strahan,  dean  of  civil 
engineering.  University  of  Georgia. 

The  guards  act  as  road  foremen,  hence  the 
expense  of  employing  foremen  is  obviated 
and  balanced  by  guard  hire.  The  guards 
should  be  hired  at  a  stipulated  amount  and 
their  wages  gradually  raised  as  they  become 
more  efficient   foremen. 

MULES     FOR    ROAD    WORK. 

In  a  great  many  instances  it  has  been  found 
economical    to    use   certain    mechanical    appli- 


ances as  labor  saving  devices.  Mules  are 
generally  used  for  traction  in  the  construction 
of  sand-clay  roads,  because  they  can  be  utilized 
in  places  which  would  make  other  forms  of 
motive  power  impracticable. 

As  yet  very  little  evidence  has  been  pre- 
sented as  to  the  economic  use  of  mules  for 
road  work  and  a  policy  will  merely  be  out- 
lined, which  may  be  considerably  modified  be- 
fore a  conclusion  is  reached  in  the  matter. 
Not  only  the  use  of  mules,  but  other  forms  of 
traction  will  each  be  considered  in  the  final 
report  on  this  subject.  It  is  evident  that  the 
cost  of  hauling  on  the  ten-mile  basis  bears  a 
fixed  relation  to  the  cost  of  running  a  convict 
camp  economically. 

The  cfliciency  of  a  gang  in  constructing 
sand-clay  roads  depends  upon  the  number  of 
mules  per  gang,  without  certain  limits,  states 
T.  E.  Patterson  of  the  Georgia  Prison  Com- 
mission. "One  mule  per  man  is  best  usage" 
and  secures  the  greatest  amount  of  efficiency 
per  gang.  The  mules  are  usually  worked  in 
teams  and  are  hitched  to  the  various  appli- 
ances used  in  road  work.  A  great  deal  of 
hard  labor  and  valuable  time  is  saved  thereby. 

When  the  number  of  mules  drops  appre- 
ciably below  half  the  number  of  convicts  com- 
posing a  gang  the  efficiency  of  the  gang  will 
become  so  low  that  convict  labor  ceases  to  be 
economical  and  the  county  will  lose  money 
on  the  job. 


When  the  number  of  mules  appreciably  ex- 
ceeds the  number  of  convicts  composing  the 
gang,  the  number  of  trusties  and  the  mules 
operating  the  machines  will  be  exhausted.  It 
IS  not  a  good  policy  to  hire  free  labor  to  op- 
erate the  machines,  because  of  the  increased 
expense  and  the  likelihood  of  friction  with 
the  convicts. 

W.  F.  Fergiison,  Lenoir  City,  Tenn.,  says 
"Good  first-class  mules  can  be  worked  with 
profit  from  eight  to  ten  years,  -while  a  horse, 
under  similar  conditions,  can  be  worked  with 
profit  only  from  six  to  eight  years.  Mules 
will  last  longer,  as  they  are  more  moderate 
on  heavy  draft." 

E.  H.  Myres,  Waycross,  Ga.,  states,  "We 
have  ten  mules  we  have  worked  from  eight  to 
nine  years  with  good  care.  They  are  good 
today.  Just  a  little  slower  than  the  new  ones. 
We  have  made  no  particular  study  of  single 
or  double  effect,  as  all  of  our  stock  works 
double  and  sometimes  in  fours.  When  using 
wheel  scrapers  we  figure  on  the  haul  of  each 
mule  at  1,200  to  1,500  pounds  on  a  sandy  road 
—new  construction  on  unfinished  roads.  We 
use  heavy  Studebaker  wagons  without  body, 
only  floor  boards.  Barring  accident  in  five 
years  the  country  would  realize  almost  the 
original  cost  of  the  mule." 


TABLE  II.— EQUIPMENT  FOR 
GANG. 

One  'Two 

Camp    equipment.            unit,  units. 

-Winter  barracks,   includ- 
ing guard  room $140  $200 

Cook  roonn   25  25 

Large       range,        cooking 

utensils  and  dishes 125  125 

Hospital  and  furnishings.     50  50 

Tents  for  summer  camps     50  70 

Stable  sheds   60  75 

Bath    house,    equipped    to 

wash   clothes    25  25 

Commissary  tent  and  fix- 
tures         25  30 

$500  $600 


A  ROAD 

Four 
units. 

Six 
units. 

$240 
25 

$    300 
2a 

130 

75 

140 

125 

150 

75 

200 

170 

30 

40 

35 

40 

$S00     $1,000 


TABLE  III.— COMPARISON  OF  INCREASED 

COST  OF  DIVIDING  GANGS. 

Camp  Equipment. 

One      Ttvo      Four       Six 
unit,     units,     units,     units. 

One-unit    gang $    500     $1,000     $2,000     $3,000 

Two-unit  gangs 600       1,200       2,400       3,600 

Four-unit    gangs SOO       1,600       3,200       4.800 

Six-unit  gangs 1.000       2,000       4,000       6,000 

'Rule  Book  of  Georgia  State  Penitentiary. 
The  first  six  items  for  two  units  were  reported 
by  W.  S.  Holman,  County  Road  Commissioner 
of  Clark  County,  in  charge  of  the  work.  See 
"Good  Roads  for  Georgia,"  page  5,  January.  1909. 
Note.— Each  unit  is  composed  of  one  guard 
and  fifteen  convicts. 
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Municipal  Exhibit  at  Mayors'  Meeting.— 

.\  municipal  exhibit,  the  first  of  its  kind  in 
New  York  State,  will  be  one  of  the  features 
of  the  sixth  annual  meeting  of  the  New  York 
.State  Conference  of  Mayors  and  Other  City 
Officials  to  be  held  at  Troy  on  June  1,  2  and  3. 
The  exhibit  will  consist  of  implements  and 
manufacttired  wares  most  commonly  used  and 
purchased  by  municipalities.  Mayor  Cornelius 
F.  Burns  of  Troy  has  appointed  a  local  com- 
mittee to  have  charge  of  the  exhibit  and  act 
for  the  Conference.  The  exhibit  will  be  held 
in  the  large  drill  shed  of  the  Armory.  Plans 
are  being  made  so  that  the  large  apparatus  may 
be  easily  removed  to  the  street  for  demonstra- 
tion purposes.  All  of  the  cities  in  the  state 
have  been  asked  to  send  motion  pictures  of 
their  principal  nuniicipal  activities.  C.  R, 
Metzger,  General  Secretary  of  the  Troy  Cham- 
ber of  Commerce,  is  secretary  of  the  com- 
mittee. 
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Cost  Keeping  System  for  Work  Per- 
formed by  Municipal  Forces  of  the 
Philadelphia  Bureau  of  Highways. 

Since  1912  systematic  cost  keeping  has  pre- 
vailed for  all  work  done  by  the  forces  of  the 
Philadelphia   Bureau  of   Highways.     The   sys- 


maintenance  work  performed  by  municipal 
forces  are  divided,  and  for  each  of  which 
complete  distinctive  unit  cost  systems  have 
been  provided,  are  as  follows:  (a)  Highways; 
(b)  Sewers;  (c)  Bridges;  (d)  Meadow  Banks. 
Except  in  minor  details  the  procedure  for 
each  of  these  systems  is  similar.     Considering 


MNEMONIC  SYMBOLS  FOR  WORK  PERFORMED  BY  MUNICIPAL  FORCES. 


B  S — Brick  on  sand 

B  C — Brick  on  concrete 

G  S — Granite    block   on   sand 

G  C— Granite  block  on  concrete 

S  S — Slag  block  on  sand 

S  C — Slag  block  on  concrete 

C  —Cobble 

M  P — Waterbound  macadam  patching 

M  R — Waterbound    macadam   resurfacing 

M  S — Waterbound  macadam  surfacing 

B  G — Brickgutters 


R  —Rubble. 

G  L  — Granolithic. 

A  B  S — Asphalt  block  on  sand. 

A  B  C— Asphalt    block    on    concrete. 

A  C  — Asphalt  on  concrete. 

A  B  — Asphalt    on    bituminous    base. 

A  S  — .\sphalt  on  broken  stone. 

B  B  G — Belgian  block  gutters,  which 
includes  granite  and  blue 
stone. 

R    G       — Rubble   gutters. 

C     G       — Concrete  gutters. 


Surface  treatment  and  bitu 
minous  patching  work. 

With   tarvia  A 

With   tarvia  B 

With  tarvia  X 

■With  Ugite  No.  1  (cold).... 

With  Ugite  No.  2  (hot) 

With  asphalt  cut  back 

With  calcium  chloride 

With  road  oil 

With  glutrin   


Treating  water- 
bound  mac- 
adam   roads. 
T     A     M 
T      B     M 


U-1 
U-2 
C     M 
C      C 
R     O 
G 


Treating  bitu- 
niinous    mac- 
adam  roads. 
TAB 
T     B     B 


T      C      B 


Patching  water- 
bound    mac- 
adam roads. 
P     A     M 
P     B     M 
P     X     M 
P     U-1 
P     U-2 
PCM 


Patching  bitu- 
minous   mac- 
adam  roads. 
P     A     B 
B 
X 


P 
P 


B 

B 


P     C 


Cleaning  gutters    

Cleaning    roads 

Cleaning  and   shaping  shoulders 

Cleaning  trunks,  drains  and  inlets 

Repairing  trunks  and  drains ••■■■;••• 

Building,  constructing  or  placing  trunks  and  drams. 
■U'ater  sprinkling— W  S  C  (cinder  roads) 


Dirt  roads. 
C  G  D 
R 
S 
T 
T 
T 
S 


C 

c 
c 

R 
B 

W 


D 
D 
D 
D 
D 
D 


Macadam  roads, 
C  G  M 
R 
S 
T 
T 
T 
S 


C 

c 
c 

R 
B 
W 


M 
M 
M 
M 
M 
M 


G     R— Repairs   to   ffuard   rails,   fences  and  other  safety  devices. 


"under  miscellaneous  work  on  the  progress  and  material  sheet. 


be    further    described 


FIG.   I. 


tem  as  at  present  is  described  in  the  last  re- 
port of  the  Bureau  and  from  advance  sheets 
we  abstract  the  data  that   follows. 

The  maximum  possibilities  of  a  unit  cost 
system  naturally  vary  with  the  conditions  ex- 
isting in  the  organization  in  which  it  is  oper- 
ated. In  installing  the  unit  cost  system  in  the 
Philadelphia  Bureau  of  Highways,  however, 
the   following  objects  were  sought: 

(a)  To  ascertain  the  quantity,  and  total  and 
unit  cost  of  each  class  of  work  performed  which 
will  provide  data  to  facilitate  the  preparation 
of  budget  and  prospective  work  estimates  and 
also  afford  a  basis  from  which  may  be  de- 
termined the  fairness  of  unit  prices  bid  on  con- 
tract work. 

(b)  To  provide  data  to  assist  in  the  de- 
termination of  the  time  beyond  which  it  would 
be  undesirable  for  economic  reasons  to  continue 
maintenance  work  on  existing  pavements,  or 
in  other  words,  the  time  when  replacements 
must  be  contemplated. 

(c)  To  secure  by  interpretation  of  the  data 
knowledge  as  to  the  efficiency  of  performance 
of  the  Bureau's  forces,  and  to  assist  in  show- 
ing the  adequacy  of  the  service  rendered  to 
the  public. 

(d)  To  show  the  quantity  and  cost  of  each 
class  of  work  performed  within  the  bundaries 
of  any  district,  or  unit  length,  of  highway,  or 
on  any  specific  structure  or  job. 

(e)  To  show  separately  the  varying  and 
principal  elements  of  expense,  such  as  labor, 
hauling  and  materials,  entering  into  the  cost 
of  each  class  of  work. 

(f)  To  produce  in  the  subordinate  employes 
the  beneficial  moral  effect  resulting  from  a 
realization  that  records  of  their  performances 
are  brought  to  the  attention  of  their  superiors. 

(g)  To  promote  friendly  competition  between 
similar  units  of  the  organization  and  establish 
a  sort   of  esprit  de   corps  among  the  men. 

As  all  the  work  performed  by  the  municipal 
forces  is  that  of  maintenance,  it  was  possible 
to  design  a  standard  unit  cost  system  which 
would  be  sufficiently  fle.xible  to  permit  its  ap- 
plication to  any  class  of  maintenance  work. 
The    general     classifications     into    which     the 


this  and  also  the  fact  that  while  the  procedure 
for  the  highway  maintenance  repair  unit  cost 
system  includes  greater  variations  from  the 
standard,  but  at  the  same  time  also  embodies 


favor  of  a  description  of  the  general  condi- 
tions and  considerations  governing  the  high- 
way maintenance  repair  unit  cost  system.  This 
work  is  sub-divided  into  two  general  sub- 
classifications  as  follows: 

(a)  Restoration  work,  which  includes  the  re- 
placement of  highway  pavements  opened  by  in- 
dividuals or  public  utilities,  for  which  the  city 
receives  remuneration,  and  the  replacement  of 
pavements  opened  by  the  several  municipal 
bureaus. 

(b)  General  maintenance  work,  which  in- 
cludes all  work  done  on  the  highways  and  not 
included  under  (a). 

To  facilitate  the  reporting  of  field  data,  the 
work  included  in  the  two  preceding  general 
sub-classifications  has  been  divided'  into  the 
three  following  divisions:  (a)  City  street 
pavement  restoration  and  maintenance,  (b) 
Country  road  pavement  restoration  and  main- 
tenance, (c)  Bituminous  surface  treatment  and 
sprinkling. 

To  provide  for  the  operation  of  the  unit 
cost  system  and  the  attainment  of  the  objects 
for  which  it  was  instituted,  the  following  set 
of  forms  were  provided : 

(a)  A  schedule  of  mnemonic  symbols  rep- 
resenting each  and  every  class  of  work  likely 
to  be  encountered.     Fig.   1. 

(b)  Daily  route  sheets,  one  each  for  restora- 
tion work  and  maintenance  work  respectively. 
Fig.  3. 

(c)  Material    issue   orders.      Fig.    2. 

(d)  Composite  labor,  material,  hauling  and 
progress  record  forms,  one  each  for  city  street 
pavement  restoration  and  maintenance;  country 
road  restoration  and  maintenance;  and.  sur- 
face treatments  and  sprinkling,  respectively. 
Figure  4  shows  one  of  these  sheets,  which  is 
typical   of  all. 

(e)  Cost  record  forms.     Fig  5. 

(f)  Highway  maintenance  record  forms,  one 
each  for  blocks  and  intersections  respectively. 
Fig.  6. 

(g)  Printed  instructions,  enclosed  in  a  pocket 
folder,  explaining  in  detail  the  use  of  the  forms 
and  the  general  operation  of  the  system.    Fig.  7. 

To  insure  universal  and  definite  knowledge 
concerning  the  operation  of  the  unit  cost  sys- 
tem, every  employe  having  to  do  with  the  sys- 
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Arrived  at  Job                                            p_"  j^'^ 

RECEIVED   BY 

APPROVED 

(Title) 

Assistant  Engineer 

Fig.    2. 


all  of  the  standard  principles  governing  the 
systems  for  the  remaining  three  classifications, 
an  e-xplanation  of  the  procedure  governing 
these   later  three   classifications   is   omitted   in 


tem  is  nrovided  with  a  schedule  of  work  sym- 
bols and  a  set  of  written  instructions. 

On  all  of  the  forms,  two  colors  of  ink  have 
been  used  in  column  headings,   red  indicating 
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(Reverse  side  for  remarks) 

Signed: 

(Foreman) 

Approved : 

(Asst.  Eng'r) 

Totals 

Fig.    3. 


that  the  data  will  be  supplied  by  the  office 
and  black  indicating  that  it  should  be  supplied 
by  the  gang  foreman.  Wherever  practicable 
the  data  supplied  by  the  office  is  typewritten. 
Gang  foremen  are  not  permitted  to  make  or 
keep  any  records  concerning  the  work  e.xcept 
on  the  indicated  forms  and  these  entries  must 
be  made  while  actually  engaged  on  the  work. 
Except  when  a  longer  period  of  time  is  re- 
quired to  finish  a  specific  parcel  of  work,  tlie 
gang  foreman  is  each,  day  provided  by  the  dis- 
trict office  with  a  route  sheet,   indicating  the 


location  and  order  in  which  the  work  is  to  be 
performed  that  day,  separate  forms  being  used 
for  restoration  work  and  maintenance  work 
respectively.  For  each  class  of  work  the  gang 
foreman  enters  the  work  symbol  and  the 
length,  width  and  area  of  the  work  performed. 
Upon  completion  of  the  work,"  he  signs  and 
transmits  this  report  to  the  district  office  for 
approval  by  the  district  engineer,  who  for- 
wards it  to  the  main  office. 

On   the   first   day   of   each  week  each   gang 
foreman  is  furnished  by  the  district  office  with 


enough  copies  of  the  time  and  progress  and 
material  sheet  for  that  week.  These  forms 
contain  the  district  number  and  date,  the 
name,  position  and  rate  of  pay  of  each  em- 
ploye in  the  gang.  During  the  progress  of 
each  day's  work  the  following  data  is  re- 
corded on  these  forms  by  the  gang  foreman : 
the  work  symbol  (placed  in  the  spaces  headed 
"Order  No.",),  the  fund,  the  time  of  arrival 
and  departure  on  the  job  of  each  workman  and 
team,  location  of  the  work  indicated  by  block 
or  intersection,  the  length,  width  and  area  or 
thickness  of  work  performed,  the  quantity  and 
character  of  materials  received  and  used,  and 
the  number  of  hauling  trips  made,  .\fter  be- 
ing signed  by  the  gang  foreman  this  report 
is  transmitted  to  the  district  office  for  the 
approval  of  the  district  engineer,  after  which 
it  is   forwarded  to  the  main  office. 

When  it  is  necessary  to  use  materials  from 
stock  the  gang  foreman  originates  a  Material 
Issue  Order  prepared  in  triplicate,  upon  which 
is  printed  "Please  issue  the  following  stores 
to  bearer"  and  in  addition  each  copy  contains 
the  following  data,  the  district  number,  the 
date,  the  serial  number,  the  name  of  store- 
keeper, the  work  symbol,  the  quantity,  unit 
and  description  of  material  and  the  day  and 
hour  that  the  material  is  wanted,  which  is  the 
time  the  team  or  agent  leaves  the  job  for  the 
storeyard.  The  duplicate  copy  of  tlie  material 
issue  order  is  retained  by  the  gang  foreman 
and  the  original  and  triplicate  copies  are  pre- 
sented   by   the    driver   or   agent   to   the   store- 
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keeper  who  records  the  time  tlie  team  arrives, 
the  time  of  issue  of  material  to  driver  and  the 
time  the  team  departed,  and  retains  the  orig- 
inal and  returns  the  triphcate  to  the  driver  for 
transmittal  to  the  gang  foreman,  who  then  re- 


in tlie  plotting.  Where  it  is  decided  that  it 
would  be  more  economical  to  repave  instead 
of  repair  a  pavement,  the  repairing  done  pend- 
ing tlie  appropriation  of  funds  for  repaving  is 
not  plotted  as  the  plotting  is  intended  to  serve 


BUREAL 

OF  Highways 

Division  of  Maintenance 
(highways) 

PHILADELPHIA 

District 

Order  No. 

LOCATION 

DESCRIPTION 

1 

Date 

Sq.  Yards 

Labor 

Teams 

Material 

TOTAL 

FOREMAN 

REMARKS 

For'd 

TOTAL 

COST  PER  SQ.  YD. 

of   entire   pavement    replacements   will   be   de- 
termined. 

For  the  purpose  of  the  maintenance  records 
a  block  is  considered  to  be  a  length  of  high- 
way lying  between  the  near  curb  lines  of  the 
two  nearest  main  intersecting  highways,  and 
an  intersection  is  considered  to  be  that  por- 
tion of  the  main  intersecting  highways  lying 
outside  of  the  curb  lines. 


Fig.    5. 


cords  the  time  of  the  receipt  of  the  material 
and  time  of  the  hauling  vehicle's  arrival  at  the 
job.  After  being  signed  bv  the  gang  fore- 
man tne  material  issue  order  is  transmitted 
to  the  district  office  where  it  is  approved  by 
the  district  engineer,  and  then  forwarded  to 
the  main  office.  Whenever  possible,  however, 
the  material  issue  order  is  approved  by  the 
district  engineer  prior  to  its  being  sent  to  the 
storekeeper.  The  original  copy  of  the  material 
issue  order  which  is  retained  by  the  store- 
keeper is  used  in  the  posting  of  the  balance  of 
stores   records. 

Upon  the  receipt  of  the  record  forms  at  the 
main  office  the  entries  on  the  time  and  progress 
and  material  sheets  and  on  the  material  issue 
orders  are  extended  and  totaled  by  the  cost 
clerk,  and  after  being  forwarded  to  the  pay- 
master for  his  record  of  the  employes'  time 
and  returned,  the  following  data  is  entered 
on  the  Cost  Record  cards,  one  of  which  is 
originated  for  each  highway  intersection  and 
block :  the  d'strict  number,  the  work  symbol, 
the  fund,  the  date,  the  location,  character  and 
quantity  of  work  performed,  the  foreman's 
name  and  the  costs  of  labor,  material  and 
hauling.  At  the  termination  of  any  desired 
period  of  time  there  can  be  readily  compiled 
from  these  cost  records  the  unit  costs  of  any 
class  of  work  performed  in  any  geographical 
division,  or  the  unit  costs  of  the  performances 
of  any  unit  of  the  organization. 

From  the  data  contained  on  the  Route  Sheets 
received  at  the  main  office  there  is  made  on  the 
reverse  side  of  the  Highway  Maintenance  Rec- 
ord cards  (which  contain  a  detailed  sketch, 
drawn  to  a  standard  scale,  of  each  block  or 


only  as  a  guide  until  the  pavement  has  out- 
lived its  economical   life. 

A  separate  card  is  provided  for  each  block 
and  each  intersection  of  highway  pavement. 
These  records  contain  on  their  face  side  a 
record  of  the  character  and  unit  costs  of  the 
base  and  surface  courses  of  the  original  pave- 


Testing  Aggregates  for  Concrete  Roads 
Built  by  the  New  York  High- 
way Commission. 

The  methods  of  testing  and  handling  ag- 
gregates for  concrete  roads  built  under  the 
supervision  of  the  New  York  Highway  Com- 
mission were  described  by  H.  S.  Mattimore, 
first  assistant  engineer,  in  a  paper  before  the 
last  meeting  of  the  Association  of  Portland 
Cement    Manufacturers. 

It  is  absolutely  essential  that  a  good  quality 
of  cement  should  be  used  in  concrete,  but  we 
should  constantly  keep  in  mind  that  cement, 
although  the  important  ingredient  in  concrete, 
is  only  one  of  several  ingredients  used  in  mix- 
ing this  product,  and  in  order  to  secure  a  first- 
class  concrete  the  other  ingredients  must  also 
be  of  a  good  quality. 

To  insure  a  fi  e  aggregate  of  high  grade 
our  department  has  drawn  up  the  following 
definite  specifications : 

Fine  aggregate  shall  consist  of  sand,  free  from 
organic  matter;  that  which  shows  a  coating  on 
the  grains  shall  not  be  used  until  satisfactorily 
washed.  No.  1  sand  for  use  in  concrete  pave- 
ment shall  be  of  the  following  gradation:    100  per 
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ment,  aiid  the  name  and  address  of  the  con- 
tractor, the  dates  of  completion  and  guarantee 
expiration  and  length  of  guarantee.  At  the 
close  of  each  year  from  the  data  shown  on  the 
Cost  Record  cards  for  each  highway  block 
and  intersection  there  is  recorded  on  the  cor- 
responding Highway  Maintenance  Record  the 
following  data:  the  year,  the  total  area  re- 
paired,  the  total  and  unit  costs  of  pavement 
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intersection)  a  record  of  the  character,  area, 
and  a  graphical  sketch  of  all  pavement  restora- 
tion and  maintenance  work  performed  on 
streets  that  have  not  outlived  their  economical 
life.  This  makes  it  a  simple  matter  to  deter- 
mine how  the  repairs  are  wearing  as  a  repair 
over  a  previous  repair  would  be  brought  out 


replacements  made  necessary  for  both  restora- 
tion and  maintenance,  the  total  area  of  resto- 
ration work  only  and  the  unit  replacement  cost 
per  year  per  square  yard  of  pavement  covered 
by  the  record.  These  maintenance  records 
will  eventually  serve  as  a  basis  upon  which  the 
discontinuance   of   maintenance  and   the    need 


cent  shall  pass  a  %-inch  screen;  not  more  than 
20  per  cent  shall  pass  a  No.  50  sieve  and  not 
more  than  6  per  cent  shall  pass  a  No.  100  sieve. 
Sand  may  be  rejected  for  this  class  if  it  contains 
more  than  5  per  cent  of  loam  and  silt.  Mortar 
in  the  proportion  of  one  part  of  cement  to  three 
parts  of  sand  to  be  tested,  shall  develop  a  com- 
pressive strength  at  least  equal  to  the  strength 
of  a  similar  mortar  of  the  same  age  composed 
of  the  same  cement  and  standard  Ottawa  sand. 
Screenings  when  approved  in  writing  by  the 
chief  engineer,  may  be  substituted  for  a  portion 
of  No.  1,  2  and  3  sand  under  the  following  con- 
ditions: The  screenings  shall  be  free  from  dust 
coating  and  other  dirt.  100  per  cent  shall  pass 
a  ^-inch  screen  and  not  more  than  6  per  cent 
shall  pass  a  No.  100  sieve.  The  compressive 
strength  of  a  mortar,  in  which  the  screenings 
and  sand  are  in  the  proportions  intended  for  use, 
shall  be  at  least  equal  to  the  standard  strength 
obtained  with  sand  of  the  given  class. 

You  will  notice  from  the  specifications 
quoted  that  the  only  allowable  use  for  stone 
screenings  as  fine  aggregate  is  when  mixed 
with  a  proportion  of  sand.  We  have  had  some 
field  tests  made  on  using  all  screenings  for 
fine  aggregate  and  these  have  shown  such 
doubtful  results  that  it  was  not  thought  ad- 
visable to  replace  all  of  the  sand  by  screen- 
ings. It  is  possible  to  get  good  concrete  with 
screenings  in  laboratory  test,  but  when  tried 
on  a  large  scale  in  the  field  it  is  extremely 
difficult  to  get  a  uniform  well-graded  material. 
The  proper  proportion  of  screenings  from  the 
hard  variety  of  stone  will  improve  a  fine- 
grained  sand,  but  the  high  costs   for  careful 
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inspection  and  proper  mixing  is  likely  to  make 
their  use  prohibitive,  except  in  instances  where 
a  good  quality  of  sand  is  very  expensive. 

The  specification  for  stone  as  coarse  ag- 
gregate in  concrete  requires  that  samples  shall 
be  tested  before  being  used  in  the  work.  It 
must  be  free  from  dirt  and  coating  of  any 
kind.  As  a  tentative  specification  we  require 
that  stone  for  use  in  concrete  pavement  shall 

TABLE  I.  —  COMPRESSION  TESTS  ON  THE 

1  :  i%  :  3     CONCRETE    CUBES,     M.A.DE 

FROM  MATERIAL,  BEING  PLACED 

ON  ONE  OF  THE  BEST 

HIGHWAYS. 

Break  lbs., 
per  sq.  in., 
average  of  Sand 

Date  made.  Age.        2  cubes.  used. 

June     5,  1914 30  54S0  + 

June     7,  1914 34  4365  : 

June  12,  1914 45  4815  c 

June  21,  1914 36  39S0  ti 

Julv      6,   1914 28  4810  "" 

July    12,  1914 29  4925  ^ 

July    14,1914 30  4675  ■ 

July    20,  1914 28  4625  S 

July    23,   1914 28  4875+  '^ 

July    31,   1914 33  5555+ 

Aug.     5,1914 28  4500  ^ 

Aug.   11,  1914 28  4680  c 

Aug.   15,  1914 28  4050  oi 

Aug.   19,  1914 30  4665  " 

Sept.     4,1914 30  4420  " 

Sept.     8,  1914 28  5030 

Sept.  12,  1914 28  4450  £ 

Sept.   17,1914 32  4450  ■^ 

Sept.   30,  1914 33  1945» 

•The  concrete  represented  by  the  last  two 
■cubes  was  made  of  stone  and  screenings  substi- 
tuted for  sand.  It  was  made  for  experiment,  not 
used  on  highway. 

Tests  of  sand  used  in  above  concrete: 
No.   1 —  Loam  =  1.5% 

Voids  =  31.2%  compression 

gradation.  break. 

Passing    H-in.,    100.0% 1  :  3   mortar 

Passing  No.       6,     93.3     

Passing  No.     20,     41.7     Ottawa,    1420 

Passing  No.     50,     10.5     Natural,  1987 

Passing  No.  100.       1.8     

Passing  No.  200,       0.9     Washed,  1802 

No.  2 —  Loam  =  2.5% 

Voids  =  28.6%  compression 

gradation.  break. 

Passing    i^-in.,    100.0% 1:3  mortar 

Passing  No.       6,     94.0     

Passing  No.     20,     28.7     Ottawa,    1520 

Passing  No.     50,       9.1     Natural,    1750 

Passing  No.  100,       1.6     

Passing  No.  200,      1.1     Washed,    1685 

show  a  "French  coefficient"  of  at  least  nine 
when  tested  in  the  standard  abrasion  test  for 
stone. 

Some  few  miles  of  concrete  pavement  have 
been  built  with  gravel  used  as  coarse  aggre- 
gate. These  were  in  sections  where  a  very 
high  grade  was  available.  Such  material  was 
all  tested  and  had  to  meet  the  requirements  of 
being  composed  of  all  sound,  durable  stone, 
and  to  be  absolutely  clean  and  free  from  coat- 
ing. We  have  found  the  gravel  banks  in  a 
large  part  of  the  state  to  run  so  non-uniform 
that  it  was  not  thought  advisable  to  use  thi."; 
product  in  concrete  pavements  except  in  lim- 
ited areas  where  we  have  assured  ourselves 
from  past  experiences  that  a  uniform  product 
can  be  obtained. 

An  endeavor  is  made  to  use  local  materials 
as  far  as  possible  in  all  our  work,  and  the 
above  specifications  were  written  after  a  care- 
ful study  of  several  hundred  sand  tests  from 
widly  scattered  portions  of  the  state.  Avail- 
ability was  considered,  with  the  idea  of  qual- 
ity paramount. 

TESTS    EMPLOYED. 

During  the  routine  of  the  physical  labora- 
tory within  the  past  year  the  work  included 
the  examination  and  testing  of  samples  repre- 
senting l.OiSOj.'iSO  barrels  of  cement,  909  sam- 
ples of  sand  and  857  samples  of  stone.  The 
cements  were  tested  according  to  the  standard 
methods  of  the  American  Society  for  Testing 
Materials.  There  being  no  standard  tests  for 
sands,  the  following  is  a  brief  outline  of  the 
tests  and  methods  employed  in  our  laboratory: 

Gradation. — 1,000  grams  of  the  sand  to  be 
tested,  after  a  careful  weighing,  is  screened 
through  the  Vi-'m.  No.  6,  No.  20,  No.  TiO, 
No.  100  and  No.  200  mesh  sieves.  After 
weighing  the  residue  on  these  sieves,  the  pro- 
portions passing  are  readily  computed.  We 
found  from  past  experiences  that  these  are 
the  essential  sieves  for  an  intelligent  judg- 
ment of  the  gradation. 


Voids. — For  the  determination  of  the  voids 
the  sand  is  placed  and  loosely  compact  into 
a  graduated  cylinder.  This  latter  has  a  hole 
drilled  in  the  bottom  in  which  a  tube  is  con- 
nected leading  from  a  burette  filled  with 
water.  This  apparatus  is  placed  and  worked 
so  that  gravity  causes  the  water  to  rise  slowly 
through  the  sand,  forcing  the  air  ahead.  By 
reading  from  the  burette  the  amount  of  water 
which  has  flowed  out  the  voids  can  be  com- 
puted within  a  practical  degree  of  accuracy. 
This  method  of  allowing  the  water  to  flow  in 
from  the  bottom  rather  from  the  top  of  the 
sand  eliminates  the  forming  of  air  pockets, 
which  are  extremely  difficult  to  avoid  by  the 
latter  method. 

Loam. — For  the  determination  of  the  amount 
of  loam  a  portion  of  the  sand  sample  is  placed 
in  a  graduated  cylinder  and  well  covered  with 
water.  This  is  thoroughly  agitated  and  then 
allowed  to  settle  from  10  to  24  hours.  The 
loam  and  silt  which  readily  separates  from  the 
sand  is  deposited  on  top  of  the  sand,  and  the 
proportions  can  easily  be  computed.  This 
method  of  loam  determination  by  volume  we 
believe  is  as  refined  a  determination  as  neces- 
sary to  fit  all  practical  requirements.  It  also 
allows  an  easy  method  of  checking  in  the  field. 
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Fig.    1.    Curves   Showing   the    Relative   Com- 
pressive   Strength    of    1:li:;:3    Concrete 
Using    Different    Aggregates. 

These  cubes  were  made  in  the  field  and  stored 
in  the  field  for  21  days. 

Compression  Tests. — The  majority  of  our 
compression  tests  are  made  on  3-in.  cubes, 
mixed  1  part  of  cement  to  .3  parts  of  the  sand. 
These  are  stored  in  moist  air  and  broken  in 
14  days;  4  cubes  are  made  from  each  sand, 
2   from  the  natural  product  and  2   from  the 


cement  used  for  this  purpose  is  a  blend 
mixed  in  the  laboratory  from  cements 
which  show  similar  characteristics  under 
tests.  The  cement  and  sand  in  the  cubes 
are  proportioned  by  volume  rather  than 
weight  to  avoid  the  variation  of  the  latter  in 
sands  of  different  character.  The  cement,  al- 
though measured  by  volume,  is  carefully 
checked  by  weight  to  eliminate  different  de- 
grees of  compactness  in  measuring. 

At  present  time  we  are  running  a  series 
of  sand  compressions  on  both  2  and  3-in. 
cubes  for  the  ultimate  purpose  of  using  the 
smaller  size  cube.  These  latter  will  be  made 
up  in  lots  of  four,  two  of  which  will  be 
broken  at  7  days  and  two  at  28  days.  This 
in  many  cases  will  decrease  the  time  necessary 
for  a  sand  test  and  also  enable  us  to  observe 
the  relations  of  the  strengths  at  the  different 
ages. 

Of  our  tests  we  consider  the  compression 
strength  of  the  sand  in  mortar  of  major  im- 
portance, but  as  this  depends  more  or  less  on 
other  determinations,  especially  gradation  and 
per  cent  of  loam,  silt  or  organic  matter,  it  is 
advisable  to  run  a  full  test  in  order  to  properly 
judge  the  material. 

Occasionally  sands  are  tested  for  tensile 
strength,  but  our  experience  on  the  relation 
Ijetween  tension  and  compression  strengths  of 
sand  mortars  has  verified  the  results  obtained 
by  other  investigators  in  the  fact  that  this 
relation  is  so  non-uniform  that  it  is  abso- 
lutely unreliable,  and  as  we  build  plain  con- 
crete to  withstand  compression  rather  than 
tension  we  should  test  it  from  that  stand- 
point. 

During  the  course  of  construction  the  con- 
crete highways  are  under  constant  super- 
vicion  of  competent  engineers.  Their  duties 
not  only  include  ordinary  highway  engiiieering 
work,  but  they  are  required  to  closely  inspect 
all  concrete  aggregates.  This  especially  refers 
to  sand  and  gravel  supplies,  and  when  such 
material  shows  any  great  change  in  charac- 
ter, this  being  determined  by  field  tests  for 
gradation  and  loam,  such  conditions  are  im- 
mediately reported  to  their  superior  engineer, 
who  takes  steps  to  rectify  them  and  compel 
the  contractor  to  secure  suitable  materials. 

One  of  the  important  checks  instituted  with- 
in the  past  year  on  our  concrete  work  was  in 
the  testing  of  the  finished  product.  Engi- 
neers in  charge  of  concrete  work  are  required 
to  make  6-in.  cubes  from  the  mixed  concrete 
as  deposited  in  the  work.  Two  cubes  are 
taken  from  every  500  cu.  yds.  of  concrete  laid. 
This  in  the  case  of  a  concrete  highway  16  ft. 
wide  and  of  our  standard  thickness  represents 


TABLE  II. 


Made. 


-TABLE  SHOWING  RELATION  OF   THE  COMPRESSION  TEST  ON  SANB  TO  THE 
COMPRESSION   TEST   ON   CONCRETE   MADE    FROM  THIS  SAND. 

Comp.   lbs.   per 


Mix. 


sq.  m. 

Average  2  cubes. 

1735 

2405 


Julv  11,   1914 1:2:4 

Aug.  12,1914 1:2:4 

This  concrete  is  from  one  road. 

Below   Are   Shown    Results  From    Two  Different    Roads. 

Comp.  lbs.  per 
Made.  Mix.  sq.  in. 

Average. 

From  Sept.  14,  1914,  to  Oct.  IG,  1914 1  :  1%  :  3  2235   (18  cubes) 

From  Aug.  24,  1914,  to  Sept.   26,  1914 1  :  1%  :  3  3870  (14  cubes) 


Sand   test 

compression. 

97%  of  Ottawa 

150%  of  Ottawa 


Sand  test 

compression. 

100%  of  Ottawa 

115%  of  Ottawa 


TABLE  III.— TABLE  TO  SHOW  EFFECT  OF  LOAM  AND  FINE  SAND  ON  CONCRETE  AND  ON 


MORTAR. 


Made. 
Sept.  20,  1914. 


Oct.       1,   1914. 


Oct. 


1914. 


Oct.     12,   1914. 


Break,  lbs. 

per  sq.  In. 
(  3,100 
1  2.850 


■  4,580 
4,100 
'4,030 
'  4,730 
I  5,000 
'  5,220 


Gradation 
of  sand. 
Passing    V4-in.,    100.0% 
Passing  No.       6,     96.0 
Passing  No.     20,     79.2 
Passing  No.     50,     15.6 
Passing  No.  100,       6.2 
Passing  No.  200.      4.4 
Voids,  36.3% 
Loam,     9.2% 

Passing    ^-In.,  100.0% 

Passing  No.       fi;  92.8 

Passing  No.     20,  29.0 

Passing  No.     60,  6.4 

Passing  No.   100,  3.1 

Passing  No.  200,  2.1 
Voids,  30  4% 
Loam,     4.8% 


Compressive 
strength. 
1  :  3  mortar 
Ottawa,    1.360  lbs.   per 

sq.  In. 
Natural,  2015 

Washed,    145B 


Ottawa,   1,520   lbs.   per 
sq.   In. 


Natural,  2260 
AVashed,   1650 


washed.  For  a  comparison  of  the  compres- 
sion 4  cubes  of  the  same  size,  mixed  with 
standard  Ottawa  sand  and  the  same  cement 
are  made,  stored  and  broken  under  the  same 
condition     and     at     the     same     age.       The 


about  1,700  lin.  ft.  of  roadway.  These  speci- 
mens are  stored  in  moist  sand  near  the  high- 
way for  21  days,  at  which  time  they  are  sent 
to  the  laboratory,  where  at  28  days  they  are 
tested    for   compressive   strength.     The   engi- 
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neers  on  the  highways  are  notified  of  the 
results  of  such  tests,  and  this  seems  to  have 
promoted  a  friendly  rivalry  between  them  to 
endeavor  to  obtain  the  best  possible  concrete. 
This  pride  in  accomplishment  certainly  tends 
toward  obtaining  desired  results.  The  chiefs 
of  the  department  do  all  in  their  power  to 
build  an  excellent  type  of  highway,  but  in  the 
end  much  depends  on  the  engineers  directly 
in  charge. 

By  means  of  the  above  described  tests  I 
know  we  obtain  a  good  quality  of  aggre- 
gates, and  the  final  tests  on  the  field  cubes 
give  us  an  e.xcellent  check  on  both  material 
and  workmanship,  but  we  also  realize  that  the 
using  of  concrete  for  highway  surfacing  in- 
troduces the  factor  of  making  a  concrete  to 
resist  impact  and  abrasion.  This  at  present 
is  well  taken  care  of  by  using  a  rich  mix- 
ture, but  at  the  same  time  we  are  studying 
both  concrete  and  mortars  from  this  stand- 
point, and  hope  in  the  near  future  to  be  able 
to  devise  some  method  of  testing  the  abrasive 
and  impact  resistance  of  various  aggregates. 

NOTES   ON   TABLES. 

Table  I  shows  some  very  high  compression 
breaks  obtained  on  6-in.  cubes  made  in  the 
field  from  material  being  placed  on  the  high- 
way. There  is  some  slight  variation  in  the  age 
of  the  different  cubes,  due  to  delay  in  ship- 
ping, but  a  large  proportion  of  the  material 
is  from  28  to  30  days  old.  This  is  not  an  av- 
erage highway — in  fact,  it  is  one  of  the  best. 
The  two  interesting  features  of  these  tests 
are  the  consistent  uniformity  of  the  breaks 
and  the  fact  that  the  compressions  are  the 
highest  I  have  ever  seen  recorded  on  plain 
concrete.  I  wish  to  call  your  attention  to 
the  tests  on  the  two  sands  from  different 
banks,  used  in  this  concrete.  Both  are  coarse 
sands  with  voids  slightly  below  the  average, 
they  are  comparatively  clean  and  show  a  good 
compressive  strength  in  mortar.  They  would 
not  be  called  a  sharp  sand,  as  many  of  the 
grains  are  rounded.  This  material  is  from 
an  old  lake  deposit  and  unfortunately  rather 
limited.  You  will  note  the  last  two  cubes 
made  Sept.  30  were  mixed  with  stone  screen- 
ings substituted  for  sand.  This  concrete  was 
not  used  in  the  highway,  but  was  made  for  ex- 
perimental purposes  only.  It  may  be  rather  an 
unfair  comparison,  as  only  two  cubes  were 
made  from  this  material,  but  there  is  such  a 
great  difference  in  compressive  strength  that 
we  do  feel  thankful  that  sand  rather  than 
stone  screenings  was  used  in  the  concrete 
placed  in  the  highway. 

The  curves  shown  in  Fig.   1,   I  believe,  are 


self-explanatory.  Their  main  value  is  that 
they  are  the  results  of  field  tests,  thus  giving 
a  good  illustration  of  the  concrete  obtained 
in  actual  practice.  I  believe  this  is  a  good, 
fair  comparison  of  stone  and  gravel  concrete, 
as  both  of  these  aggregates  were  of  high 
grade,  particular  attention  being  paid  to  ob- 
tain a  clean,  uniform  product,  passing  all  re- 
quirements for  this  class  of  concrete. 

You  will  notice  the  material  made  with 
screenings,  although  showing  a  fair  compres- 
sion strength,  is  much  below  that  obtained 
with  a  good  sand.  These  latter  cubes  were 
made  from  concrete  placed. on  highways  pre- 
vious to  the  adoption  of  the  specifications 
quoted  above. 

Table  II.  shows  comparisons  of  compressive 
strength  of  concrete  and  mortar.  This  table 
illustrates  mainly  the  effect  of  different  sands 
on  the  concrete. 

Table  III.  is  given  to  also  show  the  compari- 
son of  two  different  sands  and  results  obtained 


TABLE  IV.— TABLE  TO  SHOW  THE  EFFECT 
OF  SAND  GRADATION  ON  THE  COM- 
PRESSIVE STRENGTH. 

Gradation.                                      No.  1.  No.  2. 

Passing-  H -in 100.0%  100.0%, 

Passing  No.       6 94.1  74.5 

Passing  No.     20 38.4  30.4 

Passing  No.     50 14.4  26.7 

Passing  No.  100 :         2.0  8.4 

Passing  No.  200 1.4  4.5 

Voids,  %    30.9  25.5 

Loam,  %   3.6  4.0 

Compressive  strength: 

Ottawa 1445  1975 

Natural  2275  875 

Ottawa   in    % 157.5  44.2 

These  two  tests  are  on  sand  taken  from  the 
same  banli  at  two  different  times  by  two  dif- 
ferent engineers. 

by  using  them  in  concrete.  The  cubes  made 
Sept.  20  were  mixed  with  sand  which  had  been 
rejected  for  use  in  natural  condition  in  con- 
crete pavement.  About  100  lin.  ft.  of  road- 
way was  laid  with  concrete  made  from  this 
sand  through  error.  The  second  sand,  which 
differs  mainly  from  the  other  in  containing 
less  loam,  was  the  sand  used  on  the  work. 
The  mixture  used  was  1 :1%  :3. 

Table  IV  is  given  to  show  the  importance  of 
proper  sampling  of  sand  sources.  As  is  noted 
in  the  table,  both  of  these  sands  were  from 
the  same  bank,  being  sampled  by  different  en- 
gineers. Sand  No.  1  is  well  within  our  speci- 
fications for  use  in  the  best  grade  of  concrete, 
while  sand  No.  2  is  of  a  poor  grade  for  any 
concrete.  I  made  an  inspection  of  this  bank 
at  a  later  date  and  found  that  this  good  sand 


could  be  economically  obtained.  In  this  regard 
I  wish  to  mention  that  the  department  is 
making  a  material  survey  of  the  state  which 
is  well  toward  completion.  Inspection  has  been 
made  of  the  various  sources  of  material,  sam- 
ples are  taken  from  these  and  tested.  The 
locations  are  plotted  on  topographic  maps  and 
graded  according  to  tests.  Check  samples  are 
taken  and  tested  from  these  localities  at  va- 
rious intervals. 

Table  V  is  mainly  given  to  show  the  effect 
of  coarse  and  fine  sand  on  the  concrete.  The 
compression  would  probably  show  a  great  dif- 
ference if  it  was  not,  as  you  will  note  that 
the  better  concrete  was  tested  in  28  days,  . 
while  the  poorer  grade  was  33  days  old. 


TABLE  v.— EXAMPLE  OF  EFFECT  OF  SAND 
GRADATION  ON  THE  COMPRESSIVE 
STRENGTH   OF   CONCRETE. 
Test  on  First  Sand. 

Compression 
Gradation.  on   1  ;  3   mortar. 

Passing  '4 -in 100.0%      Ottawa,   1587 

Passing  No.       6 98.1         Natural  1722 

Passing  No.     20 61.5         Washed.   1847 

Passing  No.     50 22.3 

Passing  No.  100 1.0 

Passing  No.  200 0.5 

Voids,  34.5%   loam 2.4% 

Compressive  test  on  1  :  H4  :  3  concrete;  cubes 
made  between  May  25  and  July  13;  average  of 
14  cubes  3.320  lbs.  per  sq.  in.  at  average  age  of 
thirty-three  days. 

Test   on    Second   Sand. 

Compression 
Gradation.  on    1  :'  3   mortar. 

Passing    "4-in 100.0%     Ottawa,    1.520 

Passing  No.       6 99.5         Natural.    1.952 

Passing  No.     20 41.0         Washed.   1,780 

Passing  No.     50 4.7 

Passing  No.  100 1.4 

Passing  No.  200 1.1 

Voids,  31.2%  loam 2.7% 

Compressive  test  on  1  :  1%  :  3  concrete;  cubes 
made  between  July  18  and  September  30;  aver- 
age of  14  cubes,  3.670  lbs.  per  sq.  in.  at  average 
age  of  twenty-eight  days. 

Table  VI  is  self-explanatory  and  is  interest- 
ing as  comparative  data  in  using  different  ag- 
gregates. 

TABLE  VL— COMPARATIVE  TESTS  ON  1  :  2% 

:  5  CONCRETE  USING  DIFFERENT 

AGGREGATES. 

Compression 

Age,        No.     break,  lbs. 

Aggregates.  days,     cubes,  per  sq.  in. 

Slag   and    sand 28  16  2,000 

Stone  and  sand 28  134  1,990 

Gravel   and   sand 28  142  1,895 

Stone   and    screenings...     28  28  1,740 

Coated  gi-avel  and  sand 
unwashed     28  48  1,170 


BUILD 


Equipment  and  Methods  Used  in  Con- 
structing    the      Austin     Nichols 
Building  in  New  York. 

Economy  in  the  successful  erection  of  rein- 
forced concrete  buildings  is  dependent  on  the 
efficiency  with  which  the  materials  entering 
into  the  construction  are  handled  upon  de- 
livery at  the  building  site.  The  comparatively 
small  yardage  of  concrete  in  any  one  building 
does  not  justify  an  elaborate  and  costly  in-  ■ 
stallation  of  receiving  and  mi.xing  machinery. 
Inasmuch  as  even  a  large  building  operation 
seldom  requires  the  use  of  the  concrete  plant 
for  more  than  four  or  five  months,  it  is  es- 
sential that  the  erection  and  removal  of  this 
plant  shall  be  performed  easily,  quickly,  and 
cheaply.  Its  cost  must  be  divided  among 
several  contracts,  and  therefore  prompt 
transfer  from  one  contract  to  another  is  of 
utmost  importance. 

In  order  that  varying  conditions  on  differ- 
ent buildings  may  be  met  it  is  desirable  that 
simple  standards  of  plant  layout  be  adopted. 
When  a  special  installation  is  considered 
necessary  it  is  desirable  before  determining 
on  a  final  layout  to  reduce  the  installation  to 
a  cost  per  cubic  yard  of  concrete.    This  very 


often  shows  that  the  saving  in  the  handling  usually  high,  and  the  greater  part  of  the  cost 
of  materials  is  not  sufficient  to  offset  the  cost  of  materials  entering  into  this  installation 
of  this  special  installation.  Also,  in  special  should  be  charged  largely  to  this  one  con- 
layouts,  the  labor  of  erection  and  removal  is  tract,    as,   after   using  once,    it   may   be   some 
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Fig.  1. 
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Typical  Floor  Plan  of  Austin  Nichols  Building,  New  York,  Showing  General  Dimen- 
sions and  Type   of  Construction. 


March  31,  1915. 
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time  before  a  similar  installation  is  required, 
and   a  plant  depreciates  rapidly. 

Careful  study  must  be  given  to  the  layout 
of  all  plants  to  be  sure  that  it  will  fulfill  all 
requirements.  It  must  handle  the  total  con- 
crete yardage,  without  overloading,  in  the 
time  allowed  by  the  speed  schedule,  and  it 
should  have  the  capacity  for  so-called  "big 
days" — days  when  conditions  of  the  work  call 
for  maximum  output. 

The  following  article  describes  and  illus- 
trates the  methods  and  equipment  used  in  the 
construction  of  the  Austin  Nichols  Building 
in  New  York. 

LOCATION    AND    TYPE    OF    BUILDING. 

The  Austin  Nichols  Building  is  situated 
at  the  northwest  corner  of  Kent  Ave.  and 
North  Third  St.,  Borough  of  Brooklyn,  New 
York.  It  extends  from  Kent  Ave.  along 
North  Third  St.  to  the  bulkhead  line  of  the 
East  River.  The  Austin  Nichols  Company, 
manufacturing  wholesale  grocers,  occupy  the 
entire  building.  In  plan  the  structure  is  439 
ft.  11%  ins.  X  178  ft.  8  ins.,  and  is  six  stories 
high,  with  basement.  It  is  of  reinforced  con- 
crete construction  throughout,  e.xcept  for  the 
steel  column  and  girder  construction  inclos- 
ing the  railroad  tracks.  The  reinforced  con- 
crete floors  are  of  the  beam-and-girder  type. 
Figure  1  shows  a  typical  floor  plan  of  the 
building. 

CONTRACT    PROVISION. 

The  contract  for  the  erection  of  the  build- 
ing was  awarded  Dec.  12,  1913,  and  it  called 
for  the  entire  'completion  by  Sept.  1,  1914. 
Failure  to  deliver  the  building  complete  by 
this  date  would  subject  the  contractor  to  a 
heavy   penalty. 

QUANTITIES     OF     MATERIALS     AND     SUB-CONTRACT 
WORK. 

The  following  list  of  materials  gives  an 
idea  of  the  scope  of  this  work  and  is  of  par- 
ticular value  in  connection  with  a  study  of 
the   equipment   and   its   arrangement : 

Excavation,   cu.   yds 24,200 

Piles    (west  half  of  building  supported  on 

piles)     2,520 

Cement,  bbis 43,600 

Sand,  cu.  yds 16,920 

Gravel,  cu.  yds 21,000 

Cinders,  cu.  yds 2,800 

Reinforcing  steel,    tons 1,560 

Tile  for  partitions,  sq.  ft 128,000 

Granolithic  finish  (placed  on  214-in.  cinder 

concrete  base),  sq.  ft 447,000 

Plaster    (office   partitions,    fifth   flfljir),    sq. 

yds : 7,560 

The  contract  also  included  all  sub-contract 
work,  the  main  items  of  which  are  as  follows : 
Structural   steel    (over  tracks,   first   story). 
Elevators. 
Sprinklers. 
Heating. 
Plumbing. 


Electric  wiring. 

Pneumatic  tubes. 

Refrigeration. 

Spiral  chutes  and  conveyors. 

Roofing  and  waterproofing. 


age  bins,  concrete  mixers  and  hoists  is  shown 
in  detail  in  Fig.  2  and  in  sections  A-A,  B-B, 
C-C,  of  Fig.  3.  Sand  and  gravel  were  de- 
livered   alongside    the    bulkhead,    adjacent    to 
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Fig.   3.      Cross   Sections   Showing    Details   of    Equipment  for  Austin  Nichols  Building — Also 

See    Fig.  2. 


The  total  cost  of  all  sub-contract  work  was 
$340,000. 

UNLOADING    AND    CONCRETING    EQUIPMENT. 

The  layout  of  the  unloading  derrick,  stor- 


Fig.  2.    Plan  Showing  Unloading,  Mixing  and    Hoisting  Equipment — Austin  Nichols  Building. 


the  storage  bins,  on  scows  of  about  400  cu. 
yds.  capacity.  A  derrick  equipped  with  a 
clam-shell  bucket  of  1%  cu.  yds.  capacity 
unloaded  the  contents  of  these  scows  into 
storage  bins  holding  100  cu.  yds.  of  sand  and 
200  cu.  yds.  of  gravel.  This  derrick  is  shown 
in  plan  and  elevation  in  Fig.  2  and  in  Fig.  3, 
section  B-B.  It  was  operated  by  a  Meade- 
Morrison  three-drum  standard  hoisting  engine 
having  9xl0-in.  cylinders  and  a  rated  capacity 
of  35  HP.  For  swinging  the  derrick  a  sep- 
arate engine  was  installed.  Power  was  sup- 
plied by  a  50-HP.  horizontal  boiler. 

The  sand  and  gravel  were  discharged  from 
the  bins  through  "Ransome"  gates,  into  "V" 
bottom,  two-way  dump  cars  for  delivery  to 
the  mixers.  Each  car  was  loaded  with  12  cu. 
ft.  of  sand  and  24  cu.  ft.  of  gravel,  a  steel 
partition    separating   these   materials. 

One  car  was  used  to  convey  the  materials 
to  mixer  No.  1,  and  was  pushed  by  hand 
from  the  storage  bin  to  the  mixer.  For 
charging  mixer  No.  2  a  2-ft.  6-in.  gage  double 
track  was  laid  from  the  bin  to  the  mixer,  on 
which  two  cars  were  operated,  one  on  each 
track.  These  tracks  were  laid  on  the  first 
floor,  which,  in  order  to  follow  the  grade  of 
North  Third  St.,  sloped  down  8  ft.  from 
Kent  Ave.  to-  the  river.  A  double-drum, 
motor-driven  "Lidgerwood"  hoist  pulled  the 
cars  from  the  bin  to  the  mixer.  These  cars 
were  connected  by  a  tail  line  operating  around 
a  sheave  at  the  bin,  so  that  the  loaded  car 
going  toward  the  mixer  would  pull  back  the 
empty  car  to  the  bin. 

Owing  to  the  limited  bulkhead  space  at  the 
building  it  was  necessary  to  dock  the  cement 
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lighters  one  block  away  and  to  truck  the  cc-  was    attached    the    tackle,    in    order    that    the 

ment  to  the  building.     The  cement  was  stored  steel  could  be  hoisted  vertically.     The  hoisting 

adjacent  to  each  mixer,*six  bags  being  used  was      done     by     single-drum,      motor-driven 

in   each   batch.  '  "Mundy"  hoists,  one  located  adjacent  to  each 

Two   1-cu.  yd.  "Ransome"  mixers  were  in-  hoistway  on  first   floor. 
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Fig.  4.     First  Floor  Plan  of  Austin   Nichols    Builaing  and  General  Layout  of  Equipment. 


stalled  in  the  locations  shown  in  Fig.  2.  Each 
mixer  discharged  into  a  1-cu.  yd.  "Ransome" 
bucket,  which  was  hoisted  by  a  single-drum 
"Lidgerwood"  hoist.  Power  for  the  operation 
of  each  concrete  plant  was  furnished  by  a 
75-HP.  motor.  The  concrete  was  dumped 
from  the  bucket  into  a  2-cu.  yd.  box  on  each 
floor,  from  which  it  was  wheeled  in  carts. 

The  use  of  spouts  for  placing  concrete  was 
carefully  considered.  Records  of  the  cost  of 
wheeling  concrete  on  similar  buildings  showed 
that  its  cost  did  not  exceed  9  cts.  per  cubic 
yard,  cost  being  based  on  labor  at  37%  cts. 
per  hour.  Assuming  that,  of  a  total  of  19,620 
cu.  yds.  of  concrete  to  be  placed,  16,000  cu. 
yds.  could  be  placed  by  spouting,  the  cost  of 
wheeling  would  be  $0.09  X  16,000  =  $1,440. 
Hence  $1,440  would  have  to  cover  both  the 
cost  of  installing  two  spouting  outfits  and 
the  following  additional  installations  inci- 
dental to  placing  concrete  in  this  manner : 
raising  tower  additional  height;  guying  tower; 
and  moving  spouts. 

This  analysis  showed  conclusively  that,  for 
this  building,  the  cost  of  the  spouting  equip- 
ments plus  the  additional  installation  cost, 
would  materially  exceed  the  cost  of  wheeling 
concrete. 

EQUIPMENT    FOR    HANDLING    REINFORCING    STEEL. 

The  general  layout  of  the  steel  yard  and 
equipment  is  shown  in  Fig.  4.  Steel  was  de- 
livered in  cars  on  the  track  adjacent  to  the 
steel  yard.  In  unloading,  care  was  taken  to 
place  in  separate  piles  all  steel  to  be  bent. 

The  equipment  installed  in  the  steel  yard 
consisted  of  a  "Wilson"  bender  (for  bending 
beam  and  girder  bars),  a  "Wilson"  stirrup 
bender,  and  a  shear  capable  of  shearing  1-in. 
square  bars,  all  driven  by  one  15-HP.  motor. 
As  the  steel  was  required  at  the  building  it 
was   placed   on   standard-gage   hand   cars   and 


MATERIALS    AND    MANNER    OF     HANDLING    SAME. 

The  floors  throughout  the  building  consist 
of  a  top  coat  of  cement  mortar  %  in.  thick, 
placed  on  a  cinder  concrete  base  2Vz  ins.  thick. 


same  manner  as  the  gravel  concrete,  the  cin- 
ders and  grit  being  wheeled  to  the  mixers. 

The  hollow  tile,  for  partition  construction, 
was  delivered  on  lighters,  it  was  unloaded 
adjacent  to  the  sand  and  gravel  bins,  and  was 
piled  on  the  first  floor  near  the  platform 
hoist  (see  Fig.  4).  This  hoist  was  placed  in 
an  elevator  shaft,  and  consisted  of  a  platform 
5  ft.  6  ins.  X  5  ft.  6  ins.,  operated  by  a  single- 
drum,  motor-driven  hoist.  The  tile  was 
wheeled  onto  the  platform  in  wheelbarrows, 
and  was  elevated  to  the  various  floors.  The 
erection  of  the  tile  partitions  followed  closely 
the  completion  of  the  cement  floors.  The 
platform  hoist  was  also  used  for  elevating 
all  plaster  and  the  various  materials  entering 
into  the  work  of  the  sub-contractors. 

The  derrick  used  was  capable  of  unloading 
700  cu.  yds.  of  material  per  day  of  eight 
hours.  The  average  capacity  of  each  con- 
crete plant  was  45  cu.  yds.  of  concrete  per 
hour.  The  largest  quantity  of  concrete  placed 
in  one  day  of  8%  hours  was  640  cu.  yds. 

The  efficiency  of  the  equipment  for  con- 
veying materials  from  the  bins  to  the  mixers 
was  demonstrated  when,  due  to  a  slight 
breakdown,  the  derrick  was  idle  for  one  day. 
In  order  to  keep  one  mixing  plant  in  opera- 
tion, the  sand  and  gravel  were  wheeled  from 
emergency  storage  piles  on  North  Third  St. 
Charging  one  mixer  in  this  manner  required 
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6.     View   Showing    Pile    Driving    Equipm 

of   Austin 


The  cement  mortar  and  the  cinder  concrete 
base  were  mixed  in  the  following  propor- 
tions :  cement  mortar,  1  part  cement,  Vz  part 
sand,  l^  part  grit;  cinder  concrete,  1  part 
cement,  2  parts  sand,  5  parts  cinders. 

The  grit  was   delivered  on   scows     at     the 


Fig.    5.      View   Showing    Excavation   and    Foundation    Work    In    Progress  —  Austin    Nichols 

Building. 


pushed  to  the  steel  hoists  (see  Fig.  4).  The 
two  hoistways  (each  4  ft.  6  ins.  x  4  ft.  6  ins.) 
were  placed  as  shown,  being  sheathed  on  all 
sides  with  2-in.  plank.  Over  each  hoistway 
(on  the  floor  in  course  of  construction)  there 
was  placed  a  gin  pole  25  ft.  long,  to  which 


dock  which  was  used  for  receiving  cement. 
The  cinders  were  obtained  from  factories  in 
the  neighborhood.  These  materials  were 
trucked  to  the  building  and  stored  on  North 
Third  St.  The  cinder  concrete  base  and 
cement  top  coat  were  mixed  and  hoisted  in  the 


ent    and    Derricks    Used    in    Foundation    Work 
Nichols    Building. 

22  additional  men,  and  reduced  the  output  of 
the  plant  to  about  30  cu.  yds.  per  hour. 

In  order  not  to  delay  the  progress  of  the 
work  it  was  necessary  that  the  reinforcing 
steel  be  placed  immediately  after  the  comple- 
tion of  the  forms.  This  required  that  work 
in  the  steel  yard  be  so  systematized  that  the 
bending  and  fabrication  of  steel  would  be 
sufficiently  in  advance  of  requirements  to  pre- 
vent  any  delay  in  the  work. 

Beam  and  girder  bars  were  bent  in  the 
"Wilson"  bender  at  an  average  rate  of  125 
per  hour,  while  the  capacity  of  the  "Wilson" 
stirrup  bender  was  4,000  stirrups  per  day. 

The  total  labor  cost  for  installing  all  equip- 
ment used  in  the  erection  of  the  building  was 
20  cts.  per  cubic  yard  of  concrete.  It  must 
be  borne  in  mind,  however,  that  this  cost  does 
not  cover  any  charge  either  for  materials  or 
for  the  use  of  plant,  depreciation  or  interest 
on  equipment  investment. 

EXCAVATING     AND     CONCRETING. 

The  successful  erection  of  this  building 
was  due  to  the  efficient  operation  of  the 
equipment  herein  described.  All  foundation 
work  was  finished  April  11th  and  the  roof 
was  completed  July  3rd.  Between  these  dates 
17,510  cu.  yds.  of  concrete  were  placed  in  62 
working  days,  an  average  daily  output  of  282 
cu.  yds. 

The  excavation,  piling  and  concrete  founda: 
tion   work  was   done  during  December,   1913, 


March  31,  1915. 
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and  January,  February  and  March,  1914.  The 
progress  views  illustrating  the  equipment  and 
procedure  used  in  this  part  of  the  work  are 
shown  in  Figs.  5  and  6. 

For  concreting  the  foundations,  a  "Ran- 
some"  mixer,  motor-driven,  of .  %-cu.  yd.  ca- 
pacity, was  set  up  west  of  the  center  of  the 
building  about  8  ft.  above  the  general  excava- 
tion level.  The  concrete  was  discharged  into 
a  box,  from  which  it  was  wheeled  to  the  foot- 
ings in  concrete  carts,  of  6  cu.  ft.  capacity. 
Adjacent  to  this  mixer  there  was  placed  a 
vertical  boiler  of  25  HP.  capacity,  the  steam 
from  which  was  used  to  heat  water  for  the 
concrete  and  to  thaw  out  frozen  sand  and 
gravel.  Over  each  footing  which  was  con- 
creted in  freezing  weather  there  was  placed 
a  collapsible  framework,  covered  with  heavy 
burlap,  inside  of  which  was  placed  a  sala- 
mander burning   coke    (see     Fig.     5).       This 


the  building  practically  completed,  a  por- 
tion of  the  form  work  for  the  cornice  being 
shown    in    place. 

PERSONNEL   AND   ACKNOWLEDGMENT. 

The   building   was   erected   for   Havemeyers 
&  Elder,  and   was   leased  by  them  to  Austin, 


Fig.    7.      View    Showing    Steelwork    Over    Tracks  and   Equipment  Used  in   Erecting  Same — 

Austin   Nichols    Building. 


method  of  preventing  the  concrete  from  freez- 
ing proved  entirely  satisfactory,  and  made  it 
possible  to  carry  on  concreting  operation  re- 
gardless of  the  temperature.  This  mixer 
above  referred  to  was  used  while  the  exca- 
vation, piling,  pumping,  etc.,  interfered  with 
the  erection  of  the  permanent  concrete  plants. 

Serious  difficulties  were  encountered  in 
excavating  and  in  driving  piles,  due  to  the 
presence  of  old  brick  and  concrete  founda- 
tions, cribs,  etc.  Moreover,  severe  cold  and 
heavy  snow  storms  in  February  materially 
delayed  the  progress  of  the  e.xcavation  and 
piling  work,  and  retarded  the  concreting  of 
the  foundations.  The  piling  and  excavation 
work  was  completed  April  7,  1914,  and  the 
foundations    April    11,    1914. 

On  account  of  the  long-span  construction 
over  the  railroad  tracks  (see  Fig.  4),  steel 
girders  and  columns  were  used  in  the  first 
story  of  this  part  of  the  building.  Figures  7 
is  a  view  showing  this  steelwork  and  the 
equipment   used   in   its   erection. 

To  complete   the  building  by   Sept.   1,   1914, 


Nichols  &  Co.  The  Turner  Construction  Co.. 
New  York,  executed  the  general  contract  un- 
der the  direction  of  Cass  Gilbert,  architect. 
This  article  is  based  on  data  contained  in  a 
paper  by  T.  Arthur  Smith,  presented  at  the 
eleventh  annual  convention  of  the  American 
Concrete  Institute,  Philadelphia,  Pa.  We  are 
indebted  to  Mr.  Smith  for  the  drawings  show- 
ing plant  layout. 


Decrease  in  Steel  Earnings. — The  annual 
report  of  the  United  States  Steel  Corporation 
for  1914  shows  a  big  depression  in  the  steel 
industry  during  that  year.  Earnings  of  $81,- 
74fv")lS  shows  a  decrease  of  $65,421,000,  com- 
pared with  1913,  while  the  net  income  of  $46,- 
520,408  shows  a  decrease  of  $58,800,284. 

Net  income  for  1914  shows  a  deficit  of  $16,- 
971,984,  against  a  surplus  of  $30,.582,184  the 
previous  year.     The  corporation's  expenditures 


Resolution    of    Board    of    Direction   of 
Western  Society  of  Engineers  Per- 
taining to  Proposed  License  Law 
for  Structural  Engineers. 

In  our  issue  of  March  17,  1915,  we  published 
the  provisions  of  a  proposed  license  law  for 
structural  engineers  practicing  in  Illinois.  The 
proposed  act,  which  was  drawn  up  by  the  Leg- 
islative Committee  of  tlie  Western  Society  of 
Engineers,  is  entitled,  "A  Bill  for  an  Act  to 
Provide  for  the  Licensing  of  Structural  Engin- 
eers, and  to  Regulate  the  Practice  of  Structur- 
al Engineering."  In  our  introductory  para- 
graph we  stated  that  the  proposed  law  had 
been  approved  by  the  Board  of  Direction  of 
the  Western  Society  of  Engineers,  which  had 
instructed  its  Legislative  Committee  to  en- 
deavor to  secure  its  passage  at  the  present  ses- 
sion of  the  Illinois  Legislature.  As  our  com- 
munication from  the  Legislative  Committee 
did  not  contain  the  complete  resolution  of  the 
Board  of  Direction,  and  as  this  resolution 
contains  provisions  not  mentioned  in  our  pre- 
vious issue,  W'C  reprint  below  the  full  text  of 
the  resolution  as  adopted  March  9,  1915: 

Whereas,  A  law  exists  in  this  state  com- 
monly known  as  the  Architects'  License  Law, 
and. 

Whereas,  Said  law  denies  to  the  public  the 
lull  benefits  to  be  derived  from  the  employ- 
ment of  engineers  of  their  profession,  and. 

Whereas.  The  Legislative  Committees  of  the 
Western  Society  of  Engineers  have  devoted 
two  years  to  the  study  of  remedies  for  this 
unfavorable  condition,  and  have  prepared  a  bill 
for  passage  by  the  legislature,  entitled  "An 
act  to  provide  tor  the  licensing  of  structural 
engineers,  and  to  regulate  the  practice  of 
structural  engineering,"  and  have  reported  the 
same   to   this    Board,    and. 

Whereas,  This  Board  seeks  no  special  priv- 
ileges for  engineers  and  has  serious  doubts  of 
the  wisdom  of  regulating  engineering  through 
state  license,  as  a  general  proposition,  but  be- 
lieves that  a  special  emergency  exists  in  this 
state  that  can  be  met  only  through  additional 
legislation;  therefore,  be  it 

Resolved,  That  it  is  the  sense  of  the  Board 
of  Direction  of  the  Western  Society  of  En- 
gineers: 

(1)  That  the  Architects'  License  Law  as  now 
existing  on  the  statute  books  of  Illinois  la 
detrimental  to  the  practice  of  engineering,  and 
not  in  the  interests  of  the  people  of  this  state. 

(2)  That  the  Board  favors  the  following 
remedies: 

(a)  The  repeal  of  the  Architects'  License 
Law,  or  its  amendment  in  such  manner  as  to 
permit  equal  privileges  to  engineers  and  arch- 
itects. 

(b)  The    adoption,  of   a    State    Building    Code 


Fig.  8.    View  Showing   Forms  and  Equipment  Used  in  Concreting 
Walls   of   Austin    Nichols   Building. 


Fig.  9.    View   Showing   Austin    Nichols   Building   Practically  Com- 
pleted— Forms  for  Cornice   in    Place. 


required  that  the  roof  be  finished  by  July 
1st,  and  that  all  concrete  work,  excepting 
the  cement  floors,  be  completed  by  July  15th. 
This  required  the  placing  of  19,620  cu.  yds. 
prior  to  July  15th. 

Figure  8  shows  the  form  work  and  equip- 
ment used  in  concreting  the  exterior  walls 
in  the  fourth   story,   and   Fig.  9   is  a  view  of 


of  $45,372,594  for  maintenance,  repairs,  and 
extraordinary  replacements  were  $14,570,376, 
or  24.31  per  cent,  under  the  previous  year. 

In  1914  the  corporation  mined  only  17,034,- 
981  tons  of  iron  ore,  against  28,738,451  tons  in 
1913,  and  its  total  production  of  rolled  and 
other  finished  steel  products  for  sale  fell  off 
3,360,326  tons  to  9,014,512  tons. 


protection    of    the    public 
either    architects    or    en- 


th:it  will  secure  the 
without  hardship  to 
Kineers,  or, 

(c)  In  the  event  that  neither  of  the  above 
remedies  can  be  brought  about,  the  passage  of 
said  bill  for  the  licensing  of  structural  en- 
gineers, or  a  modification  of  said  bill  retaining 
the  essential  provisions  thereof. 
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(3)  That  the  I.,egislative  Committee  of  this 
Society  has  the  approval  of  this  Board  of  Di- 
rection, in  urging  before  the  legislature  of  Illi- 
nois, relief  from  the  present  intolerable  condi- 
tions through  any  one  of  the  measures  enum- 
erated above  as  the  Legislative  Committee  may 
find  most  expedient,  but  preferably  in  the  order 
named. 


Engine  Houses:  Principles  of  Design. 

The  careful  study  which  the  American  Rail- 
way Engineering  Association  has  given  to  en- 
gine house  designing  in  recent  years  has  re- 
sulted in  definite  conclusions,  which  are  em- 
bodied in  the  following  report  of  the  Com- 
mittee on   Buildings : 

FORM. 

(a)  The  circular  form  is  preferable. 

(b)  At  points  where  not  more  than  three 
or  four  locornotives  are  housed  at  one  time, 
and  where  it  is  more  economical  to  provide  a 
"Y"  track  than  a  turntable,  or  where  it  is  not 
necessary  to  turn  locomotives,  a  rectangular 
house,  either  with  through  tracks,  or  with 
switches  at  one  end  only,  may  be  desirable. 

(c)  At  shops  where  a  transfer  table  is  used, 
a  rectangular  engine  house  ser\ed  by  the  trans- 
fer table  may  be  desirable. 

TURNT.^BLE. 

(a)  The  turntable  should  be  long  enough  to 
balance  the  engine  when  the  tender  is  empty. 

(b)  A  deck  turntable  is  preferable  to  a 
through  table. 

(c)  At  important  terminals,  turntables  are 
most  economically  operated  by  mechanical 
means.  Where  few  and  light  engines  arc 
turned,  hand  operation  may  be  desirable. 

Where  electric  power  can  be  obtained  at  a 
reasonable  cost,  an  electric  tractor  is  the  most 
efficient  means  for  operating  a  turntable,  the 
eost  of  power  is  cheaper,  and  it  is  superior  in 
continuity_  of  service  and  maintenance.  The 
first  cost  is  appro.ximately  the  same  as  an  air 
motor  of  equal  power  and  size. 

Power  wires  are  brought  to  table  by  either 
the  overhead  or  the  underground  method. 
Overhead  device  has  the  advantage  of  accessi- 
bility for  inspection  and  repair.  Special  care 
must  be  taken  to  protect  properly  collector 
head  from  weather  and  gases  and  support  col- 
lector rigidly  (framework  supporting  same 
should  be  fastened  to  steel  frame  of  table  and 
not  to  ties,  and  must  be  securely  braced)  ;  the 
wires  should  be  large  enough  to  keep  them 
from  breaking  from  sleet  and  should  be  sup- 
ported to  framework  supporting  collector.  Any 
play  at  table  multiplies  at  collector  head.  Wires 
should  be  brought  to  pole,  close  to  curb  of 
turntable,  keeping  lines  as  far  distant  from 
nearest  wall  of  roundhouse  as  possible,  to 
minimize  the  danger  of  destruction  by  fire. 

When  the  underground  system  is  properly 
installed,  its  advantages  are  that  all  exposed 
non-current  carrying  parts  are  permanently 
grounded,  including  the  circular-track  rail  (the 
only  part  of  system  to  repair  is  collector 
head)  ;  non-interference  from  weather  if  turn- 
table pit  is  properly  drained. 

The  disadvantages  are:  The  wire  is  not  so 
easily  repaired,  and  is  much  more  difficult  to 
originally  install,  as  it  must  be  properly  pro- 
tected from  water,  and  cannot  be  successfully 
laid  in  a  fill  or  on  ground  where  settlement  or 
shifting  takes  place.  Where  turntable  pit  can- 
not be  well  drained,  it  cannot  be  used  with 
success.  It  has  the  advantage  of  protecting 
power  to  run  table  in  case  of  fire  to  round- 
house, especially  in  one  of  a  nearly  complete 
circle. 

Compressed  air  tractors  are  frequently  used. 

Ordinarily  the  power  costs  much  more  than 
electricity  and  is  not  so  reliable.  At  points 
having  no  power  plant  the  locomotive  to  be 
turned  furnishes  the  compressed  air;  in  this 
case  an  auxiliary  supply  should  be  maintained 
by  providing  small  air  tank  secured  to  the 
turntable  for  operating  it  before  or  after  the 
engine  is  placed. 

(d)  The  deck  on  turntable  should  be  wide 
enough  to  provide  a  walk  on  each  side  and 
be  protected  with  hand  rails. 


TURNTABLE  PIT. 

(a)  The  turntable  pit  should  be  well  drained 
and  preferably  paved. 

(b)  The  circle  wall  should  be  of  concrete 
or  brick,  with  a  wood  coping  not  less  than  6 
ins.  thick. 

(c)  The  circle  rail  should  preferably  bear 
directly  on  concrete  base.  The  use  of  wood 
ties  and  tie  plates  supported  by  masonry  is  de- 
sirable under  some  conditions. 

(d)  Easy  access  to  the  interior  of  a  turn- 
table for  the  oiling  of  bearings,  painting  and 
inspection  should  be  provided  in  the  design  of 
the  turntable  pit,  unless  ample  provision  is 
made  in  the  turntable  itself. 

DOOR  OPENINGS. 

The  clear  opening  of  entrance  doors  should 
not  be  less  than  13  ft.  in  width  and  16  ft.  in 
height. 

DOORS. 

Doors  should  be  easily  operated,  fit  snugly, 
be  easily  repaired  and  maintained,  and  should 
admit  of  the  use  of  small  doors. 

TRACKS. 

(a)  Lead  tracks  to  the  turntable  should  line 
up  with  tracks  of  the  engine  house  where  pos- 
sible. 

(b)  Tracks  should  be  on  a  level  grade  and 
should  be  provided  with  stop  blocks. 

(c)  Special  fastenings  of  the  track  rails  at 
the  circle  wall  and  on  the  turntable  are  desira- 
ble to  prevent  movement  of  the  rails,  to  give 
good  bearing,  and  to  lessen  the  damage  from 
derailed  wheels. 

POSITION  OF  LOCOMOTIVE. 

In  a  circular  house  the  locomotive  should 
stand  normally  with  the  tender  toward  the 
turntable. 

LENGTH    OF    HOUSE. 

The  length  of  stall  along  center  line  of  track 
should  be  at  least  15  ft.  greater  than  the  over- 
all length  of  the  locomotive,  to  provide  a  walk- 
way behind  the  tender,  a  trucking  space  in 
front  of  the  pilot  and  a  certain  distance  in 
which  to  stop  the  locomotive  or  to  move  it  to 
bring  side  rods  or  other  parts  into  convenient 
positions. 

MATERIALS. 

(a)  The  material  used  in  construction  of 
the  house  should  be  non-corrosive,  unless 
proper  care  be  taken  to  prevent  corrosion. 

(b)  The  additional  security  against  inter- 
ruption to  traffic  from  fire  warrants  serious 
consideration  of  the  use  of  a  fireproof  roof, 
and  dividing  the  engine  house  into  units  of  ap- 
proximately ten  stalls  by  the  use  of  division 
walls  built  of   fireproof  material. 

(c)  When  the  roof  is  of  reinforced  con- 
crete the  columns  and  roofbeams  should  be  of 
the   same  material. 

(d)  Reinforced  concrete  should  be  used  for 
the  walls  only  where  special  conditions  reduce 
its  cost  below  that  of  brick  or  plain  concrete, 
and  should  not  be  used  for  that  portion  of  the 
wall  directly  in  line  of  track  where  engine  is 
liable  to  run  into  it. 

ENGINE  PITS. 

Engine  pits  should  be  not  less  than  60  ft.  in 
length,  with  convex  floor,  with  drainage  to- 
ward the  turntable.  The  walls  and  floors  mav 
be  of  concrete.  Proper  provision  should  be 
made  for  the  support  of  the  jacking  timbers. 

SMOKE  JACKS. 

The  smoke  jacks  should  be  fixed.  The  bot- 
tom opening  should  not  be  less  than  -12  ins. 
wide  and  long  enough  to  receive  the  smoke 
from  the  stack  at  its  limiting  positions,  due  to 
the  adjustment  of  the  driving  wheels  to  bring 
the  side  rods  in  proper  position  for  repairs. 
The  bottom  of  the  jack  should  be  as  low  as 
the  engines  will  allow,  and  it  should  be  fur- 
nished with  a  drip  trough.  The  slope  upward 
should  be  gradual  to  the  flue.  The  area  of 
the  cross-section  of  the  flue  should  not  be  less 
than  7  sq.  ft.,  and  the  jack  should  be  made 
of  non-combustible  material.  (This  design  of 
jack  applies  to  all  houses  where  regulations 
will  permit.  In  some  cities,  where  smoke 
abatement  laws  are  in  force,  special  design  of 
jacks  are  necessary.) 

FLOORS. 

The  floor  should  be  of  permanent  construc- 
tion.    It  should  be  crowned  between  pits. 


DROP    PITS. 

Drop  pits  should  be  provided  for  handliHg 
truck,  driving  and  trailer  wheels. 

HEATING. 

(a)  Heat  should  be  concentrated  at  the  pits. 
The  outlets  should  be  fitted  with  dampers,  so 
that  heat  can  be  cut  off  while  men  are  work- 
ing in  the  pit. 

(b)  The  general  temperature  of  the  engine 
house  should  be  kept  between  50°   and  60\ 

(c)  The  recommended  method  for  heating 
is  by  hot  air  driven  by  fans  through  perma- 
nent ducts,  which  should  be  under  the  floor, 
where  practicable.  The  fresh  air  supply 
should  be  taken  from  the  exterior  of  the  build- 
ing and  no  recirculation  allowed.  It  should 
be  delivered  to  the  pits  under  the  engine  por- 
tion of  the  locomotive.  It  should  be  heated 
as  far  as  possible  by  exhaust  steam,  supple- 
mented, as  required,  by  live  steam. 

WINDOW    LIGHTS. 

(a)  The  disadvantages  of  skylights  are  so 
much  greater  than  their  advantages  as  to  make 
them  undesirable. 

(b)  Windows  in  the  outer  walls  should  be 
made  as  large  as  practicable  with  the  largest 
glass  or  light  area  consistent  with  the  requisite 
strength.  In  general,  the  lower  sill  should  be 
not  more  than  4  ft.  from  the  floor,  and 
only  sufficient  space  left  between  pilasters  and 
sides  of  window  frames  and  girders  and  win- 
dow heads  to  properly  secure  the  window 
frames.  Windows  or  transoms  as  large  as 
practicable  should  be  provided  over  all  doors 
where  locomotives  enter.  Window  lights  in 
doors  are  objectionable  on  account  of  difficulty 
of  maintenance. 

ELECTRIC  LIGHTING. 

General  distribution  of  illumination  should 
be  provided  between  pits  by  arranging  a  num- 
ber of  lights  to  avoid  shadows  and  to  give  good 
light  for  workmen  at  the  sides  of  the  locomo- 
tives. There  should  be  plugged  outlets  for  in- 
candescent lamps  in  each  alternate  space  be- 
tween pits. 

PIPING. 

(a)  The  engine  house  should  be  equipped 
with  piping  for  air,  steam  and  water  supply, 
and  where  desired,  piping  for  a  washout  and 
refilling  system  should  be  installed.  Where 
this  system  is  installed,  the  blowoff  lines  should 
be  led  to  a  central  reservoir;  where  it  is  not 
used,  the  blowofif  lines  should  be  led  outside 
the  house. 

(b)  The  steam  outlet  should  be  located  near 
the  front  end  of  the  boiler.  The  blowoff  pipe, 
the  air,  the  washout  and  refilling  water  and 
the  cold-water  connections  should  be  near  the 
front  end  of  the  firebox.  Connections  need 
only  be  provided  in  alternate  space  between 
Stalls. 

TOOLS. 

There  should  ordinarily  be  facilities  pro- 
vided  for  hand  tools  and   for  the  location   of 

a   few   machine  tools,     preferably     electrically  , 

driven,  | 

HOISTS.  : 

Hoists  with  differential  blocks  are  generally  | 
used  for  handling  heavy  repair  parts,  and  suit- 
able provision  should  be  provided  for  support-  j 
ing  them.  ■ 


New  Bridge  in  Straits  Settlements. — The   ; 

new  $36,000  Victoria  Bridge  over  the  Rochore    1 
Canal,  Singapore,  is  of  reinforced  concrete  on    } 
the   Kahn   bar   system.      It   has    five   elliptical    ; 
arched  ribs,   the  wliole  of  the  foundations  of    ' 
abutments   and   wing   walls   being  inclosed   by    : 
ferroconcrete    sheet    piling.      The    bridge    was 
designed  to  sustain  a  superimposed  dead  load    '■. 
of  80   lbs.   per   square   foot   on   the   footpaths 
and  a  rolling  load  of  two  tramway  trains,  each 
consisting   of    one    motor    double-bogie   goods    . 
van  of  20  tons,  and  drawing  4  goods  vans  each    ' 
of  8  tons,  or  a  total  of  104  tons  of  two  trains. 
The    test    was    carried   out   by    stacking    steel    ; 
sheet   piling   uniformly   throughout   the   entire 
lengths  of  the  footpaths,  and  while  these  were 
in  position  two  complete  trains  passed  over  the    : 
bridge  at  a  speed  of  12  miles  an  hour,  first  in 
contrary    directions    and    afterwards     running 
abreast  in  the  same  direction.     The  maximum 
temporary  deflection  was  0.055  inch ;  there  was 
no  permanent  set. 
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Strength  and  Other  Properties  of  Typi-  ment,    sand,    and    cinders    in    each    case,    and 

J  •      T-i  tssts  and  analyses  o£  these  were  made, 

cal  Cinder  Concrete  Used  in  Hoor  -phe   cylinders   were   allowed   to   remain   for 

Construction   in   New   York.  several  days  under  the  atniospheric  conditions 

obtammg  on   the  mixmg  rloors   oi   the   bund- 

The  extensive  use  of  cinder  concrete  in  re-  ings  in  which  they  were  cast,  after  which  time 

inforced   concrete   floor   construction    in    New  they   were   removed   to   the   Columbia   labora- 

York   and   other   eastern    cities    has    led    to   a  tories  and  stored  in  air  at  ordinary  room  tem- 

demand  for  more  definite  data  on  its  strength  pcrature  until  tested.     During  the  early  aging 

TABLE    I.— DATA    ON    CINDER    CONCRETE  AS  USED  IN  FIREPROOF  FLOORS  IN 

NEW  YORK  CITY. 

Zone   Ai                       Bi  Bo                        C 

Mix    1:2:5             1:1:5  1:2:5             1:2:5 

(     Continuous       By   hand  Batch               Mixer. 

Method  {         mixer.               turned  mixer.           Ransome. 

V       Coltrin.  twice. 

Cement    Alsen.              Dragon.  Vulcanite.           Atlas. 

Sand    Typical  Long  Island  banl^  sand,  noi-th  shore. 

, Antliracite. s 

Local  Local 

Ice                    hotel  office 

Cinders    i          plant.                steam  Local.             building 

plant.  steam 

[  plant. 

Weight,  in  lbs.  per  cu.  ft 107                     100  107                     lOD 

One-month  test: 

Crushing  strength,   in  lbs.  per  sq.  in 407                     507  818                     080 

Modulus  of  elasticity,  in  lbs.  per  sq.  in 924,600              857,400  1,230.000           1.402,000 

Two-month  test: 

Crushing  strength,  in  lbs.  per  sq.   in 701                     662  1,254                  l,03o 

Modulus  of  elasticity,  in  lbs.  per  sq.  in 1,134,000           1,030,000  1,740,000           1,428.250 

Six-month  test: 

Crushing  strength,   in  lbs.  per  sq.   in 933                     754  1,744                  1,47S 

Modulus  of  elasticity,  in  lbs.  per  sq.  in 971,000           1,050,000  1,348,000           1,276,000 

One-yeai'  test: 

Crushing  strength,   in  lbs.   per  sq.   in 913                     813  1,465                  1,475 

Modulus  of  elasticity,  in  lbs.  per  sq.  in 993.000              956,000  1,200.000           1,320,000 


and  other  properties.  To  meet  this  demand 
the  Department  of  Civil  Engineering  of  Co- 
lumbia University  instituted  an  investigation, 
together  with  a  series  of  experiments,  the 
work  being  started  in  1913  and  is  now  in 
progress.  The  investigation  includes;  (1) 
The  determination  of  the  compressive  strength, 
with  elastic  and  other  properties,  of  typical 
New  York  cinder  concrete  cast  under  working 
conditions,  as  obtained  in  actual  practice;  (2) 
a  study  of  the  behavior  of  typical  cinder  con- 
crete slabs  under  load  as  afifected  by  the  char- 
acter and  percentage  of  reinforcement,  span 
length,  age,  and  local  conditions,  for  the  pur- 
pose of  aiding  in  theoretical  design  or  in  es- 
tablishing a  standard  loading  test;  and  (3) 
an  attempt  to  recommend  specifications  tend- 
ing toward  an  improvement  in  the  product  as 
to  greater  density,  uniformity,  etc.  The  fol- 
lowing data  pertaining  to  the  strength  and 
other  properties  of  typical  cinder  concrete  were 
abstracted  from  a  paper  by  Harold  Perrine 
and  George  E.  Streham,  in  Proceedings, 
American  Societv  of  Civil  Engineers,  Vol. 
XLI,  p.  260. 

TYPICAL  MATERIAL. 

Tests  to  determine  the  compressive  strength 
and  elastic  properties  were  made  on  standard 
cylinders  8  ins.  in  diameter  and  16  ins.  high, 
as  recommended  by  the  Joint  Committee.  Gal- 
vanized iron  forms  having  these  interior  di- 
mensions were  taken  to  buildings  in  course 
of  construction  in  various  parts  of  Manhat- 
tan, and  40  cylinders  were  cast  at  each  loca- 
tion. All  specimens  were  made  by  men  fa- 
miliar with  the  casting  of  test  cylinders,  un- 
der the  personal  supervision  of  a  Building 
Bureau  official.    The  mixture  in  the  specimens 


they  were  sprinkled  occasionally.  It  was 
thought  that  this  method  of  storage  duplicated 
as  nearly  as  possible  the  conditions  under 
which  the  floor  slabs  themselves  are  cured. 
In  many  cases,  due  to  their  thinness,  the  slabs 
dry  out  quite  rapidly.  All  cylinders  were 
faced  at  both  ends  with  plaster  of  Paris  before 
testing. 

RESULT^   OF   TESTS. 

From   each   of   the   sets   of  40   cylinders    10 
were    tested    respectively,    at    1,    2,    6,    and    12 


from  a  mix  prepared  by  the  contractor's  fore- 
man, who  was  aware  of  the  use  to  which  the 
test  specimens  were  to  be  put.  His  evident 
zeal  in  the  matter  resulted  in  extremely  high 
'compressive  strengths,  and  therefore  these 
were  excluded  from  the  averages. 

The  modulus  of  elasticity  was  determined  at 
a  point  on  the  elastic  curve  corresponding  to 
one-fourth  the  ultimate  strength. 

The  writers  believe  that  Table  I  contains 
sufficient  data  to  prove  conclusively  the  varia- 
bleness of  cinder  concrete  as  used  at  present 
in  Manhattan.  The  strength  of  sample  A,  407 
lbs.  per  square  inch  at  an  age  of  1  month,  may 
be  taken  as  typical  of  concrete  resulting  from 
the  use  of  low-grade  cinders,  despite  the  fact 
that  it  was  machine  mixed.  Sample  Bi  was 
found  to  have  a  strength  of  507  lbs.  per  square 
inch,  after  a  similar  interval  of  time.  In 
this  case  the  use  of  good  cinders  and  a  richer 
mix  than  is  required  did  not  offset  the  poorer 
results  almost  always  obtained  by  ordinary 
hand-mixing.  Sample  5=  approaches,  and  C 
about  equals,  good  practice  in  cinder  concrete 
construction  at  the  present  time. 

Samples  Bi,  B~  and  C  represent  cylinders 
of  approximately  the  same  gradation  in  size 
as  given  in  Table  II. 

The  mechanical  analysis  of  sample  A  shows 
a  greater  preponderance  of  fine  material  in 
this  cinder  than  in  the  other  three  samples. 
The  conclusion  that  poorer  results  are  ob- 
tained with  hand  mixing  appears  to  be  justi- 
fied in  view  of  the  detailed  tests  of  the  com- 
ponent materials. 

The  results  of  a  chemical  analysis  of  the 
cinders  is  shown  in  Table  III. 

By  referring  to  Table  III  it  will  be  noted 
that  the  quantity  of  sulphur  is  in  general  small 
and  increases  with  the  unburned  coal  con- 
tent. The  sulphur  existing  as  sulphides  prob- 
ably is  inert,  while  the  sulphuric  anhydride 
which   is    present   in   the   cinders    may    be   an 


TABLE   111. 


-CHEMICAL   CONSTITUENTS    OF    CINDERS. 
Percentage    of 


unburned    coal 
Samples.  determined  by 

carbon   loss   on 
ignition. 

A 16.50 

B,  28.10 

B 25.75 

C  26.41 

Slabs,    1913 15.96 

Slabs,    1914 10.84 


Percentage 

Percentage  of 

of 

sulphuric 

sulphides. 

anhydride. 

(&O3). 

0.073 

0.21 

0.091 

0.14 

0.0S4 

0.08 

0.107 

0.07 

0.063 

0.09 

0.056 

0.03 

months.  The  results  of  these  tests  are  shown 
in  Table  I.  Zone  A  applies  to  that  region  of 
Manhattan  which  is  occupied  by  apartment 
houses ;  zone  C  is  the  down-town  office  build- 
ing district;  and  zone  B  refers  to  that  large 
section  in  New  York  lying  midway  between 
zones  A  and  C .  in  which  the  new  construction 
consists  mainly  of  loft  and  mercantile  build- 
ings. 

The  arbitrary  choice  of  zones  was  made,  not 
only  for  the  purpose  of  obtaining  material 
from  difi^erent  types  of  buildings  in  process  of 
construction,  but  also  to  study  the  eff'ect  of 
the  conditions  occurring  at  the  source  from 
which  the  cinders  were  obtained;  for,  in  many 
cases,  the  e.xistence  of  oil,  injurious  chemicals, 


agent  of  corrosion.  The  only  safeguard  is  to 
insure  the  presence  of  a  protective  coating  of 
cement  mortar  on  the  steel  reinforcement,  by 
the  use  of  a  mixture  of  viscous  or  wet  con- 
si  stencv. 


TABLE  II.— MECHANICAL  ANALYSIS  OF  SAND  AND  CINDERS  USED  IN  CASTING  TYPICAL 

NEW   YORK   PRODUCT. 

, Percentage   passing   sieve. v 

Zone.           Mix.                   Material.                                 H4-       1-      %-  Vi-  Vt-  No.  No.  No.  No.  No. 

in.       in.      in.  in.       in.  10.  30.  40.  50.  100. 

A             1-2:5             Sand    100.0  98.8  88.9  58.5  39.5  29.3  7.3 

Cinders 97.8     97.2     93.4  S5.9  63.4  38.8  24.4  22.8  21.fi  13.7 

B,           1:1:5             Sand    100.0  96.4  79.0  62.9  41.4  30.3  7.6 

Cinders 100.       98.2     93.4  76.1  34.1  11.1  5.0  3.7  3.5  1.4 

B..           1:2:5             Sand    100.0  98.3  75.9  56.3  33.4  25.3  6.5 

Cinders 94.4     ....     80.3  57.3  24.3  11.7  9.3  6.7  6.2  3.6 

C            1:2:5             Sand    100.0  99.2  80.8  57.0  38.3  25.8  4.2 

Cinders 98.1     96.3     S8.3  64.5  25.4  11.1  3.0  1.5  1.3  0.5 


was  identical  with  that  going  into  the  floors  at 
the  time  of  arrival,  no  advance  notification 
having  been  sent  to  the  contractor  of  the  in- 
tention to  take  samples.  The  various  methods 
of  handling,  tamping,  etc.,  were  carefully 
noted.  Test  pieces  were  taken  from  five  build- 
ings selected  from  three  arbitrarily  chosen 
zones,  the  intention  being  to  find  local  varia- 
tions, if  such  existed.  Samples  of  the  com- 
ponent  materials   were   selected   from   the   ce- 


certain  by-products  of  manufacture,  and  other 
impurities  are  important  factors  detrimental  to 
the   resulting   concrete. 

Each  value  in  Table  I  is  an  average  obtained 
from  10  samples,  except  in  the  case  of  B;,  in 
which  the  total  number  of  specimens  tested 
was  30  instead  of  40.  This  was  due  to  the 
fact  that  about  three-quarters  of  the  material 
used  was  mixed  under  actual  working  condi- 
tions, and  the  remaining  10  cylinders  were  cast 


Comparative  Cost  of  American  and  Ger- 
man Cement  in  Costa  Rica. — The  fullowing 
are  the  itemized  custs  ul  idacirg  a  barrel  of 
.\niorican  cement  in  warehouse  at  San  Jose, 
which  is  the  capital  and  chief  distributing 
center  of  the  republic  of  Costa  Rica: 

F.  o.  b.  New  York  cost J1.4tJ 

Ocean    freight.    New    York    to    Port    Limon, 

Costa  Rica,  at  27  cts.  per  cwt 1.07 

Insurance,  at  45  cts.  per  $100 01 

Commissron,  at  2V:%   for  cash  trading 00 

Cost  c.  i.  f.  Limon,  Costa  Rica J2.60 

The  subsequent  Costa  Rican  costs,  which 
are    the    same    on    all    cement    imported,   are : 

Dut.v  and    wharfage Free 

ITnloadin,'^  and  dispatching $0.36 

Railroad  freight  Ironi  Limon  to  San  Jose  in 

minimum  lots  of  100   pounds 2.36 

Cartage    13 

Incidentals     02 

Total  Costa  Rica  costs $2.87 

Plus  0.  i.  f.  Limon  cost 2.60 

'    Cost  at  Ran  Jose $5.47 

The  following  arc  tlic  items  of  c.  i.  f.  Pcirt 
l.imon  cost  for  (icrman  cement  in  steel  bar- 
rels : 

Hamburg  f.  o.   h.  cost $1.52 

Ocean  frcifc'ht.  Hamburg  to  Limon 1.29 

Insurance    03 

Commission  at  3%,  cash  trading OS 

Total  cost  per  barrel,  c.  i.  f.  Limon $2.92 
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Court     Decisions     Showing     "Present 

Value"  to  be  the  Only  Value  for 

Rate  Making  Purposes. 

Contributed  by  H.   P.  Gillette. 

It  has  been  repeatedly  asserted  that  the 
Supreme  Court  has  fixed  no  standard  toward 
which  appraisers  can  work  in  order  to  arrive 
at  a  fair  value  of  public  utility  properties  for 
rate  making  purposes.  While  it  is  true  that 
the  Supreme  Court  of  the  United  States  has 
not  explicitly  fixed  upon  "cost  of  reproduc- 
tion," for  example,  as  a  standard  of  present 
value,  it  is  to  be  noted  that  in  all  rate  case  de- 
cisions since  1898  the  Supi'eme  Court  invari- 
ably has  used  some  expression  equivalent  to 
"present  value."  It  is  also  to  be  noted  that  in 
explaining  or  defining  what  this  "present 
value"  is,  every  decision  makes  it  clear  that 
it  is  not  original  cost  or  the  actual  investment 
in  the  property. 

Prior  to  the  Smyth  vs.  Ames  case  (decided 
1898),  there  are  three  noteworthy  decisions  of 
Federal  Judges  in  relation  to  values  for  rate 
making.  These  pioneer  decisions  marked  the 
path  toward  the  Smyth  vs.  Ames  decision. 

Justice  Brewer,  in  the  Union-Pacific  Railway 
rate  cases,  decided  in  1894  (64  Fed.  165),  said: 

Now,  if  the  public  was  seeking  to  take  title 
to  the  railroad  by  condemnation,  the  present 
value  of  the  property,  and  not  the  cost,  is  that 
which  would  have  to  pay.     .     .     . 

In  the  cases  before  us,  however,  there  Is 
abundant  testimony  that  the  cost  of  reproducinfj 
these  roads  is  less  than  the  amount  of  stock 
and  bond  account,  or  the  cost  of  construction. 
and  that  the  present  value  of  the  property  is 
not  actually  represented  by  either  the  stock 
and  bonds  or  the  original  construction  account. 

Justice  Brewer  then  goes  on  to  indicate  that 
while  the  securities  issued  should  have  weight, 
it  is  the  present  value,  and  by  that  he  evidently 
means  the  reproduction  value,  that  should  have 
the  controlling  weight  in  determining  a  base 
for  rates. 

Judge  Ross  in  the  San  Diego  Land  and 
Town  Co.  V.  National  City,  decided  1896  (74 
Fed. 79),  says: 

In  the  solution  of  that  problem  many  consid- 
erations may  enter,  among  them  the  amount  of 
money  actually  invested.  But  that  is  by  no 
means,  of  itself  controlling,  even  while  the 
property  was  at  the  time  fairly  worth  what  It 
cost.  If  it  has  since  enhanced  in  value,  those 
who  invested  their  money  in  it,  like  others  who 
Invested  their  money  in  any  other  kind  of 
property,  are  generally  entitled  to  the  benefit 
of  the  increased  cost.  ...  In  my  judgment 
It  Is  the  actual  value  of  the  property  at  the 
time  the  rates  are  to  be  fixed  that  should  form 
the  basis  on  which  to  compute  just  rates. 

Judge  Thayer  in  the  Kansas  City  Stock 
Yards  Rate  Case,  decided  1897,  says  (82  Fed. 
850,  854)  : 

On  the  other  hand,  however,  when  property  is 
valued  for  the  purpose  last  stated  [rate  making! 
It  Is  clear  that  the  owner  thereof  Is  entitled  to 
the  benefit  of  any  appreciation  In  value  above 
the  original  cost  and  the  cost  of  Improvements, 
which  is  due  to  wliat  may  be  termed  natural 
causes. 

Justice  Harlan  in  Smvth  vs.  Ames,  decided 
in  1898,  speaks  as  follows  (169  U.  S.  466)  : 

We  hold,  however,  that  the  basis  of  all  cal- 
culations as  to  the  reasonableness  of  rates  to  be 
charged  by  a  corporation  maintaining  a  high- 
way under  legislative  act  must  be  the  fair  value 
of  the  property  being  used  by  it  for  the  conven- 
ience of  the  public.  .  .  .  What  the  company 
Ib  entitled  to  ask  is  a  fair  return  upon  the  value 
of  that  which  it  employs  for  'the  public  conven- 
ience. 

Justice  Harlan  indicates  the  various  elements 
that  should  be  considered  in  arriving  upon  his 
existing  value  of  the  property.  It  is  to  be  noted 


that  his  language  when  speaking  of  value  is 
in  the  present  tense,  as  for  example,  "property 
being  used."  The  same  justice.  Justice  Harlan, 
in  deciding  the  San  Diego  Land  and  Town  Co. 
vs.  National  City,  in  1899,  makes  it  still  more 
evident  that  he  had  in  mind  "present  value" 
and  not  "original  cost,"  for,  after  reviewing 
the  fact  that  the  appellant  asks  that  the  original 
cost  of  the  plant  be  made  the  base  for  rates,  he 
says  (174  U.  S.  739)  : 

The  basis  of  calculation  suggested  by  the  ap- 
pellant is,  liowever,  defective  in  not  requiring 
the  real  value  of  the  property  and  the  fair  value 
in  themselves  of  the  services  rendered,  to  be 
taken  into  consideration.  What  the  company  is 
entitled  to  demand  in  order  that  it  may  have 
just  compensation  is  a  fair  return  upon  the 
reasonable  value  of  the  property  at  the  time  It 
is  being  used  for  the  public. 

The  next  important  decision  by  the  Supreme 
Court  serves  still  further  to  emphasize  the 
interpretation  of  the  Smyth  vs.  Ames  decision 
as  being  one  that  leads  to  fair  present  value, 
tor  Justice  Holmes,  in  the  San  Diego  Land  and 
Town  Co.  vs.  Jasper,  decided  in  1903.  says  (189 
U.  S.  439)  : 

The  main  object  of  attack  is  the  valuation  of 
the  plant.  It  no  longer  is  open  to  dispute  that 
under  the  Constitution  "what  the  company  Is 
entitled  to  demand,  in  order  that  it  may  have 
just  compensation,  is  a  fair  return  upon  the 
reasonable  value  of  the   property  at  the  time   It 

is    being    used    by    the    public." That    Is 

decided,  and  is  decided  as  against  the  conten- 
tion that  you  are  to  take  the  actual  cost  of  the 
plant,  annual  depreciation,  etc.,  and  to  allow  a 
fair  profit  on  that  footing  over  and  above  ex- 
pense. .  .  .  No  doubt  cost  may  be  consid- 
ered, and  will  have  more  or  less  importance  ac- 
cording to  circumstances.  In  the  present  case 
it  is  evident  for  reasons,  some  of  which  will 
appear  in  a  moment,  that  it  has  very  little  im- 
portance indeed. 

In  the  next  important  Supreme  Court  de- 
cision relating  to  rate  making  values,  namely, 
tlie  Wilcox  vs.  Consolidated  Gas  Company 
Case,  decided  in  1909,  Justice  Peckham  said 
(192  U.  S.  201)  : 

And  we  concur  with  the  court  below  in  hold- 
ing that  the  value  of  the  property  is  to  be  de- 
termined as  at  the  time  when  the  inquiry  is 
made  regarding  the  rates.  If  the  property, 
which  legally  enters  into  the  question  of  con- 
sideration of  rates,  has  increased  in  value  since 
it  was  acquired,  the  company  Is  entitled  to  the 
benefit  of  such  increase. 

In  the  most  recent  rate  case  decision  of  the 
I'nited  States  Supreme  Court,  we  find  a  com- 
plete affirmation  of  the  principle  that  present 
value,  including  all  the  increments  in  value  that 
have  occurred  since  construction  of  plant, 
should  be  taken  as  a  basis  for  rate  making, 
histice  Hughes,  in  the  Minnesota  Rate  Cases, 
decided  in  1913,  says  (230  U.  S.  352)  :      ' 

It  is  clear  in  ascertaining  the  present  value 
we  are  not  limited  to  the  consideration  of  the 
amount  of  the  actual  investment.  If  that  has 
been  reckless  or  improvident,  losses  may  be  sus- 
tained which  the  community  does  not  under- 
write. As  the  company  may  not  be  protected 
in  its  actual  investment,  if  the  value  of  prop- 
erty be  plainly  less,  so  the  making  of  a  just 
return  for  the  use  of  the  property  Involves  the 
recognition  of  Its  fair  value  If  It  be  more  than 
Its  cost.  The  property  Is  held  In  private  own- 
ership and  It  Is  that  property,  and  not  the  orig- 
inal cost  of  it,  of  which  the  owner  may  not  be 
deprived   without  due   process  of  law. 

It  is  evident  from  these  Supreme  Court 
decisions  that  while  various  matters  may  be 
considered  in  appraising  the  present  value  of 
property  for  rate  cases,  the  proper  considera- 
tion of  all  elements,  such  as  original  cost,  sim- 
ply implies  that  those  elements  shall  be  used 
to  guide  toward  the  present  fair  value. 


Results    of    Study    Made    to    Indicate 

Economic   Choice   of   Shovels   for 

Handling  Different  Classes  of 

Material. 

Contributed   by   C.   W.    Hartley,    Civil   Engineer. 
B^pire  City  Subway  Co.,  New  York  City. 

It  has  recently  been  the  writer's  privilege 
to  make  some  experiments  in  shoveling,  with 
the  view  of  determining  the  most  efficient  size 
of  shovel  to  be  used  in  handling  different 
classes  of  materials,  and  to  collect  as  many 
data  as  possible  along  these  lines,  the  study  of 
which  might  lead  to  the  adoption  of  the 
methods  of  greatest  efficiency. 

In  almost  all  branches  and  classes  of  con- 
struction work,  some  materials  are  handled 
with  shovels,  whether  it  be  in  excavating,  mix- 
ing concrete,  or  shoveling  sand  and  crushed 
stone,  and  the  shovel  is  an  implement  of  such 
universal  and  common  use  that  it  would  ap- 
pear, on  the  surface,  that  little  might  be 
learned  in  this  connection  which  would  be  of 
value  to  the  contractor. 

However,  it  has  been  shown  by  the  late 
F.  W.  Taylor,  and  by  others  who  have  fol- 
lowed in  his  footsteps,  that  great  increases  in 
output  may  be  accomplished  through  the  proper 
selection  of  shovels  of  different  sizes  for 
handling  materials  of  different  classes,  basing 
the  selection  on  a  shovel  that  will  hold  21  lbs. 
uf  material. 

Taylor  found  that  a  first  class  shoveler 
will  accomplish  the  most  when  using  a  shovel 
selected  with  this  in  view  and,  further,  that 
no  undue  fatigue  will  result  if  certain  periods 
of  work  and  rest  are  properly  apportioned.  I 
mention  these  facts  here  for  the  reason  that 
the  experiments  described  later  on,  and  the 
conclusions  derived  from  them,  are  based 
thereon. 

It  is  the  custom,  or  has  been  in  the  past, 
among  many  large  contracting  firms  and  com- 
panies in  New  York  City  employing  a  great 
number  of  laborers  on  trench  work,  to  require 
the  men  to  furnish  their  own  shovels.  The 
principal  reason  for  this  is  claimed  to  be  that 
shovels  furnished  by  the  employers  are  very 
rapidly  lost  or  stolen.  While  this  may  be 
true,  it  would  appear  that  such  procedure  is 
a  false  economy,  as  I  shall  endeavor  to  show. 

Frank  B.  Gilbreth,  in  his  work  on  "Motion 
Study"    (page  59)    says: 

No  worker  should  ever  be  obliged  to  furnish 
his  own  tools,  if  large  output  is  expected.  When 
workmen  are  obliged  to  furnish  their  own  tools 
(due  to  their  having  too  much  thrift,  lack  of 
money,  or  fear  of  having  them  stolen)  they 
usually  use  one  size  only  of  the  same  kind  of 
tool.  On  many  kinds  of  work,  greater  output 
can  be  obtained  by  using  two  or  more  sizes  of 
.1  tool. 

Again,  where  workmen  furnish  their  own 
tools,  they  use  them  after  they  are  too  much 
worn.  A  shovel  with  a  worn  blade  will  require 
several  motions  to  push  it  into  the  material  to 
fill  it.  It  is  cheaper  in  this  case  to  cut  off  the 
handle  of  the  shovel,  so  that  the  men  cannot 
use  it.  Where  no  records  are  kept  of  their 
individual  outputs,  the  men  always  choose  the 
shovel  with  the  small  blade. 

The  statements  contained  in  the  last  para- 
graph quoted  have  been  most  strikingly 
forced  upon  the  writer's  attention  by  reason  of 
the  following  discovery : 

In  a  gang  of  38  men,  at  work  in  a  trench, 
with  shovels  furnished  by  themselves,  it  was 
found  that  92  per  cent  were  using  the  smallest 
size  shovel  on  the  market,  a  No.  2,  while  the 
remaining  8  per  cent  were  using  the  next  size 
larger,  a  No.  3.  These  shovels,  as  will  be 
shown  later,  are  incapable  of  holding  near  the 
amount  of  material  (if  it  be  earth)  that  should 
constitute  a  shovelful.  It  was  further  ob- 
served that  50  per  cent  of  these  men  were 
using  shovels,  the  blades  of  which  were  worn 
down  approximately  3  ins.  from  the  point,  or 
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until  but  little  over  half  the  original  blade 
remained,  and  it  is  interesting  to  figure  out 
the  probable  loss  due  to  the  use  of  these  worn 
shovels. 

By  critical  time  observations  it  was  demon- 
strated that  the  men  using  the  worn  shovels 
worked  no  faster  than  those  using  the  good; 
further,  that  men  will  shovel  at  approximately 
the  same  speed  whether  they  are  working  with 
a  No.  2  shovel,  or  a  No.  4,  and,  as  a  general 
rule,  will  fill  the  blade  full,  whenever  possible 
to  do  so.  This  being  the  case,  it  is  self-evi- 
dent that  the  use  of  small  or  worn  shovels 
will  entail  the  handling  of  less  material,  as 
follows : 

A  No.  2  shovel,  in  good  condition,  was 
found  by  many  trials  to  hold,  as  an  average 
load,  13  lbs.,  the  material  being  common  loam 
or  earth,  loose  and  dry.  This  same  size  shovel 
worn  down,  as  were  half  of  those  in  use  by 
this  aforementioned  gang,  was  found  to  hold 
but  7  lbs.  of  earth  or  loam,  which  is,  as  will 
be  noted,  only  one-third  the  amount  Taylor 
has  shown  to  be  productive  of  the  greatest 
shoveling  efficiency. 

Now  let  us  assume  that  these  38  men  were 
paid  at  the  rate  of  20  cts.  per  hour,  or  $1.80 
per  day,  and  that  13  lbs.  represents  the  unit 
base  from  which  their  output  is  figured.  Fifty 
per  cent,  or  19  of  the  men,  were  using  worn 
shovels,  and  were  therefore  doing  but  7/13 
the  amount  of  work  done  by  the  remainder. 
Figured  in  terms  of  money  lost,  this  would 
give  a  loss  of  83  cts.  per  day  per  man,  or 
$15.77  per  day  for  the  entire  gang,  or  41%  cts. 
per  day  for  each  shoveler  in  the  gang  of  38 
men.  It  is  easily  seen  how  these  figures  would 
be  increased  if  figured  with  21  lbs.  as  the  unit. 
For  instance,  a  man  is  shoveling  with  a  shovel 
holding  but  7  lbs.  of  earth,  when  he  might  be 
using  one  holding  21  lbs.  He  is,  therefore, 
performing  but  one-third  the  amount  of  work 
that  might  be  accomplished  by  him,  were  he 
provided  with  the  proper  tool.  If  he  be  a 
$1.80  man  engaged  in  shoveling  all  day,  this 
means  a  monetarv  loss  to  his  employer  of 
$1.20  per  day. 

These  same  data  were  obtained  for  shovels 
of  other  sizes,  namely  No.  3,  No.  4,  and  No.  5, 
and  Table  I  gives  the  results  of  the  tests  made 
to  determine  the  average  amount  of  earth, 
sand,   and   stone  that   constitutes  a  shovelful. 

TABLE   I.    —    SHOVEL    LO.'UJS    OF   VARIOUS 

MATERIALS   IN  POUNDS   FOR  SHOVELS 

OP  DIFFERENT  SIZES. 
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There  is  no  reason  to  believe  that  anything 
presented  herein  may  bear  any  claims  to  orig- 
inality, but  the  thought  that  prompts  the  writ- 
ing of  this  article  is  based  on  the  following: 

It  has  been  my  observation  that  the  shovel 
most  used  in  general  contracting  work  is  a 
No.  2,  whether  it  is  supplied  by  the  employer, 
or  by  the  laborer.  That  this  is  the  fact  is  due, 
probably  (in  the  case  of  the  employer),  to 
lack  of  consideration  of  the  subject,  and  also 
to  the  fact  that  the  use  of  this  particular  size 
is  sanctioned  by  custom. 

There  has  been  much  written  on  this  sub- 
ject, in  the  last  few  years,  and  much  attention 
given  to  efficiency  work  on  construction, 
though  possibly  not  such  a  great  deal  in  con- 
nection with  shoveling.  At  the  same  time 
there  is  undoubtedly  much  to  be  accomplished 
along  these  lines,  and  it  is  unfortunate  to 
think  of  the  many  shoveling  operations  being 
carried  on  with  great  loss  of  efficiency  when, 
with  a  little  experimenting  to  fit  the  particular 
case,  the  old  order  of  things  might  be  changed. 

It  will  be  noted,  from  Table  I  that  the  No. 
4  and  No.  .5  shovels  approach  most  nearly,  in 
the  amount  of  material  handled,     the     21-lb. 


load.  For  trench  and  general  shoveling  work, 
however,  the  No.  5  is  a  trifle  wide  and  cum- 
bersome, while  the  No.  4,  though  appearing 
large  and  heavy  in  comparison  with  a  No.  2, 
we  found  to  be  well  adapted  to  use  in  the 
trench.  Fortified,  therefore,  with  the  data 
presented  at  the  beginning  of  this  paper,  it 
was  decided  to  equip  the  laborers  in  the  con- 
struction department  with  the  No.  4  shovels, 
and  at  the  beginning  of  the  season,  in  April, 
1914,  this  was  done. 

To  quote  from  a  report  presented  to  the 
chief  engineer : 

I  find  that  we  started  the  season,  on  April 
15.  1914,  with  606  round-pointed  No.  4  shovels, 
and  150  square-pointed  No.  4  shovels,  or  a  total 
of    756. 

At  the  present  time,  Nov.  10,  1914,  there  are 
at  the  storeyard  311  round  and  92  square  shov- 
els, leaving  295  round  and  5S  square,  or  a  total 
of  353  shovels  used  during-  the  season.  Of 
these  .'!53  shovels,  57  have  been  returned  as 
worn  out,  and  there  are  at  present  251  in  use 
on  the  work.  The  majority  of  these  shovels 
now  in  use  show  considerable  signs  of  wear,  and 
might  well  be  classed  as  worn  out.  so  we  have 
a  total  of  308  shovels  worn  out  during  the 
-season.  This  leaves  45  shovels  to  be  accounted 
for  as  lost,  stolen,   broken,  etc. 

In  a  season  of  16S  working  days  (up  to  the 
first  of  November)  therefore,  we  have  used  353 
shovels,  or  an  average  of  2.10  per  day.  These 
shovels  were  of  two  different  grades,  costing 
$S. no  and  $5.25  per  dozen,  respectively.  The 
fact  that  the  higher  priced  shovels  outwear  the 
lower  has  not  been  apparent,  however,  at 
least,  not  sufficiently  so  as  to  warrant  the  dif- 
ference in  cost. 

Assuming,  for  sake  of  argument,  that  all  the 
shovels  cost  us  72  cts.  apiece  (or  at  the  rate 
of  $8.60  per  doz.)  we  find  that  it  has  cost  $1.51 
per  day  to  supply  our  laborers  with  these  No.  4 
shovels.  The  daily  average  number  of  laborers 
at  work  during  the  season  was  17S.  and  the 
cost  of  the  shovels  per  man  per  day  was  there- 
fore .85   cts. 

It  was  shown,  by  my  previous  reports,  that 
the  use  of  a  No.  4  shovel,  in  place  of  a  No.  2. 
increased  the  efficiency,  and  consequently  the 
output  of  the  shoveler,  approximately  27  per 
cent.  While  it  is  practically  impossible,  on  our 
work,  to  figure  the  actual  increase  in  yardage 
shoveled,  the  balance  seems  to  be  unquestion- 
ably in  favor  of  the  No.  4  shovel.  The  cost  of 
these  shovels,  as  shown  above,  was  less  than 
1  ct.  per  man  per  day.  and  there  can  be  no 
doubt  but  that  their  use  effected  an  increase 
in  output  far  greater  than  that  amount. 

The  item  of  45  shovels  lost,  stolen,  or  un- 
accounted for  is  worthy  of  note.  .\s  remarked 
before,  the  statement  has  been  made  that 
shovels  furnished  by  the  employer  are  lost  and 
stolen  in  great  numbers.  The  fact  that  out 
of  a  total  of  353  shovels  used  by  178  men 
through  a  season  of  over  five  months,  only 
45,  or  a  percentage  of  12.7,  were  unaccounted 
for,  would  tend  to  refute  the  argument. 

There  may  be  some  who  might  question  the 
practicability  of  equipping  with  the  No.  4 
shovel  a  number  of  men  who  have  never  used 
any  other  than  a  No.  2.  This  was  done,  how- 
ever, and  without  the  offering  of  any  explana- 
tion, or  a  bonus  for  increased  output.  Such  a 
step  quite  naturally  created  a  great  deal  of 
comment  and  discussion  among  the  men,  for 
a  few  days,  but  after  that  time  they  apparently 
forgot  that  they  were  using  a  shovel  which 
would  hold  half  as  much  again  as  the  one  to 
which  they  had  been  accustomed. 

Money  and  time  have  been  expended,  and 
lirains  and  inventive  genius  have  been  applied 
to  the  developing  and  perfecting  of  excavating 
machinery  of  various  kinds,  and  all  to  good 
purpose.  Excavation  on  a  large  scale  is  there- 
Ijy  accomplished  with  the  utmost  expedition 
and  efficiency.  Rut  by  contrast,  what  do  we 
find  on  the  small  jobs,  or,  perhaps  I  should 
say,  the  ones  on  which,  for  various  reasons, 
the  excavation  must  be  handled  with  shovels? 
.•\s  a  general  rule,  we  find  conditions  similar 
to  those  which  I  have  described.  We  find 
laborers  supplied  with  tools  which  in  them- 
selves effectually  prevent  a  man  from  develop- 
ing to  the  point  of  his  greatest  efficiency.     We 


find  men,  in  many  cases,  applying  themselves 
incorrectly,  and  without  method,  to  the  work 
before  them;  and  not  infrequently  we  find 
slight  disposition  on  the  part  of  those  in  im- 
mediate authority  to  interest  themselves  in  the 
cause  of  increased  production  through  the  se- 
lection and  use  of  the  proper  tools. 

It  might  almost  be  said  that  the  foundation 
of  construction  work,  in  more  ways  than  one, 
lies  in  shoveling.  There  is  scarcely  a  contract 
undertaken,  during  the  course  of  which  the 
handling  of  excavation  with  shovels  does  not 
play  some  part,  however  small;  and  yet  I  would 
venture  the  opinion  that  there  are  very  few  in- 
stances in  which  this  subject  is  given  complete 
and  thorough  consideration  from  an  efficiency 
standpoint. 


Motor  Buses  and  Passenger  Traffic  in 
Cities. 

To  THE  Editors  :  In  the  March  3  number 
of  your  excellent  publication  there  is  an  edi- 
torial on  Motor  Buses  and  Passenger  Traffic 
m  Cities,  which  can  only  Jiave  been  written  in 
a  misunderstanding  of  the  attitude  of  the  elec- 
tric railways  of  the  country  towards  motor  bus 
competition.  In  the  first  place,  there  is  an 
assumption  that  the  motor  bus  lines  running 
on  regular  schedules,  and  operated  over  regu- 
lation routes,  are  identical  with  the  so-called 
"Jitney"  Bus.  This  is  not  the  case.  The  "Jit- 
ney" Bus  is  a  recent  evolution,  having  sprung 
up  within  the  last  few  months.  In  most  cases 
it  consists  of  a  second-hand  automobile,  hold- 
ing four  or  five  passengers,  as  the  case  may 
be,  and  operated  at  will  through  the  streets, 
picking  up  passengers  where  they  are  to  be 
found,  with  no  set  route  and  no  schedule 
whatever.  It  operates  when  weather  condi- 
tions are  favorable,  and  in  such  sections  as 
pay  the  best  return.  In  a  large  part  of  the 
cases,  the  owners  are  irresponsible,  are  under 
no  regulation  by  either  city  or  state,  and  give 
a  service  designated,  not  to  furnish  the  city 
with  a  cotnplete  transportation  system,  but  to 
secure  the  most  profitable  haul  only. 

In  view  of  the  obligations  that  are  placed 
upon  street  car  lines,  by  reason  of  state  regu- 
lation, by  reason  of  the  taxes  that  are  paid, 
by  reason  of  their  obligations  to  furnish  serv- 
ice to  sections  of  the  community  which  are 
unprofitable,  by  reason  of  the  requirements  as 
to  paving,  and  by  reason  of  the  many  other 
services  which  they  perform  for  the  cities,  it 
is  evident  that  the  "Jitney"  Bus  in  no  way  per- 
forms an  equal  service,  or  is  of  the  same  value 
to  the  commimity,  or  bears  the  same  burdens. 

It  is  also  to  be  borne  in  mind  that  by  the  ex- 
tension of  their  lines  to  newly  developed  sec- 
tions, which  furnish  no  adequate  return,  the 
electric  railways  contribute  largely  to  civic 
.growth  and  prosperity  and  that  the  "Jitney" 
does  not,  nor  will  not  furnisli  this  sei^ice. 
The  unfair  nature  of  the  competition  is  seen 
when  it  is  considered  that  "Jitney"  Buses  take 
the  cream  of  the  business  and  leave  the  skim 
milk  to  the  railroad  companies. 

Electric  railways  are  operated  on  a  very 
close  margin.  By  reason  of  the  flat  fare  in 
vogue  throughout  this  country,  they  must  de- 
pend upon  the  profit  of  the  short  haul  pas- 
senger to  make  up  for  the  loss  experienced  be- 
cause of  the  transportation  of  the  long  haul 
passenger.  If,  then,  they  are  to  be  deprived  of 
the  profitable  part  of  their  business,  it  is  cer- 
tain that  they  cannot  long  continue  to  exist  on 
the  unprofitable  part.  So  that,  if  the  "Jitney" 
is  to  continue  its  operations  unrestricted,  com- 
munities will,  sooner  or  later,  face  the  prop- 
osition of  being  deprived  of  the  comprehensive 
service,  including  the  elaborate  transfer  sys- 
tem, and  must  fall  back  on  a  system  which 
serves  only  part  of  the  community  and  that 
at  the  will  of  the  owner,  who  will  operate  it 
only  when  weather  conditions  are  favorable 
and  when  a  profit  is  to  be  derived, 
and  w-hich  pays  a  negligible  part  of  the  city's 
taxes.  The  situation  is,  then,  as  serious  to  the 
communities  as  it  is  to  the  companies. 

Again,  a  misapprehension  seems  to  have 
crept  into  your  article  when  you  say,  "but, 
from  the  standpoint  of  the  street  railway  com- 
panies, many  of  which  have  frankly  admitted 
that  they  depend  upon  crowded  cars  and  strap 
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hangers  for  their  profits,"  the  case  is  serious. 
An  examination  of  the  accounts  of  any  street 
railway  company  will  show  that  the  rush  hour 
service,  when  "strap  hanging"  is  prevalent,  is 
the  least  profitable  of  all  the  company's  busi- 
ness. 

This  statement  may  seem  anomalous,  but  its 
truth  will  be  evident,  when  the  fact  is  con- 
sidered that,  in  order  to  provide  this  rush 
hour  service  during  a  few  hours  only  of  the 
day,  it  is  necessary  to  have  greatly  increased 
power  house  capacity,  greatly  increased  equip- 
ment, to  arrange  for  labor,  which  must  be 
paid  for  more  time  than  it  is  employed,  and 
to  assume  numerous  other  overhead  costs, 
which  eat  up  any  profits  which  might  accrue 
from  the  crowds  transported  during  the  rush 
hours. 

I  have  not  the  slightest  doubt  but  that  you 
intend  to  be  entirely  fair  to  the  electric  rail- 
ways in  your  editorial  comment,  but  it  seems 
to  me  that  if,  as  you  say,  certain  street  rail- 
way companies  have  "frankly  admitted"  that 
Uiey  depend  upon  crowded  conditions  for 
their  profits  that  such  companies  have  a  very 
poor  understanding  of  their  own  business. 
Yours  very  truly, 

Harlow   C.   Clark, 
Editor,  "Aera." 
New  York,  N.  Y.,  March  9,  1915. 


A    Method   of   Obtaining    Volumes   in 

Railroad  or  Ditch  Work  by 

Diagrams. 

Contributed  by  F.  C.  Snow,  Bozeman,  Mont. 

A  diagram  for  obtaining  cubic  yards  direct, 
of  the  prism  between  stations  in  canal  or  rail- 
road work  as  described  herein  is  as  accurate 
as  the  usual  field  methods  of  setting  slope 
stakes  and  obtaining  the  earth  work  notes  on 
such  surveys  warrants  and  is  much  shorter 
than  the  usual  calculations  for  obtaining  such 
volumes. 

Figure  1  of  the  accompanying  cuts  shows 
the  general  method  of  constructing  such  a  dia- 
gram after  the  base  and  side  slopes  of  the 
prism  have  been  determined,  based  on  the  fol- 
iowing  formula  for  section  areas,  so  used  that 
the  volumes  are  figured  by  the  average  end 
area  method. 

Ai  equals  the  area  of  one  end  of  the  section, 
A2  the  area  of  the  other  end  and  L,  the  side 
slope  of  the  banks,  equals  tan.  cc  in  Fi.g.  la. 
then. 

^^=(-t-){Tj-'^^-^ ^^"- 

and 
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Fig.   1.     Profile  and   Mass   Diagram  Showing 

Method  of  Computing  Overhaul  by 

Method    of   Trapezoids. 


If  these  sections  are   100   ft 
ume  in  cubic  yards  equals. 
(Ai+A2\  /100\       100 

100 

54 

100^  /?».. 
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apart  the  vol- 
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Now  diagrams  can  be  constructed  on  either 
half  of  this  equation  using  m,  n  and  d  in  place 
of  either  iih,  «i  and  rfi  or  m-,  ih  and  d-. 

Let  this  partial  volume  equal  V,  then. 


for  a  base  of  18  feet  and  slopes  of  banks  of 
1.5  to  1.0.     Its  use  is  as  follows: 


Y 


1003  /m±n\  /  b         ,\        b^l      „        , 

and  the  total  volume  between  stations  can  be 
obtained  by  picking  the  value  of  Y  for  the 
station  at  each  end  of  the  prism  100  ft.  long 
and  adding  these  partial  volumes. 

In  Fig.  1  the  diagonal  lines  represent  center 
cuts  or  fills,  the  Y,  or  horizontal  scale,  partial 
volumes  and  the  A',  or  vertical  scale,  the  sum 
of  the  distances  out  from  the  center  to  the  side 
slope  stakes,  represented  by  m  plus  n. 
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Total  volume  equals  the  sum  of   Ks  100.8 

cu.  yds. 

If  the  volume  of  a  prism  having  a  number 

of  stations  100  ft.  apart  is  required,  add  to  the 

Center  Cut  or  fill 
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Fig.  2.     Profile  and    Mass  Diagram  Showing      Method   of  Computing  Overhaul  from  the 

Overhaul    Area  of   Mass   Diagram. 
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The  point  .-]  in  Fig.  1  is  found  by 
(in  +  nl    equal  0  in  Equ.  4,  then 
100  /  6- \ 
54  \4l) 

The   center   cut,   or   d  lines,   are   located   as 
follow's.  when  d  equals  zero,   from  Equ.  4. 


partial  volumes  of  the  stations  at  each  end  of 
the  prism  in  consideration  twice  the  sum  of 
the  partial  volumes  of  the  intermediate  sta- 
tions, thus. 


and  dift'erentiating  Equ.  4, 

d{Y)        /25\   /  \ 


Equ.  5. 


d{d) 
so  that 

or    for   any   change 
change  in   Y  equals 


n\  (did)) Equ.  6. 

n     d    the    corresponding 
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foot    then    the    change 
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(m  +  n),  and  if  2.5  (m  +  n)  is  taken  as  some 
multiple  of  27,  the  change  in  Y  becomes  a 
number  that  is  easily  plotted,  such  as  1,  2,  3, 
etc.  For  this  reason  in  determining  the  posi- 
tion of  the  (d  equals  zero)  line  as  shown  in 
Fig.  1,  (m  +  n)  is  taken  as  10.8,  16.2.  21.6, 
etc.,  the  increase  being  5.4  each  time.  The 
corresponding  values  of  the  change  in  Y  are 
then  1.0,  1.5,  2.0,  etc.,  from  Equ.  6. 

The  d  equals  zero  line  can  be  located  from 
Equ.  5  by  substituting  the  above  values  for 
(  III  -\-  n).  as 

III  -f-  n  equals  b,  d  equals  0.  }'  equals  0. 

TO  4  „  =  10.8,  d  =  0,  y  =  /?|y)  /  lO.S  —  &) 

j»  +  H=  46.2,rf  =  0,y=  {—)  (16.2  —  6^ 

etc. 

Each  of  the  other  d  lines  can  now  be  lo- 
cated by  plotting  the  value  of  the  change  in  Y 
for  0.1,  change  in  d  on  the  proper  (m  +11) 
line  and  drawing  the  diagonals  through  the 
points  thus  determined  and  through  the  point 
A  as  a  check. 

Fig.  2  shows  an  example  of  these  diagrams 
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If  the  volume  for  sub-station  (that  is,  a  sta- 
tion less  than  100  feet)  is  required,  if  the 
length  of  the  sub-station  is  called  (P),  then 
100  ;  (P)  :  :  Volume  obtained  from  diagram 
:Actual  volume,  thus 
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100  :   38.3   ::  146.9   :  X 

X  equals  56.3  cu.  yds.,  the  actual  volume. 

In  the  diagram  Fig.  2  the  scales  are  such 
that  the  partial  volume  can  be  read  to  cubic 
yards  directly  and  tenths  of  cubic  yards  must 
be  estimated,  but  the  scales  can  be  so  ar- 
ranged that  closer  readings  can  be  obtained  if 
desired. 
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the  forms  used  in  reports,  etc.  E.  &  C.  Mar.  31, 
1915;  .Si^  cols. 


ROADS:     Concrete.    Testing    .Vggresrate. 

Testing  Agaregate  for  Concrete  Roads 
Built  by  the  New  York  Highway  Com- 
mission        294 

Discusses  methods  of  testins-  used  and  gives 
>  esults  obtained  from  tests  of  small  concrete 
cubes  and  other  test.s  used  on  various  aggre- 
gates.    E.  &  C.  Mar.  31,  1915;  5%  cols. 


BUILDING:    .\ustin  Nichols;  Eouipment  and 
Erection  Methods. 

Equipment  and  Methods  Used  In  Con- 
structing the  Austin  Nichols  Building  In 
New    York    296 

Describes  in  det:iil  and  illustrates  the  etiuip- 
ment  and  methods  used  in  constructing  the  six- 
.^tory  reinforced  concrete  building  of  Austin. 
Nichols  ^  Co.,  New  York.  The  rapid  construc- 
tion of  this  17S-ft.  S-in.  x  440-ft.  structure  in- 
volved an  efficient  plant  layout  and  interesting 
erection  methods.  E.  &  C,  Mar.  31.  1915;  S'/i 
cols. 


LAW,     LICENSE: 

neers. 


For    Structural      Engi- 


Resolution  of  Board  of  Direction  of  West- 
ern Society  of  Engineers  Pertaining  to 
Proposed     License     Law     for     Structural 

Engineers    299 

Gives  in  full  the  text  of  the  resolution  adopted 
by  the  Board  of  Direction  of  the  Western  So- 
ciety of  engineers  pertaining  to  the  proposed 
license  law  for  structural  engineers.  The  pro- 
posed act  was  published  in  our  Mar.  17,  1915. 
issue.     E.  &  C,  Mar.  31,  1915;  1  col. 


BUILDINGS:     Engine  Houses,  Design  of. 

Engine   House:   Principles  of  Design 30# 

GiA'es  recommended  principles  of  design  ap- 
plicable to  engine  houses  of  American  Railway 
Engineering  Association.  E.  &  C. ,  Mar.  31,  1915; 
2%   cols. 


CONCRETE:    Cinder;   Strength  and  Proper- 
ties of. 

Strength  and  Other  Properties  of  Typical 
Cinder  Concrete  Used  In  Floor  Construc- 
tion  in   New  York 301 

Gives  .the  results  of  a  series  of  experiments 
made  at  the  University  of  (I?olumbia  to  deter- 
mine the  strength  and  other  properties  of 
tvpical  cinder  concrete  used  in  floor  construc- 
tion in  New  York.  E.  &  C.  Mar.  31.  1915;  2V2 
cols. 


APPRAISAL:     Court   Decisions. 

Court   Decisions  Showing   "Present  Value" 
to    be   the    Only    Value   for   Rate    Making 

Purposes    302 

Quotes  a  number  of  Supreme  Court  decisions 
in  which  "present  value"  or  some  equivalent 
expression  is  used  as  a  basis  for  rate  making 
rates,     e!.  &  C,  Mar.  31,  1915;  2  cols. 


SHOVELS:     Kcnnoniic  Choice  of. 

Results    of    Study    Made    to    Indicate    Eco- 
nomic   Choice    of    Shovels    for    Handling 

Different   Classes  of   Material 302 

A  contributor  iii\'es  results  of  observations 
which  show  that  little  thought  is  given  to  eco- 
nomic choice  of  shovels.  Gives  data  obtained 
in  a  study  made  to  determine  proper  sizes  of 
shovels  to  iise.  A  great  saving  in  construction 
cost  is  made  possible  bv  the  proper  selection  of 
hand  tools      E.  &  C.  Mar.  31.   1915;  3H  cols. 


MOTOR  BUSES:    Passenger  Tratflc  in  Cities. 

Motor    Buses     and      Passenger     Traffic     in 
Cities    303 

Letter  commentin.g  on  recent  editorial  in  E.  & 
C.  and  pointin.g  out  several  objectionable  fea- 
tures of  the  "iitnev"  bus.  E.  &  C.  Mar.  31, 
1915;   IVi  cols. 

EARTHWORK:    Volume.  Computing  Method. 

A    Method    of   Obtaining    Volumes   In    Rail- 
road .Tnd   Ditch  Work  by  Dianrams 30^ 

Mathematical  analyses  and  diagram  construc- 
tion prescribed  .and  described;  method  of  use 
explained.     E.   &•  C,  M:ir.  31.   1915;  214  cols. 


INDEX  TO  WORKS  AND  PRODUCTS  DEALT  WITH  IN  THIS  ISSUE. 


EARTH    EXCAVATION: 

."\lanniil   Labor.   Cost.  2Si;,   302- 
—  Computing   Volumes    


.Shovels,  302 


30! 


CONCRETE  CONSTRUCTION: 

Reinforced  Concrete  Floor,  286,  297,  300, 
301— Walls,  286— Columns.  2S6— Koof,  286. 
300 — Waterproofing.  286 — Mixtures,  2S6 — 
Placing,  2S7,  297— Concrete  I'osts,  287— 
Culverts,  2S9— Testing  Aggregate,  294— 
Roads,  291 — Building  of  Reinforced  Con- 
crete. 296 — Cinder  Concrete  Floors 


301 


STEEL  CONSTRUCTION: 

Kciiifor.cmcnt.  2S6,  2S7,  298— Steel  Work  in 
Large  Buildings,   299 — Turntables 300 

BITUMINOUS  PRODUCTS: 

Bituminous  Waterproofing    2S6 

CLAY   PRODUCTS: 

Tile    Facing    .  . .   2S7 

TIMBER   PRODUCTS: 

Wall  Forms    287 


FOUNDRY    PRODUCTS: 
Valves   ;iiid    Pipes,    2S7- 


-Meters 2S7 


MACHINERY   AND  APPLIANCES: 

Motor  Buses,  283,  284,  :!03— Pumping  Plant. 
285— Road  Equipment,  291— Unloading 
and  Concreting  Equipment,  297 — Der- 
ricks, 298- Mixers,  298— Steel  Erection 
Equipment,  289— Turntables,  300— Com- 
pressed  .\ir  Tractors,  300 — Locomotives.   30» 
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FOREIGN  TRADE  NOTES 

The  following  foreign  trade  opportunities 
are  listed  by  the  Bureau  of  Foreign  and  Do- 
mestic Commerce.  Where  addresses  arc 
omitted  in  the  items  they  may  be  obtained 
from  the  office  of  the  Bureau  at  Washing- 
ton, D.  C,  or  from  the  branch  offices  at  337 
Custom  House,  New  York;  629  Federal 
Bldg.,  Chicago,  III.;  76  Appraiser's  Stores 
Bldg.,  San  Francisco,  Cal.,  and  Room  1020, 
Hibernia  Bank  Bldg.,  New  Orleans,  La.  In 
applying  for  addresses  reference  should  be 
made  to  the  file  numbers. 

Locomotives,  Road  Machinery,  Etc.— Euro- 
pean Government  is  contemplating  a  consider- 
able amount  of  construction  work  which  will 
require  locomotives,  stone  crushers,  concrete 
mixers,  road-making  machinery,  steam  rollers, 
etc.  No.  16088.  [For  address  see  first  para- 
graph.] 

Electrical  Machinery,  Tramway  Equipment. 
—There  is  a  possible  opportunity  in  South 
."^Lmerica  for  sale  of  macliinery  for  an  electric 
light  plant  and  equipment  for  a  tramway.  No. 
Iti092.     [For  address  see  first  paragraph!] 

Steel  Rope,  Pipe,  Engines.— Commission 
merchant  in  Russia  wishes  to  get  in  communi- 
cation with  manufacturers  of  steel  ropes  for 
drilling,  camel-hair  belting,  oil  and  gas  pipes, 
iron  and  steel  products,  oil  engines.  No.  16096. 
[For  address  see  first  paragraph.] 

Pipes. — Firm  in  Switzerland  wishes  to  rep- 
resent American  firms  which  are  in  a  position 
to  supply  lead,  tin  and  malleable  iron  pipes  for 
gas  and  water  conduits.  No.  16098.  [For  ad- 
dress see  first  paragraph.] 

Steam  Rollers. — Contractor  in  East  Indies 
wishes  to  get  in  touch  with  American  export- 
ers of  steam  rollers.  No.  16100.  [For  address 
see  first  paragraph.] 

Sewer  and  Water  Pipe.  Etc.— .-X  concession 
for  installing  the  house  connections  for  a  new 
water  works  and  sewage  .system  in  Latin  Amer- 
ican city  has  been  awarded  to  an  American 
contractor  ;  the  concessioner  will  be  in  the  mar- 
ket for  about  $50,000  worth  of  material.  No. 
160.50.     [For  address  see  first  paragraph.] 

Cast  Iron  Pipe  and  Fittings.- Firm  in  South 
America  wishes  to  receive  price  lists,  etc.,  from 
-American  manufacturers  which  are  in  a  posi- 
tion to  make  prompt  shipments  of  2%,  4  and 
6  in.  cast-iron  pipes,  cast-iron  fittings,  brass 
■  and  lead  fittings.  Prices  should  be  quoted  f. 
o.  b.  New  York  or,  if  possible,  c.  i.  f.  destina- 
tion. It  is  stated  that  the  firm  is  prepared  to 
pay  cash.  Correspondence  may  be  in  English. 
No.  16066.     [For  address  see  first  paragraph.] 

Railway  Supplies.— Firm  in  East  Indies  de- 
sires to  be  placed  in  communication  with 
Arnerican  manufacturers  of  light  railway  ma- 
terials, such  as  light  engines,  rails,  switches, 
and  all  accessories  for  building,  operating  and 
maintaining  light  railways.  Descriptive  mat- 
ter, cash  discounts  and  prices  f.  o.  b.  American 
ports  or  c.  i.  f.  destination  should  be  sent  at 
once.  Correspondence  may  be  in  English.  No. 
16071.     [For  address  see  first  paragraph.] 

Turbines. — Lumber  dealers'  association  in 
Russia  desires  to  receive  catalogues,  etc.,  from 
manufacturers  of  turbines.  It  is  stated  that  it 
now  desires  to  purchase  a  water  wheel  of  150 
HP.  capacit3'.  Correspondence  may  be  in  Rus- 
sian, French  or  German.  Prices,  etc.,  should 
be  stated  in  Russian  equipalents,  and  quotations 
should  be  c.  i.  f.  Russian  ports.  No.  1S059. 
[For  address   see  first   paragraph.] 

Motor  Trucks. — A  Government  official  in  the 
Far  East  desires  catalogues,  etc.,  from  manu- 
facturers of  motor  trucks.  He  wishes  infor- 
mation direct  from  the  manufacturers  as  to 
the  working  cost  of  motor  transportation  per 
mile  of  such  bulky  articles  as  salt  and  grain. 
He  also  wishes  to  be  informed  whether  the 
motor  will  operate  efficiently  in  a  temperature 
of  40°  below  zero,  F.  No.  16060.  [For  ad- 
dress see  first  paragraph.] 

Railway  Supplies. — European  builder  of  rail- 
ways, tunnels,  water  construction  and  hydro- 
electric works  is  desirous  of  representing 
.^merican  manufacturers  of  articles  and  ma- 
chinery used  in  his  line  of  business.  No. 
16031.     [For  address  see  first  paragraph.] 


INDUSTRIAL  NOTES 

The  .-Xmcrican  Cast  Iron  Pipe  Co.  has  re- 
cently opened  an  office  at  509  First  National 
Bank  Bldg.,  Chicago,  111. 

The  Wyckoff  Pipe  &  Creosoting  Co.,  Inc., 
has  removed  its  main  office  from  50  Church  St., 
New  York  City,  to  42d  St.  Bldg.,  30  East 
42d  St. 

The  Burd  High  Compression  Ring  Co.  has 
removed  its  general  and  executive  offices  to 
307  S.  Main  St.,  Rockford,  111. 


NEW  CATALOGUES 

Pi.Air  Pkouucts. — Paper,  3VixG  ins. ;  10  pp. 
Piatt  Iron  Works,  Dayton,  Ohio. 

Shows  the  various  types  of  pumps,  com- 
pressors, engines,  heaters,  turbines,  etc.,  han- 
dled by  the  company. 

Electric  Fans. — Paper,  3^/4x6  ins. ;  24  pp. 
Sprague    Electric    Works,    New    York    city. 

Bulletin  No.  B-3330,  listing  and  briefly  de- 
scribing the  assortment  of  Sprague  electric 
fans.     Illustrated  and  gives  all  requisite  data. 

Industrial  Railway  Equipment. — Paper,  3% 
x6%  ins. ;  12  pp.  The  Gregg  Company,  Ltd., 
82  Wall  Street,  New  York  city. 

Booklet  No.  D.  101  showing  the  portable 
track,  switches,  frogs,  and  crossings,  turn- 
tables, durrip  cars,  flat  cars  and  other  industrial 
railway  equipment  manufactured  by  the  above 
company. 

Excavators. — Paper,  6x9  ins. ;  16  pp.  James 
W.  Hensley  &  Co.,  629  Lemcke  Bldg.,  In- 
dianapolis, Ind. 

Illustrates  the  Hensley  center  gravity  exca- 
vators, showing  construction  and  views  of 
actual  operations.  Gives  general  description 
the  bucket,  and  notes  on  the  planning  of  an 
e-xcavating  plant. 

Curb  Guards. — Paper,  6x9  ins.,  4  pp.  Clip- 
Bar  Manufacturing  Co.,  26th  St.  and  Penn- 
sylvania Ave.,  Philadelphia,   Pa. 

Describes  the  Anchor  Galvanized  Curb 
Guard,  the  special  features  of  which  are 
the  perforated  web  which  allows  the  forma- 
tion of  a  solid  concrete  mass,  and  the  anchor 
frogs.     Illustrated. 

Welding. — Paper,  6x9  ins. ;  24  pp.,  Oxweld 
Acetylene  Co.,  36th  St.  and  Jasper  Place, 
Chicago. 

Illustrated  and  detailed  description  of  the 
O.xweld  process  of  welding  and  cutting  in  gas 
main  construction  and  repairing.  Shows  the 
oxy-acetylene  apparatus  used  and  method  of 
application,  and  gives  exhaustive  cost  data. 

Concrete  Sockets.— Paper,  6x9  ins.;  4  pp. 
Concrete  Socket  Manufacturing  Co.,  Phila- 
delphia, Pa. 

Describes  Y  Concrete  Sockets  and  the  meth- 
od of  their  installation  in  reinforced  con- 
crete for  the  purpose  of  supporting  shaft 
hangers,  pipes,  conduits,  etc.  Illustrated  by 
aiagrams  showing  installation  and  cuts  of  the 
sockets. 

Paving  Mixers. — Paper,  9x11%  ins.;  16  pp., 
Oshkosh  Manufacturing  Co.,  Oshkosh,  Wis. 

Supplement  to  the  1915  General  Catalogue, 
which  describes  the  Oshkosh  street-paving 
mixer.  Gives  specifications,  diagram  showing 
construction  and  dimensions,  and  several  views 
with  boom  and  bucket  or  distributing  chute 
and  other  equipment. 

Tools  and  Conduit  Specialties. — Paper,  SVzx 
11%  ins.;  24  pp.,  B.  S.  Barnard  &  Co.,  52 
Church  St.,  New  York  City. 

Illustrated  catalogue,  descriptive  of  the  line 
of  tools  and  specialties  for  underground  con- 
duit work  handled  by  this  company.  This  line 
includes  all  manner  of  pick-up  tools  and  de- 
vices   for    removing    obstructions    of    various 


kmds,  also  conduit  plugs,  wrappers,  cable  ! 
binders,  conduit  threading  machines,  steel  fish-  j 
ing  tapes,  etc. 

Steam  Shovels. — Paper,  5%x8  ins. ;  29  pp. 
Marion  Steam  Shovel  Co.,  Station  F.,  Ma- 
rion, Ohio. 

Catalogue  No.  92,  entitled  "Digging  and 
Mixing  Clay— One  Operation,"  a  comprehen- 
sive account  of  the  construction  and  operation 
of  Marion  shovels  for  clay  handling.  Gives 
considerable  general  information  of  interest  to 
clay  workers  and  is  illustrated  with  views  of 
typical  work. 


CATALOGUE  REVIEWS 

Concrete  Mi,\ers. — Paper,  7%xlO  ins.;  74  pp. 

Milwaukee    Concrete    Mixer    Co.,    963    30th 

street,  Milwaukee,  Wis. 

The  Milwaukee  Concrete  Mixer  Co.  has  re- 
cently issued  a  new  and  attractive  catalogue. 
No.  H-19,  describing  the  Milwaukee  and  Wis- 
consin mixers  and  pavers.  The  details  of  de- 
sign and  construction  are  set  forth  clearly  and 
briefly,  with  illustrations  of  the  mixers  on 
typical  work  and  of  the  various  types,  parts 
and  equipment.  It  is  handsomely  printed 
on  cream  paper  with  brown  covers,  and 
the  illustrations  are  largely  half  tone  re- 
productions of  unusually  fine  photographs 
showing  interesting  construction  and  paving 
work.  There  is  also  a  description  of  the  Mil- 
waukee concrete  elevators,  with  diagrams 
showmg  construction  and  operation.  The  lat- 
ter part  of  the  book  is  occupied  by  diagrams 
showing  plant  arrangement,  specifications  for 
the  mixers  and  pavers,  diagrams  showing  con- 
structions and  dimensions,  and  a  table  of  quan- 
tities of  materials  required  in  mixing  concrete 

Montezuma  Asphalt. — Paper,  8x11  ins.;  56 
pp.  Warner-Quinlan  Asphalt  Co.,  79  Wall 
street.  New  York  City. 

A  most  unique  and  effective  publication,  de- 
tailing the  qualities  of  Montezuma  asphalt,  its 
adaptations  and  the  range  of  territory  through 
which  this  product  has  been  used.  One  feature 
is  to  the  writer  at  least,  quite  novel.  This 
consists  of  half  tone  reproductions  of  letters 
from  numerous  widely  scattered  and  variously 
employed  users  of  "Montezuma"  asphalt,  such 
as  city  engineers,  chemists,  contractors,  paving 
commissioners,  consulting  and  testing  engi- 
neers, etc.  The  most  telling  phrase  in  each  of 
these  letters  is  underlined  and  re-written  in 
red  crayon  on  the  margin,  with  the  pertinent 
word  underlined.  As  these  letters  come  from 
prominent  men  whose  reputations  are  known 
throughout  the  engineering  and  contracting 
field,  and  are  accompanied  by  handsome  pho- 
tographs of  the  roads  and  streets  on  which  the 
asphalt  has  been  used,  this  feature  would  ap- 
pear to  be  a  most  convincing  argument.  Speci- 
fications for  sheet  asphalt,  asphalt  cement,  as- 
phaltic  concrete  and  macadam,  road  binder 
and  surface  treatments  are  included,  together 
with  an  explanation  of  the  tests  required,  and 
a  guide  to  area  and  quantities. 


Statement  of  the   Ownership.   Management,   Cir- 
culation,   Etc..    Required    by    the    Act    of 
August    24,    1912, 

of  Engineering  and  Contracting,  published  every 
Wednesday  at  Chicago,  111.,  for  April  1,  1915.  ' 

Editor— H.   P.  Gillette.   Chicago,   111. 
Managing  Editor — C.  &'.  Hill,  Chicago,  III. 
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Many  interesting  develop- 
The  Doings     ments  tool<  place  during  the 
past    week.      There    was    a 
of  large  amount  of  investment 

,  bui'ing  and  stocks  went  to 
The  Week,  highest  prices  and  were  sold 
in  largest  volume  since  the 
re-opening  of  the  exchanges.  Government  fig- 
ures showed  an  excess  of  exports  over  imports 
for  February  of  $173,000,000.  Since  Dec.  1 
the  excess  of  exports  has  amounted  to  over 
$552„000,000.  It  is  expected  that  March  will 
show  a  much  larger  trade  balance  than  that 
for  the  previous  month.  An  interesting  fea- 
ture of  the  February  export  figures  is  that  cot- 
ton fixed  a  new  high  record  for  the  month,  not 
only  in  quantity  but  in  value.  Many  financial 
writers  are  predicting  that  it  is  only  a  ques- 
tion of  a  short  time  before  the  foreign  trade 
and  financial  boom  will  produce  country^wide 
prosperity.  Industry  and  commerce  continued 
to  show  advances  during  the  week.  Improve- 
ment in  the  steel  and  iron  trade  is  holding,  and 
the  larger  companies  are  now  operating  on 
better  than  a  70  per  cent  capacity  basis.  In 
the  construction  field  there  was  an  increase  of 
activity  in  many  lines.  Highway  improvements, 
bridge  buildine  and  municipal  undertakings 
made  an  excellent  showing.  In  the  water 
works,  sewerage  and  paving  fields  many  op- 
portunities are  now  being  offered  to  contrac- 
tors. Government  river  and  harbor  work  and 
drainage  and  irrigation  have  not  shown  much 
activity  the  past  week.  The  new  $25,000,000 
river  and  harbor  bill  is  now  being  apportioned 
to  various  projects  and  it  is  likely  that  the 
U.  .S.  Engineers  soon  will  be  calling  for  bids 
on  a  considerable  amount  of  work.  In  the 
iron  and  steel  trade  there  is  a  good  volume 
of  business,  even  with  the  limited  railroad 
buying.  Orders  for  steel  rails,  plates  and 
structural  materials  the  past  week  were  about 
up  to  the  demands  of  recent  weeks.  Heavy  pig 
iron  sales  were  a  feature  of  the  past  few  days, 
Buffalo  concerns  booking  about  175,000  tons  of 
orders.  The  Iron  Age  prices  for  finished  iron 
and  steel  and  for  sheets,  nails  and  wire  for  the 
week  ending  March  24  were  as  follows  : 
Finished   Iron  and  Steei.  Mar.  24.     Mar.  IT 

Per  lb.    to  large  buyers.  Cts.  Cts. 

Bess,  rails,  heavy,  at  mill....      1.25  1.25 

Iron   bars,   Philadelphia 1.15  l.lo 

Iron  bars,  Pittsburgh 1.10  1.10 

Iron  bars,  Chicago 1.12%         1.10 

Steel  bars,   Pittsburgh 1.15  1.15 

Steel  bars,  New  York 1.319  1.319 

Tank  plates.  Pittsburgh 1.10  1.10 

Tank  plates.  New  York 1.269  1.269 

Beams,    etc.,    Pittsburgh 1.15  1.15 

Beams,  etc..  New  York 1.269  1.269 

Skelp,  grooved  steel,  P'gh 1.10  1.10 

.Skelp,  sheared  steel.   P'gh 1.15  1.15 

Steel  hoops,  Pittsburgh 1.25  1.25 

Sheets,  Nails  and  Wire. 
Per  lb.  to  large  buyers. 
Sheets,  black.  No.  28,  P'gh....     1.80  l.?0 

Galv.  sheets.  No.  2S,  P'gh....     :!.40  3.40 

Wire  nails,  Pittsburgh 1.60         ^1.60 

Cut  nails,   Pittsburgh 1.55  1.55 

Fence  wire,  base,   P'gh 1.40  1.40 

Barb  wire,  galv.,  P'gh 2.10  2.10 

For  structural  material  f.  o.  b.  Pittsburgh 
The  Iron  Age  prices  were  as  follows  :  I-beams 
3  to  15  in. ;  channels,  3  to  15  in. :  angles,  3  to 
fi  in.  on  one  or  both  legs,  %  in.  thick  and 
over,  and  tees,  3  in.  and  over,  1.15  cts. 

Railwrays. — Quite  a  few  minor  contracts 
for  railroad  construction  are  reported  to  have 
been  let  during  the  past  week.  Few  of  these 
apparently  are  of  a  size  to  make  or  break  a 
contractor.  There  arc  rumors  that  some  big 
work  is  coming  up  soon,  but  nothing  definite 
can  be  learned  as  to  when  contractors  will  be 
asked  to  submit  their  figures.  The  Illinois 
Central  has  awarded  a  couple  of  small  jobs — 
one  covering  0  miles  of  work  near  West  Frank- 
fort, III.,  to  H.  W.  Nelson,  U  .South  Canal  St., 
Chicago,  111.,  and  L.  J.  Smith  Construction  Co., 
Kansas  City,  Mo.,  has  secured  a  7-mile  exten- 
sion for  the  Minkler  Southern,  a  Santa  Fe 
line  in  California.  In  the  South  two  or  three 
contracts  are  reported  to  have  been  let.  J.  N. 
Gillis  &  Son,  Brewton,  Ala.,  were  awarded  3.0 
miles  of  line  for  Tidewater  Securities  Corp. 
of  Mobile.   Sanders  &  Co.,  Miami,  Fla..  secured 


a  sub-contract  for  work  on  the  Palm  Beach  & 
Everglades  R.  R. ;  and  Ricks  &  Co.,  Lilly,  Ga., 
obtained  an  80-mile  line  in  Georgia  for  the 
Flint  River  R.  R.  &  Navigation  Co.  The  best 
prospects  for  the  near  future  appear  to  be  the 
following:  6  miles  of  heavy  work  from 
Stone  Coal  Junction,  W.  Va.,  for  the  Virginian 
Ry.,  and  changes  in  the  channel  of  the  Mis- 
sissippi River  at  St.  Paul  for  the  Union  Depot 
Co.,  Hackney  Bldg.,  St.  Paul,  Minn. 

Roads  and  Streets. — Many  lettings  for 
state  and  county  road  work  reached  the  call 
for  bid  stage  last  week.  New  York  began  call- 
ing for  proposals  on  14  contracts  aggregating 
72  miles;  Maryland  is  taking  bids  on  4  con- 
tracts (a  total  of  6  miles)  ;  Illinois  opens  bids 
."^pril  7  on  two  contracts.  Among  the  city 
paving  contracts  are  a  128,000  sq.  yd.  job  for 
Beloit,  Wis.,  and  a  146,000  sq.  yd.  letting  at 
Bayonne,  N.  J.  Houston,  Tex.,  and  Harris 
Countv  are  calling  for  bids  on  a  joint  street 
improvement  to  cost  about  $300,000.  Maryland 
awarded  contracts  amountinsr  to  about  $lOO,000 
for  state  roads ;  New  York  awarded  contracts 
for  12  highway  improvements,  one  bidder  re- 
ceiving work  that  will  cost  over  $300,000;  Pu- 
laski, Va.,  awarded  a  $103,000  paving  contract ; 
and  Cedar  Rapids,  la.,  let  work  to  cost  about 
$150,000. 

Bridges. — Small  bridge  and  culvert  con- 
struction predominate  in  the  bids  asked  items 
nf  the  week.  Several  groups  of  small  struc- 
tures are  being  advertised,  that  in  the  aggre- 
gate make  fair-sized  contracts.  The  County 
Commissioners  at  Columbus,  Mont.,  are  asking 
proposals  on  five  concrete  bridges;  the  County 
.Auditor  at  Durham,  N.  C,  opens  bids  April  I'i 
on  four  steel  bridges  to  cost  about  $20,000 ; 
the  county  auditor  at  Dakota  City,  la.,  is 
asking  bids  on  39  reinforced  concrete  box  cul- 
verts. The  largest  contract  let  receritly  appears 
to  be  for  the  new  Susquehanna  bridge  of  the 
Cumberland  Valley  R.  R.  Robert  Grace  Con- 
tracting Co.,  514  Smithfield  St.,  Pittsburgh. 
Pa.,  at  $270,290.  was  the  lowest  of  the  38  bid- 
ders on  this  work. 

Drainage  and  Irrigation.  —  Not  many 
drainage  or  irrigation  undertakings  appear  to 
liave  reached  the  call  for  bids  stage  during  the 
past  week.  The  Obion  River  Drainage  District 
of  Union  City,  Tenn.,  is  asking  proposals  on 
1,564,000  cu.  yds.  levee  and  670,000  c\i.  yds. 
ditch,  both  floating  dredge  work. 

Water  Works.  —  Several  large  water 
works  improvements  are  now  being  advertised. 
Sacramento,  Cal.,  is  calling  for  bids  on  work 
to  cost  about  $800,000.  It  will  require  about 
417,920  lin.  ft.  4  in.  to  16  iti.  cast  iron  pipe  and 
39,990  lin.  ft.  of  20  in.,  24  in.,  30  in.  and  36  in. 
riveted  steel  pipe.  Durham,  N.  C,  opens  bids 
April  21  on  extensive  water  works  improve- 
ments to  include  9  miles  20  in.  cast  iron  mains, 
pumping  station  and  equipment  and  filter  plant. 
Peoria  Heights,  111.,  opens  bids  April  19  on 
water  works  to  cost  about  $65,000.  Milwaukee, 
Wis.,  is  calling  for  bids  on  the  shore  line  sec- 
tion of  its  water  tunnel.  Billings.  Mont., 
awarded  contracts  for  water  works  improve- 
ments that  call  for  an  expenditure  of  about 
$153,000. 

Sewerage. — A  number  of  fair-sized  sew- 
erage jobs  are  being  advertised.  Rochester,  N. 
Y.,  opens  bids  on  March  31  on  a  concrete  out- 
let sewer  estimated  to  cost  $145,000  and  w;ill 
take  bids  in  about  two  weeks  on  a  sewage  dis-  ' 
posal  plant  to  cost  about  $100,000.  Port  Ches- 
ter, N.  Y.,  opens  bids  April  5  for  sewer  system 
and  a  disposal  plant;  Ravena,  N.  Y.,  is  asking 
bids  on  5  miles  of  8  in.,  10  in.  and  12  in.  sew- 
ers and  a  disposal  works ;  Baltimore,  Md., 
is  advertising  Section  No.  1  of  the  Gwynn's 
Fall  interceptor,  requiring"  4,3.50  ft.  of  30 
in.  sewer ;  Richmond,  Va..  is  calling  for  bids  on 
a  section  of  the  Bacon  Quarter  Branch  sewer, 
involving  1,150  ft.  of  reinforced  concrete 
sewer;  Oaklyn,  N.  J.,  opens  bids  April  6  on 
system  of  sanitary  sewers  and  disposal  plant 
estimated  to  cost  $40,000;  Greenville,  Pa.,  is 
calling  for  proposals  on  sewage  disposal 
works,  intercepting  sewer  and  laterals;  Madi- 
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son.  Wis.,  will  receive  bids  until  April  9  on 
work  calling  for  construction  of  about  69,000 
ft.  of  pipe  sewer. 


One   encouraging    feature 
Short  Line     of  the  railway  situation  is 
.  the  number  of   small   com- 

Raiway         panics      whose      projects 
r'„„„i-    „i.-  appear    to    be    nearing    the 

Construction,  construction  stage.  Since 
the  first  of  the  year  many 
new  companies  have  been  chartered  and  quite 
a  few  older  corporations  operating  short  lines 
have  applied  for  authority  to  build  extensions. 
Many  of  these  short  line  railways  are  in  a 
prosperous  condition  and  well  able  to  carry  out 
their  proposed  work.  Much  of  the  new 
financing  now  being  done  by  the  big  railway 
systems  of  this  country  will  have  to  be  used 
to  pay  off  maturing  obligations.  The  case  is 
different  with  many  of  these  smaller  con- 
cerns. They  have  no  short  term  notes  or 
bonds  to  meet  and  consequently  can  employ 
any  new  capital  they  may  secure  for  construc- 
tion purposes.  There  are  also  good  prospects 
that  several  of  the  companies  organized  recent- 
ly are  more  than  hot  air  line  propositions. 
Some  of  them  are  believed  to  be  projects  of 
larger  railroads,  while  others  are  supported  by 
interests  with  good  financial  backing.  These 
little  20  to  30  mile  railway  undertakings  are 
likely  to  furnish  quite  a  few  construction  op- 
portunities in  the  near  future. 


Engineers  and  contractors 
Municipal        have  had  no  reason  to  com- 
plain at  the  lack  of  munici- 
Work    in         pal    ambition    in    the    cities 
f  13  and   towns   in   the   Messaba 

iron  Kange.  Range  in  Minnesota.  More 
construction  probably  has 
been  undertaken  in  these  places  in  the  last  few 
years  than  in  any  other  locality  of  similar  size 
in  the  country.  Almost  over  night  some  of 
these  cities  have  graduated  from  dirt  roads  to 
paved  streets,  from  country  seats  to  bath 
rooms,  and  from  the  old  oaken  bucket  to  the 
water  faucet.  Instead  of  spreading  the  mu- 
nicipal improvements  over  a  long  period  they 
have  been  done  in  two  or  three  years.  As  a 
result  taxes  are  high  in  the  range  towns. 
It  is  stated  that  the  total  levy  for  a  group  of 
10  cities  and  towns  with  an  aggregate  popula- 
tion of  45,254  amounted  last  year  to  $2,066,608, 
or  an  average  of  $45.67  per  capita.  No  one, 
however,  objects  to  the  expenditures  for  the 
civic  works  except  the  iron  properties  in  the 
district,  which  are  said  to  be  paying  approxi- 
mately 95  per  cent  of  the  total  taxation. 


One  construction  line  that 
Public  offers   many   possibilities   in 

the    future   is   public   utilitv- 
Utility  developments.      Very     little 

„         ,  .     work  in   this  field  has  been 

Development,  undertaken  during  the  last 
two  or  three  years.  Elec- 
tric railway  building  has  been  practically  nil. 
both  as  regards  new  lines  and  extensions. 
There  has  been  little  activity  looking  to  the 
construction  or  extension  of  privately  owned 
electric  light  and  power  plants.  Gas  com- 
panies and  telephone  companies  have  under- 
taken no  large  amounts  of  work.  Public  util- 
ity developments  have  been  at  a  standstill,  be- 
cause of  the  difficulty  in  financing  such  enter- 
prises. Much  remains  to  be  done  in  this  field. 
Tlie^e  developments  are  by  no  means  complete. 
Opportunities  exist  in  every  state  for  the  es- 
tablishment of  new  utilities  and  unification, 
e.xtension  and  perfection  of  the  existing  prop- 
erties. \  vast  amount  of  work  in  the  public 
utilities  field  will  be  undertaken  in  the  next 
few  years.  The  owners  of  these  industries 
have  had  many  difficulties  to  contend  with  in 
the  past.  The"  attitude  of  the  public,  and  un- 
fair attacks  by  statesmen  and  municipalities 
makes  utility  financing  extremely  difficult. 
Public  opinion,  however,  is  changing  and  with 
improved  financial  conditions  the  companies 
will  have  an  easier  road  to  travel. 
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HETCH    HETCHY    WATER  SUP- 
PLY PROJECT. 


Present  Status  and  Proposed  Developments 

for  1915. 

Construction        Railroad — Reservoir       Clearing — 
Diversion    Dam    and   Tunnel. 

The  Hetch  Hetchy  project  of  San  Francis- 
co is  the  largest  hiunicipal  water  supply  de- 
velopment in  this  country  now  nearing  the 
active  construction  stage.  The  following  de- 
tails regarding  the  present  status  of  this  $75,- 
000,000  undertaking  and  the  development 
plans  for  the  present  year  are  taken  from  a 
report  dated  Feb.  17.  of  M.  M.  O'Shaughnes- 
sy.  City  Engineer,  to  the  Boards  of  Public 
Works  and  Supervisors  of  the  city  and  county 
of   San   Francisco. 

During  the  past  year  work  on  the  improve- 
ment has  been  actively  advanced,  both  in  the 
office  and  in  the  field.  Hydrographic  and 
meteorologic  observations  have  been  con- 
tinued at  Hetch  Hetchy,  Eleanor  Creek  and 
Cherry  Creek.  The  location  survey  for  that 
portion  of  the  transportation  road  22  ft.  wide, 
now  completed  between  the  Hetch  Hetchy 
dam  site  and  Hog  Ranch,  a  distance  of  9.1 
miles,  was  begun  late  in  April,  1914,  and  com- 
pleted by  July  15.  Since  then  the  survey  has 
been  extended  to  Groveland,  a  distance  of  40 
miles  from  the  dam  site.  One  of  the  con- 
trolling features  of  this  work  was  to  keep 
the  grade  below  4  per  cent  to  secure  curves 
of  190  ft.  minimum  radius,  and  to  locate  a 
roadbed  that  will  be  adequate  for  transport- 
ing materials  without  involving  too  much  out- 
lay for  a  temporary  construction  road.  Work 
on  the  extension  of  the  railroad  surveys  has 
1)een  prosecuted  continuously.  About  22  miles 
of  the  transportation  line  remains  to  be  lo- 
cated to  complete  the  location  of  the  route 
to  join  the  main  line  of  the  Sierra  Ry.  near 
Rosasco. 

A  survey  was  made  of  the  high  waterline 
of  the  proposed  Lake  Eleanor  reservoir  and 
also  of  the  tunnel  aqueduct  leading  from 
Cherry  Valley  to  Hetch  Hetchy  Valley  via 
Lake  Eleanor,  for  .the  purpose  of  preparing 
maps  for  filing  purposes  in  Sacramento  and 
Washington  to  protect  the  city's  right.  A 
line  for  a  canal  to  divert  the  water  from 
Cherry  Creek  and  conduct  it  to  the  Tuolumne 
River  at  Early  Intake  also  was  surveyed.  In 
connection  with  the  preliminary  surveys 
for  the  transportation  road,  the  line  of  the 
proposed  tunnel  aqueduct  was  located  from 
the  westerly  boundary  of  the  Stanislaus 
National  Forest  to  the  Priest  regulating  reser- 
voir. This  completes  the  present  location  of 
the  tunnel  aqueduct  for  right  of  wav  purposes 
from  Hetch  Hetchy  dam  site  via  Earlv  Intake 
to  the  Priest  Reservoir,  a  distance  of  30  miles. 
Further  geological  studies  and  test  borings 
may  modify   slightly  the   location. 

Maps  showing  the  location  of  the  various 
structures  that  are  to  be  part  of  the  Hetch 
Hetchy  system  have  been  nrepared  to  accom- 
pany applications  to  the  Department  of  the 
Interior  and  the  Department  of  .^Agriculture. 
."Kmong  them  is  the  tunnel  aqueduct  from 
Hetch  Hetchy  dam  to  the  Priest  regulating 
reservoir.  Other  anplication  maps  made  were 
for  the  transportation  road,  from  Ho.g  Ranch 
to  Hetch  Hetchy  dam  site  and  the  road  from 
Hodeau  Flat  into  Hetch  Hetchy  Valley  in  the 
Yoscniite  National  Park :  the  tunnel  aqueduct 
from  Cherry  Vallev  to  the  westerly  boundary 
of  the  Yosemite  National  Park  and  thence 
through  the  Park  to  Hetch  Hetchy  Vallev. 
an  amended  map  of  Hetch  Hetchy  reservoir 
site  and  another  of  the  Lake  Eleanor  reser- 
voir and  dam  site. 

Studies  were  made  for  the  uroposed  hydro- 
electric pow'er  development.  The  following  is 
a  summarv  of  the  conclusions  reached:  (11 
The  development  of  the  Moccasin  Creek 
power  plant  and  of  the  entire  project  should 
lie  progressive  and  should  correspond  with 
the  development  of  the  water  supply.  (2) 
The  amount  of  water  developed  at  first  should 
be  approximately  200,000,000  gals,  per  day, 
equal   to  310  second    feet,  or  one-half  of  the 


total  to  be  developed  ultimately.  (3)  The 
aqueduct  should  be  built  at  once  of  the  full 
size  with  a  capacity  of  400,000,000  gals,  per 
flay.  (4)  The  conduit  tunnel  should  discharge 
into  a  regulating  reservoir  of  sufficient  ca- 
pacity to  permit  of  regulation  on  a  65  per 
cent  load  factor  and  of  sufficient  reserve 
water  to  carry  the  plant  for  some  time  in  case 
the  conduit  is  out  of  service.  Such  a  reser- 
voir is  possiJ)le  at  the  selected  site  near 
Priest's,  as  it  has  capacity  to  carry  the  entire 
plant  over  nearly  two  days.  (5)  The  power 
Iilant  should  be  designed  for  an  ultimate  de- 
velopment of  the  power  from  620-  second  feet 
of  water.  The  ultimate  plant  should  consist 
of  si.x  12,000  kw.  normally  rated  generators, 
operating  on  a  load  factor  of  05  per  cent,  one 
generator  to  be  a  spare  unit.  This  will  carry 
a  peak  load  of  76.300  kw.  at  the  station.  The 
average  power  will  be  49,600  kw. 

An  investigation  preceded  the  design  of  the 
Cyclopean  concrete  dam  to  be  constructed 
across  the  Tuolumne  River  at  the  lower  end 
of  the  Hetch  Hetchy  Valley.  Every  type  of 
arch  and  gravit\'  section  suitable  for  this  site 
was  considered  in  this  study.  A  gravity  dam, 
arched  as  an  additional  safety  factor,  has 
Iiecn  chosen  tentatively  as  the  tyoe  best  adapt- 
ed to  local  conditions  at  the  dam  site.  It  will 
cost  approximately  $4,000,000.  The  design  is 
complete,  and  detail  drawings  are  now  being 
made,  but  will  be  subject  to  the  approval  of 
a  consulting  engineer  with  recognized  suc- 
cessful e.xperience  in  high  masonry  dam  con- 
struction, as  this  will  be  one  of  the  highest 
dams  in   the  world. 

Before  work  can  be  undertaken  on  the  con- 
struction of  this  dam  and  during  the  period 
of  construction  it  will  be  necessarv  to  divert 
temporarily  the  water  of  the  Tuolumne  River 
past  the  site.  This  will  be  effected  by  a  small 
diversion  dam.  60  ft.  in  height,  costing  $.30,- 
500,  which  will  divert  the  flow  of  the  stream 
into  a  by-pass  tunnel  about  450  ft.  long  and 
26  ft.  in  diameter,  with  a  capacity  of  13.000 
second  feet.  Work  should  be  started  on  this 
tunnel  so  that  it  may  be  completed  in  the  cur- 
rent year  and  facilitate  the  foundation  work 
on  the  dam.  The  tunnel  will  cost  about  $60,- 
000. 

On  the  assumption  that  adequate  funds  are 
available,  work  will  be  started  on  the  main 
Hetch  Hetchy  dam  in  the  spring  of  1916-.  By 
this  time  the  temporary  railroad  should  be 
completed  from  Rosasco  to  the  dam  site.  It 
is  desirable  that  the  small  diversion  dam  be 
started  during  the  present  vear  and  hastened 
to  completion.  It  is  essential  to  construct  at 
once  a  suitable  saw  mill  on  the  Canyon  Ranch, 
the  property  of  the  city  and  county  of  San 
Francisco,  about  4  miles  from  the  dam  site, 
to  supply  lumber  for  forms  and  temporary 
buildings.  Timber  in  excess  of  3.000.000  board 
feet  is  standing  on  the  320  acres  owned  by 
the  city  in  the  vicinity  of  the  mill  site  and 
this  will  be  ample  for  all  camp  and  other 
construction   purposes. 

It  also  is  deemed  advisable  to  immediately 
remove  from  the  reservoir  site  all  standing 
timber  and  such  vegetation  as  will  not  be  re- 
newed before  the  reservoir  is  permanentlv 
filled  with  water.  A  portion  of  the  basin  will 
be  submerged  on  the  completion  of  the  di- 
version dam  to  an  elevation  of  60  ft.  and  all 
brush  and  timber  below  this  level  should  be 
removed  at  once.  This  will  entail  an  c-xnendi- 
ture  of  approximately  $40,000  now.  and  $10.. 
000  just  before  the  reservoir  is  filled,  when 
the  low  surface  vegetation  will  be  removed. 
The  contract  for  the  first  9%  miles  of  the 
transportation  road  was  awarded  on  July  8, 
1914,  to  the  LUah  Construction  Co..  and  has 
been  satisfactorily  completed.  The  work 
called  for  .erading  a  roadway  22  ft.  in  width, 
with  a  maximum  grade  of  4  oer  cent  and  no 
curves  sharper  than  30°,  so  that  a  temporarv 
rnilroad  could  later  be  laid  on  the  roadbed. 
The  cost  of  grading  on  this  road  has  been 
high,  owing  to  the  character  of  the  country 
through  which  it  passes,  as  the  rock  forma- 
tion is  almost  entirely  solid  .sranite,  the  slopes 
precipitous  and  transportation  of  supplies 
through  this  rugged  region  has  imtil  recentlv 
been  possible  only  by  pack  trains  over  indif- 
ferent trails. 


In  addition  to  the  above,  a  wagon  road  3% 
miles  long,  17  ft.  wide,  with  a  maximum  grade 
of  7  per  cent,  has  been  constructed  from  Hog 
Ranch  to  the  South  Fork  of  the  Tuolumne 
River.  An  additional  stretch  of  SVz  miles 
has  been  built  easterly  from  the  Screech 
claims  and  another  1  mile  in  length  at  China 
Gulch.  All  these  roads  were  constructed  in 
the  early  part  of  last  year  to  eliminate  the  ex- 
cessive grades  on  the  old  road  from  South 
Fork  to  Hog  Ranch,  and  to  enable  supplies 
to  be  hauled  with  reasonable  economy  to  the 
400  men  employed  on  the  Hetch  Hetchy  Road. 
For  the  purpose  of  gaining  approach  to  the 
northerly  portal  of  the  first  division,  of  the 
tunnel  aqueduct,  a  branch  road  3  miles  in 
length  has  been  started,  with  a  width  of  14 
ft.  and  a  maximum  grade  of  10  per  cent.  The 
haul  of  loads  on  this  road  will  all  be  down 
hill.  Some  20  miles  of  good  trails  also  have 
been   constructed   during  the   past  year. 

During  the  construction  of  the  Hetch 
Hetchy  dam  and  aqueduct  there  will  be  hauled 
from  the  Sierra  Ry.  to  the  dam  and  the  por- 
tion of  the  aqueduct  lying  east  of  Rosasco 
Station  on  the  Sierra  Ry.,  about  150,000  tons 
of  cement  and  75,000  tons  of  lumber,  rein- 
forcing steel,  castings  and  other  materials 
of  construction,  and  contractors'  equipment, 
camp  supplies,  etc.  It  is  proposed  to  build  a 
construction  railroad  to  haul  these  materials 
and  in  the  development  program  for  1915  the 
sum  of  $1,475,000  is  provided  toward  the 
building  of  the  road.  As  projected  this  rail- 
road would  extend  from  Rosasco  Station,  fol- 
lowing the  general  line  of  the  aqueduct  to 
the  Hetch  Hetchy  dam  site,  and  would  have 
a  length  of  59%  miles.  The  preliminary  es- 
timate of  cost  for  the  railroad  is  as  follows: 

Gnidinsr  and  culverts(  includes  9.1  miles 

already    completed)     $  751,00l> 

Track  materials,   .?6,857   per  mile 408,000 

Track   laying,  .surfacing  and  ballasting, 

$2.S00    per    mile 167,00') 

Bridge    and    trestles ss'oflii 

Sidings     2o!o0ft 

Telephone   line,   $200   per  mile 12.00(1 

Building,     warehouses,     depots,     shops, 

etc..    and    tanks    2S,000 

Rolling    stock     70,000 

Lands   and    right   of  way 20,000 

Total     $l,.nH.0OO 

Engineering,   contingencies,   etc 1.11,000 

Total     $1,GG:>,00i> 

In  the  above  estimate  the  cost  of  the  .grad- 
ing and  culverts  for  the  completed  9.1  miles 
of  road  from  Hog  Ranch  to  Hetch  Hetch\- 
r)am  site  was  approximately  $190,000.  This 
makes  the  estimated  cost  of  the  .grading  and 
culverts  for  the  50%  miles  of  road  from  Hog 
Ranch  to  Rosasco,  $561,000.  The  original  es- 
timated cost  of  the  grading  of  this  section 
was  $457,000.  This  figure  was  based  upon  the 
lirices  paid  to  the  LTtah  Construction  Co.  on 
its  contract  for  grading  east  of  Hog  Ranch. 
The  construction  cost  to  the  company  up  to 
Dec.  31,  1914,  is  said  to  have  been  about  45 
per  cent  in  excess  of  the  contract  prices — 
due  mainly  to  bad  weather  conditions  and  dif- 
ficulties of  hauling  equipment  and  supplies 
from  the  Sierra  Ry.  to  the  location  of  the 
work.  However,  as  the  work  progresses  west- 
ward, there  will  be  a  large  proportion  of  work 
of  the  easier  classifications,  the  cost  of  haul- 
ing on  good  roads  with  shorter  distances  will 
he  less,  and  the  work  will  be  done  under 
favorable  conditions.  In  consideration  of 
these  matters  and  allowing  a  reasonable  profit 
to  the  contractor,  15  per  cent  was  added  to 
the  original  estimate  for  the  grading.  The 
estimated  cost  of  the  culverts  on  the  50%- 
niile   section   was   $-35,622. 

For  track  materials  it  is  proposed  to  use 
60-lb.  rails  and  6-in.  by  8-in.  bv  S-ft. 
redwood  or  Oregon  pine  ties.  The  es- 
timated cost  of  the  rails  f.o.b.  Rosasco  is 
taken  at  $39.30  per  ton.  It  is  estimated  that 
redwood  ties  at  San  Francisco  Bay  will  cost 
about  58  cts.  each  and  that  the  freight  to 
Rosasco  will  be  about  24  cts.,  making  the 
total  cost  82  cts.  It  is  assumed  that  1.80O 
tie  plates  will  be  used  per  mile,  the  estimated 
cost  at  15  cts.  being  $270  per  mile.  The  esti- 
mated cost  of  the  rail  ioints.  track  bolts,  nut 
locks,  and  spikes  per  mile  is  $600.  The  bridges 
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and  trestles  include  a  bridge  over  the  Tuo- 
lumne River  at  Red  Mountain  Bar,  estimated 
to  cost  $30,000,  and  trestles  at  Middle  Fork, 
South  Fork,  Big  Creek  and  Moccasin  Creek, 
estimated  to  cost  $7,,540. 

The  Water  Supply  Development  of  San 
Francisco  also  provides  for  wells  in  the  Sun- 
set and  Richmond  District.  During  the  last 
year  10  test  holes  were  bored  and  used  as  a 
basis  to  determine  the  water-bearing  possibili- 
ties of  the  district.  It  was  determined  that 
there  is  apparently  a  depression  in  the  bed 
rock  extending  under  Golden  Gate  Park  to- 
ward the  ocean ;  that  the  bed  rock  rises  from 
Golden  Gate  Park  southerly,  to  a  ridge  in  the 
vicinity  of  Irving  Park  and  Judah  Sts.,  and 
thence  descending  rapidly  towards  the  Lake 
Merced  Rancho,  making  another  basin  in  the 
Sunset  District,  which  is  probably  independ- 
ent of  the  drainage  into  Golden  Gate  Park. 

A  contract  for  boring  and  testing  a  well 
on  Block  No.  339,  bounded  by  Balboa  and 
Cabrillo  Sts.,  42d  and  43d  Aves.,  was  award- 
ed on  Sept.  11,  1914,  at  $2,600.  This  well  is 
14  ins.  in  diatneter  and  256  ft.  deep.  A  pump 
was  installed,  but  it  was  found  that  the  sup- 
ply was  insufficient  to  warrant  maintenance. 
A  second  well  has  been  sunk  to  a  depth  of 
315  ft.  on  Fire  Lot  30  ft.  by  120  ft.,  on  the 
west  side  of  44th  Ave.,  between  Fulton  and 
Cabrillo  Sts.  This  has  16-in.  casing  to  a  depth 
of  112  ft.,  beyond  which  is  14-in.  casing  to  a 
depth  of  138  ft.,  and  12-in.  casing  to  a  depth 
of  211  ft.,  This  well  has  proven  to  be  excellent 
in  every  respect  and  a  supply  of  350,000  gals, 
per  day  can  be  obtained  from  it.  An  addi- 
tional well  is  being  sunk  in  the  same  lot,  and 
if  a  similar  supply  can  be  obtained  therefrom 
a  pumping  station  will  be  erected  and  both 
wells  used  as  a  source  of  domestic  supply,  the 
water  being  pumped  into  the  Lincoln  Park 
distributing  reservoir.  Bids  on  a  third  well 
were  opened  in  February.  Should  funds  be 
available  it  would  be  desirable  to  appropriate 
$500,000  to  sink  additional  wells,  install  the 
necessary  pumps  and  filtration  plant  if  needed, 
as  well  as  to  construct  a  reservoir  in  Lincoln 
Park. 

The  estimate  of  the  various  amounts  which 
should  be  made  available  for  the  development 
program  for  1910  of  the  Hetch  Hetchy  Proj- 
ect are  as  follows : 

, Date , 

Item.                           From —  To —       Estimate. 

Hydrography    Jan.    1  Dec.     .31     $        3.000 

Surveys,   roilroad  lo- 
cation     Jan.   1  Oct.        1             S,00" 

.Surveys,       aqueduct 

location     Jan.    1  Oct.        1              2.000 

Water    rigtits.     pro- 
tective   work Jan.    1  Dec.      31              ."),000 

Test    borings May  1  Dec.      31            20,000 

Engine  ering    and 
general       office 

work     Jan.    1  Dec.      31            25.000 

Temporary  road  and 

trail    construction. Jan.   1  Dec.  _  31              .".,000 

R  a,  i  1  r  o  a  d  to  dam 

site    Jan.    1  Dec.      31       l,47r,,000 

Telephone    line May   1  June     30              1,000 

Camps     and     equip- 
ment     May   1  Dec.      31            10.000 

Installing    sawmill. .  .Mar.   1  June       1            12,000 

Operating    sawmill.  .June  1  Dec.      31            17,500 

Clearing    reservoir.  ..Apr.    1  Dec.      31            40,000 

Diversion    tunnel.. .  .Apr.    1  July      31            60,000 

Diversion    dam Apr.    1  Dec.      31            30,500 

Completion    of    Con- 
tract No.   1 Jan.    1  Jan.      27            26,670 

Co-operative    road 
work     May  1     Sept.       1  3,500 

Municipal    well    sys- 
tem      Jan.    1     Sept.       1  500,000 

Consulting   engineer, 

dam     Aug.    1     Sept.      1  5,000 

Total     $2,249,170 

Tn  regard  to  the  proposed  developments  for 
the  year  it  may  he  stated  that  due  to  the  linan- 
cial  stringency  resulting  from  the  European 
war,  there  is  at  iirescnt  little  sale  for  the  iVz 
per  cent  Hetch  Hetchy  bonds.  Consequently 
all  of  the  work  outlined  above  will  not  be 
undertaken  this  year,  as  the  requisite  funds 
have  not  been  placed  at  the  disposal  of  the 
officials  in  charge  of  the  project. 


HIGHWAY     CONSTRUCTION     IN 
WASHINGTON. 


State 


Appropriates      $6,200,000;       County 
Funds  $4,000,000. 


Details    of    Work    Proposed    by    17    Counties. 


State  and  county  highwav  construction  in 
Washington  will  offer  many  opportunities  for 
contractors  during  the  present  season.  The 
State  Legislature  early  this  month  appropriat- 
ed $2,152,288  and  reappropriated  $153,640  for 
the  construction  and  maintenance  of  state 
highways,  and  $4,000,000  for  the  construction 
and  maintenance  of  other  permanent  high- 
ways. These  amounts  will  be  expended  dur- 
ing the  biennium  beginning  April  1.  In  addi- 
tion there  will  be  expended  about  $4,000,000 
from  county  funds  for  roads  and  bridges. 
These  figures  do  not  include  any  expenditures 
that  may  be  made  within  the  limits  of  incor- 
porated cities  and  towns. 

In  our  issue  of  March  10  a  general  outline 
was  given  of  the  highway  construction  con- 
templated for  the  present  year  in  Washington. 
The  present  article  gives  some  details  of  the 
work  ■  proposed  in  the  various  counties.  A 
summary  of  the  improvements  to  be  under- 
taken   this   year    in    17   counties     is    given    in 

T.VBLE      I.— ROAD      CONSTRUCTION      PRO- 
POSED  FOR   1915   BY   17   WASHINGTON 
COUNTIES. 

f Type  of  road ^ 

Mac-       Other 
Earth,    Gravel,     adam,     classes. 

County.  miles.      miles.      miles.      miles. 

Adams     12  8.5 

Chelan     20 

Douglas     8  8 

Grant    300  10  9 

King     02  ..  ..  91 

Klickitat     .  .  ?  .;^ 

Lewis     . .  . .  5- 

Lincoln    50  20 

Mason     G  5 

I'aeiflc    . .  4 

Pend    Oreille...     50  2  4 

Skagit    10  4  ..  2= 

Spokane    50''  ..  ..  15. 5< 

Stevens     ..  12.5 

Thurston     30  W 

Whitman      ?  ?  S 

Yakima      16  17  4.5  0.9" 

'2.5  miles  brick;  6  miles  asphaltic  concretd; 
14  mile  concrete.  ^Concrete.  'By  Township. 
'Bituminous   macadam.     'Bituminous. 

Table  I.  Further  details  regarding  the  con- 
struction  follow : 

.'Vdams  County  has  $(i5,000  available  for 
ci>nstruction  purposes.  It  will  build  12  miles 
(if  earth  road  and  8%  miles  of  gravel  road. 
Contracts  will  be  let  April  7.  O.  J.  De  Spain, 
Ritzville,   Wash.,   is   County   Engineer. 

Chelan  County  will  construct  20  miles  of 
gravel  road.  Work  to  cost  about  $25,000  will 
lie  done  by  contract.  The  lettings  probably 
will  be  held  in  May  or  June.  The  county  has 
$50,000  available  for  construction  purposes. 
F.  A.  Warren,  Wenatchee,  Wash,,  is  County 
Engineer. 

Douglas  County  has  about  $50,000  available 
for  construction  purposes.  It  probably  will 
build  8  miles  of  earth  road  and  8  miles  of 
gravel  road.  Practically  all  of  the  work  will 
be  done  by  contract.  One  contract  already 
has  been  let,  and  others  will  be  awarded  in 
the  spring  or  early  summer.  Robert  F.  Fos- 
ter, Waterville,   Wa.sh.,  is  County  EnL'ineer. 

Grant  Coimty  has  $25,000  availalile  from 
the  i)ernianent  highway  fund.  Nine  miles  of 
permanent  highw-ay  (waterbound  macadam) 
will  be  constructed.  This  work  will  be  done 
l)y  contract.  Bids  on  the  first  section  will  be 
onened  April  5  and  bids  on  the  remainder  on 
May  3.  About  300  miles  of  county  earth 
road  and  10  miles  of  county  gravel  road  will 
be  constructed  bv  day  labor  or  districts.  R. 
H.  Stradling,  Ephrata,  Wash.,  is  County  1mi- 
gineer. 

King  County  contemplates  expending  about 
$9.")3,000  for  road  construction  this  year.  This 
sum  will  provide  for  building  101.55  miles  of 
highwav  and  four  steel  l)ridges.  Of  the  total 
80.1  miles  will  be  bond  roads,  to  he  construct- 
ed at  an  estimated  cost  of  $683,000;  17.25 
miles  of  road  will  be  built  out  of  the  perma- 


nent highway  fund  at  an  estimated  cost  of 
$155,000.  a"  1.2  miles'  extension  of  Bond 
Road  No.  7  will  be  built  into  city  limits  of 
Renton,  at  an  estimated  cost  of  $35,500.  The 
following  is  the  construction  program  for 
1915: 

Bond    Roads. 

Bond  Roads  No.  2,  Woodinville-Duvall,  10 
miles,   grading  aiid  graveling. 

Bond  Road  No.  3,  290  ft.  steel  span  at  Fall 
City. 

Bond  Road  No.  4,  Renton-Issaquah,  11  miles, 
grading  and  graveling. 

Bond  Road  No.  4,  Issaquah-Redmond,  8.3 
miles,   grading  and  graveling. 

Bond  Road  Xo.  6,  Renton-Kennydale,  2  miles, 
giading  atid  graveling. 

Bond  Road  No.  S,  Black  Diamond-Maple  Val- 
Ie>",   8.5   miles,   grading  and  graveling. 

Bond  Road  No.  9,  Aubuin-Enumclaw  (two 
contracts),  10.5  miles,  grading  and  graveling. 

Bond  Road  No.  9,  Enumclaw-Franklin,  7 
miles,   grading  and  graveling. 

Bond  Road  No.  9,  Franklin-Black  Diamond, 
3   miles,   grading  and  graveling. 

Bond  Road  No.  9,  Black  Diamond-Auburn,  4.5 
miles,   grading-  and  .graveling. 

Bond  Road  No.  11,  Meadows-Duwamish,  1 
mile.   bricl\. 

Bond  Road  No.  11,  Renton  Jct.-Orillia,  1.5 
miles,  brici^. 

Bond  Road  No.  11,  Duwamish-Renton  Jet., 
incl.    2   steel  bridges,   grading  and   graveling. 

Bond  Road  No.  14,  No.  End  Vash  Is. -Burton. 
X.5   miles,    grading  and   graveling. 

Bond  Road  No.  18,  Town  of  Issaquah,  .S  mile, 
grading  and  graveling. 

Bond  Road  No.  20,  New  Castle-Renton,  3 
miles,    grading  and   graveling. 

Permanent    Highways. 

Newport-Issaquah,  2.2  miles,  grading  and 
graveling. 

Redmond-Snoqualmie,  6.75  miles,  grading  and 
graveling. 

Riverton-Renton  Jet.,  3  miles,  asphaltic  con- 
crete. 

Greenwood  Ave.  to  Country  Club,  with  con- 
nection to  North  Trunk  Road,  3  miles,  asphaltic 
concrete,   and  .5  mile  concrete. 

Bellevue-Medina,  2.8  miles,  grading  and  grav- 
eling. 

Road  and   Bridge. 

204-ft.  steel  span  over  the  Snoqualmie  at 
Toll. 

D.  C.  Mitchell  Road,  1.2  miles,  grading  and 
graveling. 

Arthur  P.  Denton,  Seattle,  Wash.,  is  Coun- 
ty Engineer  of  King  County. 

Klickitat  County  has  aboiit  $60,000  available 
for  road  construction  purposes.  The  work 
for  the  present  season  has  not  been  decided 
upon  as  yet.  Macadam  is  about  the  only 
hard  surface  that  the  county  will  build.  About 
$20,000  worth  of  the  improvements  will  be 
carried  out  by  contract.  Lyman  W.  Ward, 
Goldendale,   Wash.,   is   County  Engineer. 

Lewis  County  w-ill  construct  5  miles  of  con- 
crete roads.  Four  contracts  have  been  let  and 
the  fifth  will  be  let  on  .\pril  5.  J.  D.  Neville. 
Chehalis,    Wash.,    is    County    Engineer. 

Lincoln  County  has  $160,000  available  for 
highway  construction  and  for  maintenance  of 
dirt  roads.  It  will  construct  50  miles  of  earth 
road  and  20  miles  of  gravel  road.  Contracts 
were  let  in 'February.  Guy  G.  Harvey,  Daven- 
port, Wash.,  is  County  Engineer. 

Mason  County  has  $25,000  available  for  con- 
struction purposes  and  will  build  6  miles  of 
earth  road  and  6  miles  of  .gravel  road.  .\ 
small  percentage  of  the  improvements  will  be 
carried  out  by  contract.  A.  L.  Ward,  Shel- 
ton.   Wash.,   is   County   Engineer. 

Pacific  County  will  construct  4  miles  of 
macadam.  Contract  will  be  let  -April  6  for 
part  of  this  work.  .About  $36,000  is  available 
for  construction  purposes.  Chas.  B.  Nims, 
South   Bend,   Wash.,   is   Countv   Engineer. 

Pend  Oreille  County  has  $60,000  available 
for  construction  and  maintenance  during  the 
present  year.  It  will  build  50  miles  of  earth 
road,  2  miles  of  gravel  road  and  4  miles  of 
macadam.  Work  costing  about  $20,000  will 
be  done  by  contract.  Most  of  the  earth  road 
construction  is  let  to  ranchers  and  local  par- 
ties. H.  A.  Sewell.  Newport,  Wash.,  is  Coun- 
ty Engineer. 

•Skagit  County  during  1915  contemplates 
constructing  10  miles  of  earth  road.  4  miles 
of  gravel  and  2  miles'  of  concrete.  The  work 
will  be  done  by  contract,  the  lettings  to  be 
held  some  time  after  April  1.  The  county 
has  $50,000  available  for  construction  pur- 
lioses.  A.  L.  Strong,  Mt.  Vernon,  Wash.,  is 
Countv  Engineer. 

Spokane  County  will  construct  15.5  miles  of 
bituminous  macadam.  This  work  will  be  done 
by  contract.     Owing  to  questions  of  interpre- 
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tation  of  appropriation  laws  the  Icttings  may  be 
delayed  until  June  13.  There  will  be  two  con- 
tracts involving  heavy  grading ;  the  estimated 
cost  of  these  is  about  $150,000.  In  addition 
600  miles  of  earth  roads  will  be  constructed  by 
townships.  This  work  will  not  be  contracted. 
J.  W.  Strack,  Spokane,  Wash.,  is  County  En- 
gineer. 

Stevens  County  has  $29,518  available  from 
state  appropriation  and  $1.3,000  available  from 
permanent  highway  fund.  It  will  construct 
2^/4  miles  of  permanent  highway  and  approxi- 
mately 10  miles  of  state  road.  The  work  will 
be  done  by  contract,  the  lettings  probably  be- 
ing held  in  May. 

Thurston  County  has  $127,053  available  for 
highway  purposes.  It  will  construct  30  miles 
of  earth  road  and  10  miles  of  gravel  road. 
Work  costing  about  $60,000  will  be  done  by 
contract.  The  lettings  will  be  held  in  June 
or  July.  W.  H.  Yeager,  Jr.,  Olympia,  Wash., 
is  County   Engineer. 

Yakima  County  construction  program  for 
1915  includes  16  miles  of  earth  road  grading 
by  Road  Supervisors,  17  miles  of  gravel  road, 
4%  miles  of  macadam  and  %  mile  of  bitu- 
minous construction.  Some  of  the  worjv  will 
be  done  by  contract.  The  county  has  $140,000 
available  for  construction  purposes.  O.  F. 
Brashears,  North  Yakima,  Wash.,  is  County 
Engineer. 

Whitman  County  has  $70,000  available  from 
permanent  highway  fund,  $62,654  for  roads 
and  bridges  and  $80,000  for  road  districts. 
The  mileage  of  earth  and  gravel  road  con- 
struction for  the  present  season  has  not  been 
determined.  About  8  miles  of  macadam  will 
be  built.  The  work  will  be  done  by  contract. 
J.  M.  McCaw,  Colfax,  Wash.,  is  County  En- 
gineer. 


HIGHWAY    CONSTRUCTION    IN 
KANSAS. 

Details  of  Work  Contemplated  by  16 
Counties. 


Earth    Road    Construction — Macadam — Concrete. 


Kansas  is  primarily  a  dirt  road  state,  al- 
though it  has  a  considerable  mileage  of  mac- 
adam and  gravel  surfaced  highways.  Sand- 
clay  construction  also  has  been  used  in  some 
counties,  and  in  the  last  year  or  so  several 
miles  of  concrete  pavement  have  been  project- 
ed or  built. 

Road  improvements  are  carried  out  by  the 
county  as  a  unit,  the  work  being  under  the 
direction  of  the  County  Commissioners  and 
the  supervision  of  the  County  Surveyor  or 
County  Engineer.  Table  I  contains  the  sum- 
mary of  the  road  construction  contemplated 
by  16  counties  for  the  present  season.  Fur- 
ther details  of  this  work  are  as  follows: 

Allen  County  has  $4,200  available  for  con- 
struction purposes  this  year.  It  will  build 
about  40  miles  of  earth  road.  The  work  will 
be  done  by  contract,  the  letting  to  be  held  in 
April  or  May.  Henry  L.  Palstring,  Hum- 
boldt, Kan.,   is   County   Surveyor. 

Atchison  County  constructed  3  miles  of 
macadam  last  year  and  also  placed  2  miles 
additional  on  grade.  No  road  work  is  con- 
templated for  the  present  year.  S.  K.  Mc- 
Crary,  Atchison,  Kan.,  is  Road  Commissioner. 

Bourbon  County  has  about  $15,000  avail- 
able for  construction  purposes  and  will  build 
approximately  40  miles  of  earth  road  and  3 
miles  of  macadam.  The  work  will  be  done 
by  contract;  date  of  letting  has  not  been 
fixed.  E.  E.  Toles,  Fort  Scott,  Kan.,  is  Coun- 
tv  Engineer.  ■ 

'  Butler  County  has  $20,000  available  for  con- 
struction purposes.  It  will  regrade  about  60 
miles  of  earth  road,  and  probably  will  spend 
$15,000  for  bridges.  *  The  29  townships 
in  the  county  will  expend  $44,000  on 
roads  and  bridges.  No  contracts  will 
be  let  for  this  road  work.  There  are 
157  miles  of  county  road.  C.  W.  Buskirk,  El 
Dorado,  Kan.,  is  County  Surveyor. 

Dickinson  County  has  $30,000  available 
from  county  ta.xes  for  construction  of  roads 
and   bridges   in   1915.     The  county   has   about 


200  miles  of  roads  and  if  certain  legislation  is 
obtained  from  the  state  it  is  possible  that  a 
contract  will  be  let  this  spring  for  the  im- 
provement of  the  system.  Karl  Riddle,  Abi- 
lene,  Kan.,   is  County   Engineer. 

Ellis  County  will  construct  no  new  earth 
roads  this  season.  It  will,  however,  repair 
about  10  miles  of  old  highway.  C.  J.  Lore- 
ditsch.  Hays,  Kan.,  is  County  Surveyor. 

Geary  County  has  $20,000  available  for  con- 
struction purposes  this  year.  It  will  resur- 
face %  mile  of  gravel  road  by  force  account, 
and  also  will  construct  by  contract  V2  mile  of 
1  :2%  :4%  one-course,  7-in.  thick  concrete 
road.  W.  V.  Buck,  Junction  City,  Kan.,  is 
Cbunty  Engineer. 

Harney  County  proposes  to  construct  in 
1915  V2  mile  of  concrete  road  and  also  will 
undertake  about  2  miles  of  bituminous  work. 
Contracts  will  be  let  about  April  1.  F.  E. 
Devlin,   Newton.   Kan.,  is   County  Engineer. 

Jackson  County  has  $19,000  available  for 
construction  purposes  during  1915,  and  will 
improve  its  earth  roads.  No  contracts  will 
be  let.  P.  W.  Wright,  Holton,  Kan.,  is  Coun- 
ty  Engineer. 

Labette  County  has  about  $5,000  available 
for  road  purposes.  No  construction,  however, 
will  be  undertaken.  W.  H.  Kutz,  Parsons, 
Kan.,   is   County    Surveyor. 

Linn  County  will  oil  perhaps  %  mile  of 
road   for   an  experim.ent.     The  work  will   be 

TABLE      I.— ROAD      IMPROVEMENTS      PRO- 
POSED  FOR    1915    BY    16    KANSAS 
COUNTIES. 

,. Type  of  road ^ 

Earth,     Mac,  Concrete, 

County.  miles,      miles,      miles. 

Allen     40 

Bourbon     40  3 

Butler     60' 

Dickinson    ?  ?  ? 

Ellis     10= 

Geary    ..  0.5^ 

Harvey     ..  0.5' 

.lackson     ?  ?  ? 

Mitchell     ? 

Morris     50 

I'hillips     50 

Reno     ? 

Sedwick    200  2^ 

^^hawnee     50  1»  1 

Sheridan    12 

Wilson     30 

iRegrade.  ^Repaired.  'Also  resurface  %  mile 
.travel  road.  ♦Also  about  2  miles  of  bituminous 
work.  •■1  or  2  miles  of  gravel  roads.  "Gravel 
road. 

done  by  contract ;  the  letting  mav  be  held 
about  Aug.  1.  The  county  has  about  $20,000 
available  for  bridges.  James  M.  Mandell, 
Mound  City,  Kan.,  is  County  Surveyor. 

Mitchell  County  has  $11,000  available  for  , 
road  construction  purposes  and  $3,000  avail- 
able for  maintenance.  It  also  has  a  bridge 
fund  of  $22,000.  All  highway  work  for  the 
present  season  will  be  earth  road  construction 
and  will  include  the  placing  of  about  4,500  lin. 
ft.  of  corrugated  steel  culvert,  the  construc- 
tion of  a  number  of  stone  and  concrete  cul- 
verts arid  grade  reduction  by  cut  and  fill.  In 
addition  about  80  miles  of  road  will  be  brought 
to  standard  width  and  cross  section  by  means 
of  blade  graders  and  engine,  and  about  the 
same  amount  will  be  regraded  with  teams  and 
small  graders.  Some  earth  roads  may  be 
oiled ;  definite  decision  on  this  matter,  how- 
ever, has  not  been  reached.  All  the  work 
probably  will  be  done  by  day  labor.  A.  E. 
Flome,   Beloit,   Kan,,  is   County  Engineer. 

Morris  County  has  $12,500  available  for 
construction  purposes  and  will  construct  50 
miles  of  earth  road.  Most  of  this  will  be 
done  by  force  account.  Arthur  E.  Smith, 
Council  Grove,  Kan.,  is  County  Engineer. 

Osage  County  has  no  new  construction 
planned  for  the  present  year.  \  great  deal 
of  work  was  done  in  1914.  This  continued 
up  to  the  first  of  the  present  year,  using  up 
the  greater  part  of  the  1915  funds.  Mainte- 
nance and  repairs  will  constitute  the  bulk  of 
this  season's  work.  J.  W.  Mavitz,  Lyndon, 
Kan.,  is  County  Surveyor. 

Osborne  County  will  undertake  no  new 
road  construction  during  the  present  season. 
It  will,  however,  grade  and  drag  its  highways 
and   will   build   some   steel   bridges   with   con- 


crete floors,  and  some  concrete  culverts.  H. 
L.  Parker,  Osborne,  Kan.,  is  County  Surveyor. 

Phillips  County  has  $15,000  available  for 
construction  purposes.  It  will  build  probably 
50  miles  of  earth  road.  Glenn  I.  Vogles, 
Agra,  Kan.,  is  County  Surveyor. 

Sedgwick  County  has  about  $60,000  avail- 
able in  its  road  and  bridge  fund.  It  will  con- 
struct about  300  miles  of  earth  road,  and  sev- 
eral hundred  miles  also  will  be  built  by  town- 
ships. There  likewise  will  be  1  or  2  miles 
of  gravel  road  built  during  1915.  Some  sand- 
clay  construction  will  be  undertaken  and  a 
few  miles  of  earth  road  may  be  oiled.  No 
contracts  probably  will  be  let.  E.  V.-  Moore, 
Wichita,   Kan.,   is   County   Engineer. 

Shawnee  County  has  $17,500  available  for 
construction  purposes.  Its  program  includes 
50  miles  of  earth  road,  1  mile  of  gravel  road 
and  1  mile  of  concrete.  No  contracts  will  be 
let.  Walter  J.  Arnold.  Topeka,  Kan.,  is  Coun- 
ty Engineer. 

Sheridan  County  has  $4,533  available  and 
Avill  build  10  or  12  miles  of  earth  roads.  W. 
F.  Wellman,  Hoxie,  Kan.,  is  County  Sur- 
veyor. 

Sherman  Connty  will  expend  only  a  small 
sum  for  road  construction  this  year.  It  will 
grade  about  87  miles  of  earth  road.  D.  A. 
Long,  Goodland,  Kan.,  is  County   Surveyor. 

Wilson  County  has  $16,000  available  for 
construction  purposes.  It  proposes  to  build 
30  miles  of  earth  road  this  year.  No  con- 
tracts will  be  let.  H.  S.  McFadden,  Fredonia, 
Kan,,  is   County  Engineer. 


$250,000    Road,    Bridge   and    Drainage 
Work  in  Jefferson  County,  Ken- 
tucky, in  1915. 

Jefferson  County,  Kentucky,  the  county 
seat  of  which  is  Louisville,  will  spend  $250,- 
000  on  road,  bridge  and  drainage  work  dur- 
ing the  coming  season.  Of  this  amount  $150,- 
000  will  be  expended  on  road  work  to  be  let 
by  contract,  $65,000  on  land  drainage  and  $20,- 
000  on  bridge  construction.  The  remainder 
will  be  expended  for  work  by  day  labor.  This 
does  not  include  state-aid  road  construction, 
which  will  probably  amount  to  about  $10,000. 

For  the  most  part  the  road  work  will  con- 
sist of  waterbound  macadam,  including  both 
new  work  and  resurfacing.  Contracts  range 
in  size  from  $5,000  to  $20,000  and  will  be  let 
at  intervals  throughout  the  season.  The  con- 
struction of  4  or  5  miles  each  of  bituminous 
concrete,  bituminous  macadam  and  rock  as- 
phalt is  contemplated.  Some  oiling  will  be 
done. 

For  several  years  this  work  has  been  se- 
cured by  local  contractors,  no  outside  bids 
having  been  received  except  for  oiling.  Local 
stone  is  used.  The  county  contemplates  doing 
its  own  oiling. 

The  special  bridge  fund  of  $20,000  provides 
for  the  construction  of  several  steel  and  con- 
crete bridges.  Rubble  stone  is  used  in  some 
of  the  bridges. 

J.  R.  Gaines,  County  Engineer  of  Jefiferson 
County,  Louisville,  Ky.,  has  charge  of  the 
work. 


State   Highway   Construction   in   New 
York. 

Excellent  competition  was  secured  by  the 
New  York  State  Highway  Commission  on  its 
first  road  letting  of  the  present  season  on 
March  23.  Bids  were  taken  on  12  contracts. 
On  some  of  these  jobs  the  figuring  was  very 
close,  there  being  a  difference  of  only  a  few 
dollars  between  the  low  man  and  his  nearest 
competitor.  The  following  tabulation  shows 
the  number  of  bidders  on  each  of  these  sec- 
tions : 

Leng-th.  Number 

Road.  No.     miles.     High  bid.     Low  bid,  bidders. 

965-A  9.52  $  29,937         ?  17,969         22 

5543  6.9S  125,727  107,770         11 

525S  5,35  10S,51G  90,223         13 

1230  4.97  66,1S3  5S.922         13 

554G  4.4S  77,667  69,736         14 

1222  .22  4,571  3,474  9 

.i269-B  ,51  6,499  5.S16  S 

1237  ,66  25,237  22,294         20 

75S-A  S.33  4S,149  38,768         11 

309-A  ,13  2,346  1,733  5 

5533  2.11  40,238  26,814         25 

5234  8,51  49,488  37,127         10 


March  31,  1915. 


Engineering   and    Contracting 
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The  majority  of  the  contractors  figuring  on 
the  work,  of  course,  were  from  New  York 
states.  Other  states,  however,  were  represent- 
ed, five  Pennsylvania  contractors,  four  con- 
tractors from  Connecticut,  and  four  from 
Massachusetts  submitting  bids.  One  contract- 
ing firm  from  Iowa  and  one  from  Maryland 
also  bid  on  the  work. 

One  contractor,  Austin  W.  Summers,  of 
Buflfalo,  N.  Y.,  bid  on  four  contracts  and  wa^ 
the  low  man  on  each  of  them.  The  aggregate 
of  his  bids  was  $306,498.  On  Road  No.  5540 
his  total  was  $69,736,  $18  less  than  the  next 
lowest  bidder.  On  Road  No.  7.58-A  he  bid 
$38,707,  while  the  ne.xt  lowest  figure  was 
$38,880. 

The  next  letting  of  the  Commission  will  be 
held  on  April  14  on  14  contracts  covering  a 
total  of  about  72  miles  of  highway.  The  roads, 
their  location  and  approximate  lengths  are  as 
follows : 

Road  Length, 

County.  No.  Name.  mile.s 

.\lbany     1229     Knox-Berne    2.8(1 

Allegany     ....   1246     Friendship    -    Bolivar, 

Part  2    6.71 

Essex     1177     Raybrook-Lake 

Placid     5.31 

Franklin     ....   1250     Moody-Hamilton 

County    line 5.50 

Franklin     ....   1251     Gabriels    -    Blooming- 
dale,    Part    1 4.91 

Franklin     ....    1252     Santa      Clara    -    Ijake 

Meacham     11.41 

Monroe     5507      Scottsville-Canawau- 

gus.    Part    1 2.14 

Monroe     1236     Buckbee     Corners- 
North    Chile    l.ST 

Oneida     lloS     Thomson's       Corners- 

Taberg    6.65 

Oswego    1243     Central      Square-Con- 

stantia.    Part   1 5.41 

Oswego    1244     Phoenix-Mexico,    Part 

2     5.22 

Oswego    1245     Ogdensburg    -    Wad- 

dington,    Part    2 6.66 

.St.    Lawrence.  5535     Fulton    -    Hannibal, 

Part    2 3.66 

Wyoming     . . .   5410     Warsaw    -    Pavilion, 

Parts  2   and   3 3.S8 


Construction  Work  to  Cost  $10,000,000 

to  Be  Started  at  Pittsburgh. 

Construction  undertakings  calling  for  an 
ultimate  expenditure  of  considerablv  more 
than  $10,000,000  will  be  started  in  the  near 
future  in  Pittsburgh,  Pa.  The  projects  in- 
clude the   following : 

New   city  and   county   building $3,000,000 

Mt.    Washington    tunnel 2,000,000 

Grade    crossing    elimination    at    Liberty 

Ave 500,000 

Street  raising  between  8th  St.  and  the 
Monongahela  and  the  Allegheny  Riv- 
er front  and  Liberty  Ave. 

The  new  city  and  county  building  will  be 
erected  in  the  block  bounded  by  Grant  St., 
Diamond  St.,  4th  Ave.  and  Ross  St.  The 
construction  of  this  structure  has  been  held 
up  for  some  months  by  legal  proceedings. 
The  Supreme  Court,  however,  two  weeks 
ago  handed  down  a  decision  which  removes 
this  litigation  and  makes  it  possible  for  the 
County  Commissioners  to  have  work  started 
at  once. 

The  tunnel  through  Mt.  Washington  will 
connect  Carson  St.  and  Warrington  Ave. 
According  to  the  preliminary  plans  prepared 
by  A.  D.  Neeld,  Consulting  Engineer,  the 
tunnel  proper  will  have  a  total  length  of  4,875 
ft.  The  approach  will  be  775  ft.  long.  The 
desi.gns  provide  for  a  twin  tube  tunnel,  each 
24  ft.  in  the  clear,  admitting  of  20  ft.  road- 
ways and  4-ft.  sidewalks.  The  clearance  above 
the  roadway  is  19  ft.  The  project  was  ap- 
proved by  the  December  Grand  Jury,  and  a 
court  decision  was  rendered  on  Feb.  15  dis- 
missing the  objections  filed  by  the  opponents 
of  the  scheme.  The  County  Commissioners 
have  authorized  Mr.  Neeld  to  proceed  with  de- 
tailed plans  for  the  undertaking.  The  County 
Commissioners  propose  to  immediately  sell 
$1,000,000  of  bonds  for  financing  the  tunnel 
project. 

The  grade  crossing  elimination  will  be 
carried  out  by  the  Baltimore  &  Ohio  R.  R. 
and  the  Pittsburgh  Rys.  Co.  The  citv  a  few 
days  ago  reached  an  agreement  with  those 
companies  for  a  start  on  the  work. 

The  street  raising  work  will  be  carried  out 
by  the  city  and  will  involve  an  expenditure  of 
several    million    dollars.      The    grades    of    all 


streets  between  8th  St.  and  the  Monongahela 
River  and  the  Allegheny  River  front  and 
Liberty  Ave.  are  to  be  raised.  It  is  planned 
to  commence  the  improvement  by  April  1,  as 
most  of  the  damage  w-aivers  given  by  property 
owners  will  expire  on  that  date  and  the  city 
is  desirous  of  keeping  out  of  any  unnecessary 
litigation.  The  work  entails  not  only  the 
raising  of  several  miles  of  thoroughfares  in 
the  very  heart  of  the  downtown  section  of 
Pittsburgh,  but  makes  necessary  the  razing, 
rebuilding  or  extensive  alterations  of  fac- 
tories, mills,  stores,  dwellings  and  other 
structures. 


A   128,000  Sq.  Yd.  Paving  Job. 

A  128,000  sq.  yd.  paving  contract  is  being 
advertised  by  the  Public  Works  Comtnittee  of 
Beloit,  Wis.  The  streets  to  be  improved  are 
as  follows :  To  From 

Bushnell     College     Milwaukee    Road 

Chapin Church Milwaukee    Road 

Church    Bushnell    Lawton 

Clary     Prairie   Cemetery  Gate 

College     E.   Grand    Bushnell 

No.    College Lawton    Lawton 

Emerson     Pleasant    Milwaukee   Road 

Harrison     Broad   Bushnell 

Lawton    Pleasant    Park 

Milwaukee    Rd. .  Bushnell    City  Limits 

Park   I^awton    White 

Park  Broad   Bushnell 

Prospect   St.   Paul    Bushnell 

Pubhc    Plea-sant    College 

Short    St.    Paul    East    Grand 

St.   Paul    Mill    C.  M.  &  St.  P.  Ry 

White    Park    Milwaukee  Road 

Back     Cross    Rock   River 

Cross    B.   Grand    415  Ft.   South 

Euclid    Eighth    Hackett 

W.    Grand    Eighth    McKinlev 

Highland    Bluff    Hackett" 

Locust   Bluff    Eighth 

St.   Lawrence. ..  Eighth     McKinlev 

St.  Lawrence. ..  Fourth    Bluff  ' 

Vine St.    Lawrence.  Portland 

The  improvement  will  require  the  following 
estimate  of  qualities:  128,000  sq.  yds.  of  pav- 
ing, 85,300  lin.  ft.  of  combined  curb  and  gut- 
ter, 500_  lin.  ft.  of  covered  gutter.  Bids  will 
lie  received  on  any  or  all  of  the  following 
types  of  pavement:  Creosoted  wood  block, 
vitrified  block,  sheet  asphalt,  asphaltic  con- 
crete, reinforced,  two  course,  Portland  cement 
concrete,  tar  macadam,  mixed  method.  All 
on  a  5-in.  concrete  base.  Bidders  must  submit 
separate  proposals  in  accordance  with  the  fol- 
lowing classification  based  on  the  area  of 
pavement  awarded :  1  000  to  9,999  sq.  vds.,  in- 
cl_usive,  10,000  to  24,999  sq.  yds.,  iiiclusive, 
25,000  sq.  yds.  and  over.  Bidders  may  submit 
proposals  on  any  or  all  of  the  divisions  in  the 
foregoing    classification. 

Bids  on  the  above  work  will  be  received  until 
2  p.  m.,  April  8. 


NEWS  LETTERS 

St.  Louis  Items. 

S.  Dolman  &  Son  have  opened  a  branch 
office  at  Bonner  Springs,  Kansas.  They  still 
have  some  nice  machine,  wheel  and  drag 
scraper,  also  rock  work  on  the  Bonner  Springs 
Electric  line  to  sublet. 

Tom  Campbell  has  taken  a  piece  of  the  Bon- 
ricr  Springs  Electric  line  from  S.  Dolman  & 
Son. 

Jas.  Dowd  has  moved  his  outfit  over  on  the 
Bonner  Springs  Electric  line. 

Sam  Poor  secured  a  piece  of  the  Bonner 
Springs  Electric  line  from  S.  Dolman  &  Son, 
near    Bonner   Springs,   Kansas. 

Work  will  be  completed  this  week  on  the 
electric  line  station  being  built  by  the  City  at 
Baden,  the  southern  terminus  of  the  Water 
Works  line,  which  carries  hundreds  of  persons 
each  week  to  the  City  Water  Works  and  its 
park  at  the  Chain  of  Rocks.  Edward  E. 
Wall,  the  water  commissioner,  has  made  a 
thorough  study  and  investigation  regarding 
the  equipment  and  managing  of  this  line  and 
has  shown  that  the  city  can  and  has  for  a 
nutnber  of  years  successfully  operated  a  street 
cjir  system.  The  station  was  designed  by 
Roth  &  Study,  architects,  and  is  in  the  Italian 
style  of  architecture.  The  brick  work  is  note- 
worthy, being  of  large  Roman  brick,  laid  in 
patterns.  The  roof  is  red  Roman  tile.  The 
building  225  feet  long,  contains  a  large  waiting 
room  and  ticket  offiji-c,  tool  shop  and  baggage 
room.    The  water  works  line,  while  affording 


the  public  a  means  for  visiting  and  enjoying 
the  water  works  parkway  on  top  of  the  river 
bluffs  at  the  Chain  of  Rocks,  primarily  forms 
the  means  for  the  city  to  transport  its  large 
force  of  engineers  and  workmen  to  and  from 
the  water  works  at  the  Chain  of  Rocks,  Baden 
and   Bissell's  Point. 

The  Mississippi  River  Commission,  which 
will  Jiold  its  annual  spring  meeting  on  board 
tlie  Steamer  Mississippi  at  St.  Louis,  April  12. 
will  make  an  inspection  trip  from  St.  Louis  to 
New  Orleans  and  will  hold  public  hearings  at 
.St.  Louis  and  at  points  along  the  route  on 
matters  concerning  the  rivers  improvement. 

L.  T.  Callahan,  Fulton,  Ky.,  has  180,000 
yards  of  levee  work  to  sublet  at  Dorena,  Mo., 
just  across  the  river  from  Hickman,  Ky. 
Callahan  also  has  several  other  nice  pieces  of 
levee  \york  that  he  will  sublet  at  good  attrac- 
tive prices. 

Stockholders  of  the  Bismarck,  Bellevue 
Valley  and  Western  Railroad,  at  the  annual 
meeting  held  at  Bismarck,  Mo.,  on  March  20th 
elected  the  following  directors :  J.  T.  Dob- 
bins, Lesterville;  S.  J,  Bunker,  Redmond 
Black,  Redmondville ;  James  P.  Ward,  Iron- 
dale  and  E.  E.  Evans,  O.  W.  Ramsey,  Fred 
(~)ehrler,  M.  Bisplinghoff  and  J.  R.  Thompson 
of  Bismarck.  The  Board  organized  by  elect- 
ing James  P.  Ward,  president;  S.  J.  Bunker, 
vice  president :  E.  E.  Evans,  secretary,  and 
J.  R.  Thompson,  treasurer.  Work  on  the  con- 
struction will  be  resumed  soon,  it  was  an- 
nounced. 

The  Bondurant  Const.  Co.,  of  Hickman, 
Ky.,  can  use  several  team  outfits  on  levee 
work  on  the  ^Mississippi  river  north  and  south. 
This  firm  has  contracts  at  the  present  time  for 
over  3,500,000  yards  of  levee  work  along  the 
Mississippi. 

A  contract  for  digging  the  trench  and  lay- 
ing a  pipe  line  eight  miles  long  from  Bissell's 
Point  to  Fort  Bellefontaine  to  supply  water 
to  the  new  Industrial  School  was  awarded  by 
the  Board  of  Public  Service  to  John  F.  Mc- 
Mahon  on  his  bid  of  $10,300.  A  contract  for 
the  necessarv  pipe  was  recentlv  awarded  for 
approximately  $15,000.  A  fund  of  $40,000  is 
available  for  the  work. 

The  Illinois  Board  of  Administration  served 
notice  on  all  interested  parties  that  it  would 
oppose  any  extension  of  time  within  which 
an  electric  line  could  be  built  from  ."Mton  to 
serve  the  Insane  Hospital  the  State  of  Illinois 
is  erecting  east  of  Alton,  and  that  it  would  in- 
sist that  the  agreement  made  that  the  electric 
line  would  be  built  be  kept  to  the  letter.  The 
railroads  interested  wanted  a  deferment  of  the 
entering  of  an  order  until  the  question  of 
damages  that  might  arise  from  the  changing 
of  the  grade  of  the  roadway  was  settled. 

The  L.  J.  Smith  Const.  Co.,  1111  Commerce 
Bldg..  Kansas  City,  secured  the  contract  for 
building  ten  miles  of  new  line  for  the  Santa 
Fe  R.  R.,  near  Fresno,  Cal.  Work  will  be 
started  immediately. 

William  H.  Swift,  for  many  years  a  leading 
Democrat  and  president  of  the  Fruin-Bam- 
brick  Construction  Co.,  died  on  March  17th, 
at  his  home,  4335  West  Pine  boulevard,  after 
a  week's  illness.  He  was  almost  83  years  old. 
The  infirmities  of  age,  rather  than  any  specific 
malady,  caused  death.  "Col."  Swift,  as  he 
was  called,  was  a  native  of  New  York  State 
and  had  lived  in  St.  Louis  since  1850.  He 
was  printer,  foreman  and  finally  owner  of  the 
State  Journal,  which  w'as  discontinued  in  1861, 
Later  was  connected  w^ith  the  St.  Louis  Dis- 
patch and  the  Missouri  Republican.  He  left 
newspaper  work  in  1871,  and  went  into  the 
contracting   business. 

Mrs.  F.  Kyburc,  5004  .Arsenal  St.,  St.  Louis, 
has  three  teams  that  she  wants  to  place  on 
work  in  this  neighborhood. 

The  Board  of  .\dministration  of  Illinois 
has  asked  the  General  .Assembly  to  appropriate 
$1,000,000  for  construction  work  at  the  .Alton 
llospital.  The  board  has  on  hand  an  unex- 
pected balance  of  $100,000  for  .Alton  and  w-ith 
the  new  appropriation  would  have  $1,100,000 
to  exnend  at  .\lton  in  the  next  two  years. 
Five  buildings  are  nearing  completion  and  a 
contract  for  the  power  house  is  to  be  let  early 
in   .April. 

A.   B.   KOENIG.  • 
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PERSONALS 

Mr.  Robert  R.  Caldwell,  civil  engineer  and 
county  surveyor  of  Rock  county,  Wisconsin, 
lias  been  appointed  Superintendent  of  Streets 
tor  Beloit,  Wis.  Mr.  Caldwell  was  for  six 
years  assistant  engineer  for  the  Missouri  Pa- 
cific and  for  four  years  was  assistant  en- 
gineer of  Beloit.  For  14  years  he  was  city 
engineer  of  that  city. 

Mr.  J.  E.  Root,  who  has  been  office  en- 
gineer on  the  sewerage  investigation  work  con- 
ducted by  the  Division  of  Sewerage  for  the 
City  of  Cincinnati  since  April,  1912,  has  been 
placed  in  charge  of  the  designing  part  of  the 
special  sewerage  construction  work  to  fill  the 
vacancy  caused  by  the  leave  of  absence  grant- 
ed Mr.  F.  C.  Tolles  and  noted  elsewhere.  Mr. 
Root  is  an  associate  member  of  the  American 
Society  of  Civil  Engineers. 

Mr.  Frank  C.  Tolles,  -Cvho  has  been  design- 
ing engineer  for  the  Division  of  Sewerage, 
Department  of  Public  Service,  City  of  Cin- 
cinnati, since  April,  1912.  was  granted  one 
year's  leave  of  absence  dating  from  March 
IS,  1915,  to  accept  a  position  with  Dr.  Earl 
B.  Phelps,  Consulting  Engineer  for  the  In- 
ternational Joint  Commission  making  the 
studies  for  the  elimination  of  the  pollution  of 
the  Great  Lakes.  Mr.  Tolles  is  an  associate 
member  of  the  American  Society  of  Civil  En- 
gineers. 

Mr.  Herbert  M.  Church  has  been  appointed 
division  engineer  for  the  Baltimore  &  Ohio 
Railroad  Co.  at  Baltimore,  Md.  Mr.  Church 
has  been  in  the  service  of  the  Baltimore  & 
Ohio  since  19Ul,  having  held  positions  as  fol- 
lows: Assistant  in  the  engineering  corps,  as- 
sistant division  engineer,  assistant  engineer, 
division  engineer  and  in  1911,  special  agent, 
all  at  Washington,  Ind.;  from  1911-14,  district 
engineer,  maintenance  of  way,  Wheeling,  W. 
Va. ;  since  August,  1914,  division  engineer  at 
Philadelphia. 

Mr.  Hadley  Baldwin  has  been  appointed  as 
assistant  chief  engineer  of  the  Cleveland,  Cin- 
cinnati, Chicago  &  St.  Louis  Railway,  at  Cin- 
cinnati. Mr.  Baldwin  entered  the  service  of 
that  company  in  1893  as  assistant  engineer  on 
the  St.  Louis  division.  From  1895  to  1898  he 
was  supervisor  of  track  on  that  division.  He 
was  engineer  of  maintenance  of  way  on  the 
Chicago  division  from  1898  to  1902,  and  en- 
gineer in  charge  of  double  track  grade  re- 
duction from  June  to  November  in  1902.  He 
was  then  appointed  as  superintendent  of  the 
St.  Louis  division,  remaining  in  that  position 
until  March  1  of  this  year,  when  he  was  ap- 
pointed to  his  present  position. 

Mr.  Samuel  Gausmann.  roadmaster  of  sur- 
face lines,  Brooklyn  Rapid  Transit  System,  has 
resigned  to  enter  business  as  a  street  railway 
track  and  paving  expert  with  offices  at  81  Cor- 
nelia street,  Brooklyn,  N.  Y.  Mr.  Gausmann 
has  been  in  railway  work  since  1894  when  he 
became  conductor  and  assistant  superintendent 
for  the  Middletown-Goshen  Traction  Co.  of 
New  York.  In  1899  he  was  made  superintend- 
ent. He  resigned  in  1901  to  accept  a  position 
as  foreman  on  track  construction  for  the 
Brooklyn  Rapid  Transit  Co.  From  190.3  to 
1911  he  was  assistant  to  the  roadmaster  of 
surface  lines  and  since  1911  has  been  road- 
master of  surface  lines  for  that  com.pany. 

Mr.  George  A.  Ricker,  for  the  past  two  years 
First  Deputy  Commissioner  of  Highways  for 
the  State  of  New  York,  has  opened  an  office 
at  188  State  street,  Albany,  N.  Y..  as  consult- 
ing civil  engineer.  Mr.  Ricker  has  had  thirty 
years  of  experience  in  engineering  work.  He 
first  entered  railway  work  and  was  for  a 
time  division  engineer  on  the  Erie  Railroad, 
and  later  assistant  engineer  on  the  Northern 
Pacific  Railroad.  He  was  resident  engineer 
on  the  Buffalo  Creek  Railroad  and  chief  en- 
gineer for  the  Niagara  Goree  Railroad,  the 
IBuffalo  Traction  Co.,  the  Pittsburgh,  Bing- 
hampton  &  Eastern,  and  the  Buffalo  Frontier 
Terminal  Railroad.  He  was  also  at  one  time 
consulting  engineer  to  the  Twin  Lakes",  Colo., 
Land  &  Water  Co.  Mr.  Ricker  conducted  a 
private   consulting  practice   with   headquarters 


in*  Buffalo,  for  many  years  previous  to  his 
appointment  in  May,  1913,  as  First  Deputy 
Commissioner  of  Highways  of  New  York. 
He  has  had  special  experience  in  planning  and 
building  parks,  cemeteries,  and  suburban  de- 
velopments, with  all  kinds  of  road  and  pave- 
ment work,  concrete  bridges,  docks,  grain  ele- 
vators, etc.  He  is  much  interested  in  high- 
way work  and  will  continue  in  that  line. 

Mr.  Walter  Alexander  has  been  appointed 
a  member  of  the  Wisconsin  State  Railroad 
Commission  to  succeed  Mr.  David  Harlowe. 
Mr.  Alexander  was  instructor  in  steam  en- 
gineering at  the  University  of  Wisconsin  from 
1897  to  1900,  and  assistant  professor  of  me- 
chanical engineering  at  the  Armour  Institute 
during  the  year  following.  In  the  1901-02  term 
he  was  professor  of  mechanical  engineering 
at  the  University  of  Missouri.  He  then  en- 
tered railway  work  and  for  two  years  was  as- 
sistant district  master  mechanic  for  the  Chica- 
go, Milwaukee  &  St.  Paul  at  Minneapolis,  and 
for  six  years  following  held  the  same  posi- 
tion at  Milwaukee.  Since  1910  he  has  been 
district  master  mechanic  at  Milwaukee.  Mr. 
.•Mexander  is  a  graduate  of  the  University  of 
Wisconsin,  having  received  his  M.  E.  degree 
in  1898. 

Mr.  Walton  Van  Winkle  has  resigned  as 
assistant  secretary  of  the  Desert  Land  Board 
of  Oregon.  As  such  he  has  had  supervision  of 
all  engineering  and  construction  investiga^ 
tions  and  the  preparation  of  reports.  Mr.  Van 
Winkle  acquired  part  of  his  mechanical  and 
civil  engineering  education  at  the  University 
of  Pennsylvania,  and  part  at  Cornell  from 
which  institution  he  received  his  degree  in 
mechanical  engineering  in  1906.  He  was  in- 
structor at  Cornell  during  190C-7  in  experi- 
mental mechanical  engineering.  He  then 
joined  the  V.  S.  Geological  Survey  as  assist- 
ant analyst  in  the  Water  Resources  Board. 
From  1908  to  1913  he  was  assistant  chemist 
for  the  Survey.  Since  the  beginning  of  1913 
he  has  been  assistant  secretary  of  the  Desert 
Land  Board  of  Oregon.  During  1911-12  he 
was  special  instructor  in  the  chemistry  of 
water  at  the  University  of  Washington.  He 
was  also  employed  for  a  time  in  the  Acme 
Steel  and  Malleable  Iron  Works  at  Buffalo, 
and  served  as  cement  expert  on  the  Pacific 
Coast  for  the  U.  S.  Reclamation  Service  at 
the  laboratory  at  Berkeley,  Cal.  Mr.  Van 
Winkle  expects  to  travel  for  several  months 
after  leaving  Salem  on  May  1.  and  then  to 
make  a  permanent  location  in  California  for 
a  general   practice. 


OBITUARIES 

Hiram  E.  Terry,  formerly  city  engineer  of 
Saginaw,  Mich.,  died  recently  at  the  age  of 
60  from  the  effects  of  a  runaway  accident. 
Mr.  Terry  was  a  graduate  of  the  University 
of  Michigan  and  was  city  engineer  of  Sag- 
inaw for  eight  years  and  of  Flint,  Mich.,  for 
four  years. 

Francis  H.  Hambleton,  80  years  of  age,  who 
for  many  years  was  chief  engineer  of  the 
Baltimore  Consolidated  Gas,  Electric  Light  and 
Power  Co.,  died  at  his  home  in  Baltimore, 
March  19.  In  his  early  days  Mr.  Hambleton 
spent  some  years  in  Russia,  where  he  was  en- 
gaged in  the  construction  of  railroads  as  as- 
sistant to  Ross  Winans.  Later  he  went  to 
England,  where  he  built  for  Ross  Winans  a 
"cigar  ship,"  at  that  time  a  new  type  of  ma- 
rine construction.  About  1871  Mr.  Hambleton 
opened  an  office  in  Baltimore  as  consulting 
engineer,  and  in  1878  was  engaged  as  engineer 
by  the  Consumer's  INIutual  Gas  Light  Co., 
whicli  was  organized  at  that  year  and  which 
has  grown  into  the  present  Consolidated  Gas. 
Electric  Light  and  Power  Co.  Mr.  Hambleton 
remained  chief  engineer  until  three  years  ago 
when  he  retired  from  active  practice. 

Frederick  Winslow  Taylor,  widely  known  as 
the  "Father  of  Business  Efficiency,"  died 
in  Philadelphia,  Mar.  21,  of  pneumonia.  Mr. 
Taylor  was  world  famous  as  the  originator  of 
the  modern  scientific  management  movement 
and   as   an  exponent   of   industrial   democracy. 


He  was  born  in  Germantown,  Pa.,  in  1856.  He 
received  his  degree  in  mechanical  engineering 
from  the  Stevens  Institute  of  Technology  in 
1883.  He  entered  the  employ  of  the  Midvale 
Steel  Co.,  Philadelphia,  and  was  successively 
gang  boss,  assistant  foreman,  foreman  of  the 
machine  shop,  master  mechanic,  chief  drafts- 
man, and  chief  engineer  in  1889.  He  left  the 
company  in  that  year  to  begin  the  work  of  or- 
ganizing management  of  manufacturing  estab- 
lishments of  various  kinds,  in  shop,  office,  ac- 
counting  and   sales    departments. 

He  also  organized  many  large  industrial 
plants,  including  the  Bethlehem  Steel,  the  Mid- 
vale  Steel  and  the  Cramp's  Shipbuilding  Co. 
Mr.  Taylor  was  the  inventor  of  the  Taylor- 
White  process  of  treating  modern  high-speed 
tools,  for  which  he  received  a  gold  medal  at 
the  Paris  Exposition  of  1900,  and  the  Elliot 
Cresson  gold  medal  of  the  Franklin  Insti- 
tute. He  received  about  100  patents  for  va- 
rious inventions.  He  was  president  of  the 
American  Society  of  Mechanical  Engineers  in 
1905-6,  and  was  the  author  of  numerous  books 
and  articles  on  business  and  shop  management 
and  on  concrete,  cutting  of  metals,  etc. 

Walter  A.  McFarland,  for  nearly  19  years 
superintendent  of  the  Water  Deuartment  of 
the  District  of  Columbia,  died  of  pneumonia 
at  his  residence  in  Washington,  March  17.  Mr. 
McFarland  was  born  in  Brooklyn  in  1864  and 
graduated  in  mechanical  engineering  from 
Lehigh  University  in  1888.  From  1888  to  1896 
he  was  engaged  in  engineering  work  under 
the  Corps  of  Engineers.  U.  S.  A.,  the  first 
two  years  as  assistant  engineer  on  river  and 
harbor  work  in  New  York  and  Connecticut, 
and  after  1890  as  resident  engineer  on  the 
Mussel  Shoals  Canal  in  Alabama.  In  Sep- 
tember of  1896  Mr.  McFarland  was  appointed 
principal  steam  engineer  of  the  Water  De- 
partment at  Washington,  and  two  months  later 
was  made  superintendent.  Soon  afterward  he 
w^as  commissioned  to  reorganize  the  depart- 
ment and  rearrange  the  system  of  water  dis- 
tribution. Washington's  present  water  system 
was  designed,  built  and  constructed  in  accord- 
ance with  his  plans.  His  first  work  was  to 
lay  large  trunk  mains  and  rearrange  the  dis- 
tributing system  into  gravity  and  pump  serv- 
ices. Other  improvements  which  followed 
were  the  building  of  the  pumping  station, 
Brightwood  reservoir,  which  is  one  of  the 
most  unusual  of  its  kind  in  the  country,  and 
the  supplying  of  water  to  .'Xnacostia.  So  suc- 
cessfully were  these  projects  carried  out  that 
Mr.  McFarland  early  came  to  be  recognized 
as  one  of  the  ablest  officials  in  the  District 
government  service. 

He  took  an  active  part  in  national  and 
local  engineering  circles,  and  was  president  of 
the  Washington  Society  of  Engineers.  He  also 
was  a  member  of  the  American  Society  of 
Civil   Engineers.  ^1 

CIVIL  SERVICE  NEWS 

The  Ohio  State  Civil  Service  Commission 
announces  examinations  as   follows : 

.•\ssistant  sanitary  engineer:  $1,000  per  an- 
num ;  Apr.  7,  in  Columbus. 

Dredge  engineer,  $1,500  per  annum ;  Apr.  8. 
in  Cincinnati,  Cleveland  and  Columbus. 

Cranesman,  $90  per  mo.,  April  9,  in  Colum- 
bus, Cleveland  and  Cincinnati. 

Supervising  engineer,  state  institutions,  to  be 
held  at  Ohio  State  LTniversity  at  Athens.  Apr. 
17.  Candidates  should  be  graduate  mechanical 
engineers  or  equivalent  by  experience. 

Candidates  should  address  the  State  Civil 
Service  Commission  at  Columbus,  Ohio,  where 
application  blanks  will  be  furnished.  Applica- 
tions must  he  in  the  office  of  the  commission 
at  least  three  days  before  date  of  examination. 

The  United  Stataes  Civil  Service  Commis- 
sion   announces    the    following    examination : 

Assistant  Supervisor  of  Accounts,  Valuation 
Division,  Interstate  Commerce  Commission, 
$3,000  to  $4,200  per  annum,  April  27. 
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A  Profitable  Line  of  Reading  for  En- 
gineers. 

With  April,  in  our  northern  latitudes,  the 
construction  season  begins.  This  issue,  the 
first  in  April,  of  Engineering  and  Contract- 
ing, recognizes  the  opening  of  the  new  work- 
ing season  with  articles  and  statistics  and 
advertisements  directed  to  the  contractor  and 
construction  engineer.  It  will  be  noted  that 
advertisements  are  named  with,  and  more- 
over on  an  equality  with,  technical  articles  and 
statistics.  This  is  done  purposely.  This  edi- 
torial will  discuss  advertisements  in  respect 
to  their  educational  value  to  readers  of  en- 
gineering journals. 

Tools  and  machines  bind  with  shackles  every 
designer  and  builder  qf  engineering  works. 
He  cannot  plan  a  structure  without  keeping 
in  mind  the  limitations  of  the  tools  and  ma- 
chines by  which  fabrication  and  erection  must 
be  prosecuted.  If  he  contemplates  tasks  be- 
yond those  previously  performed  his  first 
thought  is  to  ascertain  if  the  toolmaker  or 
manufacturer  stands  ready  to  produce  the  ma- 
chine or  tool  necessary  to  accomplish  this 
extra  task.  His  standing  as  a  designer  and 
builder  more  notable  than  others,  depends 
largely  upon  his  greater  alertness  to  per- 
ceive that  new  tools  or  machines  permit  in- 
novations. First  news  of  these  new  tools 
and  machines  is  important  and  this  news  is 
the  purpose  of  the  advertisements  in  the  en- 
gineering journal. 

Gladstone  once  remarked,  it  is  said,  that  he 
subscribed  for  a  number  of  American  popular 
magazines  "just  to  read  the  advertisements." 
He  was  justified.  They  are  pages  of  wonder- 
ful enlightenment.  So  in  their  more  special 
field  are  the  advertising  pages  of  the  en- 
gineering journals.  Count  the  number  of 
tools  and  machines  listed  in  the  advertise- 
ments of  only  one  issue  of  one  journal  and 
that  number  is  nearly  the  number  of  all  the 
constructive  tasks  of  the  engineer.  E.xamine 
the  illustrations  and  there  are  seen  the  repre- 
sentative structures  that  the  engineer  builds 
and  the  devices  with  which  he  works.  Read 
the  te.xt  and  there  will  be  found  the  records 
of  performance  which  the  constructor  has 
made  in  his  work.  Are  these  overstatements? 
Then  it  certainly  will  not  be  an  overstatement 
if  instead  of  one  issue  of  one  journal  we  take 
the  year's  12  or  52  issues  of  several  leading 
engineering  journals.  The  overworked  Man 
from  Mars,  from  this  wealth  of  advertise- 
ments, could  very  nearly  picture  the  engineer- 
ing accomplishment  of  the  Sons  of  the  Earth. 

All  taint  of  extravagance  obliterated,  there 
is  in  the  advertising  pages  of  a  large  enginer- 
ing  journal  a  great  deal  of  value  to  the  en- 
gineer and  contractor.  The  time  was,  within 
easy  memory,  when  this  was  perhaps  not  so 
true.  The  art  of  advertising  has  progressed- 
Its  character  has  improved.  Facts  have  large- 
ly replaced  exaggerated  claims.  The  presen- 
tation of  these  facts  is  skillful.  The  appeal 
is  to  reason  and  common  sense.  Very  few 
advertisements  now  printed  in  en.gincering 
journals  are  deliberately  false — practically  none 
are  so.  Assertions  that  are  even  greatly  mis- 
leading are  seldom  made.  They  cannot  be 
made  safely;  competition  is  too  keen  and  data 
of  actual  costs  and  outputs  are  too  plentiful 
to  permit  gross  mis-statement  without  danger. 
.■\nd  finally  if  all  claims  of  superiority,  all 
records  of  performance,  and  all  costs  of  op- 
eration l)e  discinmtccl,  there  rcni.-iins  real  value 
to  the  constructor  in  the  illustrations  and  de- 
scriptions of  a  wide  variety  of  tools  suited 
more  or  less  perfectly  to  his   uses. 

It  must  not  be  forgotten  that  the  advertise- 


ment writer  just  as  truly  and  with  even  more 
earnestness  than  the  editor  or  article  writer, 
writes  his  pages  to  be  read  by  the  subscriber. 
His  pages,  like  the  articles  of  the  editor,  are 
not  all  of  equal  interest  but  it  is  seldom  that 
all  of  them  are  without  interest.  While  the 
subscriber  is  not  bound  to  read  either  the  edi- 
tor's or  the  advertiser's  pages  he  should  read 
both  if  he  reads  one.  He  should  do  this  for 
purely  selfish  reasons.  The  advertiser  who 
knows  that  his  pages  in  any  journal  are  al- 
ways read  is  encouraged  to  more  and  more 
liberal  expenditure  in  that  journal  for  space 
in  which  to  address  his  readers.  This  extra 
money  gives  the  editor  means  with  which  to 
buy  better  information  and  writing  for  his 
pages  and  to  the  subscriber  accrues  this  gain 
in  value.  Indirectly  then,  as  well  as  directly 
in  information  gained  from  them,  the  sub- 
scriber benefits  who  reads  the  advertisements 
which   his   technical   journal   publishes. 

Much  of  all  that  is  said  above  has  been 
told  before  in  many  ways.  It  is  told  again 
here  because  of  the  hope  that  the  reader  of 
this  issue  will  test  for  himself,  if  he  has  not 
been  in  the  habit  previously,  the  value  of  care- 
ful perusal  of  the  advertising  pages  of  En- 
GiNEFRixo  and  Contracting.  Editors  read 
the  advertising  pages,  and — this  is  an  editorial 
secret — they  do  it  because  from  suggestions 
secured  there  they  have  often  put  before  their 
subscribers  some  of  the  most  appreciated 
articles    which    they    have   published. 


Clothes   and   the   Engineer. 

Every  applicant  for  a  position  undergoes 
an  appraisal  based  on  outward  appearances. 
This  initial  valuation  may  or  may  not  be  cor- 
rect, but  it  counts  for  a  great  deal  with  most 
employers,  for  the  average  employer  flatters 
himself  that  he  is  an  excellent  judge  of  hu- 
man nature  at  sight.  First  he  looks  at  the 
features,  then  at  the  garments  of  the  man, 
or  he  takes  in  both  at  a  sweep.  Instantly  he 
classifies  the  applicant,  and.  since  he  has  made 
this  tentative  classification,  is  slow  to  change  it. 

Carlyle,  with  his  ponderous  levity,  has  given 
immortality  to  the  subject  of  clothes.  But  we 
fail  to  find  anywhere  in  "Sartor  Resartus"-* 
the  great  clothes  philosophy — mention  of  the 
reactive  effect  of  clothes  upon  the  wearer 
of  them.  Throughout  there  is  uppermost  in 
Carlyle's  thought  the  efifect  of  clothes  upon 
others  than  the  person  clothed.  Exception  to 
this  statement  may  be  taken,  and,  in  illustra- 
tion, his  picture  of  mankind  suddenly  made 
naked  may  be  cited.  Dismissing  this  extrem- 
ity, because  we  are  considering  not  a  non-ex- 
istence but  an  existence,  let  us  touch  upon  the 
efifect  of  clothes  upon  a  wearer,  and  particu- 
larly upon  a  wearer  who  is  an  engineer. 

However  much  the  engineering  student  is 
given  to  well  dressing,  or  even  to  ultra  dress- 
ing, it  is  noteworthy  that  when  he  graduates 
from  college  and  goes  out  upon  his  first  field 
work,  he  slips  speedily  back  into  barbarian 
disregard  of  garment.  He  is  brother  to  the 
Indian  who,  leaving  the  reservation  school, 
pants   for  the  good   old   days   of   no-pants. 

We  have  all  experienced  this  rush  for  free- 
dom from  the  yoke  of  custom,  particularly  the 
yoke  of  the  custom  tailor.  And  we  can  not 
afford  1(1  rail  at  the  young  engineer  who 
glories  in  looking  like  a  cross  between  a  farm 
hand  and  a  hand-me-down.  Yet  we  may 
at  least  suggest  to  him  the  wisdom  of  making 
.•IS  short  as  possible  his  clothes  vacation.  Oc- 
casiimal  actions  have  a  way  of  repetition,  and 
repetition  speedily  begets  habit.  Of  all  habits 
that  do  not  pay,  there  is  none  worse  than  the 
haliit  of  ill  dressing.  Particularly  is  this  true 
nf  professional   and   business  men. 
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-\n  old  and  wrinkled  suit  may  yield  a  sort 
of  delightful  devil-may-care  freedom,  but 
there  comes  in  time  a  mental  mating  of  the 
character  to  the  clothes.  This  is  the  reac- 
tive character  to  the  clothes.  This  is  the  re- 
active efTect  of  the  raiment.  While  a  devil- 
may-care  man  may  be,  and  often  is,  a  delight- 
ful as  well  as  a  capable  fellow,  he  suffers  a 
certain  loss  of  ambition  which  both  his  talk 
and  his  clothes  proclaim.  This  is  why  an 
employer  generally  reasons  that  a  poorly  clad 
engineer  will  be  satisfied  with  small  com- 
pensation, and  generally  the  reasoning  is  cor- 
rect. 

We  are  of  the  opinion  that  young  engineers 
engaged  in  field  work — surveying,  construc- 
tion, etc. — will  ordinarily  find  it  well  to  dress 
the  part.  By  this  we  do  not  mean  that  they 
should  wear  out  their  old  suits  in  the  field, 
but  we  mean  that  they  should  adopt  some 
conventional  garb  that  looks  as  if  it  were 
made  specially  for  the  purpose.  Although 
fun  is  occasionally  poked  at  the  wearer  of 
corduroy  knickerbockers  and  leggings  as  a 
surveying  costume,  there  is,  we  think,  a  grow- 
ing tendency  among  young  engineers  to  adopt 
some  such  uniform.  .A.nfi  with  that  tendency 
we  are  in  hearty  accord.  Not  only  does  a 
neat  uniform  command  a  certain  respect  from 
employers,  but  it  has  a  reactive  effect  of  like 
nature  upon  its  wearer.  It  increases  his  own 
self-respect. 

Men  are  rather  given  to  humorous  remarks 
upon  the  gowns  of  women,  yet  with  subtle 
intuition  the  women  smilin.gly  accept  the 
charting,  for  they  know  that  they  are  the  bet- 
ter liked  for  being  the  better  dressed.  So, 
too,  the  man  who  is  a  trifle  particular  about 
his  clothes  may  be  the  butt  of  some  jesting, 
yet  find  that  he  thus  pays  but  a  small  price 
for  a  very  substantial  ultimate  gain  in  in- 
come. 


Small  Contracts  and  Limited  Competi- 
tion in  Road  Construction. 

Dividing  road  construction  work  into  small 
contracts  usually  limits  competition  to  local 
bidders.  By  a  small  contract  is  meant  one  in- 
volving less  than  $10,000.  In  some  exceptional 
cases  it  may  be  desirable  so  to  limit  competi- 
tion. In  the  majority  of  cases,  however,  it  is 
not  desirable. 

That  competition  is  limited  by  dividing  work 
into  small  contracts  is  a  well  established  fact. 
The  reasons  for  lack  of  outside  competition 
under  these  conditions  arc  obvious.  The  main 
reason  lies  of  course  in  the  fact  that  the 
amount  of  work  involved  in  a  single  contract 
is  not  sufficiently  large  to  justify  a  foreign 
contractor  in  moving  construction  plant  any 
considerable  distance  or  in  purchasing  plant 
on  the  strength  of  a  small  job.  .Mso  travelling 
expenses  and  other  expense  incident  upon  the 
preparation  of  a  bid  are  frequently  a  large  item 
in  small  contracts.  The  redeeming  feature  of 
limited  competition,  if  there  is  such  a  feature, 
is  the  fact  that  contractors  of  limited  means 
are  able  to  bid  upon  the  work  and  the  work 
is  secured  by  contractors  familiar  with  local 
labor  conditions  and  local  material  and  by  men 
well  known  to  the  engineer  in  charge  of  the 
work.  There  is  a  question,  however,  whether 
the  work  is  accomplished  as  economically 
when  competition  is  limited  or  when  more 
liids  are   received. 

The  method  of  advertising  for  bids  also 
has  a  bearing  upon  the  nimiber  of  contractors 
bidding  upon  work.  When  contracts  are  small 
and  are  let  at  intervals  through  the  construc- 
tion season  it  is  frequently  thought  unneces- 
sary to  publish  the  time  of  letting  in  other  than 
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the  local  newspaper.  The  limited  extent  to 
which  these  papers  reach  contractor^  undoubt- 
edh-  affects  competition.  With  larger  contracts 
it  is  the  general  practice  of  progressive  en- 
.gineers  to  reach  as  large  a  number  of  contrac- 
tors as  possible  by  means  of  advertisements 
in  the  engineering  journals. 

The  condition  may  be  relieved  somewhat  by 
so  grouping  the  small  contracts  and  receiving 
bids  at  the  same  time  that  a  contractor  may 
hid  on  several  contiguous  sections  of  road. 
Even  under  this  system,  however  uncertainty 
exists  with  regard  to  securing  contracts  on  a 
continuous  section  of  road  and  the  danger  of 
having  work  thus  chopped  up  frequently  dis- 
courages such  bids.  Moreover  many  specifica- 
tions do  not  permit  a  contractor  to  modify  the 
form  of  the  proposal  so  as  to  make  the  price 
bid  upon  several  sections  of  road  contingent 
upon  the  awarding  of  them  all  to  one  bidder. 
High  bids  upon  each  section  result  under  these 
•conditions. 

We  believe  it  to  be  a  much  more  satisfac- 
tor\-  practice  both  from  the  standpoint  of  the 
•engineer  and  contractor  to  let  construction 
work  in  large  contracts.  Contractors  with 
small  capital  may  then  take  sub-contracts  and 
may  so  choose  their  work  that  it  fits  the  plant 
they  possess.  The  clerical  work  of  the  en- 
gineer is  reduced  materially  and  he  is  assured 
of  the  ultimate  and  timely  completion  of  all 
the  work  in  hand. 


sary  for  sewages  of  varying  strengths,  the 
identification  of  the  active  agencies  at  vari- 
ous localities,  and  the  building  up  of  favorable 
environments  for  these  organisms. 


An    Exceptionally    Promising    Sewage 
Treatment  Method. 

The  most  promising  sewage  treatment  meth- 
od of  the  moment  is  that  of  forced  aeration 
in  the  presence  of  activated  sludge.  At  sev- 
eral places,  in  this  country  and  abroad,  and 
notably  at  Milwaukee,  Wis.,  and  Urbana,  III., 
experiments  are  under  way  to  test  the  possi- 
bilities of  this  process.  The  experimenters  are 
all  exceedingly  enthusiastic  over  these  possi- 
bilities. Remembering  past  experiences,  espe- 
cially in  the  case  of  the  septic  tank,  sanitary 
engineers  while  interested  in  this  new  process 
and  hopeful  of  its  practicability  are  not  over- 
sanguine  that  it  will  prove  to  be  a  cure-all. 
That  it  may  become  established  for  a  period 
of  years  alongside  of  present  day  methods,  for 
uses  in  certain  favorable  localities,  seems  fair- 
ly probable. 

The  process,  as  tested  in  the  experiments  at 
Urbana,  is  described  in  the  sewerage  section 
of  this  issue.  The  experiments  indicate  a 
stable  effluent  and  a  commercially  valuable 
residual  sludge  for  fertilizing  purposes.  The 
process  is  remarkably  free  from  nuisance  to 
the  senses  and  the  compact  nature  of  the  req- 
uisite works  will  minimize  the  land  area 
ivecessary  for  the  site  of  the  plant.  How  im- 
portant the  latter  consideration  may  become  is 
well  illustrated  by  the  early  results  of  the  ex- 
periments now  under  way  in  Milwaukee.  The 
amount  of  land  necessary  for  an  Imhoflf  tank 
and  sprinkling  filter  installation  to  treat  the 
sewage  of  Milwaukee,  in  1930,  is  estimated  at 
108  acres,  while  to  treat  the  same  volume  of 
sewage  by  the  new  process  would,  from  pres- 
ent indications,  require  only  5  or  6  acres.  In 
the  former  case,  moreover,  the  tanks  would 
probably  be  upwards  of  30  ft.  in  depth,  while 
in  the  latter  case  a  depth  of  12  ft.  would 
probably  suffice.  These  considerations  make 
for  obvious  first  cost  and  interest  savings  in 
favor  of  the  new  method  of  treatment.  On 
the  other  hand  the  cost  of  providing  com- 
pressed air  is  sure  to  be  considerable  and 
continual.  Thus  there  are  many  pros  and  cons 
which  W'ill  readily  suggest  themselves  to  the 
reader. 

The  article  to  which  we  have  referred  mer- 
its a  careful  reading.  The  vigor  with  which 
the  experiments  are  being  conducted  is  com- 
mendable. Experimenters  are  urged  to  co- 
operate to  obviate,  so  far  as  possible,  the 
duplication  of  work  and  to  impart  knowledge 
as  fast  as  it  is  gained.  ,  | 

The  cost  question  is,  of  course,  the  chief 
consideration.  The  process  must  be  econom- 
ically feasible  if  it  i^  to  emerge  from  the  lab- 
oratory. Among  the  other  points  to  be 
cleared  up  are  the  effect  of  temperature  dn  the 
rapidity  of  the  action,  the  amount  of  air  neces- 


Local    Associations    of    Highway 
Officials. 

The  tendency  of  all  engineering  workers 
to  form  local  associations  for  the  study  of 
local  problems  of  common  interest,  which  has 
become  so  strong  in  recent  years,  is  beginning 
to  take  form  among  county  and  township 
highway  officers.  Thus  in  Illinois  there  is  al- 
ready one  portion  of  the  state  in  which  the 
highway  oliicials  meet  at  intervals  for  the 
exchange  of  experiences  more  or  less  com- 
mon to  the  locality,  and  for  the  purpose  of 
mutually  strengthening  each  other  in  knowl- 
edge and  enthusiasm.  Other  associations  are 
planned.  It  is  hoped,  before  long,  that  every 
county  in  the  state  wnll  thus  affiliate  itself 
with  adjoining  counties  having  comparable 
conditions  as  to  wealth,  population,  topog- 
raphy and  soil.  By  this  means  those  having 
most  in  common  can  meet  frequently,  owing 
to  the  small  expense  of  traveling  short  dis- 
tances, and  the  common  character  of  the  prob- 
lems up  for  consideration  will  make  for  meet- 
ings of  short  duration.  Everv  matter  consid- 
ered will  be  of  interest  to  all  present.  The 
larger  problems,  of  state-wide  interest,  will 
naturally  be  left  to  the  meetings  of  all  the 
state  highway  officials.  This  plan  of  local 
gatherings  for  the  study  of  local  problems 
and  central,  state  meetings  for  the  considera- 
tion of  matters  of  interest  to  all,  is  to  be 
fullv   commended. 


The  Importance  of  Taking  Thought  in 
Choosing  Hand  Shovels. 

All  hand  shovels  seem  to  look  alike  to  the 
average  contractor  or  construction  engineer. 
That  this  indifference  toward  the  scientific 
choice  of  shovels  is  a  source  of  considerable 
financial    loss    is    readily    demonstrated. 

The  editor  observed  an  interesting  example 
of  this  indifference  a  few  months  ago  in  this 
city.  At  a  point  where  steam  railway  tracks 
were  being  elevated  over  a  street  carrying  a 
double  track  trolley  line,  three  different  gangs 
of  laborers,  representing  three  different  in- 
terests, were  engaged  in  excavating  hard  yel- 
low clay  by  hand  tools.  The  steam  railway 
gang  excavated  for  a  bridge  abutment,  the 
water  pipe  e.xtension  gang  excavated  for  the 
lowering  of  a  large  main,  and  the  street  rail- 
way gang  excavated  for  track  depression. 
Each  gang  used  the  ordinary  square  pointed 
shovel,  commonly  used  in  mixing  concrete  by 
hand,  in  excavating  the  clay.  It  was  not  at 
all  uncommon  for  a  laborer  to  work  diligent- 
ly for  at  least  a  full  minute  to  sink  his  shovel 
into  the  clay  the  full  length  of  the  blade.  To 
do  this  much  "pumping"  of  the  shovel  handle 
and  much  pushing  with  the  foot  was  neces- 
sary. 

This  clay  soil  is  the  same  as  that  lying  un- 
der the  black  top  soil  of  the  Illinois  prairies. 
In  digging  ditches  through  it  for  tile  drains 
farmers  have  uniformly  used  a  long,  narrow- 
bladed  spade  locally  known  as  a  "tiling"  spade. 
This  spade  is  referred  to  in  some  localities 
as  a  "sharp-shooter."  In  the  soil  mentioned 
one  or  two  thrusts  by  the  foot  will  sink  it  in 
for  its  full  length.  Spades  of  this  type  should 
have  been  used  on  the  excavating  operations 
above  mentioned.  Illustrations  of  this  char- 
acter  might  be  multiplied   indefinitely. 

An  article  which  forcefully  emphasizes  the 
importance  of  choosing  shovels  suited  to  the 
work  in  hand  was  published  in  this  journal 
of  March  31.  The  article  is  based  on  studies 
which  show  that  a  shoveler  works  most  effi- 
ciently with  a  shovel  of  the  right  size  to  hold 
21  lbs.  of  the  material  to  be  handled.  The 
studies  show  that  where  a  laborer  furnishes 
his  own  shovel  he  usually  gets  the  smallest 
one  he  can  find  and  keeps  on  using  it  as  it 
becomes  worn  or  cut  to  smaller  size.  Care- 
ful observation  showed  that  men  in  the  same 
gang  worked  with  equal  speed  regardless  of 
whether    they    were    using    No.    2    or    No.    4 


sho\els.  In  both  cases  the  shovel  blades  were 
filled  whenever  it  was  possible  to  do  so.  It 
was  figured  that  in  a  gang  of  38  men  at  20 
cts.  per  hour  19  men  were  using  worn  shov- 
els which  held  but  7  lbs.,  while  the  other  19 
used  new  shovels  holding  13  lbs.  If  the  sec- 
ond group  earned  $1.80  per  man  per  day  the 
first  group  earned  but  97  cents  per  man  per 
day,  although  all  were  paid  the  same  wage. 
Moreover  all  these  shovels  were  No.  2  and 
even  the  new  ones  were  too  small  for  best 
efficiency. 

That  this  subject  is  one  of  great  impor- 
tance to  the  contractor  we  are  fully  convinced. 
Where  there  is  much  shoveling  to  be  done  the 
economy  available  in  a  proper  choice  of  shov- 
els affords  the  contractor  a  splendid  oppor- 
tunity to  add  substantially  to  his  profits  by 
cutting   his   costs. 


Portable    Railway    Hauling    in    Road 
Construction. 

Two  articles  in  this  issue  direct  attention  to 
the  use  of  industrial  or  portable  railways  for 
hauling  materials  and  supplies  for  road  con- 
struction. These  are  merely  the  latest  of  sev- 
eral articles  that  have  been  published  by  us 
within  a  year,  and  all  of  which  have  given 
similar  data.  It  is  now  scarcely  more  than 
two  years  since  the 'active  attention  of  road 
engineers  generally  has  been  enlisted  in  this 
method  of  hauling.  Records  of  operation  are 
now  available  from  Oregon,  Illinois,  Wiscon- 
sin and  Michigan,  and  doubtless  could  be  had' 
from  many  other  states  were  one  to  search 
for  them.  On  the  whole  the  records  avail- 
able are  sufficiently  representative,  however, 
to  furnish  a  fair  criterion  of  the  possibilities 
of  this  method  of  hauling  for  the  kind  of 
construction  being  considered. 

Experience  indicates  the  adaptability  of 
portable  railway  to  nearly  any  condition  of 
.ground  met  in  most  road  construction.  The 
track  being  light  is  readily  blocked  up  and 
carried  on  rough  ground  and  precise  aline- 
ment  and  surface  are  not  demanded,  although 
the  records  show  clearly  that  good  track  is 
worth  trouble  to  secure  where  the  haul  is 
considerable  and  speed  is  desirable.  On  the 
Michigan  road  work  described  in  this  issue  a 
grade  of  over  5  per  cent  on  curve  was  read- 
ily negotiated  with  eight  to  twelve-car  trains. 
With  the  little  Shay  locomotive,  also  described 
in  this  issue,  one  might  expect  considerable 
increase  in  capacity  to  overcome  grades. 

Perhaps  the  most  specific  statement  of  the 
ability  of  portable  railway  to  satisfy  the 
conditions  of  ground  common  in  road  con- 
struction comes  from  Wayne  County,  Michi- 
gan, famous  for  its  e.xtensive  system  of  con- 
crete roads.  The  official  report  states  that 
track  for  portable  railway  can  be  laid  on  any 
surface  over  which  transportation  of  any  kind 
is  possible ;  that  rainy  w'eather  or  muddy 
roads  do  not  impair  the  efficiency  of  the  rail- 
way, and  that  the  load  is  not  too  heavy  for 
the  ordinary  highway  bridge.  The  railway 
service  is  not  confined  to  road  materials;  coal, 
tools,  supplies,  etc.,  are  handled  equally  well, 
particularly  if  a  few  fiat  cars  are  added  to 
the   equipment. 

With  reasonably  good  track,  speeds  of  \^> 
miles  per  hour  are  practicable  on  portable  rail- 
way. In  practice,  however,  one  must  ordi- 
narilv  expect  considerably  smaller  average 
speeds.  Including  time  for  coaling  and  water- 
ing, time  taking  up  and  putting  down  track 
sections  where  railways  are  crossed,  and 
other  minor  delays,  the  average  hauling  speed 
will  frequently  drop  to  half  the  figure  named. 
The  possible  size  of  train  will  depend  upon 
conditions  of  track,  grades,  power  of  loco- 
motive, etc..  but  for  grades  under  say  3  to  4 
per  cent  and  other  conditions  of  average  char- 
acter, 20   to  -SO-car  trains  are  easily  handled. 

Motive  power  practice  shows  much  varia- 
tion, and  here  there  seems  to  be  a  feature  of 
portable  railway  practice  in  road  construction 
which  calls  for  investi.gation  by  road  build- 
ers. In  Wayne  County  the  locomotive  used 
was  a  seven-ton  30-hp.  engine ;  that  for  the 
Delta  County,  Michigan,  road  described  in 
this  issue  was  also  a  30-hp.  engine;   in   Indi- 
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ana  road  work  now  in  progress  a  12-ton  Shay 
locomotive  is  employed;  on  the  Oregon  state 
road  work  described  in  our  issue  of  March  3 
a  20-hp.  gasoline  Milwaukee  locomotive  was 
employed.  The  records  available  do  not  give 
data  for  comparison,  but  the  fact  is  virell  es- 
tablished by  them  that  a  special  design  of  low 
center  of  gravity  engine  is  demanded. 

The  special  field  of  the  portable  railway  is 
as  would  be  expected,  where  hauls  of  con- 
siderable distance  are  necessitated.  Average 
hauls   of   4.91    miles,   3   miles,    and   3.17   miles 

I  are  among  those  recorded.  The  portable  rail- 
way  system   of   hauling   involves    obviously   a 

I  central  materials  yard  and  this  involves  stor- 
age and  loading  plants.  Cost  of  central  yard 
storage  and  loading,  including  plant  invest- 
ment, is,  therefore,  an  item  to  be  kept  in  mind 
in  portable  railway  hauling.  The  article  in 
this  issue  describes  a  loading  plant  of  rather 
notably  good  design  and  which  gives  an  idea 
of  the  outfit  expense  to  be  counted  upon. 

Costs  of  portable  railway  hauling  are  not 
in  most  records  well  analyzed.  Those  in  an- 
other column  of  the  Delta  County,  Michigan, 
road  are  among  the  most  complete.  On  road- 
work  in  Illinois  in  1913  the  ton-mile  cost  of 
hauling  shown  by  portable  railway  was  14 
cts.,  and  this  does  not  include  loading.  Rec- 
ords kept  for  about  two  months  in  Wayne 
County,  Michigan,  gave  a  cost  of  15.6  cts. 
per    ton-niilc.      One    also    notes    records   of    9 


cts.  per  ton-mile,  but  these  are  from  data  not 
well  itemized  and  are  to  be  accepted  with 
reservation.  It  may  easily  be  that  other  far 
better  records  e.xist,  but  as  stated  in  the  be- 
ginning, the  summary  here  made  is  based  on 
records  that  have  come  to  us  directly. 

The  portable  railway  has  been  used  much, 
perhaps  most  used,  for  concrete  road  con- 
struction, and  in  some  ways  it  is  particu- 
larly adapted  for  service  in  this  type  of  con- 
struction. It  accommodates  equally  handily 
stone  and  sand  and  cement  in  bags  or  in 
bulk.  More  important  to  notice,  however,  is 
the  innovation  introduced  in  the  Oregon  state 
road  work  described  in  our  issue  of  March 
3.  Ordinarily  with  portable  railway  hauling 
in  concrete  road  work  the  practice  is  to  haul 
separately  the  several  materials  and  distribute 
them  in  stock  piles  on  the  road  grade  where 
mi.xing  and  placing  are  proceeding.  The  mix- 
ers are  then  charged  by  barrow  from  the 
stock  piles  on  the  grade.  In  the  Oregon  work 
a  proportioned  batch  of  sand,  stone  and  ce- 
ment was,  at  the  central  yard,  placed  in  each 
car.  The  train  was  then  hauled  to  the  mi.xer 
and  by  a  special  crane  on  the  mixer  the  car 
bodies  were  swung  off  the  trucks  and  dis- 
charged one  at  a  time  into  the  mixer.  The 
success  of  this  method  is  commented  on  in 
the  report  of  the  engineer  of  the  state  road 
work. 


The  Regulation  of  Subcontracts  in  1915 
and  a  Hundred  Years  Ago. 

The  contractor  ...  of  this  work  shall  not 
sublet  the  same  or  any  part  thereof  without 
the  written  consent  of  the  State  Highway  Engi- 
neer for  each  individual  subcontract,  and  the 
terms  of  such  prospective  subcontract  shall  be 
submitted  at  the  same  time  the  request  is 
made. 

The  contractor  shall  not  in  any  instance  let 
or  transfer  his  contract  or  any  part  thereof 
to  any  other  person  without  the  Superintend- 
ent's consent,  and  in  every  instance  where  such 
subcontract  may  be  made  the  price  per  perch 
to  be  allowed  to  such  subcontractor  shall  be 
fixed  with  the  said  Superintendent's  approba- 
tion. 

One  of  these  quoted  clauses  is  from  a  road 
contract  written  in  1915  and  the  other  is  from 
a  road  contract  written  in  1815.  A  phrase  or 
word  of  unusual  use  at  present  tells  which 
quoted  clause  is  a  hundred  years  old.  The 
things  stipulated  are  identical.  The  reasons 
for  the  stipulations  show  as  clearly  between 
the  lines  of  the  clause  written  in  1815  as  they 
do  between  the  lines  that  are  dated  1915.  One 
wonders,  in  looking  at  the  two  quotations, 
how  long  before  1815  was  it  held  wise  by 
those  directing  engineering  construction  to 
retain  the  power  to  regulate  the  subcontract- 
ing of  work  and  the  prices  received  by  sub- 
contractors. 


IMITATION 


Tests  of  Circular  and  Egg-Shaped  Re- 
inforced Concrete  Se-wer  Pipe. 

The  use  of  reinforced  concrete  sewer  pipe 
is  an  innovation  in  Philadelphia,  and  its  in- 
troduction led  to  the  investigation  here  de- 
scribed. A  number  of  questions  presented 
themselves  relative  to  this  form  of  sewer 
construction,  as  follows:  With  the  type  of 
pipe  used  what  was  the  minimum  time  per- 
missible for  curing?  What  was  the  most  de- 
sirable method  of  curing?  Was  the  specified 
system  of  concrete  cradle  foundation  construc- 
tion justified,  or  necessary?  Were  the  pipes 
sufficiently  impervious  and  sufficiently  strong 
to  resist  reasonable  internal  pressures?  These 
and  other  questions  required  an  investigation 
the  results  of  which  are  here  given  from  mat- 
ter contained  in  the  paper  read  on  tliis  sub- 
ject liefore  the  11th  annual  convention  of  the 
American  Concrete  Institute  by  Mr.  A.  T. 
Goldbeck,  assistant  engineer,  testing  labora- 
tory. Bureau  of  Surveys,  Philadelphia,   Pa. 

DESCRIPTION    OF    PIPES. 

Two  kinds  of  pipes  were  made :  one  was 
circular  in  cross-section,  36  ins.  in  diameter 
and  4  ins.  thick,  and  the  other  was  egg- 
shaped,  having  a  long  diameter  of  36  ins.,  a 
.short  diameter  of  24  ins.,  and  was  3%  ins. 
thick.  The  egg-shaped  section  was  provided 
with   a   flat   base,   8   ins.   wide. 

The  materials  used  in  the  manufacture  were 
a  well  known  brand  of  Portland  cement  from 
the  Lehigh  Valley  district  which  satisfactorily 
passed  the  standard  tests.  New  Jersey  bank 
sand,  and  well  graded  %-in.  crushed  run 
trap.  In  a  few  of  tlie  pipes,  crushed  shale  of 
undesirable  <|ualities  was  used,  but  as  it  was 
not  suitable,  its  use  was  discontinued.  Four 
experimental  sections  were  also  made  of  con- 
crete containing  %-in.  graded,  air-cooled 
blast  furnace  slag  having  a  weight  of  74.7 
lbs.  per  cubic  foot,  when  shaken  to  refusal  in 
I  a  cubic  foot  measure.  The  concrete  was  ma- 
I  chine  mixed  in  the  approximate  proportions, 
1:2:3%. 

The  pipes  were  reinforced  with  triangular 
mesh  placed  1%  ins.  from  the  inner  surface 
and  described   in  Table   1. 

After  pouring  in  special  steel  moulds,  the 
pipes  were  allowed  to  harden,  some  of  them 
Wnder  atmospheric  conditions,  others  when 
subjected,  to  a   hot   vapor   bath   continued   for 


a  period  of  about  12  hours.  Tlie  application 
of  hot  vapor  at  a  temperature  of  about  100° 
F.  accelerates  the  hardening  and  permits  of 
the  removal  of  the  forms  on  the  day  after 
pouring  without  danger  of  injury  to  the  pioe 
during  the  removal.  It  thus  permits  the  man- 
ufacturer to  economize  on  moulds.  It  like- 
wise enables  him  to  make  pipes  in  freezing 
weather.     After  the  moulds  were  stripoed  the 
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Fig.  1 — Detail  of  Test  Box  for  3-ft.  Circular 
Reinforced    Concrete    Sewer    Pipe,    Phila- 
delphia, Pa. 

green  concrete  was  kept  damp  by  daily  sprin- 
kling for  one  week. 

EXTERNAL    LOADING  .  TEST.S. 

Method  of  Bedding. — Two  methods  of  bed- 
ding the  pipes  were  employed,  (a)  damp  sand 
bedding  and  Cb)  bedding  in  a  concrete  cradle. 
Three  inches  of  sand  or  concrete  was  used 
under  tlie  pipes  extending  on  each  side  to  a 
height  of  one-quarter  of  the  vertical  diameter. 
Where  a  sand  bedding  was  used,  the  pipe 
was  placed  on  the  layer  of  lightly  tamped  sand 


and  sand  was  heaped  and  tamped  around  the 
sides  to  the  proper  height.  In  the  case  of 
the  concrete  cradle  bedding,  the  pipe  was 
placed  in  the  soft  concrete  and  it  remained 
there  until  tested.  In  some  cases  the  cradle 
was  only  one  day  old  when  the  pipe  was 
tested,  but  generally  was  older  than  this. 

The  specifications  under  which  the  pipes 
were  laid  called  for  a  concrete  cradle  such  as 
described,  but  the  sand  bedding  tests  were 
made  in  order  to  inquire  into  the  necessity  for 
the   concrete   cradle   construction. 

Method  of  Loading. — The  load  was  trans- 
mitted to  the  specimen  under  test  through  a 
cushion  of  dampened  sand,  contained  in  a 
bottomless  box  resting  on  the  specimen.  The 
box  was  properly  braced  with  tie-rods  to  pre- 
vent   its    spreading   under     load.      .\     w'ooden 

TABLE   I.— DESCRIPTION   OF  REINFORCING 
IN    PHIL.\DEL,rHI.\    SEWER    PIPE. 


No.   of  .strands.   lon.;,'iluiiinal 1 

Gage  of  longitudinal  .'strands G  S 

Gage   of   LTOss   wUes V2.V-  Vl 

Sectional   area,    long.,   .SQ.    ins 0.0S7  0, 

Sect'nal  area,  cros.s  wires,  tii.  ins.     0.03.S  0 

Cross  sectional  area,  per  ft.  width  0.110  0 

Wt.  per  100  sq.  ft..  Iba 50  63 

Tensile  strength,  80,000  to  90,000  lbs.  per  sq. 


.124 
038 
116 

in. 


plunger,  carrying  a  timber  platform,  rested  on 
the  sand,  and  the  load  was  obtained  by  piling 
bags  of  cement  on  the  (ilalform.  This  method 
was  adopted  in  the  absence  of  a  testing  ma- 
chine of  the  desired  type  and  capacity.  It  was 
a  very  expensive  method  but  was  quite  ef- 
fective. The  loads  were  applied  at  the  rate 
of  10  bags  (950  lbs.)  in  about  5  minutes  and 
vertical  distortion  readings  were  taken  after 
each  10-bag  increment.  Figure  1  shows  the 
method  of  loading  in  detail  for  tlie  circular 
pipe.  The  egg-shape  pipe  were  loaded  in  a 
similar   manner. 

Method  of  Mc^psuring  Vertical  Distortion. — 
In  order  to  note  the  elastic  behavior  of  the 
pipes  under  load,,  distortions  of  the  vertical 
(|lameter  and  iu  some  casps  distortions  of  the 
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horizontal  diameter- were  measured.  This  was 
done  in  two  \v:9ys :  (1)  by  the  use  of  an  Ames 
dial  reading  to  0.001  in.  and  (2)  by  the  meas- 
urement of  the  middle  ordinate  between  two 
light  wooden  battens  sprung  into  place  be- 
tween  the   crown   arid   invert.     A   very   slight 
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Fig.   2 — Results  of  Tests   on   Steamed   36-in. 
Circular  Reinforced  Concrete  Sewer  Pipe, 
Philadelphia. 

movement  in  vertical  distortion  produces  a 
comparatively  large  increase  in  the  middle 
ordinate.  This  device  is  extremely  cheap  and 
convenient  to  attach.  It  is  held  in  place  en- 
tirely by  the  compression  in  the  battens.  The 
middle  ordinate  readings  were  taken  on  a 
scale  reading  to  0.01  in.  and  were  readily  con- 
verted to  vertical  deflections  by  calibration. 
This  device  was  used  merely  as  an  e.xpedient 
during   the   temporary   lack  of   an   Ames   dial. 
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Fig.  3 — Results  of  Tests  on  Unsteamed  36-ln. 
Circular  Reinforced  Concrete  Sewer  Pipe, 
Philadelphia. 

It,  however,  is  quite  accurate  and  is  capable 
of  refined  application  in  other  fields  of  testing 
where  deflection  measurements  must  be  made. 

THE  TESTS. 

It  was  the  aim  to  test  a  single  pipe  of  each 
kind   at   the   age  of  7,   14,  21   and    28    days. 


bedded  in  sand  and  concrete  and  cured  with 
andvvithout  steam,  and  this  program  was  fol- 
lowed as  completely  as  weather  and  other  con- . 
ditions  would  permit.  The  pipes  were  placed 
in  their  cradle  at  least  one  day  before  testing. 
Vertical  distortion  readings  were  not  taken 
until  the  sand  bo.x  and  loading  platform  were 
mounted  into  place,  and  the  initial  readings 
were  made  under  the  weight  of  sand  box  and 
platform  loading.  After  each  increment  of 
950  lbs.,  distortions  were  read  and  the  sur- 
face carefully  searched  for  hair  cracks. 

CURVES    OF    VERTICAL    DISTORTION. 

The  readings  for  vertical  distortion  are 
plotted  as  abscissas  on  Figs.  2,  3,,  4  and  5,  and 
the  ordinates  are  the  corresponding  loads  car- 
ried on  the  test  section  of  pipe,  4  ft.  long. 
The  curves  thus  obtained  indicate  several 
facts  concerning  the  pipes. 

Considering  first  the  unsteamed  pipes,  it 
will  be  seen  that  stiffness  is  gained  with  age, 
and  the  load  under  which  the  first  hair  cracks 
became  visible  likewise  advances  with  the  age 
of  the  pipe.  This  is  to  be  expected,  and  is 
in  agreement  with  other  tests  on  reinforced 
concrete.  Note  the  great  increase  in  stiffness 
resulting  from  the  use  of  a  concrete  cradle 
rather  than  sand  bedding.  As  an  accompany- 
ing result,  cracking  occurs  at  a  much  higher 
load  when  a  concrete  cradle  is  used  than 
where  the  pipe  is  merely  bedded  in  sand.  This 
is  true  of  egg-shaped  and  of  circular  sections. 


Fig.  6 — View  of  Apparatus  for    Making    Per- 
meability and  Internal  Hydraulic  Pressure 
Tests  of  Reinforced  Concrete  Sewer  Pipe. 
Philadelphia. 

but  is  particularly  true  of  the  circular  pipes. 
It  was  required  by  the  city  specifications  that 
the  pipes  be  able  to  withstand  an  external 
load  of  1,000  lbs.  per  square  foot  without 
showing  cracks.  This  was  a  reasonable  re- 
quirement for  the  conditions  under  which  the 
pipes  were  laid.  It  will  be  noted  that  the 
circular  sections  embedded  in  sand,  when  un- 
steamed, are  unable  to  pass  the  specifications 
at  ti  and  15  days  and  lie  uncomfortably  close 
to  the  requirements  at  21  days.  When  a  con- 
crete cradle  is  used,  however,  no  difficulty 
whatever  is  encountered  in  exceeding  the 
loading  requirements.  In  constructing  a  sewer 
of  circular  pipes  such  as  these,  with  a  likeli- 
hood of  their  being  subjected  to  a  load  of 
1,000  lbs.  per  square  foot,  a  concrete  cradle, 
extending  in  height  one-quarter  of  the  diame- 
ter of  the  oipe  above  the  base  is  recommended 
as   necessary   in   order  to   avoid   cracks. 

As  might  be  expected,  the  egg-shaped  pipes 
were  stiffer  than  the  circular  pipes,  and  were 
not  afforded  as  much  extra  support  by  the 
concrete  base  as  were  circular  pipes.  How- 
ever, even  in  the  egg-shaped  sections,  the 
extra  stiffness  and  resistance  against  cracking 
provided  by  the  concrete  warrant  its  use. 

.\  comparison  of  the  steamed  and  unsteamed 
pipes  is  of  interest.  There  seems  to  be  an  in- 
dication that  the  steam  cured  pipes,  that  have 
had  their  setting  accelerated,  are  more  uncer- 
tain in  their  strength  at  the  later  periods  than 
are  the  pipes  cured  under  normal  conditions. 
The  strength  of  the  normally  cured  pipes  fol- 


lows a  fairly  definite  law  of  increase  in.  stiff- 
ness with  age.  The  steam  cured  pipes  on  the 
other  hand  are  extremely  erratic,  some  of  the 
older  pipes  exhibiting  less  stiffness  than  those 
of  lesser  age.  The  steam  method  of  initial 
•curing   is  open   to   some   question,   and   if   al^ 
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Fig.  4 — Results  of  Tests  on   Steamed   2x3-ft. 
Egg-Shaped     Reinforced     Concrete     Sewer 
Pipe,  Philadelphia. 

lowed,  should  be  very  carefully  controlled  in 
order  not  to  drive  out  the  moisture  from  the 
concrete  before  the  cement  has  attained  its 
set. 

The  behavior  of  the  experimental  pipes 
made  with  blast  furnace  slag  coarse  aggregate 
is  interesting  in  indicating  that  the  strength 
and  stiffness  of  the  pipes  of  this  material 
equaled  or  even  slightly  exceeded  those  of 
pipes  made  with  crushed  trap. 


Vertical  Distortion  Cinches) 
Fig.  5 — Results  of  Tests  on  Unsteamed  2x3- 
ft.  Egg-Shaped  Reinforced  Concrete  Sewer 
Pipe,  Philadelphia. 

HAIR   CRACKS. 

It  is  highly  undesirable  to  subject  a  rein- 
forced concrete  sewer  pipe  to  a  load  such  that 
hair  cracks  are  likely  to  form,  because  of  the 
danger  of  corrosion  of  the  reinforcing  metal 
that  must   result.     That  load  which  causes  a 
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visible  hair  circle  to  form  is  therefore^  to  be 
regarded  as  the  uhimate  strength  of  the  pipe, 
even  though  the  load  necessary  to  cause  actual 
collapse  may  be  much  higher. 

On  the  curves,  the  loads  at  which  cracks 
were  first  noticed  are  indicated  by  arrow 
heads,  and  the  position  of  the  arrow  indicates 
the  position  of  the  cracks,  whether  at  the  bot- 
tom, top  or  sides  of  the  pipes.  The  pipes 
embedded  in  sand  almost  invariably  failed  by 
cracking  at  the  bottom,  inner  surface  or  in- 
vert, and  in  the  circular  pipes  a  crack  was 
generally  first  noticed  at  the  top  inner  face. 
The  side  cracks  which  occurred  on  the  outer 
surface  of  the  sand  embedded  pipes  were 
sometimes  noticed  simultaneously  with  the 
top  and  bottom  cracks,  and  sometimes  not  un- 
til after  the  top  and  bottom  cracks  had 
formed. 

When  a  concrete  cradle  is  used,  the  first 
crack  almost  invariably  occurs  at  the  top,  and 
is  sometimes  accompanied  by  side  cracking  on 
the  outside.  Cracks  do  not  form  at  the  ex- 
treme bottom  when  the  pipe  is  bedded  in  con- 
crete, although  under  very  high  loads,  and 
after  all  other  cracks  have  formed  at  the  top 
and  sides,  inside  cracks  will  develop  just  above 
the  level  of  the   concrete  cradle. 

A  very  green  concrete  cradle,  even  when 
not  more  than  one  day  old,  adds  greatly  to  the 
strength  of  the  pipe. 

The  order  of  forination  and  position  of 
the  cracks  are  very  reassuring,  particularly 
when  a  concrete  cradle  is  used.  Thus  it  has 
been  seen  that  the  invert  remains  intact  even 
long  after  the  pipe  has  been  loaded  sufficiently 
to  crack  it  at  the  crown.  The  sand  bedded 
pipes,  however,  cracked  at  the  invert  under 
quite  a  low  load.  This  is  an  additional  argu- 
ment for  the  use  of  a  concrete  cradle  rather 
than  earth  bedding.  The  fact  that  cracking 
occurs  at  the  top  or  bottom  on  the  inner  sur- 
face before  it  occurs  at  the  sides  on  the  outer 
surface  is  significant.  It  shows  that  the  steel 
is  correctly  placed  to  provide  for  the  tension 
at  the  dangerous  sections  of  the  pipe.  In- 
creased resistance  against  complete  collapse 
would  perhaps  be  obtained  by  shaping  the 
steel    to    approach    the    outer    surface    at    the 

TABLE    II  — RE.SULTS      OF      PERMEABILITY 

TEST    OF    REINFORCED     CONCRETE 

SEWER    PIPE. 


Duration 

Leakage, 

Age, 

Pressure, 

of  test. 

gals,  per  mile 

<lay.s. 

lbs. 

hours. 

per  24  lirs. 

.30 

li 

1 

7,920 

31 

5 

1% 

13.860 

:il 

5 

1 

11.900 

.32 

-, 

1 

1.5. S40 

33 

5 

1 

10,890 

34 

10 

Vi 

27.700 

40 

in 

1 

♦13.860 

•Muddy 

water. 

sides,  but  collapsing  strength  is  not  of  much 
interest  as  it  is  well  above  the  load  required 
to  produce  the  first  visible  crack.  The  extra 
expense  which  would  be  involved  in  this  pro- 
cedure is  therefore  not  warranted. 

TESTS      FOR      IMPERMEABILITY      AND      RESISTANCE 
AGAINST     INTERNAL    PRESSURE. 

In  a  sewer  of  the  size  tested,  a  leakage 
amounting  to  more  than  about  10,000  gals, 
per  mile  in  24  hours  might  well  be  regarded 
as  the  tnaximum  allowable  limit.  A  reason- 
ably tight  sewer  placed  in  the  wettest  soil  at 
a  considerable  depth  should  not  admit  more 
than  this  amount  of  ground  water.  Not  only 
should  the  sewer  be  safe  against  excessive 
inward  leakage  but  it  should  likewise  be  capa- 
ble of  resisting  a  possible  interior  pressure 
due  to  flooding  without  cracking  and  thereby 
developing  large   leaks. 

The  specifications  required,  therefore,  that 
excessive  leakage  should  not  occur  under  a 
pressure  of  5  lbs.  per  square  inch  and  should 
not  crack  nor  burst  under  a  pressure  of  10 
lbs.  per  square   inch   interior  pressure. 

In  order  to  make  the  hydraulic  test,  two 
sections  of  pipe  were  grouted  together  in  the 
same  manner  in  which  they  would  be  treated 
in  the  trench.  Hca<ls  made  of  steel  plates  were 
bolted  to  the  ends  by  means  of  long  bolts  ex- 
tending through  the  pipe  and  along  the  sides. 


as  shown  in  Fig.  6.  Rubber  carriage  tires  of 
the  correct  diameter  were  used  as  gaskets  to 
prevent  leakage  at  the  ends.  The  leakage  was 
collected  in  a  tin  drip  pan  and  measured.  The 
grouted  joint  connecting  the  two  sections  was 
about  two  weeks  old  when  the  first  test  was 
made,  and  the  pipes  were  30  days  old.  Table 
II  gives  the  results  of  the  permeability  tests. 

The  interna!  pressure  required  to  crack  the 
pipes   was  2.5  lbs.   per   square  inch. 

A  corresponding  test  made  on  a  slag  con- 
crete pipe  showed  a  leakage  of  .5,470  gals,  per 


TABLE  ill.— TESTS  ON  SAND  USED  IN  CON- 
CRETE   SEWER    PIPE    AT    PHILA- 
DELPHIA. 

Sp.   gravity   2.654 

Per   cent  voids    (loose) 42.5 

Wt.  per  cu.   ft.    (loose) 95.7 

Strength  tests — Tension,   1:3  mortar: 

7  days.     28  days.  3  mos. 

Bank  sand    199             344  415 

Ottawa    sand 330             460  493 

Ratio,  per  cent 60.3           72.7  84.3 

Compressive  strength,   i:3  mortar: 

7  days.     28  days. 

Bank    sand    850  1,842 

Ottawa    sand    1,194  2,625 

Ratio,    per    cent 71.1  70.2 

Passing         14     99.3% 

Passing         i/s      96-2 

Passing     10         93.9 

Passing     20         82.7 

Passing     30         72.0 

Passing     40         62.8 

i'assing     50          35.5 

Passing     SO         9.6 

I'assing  100         4.1 

I  'iissing  200         0.5 

Silt         0.0 


mile  per  24  hours,  and  required  an  internal 
pressure  of  32  lbs.  per  square  inch  to  cause 
rupture.  Most  of  this  leakage  occurred  at 
tlie   grouted  joint. 

The  above  results  for  the  stone  pipe  are 
not  particularly  good.  Concrete  as  rich  as  that 
Used  in  the  manufacture  of  these  pipes  can  be 
made  practically  watertight  against  -5  lbs.  per 
square  inch  pressure.  Most  of  the  leakage 
occurred  in  the  upper  half  of  the  pipes  as 
molded,  showing  that  a  difference  in  density 
existed  in  the  concrete,  depending  on  its  posi- 
tion in  the  forms.  However,  in  the  trench 
leaks  such  as  those  due  to  somewhat  porous 
concrete  and  not  to  actual  cracks  in  the  con- 
crete would  soon  become  filled  with  silt  and 
no   undue   leakage   should   thereafter   result. 

CONCLUSIONS. 

The  following  conclusions  seem  warranted  : 

1.  Reinforced  concrete  pipes,  when  prop- 
erly made  and  properly  cured,  are  very  satis- 
factory for  the  construction  of  sewers. 

2.  The  use  of  a  concrete  cradle  greatly  in- 
ceases  the  stiffness  of  the  pipe  and  raises  the 
load  under  which  initial  cracking  takes  place. 

3.  For  sections  of  the  size  tested  and  for 
smaller  sections,  the  placing  of  the  reinforc- 
ing near  the  inner  face  throughout  the  entire 
circumference  seems  to   be  justified. 

4.  The  matter  of  curing  should  be  very 
carefully  controlled,  as  much  stronger  pipes 
will  result  if  care  is  taken  to  keep  them  thor- 


TABLE      IV.— CRUSHING      STRENGTH      AND 

ABSORPTION      TESTS      ON      CONCRETE 

USED   IN    PHILADELPHIA    SEWER 

PIPE. 

Cylinders  Made  from  Concrete  Used  in  Pipe. 

Crushing  Buried  in 

Age,        strength,    Steamed,      ground. 
No.  days.  lbs.  hrs.  days. 

1  82  2,260  10  77 

2  82  2,910  10  77 

3  60  2,650  11  55 

4  60  2.410  11  55 
•5  55  1,930  10  50 
•()  55  1.700  10  50 
•Nos.  5  and  6  made  of  blast  furnace  aggregate. 

ABSORPTION    TICSTS    OF    CONCRETE,    PER 
CENT    APSORPTION    AFTER    48    HOURS. 

Stone  concrete    4.4  per  cent. 

Slag  concrete   6.1  per  cent. 


oughly   wet,    preferably    for   a    period   of   two 
weeks. 

The  manufacture  of  concrete  pipe  is  a 
process  that  can  be  controlled  very  precisely, 
and    the    character   of   the    concrete    produced 


should  be  'much  superior  to  that  made  in  fhe 
average  Concrete  construction.     The'quality  of 
the  vat-ibus  materials  available  should  be  very 
carefully-  investigated   before  use.'    Much' cftn 
be   done   toward   producing   stronger   concir^t-e- 
by  the  selection  of  first  class  sand  and  coarfee-' ■ 
aggregate.     But  the  manufacturer  should- 'nk>F''^ 
stop  at  merely  obtaining  satisfactory  constifiJ- 1° 
ent    materials,     he     should     go     further.      Ii:i^'^ 
should   find   out  by  very   sirnple   density   testtf"' 
how  he  should  combine  these  constituent  fna-'^V 
terials  in  order  to  obtain  with  them  concrete' 
of  the  greatest  density  and  greatest  strengtl^Hi 
for  it  must  be  emphasized  that  dense  concrjetef^w 
is   vitallv   necessary    for   concrete   sewer   conifad 
struction.  ^■'^ 
Tables   III   and   IV   give   data  on   the   sand-f 
used  in  the  pipe,  and  on  strength  and  absorp-;iit 
tion  tests  of  the  concrete.                                     '^fn 
^ -iq 

Sewage  Collection  and  Pumping  Sys- 
terns  on  Low-Lying  Park  Point       ;,,; 


Near  Duluth,  Minn. 


.3S 
.rft 

Park  Point  forms  the  sole  protection  foruq 
Duluth-Superior  harbor;  it  averages  in  width 
about  500  ft.,  and  is  in  many  cases  not  over 
10  ft.  above  the  lake  level.  It  is  several  miles 
in  length,  and  is  separated  from  Duluth  proper 
by  the  U.  S.  ship  canal.  The  district  is 
strictly  residential,  and  is  built  up  almost  en- 
tirely of  small  cottages.  Two  streets  run 
parallel  with  the  axis  of  the  Point,  Lake  Ave. 
on  the  lake  side  and  Minnesota  Ave.  on  the 
side  of  Duluth  harbor.  For  the  first  five  blocks 
from  the  ship  canal  Lake  Ave.  is  the  principal 
residence  street,  after  which  almost  the  entire 
population  is  confined  to  Minnesota  Ave.  (The 
sewer  described  later  was  accordingly  built  on 
Lake  Ave.  for  a  distance  of  five  blocks,  then 
passed  over  to  Minnesota  Ave.,  on  which  it 
extends  26  blocks  further,  being  in  all  a  little 
short  of  three  miles  long.)  A  preliminary 
study  showed  that  the  highest  portion  of  the 
street  was  about  9  ft.  above  mean  low  water 
in  the  bay,  while  the  lowest  point  was  about 
2  ft.  above ;  the  average  was  probably  about 
7  ft.  The  highest  water  of  record  was  about 
2  ft.  above  the  mean  low  water,  which  is  the 
datum  plane,  to  which  all  elevations  hereafter 
are  referred.  The  average  daily  consump- 
tion of  water  amounted  to  about  25,000  gals. 
A  majority  of  the  cottages  were  provided  with 
shallow  cess  pools,  which  leached  into  the  sur- 
rounding sand.  Plans  for  the  sewerage  of  this 
sand  spit  are  described  in  ^  paper  before  the 
recent  annual  meeting  of  the  Minnesota  Sur- 
veyors' and  Engineers'  Society  by  Mr.  John 
Wilson,  City  Engineer  of  Duluth.  One  plan 
was  to  construct  at  frequent  intervals  a  sewer 
across  the  point  connecting  the  lake  with  the 
bay,  into  which  the  service  sewers  would 
empty;  and  allow  the  current  produced  by  the 
difference  in  elevation  of  the  water  in  the 
bay  and  that  of  the  lake  to  carry  away  the 
accumulating  sewage.  This  current  would 
vary  from  time  to  time,  first  being  in  one  di- 
rection and  then  in  the  opposite.  The  most 
serious  objection  to  this  scheme  was  the  prob- 
ability of  the  first  storm  completely  filling 
the  sewer  with  sand,  unless  the  outlets  were 
carried  out  into  the  very  deep  water,  which 
would  be  very  expensive.  .Another  plan  was 
to  construct  a  series  of  septic  tanks  along  the 
bay,  into  which  the  sewage  would  be  dis- 
charged. Ki  this  would  mean  the  construc- 
tion of  not  less  than  twelve  tanks,  none  of 
which  could  be  located  further  than  150  ft. 
from  some  cottage,  and  as  the  effluent  would 
be  discharged  into  the  bay,  which  is  used  for 
liathing  purposes  at  several  points,  this  plan 
was  also  seriously  objectionable. 

The  plan  which  was  finally  adopted  was  the 
construction  of  a  sewer  with  boosting  pumps 
placed  at  various  intervals  along  the  line,  five 
in  all,  and  discharging  the  sewage  beneath  the 
surface  of  the  water  "in  the  U.  S.  ship  canal. 

The  first  pump  was  located  one  block  from 
the  ship  canal,  and  discharges  through  a  ()  in. 
cast  iron  pipe,  which  upon  reaching  the  gov- 
ernment pier  passes  down  a  well,  thence  under 
the  pier  and  up  on  the  outside  about  6  ft. 
above  the   bed   of   the  channel.     The   velocity 
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through  this  pipe  is  supposed  to  be  from  4  to 
4%  ft.  per  second,  which  should  be  sufficient 
to  carry  sand  or  small  gravel  of  a  size  which 
might  enter  the  pump.  The  second  pump  was 
located  on  Minnesota  Ave.  where  the  sewer 
passes  to  Lake  Ave.,  and  lifts  the  sewage 
through  a  6  in.  cast  iron  pipe  to  the  sewer 
on  Lake  Ave.  The  third  pump  is  located  eight 
blocks  further  on,  the  fourth  nine  blocks 
further,  and  the  last  pump  seven  blocks  be- 
yond the  fourth. 

The  sewer  is  all  constructed  of  10  in.  vit- 
rified sewer  pipe,  except  the  last  two  blocks, 
which  are  8  in.  As  over  half  the  sewer  is 
below  the  level  of  the  lake,  the  deepest  point 
being  - — 3.16  and  the  highest  — 3.69,  it  was 
desirable  to  make  the  joints  as  nearly  water- 
tight as  possible;  therefore  the  joints  were  all 
made  by  the  use  of  G.  K.  Compound  or 
Pioneer  Sewer  Joint  Asphalt. 

The  10  in.  pipe  is  laid  to  a  grade  of  0.15  per 
cent,  and  the  8  in.  to  a  grade  of  0.25  per  cent; 
which  will  give  a  velocity  of  about  1.5  ft.  per 
second.  There  is  no  doubt  however  but  that 
this  velocity  is  increased  by  the  action  of  the 
pumps 

SPECIFICATIONS   FOR   PUMPING   PLANTS. 

The  specifications  for  the  pumping  plant 
shown  in  Fig.  1  were  as  follows : 

All  manholes  and  pump  pits  shall  be  con  - 
structed  of  concrete,  one  part  Portland  cement, 
two  parts  sand  and  three  parts  approved  gravel 
or  broken  stone,  which  will  pass  a  I'^-in,  ring. 
The  walls  shall  all  be  waterproofed  with  ap- 
proved compounds,  such  as  Medusa  or  Ceresit. 
which  shall  be  applied  according  to  the  instruc- 
tions of  the  manufacturers.  Special  attention 
must  be  given  to  the  problem  of  excluding 
ground  water,  and  all  pump  pits  must  be  made 
watertight,  and  the  manholes  nearly  so,  before 
the  work  will  be  accepted.  The  centrifugal 
j  pump  shall  be  of  the  vertical,  single-stage  type, 
delivering  from  350  to  375  gals,  per  minute.  The 
impellers  shall  be  of  the  open  type,  and  made 
of  cjose-grained  cast  iron.  Packing  rings,  in- 
terior nuts,  linings  of  stuffing  box,  throats  aU'l 
glands  must  be  of  non-corrodible  material.  Sur- 
faces subject  to  we.ar  shall  be  removable  with- 
out removing  the  pump  casing,  impeller  or 
shaft.  All  passages  must  become  accessible 
upon  opening  the  pump  casing.  All  main  bear- 
ings shall  be  of  the  self-oiling  type,  and  liberal 
oil  grooves  provided  so  as  to  insure  lubrication 
over  the  entire  bearing.  The  pump  thrust  and 
weight  of  shaft  shall  be  taken  up  on  ball  bear- 
ings. The  rated  head  against  which  the  pumps 
must  operate  will  be  as  follows:  Pumps  one 
and  two,  13  ft;  three,  four  and  five,  7  ft.  The 
motors  will  be  vertical,  direct  connected  to  the 
pump  shaft  by  flexible  coupling;  and  shall  be 
of  a  speed  suitable  for  the  pump.  One  and  two 
shall  not  be  less  than  5  hp.,  and  three,  four  and 
five  shall  not  be  less  than  3-hp.  The  current 
will  be  alternating,  single-phase,  60-cycle,  and 
can  be  either  110  or  '220  volts.  The  motors  shall 
be  of  some  well-known  make,  and  shall  be 
equipped  with  the  necessary  fuses,  switches, 
etc.  An  automatic  starter  and  cut-out  shall  be 
provided,  which  will  operate  by  a  float  in  the 
adjoining  wall.  As  the  motor  will  be  below 
ground,  it  must  be  especially  adapted  to  work- 
ing under  damp  conditions.  Everything  must 
be  in  perfect  running  order  before  being  ac- 
cepted.    This  must  be  determined  by  actual  test. 

The  pumps  are  placed  in  separate  pits  from 
the  sewer,  and  are  all  placed  low  enough  to 
be  self-priming.  In  most  cases  the  sewage 
rises  to  elevation  2  before  the  pump  starts.  It 
will  thus  be  noticed  that  the  sewage  is  backed 
up  in  the  sewer  a  considerable  distance  be- 
fore the  pumps  start ;  which  under  normal 
conditions  would  be  considered  objectionable. 

It  was  necessary  to  place  the  pumps  at  suf- 
ficient depth  to  make  them  self-nriming ;  but 
to  place  them  any  lower  than  this  meant  an 
increase  in  cost,  together  with  the  probability 
of  pumping  much  more  ground  water. 

All  house  connections  are  4  in.,  and  carried 
up  vertically,  except  where  the  sewer  is  above 
water.  This  fulfills  the  two-fold  purpose  of 
preventing  the  sewage  from  backing  into  the 
house  .connections,  .and  also  prevents  careless 


connections  from  being  made  later  on,  which 
might  admit  a  large  quantity  of  ground  water. 

The  suction  well  or  manhole  of  each  pump 
is  provided  with  an  overflow  at  elevation  2.5 
which  is  about  1  ft.  higher  than  usual  high 
water  and  6  ins.  higher  than  the  highest  point 
of  which  we  could  find  any  record.  Thus  if 
any  one  of  the  pumps  should  fail  to  work  the 
sewage  will  overflow  to  the  bay,  until  the 
pump  can  again  be  placed  in  operation.  The 
pump  pits  are  of  rectangular  shape,  about  4  x 
5  ft.  The  suction  passes  through  the  wall  of 
the  pump  pit  and  enters  the  suction  manhole 
or  pit,  the  drop  pipe  of  the  suction  being  1  ft. 
below  the  invert  of  the  sewer  and  6  ins.  clear 
of  the  bottom. 

The  lower  ends  of  the  suction  pipes  vary 
on  the  different  pumps  from  4%  to  3  ft.  below 
mean  low  water  in  the  lake.  The  pumps  dis- 
charge into  another  manhole  which  is  at  the 
head  of  the  sewer,  passing  on  to  the  next 
pump,  except  for  pumps  1  and  2,  which  have 
been  previously  described.  Previous  to  start- 
ing the  pumps  the  amount  of  infiltration  was 
found  to  be  about  18  gals,  per  minute  with 
the  sewer  empty  and  the  water  in  the  bay  at 
about  elevation  1  ;  in  which  case  approximate- 
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Fig.   1.   Details  of  Typical   Sew/age    Pumping 
Station   on    Park    Point,    Duluth,   Minn. 

ly  two  miles  of  the  sewer  was  below  water. 
The  pumps  have  now  been  in  operation  about 
nine  months,  and  have  so  far  performed  their 
work  without  any  serious  trouble. 

The  contract  price  for  each  pumping  plant 
was  $900.  My  preliminary  estimate  for  the 
cost  of  inaintenance  and  operation  was  $720 
per  year;  and  although  the  cost  of  current 
is  considerably  higher  than  estimated,  being 
$1  per  month  per  horse  power,  the  cost  of 
the  first  year  will  no  doubt  not  exceed  that 
figure. 

At  present  there  are  34  connections  made 
with  the  sewer,  which  contribute  about  175,- 
000  gals,  per  month.  Many  more  connections 
will  be  made  the  coming  season.  Due  to  the 
fact  that  so  few  connections  are  being  made 
to  the  last  section  of  the  sewer  it  will  prob- 
ably be  necessary  to  provide  a  flushing  device 
to  insure  the  last  pump  operating  more  fre- 
quently, and  thus  prevent  an  odor  from  the 
manholes. 


Early  Results  of  Experiments  on  the 
Purification  of  Sewage  by  Aeration 
in   the   Presence   of   Acti- 
vated Sludge. 

During   recent   months   experimentation   has      j 
been  taken  up  at  several  points  in  this  country      j 
on   the   purification   of   sewage  by  aeration  in      | 
the  presence  of  activated  sludge.     As  the  ex-      '■ 
periments  have  progressed   the  enthusiasm  of      ' 
the  experimenters  over  the  apparent  possibili-      i 
ties   of   the   method   has   increased.      Editorial 
comment   is   made  elsewhere   in  this   issue  on 
some  of  the  present  aspects  of  this  method  of 
treatment.     The   present   article   dc'-cribes   the 
early    results    of    the   experiments,    along    this 
line,    in   the    laboratory   of   the    Illinois    State 
Water    Survey   at    the    University    of    Illinois. 
Our   information   is   from   a  paper  before   the 
American   Chemical    Society   at   New   Orleans, 
April    1-3,   by   Dr.   Edward   Bartow,   Director, 
and    F.    W.    Mohlman,    Assistant    Chemist,   of 
the  Illinois  State  Water  Survey. 

Acting  under  the  advice  of  Prof.  Gilbert  J. 
Fowler,  of  the  University  of  Manchester,  Eng- 
land, the  Illinois  experiments  have  followed- 
the  lines  described  bv  Ardern  and  Lockett 
in  J.  Soc.  Chem.  lud.,  33,  .523-39,  1122-4. 
Some  repetition  of  work  has  been  neces- 
sary to  become  familiar  with  the  process,  tcv 
get  some  activated  sludge,  and  to  study  reac- 
tions involved.  Studies  -are  being  made  of 
necessary  mechanical  devices,  the  physical, 
chemical  and  biological  conditions  of  the  proc- 
ess and  the  properties  of  the  sludge.  The  ex- 
periments are  on  intermittent  flow,  continuous- 
flow  having  been  abandoned  for  the  present 
by  Ardern  and  Lockett. 

Our  first  experiments  were  made  using  bot- 
tles of  3  gals,  capacity.  Later,  we  constructed 
a  tank  9  ins.  square  and  5  ft.  deep.  This  tank 
has  plate  glass  front  and  back  to  permit  easy 
observance  of  the  condition  of  the  sewage 
and  sludge.  A  porous  plate  was  placed  4  ins. 
above  the  bottom.  An  inlet  for  air  and  an 
outlet  for  any  water  which  might  pass  through 
the  plate  were  provided  in  the  space  below  the 
plate.  All  compressed  air  is  measured  through 
an  ordinary  gas  meter.  The  purified  sewage  is 
removed  by  means  of  a  siphon.  Experiments 
have  been  carried  out  in  the  laboratory  at  room 
temperature,  thus  far,  with  no  special  precau- 
tions to  regulate  the  temperature. 

Champaign  city  sewage  is  used.  It  is  col- 
lected from  a  point  in  the  main  sewer  and 
when  taken  is  fresh.  It  is  a  fairly  strong  do- 
mestic  sewage,   containing  no  trade  wastes. 

Aeration  of  Raiu  Sezvagc  IVithout  the  Addi- 
tion of  Sludge. — Air  has  been  blown  into  five 
separate  portions  of  sewage  until  complete 
nitrification  was  accomplished.  To  show  the 
progress  of  the  reaction  tests  for  free  am- 
monia, nitrites  and  nitrates  were  made  at  in- 
tervals during  each  treatment.  The  time  re- 
quired for  complete  nitrification  has  varied 
from  15  to  33  days.  The  best  result  was  ob- 
tained in  the  tank,  where  the  air  was  dis- 
tributed through  the  porous  plate.  For  all 
analyses,  samples  of  the  supernatant  liquid 
were  taken  after  one  hour  settling  without  fil- 
tration. In  each  case  the  free  ammonia  nitro- 
gen was  almost  quantitatively  changed  to 
nitrite  nitrogen,  then  the  nitrite  nitrogen  in 
turn  was  changed  almost  quantitatively  to  ni- 
trate nitrogen.  This  change  is  illustrated  in 
Figs.  1  and  2.  The  formation  of  nitrate  in 
the  tank  was  accomplished  in  15  davs  with  the 
use  of  4.830  cu.  ft.  of  air. 

Aeration  With  Sludge. — The  supernatant 
liquid  was  siphoned  off  and  a  fresh  portion  of 
sewage  added  to  the  sludge.  In  this,  the  sec- 
ond- treatment,  the  effect  of  a  small  amount  of 
sludge  is  very  nicely  illustrated  by  the  reduc- 
tion of  the  time  required  for  complete  nitrifi- 
cation from  15  days  to  4  days  and  the  reduc- 
tion in  the  amount  of  air  used  from  4,830  cu. 
ft.  to  1,270  cu.  ft.  Thirty-four  parts  per  mil- 
lion of  free  ammonia  nitrogen  in  the  raw 
sewage  produced  23.8  p.  p.  m.  of  nitrate  nitro- 
gen in,  the  supernatant  liquid. 

The  supernatant  liquid  was  again  siphoned 
off,  fresh  sewage  added  and  aeration  contin- 
ued. In  this,  the  third  treatment,  nitrification 
was  complete  in  two  days  and  but  720  cu.  ft.. 
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of  air  was  used.  Thirty-three  p.  p.  m.  free 
ammonia  nitrogen  produced  22.3  of  nitrate 
nitrogen.  In  the  twelfth  treatment  the  puri- 
fication was  completed  in  less  than  eight  hours 
with  the  use  of  less  than  128  cu.  ft.  of  air  and 
36  p.  p.  ni.,  as  free  ammonia  nitrogen  produced 
29.5  p.  p.  m,  of  nitrate  nitrogen.  In  the  31st 
treatment  with  sludge  and  sewage  in  the  pro- 
portion of  1  :5  purification  was  complete  in 
less  than  five  hours.  Thirty-five  cubic  feet  of 
air  were  used,  equal  to  .20  cu.  ft.  per  square 
foot  of  surface  area  per  minute,  or  about  3  cu. 
ft.  per  gallon  of  sewage.  We  have  not  yet 
attempted  to  determine  the  minimum  amount 
of  air  required. 

Samples  taken  at  the  end  of  each  hour  of 
aeration  during  some  of  the  treatments  have 
been  tested  for  stability.  A  sample  taken  at 
the  end  of  one  hour  aeration  in  the  31st  treat- 
ment had  not  decolorized  methylene  blue  at 
the  end  of  12  days.  Since  in  one  hour  nitrifi- 
•cation  was  not  complete,  it  is,  therefore,  evi- 
<iently  unnecessary  to  obtain  complete  nitrifi- 
cation in  order  to  obtain  a  stable  effluent. 
Since  it  is  impossible  to  separate  the  oxidized 
liquid  entirely   from  the  sludge  it  is  probable 


10     la     14 

Time  in  Days 
Fig.  1 — Diagram  Showing  Progress  of  Nitrifi- 
cation   of   Aerated    Sewage — No   Activated 
Sludge   Present. 

that  the  stability  is  promoted  by  the  oxidizing 
action  of  the  nitrate  in  the  residual  liquid. 

The  progress  of  nitrification  in  the  presence 
of  activated  sludge  is  apparent.  The  results 
are  shown  in  Fig.  3.  From  this  and  from 
other  series  of  analyses  it  is  indicated  that 
there  is  no  quantitative  conversion  of  free  am- 
monia to  nitrate,  followed  by  oxidation  to 
nitrate,  but  that  nitrates  are  formed  simul- 
taneously with  nitrites. 

The  number  of  bacteria  were  determined 
during  one  treatment.  Samples  were  taken 
after  one  hour  settling.  The  raw  sewage 
showed  a  bacteriological  content  of  750,000 
per  cc.  The  supernatant  liquid  after  aeration 
and  settling  one  hour  showed  but  20.000.  Fur- 
ther tests  are  planned,  to  include  the  deter- 
mination of  species. 

Worms  in  Sludge. — Through  the  courtesy 
of  Prof.  Frank  Smith,  Professor  of  Sys- 
tematic Zoology  of  the  University  of  Illinois, 
biological  examinations  have  been  made  of  the 
sludge.  Among  the  microscopic  animals  found 
are  many  Vorticella  and  Rotifera,  but  the  prc- 
dominent  organism  is  an  annelid  worm,  known 
as  Aeolosoma  hcmprichi.  This  organism  is 
about  2  to  5  millimeters  long  and  is  quite 
slender.  It  abounds  in  various  kinds  of  fresh- 
water bodies  where  there  is  an  abundance  of 
decaying  organic  material,  and  thrives  espe- 
Oall}'  well  where  there  is  much  fermentation, 
and  in  waters  contaminated  with  sewage,  pro- 
vided there  is  an  abundance  of  oxygen. 

It  belongs  to  a  group  of  worms  in  which 
reproduction  occurs  very  rapidly  by  asexual 
methods.  A  fission  zone  is  formed  near  the 
middle  of  the  body  of  the  parent  worm  and 
develops  the  head  of  one  daughter  worm  and 
the  tail  of  the  other  and  thus  two  new  worms 
are  formed  from  one.  This  requires  not  over 
2  or  3  days  and  is  repeated  for  an  indefinite 
number  of  generations. 

They  feed  greedily  and  almost  continuously 
on  any  small  organic  particles  that  ;they  can 
obtain  and  presumably   destroy  at  least  their 


own  weight  of  organic  matter  every  day  and 
probably  more.  Because  of  the  mode  of  re- 
production, it  takes  but  a  short  time  to  pro- 
duce extensive  colonies  with  great  capacity 
for  the  destruction  of  organic  material. 

Sludge. — The  activated  sludge  has  evidently 
been  developed  by  the  multiplication  of  these 
worms  originally  present  in  the  sewage  and 
the  species  found  at  varying  points  might  dif- 
fer. The  sludge  does  not  have  an  unpleasant 
odor,  due  to  the  fact  that  it  consists  largely 
of  living  organisms.  If  kept  for  a  long  time 
in  a  moist  condition  without  air  it  will  putrefy. 

Composition  of  Sludge. — i\nalyses  of  the 
sludge  made  by  W.  D.  Hatfield  have  shown 
the  following  results :  After  drying  first  on 
the  water  bath  and  then  for  three  hours  in  an 


A  plant  to  operate  on  a  larger  scale  is  un- 
der construction  in  which  to  continue  the  ex- 
periments. 
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Fig.  2 — Diagram  Showing  Progress  of  Nitrifi- 
c'ation    of   Aerated    Sewage    with    Uniform 
Distribution  of  Air  through  Porous  Plate — 
No  Activated  Sludge  Present. 

oven  at  100°  C.  the  loss,  or  moisture,  was 
95.54  per  cent.  The  dried  material  contained 
0.3  per  cent  nitrogen,  4.0  per  cent  fat,  1.44  per 
cent  Tiliosphurus,  equal  to  3.31  per  cent  P-jOr. 
and  75  per  cent  of  volatile  matter  by  loss  on 
ignition. 

From  these  chemical  data  the  dried  sludge 
w'ould  evidently  have  value  as  a  fertilizer.  If 
we  calculate  the  value  as  20  cts.  per  pound  of 
nitrogen  and  12  cts.  per  pound  of  phosphorus, 
it  would  have  a  market  value  of  $29  per  ton. 
In  order  to  determine  whether  the  theoretical 
value  would  correspond  to  the  actual  value 
pot  cultures  have  been  started.  Four  pot  cul- 
tures were  started.     Portions  of  dried  sludge 


Municipal    Garage    Records,    Oakland, 
Cal. 

The  municipal  garage  was  established 
in  March,  1913,  '  with  18  automobiles  in 
city  service.  There  are  at  present  38  ma- 
chines in  service  according  to  the  report  of 
the  Department  of  Streets,  William  J.  Baccus. 
Commissioner,  for  1913-14.  The  Department 
has  assumed  not  only  the  care  of  these  ma- 
chines, such  as  washing,  supplying  with  gaso- 
line, oiling,  and  caring  for  ordinary  running 
repairs,  but  has  also  undertaken  the  complete 
overhauling  or  rebuilding  of  the  machines 
when  they  have  run  10,000  miles  or  more. 
.-Ml  repainting,  body-building  and  re-upholster- 
ing is  now  done  by  the  department.  Complete 
check  is  kept  on  the  use  of  all  machines  by 
an  "In-and-Out"  register;  complete  check  is 
kept  on  the  handling  of  the  machines  by  the 
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Fig.  Z — Diagram  Showing  Nitrification  of 
Aerated  Sewage  in  Presence  of  Activated 
Sludge — Ratio  of  Sludge  to  Sewage    1:5. 

"Efficiency  Marking  System  on  Auto  Driv- 
ers ;"  and  segregated  cost  against  each  ma- 
chine gives  complete  check  on  operation.  An 
analysis  of  the  garage  statement  for  the  year 
1913-14  shows  the  following: 
.\  total  maintenance  charge  on  antes 
of    $17,.">41,34 


.4n  average  charge  per  machine  of... 

An  average  mileage  per  car,  miles. . . . 

Average  cost  per  mile  (including  re- 
pairs  and   overhauling) 

Total  charge  for  gasoline ; 

Total  overhead  charge  to  machines  due 
to  shortage  in  charge  on  supplies, 
material   and   time 


501.17 
6,683 

0.075 
;.S64.20 


337.39 


The  average  cost  of  $501.17  covers  the  over- 
hauling  of    15    cars   and   the    repairing   of    12 


Fig.  4 — View  of   Pot   Culture     of    Wheat    23    Cays  after  Planting  to  Show  Fertilizing  Value 

of  Activated  Sludge. 
(Each    i)Ot   contains   pui-e   sea   sand   to   whicli  llu-   sanu-  amount    of   i)lant    foods   except   nitrogen 
has  been  added.     No.  3  contains  20  grams  of  dried  activated    sludge.      No,     4      contains      the     same 
amount   extracted    with    ligroln.      No.    2    contains  an    equivalent    of   nitrogen    from    dried    Ijlood    and 
No.    1    contain.s    no    nitrogen.) 


were  added  to  two  pots  (Nos.  3  and  4)  in  Fig. 
4,  an  equivalent  amount  of  nitrogen  from 
dried  blood  to  another  (No.  2),  and  no  nitro- 
gen to  the  fourth  (No.  1).  .'\t  the  end  of  18 
tlays  the  cultures  containing  the  dried  sludge 
show  better  growths  than  the  culture  contain- 
ing an  equivalent  amount  of  nitrogen  from 
dried  blood  and  far  better  growth  than  the 
culture  to  which  no  additional  nitrogen  was 
added. 


cars.  Experience  has  demonstrated  that 
economy  and  high  efficiency  requires  the  re- 
building or  complete  overhauling  of  a  car 
after  it  has  run  9.000  to  10.000  miles.  This 
requires  the  rebuilding  of  practically  every 
car  once  a  year.  Two  men  working  together 
can  overhaul  a  car  every  two  weeks  on  an 
average,  or  an  equivalent  of  one  month  for 
one  man.  To  Overhaul  88  cars  in  a  year  re- 
quires the  full  time  of  3'/o  men. 
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Construction    Features    of    the    Rein- 
forced Concrete  Cantilever  Bridge 
on   Runnymede  Ave.,   Cincin- 
nati, Ohio. 

(Staff  Article.) 
In  our  issue  of  March  24,  1915,  we  described 
and  gave  detail  drawings  of  the  design  fea- 
tures of  the  reinforced  concrete  cantilever 
bridge  on  Runnymede  Ave.,  Cincinnati,  Ohio. 
In  this  article  we  shall  consider  the  construc- 
tion features  of  this  bridge.  The  structure 
consists  of  a  central  span  of  65  ft.  in  the  clear 


Mounts  both  the  main   structure  and   the  abut- 
ment wing-walls. 

riLE   FOUNDATIONS   FOR   .ABUTMENTS. 

On  account  of  the  depth  to  a  firm  founda- 
tion material,  it  was  decided  to  support  the 
abutments  and  wing-walls  on  reinforced  con- 
crete, pre-cast  piles.  The  footings,  as  con- 
structed, extend  only  a  few  feet  below  the 
original  ground  surface;  the  present  fill  prac- 
tically buries  these  abutments.  The  piles  were 
cast  in  two  lengths — 30  ft.  6  ins.  and  25  ft.  6 
ins. — each  abutment  containing  17  piles.  Figure 
1  shows  the  arrangement  of  the  piles  in  the 
footings;    piles   b,   d,  j,   b' ,   d'   and   /'   have   a 
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^South  for  North  Abutment 

I  North  for  South  Abutment  \y'       E.&C. 

1 — Footing   Plan   of   Abutments   Showing    Location     of     Reinforced     Concrete     Piles — 
Runnymede  Ave.   Bridge,  Cincinnati,  O. 


and  two  cantilever  arms  of  32-ft.  6-in.  span 
each.  The  piers  have  spread  footin.es  resting 
on  hard  blue  clay,  while  the  reinforced  con- 
crete abutments  (which  are  essentially  retaining 
walls  but  also  act  as  anchorages  and  supports 
for    the    cantilever    spans)     are    founded    on 


TABLE    I.— DAT.\    ON    CASTING    AND    DRIV- 
ING OF  REINFORCED  CONCRETE  PILES. 
North    Abutment. 


length  of  25  ft.  6  ins. ;  all  others  have  a  length 
of  30  ft.  6  ins.  The  piles  are  hexagonal  in 
shape,  with  a  long  diameter  at  the  top  of  12 
ins.  and  at  the  bottom  of  8  ins.;  the  end  6  ins. 
being  beveled   to   form  a  point. 

After  being  cast  the  piles  were  thoroughly 
seasoned  before  being  driven.  The  data  in 
Table  1  give  the  dates  when  each  oile,  for 
both  abutments,  was  moulded  and  driven. 


and  the  weight  of  the  hammer  plus  the  effect 
of  the  steam  pressure  at  80  lbs.  per  square 
inch  exerted  a  blow  of  5,800  lbs. 

Each  pile  was  driven  until  its  carrying  ca- 
pacity, as  indicated  by  the  "Engineering  News" 
fornuila,  was  at  least  25  tons.  The  length  of 
pile  actually  driven,  for  each  pile,  and  the 
number  of  blows  required  to  give  the  penetra- 
tion upon  which  its  carrying  capacity  was  com- 
puted, are  given  in  Table  I.  By  referring  to 
the  data  contained  in  this  table,  it  will  be  noted 
that  there  is  considerable  variation  in  the 
driven  length  of  the  various  piles  and  in  the 
number  of  blows  required  to  secure  a  given 
penetration.  The  piles  were  driven  through 
.•itrata  of  loam,  sand  and  yellow  clay  to  a 
stratum  of  hard  blue  clay — practically  shale. 

PIERS  AND  ABUTMENTS. 

The  reinforced  concrete  piers  have  spread 
footings  resting  on  hard  blue  clay.  For  the 
south  pier  shafts  the  bottoms  of  the  footings 
extend  27  ft.  below  the  pier  caps,  which  are 
directly  below  the  spring  line  of  the  curved 
longitudinal  girders  (see  Fig.  3).  The  foot- 
ings of  the  north  abutment  extend  24  ft.  6 
ins.  below  the  pier  caps.  These  footings  are 
11x16  ft.  X  3  ft.  high.  The  south  pier  shafts 
have  dimensions  of  6  ft.  x  11  ft.  at  the  bot- 
tom and  3  ft.  x  7  ft.  at  the  top,  while  the 
north  pier  shafts  are  6.  ft.  x  10  ft.  7  ins.  at 
the  bottom  and  3  ft.  x  7  ft.  at  the  top ;  the 
heights  of  the  south  and  north  shafts  are  24 
ft.  0  in.   and  21   ft.  6  ins.,   respectively. 

An  outline  drawing  of  the  footings  for  the 
abutments  and  wing-walls  is  shown  in  Fig.  1. 
The  abutments  have  a  height,  from  bottom 
of  footing  to  top  of  wall,  of  17  ft.  1%  in. 
They  are  of  the  cantilever  type  of  reinforced 
concrete  construction,  the  thickness  of  wall 
being  14  ins.  The  wing-walls  make  an  angle 
of  45°  with  the  axis  of  the  bridge. 

In  concreting  the  substructure  the  concrete 
was   cluited   to   place   from   a  40-ft.    tower   lo- 
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Fig.  2 — View,   Looking  South,  of  Substructure    and    Concreting    Equipment    for    Runnymede 
Ave.  Bridge — Piers  and  Abutments  Completed. 


reinforced  concrete  piles.  The  superstructure 
consists  of  two  curved  girders  which  support 
a  beam-and-slab  floor  system.  The  bridge, 
which  i's  cm  a  5  per  cent  grade,  has  a  clear 
roadway  of  24  ft.  and  two  5-ft.  clear  side- 
walks.    .A    reinforced    concrete    railing    sur- 


In  driving  the  piles  a  No.  1  "Union  Iron 
Works"  steam  hammer  was  used.  The  weight 
of  the  ram  was  1,548  lbs.,  the  stroke  of  the 
hammer  21  ins.,  and  the  average  number  of 
blows  per  minute  110.  The  steam  pressure 
varied    from   80    to    100   lbs.   per    square   inch. 


cated  near  the  south  (higher)  abutment.  The 
concrete  was  mixed  in  a  batch  mi.xer  of  % 
cu.  yd.  capacity.  Figure  2  is  a  view  of  the 
bridge  site  showing  the  concreting  equipment, 
the  view  being  taken  directly  after  the  com- 
pletion  of   the   substructure  work.     The  view 
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shows  clearly  the  projection  on  the  south  abut- 
ment, which  forms  an  anchorage  and  support 
for  the  cantilever  span.  The  "cut-offs"  from 
the  foundation  piles  are  shown  in  a  pile  near 
the  south  abutment  (see  Fig.  2).  During  the 
construction  of  the  bridge  the  traffic  was  car- 
ried on  a  temporary  plank  roadway,  placed 
along  the  west  side  of  the  bridge  site. 


rFRSO.XNEL. 

The  bridge  was  built  by  Roos  Brothers,- 
Cincinnati,  O.,  under  the  supervision  of  F.  S. 
Krug,  chief  engineer.  Engineering  Department, 
City  of  Cincinnati,  Frank  L.  Raschig,  princi- 
pal assistant  engineer,  Paul  Laur,  assistant 
engineer  in  charge  of  construction,  R.  N.  Max- 
well,  inspector,  and  Edgar  K.  Ruth,  assistant 


Fig.  3 — View  of  Completed   Runnymede   Ave.    Bridge — Reinforced  Concrete  Cantilever  Type. 


SLFEKslKL  CTL  Rt. 

As  has  been  noted,  the  superstructure  con- 
sists of  a  center  clear  span  of  65  ft.  and  two 
cantilever  spans  of  32  ft.  6  ins.  each.  The 
two  main  longitudinal  girders,  which  are 
spaced  'H  ft.  on  centers,  are  curved,  as  shown 
in  Fig.  3,  and  carry  a  beam-and-slab  floor. 

In  order  to  give  a  clear  waterway  under  the 
center  span  during  construction,  two  2!-in. 
iSO-lb.  I-beams,  each  about  80  ft.  long,  sup- 
ported by  timber  grillages  spaced  about  60  ft. 
apart  under  each  beam  and  connected  trans- 
versely by  12.\12-in.  timbers,  were  used  to 
carry  the  form  work. 

The  superstructure  was  poured  in  two  sec- 
tions, the  north  half,  from  the  abutment  to 
the  middle  of  the  center  span,  being  con- 
structed  first. 

The  panels  of  the  reinforced  concrete  rail- 
ing were  cast  separately  in  a  wooden  form 
laid  flat  on  the  ground,  and  were  placed  in 
position  and  brought  to  line  and  grade  after 
the  posts  were  cast,  the  latter  being  poured  in 
place.  The  w^ood  forms  used  were  lined  with 
sheet  iron,  and  it  was  found  after  the  forms 
were  removed  that  a  neat,  even  surface  finish 
was  secured  with  very  little  rubbing.  Both  the 
panels  and  the  railing  posts  were  made  of  a 
1  :3  cement  mortar. 

The  roadway  slab  was  waterproofed  with  a 
layer  each  of  burlap   and   felt   saturated   and 


TABLE      n.— QUANTITIES     OF     MATERIALS 

AND    ITEMIZED    COSTS    OF    THE 

BRIDGE. 

Unit         Total 
cost,         cost. 
Removal  of  old  bridge  and  abut- 
ments          $      450.00 

Grading',  2,636   cu.   yds $  0.50         1,318.00 

Trench  excavation.  1,460  cu.  yds.     1.00   .     1,460.00 

Concrete   piling,   977   lin.   ft 1.60         ],. 563.20 

Reinforced  concrete,  784  cu.  yds.  14.50       11,36S."0 

Waterproofing-,   392  sq.   vds 0.50  196.00 

Brick  paving,  379  sq.  yds 1.40  530.60 

Bituminous   macadam.    472   sq. 

yds 1.00  47-'. Oil 

Cement  curbs,  128  lin.  ft 1.00  la.S.On 

Cement   walks,    1,730  sq.   ft 0.10  173.00 

Concrete  railing,  346  lin.  ft 1.50  519.00 

Drains,    12-in.    pipe.   99   lin.    ft...      1.00  99.00 

Total    cost    $1S,27G.S0 


coated  with  coal  tar  pitch.  The  pavement 
consists  of  4-in.  vitrified  brick  laid  on  a  2-in. 
sand  cushion,  the  joints  being  filled  with 
cement  grout. 

Figure  3  is  a  view  of  the  completed  struc- 
ture, taken  after  the  grading  work  was  fin- 
ished. The  original  ground  surface  at  both 
abutments  was  considerably  lower. 

QUANTITIES  OF   MATERIALS  AND   COSTS. 

The  total  cost  of  the  bridge,  including  the 
removal  of  the  old  structure,  was  $18.27(1. 
Table  II  gives  the  actual  quantity  of  material, 
and  the  tuiit  and  total  cost,  of  each  item  of 
the  bridge. 


engineer  in  charge  of  office  and  design, 
are  indebted  to  Mr.  Ruth  for  the  data 
which  this  article  is  based. 


We 
upon 


A  Type  of  Reinforced  Conciete  Floor 

for    Beam    Spans    Designed    to 

Replace  a  Wooden  Floor. 

It  is  estimated  that  there  are  approximate- 
ly 20,000  bridges  in  Minnesota,  with  only  a 
small  percentage  of  those  built  in  the  past 
few  years  of  permanent  types  of  construction. 
Many  of  the  Ijridges  in  that  state  are  wooden 
pile-bent  spans,  light  steel-truss  bridges,  and 
wooden  floorbeam  spans,  the  joists  of  which 
are  of  insufficient  strength  to  carry  an  ordi- 
nary concrete  floor  and  a  traction  engine.  The 
following  data  apply  to  a  proposed  design  for 


a   concrete 
which    are 


floor   to  be   constructed   on   joists 
ligliter    than    are    required    by    the 


longitudinal    rods    of    the    same    size   in    each 
space   between   the    I-beams. 

The  position  of  the  outside  channel  is  some- 
what different  from  the  customary  placing  of 
it,  as  it  is  raised  by  placing  1-ft.  lengths  of 
I-beams  (of  the  same  size  as  the  I-beam  joists) 
under  the  ends  of  the  channels.  The  curb 
and  tl'.e  outside  edge  of  the  floor  are  poured 
against  this  channel  wdiich  acts  as  a  form. 
For  spans  up  to  23  ft.,  r2-in.  channels  are 
used,  and  for  spans  ranging  from  24  to  30  ft. 
15-in.  channels  are  used.  The  channels  are 
tied  together  with  %-in.  rods  placed  at  each 
rail  post  and  midway  between  the  posts  to 
prevent  their  lateral  deflection  when  the  con- 
crete is  poured.  Figure  1  shows  the  details  of 
beam  spans  with  reinforced  concrete  floors 
now  in  use. 

PROPOSED  DESIGN. 

In  the  proposed  design  the  slab  is  raised 
above  the  tops  of  the  slab  about  2  or  3  ins., 
and  is  supported  at  the  end  of  the  span  on 
concrete,  which  is  carried  up  on  top  of  the 
abutments  and  embeds  the  ends  of  the  joists. 
In  addition  to  this  the  slab  will  be  sup- 
ported at  the  quarter  points  of  the  joists  by 
concrete  girders  built  integral  with  the  slab  and 
running  transversely  with  the  roadway,  these 
girders  being  reinforced  both  at  the  top  and 
at  the  bottom.  The  bottom  of  the  girder  is 
about  2  ins.  below  the  top  of  the  joists,  the 
girder  being  about  12  or  18  ins.  wide. 

The  chief  advantage  of  this  design  is  that 
the  wheel  loads  are  carried  at  the  quarter 
points  of  the  joists,  the  maximum  moment 
thus  being  only  three-fourths  as  large  as  if 
these  loads  were  carried  at  the  center  of  the 
joists.  The  maximum  dead  load  moment 
with  the  quarter-point  loading  is  three-fourths 
of  the  dead  load  moment  produced  by  the 
ordinary  slab,  as  one-eighth  of  the  slab  at 
each  end  is  supported  directly  by  the  abut- 
ment. 

It  is  necessary  to  reinforce  tliis  slab  in  both 
the  top  and  bottom  in  a  longitudinal  direc- 
tion, the  extra  reinforcing  steel  amounting  to 
little  more  than  the   difference   in   weight  be- 
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Fig.   1 — Details  of  Standard   Beam   Spans   with    Reinforced    Concrete    Floors  of    Minne- 
sota  Highway   Commission. 


present  standard  concrete  floor.  Some  data 
are  also  given  on  the  standard  floor  now  in 
use.  The  data  were  taken  from  a  paper  by 
C.  E.  Nagel,  engineer  of  bridges,  Minnesota 
Highway  Commission,  presented  before  the 
recent  meeting  of  the  Minnesota  Surveyors' 
and   Engineers'   Society. 

STANDARD   CONCRETE  FLOOR. 

In  ihe  present  standard  concrete  floor  the 
tup  flanges  of  the  I-beams  are  embedded  1 
in.  in  the  bottom  of  the  concrete  slab,  the 
latter  being  0%  ins.  thick  at  the  center  and 
4'4  ins.  thick  at  the  sides. 

The  slab  reinforcement  consists  of  Vx-'m. 
square  rods  spaced  6  ins.  on  centers  and  run- 
ning transversely  with  the  roadway,  with  three 


tucen  tlie  smaller  joists  thus  made  available 
and  the  heavier  joists  which  otherwise  would 
be  necessary. 

The  form  work  for  the  new  design  is  con- 
siderably less  expensive  than  that  required 
for  the  floor  now  used,  as  the  boards  are  run 
across  the  top  of  the  joists  and  arc  wedged 
up  on  top  of  the  top  flanges.  After  the  con- 
crete in  the  floor  has  set  the  wedges  are 
driven  out  and  the  .boards  removed. 

The  present  construction  requires  that  the 
forms  be  cut  in  width  to  fit  between  the  I- 
beams,  these  forms  being  carried  on  supports 
resting  on  the  bottom  flanges. 

The  dead  load  will  be  considerably  lessetied 
bv  using  a   1-in.  bituminous  concrete  wearing 
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surface  in  place  of  the  present  4-in.  gravel 
covering. 

Preliminary  computations  indicate  that, 
with  the  new  design,  7-in.  I-beams  may  be 
used  in  place  of  the  9-in.  ones  now  required, 
10-in.  I-beams  in  place  of  12-in.,  and  12-in. 
beams  in  place  of  the  present  15-in.  beams. 

It  is  estimated  that  the  use  of  the  new  type 
of  slab  will  result  in  a  saving  of  40  per  cent 
in  the  maintenance  cost  of  the  floor.  As  the 
type  of  slab  now  in  use  requires  the  replacing 
of  the  light  joists  in  order  to  use  a  concrete 
floor,  the  yearly  cost  of  the  slab  and  the  new 
joists  will  about  equal  the  cost  of  maintain- 
ing the  plank  floor. 


contractor's  crew  removed  one  of  the  portals 
and  the  sway  bracing  at  the  two  adjacent  panel 
points  (see  Fig.  1).  The  four  end  panels  of 
the  floor  system  were  then  removed,  and  the 
girders  of  the  first  span  set  in  place,  all  ma- 
terial being  handled  by  the  derrick  car  (see 
Fig.  2). 

The   laterals   and   cross-frames   were   placed 
in   the  first  girder   span  and   bolted   up.     The 


Methods  and  Equipment  Used  in  Re- 
newing Bridges  Under  Traffic  on 
the  Wheeling  &  Lake 
Erie  R.  R. 

(Staf?  Article.) 
During  the  spring  of  1914  the  Wheeling  & 
Lake  Erie  R.  R.  dismantled  eleven  130-ft. 
through  Pratt  truss  spans  located  over  Short 
Creek  on  the  east  end  of  its  Toledo  division. 
These  bridges  were  designed  for  Cooper's  E-35 
loading,  and  were  fabricated  and  erected  by 
the  Edgemoor  and  Toledo  bridge  companies 
in  1897.  Four  of  the  spans  were  straight  and 
are  to  be  utilized  for  other  locations;  the  re- 
mainder were  skew  spans  and  were  scrapped. 
The  replacement  of  these  spans  was  made 
necessary  by  the  use  of  heavy  locomotives, 
practically  equivalent  to  Cooper's  E-60  load- 
ing. On  the  Toledo  division  two  new  65-ft. 
deck  plate  girder  spans  were  erected,  while  on 
the  Cleveland  division  a  155-ft.  through  truss 
span  was  replaced  by  two  7T-ft.  deck  plate 
girder  spans.  The  new  bridges  were  designed 
in  the  bridge  department  of  the  Wheeling  & 
Lake  Erie  for  Cooper's  E-60  loading ;  they 
were  fabricated  by  the  American  Bridge  Co. 
and  by  the  King  Bridge  Co.  The  methods 
used  in  dismantling  the  old  truss  spans  and 
erecting  the  new  girder  spans  were  practically 
the  same  in  all  cases.  The  following  data  ap- 
ply to  the  replacement  under  traffic  of  a  130- 


and  the  trusses  were  dismantled  in  this  posi- 
tion and  loaded  onto  cars. 

For  spans  where  the  trusses  were  to  be 
saved  a  change  of  one  65-ft.  span  was  made 
in  about  3Vz  hours.  However,  on  the  spans 
where  it  was  unnecessary  to  handle  the  old 
trusses  with  care  it  was  possible  to  remove 
the  entire  floor  system  from  a  130-ft.  span,  to 
place  two  65-ft.  girder  spans,  to  lay  the  track, 
and  to  have  the  bridge  ready  for  traffic  in 
about  3  hours  40  minutes. 

PERSONNEL. 

The  old  truss  spans  were  dismantled  and 
the  new  girder  spans  erected  by  the  Ferro 
Construction  Co.,  Chicago.  The  work  was 
done  under  the  direction  of  W.  L.  Rohbock, 
chief  engineer  of  the  Wheeling  &  Lake  Erie 
R.  R.,  to  whom  we  are  indebted  for  the  data 
contained  in  this  article. 


Fig.  1 — View  Show/ing  130-Ft.  Through  Truss 
Bridge    Ready   for     Placing     First     Girder 
Span. 

track  was  then  laid  on  this  span,  and  the  gap 
between  the  new  girders  and  the  old  floor 
system  was  closed  with  the  old  stringers.  The 
traffic  was  then  resumed,  being  carried  for  65 
ft.  on  the  new  girder  and  for  the  remainder 
of  the  distance  on  the  old  structure. 

At  the  ne.xt  suitable  interval  the  two  re- 
maining intermediate  struts  and  all  of  the  old 
floor  system  were  removed,  the  end  portal  be- 


Effect  of  Proportions  on  Density  and 

Strength  of  Gravel  Concrete. 

The  strength  and  density  of  concrete  de- 
pend to  a  considerable  extent  upon  tlie  prop- 
er selection,  grading  and  proportioning  of  its 
ingredients,  yet  it  is  difficult  to  insure  ade- 
quate consideration  of  these  items.  In  a  paper 
by  R.  W.  Crum,  presented  before  the  recent 
meeting  of  the  Iowa  Engineering  Society, 
this  subject  was  considered,  and  some  data  on 
the  results  of  tests  and  investigations  were 
given.  The  following  data  from  this  paper 
apply  to  the  proper  proportioning  of  concrete 
after  satisfactory  materials  have  been  ob- 
tained. 

PROPORTIONS    .\ND    STRENGTH. 

There  are  two  general  laws  which  e.xpress 
the  effect  of  the  proportions  upon  the  strength 
of  concrete;  these  are:  (a)  With  the  same 
aggregate  the  strongest  concrete  is  that  con- 
taining the  most  cement  in  a  given  volume ; 
and  (b)  with  the  same  amount  of  cement  in 
a  given  volume  the  strongest  concrete  is  that 
which  has  the  greatest  density.  The  degree 
to  which  the  strength  varies  as  the  density 
has  often  been  underestimated. 

A  determination  of  the  percentage  of  voids 
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Fig.  2 — View  Showing  Manner  of  Placing  First  65-rt.  Girder  Span 
— Bracing   and    Floor   System    Removed     from     Half    of    Truss 

Span. 


Fig.    3 — View    Showing    Derrick    Car  Placing  Second  65-Ft.  Girder 
Span — Portal   Bracing  at  One    End  Still   in   Place. 


ft.  truss  span  at  Herrick,  O.    (on  the  Toledo 
division),  by  two  65-ft.  deck  girder  skew  spans. 

EQUIPMENT    AND    METHODS    USED. 

The  work  of  replacement  was  done  with  a 
derrick  car,  specially  fitted  for  this  purpose. 
The  "A"  frame  of  the  derrick  had  a  height  of 
23  ft.,  the  boom  having  a  length  of  47  ft.  and 
a  carrying  capacity  of  20  tons.  The  three- 
drum  hoist  was  equipped  with  10,N;12-in.  cylin- 
ders, and  was  operated  by  a  "Lambert"  en- 
gine. The  car  had  a  capacity  of  100,000  lbs. 
and  weighed  39,000  lbs. 

In  dismantling  the  truss  spans  all  rivets  in 
the  floor  system  and  in  the  top  bracing  were 
first  removed  and  replaced  with  bolts,  the 
trains  being  operated  over  the  structure  at  a 
reduced  speed.  During  a  suitable  interval  be- 
tween  trains   the  track   was  torn  up,   and  the 


ing  left  in  place  to  hold  the  trusses  in  posi- 
tion. The  second  span  of  girders  was  then 
set  (see  Fig.  3),  the  track  was  replaced  and 
the  traffic  carried  over  the  new  structure. 

To  support  the  trusses  during  their  demoli- 
tion two  inverted  gallows  bents  were  used,  one 
being  suspended  from  each  girder  span.  Fig- 
ure 4  shows  an  end  elevation  of  these  bents 
and  illustrates  the  manner  of  suspending  them 
from  the  girders  and  of  supporting  and  brac- 
ing the  trusses.  As  shown  in  the  drawing,  two 
9xl8-in.  yellow  pine  stringers  were  placed  be- 
low the  trusses  from  the  bents  to  the  piers, 
the  old  trusses  being  supported  on  these 
stringers.  The  intermediate  posts  of  the  truss- 
es in  the  planes  of  the  gallows  bents  were 
bolted  to  the  12xl2-in.  uprights  to  these  bents; 


is  valuable  as  an  indication  of  the  (piality  of 
the  material,  but  it  is  of  little  use  as  an  aid 
to  accurate  proportioning.  The  methods  pro- 
posed for  determining  the  best  proportions  to 
use  for  a  given  case  are  based  on  the  density 
of  the  resulting  concrete.  They  consist  in 
determining  the  mi.xture  that  will  yield  the 
least  volume  of  concrete  for  a  given  weight 
of  materials.  The  proper  relation  of  fine  to 
coarse  aggregate  can  be  more  readily  deter- 
mined than  the  relation  between  cement  and 
aggregate.  For  example,  sieve  analysis 
curves  may  be  used  for  combining  materials, 
or  for  grading  different  size  materials,  or  for 
screening  and   remi.xing. 

There  is  one  class  of  material  which  is  used 
extensively  in  Iowa  to  which  the  law  of  den- 
sity especially  applies,  namely,  pit  run  gravels 
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used  without  screening.  It  is  in  tlie  use  of 
this  material  that  lack  of  appreciation  of  the 
effect  of  density  upon  the  strength  has  caused 
the  manufacture  of  a  vast  quantity  of  poor 
concrete. 

It  is  customary  to  state  the  proportions  of 
concrete  as  a  ratio  between  cement,  sand  and 
stone.  Since,  in  natural  gravels,  sand  and 
stone  occur  together,  it  is  often  assumed  that 
the  fine  and  coarse  material  already  bear  the 
proper  relation  to  each  other,  and  the  pro- 
portion is  stated  as  a  ratio  between  cement 
and  gravel.  This  assumption  is  far  from  be- 
ing a  true  one.  To  a  man  who  lias  the  law 
of  density  in  mind  the  statement  of  a  pro- 
portion such  as  1 :6  has  absolutely  no  signifi- 
cance as  to  the  quality  of  the  resulting  con- 
crete. For  his  use  both  that  portion  of  the 
gravel  which  may  be  called  sand  and  that 
which  may  be  called  coarse  aggregate  must 
be  known.  The  proportion  1 :6  may  be  I  :"2  :4, 
or  1:3:3,  or  even  1:.5:1.  Which  of  these  three 
would  be  the  strongest,  or  would  they  all  be 


'■J^-s^ 


the  total  amount  of  cement.  It  is  generally 
considered  that  if  the  ratio  of  cement  to  sand 
is  the  same  for  both  cases  equivalent  concrete 
will  result.  This  would  make  our  proportion 
2%  :5 :1  or  1 :2  :2/5,  or  1  part  cement  to  2  2/5 
parts  of  gravel,  instead  of  1 :6. 

On  large  and  important  projects  where  it  is 
possible  to  screen  the  material  into  a  number 
of  sizes  and  then  remi.x,  the  sieve  analysis 
curve  of  ma.ximum  density  will  indicate  the 
quantity  of  each  size  to  use.  But  on  a  large 
amount  of  important  work  in  small  units 
the  method  outlined  will  be  the  only  feasible 
one. 

For  most  natural  sands  maximum  density 
will  occur  when  the  cement  is  about  one-half 
of  the  sand.  The  ratio,  1  cement  to  2  sand, 
is  commonly  used  as  correct  for  reinforced 
work  and  water-tight  concrete. 

In  selecting  a  sample  of  the  gravel  for  in- 
vestigation, one  should  be  careful  to  get  a 
sample  truly  representative  of  the  supply.  It 
should  be  borne  in  mind  that  gravels  are  fre- 
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the  same?  Since  the  amount  of  cement  is 
constant  the  density  of  the  concrete  would 
decide. 

PROPORTION    FOR    MAXIMUM    DENSITY. 

Considering  just  two  divisions  of  the  ma- 
terial, it  has  been  shown  by  Fuller  and 
Thompson  that  for  gravel  aggregate  of  1  in. 
maximum  size,  to  attain  maximum  density, 
the  amount  of  material  larger  than  %  in.  in 
diameter  should  be  approximately  twice  the 
material  less  than  %  in.  in  diameter.  The 
farther  we  get  away  from  this  relation  the 
less  dense  will  be  the  concrete.  The  first  of 
the  above  combinations  (1:2:4)  would  ap- 
proach nearest  to  the  maximum  density  and 
would  be  the  strongest,  and  the  last  (1:5:1) 
would  be  very  much  the  weakest. 

Consider  a  gravel  in  which  the  ratio  of 
sand  to  coarse  aggregate  is  5:1.  How  shall 
we  use  this  material  to  make  concrete  equiva- 
lent to  the  1:2:4?  Since  the  density  will  be 
less,  the   only   other   procedure   is   to   increase 


quently  variable  in  composition,  and  it  may 
be  necessary  to  change  the  mix  at  frequent 
intervals. 

Extreme  accuracy  in  determining  the  rela- 
tive quantities  of  sand  and  coarse  aggregate 
is  not  necessary  since  common  methods  of 
measuring  materials  make  it  advisable  to  state 
proportions  in  round  numbers.  In  practice 
the  proportion  1:2  2/5  (determined  above) 
would  become  1 :2%. 

Instead  of  making  this  a  1:2%  mixture,  the 
1 :2 :4  proportion  might  be  maintained  in 
either  of  two  ways,  namely,  the  excess  fine 
material  might  be  screened  out ;  or  the  neces- 
sary coarse  material  might  be  added  from 
another  source. 

As  to  which  of  the  three  methods  of  ar- 
riving at  the  result  in  a  given  case  should  be 
used  is  entirely  a  matter  of  cost.  The  com- 
parative costs  can  be  readily  computed  if  the 
local  conditions  are  known. 


RESULTS    OF    SOME    TESTS. 

For  a  laboratory  demonstration  of  the  ef- 
fect of  density  upon  the  strength  of  concrete 
the  writer  had  four  tests  specimens  prepared, 
using  as  aggregate  gravels  containing  differ- 
ent percentages  of  sand— namely,  40,  55,  75 
and  95  per  cent — and  keeping  the  cement  con- 
stant throughout.  The  ratio  of  cement  to 
total  aggregate  in  each  case  was  1  to  5,  but 
the  actual  proportions  were  1:2:3,  1 :2% -2% 
1  :3%  :1%  and  1 :4%  :%.  The  first  stated  mix- 
ture comes  nearest  to  1:2:4  conditions,  and 
the  others  vary  from  this  mixture  in  the  order 
stated.  The  ratio  of  sand  to  coarse  aggregate 
in  the  specimens  was  determined  by  weight. 
(In  making  such  an  analysis  by  volume  meas- 
urement the  resulting  percentages  will  always 
total  more  than  100  per  cent,  but  they  will  be 
practically  in  agreement  with  measurements 
by  weight  if  the  results  of  such  measure- 
ments are  reduced  to  their  proportionate  part 
of  100.)  The  specimens  were  tested  at  the 
end  of  12  days.  Table  I  gives  the  results  of 
these  tests.  The  cost  of  the  materials  per 
cubic  yard  of  concrete  for  specimen  No.  1  was 
$2.63.  and  that  for  specimen  No.  3,  $2.44. 


T.\BLE      I.— RESULTS     OF     TESTS     OP     1:5 
GR.WEL    CONCRETE    SPECIMENS    CON- 
TAINING     VARIOUS      PROPORTIONS 
OF   SAND  TO   COARSE  AGGRE- 
GATE. 
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To  show  to  what  degree  the  strength  may 
be  held  up,  the  data  in  Table  II  are  given. 
The  specimens  in  these  tests  were  made  from 
the  same  materials  as  were  used  in  the  tests 
recorded  in  Table  I ;  the  specimens  were  test- 
ed at  the  age  of  7  days. 

TABLE    II.— RESULTS    OF    TESTS    SHOWING 
STRENGTH  OF  VARIOUS  MIXTURES. 
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It  will  be  noted  that  the  strength  of  the 
specimens  reported  in  Table  II  increases  with 
the  proportion  of  sand  in  the  total  aggregate. 
It  is  possible  our  assumption  that  the  ratio  of 
cement  to  sand  slunild  be  constant  for  equal 
strengths  is  too  liberal,  and  that  the  cement 
may  be  decreased  somewhat  with  safety. 

The  data  recorded  in  Tables  I  and  II  are 
the  results  of  one  of  24  series  which  are  be- 
ing made  at  the  Iowa  Engineering  Experiment 
Station  to  investigate  these  conditions.  Each 
value  is  the  average  of  five  8xl6-in.  concrete 
cylinders.  It  is  the  purpose  of  the  investiga- 
tion to  eliminate  uncertainties  as  much  as 
possible  by  using  sands  from  several  localities, 
i)y  using  different  proportions  of  cement  to 
sand,  and  different  division  lines  between  sand 
and   gravel. 


Construction  Work  in  Russia. — It  is  re- 
ported that  the  city  of  Petrograd  is  planning 
to  install  a  $.'i5,00'0,000  water  supply  system 
and  a  $(50,000,000  sewerage  system.  It  is  also 
said  that  rapid  expansion  in  general  building 
work  is  expected  in  Russia  and  simultaneous- 
ly the  extension  and  building  of  numerous 
railway  lines. 
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Method  and  Cost  of  Making  Test  Bor- 
ings for  the  Winnipeg  Shoal  Lake 
Aqueduct. 

Contributed  by  Douglas  L.  McLean,  Assistant  to 
the  Chief  Engineer. 
In  connection  with  the  extensive  field  inves- 
tigations undertaken  by  the  Greater  Winni- 
peg Water  District  and  pushed  forward  under 
the  direction  of  W.  G.  Chace,  Chief  Engineer, 
during  the  winter  of  1913-14  for  the  location 
of  the  aqueduct  and  appurtenant  works  from 
Intake  Site,  Shoal  Lake,  to  the  city  of  Win- 
nipeg   considerable   boring  and   test  pit  work 


TABLE  L— HAND  AUGER  TEST  BORING 

COST  DATA,  WINNIPEG,  AQUEDUCT. 

(Small  •■Empire  Drill"  earth  auger  used  without 

casing  as  hand  auger.) 

Totals. 

Number  o£   holes 29.0 

Frost  depth  In  feet,  1 »=-^ 

Peat  depth  in  feet,  2. .............  ■;; ^-i'-i 

Sand    and    gravel    depth    in    feet,    o u.a 

Clay  depth  in  feet,  ■!■.■•.„••■ ^"|-i 

Total  depth  in  feet  of  1,  c  4 «b^.» 

Total  depth  in  feet  of  2,  3,  4     644.7 

No.  of  men  per  day,  or  man-days .onsKc 

Cost  per  day «20Ob 

Work  done  trom  Feb.  4-2b.—  lieei. 

Average  depth  frost  per  hole l.aii 

(ThiK  is  nozen  peat  and  water.) 
Average  depth  peat  per  hole. ....-.,..  •.     !>.»' 
Average  depth  sand  and  gravel  per  hole       M 
Average  depth  clay  per  hole __  _ 

Average  total  depth 22.20 

Average  cost  per  foot  run.  1.  3,  4,  cts. .  44. S 
Average  cost  per  foot  run,  2,  3,  4,  cts..  32.4 

Average  cost  per  man-day *o97 

Average  man-days  per  hole ;•■„••;■■     Ti  f  , 

Average  man-days  per  foot  run,  1,  3,  4. .  0.141 
Average  man-days  per  foot  run,  2,  o,  4. .  O.IU- 
4-men  gang— 

Average  cost  per  day ji-./o 

Average  bored,  1.  3.  4,  feet  per  day 2S.4 

Average  bored,  2,  3,  4.  feet  per  day 39.2 

Note. — Cost  of  auger,  axes,   etc.,  not  included 

These'  holes  were  about  2,000  ft.  apart  and 
considerable  time  was  required  transporting  out- 
fit and  traveling  to  camp. 


was  carried  out.  At  the  Intake  Site  and  the 
Falcon  River  Crossing  a  number  of  wash 
borings  were  made  by  Party  No.  ,3  of  which 
the   writer  had  charge.     Hand  auger  borings 
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Fig.     1.  Ice     Thickness     and     Temperature 
Curves    for    Indian    Bay,    Shoal    Lake, 
Greater  Winnipeg  Water   District 
1913-14. 
Ice  thicknesses  measured  on  clear  ice  area  100 
ft.   X   50   ft.    and  each    measurement   taken   at   a 
new  hole  each  day.     Temperatures  taken  at  7  a. 
m.,  12  m.  and  7  p.  m.     Average  of  these  taken 
for  dally  mean. 

were  also  made  by  this  party  for  the  location 
of  the  aqueduct  from  the  intake  across  the 
summit  some  ten  miles  westward  to  Boggy 
River.     Mr.  R.  T.   Sailman,  who  had  consid- 


TABLE   11.    —   HAND    AUGER  TEST    BORING 
COST  DATA,  WINNIPEG  AQUEDUCT. 

Totals  to 
Total.     April  22. 

Number  of  holes •. 396.0  370.0 

Frost  depth  in  feet,  1 759.6  759.6 

Peat  depth  in  feet,  2 2,608.9       2,490.9 

Sand  and  gravel  depth  in  feet,  3      59.3  59.3 

Clay  depth  in  feet,  4 3,530.8       3,352.3 

Total  depth  in  feet,  1.  3,  4 4.349.7       4,171.2 

Total  depth  in  feet,  2,  3.  4 6,199.0       5,902.5 

No.  of  men  per  day,  man-days..    245. 9  236.9 

Cost    per  day $690.10      $662.70 

Summary  of  results  to  April  22 — 

Average  depth  frost  per  hole,  feet 2.05 

Average  depth  of  peat  per  hole,  feet. . . .     6,73 
Average   depth   of  sand   and   gravel   per 

hole,  leet 0.16 

Average  depth  of  clay  per  hole,  feet..,.     9.06 

Average  total  depth,   feet 15.95 

Average  cost  per  foot  run  of  1,  3,  4,  cts  15.9 
Average  cost  per  foot  run  of  2,  3,  4,  cts.  11.2 

Average  cost  per  man-day $2.80 

Average    man-days   per  hole 0.64 

Average  man-days  per  foot  run,  1,  3,  4..  0.057 
Average  man-days  per  foot  run,  2,  3,  4..  0.040 
3-man  gang — 

Average  cost  per  day $8.40 

Average  bored,  1.  3.  4.  feet  per  day...   52.8 
Average  bored,  2,  3,  4,  feet  per  day...   75.0 
Cost  of  equipment — 

3  rod  augers  at  $10.70 $32.10 

6  spanners  at  20  cts 1.20 

?,  monkey  wrenches  at  70  cts 2.10 

1  pipe  auger  at  $15.00 15.00 

4  10-qt.  galv.  pails  at  21  cts 84 

1  doz.  3y2-lb.  axes  at  $1.00 12.00 

Total    $63.24 

This  equipment  cost  is  not  included  in  table. 


graphically  on  Fig.  1.  This  chart  shows  the 
growth  of  the  ice  from  day  to  day  on  an  ice 
space  kept  clear  of  all  snow.  Corresponding 
to  the  curve  of  ice  thickness  is  a  temperature 
curve  to  show  the  amount  of  cold  which  pro- 
duced this  ice.  In  order  to  measure  this  in 
degrees   below   freezing  over  a  stated   period. 


Fig,  2.  View  of  Typical   Open   Peat  Bog,   In- 
dian   Bay    Division,   Winnipeg  Aqueduct. 

the  ordinates  for  the  curve  were  taken  as 
"degrees  Fahrenheit  below  freezing  times  one 
day."  The  maximum  depth  of  ice  on  snow 
covered  portions  of  the  lake  was  2.3  ft.  thick 
as  compared  to  3.2  ft.  on  clear  space.  On  the 
peat  bogs  the   depth  of  frost   averaged   about 


Plan 


Cuffing  Edge 


*-^  """'  Section 

Elevation  of  Handle  of 

Cutting  Edge 


End  Vie 


Fig,    3.   Hand-Operated    Rod    Auger    Used    in    Making    Borings,    Winnipeg    Aqueduct. 


erable  experience  on  deep  drilling  in  New  York 
state,  was  detailed  from  the  Head  Office  to 
assist  on  this  work,  as  well  as  to  look  after 
the  entire  underground  explorations  along  the 
line  to  Winnipeg. 

This  work  was  carried  on  under  the  severe 
climatic  conditions  of  a  Manitoba  winter. 
Maximum  ice  conditions  on  Shoal  Lake  from 
December,    1913,    to    June,    1914,    are    shown 


2  ft.  The  maximum  depth  of  frost  encoun- 
tered was  3.7  ft.  in  sandy  soil  while  the  min- 
imum in  sheltered  snow  covered  places  was 
1.5   ft. 

The  located  line  for  the  section  of  the 
aqueduct  on  which  Party  No.  3  made  borings 
ran  for  the  most  part  through  a  clay  country 
covered  with  peat  bogs.  A  view  of  this  coun- 
try is  shown  in   Fig.  2.    For  the  seven  miles 
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from  Snake  Lake  to  the  Boggy  River  the  peat 
bog  averaged  about  8  ft.  in  depth. 

Cost  data  relating  to  a  portion  of  the  test 
boring  work  is  given  herewith  under  the  fol- 
lowing headings:  (1)  Salaries  and  board  al- 
lowance. (2)  Empire  drill  costs.  (3)  Hand 
auger  costs.     (4)  Wash  boring  costs. 

Salaries  and  Board  Allon'once. — The  fol- 
lowing were  the  standard  rates  paid  by  the 
Greater   Winnipeg   Water   District ; 

Position.  Rate. 

Instrumentman,  per  month $100* 

Leveler,  per  month 90 

Topographer,  per  month 75  to  $80 

Field  draughtsman,  per  month 60  to    70 

Rodman,   per   month 40  to    45 

Head  chainman,  per  month 40  to    45 

Rear  chainman,   per  month 35 

Head  picketman,  per  month 40  to    45 

Coolc,  per  month 60  to    75 

Cookee,  per  month 35 

Leader,  per  day 1.75 

Laborer,   per  day 1.50 

•All  grades  where  boarded  free  while  in  the 
field.  An  additional  allowance  of  15  cts.  per  day 
per  laborer  while  on  boring  was  given  to  make 
up  for  extra  wear  and  tear  on  mitts  and  cloth- 
ing. 

For  the  boring  costs  given  in  this  article 
a  board  allowance  of  $1.05  per  working  day 
has  been  charged. 

Empire  Drill  Costs. — Total  and  average 
costs  for  645  ft.  of  boring  using  the  small  auger 
drill  spoon  with  necessary  drill  rods,  wrenches 
and  handles  of  a  Junior  Empire  Drill  Set,  are 
given  in  Table  I.  The  Junior  Empire  Drill 
Set  ordered  by  the  district  cost  $2.59.85  de- 
livered at  Winnipeg.  It  was  supplied  by  the 
New  York  Engineering  Co.,  whose  catalog 
gives  a  complete  description  of  its  various 
parts.  The  test  holes  put  down  were  at  2,000- 
ft.  intervals,  averaged  22.2  ft.  in  depth  and 
cost  .32.4  cts.  per  foot  run,  including  the  peat 
in  the  depth. 

In  opening  up  the  holes  through  the  frozen 
material    axes    were   used   on    all   hand    auger 


extra  bolts  %  in.  x  1%  ins.,  cost  $10.70.  To 
this  should  be  added  cost  of  a  couple  of  span- 
ners and  a  handle  for  lifting. 

The  pipe  auger,  Fig.  4,  consisting  of  1  auger 
piece,  5  rods  with  couplings  and  bolts,  1  han- 


{ \ 

ais 

L..... 

J.^f-L 

Square  Shoulder 


Fig.  4.    Hand-operated    Pipe    Auger   Used    in 
Making    Borings,   Winnipeg   Aqueduct. 

work,  as  the  axe  was  found  more  efficient  than 
a  chisel,  crowbar  or  pick. 

Hattd  Auger  Costs. — Table  II  gives  the  cost 
of  some  6200.0  ft.  of  boring  for  which  was 
used  the  hand  augers  shown  in  Figs.  3  and  4. 
These  hand  augers  give  practically  the  same 
efficiencies  for  depths  of  15  to  20  ft.,  but  for 
depths  under  15  ft.  the  pipe  auger  is  the  fast- 
er. The  rod  auger.  Fig.  3,  consisting  of  1  au- 
ger piece,  1  handle,  5  extension  rods  with  12 


Fig.  5.  General  View  of  Wash  Boring  Outfit, 
Winnipeg    Aqueduct. 

die,  1  extra  set  of  bolts  and  2  spanners,  to- 
gether with  2  only  %-in.  steel  chains  4  ft. 
long,  with  one  grab  and  one  slide  hook  at- 
tached to  each,  cost  $15. 

TABLE  HI.— LIST  AND  COST  OF  EQUIPMENT 
FOR  MAKING  WASH  BORINGS  ON  WIN- 
NIPEG SHOAL  LAKE  AQUEDUCT. 

Unit 

Quantity  and  description.  price.  Cost. 
50  ft.  2%-in.  extra  heavy  pipe, (drive 

casing)   in  5-tt.  lengths $0.57  $28.50 

Cutting    and   threading  pipe 5.00 

50  £t.    I'A-in.    heavy    pipe,    five    4-ft. 

lengths  and  six  5-tt.  lengths...      .25  12.50 

Cutting   and   threading  pipe 3.30 

,10  2iA-in.   couplings 16  1.60 

11  IVi-in.  couplings   08  .SS 

1  malleable  1'4-in.  tee 16  .16 

1  double  run  10-in.  wooden  block...   1.85  1.S5 

61)  ft.   -li-in.  manila  rope,  per  lb 14  .1.40 

1  hand  force  pump  R.   470—30  gals. 

per  minute    7.00  7.00 

2  24-in.    Stillson   wrenches 2.25  4.50 

15  ft.    1%-in.    discharge   hose 30  4.50 

20  ft.    2-in.   suction  hose 35  7.00 

1  1'4-in.    street    elbow 15  .15 

1  I'/i-in.    coupling  for  hose 30  .30 

1  2xiy2-in.   bushing   10  .10 

1  IVa -in.  short  nipple W  .10 

1  li/2x2-in.    nipple    10  .10 

1  drive    weight    7    ins.    diameter   by 

15  ins.  long.  2-in.  hole  ail  the 
way  through  long  dimension, 
widened  to  3%   ins.   from  4   ms. 

below  top  to  top .... 

3  ft.  of  'A -in.  flexible  wire  rope  for 

handle    5.60  5.60 

2  li^-'n.      chopping      bits     of     drill 

steel  with  I'A-in.  threads  8  ins. 

long   6.00  12.i"0 

6  pairs    lumberman's    rubbers,    two 

buckles,  sizes  10,  11  and  12 1.60  9. Co 

1  pipe  vise  to  take  2'/4-in.  to  I'i-in. 

pipe    2.00  2.00 

1   2-in     foot    valve 45  .45 

1  machinist's  hammer   1.10  1.10 

2  cold  chisels    35  .70 

1  pair  jacks,  2  ins.  by  IS  ins.,  with 

handles    6. SO  13.60 

Steel  spindles  for  same,  per  lb...     .10  1.20 

2  sleeve  couplings,   m-in.  W.  T 10  .20 

3  sleeve  couplings.   "V^-m.  W.  T 16  .4S 

2  H4-in.    nipples,    6   ins.   long 06  .12 

2  1%-in.    to   IVj-in.    reducing   coup- 
lings     10  .20 

2  IVo-in.  ninples.  6  ins.  long OS  .16 

fi  1-gal.    pails    21  1.26 

1   pint  machine  oil,  black 15  .15 

1   2-in.  nipple.  6  ins.  long 10  .10 

1  recovering  tap    3.75  3.75 

2  sister  hooks   2.50  5. no 

1    clnsp  for  214-in.  pipe 2.00  2.00 

1   hoisting   plug    1.75  1.75 

6  couplings  for  IVi-ln.  pipe   (extra)     .OS  .48 

1  ice   chisel    3.50  3.50 

2  axes,    3V,-lb 1.25  2.50 

1   air  tight  heater 2.10  2.10 

1  length   ."stove  pipe 10  .10 

■'  chain  tongs,  No.  33  Vulcan 4.50  0.00 

2  pairs     extra     leather     (front    and 

hack)     for     piston     of     Meyer's 

low-down  force  pump 35  1  40 

3  logs  for  tripod 

Delivery  from  C.  P.  R.  station  to 

to  site   (IS  miles) .'  ....  12.10 

Total    $171.54 

IVasIt  Bnrinps  Costs. — Wash  borings  were 
made  for  the  Intake  Site  and  at  the  Falcon 
River  Crossing  with  a  "string  of  tools"  which, 
thnueh  complete  for  the  purnose.  was  not  as 
elaborate   as  that  necessary  for  deep  drillinc. 

The  list  of  equipment  with  cost  of  same,  given 


in  Table  III,  may  be  used  for  reference  when 
similar  work  is  contemplated. 

With    this    equipment,    a    general    view    of 
which  is  shown  in  Fig.  5,  the  process  of  sink- 

TABLB  IV.   —  WASH   BORINGS  AVERAGE 

COST  DATA  FOR  WINNIPEG  AQUEDUCT. 
Depth    of —  Totals.  Average. 

Water    523.0         

Muck   1.. -. 45.3 

Clay   594.2         

Sand    ....: 73.7         

Gravel    31.7         

Depth  of  material  bored 744.9  27.6 

Total   length    of    casing,    includes 

ice.  water  and  material 1.267.9 

Labor  and  food  cost $404. 75 

Cost  per  toot  below  lake  bottom 

Total    cost   per   foot   ot   casing   in 

ice,  water,  material 


47.0 
$15.00 
$0,541 


$0,319 


ing  the  test  holes  was  very  simple  and  usually 
was  as  follows : 

The_  derrick  or  tripod,  consisting  of  three 
logs,  was  set  up  over  the  station  where  a  hole 
was  cut  through  the  ice  and  the  depth  of 
water  obtained  by  sounding.  After  this  suit- 
able length  of  casing  was  put  down ;  at  the 
same  time  a  hole  for  the  pump  suction  was 
made  and  a  fire  was  started  in  the  heater  to 
warm  water,  which  facilitated  the  thawing  of 
the  tools.  Then  drill  rods  of  the  required 
length  with  chopping  bit  on  lower  end  and 
hoisting  water-swivel  on  upper  end  connected 
to  derrick-rope  and  by  hose  to  the  force-pump, 
were  put  down  inside  the  casing.  The  posi- 
tion of  the  bottom  of  the  casing  and  the  drill 
rods  having  been  noted,  the  drill  rods  were 
churned  up  and  down  by  means  of  rope  over 
block  attached  to  tripod.  At  the  same  time 
water  was  forced  down  the  center  of  these 
rods  to  the  outlet  in  chopping-bit  and  then  up 
between  the  rods  and  the  casing.  The  chopped 
material  brought  up  by  the  water  jet  was 
noted  by  the  leader  in  charge  of  tlie  work.  To 
sink  the  casing,  chain  tongs  were  attached 
and  it  was  rotated.  This  rotation  or  turning 
of  the  casing  to  keep  it  free  from  sticking  to 
the   material    drilled    through,    was    the   detail 


Fig.  6.    Pulling  Casing  by  Use  of  Jacks.  Win- 
nipeg Aqueduct  Wash  Borings. 

that  added  most  to  the  speed  of  work,  not 
only  in  sinking  the  casing,  but  more  especially 
in  the  pulling  of  the  pipe.  This  method  of 
sinking  the  casing  was  not  practical  at  all 
times  and  in  such  cases  the  drive  weight  was 
used  to  pound  the  casing  down.  After  it  had 
been   used    it    was   necessary   to    use    the   two 
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jacks  to  draw  the  pipe  as  shown  in  Fig.  6,    As  Design  and  Cost  of  New  Middle  Sys- 

tne  hole  was  sunk  either  by  rotation  of  casing,  . 

or  driving,   constant   watch   was   kept   of   the  t^™  Reservoir,   Duluth,  Minn. 

position  of  the  bottom  of  the  casing  and  the  ^he    new    middle    system    reservoir    of    the 

^.'L.lc  ',   Tt      ""']      careful  note  of  the  d^,^,,,,  ,,,^^^^  ^,„,ks  was  placed  in   operation 

materials  brought  up  by  the  water  jet      For  j„  j^,      1914      j^g          .it';,  j^  5.240,000  gals, 

this  particular  piece  of  work  at  Indian  Bay  it  ^he  reservoir,  of  reinforced   concrete,   is  cir- 

was  found  advantageous  to  use  a  force  of  one  ,,,,3,  j^   f„,„,  ^„j   18.3   ft.   in  diamete^  at  the 

laborers                                        ^     '  ''°«°'"  °*  ^^e  walls  and  187  ft.  4  ins.  at  the 

-ri        ■                .1                t,           1           1          •  top.     The   wall   is  23   ft.   high   and   the   over- 

Ihe  progress  than  can  be  made  under  win-  a        ■     j  c^   u  ^        ^u     ^         tu               ■      j 

I             j-»-              J  »i            i     r              ■       •  now  IS  1  ft.  below  the  top.     These  are  inside 

ter  conditions  and  the  cost  of  same  is  given  ,„       •            tu     u  ^^           r           j                j    k 

T-ki      T-\,-      Ti,-     „•         t  »  1        J  dimensions.     The  bottom   slopes   downward   5 

in    lable    tV.      inis   gives   total   and   average  .,.    ^         ,•       oa  c^    c          »i          n       j  »u 

£                    »u     i     t          .u     „  .     •  1  tt.  to  a  line  20  ft.   from  the  wall  and  thence 

figures  on   the  footage,  the  materials  encoun-  1   „       j                 .    1    ft    .     *u           ^          t     tt, 

tj       jtuiu           jij        t         JU1J  Slopes  downward   1   ft.  to  the  center,     in  the 

tered  and  the  labor  and  food  costs  and  should  ^       ■                    .,                    u     »   inv  »            c 

,        c           !•■(•„.•           1          ■     -1              1  reservoir  proper  there  are  about  197  tons  of 

be  of  use  for  information  when  similar  work      „.   „,     .  ,  ■;  ao-     ..      j„       c   1  o  q ..  .„ 

.   „  1  .    J       -ri        r                   tu-             1  steel  and   i,tf,io  cu.  yds.  01   1  2  o  concrete. 

is    contemplated.      The    force    on    this    work  '                -' 

usually  consisted  of  1  topographer  at  $3.95  and  The  wall  is  3  ft.  thick  at  the  base,  18  ins. 

3  laborers  at  $2.55  each,  or  1  foreman  at  $2.80  thick   11  ft.  above  the  floor  and  10  ins.  thick 

and  4  laborers  at  $2.70.     The  work  was  done,  at  the  coping,  which  is  12  ms.  wide  and  high, 

with   the  exception   of   one  day   in   December,  The  base  of  the  wall  rests  on  a  footing  5  ft. 

between  Jan.  9  and  Feb.  27,  1914.     The  thick-  wide.     The  floor  is  10  ins.  thick  and  is  faced 

ness  of  ice  ranged  fairly  gradually  from  1.46  with    a    mortar    coat   troweled   to    a   sidewalk 

ft.  on  Jan.  9  to  2.60  on  Feb.  9.     On  that  day  finish.     Walls    and    floor    are    1:2:3    concrete. 

the   temperature   dropped   to  —35°   and   work  The    walls    are    reinforced     circumferentially 

was  discontinued  until  Feb.  24,  when  the  tern-  vvith   square   deformed   bars  proportioned   for 

perature  was   +5°   at  7   a.   m.   and   the  thick-  stress  of   12,000   lbs.   per   square   inch,   no   de- 

nc^^s  of  ice  was  S.17  ft  duction   being   made   for  e.xternal   earth   pres- 

sure.      The    floor    is    reinforced    with    %-in. 

Cost  of  Excavating  and  Grading  for  a  square    deformed    bars    on    1-ft.    centers    both 

Small  Pumping  Plant.  '"'Y''       ■_,     ^,              .     .  ,  ^ 

Contributed  by  H.  R.  Ferriss.  203  Times  Block.  ^  considerable  amount  of  ledge  rock  was 
'  Victoria  B  C  encountered  m  excavation.  This  was  taken 
The  following  cost  data  pertain  to  the  e.x-  ""^  1 /'•  below  grade  and  covered  with  well- 
cavation  for  a  pumping  plant  which,  owing  to  tamped  gravel  from  the  excavation.  The  e.x- 
certain  requirements  of  the  company,  was  "vated  earth  was  returned  to  form  an  em- 
placed  completely  underground  and  covered  bankment  reaching  withm  10  ft  _  of  the  top 
''tl  rass  of  the  coping.  The  surface  of  this  embank- 
""'Thf  hole  excavated  was  18x38  ft.  in  plan  m^n'  was  fertilized  and  seeded.  A  cement 
by  11%  ft.  deep,  with  a  sump  hole  in  one  g"tter  was  cons  ructed  to  carry  off  storm 
corner  of  1%  ci!:  yds.  The  top  18  ins.  of  ex-  ^^^^'f  f^°"^  the  slope  above  the  reservoir.  A 
cavation  was  soft  black  loam,  the  next  2  ft.  steel  ladder  was  provided  to  give  access  to. 
was  clavev  loam,  and  the  rest  of  the  excava-  '^e  in  erior  Bituminous  waterproohng  was 
tion  blue  clav,  requiring  picking.  The  ground  applied  to  the  ins.de  of  the  wall,  extending 
stood  without  bracing?  and  there  was  no  ^'^°^  the  water  line  about  13  ft.  downward, 
trouble  from  water.  Two  good-sized  boulders  Connection  to  the  12-in.  mains  previously 
were  removed  from  the  hole.  laid  was  made  by  two  12-in.  mains  extending 
Of  the  292.5  cu-.  yds.  excavated,  150  cu.  yds.  to  the  valve  chamber,  which  is  of  concrete 
were  hauled  one  mile  over  pavements  and  about  10  ft.  square.  From  the  valve  chamber 
spread  in  place;  110  cu.  yds.  were  hauled  Va  inward  the  size  of  inlet  and  outlet  pipes  is 
mile  over  good  roads  and  dumped  without  increased  to  16  ins.  In  the  valve  chamber, 
spreading.  The  balance,  32%'  cu.  yds.,  was  an  arrangement  of  check  valves  forces  all 
back-filled.  water  entering  the  reservoir  to  travel  entirely 
Unfortunatelv,  the  foreman  neglected  to  across  it  before  it  leaves.  There  is  a  12-in. 
separate  the  team  time  hauling  to  each  dump.  flow,  off'  from  the  reservoir  to  a  nearby  wa- 
The  foreman  sharpened  the  tools  and  assisted  tercourse.  The  10-in.  overflow  and  the  drain 
in  various  other  ways  with  the  labor.  The  from  the  valve  chamber  lead  to  this  blow-off 
cost  data  follow  :                                                         

Item  Time  and  Rate.       Amount.     Unit  Cost. 

Foreman                                        91  f'rs.  44%  cts.     $  40.50     0.13S    per    cu.    yd.     excavated. 

Labor   excava'tine 532  hrs.  30       cts.       159.60     0.545    per    cu.    yd.    excavated. 

Teams    and    extra    wkgon 123  hrs.  75       cts.         92.25     0.354    per   cu.    yd.    hauled. 

Snreadins  on   dump     45  hrs.  30       cts.         13.50     0.090  per  cu.   yd.   spread. 

Backflll                           .      '      20  hrs.  30       cts.           6.00     0.1S5    percu.    yd.    backfill. 

Delivery  ot  tools "-SO     0.023   per  cu.   yd.    excavated. 


line.  In  the  watercourse  a  concrete  pier  pro- 
tects the  liank  from  washing  by  the  discharge 
from  the  blow-ofif. 

COST. 

The  costs  of  the  reservoir  and  appurtenant 
structures  complete,  exclusive  of  engineering 
and  overhead,  was  as  follows : 

Unit  Cost.  Total. 
11,559.0  cu.    yds.    earth   excavation  0.526  $6,079.50 

S75.9   cu.   yds.   earth   in   trench 0.75  656.93 

1,331.9   cu.   yds.    rock  excavation..   6.00  7,991.40 

299.7  cu.  yds.  gravel  fill  over  rock  1.00  299.70 

196    ft.    16-in.    pipe    laying 0.20  39.20 

1,2S6.5   ft.    12-in.    pipe   laying 0.15  192.98 

706  ft.   S-in.   pipe  taken  up 0.10  70.60 

93.8   cu.    yds.    '■Class  C"    concrete.  3.00  281.40 

335   lin.   ft.   cement  gutter 0.50  167.50 

1     valve    chamber '      100.00 

1    blow-off   pier    50.00 

Reservoir   proper,   including  lad- 
der  and    steel 28,755.30 

48.6    tons    pipe 25.90  1,259.09 

10,337  lbs.    specials 402.31 

Valves    351.40 

Pipe   hauling   54.22 

Electric    alarm    and    conduit 69.28 

Painting  exterior  witli  cement...  45.87 
Inspection,      including     inspection 

of   steel   and    cement 358.57 

Miscellaneous    labor    and    mate- 
rial,   including    seeding 100.54 

Total,     exclusive    of    engineer- 
ing and  overhead    $47,315.79 

ACKNOWLErOMENT. 

The  reservoir  here  described  was  designed 
by  E.  W.  Kelly,  Engineer  of  the  Duluth  Water 
and  Light  Department.  It  was  built  by  D.  H. 
Clough  &  Co.  Mr.  D.  A.  Reed  is  Manager 
of  the  Department. 


Method  of  Repairing  Crack  in  Large 
Cast  Iron  Tee  at  Duluth. 

A  42x42x36-in.  cast  iron  tee  cracked  about 
one  month  after  its  insertion  in  a  steel  force- 
main  at  Duluth,  Minn.  The  crack  extended 
about  three-quarters  of  the  way  around  the 
casting  close  to  one  end  flange.  Mr.  E.  W. 
Kelly,  engineer  of  the  water  department, 
gives  the  following  description  of  the  method 
of  making  the  repair: 

The  crack  was  driven  full  of  dry  fine 
wedges  from  the  inside.  This  permitted  re- 
sumption of  pumping  while  preparations  for 
permanent  repair  were  made.  The  perma- 
nent repair  consisted  of  a  ring  of  angle  iron 
with  the  outstanding  leg  drilled  to  match 
holes  in  the  tee  flange.  This  was  made  in 
halves,  which  were  welded  together  around 
the  tee  with  the  oxy-acetylene  torch.  It  was 
bolted  to  the  tee  flange,  but  spaced  about  %  in. 
from  it.  A  similar  space  was  left  between  tha 
body  of  the  tee  and  the  flat  leg  of  the  angle, 
in  which  a  groove  had  been  cut  for  a  "lock." 
The  space  between  the  angle  and  tee  was 
then  poured  with  lead,  and  the  joint  caulked 
from  both  sides.  The  result  was  a  perfectly 
tight  and  satisfactory  job. 


A    Modern    Small    Sized   Construction 

Camp  With  Some  Costs  on 

Feeding  Men. 

Contributed  by  E.  W.   Robinson,  Civil  Engineer 
with  McKenzie  Construction  Co. 

In  July,  1914,  a  contract  was  entered  into 
to  construct  a  reinforced  concrete  and  brick 
building  to  be  located  upon  the  County  Poor 
Farm  for  Bexar  County,  Texas.  The  build- 
ing was  about  ten  miles  from  the  center  of 
San  Antonio,  county  seat  of  Bexar  County, 
and  about  two  miles  from  the  nearest  rail- 
way siding.  While  located  in  a  good  and 
prosperous  farming  district  there  were  an  in- 
sufficient number  of  farm  houses  close  enough 
to  board  the  required  number  of  white  labor- 
ers, let  alone  the  Mexicans  and  negroes,  that 
would  be  necessary  to  carry  on  the  work  sat- 
isfactorily. A  plan  of  furnishing  transporta- 
tion to  and  from  town  each  night  and  morn- 
ing was  considered,  but  on  further  considera- 


tion was  abandoned  in  favor  of  a  camp,  both 
because  of  cost  and  because  it  was  thought 
that  better  work  could  be  obtained  from  the 
men  if  their  living  conditions,  and  especially 
food,  were  kept  under  control.  This  conclu- 
sion was  proven  correct  in  the  end.  Also  as 
the  cotton  picking  season  was  on  when  the 
work  was  started  good  men  were  hard  to  get 
and  keep  and  every  Saturday,  and  on  other 
days  too,  the  streets  in  town  were  lined  with 
farmers  trying  to  get  cotton  pickers.  With  a 
camp  it  was  thought  a  man  could  be  kept  on 
the  job  a  week  at  least  and  that  there  would 
be  less  chance  of  him  bein.g  tempted  to  change 
quite  so  often  as  he  would  were  he  to  go  to 
town  every  night,  and  that  it  would  tend  to 
discourage  the  tendency  so  common  among 
the  negroes  and  Mexicans  to  lay-ofif  every  few 
days,  for  they  were  given  to  understand  that 
they  would  be  paid  only  on  Saturday  after- 
noons. 

After  deciding  upon  a  camp  to  handle  the 
labor  proposition  the  next  questions  were  the 


kind  of  camp  to  be  constructed  and  the 
amount  of  money  that  could  be  economically 
expended  for  that  purpose.  As  stated  in  a 
preceding  paragraph,  the  prime  consideration 
was  the  condition  of  the  men  which  in  most 
cases  largely  controls  their  output  of  work. 
-Another  important  consideration  was  the  ulti- 
mate cost.  Owing  to  the  sudden  increase  of 
cost  of  staple  articles  of  food  early  in 
.August  it  was  seen  that  anything  like  a  profit 
from  boarding  the  men  was  impossible,  pro- 
vided of  course  the  price  charged  was  made 
reasonable  in  comparison  with  the  prevailing 
rate  of  wages  and  the  quality  and  quantity  of 
food  were  sufficient  to  keep  a  man  in  shape 
for  hard  labor.  The  proposition  then  resolved 
itself  into  one  of  charging  the  men  about 
what  they  would  have  to  pay  elsewhere  for 
ordinary  substantial  board  and  then  giving 
them  the  best  possible  in  every  way  and  yet 
make  the  camp  self  sustaining  or  as  nearly 
so  as  possible.  Very  little  information  and 
cost  data  of  value  could  be  found  which  were 
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entirely  applicable  to  the  given  conditions  for 
various  reasons.  So  much  data  published  on 
cost  of  feeding  men  in  construction  and  other 
camps  do  not  give  quantities  and  unit  costs 
of  the  various  items  of  food-  mal<ing  up  the 
biU-of-fare,  and  where  there  is  unusual  fluc- 
tuation in  prices  of  food  stuffs,  as  in  this 
case,  or  where  local  conditions  and  racial 
habits  have  considerable  to  do  with  the  kinds 
of  food  available  and  suitable,  such  data  are 
worse  than  none  at  all.  Also  cost  of  board 
and  camp  on  large  undertakings  extending 
over  a  year  or  more  and  in  different  climates 
must  be  handled  with  care  to  be  comparable. 
Another  instance  of  un-re!iable  cost  figures 
suitable  for  a  basis  on  which  to  figure  for 
a  camp  to  meet  the  above  set  out  require- 
ments is  where  the  camp  and  commissary  is 
depended  upon  for  the  principal  source  of 
profit,  either  by  the  contractor  for  the  work- 
in  hand,  or  by  a  sub-contractor  on  the  board 
and   camp  alone. 

As  shown  on  the  accompanying  sketch.  Fig. 
1,  almost  an  ideal  location  for  a  small  camp 
was  secured  near  the  work  on  a  knoll  of 
^andy  porous  soil  with  excellent  drainage  in 
three  directions.  There  were  two  or  three 
large  trees  and  many  small  mesquite  shrubs 
that  afforded  considerable  shade.  The  cooking 
and  eating  house  was  located  on  the  highest 
point  and  near  the  center  of  the  camp.  This 
was  built  of  one-inch  boxing  with  corrugated 
iron  roof.  A  screened  open  space  thirty 
inches  in  width  and  about  the  same  distance 
above  the  ground,  together  with  screened 
doors  afforded  plenty  of  light  and  air  all 
around  the  building  except  next  to  the  store 
room.  This  made  a  decided  hit  with  the 
boarders  and  visitors  alike.  When  the  weath- 
er got  so  cool  that  fresh  air  could  be  had  in 
plenty  the  screened  space  was  covered  with 
10-oz.  white  canvas  left  so  it  could  be  rolled 
up  on  warm  days.  This  provided  plenty  of 
light  without  needing  any  windows  except  on 
the  very  darkest  of  days.  The  store  room 
and  kitchen  were  in  the  center  of  the  build- 
ing with  tables  at  one  end  for  Mexicans  and 
negroes  and  for  the  whites  at  the  other  ?nd. 
At  the  latter  end  there  was  one  small  table 
for  the  superintendent,  foremen  and  other  of- 
ficials and  visitors,  and  two  tables  for  the 
white  laborers.  Water  was  brought  through 
a  lV2-in  pipe  to  within  50  ft.  of  the  cook 
house.  This  was  creek  water  and  was  soft 
and  good  for  laundry  purposes,  but  as  a  pre- 
caution was  boiled  for  drinking  purposes. 

Separate  tents  were  provided  for  cook,  fore- 
men, white  laborers  and  for  Mexicans  and 
negroes.  Lumber  for  flooring  the  tents  was 
furnished  free  of  charge  but  the  men  had  to 
put  it  down  themselves.  The  carpenters  and 
others  who  brought  their  families  with  them 
furnished  their  own  tents  and  furnishings, 
and  the  superintendent  and  office  man  fur- 
nished their  own  tent  as  well  as  did  a  few 
other  men.  Those  boarding  in  camp  were 
entitled  to  a  place  under  a  tent,  a  bunk  and 
mattress.  Folding  cots  with  springs  were 
furnished  superintendent,  foremen  and  other 
officials  instead  of  the  common  bunk.  Those 
wlio  boarded  themselves  were  allowed  water 
free  but  they  were  required  to  pitch  their 
tents  some  distance  away  from  the  main  camp 
so  there  would  be  no  interference.  A  com- 
missary on  a  small  scale,  supplying  bedding, 
mosquito  nets,  gloves,  overalls,  and  tobacco 
was  maintained  at  the  office.  While  all  these 
goods  were  bought  at  wholesale  prices  Lt  is 
doubtful  if  the  small  profits  made  off  of  them 
offset  the  bother  in  looking  after  the  busi- 
ness and  it  was  maintained  principally  as  an 
accommodation  to  keep  the  men  from  wanting 
to  go  to  town  for  such  articles  or  from 
asking  every  one  who  did  go  to  load  himself 
down  coming  back.  The  office  contained 
desk,  drafting  and  common  tables,  telephone 
and  all  the  books  and  other  data  pertaining 
to  this  job. 

A  negro  man  and  wife  were  secured  to  do 
all  cooking  and  other  work  incidental  thereto 
for  $7.5  per  month.  He  furnished  a  one- 
horse  wagon  to  haul  the  week's  supply  of 
groceries  from  the  railroad  station  two  miles 
away,  and  also  to  collect  such  produce  as 
could    be    bought    from    nearby    farm    houses 


and  to  haul  fire  wood  from  the  saw  at  the 
building  site.  Fortunately  a  thoroughly  re- 
liable and  honest  cook  was  obtained,  one  who 
did  his  work  well  and  maintained  order  and 
impartiality  among  those  of  his  own  race. 
In  starting  the  camp  a  study  had  been  made 
of  the  U.  S.  Army  garrison  ration  through 
the  medium  of  "The  Mess  Sergeants'  ffand- 
book"  (Holbrook  &  Dunne)  and  an  attempt 
was  made  to  follow  the  methods  outlined  in 
that  valuable  book.  However  as  with  most 
everything  else  the  problem  of  quantity,  qual- 
ity and  variety  had  to  be  solved  according  to 
conditions  at  hand,  that  is  the  likes  and  dis- 
likes of  the  men  to  be  fed.  The  writer  can 
recommend  this  book  as  being  a  good  guide 
in  laying  down  some  general  principles.  As 
soon  as  it  was  found  out  that  the  cook  had  a 
pretty  good  head  in  regard  to  the  bills-of-fare 
he  was  allowed  to  regulate  the  food  pretty 
much  to  suit  himself  with  occasional  changes 
and  suggestions  of  course.  .\11  white  men 
paid  $5  per  week  or  $0.25  per  meal  and  there 


question  whether  or  not  this  gain  would  not 
have  been  offset  by  decreased  efficiency  in  the 
laborers,  or  lack  of  them  altogether,  for  cer- 
tainly few  negroes  or  Mexicans  would  have 
paid  that  much.  The  one  mistake  made  was 
in  allowing  a  rate  per  meal  instead  of  charg- 
ing a  flat  price  per  week.  Had  this  been 
started  at  first  the  writer  believes  it  could  have 
been  made  to  stick  and  the  increased  receipts 
would  have  paid  part  or  all  of  the  overhead 
expense  of  the  camp  on  Sundays  w'hen  there 
was  generally  only  half  a  dozen  or  so  people 
around.  The  reason  for  allowing  the  meal 
rate  in  the  beginning  was  because  it  was  hard 
to  induce  skilled  laborers  with  families  to 
leave  them  in  town  and  come  this  far  in  the 
country,  and  the  argument  w'as  offered  to  get 
them  that  they  could  board  as  cheaply  in  camp 
as  they  could  at  home,  could  be  with  their 
families  over  Sunday  and  would  not  have  to 
pay  for  meals  they  did  not  eat.  No  distinc- 
tion could  be  made  between  those  with  fami- 
lies and  those  without,  and  the  result  w-as  that 
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Fig.     1 — Construction     Camp     Plan,     County  Poor    Farm     Building,    Bexar    County,    Texas. 

were  absolutely  the  same  dishes  on  all  tables  about   90   per  cent   of   the  men   left   Saturday 

at  this  end  of  the  eating  house,  and  the  fact  without   eating   supper  and   came    back    after 

that  the  superintendent  ate  the  same  food  from  breakfast  Monday  morning, 

the   same  kind   of  dishes   undoubtedly   tended  For   the  SVa   months   between   Aug.   15   ^nd 

to  keep  down  complaints  from  chronic  knock-  Nov.  28  there  were  served  6,100  meals,  or  2,033 

ers.      Negroes    and    Mexicans    were    charged  rations,  and  the  followmg  tabulation  gives  the 

$3.50   per   week  or   $0.20   per   meal   and   were  lotal  foods  used  and  actual  unit  and  total  costs 

given   the   same   food  as  the   white   so   far  as  fo''  tli's  period  : 

meat,  vegetables,  etc.,  were  concerned  but  were       Sugar,  456  lbs.  at  $0,074  average $33.92 

•illnvvpd   nnnr  nf  thp  pvnpnsivp  tliinirs   snrh   as  Coffee.    1S3   lbs.   at  $0.20   average....   36.19 

allow  eu  none  oi  tne  cxpeiis  \  c  tnings  sucn  as  ^^^^  beans,  100  lbs.  at  $0,055  avge.     5.50 

milk,    butter    and    eggs.      1  here    is    no    doubt  Mexican    beans,    254    lbs.     at     $.044 

these  people  ate  as  much   in   value  as  the  $5  average ,li-^^ 

men     hilt    thp    nrire   was    spt    and    tmintainprl    at  BaoOn    Belly,    7o4   lbs.    at   $0.IS4   avge.139.01 

men,  out  tne  price  was  set  ana  maintained  at  ].-,.esh  meat,  1,210  lbs.  at  $0,125  avge.151.21 

this  figure  for  the  reason  that  were  the  price  Potatoes,  565  lbs.  at  $0,022  average..  12.66 

higher   the   average    Mexican    or   negro   would  Onions.   457   lbs.   at  $0,029   average..  12.99 

lin-.rrl  lii'mcplf  anfl  tlipii  Kn  mint   fnr  ,.-nrV  lialf  Cabbage,   457  Ibs.  at  $0.04   average..    1S.2S 

board  liimscll  and  tlien  be  unlit  tor  work  halt  Hominv.  124  .'i-lb.  cans  at  $0.90  doz.     9.60 

of  the  time.     In  fact  the  only  cases  of  sickness       Corn,  216  2-lb.  cans  at  $1.10  doz 19.60 

among  the  men  in  camp  where  anyone  was  too  Peas,    16S    2-lb.    cans    at   $0.S5    and 

sick   to   work   were   among  the   Mexicans   who  Tonii'toe's,' 24 '2'-Vb.' cans'at' $0.96;" '53     '■" 

kicked    on    paying   $3.50    and     were     boarding  3-lb.  cans  at  $1.35 7.76 

themselves   for  $2.00  and  $2.50  a  week.     Had  ''^'"ur,  3%   bbls.   at  $5.92  average.  ..■  22.94 

everyone  pai<l  the  $5  rate  the  camp  would  just  g.';,':[J^:f5Sr-?b"'e"n^'it'$''o''43''ave?f|e  "'" 

about   have    been    self-susfaining,    but    it   is    a  case  Mexican  sugar,  $3.75 14. 4S 


320 


Engineering   and    Contracting 


Volume  XLIII.     No.    14. 


Rice.  ;;7  lbs.  at  ;f0.0J5  average 1.67 

Uird,   2.S3  lbs.   at  $0.09  average 25.50 

Baking    powder,    $2.00    per    doz.    for 

2r.-oz 4.78 

iied  pepper,  6  boxes 0.45 

Black  pepper,   25  boxes 1.8S 

Salt,    67    lbs...... 0.42 

Soda,   12  packages  at  .$0.06.... 0.72 

Macaroni,   3  cases,   75  boxes 5. OS 

Grits,  'J  boxes  at  $1.00  per  doz 0.75 

taker's    bi-ead,    730   loaves   at  26    lor 

$1                    .; 28.08 

Butter.   116  lbs.   at   $0.35 10.60 

Skim    milk,    81.5   gals,   at    $0.10 8.15 

Hiitlfrmilk,  36.5  gals  at  $0.20 7.30 

Kggs.   136  doz.   at   $0.30 40.80 

I'.'t  milk,  24U  large  cans  at  $1.00  doz.  20.00 

Prunes.  50  lbs.  at  $0.13  average 6.51 

Kvaporated    apples,    65    lbs.    at    $0.12 

average     ^-75 

iviiscellaneous  fruit  and  vegetables..  3.83 

Pickles,    9   gals,   at  $0.55 4.95 

Vinegar,   2.5  gals,  at  $0.50 1.25 

lOxUacts   and   spices 2.55 

Soap,    1.5    cases 4.00 

Matches,   at  $4.25   per  case 2.70 

Bve.   6  cans  at  $0.70 0.42 

Washing  powder,    18  cans 0.84 

Ice.  at  $0.20  per  100  lbs 20.60 

$765.32 

Per   meal    „„_  ^„  $0.12:j 

Cook,  3.5  months  at  $75 262.50 

Per   meal    „,„  r/>     " 

Clerk,  3.5  months  at  $05 22,. 50 

Per    meal    0.03  / 

Lumber,  nails,  roofing,  etc ^??'nn 

Stove,   second  hand 15.00 

Ice   box   and   water   cooler,    second 

hand    1*5.00 

1    doz.    single    cots.    4    doz.    mat-  ^ 

tresses,    second   hand 'o->0 

Tent,   9x9,   second  hand $  7.00 

Tent,   16x20,   second  hand 20.00 

Two  tents,   14x20,   new 38.92 

65.9<i 

Cooking  utensils,  etc 42.97 

Oil   lamps    3.60 

Canvas     ^•^!; 

Miscellaneous    ,„„■„„ 

■Labor    ■  ■    10000 

Total  cost  of  camp *5??'n!j 

Less  probable  salvage  value ■   150.00    , 

$372.56 
Per    meal    P-O^^ 

Grand    total    per    meal $0,266 

.\n  attempt  was  made  to  check  the  above 
quantities  against  the  army  ration,  but  about 
the  only  item  on  which  the  check  would  be  of 
value  is  the  meat.  According  to  Holbrook  & 
Dunne  there  should  be  125  lbs.  of  fresh  meat 
or  7.5  lbs.  of  bacon  to  every  100  rations,  or  if 
both  are  used  they  shouM  be  in  that  propor- 
tion. At  this  rate  2,033  rations  would  require 
2,.'J42  lbs.  fresh  meat  or  its  equivalent  1,52.5  lbs. 
bacon  Taking  the  actual  fresh  meat  used, 
which  was  1,210  lbs.,  we  should  have  used 
709  lbs.  of  bacon  to  fill  out  the  meat  ration, 
and  there  was  actually  used  7.54  lbs.  Or  the 
other  was  around  starting  with  actual  use  of 
7.54  lbs.  bacon  we  should  have  used  1,285  lbs. 
fresh  meat  against  actual  use  of  1,210  lbs.  It 
will  be  noted  that  while  the  men  were  working 
harder  than  is  usual  for  soldiers  in  garrison 
thev  consumed  less  meat,  but  this  can  be  ac- 
counted for  in  two  ways.  In  the  first  place  the 
army  ration  is  large  enough  to  allow  the  men 
to  make  a  saving  on  most  any  item  so  that 
they  can  buy  luxuries  not  listed  in  the  ration, 
and  also  because  in  this  case  beans  take  the 
place  of  meat  to  a  large  extent  with  the  av- 
erage common  laborer.  During  the  month  of 
November  some  wild  game  was  added  to  the 
bill-of-fare  on  Sundays  and  Mondays,  but 
this  had  little  effect  in  reducing  the  amount  of 
meat   bought. 

The  reader  will  note  the  lack  of  fresh  vege- 
tables from  the  above  list  which  was  due  to 
inability  to  obtain  them  except  at  exorbitant 
prices.  Notwithstanding  the  fact  that  there 
was  a  large  dairv  farm  adjacent  to  the  camp 
a  I'ood  price  was  paid  for  the  butter,  eggs, 
skim  milk  and  buttermilk  bought  and  it  was 
necessary  to  resort  to  evaporated  milk  for  cof- 
fee. Everything  else  was  shipped  by  freight 
from  town  every  Tuesday  morning. 

As  a  good  example  of  the  variation  in  prices 
paid  for  supplies  it  might  be  stated  that  when 
the  camp  was  started,  which  was  soon  after 
the  European  war  broke  out,  sugar  cost  $8 
per  100  lbs.,  and  the  price  varied  between  that 
and  $6.25  during  the  whole  three  and  one-half 
months.  .  , 

In  regard  to  the  high  proportionate  cost  ot 
commissary  clerk  it  might  be  argued  that  $65 
was  too  much  to  pay  per  month  for  a  camp  of 


this  si/e.  However,  one  man  did  all  the  office 
work  and  kept  time  and  cost  data  as  well  and 
it  was  judged  that  about  that  proportion  of 
his  time  was  spent  on  matters  pertaining  to 
the  camp  and  commissary.  For  instance,  it 
takes  two  or  three  times  as  long  to  work  up 
the  payrolls  when  there  are  deductions  for 
board  and  supplies  as  it  does  when  there  are 
no  such  deductions.  However,  for  estimate 
purposes  this  item  can  be  estimated  accurately 
enough  in  advance  and  it  is  merely  listed  here 
to  show  what  it  cost  in  this  case. 

In  the  cost  given  for  the  camp  equipment 
there  is  no  charge  made  for  the  pipe  line  ex- 
cept a  few  dollars  labor  in  placing  it.  The 
reason  for  this  is  because  it  will  be  used  later 
as  a  pipe  railing  in  the  building.  The  main 
■  J-in.  water  line  which  feeds  the  1%-in.  line 
to  camp  and  the  pump  and  tank  were  installed 
liy  the  county  free  of  cost  to  the  contractor  in 
accordance  with  agreement  before  contract 
was  made  for  the  construction  of  the  building. 

Tlie  matter  of  salvage  value  of  camp  equip- 
ment is  merely  an  estimate,  for  at  this  time  the 
camp  is  still  in  use.  There  is  chance  for  se- 
curing contract  for  another  building  near  this 
one,  in  which  case  the  value  of  the  camp  in 
[dace  is  more  than  estimated.  But  leaving  that 
out  of  consideration,  the  writer  believes  $150 
in  cash  can  be  realized  on  the  whole  outfit,  if 
not  more. 

Considering  that  $150  can  be  realized  from 
the  equipment  on  hand  there  was  total  money 
loss  of  $372.56  from  the  camp  and  commis- 
sary, which  amounts  to  about  4.5  per  cent  of 
the  payroll  of  men  boarding  there.  The  write/ 
believes  this  was  a  good  investment  in  that  it 
secured  more  and  better  work  from  the  men 
as  they  were  well  and  contented  and  were  on 
the  job  fresh  each  morning  and  were  not  tired 
out  by  dissipation  of  the  night  before  or  by 
making  the  trip  to  town  and  back.  The  differ- 
ence could  be  seen  very  plainly  in  the  men  on 
Monday  mornings  after  they  had  spent  Sunday 
in  town. 

It  will  be  noticed  an  average  of  20  men 
were  fed  during  this  period,  though  during  the 
period  of  workin.g  full  gang  30  to  35  were  fed 
daily.  The  camp  was  designed  to  accommo- 
•late  about  50  in  all,  and  had  it  been  run  to 
capacity  the  item  of  cook  and  clerk  would 
have  been  nearly  cut  in  two,  meaning  a  saving 
of  at  least  $0.04  per  meal. 


Methods  and  Costs  of  Planting  a  Small 

Park  to  Grass,  Making  Paths  and 

Planting  Hedge. 

Contributed   hv  H.   R.   Ferriss,   203  Times  Block, 
Victoria,   B.   C. 

The  following  labor  costs  are  given  for 
planting  a  small  triangular  park,  and  for  mak- 
ing paths.  The  park  contains  7,826  sq.  yds.,  of 
which  1,000  sq.  yds.  are  in  paths  and  drives, 
6,085  in  grass  and  the  remainder  in  offices 
and  enclosures.  The  costs  include  only  the 
lawns,  paths  and  hedge.  The  water  system, 
grading,  etc.,  are  not  considered. 

No  set  specifications  were  made  for  this 
work,  which  was  accomplished  with  day  labor. 
As  finally  completed,  however,  the  lawns  were 
made   with    1    ft.    of    rich   black   loam   over   a 


.Box  Hedge 
■■'■  ,Z"5ond&  Clay  Surface 
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Gross 


-i£^       Sifted  Black  Soil-'      ''^' 
Fig.   1.   Cross  Section  of   Path. 

nearly  level  subsoil  of  dense  white  clay.  The 
paths,  as  shown  in  Fig.  1  were  made  with  well 
rolled  "screenings"  covered  with  a  thin  layer 
of  clay,  into  which  was  rolled  coarse  sand. 
By  "screenings"  are  meant  small  stones,  etc., 
raked  out  of  the  soil  preparatory  to  planting 
with  grass.  Both  sides  of  the  path  are  lined 
with  dwarf  box  hedge.  The  paths  have  proved 
very  satisfactory.  They  have  required  no  re- 
pairs whatever,  although  some  trouble  has 
been  experienced  with  weeds.  No  drains  have 
been  needed,  notwithstanding  the  heavy  char- 
acter of  the  soil,  as  the  paths,  owing  to  their 
construction,  furnish  an  efficient  drainage  sys- 


tem for  the  park.  The  following  brief  de-  ' 
scription  of  the  manner  in  which  the  work  was  ; 
done  may  prove  of  interest  to  those  engaged  I 
in  similar  improvements  :  \ 

The  entire  area  was  first  graded  and  rough 
leveled  in  the  fall.  Work  was  then  discon- 
tinued owing  to  rain.  About  the  last  of  the 
following  March  the  ground  was  plowed,  the 
paths  excavated,  and  the  natural  surface  soil 
evenly  leveled  over  that  part  of  the  area  de- 
signed for  lawns.  The  surface  was  then  thor-  ! 
oughly  harrowed  with  spike-tooth  harrows  and  ; 
the  screenings  raked  into  convenient  piles, 
which  were  afterward  spread  and  rolled  in 
the  paths. 

While  the  surface  was  being  harrowed  and 
raked  the  soil  for  the  box  hedge  waS  sifted 
and  tamped  into  place  ready  for  the  plants. 
The  grass  seed  and  the  hedge  were  both  plant- 
ed at  the  same  time,  4  to  6  men  with  fine  rakes 
were  engaged  in  seeding,  and  2  gardeners  and 
2  to  4  laborers  helping  were  used  for  plant- 
ing the  hedge. 

After  the  hedge  was  completed  the  screen- 
ings were  leveled  in  the  paths,  thoroughly 
water-soaked,  and  well  rolled  with  a  heavy 
hand  roller.  On  top  of  this  was  spread  a  thin 
layer  of  clay  which  was  also  water  soaked. 
This  was  covered  with  sand  and  then  well 
rolled.  The  sand  had  been  previously  dug 
from  a  bank  about  200  ft.  from  the  center  of 
the  park  and  deposited  at  convenient  points 
with  wheel  scrapers,  from  which  it  was  after- 
wards handled  with  wheelbarrows.  The  clay 
was  dug  from  the  bottom  of  the  paths. 

It  must  be  borne  in  mind  that  the  company 
was  put  to  no  expense  for  materials  other 
than  for  grass  seed  and  box  hedge.  The 
ground  for  a  depth  of  1  ft.  is  composed  of  the 
finest  kind  of  soil  for  lawns,  although  heav- 
ily sprinkled  with  small  stones.  The  sand 
used  in  surfacing  the  paths  was  conveniently 
located.  Some  shifting  of  soil  was  necessary 
during  the  leveling  of  the  park,  but  this  item 
has  been  included  in  the  cost  of  grading. 
Paths  as  outlined  above  might  not  be  econom- 
ical, except  under  similar  conditions.  The  de- 
sign saved,  of  course,  the  cost  of  gathering 
up  the  screenings  and  carting  them  a  consid- 
erable distance,  and  the  cost  of  excavation 
was  also  almost  entirely  offset  by  the  sale  of 
the  surface  soil. 

It  may  be  mentioned  that  we  found  during 
heavy  rains  that  the  surface  of  the  paths 
showed  a  tendency  to  wash.  Small  inlets 
were  made  at  frequent  intervals,  consisting  of 
loose  brick  boxes  filled  with  clean  gravel,  and 
no  further  trouble  has  been  experienced  from 
this  cause.  i 

T.^BLB  I.— COST  OF  CONSTRUCTING  WALKS  ] 

AND    PLANTING    GRASS   AND   HEDGE. 

Cost       Cost 


per  100 
sq.  yds. 

$  0.S28 


per 

cu.  yd. 

$0,040 

.457 


Walks  and  Drives; 
Foreman,  24  hrs.  at  35  cts..$     8.40 
Excavation,   4S0  hrs.   at  20 

cts 96.00 

Rolling  paths,  90  hrs.  at  20 

cts 18.00         1.775     

Surfacing,    70    hrs.    at    20 

cts 14.00         1.380     

•Drainage,    16    hrs.    at    20 

cts 3.20  .315     

$139.60     $1S.765     

Lawns: 

Foreman,  80  hrs.  at  40  cts.$  32.00       $0,527 

Plow  and   harrow,    10   hrs. 
at  70  cts 7.00         0.115 

Leveling  surface,  hand  la- 
bor, 100  hrs.  at  20  cts...     20.00         0.329 

Raking    and    seeding,    805 

hrs.  at  20  cts 16L00         2.652 

Temporary  fencing,  14  hrs. 
at  20  cts 2.80         0.046 

$222.80       $3,669 

Cost       Cost 
per  100     per 
Box  Hedge:  lin.  ft.  cu.  yd. 

Sift,  place  and  tamp  earth,  

620  hrs.  at  20  cts $124.00       $3,543     $0.77,5 

Gardeners  planting  hedge, 

380  hrs.  at  35  cts 133.00         3.800 

$257.00       $7,343 

F.ngineering— Stake  paths,  etc Hn'SS 

Supervision    "?'2S 

Tools,  depreciation,  etc ■      '.jO 

$42.50 

•Drainage    consisted    of    100    ft.    of     6-in.     tile 

drains    at    various    points    which    were    used    to 

carry  seepage  from  the  paths  to   catchbaslns  m 

the  streets. 
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Comparative    Methods    and    Costs    of 
Preparing  Rock  for  Steam  Shovels. 

Contributed  by  Charles  C.   Phelps,  Weehawken, 

N.   J. 

When  a  steam  shovel  encounters  chunks  oi 
very  soft  rock  that  are  too  large  to  enter  the 
bucket,  the  simplest  means  of  disposing  of 
them  is  often  by  sledging  and  sometimes  by 
dropping  them  upon  another  rock.  If  the  rock 
is  of  harder  nature,  however,  blasting  must  be 
resorted  to.  In  rock  excavation  work,  the 
material  may  be  shattered  to  such  an  extent 
that  all  subsequent  breaking  will  be  unneces- 
sary if  the  blast  holes  are  spaced  sufficiently 
close  and  if  relatively  heavy  charges  of  ex- 
plosives are  employed.  This  procedure  will, 
however,  so  greatly  increase  the  cost  of  opera- 
tions as  usually  to  make  it  prohibitive.  The 
plan  generalLy  adopted,  therefore,  is  to  drill 
so  that  the  bulk  of  the  material  will  enter  the 
jaws  of  the  bucltet  and  then  employ  a  gang  of 
men  to  go  ahead  of  the  steam  shovel  and 
break  up  all  the  rock  that  is  over-size. 

Generally  speaking,  there  are  two  ways  of 
blasting  such  boulders,  i.  e.,  by  applying  sur- 
face blasts  to  the  rock  and  by  exploding 
charges  in  shallow  holes  drilled  in  the  rock,  the 
latter  being  known  as  pop-shooting  or  block- 
holing.  In  surface  blasting,  a  stick  of  dyna- 
mite is  placed  against  the  rock  and,  after  be- 
ing properly  wired  up,  it  is  covered  with  a 
"mud-cap,"  "plaster,"  or  "dobie"  of  mud  or 
mortar.  Naturally  the  breaking  effect  by  this 
method  is  much  less  than  with  a  charge  in 
the  body  of  the  boulder,  and  the  cost  of  pow- 
der for  blasting  a  rock  of  any  size  in  this 
way  is  very  much  more  than  for  pop-shooting. 

Four  ways  of  accomplishing  block-hole  drill- 
ing are  open  to  the  contractor  or  quarryman, 
namely:  (1)  With  sledges  and  hand  steels; 
(2)  With  mounted  tripod  drills;  (.S)  With 
non-rotating  plug  drills  operating  with  com- 
pressed air.  and  (4)  With  steam  or  air  ope- 
rated  hand   drills   of   the   self-rotating  type. 

The  last  type  operates  satisfactorily  on  steam 
as  well  as  on  compressed  air.  Formerly  plug 
drills  were  not  constructed  to  employ  any 
other  power  than  compressed  air,  therefore 
the  development  of  the  steam  type  has  greatly 
broadened  the  field  of  the  hand  drill,  one  of 
the  most  important  applications  being  its  use 
as  an  adjunct  to  a   steam  shovel. 

In  order  to  compare  the  relative  advantages 
of  the  four  methods,  we  will  consider  an  aver- 
age case  where  the  rock  is  a  very  hard  lime- 
stone and  where  it  is  necessary  to  drill  pop- 
holes  averaging  12  ins.  in  depth.  The  holes 
put  in  by  tripod  drills  would  probably  be  a 
little  over  2  ins.  in  diameter  and  those  made 
by  the  first,  third  and  fourth  methods  would 
probably  be  under  2  ins.  in  diameter,  but  this 
difference  can  be  left  out  of  consideration 
because  the  smaller  holes  would  be  amply 
large  for  their  purpose.  The  cost  of  sharpen- 
ing steels  can  also  be  left  out  of  consideration, 
for  this  would  be  nearly  the  same  per  foot  of 
hole  in  all  four  cases.  The  wages  for  drill 
operators  range  from  $l.-50  to  $4  per  shift 
in  various  parts  of  the  country  and  from  $1.50 
to  $-3  per  shift  for  helpers.  We  will  therefore 
use  in  our  calculations  the  average  wage  of 
$2.75  for  drill  runners  and  $2.25  for  helpers 
per   eight-hour  shift. 

A  medium  size  piston  drill  will  require  about 
125  cu.  ft.  of  free  air  per  minute  at  00  lbs. 
pressure,  or  if  operating  on  steam  will  require 
about  eight  boiler  horsepower  at  a  correspond- 
ing pressure.  Both  of  the  small  types  of  hand 
drills  will  require  less  than  half  of  this 
amount  of  power.  In  the  most  advanced  type 
of  oil-engine  driven  air  compressor,  air  can 
be  compressed  to  this  pressure  for  a  fuel  cost 
of  about  4  cts.  per  1,000  cu.  ft.,  with  kerosene 
at  8  cts.  per  gallon.  The  cost  of  steam  at  tlii.- 
pressure  would  be  about  9,M0  cts.  per  boiler 
horsepower  per  hour  witli  coal  at  about  $3  per 
ton,  assuming  G  lbs.  of  coal  required  per  hour 
per  boiler  horsepower. 

The  cutting  speeds  referred  to  below  are 
only  approximate,  being  based  on  a  large  num- 
ber of  actual  cases  that  have  come  to  the 
attention  of  the  writer.  The  cutting  speed  of 
five  minutes  per  foot  has  been  applied  to 
cases  two,  three  and  four  to  be  on  the  safe 
side   in   estimating,  although  a  slightly  better 


jpeed  should  be  attained   in  case  three  and  a 
still  greater  speed  should  result  in  case   four, 
for  reasons  to  be  explained  later. 
DRILLING    WITH    SLEDGE   AND    STEEL. 

Labor  cast  per  .shift,   1  diiil  man $2.75 

Labur  eo.«t  per  .shift.  2  sledge  men 4.50 

Total    .$7.25 

Time    required    to    cut    12-in.    hole,    about, 

minutes     15  0 

Cost  per  12-in.   hole $0,227 

DRILLING    WITH    MOUNTED    PISTON 
DRILLS. 

Lal'or  cost  per  shift,  1  driller $2.75 

Labor  cost  per  shift,  1  helper 2.25 

Total    $5.00 

Cost  for  steam  (assuming  drill  in  actual 
operation  during  2/5  of  shift) 0.23 

Cost  for  labor  and  steam  per  shift $5.23 

Cost  for  air  (assuming  drill  in  actual  oper- 
ation during  2/5  of  shift) $0.96 

Time    required    to    cut    12-in.    hole,    about, 

minutes     5.0 

Time  required  to  n.ove  drill  from  pre- 
vious setting  and  to  adjust  (5  to  10 
minutes),   average,   minutes 7.5 

Total  per  hole,  minutes   12.5 

Labor  and  steam  cost  per  12-in.  hole $0,136 

DRILLING  WITH   ORDINARY   PLUG  DRILLS. 

Labor  cost  per  shift,   1  driller $2.75 

Cost  for  air  (assuming  drill  in  actual  oper- 
ation during  5/6  of  shift  and  air  con- 
sumption  %   of  mounted  drills) 1.00 

Cost  for  labor  and  air  per  shift $3.75 


Fig.  1.    Self-Rotating   Jackhamer  Drill   Oper- 
ating   With     Steam     Directly     From 
Steam    Shovel    Boiler. 

Time  required  to  cut  i2-in.  hole,  about, 
minutes    5.0 

Time  required  to  shift  and  for  small  de- 
lays, minutes l.o 

Total  per  hole,  minutes 6.0 

Labor  and  air  cost  per  12-in.   hole $0,047 

DRILLING      WITH      AUTOMATIC-iLLT      RO- 
TATED HAND  HAMMER  DRILLS. 

Labor  cost  per  shift,  1  driller $2.75 

Cost  for  steam  (assuming  drill  in  actual 
operation  10/11  of  shift  and  steam  con- 
sumption  %  of  mounted  drills) 0.26 

Cost  for  labor  and  stean.'  per  shift $3.01 

Time    required    to    cut    12-in.    hole,    about, 

minutes     5,0 

Time  required  to  shift  position,  minutes...   0.5 

Total  per  hole,  minutes 5.5 

Labor  and  steam  cost  per  12-ln.   hole $0,035 

Comparing  the  above  estimates  of  cost,  ii 
appears  that  drilling  with  sledge  and  steel  is 
extravagantly  expensive.  Drilling  with  mount- 
ed drills  is  also  very  expensive  for  this  class 
of  work,  due  mainly  to  the  fact  that  more 
time  is  consumed  in  setting  up  the  drill  than 
in  actual  cutting.  The  clioice  of  equipment 
woidd,  therefore,  seem  to  lie  between  the  two 
types  of  hand  drills.  The  difference  in  cost  of 
operation  between  the  two  latter  types  does 
not  appear  to  be  so  great  from  the  above  esti- 
mate, but  there  are  other  considerations  of 
equal  importance  which  point  to  the  automati- 
cally rotated  hand  hammer  drill  as  the  ideal 
type  for  steam  shovel  work.  In  the  first  place 
it  operates  on  steam  taken  directly   from   the 


boder  of  the  steam  shovel,  whereas  the  ordi- 
nary plug  drill  is  adapted  for  operation  on 
air  only.  This  eliminates  the  initial  and  up- 
keep cost  of  a  compressor  mounted  on  the 
steam  shovel  boiler  or  a  separate  compressing 
plant  and  any  charges  that  there  might  be  for 
attendance  to  such  a  unit.  This  one  considera- 
tion has  been  the  determining  factor  in  a 
large  number  of  cases  where  the  automatically 
rotated  hand  type  has  been  adopted  for  drill- 
ing pop-holes  in  connection  with  steam  shovel 
excavation.  Another  important  advantage  of 
the  latter  type  is  the  fact  that  the  hole  i^ 
quickly  started  and  the  steel  is  scarcely  ever 
known  to  stick  due  to  the  positive  rotation 
mechanism.  On  the  contrary,  ordinary  plug 
drills  frequently  cause  trouble  and  delay  in 
these  respects,  especially  when  they  are  ope- 
rated by  inexperienced  workmen,  and  the 
amount  of  muscular  energy  required  to  rotate 
a  plug  drill  back  and  forth  soon  tires  the  ope- 
rator, so  that  he  is  incapable  of  keeping  up 
to  the  pace  which  we  have  adopted  as  our 
standard. 

The  drill  shown  in  Fig.  1  has  an  18-in.  piece 
of  %-in.  pipe  screwed  into  the  exhaust  to 
carry  the  steam  away  from  the  operator,  and 
wooden  handles  are  fitted  to  the  machine,  so 
the  drill  is  perfectly  comfortable  to  handle. 
In  this  case  there  is  a  60-ft.  length  of  hose 
and  the  boiler  pressure  gage  registers  about 
110  lbs.  In  other  cases  the  drill  operates  as 
far  as  400  or  500  ft.  away  from  the  shovel. 
In  such  cases  poorer  results  are  to  be  ex- 
pected, especially  in  cold  weather,  due  to  the 
condensation  of  the  steam  in  the  line,  even 
when  it  is  covered  with  insulating  material. 
The  steam  operated  drill  may  be  used  for 
cutting  either  wet  or  dry  holes.  In  the  latter 
case  hollow  drill  steel  is  often  employed,  to- 
gether with  a  special  type  of  throttle  valve  on 
the  exhaust  which  can  direct  the  steam  through 
the  steel  at  the  will  of  the  operator  to  blow 
the  cuttings  out  of  the  bottom  of  the  hole.  It 
is  customary  to  use  a  slightly  smaller  piston 
with  a  drill  operating  on  steam  in  order  to 
allow  for  the  expansion.  Likewise  only  the 
best  quality  of  steam  hose  should  be  used  for 
conveying  the  steam  to  the  drill.  Proper  lubri- 
cation is  of  even  greater  importance  when 
operating  with  steam  than  when  using  air  and 
a  heavier  oil  should  be  used  with  a  steam  drill 
than  with  one  using  air.  It  will  pay  to  remove 
the  steel  from  the  chuck  occasionally  and 
squirt  a  few  drops  of  oil  on  the  bottom  of 
the  piston.  This,  in  addition  to  the  regular 
automatic  lubrication,  will  result  in  a  drill  of 
this  type  operating  practically  as  well  with 
steam  as  with  air. 

These  little  machines  use  the  hammer  prin- 
ciple and  operate  at  a  very  high  speed,  per- 
haps 1.000  blows  per  minute  or  more. 

An  interesting  and  puzzling  case  occurred 
recently  in  which  drills  of  the  self-rotating 
hand  hammer  type  were  condemned  by  a  quar- 
ry superintendent  because  the  steels  were  con- 
stantly getting  stuck.  The  rock  was  a  rather 
soft  limestone  and  a  six-point  drill  bit  was 
used.  The  drill  was  examined  for  defects  but 
none  were  found.  Then  four-point  bits  were 
substituted  and  that  helped  matters  a  little, 
but  the  trouble  continued.  The  bits  were  then 
removed  and  flattened  on  the  bottom  until 
they  were  quite  blunt,  which  resulted  in  end- 
ing tlie  difficulty.  The  trouble  had  been  due 
to  the  pointed  hits  cutting  so  fast  that  they 
would  soon  become  embedded  in  the  cuttings, 
preventing  the  rotation  of  the  steel  and,  of 
course,  interfering  with  the  action  of  the  pis- 
ton This  case  is  mentioned  simplv  to  show 
that,  in  applying  this  novel  type  of  drill,  diffi- 
culties may  be  encountered  under  unusual 
conditions,  but  the  exercise  of  a  little  inge- 
nuity in  adapting  the  machine  to  the  conditions 
will   generally   overcome  them  easily. 

TIic  new  type  has  become  popular  with  the 
drill  runners,  because  they  are  so  much  easier 
to  handle.  In  many  cases  their  adoption  has 
resulted  in  increased  earnings  for  the  men. 
In  one  notable  instance,  where  hundreds  are 
in  operation,  the  drill  runners  are  earning 
nearly  20  per  cent  more  in  wages  while  the 
profits  of  the  owners  arc  increasing  corre- 
spondingly due  to  increased  production  and 
lower  operating  costs. 
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Methods    and    Costs    of    Building    a 
Macadam  Road  Using  an  In- 
dustrial Railway. 

Contributed   by   R.    P.    Mason,    County   Engineer. 
Deita   County.    Michigan,    Escanaba,   Micli. 

In  my  road  building  experience  it  early  be- 
came apparent  that  the  cost  of  hauling  mate- 
rials was  out  of  all  proportion  to  the  total  cost 
of  road  and  that  some  substitute  for  the  slow 
and  costly  team  and  wagon  method  would  be 
very  desirable. 

On  taking  charge  of  the  road  building  for 
this  county  an  opportunity  was  presented  to 
put  into  elfect  a  method  I  had  long  desired  to 
see  tried  out.  We  had  a  very  considerable 
stretch  of  macadam  road  to  build  and,  in  an- 
ticipation   of  a   continuous    program   covering 


neatli  the  standard  track  into  two  small  bins 
— one  for  the  large  stone  and  one  for  screen- 
ings— the  stone  being  deflected  into  the  proper 
bin  by  a  hinged  door.  A  powerful  wincli  with 
steel  cable,  driven  by  the  same  engine,  is  used 
to  spot  the  cars,  both  standard  and  small.  The 
pit  mentioned  is  fitted  with  a  sliding  door  to 
control  the  flow  of  stone  to  the  belt.  The  ca- 
pacity of  this  loader  is  about  600  cu.  yds.  per 
day.     Figure  2  shows  the  loading  plant. 

The  portable  track  is  laid  under  the  bins 
with  a  siding  to  take  care  of  the  empty  train. 
Suitable  doors  in  the  bins  furnish  the  means 
of  tilling  the  train  and  the  average  time  of  fill- 
ing a  25-car  train  is  one-half  hour.  Train 
was  supposed  to  be  always  loaded  and  ready 
when  the  locomotive  returned  with  the 
empties. 


the  metal,   thus   giving   a  perfect   roadbeil    for 
the  long  haul. 

The  speed  of  the  train  was  about  10  miles 
per  hour,  though  that  was  not  maintained  as 
an  average  on  account  of  a  number  of  railway 
grade  crossings  where  a  watchman  was  sta- 
tioned and  where  a  short  section  of  track  had 
to  be  placed  and  removed  for  the  passage  of 
every  train.  Trains  of  20  cars  were  hauled  on 
the  start  and  five  cars  were  added  later,  mak- 
ing 25-car  trains,  and  it  is  the  intention  to  haul 
30-car  trains  this  season,  as  we  find  that  the 
locomotive  will  easily  handle  that  many  on  our 
ordinary  grades.  Cars  were  loaded  with  1% 
cu.  yds.  which,  when  dumped  at  a  standstill, 
just  made  one  course  of  the  large  stone.  The 
loaded  train  is  always  pushed  in  order  to  have 
the  locomotive  back  of  the  dumped  stone.   The 


Fig.  1 — Locomotive  and    Koppel   Cars   Hauling   Stone. 


Fig.  2 — Plant  for  Unloading    Stone  from   Railway  to  Koppel  Cars. 


several  years,  a  Koppel  hauling  outfit  was  pur- 
chased consisting  of  a  30  H.  P.  locomotive,  50 
cars  (Fig.  1),  a  tracklaying  car  and  four  miles 
of  24  in.  gage  portable  track  with  curves  and 
switches.  This  track  is  20  lb.  rail  made  up  in 
15  ft.  sections  with  seven  steel  ties  to  the  sec- 
tion. This  unit  is  readily  handled  by  two  men. 
It  is  necessary  to  have  track  that  is  really 
portable  and  for  this  reason  this  type  was  se- 
lected. Owing  to  the  very  narrow  gage  a  low 
centre  of  gravity  locomotive  is  very  desirable 
and  the  selection  of  the  above  type  with  the 
water  tank  beneath  proved  to  be  wise,  as  it 
kept  the  rails  on  occasions  when  a  less  stable 
engine  must  have  capsized.  The  cars  have 
roller  bearings  and  are  extremely  easy  run- 
ning. 

Our  season's  work  was  9.5  miles  of  16-ft. 
macadam  6  in.  in  depth  compacted,  laid  in  two 
courses,  on  what  is  known  as  the  Manistique 
Trunk,  or  the  road  connecting  Escanaba  with 
Manistique. 

We  contracted  for  a  sufficient  supply  of 
stone  to  keep  the  outfit  busy  to  maximum  ca- 
pacity, to  be  delivered  in  hopper  bottom  cars ; 
and  I  would  say  here  that  this  is  a  matter  not 
to  be  overlooked,  there  must  be  a  sufficient 
and  constant  supply  of  stone  and,  if  shipped 
to  the  job,  the  railroad  equipment  must  be  in 
proportion  and  of  proper  and  uniform  type  of 
cars  to  facilitate  rapid  unloading,  or  the  effi- 
ciency of  the  work  will  suffer.  The  total  out- 
put of  a  good  sized  quarry  is  requirea  to  keep 
this  outfit  busy  and,  as  we  have  handled  over 
400  cu.  yds.  per  day  on  short  and  medium  haul, 
it  is  evident  that  no  small  crushing  plant  or 
undeveloped  quarry  would  keep  things  going. 

By  thus  contracting  for  a  large  volume  of 
stone,  we  were  enabled  to  get  very  favorable 
prices,  much  lower  than  had  prevailed  in  this 
locality  before,  which  fact  is  responsible  for 
considerable  of  the  saving  on  the  total  cost  of 
the  road. 

A  loader  consisting  of  a  24-ft.  belt  elevator 
carrying  16-in.  steel  buckets,  driven  by  a  6  H. 
P.  gas  engine,  carries  the  stone  from  a  pit  be- 


Tracklaying  is  handled  generally  by  three  to 
four  men  and  a  car  of  steel  is  sent  out  as 
needed  at  the  head  end  of  the  stone  train, 
carrying  20  sections,  or  300  ft.  of  track.  As 
our  day's  work  seldom  exceeded  one-eighth  of 
a  mile,  two  to  three  cats  per  day  were  suffi- 
cient. The  track  is  laid  on  the  shoulder  after 
the  grade  is  complete  and  made  as  permanent 


haul  was  about  3Vz  miles  each  way  from  the 
set-up ;  season's  average  nearly  eight  trains 
per  day  and  236  cu.  yds.  per  day  of  stone. 

The  spreading  was  done  with  a  road  ma- 
chine hauled  by  two  teams.  When  the  cars 
were  dumped  there  was  always  some  stone 
left  in  them,  but  as  the  machine  cut  close  to 
the  cars,   after  the  second   trip  the  remainder 


Fig.  3 — View  of  Stone  Train  on   Hill    with  5.1    Per  Cent  Grade  and  16     Curve. 


as  possible,  for  it  is  found  that  it  pays  to  have 
the  track  well  leveled  and  solid  in  order  to 
make  time  with  the  train.  At  least  one  man 
was  kept  going  over  the  track  constantly,  espe- 
cially in  wet  weather,  to  keep  it  in  shape.  As 
fast  as  any  considerable  section  of  road  was 
finished  the  track  was  thrown  to  the  centre  of 


was  removed  with  a  rake  in  a  moment  and 
the  train  was  free  to  pull  out.  The  unloading 
did  not  consume  to  exceed  10  minutes. 

The  road  machine  finished  the  spreading 
while  the  train  was  making  another  trip  and  a 
very  little  trimming  with  rakes  left  the  road  in 
perfect    condition    for    rolling.      I    ain    of    the 
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■opinion  that  the  machine  spreading  gives  a 
more  uniform  distribution  and,  by  planing  the 
road  fore  and  aft,  results  in  a  smoother  road- 
way than  comes  from  any  other  method.  How- 
•ever,  it  is  only  by  handling  a  large  volume  of 
stone  per  day  that  this  system  can  be  made 
profitable.  It  is  necessary  that  all  units  of  the 
force  be  proportioned  and  kept  busy  and  as  it 
takes  two  teams  to  handle  the  road  machine 
it  is  essential  that  they  have  enough  stone  to 
make  it  an  object. 

After  the  preliminary  rolling  a  train  of 
screenings  is  poured  from  the  train  in  motion, 
making  a  windrow  near  the  track  sufficient  to 
cover  the  course  and  spread  by  hand.  This 
pouring,  with  the  help  of  the  spreaders,  takes 
about  the  same  time  as  dumping  the  stone. 

Three  10-ton  rollers  worked  constantly  and 
by  utilizing  all  the  lost  time  of  the  train  due  to 
bad  weather,  moving,  and  shortage  of  stone 
and  occasionally  working  nights,  they  were 
able  to  keep  up  their  end.  Two  sprinklers, 
filled  by  a  gas  rotary  pump,  were  used  and,  as 
the  water  was  convenient  along  the  road  they 
furnished  abundance  and  it  was  not  always 
necessary  to  work  them  both. 

All  the  ordinary  hazards  of  road  building 
entered  into  this  job,  wet  weather,  soft  sub- 
grades  and  a  number  of  railroad  crossings 
which  meant  delay  as  well  as  extra  expense 
for  watchmen.  A  hill  5.1  per  cent,  1000  ft. 
long  with  a  16°  curve  about  the  centre  (shown 
in  Fig.  3)  made  it  necessary  to  put  in  a  spur 
at  the  foot  and  take  the  train  up  in  two  to 
three  sections.  As  this  work  was  entirely  new 
to  this  locality  an  entire  crew  had  to  be  broken 
in  and  it  is  evident  that  costs  can  be  materially 
lessened  in  the  future,  now  that  the  organiza- 
tion is  complete.  The  fastest  mile  was  laid  in 
six  days  towards  the  end  of  the  season,  com- 
pared with  the  first  mile  on  the  same  haul 
which  took  fourteen  days.  The  crew  required 
■was  about  as  follows : 

Loader    4  men 

Train     2  men.  engineer  and  brakeman 

Spreading   2  teams  and  teamsters 

Spreading    5  to  7  men 

Rolling     3  men 

Sprinkling    2  teams  and  teamsters 

Foreman    1 

■Watchmen    1  or  more 

Tracklaying    ...  4 

Wages  were  $2  per  day  for  laborers,  $5  for 
teams  with  teamsters,  $3  for  roUermen,  en- 
gineer, $90  per  month. 

Compared  with  team  haul  the  method  de- 
scribed shows  a  saving  of  about  30  cts.  per 
cubic  yard,  or  nearly  $700  per  mile.  We  also 
save  39  cts.  on  our  stone  and  10  cts.  on  the  un- 
loading, making  a  total  of  about  $1,800  per 
mile  over  previous  prices.  The  saving  on  haul 
alone  would  be  more  marked  on  a  longer  haul. 
We  also  used  the  outfit  in  grading  where  ma- 
terial had  to  be  moved  some  distance  and 
found  it  extremely  convenient  and  economical. 
Another  very  decided  advantage  of  road  build- 
ing by  this  method  is  seen  in  the  fact  that 
there  is  no  hauling  over  the  road  during  con- 
struction and  it  is  opened  to  traffic  in  perfect 
condition.  It  is  also  easier  to  keep  the  sub- 
grade  from  being  cut  up  and  therefore  takes 
less  stone  for  a  given  thickness. 

From  this  experience  it  is  evident  that  as  a 
good  business  proposition  it  pays  to  handle 
road  work  in  large  units  and  on  a  continuous 
program  in  order  to  take  advantage  of  the  in- 
creased efficiency  of  the  proper  machinery  and 
the  ability  to  make  profitable  material  con- 
tracts. Building  a  mile  here  and  a  mile  there 
as  is  so  often  done,  is  extremely  wasteful,  and 
if  road  funds  could  be  provided  with  more 
continuity  to  keep  the  work  going  on  year 
after  year  on  a  consistent  program,  the  result 
would  be  bound  to  show  great  savings. 

The  costs  in  Table  I  include  everything  that 
is  a  proper  charge  to  the  work,  the  cost  of 
moving  outfit  from  one  point  to  another,  lay- 
ing up,  and  tracklaying  includes  taking  up  as 
well.  Loading  includes  setting  up  loader  and 
in  one  case  building  a  siding  1,000  feet  long. 
The  number  of  watchmen  makes  the  hauling 
cost  high;  a  greater  output  will  cut  down  the 
spreading  and  the  overhead  in  this  case  is  high 
■on  account  of  the  short  season. 


TABLE   I.— MACADAM   COST   SHEET,   DELT.A. 
COUNTY.   anCHIGAN. 

No.  of  days  worked 93 

Miles  of  finished  road 9.44 

No.  yards  stone  used 21,920 

No.  yards  stone  used  per  mile 2,310 

No.  days  to  build  mile  of  road — average.  9.t 

No.  yards  stone  per  day 236 

Cost  of  tracklaying  per  mile  of  finished 

road    $108.10 

Cost  per 
cu.  yd. 

Cost  of  stone  at  our  siding $0.S60 

Loading  trains 052 

Tracklaying   047 

Engineer .020 

Brakeman    .013 

Watchmen .017 

Coal    012 

Oil,  grease  and  waste 002 

Repairs    • 003 

Total    $0,114 

Interest    and    depreciation    on    hauling 

outfit 052 

Spreading   114 

Sprinkling    043 

Rolling   082 

Foreman  and  timekeeper 030 

Total    $0,269 

Int.  and  dep.  on  all  other  machinery...         .040 
General  expense   .031 

Total    $0.071 

Total   cost  per   yard    (loose)    of  fin- 
ished road  $1,418 

Cost  per  mile   $3,275.58 


Dry  Rubble  Retaining  Walls  for  High- 
way Embankment  in  Hawaii. 

The  belt  road  of  Hawaii,  which  is  the  main 
highway  on  the  island,  approximately  parallels 
the  coast  line  entirely  around  the  island,  a 
distance  of  about  250  miles.  A  part  of  this 
distance  is  through  a  barren  waste  of  sandy  soil 
or  disintegrated  cinder  ash.  It  is  very  diffi- 
cult in  this  section  to  maintain  a  satisfactory 
road  way  on  account  of  the  extremely  dry 
condition  and  lack  of  fine  material  for  binder 
in  tlie  immediate  neighborhood.  The  gov- 
ernment has  been  engaged  for  the  past  two 
or  three  years  in  constructing  a  water  bound 
macadam  road,  20  ft.  wide,  through  this  sec- 


Fig.  1 — Dry  Rubble  Retaining  Wall  for  Road 
Embankment,    Hawaii. 

tion.  The  labor  used  has  been  convict  labor 
taken  from  the  territorial  penitentiary  and 
consists  of  Japanese,  Chinese,  Ilawaiians, 
Pnrto  Ricans,  Filipinos  and  others.  On  account 
of  the  great  scarcity  of  soil  and  finer  mate- 
rial, a  somewhat  novel  plan  has  been  adopted 
in  order  to  obtain  a  good  grade  without  ex- 
cessive cost  in  the  fills.  Along  each  side  of 
the  road  a  rough,  dry  stone  wall.  Fig.  1,  is 
constructed  with  common  labor  along  the 
outer  line  of  the  macadam.  These  dry  walls 
retain  the  fills  which  need  be  only  the  width 
of  the  surfacing.  The  laborers  become  ex- 
perts in  laying  up  this  class  of  dry  walls. 

These  data  are  taken  from  a  paper  before 
the  Association  for  the  Advancement  of  Sci- 
ence by  Mr.  H.  K.  Bishop,  formerly  chief  engi- 
neer. 


A  Road  Contract  of  a  Hundred  Years 
Ago. 

The  old  National  Road  built  nearly  a  cen- 
tury ago  has  come  into  especial  notice  within 
a  year  or  two  because  of  the  work  of  recon- 
struction undertaken  by  the  Federal  Govern- 
ment. An  account  of  this  improvement  with 
some  notes  on  the  history  of  the  original 
construction  were  published  in  our  issue  of 
March  10,  1915.  There  has  come  to  us  a 
photograph  copy  of  one  of  the  contracts  for 
one  of  the  sections  of  the  old  National  Road 
and  at  this  time  when  many  contractors  are 
signing  documents  of  like  purpose  it  will  per- 
haps interest  them  to  read  how  Evans  & 
Ramsey  were  bound  by  contract  in  1815,  and 
we  reprint  the  old  agreement  here  with  cap- 
itals, spelling  and  punctuation  as  they  appear 
in  the  original : 

Articles  of  Agreement  made  and  fully  con- 
cluded on  this  Fifth  Day  of  September  in  the 
year  of  our  Lord  Eighteen  Hundred  and  Fifteen 
Between  Gabriel  D.  Evans  and  Andrew  Ramsey 
of  the  one  part  and  David  Shriver  Jun"".  Duly 
Authorized  in  behalf  of  the  united  states  of  the 
other  part  Whereas  the  said  Gabriel  D.  Evans 
and  Andrew  Ramsey  agreed  for  an  in  consid- 
eration of  the  payments  herein  after  mentioned 
to  make  and  complete  in  a  workman  like  man- 
ner a  certain  part  of  the  road  Leading  from 
Cumberland  in  the  state  of  Maryland  to  Brown- 
ville  in  the  state  of  Pennsylvania  as  the  same 
has  been  laid  out  and  confirmed  in  pursuance 
of  An  Act,  Entitled  "An  Act  to  regulate  the 
laying  out  and  making  a  road  frpm  Cumberland 
in  the  state  of  maryland  to  the  State  of  Ohio" 
and  of  the  Act  Entitled  an  "Act  in  addition 
to  the  Act  to  regulate  the  Laying  out  and  ma- 
king a  road  from  Cumberland  in  the  State  of 
Maryland  to  the  State  of  Ohio",  which  part  of 
the  said  road  thus  contracted  for  by  the  said 
Gabriel  D.  Evans  and  Andrew  Ramsey  an 
herein  after  described  it  to  be  made  and 
completed  by  the  said  Gabriel  D  Evans 
and  Andrew  Ramsey  in  the  following  man- 
ner and  on  the  following  Conditions  That 
is  to  Say  The  trees  to  be  cut  down  and  cleared 
the  width  of  Sixty-Six  feet  according  to  the 
fourth  section  of  the  above  mentioned  Act  the 
Stumps  to  be  grubbed  and  the  bed  of  the  road 
to  be  levelled  thirty  two  feet  in  width  the 
Hills  to  be  cut  down  the  Earth  Rocks  and  Stones 
removed  the  Hollows  and  Valleys  and  all  the 
Abutments  of  Bridges  and  Culverts  to  be  filled 
so  that  the  whole  of  the  road  on  the  aforesaid 
width  of  Thirty  Two  feet  to  be  reduced  in  such 
manner  that  there  shall  not  in  any  instance  be 
an  elevation  in  said  road  when  finished  greater 
than  an  Angle  of  Five  degrees  with  the  Horizon, 
nor  greater  than  the  gradation  fixed  by  the 
commissioners  who  laid  out  the  road,  or  such 
as  has  since  been  made  and  confirmed  by  the 
President  of  the  United  States  in  conformity 
with  the  provisions  of  Act  of  Congress,  for  that 
purpose  and  so  that  the  surface  of  said  road 
shall  be  adopted  to  the  marks  or  Stakes  made 
or  to  be  made  by  the  person  appointed  Super- 
intendant  of  the  said  road  by  the  President  of 
the  United  States,  where  the  earth  is  to  be 
raised  the  sides  are  to  slope  at  an  Angle  not 
i-xceeding  Forty  FMve  degrees  the  Base  or  Bot- 
tom part  thereof  to  be  of  such  width  as  to  se- 
cure to  the  road  a  complete  Surface  of  Thirty 
two  feet,  in  width  a  proper  allowance  to  be 
made  for  the  Setting  of  made  earth  according 
to  the  directions  of  the  Superintendant,  and  no 
stumps  Logs  or  wood  of  any  Kind,  to  be  per- 
mitted in  the  filling,  in  all  situations  on  sides  of 
Hills  or  otherwise  where  it  may  be  necessary  to 
fill  but  where  the  nature  of  the  ground  will  not 
in  the  superintendants  opinion  admit  filling  with 
such  Slope  as  above  mentioned  and  where  the 
wall  will  be  built  at  the  expense  of  the  United 
States  the  contractor  is  to  fill  four  additional 
feet  in  width  so  as  to  give  Thirty  Six  Feet 
Surface  to  the  road,  where  the  Hills  are  cut 
through  or  the  road  dug  along  side  of  Hills  the 
Bank  or  Banks  to  be  cut  of  such  Slope  as  is 
necessary  to  prevent  the  earth  from  faUing  or 
Slipping  in  upon  the  said  Surface  of  Thirty 
Two  feet,  the  Suiierduous  Earth  to  be  removed 
to  the  nearest  filling  and  then  spread  so  as  to 
increase  the  Breath  of  the  road  eaqually  on 
each  side  from  the  commencement  of  the  filling 
to  the  end  of  it  unless  otherwise  permitted  or 
directed  bv  the  Superintendant.  What  may  be 
deficient  in  order  to  fill  the  Bridges,  Culverts  or 
Hollows  to  be  dug  out  of  the  aforesaid  Thirty 
two  feet  or  from  the  Banks  in  such  away  as  to 
increase  the  width  of  the  road  eaqually  through 
the  nearest  cutting  unless  otherwise  permitted 
or  directed  bv  the  Superintendant — nor  in  any 
instance  the  earth  to  be  dug  without  such  per- 
mission or  direction  more  than  one  foot  below 
the  surface  of  the  pavement  within  the  afore- 
said breadth  of  Sixty  Six  feet.  Valeys  or  Sew- 
ers above  the  surface  of  the  ground  necessary 
to  give  vent  to  the  waters  on  the  side  of  Hills 
to  be  made  in  all  parts  where  and  in  such  man- 
ner as  shall  be  designated  by  the  Superintend- 
ant The  road  to  be  covered  Twenty  Feet  in 
width  with  Stone  Eighteen  Inches  In  depth  in 
the  middle  and  diminishing  to  twelve  inches 
at  the  upper  Six  inches  thereof  to  be  broken  to 
such  a  size  that  each  particle  thereof  will  pass 
through  a  ring  three  inches  in  diameter  and 
the  remaining  or  I.rf)wer  Stratum  to  be  Broken 
so  as  to  pass  through  a  seven  inch  ring.  No 
.Stone    to   be    used   for   said    pavement    but   such 
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as  may  be  approved  of.  In  all  cases  where 
Bridges  or  Culverts  are  Built  the  pavement  to 
extend  twelve  inches  deep  from  the  extremity 
of  the  aforesaid  breadth  of  Twenty  feet  to  each 
side  wall  the  whole  length  of  the  said  walls, 
unless  otherwise  directed  by  the  Superintendant 
for  which  additional  pavement  the  contractors 
shall  in  addition  to  the  price  Stipulated  in  the 
Article  of  Agreement  hereto  Annexed  received 
an  allowance  at  the  rate  of  one  Dollar  for  every 
Fifty  Superticial  Square  Keet,  of  such  additional 
pavement  The  whole  of  the  said  artificial 
Stratum  of  Broken  Stones  to  be  made  in  a 
compact  manner  and  to  be  supported  on  each 
side  by  good  and  Solid  Shoulders  and  its  sur- 
face to  be  formed  as  Smoth  and  even  as  may 
be  and  of  such  convexity  as  the  Superintendant 
may  direct  each  grade  of  the  road  to  be  per- 
fectly levelled  and  brought  to  the  proper  degree 
and  approved  before  any  stone  are  put  on  and 
levelled  and  approved  before  the  upper  stratum 
passing  through  a  three  inch  ring  are  put.  In 
every  instance  the  Contractor  to  find  at  his 
own  expence  the  Stone  or  material  necessary 
to  complete  his  part  of  the  road.  The  side 
roads  on  each  Side  of  the  pavement  to  be  dug 
as  low  and  deep  in  the  cut  parts  of  the  road 
and  particularly  through  rocks  as  the  superin- 
tendant may  direct.  The  fillings  of  the  side 
roads  where  the  same  is  necessary  to  be  raised 
as  high  as  may  be  directed  by  the  Superintend- 
ant, and  the  Surface  of  the  said  side  road  both 
in  the  filling  and  cut  parts  to  be  compleatly 
cleaned  of  rock  or  Stone,  so  as  to  be  smooth 
and  even.  No  contractor  is  to  interfere  with 
the  stone  of  the  contractor  for  the  adjacent 
Sections  of  the  road  for  which  purpose  a  line 
at  right  angles  with  the  road  at  the  end  of  each 
section  will  be  considered  as  dividing  the  right 
to  the  stone  unless  otherwise  directed  by  the 
Superintendant,  on  account  of  the  want  of  stone 
within  the  limits  of  any  one  Section  Masons 
or  other  persons  who  may  contract  with  the 
United  States  for  the  Building  of  Bridges  Cul- 
verts or  any  other  species  of  mason  work  on 
the  road  or  any  other  Article  necessary  to  com- 
plete the  road  Such  as  Stone,  Lime  sand  timber 
or  any  other  material  to  be  permitted  by  the 
contractor  to  take  and  select  such  Stone,  sand. 
Timber,  or  other  Article  or  material  within 
his  division  as  such  mason  or  other  person  may 
I  think  proper  and  haul  the  stone  along  the  parts 
of  the  road  levelled  by  the  contractor  or  else- 
where to  the  place  where  such  stone,  Lime  sand 
timber  or  other  Article  or  material  may  be 
wanting  without  any  interuption.  Whenever  the 
new  road  meets  with  or  runs  along  the  course 
of  any  road  theretofore  used  a  sufficient  width 
of  road  to  be  kept  open  for  Waggon  and  all 
kinds  of  carriages  to  pass  and  repass  without 
delay  whilst  the  new  road  is  making.  The  con- 
tractor shall  not  in  any  instance  let  or  transfer 
his  contract  to  any  part  thereof  to  any  other 
person  without  the  Superintendants  consent,  and 
in  every  instance  wJiere  such  sub-contract  may 
be  made  the  price  per  perch  to  be  allowed  to 
such  sub-contractor  Shall  be  fixed  with  the  said 
Superintendants  approbation  and  shall  be  paid 
by  him  to  such  sub-contractors  out  of  the  first 
monies  which  may  become  due  to  the  principal 
Contractor  according  to  the  provisions  for  pay- 
ment stipulated  in  the  Article  of  Agreement. 
The  contractor  shall  not  employ  any  workman 
or  Laborer  who  commits  depredations  in  the 
neighborhood  or  insults  travellers,  and  he  shall 
on  the  application  of  the  superintendant  imme- 
diately discharge  an>'  such  workman  or  Labor- 
ers in  his  employ  The  contractor  shall  com- 
mence working  on  his  section  at  the  end  nearest 
to  Cumberland  unless  a  deviation  in  that  respect 
be  assented  to  by  the  Superintendant  Now 
This  Agreement  made  and  concluded  on  this 
Fifth  day  of  September  in  the  year  of  our  Lord 
Eighteen  hundred  and  Fifteen  Between  Gabriel 
D  Evans  and  Andrew  Ramsey  of  the  one  part 
and  David  Shriver,  Jun*".  Duly  authorised  in 
behalf  of  the  United  States  of  the  other  Part 
Witnesseth  that  the  said  Gabriel  D  Evans  & 
Andrew  Ramsey  for  themselves  there  Heirs  ex- 
ecutors and  Administrators  Jointly  and  Severally 
hereby  covenant  promise  and  agree  to  and  with 
the  said  David  Shriver  Jun"".  duly  authorised  in 
behalf  of  the  United  States  that  they  the  said 
Gabriel  D  Evans  and  Andrew  Ramsey  shall  and 
will  well  and  faithfully  and  in  a  workmanlike 
manner  on  or  before  the  first  day  of  November 
in  the  year  of  our  Lord  Eighteen  Hundred  and 
Sixteen  make  finish  and  complete  in  a  work- 
manlike manner  and  on  the  conditions  herein 
before  mentioned  all  that  part  of  the  road  which 
is  designated  by  the  name  of  the  Twenty  second 
section.  Beginning  at  the  end  of  the  twenty 
F^rst  section  at  a  Black  oak  tree  marked  44 
miles  and  22  Chains  from  Cumberland  in  Mary- 
land and  ending  for  the  same  at  a  white  oak 
tree  marked  45  miles  &  94  chains  from  Cumber- 
land containing  one  mile  and  one  Hundred  and 
Fifty  perches  for  the  said  section  more  or  less 
In  consideration  whereof  the  said  David  Shriver 
Jun'.  duly  Authorised  in  behalf  of  the  United 
States  as  aforesaid  doth  hereby  covenant  prom- 
ise and  agree  to  and  with  the  said  Gabriel  D. 
Evans  and  Andrew  Ramsey  their  Heirs  Execu- 
tors or  Administrators,  that  the  said  United 
States,  shall  and  will  for  doing  and  performing 
the  work  aforesaid,  well  and  truly  pay  or  cause 
to  be  paid  to  the  said  Gabriel  D  Evans  and 
Andrew  Ramsey  their  Executors  or  administra- 
tors at  the  rate  of  Twenty  Dollars  for  each  and 
every  perch  in  lene-th  of  the  said  twenty  Second 
Section  in  the  following  manner  "Viz"  when 
forty  perches  in  length  of  said  road  are  finished 
and  approved  by  the  Superintendant  the  United 
States  will  pay  to  the  said  Gabriel  D.  Evans  and 
Andrew  Ramsey  their  Executors  or  Administra- 
tors for  twenty  perches  and  after  that  they  will 
pay    them    on    the    completion    of    every    twenty 


perches,  at  all  times  reserving  the  amount  due 
for  the  first  Twenty  perches  until  the  whole  of 
the  section  aforesaid  hereby  contracted  for  shall 
have  been  finished  and  compleated  to  the  satis- 
faction of  the  Superintendant,  agreeably  to  the 
contract  when  the  Ballance  due  will  be  paid  to 
the  said  Gabriel  Evans  and  Andrew  Ramsey  and 
the  said  Gabriel  D  Evans  and  Andrew  Ramsey 
for  themselves  there  Heirs  Executors  and  Ad- 
ministrators further  covenant  and  agree  to  and 
with  the  said  David  Shriver  Jun'.  Duly  Au- 
thorised in  behalf  of  the  United  States  that  in 
case  the  said  Gabriel  D  Evans  and  Andrew 
Ramsey  shall  not  well  and  truly  from  time  to 
time  comply  with  and  perform  all  the  covenants 
and  conditions  herein  Stated  and  Stipulated  on 
their  part  to  be  done  or  performed  and  complied 
with  in  the  manner  and  form  and  within  the 
time  herein  before  mentioned  or  in  case  it 
Should  appear  to  the  Secretary  of  the  Treasurj' 
of  the  United  States  for  the  time  being  or  the 
superintendant  of  the  road  for  the  United  States, 
that  the  work  does  not  progress  and  go  on  with 
Sufficient  speed  so  as  to  be  finished  and  com- 
pleated in  the  time  herein  Specified  that  then 
the  aforegoing  agreement  on  the  part  of  the 
United  States  and  every  part  thereof  shall  be- 
come Null  &  Void,  and  the  United  States  shall 
be  at  liberty  and  have  full  right  and  Authority 
any  thing  herein  to  the  contrary  notwithstand- 
ing to  employ  and  Set  to  work  or  Contract  with 
any  person  or  persons  whomsoever  in  the  place 
and  Stead  of  said  Gabriel  D  Evans  and  Andrew 
Ramsey  and  without  any  Interuption  or  inter- 
ference whatsoever  from  the  Said  Gabriel  D 
Evans  and  Andrew  Ramsey  their  heirs  execu- 
tors or  Administrators  In  Witness  whereof  the 
said  David  Shriver  Jun*".  duly  authorised  in  be- 
half of  the  United  States  hath  hereunto  sub- 
scribed his  name  and  affixed  his  seal  and  the 
said  Gabriel  D.  Evans  and  Andrew  Ramsey 
hereunto  set  their  hand  and  Seals  the  day  and 
year  first  above  mentioned 
Signed  Sealed  and  Delivered 
in  presence  of 
Saml  Lowdermilk 
James  Shriver 

David    Shriver  Jun'. 
Duly  authorised  in  behalf     (Seal) 
of   the   United   States 
Gabriel   D.    Evans  (Seal) 
Andrew   Ramsey   (Seal) 
It   is   hereby  provided   that   no   member  of   Con- 
gress shall  be  admitted  to  any  share  or  part  of 
this    Agreement    or    contract    or    to    any    benefit 
arising    therefrom 
Witness 

Saml   Lowdermilk 
James  Shriver. 

Sept.  25,   1S15 

approved 
James  Madison 

Gabriel  D  Evans 
Andrew    Ramsay 


Street    Cleaning    at   Springfield,    Ohio, 
with  Motor  Driven  Apparatus. 

Contributed   by  George  L.   Rinkliff.   Secretary   to 
the  City  Manager,   Springfield,   Ohio. 

As  a  result  of  the  experience  of  the  City  of 
Springfield,  Ohio,  with  motor  driven  apparatus 
in  its  street  cleaning  department  since  July  1, 
1914,  the  administration  of  that  city  has  adopt- 
ed as  a  permanent  policy  the  use  of  that  type 
of  equipment  for  street  cleaning  purposes. 

Three  advantages  over  horse  drawn  ap- 
paratus are  claimed  for  the  motor  driven  equip- 
ment. There  has  been  a  marked  reduction  in 
the  operating  cost,  the  efficiency  of  the  street 
cleaning  department  has  been  increased,  and 
the  opportunities  for  estimating  both  the 
amount  and  the  cost  of  the  work  have  been 
greatly  improved.  The  present  plans  of  the 
Service  Department  of  this  city  for  1915  pro- 
vide for  the  complete  motorization  of  all  equip- 
ment. Two  pieces  of  apparatus  were  installed 
last  year,  a  motor  driven  pick-up  sweeper  and 
a  motor  dump  truck. 

The  problem  of  street  cleaning  in  Spring- 
field has  been  a  serious  one  for  several  years 
past.  In  1912  the  street  cleaning  department 
expended  $30,000.  In  1913,  owing  to  a  reduc- 
tion of  revenues,  the  cost  was  cut  down  to  ap- 
proximately $25,000,  and  it  was  necessary  to 
suspend  operations  two  months  before  the 
close  of  the  year  to  prevent  the  incurring  of 
further  liabilities.  The  cost  of  street  cleaning 
in  the  business  section  of  the  city  during  the 
remaining  two  months  was  borne  by  the  mer- 
chants. .At  the  first  of  the  year  1914  the  form 
of  government  in  Springfield  was  changed  to 
the  commission-manager  plan  and  the  appro- 
priation for  street -cleaning  purposes  amounted 
to  $25,000. 

Out  of  this  appropriation  there  was  expend- 
ed approximately  $6,500  for  new  apparatus,  re- 
ducing the  funds  for  operating  purposes  to 
less  than  $19,000.  Despite  this  reduction  the 
street  cleaning  department  was  able  through 
the  use  of  motor  driven  apparatus  to  keep  its 


operating  cost  down  to  slightly  more  than 
$18,000  for  the  entire  year.  In  this  amount 
was  included  the  cost  of  removing  some  40,000 
cubic  yards  of  rubbish  which  had  been  accumu- 
lating in  the  back  yards  and  alleys  of  Spring- 
field for  several  years.  The  secret  of  the 
method  by  which  this  saving  was  effected  was 
the  increased  efficiency  of  the  department 
through  the  use  of  motor  driven  apparatus. 

The  street  sweeper  installed  in  Springfield 
sweeps  an  8-ft.  swath,  the  broom  operating  at 
right  angles  to  the  direction  in  which  the 
sweeper  moves  and  throwing  the  sweepings 
forward  into  an  elevator  which  carries  them 
upward  into  a  diamond  shaped  bin  of  a, capac- 
ity of  3  cu.  yds.  The  sweeper  carries  a  180- 
gal.  water  tank,  from  which  water  is  sprayed 
by  atomizers  upon  the  pavement  directly  in 
front  of  the  broom,  keeping  down  the  dust,  ex- 
cept upon  such  places  in  the  streets  as  the  ac- 
cumulations are  unusually  heavy.  The  sweeper 
will  clean  within  8  in.  of  the  curb,  and  it  has 
been  found  that  one  laborer  with  a  broom  can 
sweep  the  gutters  in  a  street  nine  yards  or 
more  in  width  while  the  machine  cleans  the 
remainder  of  the  surface.  The  motor  sweeper 
has  established  a  record  of  from  100,000  to 
120,000  sq.  yds.  per  eight  hour  day,  and  the 
streets  are  swept  twice  weekly. 

Previous  to  the  installation  of  the  motor 
driven  apparatus  the  streets  were  swept  once  a 
week  with  the  horse  drawn  apparatus,  three 
two-horse  sweepers  and  a  sprinkler  being  used 
for  this  purpose.  To  haul  away  the  sweepings 
five  two-horse  wagons  were  required.  The 
following  tabulation  shows  a  comparison  of 
the  cost  of  horse  drawn  and  motor  driven  ap- 
paratus in  an  eight  hour  working  day ; 
Horse  drawn  apparatus: 

1  team  and  driver  on  sprinkler $  4.00 

3  teams  and  drivers  on  sweepers  at  $4.00  12  00 

3  laborers    at    $2.00 eioo 

Total    $22.00 

Motor  driven  apparatus; 

Operator     $  3.00 

1    laborer    2  00 

Gasoline  and   oil I'so 

Total    $  e.io 

The  motor  truck  used  in  hauling  away  the 
sweepings  is  equipped  with  a  3  cu.  yd.  dump 
bed  and  one  operator  and  four  laborers  are 
required  to  man  it.  The  chauffeur  acts  as  a 
sub-foreman.  Not  only  is  the  time-waste  re- 
duced to  a  minimum  in  the  haul  to  the  dump 
and  the  return,  but  it  has  been  demonstrated 
that  the  districts  where  the  dirt  is  collected  in 
small  piles  at  intervals  of  a  few  yards,  the 
sweepings  can  be  loaded  much  more  rapidly 
than  when  horse  drawn  equipment  is  used,  by 
running  tlie  truck  at  a  low  rate  of  speed  and 
loading  the  sweepings  without  stopping  the 
machine.  The  comparative  cost  of  horse 
drawn  and  motor  driven  apparatus  per  eight 
hour  day  is  shown  by  the  following  tabulation : 
Horse  diawn  apparatus: 

5  teams  and  drivers  at  $4.00 $20  00 

5  laborers  at  $2.00 io!oo 

,,     Total    ."$3000 

Motor  driven  apparatus: 
Chauffeur    j  300 

4  laborers  at  $2.00 g  00 

Gasoline   and   oil [     I'so 

Total    .$12.50 

The  total  cost  of  street  cleaning  for  the 
year  1914  is  as  follows : 

Wages    $17,233.21 

Supplies,  mcluding  gasoline,  oil,  etc 651.87 

Maintenance    of    equipment 377.05 

Total    $18,262.13 

The  truck  in  use  at  the  present  time  has  a 
wheel  base  of  144  ins.,  which  has  been  found 
too  long  to  enable  it  to  turn  at  alley  intersec- 
tions. During  the  coming  year  a  smaller  truck 
of  the  same  type,  having  a  wheel  base  of  120 
ins.,  which  will  turn  at  alley  intersections,  will 
be  used  for  removing  rubbish  from  back  yards 
and  alleys.  This  portion  of  the  work  has'  for- 
merly been  done  by  horse  drawn  apparatus, 
and  it  is  expected  that  a  still  further  saving 
in  the  operating  cost  of  the  street  department 
will  be  shown  as  soon  as  this  piece  of  equip- 
ment is  put  to  work.  Another  truck  will  be 
used  for  street  repair  work,  it  being  demon- 
strated that  practically  the  same  advantage 
can   be   secured   in   so   far  as   the   distance  of 
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hauling  and  rapidity  of  unloading  is  concerned. 

The  estimate  of  the  cost  of  the  operation  in 
the  street  cleaning  department  for  the  year 
1915  as  prepared  by  City  Manager  Charles  E. 
Ashburner,  and  as  adopted  by  the  City  Com- 
mission in  the  appropriating  ordinance  for  the 
present  year  was  $21,885,  in  which  amount  is 
included  $2,700  for  the  purchase  of  the  truck 
for  use  in  alleys.  The  appropriation  for  this 
year  provides  for  the  cleaning  of  a  consider- 
able larger  area  than  formerly,  the  area  of 
paved  streets  in  Springfield  having  been  in- 
creased one-third  in  the  last  year. 

In  the  foregoing  comparisons  no  estimate  of 
depreciation  is  included,  but  it  is  felt  that  $3 
per  day  is  sufficient  to  cover  the  repairs,  de- 
preciation and  the  interest  on  investment. 


Bituminous   Concrete  Pavement  Con- 
struction in  Washington,  D.  C. 

Contributed   by  Mark  Erooke,   Captain,  Corps  of 

Engineers,  U.   S.  A.,  and  Assistant  to   ttie 

Ergineer   Commissioner,   District 

of  Columbia. 

In  1910  two  .experimental  pieces  of  bitumi- 
nous concrete  pavement  were  laid  in  Wash- 
ington, D.  C,  under  a  specification  prepared 
in  the  office  of  the  engineer  commissioner. 
Additional  pavement  has  been  laid  each  suc- 
ceeding year  until  at  present  there  are  about 
90,000  sq.  yds.  in  use. 

This  pavement  appears  to  possess  all  the 
good  qualities  and  but  few  of  the  defects  of 
sheet  asphalt,  a  fact  which  together  with  its 
lower  first  cost  has  decided  the  engineer  de- 
partment to  continue  its  use  on  a  larger  scale 


Fig.  1.  Sample  of  Bituminous  Concrete   Laid 
Under    District    of   Columbia    Specifica- 
tions for   1911. 

on  streets  for  which  sheet  asphalt  has  here- 
tofore been  considered  the  most  suitable  type 
of  pavement. 

In  composition  this  pavement  is  practically 
a  sheet  asphalt  pavement,  the  binder  and  top 
courses  of  which  have  been  consolidated  into 
a  single  course  by  combining  a  sheet  asphalt 
surface  mi.xture  with  a  binder  course  com- 
posed of  run-of-crusher  stone,  in  such  pro- 
portions that  the  surface  mixture  fills  the 
voids  in  the  stone. 

The  proportions  of  coarse  and  fine  aggre- 
gate for  this  concrete  were  fixed  after  a  num- 
ber of  sieve  tests  of  local  sand  and  trap-rock 
at  about  2  parts  by  volume  oi  stone  to  one 
of  sand,  to  which  is  added  about  five  per 
cent  of  dust  to  supply  the  deficiency  in  fine 
material   of    the   stone    aggregate. 

The  specifications  for  bituminous  concrete 
surfacing  provide  for  laying  both  on  a  con- 
crete base,  similar  to  that  used  for  sheet  as- 
phalt, and  on  a  broken  stone  or  gravel  base. 
The  ingredients  consist  of  crushed  trap  rock 
devoid  of  dust  and  varying  in  size  from  1 
in.  to  screenings,  sand,  mineral  dust  and 
asphaltic  cement.  A  hard  grained  moderately 
sharp  sand  is  used.  Upon  sifting  at  least  25 
per  cent  must  be  caught  on  a  20-mesh  sieve 
and  5  per  cent  pass  an  80-mesh  sieve.  A 
deficiency  in  fine  sand  may  be  corrected  with 
mineral  dust,  which  consists  of  any  fine  Port- 
land cement  or  limestone  dust  at  least  85  per 
cent  of  which  passes  a  100-mesh  screen  and 
the  whole  of  which  passes  a  .SO-mcsh.  A  re- 
fined fluxed  asphalt  is  used  free  from  water 
and  having  a  penetration  of  from  40  to  ?<• 
when  tested  on  a  Dow  machine  at  77°  F.  with 
No.  2  needle.  100  grams  for  5  seconds.  The 
penetration  and  percentage  of  cement  used  is 
varied  to  fit  condition  of  traffic  and  variation 
in  material  but  in  no  case  is  more  than  7  to  !• 


per  cent  of  bitumen  soluble  in  carbon  bisul- 
phide used. 

The  paving  mixture  is  prepared  in  an  as- 
phalt paving  plant.  The  sand  and  stone  after 
being  heated  in  separate  dryers  to  about  -300° 
F.,  are  conveyed  to  the  box  used  for  mixing 
binder  stone  where  the  hot  asphaltic  cement 
and  cold  limestone  dust  are  added  and  the 
whole  thoroughly  mixed.  The  method  of  lay- 
ing is  described  in  the  specifications  as  fol- 
lows: 

The  mixture  will  be  hauled  while  hot  to  the 
site  of  the  work  and  shall  be  covered  until 
deposited  on  the  street.  The  temperature  at 
the  time  of  dumping  shall  not  be  less  than  220 
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Fig.   2.    Typical    Sample    of    Bituminous   Con- 
crete   Mixture    Showing     Proportions 
of    Different    Ingredients. 

degrees.  The  hot  mixture  shall  be  evenly 
spread  with  hot  tools  upon  the  base  to  such  a 
thickness  as  will  make  a  layer  2  ins.  in  thick- 
ness after  rolling.  It  shall  then  be  rolled  with 
a  steam  roller  weighing  not  less  than  one 
ton  per  foot  of  tread  of  roller,  until  no  fur- 
ther compression  occurs.  After  the  rolling  of 
the  asphaltic-concrete  wearing  surface  has 
been  completed  there  shall  be  spread  over 
such   surface  a  thin   coating  of   asphaltic   ce- 


ment as  used  in  surface  not  to  exceed  on  an 
average  hi  gal.  to  the  square  yard,  of  such 
consistency  as  shall  be  approved,  which  shall 
be  thoroughly  brushed  into  the  wearing  sur- 
face so  as  to  fill  all  voids  and  smooth  out 
any  minor  unevenness  of  the  said  surface. 
There  shall  then  be  spread  over  and  rolled 
into  this  flush  coat  a  thin  layer  of  trap  screen- 


TABLE    I.  —  AVERAGE    GRADING 
OUS  CONCRETE  MIXTURE,   W 
INGTON,   D.    C,    l'JlO-1914. 
Retained  on 

square    meshi.  1910.  1911. 

1-in.    mesh 1.0  0  0 

^4-in.    mesh is.o  20  2 

2-in.    mesh 30.0  18.0 

4-in.    mesh 19.2  21.2 

S-in.    mesh 2.6  9.6 

10-in.    mesh 0.3  1.0 

20-in.    mesh 1.3  3.0 

40-in.    mesh 10.7       6.6 

GO-in.    mesh 10.7       7.0 

SO-in.    mesh 6.2  3.6 

100-in.    mesh 1.6  1.7 

Passing  100  mesh 3.2  7.S 

Spc.   gr.  stone 2.85     . .-. 

£pc.  gr.   sand 2.69      ... 

Per  cent  of  voids  in 

aggregate    26.4 

Per   cent    bit.    sol.    in 
CS2    (not    including 

flush   coal)    7.1  6.8       6  9 

Average     penetration 

of  asphaltic   cement  60  60        60 


BITUMIN- 
■ASH- 


1912. 

0.3 

12.S 

IS. 7 

26.3 

9.5 

1.3 

4.9 

8.0 

7.0 

3.5 

1.2 

6.3 

2.93 

2.70 


1913. 

0.0 

5.0 

13.7 

19.2 

17.0 

3.8 

10.2 

13.0 

6.1 

3.2 

1.0 

s.o 

2.97 
2.70 


191J. 

0.0 

0.0 

17.6 

25.2 

14.  E 

2.8 

8.0 

12.3 

6.S 

3.2 

O.S 

8.8 

2.86 

2.68 


21. 9S  20.76  21.39 

7.33     1.80 
60        60 


ings,  so  far  as  practicable,  devoid  of  dust,  in 
size  from  %  in.  down,  to  secure  a  gritty,  non- 
slippery  surface. 

This  material,  particularly  if  there  is  a 
slight  excess  of  cement,  tends  to  separate  dur- 
ing the  haul  to  the  street,  the  fine  material  and 
cement  working  to  the  bottom  of  the  wagon. 

.■2' Surface  GraniteCurbdid' 

Vitrified  Block 


"■■e'ConcretelSl  

1,,-r-   „      -.0  Jf — iff- "^-^  'Concrete  1:4: 10 
'/z  Cement  &  Sand .:  E.ac 

Fig.  3.   Partial  Section  Used  for  Bituminous 

Concrete    Pavement  in   Washington, 

D.    C. 

In  cold  weather  it  is  essential  that  the  ma- 
terial arrive  on  the  street  amply  hot,  as  the 
slightest  chill  stififens  it  and  makes  it  very 
difficult  to  spread  and  roll.  For  these  rea- 
sons, aside  from  other  considerations  motor 
trucks  have  been  found  to  be  better  than 
carts  or  wagons   for  the  hot  haul. 

Some  difficulty  has  been  experienced  in  ap- 
plying the  flush  coat  in  sufficient  quantity  to 
seal  the  surface  without  causing  the  forma- 
tion of  a  mat  which  would  cover  up  the  stone 
aggregate  and  produce  a  slippery  surface. 

The  specification  originally  provided  for 
the  application  of  a  thin  coat  of  hot  asphaltic 
cement.  On  several  streets  the  hot  cement 
used  in  the  paving  mixture  was  tried.  It  was 
poured  from  pots,  broomed  and  squeegeed 
and  a  small  hand  spreader  was  used  but  not- 
withstanding the  care  taken  to  get  it  on  thin 
it  was  found  impossible  to  prevent  the  forma- 
tion of  a  mat  which  became  very  slippery  in 
spite  of  the  application  of  the  stone  chips. 
On  one  street  this  surface  was  so  objection- 
able that  it  has  been  necessary  to  sand  it  each 
summer.  The  effect  of  the  coarse  sand  and 
the  partial  wearing  off  of  the  mat  and  con- 
sequent exposure  of  the  stone  are  gradually 
curing  this  slipperiness. 

.•\fter  this  experience  the  hot  application 
was  abandoned  for  an  asphaltic  emulsion 
which  is  applied  cold,  broomed  in  and  then 
covered  with  chips.  .-Vfter  the  evaporation  of 
the  water  and  emulsifiant  (ammonia)  a  light 
coating  of  asphalt  is  left.  This  method  gives 
the  rough  mosaic  surface  which  is  desired 
but  it  is  questionable  if  there  is  suflicient  body 
of  cement  to  bind  the  fine  material  and  efTectu- 
allv;  seal  the  surface. 

I  believe  it  would  be  practicable  to  get  a 
satisfactory  flush  coat  by  applying  a  lighter 
cement  with  a  power  distributor  such  as  used 
in  macadam  surface  and  penetration  work 
and  the  engineer  department  intends  to  try 
this  method. 

.Ati   apparent    defect   in  this   specification  is 
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the  lack  of  any  refiuirement  as  to  grading  of 
the  stone.  It  is  evident  that  the  composition 
of  the  mixture  might  vary  within  wide  limits. 
However,  from  Table  I,  showing  the  average 
of  the  tests  of  the  mixtures  actually  laid  in 
five  working  seasons,  it  will  be  seen  that  the 
aggregate   runs   fairly  uniformly. 

The  sand  is  tested  before  use  for  compliance 
with  the  specification  for  that  material  but  no 
attempt  is  made  at  selection,  or  separation  or 
grading  of  any  sort  of  the  run-of-crusher 
stone.  The  material  below  the  8-mesh  is 
fairly  uniform  due  no  doubt  to  the  sand  en- 
tering into  this  part  of  the  mixture.  The  in- 
crease in  material  passing  100-mesh  from  1910 
to  1911  is  due  to  a  change  in  specifications  in- 
creasing the  amount  of  mineral  dust.  In  the 
1910  mixture  only  about  one  per  cent  of  dust 
was  added  whereas  not  less  than  5  per  cent 
has  been  used  since. 

The  stone  used  up  to  this  year  was  a  trap 
from  a  quarry  near  the  Potomac  about  thirty 
miles  above  Washington.  The  1914  stone  is 
a  different  stone  from  a  quarry  on  the  Sus- 
quehanna near  Havre  de  Grace,  Maryland. 


The  average  price  of  this  pavement  laid  to 
a  thickness  of  two  inches  after  compression, 
including  a  six-inch  gravel  concrete  base  and 
grading  for  same,  has  been  $1.79,  which  in- 
cludes a  five-year  guarantee.  The  average 
price  for  the  pavement  without  base  has  been 
$0.97,  including  guarantee.  The  average  cost 
of  macadam  base  has  been  $0,345,  making 
cost  of  bituminous  concrete  pavement  on  ma- 
cadam  base  $1.31. 

The  average  price  of  standard  sheet  asphalt 
with  base  during  the  same  period  was  $1.84 
and  exclusive  of  base  $1.0C,  with  same  guar- 
antee. 

Bituminous  concrete  surfacing  ha:s  been  laid 
on  both  concrete  and  macadam  base,  the  latter 
usually  consisting  of  an  old  macadam  roadway 
shaped  to  a  proper  cross  section.  The  use 
of  a  well  bonded  macadam  roadway  as  a  base 
has  not  in  practice  effected  as  great  a  saving 
as  might  have  been  expected  as  the  work  of 
scarifying,  building  up  on  the  quarters  and 
rolling,  necessary  to  bring  the  macadam  to  a 
cross  section  two  inches  below  and  exactly 
p.Trallel    to    the    finished    surface    has    always 


proved  much  greater  than  was  anticipated. 
Moreover  this  shaping  of  the  old  roadway 
very  largely  destroys  its  bond,  one  of  the 
valuable  assets  of  the  old  pavement.  For 
these  reasons  the  use  of  macadam  base  has 
been  discontinued  save  in  exceptional  cases. 

It  IS  too  soon  to  determine  the  ultimate 
economy  of  this  pavement  or  its  relative  value 
as  compared  with  sheet  asphalt  with  which 
it  is  in  competiton  in  Washington.  Its  first 
cost  is  slightly  less  than  that  of  sheet  as- 
phalt; it  apparently  requires  less  traffic  to 
keep  it  in  condition,  and  will  carry  heavier 
traffic  than  sheet  asphalt.  It  has  been  notably 
free  from  the  defect  of  creeping  or  rolling 
whicli  has  become  more  significant  sirjce  the 
advent  of  fast  moving  motor  traffic,  and  it 
has  an  ideal  surface   for  horse  traffic. 

On  the  other  hand  it  is  not  so  dense  as  a 
sheet  asphalt  top  mixture  and  may  not  prove 
as  durable. 

As  far  as  can  be  judged  from  the  limited 
experience  of  our  five  seasons'  work,  this 
pavement  will  prove  satisfactory  and  its  use 
will  be  continued  on  an  increasing  scale. 
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A  New  Twelve  Cubic  Foot  Road 

Mixer. 

The  mixer  illustrated  is  complete  for  road 
work,  having  a  power-charging  hopper,  dis- 
charge chute,  water  tank,  traction  drive,  batch 
counter,  and  all  the  other  usual  appliances. 
Equipped  with  gasoline  engine,  the  net  weight 
is  8,500  lbs. ;  with  steam  engine  it  weighs  10,- 
500  lbs.     Except  for  the  gear-driven  traction. 


the  mi.xer,  but  two  men  are  recommended  for 
maximum  results.  The  mixer  is  made  by  the 
.'\tlas  Engineering  Co.,  782  30th  St.,  Milwau- 
kee, Wis. 


A  Newly  Designed  Street  Paving  Con- 
crete Mixer. 

The    mixer    illustrated    is    built    with    boom 
and    bucket    distribution    as    shown    or    with 


A   New  Twelve  Cubic  Foot  Paving  Mixer. 


the  machine  is  chain-driven  throughout.  The 
main  frame  is  7x4  ft.  of  steel  channels ;  the 
wheels  have  12-in.  tread,  and  are  36  ins.  and 
26  ins.  in  diameter.  The  wheel  base  is  6  ft. 
The  height  from  ground  to  center  of  drum  is 
5  ft.  5  ins.,  which  gives  nearly  a  1  on  2  pitch 
to  a  10-ft.  chute.  Either  a  5-ft.  or  a  10-ft. 
chute  may  be  carried.  The  traction  speed  is 
one-half  mile  per  hour.  The  water  tank  is 
16  gals,  size,  with  2-in.  tank  inlet  and  3-in. 
supply  to  the  drum;  a  special  arrangement 
permits  hopper  to  turn  on  water  at  the  proper 
time  in  charging.  The  hopper  loads  drum  in 
12  seconds ;  it  automatically  throws  out 
hoisting  clutch  when  it  has  reached  proper 
heights  to  discharge.  For  steam  operation 
the  engine  is  6  hp.,  reversing  link  motion,  and 
the  boiler  is  5  hp. ;  the  gasoline  engine  is  5 
hp.  All  bearings  are  babbitted  and  fitted  with 
hard   oil   grease  cups.     One  man   will  operate 


telescoping  chute  and  in  two  sizes,  14  cu.  ft. 
and  22  cu.  ft.,  both  operated  by  steam  or  by 
gasoline  engine  according  to  choice.  The 
frame  is  made  of  channels  with  riveted  angle 


connections.  It  has  two  supports  on  the  rear 
axle  and  one  on  the  front  axle  designed  to 
permit  swiveling  and  rocking.  Extra  wide 
tread  steel  wheels  are  used.  The  boom  type 
machine  illustrated  has  a  boom  of  two  parallel 
channels  separated  by  spacers ;  this  gives  a 
wide  track  for  the  bucket  trolley.  The  boom 
swings  both  ways  to  a  right  angle  with  the 
mixer  and  it  may  be  raised  or  lowered.  The 
bucket  travel  and  dumping  operations  are 
controlled  by  rope  haul  by  the  operator  who 
can  dump  at  any  point  along  the  boom.  In 
returning  the  empty  bucket  is  automatically 
closed  as  soon  as  it  comes  under  the  dis- 
charge spout  of  the  drum.  The  chute  dis- 
cliarge  of  this  mi.xer  is  novel  in  that  it  tele- 
scopes by  means  of  a  hand  wheel  and  rack. 
The  drum  and  fixtures  are  those  regularly 
employed  with  mixers  of  this  make.  The 
traction  has  two  speeds  ahead  and  one  re- 
verse. Stopping  and  starting  are  controlled 
by  a  multiple  disk  clutch.  The  power  charg- 
ing hopper  is  wide  and  is  fitted  with  a  dump- 
ing bar.  All  other  parts  are  those  of  the 
standard  mixers  made  by  the  firm  which  is 
the  Oshkosh  Manufacturing  Co.,  Oshkosh, 
Wis. 


Small  Shay  Locomotive  for  Contract- 
or's   Service    Railways. 

(Contributed.) 

A  13-ton  Shay  locomotive  designed  for  con- 
struction work  is  shown  by  the  accompanying 
cut  hauling  on  portable  railway  material  for 
road  construction.  The  general  dimensions  of 
this  locomotive  are:  Weight  in  working  order, 
13  tons ;  two  cylinders,  G.xlO  ins. ;  rigid  wheel 
base,  48  ins. ;  total  wheel  base,  8  ft.  10  ins. ; 
eight  drivers,  22  ins.  in  diameter;  400-gal. 
water  tank ;  %-ton  coal  bunker,  and  6,050  lbs. 
tractive  power. 

This  locomotive  is  a  special  type  and  is 
characterized  by  its  ability  to  take  curves  of 
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New  Street  Paving  Mixer  with  Boom  and    Bucket   Discharge. 
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a  very  small  radius,  and  by  its  great  tractive 
power.  The  cylinders  on  this  locomotive  are 
vertical  and  drive  a  pinion  shaft  which  en- 
gages with  gear  rims  on  the  driving  wheels. 

The  boiler  has  an  unusually  large  and  deep 
firebox,  which  provides  for  the  combustion  of 
practically   all   the   gases    from    the    fuel,    and, 


dinal  center,  line  would  require  the  driving 
shaft  to  be  shorter,,  the  shaft  slips  farther 
into  the  sleeve;  when  turning  the  other  way, 
the  shaft  slides  further  out  of  the  sleeve. 

The  engine  is  so  built  that  the  weight  is 
evenly  distributed;  the  boiler  is  set  over  to 
the   left,  the  amount  necessary  to  balance  the 


Shay    Locomotive    Weighing    13    Tons     for   Construction    Work    Hauling. 


therefore,  is  most  economical  in  the  use  of 
fuel.  On  the  right  hand  side  the  steam  brack- 
et is  fastened  to  the  boiler  by  means  of  studs, 
and  the  cylinders  are  bolted  to  this  bracket. 
The  frames  supporting  the  boiler  are  rigidly 
attached  to  the  firebox  end  with  provision  for 
expansion  at  the  smoke  box.  These  frames 
are  of  I-sections,  with  deep  truss-rods  and 
posts.  Over  the  trucks  the  frames  are  pro- 
vided with  cross-bolsters  bearing  center 
plates,  which  rest  on  the  truck  center  plates. 

The  trucks  are  4-wheel,  all  wheels  being 
drivers.  Their  only  connection  is  through  the 
center  plate  and  they  are  free  to  curve,  ad- 
justing themselves  to  considerable  variations 
in  the  surface  of  the  track. 

The  cylinders  and  cylinder  frames  are  cast 
in  one  piece.  The  pistons  and  crossheads  are 
solid  cast  iron ;  the  connecting  rods  are  forged 
solid  without  welds.  The  crank  of  this  loco- 
motive is  double-throw. 

The  wheels  are  driven  by  means  of  pinion 
shafts,  the  pinions  engaging  with  gear  rims 
keyed  and  bolted  to  the  wheels  at  the  right 
hand  side  of  the  engine.  This  driving  shaft 
is  equipped  with  Shay  compensating  joints. 
This  consists  of  two  universal  joints  with  slip 


cylinders  on  the  right  side.  Since  all  the 
wheels  are  driving  wheels,  all  the  weight  rests 
on  the  drivers  and  is  used  for  adhesion.  This 
gives  the  locomotive  great  pulling  power  with- 
out slipping  on  the  rails. 

This  new  small  Shay  locomotive  is  built  by 
the    Lima   Locomotive   Corporation,   Lima,   O 


A  New  Revolving  Steam  Shovel  with 

Horizontal  Crowding  Motion. 

A  %  cu.  yd.  dipper  steam  shovel  having 
full  revolution  and  a  horizontal  Crowding  mo- 
tion, with  special  automatic  features,  is  illus- 
trated here.  The  halftone  indicates  very 
clearly  the  truck  construction  and  the  high 
lift  possible  with  the  dipper,  and  the  line 
drawing  indicates  the  horizontal  movement  of 
8V4  ft.  of  the  dipper.  Tracks,  boom,  dipper 
and  dipper  handle,  steering  device  and  engines 
are  all  of  special  design  and  remarkably  com- 
pact. Incidentally  the  shovel  is  so  designed 
that  a  long  dipper  handle  can  be  substituted 
for  trench  work,  or  a  special  boom  and  ap- 
paratus substituted  for  handling  grab  buckets. 
The  range  of  operation  is  a  cut  3.5  ft.  wide  on 
the   bottom   with   one   cut;   an  8-ft.   horizontal 


The  crowding  device  operates  on  a  stand- 
ard shipper  shaft ;  it  automatically  controls 
the  crowding  engines.  Briefly,  while  the  power 
from  the  hoisting  engines  lifts  the  dipper 
through  the  material,  the  dipper  is  automati- 
cally forced  into  the  material  by  the  crowd- 
ing engines  at  the  proper  rate  to  cause  the 
dipper  teeth  to  follow  the  floor  bottom  in  a 
straight  line.  After  the  load  is  deposited  the 
dipper  automatically  returns  to  the  grade  on 
which  the  shovel  is  operating,  and  does  not 
have  to  be  adjusted.  .\lso  by  changing  the 
notch  of  the  automatic  contact  latch  lever  the 
grade  can  be  changed.  Once  a  grade  is  fixed 
the  dipper  returns  to  and  cuts  to  that  grade 
alisolutely  without  manipulation  by  the  oper- 
ator. 

The  shovel  is  operated  by  three  levers  and 
a  foot  brake.  No  craneman  is  required.  One 
lever  handles  all  operations  of  hoisting,  one 
operates  the  crowding  engine,  and  one  the 
swinging  engines,  and  the  foot  brake  lowers 
the  dipper.  The  shovel  is  absolutely  "one 
man"  operated,  and  it  is  claimed  that,  owing  to 
the  automatic  control,  any  reasonably  clever 
man,  experie'nced  in  handling"  road  rollers, 
traction  engines  or  similar  machinery,  can  be 
trained  to  operate. 

The  %  cu.  yd.  shovel  illustrated  is  truly 
%  cu.  yd.  machine  in  all  details.  It  is  pri- 
marily designed  and  built  throughout  to  carry 
a  real  %  cu.  yd.  dipper  without  overtaxing 
the  machine  and  without  imposing  greater 
duties  upon  the  parts  of  the  operating  mechan- 
ism than  they  should  be  called  upon  to  stand. 
The  advantages  of  this  size  of  shovel  are 
stated  as  follows:  Two  dippers  of  material 
completely  fill  the  ordinary  1%  cu.  yd.  wagon 
or  car,  while  but  three  trips  are  required  to 
load  a  2-yd.  wagon  to  its  maximum  capacity. 
The  great  advantage  over  the  %  cu.  yd.  dipper 
is  readily  apparent.  When  loading  either  1% 
or  2-yd.  wagons,  of  coufte,  one  less  trip  is 
required  than  with  a  %  cu.  yd.  machine,  thus 
saving  from  33%  to  50  per  cent  of  the  load- 
ing time. 

The  shovel  is  known  as  the  "Erie,"  and  is 
made  bv  the  Ball  Engine  Co.,  Erie,  Pa. 


An    Improved    Reversing    Gear    Boom 
Swinger. 

( Contributed. ) 
The  cut  illustrates  a  mechanism  which  can 
he  attached  to  any  hoist,  by  having  the  front 
drum  shaft  extended  on  which  a  pinion  can 
be  fastened.  The  swinging  arrangement  con- 
sists of  a  cast  iron  frame  and  brace  with  end 
bearings,  on  driving  drum  shaft  and  on  swing- 


Revolving    Steam    Shovel    with    Automatic     Crowding   Device  and   Three    Lever  Control. 


joints  between.  These  slip  joints  are  com- 
posed of  a  forged  steel  square  shaft  and  a 
sleeve.  When  a  corner  is  being  turned  which 
equally  on  the  opposite  sides  of  the  longitu- 


cut  ahead  without  moving  up ;  teams  or  cars 
can  be  loaded  23  ft.  from  the  center  of  the 
shovel ;  teams  can  be  loaded  on  a  bank  8  ft. 
above  the  pit  bottom. 


ing  drum  shaft,  in  order  to  keep  them  in  line, 

and   make  it   impossible   for  the  gears  to  get 

out  of  mesh.     The  driving  gear  is  on  a  long 

"shaft   to   which   two  grooved   drums  are   fast- 
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ined.  The  frame'  supports  the  shaft  bear- 
ings, gears,  pinions  and  frictions!  The  con- 
struction is  compact  and  self-contained,  leav- 
ing a  clear  space  for  the  ropes  to  the  main 
drums. 

The  rope  speed  on  the  small  drums  can  be 
varied  according  to  conditions.  To  accom- 
phsh  this  a  change  in  gears  A  and  B  in  the 
cut  will  increase  or  decrease  the  speed.  Gear 
A  is  the  driving  gear  meshing  into  gear  B, 
which  is  keyed  to  a  shaft  revolving  the  gear  C, 
the  latter  meshing  into  gear  D.  When  the 
swinging  drums  are  revolved  in  one  direction 


Improved   Reversing  Gear  Boom  Swinger. 

the  gear  D  acts  as  a  friction  drive;  when  the 
swinging  drums  are  reversed,  it  becomes  an 
idler  or  means  for  reversing,  meshing  into  a 
similar  friction  gear  directly  under  it.  On  the 
friction  gear  shafts  are  pinions  that  drive  the 
large  gear.  The  frictions  are  cone  type,  so  as 
easily  to  adjust  and  replace  the  blocks,  and 
are  operated  by  levers  through  right  and  left 
hand  friction  nuts.  These  levers  are  con- 
nected through  stubs  and  shafts  to  the  main 
control  lever,  in  e^y  reach  of  the  operator. 
Since  the  main  drums  always  revolve  in  one 
direction,  by  moving  the  lever  forward  or 
backward,  the  small  drums  are  revolved  in 
either  direction.  In  this  mechanism  there  are 
only  two  revolving  shafts,  the  one  driving  the 
gear  C  and  the  swinging  drum  shaft.  The 
shafts  on  which  the  friction  parts  revolve  re- 
main stationary  (the  wheels  revolve),  so  that 
while  the  swinging  drums  are  in  motion  or  at 
rest  the  friction  on  bearings  and  gearing  is 
greatly  reduced  and  little  power  is  required  to 
operate  them.  Thus  the  most  important  re- 
quisites in  geared  boom  swingers,  saving  of 
time  and  power  of  operation,  are  assured. 

The  improved  reversing  gear  boom  swinger 
is  the  Werner,  Flory  patent  and  is  manufac- 
tured bv  S.  Flory  Manufacturing  Co.,  Bangor, 
Pa. 


Surface  Heater  for  Asphalt  Pavement 

Repairs. 

The  illustration  shows  a  surface  heater,  six 
of  which  have  recently  been  purchased  by 
New  York  City  for  asphalt  pavement  repair 
work.     By    this    heater    a    thin    patch    can    be 


heated,  which  takes  only  a  few  minutes,  it  is 
scraped  clean  and  the  new  material  is  added, 
and  in  the  usual  manner  finished  smooth.  The 
heater  uses  kerosene;  the  tank  is  25  gals, 
capacity,  and  compression  is  by  a  hand  lever 
and  pump  with  a  3-in.  barrel.  The  wheels  are 
:W  ins.  in  diameter,  with  staggered  spokes, 
and  the  frame  is  heavy  iron  construction.  The 
hood  is  48x60  ins.  and  stiffened  by  angles.  A 
modification  of  this  heater  known  as  type  N 
is  constructed  for  work  in  which  the  flame  is 
not  desired  to  come  into  direct  contact  with 
the  pavement.  These  heaters  are  made  by 
The  Macleod  Co.,  211  Pearl  St.,  East,  Cin- 
cinnati, O. 


Portable  Wagon  Loader  with  Duplex 

Bucket  Elevator. 

The  wagon  loader  illustrated  was  designed 
to  meet  the  demand  for  a  high  capacity  ma- 
chine which  can  be  operated  by  two  men  or  in 
case  of  an  emergency  by  one  man.  This  loader 
instead  of  one  row  of  buckets  has  two  rows ; 
the  buckets  in  one  row  are  "staggered"  with 
the  buckets  in  the  other  row.  In  taking  ma- 
terial from  stock  pile,  therefore,  this  loader 
takes  twice  the  number  of  bites  that  a  single 
line  of  buckets  takes,  and  each  bite  is  smaller 
and  thus  the  torque  on  the  motor  is  halved. 


Portable  Wagon  Loader  with  Duplex  Bucket 
Elevator. 

In  discharging  onto  the  screen  also  the  feed 
is  more  even  and  uniform  and  each  charge  is 
smaller,   so   that   screening   is  more"  rapid  and 


Kerosene    Surface    Heater   for    Repairing    Asphalt    Pavement. 


as  readily  sand,  gravel  and  broken  stone.  Elec- 
tric or  gasoline  power  is  provided  as  desired 
and  both  screen  and  solid  loading  chutes  are 
provided.  The  list  price  is  $3.50  f.o.b.  works. 
This  loader  is  made  by  the 'Hudson  Machinery 
Co.,  1-5  Park  Row,  New  York  City. 


perfectly  welded  to  the  old  pavement,  or  a 
hump  or  ridge  can  be  softened  and  removed, 
or  any  repair  completed  with  perfect  ad- 
hesion between  old  and  new  material.  In 
operation  the  heater  is  wheeled  over  the  part 
to  be  replaced,  and  when  the  surface  has  been 


perfect.  -Ml  elevator  and  chain  shafts  have 
ball  bearings.  These  features  combine  to  give 
light  construction  and  minimum  motor  power. 
The  machine  weighs  only  1,400  lbs.,  and  a 
2-hp.  motor  operates  it  at  a  rate  of  50  to  60 
tons  of   anthracite  coal  per  hour.     It  handles 


Oxy-Acetylene     Welding     a     Broken 
Crusher  Spider. 

The  oxy-acetylene  torch  for  welding  and 
cutting  metal  has  attained  such  general  use 
in  recent  years  that  novelty  is  becoming  lim- 


Oxy-Acetylene    Weld    of    Break     in    Crusher 
Spider. 

ited  to  records  of  unprecedented  tasks,  one 
surpassing  another,  performed  by  this  device. 
In  the  accompanying  view  is  shown  a  break 
which  occurred  in  a  40-ton  spider  of  a  large 
gyrating  crusher.  To  replace  the  part  of  the 
spider  shown,  which  weighed  30  tons,  would 
have  cost  $2,300.  The  break  was  welded  by 
the  oxy-acetylene  process  in  60  hours  con- 
tinuous work  of  two  men.  The  welding  was 
done  by  the  Oxweld  .\cetylene  Co.,  of  Chi- 
cago, 111. 


Steel  Sheet  Piling  in  India. — American 
steel  sheet  piling  is  now  being  extensively 
used  in  India  for  supporting  the  sides  of 
sewer  trenches  in  place  of  the  more  usual 
wooden  timbering  for   such  purposes. 

The  engineering  supplement  of  the  Times 
<'f  India.  Bombay,  describes  the  use  of  this 
piling  in  Madras  and  Bombay  as  follows: 

In  connection  with  the  Madras  drainage 
scheme,  the  special  reason  for  using  the  sheet 
piling-  in  the  sewer  trench  is  that  at  14y2  ft. 
below  ground  a  black  muddy  subsoil  is  en- 
countered. This  is  very  difficult  to  excavate 
as  It  is  fluid.  As  a  matter  of  fact,  it  has  been 
necessary  to  strap  the  bottom  of  the  excava- 
tion down  in  order  to  make  any  progress  at 
all.  As  the  level  of  the  mud  inside  the  trench 
is  lowered,  very  considerable  load  is  pro- 
duced on  the  timbering.  It  was  possible  to 
do  the  first  5  ft.  of  excavation  without  tim- 
bering. The  piles  were  then  placed  in  posi- 
tion and  afterwards  kept  driven  down  about  2 
ft.  ahead  of  the  excavation  until  the  mud  was 
reached,  and  into  this  the  piling  was  driven 
to   its   available    depth. 

In  the  manhole  the  piling  was  driven  about 
7  ft.  into  the  mud  before  any  serious  attempt 
was  made  to  remove  the  latter.  No  machinery 
has  been  used,  and  the  whole  of  the  piling 
has  been  driven  in  at  first  by  a  maul  and 
afterwards  by  a  heavy  piece  of  timber  used  aa 
a   monkey. 

In  Bombay,  where  sewerage  work  is  being 
carried  out  on  a  large  scale,  this  steel  piling 
has  also  been  brougnt  into  use. 


A  measure  has  been  introduced  in  the  On- 
tario Legislature  which  will  make  owners  of 
heavy  motor  trucks  and  w-agons  liable  for 
rutted  roads,  and  will  give  municipal  corpora- 
tions power  to  recover  the  amount  of  damage 
from  them,  by   appeal  to  a  county  judge. 


Ontario  has  built  over  3,000  miles  of  water- 
bound  macadam  roads  since  the  introduction  of 
the  county  road  system  in  1901. 
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FOREIGN  TRADE  NOTES 

The  following  foreign  trade  apportunities 
are  listed  by  the  Bureau  of  Foreign  and  Do- 
mestic Commerce.  Where  addresses  are 
omitted  in  the  items  they  may  be  obtained 
from  the  office  of  the  Bureau  at  Washing- 
ton, D.  C,  Or  from  the  following  branch 
offices:  New  York,  Room  409,  U.  S.  Cus- 
tomhouse; Boston,  752  Oliver  Bldg.;  Chi- 
cago. 629  Federal  Bldg.;  St.  Louis,  402 
Third  National  Bank  Bldg.;  Atlanta,  521 
Post  Office  Bldg.;  New  Orleans,  1020  Hi- 
bernia  Bank  Bldg.;  San  Francisco,  306-7  L. 
S.  Customhouse;  Seattle,  922  Alaska  Bldg. 
In  applying  for  addresses  reference  should 
eb  made  to  the  tile  numbers. 

iMiniiig  .Machinery. — Firm  lias  been  es- 
tablished in  American  consular  district  in 
Sweden  which  will  devote  its  attention  to 
the  importation  of  American  goods,  espe- 
cially mining  machinery.  No.  16256.  [For 
address  see   first  paragraph.] 

IMotor  Cars. — Ministre  de  fomento  of 
Spain  has  been  authorized  to  call  for  open 
bids  for  46  motor  cars,  suitable  for  inspec- 
tors of  roads.  Proposals,  with  all  details, 
and  prices  must  be  filed  with  the  Ministerio 
de  Domento,  "Direcion  General  de  Obras 
Publicas,"  Madrid,  Spain.  Statements  must 
be  written  in  Spanish.     No.  16274. 

Timber  Preserving  Plant. — Trading  com- 
pany in  India  wishes  to  be  placed  in  touch 
with  .A-merican  firms  specializing  in  the 
manufacture  and  installation  of  plants  for 
the  treatment  of  timber  such  as  railway  ties. 
The  company  states  that  it  is  considering 
establishing  a  plant  for  the  treatment  of 
not  less  than  lOll.lHX)  broad-gage  ties  per 
annum.  No  particular  process  of  treat- 
ment has  yet  been  decided  upon,  and  the 
company  wishes  to  receive  suggestions 
from  American  firms  manufacturing  plants 
for  preserving  timber.  Correspondence  may 
be  m  English.  No.  16280.  [For  address  in 
first  paragraph.] 

Railway  Supplies.— The  manager  of  a 
railway  company  in  the  East  indies  desires 
to  be  placed  in  communication  with  Ameri- 
can manufacturers  of  rolling  stock,  rails, 
ties,  and  railway  supplies  of  all  kinds.  Fiili 
descriptive  matter,  prices,  f.  o.  b.  shipping 
ports  or  c.  i.  f.  destination,  should  be  sub" 
mitted  at  once.  Correspondence  may  be 
in  English..  No.  16285.  [For  address  see 
first  paragraph.] 

Cement  Mills.— A  number  of  capitalists  in 
Russia  are  contemplating  the  erection  of 
mills  to  manufacture  cement,  paper,  veneer 
woods,  and  chair  seats.  It  is  stated  that  the 
cement  plant  is  to  have  a  capacity  of  about 
1,000  barrels  per  dov.  The  company  also 
wishes  to  erect  a  p-lant  for  making  barrels 
Prices  should  be  quoted  in  Russian  equiva- 
lents and  c.  I.  f.  Russian  ports.  No.  16286 
[For  address  see  first  paragraph.] 

Drilling  Machinery.- Business  man  in 
Russia  desires  to  be  put  in  communication 
with  American  manufacturers  of  drilling 
machines  similar  to  an  illustration  which 
may  be  examined  at  the  Bureau  and  its 
branch  offices.  Prices,  weights,  etc.,  should 
be  stated  in  Russian  equivalents,  and  quo- 
tations should  be  made  c.  i.  f.  Russian  ports. 
Correspondence  may  be  in  English.  No. 
16211.     [For  address  see  first  paragraph.] 

Tramway. — Firm  in  Central  America  is 
negotiating  for  a  concession  to  build  and 
operate  a  3-miIe  tramway  in  a  town  of 
about  7,000  inhabitants.  The  motive  power 
is  to  be  either  electricity  or  gasoline  mo- 
tors. No.  16197.  [For  address  see  first 
paragraph.] 

Biasing  Caps. — Company  in  Switzerland 
desires  to  communicate  with  American 
manufacturers  of  detonators  or  blasting 
caps  to  be  used  in  stone  quarries.  No. 
16203.     [For  address  see  first  paragraph.] 


INDUSTRIAL  NOTES 

The  executive  offices  of  the  Concrete  Steel 
Co.,  after  .Xpril  IS,  will  be  located  at  42 
Broadway,   Newr'York  City. 

The  Denver,  Colo.,  office  of  the  Sullivan 
Machinery  Co.  following  May  1  will  be  lo- 
cated at  837  Equitable  Bldg.  Mr.  George 
W.  Blackinton  is  manager. 

The  Link  Belt  Co.  of  Chicago  is  manu- 
facturing a  new  drag  line  excavator  which 
il  is  Llaimed  embodies  the  most  advanced 
ilesign  of  this  type  of  earth  Iiandling  ma- 
chinery. 

The  Newport  Culvert  Co.,  Inc.,  has  suc- 
ceeded the  Harry  Bros.  Co.,  Inc.,  of  New- 
port. Ky.,  the  change  taking  place  the  first 
of  the  year.  The  Newport  Culvert  Co.  will 
continue  the  manufacture  of  "Genuine  Open 
Hearth  Iron"  culverts  for  railroad  and 
county  use. 

Mr.  A.  P.  Robinson  has  been  appointed 
manager  of  sales  for  the  Insley  Mfg.  Co.. 
Indianapolis,  Ind.  Mr.  Robinson  until  re- 
cently was  connected  with  the  W.  E.  Aus- 
tin Machinery  Co.  of  Atlanta,  Ga..  as  vice 
president  and  chief  engineer. 

The  Chas.  T.  Topping  Machinery  Co.  of 
Pittsburgh.  Pa.,  dealer  in  contractors',  mine 
and  quarry  equipment,  has  removed  its  of- 
fices to  Suite  928  Oliver  Bldg.,  Pittsburgh.  It 
will  continue  as  direct  representative  in 
Western  Pennsylvania  and  iSJorthern  West 
Virginia  for  Koehring  concrete  mixers; 
Clyde  hoisting  engines  and  derricks;  Wylie 
concrete  distributing  systems;  the  Cement- 
Gun;  McKiernan-Terry  pile  hammers  and 
rock  drills;  Negley  slack-calile  excavators; 
Buchanan  rock  and  ore  crushers;  crushing 
rolls  and  magnetic  separators;  Patten  elec- 
tric builders  hoists;  Easton  industrial  cars 
and  railway  systems;  converse  portable 
sand  screens;  Hotchkiss  steel  forms;  and 
other  well  known  lines  of  machinery  and 
equipment. 


NEW  CATALOGUES 

Surveying  Instruments.— Paper.  0x9  ins.;  90 
pp.  Kolesch  &  Co..  134  Fulton  St.,  New 
York  city. 

Extract  from  the  general  catalogue,  compris- 
ing the  section  devoted  to  surveying  instru- 
ments. It  is  fully  illustrated,  and  contains 
complete   data   and   descriptive   matter. 

Threshing  Machinery.  —  Paper,  10%x7% 
ins. ;  64  pp.  Nichols  &  Shepard  Co.,  Bat- 
tle Creek,   Mich. 

Fully  illustrated  descriptive  catalogue  of 
the  weighers,  wagon  loaders,  steam  traction 
engines,  plow  engines,  straw  burners  and  oil 
and  gas  tractors  of  the  company. 

Waterproofing  Paste. — Paper,  iVix'tVz  ins. ; 
4  pp.  Sandusky  Portland  Cement  Co..  San- 
dusky,   Ohio. 

Circular  describing  Medusa  waterproofing 
in  paste  form,  which  is  now  being  manufac- 
tured by  the  company.  Gives  directions  for 
use  and  information  as  to  price,  shipping,  etc. 

Grader    and    Wagon    Loader. — Paper,     10%x 
7V2   ins.;   8  pp.     The  Austin-Western   Road 
Machinery  Co.,   Chicago. 
Circular    of    Austin    elevating    graders    and 
wagon  loader.     Describes   in   detail  and  illus- 
trates the   New  Era  grader  with   .Austin   disc 
plow,    ofifset    engine    pole,    sand    or    dust    pan 
cleaning   attachment,    reversible    deflector,   etc. 

Bitumen     Distributor. — Paper,     6%x4     ins.; 

Standard   Mfg.  Co.,  Cypress   St.,  Worcester, 

Mass. 

Describes  the  Johnson  apparatus  for  heat- 
ing, transporting  and  spraying  bitumen. 
Shows  the  various  models  of  oil  and  tar 
sprayers  and  tank  wagon,  and  gives  data  as 
to   quantities   and   application. 

Motor  Trucks. — Paper,  7%xl0%.  ins.;  20  pc. 

The  Thomas  B.  Jeffrey  Co.,  Kenosha,  Wis. 

The  "Jefffey  Quad,"  a  motor  truck  designed 
for  haulage  over  difficult  country  or  heavy 
roads,  is  dealt  with  in  this  book.     The  truck 


drives,  brakes  and  steers  on  all  four  wheels 
and  can  be  used  as  a  tractor.  Descriptions 
and  photographs  of  severe  tests  are  included, 
together  with  tables  of  costs,  diagram  of  con- 
struction and  specifications.  , 

Road  Machinery.— Paper,  10x8  ins.;  12  pp. 
Austin-Western  Road  Machinery  Co.,  Chi- 
cago. 

"Circular  of  Road  Tools,"  showing  Western 
Township  wheeled  scrapers,  drag  scrapers, 
buck  and  tongue  scrapers,  road  plows,  road 
drags  and  graders.  Comprehensive  descrip- 
tive matter  and  full  dimensional  data  accom- 
pany the  cuts. 

RiENscH-WuRL  Screen.— Paper,  8x6%  ins.;  28 
pp.  The  Sanitation  Corporation,  .jO  Church 
Street.     New  York  city. 

Consists  of  photographs  showing  the  design, 
application  and  operation  of  the  Riensch-Wurl 
Screen.  The  views  shown  are  almost  all  from 
the  sewage  treatment  plant  at  Dresden,  Ger- 
many, and  show  the  screen  in  actual  service. 
.^  partial  list  of  foreign  installations  is  also 
given. 

Cement-Gun. — Paper,  9x12  ins. ;  4  pp.  Ce- 
ment-Gun Co.,  Inc.,  30  Church  St.,  New 
York  City. 

Bulletin  No.  40,  entitled  Protection  of 
Structural  Steel  on  the  P.  R.  R.  Cortlandt 
Street  Ferry  Terminal,  New  York  City.  De- 
scribes and  illustrates  the  method  of  applying 
a  thin  coating  of  Gunite  without  reinforcing 
for  the  protection  of  a  steel  sub-structure 
from   corrosion   and    rust. 

R(.ad  Machinery. — Paper,  10%x7%  ins.;  24 
pp.  Good  Roads  Machinery  Co.,  Kennett 
Square,  Pa. 

"Good  Roads.  The  Machinery  to  Make 
Them,"  is  the  title  of  this  book,  which  shows 
the  difi^erent  types  of  road  machinery  manu- 
factured by  the  company.  The  list  includes 
the  Improved  Steel  Champion  Bucket  and 
National  Hercules  reversible  road  macliines. 
Fort  Wayne  crushers.  Monarch  roller  and 
traction  engine,  oil  distributors,  heating  ket- 
tles, sweepers,  sprinklers,  brooms,  scrapers, 
culvert  pipe  and  numerous  other  machines 
and  devices. 


CATALOGUE  REVIEWS 

Water  Main  Cleaning. — Paper.  0x9  ins.;  3 
booklets,  3  folders.  National  Water  Main 
Cleaning  Co.,  50  Church  St.,  New  York. 
Several  publications  of  value  to  water 
works  superintendents,  engineers,  city  offi- 
cials or  others  interested  in  water  distri- 
bution systems  have  been  received  from  the 
National  Water  Main  Cleaning  Co.  Two 
of  these  are  reprints  of  articles.  The  first, 
"The  Restoration  of  Old  Distributing  Sys- 
tems," by  Burt  B.  Hodgman,  a  paper  read  at 
the  1911  convention  of  the  American  Water 
Works  Association,  is  54  pages  in  length,  is 
illustrated  by  views  and  charts  showing  the 
results  obtained  by  cleaning  old  water  mains, 
and  also  contains  the  discussion  following  the 
reading  of  the  paper. 

The  other  is  a  reprint  of  an  article  by 
Caleb  M.  Saville,  which  appeared  in  the  Jour- 
nal of  the  New  England  VVater  Works  .Asso- 
ciation. The  article  describes  the  cleaning  of 
water  mains  at  Hartford,  Conn.,  where  Mr. 
Saville  as  chief  engineer  of  the  Board  of 
Water  Commissioners  had  charge  of  the 
work.  This  is  also  illustrated  and  contains 
considerable  data  as  to  sizes  of  pipes,  increase 
of  floor,  etc.  Also  gives  specifications  under 
which  the  work  was  done,  views  of  the  ma- 
chine used  and  diagrams  of  operation.  An 
interesting  discussion  of  the  paper  concludes 
the  pamphlet.  The  third  book  is  a  treatise  on 
the  subject  of  water  main  cleaning,  giving 
full  information  as  to  the  machine  and  meth- 
ods used,  letters  from  superintendents  or  en- 
gineers testifying  to  the  efficacy  of  the  proc- 
ess, and  directions  for  testing  capacity.  This 
is  also  well  illustrated.  Several  folders  of  the 
follow-up  type  point  out  the  advantages  of 
the  increased  water  supply,  the  economy  and 
necessity  of  cleaning  the  water  mains  and 
efficiency  of  the  company's  process. 
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Developments  of  the  past 
The    Doings       week   indicated   very  clearly 
that  the  Inisiness  and  finan- 
of  ces  of  the  conntry  were  ap- 

,       -fj^     ,  preaching  the  normal.  There 

trie  WeeK.  ^^.^^  ^  further  distinct  re- 
covery in  business  activities. 
Trade  in  bonds  and  stocks  during  March  was 
well  above  that  for  the  corresponding  month 
of  the  previous  year.  Export  business  con- 
tinned  to  show  an  increase,  the  foreign  orders 
for  steel  for  the  last  two  weeks  being  the 
largest  since  the  commencement  of  the  war. 
Confidence  in  the  business  situation  is  shown 
by  the  action  of  the  U.  S.  Steel  Corporation  in 
resuming  construction  on  its  new  $1(1,000,000 
plant  at  Duluth,  in  the  decision  of  the  steel 
interests  to  expend  something  like  $10,000,000 
for  improvements  and  additions  in  the  Pitts- 
burgh District,  and  tlie  steps  taken  by  the 
Anaconda  Co.  for  expending  $li,000,000  for  im- 
provements in  the  copper  section  of  Montana. 
The  French  government  has  arranged  for  $50,- 
OOO.IiOO  credit  in  this  country,  and  negotiations 
are  underway  for  a  like  amount  for  Russia  and 
twice  as  much  for  England.  All  of  this  $200.- 
000,000  is  to  be  expended  for  purchase  of  ma- 
terials here.  In  the  construction  field  the  prin- 
cipal feature  of  interest  of  the  past  week  was 
the  awarding  of  some  large  construction  con- 
tracts for  the  railways.  More  big  work  for  the 
carriers  has  been  placed  under  contract  in  the 
last  few  days  than  has  been  let  during  the  pre- 
vious G  months.  In  the  municipal  field  not  so 
much  work  appears  to  have  reached  the  call  for 
bids  stage  as  in  previous  weeks.  Many  good 
sized  contracts,  however,  particularly  in  the  pav- 
ing field,  are  now  being  advertised,  and  a  grea' 
mass  of  work  is  projected  to  come  up  in  the  next 
few  days.  The  apportionment  of  the  $30,00(1,000 
River  and  Harljor  l)ill  has  been  completed,  and 
the  government  engineers  probably  will  at  once 
ccjnmience  calling  for  proposals  on  many  im- 
portant undertakings.  In  the  iron  and  steel 
trade  current  developments  were  notably  good. 
There  was  an  increase  in  inquicies  from  the 
railroads  and  other  large  consumers.  Rail  or- 
ders in  March  amounted  to  267,000  tons,  and 
the  export  sales  for  war  orders  of  the  month 
a.ggregated  about  (>00,00O  tons.  Merchant  sales 
of  pig  iron  for  the  month  were  about  600,000 
tons.  The  U.  S.  Steel  Corporation  is  now  work- 
ing at  about  72  per  cent  capacity.  Tlic  Iron  Age 
prices  for  finished  iron  and  steel  and  for 
sheets,  nails  and  wire  for  the  week  ending 
March  31  were. as  follows: 

Finished    Iron   and    Steel.  Mar.  31.     Mar.  :;4. 

I'er  ll3.  to  large  l.ui.vPr.s.  Cts.  Cts. 

He.ss.    rail.'*,   heavy.  :it   mill....      1.2.T  1,25 

Iron   har.s,    Philadelphia 1.13  1.15 

Iron  bars,  Pittsburgh 1.10  1.10 

Iron  bars,  Chicago 1.12^/^         I.I-V2 

Steel  bars,    Pittsburgh l.ir,  "         1.15 

Steel  bars,  Xew  Yorli l.:U9  1.319 

Tank  plates.   Pittsburgh I.IU  1.10 

Tank   plates.    New   York 1.269  1,269 

Beams,    etc.,    Pittsbingh 1.15  1.15 

Beams,  etc..  New  York 1.269  1.269 

Skelp,  groooved  steel,   P'gh...      1.121,4         1.10 
.Skelp,  siieared  steel,  P'gh....     lA'V^        l.lo 

Steel  hoops,  Pittsburgh 1.25  1.25 

Sheets,   Nails  and  Wire. 
Per  lb.  to  Large  bu\"ers. 
Sheets,   black.   No.   2S,    P'gh...      l.SO  l.SO 

G;ilv.  sheets.    No.   2S,  P'gh ;!.40  3.40 

Wire  nails,  Pittsburgh I.6I1  1.60 

(lut  nails.  Pittsbui-gh 1.55  1.55 

Fence  wire,  base,  P'gh 1.0)  1.4(i 

Barb  wire,  galv..  P'gh 2.10  2.10 

For  structural  material  f.  o.  b.  I'itl.sburgh 
The  Iron  Age  prices  were  as  follows:  I-bcams 
3  to  l.'i  in. :  channels.  .3  to  15  in. :  angles,  3  to 
6  in.  on  one  or  both  legs,  '/4  in.  thick  and 
over,  and  tees,  3  in.  and  over,  1.15  to  1.20  cts. 
Railways. — The  biggest  week  of  the  year 
in  the  railway  construction  field  has  been  pulled 
off.  .Several  large  contracts  have  l)een  let  in 
the  last  few  days,  and  bids  liave  been  opened 
on  (jther  big  jobs.  The  Norfolk  &  \\'estern 
Ry.  awarded  the  contract  for  its  new  36% 
mile  lo\v  grade  line  from  Burkcsville  to  a 
l)oint  near  Pamplin,  Va.  Robert  Grace  Con- 
tracting Co.,  Pittsburgh,  Pa. :  Paterson,  Mor- 
an  &•  Co.,  Xew  York  City ;  Rinehard  &  Den- 
nis, Charlottesville,  Va,,  and  J.  .1.  Sheahan, 
Roanoke,  Va.,  secured  the  work.    The  contract 


for  the  Williamsport.  Nesle  &  Martinsburg 
Ry.  was  let  to  Claybourne.  Johnson  &  Co.,  Bal- 
timore, Md.  This  is  an  18-mile  line,  costing 
about  $2,000,000,  and  will  be  a  branch  of  the 
Western  Maryland  Ry.  The  San  Diego  & 
Arizona  Ry.  is  reported  to  have  awarded  the 
contract  for  the  last  34  miles  of  its  line,  and  re- 
quiring many  short  tunnels  and  a  considerable 
amount  of  heavy  rock  work.  The  Chesapeake 
&  Ohio  R.  R.  opened  bids  Saturday  on  the  first 
'28  miles  of  its  connecting  line  in  Ohio.  This 
contract  will  not  be  awarded  for  several  days. 
O.  S.  Hord  and  A.  Keathley,  Cincinnati,  O., 
were  awarded  the  contract  for  the  21-iTiile  ex- 
tension of  the  Ohio  Valley  Traction  Co.,  from 
Sciotovillc  to  fronton. 

Roads  and  Streets. — Not  much  state  high- 
way work  appears  to  have  come  up  for  adver- 
tising during  the  past  week.  New  York  is  call- 
ing for  bids  on  21  repair  contracts.  Several 
good-sized  county,  undertakings  are  ready  for 
estimates.  San  Bernardino  county.  California, 
is  calling  for  proposals  on  8.3  miles  of  con- 
crete road ;  County  Freeholders  at  Trenton, 
N.  J.,  open  bids  on  April  20  on  5  miles  of 
Iiighway  estimated  to  cost  $118,000.  County 
Commissioners  at  Seattle,  Wash.,  are  asking 
bids  on  a  $75,000  road  job.  Greensboro,  N.  C, 
is  calling  for  bids  on  75,000  sq.  yds.  of  street 
paving.  Most  of  the  other  advertised 
municipal  jobs  in  this  line,  however,  are  for 
comparatively  small  yardages.  Eagle  Grove, 
la.,  awarded  a  $60,430  contract;  Hunterdun 
county,  New  Jersey,  let  a  3-mile  road,  at  $53.- 
715:  low  bidders  on  the  Winonacounty,  Min- 
nesota, highway  work  were  as  follows :  Wm. 
E.  Hutchison.  Michigan  Citv.  Ind.,  Road  No. 
85,  $107,626  ;  Hanlon  &  Oke.s,  319  Lumber  Ex- 
change. Minneapolis.  Minn.,  Road  No.  86. 
$103,810,  Road  88.  $20,733,  Road  05,  $22,576, 
Road  90.  $53,132;  Cameron,  Joyce  &  Co., 
Keokuk,  la..  Road  87,  $47,118,  Road  00,  $18,911. 

Drainage  and  Irrigation. — No  especially 
large  undertakings  in  either  the  drainage  or 
irrigation  fields  appear  to  have  come  up  for 
advertising  during  the  past  week.  The  Crip- 
ple Creek  Drainage  &  Tunnel  Co..  Colorado 
Springs,  Colo.,  is  calling  for  bids  for  the  ex- 
tension of  its  mine  drainage  tunnel.  Widdell 
Construction  Co.,  Mankato,  Minn.,  was  award- 
ed the  contract,  at  $72,975,  for  a  judicial  ditch 
for  Murray  and  Cottonwood  counties,  Minne- 
sota. 

Bridges. — Most  of  the  bridge  construc- 
tion advertised  in  the  last  few  days  is  for 
small  structures.  In  Illinois  alone  bids  are 
being  asked  on  18  or  20  reinforced  concrete 
bridges.  Iowa  counties  awarded  many  con- 
tracts for  county  bridges  and  culvert  construc- 
tion. Tlie  Canton  Bridge  Co.,  Canton,  O.,  se- 
cured the  contract  for  a  state  aid  liridge  at 
North  Platte,  Neb.,  at  $4.3.075.  The  Manitoba 
Bridge  &  Iron  Works.  Ltd.,  Winnipeg,  Man., 
was  awarded  a  contract,  at  $'253,824,  for  a 
bridge  over  Red  River  to  connect  St.  Boniface 
aiul  Winnipeg 

Water  Works. — Bids  arc  now  being  asked 
on  a  numlier  of  contracts  for  constructing 
water  works,  extensions  or  other  iinprove- 
mcnts  for  smaller  municipalities.  Among  the 
larger  works  are  a  concrete  reservoir  for  Du- 
luth, Minn.,  and  water  works  for  Manning. 
S.  C,  the  latter  undertaking  calling  for  2,800 
ft.  pipe,  reinforced  concrete  reservoir,  tank  and 
towers  and  pumping  equipment.  Fostoria,  0., 
o|)ens  bids  April  20  on  a  i75,OO(X000-gal.  reser- 
voir of  earth  embankment,  the  work  involving 
113,000  cu.  yds.  excavation  and  20,000  cu.  yds. 
riprap  or  concrete  lining.  The  Fred  R.  Jones 
Co.,  Cleveland.  O.,  was  awarded  the  contract 
fur  the  excavation  for  the  new  $1,000,000  Bald- 
win reservoir  for  the  city  of  Cleveland. 

Sewerage. — Few  important  undertakings 
in  the  sewerage  field  appear  to  have  reached 
the  call  for  bids  stage  during  the  past  week. 
Borough  of  Brooklyn,  Ne\V  York  City,  is  call- 
ing for  proposals  on  work'calling,  for  2,7.37  ft. 
of  162-in.  sewer  in  tunnfe!.  Manning,  .S.  C, 
and  Georgetown.  .S,  C,  arq  asking  bids  on  .fair 
sized  sewerage,  jobs. 
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Street 
Paving 
in  1914. 


Municipal  paving  is  an 
unfailing  source  of  con- 
st r  u  c  t  i  o  n  opportunities. 
There  may  be  years  when 
less  work  in  this  line  is  un- 
dertaken, but  no  matter 
what  adverse  conditions 
may  prevail  there  always  is  something  going 
on  in  the  street  improvement  field.  Last  year 
was  not  a  particularly  propitious  period 
for  construction  undertakings.  Nevertheless 
2(J8  cities  in  this  country  and  Canada  reported 
an  aggregate  expenditure  of  $46,662,000  for 
paving  w'ork.  This,  of  course,  represents  only 
a  portion  of  the  pavement  construction  last 
year.  No  figures  were  obtainable  regarding 
the  sums  expended  by  many  large  cities  in 
which  extensive  paving  programs  were  car- 
ried out.  Of  the  cities  reporting  in  this  mat- 
ter Chicago  leads  with  an  expenditure  of 
$5,098,000 ;  Los  Angeles  comes  next  with 
$3,005,000,  and  Philadelphia  is  third  with 
$2,10(i.O0O.  Pavement  construction  in  1914  cost 
Detroit,  Mich.,  $1,70'2,000;  Portland,  Ore., 
$1,513,000;  Cincinnati,  O.,  $1,182,000,  and  To- 
ronto, Ont.,  $1,270,000.  In  some  cities  espe- 
cially large  yardages  of  certain  types  of  pave- 
ment were  laid  last  year.  Of  the  cities  furnish- 
ing information  on  the  subject  Chicago  heads 
the  list  for  asphalt  paving  with  820,000  sq. 
yds. ;  Los  .\ngeles,  Cal.,  is  a  close  second  with 
XOO.OOO  sq.  yds.,  and  the  Borough  of  Brooklyn, 
New  York  City,  is  third  with  680,000  .sq.  yds. 
Chicago  also  leads  in  the  amount  of  brick 
pavement  constructed  last  vear,  its  total  being 
5-23,768  sq.  yds.;  Columbus,  O.,  laid  216,195 
sq.  yds.,  and  Akron,  O.,  laid  188,711  sq.  yds. 
The  largest  yardage  of  concrete  pavement 
reported  by  any  one  city  was  for  Kansas  City, 
Mo.,  where  a  total  of  365,.3'23  sq.  yds.  was 
laid.  Detroit,  IMich.,  paved  170,16o'  sq.  yds. 
of  street  with  concrete  and  Chicago  laid  over 
101,000  sq.  yds.  Of  the  ,52  cities  reporting  the 
construction  of  stone  block  pavemeiit,  34  are 
in  the  New  England  and  Middle  Atlantic 
states.  In  the  Borough  of  Brooklyn,  New 
York  City,  112,000  sq.  yds.  of  this  type  of  pav- 
ing were  laid;  Lawrence,  Mass..  constructed 
82.600  sq.  yds.,  and  Elizabeth,  X.  J..  81,8-28 
sq.  yds.  For  bituminous  concrete.  Philadelphia 
reported  the  largest  amount,  its  total  being 
269,207  sq.  .\ds. ;  Chicago  was  second  with  268,- 
442  sq.  yds.,  and  Detroit  third,  with  100,610 
sq.  yds.  Chicago  reported  that  it  constructed 
580,.594  sq.  yds.  of  bituminous  macadam;  Bos- 
ton. Mass..  was  next  with  376,593  sq.  yds.,  and 
Los  Angeles  was  third  with  360,000  sq.  yds. 
St.  Paul,  Alinn.,  reported  that  it  laid  269',969 
sq.  yds.  of  wood  block  pavement  in  1014;  De- 
troit. Mich.,  laid  262.069  sq.  yds.,  and  Minne- 
apolis, Minn.,  204,655  sq.  yds. 


There  is  something  doing 
at   last  in   tlie  railway  con- 
Rail-way  struction  field.     Several  big 

iobs  have  been  let  in  the 
Contracts.  last  few  days.  The  Nor- 
folk &•  Western  has  award- 
ed the  contracts  for  its  low 
grade  line  in  Virginia,  the  work  calling  for 
36%  miles  of  fairly  heavy  construction,  that 
will  require  an  expenditure  of  several  million 
diilb'irs.  The  San  Diego  &  .\rizona  Ry.  is  re- 
porteil  to  have  awarded  the  contract  for  the 
last  34  miles  of  its  line.  This  section  requires 
mucli  rock  work  and  numerous  street  tunnels. 
The  contract  for  an  18-rnile  railway  in  Mary- 
land has  been  let  to  a  firm  of  Baltimore  con- 
tractors. This  line,  presumably  a  Western 
Maryland  branch,  is  estimated  to  cost  about 
.  $2,000,000.  In  addition,  officials  of  the  Cliesa- 
peakc  &  Ohio  R,  R,  opened  bids  Saturday  on 
the  first  section  of  the  Clicsapeake  &  Ohio 
Northern  Ry.,  which  will  he  the  connecting 
link  between  the  C.  &  O.  at  South  Portsmouth 
and  the  Hocking  Valley  at  Columbus.  More 
railway  work  was  placed  under  contract  in 
the  last  two  weeks  than  was  let  in  :the  previous 
six  months. 
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STATISTICS  OF  PAVEMENT  CONSTRUCTION  IN   1914  IN   UNITED  STATES  AND  CANADA. 


Amounts,  Unit  Prices  and  Details  of  Asphalt,  Bitulithic,  Brick,  Concrete,   Bituminous    Macadam,   Bituminous   Concrete,    Stone 
Block  and  Wood  Block  Paving  Laid  Last   Year  in   Several   Hundred   Cities. 


The  following  tabulations  contain  data  on 
several  million  yards  of  pavement  constructed 
last  year  in  cities  of  the  United  States  and 
Canada.  These  tables,  our  seventh  annual 
compilation  of  the  sort,  are  made  up 
from  information  furnished  by  officials 
of  the  municipalities  represented.  In  col- 
lecting tliese  statistics  no  attempt  was 
made  to  pile  up  yardages  in  an  effort  to 
show  the  total  amount  of  street  paving  accom- 
phshed  in  1914  in  this  country.  The  purpose, 
rather,  has  been  to  furnish  information  on 
average  unit  costs,  details  of  construction  and 
local  conditions  for  this  class  of  work  for  rep- 
resentative cities  in  various  locahtics. 

In  certain  cities  and  in  certain  sections  of 
this  country  an  exceptionally  large  amount  of 
pavement  was  laid  in  1914.  In  other  localities 
the  work  done  was  far  below  the  average. 
Taking  the  country  as  a  whole,  1914  does  not 


appear  to  have  been  an  especially  heavy  yard- 
age year.  This,  of  course,  was  due  in  great 
measure  to  the  unusual  conditions  that  pre- 
vailed during  this  period.  At  the  beginning 
of  the  season  the  widespread  financial  depres- 
sion then  prevaiHng  caused  many  municipali- 
ties to  hold  down  their  construction  programs. 
Later  on  the  demand  for  municipal  securities 
became  better,  but  just  when  conditions  were 
returning  to  the  normal  the  European  war 
began. 

It  has  been  impossible  to  collect  any  com- 
plete statistics  as  to  the  amount  of  '  paving 
that  will  be  undertaken  this  year.  In  many 
cities  the  construction  programs  for  the  pres- 
ent season  had  not  been  made  up  in  March 
at  the  time  our  blanks  were  sent  out.  Enough 
information  on  this  point,  however,  was  ob- 
tained to  indicate  that  the^outlook  for  paving 
activities  in  1915  is  very  encouraging.     In  all 


2:29  cities  reported  on  their  contemplated  work 
fr)r  the  present  season.  The  aggregate  prob- 
able expenditure  of  these  cities  alone  is  over 
$37,600,000.  Many  municipalities  that  expended 
large  sums  last  year, for  paving  gave  no  estimate 
on  their  work  for  1915.  It  is  possible  that  the 
majority  of  these  places  will  undertake  fully 
as  much  work  this  year  as  they  did  in  the  pre- 
vious 12  months.  Then,  too,  many  small  cities 
that  finance  their  improvements  by  bond  issues 
have  now  been  able  to  dispose  of  their  securi- 
ties and  as  a  consequence  will  undertake  their 
work  this  season. 

Tables  showing  the  character  and  cost  of 
paving  work  done  in  previous  years  by  repre- 
sentative cities  of  this  country  and  Canada 
were  published  in  our  issues  of  March  27, 
1907;  April  1,  1908;  April  G,  1910;  April  5, 
1911;  April  3,  1912 ;  April  2,  1913.  and  April 
8,  1914. 


TABLE    T.— MILEAGE    OF    PAVEMENT    LAID 

IN   1914   IN   A   NUMBER   OF  CITIES 

AND   MILEAGE   OF  PAVEMENT 

PROPOSED  FOR  1915. 

Pavement  con- 
Pavement  templated  for 
laid  In  1914.  1915. 

Miles.       Cost.       Miles.       Cost. 


TABLE  II.— AMOUNT,   AVEUAGE  PRICE  AND    SOME  DETAILS   OF   BRICK   PAVEMENT   LAID 

IN    1914    IN   VARIOUS    CITIES. 


New    England    Division; 
1.:. 


1,500       1. 


4.2 
3.84 


3.06 

.5 
10.3 


4.17 

4. 

1.24 

.8 

.72 
4.26 

.78 


57,855 
229,451 

'  '78,666 
11,000 

'  40,666 
4,000 

i9b',49S 
45,000 

'  iKsii 

6,681 


104,000     10. 


Maine — 

Portland      1.:.         $27,840 

Massachusetts — 

Adams    

Belmont    5 

Cambridge    4.239 

Fall  River    

Haverhill    .... 

Lawrence    .... 

Lowell    

•  Lynn     

Manchester    . . 

New     Bedford, 

Newton    

Revere    

Spencer    

Springfield    . .  .- 

Taunton    

Waltham    .... 

Westfield    

Wincliester    . . 

Worcester    ... 
Connecticut — 

Bridgeport 

Bristol    

Derbv     

East    Windsor.   1.3 

Greenwich    ....   6. 

Hartford     1. 

Killingly    7 

Middletown      . .     .48 

New    Haven    ..12.04 

Torrington    

AValliiigford    . ..  . . . . 

Waterbury     ...     .13 
Rliode   Island — 

Pawtucliet     ...     .75 
Middle   Atlantic   Division: 
New  York — 

Ballston    Spa    .     .16 

Buffalo     20. 

Binghamton    . .   3.20 

Carthage     2. 

Elmira     1.57 

Endicott    

Fairport    5 

Fulton    1.5 

Gloversville      

Gouverneur    ...   1. 

Jame.^town     . . .   4.08 

Jolinstown    ....   1.75 

Niagara    Falls.   2.4 

Norwich      1. 

Clean    1. 

Oneonta     

Oswego    3 

Poughl^eepsie    .   2 

Plattsburgh     . .   2, 

Port  Jervis 

Rochester     . 

Salamanca    . 

Sclieiiectady 

Syracuse    , . . 

Tonawanda 

LItica    

Watertown 
New  Jersev — 

Atlantic  City    .  9.6 

Bayonne    SS 

Camden     7. 

Elizabeth    2.5 

Jersey  City 

Newark     17.15 

Plainfield    95 

Ridgewood     ...   1.1 

Roselle    Park    .     .85 

Trenton     4.3 


10 


.15. 


2.48 


3.2 
2.5 

v.  5' 

3. 
.1 


1.5 
'  '.48 


12,314 

;i9.44I 

36.136 

9,000 

8.051 

337,972 


10.000 
902,700 
101,187 


13,978 
81,189 


142,000 
52,440 

132,358 
40,000 
34,000 

'  '9'9',6i9 

'  3'2',666 

14,200 
707,282 

33,000 
226,406 
573,138 

50,000 
140,000 

32,000 

318,000 
49,129 

'2"o'o',666 

l,'l'6'6'ss6 

11,795 

5,200 

27,100 


.34 


.5 
.54 


.45 
.75 


1. 
2.5 

.75 
4. 

3!  " 
.34 
13. 
1.14 

4. 

15. 

1. 

2 

1.3 
8.3 


1.55 
1.12 


$  5,000 
3,000 

115,000 
70,000 

150.000 
70,000 
40,000 

220,000 

35,000 

25,000 

5,000 

'  '45,666 


17.850 
300,000 

'  'i'o',666 

iooiofiri 
65,000 

5',  666 
'  'i'2'.666 


125,000 


23,000 
25,000 


17,000 
300.000 

'  '8'5'.o66 

19,551 

117,000 

'  26, 666 

17,000 
600,000 

50.000 
180,000 
850,000 

35,000 
140.000 

26.000 

109,000 
300,000 

'4'2b',666 


56.000 
30.900 
75,000 


—  ._  oj  to 

X  «  0.S 

New   England   Division: 
Massachusetts — 

Cambridge  2.950  Grout  1\<> 

Maiden    2,230  Cement  1 

Pittsfleld    1,130  Cement  I'At 

Connecticut — 

Meriden    4,170  Cement  1 

Middle  Atlantic   Division: 
Xew  York — 

BalLston  Spa   4,013  Grout  2 

Binghamton    35,257  Cement  l'/4 

Buffalo     40,467  Grout  1% 

Carthage    7,500  Cement  1 

Elmira    27,691  Grout  2 

Fairport    4,S70  Cement  2 

Fulton    4,222  Grout  l'/4 

Gloversville    4,788  Grout  2 

Fulton    38,3S0t  Grout  2 

Niagara    Falls 6,167  Cement  1 

Norwich    Cement  IM 

Olean    Cement  2 

Oswego    28,150  Cement  1% 

Plattsburgh     5,420''  Grout  IVi 

Poughkeepsie    25,924  Cement  2 

Port  Jervis   .5,790  Grout  1^ 

Rochester    78,791  Grout  1V4 

Salamanca    800t  Pitch  IVs 

Schenectady    7,500  Grout  1 

Svracuse     87,720  Grout  1 

Watertown    7,500  Grout  Ihi 

New  Jersey — 

Atlantic  City    14,690'  Grout  Hi 

Camden     611  Grout  1 

Elizabeth    10,000  Grout  1% 

Jersey  City   8,649  

Newark    33,389  Cement  2 

Trenton    7,022  Grout  l¥i 

Pennsylvania — 

Bloomsburg    6,500  Sand  IVa 

Carlisle    2,493t  Cement  172= 

Clairton    2,358  Tar  2 

Clearfield    3,900  Tar  2 

Connellsville    5.670  None  2 

Corrv    6,455  Cement  IVa 

Du   Bois    S,645  Grout  2 

Edwardsville    9,000  Grout  2 

Erie    1,583  Cement  1^4 

Farrell 5.564  Tar  2« 

Franklin    16,000  Cement 

Greenville    2,567  1 

Hanover   Township 22,793  Cement  2 

Hazleton    1,556  Cement  2 

Johnstown    34.713  Cement  2 

Kingston     12.430'  Grout  2 

I^ncaster    l,206t  

Meadville    69,277  Cement  2 

Monangahela    City Slag  1% 

New    Brighton 16.000  Sand  2 

North     East 5.217  Pitch  2 

Philadelphia     80,762  Grout  IVi 

Pittsburgh     3,696  Bituminous   1 

Pittsburgh    11,829  Bituminous    1 

Scranton     935  Cement  2 

Somerset    2,250  Sand  2 

West    Hazleton 14,691         1 

"Wilkes-Barre    18,070  Cement  2 

Wilkes-Barre  Township.  9.500  Grout  2 

Williamsport  • 15,552  Grout  2 

East  North   Central  Division: 
Ohio- 
Akron    188,711  Cement  2 

Alliance    16.000  Cement  2 


a  be 
<.Sa: 


$3.75 
2.55 
2.90 

2,51 


2.55» 

l.'jS 

3.29 

2.49 

2.28 

2.25» 

2.48 

2.801 

1.62* 

2,50 

2.25 

1.75* 

2.45 

3.05 

2.50 

2.26 

1.S3 

2.25 

2.30 

2.19 

2.53 

2.60 
2.10 
2.11 
2.20 
2.20 
2.21 

1.45 
1.33 
1.53 
1.85 
1.36* 
2.15 
2.16% 
2.2S* 
1.67 
1.45 
1.90 
1.3f;» 
2.43 
0  27 
2123 
2.24^ 


1.98 
1.95» 

'  2'.62» 
2.74 
l.S3» 
2.01 
2.20 
1.32 
2.39 
2.30 
2.34» 
2.04 


1.47* 
1.75 


C 


.'5 
3  a 


fc  cr  s 


Concrete  Base. 


Oc3 

h  a 


11 

5  11 

5         llVi 

5  11 

5         80.60  12 

5  11% 

10       101/2 

11 

".'56  ii 

0              .60  111/2 
11 

'5       '.'.'.'.'.  ii 

.50  12 

2  .50  11 

5  11% 

.50  11% 

5  ll-*i 

2  .50  11% 

5  11% 

11% 

5  .103  11 

2  .60  11% 
5          11% 

D  11% 

■5        '.'.'.'.'.  ii 

'i       '.'.'.'.'.  i'o% 

0  

'i       ".'65  ii 
11 

5  .40  14 

3  10% 

3  12 

5  .40  12 

5         10% 

16 

0  .50  10% 
3              .40  10 

..  12 

5  

12 

3     12 

"3      '.'.'.'.■.  ib% 

2         .82  12 

"5  "  '.50  i'2 

5  ....  11% 

1  .57  11% 

1  11% 

5  12 

.16» 

5  11 

5  12 

5  .40  12 

1  12 

2  .25"  10 
1          12 


1:3:5 

1:2%:5 

1:3:6 

1:2%;5 


1:2:4 
1:2:4 
1:10 


1:3:6 
1:3:6 
1:3:6 

■l':2%':5 

1:3:6 

1:2:5 


1:2%:5 

1:3:6 

1:3:6 


1:3: 
1:2: 
1:3 
1:3 


1:3:5 
1:3:6 

i':8':6' 
'l":3':6' 


1:3:6 

1:3:5  ' 
1:3:6 
1:3:5 
1:2%:7 

i:s"'" 

1:3:6 

1:2:5 

1:2:5 

1:3:6 

1:3:3 

1:3:5" ' 


1:2%:5 

1:3:6 

1:3:6 

1:3:6 

1:3:6 

1:3:6" 
1:3:6 
1:2%:5 
1:3:6 


1:2:4 


April 
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TABLE    II.— BRICIC   PAVEMENT,    CONTINUED. 


o 

s 


as 

<;.s  bo 

1.64* 
i.6o' 
1.4D* 
1.74* 
1.63 
1.41 
2. 28 
1.75* 
1.50* 
1.35* 
1.65* 
1.33* 
2.45 
1.80* 
1.15 
1.45 
1.65» 
1.97 
1.85 
1.70 
1.82 
1.87* 


Concrete  Base. 


TABLE    I.— MILEAGE   AND    COST  -OF   PAVE: 
MENTS,  CONTINUED.     - 

Pavement  con- 
Pavement 
laid  in  1914. 


templated  for 
1915. 


ID  W 


c«  'X 

Ashtabula    7,660  Asphalt 

Barberton    1.139  Tan 

Bellefontaine    9,873  Cament 

Bryan    4,000  Cement 

Canton    100,728  Tar" 

Chillicothe     5,000  Cement 

Cincinnati    99,411  Cement 

Columbus    216,195  

Conneaut    1,500  Grout 

East    Liverpool 14,110  Sand 

Geneva    5,308  Grout 

Ironton    27,000  Pitch 

Lorain   22,188  Grout 

Mt.   Vernon    9,000  Tar" 

Marietta     19,094  Sand 

Newark     Grout 

Oberlin    9,400  Grout 

Ottawa    8,000  Grout 

Tiffin    7,400  Grout 

Tippecanoe  City 17,200  Cement 

Tippecanoe  City 5,000  Cement 

Toledo   68,514  Asphalt 

Van  Wert    6,900  Sand 

Indiana — 

Bremen    Grout 

Crawfordsville    11.275  Grout 

Decatur    18.015  Sand 

Evansville    12,102  Cement 

Fort  Wayne   66,550  Grout 

Frankfort     5,764  Cement 

Gary    22,540  Cement 

Muncie    3,910  Cement 

Noblesville     4,804  Grout 

Portland   10,550  Cement 

Salem    4,383  

South  Bend   10,116  Sand 

Illinois — 

Alton    40,092  Grout 

Anna    27,750  Cement 

Chicago     523,768  Cement 

Danville     44,174  Cement 

Decatur    40,000  Grout 

Dixon    57,915  Asphalt 

East    St.    Louis 21,487  Pitch 

Farmer  City   7,700  Cement 

Forest  City    10,000  Grout 

Galesburg    51,372  

Herrin    18,663  Asphalt 

Hillsbca-o     26,000  Sand 

Kewanee    600  Asphalt 

Lawrenceville    13,892  Grout 

Marion    1,600  Asphalt 

Mattoon    6,000  Cement 

Moline   66,619  A.sphalt 

Murphysboro    12,000  Grout 

Oak  Park   12,006  Asphalt 

Pana    34,000  Cement 

Pana 29,000='  Cement 

Paris    Cement 

Peoria    63,838  Grout 

Rockford     58,818  Asphalt 

Venice   18,008  Cement 

Waukegan    29,800  Cement 

Wilmette    16,000  Sand 

Wilmette    17,250  Sand 

Michigan — 

Ann   Arbor    2,350t  Cement 

Battle   Creek    44,329t  Cement 

Benton  Harbor   6,000  

Detroit    33,365  Grout 

Flint    48,891  Grout 

Grand  Rapids 42.099  Cement 

Kalamazoo   3.700  Asphalt 

Niles    10,000  Asphalt 

Wisconsin — 

Eau  Claire 3,600  Cement 

Fond   du   Lac 3,095  Cement 

Grand    Rapids 7.612  Cement 

La  Crosse    4,615  

Oshkosh     3,19.5=='  Cement 

Racine    84,010  Grout=^ 

Ree.lsl.urg    9.000  Sand 

.Sh.liojsjan     7.693  Grout 

West   North   Central    Division: 
Minnesota — 

Duluth     64,6)2  Grout 

Minneapolis    10,634  Asphalt 

St.   Paul    15,600t  Asphalt 

Winona    9,469  Sand=« 

Iowa — 

Anamosa  20,000  Asphalt 

Des  Moines  15,132  Asphalt^-* 

Missouri    Valley    Asphalt 

Oskaloosa    2,784  Grout 

Waterloo    5,138»  Sand 

Missouri — 

Brookfield 1,760  Cement 

.lefterson    900  Asphalt 

Kansas  City  45,282  ,.™ 

Mexico    4,225  Sand 

Sikeston    12,500  Asphalt 

University     City 2,616  Grout 

University    City 8,730  Grout 

Warrensburg    10,000  Asphalt 

Nebraska — 

Auburn    11,500  Asphalt 

Grand  Island  11,000  Asphalt 

Havelock    9,000  Asphalt 

Lincoln    15,221  fJrout 

Seward    Asphalt 

South  Omaha  52,213  Sand 
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1.68 
2.15 
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2.36 
2.32 
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1.98 
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1.75 
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1.90 
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2.90 
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1:3: 
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1:3 
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1:3:6 

1:3:7 

1:3:6 

1:3:6 

1:3:6 

1:8 

1:7 

1:9 

1:3:6 

1:3:6 

1:3:5 

1:3:6 


1:8 

i':6'" 

1:3:6 

1:3:6 

1:3%: 

1:8 


1:3:6 

1:3:6 

1:5 

1:2%: 

1:3:6 

1:3:5 

i':3:5' 


6  1:3:6 

5  1:3:6 

5  1:3:5 

4  1:3:4 

5  1:3:5 

5  1:3:6 

4  

4=«  1:4 

24  

"4  i':3':5' 

6  1:3:6 

4  1:3:5 

5  1:3:5 

6  1:3:6 
5  1:3:6 
4  1:2:6 


300,000 

10,760 

.D 

12,000 

3,386 

1. 

24,092 

2,166 

.17 

■     4,500 

4,000 

106,000 

20,082 

'  27,466 
32,000 


.67 

17.500 

27,000 

1. 

24,000 

7,432 

.45 

27,368 

10,500 

5. 

115,000 

80.000 

1.5 

45,000 

4,415 

.33 

18,000 

1,305 

.34 

2,700 

30,000 

.6 

15,000 

65,000 

77.13   2,196.563 

12.69       

230,926 


1:3:6 

i':3':6' 
1:3:6 
1:2:5 
1:3:6 


Miles.       Cost.       Miles.       Cost. 

W.    New   York 250,000       

Woodbine     ....   5. 
Pennsylvania — 

Beaver    Falls    

Bloomsburg     . .     .3 

Carlisle    14 

Catasauqua    ...     .11 

Chambersburg 

CTairton     14  7,200       :... 

Clearfield    4  11,000         .1 

Connellsville    ..     .38         10,866       2.22 

Corry    47         18,522         .49 

Dorranceton    . .   1.8  55,726      

Du   Bois    87         30,684         .93 

Edwardsville     .     .7  26,000         .8 

Erie     5.26       176,834       2.5 

Farrell     

Franklin    75 

Greenville     28 

Harrisburg     ...   3.61 

Hanover    

Hanover    Twp..  2.5 

Hazelton     11 

Juniata    17 

Kingston     1. 

Larksville     1.2 

McKees     Rocks 

Meadville    4.57       163,425 

Monongahela 

Citv     

New    Brighton.   1.  16,000 

Philadelpliia    . 
Pittsburgh    . . . 

Scranton     5.44 

Swoyersville    

West    Hazleton 

Wilkes-Barre    .  4.  162.582       7. 

Wilkes-Barre 

Township      ..     .9  34,000       

Williamsport     .   1.09         45,385       1.6 
East  North  Central   Division: 
Ohio — 

Akron     11.93       448,408       8.67 

Alliance     2.  33,400       5. 

Amherst      9  26,000       

Ashtabula     44         15,767         .9 

Barberton     15  2,616       1.4 

Bellefontaine     .     .70         23,000       

Brvan     25       

Cambridge 25  8,000       

Canton     6.51       327,543       8. 

Chillicothe      ...     .41  9,543         .83 

Cincinnati    15.54    1.182.947     10. 

Columbus     22.02       

East    Liverpool 2. 

Gallon    1. 

Geneva    6  22,018         .33 

Hamilton     1.  33,511       4. 

Ironton    1.1  33,000       2.8 

Fostoria    1.75         40,000      

London    34         26,254         .46 

Lorain    3.61       176,604       2.5 

Marietta    1.1  29,482      

Miamisburg     75 

Mt.  Vernon    ...     .6  30,000         .5 

Newark     2.  1. 

Newcomers- 
town    .25 

Oberlin     76         23,500         .2 

Orrville    1-3 

Ottawa    5  10,000       l._ 

Painesville 1.5 

Ravenna    -4 

Tiffin     2. 

Toledo    11.35 

Indiana — 

Bremen     

Crawfordsville..     .14 

Crown  Point 

Decatur     1.3 

Evansville    ....   4.ti 
Fort   Wayne    .  .10.2 

Frankfort    1.52 

Fulton    

Gary     6.41 

Greencastle     

Lafayette     34 

Logansport    ...   3.1 

Muncie     1.5 

Portl.and    65 

Princeton    

Rushville    10. 

Salem     18 

South    Bond    ..   3. 
Illinois — 

Alton    2.75 

Centralia    

Charleston    16 

Chicago    159.41 

Clinton     

Danville     2. 

Decatur     2.4 

East  St.  Louis 

Galesburg     3. 

Granite    City    

Herrin      1- 

Hillsboro     2.5 

Kewanee     2.5 

Lake  Forest   ..   1. 

Lawrenceville 

Marion     1.5 

Moline      5.6 

Morrl.**on    

Murphysboro    ..  4.75 

Oak    Park    12.18 

Pana     2.5 

Paris    5 

Peoria     4.49 

Riverside    

Robinson 


413,344     21. 


15.485 

'  39.488 

147,796 

405,270 

50,557 

295,666 

s'eii 

122,500 

'  ¥5',  539 

'  53,666 
11,000 
83,368 


.94 


1.63 
.5 
.14 


2.5 
10.5 


3,640       ... 
5.998,130  150. 


2.5 

2. 


6,000 
11,000 


225,930 


300,000 


59,600 


132,000 


39,000 
58,150 


400,000 

12,500 

750,000 


54,000 

13,260 

200,000 

80,000 

'  '20.666 
110,000 

'  2b',666 

20,000 


8,000 

6,500 

10,500 

'  45,666 

6,500 

800,666 

28.000 
9,000 
5,000 


200,000 
37,375 


19,000 
'  24',666 


40,000 
57,750 


31,680 
500,000 


5,000,000 


88,789 
166.000 

121'.  664 

'  51.666 
60.000 
60.000 
21.000 

■  35.666 

200.000 

ViV.ooo 

424.055 
82.000 
13.820 

131.712 


2. 
1.74 


3. 

1.1 

's'.4' 
.75 

15'. ' " 

"'.38 
5. 

2.35 
.5 


110.000 
200.000 

■ 

'  '6'8',256 

30,000 

20,000 

5,000 

'  '60,666 

34,627 

'3'o'o',666 


600.000 

"'3',  2.57 

150,000 

74,000 

12,000 
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TABLE  I— MILEAGE  AND   COST   OF   PAVE- 
MENTS. CONTINUED. 

Pavement  con- 
Pavement        templated  for 
laid  in  1914.  1915. 


Miles. 
4. 


Sikeston    1. 

University  City  1.8 
Warrensburg    .     .57 

South  Dakota — 

Huron    

Lead     75 

Watertown    ...     .88 
Tankton    '. . 

Nebraska — 

Chadron    

Havelock    27 

Lincoln    7.58 

Nebraska     City  1. 

Norfolk    

Seward    

South  Omaha  .  6.1 
Superior    

Kansas — 

Abilene    2.86 

Arkansas  City.  4.78 

Beloit     

Chanute    1. 

Emporia    1.25 

Ft.    Scott 5 

Girard    

Herington     

lola 1.2 

Junction  City  .  3. 
McPherson     . . .  3.5 

Larnerd    

Neodesha      1.4 

Newton      75 

Osawatomie     ..  1.25 
Ottawa    2.06 


.25 
.5 


.25 


.51 
.13 


Miles.       Cost. 

Rockford     8.24       232,264 

Venice     1.05         46,773 

Waukegan      1.9  98.484       2. 

Wilmette    3.5  96,000      

Michigan — 

Ann  Arbor 1.  19,374       1.5 

Battle   Creek    .  3.45       103.089       2. 

Benton    Harbor 2.8 

Detroit    42.S6    1,702,146     53. 

Flint     7.73       242,959       7.87 

Grand    Rapids.   9.  280,000       9. 

Hillsdale     1 

Highland    Park  5.75 

Holland      75 

Kalamazoo    . . .  1.55 

Manistee     6 

Monroe    

Petoskey     

Port    Huron    . .     .5 

Saginaw    2.68 

Wisconsin — 

Berlin     32 

Chippewa  Falls     .51 

Eau    Claire    ...     .9 

Edgerton     4 

Fond   du   Lac    .   3.08 

Grand     Rapids.     .32 

Green    Bay    ...   3.5 

Janesville     5 

Kaukauna    

La   Crosse    

Lake  Geneva    .     .67 

Marinette     75 

Oshkosh    

Port   Washing- 
ton      

Racine     5.33 

Sheboygan      . . .  3.03 

Superior    4.29 

Wat»^rtown    

West  North  Central   Division: 
Minne.sota — 

Cloquet    5 

Duluth     8.13 

Mankato     1.5 

Minneapolis     ..18.1 

New  Ulm 5 

Owatonna     5 

Rochester     ....  1.6 

St.   Cloud 58 

St.    Paul    22. 

Virginia    86 

Winona      

Iowa — 

Anamosa     2.5 

Atlantic     

Boone      4. 

Cedar  Falls 

Cedar  Rapids   .   2.S3 

Charles    City    

Cherokee    1.5 

Des   Moines    ..11.36 

Eagle    Grove    

Iowa    Falls    

Marshalltown    .     .34 

Missouri  Valley  .... 

Muscatine    

Oskaloosa     ....   1.6 

Rock    Rapids    

Pella     1.34 

Waterloo     5.83 

Missouri — 

Brookfleld     12 

California     

Cape   Girardeau  3.25 

Columbia    6 

Faribault    07 

Independence    

Jefferson     .4. 

Kansas    Citv    .34.88 

Kirksville     78 

Kirkwood      2.84 

Macon    66 

Mexico     8 

Nevada    2. 

Sedalia 


Cost. 


227,000 
10,000 

'5',34i 


101,082 

7,200 
15,000 


86,729 

16,042 

117,467 

10,665 


48,000 
20,736 


94,016 
192,658 


13,766 

408,456 

20,247 

650,000 

37,301 

25,000 

66,035 

14,500 

817,000 

44,929 


40,000 

82,935 

140,000 

'  80,666 

"  80,666 

309,388 


7,300 
57,816 

61,566 

'  77,536 
177,682 

3.077 

'  73,549 

17,321 

2,099 

iss'.ooo 

704,659 

'  24,646 

V.SOS 
35,000 


35,000 
200,000 

34,300 
65,000 

2,005',666 

308.000 

275,000 

15,000 

200,000 


.25 
.63 


.34 


5. 
4.8 


.5 
4.5 
1.5 
15. 


26. 


3. 

2.7 
4.00 


11.36 
3. 
1.1 


.27 
2.25 


1. 
3. 
30. 
1.25 


42,000 
67,550 
19,300 


900 
38,721 


17,660 

299.567 

13,413 

'  '31,666 
224,895 


65,380 


15.000 
56.000 
13,000 


175,000' 

100,217 

83,000 

'  39,666 
16.100 
26,987 
53,500 


.57 
.37 

7.5 

1.5 

6. 

4.3 ' 


1. 

1.25 

1. 

.24 
1. 
1. 
1. 
2. 

LS' 
2. 
1. 
2. 


17,000 


120.000 

14,000 
8,200 

6,666 
85,000 


40,000 

'4,666 
19,000 


150,000 
165,000 


10,000 
215,000 

35,000 
500,000 


30,000 

'9"o'o',666 


100,000 

"i'o'o',666 


309,388 
113,000 


50,000 

'  'i'i',666 
'  '7'o',666 

'l'l'2',566 


17,000 

100.000 

700,000 

55,000 

16,500 


50,000 
50,000 

'  '20,666 


14,438 
16,800 

'  's's'.ooo 


23,000 
300,000 

'i'5'o',666 

36,000 
145,000 


23,000 


15,000 
56,000 
26,000 
5,000 
27,000 
16,000 

'  50,666 
'  '4'3',666 

35,000 
20,000 

50,000 


TABLE  II.— BRICK   PAVEMENT,    CONTINUED. 


>>'S 


W  0) 

'-2 

V  to 

nca, 

s.'  o  rt 


Concrete  Base. 


a 


ia 


a 


<:iM     o      Hitocs 


c£ 


E-ia 


0 


.43 

'.'4'd 
.30 
.40 
.35 

".is 

.25 
.33 


.496 


0 
20 


10 
10 


50 


.18 


.32 


8% 
9 

9% 
9%=" 

10V4 

10 

11>^ 
9^4 
9% 
9V4 


12 
12 
10 


11 
11V4 

12 
11% 


.50 


.65 

.45 


10 


10 

s 


9V4 
9% 

llhi 

11 


11% 

lOVa 

12 
11% 


1:2%.S 
1:3:5 
1:3:5 
1:2%:5 

'l';3':S" 

1:3:5 

1:3:5 

1:1%:5 

1:3:6 

1:3:6 


1:3: 
1:3: 


1:2%  :5 


1:3:6 
1:3:7 


1:3:7 


1:3:5 


Kansas — 

Chanute    10,000         Asphalt  1%  1.51         8%  4 

Emporia    10,000         Grout  1  1.75*         5  .43  9  4 

Fort  Scott  6,700         Asphalt  1%  1.63  5         Shi^        4 

lola  640         Asphalt  1  1.65*         1  .40  9%  4 

Neodesha    22.600         Asphalt  1%  1.41  5 

Newton   6,000         Asphalt  2  1.85*         1 

Ottawa    10,158         Grout  2  1.55*         2 

Parsons    700='      Asphalt  1%  3.50  2 

Pittsburg    80,129         Sand  1%  1.46*         0 

Rosedale     4,356         Asphalt  1%  1.85  5 

Salina    13,000         Asphalt  1%  1.76*         5 

South  Atlantic  Division: 
District  of  Columbia — 

Washington    7,115™      Cement  % 

Virginia — 

Pocahontas    3,200         Grout  2 

West  Virginia — 

Moundsville     8.545         Sand  2 

North  Carolina — 

Asheville    7,040         Pitch  1% 

Florida — 

Orlando   43,900'°      

East  South  Central   Division: 
Kentucky — 

Lexington    4,167         Grout  1 

Louisville     82,962         Grout  1% 

Tennessee — 

Nashville    4,936         Cement  2 

Mississippi — 

Vicksburg    27,739         Grout  1% 

West  South  Central  Division: 
Arkansas — 

Jonesboro    10,000        Cement  2 

Denison    3,310         Asphalt  2 

Greenville    SO.OOO"      Asphalt 

Houston    42,590"      Asphalt  1 

Houston    21,658         Cement  1 

Pacific    Coast    Division: 
California — 

Los  Angeles   15,000  

Pasadena    510         Grout  1% 

San  Francisco   2,262         Cement  1% 

Oregon — 

Portland    34,184         Grout  1 

Washington — 

Seattle    73,771        Grout  1% 

Tacoma     525         Cement  1 

Canadian    Division: 
Ontario — 

London     6,399         Grout  1% 

Toronto     38,417        Grout  1% 

Welland     6,148         Cement  1 

British   Columbia — 

New    Westminster Cement  1  4.75*         5  .i5         12  6 

Vancouver  13,958         Grout  1%  3.83*         5  .77"      11%  6 

•Does  rot  include  grading.     tBy  day  labor. 

"2,915  sq.  Yds.  at  $2.80;  1,873  sq.  vds.  at  $3.20.  ^State  highway,  ^lo  cts.  per  sq.  yd.  'Brick  gut- 
ters, 33-in.  wide.  'Limestone  dust.  «Slag  cushion.  '2,550  sq.  yds.  repaying  on  old  concrete  base  it 
$1  64  S5,290  sq.  vds.  at  $2.24;  4.690  sq.  vds.  at  $2.12.  "6-in.  broken  stone,  4-in.  furnace  slag,  2-in. 
sand,  4-in.  brick.'  ""lO  cts.  to  43  cts.  "Tar  and  grout.  i=10-in.  and  12-in.  126-in.  and  4-in.  "In- 
cludes 6-in.  gravel  foundation.  ''Stone  foundation.  »«Done  in  1913.  "'Includes  crushed  rock  base. 
"Excavation'  45  cts.  for  All.  "Some  5-in.  base.  ^"Contracted  for  1915.  2il6-ft.  brick  country  road 
built  near  Pana.  -Resurfacing  on  old  macadam.  ^Street  railway.  ^'Asphalt  and  grout.  ^'Ub-in. 
to  2-in.  =«Asphalt  on  g-utters  and  sand.  ="9%-in.  to  10%-in.  ^J-in.  to  5-in.  ">Track  paving  put  m  '^y 
traction  company.  ^Bitumen  and  sand.  "$2.03  for  4-in.  block;  $1.75  for  3-in.  block.  ^$2.2S  per 
lineal  foot  of  street.  ^Includes  grading  below  top  of  curb;  grading  above  top  of  curb  and  in  side- 
walk spaces  cost  40  cts.  to  50  cts.  per  cu.  yd.  ^Extra  grading  20  cts.  to  35  cts.  per  cu.  yd. 
^S%-in  and  9V--m.  ssfncludes  5-in.  crushed  rock  base.  ''Nearly  all  between  street  car  tracks, 
which  accounts" for  high  cost.  =«In  gutters.  ™pius  cost  of  blocks.  "On  sand  base.  "Vertical  fibre 
brick.     '=10i/.-in.  and  11%-in.;   concrete  base  5-in. or  6-in.    «77  cts.  to  $1. 


1.35* 

2.10 

1.05» 

2.45 

1.35 


2.25 
1.78* 


2.23 


1.96» 

2.27 
1.70* 


2.50* 
2.97 
3.53 

2.34* 


2.07 
2. DO 


2%:5 


1:3:6 

1:2%: 

1:3:6 

1:3:6 
1:3:6 


1:8 

1:3:7 

1:6 


Miles. 

Parsons     5 

Pittsburg    5.31 

Rosedale     1. 

Salina     1.6 

South   Atlantic    Division: 

District  of  Columbia — 
Washington     . .   S.S 

Virginia — 

Clifton  Forge 

Farmville      

Newport    News     .68 
Pocahontas    ...     .3 

West  Virginia — 

Moundsville     

Weston    25 

North    Carolina — 

Asheville     

Charlotte    1.75 

Durham     6 

Greensboro     ...   1.25 
Rocky  Mount    .   2.6 

South    Carolina — 
Columbia    3.5 

Georgia — 

Cordele    2.4 

Rome    

Florida — 

Lake  City 57 

Orlando     5. 

Palatka     

East  South  Central   Divis 

Kentucky — 

Dayton   ' 25 


Cost. 
16,000 
136,700 
40,000 
64,000 


Miles.       Cost. 


2. 

2.5 

2. 


50,000 

125,000 

75,000 


287,850       S.S         287,850 


6,000 


160.800 
65,000 
13,668   1 
38,000   3 


80,443 
106,500 


10,000 
20,000 


75 


3,600 
4,000 


10,000 

'  '2'9',666 
'i'o'o'.666 

80,000 


30,000 
20,000 
37,500 


Miles.       Cost.  Miles.       Cost. 

Lexington     2.5           81,495  5.6         224,000 

Louisville     11.2         494,883     12.32      

Owensboro     1.2           34,000 

Tennessee — 

Bristol    3.             15,000 

Lebanon    3.  8.000      

Memphis     

Newport    20,000       1.3         

Nashville    4.69       250,000  12.           430,000 

Alabama — 

New  Decatur 

Troy     6S       

Mississippi — 

Clarksdale 13  5,500      

Vicksburg     1.6         103.019       

West  South   Central   Division. 
Arkansas — 

Jonesboro     75         22,000      

Pine    Bluff     6.           250,000 

Itfuisiana — 

New   Orleans    .   6.7         318,000  S.6         348,450 
Oklahoma — 

Gushing     2.  

Durant     1.             22,755 

Shawnee     1.             50,000  2.             85.000 

Tulsa     3.             60.000 

Denison     2.  65,703       2 

Greenville     7.5         255,000      

Houston    38.5         

Laredo     36.  28,800       

Lufkin      73       40,173 


April 


1915. 
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TABLE   I.— MILEAGE    AND    COST    OF    P.WE- 
MENTS,  CONTINUED. 

Pavement  con- 
Pavement         templated  for 
laid  in  1914.  1015. 


Miles. 
.Mintral    Wells.   2. 

Walde    

Mountain    Division: 

Montana — 

Bozeman     1.75 

Butte- 77 

Dillon     

Great  Falls    ...   5.6 

Idaho — 
St.    Maries     ...   l.S 

Sand   Point    

Pocatello     

Ogden    3.07 

Salt  Lake  City.  11. 2S 

Colorado — 

Grand  Junction  .... 

Leadville     37 

Longjnont     

Pueblo     

■\\*yoming — 

Cheyenne 57 

Pacific  Coast   Division: 

California — 

HolHster      1.22 

Los    Angeles...      70 

Monrovia    2.5 

Modesto     59 


Cost. 
75,000 


76,000 
69,675 

230.366 

22,667 


162,469 
699,993 


35,460 

3,005,812 

14,214 

27,955 


Miles. 
3. 


.37 
'!52 


12. 


.86 


.34 


.75 
.70 


Cost. 
60,000 
20,000 


87,000 
51,427 

'  24,566 


75,000 


60,000 
700,000 


2,000 


14,000 
140,000 


20,000 

3.000.000 

24,000 

28,000 


TABLE   1.— MILEAGE    AND    COST   OF    PAVE- 
MENTS, CONTINUED. 

Pavement  con- 
Pavement         templated  for 
laid  in  1914.  1915. 


Miles.       Cost. 

Oakland     56.4S       876,648 

Oxnard    26  3,750 

Palo  Alto    2.25         58,000 

Pasadena    10.5         180,000 

Pomona     22  3,895 

San  Francisco.  15. 9  800,485 
Santa  -Ana  . . .  7.36  161,000 
Santa    Barbara  4.4  93,775 

Oregon — 

Corvallis     1.2  39,428 

Eugene    1.9         

Hood  River   ...     .5  9,000 

McMinnviUe  . .  4.65  129,898 
Portland     .....32.59    1,513,207 

Washington — 

Aberdeen    1.1 

Everett    2.1 

Port   Angeles    

Seattle     18.36 

South  Bend   ...   1.25 

Taeoma    3.14 

Walla    Walla    .     .7 
Canadian    Division: 

Nova    Scotia — 

Halifax      16 

Prince  Edward  Island — 
Charlottetown 

Quebec — 

Lake    Megantic  l.S 


114,700 

Yfs'.oeo 

43,798 
71,598 
21,02V 


9,000 
4,900 


Miles. 


10. 

9.34 
20. 


2. 
15.97 


1. 

15. 


.25 


Cost. 

900.000 

6,000 

50.000 

135,000 

160,000 


50,000 
602.995 


OOO.O'ii) 
15,000 


3.6         125,000 


5,000 


TABLE   I.— MILEAGE   AND   COST   OF  PAVE' 
MENTS,  CONTINUED. 

Pavement  con- 
Pavement 
laid  in  1914. 
Miles.      Cost. 
23,588 
51.747 


templated  for 
1915 


1.18 

1.78 


Miles. 
4.63 


St.   Lambert 
Westmount 

Ontario — 

Berlin     2.79  121,933       2. 

Belleville     5  47,000         .5 

Kingston     54 

London    3.65  126,167       5.5 

Oshawa    1.13  12,500         .5 

Ottawa     9.8  680,000       6. 

Sudbury    115,613       

Toronto     31.        1,230,050      

Welland     57    .     45,615       

Windsor    7.8         

Manitoba — 
St.   Boniface    . .     .58       

Saskatchewan — 
Regina     3.2        

Alberta — 

Edmonton     5.23       

Lethbridge     34 

British    Columbia — 
New  Westmin- 
ster      5  18.000       1.3 

South   Vancou- 
ver         2.76  510.409       4.5 

Vancouver     ...23.69       766.382       

Victoria     7.  

New  Brunswick — 

St.   John    1.34  52,798       1. 


Cost. 

139.477 


40.407 
30.000 

210,666 

5,000 

450,000 


18,000 


87,000 
632,000 


20,000 


T.\BLE  III.— AMOUNT, 


AVEP.AGE  PRICE  AND  DETAILS  OF 
Concrete  Base. 


STONE  BLOCK   PAVEMENT  LAID  IN  1911  IN  VARIOUS  CITIES. 


Concrete  Base. 


d 


■Jl 

Wew   England   Division: 

Maine — 

Lewistown    4,000' 

Portland    3,549 

Portland     1,099 

Massachusetts — 

Boston     01.326-'' 

Cambridge   8.584 

Fall    River 8.4115 

Haverhill     1.177 

Haverhill    H,430» 

Holyoke    H,400t 

Lawrence     S2,600i 

Lowell    23,798 

JIalden 13.388 

New    Bedford..  .  15.830 

Springfield     4.979t' 

Sprinrfield     l.SOGf 

Worcester   20,601 

Connecticut — 

Ansonia    20,075 

Bridgeport     13,292 

Waterbury     9,796 

Rhode  Island — 

PawtLcket     862 

Providence    10.327 

Woonsocket    12,000 

Middle  Atlantic   Division: 

New  York — 

Buffalo    5,892 

Buffalo    5,388'^ 

New  York,  Brook- 
lyn   Borough..  .H2.622 
JCew  Y'ork.  Queens 

Borough    27,150"^ 

New  York.  Queens 

Borough    63,625" 

Rochester    7.480 

Schenectady    ....  1.700 

New   Jersey — 

Elizabeth     81,828 

Jersey    City 9,502 

Jersev    City 16,693 

Newark     57.923 

Newark     25,714 

Passaic     1.80;i 

Trenton     1,-14(1 

West  New  Y'ork.  6,000 

Penn.svlv.ania — 

JohnstowA     2,500 

I'liiladelphia    ....  10.742 

I'ittsburi-'h     19,704 


Grout 

Cement 

Sand 

Grojt== 

Grout 

Grout 

Grout 

Grout 

Grout 

Grout 

Cement 

Cement 

Cement 

Cement 

Cement 

Grout 

Sand 

Cement 

Cement 

Sand 
Grout'" 


Grout 
Grout 


Tar" 
Tar 


Gro'.it 

Tar" 

Tar" 


Cement 
Cement 
Cement 


Grout 
Bitu. 


bo  2 


$1.75 
2.15 
1.45 

3.50 
3.75 
3.60 
3.00 
.80 

'2.74 
3.25 


3.30  2/5 

1.961^ 

3.35 

1.74 
3.25 
2.37" 


pj         „ 


3.34U 
3.65 


3.96'2 
4.50'= 


2.40 
2.61 
3.35 

3.35 

2.80 

3.37 

3.18 

2.57 

3.60 

3.90" 

2.50 

3.50 

3.75 
3.18 


10 
10 

1 

1 

1 


13 
10 


10 

12 

10» 

10 

10 

10 

10 

11 M: 


15 
15 


12 


14 
15 


13 


16 

1214 

15 


1:3:7 
1:3:5 
1:4= 


1:4:10 
1:2%  :5 

i':3:6" 

1:3:6 

1:3:6 


5  1:3:6 

6  1:3:6 


1:3:6 
1:3:6 


1:10 
1:10 


1:3:6 


1:3:6 
1:3:6 


1:3:6 


1:3:6 
1:3:6 
1:3:5 

1:3:6 
1:3:6 
1:3:6 


Pittsburgh     5,293 

Scrar.ton     9,675' 

East  North  Central   Division: 
Ohio — 

AJtrun    1.455 

Cincir;nati    70,505 

Colurnbu.':     2,520=' 

Illinois — 

Chicago     40,340 

Wisconsin — 

Sheboygan     1,680 

West   North   Central    Division: 
Minnesota  — 

Dulutn     6.258= 

Minneapolis    ....     7.931 

St.    Paul 1,3002» 

Nebraska — 

South     r)maha...         651 
East  South   Central    Division: 
Tennessee — 

Nashvdie    5,529t 

Pacific  Coast  Division: 
California — 

San     Francisco..   22,049=' 
Oregon — 

Portland    2,426 

Washington — 

Seattle     3,694-- 

Canadian    Division: 
Nova  Scotia — 

Halifax    3,200 

New  Brimswick — 

St.  John 6,020 

Quebec — 

Westmount    1,448 

Ontario — 

Ottawa    15,000 

Saskatchew'an — 

Regina 2,203=" 

British  Columbia — 

New  Westminster    


3 

O 


Bitu. 
sand 


Tar 

Granite 

Cement 

Pitch 

Grout 


Grout 

Sand 

Cement 

Sand 


Pitch 

.-^sp.&Grv. 
Grout 
Grout 


Cement 
Cement 


Cement 
Bitu. 


3.06 

2.24  Vs 


3.20» 
3.43 

3.52* 

3.78* 
3.28 


2,75* 
2.28t 
3.30t 


3.2s 
2.60* 

4.25 
4.05 
4.53 
4.2.- 
5.45 
5.00' 


15 

S 

1:3:6 

nv2 
12 

4 
6 
6 

1:2:4 
1:3:6 
1:3:5 

12 

6 

1:3:6 

13% 

6 

1:3:5 

13 

5 

1:3:6 

13 

5 

1:3:5 

15 

5 

0 
20 


14 
12 


5 
10 
15 

0 


1:2%:7 

1:3:6 

1:3:6 

1:3:5 


6         1:3:6 
6         1:6 
6         1:7 


•Does  not  include  grading.     tDone  by  city. 

'On  sand  base.  =Hassam  grout.  %tone  block  relaid.  'Granite  recov- 
ering; old  block,  removed,  recut  and  relaid.  "Hassam  base.  "10-in.  to 
11-ln.  '4-in.  granite  block.  "O-in.  second-hand  granite  block.  "Does  not 
include  base.  '"Some  laid  with  sand  filler.  ".?2.50  per  sq.  yd.,  with  sand 
filler  and  .sand  base.  '^Includes  curb,  drains  and  grading.  "Repaving. 
"Tar  and  gravel.  "Improved  granite.  "Granite  block  on  sand.  "Napped 
block.  "^$3.90  to  $4.00.  '"Repaving;  limestone  block  used.  =°Medina. 
=>Salisbviry.  ==Kettle  River  sandstone.  =-'Sandstono.  =«Basalt  block. 
='Granite  and  Has.sam.  =''Pitoh  filler  on  1.541  sq.  yds.;  grout  on  23,593  sq. 
yds.;  gravel  on  36,192  sq.   yds. 


TABLE    IV.— AMOUNT.   AVERAGE   PRICE    AND   DETAILS   OF   BITUMINOUS  CONCRETE  L.\1D 


Concrete  Base. 


2 
c 
7. 

New   England   Division: 
New  Hampshire— 

Laconia    1,145 

Massachusetts — 

Pittsfield    '. ...   30,567 

Southbridge    1,700 


$1.65 


0)  m 
C  c 


1.94 
1.22 


Si 


1:2:4 
1:3:6 


w 

Springfield    25,S61t' 

Springfield    I5.335t= 

Westfield    6,766 

Connecticut — 

Bridgeport 1.360* 

Middle  Atlantic   Division: 

Ni'W    York 


)   IN  1911 

IX 

^•ARIOUS 

CITIES. 
Concrete 

Base 

c 

w 

tn         fi 

u     gj  60 

•^ 

c  c 

"Mil 

91 

to 

C 
X 

c 
0 

0 

^  L.'H'a 

0 

>  ^  =  c 

<&;;« 

C 

hH. 

H 

CU 

1.37M! 

.896 

1.20* 
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TABLE  IV.— AMOUNT,   AVERAGE  PRICE  AND  DETAILS  OF   BITUMINOL'ri  CONCRETE  LAID  IN     1M4- 


Schenectady    63.200 

Utica    4.502*t 

New  Jersey — 

Camden    58,872 

Elizabeth    80,000 

Trenton    50,183 

West   New   York..   34,700 

Pennsylvania — 

Catasauqua    1,550 

Dorranceton    26,710 

Lancaster    8,470 

Philadelphia     269,207 

PhoenixviUe 4,600t'' 

Williamsport    7.S34 

East   North   Central    Division: 

Ohio- 
Ashtabula    11,050' 

Cincinnati     4,206*t 

Indiana — 

Fort    Wayne 55,307 

South    Bend 15,086 

Illinois — 

Chicago     268,442 

Kewanee    28,000 

Lake  Forest   12,000*t 

Oak    Park 131,103 

Waukegan    10.834 

Michigan — 

Battle    Creek ia.221*t 

Benton    Harbor...   21.000 

Detroit    190.610*t 

Grand    Rapids 22.226 

Highland    Park 38,953 

Kalamazoo    19,2301" 

Kalamazoo    8,949 

Manistee    5,151t 

Wisconsin — 

Oshkosh     9.944 

West   North   Central   Division: 

Minnestjta — 

Minneapolis     42,622*t 

Minneapolis    958 

RochSEter    12,814*t 

St.     Paul 9,466t 

Iowa — 

Boone    70.000*t 

Cedar   Rapids    15,130*t 

Cherokee    40.547*t 

Des    Moines 5,965*t 

Waterloo    6.440*t 

Missouri — 

Kansas    City 2.057 

South   Dakota — 
Watertown    21.351 

Nebraska — 

Lincoln     95,646*1 


■?   :Sm 
tt'Oc!  g 

0)         d 

Mm  C  M 

<  Co  rt 

1.50 
1.92 

2.85 
1.10 
1.47 
2.00 

1.40 
1.58 
1.40 
1.20 
.85 
1.20 


1.60* 
2.27 


1.53* 

1.47» 

1.47» 

1.00* 

1.351/b* 

1.58* 

1.67 

1.35 

2.51 

1.70* 

1.49%* 

.90" 

.85" 
1.32 

1.3S 


5 
5 
5 
5 
5 

io 


c  c 
i:  — 
o   . 

£c 
—  £ 

II 


Concrete    Base. 


2=3 

7 

7% 

7% 

7 


6 
6 


1:3:6 

1:3:7 


1:3:6 
1:3:5 


1:3:4 
1:2:4 


1:3:6 


1:3:6 


8 
7 

e 

5 

1:3:6 
1:2:5 

8 

7 

58 

8 

7 

6 

5 

6 
5 

1:3:6 
1:3:6 

1:3:6' ' 
1:3:6 

8 
7 
8 
8 
8 

6 
5 
6 
6 
6 

i':6' ' ' ' 
1:3:6 
1:3%:7 
1:3:5 

8 

& 

6 
6 

1:8 
1:3:6 

1:3:6 


].75t 
1.70t 
1.54 
1.C5 

's 

7 
10 

7 

5 

'.5 

5 

1:3:6 

i':3":5" 
1:3:5 

1.54% 

1.95* 

1.66 

1.92* 

1.69 

5 

5 
5 
5 

8% 
6 

812 

7 

5 
6 
4 
5 
5 

1:3:4 

1:3:5 

1:5 

1:3:6 

1:3:6 

1.25* 

5 

8 

1.73 

5 

7 

5 

J3 

1.62 

5 

7 

5 

1:3:6 

3 

Kansas — 

Emporia    35,000 

Junction    City 66,000 

McPherson     47,8S6*t 

Parsons    10,000 

Salina   19,000*t 

South   Atlantic   Division: 

North  Carolina — 
Greensboro    33.247" 

South    Carolina — 

Columbia    48.901 

East  South  Central   Division: 

Kentucky — 
Louisville    14,700 

Alabama — 

New  Decatur   64,600 

West  South  Central   Division: 

Texas — 
Greenville    30.000 

.    Houston   85. 70S 

Mineral   Wells 20.000 

Pacific   Coast   Division: 

California — 
South  Pasadena...   "3.791*t 

Oregon — 

Corvallis    16.050'" 

Portland     7.291*t" 

Portland    92.536*t" 

Portland     139,471*1=' 

Washington — 

Aberdeen    2,727*t 

Canadian   Division: 

Ontario — 

Belleville     19.330*t 

Alberta — 
Edmonton    64,368*t 

British   Columbia — 

Vancouver    9S,401*t 

Vancouver    7,406*t 


a  S  c  U) 

5  a)  =  c 
*^  Co  03 

1.40* 
1  31* 

1.27* 

1.24 

1.60* 


1.05 
1.44 


.788* 
1.53* 


0) 


O 


-CONTINUED. 

^  Concrete    Base. 


o   . 
__  g 

H  & 

6 
7 
6 

6 
7 


1:3:5 
1:3:6 
1:3:5 
1:3:5 
1:3:6 


1:3:5 


1.59* 
i.'62 

5 
5 
5 

6 

81= 

6 

4 
5 

4 

1:7 
1:2%  :5" 

1.332 

0 

■  5 

1.43* 
1.25* 
1.04* 
1.38* 

0 
10 
10 
10 

5% 
6% 
4 
5 

4 

1:2%:!% 

1.45* 

0 

8 

6 

a 

2.38 

10 

8 

5 

1:3:6 

2.53 

5 

8 

6 

1:3:7 

2.29* 
1.65*22 

5 
5 

S 
10 

6 

7 

*Does  not  include  grading.     tDone  by  day  labor.     *tAsphaltic  concrete. 

'2-in.  bitvmiinous  concrete,  machine  mixed,  on  concrete  base.  '2-in. 
bittiminous  concrete,  machine  mixed,  on  old  macadam  base.  'Warrenite; 
laid  on  old  macadam  base.  ■'$1.26  to  $1.47.  ^gase  is  natural  macadam. 
^Resurfacing  sheet  asphalt  with  asphaltic  concrete.  'Stone-filled  sheet 
asphalt.  'On  old  macadam  base.  '"Resurfacing  with  asphaltic  concrete. 
"Price  for  top  only.  "'T^-in.  and  S-in.  "1  bag  cement  to  6  cu.  ft.  con- 
crete in  place.  "On  old  macadam  base.  '^S-in.  to  9-in. ;  5-in.  to  6-in.  con- 
crete base  "Old  specifications:  new  one  calls  for  1:21/2:6.  "1,678  sq.  yds. 
of  this  on  bituminous  base:  1%-in.  top;  SH-in.  base.  "On  crushed  rock 
base.  '"Redress.  ™On  bituminous  base.  ='1  sack  cement  in  each  12  sq. 
ft.    base.      -"Excluding   concrete   base.     -^Laid   on   Telford   base.     "4-in.    or 


TABLE   v.— AMOUNT,    AVERAGE   PRICR  AND 


a; 
New/   England    Division: 

Massachusetts — 

Boston     27,423 

Holyoke    17,227 

Connecticut — 
Bridgeport     . .     3.205 

Derby    15,21;, 

Hartford    23,889 

New    Haven..   54,175 

Rhode  Island — 
Pawti-cket  .. .     1.276 
Providence    . .   24.909 
Middle    Atlantic    Division: 

New  York — 

Buffalo    74,594 

Buffalo    141,106= 

New  York.  Brook- 

ly  Borough.  680.877 
New  York,  Queens 

Boro'.!gh  . . .  66,665 
Poughkeepsie. .  7,350 
Rochester  . . .  96,466 
.Schenectady.  7.300 
Syracuse    50,780 

New  Jersev — 
Atlantic  City.  150.572 

Bayonne  16.333 

Camden    34.754 

Jersey    Citv. .     ,i.251 

Newai-k    11.947 

Passaic   14,547 

Pennsylvania — 

Erie    96,580 

Harrisburg  . .  58,010 
Johnstown  ...  29,43o 
Larksville  . . .  17.000 
Philadelphia  .314.778 
Pittsburgh  . .  3.604 
Pittsburgh     . .   10.412= 

Scranton     29,610 

Wilkes-Barre.    43,887 
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1',* 

2.15 
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IV. 

1.69* 
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1% 

I-.2 

1.68 

5 

DETAILS   OF  ASPHALT    PAVEMENT   CONSTRUC 
Concrete    Base. 


TED   IN   1914   IN  VARIOUS  CITIES. 

Concrete  Base. 


2.433 


1% 

■_> 

3.53' 

10 

Hi 

- 

3.26' 

10 

1 

2 

1.758'' 

5 

1 

9 

1.S5 

5 

1 

2 

2.44 

5 

1 

0 

1.76 

1 

2 

1.95 

5 

1 

i> 

1.87 

10 

1V7 

IV: 

1.75 

5 

1 

1% 

1.S4* 

10 

1 

2 

1.90 

IV. 

li 

2.2,4 

10 

1% 

•^ 

2.04 

I 'A 

1% 

1.71 

5 

11/i 

11/2 

1.53 

5 

1 

2 

1.90 

5 

1 

■> 

2.05 

5 

2.28* 

10 

i 

2 

1.91 

IV? 

1% 

2.26* 

5 

1'/, 

1% 

2.53 

5 

1 

2 

1.96 

5 

1% 

2 

1.99 

10 

3 

Tl 

G 

m 

i~. 

n 

i. 

,_ 

C 

V- 

^.?. 

$0.80 


.65 
.50 


.77 


.45 


3:6 


1:10 
1:10 


1:3:6 


1:3 
1:3 
1:3 
1:3 
1:3 


1:3:6 
1:3:6 


1:3:6 


5 

1:2% 

6 

1:2:6 

6 

1:3:6 

6 

1:3:6 

6 

1:3:6 

6 

1:3:6 

« 

1:3:6 

6 

1:3:6 

6    . 

1:3:6 

East   North   Central    Division: 

Ohio — 

Amherst   11,050 

Canton    13.709  1 

Cincinnati    ...   15,850  IV: 

Columbus   ,...130,187  1 

Hamilton    ....    15,000  1 

Lorain     27,453  1 

Sandusky    ....   32,000  1 

Toledo   31,343  1% 

Indiana — 

Evansville    . . .   44,420  1 

Fort  Wayne..   56,478  1 

Gary  10,150  1 

Logansport    . .   53,000  1 
South  Bend...  23,999  I/2 

Illinois — 

Chicago   820,000  l%s 

Oak    Park    . . .   43.667  1% 

Peoria    6,657  1 

Michigan — 

Detroit    21,698  1 

Flint    25,191  1 

Highland  Park  45.485  1 

Saginaw   46,686  1 

Wisconsin — 

Green    Bay...   51,373  1 

Racine  9.055  1 

Superior   54,629  1 

West    North   Central    Division: 

Minnesota — 

Duluth    1,832  1% 

St.  Paul   23,657ti»  1 

Iowa — 
Cedar   Rapids.  15,130 

Des   Moines...   55.299  1 

Waterloo  12.145  1 

Waterloo 74,008  1 

Missouri — 
Kansas    City..  78,564 
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O        OJ    . 

•r   r  to  bn 
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1% 
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1% 
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2 

1% 

1% 

1% 

1V4 

98 
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IV2 

2% 
1% 
1% 
1% 

11,4 
9 

1% 


1%1 

2 
II2 


1.00* 

1.73 

2.53 

2.00* 

l.EO 

2.16 

l.SO* 

2.10* 

1.90 

'  i.'so*' 

1.95 
1.555* 

1.68* 
1.42* 
1.65* 

3.14 
1.87* 
1.624 
2.18 

1.90° 
2.03 
1.74* 


2.30* 
1.25 

1.95* 
1.92* 
2.20 
1.90 

1.67% 


=  ■0  , 


ftS. 


$3 


5  .46 

5  '.'.'.  '.  . 

5  .55 

5         

5  "'.60 

5  .40 

5         

5  .50 

5  

5         

5  .45 

r 

5  "'.a 

2  .70 

5  .50 

5  .50 

5  .43 

5  .40 


.60 
.60 


1:3:6 

1:3:5 

1:3:6 

1:3:3 

1:7 

1:3:6 

1:3:6 

1:3%: 

1:3:6 
1:3:6 

1:2:5 
1:2:5 

1:3:6 
1:3:6 
1:3:6 

1:3:6 
1:3:6 
1:3:5 


1:3:5 
1:3:5 
1;2%:6 


1:3:6 


1:3:5 
1:3:6 
1:3:6 
1:3:6 

1:3:6 
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TABLE   v.— AMOUNT.   AVERAGE 


PRICE  AND   DETAILS   OF 
Concrete  Base. 


ASPHALT  PAVEMENT  CONSTRUCTED  IN  1911— CONTINUED. 


Concrete    Has- 


:3    . 

>t 

=  ■0   • 

^ 

tn  « 

ss 

wx: 

°--&-^ 

OJ 

■-  ieoj 

m 

■a 

CO 

rage 
sq, 

ing 
gra 

.o.s  ■■ 

li 

S.'^ 
a 

Ave 
per 
clud 
and 

5 

Pric 
vd. 
if  P 
rate 

Nebraska — 

Lincoln    7,712 

i'/4 

I'A 

1.85 

o 

.50 

South    Atlantic    Division: 

District   of   Columbia — 

Washington    ,    2,S,2S2 

1^/4 

i',4 

1.69* 

b 

.55 

North  Carolina — 

Charlotte    40,000 

1 

9 

1.54* 

o 

.38 

KocU\    Mount.   45.520 

1'4. 

1'/. 

1.5S* 

b 

.30 

Georgia — 

Cordi-u-    .58.6621-' 

1.82 

East  South  Central  Division 

Kentuclty — 

Lexington    . . .   29.955 

11-' 

9 

1.90 

r, 

Louisville 97,275 

1 

1.74» 

b 

.490 

Nicholasville.    48,000 

2.17 

,-> 

Tennessee — 

Memphis    18,855 

2.01 

o 

.39 

Nashville   10,142 

1.03 

;i 

.25 

Mississippi — 

Vicksiunq-    .  .  .   2.1.371 

14 

'1 

2.07M!'' 

0 

.50 

West  South  Central  Division: 

LoiiisiaTia — 

New  Orleans..    11,738 

2 

2.25 

b 

Oklahoma — 

Shawnee     16,000 

1 

I'A 

1.90* 

5 

.20 

Tulsa   22,000 

2 

1.63 

ii 

.25 

Mountain   Division: 

Utah— 

Ogden    54,418 

ly^r. 

ly^ 

2.W* 

D 

.5.) 

Salt   Liike   City  8,028-'" 

1« 

2 

1.93* 

10 

.60 

Pacific  Coast  Division: 

California — 

Los   Angeles.. 800,000 

1,50* 

Modesto   

21A 

1'/. 

1,35 

II 

Oakland  97,972 

IV: 

l.SO* 

0 

.251 

1:3:6 


1:3  :7 


1:3:6 
1:3:6 


6  1;3;6 

6  1:3:7 

6  

6  1:3:7 


1:3:6 


1:3:6 
l:2».i;5 


6         1:3:6 
6'8      1:3:6 


3==      1:3:6 
'e         i':3';6' 


Pasadena   26,889 

San  Francisco200,074 
So.  Pasadena.  42,500 
So.    Pasadena. 

Oregon — 
Portland     . 

Washington-- 
Aberdeen    . 

Everett     40,000 

Seattle     217,685 

Tacoma   33,981 

Canadian   Division: 

Quebec — 
Westmount   ..     4,511 

Ontario — 

London   43,260 

Ottawa    120,000 

Toronto     316,694 

Saskatchew'an — 
Regina   26,759 

.Alberta- 
Edmonton    .  . .      4,654 

British  Columbia — 

So,  Vancouver 

Vancouver  . . .  1,350 
Victoria     112,301 


700 
40,147 
11,531 
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1.23*'" 
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10 

2.85 

15 

2.45* 

5 

'  '2.47* 
1.97*« 

5 

"■3,^  s       r 


.35 

.40 
.45 
.30 


.65 
.50 
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6 
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1:3:6 
1:2%; 
1:2:4 
1:2:4 

1:3:3 


1:3:6 
1:3:6 
1:3:6 


1:8 

1:3:6 

1:3:7 

1:6 

1:3:7 


1:3:6 


*Does  not  include  grading.     tDone  by  day  labor. 

'13,222  sq.  yds.  cost  ?1.73  per  sq.  yd.;  4,005  sq.  yds.  cost  $1.58  per  sq. 
yd.  =On  bridges.  =Without  binder  J2.28.  'Includes  curb,  drains,  grading. 
■'Repaving.  «On  6-in.  base;  $1,642  on  5-in.  base;  $1,588  on  4-in.  base.  ' 
■Resurfacing  only;  no  base  included.  "lV4-in.  and  1-in.  binder;  IVa-in. 
and  2-in.  surface.  "Includes  grading  and  curb  and  gutter.  '"Resurfacing 
only.  'UVs-in.  or  2-in.  '-3-in.  asphalt  .surface.  '^Some  w'ith  no  binder. 
"Paint  coat  binder.  i^Per  sq.  yd.  '"1  sack  cement  in  each  14  sq.  ft.  base 
in  place.  '"Without  base.  "Some  on  5-in,  base,  '»$1,97  for  heavy;  $1,65 
for  light,     ="Mile.?.     -'1-in.   or  l'/4-in.     -3-in,  tc  6-in. 


TABLE   VI.— AMOUNT,   AVERAGE    PRICE   AND   DETAILS    (IF    CONCRETE  i'AVEilENT  CONSTRUCTED  IN  1914  IN  \'.\RIOt.'S  CITIES. 

Bottom   Course. 


Bottom    course. 


New   England    Div 

slon: 

Maine — 

Portland    

7,162 

1 -course 

6 

$2.15 

0 

Massacliusetts — 

Boston    

61.174 

.75 

Fall    Itiver 

3,558' 

1-course 

6 

2.12 

5 

Lynn    

67,595 

1 -course 

6 

l,15'/2 

Springfield    . . . 

36,871' 

Bit-top= 

e 

1,61 

5 

Springfield    ... 

2.009t 

Bit-top-' 

6 

1,18 

Worcester     . .  . 

3,244 

Bit-top 

6 

1,58 

Connecticut — 

(Greenwich    .  .  . 

55,021 

Bit-top 

Hartford    

ll,4not 

Bit-top 

6'/3 

1,10* 

Meriden    

17,386 

1-course 

6 

1.28 

5 

Middletown    . . 

6,485 

1-course 

6 

1.24 

Wallingford    . 

3,608 

2 -course 

6'/2 

1.35 

ii 

Rhode  Island — 

Pawtucket    .  . . 
Middle  Atlantic  Dl 

6.472 
vision: 

3 

6 

New  York — 

Blnghamton     . 

6,439 

1-course 

7« 

1.52 

3 

Gloversville    . . 

5,575 

2-course 

6 

1.45 

.Johnstown    . .  . 

7,040 

1-course 

7 

.90* 

Schenectady    . 

1,150 

1-course 

7 

1.45 

3 

Tonawanda    .. 

23,000 

1-course 

6 

1.44 

3 

New  Jersey — 

r.oselle    Park. 

17,0'JO 

Bit-top 

7' 

1.2S*    - 

1 

Pennsylvania — 

Bell  wood     .... 
Cai  lisle    

390 
200t 

1.35 
.899 

r 
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DuBois     

3,953 

2-course 

8 

1.63 

4 
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8" 
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28  li:5 
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6 'a 

.98 

II 

Pittsburgh    . , 

2,950 

1-course 

6 

1.39 

1 

East  Ninth  Central   Division: 

Ohio— 

Fostoria    

3,000 

1-course 

6 

1.39* 

Geneva     

4,600 

Bit-top 

1 

1.55* 

3 

Sandusky    

8,700 

2-course^ 

8 

1,30* 

n 

Toledo     

22,182 

1-course 

6' 

1.39* 

b 

Indiana — 

EvansvUIe     , , , 

7.270 

1-course 

6» 

1.5H4 

5 

Evan,sville     , . 

9,433 

Bit-top 
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1.40 
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Fort    \^*ayne.. 

3,816 
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Frankfort    

14,488 
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8,520 
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1-course 
2-course 
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1.70* 
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Gary    

3 

Ijafa\'ette     .... 

5,509 

1 -course 

6s 

1.32 

Rushville    

1,600 

2-course 

6 

1.30 

!i 

South   Bend. . . 

6,153 

1-course 

7 

1.15S 

1 

Tllinois — 

Charleston    . . . 

2,400 

2-course 

I.JO 

Chicjigo    

I01.88S 

1 -course" 

( 

1.60* 

3 

Lyons     

12.200 

2-course 

8'» 

1..53% 

1 

Moline     

10.199 

1-course 

7 

1.10* 

5 

Morrison    .... 

12,000 

1-course 

7 

1.28 

Peoria    

2,394 

1-course 

6 

.94* 

6  1:2:4 

6  1:2:4 


4'/4    l:2'^:4i/2 
4  1:3:6 
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1:21/4:5 
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1:1V4:3 
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1:3:6 

■i'i 

i':iU':3 
1:4 

l':2::{' ' 
1:2:4 

1:2:3 
1:3:6 

CO  H 

Rockford    5,700  l-cour^i? 

Wilmette     ....     3,627  1-course 

Michigan — 

Ann    Arbor ll,S32t  Bit-top 

Detroit     170,160  2-course'^ 

Flint    19,381  1-course 

Grand    Rapids.     1.738  2-course 

Highland  Park  12,388  2-course'i 

Howell    1,833  2-course 

Manistee     ....         352  2-course 

Manistee     l,438t  Bit-top 

Munising     , , , ,     2,000  1-course 

Petoskey     ,.,,     2,785  2-course 

Petoskey     9,831  Bit-top 

Port   Huron,,.    10,000  2-cours? 

Wisconsin — 

Berlin     5,200  2-course 

Eau     Claire...     9,810  1-course 

Fond   du    Lac.   41,859  2-course^ 

Green     Bay...     1,837  1-course 

Marinette    ....    10.140  2-course 

Oshkosh     15.686  2-course!^ 

Oshkosh     5.000  2-course' 

Sheboygan    ...   52.139  2-cours,.' 

.Superior     43,103    -2-course 

Watertown     ..     0,726  2-course 
West  North  Central  Division: 

Minnesota — 

I  Mihilh     ."i.'i.  KHi  1  -course^ 

Duluth      750  Bit-top 

Faribault    ....         965  2-course 

Mankato     19,527  

Minneapolis     .   04,886  1-course 

St.     Cloud 5,074  1-coursc 

St.     Cloud 5,230  2-course 

St.    Paul 572t  2-course 

Virginia   525""  2-course'' 

Iowa — 

Atlantic    51,927  1-courso 

Cedar   Rapids.    13,194  2-course 

Des    Moines...   65,364  1-course 

Eagle    Grove..     4,000  1-course 

Marshalltown.      5,700  2-course 

Missouri — 

CapeGirardeau    50,154  1-course 
Cape  Girardeau    10,893       Bit-top 

Columbia     ,  , . .     5,201  1-course 

Columbia     3,706  Bit-top 

IC^nsas     (^ilv,  ,305  323  1-coursc 

KlrksvUle     4.120       2-courae 

Sikeston 3.500  1-course 

South  Dakota — 

Watertown   ,,         4.S9'''  1-course 

Watertown  596'^  1-course 

Nebraska — 

Lincoln     1.951  2-course 

Nebraska  City     9.953  2-course 
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TABLE  VI.— AMOUNT.   AVERAGE  PRICE  AND  DETAILS   OF    CONCRETE  PAVEMENT  CONSTRUCTION  IN  1914- 

Bottom  Course. 


-CONTINUED. 

Bottom  course. 


<«  S 

s  a 

iJ2  E-i 

South    Omaha.     S,312       1-course 
South    Omaha.  20,178       Bit-top 
Kansas^ 

Abilene    43,4i10       Bit-top== 

Ida    1,200       2-course 

Newton    5,000       1-course 

Pittsburg     ....     5,S39       l-course 

Salina    1,025       1-course 

South  Atlantic  Division: 
District  of  Columbia — 

Wa.shington   ..   14,675       Bit-top 
Virginia — 

Pocahontas    ..     1,200       1-course 
South   Carolina — 

Columbia    2,969       2-course 

East  South  Central  Division: 
Tennessee — 

Memphis    23,843       1-course 

Memphis    14,599       Bit-top 

Mississippi — 
Clarksdale  ..'. .     2,400       Bit-top 
West  South  Central  Division: 
Louisiana — 

New  Orleans..     4,160       Bit-top 
Texas — 

Denison    26,731       Bit-top^' 

Houston    431       1-course 

Houston    8,96S       Hassam 

Mountain    Division: 
Montana — 
Great    Falls...     4,54S       1-course 
Utah— 

Ogden     15,412       2-course 

Salt  Lake 1-course 

Pacific  Coast  Division: 
California — 

Los  Angeles...   40,000        

Palo    Alto 47,600       1-course 

Pomona    4,127       Bit- top 


ot'o 

8.S 

s 

c 

c 
o 

7 

1.30* 
1.86' 

1:3:6" 

6% 

6 

6 

C 
6 

1.44* 
1.13* 
1.00* 

1,05* 
1.25* 

i 

i' 

4'/4 
4 

1:3:5 
i:2:4' 

.94» 

5 

6 

1:3:7 

6 

.75 

1:2^4:5 

6 

1.35 

4% 

1:2^:3 

6 
6% 

1.15 
1.29 

i 

c,v^ 


1.S2V4*   3 


1.48 
1.64 


1.31» 


5 

5% 


1.41*        0 
1.30*        0 


1.20* 
1.22 
.927 


1:2:4 


1:2.8:4. 


l:2:3i,<, 

1:2:4 

1:2:4 


ta 


19,800 
7,051 


Bit-top 
Bit-top 
Bit-top 
Bit-top 
Bit-top 


5% 
5% 

7% 


u  cd 

aic 

my 
°  c 


<>. 

.99 
1.21^ 
1.38 
L48% 
1.71 


a 
C 


3,535 

655 

1.007 

16,080 


1-course 

Bit-top 

1-course 

1-course 

Bit-top 

Bit-top 

Bit-top 

Bit-top 

1-course 

2-course 


2-course 

1-course 
1-course 
1-course 
Bit-top 
2-course 


6 
6 
6 
6 

5V2 


6 
6 

6V4 


.D2» 
1.52» 
1.24* 
1.10« 
1.26 

1.10* 
1.16* 
1.25* 
1.24* 


2.75 


1.66* 
1.30* 


2.25* 
2.01* 


1.70 
labor. 


2 
10 
3 


1:3:6 
1:3:5 
1:3:5 
1:3:5 
1:3:5 


Santa    Ana. 
Santa  Barbara 
Santa  Barbara  12,802 
Santa   Barbara  38,365 
Santa  Barbara    6,200 
Oregon — 

Corvallis     ....     5,561 
McMinnville     .   73,503 

Portland    68,919       1-course         6  1.24*     10 

Salem    2,562 

Salem     12,487 

Washington — 
Aberdeen  . . 
Aberdeen  . . 
Aberdeen  . . 
South  Bend. 

Tacoma     6,116 

Canadian   Division: 
Quebec — 

Westmount    ..     5,235 
Ontario — 

London     4.755 

Oshawa    12,000 

Toronto     29,751 

Toronto    3,240 

Windsor     72,577 

British   Columbia — 
New  Westmin- 
ster            Hassam  6 

Vancouver    ...  10,367       2-course        7 
New  Brunswick — 

St.    John 2,172       1-course         8 

*Does  not  include  grading.  tDone  by  day 
'Hassam.  ^%-in.  ^Warrenite.  *7-in.  center;  5-in.  sides.  ^Reinforced.  "At 
crown;  6-in.  at  gutter.  '6-in.  or  7-in.  *6-in.  and  8-in.  'And  bit-top.  "S-in.  at 
center:  6-in.  at  sides.  'i6-in.  at  crown;  4-in.  at  curb;  2-in.  wearing  sur- 
face, 1:1:2.  i^S-in.,  6-in.  and  514-in.  i=6-in.  and  4-in.  "7-in.  and  5%-in. 
i=5-:n.  to  S-in.  >»3^<.-in.  to  614-in.  "ji.55  sacks  per  sq.  yd.  2»Also  some  at 
90  cts.  ^Some  1:3:5.  -Per  6-in.;  $1-47  per  S-in.  ^1  bag  cement  per  4Vi  cu. 
ft.  in  place.  ^Alley  approaches.  ==2-in.  top.  ^Joplin  chats.  ^1  sack  ce- 
ment in  each  14  sq.  ft.  base.     ™$7.93  per  cu.  yd. 


1:2:4 
1:2%: 
.1:2:4 
1:2:4 


1:2:4 
1:3:6 


1:2>4:5 


1:2:4 
1:2:5 


TABLE  VII.— AMOUNT,  AVERAGE  PRICE  AND  DETAILS  OF  WOOD    BLOCK  PAVEMENT  L.AID  IN  1914  IX  VARIOUS  CITIES. 


Concrete  Base. 


Concrete  Base. 


3 
o 
m 

New  England    Division: 

Massachusetts — 

Boston    2,522 

Cambridge     29,037 

New  Bedford. ..  1,520 
Southbridge  . . .  7,300 
Springfield    10,884 

Connecticut — 

Ansonia    9,500 

Bridgeport     12,057 

Meriden    44,331 

New    Haven....   81,944 

Rhode  Island — 
Providence    ....     7,479 

Middle  Atlantic  Division: 
New  York — 

Binghamton    . . .     1,587- 

Johnstown    1,118 

Rochester    30,390 

New  Jersey — 

Jersey   City 5,622 

Newark    73,151 

Pennsylvania — 
Philadelphia     ..   31,224 
Pittsburg     6.236 

East   North   Central   Division: 

Ohio- 
Akron    18,840^ 

Cincinnati   44,015 

Toledo     23,729* 

Indiana — 
Muncie    641 

Illinois — 

Chicago    139,914 

Decatur     12,000' 

Granite    City. ..   11,500= 

Michigan — 

Detroit     262,969" 

Detroit     3,104 

Flint     9,028 

Wisconsin — 

Lake    Geneva...  21,288 
West  North  Central  Division: 

Minneapolis     ...204,655t 

New    Ulm 15,2048 

Owatonna    10,390» 


c 

■r    :tD  tfl 

c 

6 

1-1 

0 

t«  -;  ta  £: 

C 

gSCM 

£ 

»  -j^n 

ri 

>  I  =  c 

;3 

<i  0.0  rt 

0 

Grout 

$4.00 

5 

Sand 

3!3S 

Sandi 

5 

Sand 

3.04 

Sand 

3.32 

Sand 

3.14 

n 

Sand 

3.20 

5 

Sand 

2.991,4 

5 

Sand 


Pitch 


3.25 


9V4 
10 


10% 
10% 


10  >, 


2.14 


1:3: 


1:3:6 
1:3:6 

1:3:6 
1:3:6 
l:2Vi: 
1:3:6 

1:3:6 


Pitch 
Bitumen 

2.38 
3.80 
2  90 

5 
5 

3 

'6 

i':2%-5 
l*3-6 

Sand 
Sand 

2.99 
3.34 

5 

Sand 
Grout 

3.28 
3.01 

5 
5 

11 
10 

0 
6 

1:3:6 
1:3:6 

Tar 

Sand 

Sand 

2.64* 

2.83 

3.15* 

2 
5 

16% 
10 

6 
6 
6 

1:3:6 
1:3:6 
l:3%:6 

Asphalt 

2.69 

5 

10 

6 

1:3:5 

Pitch 
Pitch 
Pitch 

3.12* 
2.45* 
2.65* 

5 
5 

10% 

11 

10% 

6 
6 
6 

1:3:6 
1:3:5 
1:3:5 

Tar 
Tar 
Sand 

2.48 
3.55 
2.46* 

0 
0 

11 

10% 

10% 

6 
6 
6 

1:3:6 
1:3:6 
1:3:6 

1:6 


Rochester    16,541'° 

St.     Paul 269,969 

Virginia    16,073 

Iowa — 
Ceda--    Rapids..     5,921 

Missouri — 

Kansas    City...   10,765 
Kansas     City. . .   16,783'= 
South  Atlantic  Division: 

Florida — 

Pensacola    ....     l,350t 
East  South  Central   Division: 

Kentucky — 
Louisville     9,133 

Tennessee — 

Nashville     23,951 

West  South   Central   Division 

Louisiana — 

New    Orleans. ..  13,257 

Texas — 

Houston     73,275^ 

Mountain    Division: 

Montana — 

Butte    500 

Great    Falls 13,464 

Pacific  Coast  Division: 

Oregon — 
Portland     12,108 

"^'ashington — 

Seatfifc     2,778 

Canadian   Division: 

Ontario — 

Berlin    10,372 

Ottawa    22,000 

Toronto    5,795 

Welland    6,098= 

British  Columbia — 
New  Westmin- 
ster     1" 

So.    Vancouver.   65,743 
Vancouver     27,268 


- 

c;  [fi 

QJ 

■?  .-Sbj 
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^^.§1 
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0 
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tS  m  C  a 
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0 

-o 

a 

c 

>  5  3  g 

^ 

^^ 

£ 

0 

2 

<  au  rt 

0 

hS 

H 

h 

Pitch 

2.17 

5 

5 

1:3:5 

Pitch 

2.60t 

9% 

5" 

1:3:5 

2.48* 

5 

10% 

6 

1:2:4 

2.95* 

lOVi 

6 

1:3:5 

Bitumen 

3.03* 

5 

12 

8 

1:3:6 

Bitumen 

2.71* 

5 

12 

8 

1:3:6 

None 


2.13 


1:3:6 


Asphalt 

3.17* 

5 

11% 

6 

1:3:7 

Pitch 

2.64 

5 

10 

3.11 

3 

5 

11 
9 

6 
5 

1-3:6 

Asphalt 

1:2%:5'« 

4.00 
2.80* 

5 
5 

10 

9y4'= 

6 

4 

1-3-5 

Pitch 

1:3:5 

Grout 

2.60* 

20 

11 

6 

1:3:6 

Asphalt 

1:3:G 

Sand 

3.10 
3.85 

3.55* 
3.05 

10 

10 

10 

5 

8 
10% 
10% 

5 
6 
6 
6 

1:5 
1:3:6 

Pitch 
Sand 

1:3:7 
1:6 

Bitumen 

Pitch 

Pitch" 

3.75* 

3.55 

3.14* 

5 

15 
10 

i6% 
10% 

6 
6 
6 

1:7 
1:3:6 

Pitch 

2.40 

9%' 

5 

1:3:6 

Pitch 

2.31 

5 

9% 

5 

1:3:5 

Pitch 

2.29 

5 

9 

5 

1:8 

♦Does  not  include  grading.     tDone  by  day  labor. 

'Sand  and  clay.  ^Laid  on  bridge  floor.  ^S-in.  block.  '3% -in.  block. 
'Tellow  pine.  'Plain  cedar.  '9%-in.  and  10-in.  'Tamarack.  "Tamarack 
and  Norway,  3-in.  block,  10-Ib.  treatment.  "'3-ln.  block.  "5-in.  and  5%- 
in.  '"Repaving.  '^O-in.  to  10%-in. ;  5-in.  to  6-in.  concrete  base.  '*OId 
specifications;  new  specifications  call  for  1:3:6.  "^9H-in.  and  7%-in.;  4-in. 
and  5-in.  concrete  base.     '°Fir  block.     "4  pitch  and  1  tar. 


April  7,  1915. 


Engineering   and    Contracting 


45 


TABLE  VIII.— AMOUNT, 


New  England  Division: 

Massachusetts — 

Boston     54,842 

Cambridge    22,435 

New    Bedford 43,692 

Springfield  14,705 

Rhode  Island — 
Providence    77,495 

IVIiddle  Atlantic  Division: 

New  York — 

Binghamton    3,224 

Johnstown    11,799 

New  York, 
Queensborough   ..   92,730 

Utica    30,496 

Utlca  34,282= 

New  Jersey — 

Newark    136,953 

Pennsylvania — 

Scranton   6,721 

West    North    Central    Division: 
Iowa — 

Des  Moines   29,843 

Pella    36,193 

Kansas — 

Rosedale    13,335 

South  Atlantic   Division: 
North  Carolina — 

Asheville    45,400 

East  South  Central   Division: 
Kentucky — 

Owensboro    21,000^ 

Tennessee — 

Jackson    3,428 

Jackson    4,557* 

Nashville    15,531 

Alabama — 

New  Decatur 6,260 

West  South  Central   Division: 
Louisiana — 

New  Orleans  14,370 

Texas — 

Houston    91,050 

Mountain  Division: 
Montana — 

Bozeman    30,000' 

Butte   21,761 

Great  Falls   80,480 

Utah- 
Salt  Lake  City 3,185 

Pacific  Coast  Division: 
California — 

Los  Angeles   

Pasadena   20,618 

Oregon — ■ 


ERAGE 

PRICE  AND 

DETAILS 

OF  BIl 

■-  MM 

2  =  2 
"  -c 

i 

c 

u 

d 

0 

.a 

U  OJ 

il 

Total    thickness 
pavement,  ins. 

0 
Thickness,      ins.o 

Proportion.           g" 

$2.75 
2.75 

'2. '40 

5 

'5 
5 

$0.50 

S 
7 
6 

6 

5 

1:3:7 
1:3:5 

2.261 

5 

7 

5 

1:3:6 

2.36 
2.45* 

5 
5 

■■.'eo 

8 

8 

6 
6 

1:2:4 
l:2y2:5 

1.65 
2.26 
1.55 

5 
5 

5 

.50 

7 
9 
8 

"6 

i':3:7" 

2.25 

2.39 

5 

9 

6 

1:3:6 

2.097 

5 
5 

7 
7 

5 

1:3:6 

2.05 

5' 

.25 

6 

4 

1:3:6 

DETAILS  OF  BITULITHIC  PAVEMENT  CONSTRUCTED  IN  1914  IN  VARIOUS  CITIES. 
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1:214:5 


2.14 
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6 

1:3:5 

2.17 
1.75 
1.80 

5 

5 
0 

.50 

'".ia 

8 
8 

8 1/2 
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1:3:.') 

1.97* 

5 

6 

4 

1:3:5 

2.40 

5 

8 

6 

1:3:6 

5 

7= 

5» 

1:21/2:0 

1.97* 
2.S5 
1.89* 

5 
5 
5 

.70 

".Vi 

6 

7 
6 

'  5 
4 

i':3:.5" 
1:3:5 

2.10* 

10 

.60 

6 

48 

l.SO 
1.5714 

41/2° 

310 
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1:3:6 
1:3:6 

i-  Mta 
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i. 

■P'3 

4 

S5 

s 

c 
c5 

a;  « 

v'p 
.Ha 

>d-d 

D 

0 

fci: 

H  ^ 

1.77 

5 

.60 

7 

1.62 

1.S5* 

10 

.35 

6 

1.43* 

10 

.35 

5 

1.3!>* 

10 

.35 

3^ 

Concrete  base. 


].48* 


2.  SO  1/2 


41b 


1:2H 


CO 

Eugene  11,398 

Eugene    13,377'i 

Portland    33,041i= 

Portland     128,083" 

Portland     17,446" 

Washington — 

Walla    Walla 11,440" 

Canadian   Division: 
Quebec — 

St.   Lambert   6,001 

Ontario — 

Berlm    12,086 

Sudbury    29,284 

Toronto     47,629 

Manitoba — 

St.  Boniface   10,207 

Alberta — 

Edmonton    5,737 

Bj'itlsh   Columbia: 

New  Westminster 

South  Vancouver. . .   10,594 
*Does  not  include  grading. 
i$:,.20  to  $2.33.     ^Resurface.     ^Repavement.     *On  gravel  macadam.     °7-in. 
to  S-in.     '5-in.  and  6-in.  'On  rock  base.     s4-in.   bituminous  base.     »4%-ln. 
to  8-in.    :°3-in.  to  6-in.     "Gravel  bitulithic.    '=On  crushed  rock  base.  i^Grav- 
el  bitulithic.  Class  A.     "Bitulithic  redress.     "2i,4-in.  bituminous  base. 

TABLE  IX.— AMOUNT,  AVERAGE  PRICE  AND  DETAILS  OF  ASPHALT 
BLOCK  PAVEMENT   LAID  IN   1914  IN  VARIOUS   CITIES. 

a---- ■  d  m.5  to 

■t  -  i  M  .  .a  F  .  S 

^  73  0)  ■?  E  «  ° 

A^     ^  ~j  TO  a 


2..53 
2.65 
1,55* 

10 
10 
10 

".65 
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1:5 

1:3:6 

1:3:7 

2.70 

5 

8. 
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1:3:6 

2.70* 
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.75 
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1:3:7 

2  ■''5* 
2.45 

5 
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.75 

0 
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i':2':5" 
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U3 

Holyoke,  Mass 5,567 

Jamestown,  N.  Y 9,423 

New  York,  Queens, 

N.  Y 8,923 

Niagara  Falls,  N.  Y. . .   34,165 

Newark,   N.  J 10,817 

West  New  York,  N.  J.  26,650 

London,  0 12,179 

Tiffin,  0 5,100 

Toledo,  0 7,794 

Washington,  D.  C 5,668= 

Washington,  D.  C 2,424 

Windsor,    Ont 36,086 

Resina,  Sask 28,525 

*Does  not  include  grading. 

i$2.3S  for  31/4-in.  block;  $2.20  for 


$2,381 

2.3.J* 

2.70 

5 

2.62 

5 

2.53 

0  25 

5 

2.15 

.", 

1.90 

3 

2.00* 

;j 

1.79* 

1.79* 

0 

3.00  1; 

2-in.  block. 


9y2 


71/2 

6% 
7% 

11 
8 

10 


1:2V4:5 
1:21^  ;5 


1:3:6 

1:3:5" 
1:2:3 

1:3%:6 

i':3:7" 

1:2:4 

1:6 


block  on  6-in.  gravel. 


TABLE  X.— AMOUNT  AND   AVERAGE  PRICE 

OF  BITUMINOUS  MACADAM  LAID  IN 

1914  IN  VARIOUS  CITIES. 


o  C 

"~  CO 


3 
w 

New   England   Division: 

Maine — 

Portland    7,033 

Rumford    1,200 

Saco    1,600 

New  Hampshire — 
Laconia   2,200 

Vermont — 

Barre    3,600 

Massachusetts — 

Belmont    15,000t 

Boston    376,593 

Cambridge    30,783 

Clinton     10,792 

Fall   River    30,778 

Haverhill     36,884 

Lowell    28,757 

Newton    71,000 

Revere    4,000 

Southbridge     8,400 

Springfield    62,408t 

Springfield    81,339t 

Taunton     

Waltham   9,864 

Westfleld     1.761 

Winchester    12,643 

Worcester    30,776 

Connecticut — 

New    Haven    105,383 

Walllngford    12,413 

Rhode  Island — 

Provldenci'    39,436 

iVIIddle  Atlantic  Division: 

New  York — 

Carthage    3,150 

Fulton    19,810 

Gouvernor    4,000 


■-      ,  CO 

a'c^M 
>   ■  to 


$1.08 
1.18 
1.25 


.63 


o  OJ 

he 


1.00 

6 

.85 

6 

.75 

7 

.50 

1.19 

1.10 

6 

.95 

4 

.56 

3 

1.00 

5 

1.12 

161 

1.063 

6= 

.67 

6» 

l.OOt 

.66 

5.43 

.87 

6 

1.0;-,' 

6 

1.20 

7% 

.995 


1.10 
1.25 


7% 


12 

7 


Jamestown     12,33St 

Johnstown    3,500 

Middletown    15,000 

New    York,    Queens 

Borough    110,585t 

Oswego    16,193 

Plattsburgh    16,460t 

Poughkeepsie    1,526 

Syracuse    13,652 

New  Jersey — 
Passaic    15,612 

Pennsylvania — 

Clearfield    1.200 

East    North    Central     Division: 

Ohio- 
Cincinnati     39,657 

Toledo    6,155 

Indiana — 

Decatur    3,420 

Frankfort     5,531 

Gary    16,230 

Greencastle    25,000 

South  Bend    1.791 

Illinois — 

Chicago    580,594 

Hinsdale    8,000 

Marion     12,000 

Murphysboro     41,000 

Wilmette    8,575 

Wisconsin — 

Chippewa  Falls   8.000 

Eau  Claire   1.170 

Edgerton     7,600 

Janesville    4,245 

I*a  Crosse    8,455 

Racine    7,614 

West   North  Central   Division: 

Mis.souri — 

Jefferson    City    96,000 

Kansas  City    89.416 

Marshall     2,600 

Nevada     30,000 

Kansas — 

O.sawotomie    15,735 

Ottawa     21,062 

South   Atlantic    Division: 

Virginia — 

Newport    News    lO.OOOt 

North  Carolina ll,500t 

Georgia — 
Atlanta    85,311 


1.35 
1.52 

's 

1.50 

.86 

1.30 

1.50 

4' 
5 
S 
7 
9 

.92 

7 

.85 

38 

1.51 
1,19* 

9 
8 

.80* 

1.44 

1.33* 
.75* 
.98* 

10 
10 

8 

1.23* 

1.42 

1.30 

1.25 

1.55* 

lOi/a 
101° 
71^11 

8" 

1.51 

1.10 

1.151^ 

1.05 

1.65 

1.69 

9% 
61^ 

9 

7%'« 
10 

.90* 
1.31 
1.3C 
1.28* 

g 

10 

61,4" 
7.8 

.90* 
.92* 

9 
9 

.60 
.96 

6 

East  South   Central   Division: 

Kentucky —      • 
Dayton     4,500  1.19*         9 

Tennessee — 

Nashville     12,487  .98  9 

West   South   Central   States: 

Texas 

Mineral   Wells    10,000  1.04  6'" 

Pacific   Coast    Division: 

California — 

Hollister    32,805  .SS  6 

Los   Angeles    360,000=»  .90  6 

Oakland     78,351  .68*         8=' 

Oakland     222,035  .89*         8= 

Oxnard     S.335-'>  .45* 

Pasadena    164,974  .60  4=* 

South   Pasadena    3,000  .27  2 

Oregon — 

Hood   River    9,000  1.00  6 

Canadian   Division: 

New  Brunswick — 

St.    John    15,586  1.05  6 

Quebec — 

St.   Lambert   7,100-'»        1.00  3 

Ontario — 
Ottawa     25,000t        l.SO 

♦Does  not  include  grading.  tDone  by  day 
labor. 

'Includes  lO-in.  limestone  foundation.  =4-in. 
base;  2-in.  top.  M-in.  base  of  second-hand 
material  and  2-in.  top.  'With  now  stone;  $0,635 
with  4-in.  of  stone  from  old  macadam  and  2-in. 
of  new  stone.  ''$0.9957  to  $1.3S3  and  includes 
cost  of  cobble  gutters.  "On  5-in.  concrete  base. 
'4-in.  to  5-in.  ''3-In.  on  old  brick  pavement. 
"Includes  S-in.  l:2i/2:5  concrete  base.  '"lO-in.  and 
S-ln.  "Includes  4-in.  1:3:6  concrete  base.  i^2M.-in. 
wearing  surface  on  4-in.  1:3:5  concrete  bas«. 
■'Includes  6-ln.  1:3:6  concrete  base.  "Includes 
6-in.  1:3:5  concrete  base.  i'$1.06-$1.15.  '"In- 
cludes 5-in.  1:2%  :5  concrete  base.  I'Includea 
4-in.  1:2:5  concrete  base.  ''Includes  6-ln.  1:6 
concrete  base.  ""Includes  4-in.  concrete  base. 
^Macadam  and  oil.  '"6-in.  rock  at  gutter,  8-in. 
at  center  before  rolling;  1',^  gal.  oil  per  sq.  yd. 
^4-in.  at  gutter,  5-ln.  at  center  for  base,  3-ln. 
rock  top  course,  1'^  gal.  oil  per  sq.  yd.  ==Scari- 
fled  and  resurfaced.  '"4-ln.  to  7-in.  -°On  old  ma- 
cadam. 
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TABLE  XI.— ri;lO\'.\ILIX(;  LOL'Al^  PKICKS   IN   UIM   KOK  MATIOKIALS   U  SKD   IN   PAVE.MKNT  CONSTRUCTION. 


c 

CO 

o  >. 

ns: 

•^n 

c^ 

c  ^ 

d  . 

S- 

p,  m  M 

New   England   Division: 

Maine — 

Portland     $1.75  Jl.SO  $1.00 

New  Hampshire — 

Laconia 1.65  1.30  0.25' 

\"fcrn.ont — 

Barre 

Massachusetts; — 

Andover    2.00  

Belmont    1.00=  .... 

Boston     1.75        1.50  

Cambridge     1.25  1.70  1. 00 

Chelmsford    

Clinton    1.00*  

Fall  River    ■. 1.45  1.15*  1.25 

Haverhill    1.6S  1.50  0.35 

Lawrence  1.69  

Lowell    1.44''  1.20  1.00 

Lynn    1.74  1.00»  0.70 

Maiden    l.S0«  1.75  1.00 

Xe^Y    Bedford    1.27"'  1,2.">*  .:i(i" 

Newton   l.(J5  .... 

Provincetown     ...    1.80  

Revere     2.00tt  l.SO  1.50 

.Southbrklge    1.35  1.25 

Springfield     1.50  1.15*'  1.25 

Taunton    1.30  

Waltham    1.60  1.50  1.00 

Webster   0.15  

Westfleld    1.75  

Woicester    1.76  1.10  l.oO 

Connecticut — 

Ansonia    1.25  1.55  1.10 

Bridgeport  1.49  1.36  1.00 

Derbv    1.25*  1.10 

Hartford     1.72  1.25  0.S6 

Killinglv     1.00 

Middletown    1.15  1.00 

New    Haven    1.25  1.80  1.00" 

Wallinsrford     1.50  2.30  0.75 

Waterbuiy     1.20*  1.00 

Rhode  Island  — 

Providence     1.40  1.35  0.70t 

Woonsocket    1.75  1.40  .... 

Middle  Atlantic   Division: 

New  York — 

Ballston    Spa    ....    3.60  1.10  0.50 

-    Binghamton    1.20  

Buffalo     1.24  O.ao'-'  0.S5 

Elmira     1.40''  1.35 

Endicott    1.00 

Fairport    1.30  1.75  1.50 

Fulton    1.25  0.60  0.80 

Gloversville   1.60  1.00"  1.00 

.lamestown    1.32  ....  1.60 

Johnstown  1.60  1.75  0.75 

New  York  Bor- 
ough   of    Brooklyn  1.25  1.75  O.SO 
New  Y'ork  Bor- 
ough   of   Queens..   1.50  2.00  1.00 
Niagara   Palls    ...    1.25  1.75  1.50 

Norwich    1.35  1.50  2.00 

Olean  1.20  1.75 

Oneonta    1.40'  1.55  1.00 

Oswego  1.90  2.00  1.30 

Poughkeepsie 1.40  1.50  1.30 

Plattsburj-'h     l.SO  1.25  ii.50 

Rochester     2.00  1,50  1.25 

Salamanca     1.35  ....  1.40 

Schenectady    1.35  1.50  0.70 

Syracuse    1.17  1.50  1.35 

■    Tonawanda    1.10  0.S5  0.95 

mica    1.00>»  1.23  1.00 

Watertown    1.55  1.40  1.00 

New  Jersey — 

Bayonne   1.35  l.SO  1.15 

Camden     1.40  1.40  0.25 

Passaic   l.K  2.10  1.00 

Plainfleld    1.50  1.90  

Ridgewood   1.20  2.50  1.50 

Salem    1.50 

Trenton     1.40  2.00  1.S5 

West  New  Y'ork   .    1.48  1.50  1.75 
Pennsylvania — 

Athens    l.SO  1.50  1.50 

Bloomsburg     1.35  0.50 

Carlisle    1.32=  0.75"'  1.35 

Catasauqua  1.00  1.10  1.25 

Clairton    1.10 

Clearfield      1.25  1.00  1.00 

Connellsville     ....    1.60  1.28 

Corrv  1.25 

Dorranceton    1.10  1.10  1.00 

IHl    Bois    1.42  0.9.".  0.95 

Erie    2.16  1.50  0.50 

Farrell 2.00 

Franklin     1.35  1.50 

Greenville    1.40  

Hanover   1.60  1.10*  1.30* 

Hazleton     1.44  O.SO  1.00* 

Juniata     1.24''  0.90*"  1.00* 

Kingston    1.65  1.25  1.10 

Larksville    1.48  

Meadville   1.25  ....  1.60 

Monongahela    ....   1.40  1.10  1.25 

New   Brighton    ...    1.50  1.00  .... 

North  East 1.25 

Philadelphia    1..^2  1.71*  1.25 

Scranton     1.30  1.50  1.50 

Somerset    O.SO  1.45 

Wilkes-Barre    1.15=  1.25  1.25 


■°  ~ 


$1.05 


1.25 


$1.14      $1.05 


0.50 


2.25 


1.25 

0.10» 

o.oot 

0.1 0« 

1.64 

0.85 

1.64 

1.20 

1.47 

1.00 

1.65* 


1.60 

2.50 

32. OOf  17.00 

1.90 

1.54 

1.50 


1.62 


1.82 

I'.io 

1.00 
1.75 
1.00 

20'.  66 

v.  8  6 

l.SO" 

1.35tt 

1.50 

6!9s 

24.00       .... 

2.66» 

1.5011 

0.85 

1.00 

1.00 
1.25 

b'.osit .'.'.'. 

l'.56 
1.00 

O.SO 

20.00       .... 
0.135t 

1.20 
0.75 

20.00       1.62 

2.25 

1.50 

1.50 
0.90 

15.00       1.70 
20.00       .... 

1.80 

2.00 
1.50 

0.86 


1.18 
1.05 
0.78 
1.06 
1.04 


1.10 


20.00 


20.00 
16.75 


1.74 
1.90 


30.00 

20.00t  15.50 


1.15"  26. 5i 


0.86 


0.63 

0.71 

0.76 

22.50 

0.695 

0.75 

16.00 

le.oot 

19.00t 

1.37=1 

3.15 
65.00t 


2.241' 


0.76 
0.73 


2.1. OOt  .... 

0.95  16.00 

0.80       

1.10  25.00 


1.00 


1.30 

0.50 
1.25 
1.21) 
1.25 


1.00 
1.50 


1.50 
1.60 


0.50 


1.00 


0.83 
1.00 


0.80 
i'.25» 


0.90*1' 
1.66 


1.96 
3.25- 


c 

^  C 

East    North    Central    Division: 

Ohio- 
Akron    1.35  1.00 

Alliance    1.00"' 

Amherst   0.80"" 

Ashtabula    

Barberton    1.65  0.90 

Bellefontaine    1.60  

Br.van    1.40  1.24 

Cambridge     1.19  1.40 

Canton    1.30  1.10 

Chillicothe     1.40'"  

Cincinnati    1.41  1.86 

Conneaut    1.40=  .... 

East  Liverpool    .  .    1.27  .... 

Findlay    O.75I' 

Fostoria    1.30  1. 10 

Geneva    1.40  1.50 

Hamilton    1.40  .... 

Ironton    1.24  0.80 

London   l.UO  .... 

Loraine O.SO 

Marietta 

Miamisburg    1.50  .... 

Mt.  Vernon   1.35  

Newark     .... 

Oberlln    1.40  1.45 

Orrville    1.60'"  O.SO 

Painesville     1.24  0.69 

Sandusky  1.35  1.20 

Tiffin    1.40 

Toledo  1.25  

Indiana — 

Bremen  1.60  .... 

Crawfordsville    ...    1.45  .... 

Crown    Point    ....    1.75  1.35 

Decatur    1.25 

Evansville    1.35  1.25 

Fort  Wayne   1.20  0.87 

Frankfort     1.18  1.12 

Gary     1.20=  1.10 

Greencastle    1.25=  1.00 

Lafayette     '. 1.20  

Logansport    1.30  0.90 

Muncie    1.38  1.10 

Noblesville     1.40  

Portland 

Princeton  1.60  1.25 

Rushville    1.20  1.05 

Salem     2.32  1.55 

South    Bend    1.25  .... 

Illinois — 

Alton    1.30  1.25 

Charleston 

Chicago     1.25  1.65 

Danville    1.23'"^  0.82'"' 

Decatur    1.45  1.25 

Dixon     1.15  1.40 

East  St.    Louis    . .    1.25  0.95 

Granite  City   1.25  1.35 

Hillsboro    1.25  1.50 

Kewanee    1.50  1.65 

Lake  Forest 1.35'»> 

Lawrenceville    ...    1.22  1.00 

Marion    1.50 

Mattoon    1.23  1.30 

Moline     1.20         .90 

Morrison     

Murphysboro    1.20  1.20 

Pana    1.25  

Paris    1.20  1.10 

Peoria    1.35  2.00 

Rockford    1.10  1.25 

Waukegan  1.30  1.20 

Michigan — 

Ann   Arbor    1.14=  .... 

Battle    Creek    1.10  

Benton  Harbor    .  .    1.30'f'  1,25 

Detroit    1.07  1.05 

Flint     1.30  

Grand    Rapjds    ...    1.35=  I.6O1 

Highland   Park    ..   1.19  1.08 

Holland  1.30 

Howell    1.30  

Kalamazoo    1.17  .... 

Manistee    1.50  1.25 

Monroe    

Munising    l.SO  1.50 

Niles    1.50  .... 

Petoskey     1.33  1.00 

Port  Huron 1.25  

Saginaw    1.23  .... 

Wisconsin — 

Berlin   1.55  1.25 

Chippewa  Falls   ..   1.50  2,20 

Eau  Claire   1.35  l.SO 

Edgerton    

Fond  du  Lac   1.35  0.96" 

Janesville     1.20  0.90 

La  Crosse   1.35 

Lake  Geneva   ....   1.40  .... 

Marinette 1.35=  1.10 

Oshkosh    1.40  1.40 

Sheboygan 1.42  1.25 

Superior    1.50  1.65 

West  North  Central   Division: 

Minnesota — 

Cloquet     1.00 

Duluth     1.53  1.00 

Faribault 1.40  1.50 

Lake   City    3.00 


1.00 
1.25 
1.00 

V.25 
1.00 
0.90 
1.35 
1.00 
0.60 
1.35 
1.00 
1.00 
1.10 
1.10 
1.50 
1.00 
0.60 

V.io 

1.00 

0.60 

1.10 

0.75'-'' 

1.10 

1.00 

0.50 

1.20 

1.40 


1.25 

0.251 

1.35 

1.10 

1.00 

0.7S 

1.00 

0.95 

1.00 

1.25 
1.00 
0.75 
0.75 
1.35 
0.S5 
1.30 
l.On 

1.25 
1.25 
1.65 
0.82 
1.25 
1.25"' 
0.85 
0.85 
1.40 
1.25 
1.00"" 
0.90 
1.60 
0.95 
.45 

V.io 

.90 
1.0(1 
1.511 
1.00 
1.10 

63=" 

'!65 
1.15 


--      SI 


0.75 
0.70 


0.72  22.50 

0.70  . 

0.70 

0.78  . 

0.74tt  . 

0.70 

0.70  . 

0.72  19.00       1.60 

0.64 

0.62  . 


0.75 

18. OOt 

0.75 


14.50t 
1.75 
O.SO 
0.74 
0.72 
0.75 
0.74 
0.80 
1.02 


20.00 


1.45       2.90       1.25 


30.00 


0.6S 

2l'.66t 
1.9S-" 
0.86 
0.76 
0.95 
l.SO 


20.00 


32.50 


0.80     20.00 
0.85 
1.33       . 
1.73'"'    . 


O.fiS 

0.90"!  2.5.00 

0.67  . 

'o'.86  20. OQ 

0.75  . 

b.'S4»=  19.00 
0.72  . 
0.78 
0.75  . 
0.80  6.00 
22.50 


1.9 
v.  50 

Vs' 


.81 
'.70 


.76 
.85 

.88 


.96 
.95 


20.00 


28.00 
17.00 
24.00 


.401  1  25 

7'^ 

1.66  .' ; .' ; 

ss 

.40  

".75  '.'.'.'. 

0.75  0.22t 

1.00  


1.45 


28.00 


0.90       

0.10'      

0.25       1.03 


1.05" 

0.60 

0.50 

1.35 

0.75tt 

1.25 

1.00 

0.75 


1.10       

26.00 

0.24t  22.00 


1.34 
i'.25 


1.10 
1.10 


IS.  00 


0.40  .. 

0.80"  1. 

1.00  .. 

0.50  .. 


10     17.00 


April 


1915. 
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TABLE  XI.— PREVAILING  LOCAL  PUICES   IX    I'.'U   FOE  JIATEUIALS  U.SE1)  IX  PAVEilEXT  CONSTRUCTION,   CONTINUED. 


■a 


5~       =- 

oj-r         01  -^ 

o  0)         ^  aj 

■   (Ua  PQd, 

Jlankato     1.30  0.95 

Minneapolis    1.25  1.45" 

New  Ulni   1.90  1.40 

Owatonna 1.97  .... 

Rochester   ■  1.40       1.75 

St.    Cloiiri    2.00       1.65 

St.  Paul   1.1'S  2.00 

Virginia    1.6,'>  2.33 

Winona    

Iowa — 

Anamosa    1,60  O.SO 

Boone   1.40  1.S5 

Cedar  Rapids   1.40  1.7.j 

Des  Moines 1.40  1.50 

Eagle  Grove  1.5ij 

Iowa  Falls 1.20 

Marshalltown    ....    1.3."       .... 

Oskaloosa   1.41       .... 

Rock  Rapids l.SO  .... 

Pella    1.10's    .... 

Waterloo    1.35  1.50 

Missouri — 

Brookfleld    1.60  3.20 

'^'ape  Girardeau    . .    1.35  1.2o 

Columbia    l.fiO  1.60 

.Jefferson  City 1.50  1.35 

Kanscs  Citv 1.25-  1.40 

Kirksville    1.6S  2.10 

Kirk\\ood    1.40  0.60 

Marshall    1.50  2.00 

Nevada    1.40  1.40 

Sedalia    1.20 

Sikeston  1.29  1.25 

University  City    ..   1.40  

South   Dakota — 

Watertown 2.00^  

Nebraska — 

Auburn    1.20  1.75 

Chadron    2.40 

Holdredge   2.00  0.15»' 

Lincoln    1.30  2.25 

Seward   1.60  .... 

South  Omaha   ....    l..'n  2.10 
Kansas — 

Abilene    1.50  1.60 

Chanute   1.25  1.35 

Emporia 1.20''  1.46 

Fort  Scott    1.25  1.25 

Girard     1.15"  2.10'' 

lola    1.40  1.35 

Junction  City 1.34  1.45 

McPherson     1.32  1.65 

Neodtsha    1.15  1.231: 

Newton    1.26  1.65 

Ottawa     1.30  2.00 

Parsons   1.40  1.30 

Pittsburg    1.20  1.00"" 

Rosedale    1.35  1.10-= 

Salina    1.40  1,65 

South    Atlantic    Division: 

District  of  Columbia — 

Washington    1.04  1.50 

Virginia — 

Clifton  Forge   1.60 

Newport    News    2.25t 

Pocahontas    2.01)         .90 

West  Virginia — 

Moundsville    1.30  .... 

North  Carolina — 

.\sheville  1.70  1.75 

i.^harlotte    1.60  2.00 

Durham    1.25* 

Green.sboro   2.00         .60 

Rocky   .Mount    ....    1.70  2.00 

South    Carolina — 

Columbia    1.70  1.70* 

Union    2.00  l.OQ 

Georgia — 

Rome    1.15  1.50 

Florida — 

Daytona     2.00  

Lake  City   1.60" 

Orlando    2.03  2.00 

Pensacola      1.15"'  1,70 

East  South  Central   Division: 

Kentuck.N' — 

Dayton    1.05  1.60 

Lexington    1.43=^  1.10 

Louisville    1.60  1.34 

Murray    

Nicholasville   0.90  0.20 

f)wensboro    1.75  1.15 

Tennessee — 

Bristol    l.SO  0.60 

.lackson    2.40  2.2S 

Lebanon    2.00  1.10 

Memphis     1.45*  1.50 

Nashville     1.00  1.50 

Alabama — 

New  Decatur   ....    1.50  1.25 

Mississippi — ■ 

Clarksdale    2.10  2.00 

Vicksburg   1.80  

West  South  Central  Division: 

Arkansas — 

Jonesboro    l.SO*  1.63 


■o 

o 

> 

S!^ 

a: 

?^o 

"i- 

d 

Ul 

fee. 

<; 

0.a 

Op. 

O 

0,60 

0.95 

0.40'- 

1.06 

19.00 

1.45'» 

1.60 

1.35 

0.75 

1.35 

0.75 

0.70 

0.65 

l.OU 

1.00 

1.00 

1.20 

1.06 

19.50 

1.2i; 

1.76 

1  77 

1.50 

1.55 

2.00 

0.98 

0.97 

1.50 

1.50 

1.15 

O.SO 

1.25 

1.00 

0.95 

1.50 

2.00 

1.25 

0.90 

30.00 

1.65 

1.25 

0.83 

1.10 

1.00 

1.10 

1.35 

O.SO 

C.75 

0.75 

1.75 

1.00 

0.90 

30.00 

1.40 

1.25 

1.55 

0.87V 

1.00 

21.50" 

1.50 

1.00 

20.00 

1.10 

1.00 

20.00 

1  '^5 

1.20 

0.80" 

18.00 

1.40 

1.40 

0.50 

0.60 

1.00 

1.00 

24.00 

i.'oo 

1.35 

0.S5™ 

25.00 

1.10 

O.SO 

0.90 


1.35 

0.72 

IS. 00 

3.00 

0.10=' 

0.70 

.95 

20.00 

0.90 

1.25 

1.35 

25.00 

1.60 

.62 

18.00 

1.35 

19.saf 

23.60 

l.SO 

.82 

19.50 

1.35*' 

"  . . 

1.62 

14.00t 

19.75 

.65 

17.00 

1..00 

24.00 

i.:.o+ 

,65t 

18.00 

1.00 

.72 

1.35 

.70 

20.00 

1.65 

,75 

19.00 

1.50-i« 

.72t 

1.50 

.73 

24.60 

1.25 

.  (."> 

■IZ.OO^' 

0.54 

.99 

1.00 

S.'lt 

i.io 

0.75 

0.56 

1.00 

1. 00 

1.00 

1.00 

1.00 

1.00 

0.75 

1.00 
1.50 


1.00 
1.70 
1. 00 
0.50 

i.oo 


O.SO 
1.50 


1.S.20 


1.50 


l.SO 
0.90 


1.25 
6.'90 


1.10 


0.09 


0.75 


1.70 


1.25 

i.oo 


O.SO 

0.50 

1.35 

2.00 

1.00 

20.00t      ... 

1.40 

1.50 

1.35 

1.00 

1.30 

1.20 

1.50 

2.07     22.00       2.54       2.80 


1.311       1.00     25.00 


1.50 


1.10 


OJ  .  .  ii  o  -  3 

I  §   .  ^         -3   .  »        SS  S   . 

(ka  (Bo,  M  ta         <        Ox:        Co.           O 

Louisiana — 

New    Orleans    1,40  1,10       1,70       1.12       

Oklahoma — 

Ponca   City    1.80  2.20  1.00 

Shawnee    1,65  1.65  1,00  

Texas — 

Denison    1.10*  1.75*  1.50t  .75     IS.OOt     1.50" 

Greenville  1.70  1.85  1.40  .' 1.25 

Laredo     ,75  .75 

Lufkin    2.00  2.,sii  1.15  2.15 

Mineral   Wells    2.00  

Mountain  Division: 

Montana — 

Bozeman    2.52  2.00  2.25       20.00       

Butte     2.20  1.30'''  1.50^=  

Dillon    1.25  

Great   Falls    2.05  1.25  

Miles  City 2.60  1.25       28.00       1.65       75 

Utah— 

Ogden     2.25  1.00        16.00        1.00 

Salt  Lake  City 2.25  1,50  1.00  ,...     19.00       1,00 

Idaho — 

St.   Maries    2.00  2.50  2.00  

Sandpoint   1,50  1.50         .50       2.50™    l..')0 

Colorado — 

Grand   Junction    ..  2,52  2.00         .SO  SO 

Vv'yoming — 

Cheyenne    .75  60 

Pacific   Coast   Division: 

California — 

Modesto    2.85  1.45  1.90  1.40 

Monrovia    2.40  70 

Nevada    Citv    .1,60  .95  

Oakland    2.00i>  1.2.".""  1,00       S.OO™    1.00 

Oxnard     2.40  1.90  1.50  

Palo  .A.lto    2.00  1,75  1,75  

Pasadena    2,25  1,00*  ,50*  75 

Pomona  £.30  1.25  1.00  

3an  Francisco    ...   2,30"  1,60  9.00 

Santa  Ana   2,00  

Santa    Barbara    ..   2.12  1.95  1.25       14.00       1.65 

South  Pasadena  ..  2.25  1.50  1.00       9.00='    1.00 

Oregon — 

Corvallis    2.40^!  .50'"  .75       10.00       75 

Eugene     2.43=  1.25  1.23">  1.25 

Hood  River   2.50  2.25  1.50  

McMinnville     1.75  1.25  1.75       10.00"=    1.25 

Portland    1.90  1.00  .75  .95     10.50         .SO       1.60"-'      .70 

Washington — 

Aberdeen     1.70  1.00"'  1.00" 

Everett    2.00  ....  1.10  ....     12.00       1.10"' 

South   Bend    1.5S  1.45  1.25"= ....       1.25'-= 

Tacoma     2.00  90  21.00t      90 

Walla    Walla 2.15  1.60  1.75        15.00        1.60 

Uanadian    Division: 
Nova  Scotia — 

Halifax    1,10       1,10       2,35       1,15 

Sydney     1,S5       1.40       1.05*      87* 

Prince  Edward  Island — 

Charlottestown    ,.   2. Hi       2.25       l.no       2.00 

New   Biunswick — 

St.   John    2.00       1.90       1.00        ....      19.80        1.10 

Quebec — 

St.    Lambert    1.41        2.00       1.70        

VVestr.iount    1.55       

l^ntario — 

Berlin    1.65       6S       SO 

Belleville    1.84       1.25        1.25        1.25 

Kingston     1.5214   1.25       1.20       

London    1.50       ....       1.25     29.50t     1.00»" 

Oshawa    1.60       1.50       1.00       1.60       1.00 

Ottawa     49"8    1.50*     1.00        ....      22.50        

Sudburv   1..S0       3.00         .90       90      , 

Toronto     1.40=     1.31         .90       1.18     16.50™    2.10"    1.7S       1.10    '■ 

Welland    1.65       ....       1.65       1.30       . .  fT       1.S5       ....       1.65= 

Windsor   1.35       1.35       1.35 

Manitoba — 

St.  Boniface 2.60       2.50       l.SO       1.80 

Saskatchewan — 

Regina    2.40       4.00       1.00       30.00       2.00 

jVIberta — 

Edmonton     2.85       3.50       3.10       ....     25,00">    2,50 

Lethbridge   3.00       ..,,       1,25       1,25 

British  Columbia — 

New     Westminster  2,35       1,66^=    1.00       1,10 

Vancouver    2,35       1,12"    1,10"  35,00t   16.50       1.35       2.15       1.10" 

Victoria    2.35       ....       1.60=      1.75 

South    Vancouver,   2,60       1.50       1.50       2.35 

•Per  ton,     tPer  M.     ttOn  job.     JPer  gal, 

'At  pit,  =DeIlvered,  "Per  2-horse  load,  'Per  double  load  at  bank. 
^Net.  «lfl.50  to  $1.80,  -$0.85  to  .$1.15.  »$29.50  to  $32.00.  "$1.00  concrete 
sand;  $1..'0  asphalt  sand.  "'$1.75  to  $1.80.  "Screened.  '=$0.80  to  $0.90. 
'■'Medina  bloc  k.  '''.M  crusher.  '"F.  O.  H.  '»$1S.OO  Trinidad,  $26.50  Bermu- 
dez.  '"Ou  n  crushing  plant.  ="$0.80  to  $1.25.  ='Including  filler  and  cushion. 
==llome  gianite  block.  -'Broken  slag.  ='$1.35-$1.40.  ^:\t  bar.  =»C3n  street. 
==$1.40  to  $1.60.  ='$1.50  to  $1.98,  ="Washed  and  screened,  "In  place  on 
street,  •'$0,86  to  $0,90,  -'=$1,18  to  $1,23,  ■'••'Broken  gravel,  ^$1.00  to  $1,25, 
"=$0,80  to  $0,84,  ™On  cars,  "'$1.21  to  $1.30.  •■"$1,49  to  $1,77,  "64  cts.  to 
$1,25.  •"$1.75  per  load  of  iV.  yds.  "F,  O,  B,  city,  '=75  cts.  to  $1.  *H0  cts. 
to  80  cts.  "$1.45  tA  $2,40.  '=,i0  cts.  to  $1.  '"$1.29  to  $1.45.  "$1.35  to  $2.25. 
'"Car  lots.  '"Road  asphalt.  ="65  cts.  to  85  cts.  "'Per  100  lbs.  =90  cts.  to 
$1.10.  ="$23  to  $30.  ='»roken  slag.  ==$1-S1.50.  "Quoted.  ="85  cts.  to  $1.25. 
■'■"$8  in  tank  cars.  $11  in  b,irrels.  ''"'In  barrels.  ""Ci^ushed  gravel.  "'$1.2'i- 
$1.50.  "=$5  to  $10.  ""Belgian  block.  '"At  bunkers.  "=$1.25  to  $1..50.  "»$1.60 
for  slag  cement.  "=60  cts.  to  $1.  •"'Per  100  lbs.  ""$16.50  In  drums;  $13.50 
cars.  ■"$2.26  for  lug  blocks.  "'$25  to  $30.  ==$1.40  to  $1.66.  '"Scow.  "$1.10 
to  $2. 
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TABLE    Xn.— LENGTH    OF    WORKING  DAY 

AND    PREVAILING    LOCAL    WAGES  OF 

LABOR   IN   1914   FOR  PAVING  WORK. 

Working  Team 

day  Common  with 

lirs.     labor.    Paver,  driver. 
New  England   Division: 
Maine — 

Portland    9       $2.00       $3.50       $5.00 

New  Hampsiiire: 

Laconia    9  2.00  3.50  4.50 

Vermont: 

Barre    8  1.80  ...  4.50 

Massachusetts: 

Andover     8  2.00  ...  5.00 

Belmont     8  2.25  ...  5.00 

Boston    8  2.00  5.00  fi.OO 

Cambridge    8  2.50  3.50  6.00> 

Chelmsford     8  1.75  . . .  4.50 

Clinton    8  2.00  ...  5.00 

Fall    River 8  2.40  4.00  3.75= 

Haverhill     S  2.33  3.00  5.00 

Lawrence    8  2.25  4.50  5.00 

Lowell    8  2.00  4.00  5.00 

Lynn    9  2.50  . . .  5.25 

Maiden    S  2.25  5.00  5.50 

Manche.<5ter    8  2.80  ...  6.00 

New    Bedford S  1.75  3.50  4.50 

Newton    8  2.00= 

Provincetown    S  2.00  ...  2.00 

Revere    8  2.50  ...  6.00 

Southbridge    9  2.00  . . .  4.50 

Springfield    8  2.25  2.50  5.25 

Taunton    8  2.00  2.25 

Waltham    8  2.25  2.75  6.00 

Webster  8  1.75  ...  5.00 

Westfleld   8  2.00  . . .  5.00 

Winchester     8  2.50  . . .  6.00 

Worcester    8  2.00  4.00  5.50 

Connecticut: 

Ansonia    8  1.60*  4.00  5.00 

Bridgeport    8  1.75  4.50  6.00 

Derby   9  1.60  ...  5.00 

Hartford    8  2.00  ...  5.00 

Killingly    10  1.75=  ...  4.50 

Meriden    10  2.00  3.00  6.00 

Middletown    9  1.65  

New   Haven 10  2.00  3.50  4.00» 

Wallingford    9  2.00  ...  5.50 

Waterbury    10  2.00  5.00'  6.00 

Rhode  Island: 

Providence    9  0.19%*  0.33%*  0.50* 

Middle  Atlantic  Division: 
New  York: 

Baliston    Spa S  1.75 

Binghamton   8  2.00  2.50  4.00 

Buffalo    S  1.80  4.80  7.00 

Carthage    10  1.75  ...  5.00 

Elmira    S  1.60  2.50  4.50 

Endicott    8  1.75  3.00  4.00 

Fairport    8  0.22Vi*     ...  5.00' 

Fulton    8  1.75  0.60*  4.50 

Gloversvilie    8  2.00  ...  4.50 

Jamestown    ... 8  2.00  2.25  5.00 

Johnstown    S  2.00  3.50  5.00 

New  York  (Bklyn)     S  1.90  5.00  6.00 

New  York  (Queens)    8  2.00  6.00  2.00 

Niagara  Falls 8  0.25*  0.30*  6.50 

Norwich    8  2.00  3.00  5.00 

Clean     9  1.80  3.50  5.40 

Oneonta     8  1.80  ...  4.00 

Oswego    8  2.00  ...  4.50 

Poughkeepsie    8  2.00  . . .  5.00 

Plattsburgh    8  1.50  4.00  4.00 

Rochester    8  2.00  4.00  5.50 

Salamanca    8  1.75  3.00  4.80 

Schenectady    8  2.25  5.00  5.00 

Syracuse    8  1.75^  4.00  4.50 

Tonawanda    8  1.80  . . .  5.00 

Utica    8           5.00 

Watertown   8  2.00  4.00  4.50 

New  Jersey: 

Atlantic   City 10  1.75  ...  5.00 

Bayonne    9  1.80  4.50  6.00 

Camden    10  1.50  2.50  5.50 

Elizabeth    S  1.75  4.50  6.00 

Newark    8  1.75"  ...  6.00 

Passaic     9         1.75  3.00  5.50 

Plainfield     8         1.75  ...  5.00 

Ridgewood    8         2.00  5.00  6.00 

Roselle   Park 9  

Salem    9         1.50  ...  3.50" 

Trenton    9         2.00  4.00  6.00 

West  New   York..     9         2.00  4.50  6.00 
Pennsylvania: 

Athens    9         2.00  ...  4.50 

Bloomsburg    9         1.75  2.50  3.50 

Carlisle    10        0.16*  0.20*     0.10*» 

Catasauqua    9         1.75  . . .  4.50 

Clairton    10         1.65  3.00  5.00 

Clearfield     8         1.75  2.25  5.00 

Connellsville    9         1.75  2.25  5.00 

Corry     10         1.50»=  3.00  5.00 

Dorranceton     9         1.60  . . .  4.50 

Du     Bois 9         2.00  2.50  5.00 

EdwardsviUe    9        1.85 

Erie    10         1.75  2.50  5.00 

Farrell    9         2.00  3.25  5.00 

FrankUn     9         1.80  0.08"      5.00 

Greenville     10         2.00  2,80  5.00 

Harrisburg   8         1.50 

Hanover     10         1.75  ...  4.50 

Hanover  Township     9         1.75  ...  •    4.50 

Hazleton    10         0.22*  0.45*       0.61* 

Juniata     10         1.75  . . .  5.00 

Kingston    9"      1.60«  ...  5.00 

Larksville   9        1.85  

Meadville   10        1.75  2.50  5.00 

Monongahela    10         2.20  4.50  6.60 

New    Brighton.,..     9         1.70  ...  5.00 

North  East 10         1.75  ...  5.00 

Philadelphia 10"     1.75»  3.75  4.10" 

Phoenixville   10        1.65  

Scranton    10        1.80  3.00  5.00 


Working  '^'eam 
dav  Common  with 
hrs.     labor.    Paver,  driver. 

Somerset    10  1.75  ...  4.00 

South    Bethlehem.     8  1.50  2.00  5.00 

West    Hazleton....  10  2.00  5.00  6.00 

Wilkes-Barre     9'»  1.82  3.00  4.50 

Wilkes -Barre  Twp.     9  l.SO  

East  North  Central  Division: 
Ohio: 

Akron    10  2.25  4.00  7.50 

Alliance    9"  1.50  5.00  5.00 

Amherst     10  2.00  4.00  5.00 

Ashtabula   10  1.75  2.50  5.00 

Barberton     10  1.75'*  5.00  5.00 

Beliefontaine    10  1.75  3.00  3.50 

Bryan    10  2.00  ...  4.00 

Cambridge    9  2.00  3.00  5.00 

Canton    9  0.22i^*  0.50*  0.60* 

ChilUcothe     10  1.75"  '  4.00  4.50 

Cincinnati   10  2.00  5.60  6.00 

Conneaut    10  2.00  3.50  5.00 

East  Liverpool....     9  2.00  3.50  6.00 

Findlav    9  2.00  3.25  4.50 

Fostorla   10  2.25  3.50  5.00 

Geneva    10  2.00  2.50  4.50 

Hamilton   10  2.50  3.50  4.50 

Ironton    lO™  1.75=i  2.25  3.50== 

London    10  1.75  4.00  4.00 

Lorain     10  1.75  ...  5.00 

Marietta     9  2.25  . . .  5.50 

Miamisburg    10  2.00  3.00  4.00 

Mt.    Vernon 10  1.75  2.50  4.00 

Newark    9  2.00  3.00  4.50 

Oberlin    10  2.00  2.50=3  5.00 

OrrviUe     9  2.00  5.00  5.00 

Painesville    10  1.75  3.50  5.00 

Sandusky   10  2.00  4.00  5.00 

Tiffin    10  2.25  3.00  4.00=» 

Toledo   9  2.25  4.00  6.00 

Indiana: 

Bremen    10  2.00  . . .  4.00 

Crawfordsville     ...   10  2.00  4.00  4.00 

Crown   Point 10  0.22%*     ...  0.50* 

Decatur    10  2.00  . . .  4.00 

Evansville   10  1.75=^  3.00  4.00 

Fort  Wavne 10  2.25  3.50  5.50 

Frankfort    10  2.002«  3.00  4.50 

Garv    10  2.00  4.00  6.00 

Greencastle    10  2.00  ...  4.00 

Lafavette    10  2.00  3.00  4.00 

Logansport   10  2.00  5.00  4.50 

Muncie    10  2.00  3.S0  4.00 

Noblesville    10  2.00  ...  4.00 

Portland    10  2.00  3.00  4.00 

Princeton    9  0.25*  ...  4.00 

Rushville   10  2.00  ...  4.00 

Salem    10  1.75  ...  4.00 

South   Bend 10  2.25^  0.50*  0.50* 

Illinois; 

Alton   9  2.00  2.25  4.50 

Anna   10  2.00  ...  4.00 

Charleston    9  1.80  ...  4.00 

Chicago     8=»  2.25=»  3.50  6.50 

Clinton    10  2.00  

Danville     9  0.20*  0.30*  0.40* 

Decatur    10  0.20*  0.30*  0.60* 

Dixon    9  2.50  4.00  4.50 

East  St.   Louis....   10  2.00  4.00  5.00 

Galesburg    8 

Granite    City S  2.00  3.50  5.00 

Herrin    8  2.80  

Hillsboro    8  2.00  4.00  5.00 

Kewanee    9  2.25  . . .  4.00 

Lake    Forest 8  2.50  ...  6.00 

Lawrenceville    ....  10  2.00  ...  4.00 

Marion    9  0.30*  ...  3.50 

Mattoon     10  0.22%*  0.30*  0.45* 

Moline    10  1.75  2.50  5.00 

Morrison    10  2.00  ...  4.50 

Murphvsboro    10  2.50  3.50  5.00 

Oak   Park 9  

Pana    8  0.27%*  0.40*  5.00 

Paris    10  2.00  2.25  4.00 

Peoria    10  1.75  5.00  6.00 

Rocktord    10  0.22%*     ...  0.50* 

Waukegan    9  l.SO  2.70  6.00 

Wilmette    9  2.70  ...  5.50 

Michigan: 

Ann   Arbor 9  2.25  ...  4.50 

Battle   Creek 10  2.50  4.00  5.00 

Benton  Harbor....     9  2.00  3.00  0.50* 

Detroit   8  2.00  2.50  4.40 

Flint    10  2.00  3.00  5.00 

Grand  Rapids 8  2.00  3.50  5.00 

Greenville    10  2.00  ...  3.50» 

Highland   Park....  10  2.00  ...  6.00 

Holland    9  2.00  2.00"  4.00 

Howell     10  2.25  2.50  4.50 

Kalamazoo    8  3.00  . . .  4.50 

Manistee    10  1.75  7.00  5.00 

Monroe    10  2.00  

MunLsing    10  2.00  4.00  5.00 

Niles    10  1.75  4.00  4.00 

Petoskev    10,  2.00  4.00  4.50 

Port    Huron 10  2.25  ...  5.00 

Saginaw    8  2.00  ...  4.00 

Wisconsin: 

Berlin    10  0.20*  ...  3.50 

Chippewa   Falls...  10  2.50  3.00  4.00 

Eau   Claire 10  2.00  ...  4.00 

Ertgerton     10  2.25  ...  4.00 

Fond  du  Lac 10  2.00  3.50  5.00 

Janesville    10  2.25  . . .  5.00 

La    Crosse 10  1.75  2.50  5.00 

Lake    Geneva 9  2.25  

Marinette    10  1.75  2.25  4.50 

Oshkosh    10  2.00  ...  4.00 

Racine    10  2.00  . . .  6.00 

Shebovgan    10  1.75  0.60*  5.00 

Superior    10  2.25  3.00  5.00 

West  North  Central  Division: 
Minnesota: 

Cloquet   10  2.25  ...  4.50 

Duluth    8  2.00'"      4.00  6.00 


Working  Team 
day  Conimon  with 
hrs.     labor.    Paver,  driver. 

Faribault    10  2.25  ...  5.00 

Lake  City 10  1.75  ...  5.00 

Mankota    10  2.25  4.00  4.50 

Minneapolis    8  2.50  3.00  5.00 

New    Ulm 10  2.50  3.50  4.50 

Owatonna    10  2.50  ...  4.50 

Rochester    10  2.25  ...  5.00 

St.    Cloud 9  2.25  ...  5.00 

St.    Paul 10  2.50  3.50  6.00 

Virginia 10    .  2.25  ...  5.50 

Winona    9  2.00  3.50  4.50 

Iowa: 

Anamosa    10  2.50  5.00  5.00 

Atlantic    10  2.25  ...  4.00 

Boone    9  2.25  4.00  5.00 

Cedar  Rapids 8  2.00  3.50  0.60* 

Des    Moines 9  2.25  2.75  5.00 

Eagle    Grove 10  2.25  2.75  3.50 

Iowa    Falls 10  2.00  ...- 

Marshalltown    10  2.00  5.00  4.00 

Missouri   Valley 2.00 

Muscatine   9  2.00  

Oskaloosa    10  2.00  3.50  0.50* 

Rock    Rapids 10  2.50  ...  5.00 

Bella    8  2.00  ...  4.00 

Waterloo    10  2.25  3.00  4.50 

Missouri: 

Brookfield    9  2.00  . .  .  4.50 

Cape   Girardeau...   10  2.00  ...  4.00 

Columbia    10  1.75  2.00  3.50 

Jefferson    10  2.00  3.50  4.00 

Kansas    City S  1.75  2.20  4.50 

Kirksville    9  l.SO  ...  4.00 

Kirkwood    9  2.25  3.60  5.00 

Marshall    10  2.00  ...  4.00 

Mexico    10  1.75  . . .  4.00 

Nevada   9  1.75  2.50  4.00 

Sedalia   10  1.75  2.50  4.00 

Sikeston    10  1.50  4.00  3.50 

University    City...   10  0.20*>  0.35*  5.00 
South  Dakota: 

Watertown    10  2.25  ...  4.50 

Nebraska: 

Auburn    10  2.00  3.00  4.00 

Havelock   10  2.50  4.00 

Holdrege    10  2.00  ...  4.00 

Lincoln     10  2.25  3.00  4.50 

Nebraska    City 10  2.00  

Seward   10  2.00"  5.00  4.50» 

South    Omaha S*"  2.00=»  ...  5.00 

Kansas; 

Abilene     8  1.75  2.25  3.75 

Chanute    8  1.80  2.50  3.50 

Emporia     8  2.00  2.50  4.00 

Ft.    Scott 8  1.75  0.03'"  4.00 

Girard     8  2.00  

Herington    8  1.75  . . .  3.75 

lola     8  2.00  3.00  3.50 

Junction    City 8  2.00  ...  4.00 

McPherson    8  1.75  2.50  3.00 

Neodesha    8  1.75  3.00  3.20 

Newton    S  2.00  3.50  4.00 

Osawotomie   8  1.75  . . .  3.50 

Ottawa    8  1.60  2.40  3.20 

Parsons    S  1.75  3.20  3.50 

Pittsburgh    8  2.00  2.50  3.75 

Rosedale    8  2.00  4.00  5.00 

Salina    S  1.65  2.75  3.75 

South  Atlantic  Division: 
District  of  Columbia: 

Washington    S  1.50=^  . . .  4.00 

Virginia: 

Clifton    Forge 10  1.50  ...  4.00 

Newport  News 10  1.50  2.50  3.50 

Pocohontas     10  1.60  3.00  4.00 

West  Virginia: 

Moundsville    9  1.75  3.00  5.00 

North  Carolina; 

Asheville    9  i;35  2.50  4.00 

Charlotte     10  1.25  2.50»'  4.00 

Durham    10  1.50  

Greensboro    10  1.25  2.50  3.50 

Rocky    Mount 10  1.50  

South   Carolina; 

Columbia    10  1.25  2.50  4.00 

Union    10  1.00  ...  3.00 

Georgia: 

Rome     10  1.25  3.00  4.00 

Florida: 

Davtona    8  1.50  ...  5.00 

Lake  City 10  1.25  ...  4.50 

Orlando    10  1.50  2.50  4.50 

Pensacola    9  1.50  3.50  4.50 

East  South  Central  Division: 
Kentucky: 

Dayton    10  1.75  ...  5.50 

Lexington   9  1.50  2.00  4.00 

Louisville    9  1.75  3.00"      4.00 

Murray    1.50«  ...  3.00 

Nicholasville    10  1.50  . . .  4.00 

Owensboro    10  1.75  . . .  4.00 

Tennessee: 

Bristol    10  1.35  . . .  3.00 

Jackson    9  1.50  ...  3.50 

Lebanon     8  1.50  2.00  3.50 

Memphis    10  1.50  5.00  5.00 

Nashville    10  1.50"  5.00  3.50 

Alabama: 

New    Decatur 10  1.50  ...  4.50 

Mississippi: 

Clarksdale     10  1.25  ...  5.00" 

Vicksburg     10  1.35  2.00  4.00 

West  South  Central  Division: 
Arkansas; 

Jonesboro    10  1.50  3.00  4.00 

Louisiana; 

New  Orleans    10  1.75  3.50  7.00 

Oklahoma; 

Ponca  City   8  2.00  . . .  4.00 

Shawnee     8  1.75  3.00  3.50 

Texas: 

Denison    8  1.50  ...  3.50 
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TABLE  XII.— CONTINUED. 

Working  Team 

day  Common  with 

hrs.  labor.  Pa\'er.  driver. 

Greenville    S  1.75  4.00  3.75 

Haskell   9  1.50  ...  4.00 

Laredo    S  1.00  ...  3..^0 

Lufkin     8  0.30*  ...  0.70* 

Mineral  Wells   8  1.75  ...  3.50 

Mountain  Division: 

Montana; 

Bozeman    8  3.00  4.00  6.00 

Butte   S  4.00  S.OO  7.00 

Dillon    8  3.00  

Great    Falls    S  3.00  4.00  6.00 

Miles  City  S  3.00  . . .  6.00 

Utah: 

Ogden    8  2.25  3.00  5.00 

Salt  Lake  City S  2.25  5.50  5.00 

Idaho: 

St.  Maries   9  2.50  4.00  6.00 

Sandpoint    9  2.50  ...  6.00 

Colorado: 

Grand   Junction    . .     8  2.40  3.00  5.00 

Wvoming: 

Cheyenne    9  2.25  ...  5.00 

Douglas   10  3.00  ...  5.00 

Pacific   Coast    Division: 

California: 

Hollister     8  2.00  ...  4.00 

Modesto    9  2.50  5.00  4.00 

Los    Angeles 2.50  2.50  5.00 

Monrovia    S  2.25  ...  5.00 

Nevada   City    8  2.50  

Oakland     S«  2.00'"  ...  6.00 

Oxnard    8  2.00  6.00  4.75 

Palo    Alto    8  2.25  -3.50  4.50» 

Pasadena    8  2.50  ...  5.00 

Pomona    9  2.25  . .  .  4.50" 

San    Francisco    ...     8  3.00  6.00  6.50 

Santa  Ana    S  2.25  3.50  4.50" 

Santa  Barbara    ...     8  2.25  . .  .  5.00 

South  Pasadena   ..     8  2.00  4.00  5.50 

Oregon: 

Corvallis     8  2.75  ...  5.00 

Eugene     8  2.25  6.00  4.50 

Hood    River    S  2.50  . . .  6.00 

McMinnville    8  2.25  ...  5.00 

Portland     S  3.00  6.00  5.00 

Salem    8  2.25  ...  5.00 

Washington: 

Aberdeen    8  2.50  . . .  7.00 

Everett   S  2.50  . .  .  S.OO 

Port  Angeles   8  2.50 

South   Bend    8  2.50  10.00  6.00 

Tacoma    8  2.25  6.00  7.00 

Walla    Walla 8  0.2714*     ...  4.50 

Canadian  Division: 

Nova   Scotia: 

Halifax     S  1.80  ...  2.88" 

Sydney     9  1.85  ...  5.00^ 

Prince   Edward    Island: 

Charlottetown    10  1.35  . . .  3.50 

New   Brunswick: 

.St.    John    9  1.75"  4.55  5.00 

Quebec: 

Lake  Megantic   ...   10  2.00  ...  4.00 

St.  Lambert   10  0.17*  ...  6.00 

Westmount    10  2.00  5.00  3.50" 

Ontario: 

Berlin    10  0.20*  ...  0.50* 

Belleville    10  1.75 

Kingston    9  0.20'i2  ...  5.00 

London     9  0.25*  0.30*  5.00 

Oshawa     10  0.17%*  0.30'^  0.40* 

Ottawa    9  2.25  ...  5.25 

Sudbury    10  2.00  ...  5.00 

Toronto    9  2.50=^  2.70  6.00 

Welland     10  2.25  5.00"  5.00 

Windsor    9  2.25  3.00  .55* 

Manitoba; 

St.    Boniface    10  0.25*  0.37*  0.50* 

Saskatchewan: 

Regina    10  2.50  6.00  5.00 

Alberta: 

Edmonton     9  0.30*  ...  0.70* 

Lethbridge    10  0.25*  0.45*  6.00 

British    Columbia: 

New  Westminster       8  3.00  4.00  7.00 

South    Vancouver    ..8  3,00  4.00  6.75 

Vancouver    8  3.00  3.50==  7.00 

Victoria    8  3.00  . . .  6.00 

•Per  hour.  »$6.00  double.  =$3.75  to  $5.50.  ^$2.00 
to  $2.25.  <$1.60  to  $1.75.  M.75  for  9  hrs.  i>$4.00 
single,  $6.00  double.  '$5.00  to  $7.00.  8$1.75  to 
2.00.  ei.75  to  $2.00.  "$3.50  to  $5.00.  "$0.10  and 
$0.15  per  hr.  '=$1.50  to  $1.60.  "per  sq.  yd.  "8-9 
hrs.  '=$1.60  to  $1.75.  '"9-10  hrs.  "9-10  hrs.  '8$1.75 
to  $2.00.  '»$1.75  to  $2.00  ^will  be  8  hrs.  ='$1.75 
to  $2.00.  ==$3.50  to  $4.00.  =$2.50  to  $6.00.  =<4.00  to 
$5.00  ="^$1.75  to  $2.00.  ="$2.00  to  $2.25.  ='$2.25  to 
$2.50.  =88-9  hrs.  =»$2.25  to  $2.75.  ="$3.50  to  $4.00. 
"$2.00  and  up.  3s$2.00  to  $2.25.  =3$0.20  to  $0.25 
per  hr.  «$2.00  to  $2.50.  »^$4.50  to  $5.00.  "S  to  10 
hrs.  ''Contract — $0.03  per  yd.  »"$1.50-$1.75. 
=»$2.50  to  $4.00.  "$1.00  to  $1.25.  "$3.00  to  $4.50. 
'=$1.00  to  $1.50.  "$1.50  to  $2.00.  "$4.00  to  $5.00. 
'»8  to  9  hrs.  '"$2.00  to  $2.50.  "$4.50  to  $5.00. 
'«$2.50  to  $4.00.  "$6.00  to  $7.00.  «>single  team 
and  driver.  "'1-horse  team  and  driver,  $2.50. 
==20  cts.  to  25  cts.  per  hour.  ■^''25  cts.  to  30  cts. 
per  hour,  "$5.00  to  $5.25.  k$4.10  to  $5.00,  "8 
hours   for  city  forces:    10   hours   for  contractors. 

About  22  per  cent  of  the  total  railway  con- 
struction in  Canada  during  1914  was  located 
in  .Mberta,  according  to  a  recent  report.  That 
province  has  one  mile  of  railroad  for  every 
125  persons.  The  mileage  has  doubled  in 
three  years,  and  at  the  beginning  of  1915  had 
reached  a  total  of  4,097  miles. 


PERSONALS 

Mr.  F.  Mc.^rthur,  city  engineer  of  Regina, 
Saslc.,  states  that  the  report  of  his  resigna- 
tion is  not  correct  and  that  he  will  continue 
in  his  present  position.  Mr.  L.  A.  Thornton, 
who  was  reported  to  succeed  Mr.  McArthur, 
will  continue  as  city  commissioner,  especially 
in   charge    of   capital   expenditures. 

Messrs.  Robert  S.  Brewster,  of  New  York, 
Arthur  W.  Lawrence  of  Bronxville  and 
George  W.  Mertz  of  Port  Chester  have  been 
appointed  by  the  Governor  of  New  York  as 
members  of  the  new  Building  Commission 
of  Westchester  County,  New  York.  The  se- 
lection of  architects,  and  the  construction  of 
the  buildings  for  the  county  will  be  in  charge 
of  this  commission. 

Mr.  Frank  A.  Weaver,  for  five  years  dis- 
trict manager  of  the  Cleveland  office  of  the 
Aver  &  Lord  Tie  Co,  Chicago,  has  resigned 
to  establish  an  office  as  construction  engi- 
neer and  contractor  at  804  Swetland  Bid" . 
Cleveland,  Ohio.  He  will  make  a  specialty 
of  materials  and  installations  of  factory  floors, 
particularly  creosoted  wood,  Byerlite  bitu- 
minous, Idealite  carborundum,  and  Idealite 
ornamental  floors. 

Mr.  V.  J.  Bedell,  who  has  been  city  engi- 
neer and  superintendent  of  water  works  at 
Marshall,  Mo.,  since  1913,  has  resigned  to 
open  an  office  in  Marshall  for  a  general  civil 
and  sanitary  engineering  practice.  Mr.  Bedell 
was  formerly  assistant  engineer  for  the  Board 
of  Improvements  of  Fort  Smith,  .Ark.,  and 
prior  to  that  was  in  railway  work.  From 
1910  to  1913  he  was  field  engineer  in  the 
sewer  division,  city  engineer's  office,  at  Kan- 
sas City,  Mo. 

Mr.  H.  M.  Burwell  is  retiring  from  the  civil 
engineering  firm  of  Hermon  &  Burwell  to 
enter  upon  an  individual  consulting  engineer- 
ing practice  at  Vancouver,  B.  C,  Mr.  Bur- 
well has  been  in  general  practice  in  British 
Columbia  for  17  years  in  land  surveys  and 
general  engineering,  and  for  10  years  on  hy- 
draulic engineering  work.  Since  18S7  he  has 
been  a  member  first  of  the  firm  of  Garden, 
Hermon  &  Burwell,  and  later  Hermon  &  Bur- 
well. From  1904  to  1906  he  was  engineer  in 
charge  of  construction  of  the  Coquillan  Lake 
hydro-electric  development,  and  from  1906  to 
1913  was  engineer  in  charee  of  Vancouver 
water  works  extensions  and  of  the  Pitt 
Meadows   reclamation  work. 

Messrs.  Isaac  Harby,  Ludlow  L.  Melius  and 
Louis  W.  Abrons  announce  the  organization 
of  the  firm  of  Harby,  .Abrons  &  Melius,  Inc., 
for  the  purpose  of  general  contracting  and 
building  construction,  with  offices  at  30  E. 
42d  _  St.,  New  York  City.  Mr.  Harby,  the 
president  of  the  new  firm,  was  formerly  with 
Bing  &  Bing  and  E.  Brooks  &  Co.  Mr. 
Melius,  the  vice-president,  is  connected  with 
the  Spiiyten  Duyvil  Construction  Co.,  and  Mr. 
Abrons,  who  is  secretary  and  treasurer,  is 
from  the  Perth  Construction  Co.  All  three 
members  of  the  firm  are  civil  engineers.  Mr. 
Harby  and  Mr.  Abrons  being  members  and 
Mr.  Melius  an  associate  member  of  the  Amer- 
ican Society  of  Civil   Engineers. 

Mr.  Edward  B.  Wayts  has  been  appointed 
as  superintendent  for  the  Marshfield,  Wis., 
Water,  Electric  Light  &  Power  Co.,  and  will 
have  entire  charge  of  the  water  system  of 
the  city,  pumping  station,  power  station  and 
all  transmission  lines  for  power  and  lighting. 
Mr.  Wayts  has  been  employed  in  electrical 
work  most  of  the  time  since  he  began  in 
1896  as  helper  in  the  shops  of  the  Union 
Traction  Co.  of  Indiana.  In  1902  he  went  to 
sub-station  operation,  and  in  1906  was  night 
foreman  in  the  shops  of  the  Indianapolis  & 
Eastern  Traction  Co.  at  Richninml,  Ind. 
From  1908  to  1913  he  was  in  South  Dakota 
for  the  Chicago,  Hurlin.gton  &  Quincy  in  the 
Black  Hills,  and  as  electrical  superintendent 
of  intcrurban  lines,  power  and  lighting.  In 
1913  he  was  appointed  as  superintendent  of 
the  water  and  light  department  at  Downers 
Grove,  111,  During  the  year  in  which  he 
held  tliat  office  the  water  and  light  plant  un- 


derwent reconstruction,  among  other  things 
the  substitution  of  crude  oil  power  for  steam, 
and  Mr.  Wayts  gained  considerable  experi- 
ence in  municipal  work  which  will  be  of  value 
to  him  in  his  present  position. 

Mr.  Alfred  C.  Nelson,  consulting  and  con- 
tracting engineer,  announces  that  he  has 
opened  offices  at  418  Rockefeller  Bldg.,  Cleve- 
land, Ohio.  He  will  make  a  specialty  of  blast 
furnaces,  hot  blast  stoves,  power  and  indus- 
trial plants,  foundations,  fire  brick  and  steel 
construction,  and  the  storing  and  handling  of 
coal  and  ores.  He  is  also  prepared  to  under- 
take investigations,  valuation,  reports,  etc. 
Mr.  Nelson  graduated  in  1899  from  the  Case 
School  of  Applied  Science,  and  at  once  en- 
tered the  employ  of  the  Harris  Automatic 
Press  Co.,  Niles,  O,,  as  draftsman.  Later  he 
became  designer  for  the  Packard  Motor  Car 
Co.  In  1900  he  was  designer  for  the  Ohio 
Steel  Co.  at  Youngstown,  and  the  following 
year  held  a  similar  position  with  the  Brown- 
ing Engineering  Co.  of  Collinwood,  Ohio. 
From  1901  to  1904  he  was  with  the  Wellman- 
Seaver-Morgan  Co.  of  Cleveland,  Ohio,  and 
in  1904  was  employed  partly  on  special  work 
for  Mr.  J.  Koeple  and  partly  as  designer  for 
the  Olds  Motor  Co.,  Detroit,  Mich.  For 
two  years  he  was  designer  for  the 
American  Steel  &  Wire  Co.  at  Cleveland, 
and  since  1906  he  has  been  engineer  in  charge 
of  construction  of  a  number  of  complete 
blast  furnace  plants  for  Arthur  G.  McKee, 
engineer  of  Cleveland.  Mr.  Nelson  is  a  mem- 
ber of  the  American  Society  of  Mechanical 
Engineers  and  of  the  Cleveland  Engineering 
Society. 


CIVIL  SERVICE  NEWS 

The  Illinois  State  Civil  Service  Commission 
announces  the  following: 

An  examination  of  interest  to  the  engineer- 
ing profession  is  that  for  Utilities  Investigator 
in  the  Illinois  Public  Utilities  Commission, 
which  is  to  be  held  on  May  1,  1915.  It  pays 
from  $100  to  $150  per  month,  and  is  open  to 
men  over  21  years  of  age;  there  being  two 
positions  to  be  filled. 

The  examination  will  cover  the  training 
and  experience  of  the  applicant  and  will  deal 
with  the  collection  of  data  regarding  railroad 
accidents,  investigation  of  railway  crossings 
over  railroads  and  the  performing  of  other 
engineering,  inspecting  or  investigating  work 
for  the  Commission.  This  examination  is 
open  only  to  residents  of  Illinois. 

At  the  same  time  an  examination  will  be 
held  for  Utilities  Rate  Expert  in  the  .-Vccount- 
ing  Department  of  the  Commission,  which  is 
open  to  men  over  25  and  pays  from  $125  to 
$175  a  month. 


Waterworks   Improvements   at  Louis- 
ville, Ky.,  to  Cost  $900,000. 

Improvements  to  cost  $900,000  are  contem- 
plated for  this  present  plant  of  the  Louisville 
Water  Co.,  of  Louisville,  Ky.,  in  order  to 
bring  it  up  to  its  fullest  efficiency.  The  fol- 
lowing tabulation  gives  in  detail  the  work  pro- 
posed which  will   extend  over  several  years : 

30,000. OOO-gal.  pumping  engine  and  sta- 
tion large  enough  to  install  above  pump 
in  $535,000 

4S-ln.  discharge  main  from  River  Pump- 
ing Station  to  Crescent  Hill 153,000 

36-ln.  m.ain  from  Crescent  lliU  to  Bards- 
town  Road   100,000 

Cleaning  basins.  Crescent  Hill  Reservoir.       6,000 

Remouuung  and  improving  electric  power 
plant 10,000 

Pipe  system,  services  and  meters 96,000 

Total  $900,000 

Nothing  in  the  immediate  future  is  to  be 
done  e.xoopt  the  laying  of  the  48-in.  main  from 
the  River  .Station  to  Crescent  Hill,  a  distance 
of  about  12,000  ft.  Plans  and  specifications 
are  now  being  prepared  for  it,  and  the  work 
will  be  completed  by  the  fall.  Jas.  B.  Wilson 
is  chief  engineer  and  superintendent  of  the 
Louisville  Water  Co. 
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PROSPECTIVE  WORK. 

Arkansas : 

Mountain  Valley,  Ark. — Mountain  Valley 
Water  Co.  is  reported  to  have  made  surveys 
and  secured  capital  for  construction  of  elec- 
tric railwav  from  Hot  Springs  to  Mountain 
Valley. 

Pine  Bluff,  Ark. — Engineers  supposed  to  be 
representing  J.  G.  White  Engineering  Cor- 
poration have  been  over  route  of  proposed 
extension  of  Arkansas.  Louisiana  &  Gulf  Rail- 
road from  Monticello  to  Pine  Bluff.  It  is  re- 
ported that  prospects  are  Ijright  for  earlv  con- 
struction. J.  M.  Parker,  Monroe,  La.,  Presi- 
dent. 

Idaho : 

Lewiston,  Idaho. — Nez  Perce  &  Plastern 
Ry.  has  been  incorporated  with  capital  stock 
of  $l,(lOO,OOn,  of  whicli  $44<),.'')(X)  has  been  sub- 
scribed. Company  proposes  steam  railroad 
from  Lewiston  to  Nez  Perce.  Z.  .\.  John- 
son, Lewiston,  President  of  Nezperce  &  Idaho 
Ry.,    is    an   incorporator. 

Illinois: 

Rockford,  111.— Public  Utilities  Commission 
has  authorized  Rockford  &  Interurban  Co.  to 
issue  $8(1,11(111  of  bonds  for  improvements. 

Springfield,  III.— Illinois  Central  R.  R.  is  un- 
derstood to  contemplate  considerable  amount 
of  improvement  work  on  its  Spri-ngfield  di- 
vision. This  is  said  to  include  additional  ter- 
minal facilities  along  the  line  and  new  yards 
at    Decatur   and   Clinton. 

Indiana : 

Gary,  Ind.— New  York  Central  Lines,  it  is 
reported,  will  start  work  this  summer  on  the 
Chicago-Gary-Clearing  yards.  Yards  will  have 
capacity  for  3.5,(J(I0  cars. 

Louisiana : 

RayviUe,  La. — Stock  company  is  being  or- 
ganized to  build  and  operate  an  interurban 
line  from  Rayville  to  point  22  miles  south.  It 
is  hoped  to  have  stock  subscribed  in  60  days 
for  survey  and  purchase  of  right  of  way,  T.  J. 
Coenen,  President:  Progressive  League,  Ray- 
ville. is  interested. 

Opelousas,  La.— The  Opelousas,  Gulf  & 
Northeastern  R.  R.  has  been  purchased  by 
Frank  C,  Nicodemus,  Jr.,  of  New  York  City, 
said  to  be  representing  the  Te.xas  &  Pacific 
R.R. 
Minnesota: 

Little  Falls,  Minn. — Surveys  are  under  way 
for  line  of  Minneapolis  &  Central  Minnesota 
Ry.   from  Little  Falls  to   Pierz.     B.  H.  Brad- 
lev  is  Chief  Engineer. 
New  Mexico: 

Des  Moines,  Me.x.— Santa  Fe  Svstem  has 
purchased  St.  Louis,  Rocky  Mountain  &  Pa- 
cific Ry.,  10(j-mile  line  extending  from  Des 
Moines  to  Ute  Park,  tapping  coal  fields  of 
Colfax  County. 
North  Carolina : 

Golds! loro,  N.  C. — Citizens  have  voted  bond 
issue  for  stock  subscriptions  for  Goldsboro 
Street  Ry.   Co. 

Ohio: 

Cleveland,  O. — C)rdinance  is  before  Citv 
Council  for  franchise  for  Cleveland,  .Akron  & 
Canton  Terminal  Ry.  Co.  proposed  subway 
uniler  E.  .j5th  St.  from  Lake  Erie  to  point  in 
Cuyahoga  River  Valley,  connecting  at  grade 
with  its  proposed  line  in  .Akron  and  Canton. 
Project  involves  expenditure  of  a1)out  $10,- 
000.000  and  is  reported  to  be  backed  by  O.  C. 
Barber,  Barberton.  O.  Osborn  Engineering 
Co.,  Cleveland,  is  consulting  engineer. 
Pennsylvania : 

Erie,  Pa. —  Funds  are  being  raised  for  sur- 
vey of  proposed  route  of  Erie  &  Southwest- 
ern Interurban  Rv.,  proiecting  a  line  from 
Erie  to  Linesville.  Pa.  II.  C.  Allen,  Erie,  is 
interested. 
South  Carolina : 

Greenwood,  S.  C. — Savannah,  Piedmont  & 
Western  Ry.  has  been  incorporated,  with  min- 
imum capital  of  $80,000  and  maximum  of 
$3,000,000,  and  proposes  line  from  Greenwood 


to  .\orth  .Augusta,  00  miles.    J.  Peyton  Clark, 
4d  Cedar  St.,   New   York  City.  General   Man- 
ager.    North    Carolina   Public   .Service   Co.   is 
reported  to  be  interested. 
Texas : 

Quitman,  Tex. — Quftman,  Sulphur  Springs  & 
Great  Northern  Ry.  proposes  28-milc  line  from 
Quitman  to  Sulphur  Springs,  passing  through 
rolling  and  thickly  settled  country.  Construc- 
tion will  involve  450,000  cu.  yds.  earth  ex- 
cavation, .'iOO,00(.l  cu.  yds.  embankment.  l-5,0(.(0 
cu.  yds.  rock  excavation  and  )^,(i20  lin.  ft.  tres- 
tle. No  bridges  w-ill  be  required.  Date  of  let- 
ting work  has  not  been  determined.  T.  .\. 
Palmer,  Quitman,  Tex.,  is  General  Manager. 
West  Virginia: 

Fairmont,  W.  Va.— Baltimore  &  Ohio  R.  R. 
probably  will  build  branch  from  main  line  to 
new  mining  development  of  Consolidation  Coal 
Co,  in  Farmington  region,  several  miles  west 
of  Fairmont. 

Wisconsin: 

Bayfield,  Wis. — Promotion  work  is  under 
way  for  a  new  railway  between  Bayfield  and 
Superior,  along  the  south  shore.  It  is  esti- 
mated that  line  will  cost  $()5(i,000.  Grading 
between  Bayfield  and  Orienta  would  be  com- 
paratively easy.  T.  N.  Okerstrom,  Port  Wing, 
Wis.,   is  interested. 

Alberta : 

Edmonton.  .Alberta. — Provincial  Government 
will  guarantee  a  branch  of  the  Edmonton, 
Dunvegan  &  British  Columbia  Ry.  from  a 
point  on  the  main  line  thereof  to  or  through 
Grand  Prairie  Citv  for  a  distance  not  to  ex- 
ceed  GO   miles,   at  $20,000   per  mile. 

Ontario: 

Toronto,  Ont. — Ontario  Legislature  has 
granted  Toronto  &  York  Radial  Ry.  Co. 
(electric),  a  two  years  extension  of  time  in 
which  to  start  construction  on  certain  lines 
nutsidc    of   Toronto. 

BIDS  OPENED; CONTRACTS  LET 

California : 

Bravvley,  Cal. — San  Diego  &  .\rizona  Ry.,  E. 
.[.  Kallright,  Chief  Engineer,  San  Diego,  is 
reported  to  have  awarded  contract  for  last 
section  of  line.  Work  covers  about  34  miles 
and  route  follows  through  canyons,  requiring 
short  tunnels  and  heavy  rock  work. 

Iowa: 

Charles  City.  la. — P.  E.  Shugart,  Nevada, 
la.,  has  been  awarded  contract  for  grading 
8-niile  extension  of  Charles  City  Western  Ry. 
from  Charles  City.  Work  involves  about 
1(10.(1(1(1   cu.   yds.    excavation. 

Maryland : 

Williamsport,  Md. — Claybourne,  Johnson  & 
Co.,  Baltimore,  Md.,  have  been  awarded  con- 
tract for  grading  and  track  laying  for  Wil- 
liamsport. Ne.ssle  &  Martinsburg  Ry.,  pro- 
posing a  steam  line  from  Williamsport  to  Mar- 
tinsburg. Pennsylvania  Steel  Co.  has  contract 
for  superstructure  of  bridge  over  Potomac 
River.  Grading  is  reported  to  have  been 
started. 

Ohio: 

Columbus,  O. — Bids  were  opened  .April  3 
for  the  lirst  ■JS-mik  section  of  the  Chc-ap'.ake 
&  Ohio  Northern  Ry.,  the  new  ))(!-miIe  con- 
necting link  between  the  Chesapeake  &  Ohio 
R.  k.  and  the  Hocking  Valley.  The  first  sec- 
tion exicnds  from  Sciotoville  to  Waverly ;  the 
second  section  extends  from  Waverly  to  Cir- 
cleville  and  the  third  from  Circleville  to  Co- 
lumbus. 

Portsmouth,  O.— O.  S-  Hord  and  .-X.  Keath- 
lej-,  Cincinnati.  O.,  have  been  awarded  con- 
tracts for  grading,  concrete  work  and  track 
laying  for  21-mile  extension  of  Ohio  Valley 
Traction   Co.   from   Sciotoville   to   Ironton. 

Virginia : 

Roanoke,  Va. — Contracts  for  low-grade  line 
of  Norfolk  &  Western  Ry.  between  Burke- 
ville  and  point  near  Pamplin,  Va.,  30%  miles, 
have  been  let  as  follows :  Patterson,  Moran 
&  Co.,  New  York  City;  J.  J.  Sheehan,  Roan- 
oke, Va. :  Rinehart  &  Dennis,  Charlottesville, 
Va.,  and  Roliert  Grace  Contracting  Co.,  Pitts- 
burgh.  Pa. 


ROADS 

STREE^ 


BIDS   ASKED. 
California : 

San  Bernardino,  Cal. — County  Supervisors 
on  March  30  ordered  the  advertisement  for 
bids  on  five  contracts,  as  follows :  Colton 
Aye.,  Colton  to  the  Riverside  county  line,  2.70 
miles;  Colton  .Ave.,  Colton  to  Bloomington,  4 
miles;  San  Bernardino  .\ve.,  in  the  city  of 
Rialto,  l..j(i  miles;  .Archibald  Ave.,  Base  Line 
to  Colton  .Ave.,  3..50  miles;  10th  St.,  Upland, 
Euclid  Ave.  to  Los  .Angeles  county  line,  and 
K-lth  St.,  diagonal.  Upland,  to  state  highway, 
.60  mile.  These  roads  are  to  be  built  of  con- 
crete. 
Colorado : 

Colorado   Springs,   Colo. — Until   noon,   April 
10,  by  E.  C.   Sheldon,  County  Clerk,  for  1,600 
ft.  of  wagon  road  requiring  8,4-50  cu.  yds.  ex- 
cavation and  to  cost  $4,6-50. 
Florida : 

Jacksonville,  Fla.— Until  .April  8,  by  E.  .A. 
Ricker,  chairman  County  Commissioners,  for 
37  miles  of  highway  (brick,  asphalt  macadam 
or  other  material)  and  for  resurfacing  w-ith 
asphalt  macadam  or  other  material  20  miles. 
Indiana : 

Muncie,  Ind. — Until  10  a.  m.,  .April  17,  by 
Board  of  Public  Works,  for  macadam  on 
Fifth  Street. 

Lebanon,  Ind. — Until  1  p.  m.,  Mav  7.  by 
County   .Auditor,    for   county   line   road. 

Kokomo,  Ind. — Until  10  a.  m.,  April  22,  by 
E.  B.  Swift,  County  Auditor,  for  paved  road 
in  Center  Township. 

Indianapolis,  Ind. — Until   10  a.  m.,  .April   17, 
by    W.    T.    Patten,    County    .Auditor,    for    im- 
provement of   17th  .Ave.,  Center  Township. 
Kansas: 

.McPherson.  Kan. — L'ntil  .April  l(i,  by  Milton 
Hawkinson,  City  Clerk,  for  26  blocks  of  street 
paving  and   8   blocks   of   alley  paving.     H.  A. 
Rowland,  City  Engineer. 
Kentucky. 

Louisville,   Ky. — Until  2   p.   m.,   .April   12,  by 
Board    of    Public   works,    Roger   G.    McGrath, 
Secretary,    for   Letting   No.   578,   improvement 
of   Id  alleys. 
Louisiana : 

New  Orleans,  La. — Until  noon,  April  24,  by 
W.  E.  Atkinson,  State  Highwav  Engineer,  for 
abou^  9    miles    of    earth    road    for    .Ablieville- 
Kaplan   highway,   Vermilion    Parish. 
^Maryland : 

Easton.  Md. — Until  noon,  April  13,  by  J.  B. 
Harrington,  Clerk,  County  Commissioners,  for 
1.57  miles  of  state  aid  road.     Frank  W.  Seth, 
County  Roads  Engineer. 
Massachusetts : 

Pittsfield,  Mass.— Until  .April  9,  by  Board  of 
Public   Works,   for   furnishing   10  cars   cf   as- 
phaltic  road  oil. 
Michigan: 

Saginaw,  Mich. — L'ntil  April  20,  by  Geo. 
Holcomb,  Commissioner  of  Public  \\'orks, 
for  paving  portions  of  13  streets. 

Duluth,  Minn.--Until  lu  a.  m.,  .April  12,  by 
R.  Murchison,  Commissioner  Public  Works, 
for  sprinkling  and  cleaning  streets  during  1015. 

Minnesota : 

Duluth,  Minn.— Until  10  a.  m.,  .April  16,  by 
R.  Murchison,  Commissioner  Public  Works, 
for  paving  12th  St.;  also  for  paving  Minnesota 
.Ave.,   from   12th  to  38th   Sts. 

New  Jersey: 

Trenton,  N.  J.— Until  April  20,  by  Board  of 
County  Freeholders,  Theociore  Tobish,  County 
Engineer,  for  the  construction  of  the  exten- 
sion of  the  River  Road  from  Washington's 
Crossing  to  the  Hunterdon  County  line;  30  ft. 
wade,  18  ft.  of  pavement,  and  about  5  ^iles  in 
length;  two  miles  of  concrete  to  cost  about 
$38,418  and  three  miles  of  bituminous  concrete 
at  about  $80,049. 

New  York: 

Albany,  N.  Y.— Until  1  p.  m.,  April  20,  by 
State  Highway  Commission,  I.  J.  Morris,  Sec- 
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Frederick  W.  Taylor. 

In  the  hall  of  engineering  fame  there  are 
now  two  names  of  American  engineers  whose 
renown  is  due  to  their  teachings  of  economics. 
The  first  of  these  great  teachers  was  a  civil 
engineer,  A.  M.  Wellington.  The  second 
was  a  mechanical  engineer,  F.  W.  Taylor. 

Wellington's  "Economic  Theory  of  Railway 
Location,"  and  Taylor's  "Shop  Management" 
are  two  of  the  most  important  essays  ever 
written.  They  are  great  not  only  because 
of  the  forceful  exposition  of  economic  prin- 
ciples, but  because  of  the  greatness  of  the 
authors.  It  is  impossible  to  read  either  of 
those  works  without  feeling  the  personal 
magnetism  of  a  man  himself  electrified  with 
a  constructive  idea. 

It  has  been  said  of  scientific  books  that  only 
the  latest  need  be  read,  for  in  them  will  be 
found  the  cream  of  all  that  has  preceded. 
This  may  be  true  if  by  "cream"  is  meant 
merely  bare  facts.  But  the  real  cream  is  often 
in  the  spirit  of  the  writer,  a  cream  that  can 
not  be  skimmed  from  his  works  by  those  who 
undertake  to  abstract  the  facts  only.  We 
should  count  it  a  great  misfortune  not  to  have 
read  Wellington  and  Taylor  in  the  original. 

Yet  in  their  original  form  none  of  the 
works  of  these  two  engineers  did  or  could 
attract  general  public  attention.  Wellington 
was  technical  to  such  a  degree,  and  Taylor 
was  so  narrow  in  his  conception  of  the 
application  of  three  "principles  of  shop  man- 
agement." that  the  general  public  could  not  be 
expected  to  find  in  their  works  the  inspiration 
that   engineers   found  there. 

Many  will  be  surprised  to  hear  that  Taylor, 
"the  father  of  scientific  management,"  used  the 
expression  "scientific  management'  in  his  es- 
say on  ship  management  but  once.  Through- 
out he  spoke  of  the  "art  of  manage- 
ment." Nor  did  he  seem  to  perceive  that 
the  three  principles  that  he  combined  in 
that  "art"  could  be  generalized,  added  to. 
and  thus  be  made  to  form  part  of  a  science 
of  management.  Indeed  he  spoke  of  his  shop 
management  system  as  being  an  "invention," 
which,  like  all  inventions,  he  said  consisted 
of  a  new  combination  of  old  elements.  He 
disclaimed  title  to  the  original  discovery  of 
any  one  of  the  three  principles  of  manage- 
ment, but  he  did  claim  that  he  was  the  first 
to  have  combined  them  into  a  working  system 
that  should  be  applied  to  all  shop  manage- 
ment. This  view  was  not  broadened  in  his 
subsequent  writings  until  other  engineers  had 
taken  not  only  the  three  principles  used  by 
him  but  had  added  many  in  the  effort  to 
develop  a  science  of  management.  Then,  by 
a  most  curious  stroke  of  chance,  great  general 
publicity  was  given  to  this  new  science. 

Mr.  Louis  Brandeis,  an  attorney  for  cer- 
tain shippers  who  were  seekiiig  to  keep  rail- 
way rates  down,  had  read  writings  on  "man- 
agement engineering."  "scientific  manage- 
ment," etc.,  and  he  become  imbued  with  the 
idea  that  the  railways  need  not  raise  rates 
if  they  would  apply  the  principles  of  "scientific 
management."  Accordingly  he  called  upon 
several  exponents  of  "scientific  management." 
Among  those  that  he  saw  was  the  chief 
editor  of  Engineering  and  Contracting.  He 
outlined  what  he  wished  to  establish  bv  evi- 
dence before  the  Interstate  Commerce  Com- 
mission, and  asked  the  editor  to  appear  as 
a  witness.  For  reasons  that  need  not  be 
stated,  the  request  was  declined.  Mr.  Taylor 
likewise  refused  to  testify.  _  Other  witnesses 
were  secured,  and  Brandeis  roused  nation 
wide  attention  by  his  announcement  that  he 
would  prove  by  them  that  American  railways 


could  save  $1,000,000  a  day,  by  applying  the 
principles  of  "scientific  management." 

The  spectacular  announcement,  coupled  with 
the  national  importance  of  the  hearing  before 
the  I.  C.  C,  served  to  focus  the  eyes  of  the 
business  world  upon  a  science  of  whose  exist- 
ence few  of  them  had  heard,  and,  hearing, 
immediately  denied.  The  controversy  thus 
started  speedily  resulted  in  giving  every 
newspaper  reader  at  least  some  idea  of  what 
"scientific  management"  means.  Then  came 
magazine  articles,  and  a  mass  of  exaggerated 
or  distorted  claims  for  the  new  science. 
"Efficiency  engineers"  graduated  by  the  hun- 
dreds from  the  school  of  grab-it-quick.  A 
new  idea  was  never  seized  upon  more  avidly 
than  this,  and,  in  spite  of  the  blundering  in 
the  use  of  the  new  idea,  it  may  be  said  that 
few  ideas  have  ever  resulted  so  speedily  in  a 
general  increase  in  the  efficiency  of  produc- 
tion. 

One  of  the  Chicago  dailies  said  that  nothing 
evolved  from  the  brains  of  engineers  had  so 
appealed  to  the  imagination  and  common 
sense  of  the  public  as  "scientific  management" 
had  appealed. 

When  the  full  history  of  this  new  science 
comes  to  be  written,  it  will  be  found  that 
many  engineers  have  played  a  prominent  part 
in  its  evolution.  Such  men  as  Wellington  will 
be  recognized  for  their  perception  and  eluci- 
dation of  certain  principles  of  engineering 
economics.  Taylor  will  always  be  remem- 
bered for  the  great  role  that  he  has  played. 
Technically  his  most  important  work  was  the 
scientific  timing  of  the  operations  of  men 
and  machines.  This  seems  to  be  the  one 
"principle"  that  he  came  nearest  to  originat- 
ing. Although  he  did  not  originate  it,  he 
was  the  first  to  apply  it  so  thoroughly  as 
to  convince  all  enginers  of  its  merit  as  a 
method  of  increasing  operating  efficiency. 
This  alone  entitles  him  to  fame. 


The  Industrial  Service  Movement  and 
Its  Value  to  Engineers. 

The  apparently  unending  struggle  between 
capital  and  labor  is  in  part  a  natural  outcome 
of  the  constant  attempt  being  made  to  secure 
economic  production  without  an  equal  efi'ort 
on  the  part  of  both  to  understand  the  rights 
and  privileges  of  each.  There  is  no  sound 
argument  against  economic  production  pro- 
vided we  understand  the  term  "economic"  to 
apply  to  the  conservation  of  human  energy  as 
well  as  to  actual  reduction  in  costs.  Much  of 
the  real,  and  also  of  the  apparent,  injustice  of 
the  present  general  attitude  of  both  emnloyers 
and  employees  is  due  to  misunderstandings — 
both  as  to  rights  and  as  to  intent.  That  we 
are  not  nearer  an  ultimate  solution  is  strong 
argument  that  neither  side  is  blameless,  al- 
though it  is  not  difficult  to  determine  which  is 
better  able  to  make  advances.  The  beneficial 
results  which  have  attended  the  efforts  of 
those  employers  who  have  made  some  sacri- 
fices to  secure  a  better  understanding  between 
employer  and  employed  are  encouraging,  and 
we  believe  there  are  few  employers  who  have 
initiated  such  action  that  have  cause  to  re- 
gret it. 

From  the  very  nature  of  his  work  the  engi- 
neer is  particularly  well  suited  to  assist  in 
securing  a  better  understanding  between  the 
employer  and  his  workmen,  and  at  the  same 
time  increase  his  own  prestige  and  influence. 
We  are  therefore  in  accord  with  the  move- 
ment which  is  gaining  headway  to  bring  the 
workman  and  the  engineering  student  more 
closely  in  touch  with  each  other.  It  is  evi- 
dent that  any  such  movement  will  also  secure 
greater  interest  in  both  workman  and  engineer 
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on  the  part  of  the  employer.  This  movement, 
which  is  generally  referred  to  as  the  "Indus- 
trial Service  Movement,"  was  started  at  Yale, 
in  1907,  when  the  Young  Men's  Christian  As- 
sociation influenced  some  engineering  students 
to  get  in  close  touch  with  workmen  and  boys 
in  New  Haven,  The  main  idea  of  the  work 
was  to  render  service  in  teaching  English  and 
other  subjects  greatly  needed  by  those  taught, 
and  at  the  same  time  to  afford  student  engi- 
neers an  opportunity  to  learn  the  manners, 
customs  and  ideas  of  the  workmen.  The  lat- 
ter purpose — the  reaction  on  the  engineering 
student — was  the  special  object  sought.  As 
such  work  is  often  done  amid  the  environ- 
ments of  the  workmen,  actual  problems  are 
faced,  and  there  is  no  attempt  to  create  arti- 
ficial conditions ;  the  student  is  able  to  sense 
the  thoughts  and  feelings  of  the  workmen, 
while  the  workmen  in  turn  are  better  able  to 
understand  the  qualities  possessed  by  their 
instructor. 

The  reception  which  is  being  accorded  the 
movement  may  be  judged  from  the  fact  that 
about  3,500  students  in  200  colleges  have  en- 
gaged regularly  in  industrial  service  during  the 
past  year,  while  it  is  estimated  that  3,000  grad- 
uates are  active  in  some  form  of  industrial 
betterment.  In  general,  leadership  in  the  move- 
ment is  vested  in  the  Young  Men's  Christian 
Association,  through  its  various  departments, 
although  the  co-operation  of  recognized  agen- 
cies for  industrial  and  social  betterment  is 
sought. 

We  believe  there  are  few  activities  open  to 
the  engineering  student  which  off^er  such 
promise  for  the  betterment  of  all  concerned 
as  does  the  industrial  service  movement.  It 
is  unquestionably  true  that  no  student  can  en- 
gage actively  in  such  work  without  acquiring 
a  better  conception  of  the  possibilities  and  re- 
sponsibilities of  industrial  work.  If  such  a 
man  makes  the  best  of  his  opportunities,  and 
continues  his  interest  in  such  work  after  grad- 
uation— and  it  is  extremely  probable  that  his 
interest  will  be  held  if  once  gained — he  will 
be  an  important  factor  in  the  solution  of  many 
of  the  problems  now  facing  capital  and  labor. 
It  is  certain  that  an  engineer's  success  is  as- 
sured if  he  shows  real  ability  in  such  work. 
The  engineering  student  is  neglecting  a  very 
promising  field  if  he  does  not  make  the  most 
of  every  opportunity  to  engage  in  industrial 
service  work — in  fact  few  engineers  are  too 
old  to  profit  by  such  work. 


Some   Features   of  the   United   States 

Steel  Corporation's  Report  for 

1914. 

The  report  of  the  L'nited  States  Steel  Cor- 
poration for  1914  presents  an  interesting 
study  of  certain  phases  of  the  iron  and  steel 
trade.  In  general,  the  report  reflects  the  con- 
dition of  that  trade  for  1914,  although  the 
returns  of  several  large  independent  com- 
panies are  somewhat  more  favorable.  Con- 
trasted with  1913  the  gross  receipts  of  the 
corporation  decreased  $238,479,307,  or  about 
30  per  cent,  while  the  net  earnings  declined 
$65,517,730,  or  about  48  per  cent.  As  was 
to  be  expected  this  large  decrease  in  business 
resulted  in  an  increased  ratio  of  expenses  to 
business  handled,  the  total  of  all  operating 
and  renewal  charges  for  the  year  being  about 
85  per  cent  of  the  gross  receipts.  During 
1914  there  was  expended  for  additional  prop- 
erty, new  plants  and  other  permanent  im- 
provements $23,171,013;  of  this,  the  sum  of 
$2,046,176  was  spent  for  steamships  for  ex- 
port trade,  and  $4,649,196  for  a  new  plant  at 
Duluth,    ^iinn.     Bonds   of   subsidiary   compa- 
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nies  were  issued  to  the  amount  of  $9,407,000. 
while  the  total  amount  of  bonds  paid  ofT  or 
redeemed  by  various  sinking  funds  was 
$9,5.35,264,  making  the  net  decrease  in  the 
funded  debt  $128,264.  The  total  amount 
charged  for  plant  depreciation  and  mineral 
e.xhaustion  from  lands  owned  was  $64,847,- 
641. 

There  is  outstanding  $508,302,500  of  com- 
mon stock,  $360,281,100  of  preferred  stock, 
and  $589,043  of  subsidiary  company  stocks. 
The  corporation  places  its  total  assets  at 
$1,792,233,493.  .'\fter  meeting  various  charges 
there  was  available  for  the  payment  of  divi- 
dends, etc.,  the  sum  of  $23,496',768.  The  ac- 
tual payments  of  dividends  during  1914  were 
$25,219,677  on  the  preferred  stock — at  the  rate 
of  7  per  cent — and  $15,249,075  on  the  common 
stock — at  3  per  cent — the  previous  common 
stock  dividend  being  at  the  rate  of  5  per  cent. 
The  common  stock  dividends  include  two  of 
1%  per  cent  each  and  one  of  %  per  cent,  no 
dividend  being  paid  for  the  last  quarter  of 
1914.  From  these  figures  it  is  seen  that,  to 
meet  these  dividends,  the  sum  of  $16,971,984 
was  paid  from  the  surplus  account.  This  sur- 
plus account,  after  setting  aside  $55,000,000 
to  meet  capital  accounts,  remains  at  $135,204,- 
472. 

The  amount  of  iron  ore  mined  during  1914 
was  greatly  under  the  production  for  1913, 
the  respective  tonnages  being  17,034,981  and 
28,738,451.  The  blast  furnace  production  for 
1914  was  10,052,457  tons  (of  which  9,909,062 
tons  were  pig  iron),  while  for  1913  it  was 
14,080,730  tons  (of  which  13,879,706  tons  were 
pig  iron).  The  steel  ingot  production  for 
1914  was  11,826,476  tons  (4,171,510  tons  of 
Bessemer  ingots  and  7,674.966  tons  of  open- 
hearth  ingots),  while  for  1913  it  was  16,656,- 
361  tons  (6,131.809  tons  of  Bessemer  ingots 
and  10,524,552  tons  of  open-hearth  ingots). 
The  production  of  rolled  and  other  finished 
products  for  1914  was  9,014,512  tons,  while 
for  1913  it  was  12,374,838  tons.  The  produc- 
tion of  "Universal"  Portland  cement  for  1914 
was  9,116,000  bbls.,  and  for  1913,  11,197,000 
bbls.  Other  products  produced  extensively 
include  limestone,  coal  and  coke. 

On  account  of  the  uncertain  condition  of 
the  steel  industry  existing  at  the  close  of  the 
year,  because  of  unsatisfactory  stock  market 
conditions,  and  due  to  the  fact  that  a  large 
number  of  employees  had  been  laid  off,  it  was 
decided  not  to  offer  employees  the  usual  an- 
nual privilege  of  subscribing  for  stock  under 
the  plan  which  had  been  observed  during  each 
of  the  preceding  twelve  years.  At  the  close 
of  the  year  there  were  40,719  employees  who 
had  subscribed  for  stock  during  the  preceding 
five  years,  and  who  at  that  time  either  held 
stock  certificates  in  their  own  names  or  were 
paying  for  them  on  the  installment  plan.  Dur- 
ing the  year  there  was  disbursed  by  the  trus- 
tees of  the  United  States  Steel  and  Carnegie 
Pension  Fund  the  sum  of  $548,980.62,  there 
being  at  that  time  2,521  names  on  the  pen- 
sion  rolls. 

Even  though  the  showing  for  1914  was  de- 
cidedly unsatisfactory  the  corporation  ad- 
hered to  its  plan  of  expending  during  the 
year  the  sum  of  $23,171,013  for  new  plants 
and  extensions,  which  indicates  that  the 
management  was  hopeful  of  the  future.  It 
is  interesting  to  note  that  the  increases  in 
production  reported  since  the  first  of  the  year 
seem  to  have  justified  this  policy  and  point 
to  a  gradual  return  to  normal  conditions.  The 
scale  of  wages  was  not  reduced  during  the 
past  year,  although  there  was  a  considerable 
reduction  in  the  number  of  men  employed. 
The  corporation  reports  179,353  men  em- 
ployed in  1914  as  against  228,906  men  em- 
ployed during  the  preceding  busy  year.  Of 
the  total  working  force  about  73  per  cent 
were  employed  in  the  manufacturing  plants, 
about  15  per  cent  in  iron  ore  and  coal  mining, 
and  about  12  per  cent  in  transportation  and 
miscellaneous  activities.  The  sum  paid  for 
wages  in  1914  represents  29.1  per  cent  of  the 
gross  receipts. 

The  corporation  in  its  report  makes  note  of 
the  termination  of  the  "Hill"  ore-land  leases, 
but  does  not  comment  on  its  ultimate  effect. 


The  statement  is  made  that  the  ore  actually 
mined  slightly  exceeded  the  minimum  called 
for  in  the  contracts,  which  probably  means 
that  the  price  paid  for  this  ore  was  high.  The 
corporation  still  has  extensive  ore  deposits  in 
Minnesota  and  Michigan. 


The     Serviceableness     of     Reinforced 

Concrete  Standpipes. 

A  sufficient  number  of  reinforced  concrete 
standpipes  have  been  in  service  for  a  long 
enough  period  to  justify  a  review  of  the  per- 
formance of  this  class  of  structures.  There 
is  interest  therefore  in  a  discussion  on  this 
subject  at  a  recent  meeting  of  the  New  Eng- 
land Water  Works  Association.  A  number 
of  reinforced  concrete  standpipes  have  been 
in  use  for  several  years  in  that  section  of 
the  country  and  it  was  of  these  that  the  mem- 
bers spoke  chiefly. 

Leaks  at  the  construction  joints  of  the 
Westerly,  Rhode  Island,  standpipe,  which  is 
40  ft.  in  diameter  and  70  ft.  high,  developed 
as  soon  as  water  was  first  turned  in.  Hot 
parafl^n  was  unsuccessfully  tried  as  a  water- 
proof interior  coating,  and  plastic  slate  was 
later  unsuccessfully  used  to  fill  cracks.  The 
latter  substance  imparted  an  objectionable 
taste  to  the  water.  Leaks  continued  to  de- 
velop every  time  the  standpipe  was  emptied 
and  filled.  In  1911  the  entire  inside  was 
waterproofed  by  alternate  layers  of  felt  and 
coats  of  bituminous  paint.  The  felt  was  ap- 
plied in  five  layers,  each  saturated  with  a 
bituminous  compound.  No  conspicuous  leaks 
have  since  developed.  Ice  does  not  form  in 
this  tank,  as  it  handles  a  ground  water  of 
uniformly  high  temperature   (54°  F). 

At  .\ttleboro,  Mass.,  the  standpipe,  50  ft.  in 
diameter  and  100  ft.  high,  leaked  from  its  first 
filling.  Thirteen  coats  of  Sylvester's  wash 
(potash  soap  and  alum)  were  applied,  but  this 
coating  cracked,  and  watertightness  was  not 
secured.  The  e.xterior  spalled  off  badly  and 
the  reinforcement  was  exposed  at  some  points. 
The  interior  was  finally  waterproofed  as  at 
Westerly  and  the  structure  is  now  being  en- 
cased in  an  8-in.  brick  wall.  The  latter  enter- 
prise is  something  of  a  concession  to  popular 
opinion  which  was  exercised  somewhat  at  the 
appearance  of  the  structure  and  was  fearful 
as  to  its  stability. 

At  Waltham,  Mass.,  the  standpipe,  100  ft.  in 
diameter  and  37  ft.  in  depth,  suflfered  spalling 
over  its  lower  half.  This,  of  course,  is  detri- 
mental to  the  appearance  but  has  not  impaired 
the  stability  of  the  structure.  A  brush  coat 
of  tar  was  unsuccessful  applied  to  the  interior 
as  a  waterproofing  medium.  At  Manchester, 
Mass.,  the  standpipe,  50  ft.  in  diameter  and  72 
ft.  in  height,  developed  seepage  at  numerous 
points,  and  one  large  crack  formed  as  soon  as 
the  water  was  turned  in.  Lead  plate  coverings 
for  the  cracks  were  unsuccessfully  applied,  but 
recourse  was  finally  had  to  an  asphalt  water- 
proofing. This  tank  also  spalled  oflf  due  to  the 
freezing  and  thawing  of  the  seepage  water. 

In  this  issue  of  Engineering  .^iND  Con- 
TR.\CTING  we  publish  an  article  which  gives 
data  on  and  discusses  reinforced  concrete 
standpipes.  The  author  presents  diagrams 
showing  the  relation  between  diameter  and 
height  of  60  standpipes,  capacities,  and  rela- 
tion between  diameter  and  cost  per  1,000  gals, 
capacity.  Our  contributor  has  had  extensive 
experience  with  structures  of  this  type  and  he 
has  been  uniformly  successful  in  the  use  of 
concrete  for  this  purpose.  It  is  interesting  to 
note  that  this  experience  has  been  gained  in 
Wisconsin  and  the  surrounding  regions  where 
the  action  of  frost  cannot  be  called  mild.  The 
results  of  this  experience  has  made  our  con- 
tributor enthusiastic  over  the  dependability  of 
the  properly  built  reinforced  concrete  stand- 
pipe,  and  he  wisely  concludes  that  they  may  be 
used  wherever  local  cost  conditions  are  favor- 
able. 

As  in  all  other  uses  of  this  material  a  very 
great  deal  depends  upon  the  builder.  We  have 
enumerated  a  number  of  cases  where  seepage 
troubles  have  occurred.  There  are  other  stand- 
pipes  in  existence  in  which  troubles  from 
leakage  have  not  been  experienced.  Thus,  in 
the  topical   discussion   to   which   we   have   re- 


ferred, one  speaker  stated  that  he  had  used  a 
1:1:2  mix  in  standpipes  up  to  60  ft.  in  height 
and  had  thus  avoided  leakage.  Experience 
in  uses  of  concrete  for  other  purposes,  as  well 
as  for  that  here  under  discussion,  indicate  that 
tight  tanks  can  be  secured  with  a  rich,  well- 
puddled  mix  up  to  the  height  mentioned. 
Where  leaks  do  occur  it  is  probably  cheaper 
in  the  long  run  to  avoid  experimenting  with 
makeshift  repair  methods  and  to  pass  at  once 
to  some  form  of  asphaltic  lining  which  has 
been  used  with  uniform  satisfaction.  For 
standpipes  holding  much  over  60  ft.  of  water 
the  lining  with  asphalt  and  felt  of  the  portion 
in  excess  of  this  depth  is  worthy  of  considera- 
tion in  the  original  design. 


Abandoned  Irrigation   Canals  and  the 
Lesson  They  Teach. 

A  noteworthy  history  of  irrigation  in 
Nebraska  is  published  in  the  biennial  report 
just  issued  by  State  Engineer  Donald  D. 
Price.  Though  specifically  the  record  of  one 
western  state  the  conditions  described  are 
largely  true  of  irrigation  in  the  western  Uni- 
ted States.  Partial  utilization  only  of  many 
sources  of  water  supply,  great  ditch  overdraft 
on  other  sources,  over  irrigation  necessitating 
drainage,  excessive  seepage  losses  and  all  the 
other  inadequacies  of  construction  and  opera- 
tion that  are  familiar  to  students  of  irrigation 
are  set  down  in  this  story  of  irrigation  in 
Nebraska  and  are  true  of  nearly  every  state 
north  and  south  and  west  that  practices  irri- 
gation. In  particular,  however,  it  will  interest 
irrigationists  to  note  the  extent  of  irrigation 
canal  abandonment. 

The  irrigation  canal  system  of  Nebraska  is 
estimated  by  the  report  to  have  cost  $11,- 
871,623.  In  1914.  there  were  in  operation  only 
53  per  cent  of  all  the  canals  built  and  only  60 
per  cent  of  all  the  mileage  of  constructed 
canals.     A  summary  from  the  tables  follows : 

Oper-     Per 

Item.  Built.  ated.     cent. 

Number  of  canals 734  391         53 

Mileage  of  canal 2,414  1,441         60 

.'Acreage  under  canal 951,000         684,642         73 

What  are  the  causes  responsible  for  this 
condition?  First,  in  the  great  majority  of 
cases  the  normal  flow  of  the  stream  is  not 
sufficient  to  supply  the  entire  acreage  under 
canal — the  stream  is  over-ditched.  Some 
canals  cover  lands  for  which  water  rights 
have  not  been  granted  and  while  the  lands  lie 
below  the  canal  water  cannot  be  used  upon 
them.  Some  of  the  land  under  canal  has  by 
over-irrigation  become  water-logged  and  can- 
not be  again  cultivated  until  it  has  been 
drained.  Subirrigation  lias  removed  some 
land  from  need  of  the  canal  supply.  Some  of 
the  canals  were  built  during  the  great  drouth 
of  the  early  nineties  and  in  later  wetter  years 
there  has  been  no  occasion  for  their  use.  On 
the  South  Platte  River  where  only  37  per  cent 
of  the  total  mileage  of  built  canals  was  op- 
erated in  1914,  the  large  percentage  of  aban- 
doned canals  is  explained  as  follows : 

The  canals  were  constructed  at  a  period  when 
there  was  sufficient  flow  in  the  river  to  supply 
them.  Later  diversions  were  made  in  Colorado 
and  the  part  of  the  river  in  Nebrasl^a  is  dry  for 
the  greater  portion  of  the  year. 

That  this  abandonment  of  canals  represents 
a  financial  loss  is  obvious.  How  great  a  loss 
it  represents  is  pure  speculation.  The  fact 
that  such  loss,  whatever  its  amount,  has  been 
suffered  is  an  indictment  of  irrigation  en- 
gineering but  it  is  important  not  to  be  led  into 
exaggerating  the  seriousness  of  this  indict- 
ment. Some  of  the  named  causes  for  canal 
abandonment  follow  from  inadequate  en- 
gineering at  the  beginning;  for  other  causes 
named  engineering  is  in  nowise  responsible. 
And  it  must  never  be  forgotten  that  a  certain 
amount  of  development  waste  is  a  part  of  the 
growth  of  any  industry.  The  growth  of  our 
transportation  systems  shows  this  plainly:  it 
exists  in  our  water  power  development,  and 
it  exists  in  irrigation  development.  These 
facts  do  not  excuse  careless  engineering  in 
future  irrigation  development;  rather  they 
warn  engineers  of  the  need  of  more  careful 
studv  in  the  future. 


April   14,   1915. 


Engineering   and    Contracting 


331 


A  Discussion  of  the  Price  of  a  Road. 

The  price  of  a  road  is  defined  in  another 
column  of  this  issue  as  the  sum  of  the  con- 
struction cost,  the  upkeep  cost,  the  interest 
cost  and  the  depreciation  cost.  On  this  pre- 
sumption the  price  of  three  types  of  road 
most  popular  in  Illinois  are  estimated.  We 
hold  no  brief  for  the  accuracy  of  these  esti- 
mates but  we  do  desire  to  commend  to  en- 
gineers and  road  officials  generally  the  wis- 
dom of  economic  studies  of  this  character 
in  selecting  types  of  roads  for  the  various  lo- 
calities in  which  they  are  engaged. 

It  has  been  urged  frequently  in  these  col- 
umns that  the  general  adoption  throughout 
any  state  of  costly  hard  pavements  was  un- 
wise. In  prosperous  states  like  Illinois  there 
are  many  places  where  the  best  of  permanent 
pavement  is  warranted  but  there  are  also 
more  places  where  dirt,  gravel  and  water 
bound  macadam  are  demanded  by  all  eco- 
nomic reasoning.  The  article  referred  to 
outlines  the  manner  of  such  reasoning  by  spe- 
cific examples.  At  the  same  time  the  author 
wisely  warns  the  reader  that  blind  adherence 
to  such  mathematical  considerations  is  as 
illogical  as  it  is  to  give  them  no  attention. 

Briefly,  under  present  conditions,  it  is 
pointed  out,  the  public  is  warranted  in  adapt- 
ing types  of  construction  that  run  higher  in 
construction  cost  than  mathematical  consid- 
eration would  seem  to  justify.  The  rapidly 
changing  character  of  traffic  conditions  is  one 
reason.  In  anticipation  of  a  service  which  is 
becoming  more  severe  each  year  expenditures 
for  road  construction  should  be  directed  with 
consideration  of  the  future.  Another  reason 
for  adopting  high  cost  permanent  construc- 
tion lies  in  the  fact  that  the  least  expensive 
constructions  presuppose  the  existence  of  a 
methodically  handled  and  economically  ad- 
ministered system  of  maintenance.  Until  such 
a  maintenance  system  exists  wisdom  in  ex- 
penditures for  road  improvement  would  seem 
to  suggest  that  the  types  least  expensive  in 
construction  cost  should  be  avoided  unless 
their  economy  is  assured  by  a  fair  preponder- 
ance of  evidence. 

The  problem  of  the  economic  road  is  far 
from  simple.  The  broad  subject  of  road 
economics  is  much  more  intricate.  Students  of 
both   cannot  yet   see  the  way  clearly,  and  to 


the  public  generally  it  is  practically  a  hidden 
way.  The  paper  that  we  abstract  and  have 
here  commented  on  is  suggestive  as  one  of  a 
class  of  discussions  directed  to  the  instruction 
of  the  road  user.  The  production  of  such 
discussions  deserves  to  be  encouraged.  In 
the  beginning  the  task  was  to  influence  the 
will  of  the  people  in  favor  of  road  improve- 
ment in  general.  This  task  has  been  fairly 
well  accomplished,  and  the  next  step  is  in- 
struction  in  the  economics  of  roads. 


A  Profitable  Field  for  Committee  Work 

in  Improving  the  Quality  of  Non- 

corrodible    Metallic    Alloys 

Used  in  Water  Works 

Construction. 

For  more  than  40  years  water  works  en- 
gineers have  been  buying  on  the  open  market 
copper  alloys  resistant  to  corrosion  in  the 
presence  of  water  or  heavy  moisture  content 
of  the  air.  Thus  these  alloys,  commonly 
called  brasses  and  bronzes,  have  been  selected 
by  the  engineer  without  special  knowledge  of 
their  properties  or  their  peculiar  fitness  to 
perform  the  requisite  service.  Of  late  water 
engineers  have  begun  to  view  such  alloys  with 
a  more  critical  eye;  this  critical  attitude  being 
augmented  by  troubles  with  these  materials 
on  the  Catskill  Aqueduct  construction.  On 
that  great  enterprise  an  unprecedented  amount 
of  forgeable  alloys  was  used,  aggregating 
nearly  3,000,000  'lbs.,  about  two-thirds  of 
which  was  in  the  form  of  castings  and  the 
balance  in  forgings.  This  extensive  use, 
coupled  with  rigid  inspection,  has  served  to 
bring  out  some  of  the  present  limitations  of 
available  copper  alloys  in  water  works  con- 
struction. 

On  the  Catskill  Aqueduct  work  the  castings, 
ranging  in  weight  from  less  than  a  pound  to 
eleven  tons  each,  gave  no  trouble.  It  was 
with  such  forms  as  bolts,  ladder  rungs,  pipes, 
plates,  flat  bars,  long  rods  and  rivets  that  the 
failures  were  experienced.  Many  brass  bolts 
failed  without  having  been  stressed  and  oth- 
ers failed  on  exposure  to  low  temperatures 
in  the  absence  of  stress.  These  failures  were 
numerous  and  important. 


It  is  highly  significant  to  note  that  these 
forgings  were  obtained  from  various  manu- 
facturers in  New  England,  New  York,  New- 
Jersey  and  Pennsylvania.  No  brand  or  make 
of  brass  or  bronze  gave  full  satisfaction. 
Thus  the  defects  in  these  materials  may 
fairly  be  regarded  as  general,  and  the  indi- 
vidual manufacturer  is  quite  blameless  for 
the  shortcomings  of  the  alloys  as  now  made. 
it  may  safely  be  asserted  that  all  the  manu- 
facturers are  endeavoring  to  sitpply  satis- 
factory materials.  We  bespeak  for  them  the 
co-operation  of  engineers  in  their  endeavor  to 
make  fully  dependable  alloy  forgings. 

Publicity  given  the  failures  on  the  Catskill 
Aqueduct  is  tending  to  reopen  the  whole  sub- 
ject of  the  manufacture  of  these  goods.  In 
this  issue  we  publish  an  article  which 
enumerates  the  properties  of  the  ideal  alloy, 
and  compares  with  the  ideal  the  attributes  of 
the  copper-tin  (bronzes),  copper-zinc  (brass- 
es), copper-nickel,  and  nickel-steel  alloys. 
Engineers  who  desire  to  inform  themselres  on 
this  subject  will  find  this  article  an  excellent 
introduction  to   further  study. 

Following  a  study  of  the  experiences  of  the 
Catskill  Aqueduct  engineers  with  the  alloys 
used  on  that  work  the  following  queries  were 
propounded :  Can  dependab'e  alloy  forgings 
be  produced  ?  What  specifications  should  gov- 
ern their  manufacture?  What  inspection  meth- 
ods and  tests  should  be  adopted?  What  ac- 
celerated tests  can  be  used?  What  working 
stresses  should  be  allowed?  What  will  be  the 
resistance  to  fatigue  of  these  alloys? 

It  seems  that  in  the  foregoing  queries  we 
see  a  field  for  profitable  committee  work. 
Would  it  not  be  a  good  plan  for  the  American 
and  New  England  Water  Works  Associations, 
the  American  Society  for  Testing  Materials, 
and  other  interested  organizations,  to  appoint 
a  joint  committee  to  take  up  the  study  of 
these  matters  in  co-operation  with  the  manu- 
facturers? It  seems  to  us  that  the  need  of 
such  action  is  strongly  indicated,  for  the 
queries  show  that  exact  knowledge  of  the  sub- 
ject is  wanting.  A  set  of  standard  specifica- 
tions governing  the  manufacture  and  use  of 
these  alloys  would  be  invaluable  to  the  water 
works  interests  of  the  country  and,  naturally, 
will  be  highly  beneficial  to  the  manufacturers. 
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Data    and    Discussion   on    the    Design, 
Construction    and    Cost   of    Rein- 
forced Concrete  Standpipes. 

Ciintriliuted     by    W.     G.     Kiichoffer,     CoiusuUing 

.Sanitary  and  Hydraulic  Engineer. 

Madison,   Wis. 

Reinforced  concrete  has  been  used  for  tlie 
past  'jiO  years  for  the  construction  of  stand- 
pipes.  The  first  one  to  be  constructed,  of 
which  we  have  record,  was  at  Calbe,  Germany, 
in  1807.  Since  that  time,  they  have  been  con- 
structed in  at  least  twelve  different  countries. 
Of  60  standpipes  of  which  records  have  been 
published,  there  are  46  in  the  United  States, 
o  in  Germany,  .3  in  each  Belgium  and  France, 
2  in  each  Mexico,  Cuba  and  Italy  and  1  in  each, 
Holland,  Russia  and  England.  Of  the  46  in 
the  United  States,  14  are  in  Massachusetts,  6 
in  Wisconsin,  4  in  Virginia,  3  in  Ohio,  Cali- 
fornia, Rhode  Island  and  New  Hampshire,  2  in 
Maine  and  Connecticut,  and  1  in  each,  New- 
Jersey,  Missouri,  Georgia,  New  York.  Minne- 
sota and  Vermont.  The  above  list  does  not 
include  railroad  tanks  or  individual  supply 
tanks.  There  are,  of  course,  many  more  that 
have  not  been  mentioned  in  available  litera- 
ture. That  reinforced  concrete  is  becoming 
popular  as  a  material  for  these  structures 
.  cannot  be  doubted. 

lUAMKIFR   .\Nn  HEIGHT. 

Figure  1  shows  data  on  standpipes  with  re- 
spect to  diameter  and  height.  From  this  dia- 
.gram,  the  conclusion  can  be  drawn  that  the 
majority  of  standpipes  arc  under  40  ft.  in  both 


height  and  diameter;  that  standpipes  of  larger 
diameter  than  50  ft.  are  comparatively  few 
and  that  standpipes  of  great  height,  over  70  ft., 
are  of  comparatively  small  diameter. 
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From  some  computations  I  have  made,  it 
can  be  shown  that  standpipes  of  large  diameter 
and  height  are  not  economical  in  first  cost 
which  may,  in  a  way,  account  for  the  facts 
revealed  by  the  diagram. 

C.\PACITY   .\ND  COST   OF   ST.^NllPIPES. 

Figure  2  shows  the  relation  between  diameter 
and  capacity  of  standpipes  and  further  verifies 
the  statement  made  above  that  the  greatest 
number  of  standpipes  are  of  comparatively 
small  capacity.  The  relationship  of  number 
to  capacity  is  fairly  uniform  until  a  capacity 
of  200,000  -gals,  is  reached,  wlien  the  number 
begins  to  fall  off  in  proportion  to  the  size 
with  a  further  reduction  in  numbers  from  500,- 
00<.'  g,ils.  upward. 

Figure  3  shows  the  relation  of  cost  per 
1,000  gals,  to  diameter.  No  definite  conclu- 
sions can  be  drawn  from  this  diagram,  as  there 
were  so  few  records  of  cost  available.  A 
curve  of  maximum  cost  per  1,000  gals.,  which 
may  be  of  interest  in  estimating  the  cost  of 
similar  structures  or  in  making  comparisons 
with  the  cost  of  steel  tanks  and  standpipes, 
has  been  placed  on  the  diagram,  but  no  great 
amount  of  reliance  should  be  placed  upon  it 
in  making  exact  estimates. 

i:\-PERTi;NCK    IN    DESIGN    AND    CONSTRUCTION. 

The  first  standpipe  to  be  constructed  under 
my  plans  and  specifications  was  at  Monticello, 
Wisconsin.  This  standpipe  is  14  ft.  internal 
diameter  by  50  ft.  high  u-ith  w-alls  12  ins.  thick 
for  full  height.  The  concrete  was  mixed  in 
the  proportion  of  1  :2  ;4  and  was  reinforced 
with  %  in.,  %  in.  and  %  in.  round  rods.     The 
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walls  were  poured  in  sections  5  ft.  high  with 
no  special  provisions  for  preventing  leakage 
along  the  horizontal  joints,  except  to  clean  the 
set  concrete  thoroughly  and  cover  it  with  a 
grout  coat  before  depositing  the  next  course 
of  concrete.  The  structure  was  waterproofed 
by  plastering  the  inner  surface  with  a  %  in. 
coat  of  one  to  one  mortar  and  surfaced  hard 
and  smooth  like  a  sidewalk.     The  surface  was 
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then  covered  with  two  coats  of  "Hydrex  Pre- 
servative Paint."  When  the  structure  was 
complete,  it  was  filled  with  water  and  allowed 
to  stand  for  several  days.  A  few  small  leaks 
developed,  mostly  along  the  line  of  the  joints. 
Few  of  these  leaks  were  of  sufficient  magni- 
tude to  wet  the  exterior  surface  of  the  stand- 
pipe  to  the  base,  but  usually  evaporated  as 
fast  as  the  water  seeped  through.  The  evap- 
oration of  the  water  left  a  white  lime  deposit 
on  the  surface  of  the  wall  as  shown  in  Fig.  4. 
The  standpipe  was  constructed  by  day  labor 
at  a  labor  and  material  cost  of  $1,977.46,  as 
per  detailed  statement  below.  Bids  were 
taken  on  the  construction  of  the  standpipe  but 
were  all  rejected.  There  were  four  bids  rang- 
ing from  $2,796.50  to  $?!.349. 

DETAILED  COST  OF  STANDPIPE, 
MONTICELLO,  WIS. 

Labor    $    524.92 

Steel  reinforcing   362.30 

Cement    434.2:: 


it.^JAM  ■■Be     > 


Fig.  4.    View  of  Reinforced  Concrete  Stand- 
pipe   at    Montlcello,    Wis. 

Lumber  for  forms 144.97 

Hardware    42.S6 

Concrete  mixer    195.00 

Gravel  and   sand 190.94 

Hoist     m.'ci 

Pipe,   elbows,   etc 25.70 

Paint    17.65 


Cost  for  labor  and  materials $1,977.46 

The   Belleville   standpipe,  Fig.  5,  was  built 
in    almost   exact   duplicate   of   the    Monticello 


by  day  labor.  The  results  so  far  as  leakage  are 
concerned  were  about  the  same.  The  amount 
of  leakage  in  any  of  these  was  very  small;  an 
inappreciable  amount  so  far  as  the  cost  or 
loss  of  water  is  concerned.  As  to  damage  to 
the  standpipe,  no  evident  signs  were  noticed 
after  use  for  two  or  three  years.  The  leakage 
was   not   sufficient   for  the   frost   to   spall  off 
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one  with  the  exception  that  an  effort  was  made 
to  prevent  the  leakage  along  the  joints  and, 
for  that  purpose,  strips  of  tin  or  galvanized 
iron  12  ins.  wide  were  inserted  in  the  top  of 
each  ring  while  the  concrete  was  soft  and  al- 
lowed to  project  6  ins.  above  so  as  to  form  a 
bond  with  the  ne.xt  ring.  The  scheme,  how- 
ever, did  not  prove  successful,  as  the  stand- 
pipe  showed  more  joint  leakage,  judging  from 
the  deposit  left  on  the  wall,  than  the  Monti- 


the  concrete  and  the  leaks  did  not  seem  to 
get  any  larger  but,  on  the  other  hand,  appeared 
to  get  smaller.  The  only  apparent  damage 
done  by  these  leaks  is  from  an  esthetic  stand- 
point. From  a  distance,  especially  in  cold 
weather,  the  standpipe  looks  as  though  it  was 
shrouded  in  icicles  but  in  reality  it  is  only 
the  residue  from  evaporation. 

METHOD  OF   CONSTRUCTION. 

The  method  used  in  constructing  the  side- 
walls  was  to  build  both  an  outside  and  inside 
form,  each  6  ft.  high,  as  shown  in  Fig.  6. 
These  were  made  in  two  sections  so  that  they 
could  be  readily  raised.  In  the  earlier  stand- 
pipes,  the  forms  were  made  in  four  pieces  and 
each  tinje  were  lowered  to  the  ground  before 
being  set  for  the  next  ring  but,  in  the  later 
ones,  the  forms  were  only  loosened  sufficiently 
to  free  the  concrete  and  were  then  raised  by 
four  sets  of  blocks  and  tackles  supported  on 
cross  timbers  spiked  to  the  upright  of  the  in- 
side scaffold.  No  outside  scaffold  was  used. 
The  outer  form  was  held  in  place  by  a  %-in. 
steel  cable  with  turn  buckles  at  the  ends. 


Fig.  5.    View  of  Reinforced  Concrete  Stand- 
pipe  at  Belleville,  Wis. 

cello  one  did.  This  standpipe  cost  $2,400  under 
contract.  At  Wauzeka,  a  standpipe  16  ft.  in 
diameter  by  30  ft.  high  was  constructed  at  a 
cost  of  $1,550  and  another  one  at  Mellen,  16 
ft.  diameter  bv  55  ft.  high  at  a  cost  of  $2,500 


Fig.  6.    View  Illustrating  Method  of  Raising, 

by  Block  and  Tackle,  Sections  of  Forms 

In  Concrete  Standpipe  Construction. 

DESIGN. 

In  the  design  of  these  standpipes,  I  have 
not  considered  the  concrete  as  taking  any  di- 
rect stress  in  tension.     This  was  all  taken  care 
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of  by  the  circular  steel  rods.  However,  the 
concrete  was  depended  upon  to  transmit  the 
tensional  stresses  to  the  rods.  The  walls  were 
made  uniformly  12  ins.  thick,  principally  to 
aid  in  making  the  walls  watertight  and  sec- 
ondarily to  simplify  the  form  work  and  the 
carrying  on  of  the  work. 

ROOFS    AND    DECORATIONS. 

The  roofs  on  all  of  these  standpipes  were 
dome  shaped  with  radii  same  as  standpipe.  In 
this  way,  the  ribs  used  on  the  inside  forms 
could  be  used  for  the  supporting  arches  and 
the  lagging  used  to  cover  them.  A  flat  cover 
could  have  been  used  as  well  so  far  as  service 
is  concerned  but  w-ould  not  give  as  pleasing 
an  appearance. 

A  cornice  about  8  ins.  thick  by  12  ins.  wide  is 
made  around  the  top  with  ten  flat  sides.  Be- 
low this  are  raised  panels  11  ins.  wide  by  2  ft. 
8  ins.  long  and  projecting  1  in.  These  are 
made  by  removing  two  adjacent  boards  of  the 
outside  form  for  a  length  of  2  ft.  8  ins.  and 
covering  the  opening  by  boards  on  the  outside 
of  the  regular  forms  thereby  leaving  an  offset 
1  in.  deep.  A  simpler  plan  and  one  perhaps 
as  effective  would  be  to  make  a  sunken  panel 
by  placing  1-in.  boards  of  proper  size  on  inside 
of  forms. 

PATENTED  SLIDING  BASE. 

A  United  States  patent  has  been  issued,  to 
an  eastern  concern,  for  a  sliding  base  for  the 
wall  of  the  standpipe,  with  an  asphalt  joint 
on  the  inside  to  insure  water  tightness.  It  is 
the  claim  of  the  patentees  that  the  cause  of 
leakage  is  due  to  stresses  set  up  in  the  wall 
caused  by  the  bottom  of  the  wall  not  being 
able  to  expand  as  the  pressure  increases  and 
that  if  the  walls  are  not  fast  to  the  bottom  or 
otherwise  secured,  the  leakage  will  be  reduced 
to  a  minimum.  None  of  the  standpipes  con- 
structed under  my  specifications  have  been 
built  in  this  way,  but  I  did  design  one  for  the 
village  of  Albany,  Wis.  where  I  did  incor- 
porate something  of  this  sort,  but  was  imme- 
diately notified  by  wire  (at  my  expense)  that 
a  royalty  of  $200  would  be  demanded,  so  we 
rejected  all  the  bids  and  put  up  a  steel  tank 
and  tower. 

COST  GOVERNS  CHOICE  BETWEEN   CONCRETE  STAND- 
PIPES,    STEEL    STANDPIPES    AND    STEEL 
TANKS  AND  TOWERS. 

That  concrete  is  a  proper  alternate  material 
with  steel  for  similar  structures  cannot  be 
denied  by  any  one  versed  in  the  subject.  Ex- 
perience with  steel  standpipes  has  been  disas- 
terous  in  numerous  cases.  (See  W.  D.  Pence's 
book  on  Standpipe  Failures.)  However,  the 
substituting  of  a  concrete  standpipe  for  an 
elevated  steel  tank  may  not  always  be  ad- 
visable or  economical.  Each  problem  should 
be  studied  out  for  the  conditions  to  be  met 


Some    Considerations     Affecting     the 

Choice  of  Alloys  in  Water  Works 

Design. 

(Staff  Abstract.) 
Non-corrodible  metallic  alloys  are  used  in 
place  of  iron  or  steel,  in  water  works  design, 
when  equipment  is  inaccessible  or  where  the 
danger  exists  of  interruption  to  service  re- 
sulting from  corrosion.  The  engineer  has 
usually  accepted  such  alloys  as  were  readily 
obtainable  on  the  market,  without  thought  of 
the  special  fitness  of  the  alloy  selected  for 
any  particular  service.  The  use  of  such  al- 
loys is  on  the  increase  and  their  proper  selec- 
tion is  correspondingly  increasing  in  import- 
ance, said  Horace  Carpenter,  of  the  Eneineer- 
ing  Department  of  the  Sanitary  District  of 
Chicago  in  discussing  the  available  alloys  and 
their  properties  in  his  paper  before  the  Illi- 
nois Section  of  the  American  Water  Works 
Association. 

FORMS    OF    ALLOYS    IN    WATER    WORKS    CONSTRUC- 
TION. 

Alloys  are  used  for  water  works  construc- 
tion in  two  forms:  (1)  Castings,  and  (2)  bars 
or  tubes.  They  are  cast  when  it  is  possible 
for  the  material  to  pass  directly  from  the 
foundry  to  the  point  of  use.  The  bar  or  tnl)e 
form  is  used  where  the  alloy  is  forged,  rolled, 
extruded  or  drawn  after  leaving  the  foundry, 


thus    changing    the    structure    of    the   material 
and  its  physical  characteristics. 

CHARACTERISTICS     OF     IDEAL     ALLOY. 

The  ideal  alloy  has  three  characteristics 
here  named  in  the  order  of  their  relative  im- 
portance. 1.  It  must  be  able  to  withstand  in- 
definitely the  disintegrating  action  of  the  ele- 
ments touched,  this  action  taking  the  form  of 
corrosion,  erosion,  or  electrolvsis.  2.  It  must 
be  of  such  structure  that  it  will  successfully 
withstand  disintegration,  and  must  be  free 
from  internal  stress  which  will  produce 
progressive  failure  entirely  independent  of  any 
exterior  agency.  This  latter  requirement  im- 
plies a  composition  capable  of  ■  successful 
fabrication  under  existing  commercial  condi- 
tions. 3.  Since  comparatively  costly,  it  is  de- 
sirable that  the  physical  characteristics  be  as 
high  as  practicable  to  minimize  expense. 

FOUR    ALLOYS    CONSIDERED    WITH    RESPECT    TO   THE 
IDEAL. 

The  following  alloys  are  considered  with 
respect  to  the  ideal:  (1)  The  bronzes,  or  cop- 
per-tin alloys;  (2)  the  brasses,  or  copper-zinc 
alloys;  (3)  the  copper-nickel  alloys;  and  (4) 
the  nickel-steel  alloys. 

Bronzes. — The  most  commonly  accepted 
bronze  composition  today  is  the  so-called 
"Naval  bronze,"  consisting  of  88  per  cent  cop- 
per, 10  per  cent  tin,  and  2  per  cent  zinc. 

Castings  of  this  alloy  fullfil  the  ideal  re- 
quirements in  a  very  satisfactory  manner. 
They  are  non-corrosive  in  the  presence  of 
nearly,  if  not  all,  the  elements  encountered, 
they  are  easily  obtainable,  of  a  homogeneous 
character,  are  stable  and  constant  in  physical 
characteristics,  and  the  material  is  one  that 
works  well  in  the  ordinary  machinery  opera- 
tions. 

Their  physical  characteristics  are  sufficiently 
high  so  that  apparatus  does  not  need  to  be 
unwieldy  in  design  to  obtain  the  requisite 
strength  under  ordinary  conditions.  .^  tensile 
strength  of  30.000  lbs.  per  square  inch,  a  yield 
point  of  1-5,000  lbs.,  and  an  elongation  of  15 
per  cent  in   2  ins.  can  easily  be  obtained. 

Rigid  adherence  to  the  composition  as  given 
above  does  not  appear  essential.  The  copper 
may  be  reduced  to  8-5  per  cent,  with  a  cor- 
responding increase  in  the  zinc  content  or 
with  a  corresponding  addition  of  lead  without 
materially  changing  its  ability  to  resist  cor- 
rosion or  its  physical  characteristics.  In  the 
presence  of  sulphur  the  addition  of  lead  ap- 
pears to  aid  the  resistance  to  corrosion. 

Where  the  material  is  to  be  used  as  a  bear- 
ing metal,  as  in  the  seats  of  large  gate  valves, 
a  considerable  variation  in  the  composition  is 
desirable.  The  U.  S.  Reclamation  Service 
have  worked  out  for  this  purpose  two  alloys 
to  be  used  in  opposition  to  one  another,  as 
follows : 

S2.8%  copper,  4.8%  tin,  4.4%  zinc,  and  S%  lead. 

S2.7%  copper,  7.1%  tin,  5.3%  zinc,  and  4.9% 
lead. 

Experiments  by  Mr.  Carpenter,  while  in- 
dicating the  impracticability  of  attempting  to 
confine  the  composition  as  closely  as  indicated, 
demonstrated  that  alloys  of  this  nature  con- 
taining about  5  per  cent  lead  in  one  and  8  per 
cent  in  the  other  with  corresponding  dif- 
ferences in  the  tin  content  were  very  satis- 
factory for  the  purpose. 

Alloys  of  the  above  nature  may  be  used  for 
castings  only,  as  their  high  tin  content  makes 
it  impossible  to  hammer,  forge,  roll  or  draw 
them  successfully,  so  that  where  rods  or 
tubes  arc  required  the  content  of  tin  must  not 
exceed  2  per  cent  and  most  manufacturers 
hold  to  a  maximum  of  1%  per  cent. 

Brasses. — Where  conditions  of  design  re- 
quire greater  physical  characteristics  than 
shown  by  the  bronzes  or  where  forged,  rolled 
or  drawn  forms  arc  required,  the  engineer 
commonly  resorts  to  the  brasses,  of  which 
there  are  an  endless  variety,  many  of  little 
value,  but  some  highly  satisfactory. 

For  castings  of  this  character,  manganese 
bronze  has  been  very  generally  accepted  and 
has  given  very  satisfactory  service.  .X  char- 
acteristic casting  of  this  material  shows  a 
composition  of  about  56  per  cent  copper,  40 
per  cent  zinc,  1  per  cent  tin,  1.27  per  cent  iron, 
and   1.8  per  cent  manganese.     The  manganese 


content  is  small  and  it  does  not  appear  essen- 
tial that  the  analysis  of  the  completed  casting 
show  any  such  content,  the  manganese  being 
introduced  in  the  form  of  the  ferrous-oxide 
to  act  as  a  flux  and  any  residue  being  due  to 
an  overdose  of  the  flux  and  such  residue 
should  not  exceed  2  per  cent.  Such  castings, 
properly  made,  can  hn  relied  upon  to  show 
a  tensile  strength  of  65,000  lbs.,  a  yield  point 
of  35,000  lbs.,  and  an  elongation  of  20  per 
cent  in  2  ins.  Certain  manufacturers  use 
vanadium  in  the  place  of  manganese,  and  the 
resulting  castings  are  of  the  same  general 
character  as  manganese  bronze.  Castings  of 
this  material  in  small  quantities  are  generally 
somewhat  more  expensive  than  those  made  of 
.  the  bronzes  referred  to  above,  and  it  is  the 
general  experience  that  founders  unused  to 
the  casting  of  manganese  bronze  experience 
considerable  difficulty  in  obtaining  satisfactory 
results.  Where  the  quantity  to  be  used  is 
sufficient  to  appeal  to  founders  experienced  in 
handling  the  material,  most  excellent  castings 
can  be  obtained  at  a  price  generally  from  10 
to  12  per  cent  less  than  corresponding  castings 
of  tin  bronze. 

Forgings,  rods,  and  bars  of  these  alloys 
show  very  satisfactory,  non-corrosive  proper- 
ties and  physical  characteristics  considerably 
greater  than  the  cast  material,  the  exact 
amount  depending  on  the  size  and  manner  of 
fabrication,  and  would  appear  at  first  glance 
to  be  ideal  substitutes  for  similar  steel  prod- 
ucts. Unfortunately,  however,  the  demand 
for  such  rods  and  bars  is  of  such  recent 
origin  that  the  art  of  fabrication  does  not 
seem  to  have  advanced  to  a  ooint  where  the 
product  can  be  guaranteed  against  failure  by 
disintegation  or  by  breaking  or  cracking  with- 
out apparent  cause.  These  failures  in  many 
instances  have  not  manifested  themselves  un- 
til some  months  after  the  material  has  been 
fabricated  and  has  passed  a  most  rigid  in- 
spection, and  have  been  entirely  independent 
of  any  load  throw-n  on  the  material.  While  no 
satisfactory  solution  of  the  causes  of  and  no 
remedy  for  such  failures  has  as  yet  been 
found,  it  does  appear  that  the  same  are  caused 
rather  by  the  methods  employed  in  rolling  or 
drawing  than  by  the  composition  of  the  lua- 
terial  itself.  It  would,  therefore,  appear  wise 
to  exercise  considerable  conservatism  in  the 
selection  of  such  rods  until  their  manufacture 
has  become  further  perfected  and  the  various 
problems  of  temperature  and  rolling  methods 
have  been  solved,  meanwhile  to  use  in  their 
stead  some  of  the  brasses  which  have  been 
manufactured  for  a  sufficient  length  of  time 
so  that  the  engineer  can  feel  comparative 
security  in  their  use.  Among  these  there  ap- 
pear Muntz  metal,  an  alloy  of  60  per  cent 
copper  and  40  per  cent  zinc,  which  in  the 
larger  sizes  of  rods  can  be  depended  upon  to- 
show  a  tensile  strength  of  at  least  40,000  lbs., 
and  Tobin  bronze  with  a  tensile  strength  of 
.55,000  lbs.,  which  together  with  other  closely 
allied  alloys  are  readily  available. 

Comparatively  recently,  one  of  the  largest 
manufacturers  of  rods  has  produced  an  alloy 
containing  about  57%  per  cent  copper,  40  per 
cent  tin,  %  per  cent  lead,  '/4  per  cent  iron, 
and  P/i  per  cent  nickel,  which  possesses  high 
non-corrosive  properties,  together  with  phys- 
ical characteristics  equal  to  or  slightly  su- 
perior to  Muntz  metal.  This  material  is  pro- 
duced in  bars  and  rods. 

Copper-Nickel  Alloys. — The  most  prominent 
copper-nickel  alloy  appears  to  be  Monel  metal, 
a  natural  alloy  containing  about  60  per  cent 
nickel,  'iiW-y  per  cent  copper,  and  3V4  per  cent 
iron.  This  material  has  been  very  successfully 
used  both  in  the  form  of  castings  and  rods  for 
large  and  small  work.  Its  physical  character- 
istics are  at  least  65,000  lbs.  ultimate,  32,000 
lbs.  yield,  and  25  per  cent  elongation  for 
castings,  with  the  ultimate  and  yield  points  at 
least  10  per  cent  higher  for  rolled  rods.  Non- 
corrosive  tests  indicate  that  it  is  not  acted 
upon  by  either  the  acids  or  alkalies  as  found 
in  construction  work.  It  has  been  somewhat 
extensively  used  for  propellers  for  battle- 
ships, both  by  this  country  and  by  foreign 
countries.  It  is  also  used  by  many  valve 
manufacturers  as  a  seat  metal  for  valves  for 
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use  with  high  pressure  and  superheated  steam. 
It  is  also  used  in  the  form  of  forgings  for 
valve  stems  for  high  pressure  steam  and 
water   valves. 

This  material  has  not  been  in  use  for  ■  a 
sufficient  length  of  time  to  determine  its  non- 
corrosive  qualities  under  all  circumstances,  but 
every  indication  points  to  its  entire  accep- 
tability. It  is  a  comparatively  costly  material, 
probably  costing  in  its  various  forms  about  50 
per  cent  more  than  the  corresponding  brass 
or  bronze  material,  but  its  greater  physical 
characteristics  in  many  cases  make  this  in- 
crease more  apparent  than  real.  It  appears 
to  require  considerable  skill  on  the  part  of 
the  founder  to  obtain  sound  castings  of  Monel 
metal,  and  the  unsuccessful  attempts  of  some 
such  have  prejudiced  many  against  its  use. 

The  value  of  nickel-steel  alloys  for  members 
under  tension,  as  valve  stems,  has  not  received 
sufficient  recognition  by  the  water  works  en- 
gineer. 

While  not  possessing  the  non-corrosive 
properties  of  the  brasses  or  bronzes,  a  proper 
steel  alloyed  with  from  20  to  2-5  per  cent  ol 
nickel  does  possess  such  properties  far  in 
excess  of  ordinary  carbon  steels  and  combines 
with  this  property  physical  characteristics  such 
that  it  should  demand  the  careful  considera- 
tion of  the  engineer. 

In  1905,  the  Department  of  Water  Supply, 
Gas,  and  Electricity  of  New  York  City  spe- 
cified for  valve  stems  a  nickel  steel  to  con- 
tain not  more  than  0.05  per  cent  phosphorous 
or  sulphur,  between  0.21  per  cent  and  0.41  per 
cent  carbon,  and  between  21  per  cent  and  24 
per  cent  nickel,  and  to  have  a  tensile  strength 


Shop  Equipment  and  Motor  Trucking 
Costs,  Meter  Division  of  Mil- 
waukee  Water   Works. 

An  article  contributed  to  this  journal  of 
Nov.  26,  1913,  by  Otto  F.  Poetsch,  Superin- 
tendent of  Meters,  described  the  procedure  in 
the  meter  division  of  the  Milwaukee  Water 
Works.  That  article  showed  the  organiza- 
tion of  the  division,  and  described  the  instal- 
lation and  testing  of  meters,  their  location  and 
the  procedure  in  repairing  them.  The  pres- 
ent article,  based  on  Mr.  Poctsch's  latest  an- 
nual report,  describes  the  shop  arrangement 
and  equipment,  the  use  and  cost  of  operating 
motor  trucks,  the  ownership  of  meters,  and 
the  testing  of   large  meters. 

The  work  of  the  division  consists  essentially 
of  installing  new  meters  on  new  services  and 
the  proper  maintenance  of  meters  in  service  so 
as  to  insure  accurate  registration.  A  force  of 
29  men  is  employed,  as  follows :  1  superin- 
tendent of  meters,  4  office  clerks,  1  stock  clerk, 
1  shop  foreman,  1  machinist,  13  meter  re- 
pairers and  8  helpers.  The  average  salary  of 
this  force  is  $842  per  year. 

During  1914  2,285  new  meters  were  installed 
and  560  were  taken  out  of  service.  At  the 
end  of  the  year  60,958  were  in  service.  Of 
this  number  8,976  were  taken  off  for  exami- 
nation and  repair,  7,131  were  examined  and 
repaired  on  the  premises  and  268  of  the  larger 
meters  were  tested  on  the  premises.  A  total 
of  16,.375  meters,  26%  per  cent,  were  looked 
after,  but  only  3.016,  or  5  per  cent,  required 
new   repair   parts.      Cost   of  new     parts     and 


This  eliminates  dangerous  overhead  shafting 
and  belting,  thus  making  for  safe  and  eco- 
nomical operation. 

Employees'  Room. — This  room  was  fitted 
up,  in  1914,  with  lavatory  and  locker  facili- 
ties. There  is  a  sectional  steel  locker  for 
clothes,  a  12- ft.  wash-stand,  a  12-ft.  table  and 
benches  on  which  to  eat  lunch,  and  a  3-burner 
gas  plate  for  warming  or  cooking  lunches. 
Water  works  literature  is  provided  and  kept 
on  file  in  this  room. 

Stock  Rooms. — All  stock  of  meter  repair 
parts,  supplies,  materials  and  tools,  except 
those  in  use  in  the  shop,  are  kept  in  the  stock 
room.  Separate  bins,  properly  labeled,  make 
it  easy  for  the  stock  clerk,  who  is  in  charge 
of  all  stock,  to  keep  a  proper  check  on  it.  All 
goods  bought  are  received  by  him  and  re- 
ported on  special  receiving  blanks  to  the  su- 
perintendent of  meters,  so  that  the  bill  for 
goods  received  can  be  checked.  All  materials 
leaving  the  stock  room  are  checked  out,  daily, 
by  the  stock  clerk  on  sheets  provided  for  this 
purpose.  These  sheets  go  to  the  cost  clerk, 
daily,  who  makes  proper  charges  and  checks 
the  stock  leaving  the  stock  room  off  his  stock 
record  card.  At  the  end  of  the  year  an  in- 
ventory is  taken,  which  must  agree  with  the 
stock  record  cards.  In  this  manner  a  very 
good  account  is  kept  of  all  goods  purchased 
and  used. 

MOTOR    TRUCKING   COSTS. 

The  department  now  has  four  auto  trucks  in 
use,  which  replaced  the  horses  and  wagons 
formerly  used.  During  1915  two  cars  will  be 
added.    The  results  obtained  from  auto  trucks 


T.A.BLE  I.— COST  AND  PERFORMANCE  RECORD  OF  AUTO  TRUCKS  IN  SERVICE    OF   METER   DIVISIOiV   OF   MILWAUKEE  WATER   WORKS. 
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of  at  least  80,000  lbs.,  yield  point  of  40,000 
lbs.,  and  an  elongation  of  22  per  cent. 

One  of  these  stems  when  examined  after 
five  years'  service  showed  no  indication  of 
corrosion  of  that  part  immersed  in  water,  and 
only  slight  pitting  of  that  part  exposed  to 
air. 

There  appears  to  be  very  little  data  avail- 
able showing  the  effect  of  various  corrosive 
substances  on  alloys.  The  manufacturers  of 
such  materials  have  experimented  on  such 
material  but  there  appears  to  have  been,  in 
the  past  at  least,  a  dislike  on  their  part  to 
make  public  the  results.  There  follow  a  few 
results  of  comparative  tests,  which  while 
not  complete  or  conclusive,  will  be  of  assist- 
ance in  selecting  non-corros've  alloys.  The 
full  paper  contains  more  data  on  corrosion. 

THE  CORROSIVE  EFFECT  OF  MOIST  E.\RTH  ON  ALLOYS 
AND  STEEL. 

Six  test  pieces  were  imbedded  in  a  box  of 
rich  earth,  which  was  kept  moist  with  water 
and  occasional  additions  of  one-half  per  cent 
solutions  of  chlorides  of  sodium  and  mag- 
nesium. The  weighed  specimens  presented 
about  the  same  area  to  the  corrosive  influences 
in  the  soil.  After  six  months,  the  specimens 
were  taken  out,  washed,  dried  and  reweighed. 
The  following  loss  in  weight  represented  the 
amount   of  corrosion   in   each  case: 

Per  cent 
loss 

Sample.  in  'weight. 

Manganese   bronze    09 

Tobin  bronze 11 

Monel  metal    12 

Manganese  bronze 12 

Muntz    metal    33 

Steel    1-04 

All  the  specimiens  showed  the  effect  of 
more  or  less  oxidation  on  the  surface,  the 
Monel  metal  presenting  the  least  change  in 
appearance  as  a  result  of  corrosive  action. 


time  spent  in  repairing  were  charged  to  the 
consumer.  The  expense  of  the  balance,  13,359 
meters,  was  born  by  the  division.  These  did 
not  need  new  parts,  requiring  only  cleaning, 
adjusting,  repacking  or  testing.  Accumula- 
tions of  sand  in  meters  either  interfered  with 
the  registration  or  checked  the  flow  entirely 
and  many  meters  required  cleaning  on  this 
account.  '' 

EQUIPMENT     AND     .\RRANGEMENT     OF     SHOPS. 

The  repair  shop  is  in  the  City  Hall  base- 
ment. The  equipment,  valued  at  $9,510,  con- 
sists of  four  auto  trucks,  1  Prentice  lathe,  1 
shaper,  1  pipe  cutter,  1  drill  press,  and  1  speed 
lathe,  all  motor  driven.  There  are  also  four 
Mueller  meter  testers,  and  other  necessary 
fixtures,  tools,  supplies  and  minor  equipment. 
A  stock  of  repair  parts  valued  at  $9,240,  is 
carried.  The  entire  shop  is  arranged  to  econ- 
omize on  space. 

General  Repair  Shop. — In  the  general  repair 
shop  three  Mueller  testing  machines,  one  next 
to  the  other  in  a  straight  line,  permit  one  man 
to  operate  these  three  machines.  Here  all 
meters  are  tested,  whether  new  or  repaired. 
On  each  side  of  these  testing  machines  a 
special  block  was  installed  for  the  use  of  test- 
ing Worthington  plunger  meters.  In  the  cen- 
ter of  the  general  shop  a  16-ft.  by  4-ft.  work- 
bench provides  room  for  12  meter  repair  men 
to  repair  meters.  Meter  bins  and  shelving 
were  built  in  such  a  way  as  to  eliminate  con- 
fusion in  finding  meters  in  progress  of  repairs. 

Machine  Shop. — The  machine  shop  adjoins 
the  general  repair  shop.  Here  there  is  a  No. 
2  Williams'  pipe  cutting  machine,  capable  of 
cutting  and  threading  pipe  from  %-in.  to  4-in. 
inclusive.  Also  a  24-in.  Milwaukee  shaper, 
4-in.  Prentice  lathe,  lV4-in.  by  16-in.  wet  tool 
grinder,  and  a  20-in.  Milwaukee  drill  press, 
each   machine   being   separately   motor   driven. 


Estimated     Depre- 
total  elation 

-,      ,    „.       .  „  mileage,     per  mile. 

Car  No.  2,  Kissel  %-ton  truck.  .40,000         $0  037 
Car  No.  4.  Kissel  ?4-ton  truck.  .40,000  0.037 

Car  No.   6,  Ford 40,000  0.012 

Car  No.    S,   Ford 40,000  0.012 

Note. — Car  No.  2  was  overhauled  Februarv. 
1914.  Expense,  $303.04.  Car  No.  4  was  under 
guarantee  to  April  28,  1914. 

have  proven  highly  satisfactory  and  far  su- 
perior to  the  horse-drawn  vehicles.  A  total 
of  24,645  miles  were  run  by  the  four  trucks, 
at  an  average  cost  of  97  cts.'each,  per  working 
day.     Table  I  gives  a  complete  record. 

One  of  the  new  cars  to  be  bought  this  year 
will  be  used  by  one  man  for  making  minor 
repairs  to  meters  on  premises.  At  present 
three  men  are  required  for  this  work.  With 
the  use  of  a  light  auto  truck  it  can  be  handled 
by  one  man.  The  other  new  car  is  intended 
for  emergency  calls  from  consumers,  such  as 
frozen  or  burst  meters,  stoppage  or  bad  leaks, 
and  so  on.  These  calls  require  prompt  atten- 
tion, so  as  not  to  cause  property  loss  or  un- 
necessary   inconvenience   to    the    consumers. 

OWNERSHIP  OF  METERS. 

In  Milwaukee  all  services  are  metered  and 
the  consumer  pays  for  the  meter  and  pays 
for  its  maintenance.  The  meter  is  supplied  by 
the  consumer  through  a  licensed  plumber. 
The  plumber  buys  the  cheapest  meter  he  can 
get.  This  is  unfortunate.  A  poor  meter  en- 
tails three  evils:  it  increases  cost  of  repairs 
and  maintenance,  diminishes  revenue  because 
of  failure  to  register  on  small  flows,  and  ren- 
ders the  water  department  unpopular. 

To  overcome  this  situation  meter  specifica- 
tions were  prepared  covering  requirements, 
test?,  capacities,  durability,  manufacturer's 
guarantee,  etc.  This  has  a  tendency  to  im- 
prove   meter    quality,    but    does    not    entirely 
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insure  securing  the  best  meter   for  the  money 
expended. 

Milwaukee  is  one  of  the  few  cities  in  which 
meters  are  not  supphed  by  the  water  depart- 
ment. It  has  generally  been  found  advisable 
for  water  departments  and  companies  to  own 
and  supply  meters.  It  is  vital  to  the  success 
of  the  meter  system  that  the  department  select 
the  meters,  and  control  manner  of  setting  and 
time  for  testing  and  repairs.  This  is  best 
accomplished  where  the  department  owns  the 
meters  as  this  avoids  the  red  tape,  delays  and 
expenses  involved  in  sending  notices  to  the 
owner  or  occupant  and  also  avoids  a  second 
trip  to  the  premises.  The  purchase  of  meters 
in  large  lots  is,  of  course,  economical.  One- 
half  the  teaming  e.xpense  on  the  8,976  meters 
taken  off  in  1914  for  repairs  could  have  been 
saved  had  the  department  owned  the  meters. 
At  present   the   meter   is   taken   off,   a   pipe   is 


inserted  in  its  place  while  it  is  taken  to  the 
shop  for  overhauling  after  which  the  same 
meter  is  taken  back  and  replaced  in  service. 
This  requires  two  trips  to  the  premises.  If 
the  department  owned  the  meters  a  new  one 
or  one  in  good  repair  could  be  installed  at 
once  instead  of  the  short  pipe  now  inserted. 
This  would  obviate  the  necessity  of  averaging 
water  bills  for  the  time  the  meter  is  off. 

TESTING  L.ARGE   METERS. 

Records  show  that  100  of  the  largest  con- 
sumers pay  one-half  of  the  entire  meter  rev- 
enue. In  order  to  obtain  full  registration  on 
the  meters  supplying  these  consumers,  special 
attention  is  given  these  large  meters.  There 
are  in  service  489  meters  of  3-in.  size  and 
larger.  These  meters  are  the  important  rev- 
enue producers  and  require  close  watching,  as 
a  loss  of  a  few  per  cent  by  under-registration 
would  amount  to  thousands  of  dollars. 


A  special  card  record  is  kept  on  these  meters 
to  show  their  condition  at  all  times,  so  that 
we  can  see  the  condition  of  them.  All  meters 
of  3-in.  and  over  are  so  equipped  that  they 
can  be  retested  without  much  time  or  expense 
on  the  premises,  without  disconnecting  them, 
by  meatis  of  a  proven  or  test  meter.  By 
closely  watching  the  registration  and  prior 
tests,  it  becomes  an  easy  matter  to  decide 
which  meters  are  overtaxed  and  in  need  of 
retesting  and  adjustments. 

During  the  year  1914,  268  of  these  large 
meters  were  retested.  The  average  loss  by 
under-registration  per  meter  was  .38  per  cent; 
in  1911  the  loss  per  meter  by  under-registration 
was  found  to  be  9  per  cent.  The  showing 
thus  made  since  these  tests  were  inauguarted 
proves  that  it  is  time  well  spent  and  checks  a 
loss  of  thousands  of  dollars  each  year. 


iUILDMG: 


A  Comprehensive  Set  of  Tables  for  De- 
termining   the    Bending   Moments 
and  Shears  in  Simple  Beams 
and    in    Beams    Fixed    at 
One  and  Both  Ends.* 

Contributed   by  S.    M.   Gotten,   Tucson,   Ariz. 

The  data  in  the  accompanying  tables  give 
the  bending  moment  and  reaction  func- 
tions for  beams  fixed  at  both  ends,  for  beams 
.fixed  at  one  end  and  simply  supported  at  the 
other,  and  for  beams  simply  supported ;  for 
load  distributions  varying  by  one-tenth  of  the 
span,  from  a  concentration  to  a  uniform  dis- 
tribution, and  in  each  possible  one  of  nineteen 
positions  varying  by  one-twentieth  of  the  span. 
The  tables  also  give  the  percentages  of  the 
maximum  moment,  or  moments,  existing  at 
any  section  corresponding  to  these  positions, 
due  to  a  concentration  at  any  other  of  these 
sections. 

NOMENCLATURE. 

The  tables  are  based  on  the  formulas  de- 
veloped   in    Merriman's    "Mechanics    of    Ma- 


Fig.  1.    Diagram   Illustrating   Nomenclature 

Used   in    Computing  Functions  for  Both 

Fixed  and  Supported  Beams. 

terials,"  and  the  same  nomenclature  is  em- 
ployed, as  far  as  possible,  which  is  as  follows: 

P  =  load. 

/  =  clear  span. 

.t:  =  distance  of  center  of  load  from  left 
support. 

^  =  4r// =  distance  of  center  of  load  from 
left  support,  expressed  as  a  percentage  of  the 
span. 

d  =  length  of  distribution  along  beam. 

N  =  d/l  =  length  of  distribution  expressed 
as  a  percentage  of  the  span. 

y  =  distance  from  center  of  load  to  any  sec- 
tion of  beam. 

Z  :=y// =  distance  from  center  of  load  to 
any  section  of  beam,  expressed  as  a  percentage 
of  the  span. 

The  inflection  points  are  expressed  as  a 
percentage  of  the  span  distant  from  the  sup- 
ports. 

For  beams  fixed  at  one  end  and  simply  sup- 
ported at  the  other,  the  left  end  is  regarded 
as  simply  supported. 

For  a  diagram  illustrating  the  nomenclature 
employed  see  F"ig.  1. 

•Copyrighted,  1915,   by  S.  M.  Gotten. 


METHOD    OF    COMPUTATION. 

The  computations  for  the  data  for  simply 
supported  beams,  given  in  Table  I,  were 
effected  by  the  use  of  the  usual  formulas,  and 
require  no  further  explanation.  The  values 
of  the  functions  are  exact  to  the  number  of 
places  given. 

The  data  for  fixed  beams,  given  in  Tables 
VI,  VII  and  VIII,  and  for  beams  fixed  at 
one   end   and   simply   supported   at   the   other. 


ACCURACY    OF   TABULAR    D.ATA. 

The  tabular  values  given  are  not  necessarily 
e.xact,  and  in  some  cases  are  known  not  to  be. 
Whatever  departure  from  exact  values  there 
may  be  is  due  to  the  slightly  incor- 
rect assumption,  indicated  above,  that  the 
functions  for  N  ^  0  are  the  same  as  those  for 
A'^^0.1.  While  the  values  given  are  approxi- 
mate, this  is  true  only  in  a  mathematical 
sense ;  for  all  oractical  purposes  they  are  more 


TABLE    I.- 


-SIMPLY    SUPPORTED    BEAM— FUNCTIONS    OF    END    REAC- 
TIONS  AND  MAXIMUM   MOMENTS. 


u. 
O 

eEACTION 

Functions 

Values  of  N 

Iter 

RlSHT 

0 

.1 

.z 

.3 

.4 

,5 

.6 

7 

.8 

.9 

1.0 

.05 

.95 

.05 

.047 

.OiS 

.10 

,90 

10 

.090 

.077 

.065 

.15 

.as 

■  IS 

.It7 

.115 

.102 

.090 

.20 

.80 

.20 

.160 

.147 

.135 

.12t 

.110 

.25 

■IS 

,25 

.187 

,175 

.162 

.150 

..137 

.125 

.30 

.70 

.30 

.210 

.197 

.185 

.172 

,160 

,147 

.135 

,35 

.65 

,35 

.22.7 

.215 

.202 

.190 

.177 

.165 

.\BZ 

.140 

Ao 

,60 

4o 

.240 

.2r7 

.215 

.20Z 

.190 

.177 

.165 

.152. 

.140 

45 

,55 

45 

.247 

.235 

.22Z 

,210 

.197 

.165 

.172. 

.160 

.141 

.135 

.50 

,50 

.50 

.250 

.237 

.2Z5 

.212. 

.200 

.187 

.175 

.162. 

.150 

.137 

.125 

.55 

.45 

.55 

.247 

.235 

.2^^ 

.210 

.197 

.185 

.172. 

.160 

,14-7 

.135 

.60 

40 

.60 

.240 

.227 

.215 

.202 

.190 

.177 

.165 

,152 

.140 

.65 

,35 

,65 

ZZl 

.215 

.202 

.190 

.177 

.165 

.152 

.14.0 

.70 

30 

.70 

210 

,197 

.185 

MZ 

.160 

.147 

.135 

■IS 

,25 

75 

.187 

.175 

.16Z 

.150 

.137 

.125 

.80 

.20 

.80 

.160 

.147 

.135 

.12Z 

.110 

85 

,15 

.8S 

.127 

.115 

.10^ 

.090 

.90 

.10 

,90 

.090 

.077 

,065 

.95 

.05 

95 

,047 

.035 

Mb=  Pl'^  function 
E  =  P><  function 


given  in  Tables  II,  III,  IV  and  V,  were  com- 
puted by  methods  devised  by  the  writer,  ex- 
cept those  values  given  under  the  heading  of 
N  ^  O.l.  These  exceptions,  upon  which  the 
other  values  are  based,  were  derived  from  the 
formulas  given  in  Merriman's  "Mechanics  of 
Materials,"  and  are  the  exact  values  of  the 
functions    for  a   theoretical   concentration. 

The    computations    for    the    data    given    in 
Tables  IX,  X  and  XI  require  no  comment. 


than  aljsolute.  Much  more  exact  than  any 
hypothesis  upon  which  they  will  ever  be  ap- 
plied. 

While  it  would  have  been  possible  to  se- 
cure exact  values  of  the  functions  of  negative 
moments  and  reactions  by  the  aid  of  the  cal- 
culus, it  is  obvious  that  no  value  would  attach 
to  such  extreme  accuracy,  and  the  labor  in- 
volved in  the  computations  would  have  been 
prohibitive.    ."Mso,  it  would  not  have  been  pes- 
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TABLE    II.— BEAM    FIXED   AT    ONE    END— FUNCTIONS    OF 
REACTION  AT  SUPPORTED   END. 


I. 
o 

r 

VALUES  OF  IS 

.1 

Z 

.3 

.4. 

.5 

.6 

.7 

.8 

.9 

I.O 

.OB 

.925 

.10 

850 

.850 

.15 

.776 

.777 

.778 

ZO 

.704 

.100. 

.706 

.707 

.ZS 

.633 

.633 

.635 

.637 

.640 

.30 

.563 

.564 

.566 

.569 

.572 

.576 

.35 

.496 

.497 

.500 

.503 

.507 

.511 

.517 

.40 

.43.2 

.433 

.436 

.439 

.444 

.449 

.456 

.463 

.45 

.370 

.372 

.375 

.379 

.^84 

.390 

.397 

.406 

.415 

SO 

.512 

.314 

.317 

.322 

.327 

.334 

.342 

.352 

.362 

.374. 

.55 

.258 

.260 

.263 

.268 

.274. 

.282 

.291 

.301 

.313 

.50 

.208 

.210 

.214 

.219 

.226 

.234 

.244 

.255 

.55 

.162 

.154 

.169 

.174 

.182 

.190    .201 

.70 

.\Zl 

.124 

.128 

.134 

.142 

.152 

.75 

.086 

.088 

.093 

.100 

.108 

.80 

.056 

.059 

.064 

.071 

.85 

.032 

.035 

.040 

.90 

.014 

.017 

.95 

.003 

£  =  P  «  function 


TABLE    III. 

—BEAM    FIXED 
RE.^CTION 

AT    ONE    END— FUNCTIONS    OF 
AT  FIXED  END. 

I 

IL 
O 
VI 

Values  of  M 

( 
1 

i 

! 
1 

i 

1 
1 

1 

I 

1 
1 

.1 

.1 

.5 

.4. 

.5 

.6 

.7 

.8 

.9 

1.0 

.05 

0.075 

•10 

.149 

.149 

.15 

.223 

223 

222 

.20 

.296 

.295 

.294 

.292 

.25 

.367 

.366 

.364 

.362 

.359 

.30 

.436 

.435 

.433 

.431 

.427 

.423 

.35 

.503 

.502 

.500 

.497 

.493 

.488 

.482 

40 

.568 

.566 

.564 

.560 

.556 

.550 

.544 

.536 

45 

.629 

.628 

.625 

.62 1 

.616 

.610 

.602 

.594 

.584. 

.50 

.687 

.686 

.682 

.678 

.672 

.665 

.657 

.648 

.637 

.625 

.55 

.742 

.740 

.735 

.731 

.725 

.718 

.709 

.698 

.687 

.60 

.792 

.790 

.786 

.781 

.774 

.766 

.756 

.745 

.65 

.837 

.835 

.831 

.825 

.818 

.809 

.798 

70 

.878 

.876 

.871 

.865 

.857 

.843 

75 

.914 

.911 

.906 

.900 

.891 

.80 

.944 

.941 

.936 

.929 

.85 

.968 

.965 

.959 

.90 

.985 

98£ 

.95 

996 

TABLE   IV.— BE.'VM   FIXED   AT   ONE   END— FUNCTIONS    OF 
M.^XIMUM   NEGATIVE  BENDING  MOMENTS. 


E.  =  P  X  function 

TABLE  VI.— FIXED  BEAM— FUNCTIONS  OF  END  REACTIONS. 


B. 
O 
M 

Values  of  M 

.1 

.2 

.3 

.4 

.5 

,6 

.7 

.6 

.9 

1.0 

.05 

.025 

.10 

.049 

049 

.IS 

.073 

.077 

.072 

.20 

.096 

.095 

.094 

.092 

.25 

.117 

.116 

.114 

.112 

.109 

.30 

.136 

.135 

.133 

.131 

.127 

.123 

.35 

.153 

.152 

.150 

.147 

.143 

.138 

.132 

.40 

.168 

165 

.164 

.160 

.156 

.150 

.144 

.136 

' 

.45 

.179 

.177 

.175 

.171 

.166 

.160 

.152 

.144 

.134 

.50 

.187 

.185 

.132 

.(78 

.172 

.165 

.157 

.148 

.137 

.125 

.55 

.192 

.190 

.186 

.182 

.175 

.168 

.159 

.143 

.137 

.60 

.192 

.?89 

.186 

.180 

.174 

.165 

.156 

.144 

.65 

.187 

.185 

.181 

.175 

.168 

.159 

.148 

.70 

.178 

.175 

n\ 

.165 

.157 

.143 

.75 

.164 

.161 

.155 

.150 

.141 

80 

.144 

.141 

.136 

.129 

.85 

.118 

.114 

.109 

.90 

.085 

.082 

.95 

.047 

Mb^PI"  fvnciion 

sible  to  derive  positive  moment  functions  by 
such  a  method. 

As   an   indication   of    the   accuracy   of   the 
methods  employed,  and  the  degree  of  exact- 




u. 
o 
<o 

3 
5 

Values  of  N 

c 
go* 

.1 

.2 

.3 

.4. 

.5 

.6 

.7 

.8 

.9 

1.0 

05 

.992 

.95 

.10 

.972 

,96s- 

.90 

.15 

.939 

.954 

.925 

.85 

20 

.896 

.891 

.884 

.873 

.80 

.25 

.843 

.840 

.833 

,825 

.813 

.75 

.30 

.784 

.780 

.776 

768 

760 

.748 

.70 

.35 

717 

716 

711 

.707 

.699 

.592 

.681 

.65 

.40 

.648 

.645 

.644 

.639 

.636 

.630 

.624 

.616 

.60 

45 

.571 

.574 

.572 

.571 

.568 

.566 

.561 

.559 

.554 

.55 

.50 

.500 

.500 

500 

.500 

.500 

.500 

.500 

.500 

.500 

500 

.50 

.55 

.424 

.426 

426 

.429 

.430 

.434 

.436 

.441 

.444 

45 

60 

.352 

.352 

.356 

.358 

.364 

.368 

.376 

.382 

40 

.65 

.281 

.284 

.287 

.29S 

.299 

.308 

.317 

.35 

.70 

.216 

.218 

.224 

.225 

.240 

.250 

.30 

.75 

.155 

.160 

.165 

.175 

.185 

.25 

.80 

.104 

.107 

.116 

.125 

.20 

.85 

.059 

.066 

.073 

.15 

.90 

.028 

.032 

.10 

.95 

.006 

.05 

it 

0+114 

.1 

.Z 

.3 

.A 

.5 

.6 

7 

.8 

.9 

\.o 

11. 
o 

V) 

Values  of  IS 

E.  =  P  "  function 
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ness  of  the  given  values,  the  following  com- 
parisons are  made : 

For  a  beam  fixed  at  both  ends  and  uniform- 
ly loaded,  the  function  of  the  maximum  nega- 
tive moment  by  the  approximate  method  em- 
loyed  is  0.0834,  and  the  exact  value  is  0.0833; 
while  the  approximate  value  for  the  function 
of  the  maximum  positive  moment  is  0.0411C, 
and  the  exact  value,  0.0416+. 

For  a  beam  fixed  at  one  end  and  uniformly 
loaded,  the  approximate  value  of  the  maxi- 
mum negative  moment  function  is  0.1255,  and 
the  exact  value  is  0.1250. 

Comparisons  of  other  functions  for  like 
conditions  are  equally  favorable. 

Functions  for  partial  distributions  have  been 
selected  at  random  and  checked  by  the  calcu- 
lus, and  they  have  always  been  found  to  be 
practically  exact.  The  error  increases  as  A^ 
decreases,  but  it  is  believed  that  the  greatest 
error  does  not  exceed  three  one-thousandths. 
While  this  error  occurring  in  certain  cases 
might  constitute  a  considerable  percentage  of 
the  moment,  in  these  cases  the  bendin.g  mo- 
ment, or  the  reaction,  would  be  so  small  in 
any  case  as  to  have  virtually  no  bearing  upon 
the  design,   and   may  be  wholly  disregarded. 

As  a  further  check  on  the  accuracy  of  these 
tables  the  equations, 

I  P  ]    N 

Mb+  =  Mb I   —   I  —  +  R>k, 

I    2    J    4 
Ri  being  the  left  reaction,  and 

Mb+=Mb PR,   1 I    -fi?.  (1  — /e'); 

I  2  J 
i?2  being  the  right  reaction,  may  be  applied. 
The  first  equation  is  applicable  to  beams  fi.xed 
at  both  ends ;  the  second  to  those  fixed  at  one 
end  and  supported  at  the  other.  For  example, 
let  P  =  1,  /  =  1,  /5;  =  0.60,  and  N  =  0.4.  Then, 
from  the  tables,  Mb+  =—0.093  —  0.5X0.1 
-1-0.358X0.60=0.0718.  The  table  gives 
0.072. 

It  should  be  understood  that,  with  one  ex- 
ception,  the    functions   given   in   these   tables 


TABLE    v.- 

-BEAM   FIXED   AT    ONE   END— FUNCTION'S    AND    LOCATIONS 
MUJI     POSITIVE     BENDING     MOMENTS. 

OF 

\IAXI- 

U. 
O 

a 

-4 

.05 

Values  of  N 

.1 

.z 

.3 

.4. 

.5 

.6 

.7 

.s 

.9 

1.0 

k' 

k' 

/ 

k' 

/ 

k' 

/ 

k' 

/ 

k' 

/ 

k' 

• 

K'  ^^"^ 

k' 

• 

y^'^^' 

.04-6 

.10 

.085 

.17 

.072 

.15 

.116 

.20 

099 

.25 

.091 

.-20 

.141 

.24 

.121 

.26 

.110 

za 

.100 

.25 

.158 

.28 

.135 

29 

.124 

.30 

.113 

.32 

.103 

.30 

.169 

.31 

.144 

.32 

.133 

.33 

.122 

.34 

-110 

.35 

.099 

.35 

•173 

.35 

.149 

.3S 

.138 

35 

.127 

.35 

.1/5 

.36 

.104 

.36 

.093 

.40 

.173 

,39 

.148 

.38 

.138 

.38 

.126 

.37 

.116 

.37 

.106 

.37 

.095 

.37 

.085 

AS 

^ 

.166 

.42 

.144 

.4! 

:133 

.40 

.123 

.39 

.113 

.38 

,104. 

38 

.095 

.37 

.086 

.37 

.078 

.50 

.156 

,46 

,135 

.44 

.126 

.43 

.117 

.41 

.109 

.40 

.101 

.39 

.092 

.38 

085 

.38 

.077 

.37 

.071 

.55 

ID 

n 

.HZ 

,50 

,123 

.48 

.116 

,46 

.108 

44 

.101 

.42 

.094 

4.0 

oee 

.39 

.082 

.38 

.075 

60 

.125 

.54 

.110 

51 

.103 

49 

.097 

.46 

.092 

44 

.087 

.42 

.082 

.40 

.077 

.65 

f 

.105 

.58 

.093 

.55 

089 

.52 

.085 

.49 

.081 

46 

.077 

44 

.075 

.70 

D 

.085 

.62 

.D76 

59 

.073 

.55 

.070 

.52 

.069 

49 

.065 

.75' 

<n 

.064. 

.67 

.058 

63 

.057 

,59 

.057 

35 

.057 

.50 

.045 

.71 

.042 

.67 

.042 

,63 

.044 

.85 

.027 

.76 

.026 

.71 

.028 

.90 

.013 

.80 

.0(4 

.95 

.003 

Mb  =  pi  "-function 
k'l  =  distance  from  left  support  to  section  of  max. moment. 


TABLE   VII.— FIXED   BEAM— FUNCTIONS   OF 
NEGATIVE    BENDING    MOMENTS. 

MAXIMUM 

Hi  ^ 

1 

Values  of  N 

14 

.1 

.Z 

.3 

.4 

.5 

.6 

.7 

.8 

.9 

1.0 

OS 

.045 

.95 

.10 

.081 

.076 

.90 

.IS 

.108 

.104 

098 

.85 

20 

.128 

.124 

.119 

.110 

.80 

25 

.140 

.157 

.132 

.125 

MS 

.75 

30 

.147 

.144 

.140 

.133 

.125 

.115 

.70 

.35 

.148 

.145 

.141 

.136 

.129 

.120 

.110 

.65 

.40 

.144 

.142 

.137 

.134 

.128 

.120 

.112 

.102 

.60 

.45 

.136 

.134. 

.132 

.128 

.123 

•in 

.110 

.102 

.092 

SS 

SO 

.125 

.123 

.122 

.118 

.115 

.110 

.105 

.098 

.092 

.083 

.50 

.55 

.III 

.110 

.109 

.107 

.104 

.10! 

.097 

.093 

088 

45 

.60 

096 

.095 

.095 

.093 

.092 

.090 

.088 

.085 

40 

,65 

,079 

,079 

.079 

.079 

.078 

.078 

.077 

.35 

.70 

.063 

062 

.064 

.064 

.065 

.065 

.30 

.75 

.046 

.047 

.048 

.050 

.051 

.15 

.80 

.032 

.032 

.035 

.036 

.20 

.85 
.90 

.019 

.020 

.022 

.15 

.009 

.010 

10 

.95 

.002 

■OS 

1^ 

.1 

.Z 

.3 

.4. 

.S 

.6 

7 

.8 

.9 

1.0 

o 

Values  of  N 

TABLE  VIII.— FIXED  BEAM— FUNCTIONS  OF  MAXIMUM 
POSITIVE  BENDING  MOMENTS. 


o 

-J 

5 

Values  of  N 

./ 

.2 

.3 

.4. 

.5 

.6 

7 

.8 

.9 

(.0 

.05 

.004 

.10 

.016 

.000 

.15 

.032 

.oil 

.010 

.10 

.051 

.029 

.025 

.014 

.15 

.070 

.048 

.042 

.031 

.027 

.50 

.088 

.065 

.050 

.047 

.043 

.034 

.35 

.103 

.080 

.074 

.061 

.056 

.047 

.043 

.40 

.lis 

.091 

.085 

.072 

.066 

.056 

.052 

.044 

4.5 

.122 

.099 

.092 

.079 

.073 

.062 

.057 

.049 

.045 

.50 

.125 

.101 

.095 

.081 

.075 

.064 

.059 

.051 

.047 

.042 

.55 

.122 

.099 

.092 

.079 

.073 

.062 

.057 

.049 

.045 

.60 

.115 

.091 

.085 

.072 

.066 

.056 

.052 

.044 

.65 

.103 

.080 

.074 

.061 

.056 

.047 

.043 

.70 

.088 

.065 

.060 

.047 

.043 

.034 

75 

.070 

.048 

.042 

.031 

.027 

.80 

.051 

.029 

.025 

.014 

.85 

.032 

.011 

.010 

.90 

.016 

000 

.95 

.004. 

Mb=  PI"  function 


Mb=  pi*  function 

were  independently  computed,  and  that  no 
effort  has  been  made  to  "harmonize"  the  re- 
sults. The  exception  is  the  table  of  functions 
of    maximum    positive    moments    for   a    beam 
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fixed  at  one  end  and  supported  at  the  other. 
Except  for  A^  =  0.1,  this  was  computed  on 
the  basis  of  the  table  of  left  reaction  func- 
tions, this  procedure  being  necessary  in  order 
to  determine  the  section  of  zero  shear,  and 
hence  the  section  of  maximum  positive  mo- 
ment. 

It  should  be  noted  in  this  connection  that 
the  method  of  computation  of  the  maximum 
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positive  moment  functions  for  beams  fixed  at 
both  ends  was  necessarily  different  from  that 
used  to  derive  the  others,  and  introduced  a 
second  approximation.  Hence,  when  the 
value  of  JlfB+  derived  from  tht;  foregoing 
formula,  using  Mb —  and  R  as  shown  in  the 
tables,  the  error  may  properly  be  supposed  to 


lie  mainly  in  the  tabular  value  of  M'B-'r. 

The  scope  of  these  tables  is  sufficiently 
broad  to  cover  all  practical  conditions  of  load- 
ing, but  intermediate  values  may  be  obtained 
by  interpolation,  if  desired. 

PRINCIPAL  APPUCATION   OF   T-.E  TABLES. 

The  tables  were  designed  primarily  for  use 
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in  the  design  of  reinforced  concrete  girder 
and  slab  bridges,  where  the  main  factors  are 
two  or  more  related  moving  concentrations 
or  partial  distributions  (a  20-ton  road  roller, 
say),  and   where,   for  an   intelligent  distribu- 


tion of  steel,  it  is  necessary  to  know  the  maxi- 
mum possible  moments  and  shears  at  every 
ocction.  In  such  a  case  the  tables  are  in- 
valuable, effecting  easily  and  rapidly  the  de- 
terminations,   which    without    them    would    be 


cxtremc-ly  laborious  and  complicated.  As  an 
example  of  their  use  in  such  a  case  the  fol- 
lowing problem  and  its  detailed  solution  are 
given. 

Problem. — Required  the  maximum  shear 
and  the  maximum  negative  and  positive  mo- 
ments for  every  section  of  a  beam  fixed  at 
both  ends  and  having  a  span  of  40  ft.,  due  to 
rolling  loads  of  16.000  and  21,000  lbs.,  distant 
10  ft.  on  centers  longitudinally.  The  first 
load  is  to  be  regarded  as  a  concentration,  and 


340 


Engineering   and    Contracting 


Vol.  XLIII.     No.  15. 


the  second  as  distributed  over  0.2  of  the 
span,  i.  e.,  N  =  0.2. 

Consider  the  16,000-Ib.  load  as  entering  first 
upon  the  left  end.  Call  this  Pi,  and  the 
24,000-lb.  load  Pi.  Other  quantities  are  desig- 
nated as  follows: 

(/)  =  function  of. 

o^  distance  of  any  section  from  the  left 
end,  expressed  as  a  percentage  of  the  span. 

— Ml  =  negative  moment  at  left  end  due  to 
P.. 

— Ml'  =  negative  moment  at  right  end  due 
to  Pi. 

— M.  =  negative  moment  at  left  end  due  to 
P,.        ^ 

— Mi'  =  negative  moment  at  right  end  due 
to  P,. 

+Mi  =  positive  moment  due  to  Pi. 

+M:  =  positive  moment  due  to  Pa. 

R,  =  left  reaction  due  to  Pi. 

R:  =  left  reaction  due  to  Pz. 

Ri'  =  right  reaction  due  to  Pi. 

Ri  =  right  reaction  due  to  Pj. 

The  value  of  Z  is  0.25. 

In  foot-pounds,  PJ  =  640,000  and  PJ  = 
960,000, 

In  Table  XII,  under  the  foregoing  hearings, 
and  others  which  are  self-explanatory,  there 
are  given  all  the  required  quantities.  The  ar- 
rangement explains  their  derivation. 

(It  should  be  noted  that  the  percentage  of  M; 
eflfective  under  Pi,  given  in  the  solution,  is  the 
average  value  of  two  loads  of  A'' =  0.1,  or 
two  assumed  concentrations,  composing  the 
load  P:,  where  A'  =  0.2.  Up  to  a  value  of 
7\^  =  0.4  it  would  be  permissible  to  use  this 
average,  but  the  error  would  become  quite 
large  for  greater  values  of  N.  For  these 
larger  values  it  will  be  necessary  to  consider 
the  moment  of  each  unit  of  distribution 
(Af  =  0.1)  in  connection  with  the  percentage 
given,  and  to  get  the  sum  of  the  products  for 
the  effect  of  the  load  at  any  section  other 
than  that  at  the  center  of  load.) 

The  columns  which  give  the  distances  of 
the  inflection  points,  in  feet,  from  the  supports 
are  for  the  purpose  of  locating  the  curve  of 
maximum  negative  moments  between  the 
support  (where  it  is  a  maximum)  and  the  one- 
third  point  (where  it  becomes  0).  These  dis- 
2— M 

tances  are  the  potient  of  ,  2M  and  2/? 

Si? 

being  corresponding  values  of  the  moment 
and  the  reaction.  The  value  of  the  maximum 
negative  moments  for  sections  other  than  that 
at  the  support  can  only  be  determined  by  this 
graphical  method — by  scaling  the  ordinates 
to  the  determined  curve  for  numerical  values. 
The  curve  determined  by  this  method  will 
give  values  somewhat  in  excess  of  the  true 
ones  if  the  point  representing  the  negative 
moment  at  the  support  and  the  point  of  in- 
flection be  connected  by  a  straight  line;  be- 
cause (except  in  the  case  of  a  single  con- 
centration) this  line  is  truly  curved  slightly 
inward  toward  the  support.  The  straight 
line  connection  is  the  only  practicable  one, 
however,  and  the  error  in  the  curve  result- 
ing therefrom  is  insignificant,  for  all  practical 
purposes. 

The  circle  enclosing  some  of  the  inflection 
distances  indicates  that  these  are  of  no  value 
in  the  determination  of  the  curve;  they  are 
given  merely  to  call  attention  to  this  fact. 


Some   Data   on  the   Use   of   Synthetic 

Stone  for  the  Catskill  Aqueduct 

Buildings. 

To  house  the  valve-operating  and  unwater- 
ing  machinery  of  the  Catskill  Aqueduct  will 
require  the  construction  of  5.3  buildings,  located 
at  the  headworks  and  along  the  line  of  the 
aqueduct.  After  thorough  investigation  and 
experimentation  it  was  decided  to  use  synthetic 
stone  as  a  building  material  for  these  struc- 
tures. The  following  data  apply  to  the  pre- 
liminary investigations  made,  and  to  the  test- 
ing and  use  of  synthetic  stone  on  this  work; 
the  data  were  abstracted  from  a  paper  by  H. 
Lincoln  Rogers,  presented  before  the  11th  an- 
nual convention  of  the  American  Concrete  In- 
stitute, Philadelphia,  Pa. 


I'KlCr.IMINARY    INVESTIGATIONS. 

Inquiries,  begun  in  1906,  showed  a  sufficient 
number  of  experienced  and  reliable  manufac- 
turers of  synthetic  stone  to  warrant  open  com- 
petition in  public  lettings.  Numerous  plants 
were  then  visited,  and  a  close  observation  was 
made  of  the  methods  and  care  with  which  the 
details  of  manufacture  were  carried  on  at 
each  place. 

The  kinds  and  quality  of  aggregates,  and 
their  grading,  proportioning,  mixing  and  cur- 
ing, were  carefully  examined,  including  the 
means  employed  for  maintaining  a  constant 
agitation  of  the  mix  until  poured  into  the 
molds.  The  organization,  plant  layout,  and 
genera!  equipment  for  handling  large  work 
were  also  noted. 

These  preliminary  investigations  were  high- 
ly favorable  to  synthetic  stone,  but  were  not 
fully  conclusive.  If  satisfactory,  it  was  evi- 
dent that  the  use  of  this  material  in  the  Cat- 
skill  Aqueduct  buildings  offered  many  oppor- 
tunities to  effect  economies  and  yet  indulge  in 
architectural  designs  that  would  be  extravagant 
if  produced  in  acceptable  natural  stone.  It 
was  also  apparent,  with  the  rapid  growth  fore- 
seen for  this  product,  that  many  inexperienced 

TABLE  I.— RESULTS  OF  COMPRESSIVE  AND 
TRANSVERSE  TESTS  OF  TYPICAL  SYN- 
THETIC   STONE    SPECIMENS. 


ft 
M 

A-1. 


A-2. 


.2x4.xS  ins. 

2x4x8  ins. 

2x4x8  ins. 
.2x4x8  ins. 

2x4x8  ins. 

2x4x8  ins. 


.8- 

S-in. 

S-in. 
.8-in. 

S-in. 
-in. 


dia. 
dia. 
dia. 
dia. 
dia. 
dia. 


16-in. 
16-in. 
16-in. 
16-in. 
16-in. 
16-in. 


cyl. 
cyl. 
cyl. 
cyl. 
cyl. 
cyl. 


>ii 

tn 

s« 

1,340 
1,460 
1,540 
1,820 
1,830 
1,930 


tu^  ft 
M       tn 

PC  to  — 

U  toT3  m 


Notes:     .\-l  and  A-3  cast 
and    A-4   cast    in   sand    molds, 
for  details. 


3,145 
3,220 
4,250 

4,540 

3,7.'!5 

3,09.: 

rigid  molds.     A-2 
See  specification 


T.4BLE       II.— RESULTS       OF       .ABSORPTION 

TESTS   OF  TYPICAL   SYNTHETIC 

STONE  SPECIMENS. 

Weiglit      .\bsorption, 
Weight  after      after  48  per 

Specimen  No.     drying,     hrs.  immersion,    cent. 

15 1466.0  1517.0  3.5 

16 1120.6  1161.2  3.6 

17 1362.3  1411.5  3.6 

IS 1209.6  1248.1  3.2 

19 1268.6  1305.7  2.9 

20 1552.5  1596.5  2.S 

Average    3.3 

manufacturers,  producing  doubtful  and  in- 
ferior material,  would  have  to  be  reckoned 
with.  Great  care  would  also  need  to  be  exer- 
cised in  drawing  up  the  specifications  and  con- 
tract for  public  letting  so  as  to  secure  syn- 
thetic stone  of  the  best  quality  and  only  that 
manufactured  by  skilled,  experienced  men  in 
well  organized  and  equipped  plants. 

In  most  instances  it  was  found  that  the 
best  manufacturers  were  eager  to  profit  by 
suggestions  in  regard  to  improving  the  artistic 
appearance  of  their  product,  which  in  many 
aspects  was  lacking  from  an  architect's  point 
of  view.  For  example,  much  of  the  synthetic 
stone  was  dull,  lifeless  and  timid  in  appearance, 
and  lacked  the  variations,  color  and  charm 
usually  found  in  most  natural  stones.  To  over- 
come this,  and  to  secure  the  appearance  of 
natural  stone  tints,  the  admi.xture  of  small 
proportions  of  mineral  color,  hornblende,  block 
marble  and  similar  natural  colored  aggregates 
was  experimented  with.  The  first  results 
along  this  line  were  not  very  satisfactory. 
After  many  experiments  and  trials  the  "made 
up"  appearance  was  overcome,  and  there  was 
produced  variegated,  accidental  tones  in  sev- 
eral chosen,  warm,  mellow  shades,  each  de- 
veloped as  a  general  color  scheme  suitable 
for  an  entire  building  or  group  of  buildings. 

.A.ttention  was  then  directed  to  the  surface 
finish.  Few  of  the  manufacturers  had  given 
effective  thought  to  procuring  that  wide  range 


in  texture — so  familiar  and  attractive  in  nat- 
ural stone.  Eventually  a  complete  set  of  spe- 
cimens was  produced  which  satisfactorily  ran 
the  whole  gauntlet  of  natural  stone  texture, 
including  some  interesting  variations  made 
with  a  sand  blast  before  the  stone  was  very 
hard. 

TESTS    OF    TYPICAL    SPECIMENS. 

From  the  beginning  a  collateral  series  of 
tests  was  conducted,  in  conjunction  with  the 
observations  above  described,  at  the  labora- 
tory of  the  Board  of  Water  Supply.  Samples 
of  staple  and  special  output  from  the  factories 
visited  were  here  subjected  to  tests,  under  pre- 
scribed regulations,  which  required  that  an 
inspector  of  the  Department  of  Water  Supply 
should  visit  the  factory  and  take  pourings  from 
the  regular  commercial  output — in  molds  2x4x8 
ins.  in  size,  and  in  cylinders  8  ins.  in  diameter 
and  16  ins.  long.  These  were  marked  for 
identification  by  the  Board's  inspector  and 
shipped  to  the  laboratory  for  tests  when  28 
days  old.  Half  specimens  from  transverse 
tests  were  also  used  for  absorption  tests. 

The  schedules  in  Tables  I  and  II  are  fair 
examples  of  the  tests  on  acceptable  manufac- 
turers' products. 

COMPARATIVE  COSTS. 

Comparative  estimates  of  cost,  based  on 
tentative  designs,  were  made  between  struc- 
tures embodying  good,  durable  synthetic  stone, 
various  available  natural  stones,  and  combina- 
tions of  suitable  brick  and  natural  stones. 
These  estimates  showed  economies  in  the  use 
of  synthetic  stone,  ranging  from  10  per  cent 
to  as  high  as  3.5  per  cent,  varying  according 
to  the  simplicity  or  ornateness  of  the  archi- 
tectural designs. 

EXTRACTS    FROM    SPECIFICATIONS. 

After  being  satisfied  with  the  results  of 
physical  tests,  and  assured  of  economies  and 
freedom  in  design,  plans  and  specifications 
were  prepared  for  five  buildings  to  be  faced 
with  synthetic  stone  simulating  granite  of  a 
pinkish  hue.  The  specifications  required  the 
contractor  to  submit  for  approval  the  name 
and  address  of  the  manufacturer  from  whom 
it  was  proposed  to  order  the  synthetic  stone, 
also  the  names  of  at  least  three  buildings  not 
less  than  five  years  old  in  which  the  product 
of  the  concern  might  be  seen  exposed  to 
weather.  Large  samples  showing  surface  fin- 
ish and  color  tone  were  required  to  be  sub- 
mitted for  approval  before  placing  the  order. 

The  specifications  also  contained  the  fol- 
lowing requirements : 

Test  specimens  of  the  concrete-stone  shall  be 
made  under  the  observation  of  the  engineer  or 
architect  from  the  concrete  mixture  being  used 
in  the  manufacture  of  concrete-stone.  There 
shall  not,  however,  be  demanded  more  than  5 
sets  of  3  specimens  each  for  any  building,  un- 
less some  of  the  tests  show  that  concrete-stone 
of  unsatisfactory  quality  is  being  produced 

Test   specimens,    each   2x4x8   ins.    in   size,   not 
less  than   28   days  old,   shall,   when   placed  flat 
wise  on  .supports   7   ins.   apart,   sustain  without 
fracture  a  transverse  center  load  of  1.000  lbs. 

Test  cylinders  8  ins.  in  diameter.  16  ins.  long, 
not  less   than   28   days   old,   shall    .support,    when 
dry,    without    cracking,    a    compressive    load    of 
2.500  lbs.  per  square  inch,  each  specimen  beini 
properly  .supported  on  its  bed. 

Half  specimens  from  transverse  tests  after 
drying  at  about  180°  F.  to  constant  weight  shall 
be  placed  in  water  flatwise  so  that  their  upper 
surfaces  are  ^^  in.  above  the  surface  of  the 
water  and  shall  so  be  maintained  for  48  hours. 
At  the  expiration  of  this  time  the  upper  sur- 
faces of  the  specimens  shall  be  dry,  and  no 
specimen  shall  have  absorbed  more  than  4  per 
cent  by  weight  of  water. 

All  concrete-stone  shall  be  sufficiently  rein 
forced  with  steel  to  withstand  transportation 
and  erection,  and  to  prevent  cracking  from  any 
cause.  All  lintels  and  similar  members  shall  be 
additionally  reinforced  to  carry  the  loads  to  be 
borne.  E.ach  stone  shall  be  provided  with  a 
suitably  placed  lifting  ring  or  other  device  for 
handling  it  without  marring  the  revealed  faces. 

Concrete-stone  shall  be  manufactured  suffi- 
ciently in  advance  of  the  requirements  of  erec- 
tion to  have  attained  an  age  of  about  2  months 
before   shipment   unless   permission   be   given   to 
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ship  sooner  on  satisfactory  evidence  that  the 
concrete-stones  will  not  be  damaged  thereby. 
.  .  .  Any  concrete-stones  marred  before  their 
acceptance  in  the  buildings,  walls,  balustrades 
or  cartouches  shall  be  promptly  replaced  with 
satisfactory   concrete-stones. 

Exposed  faces  of  concrete-stones  shall  be 
tooled  equivalent  to  approved  samples,  in  gen- 
eral similar  to  the  following  kinds  of  stone 
cutting:  bull  pointed,  rough  pointed,  line  point- 
ed, or  patent  hammered.  ■),  6  or  S  cuts  to  the 
inch.  .  .  .  Other  styles  of  finish  of  approxi- 
mately equal  cost  may  b«  ordered  or  approved 
for  any  concrete-stones. 

SUMMARY    OF    WORK    ALREADY    DONE. 

Emerson  &  Norris  of  New  York  and  Boston 
supplied  the  synthetic  stone  for  the  first  build- 
ings constructed.  Specimens  of  the  mix  as 
poured  for  the  work  were  taken  from  time 
to  time  and  tested  for  transverse  and  compres- 
sive strengths  and  for  absorption. 

The  stones  were  deUvered  at  the  work  and 
set  sand  cast,  care  being  taken  to  roughen 
sHghtly  the  beds  and  builds  to  get  a  good  bond. 
As  each  building  was  completed  the  synthetic 
stone  was  tooled  in  place.  Several  advantages 
resulted  from  this  procedure.  Stones  on 
which  arrises  were  marred  in  transportation 
or  handling  were  set  forward  sufficiently  to 
permit  new  arrises  to  be  cut  when  tooled,  at 
little  expense.  Contrast  in  texture  was  better 
judged,  and  desired  modifications,  which 
were  not  seen  at  the  shop,  were  made  possible, 
whereas  in  the  shop  at  best  only  a  limited 
number  of  tooled  stones  can  be  piled  up  for 
inspection.  Moreover,  as  the  stones  have  had 
more  time  to  harden,  the  tooling  is  made  sharp- 
er and  more  crisp.  All  mortar  slop,  rust  from 
steelwork,  and  other  stains  are  entirely  re- 
moved in  this  way,  and  the  stonework  left 
thoroughly  clean. 

The  next  contract  let  comprised  seven  build- 
ings of  brick  with  synthetic  stone  trim.  The 
bricks  used  were  the  culls  of  shale  paving 
brick,  3%.x4x9  ins.,  laid  up  with  raked  out  1 
in.  white  cement  mortar  joints.  These  culls, 
due  to  their  bent  and  tvOisted  faces  and  their 
varying  red  shades  ranging  to  a  blue  black, 
gave  a  general  tapestry-brick  effect  on  a  large 
scale,  harmonizing  well  with  the  purpose  of  the 
building,  its  size  and  setting. 

The  synthetic  stone  for  this  set  simulated 
buff  sandstone,  and  was  produced  by  the  ad- 
mixture of  mineral  pigment  made  by  the  Clin- 
ton Metallic  Paint  Co.  Added  character  was 
furnished  by  the  aggregate  which  included 
"Gouverneur"   (white)    and   (blue)   marble. 


The  Onondaga  Litholite  Co.,  of  Syracuse, 
through  the  Watson  Engineering  Co.,  of  New 
York,  furnished  the  stone  for  this  work.  This 
synthetic  stone  was  entirely  cut  at  the  factory 
in  Syracuse.  Several  specimen  stones  were 
first  cut  and  tentatively  approved,  after  which 
an  entire  doorway  was  cut  and  set  up  in  the 
factory  for  criticism. 

The  synthetic  stone  delivered  for  these  build- 
ings was  highly  satisfactory,  and  the  work 
progressed  with  no  delay  due  to  its  delivery. 

The  next  contract  was  for  nine  buildings  and 
for  the  balustrades  and  cartouches  for  a  bridge 
near  the  Ashokan  reservoir.  This  work  con- 
tained about  100,000  cu.  ft.  of  synthetic  stone, 
in  addition  to  the  balustrade  (about  2,500  lin. 
ft.)   and  cartouches  for  the  bridge. 

The  contract  price  for  these  nine  buildings 
and  for  the  bridge  balustrades  and  cartouches 
was  $345,535.  The  synthetic  stone  is  dark 
warm  gray,  simulating  granite.  The  synthetic 
stone  for  one  building  is  now  delivered,  and 
the  remainder  is  being  manufactured  as  need- 
ed by  the  general  contractor.  This  work  will 
be  tooled  in  place  when  the  buildings  are  com- 
pleted. 

The  balustrades  and  cartouches  for  the  .Ash- 
okan bridge  are  to  have  a  surface  finish  made 
with  a  sand  blast,  to  harmonize  more  nearly 
with  the  finished  surfaces  of  the  substructure 
of  the  bridge.  The  concrete-stone  for  this 
work  is  being  made  by  the  Emerson  Norris  Co. 

.Another  contract  now  in  progress  includes 
eleven  buildings  of  brick  and  synthetic  stone, 
similar  to  those  previously  described.  The 
synthetic  stone  is  being  made  by  the  Art  Stone 
(To.,  of  Millers  Falls,  Mass.  The  stone,  as  de- 
livered for  the  first  two  buildings,  was  tooled 
at  the  factory.  This  policy  was  abandoned  as 
the  advantages  of  tooling  in  place  were  soon 
apparent  to  the  manufacturers. 

There  are  now  ready  for  contract  six  large 
buildings  near  the  Kensico  reservoir.  These 
buildings  are  to  be  similar  in  design  and  color 
to  the  Ashokan  reservoir  buildings. 

In  the  designs  adopted,  synthetic  stone  was 
used  in  the  same  manner  as  is  natural  build- 
ing stone.  No  attempt  was  made  to  originate 
any  new  architectural  style  for  this  material, 
nor  was  one  needed.  The  typical  construction 
motive  of  today — the  steel  frame — is  only 
masked — with  a  make-believe  front,  full  of 
contradiction  and  pretense.  Synthetic  stone, 
reinforced,  at  least  offers  a  constructive  sys- 
tem, and  its  apparent  form  is  an  honest  ex- 
pression of  its  real  form:  whereas  in  natural 


stone  there  is  often  no  organic  relation  be- 
tween the  real  and  apparent  construction.  It 
has  the  salient  advantage  of  expressing  hon- 
estly its  true  function  as  a  structural  mem- 
ber, together  with  the  practical  advantage  of 
being  fireproof.  Its  susceptibility  to  repetitive 
modeling  offers  to  the  designer  the  opportunity 
of  adding  fitting  details  to  a  design — details 
which  are  often  prohibitive  in  cost  when  exe- 
cuted in  natural  stone  and  which,  if  lacking, 
rob  the  design  of  its  potential  interest  and 
charm. 


Comment     on     St.     Louis     Ordinance 

Creating  Office  of  Quantity 

Surveyor. 

To  THE  Editors  :  I  have  been  much  in- 
terested in  the  eft'orts  of  the  Engineers'  Club 
of  St.  Louis  to  have  an  ordinance  passed 
creating  the  office  of  "Quantity  Surveyor,"  as 
noted  in  the  March  3,  1915,  issue  of  Engineer- 
ing AND  Contracting.  This  seems  to  be  a 
very  important  matter,  one  that  will  have  a 
tendency  to  stabilitate  the  relation  between 
costs  and  profits,  lessening  the  risks  of  loss, 
and  eliminating  excessive  profits.  It  will  ne- 
cessitate more  care  in  the  preparation  of 
plans  and  specifications,  and  a  greater  sense 
of  moral  responsibility  on  the  part  of  the 
engineer  or  architect.  It  may  lead  to  an  estab- 
lishment of  the  apprentice  system,  and  this 
will  do  more  to  eliminate  the  objectionable 
features  of  current  experience  than  any  licens- 
ing act  that  may  be  passed  by  any  state  legis- 
lature, on  the  lines  that  have  been  suggested  in 
several  places.  It  makes  for  the  elimination 
of  guessing,  the  rock  which  many  a  man  has 
found  responsible  for  his  financial  and  busi- 
ness destruction. 

The  application  of  the  ordinance  as  finally 
adopted  will  be  a  matter  requiring  very  care- 
ful and  conservative,  although  sometimes  rad- 
ical, iudgment.  The  common  law,  and  the 
custom  of  the  country,  may,  and  probably  will, 
complicate  the  situation,  but  careful  and  con- 
tinuous study  of  the  various  phases  appearing 
in  the  many  types  of  construction  will  surely 
bring  about  satisfactory  results.  Chapter  IX 
of  "Leaning's"  Quantity  Surveying,  Third 
Edition,  is  worthy  of  the  careful  perusal  of 
any  one  interested  in  the  matter. 
Very  truly  yours, 
BENJ.\MIX    THOMPSON. 

Contracting  Engineer. 

224  American  National  Bank,  Tampa,  Fla. 
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Methods  and  Cost  of  Constructing  a 

Mountain  Road  System  in  Wise 

County,  Virgania. 

Contributed  by  Wm.   F.   Coclie,    Assistant  Engi- 
neer,   Virginia    State    Highway    Commission, 
Richmond,    Va. ;    formerly   County   Engi- 
neer  of   Wise   County. 

Wise  County,  located  in  the  extreme  south- 
west section  of  Virginia,  is  bounded  on  the 
north  by  the  main  ridge  of  the  Cumberland 
Mountains  which  form  the  Kentucky  state  line, 
and  is  traversed  by  the  Black  Mountains,  Stone 
Mountain  and  Powells  Mountain,  all  of  these 
ridges  having  a  general  direction  of  east  and 
west  and  rising  to  a  mean  elevation  of  about 
1,000  ft.  above  the  intervening  valleys.  The 
highest  point  crossed  by  a  highway  has  an  ele- 
vation of  about  2,700  ft.  above  sea  level.  The 
principal  streams  are  the  Clinch,  the  Pound 
I  and  the  two  forks  of  Powells  River  fed  by  a 
number  of  typical  mountain  streams  with  nar- 
row valleys  and  a  very  rapid  run  off.  The 
entire  county  lies  in  the  coal  measures,  with  the 
exception  of  the  valley  of  the  south  fork  of 
Powells  River  and  a  narrow  belt  adjacent  to 
the  Clinch  River  which  arc  in  a  limestone  for- 
mation. The  general  contour  in  both  the  free- 
stone and  limestone  sections  is  very  abrupt, 
some  of  the  ridges  reaching  an  inclination  of 
48°      from      horizontal.        Figure      1      shows 


the  location  of  the  railroads  traversing  the 
county  and  the  relative  position  of  the  principal 
towns. 

Prior  to  1910  no  road  improvement  had  been 
undertaken  in  Wise  County  except  two  pieces 
of  macadam  built  under  the  State  Highway 
Commission  with  state  aid  money.  One  of 
these  sections  of  road  lay  between  the  towns 
of  Norton  and  Wise,  3%  miles,  and  the  other, 
between  Big  Stone  Gap  and  Appalachia,  2  miles 
in  length. 

The  county  at  that  time  was  maintaining 
approximately  800  miles  of  dirt  roads  which 
had  gradually  developed  from  the  old  moun- 
tain trails.  These  dirt  roads  were  too  narrow 
for  two  vehicles  to  pass  except  at  intervals 
where  pass  ways  had  been  widened,  and  no 
provision  had  been  made  for  drainage  except 
an  occasional  water  break  or  "thank  you 
marm."  Some  of  the  grades  were  as  steep  as 
21  per  cent,  light  vehicles  were  little  used  and 
most  of  the  travel  was  on  horse  back. 

The  area  of  the  county  is  413  .square  miles 
and  the  population  in  1910  was  41,55G.  The 
assessed  valuation  of  property  in  1910  was 
$8,643,f)43.00,  not  including  that  located  inside 
the  incorporated  towns.  Of  this  amount,  ap- 
proximately 60  per  cent  was  owned  by  various 
corporations,  principally  coal  mining  com- 
panies. 

In  the  latter  part  of  1910  the  county  became 


so  enthused  over  the  two  short  pieces  of  state 
aid  road,  already  constructed,  that  a  campaign 
was  started  for  a  bond  issue  of  700,000,  with 
which  to  construct  125  miles  of  improved  high- 
way. The  several  roads  to  be  improved  with 
this  bond  issue  were  decided  upon  at  a  large 
mass  meeting  and  named  in  an  order  of  count, 
authorizing  the  election,  which  was  carried  at 
the  polls  by  an  overwhelming  majority. 

The  Virginia  law  provides  that  when  a 
county  bonds  for  road  improvement,  that  the 
surveys,  estimates  and  construction  shall  be 
supervised  by  an  engineer  appointed  or  ap- 
proved by  the  State  Highway  Commissioner. 
There  is  no  provision  for  making  the  surveys 
and  estimates  before  the  bond  issue  has  been 
voted,  so  after  construction  begins,  there  fre- 
quently arises  the  situation  of  attempting  to 
draw  a  straight  line  through  three  given  points, 
viz.:  the  length  of  road,  the  character  of  con- 
struction and  the  cost. 

Two  locating  parties  were  put  in  the  field 
during  the  following  winter  and  the  surveys 
and  estimates  completed  by  the  latter  part  of 
.'^pril,  1911.  Twelve  roads  were  provided  for 
in  the  order  of  court,  authorizing  the  bond 
issue,  aggregating  125  6/10  miles.  For  con- 
venience, these  12  roads  were  blocked  into  11 
sections  and  each  section  treated  as  a  separate 
unit  in  letting  contracts.  Preliminary  cross  sec- 
tions were  taken  over  all  of  the  adopted  loca- 
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tions  and  the  cross  sections  platted  with  %:1 
slopes  and  the  areas  calculated  with  the  aid  of 
a  planimeter.  It  was  anticipated  that  the  ex- 
cavation  would   run  from  65  to  70  per  cent 


and  then  determine  what  portion  of  the  work 
could  be  let  to  contract.  All  of  the  work,  with 
the  exception  of  steel  bridges,  was  accordingly 
advertised  and  bids  opened  on  May  28th,  1911. 
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Fig.  1.     Map  of  Wise  County.  Virginia,  Show/ing  the   Location  of  the    Roads   Improved. 


solid  rock  and  the  %  :1  slope  was  selected  as  a 
fair  average  between  earth  taken  out  at  a  1:1 
slope  and  solid  rock  taken  at  a  %  :1  slope. 

The  cuts  were  figured  for  a  24  ft.  base  and 
the  fills  20  ft.  wide  on  top.  Vitrified  pipe  was 
estimated  on  for  all  openings  up  to  2  ft.,  rein- 
forced concrete  slabs  for  openings  from  that 
size  up  to  20  ft.  in  span,  and  steel  superstruc- 
ture with  wooden  flooring  for  streams  requir- 
ing a  span  greater  than  20  ft. 

Nineteen  miles  of  proposed  road  traversed 
the  limestone  section  of  the  county  and  the 
remaining  127  miles  lay  in  the  coal  measures, 
or  freestone  section,  where  only  a  sandstone 
of  varying  hardness  and  no  bonding  quality 
was  available.  Where  limestone  could  be  ob- 
tained with  a  reasonable  haul  either  from 
quarry  or  railroad  point,  the  estimates  were 
based  on  a  limestone  macadam  12  ft.  in  width 
and  6  ins.  in  dept  after  being  compacted. 

It  will  be  noted  from  the  map  that  about  35 
miles  of  road  lay  in  the  northern  end  of  the 
county,  very  remote  from  any  railroad,  and 
entirely  in  the  sandstone  section.  For  these 
roads,  the  estimates  were  based  on  a  sandstone 
foundation  5  ins.  in  depth  after  rolling  with  a 
.3-in.  limestone  wearing  surface. 

The  preliminary  estimates,  when  completed, 
show  the  following  quantities  ; 

Unclassified   excavation,   cu.    yds 930,624 

Vitrified  clay  pipe,   12  to  24-in.,  lin.  ft 25,847 

Masonry    (not    including  bridges  over   20- 

ft.    span),    cu.    yd-s 3,650 

Water  bound  macadam,  sq.  yds 861.754 


The    bids   received   at   that    time   ranged    as 
follows: 
Unclassified     excavation,     per     cu. 

yd $  0.47  to    O.S.S 

Water     bound     macadam     (1     mile 

wagon  haul),  per  sq.  yd 42  to      .8.'. 

Cement    rubble   masonry,     per     cu. 

yd 4.50  to    .s.no 

Concrete  (1:2:4),  per  cu.  yd 10.00  to  32.0(i 

The  total  cost  of  the  125  miles  of  road  (ex- 
clusive of  steel  bridges),  based  on  preliminary 


The  27  steel  bridges  were  let  to  the  Roanoke 
Bridge  Co. 

The  average  unit  prices  at  which  the  work 
was  awarded  were  as  follows : 

Item.  '  Bid  price. 

Unclassified  excavation,  cu.  yd $0.53 

Dry  rubble  masonry,   cu.  yd 3.75 

Cement  rubble  masonry,  cu.  yd 5.75 

Concrete   (1:3:6),   cu.   yd 9.76 

Concrete   (1:2:4),   cu.   yd 12.00 

Vitrified  pipe  culverts,  lin.  ft.: 

12-in 95 

15-in 1.15 

18-in 1.35 

24-in 2.00 

^V'aterbound    macadam  "  (local    stone),    sq. 

yd 55 

Waterbound  macadam  (stone  by  rail),  sq. 
yd 85 

The  average  stone  haul  from  quarries  and 
railroad  points  was  1%  miles. 

As  fast  as  the  work  was  let  to  contract, 
resident  engineers  were  placed  in  charge,  and 
each  provided  with  a  party  similar  to  a  resi- 
dency party  on  railroad  work.  Eight  residency 
parties  was  the  largest  number  employed  at 
any  one  time.  The  countv  engineer  had  an 
office  in  the  town  of  Norton  and  was  provided 
with  a  clerk. 

Only  about  30  per  cent  of  the  roads  as  locat- 
ed remained  on  the  right-of-way  of  the  old 
roads  and  when  it  became  necessary  to  secure 
the  rights  of  way  for  the  relocations,  a  con- 
siderable amount  of  opposition  was  aroused. 
This  was  not  surprising,  as  all  of  the  dwellings 
faced  the  old  roads  and  the  revisions  in  many 
cases  cut  through  gardens  and  orchards.  In  a 
country  as  broken  as  this,  there  was  generally 
only  one  desirable  location,  so  many  condem- 
nations were  necessary.  As  has  been  stated, 
this  bond  issue  was  voted  by  an  overwhelming 
majority,  but  if  a  vote  could  have  been  taken 
about  this  time,  it  would  probably  have  been 
defeated  by  ten  to  one. 

The  work  of  referencing  the  center  line  and 
setting  slope  stakes  was  very  tedious,  owing 
to  the  steepness  of  the  ground,  and  2,000  ft. 
per  day  was  a  fair  average  for  one  party. 
About  70  per  cent  of  the  grading  was  side  hill 
cut,  some  of  the  slopes  being  as  steep  as  48°. 
It  was  found  to  be  useless  to  stake  out  the 
lill  side  of  the  section  where  the  slope  of  the 
ground  exceeded  20°,  as  the  material  would 
gain  such  momentum   as  to   run   far  past  the 
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Typical   Cross  Section   of   Macadam    Roads. 


quantities  at  the  lowest  prices  bid  aggregated 
$1,334,500.00.  A  part  of  the  work  was  let  to 
contract  at  this  time  and  the  balance  readver- 
tised. 

All  of  the  work,  for  which  funds  were  avail- 
able, was  let  to  contract  before  the  last  of 
October,  1911,  and  consisted  of,  the  grading 
on  the  entire  125  miles,  together  with  all  drain- 
age  structures   and   about   25   miles   of    water 


Slope  in  degrees. 
Level  section  to  5.. 

5   to  10 

10  to  15 

15  to  20 

20  to  25 

25  to  30 


Fig.  2.     Typical  Cross  Section  of  Earth   Roads. 


Masonry    substructure    (in    bridges    more 

than  20  ft.   in  span),  cu.  yds 7,100 

Steel     superstructure     (in     bridges     more 

than  20   ft.    in   span),    tons 250 

It  was  evident  from  this  approximate  esti- 
mate that  $700,000  was  insufficient  to  construct 
the  total  amount  of  road  called  for  in  the  court 
order,  but  it  was  decided  to  advertise  for  bids 


bound  macadam.    The  contracts  were  awarded 
to  four  contracting  firms  as  follows: 

Name.  Miles. 

T.  Towles  &  Co.,  Princeton,  W.  Va 65 

Bunn  &  Co.,  Big  Stone  Gap,  Va 

Clarke     County     Construction     Co.,     Win- 

Chester    ICv 
W.  B.  Taylor  &  Co.!  Big  Stone  Gap,  Va!!! 
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slope  stakes  and  lose  itself  along  the  mountam 
side. 

From  actual  observation  the  following  table 
of  slopes  was  compiled  giving  the  percentage 
of  roadbed  which  must  be  thrown  into  the 
solid  on  side  hill  cutting: 

Per  cent 
of  solid 
cutting. 

50 

55 

61 

70 

83 

100 

Actual  construction  was  begun  about  July, 
1911,  and  by  the  latter  part  of  the  summer, 
practically  125  miles  was  under  construction 
by  the  contractors'  forces.  The  grading  was 
pushed  during  the  first  six  months  to  such  an 
extent  that  at  the  end  of  that  time  it  was 
more  than  60  per  cent  complete.  The  heaviest 
months  work  was  done  in  September,  1911. 
when  120,000  cu.  yds.  of  excavation  was  al- 
lowed the  contractors  on  their  monthly  esti- 
mates. 

The  best  record  for  material  handled  with 
pick  and  shovel  was  made  by  two  Italian 
forces  who  averaged  11  cu.  yds.  per  man  for 
each  10  hour  day  during  two  months.  This 
material  was  approximately  70  per  cent  earth. 
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20  per  cent  loose  rock  and  10  per  cent  solid 
rock.  The  average  per  man  over  the  entire 
work  during  the  first  six  months  was  5.3 
cu.  yds.  per  10  hour  day.  So  small  a  part  of 
the  excavation  was  handled  with  wheel  scrap- 


this  highway  work  was  two  large  channel 
changes,  feach  of  which  eliminated  two  TO-ft. 
bridges  at  a  saving  in  actual  cost  of  construc- 
tion and  a  great  saving  in  cost  of  maintenance. 
The  27  steel  bridges  contracted  for,  consisted 


Fig.  4.     Typical   Mountain    Road    Grade    Development. 


of  one  90-ft.  truss  span  with  100-ft.  trestle  ap- 
proach, five  70-ft.  truss  spans,  three  54-ft.  truss 
spans,  five  50-ft.  truss  spans,  seven  40-ft.  beam 
spans,  one  36-ft.  beam  span  and  five  30-ft. 
beam  spans.  These  bridges  were  built  on  the 
standard  plans  of  the  State  Highway  Com- 
mission and  were  designed  to  carry  a  moving 
load  of  12  tons  with  a  factor  of  safety  of  four. 
Wooden  flooring  was  used  and  cement  rubble 
substructure.  These  27  bridges  (superstructure 
and  substructure  complete)  were  contracted 
for  at  the  lump  sum  of  $23,350. 

Funds  derived  from  the  bond  issue  fell 
short  of  the  sum  required  to  lay  macadam  on 
all  of  the  roads.  Therefore,  about  100  miles 
were  completed  as  earth  road.  These  roads  lay 
almost  entirely  in  the  sandstone  section  where 
the  soil  consisted  chiefly  of  a  yellow  clay  which 
absorbed  water  very  readily.  A  number  of 
miles  of  these  earth  roads  have  since  been  sur- 
faced with  crushed  sandstone  which  has  made 
something  nearly  approaching  a  sand-clay 
road.  On  a  part  of  the  roads  on  which  no 
macadam  was  laid,  a  shale  was  obtained  which 
made  a  very  fair  surface  for  light  travel. 
Figure  2  shows  the  standard  section  of  earth 
road. 

About  25  miles  of  water  bound  macadam,  of 
good  limestone  was  laid.  Figure  3  shows  the 
standard  macadam  section.  The  work  was  re- 
measured  for  the  final  estimates  as  fast  as  it 
was  completed.  These  final  measurements 
showed  some  increase  in  yardage  over  the 
slope  stake  quantities,  largely  due  to  breakage 
in  the  slopes.  The  contractors  were  not  al- 
lowed for  breakage  due  to  heavy  shooting  but 
where  this  breakage  was  unquestionably  due  to 


ers  that  no  careful  record  was  kept  of  material 
moved  in  this  manner. 

Two  steam  shovels  were  operated,  one  being 
a  48-ton  Marion  and  the  other  an  18-ton  re- 
volving Marion.  The  average  daily  output  of 
the  48-ton  Marion  shovel  was  800  cu.  yds.  The 
time  spent  in  moving  was  included  in  making 
up  this  daily  average.  The  material  handled  by 
this  shovel  ran  approximately  50  per  cent 
earth,  30  per  cent  loose  rock  and  20  per  cent 
solid  rock.  The  small  revolving  shovel  was  so 
poorly  handled  that  it  was  impossible  to  esti- 
mate its  daily  average,  as  it  was  run  only  a 
part  of  the  time  and  the  hand  forces  were 
worked  at  intervals  in  the  same  cut. 

The  spring  rains  caused  the  slopes  to  break 
at  many  points  and  some  of  the  slides  assumed 
serious  proportions,  the  largest  containing  ap- 
proximately 6,000  cu.  yds.  These  slides  were 
removed  by  the  contractors  on  "force  account," 
that  is.  actual  cost  plus  10  per  cent.  It  was 
not  practical  to  measure  these  slides  by  cross 
sectioning,  as  in  most  cases,  the  ground  was  in 
motion  far  up  the  mountain  side. 

A  rather  unusual  feature  in  connection  with 


Fig.   5.      Rubble    Masonry   Constructed   with    Local    Labor. 


Fig.  6.     A   Road  on  Which   Side   Hill   Excavation  Averaged  27,000  Cu.  Yds.  Per  Mile. 

natural  causes,  full  allowance  was  made.  Some 
of  the  heaviest  work  ran  27,000  cu.  yds.  of  ex- 
cavation per  mile.  The  final  measurements 
showed  an  average  of  about  9,100  cu.  yds.  of 
excavation  per  mile. 

The  aim  was  to  make  five  oer  cent  the  max- 
imum grade,  but  in  crossing  principal  mountain 
ridges,  it  was  frequently  necessary  to  go  as 
high  as  7  per  cent,  but  in  no  case  was  this 
exceeded.  Owing  to  the  abrupt  nature  of  the 
country,  the  radius  of  some  of  the  curves  was 
necessarily  shorter  than  was  desirable.  Figure 
1  shows  a  very  diflficult  piece  of  location  where 
a  radius  of  25  ft.  was  the  best  that  could  be 
obtained  without  exceeding  the  maximum 
grade. 

The  engineering  expense  on  this  work  was 
about  5V4  .per  cent  of  the  total  cost.  All  classes 
of  work  were  simple  in  character  and  as  eco- 
nomically done  as  was  consistent  with  good 
engineering,  and  there  was  very  little  con- 
nected with  it  worthy  of  notice  except  its 
magnitude. 

The  writer  was  in  charge  of  this  work  from 
.April,  1911,  to  January,  1913.  and  was  suc- 
ceeded by  Mr.  B.  S.  Crawford  who  remained 
in  charge  until  the  completion  about  June, 
1914.  At  the  time  this  work  was  begun,  it  was 
the  largest  highway  project  undertaken  by  a 
southern   county,   and   the   best   indication   of 
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the  benefits  derived  from  it  is  that  another 
bond  issue  has  since  been  voted  to  add  to  the 
system  of  roads  originally  laid  out. 


Method  of  Assessing  the  Cost  of  Street 

Improvements  in  Two  Iowa  Cities. 

A  method  of  assessing  the  cost  of  street 
improvements  under  the  new  Iowa  assess- 
ment law  was  discussed  by  M.  G.  Hall,  of 
Centerville,  la.,  in  a  paper  prepared  for  pre- 
sentation before  the  Iowa  Society  of  Engi- 
neers. A  general  method  of  equitable  assess- 
ment for  lots  of  all  areas  is  developed  in 
the  discussion  which  is  given  here: 

SPECI.\L  ASSESSMENT  LAWS. 

Previous  to  Jan.  1,  1914,  the  Iowa  statutes 
required  the  special  assessment  for  street 
improvements  to  be  made  against  the  abutting 
property  in  proportion  to  the  special  benefits 
conferred  upon  the  property  and  not  in  ex- 
cess of  such  benefits  and  not  in  e.xcess  of 
25  percent  of  the  actual  value  of  the  property. 

Instances  have  occurred  where  the  abutting 
property  consisted  of  a  narrow  strip  of 
ground,  privately  owned  and  lying  along  the 
street  improved  where  the  value  of  the  tract 
was  very  small  when  taken  by  itself,  but  under 
the  law  it  was  abutting  property  and  assess- 
able only  to  the  e.xtent  of  25  per  cent  of  its 
actual  value,  resulting  in  a  deficiency  in  the 
amount  which  could  be  raised  by  special 
assessment  and  which  was  therefore  payable 
only  out  of  some  fund  of  the  city,  usually 
the  so-called  improvement  fund  authorized  by 
statute. 

There  are  many  arguments  to  be  made  as 
to  what  constitute  benefits  and  methods  of 
apportionment,  but  I  will  not  discuss  these 
arguments  further  than  to  say  that  it  is 
absurd  to  assume  that  only  the  property 
abutting  on  the  improvement  is  benefited  and 
especially  is  this  true  when  the  conditions  are 
as  mentioned  above. 

It  has  also  been  held  unlawful  in  Iowa 
to  assess  benefits  according  to  the  front  foot 
rule.  There  are  cases  where  this  rule,  if 
applied,  would  result  in  an  unfair  apportion- 
ment of  benefits  especially  when  the  improve- 
ment is  made  on  both  sides  of  a  corner  lot, 
and  on  acreage  or  unplatted  tracts  which 
under  the  law  existing  previous  to  Jan.  1, 
1914,  was  not  assessable  over  150  ft.  from  the 
street  improved.  In  the  former  case  the 
property  would  stand  an  e.xcessive  assessment, 
and  in  the  latter  case  the  value  of  the  assess- 
able area  would  not  be  sufficient  to  carry 
the  assessment  within  the  25  per  cent  limit, 
thus  causing  further  deficiencies. 

Although  it  was  supposed  to  be  unlawful  to 
make  assessments  according  to  the  front  foot 
rule  there  remained  little  else  on  which  to 
measure  the  benefits ;  and  a  large  proportion 
of   the   assessments    were   made    so   near    this 
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Fig.  1.    Curve  Used  in   Determining  Amount 
to    Assess. 


rule  that  the  difference  could  not  be  discov- 
ered. 

On  Jan.  1,  1914,  a  new  law  passed  by  the 
35th  General  Assembly  came  into  effect  which, 
after  reciting  other  provisions  of  the  assess- 
ment laws  makes  the  following  statement: 
"and  shall  be  limited  to  the  amount  to  be 
assessed  against  private  property,  against  all 
lots  and  parcels  of  land  according  to  area 
so  as  to  include  one-half  of  the  privately 
owned   property  between  the  street  improved 


and  the  next  street,  whether  such  privately 
owned  property  abut  upon  said  street  or  not; 
but  in  no  case  shall  privately  owned  property 
situated  more  than  300  ft.  from  the  street  so 
improved  be  so  assessed.  In  case  of  improve- 
ment upon  an  alley,  such  assessment  shall 
be  confined,  according  to  area,  to  privately 
owned  property  within  the  block  or  blocks 
improved  and  if  not  platted  into  blocks  for 
not  more  than  150  ft.  from  the  improved 
alley." 

This  law  has  made  a  radical  change  in  the 
manner  of  making  assessments  and  I  will 
endeavor  to  explain  how  this  new  method  has 
been  worked  out  in  two  Iowa-  cities  during 
the  oast  year. 

NEW    METHOD   OF    PROCEDURE. 

It  is  the  province  of  the  engineer  to  pre- 
pare the  plat  and  schedule  of  assessment  for 
street  improvements  under  the  instructions  of 
the  city  council.  Here  again  comes  in  the 
question  of  apportioning  the  benefits  over  the 
assessable  area  as  compared  with  the  assess- 
able frontage  as  heretofore. 

The  method  adopted  in  the  cases  to  be  men- 
tioned was  to  secure  some  statement  from 
the  council  in  the  way  of  instructions  as  to 
what  proportion  of  the  cost  should  be  appor- 
tioned to  the  lot  abutting  on  the  improve- 
ment taking  a  standard  lot  for  the  city  in 
question  as  a  basis ;  then  for  the  lot  next  to 
the  abutting  lot,  and  so  on  for  each  successive 
lot  until  all  the  lots  assessable  within  the 
limits  fixed  by  law  are  covered. 

If  all  lots  were  the  same  size  and  shape 
then  our  instructions  would  be  complete  and 
sufficient.  But  as  is  frequently  the  case  lots 
are  subdivided  and  unplatted  property  is  sub- 
divided into  all  sizes  and  shapes  and  it  is 
necessary  to  devise  some  method  of  making 
an  equitable  distribution  of  the  costs,  so  as 
to  arrive  at  the  proper  proportion  of  the  cost 
for  each  lot  or  tract  regardless  of  shape, 
that  will  be  equitable  or  as  nearly  so  as  pos- 
sible. 

The  method  herein  explained  is  believed 
to  be  logical,  convenient,  easily  explained,  and 
one  that  can  be  worked  out  exactly  without 
any  assumptions  other  than  that  first  made 
by  the  council.  It  has  been  found  that  there 
have  been  very  few  objections  made  by  the 
owners  of  the  assessed  property,  chiefly  be- 
cause it  could  be  shown  that  the  same  method 
had  been  used  for  each  case  and  the  whole 
operation  of  arriving  at  the  assessment  could 
be  checked  by  almost  any  property  owner 
who  looked  into  the  method.  It  has  been 
unnecessary  to  use  the  frontage  of  the  lot 
as  a  primary  basis  for  making  the  assess- 
ment. 

METHOD    OF    PLATTING    CURVES. 

The  curves  shown  in  Fig.  1  are  marked 
Corvdon  and  Clarinda,  being  the  names  of 
two  towns  where  this  method  has  been  used 
by  the  writer  during  the  past  year. 

At  Corydon  the  plan  was  to  assume  the 
assessment  on  the  first  75  ft.  abutting  the 
improvement,  measuring  at  right  angles  to 
the  improvement,  would  bear  an  assessment 
of  100;  the  next  75  ft.  40  per  cent  of  the 
first,  or  40  parts:  the  third,  75  ft.  40  per  cent 
of  the  second,  or  16  parts;  and  the  fourth 
75  ft.  40  per  cent  of  the  third,  or  6.4  parts, 
making  the  total  assessment  for  the  full  limit 
of  300  ft.  from  the  improvement  162.4  parts. 

This  curve  was  constructed  by  assuming  as 
the  horizontal  ordinate  the  distance  from  the 
street  in  feet  with  zero  at  the  street  line;  and 
the  vertical  ordinate  the  sum  of  values  given 
above  for  the  relative  proportion  of  the  cost 
of  the  improvement.  These  points  of  given 
value  were  then  platted  and  an  irregular  curve 
drawn  between  the  points  as  shown. 

The  Clarinda  curve  was  drawn  in  much  the 
same  way  except  that  the  percentages  used 
were  less  than  for  the  Corydon  curve.  In 
this  case  taking  the  same  points,  namely :  the 
first  75  ft.  assumed  at  100;  the  second  31.1 
per  cent  of  the  first;  the  third  32.8  per  cent 
of  the  second:  and  the  fourth  25.4  per  cent 
of  the  third,  making  a  total  of  143.9  points  at 
300  ft.  from  the  street. 

As  the  law  says  the  area  of  the  lot  must 
be  taken  into  consideration  this  curve  as  ap- 


plied takes  into  account  the  length  and  width 
of  the  lot;  the  two  dimensions  of  area. 

COMPUTATION     OF    ASSESSMENTS. 

To  illustrate  the  method  used  a  section  of 
the  area  assessable  for  the  improvement  at 
Corydon  is  shown  in  Fig.  2.  The  manner  in 
which  a  few  of  these  assessments  were  deter- 
mined  is   shown   below : 

Case  A :  Here  the  property  extends  80  ft. 
back  from  the  street  and  has  a  frontage  on 
the  street  of  140  ft.  Referring  to  the  Corydon 
curve  we  read  104  on  the  curve  for  a  lot  80 
in   depth,    and   multiply   this   by   the    frontage 


60 

i 

SO 

zo- 

^  1 

160          Si 

N 

CQ 

-J 

IV- 

-E 

^1 

Ul 

<o 

1 

BO 

do 
2 

60 

t 

c 

H 

40 

JACKSON 


ST 


n 


ESC. 


Fig.  2.     Plan   of  a   Block   in   the   City   of 
Corydon,   Iowa. 


140  ft.  and  we  have  14,560  as  the  proportional 
parts  of  the  assessment  for  A. 

Case  B :  Here  the  line  of  the  lot  nearest 
the  improvement  is  80  ft.  from  the  street  and 
the  corresponding  point  on  the  curve  is  104. 
The  line  of  the  lot  farthest  from  the  street 
is  160  ft.  and  on  the  curve  is  represented  by 
142;  or  the  difference  in  ordinates  being  38 
multiplied  by  the  width  of  the  lot,  80  ft., 
gives  the  portion  of  the  assessment  for  B, 
namely,  3,040  parts. 

Case  C:  Here  it  is  assumed  that  both 
streets  are  improved  and  C  is  assessable  for 
both.  The  East  line  of  C  lot  being  60  ft.  from 
Franklin  street  the  ordinate  corresponding  is 
83.  For  80  ft.  the  west  line  of  the  lot  it  is 
104;  or  21  points  for  the  lot  multiplied  by  75 
(the  length  of  tlie  lot  in  feet),  making  1,575 
ooints  for  the  pavement  on  Franklin  street. 
But  it  is  also  assessable  on  Jackson  street 
for  100  points  times  20  ft.  (the  width  of  the 
lot),  making  a  total  of  2.000  points,  or  a  total 
for  the  whole  improvement  of  3,575  parts. 

And  so  on  for  all  of  the  properties  assess- 
able. When  this  is  all  figured  in  the  manner 
described  above  it  is  evident  that  the  sum 
of  all  these  parts  represents  the  total  cost 
of  the  improvement  or  so  much  of  it  as  is 
to  be  assessed.  It  is  then  a  short  and  simple 
problem  to  find  the  value  of  each  unit  and 
apply  it  to  each  of  the  properties  to  be  as- 
sessed, in  proportion  as  they  have  been  pre- 
viously weighted  as  described  above. 

This  method  has  been  found  to  be  very 
satisfactory  and  one  which  when  worked  out 
in  tabular  form  as  it  should  be,  is  very 
easily  explained  and  defended  as  being  defi- 
nite, equitable,  consistent  and  to  the  interests 
of  all. 

The  only  cause  for  complaint  is  the  original 
assumption  as  to  relative  benefits  to  adjacent 
and  abutting  properties  upon  which  the  curve 
is  based,  and  it  must  be  said  that  it  is  an 
assumption  in  the  beginning  and  liable  to 
objections  as  to  equity  on  the  part  of  different 
individuals,  but  represents  the  opinion  of  the 
city  council  which  the  writer  has  found  has 
almost  without  exception  been  arrived  at  after 
careful  consideration  by  men  whose  judgment 
taken  collectively  is  as  good  as  that  of  any 
other  body  of  men  that  might  be  selected  for 
the  purpose. 


The  Engineers'  Club  of  Seattle  has  recently 
been  incorporated  under  the  laws  of  the  State 
of  Washington. 


April  14,  1915. 
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The  Price  in  Illinois  of  Three  Popular 
Types  of  Road. 

(Staff  Abstract.) 

There  is  a  distinction  in  meaning  between 
cost  and  price.  Cost  may  be  defined  as  the 
sum  required  to  produce  an  article  complete 
ready  for  consideration  by  the  consumer; 
price  is  the  total  sum  given  in  exchange  by 
the  consumer  for  the  complete  ownership  and 
use  of  the  article.  The  price  of  a  road  is 
made  up  of,  construction  cost,  interest  cost, 
up-keep  cost,  and  depreciation  cost.  So  much 
uncertainty  exists  in  estimating  depreciation 
cost  that  it  will  for  the  present  purpose  not 
be  considered. 

In  the  light  of  the  present  road  situation  in 
Illinois  it  is  interesting  to  consider,  so  far 
as  available  data  will  permit,  the  probable 
price  to  the  tax-payers  of  the  three  popular 
types  of  road,  namely,  vitrified  brick,  Portland 
cement  concrete  and  water-bound  macadam. 
During  the  latter  half  of  the  year  1914,  the 
Illinois  Highway  Commission  entered  into 
contract  for  the  construction  of  18  vitrified 
brick  roads,  aggregating  114,188  sq.  yds.,  in 
17.7  miles,  and  located  in  eleven  counties. 
During  the  same  time  contracts  were  entered 
into  also  for  the  construction  of  57  Portland 
cement  concrete  roads,  aggregating  _539,933 
sq.  yd";.,  in  75  miles,  and  located  in  37  coun- 
ties. From  having  awarded  these  contracts 
it  is  practically  assured  that  if  such  items  as 
rough  grading,  bridges  and  culverts  and  the 
like,  be  excluded  the  brick  pavement  proper 
can  be  built  at  a  construction  price  to  the  tax 
payers  of  $1.90  per  square  yard,  and  the  con- 
crete pavement  proper  at  a  corresponding 
price  of  $1.20  per  square  yard,  where  the 
haul  does  not  exceed  about  two  miles.  For 
the  brick  road,  the  construction  cost  is  $1.90 
per  square  yard.  Assuming  the  issuance  of 
20  year  serial  bonds,  payable  arinually,  and 
rating  interest  at  5  per  cent,  the  interest  cost 
on  this  $1.90  is  $1.00.  From  the  experience 
that  various  cities  throughout  Illinois  have 
had  with  vitrified  brick  pavements  it  is  rea- 
sonably well  assured  that  the  total  up-keep  cost 


on  the  pavement  proper  for  the  first  25  years 
would  not  exceed  an  average  of  1  ct.  per 
square  vard  per  year.  These  three  costs  give 
a  price' to  the  tax-payers  of  $3.15  per  square 
yard,  for  a  4-in.  vitrified  brick  pavement  for 
the  first  25  years.  As  mentioned  before,  the 
depreciation  cost  with  respect  to  so-called 
permanent  highway  improvement  is  such  an 
excessive  refinement  in  this  day  as  not  to 
warrant  much  consideration,  providing  the 
construction,  interest  and  up-keep  costs  are 
dulv  considered. 

For  the  concrete  pavement,  the  construction 
cost  is  $1.20  per  square  yard.  Computing  in- 
terest as  before,  one  gets  an  interest  cost  of 
63  cts.  per  square  yard.  In  the  probable  up- 
keep cost  for  the  concrete  pavement  is  where 
the  greatest  uncertainty  lies.  One  would  be 
presumptuous,  indeed,  to  assume  that  under 
mixed  traffic  conditions  concrete  pavement 
would  endure  longer  than  15  years  without 
economicallv  admitting  of  resurfacing.  From 
present  knowledge  it  would  appear  that  the 
most  practicable  low  first-cost  resurfacing  for 
a  concrete  pavement,  unevenly  worn,  would 
be  a  bituminous  concrete  some  3  ins.  in  aver- 
age thickness.  Considering  the  necessarily 
high  quality  that  this  surface  would  need  to 
be,  it  is  quite  likely  that  its  application  would 
incur  an  expense  to  the  tax-payers  of  as  much 
as  75  cts,  per  square  yard.  To  meet  this  ex- 
pense, if  five  year  serial  bonds,  payable  an- 
nuallv,  are  issued,  and  interest  is  computed 
as  before,  the  interest  cost  is  11  cts.  But  in 
addition  to  this,  the  pavement  would  need 
what  might  be  termed  strict  maintenance 
throughout  the  25  years.  From  our  present 
knowledge  of  this  type  of  construction,  we 
are  not  warranted  in  estimating  that  this 
strict  maintenance  cost  would  be  less  than  2 
cts.  per  square  vard  per  year,  making  50  cts. 
for  the  25  years.  These  four  costs,  namely, 
construction  cost,  $1.20;  interest  on  same,  63 
cts. ;  res.urfacing  cost  with  interest,  86  cts  ; 
strict  maintenance  cost,  50  cts.,  total  up  to  $3.19 
as  the  probable  price  to  the  tax-payers  for 
the  concrete  pavement  proper  for  the  first  25 
years. 

For    the    macadam    pavement,    one    is    war- 


ranted  in    saving   that   under   conditions   sim- 
ilar   to    the    foregoing,    its    average   construc- 
tion  cost  would  be   about  75  cts.  per  square 
yard.     On  this  75  cts.,  the  interest  cost  would 
amount  to  39  cts.     It  is  quite   probable   that 
where   macadam   as   a   type   would   appear  on 
the   face   of   the  situation  to  prove  a   feasible 
proposition,    its   total    up-keep    cost   per   year 
for  the  first  25  years  would  not  exceed  5  cts. 
ner  square  vard,  making  a  total  up-keep  cost 
of  $1.25.  These  three  costs,  namely,  construc- 
tion cost,  75  cts.;   interest  cost,  39  cts.;   and 
up-keep   cost,  $1.25,  total  up   to  $2.39  as  the 
probable    price   to    the   tax-payers    of    a    ma- 
cadam road  for  the  first  25  years.     Summariz- 
ing  we   get   the   following   prices  per   square 
yard  to  the  tax-payers  for  the  first  25  years: 
Brick,  $3.15;  concrete,  $3.19;  macadam,  $2.39. 
It  becomes  interesting  to  consider  this  mat- 
ter  a   step   further.     For  the   macadam  pave- 
ment, the  sum  of  the  construction  and  inter- 
est   costs    amount    to    $1.14.     Deducting  this 
amount  from  the  total  price  to  the  tax-payers 
of   a   brick   pavement,   we   have  $2.01   as   the 
amount   that  would  need  to  be  spent  on  the 
macadam  pavement  during  the  first  25  years, 
in  order  to  make  the  total  price  to  the  tax- 
pavers  the  same  as  that   for  brick.     Withotit 
question,   there   are  many  counties  in   Illinois 
where  the  total  up-keep  cost  on   a  macadam 
pavement  for  the  first  25  years  would  consid- 
erably   exceed    $2.01    per    square    yard,    and 
consequently,   under  these  conditions  the  ma- 
cadam p^ve'ment  could  not  be  considered  the 
economical     type.       There     are     many     other 
counties  in  Illinois,  moreover,  where  the  con- 
ditions  are   such   that   the   total   up-keep   cost 
per    square   vard    on   the    macadam   pavement 
for  the  first"25  years  could  not  reach  $1,  and 
under  these  conditions   the  tax-paying   public 
will    do    well    to    look    deeply    into    the    real 
economics   of  the  various   types   of   construc- 
tion  before   committing  their  expenditures  to 
the   so-called   fool-proof  types. 

The  original  from  which  these  data  and 
comments  "have  been  abstracted  is  a  paper  by 
H.  E.  Bilger,  Road  Engineer,  State  Highway 
Department,   Springfield,   111. 
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Method  and  Cost  of  Constructing  Rein- 
forced Concrete  Drops,  Canadian 
Pacific  Ry.,  Irrigation  Projects. 

Contributed  by  Robert  S.   Stockton.  Strathmore. 
Alberta,   Canada. 

The  Western  Section  of  the  Irrigation 
Block  now  being  developed  by  the  Department 
of  Natural  Resources  of  the  Canadian  Pacific 
Railway  Co.,  has  a  large  system  of  canals  and 
ditches,  the  aggregate  length  of  which  is 
about  1,600  miles.  There  are  a  very  large 
number  of  structures  on  the  various  canals 
and  ditches.  Some  of  the  timber  structures 
were  built  as  early  as  1905  and  have  had 
eight  years  in  the  ground.  Most  of  these 
structures,  especially  the  highway  bridges  and 
division  gates,  are  good  for  a  number  of  years 
yet,  but  some  of  the  drops,  of  which  there 
are  a  large  number,  are  beginning  to  develop 
signs  of  weakness,  and  as  they  must  be  re- 
placed without  stopping  the  flow  of  water 
during  the  irrigation  season.  May  1  to  Oct.  1, 
the  reconstruction  must  take  place  before  or 
after  the  water  season,  or  during  that  time  by 
diverting  the  water  around  the  structure  by 
temporary  works. 

The  policy  of  the  company  has  been  to  re- 
place the  large  timber  structures  as  they  ap- 
proached the  end  of  their  life  with  permanent 
concrete  structures  of  approved  design.  The 
program  of  betterments  for  1913  included  the 
replacement  of  the  large  timber  holdup  drop 
known  as  drop  No.  2A  in  the  Secondary  "A" 
Canal,  Langdon  District,  S.  E.  Vi  section 
19-23-27.  The  new  10-ft.  drop  was  designed 
to  be  built  of  reinforced  concrete  with  a  cen- 
tral pier  and  two  openings  that  can  be  closed 


with  stop  plank  5  ft.  9  ins.  long.  The  holdup 
feature  of  this  drop  is  required  to  insure  the 
delivery  of  water  to  "B"  Distributary  in 
Langdon  district,  which  takes  out  3  ft.  above 
canal  grade.  The  drop  is  designed  to  dis- 
charge  1,000  sec.  ft.  of  water  over  the  crest 


4TI0M 


necessary,  however,  to  carry  220  sec.  ft.  for  a 
few  days,  which  caused  some  additional  bank 
erosion  below  the  temporary  drop.  _  The  con- 
struction crew  w^as  moved  to  the  site  July  17 
to  19  and  began  the  work  of  excavating  the 
by-pass   and  building  a  diverting   dam   in  the 


Fig.    1.      Drop    Under    Construction. 


when  the  canal  carries  8  ft.  depth  of  water. 
Previous  experience  indicated  the  economy  of 
diverting  the  water  and  building  the  drop 
during  favorable  weather,  especially  as  rains 
and  other  conditions  made  it  reasonably  cer- 
tain that  a  by-pass  carrying  100  sec.  ft.  would 
satisfy  the   irrigation   requirements.       It     was 


canal.  The  by-pass  was  completed  July  29 
and  the  work  of  tearing  out  the  old  timber 
drop  commenced.  The  old  structure  was 
heavilv  built,  having  2,200  lin.  ft.  of  piling  and 
54,243'  ft.  B.  M.  of  lumber  incorporated  in  it. 
Certain  timbers  in  the  old  drop  proved  to  be 
pretty    well    decayed,    particularly    above    the 
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water  line.  The  piling  behind  the  breast  wall 
was  rotted  and  constituted  the  weakest  spot 
in  the  structure. 

The  excavation  disclosed  4  ft.  of  soil  under- 
laid by  a  compact  boulder  clay  which  proved 
to  be  quite  impervious,  and  after  the  footings 
and  lower  concrete  floor  was  in  place,  there 
was  no  pumping  required. 

The  nearest  gravel  pit  was  about  l.j  miles 
■distant  and  42  cu.  yds.  of  unscreened  material 
was  hauled  and  used.  The  pit  contains  good 
sand  but  poor  gravel,  and  when  the  cost  of 
screening  was  added  and  quality  considered, 
it  was  thought  best  to  ship  the  larger  part  of 
the  sand  and  gravel  to  Bennett  Siding,  about 
two  miles  from  the  work.  The  gravel  re- 
ceived from  the  Calgary  Sand  &  Gravel  Co., 
however,  had  some  oversize  that  was  picked 
out  by  hand.  The  steel  shipped  to  Bennett 
Siding  was  mixed  up  with  steel  for  Strath- 
more,  which  necessitated  a  team  haul  to 
straighten  out. 

A  carload  of  lumber  w'as  delivered  at  Ben- 
nett Siding  for  building  the  forms,  chute,  and 
cement  shed,  and  1,421  F.B.M.  was  hauled 
from  Dalroy  Watermaster's  Headquarters. 
The  carpenters  started  building  forms  on 
August  6  and  the  cut-off  walls  were  poured 
on  Aug.  27.  The  last  concrete  was  put  in  on 
Sept.  20. 

The  general  mixture  was  intended  to  be  1 
sack  of  cement  to  2^/2.  cu.  ft.  of  sand  and  .">  cu. 
ft.  of  gravel.  For  thin  walls  and  copings  a 
mixture  of  l-2%-4  was  used,  and  for  vhe  lip 
of  the  drop  2-2%-.5.  Since  948  sacks  of  ce- 
ment were  used,  the  average  was  4.74  sacks 
per  cubic  yard  of  concrete.  The  concrete 
was  mixed  wet  enough  to  spade  and  was 
spaded  so  as  to  require  little  patching  when 
the  forms  were  removed.  The  concrete  ap- 
pears to  be  of  excellent  quality.  The  concrete 
was  mixed  with  a  No.  1  Smith  Mixer  with 
steam  engine,  boiler  and  side  loader  mounted 
en   steel  trucks. 

All  labor  was  paid  at  prevailing  rates, 
stated  at  so  much  per  day  of  10  hours.  Every 
rate  is  stated  in  full  and  so  carried  in  the 
time  books  with  board  deduction  of  $o..50  per 
week.  The  cost  of  team  feed  is  taken  at  90 
cts.  per  day  per  team  and  pro-rated  to  all 
work  on  which  team  time  is  charged. 


nislied  by  the  chief  engineer,  who  is  in  general 
charge  of  operation,  maintenance  and  con- 
struction for  all  the  irrigation  projects  being 
developed  by  the  Canadian  Pacific  Ry.  Co. 
The  detailed  cost  records  follow : 


Concrete   work    2.9S6.CS 

Riprap    below    drop 30.10 

Depreciation     344.89 

Overhead    expense    938.00 


14.932 
0.151 
1.725 
4.690 


$0,916.61     $34,583 


Labor 

Feature.  cost. 

Moving    camp $      68.00 

Setting   up   camp 19.55 

Camp    expenses 7.00 

Hauling  supplies 159.^0 

Excav.  of  by -pass 210.00 

Excav.   of  old  drop 1,250.00 

Removal  of  old  drop 126.S0 

Building  cement  shed....  8.96 

Building  chute  in  by-pas.s  34.00 

Hauling  lumber    46.60 

Hauling  steel    4.10 

Hauling  cement    40.00 

Hauling  gravel    162.90 

Hauling  sand    72.00 

Hauling  sand  and  gravel.  88.60 

Hauling  mixer  and  pump.  29.30 

Pumping  water 13.10 

Building    forms 591.00 

Bending  and  placing  steel 

and  wire  fabric 110.65 

Mix.  and  placing  concrete  336.10 

Removal    of   forms 51.25 

Backfilling  by-pass    143.40 

Backfilling  drop  375.70 

Removal  of  chute 6.88 

Repairs  to  bank 106.88 

Riprap  to  bank 30.10 

Cleaning  up,  etc 13.72 
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Unit 
cost. 


$0,139 
0.636 
2.338 
8.070 

33.660 
1.987 
0.031 
0.042 
0.975 
1.060 
2.685 


Ouantity  and  unit 


1,507  cu. 

1,967  cu. 

54.243  M. 
1.112  M. 
1.010  M. 
23.438  M. 
129.96     cwt. 
948.00 
16 


yds. 
yds. 
ft.    B. 
ft.    B. 
ft.    B. 
ft.    B. 


68 
33 


cwt. 
cu.    yds. 


cu. 
cu. 


0.100     5,929 


0.851 
1.680 
0.009 
0.090 
0.237 
6.812 
0.822 
1.027 


129.96 
200.00 

5,929 

1,600 

1,588 

1,010 
130 
29.3 


sq. 

cwt 

cu. 

sq. 

cu. 

cu. 

M. 

cu. 

cu. 


yds. 
yds. 

ft. 


Remarks. 

About  16  miles 

About  24  men 

Dishes  and   repairs 

Groceries,   hay  and  oats 

Clay  loam 

Hand  work  around  old  structure 
M.  Piling  removed  above  grade 
M.  Temporary  structure 
M.  Drops  water  back  into  canal 
M. Haul  2  miles 

Haul  2   miles 

Haul  2   miles 

Haul  2  miles 

Haul  2  miles 

Haul  15  miles 

Haul  21  miles 


yds. 

ft. 

yds. 

yds. 

ft.    B. 

yds. 

yds. 


M. 


Erosion  by  water  from  by-pass 
Extending  25  feet  below  drop 


Total  labor  cost. 


$1,105.89  

MATERIAL  COST— DROP  2A- 


.  Includes  team  feed. 


•LANGDON  DISTRICT. 


Jfeature.  Quantity. 

Reinforcing    steel.  .11,921  lbs. 

Wire     fabric 1,075  s.    f. 

Cement    237  bbls. 

Gravel    167  yds. 

Sand     6S  yds. 

Lumber     23,438  ft.    B. 

Rope    repairs,    etc 

Total   material  cost     


Cost. 

$229.72 

22.84 

482.86 

1SS.70 

74.80 

323.94 

44.35 


Freight. 
$60.55 
6.73 
45.75 
61.30 
25.10 
54.80 


Total 

cost. 

$290.27 

29.57 

528.61 

245.00 

99.90 

290.13 

44.35 


Unit 

cost. 

$0,024 

0.027 

2:230 

1.467 

1.469 

12.380 


.51,352.21     $254.23     $1,527 


Total  labor  cost,   including  team  feed. .  .$4,105.89 

Total  material  cost 1,527.83 

Depreciation  on  concrete  mixer, 
pump,  wagons,  harness,  horses, 
etc $302.44 

Depreciation  on  camp  equip- 
ment         42.45 

344.89 


Overhead  expense  of  superintendence, 
engineering,  office  work,  accounting, 
etc 


938.00 
$6,916.61 


Fig- 


Completed    Drop. 


The  wages  of  foreman,  barn  boss,  and  for 
Sunday  time  of  teamsters  are  pro-rated  to 
all  labor  items.  Two  rates  of  wages  were 
paid,  as  it  has  been  necessarj'  to  make  a  raise 
at  harvest  time  to  hold  the  men-;  even  at  the 
increa.^ed  rate,  considerable  trouble  was  ex- 
perienced, as  farmers  were  then  paying  about 
$2.50  per  day  and  board.  The  wages  paid 
were  as  follows :  Laborers  at  $2. .50  to  $2.7-5 
per  day  of  10  hours ;  teamsters  at  $2.10  to 
$2.3-5  per  day  of  10  hours,  and  including  Sun- 
days ;  carpenters  at  $3.50,  $4  and  $5  per  day, 
and  foreman  at  $120  per  month.  The  fore- 
man. Jack  McMullen,  ran  the  mixer  when 
necessary.  The  work  was  directed  by  Mr. 
R.  B.  Stevens,  watermaster,  and  Mr.  G.  H. 
Patrick,  canal  supt.,  who  reports  to  the  Su- 
perintendent of  Operation  and  Maintenance 
for  the  Western  Section.     The  plans  were  fur- 


SUMMARY   OF   FEATURE    COSTS— DROP   NO 
2A— LANGDON    DISTRICT,    1913. 


Camp  and   supplies    

Excavation   and   backfilling. 

Preparatory    work 

Hauling    materials    

Building    forms    

Bending-  and   placing  steel.. 
Mixing  and  placing  concrete 

Removal    of    forms 

Steel  and  wire  fabric 

Cement     

Gra\-el  and  sand 

Lumber    

Riprap  below  drop 

Depreciation     

Overhead  expense  


Camp  and  supplies  and  pre 

paratory  work    

Excavation    and    backfilling.   2,085.98 


Cost  per  yd 

Cost. 

of  concrete 

$    311.92 

$  1.560 

2,085.98 

10.430 

219.04 

1.095 

414.20 

2.071 

591.00 

2.955 

110.65 

0.554 

336.10 

1.681 

51.25 

0.257 

319.84 

1.595 

528.61 

2.643 

344.90 

1.725 

290.13 

1.451 

30.10 

0.151 

344.89 

1.725 

938.00 

4.690 

$6,916.61 

$34,583 

$    530.96 

$  2.655 

2,085.98 

10.430 

I 


Remarks. 
600  %"  and  300  •A"  bars. 
Clinton  fabric. 
Canada  Cement  Company. 
Calgary  Sand  &  Gravel  Co. 
Calgary  Sand  &  Gravel  Co. 
Less  $88.61   salvage  value. 


Methods  and  Costs  of  Waterproofing 
Concrete  Surfaces  to  Decrease  Dis- 
integration by  Frost. 

Mr.  J.  L.  Lytel,  project  manager  of  the 
Strawberry  Valley  project,  Utah,  records  in 
the  "Reclamation  Record''  for  April,  1915,  an 
interesting  experience  in  waterproofing  of 
concrete  surfaces.  The  storage  works  and 
tunnel  of  the  Strawberry  Valley  project  are 
located  in  the  Wasatch  ]\Iountains  at  an  eleva- 
tion of  7,500  ft.  There  is  a  wide  variation  in 
temperatures  in  this  vicinity  and  the  climate  is 
very  severe  during  the  winter  months,  the 
lowest  temperature  on  record  being  50°  below 
zero.  The  snow  fall  ranges  from  10  to  24 
ft.  in  depth. 

The  extreme  cold,  with  alternate  thawing 
and  freezing  of  water  in  the  pores  of  the  ex- 
posed faces  of  the  structures,  was  found  to 
have  a  very  destructive  effect  on  these  concrete 
structures  and  the  waterproofing  of  the  sur- 
faces was  decided  upon  as  a  preventive  against 
their  continued  disintegration. 

It  was  decided  to  treat  the  vertical  surfaces 
with  alum  and  soap  solutions  and  the  hori- 
zontal surfaces  with  paraffine.  The  alum  so- 
lution was  made  by  dissolving  2  ounces  of 
alum  in  1  gal.  of  hot  water.  The  soap  solu- 
tion was  composed  of  %  lb.  of  castile  soap 
dissolved  in  1  gal.  of  hot  water.  The  parafifine 
was  boiled  to  drive  off  water  as  the  presence 
of  water  rendered  it  hard  to  apply.  Ordinary 
commercial  products  were  used. 

The  surface  to  be  treated  with  paraffine  was 
first  thoroughly  dried  and  cleaned  of  loose 
concrete,  dirt,  and  other  foreign  substances. 
The  paraffine  was  then  heated  and  applied 
with  a  paint  brush,  and  was  forced  into  the 
pores  by  the  heat  of  a  blow  torch  on  the  sur- 
face. Only  one  coat  of  paraffine  was  applied 
as  the  concrete  would  not  absorb  more. 

The  surface  to  be  treated  with  soap  and 
alum  was  prepared  as  above  stated.  The  alum 
solution  w-as  applied  at  a  temperature  of  100° 
F.  with  a  moderately  stiff  brush  and  was  then 
worked  in  with  a  stiff  horse  brush.  While  the 
surface  was  still  moist  from  this  treatment 
the  hot  soap  solution  was  applied  in  the  same 
manner  as  the  alum  solution.  One  treatment 
by  each  solution  in  the  manner  described  above 
constituted  a  coat.  If  other  coats  were  con- 
sidered  necessary,    they  were   applied   in   like 
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manner  after  the  preceding  coat  had  been  al- 
lowed to  stand  L'-l  hours  or  more. 

Twelve  structures  were  given  this  treatment, 
the  surface  area  covered  being  approximately 
28,000  sq.  ft.  Four  thousand  square  feet  were 
treated  with  paraffine,  at  the  rate  of  1  lb.  for 
11%  sq.  ft.,  and  the  remainder  with  soap  and 
alum.  It  required  1  gal.  of  alum  solution  and 
a  %  gal.  of  soap  solution  to  cover  50  sq.  ft. 
with  two  coats.  Two  coats  of  alum  and  soap 
were  applied  at  an  average  total  cost  of  76 
cts.  per  100  sq.  ft.,  and  the  cost  varied  from 
41  cts.  minimum  to  $1.28  maximum.  The  cost 
of  one  coat  of  paraffine  varied  from  $1.70  to 
$3.78  per  100  sq.  ft.,  and  averaged  $2.11.  This 
cost  covers  everything  e.xcept  general  e.xpense. 
The  two  men  who  did  this  work  received  $75 
and  $80  iper  month.  Brushes  cost  $6.06, 
Castile  soap  12%  cts.  per  pound,  alum  18  cts. 
per  pound,  and  crude  paraffine  $4.80  per  hun- 
dred weight. 

The  results  obtained  by  this  waterproofing 
are  considered  very  satisfactory.  The  struc- 
tures that  were  repaired  and  treated  have 
gone  through  two  severe  winters  and  no  fur- 
ther disintegration  of  the  concrete  on  any 
part  has  occurred. 


Some  Structural  Details  and  Construc- 
tion Costs  of  a  Small  Irrigation 
System. 

(Staff   Abstract.) 

The  plan  for  irrigating  a  40-acre  orchard 
lying  above  canal  level  is  illustrated  by  Fig.  1. 
The  highest  point  of  the  quarter  section  was 
230  ft.  above  the  canal,  but  some  62  per  cent 
of  the  acreage  was  below  the  115-ft.  contour. 
To  reduce  pumping  the  plan  was  to  build  two 
reservoirs,  one  at  230  ft.  and  one  at  115  ft. 
From  the  pump  at  the  ditch  a  wood  stave  6-in. 
pipe  runs  to  the  lower  reservoir  and  from 
this  6-in.  line  near  the  lower  reservoir  a  4-in 
line  extends  to  the  high  reservoir. 

The  heavy  contour  in  the  sketch  map  (Con- 
tour 120)  shows  the  division  between  the  high 
and  low  levels.  Considering  the  low  level  first, 
a  pipe  was  run  from  the  reservoir  following 
the  contour  20  ft.  below  hydraulic  grade ;  this 
was  to  obtain  20  ft.  head  in  the  line  and  in- 


Fig.    1.      Plan    of   Quarter    Section    Showing 
Pipe   Line   System. 

sure  a  pressure  that  would  keep  the  staves 
saturated.  From  this  line  to  the  land  below 
and  from  the  6-in.  pump  line  below  the  reser- 
voir to  the  same  land  pipe  lines  were  run  as 
indicated.  To  water  the  strip  of  land  above 
the  pipe  line  from  the  reservoir  spurs  were  ex- 
tended up  hill  to  elevations  equal  to  hydraulic 
gradient  at  their  hydrant  ends.  For  the  land 
above  contour  120  ft.,  the  distribution  pipe 
system  is  sufficiently  explained  by  the  sketch. 
All  pipe  except  the  spurs  is  wood  stave. 
This  was  laid  2  ft.  deep  in  trench  and  all  but 
some  5  per  cent  is  under  20  ft.  head.  The 
spurs  are  %-in.  galvanized  iron.  ')"o  bring 
water  to  the  surface  from  the  pipe  lines 
hydrants  constructed,  as  shown  by  Fig.  2,  are 


employed.  A  detail,  to  be  noted  is  the  founda- 
tion brick  to  take  the  thrust  from  operating 
the  valve  and  thus  prevent  loosening  the  nip- 
ple into  the  wood  stave  pipe.  These  hydrants 
cost  $1.49  each  and  have  proved  entirely  sat- 
isfactory. 

The    pumping    plant    consisted    of    a    Gould 
triplex  pump  delivering  4  gals,  per  stroke  and 
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Common  brick. 


Fig.  2.     Hydrant  for  Wood  Stave   Pipe  Line. 


operated  by  a  10-hp.  Westinghouse  motor.  It 
delivers  200  gals,  per  minute  to  the  low  reser- 
voir, or  half  this  amount,  to  the  230  ft.  level. 
The  reservoirs  are  10  ft.  deep,  20  ft.  in 
diameter  at  bottom  and,  with  side  slopes  of 
1  on  IVz,  are  60  ft.  in  diameter  at  the  toi. 
The  walls  and  floor  are  1-5%  gravel  concrete, 
with  a  %-in.  plaster  coat  of  l-2%>  sand  mortar. 
The  concrete  aggregate  cost  $3  per  cubic  yard 
on  the  site,  owing  to  a  1  mile  uphill  haul. 
Four  expansion  joints  in  each  reservoir  ex- 
tended from  circular  bottom  to  the  top  of  the 
sloping  walls.  A  foundation  6  ins.  thick  and 
12  ins.  wide  was  placed  directly  under  each 
expansion  joint  and  was  covered  with  build- 
ing paper.  (See  Fig.  3.)  The  walls  were  laid 
within  2  ins.  of  each  other.  The  building  pa- 
.  per  prevented  a  bond  between  the  concrete 
walls  and  the  supporting  concrete.  The  2  in. 
space  was  filled  with  a  high  boiling  naving 
pitch. 

The  general  costs  of  the  works  described 
were : 

Wood  stave  pipe  and  hauling $1,342.1] 

Hydrants  delivered  on  the  ground 494.77 

Pumping  plant  and  joint  pipe  line 946.25 

Purveying    3.00 

Shut-oft  wrenches  20.50 

Equipment    and    supplies 56.70 

Digging  ditches  and  refilling 472.59 

Laying  pipe   97.50 

Setting   hydrants    96.89 

Cement    239.00 

Sand   and   gravel 175.65 

Excavating  reservoirs    107.80 

Placing  concrete   205.5  I 

Paving  pitch   18.92 

Supervision     168.51 

Total    $4,445.83 

Per  acre  111.13 

These  costs  and  the  preceding  description 
have  been  taken  from  a  paper  before  the  PslCi- 
fic  Northwest  Society  of  Kngineers  by  O.  M. 
P.  Goss,  the  engineer  of  the  works. 


Costs  of  Keeping  Down  Vegetation  on 

Irrigation  Canal  Banks  by 

Grazing. 

(Staff   Abstract.) 

A  considerable  item  of  expense  in  irriga- 
tion canal  maintenance  is  the  cutting  of  John- 
son grass  and  other  vegetation  which  springs 
up  on  the  banks.  On  the  Salt  River  Project 
of  the  U.  S.  Reclamation  Service,  beginning 
in  1913,  experiments  have  been  conducted  in 
sheep  grazing  as  an  aid  to  ordinary  cutting 
for  keeping  clown  the  bank  vegetation.  There 
follows  a  comparative  statement   showing  de- 


crease in   cost  of  maintaining  canals  and  lat- 
erals before  and  after  introduction  of   sheep : 

Main  Header  Total 

canals.  Laterals,  ditches,      cost. 
Clearing: 

Before    $1,356.88  $3,275.14  $2,226.53  $6,858.55 

After    908.05     1,174.69  659.70  2,742.44 

Repairing  breaks; 

Before     166.43        211.64  121.87  499.94 

After    50.48        94.00  144.48 

Gopher  poisoning: 

Before 39.42        96.93  136.35 

After    10.00  lO.CO 

Total: 
Before 
After    . 


.$1,562.73  $3,486.78  $2,445.33  $7,494.54 
.       958.53     1,174.69        763.70     2,896.92 


Decrease,  1914 

over    1912...$    604.20  $2,312.09  $1,681.63  $4,597.92 


22 


10 


40 


Mileage    8 

Average  de- 
crease pel- 
mile  (after 
introduction 

of   sheep)...      $75,525    $105,095    $16S.li;      $114.95 
Note. — Cost    of    repairing    breaks    and    gopher 

poisoning  are  included  because  this  expense  has 

been   greatly    reduced   by   the   grazing  of   sheep. 

The  cost  of  cleaning  in  1912  is  based  on  a  unit 

cost  per  mile. 

These  data  are  from  a  report  in  "Reclama- 
tion Record,"  April,  1915,  by  A.  J.  Halton,. 
Assistant   Engineer. 


Suggested     Design     of     Proportional 
Division  Box  for  Irrigation  Water. 

(Staff  Abstract.) 
A  division  box  is  a  structure  introduced  into 
an  irrigation  canal  to  divide  the  water  between 
two  small  laterals  or  between  one  user  and 
others  below  him  on  a  lateral.  A  proportional 
division  bo.x  is  intended  to  divide  the  water 
in  any  proportional  manner  determined  by  the 
conditions.  For  example  assume  the  property 
rights  to  water  carried  in  a  canal  to  be  divided 
into  50  shares  and  that  one  user  owns  20  shares, 
another  owns  14  shares,  another  8  shares  and 
two  others  4  shares  each.  The  first  division 
box  then  is  designed  to  divert  20/50  or  "i  of 
the  water  to  the  first  owner :  the  second  is  de- 
signed to  divert  14/30  or  7/15  of  the  water 
to  the  second  owner,  and  so  on.  The  accom- 
panying drawing  shows  a  proportional  division 
box    of    improved    form    designed    by    F.    C. 
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E.ScC. 
Fig.  3.     Expansion  Joint  in  Reservoir  Lining. 


Scoby,  irrigation  engineer.  Office  of  Experi- 
ment Stations,  U.  S.  Department  of  .Agricul- 
ture. 

The  box  illustrated  is  designed  to  deliver 
water  to  11  shares  of  stock  out  of  a  ti)t;il  of 
36  shares.  Assuming  the  division  wall  to  be 
2-in.  lumber,  then  the  total  width  of  opening 
is  70  ins.  On  this  basis  the  position  of  the 
division  wall  is  found  by  the  following  pro- 
portion: .r -T- 70  ^  1 1 -J- 36,  when  .r  is  the  de- 
sired width  of  the  opening  leading  to  the  de- 
liverv  box,  expressed  in  inches:  Therefore 
^-  =  ■(70  X  11)  -f- ,36  =  770  -H, 36  =  21.39  ins.  or 
21%  ins.,  and  on  the  plans  as  shown  the  width 
of  oi)ening  for  the  smaller  channel  wouhl  be 
21%  ins.;  then  comes  the  2-in.  division  board 
and  then  the  remainder  of  the  6-lt.  width  of 
main  box,  or  48%  ins. 

.'\ssuming  that  the  width  of  the  ditch  re- 
mains about  the  same  and  that  the  next  con- 
sumer has  8  of  the  36  shares  of  stock,  after 
passing  the  first  bo.x  the  water  represents  36 
shares  less  11  shares,  or  25  shares,  and  the 
width  of  the  opening  leading  to  the  delivery 

.1-       8 
box    becomes    —  =  —  or  .r  =  22.4  or  22%  ins. 
70      25 

.'Ml  of  the  posts  supporting  the  division  wall 
are  set  in  the  larger  chaimcl  since  any  in- 
llucnce  due  to  these  posts  will  affect  the  larger 
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channel  less  in  proportion  than  the  smaller 
one.  Tliese  posts  go  through  the  floor  but 
are  not  set  into  the  sill  as  are  the  outside 
posts.  The  check  or  weir  board  goes  com- 
pletely across  both  channels  and  the  lower 
board  of  the  division  wall  is  cut  to  set  down 
over  the  check  board.  For  a  large  division 
box  on  this  plan,  or  where  the  soil  of  the 
channel  below  the  box  is  eroded  easily,  a 
lower  cut-off  wall  and  a  wing  on  the  side  op- 
posite to  the  delivery  box  should  be  added  to 
the  structure. 

The  siding  and  floor  of  this  structure  are 
2-in.  stuff.  In  southern  California,  where 
densely  fibered  redwood  is  obtainable,  1-in. 
stuff  would  suffice.  The  thickness  of  the 
boards  may  be  altered  to  suit  the  local  lumber. 

The  only  piece  of  hardwood  in  the  structure 
is  the  cutwater,  which  should  be  of  oak  or 
it  will  not  last  long.  It  should  be  screwed 
into  the  ends  of  the  division  wall  boards  and 
tightly  screwed  to  the  cap  and  to  the  sill.  This 
construction  saves  the  use  of  any  side  posts 
above  the  weir  board,  which  posts  would  alter 
the  proportionate  division  of  water.  Thin 
strips  of  sheet  iron  may  be  'fastened  to  each 
side  of  the  division  wall  with  stove  bolts  to 
strengthen  it.     The  up-stream  side  of  the  cut- 


livery  box,  as  shown.    The  bo.x  contains  about 
650  ft.  b.  m.  of  lumber. 


Increase   in    Operating    Costs    Due   to 

Pumping,  Minidoka  Irrigation 

Project. 

(Staff  Abstract.) 

The  largest  irrigation  pumping  scheme  yet 
undertaken  is  that  of  the  U.  S.  Reclamation 
Service,  known  as  the  South  Side  Unit  of  the 
Minidoka  Project.  It  includes  about  48,000 
acres  of  land  along  the  Snake  River  in  the 
vicinity  of  Burley  and  Marshfield,  Idaho. 
Water  is  raised  by  large  pumping  stations  up 
three  30-ft.  steps.  At  each  level  some  water 
is  taken  out  for  the  lands  that  can  be  covered. 
The  power  required  is  the  same  as  though  all 
the  water  were  lifted  to  an  average  height  of 
G(;  to  69  ft. 

Electricity  is  supplied  from  a  nower  plant 
utilizing  a  45-ft.  fall  in  the  Snake  River  at 
Minidoka  Dam.  Power  is  transmitted  about 
eleven  miles  from  the  power  house  to  the 
pumping  stations  over  33,000-volt  transmission 
lines.  Power  house  and  transmission  lines 
are  operated  as  part  of  the  project  and  energy 
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Cost  per  foot  acre 

foot    C0254 

Cost  per  acre  foot       .176 
Cost    per    acre    in 

project    (48,000).       .54  .630  1.176 

Cost  per  acre  irri- 

gatecj  (357S8)   ...       .725  .854  1.579 

As  has  been  noted  above  only  items  here 
included  in  the  first  column  are  charged  to 
the  Minidoka  settlers.  It  may  be  in  this  case 
that  the  increase  in  the  outside  sale  of  power 
in  the  winter  time  will  help  to  keep  down  the 
increase  in  charges  which  would  otherwise 
occur  when  the  time  comes  that  depreciation 
has   to  be   reckoned   with. 

Included  in  the  North  Side  Unit  of  the 
Minidoka  Project  are  a  number  of  small  pump- 
ing stations  of  various  types.  Thes^  have  not 
been  operated  long  enough  to  make  the  cost 
data  of  much  present  value.  In  general  it  is 
to  be  expected  that  the  cost  of  pumping  will 
be  greater  per  foot  acre  foot  with  the  smaller 
plants. 


A    Silt    Basin    Constructed    of    Sewer 

Pipe. 

A  convenient  silt  basin  for  tile  drainage 
systems  is  illustrated  by  Fig.  1,  reproduced 
from  "Land  Drainage  in  Maryland,"  a  recent 
bulletin  issued  by  the  Maryland  Agricultural 
Experiment  Station.     The  basin  is  made  from 
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Fig.    1.      Improved    Design    vor    Proportional     Division    Box. 


Fig.   1.     Silt   Basin   for   Tile    Drains. 


water  is  beveled  to  a  knife  edge,  from  the 
floor  to  the  cap. 

The  weir  board  is  placed  3  ft.  down  the 
channel  of  the  box  in  order  to  suppress  the 
contraction  and  make  the  flow  over  the  board 
approximately  proportional  to  the  length  be- 
tween walls.  This  box  is  designed  to  be  used 
where  there  is  not  sufficient  fall  to  the  land  to 
make  a  clean  drop  in  the  ditch  at  the  division 
box,  but  this  board  will  reduce  the  influence 
of  the  water  below-  the  board  so  that  the  flow 
is  divided  as  nearly  proportional  as  the  ex- 
pense will  justify.  Greater  refinements  of 
division  mean  greater  cost  to  the  device  in 
length  of  channel,  baffle  boards,  etc.  The 
weir  board  need  not  be  made  sharp  for  this 
kind  of  a  box,  as  the  discharge  over  the 
square  edge  is  quite  proportional  to  the  length 
of  the  crest.  Even  though  partially  sub- 
merged, the  two  discharges  will  hold  the  true 
proportion  quite  closely. 

When  it  is  desired  that  no  water  be  turned 
to  the  delivery  box,  then  the  gate  is  closed  on 
its  hinges  and  the  water  passes  through  the 
box  and  back  into  the  channel  below  the  box, 
keeping  both  sides  of  the  division  wall  clear 
of  silt.  The  crack  under  the  gate,  left  so  that 
the  gate  may  swing  freely,  is  closed  by  a  stop 
board    nailed    across    the   channel    by    the    de- 


is  supplied  at  cost.  A  part  of  the  output  of 
the  power  plant  is  used  for  some  small  pump- 
ing stations  across  the  river  on  the  North 
Side  Unit  and  part  supplies  the  electricitv 
needed  by  the  towns  and  farms  within  reach. 
In  winter  a  large  amount  of  power  not  then 
needed  for  irrigation  is  used  in  the  towns 
for  heating  the  stores  and  houses.  The  sale 
of  this  power  helps  to  reduce  the  charges 
against  the  pumping  load. 

The  South  Side  Pumping  Unit  has  been  op- 
erated since  1909,  long  enough  to  permit  of  an 
interesting  record.  However,  only  a  small 
portion  of  each  plant  was  in  use  in  1909  and 
the  main  installation  was  not  completed  until 
early  in  1912. 

In  a  paper  before  the  Idaho  Society  of  En- 
gineers Mr.  Barry  Dibble,  electrical  engineer, 
U.  S.  Reclamation  Service,  says :  To  get  at  the 
amount  by  which  the  running  costs  of  this 
project  are  increased  because  pumping  is 
necessary  we  combine  all  the  items  chargeable 
against  it.  Using  1914  as  an  example  we 
have :  Operation 

and  main-    Depre- 

Item.  tenance.       ciation.         Total. 

Power'  house $10,570.00     $10,169.00     $20,739.00 

Transmission  lines  1,103.00  2,372.00  3,475.00 
Pumping    stations  14,239.00       17,993.00       32,232.00 

Totals    $25,912.00     $30,534.00     $56,446.00 


a  2-ft.  section  of  18-in.  sewer  pipe,  placed  be- 
low the  tile,  with  bricks  or  stone  laid  in  ce- 
ment mortar  on  the  bell  and  high  enough  to 
take  in  all  the  tile  lines  entering  the  basin. 
Enough  lengths  of  24-in.  sewer  pipe  are  then 
placed  on  the  masonry  to  carry  the  opening  to 
the  surface.  A  little  care  in  fitting  the  brick 
work  around  the  tile  will  save  any  chipping  of 
the  sewer  pipe  either  for  entrance  holes  or 
for  the  lengths  of  pipe  extending  to  the  sur- 
face. No  sewer  pipe  smaller  than  the  sizes 
given  above  should  be  used  as  experience  has 
proved  that  pipe  smaller  than  24-in.  for  the 
top  piece  makes  the  basin  troublesome  to 
clean.  The  earth  should  be  well  tamped 
around  the  sewer  pipe  forming  the  basin. 

Special  sections  of  pipe  with  holes  in  them 
can  be  bought  but  they  are  rather  expensive. 
If  a  basin  made  entirely  of  sewer  pipe  is  de- 
sired, the  holes  for  the  tile  can  be  chipped 
with  a  cold  chisel.  The  chance  of  breakage 
will  be  lessened  if  the  pipe  is  stood  on  end 
and  filled  with  sand  before  the  holes  are  cut. 
The  joints  of  the  sewer  pipe  should  be 
cemented,  as  well  as  the  connections  where  the 
tile  enter,  in  order  that  no  water  shall  enter 
except  through  the  grating  or  through  the  tile. 
This  will  prevent  dirt  from  washing  in  through 
the   sides  of   the  basin  and  loosening  it. 
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Shop  Equipment  and  Motor  Trucking 
Costs,      Meter      Division      of      Milwaukee 

Water  Works    334 

Describes  nature  and  arrangement  of  equip- 
ment in  general  repair  shop,  machine  shop  and 
employees'  room.  Describes  procedure  in  the 
stock  room.  Gives  data  on  motor  trucking 
costs.  Discusses  advantages  of  jjublic  owner- 
ship of  domestic  meters.  Describes  methods 
used  in  testing  large  meters.  E.  &  C.  April  14. 
1915;  3  cols. 

BEAMS:     Tables    for    Determining    Bending 
Moments  and  Shears. 

A  Comprehensive  Set  of  Tables  for  Deter- 
mining the  Bending  Moments  and  Shears 
In  Simple  Beams  and  In   Beams  Fixed  at 

One  and   Both   Ends 335 

Gives  a  set  of  comprehensive  tables  for  de- 
termining the  bending  moment  and  shear  at 
any  point  along  a  simple  beam,  a  beam  fixed 
at  one  end  and  supported  at  the  other,  and  a 
beam  fixed  at  both  ends.  The  data  are  ot 
special  value  in  determining  the  functions  for 
moving  concentrated  and  mixed  landings.  E.  & 
C,  April  14,  1915;  14  VS  cols. 

BUILDINGS:     Synthetic    Stone    for   Catskill 
Aqueduct  Buildings, 

Some  Data  on  the  Use  of  Synthetic  Stone 
for  the  Catskill  Aqueduct  Buildings 340 

Gives  some  data  on  the  preliminary  investiga- 
tion made  to  determine  the  desirability  of  using 
synthetic  stone  (concrete-stone)  tor  the  Cats- 
kill  Aqueduct  buildings.  Also  gives  the  results 
ot  .some  tests  of  typical  synthetic  stone  speci- 
mens, and  describes  some  of  the  work  already 
completed.     E.  &  C,  April  14,  1915;  31/2   cols. 

QUANTITY  SURVEYOR:    St.  Louis  OfKce, 
Comment  on  St.   Louis  Ordinance  Creating 

Office  of  Quantity  Surveyor 341 

Letter  from  a  contracting  engineer  comment- 
ing on  the  ordinance  pi'oposed  bv  the  Engineers' 
Club  of  St.  Louis.     E.  &  C,  April  14,  1915;  Va  col, 

ROADS:    Macadam,   Mountain. 

Methods  and  Cost  of  Constructing  a 
Mountain  Road  System  In  Wise  County, 
Virginia    341 

Gives  a  complete  history  of  the  construction 
of  a  system  of  roads  in  Wise  County.  Virginia, 
The  work  was  accomplished  by  contract  at  a 
cost  of  $1,334,500.  Describes  methods  and  cost 
of  excavation  and  gives  a  table  of  solid  cut- 
tings on  side  hill  excavation.  E.  &  C,  April  14. 
1915;   7  cols. 


STREETS:    Assessment  of  Property;  Iowa. 

Method    of    Assessing    the    Cost    of    Street 
Improvement  in  Two   Iowa  Cities 344 

Discusses  Iowa  special  assessment  law  and 
gives  a  method  of  determining  the  proportion- 
ate assessment  for  lots  of  all  areas.  E.  &  C, 
,\pril  14,  1915;  3  cols, 

ROADS:    Price  of  Illinois  Types, 

The     Price     in     Illinois    of    Three     Popular 
Types   of   Road 345 

Discusses  the  probable  price  to  the  taxpayer 
of  the  three  popular  types  of  road  in  Illinois, 
viz,:  vitrified  bricl<.  Portland  cement  concrete, 
and  water-bound  macadam.  (Considers  construc- 
tion cost,  interest  and  upkeep,  E.  &  C.  April 
14.   1915;   IVz   cols. 

IRRIGATION:     Reinforced  Concrete  Drops. 

Method    and    Cost    of    Constructing     Rein- 
forced  Concrete   Drops,  Canadian   Pacific 

Railway,    Irrigation    Project 345 

Describes  a  method  of  replacing  old  timber 
drops  by  reinforced  concrete  structures  and  the 
construction  ot  drop  No.  2  A  on  the  Canadian 
Pacific  project.  Gives  detailed  labor  and  mate- 
rial costs  and  shows  some  views  ot  the  work. 
E.   &  C,   April   14,   1915;   SVz   cols. 

WATERPROOFING:      Concrete;     Protection 
From   Fiost, 
Methods   nnd   Costs  of  Waterproofing   Con- 
crete   Surfaces    to    Decrease    Disintegra- 
tion   by    Frost 346 

Describes  a  method  of  treating  concrete  with 
alum  and  soap  solutions  and  with  paraffin  in  or- 
der to  prevent  disintegration  by  frost.  Used  in 
Reclamation  Service.  E.  &  C,  April  14,  1915; 
1  col. 

IRRIGATION:    Structural  Details  and  Costs, 
Some   Structural    Details   and   Construction 

Costs  of  a   Small   Irrigation  System 347 

Plan,  construction  costs  and  description  of 
pumping  plant,  piping,  reservoirs,  etc.  for  ir- 
rigating a  40-acre  orchard,  E.  ,&  C,  April  14, 
1915;  2  cols. 

IRRIGATION:    Vegetation  on  Cinal  Banks, 
Costs   of   Keeping   Down   Vegetation   on    Ir- 
rigation Canal   Banks  by   Grazing 347 

Gives  dat!'.  on  costs  of  cutting  grass  and  other 

vegetation   from   the   banks   of   canals   compared 

with    costs  fitter  the   introduction   of   sheep,     E. 

&-    C.    .^prii    14,    1915;    V2    col. 

IRRIGATION:     Division   Box.   Design  of. 
Suggested   Design  of   Proportional   Division 

Box  for   Irrigation   Water 347 

Describes  and  illustrates  a  proportional  box 
designed  to  divide  water  between  laterals  or  be- 
tween one  i'.<:er  and  those  below  him  in  any  pro- 
portional manner  determined  by  conditions,  E. 
&  C,  April  14,   1915;   2  cols. 

IRRIGATION:    Operating  Costs, 

Increase  in  Operating  Costs  Due  to  Pump- 
ing,  Minidoka   Irrigation   Project 343 

Gives  some  data  on  operating  costs  and  the 
increase  due  to  necessity  of  pumping.  E.  &  C, 
April   14,    1915;    %    col. 

DRAINAGE:     Silt   Basin. 

A  Silt  B.asin  Constructed  of  Sewer  Pipe,,,   348 
Illustrates  and  describes  a  convenient  silt  ba- 
sin   for   tile   drainage    systems,    made   of   18-ln. 
sewer  pipe,     K.  &  C„  April  14.  1915;   =3  col. 
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FOREIGN  TRADE  NOTES 

The  following  foreign  trade  apportunities 
are  listed  by  the  Bureau  of  Foreign  and  Do- 
mestic Commerce.  Where  addresses  are 
omitted  in  the  items  they  may  be  obtained 
from  the  office  of  the  Bureau  at  Washing- 
ton, D.  C,  or  from  the  following  branch 
offices:  New  York,  Room  409,  U.  S.  Cus- 
tomhouse; Boston,  752  Oliver  Bldg.;  Chi- 
cago, 629  Federal  Bldg.;  St.  Louis,  402 
Third  National  Bank  Bldg.;  Atlanta,  521 
Post  Office  Bldg.;  New  Orleans,  1020  Hi- 
bernia  Bank  Bldg.;  San  Francisco,  306-7  L. 
S.  Customhouse;  Seattle,  922  Alaska  Bldg. 
In  applying  for  addresses  reference  should 
eb  made  to  the  tile  numbers. 

Liimbfi-.— Firm  in  Spain  wishes  to  communi- 
cate with  American  exporters  of  lumber.  No. 
16349.     [For  address  see  first  paragraph.] 

Machinery,  Railway  Supplies.— A  general 
wholesale  and  commission  firm  in  India  de- 
sires to  enter  into  commercial  relations  with 
American  firms  or  business  people  who  are 
m  a  position  to  act  as  its  American  purchasing 
agent  for  such  commodities  as  light  railway 
materials,  locomotives,  etc.,  band  and  circular 
saws,  wood-working  machinery,  oil  engines, 
iron  bars,  sugar  machinerj',  etc.  No.  16.35g! 
[For  address  see  first  paragraph.] 

Building  Materials. — Committee  in  charge  of 
erection  of  $75,000  church  building  in  Canada 
desires  to  receive  catalogues,  quotations,  etc., 
for  structural  steel,  glass,  heating  and  ven- 
tilating apparatus,  lighting  fixtures.  No.  16307. 
[For  address  see  first  paragraph.] 

Tubes  and  Fittings. — Firm  in  Italy  desires 
to  obtain  an  agency  from  American  manufac- 
turers of  iron  tubes  and  fittings,  ranging  in 
size  from  %  in.  to  4  ins.  No.  16332.  [For 
address  see  first  paragraph.] 

Valves.— Firm  in  Italy  desires  to  obtain  an 
agency  from  American  manufacturers  of  brass 
valves.  Weights  and  measures  should  be  given 
in  the  metric  system.  Prices  should  be  slated 
in  francs.  Correspondence  may  be  conducted 
in  English.  No.  1633-5.  [For  address  see  first 
paragraph.] 

Machinery. — An  engineering  company  in 
Russia  wishes  to  correspond  with  .American 
manufacturers  of  woodworking  machinery  and 
machinery  for  flour  mills.  Catalogues,  "price 
lists,  etc.,  should  be  forwarded  at  once.  Prices 
and  weights,  etc.,  should  be  stated  in  Russian 
equivalents,  and  quotations  should  be  made 
c.  i.  f.  Russian  ports.  Correspondence  should 
be  conducted  in  the  Russian,  German,  or 
French  language.  No.  163.39.  [For  address 
see  first  paragraph.] 

Machinery. — Firm  in  Italy  wishes  to  cor- 
respond with  .American  manufacturers  and  ex- 
porters of  machinery  and  supplies  for  working 
metal  and  wood.  Correspondence  should  be 
conducted  in  the  Italian  or  rFench  language. 
No.  16342.  [For  address  see  first  paragraph.] 
Machinery.— Russian  firm  wishes  to  get  in 
communication  with  .American  manufacturers 
of  textile  machinery.  Prices,  weights,  etc., 
should  be  stated  in  Russian  equivalents.  Quo- 
tations should  be  made  c.  i.  f.  Russian  ports. 
Correspondence  may  be  in  English.  No.  16331. 
[For  address   see   first   paragraph.] 

Iron  and  Steel  Rods,  Bars,  etc. — A  firm  in 
Italy  desires  to  correspond  with  .American 
manufacturers  of  iron  and  steel  rods,  bars,  etc. 
Correspondence  may  be  conducted  in  English. 
Weights  and  measures  must  be  stated  in  the 
metric  system,  and  quotations  should  be  given 
in  francs.  No,  16329.  [For  address  see  first 
paragraph.] 


INDUSTRIAL  NOTES 

.Announcement  has  been  made  of  the  resig- 
nation of  J.  P.  Beck  as  Publicity  Manager  of 
the  Universal  Portland  Cement  Co.  of  Chi- 
cago. He  will  be  succeeded  by  Robert  F.  Hall, 
who  for  several  years  has  been  connected 
with  the  sales  department  of  the  Universal 
Company.  Mr.  Beck  has  been  with  the  com- 
pany for  eight  years.  No  statement  of  his 
future  plans  has  been  made  public. 

The  Willys-Overland  Co.,  Toledo.  O.,  auto- 
mobile manufacturers,  has     awarded     another 


contract  to  the  Mac.Artluir  Concrete  Pile  & 
Foundation  Co.,  11  Pine  St.,  New  York,  for 
the  foundations  of  the  new  assembling  build- 
ing and  power  house.  About  1,000  Pedestal 
concrete  piles  will  be  driven.  Mills,  Rhines, 
Bellman  &  Nordoff,  Architects,  Toledo.  The 
MacArthur  Concrete  Pile  &  Foundation  Co. 
also  has  been  awarded  a  contract  for  the 
foundation  of  the  screening  plant  and  water 
tower  at  the  Lynn  Gas  &  Electric  Co,  plant, 
Lynn,   Mass. 

W.  li,  Huey,  one  of  the  founders  and  until 
recently  president  of  the  .American  Blue  Print 
Paper  Co.,  and  A.  H,  Huey,  until  recently  sales 
manager  for  that  concern,  have  formed  a 
new  company,  under  the  name  of  The  Huey 
Co,,  with  offices  and  plant  located  at  59  East 
Adams  St,,  Chicago,  The  latest  and  most  ap- 
proved equipment  has  been  installed,  for  the 
production  of  high-grade  blue  prints,  direct 
blue  line  prints,  negative  -rints.  Mack  line 
jjrints,  litho  reproductions,  hectograph  conies, 
photostat  reproductions.  .A  complete  line  of 
sensitized  papers  and  drawing  materials  of 
all  kinds  will   be  carried  in  stock. 


NEW  CATALOGUES 

.AsFH,\LT  P.A\E.MEXT,— Paper,  6x9  ins,;  8  pp. 
The  Barber  .Asphalt  Paving  Co.,  Philadel- 
phia,  Pa. 

"New  Pa-vements  for  Old"  is  the  title  of 
this  pamphlet  on  the  resurfacing  of  old  pave- 
ments with  sheet  asphalt  and  asphaltic  con- 
crete. Points  out  the  best  methods  to  be  fol- 
lowed and  mistakes  to  be  avoided.     Illustrated, 

Loading  Equipment, — Paper,  9x6  ins, ;  20  pp, 
Lee  Loader  Co,,  824  W,  36th  St,,  Chicago, 
Describes  the  various  styles  of  Lee  loaders 
and  shows  their  operation  by  means  of  photo- 
graphs of  actual  work.  Gives  tables  of  speed, 
capacities,  time  and  costs,  showing  the  saving 
in  labor,  time  and  money  gained  on  various 
team  or  motor  truck  hauls  by  the  use  of  these 
loading  devices, 

Tr,'\ctor. — Paper,  11x14  ins,;  4  pp,  Knox  Mo- 
tors Co,,  Springfield,  Mass, 
Describes,  illustrates  and  gives  specifications 
for  the  new  Knox  Tractor,  model  35,  The 
special  features  of  this  model  are  the  hydrau- 
lic brakes,  dififerential  lock  and  separate  spring 
construction;  also  shows  the  Bull  Dog  Double 
Dump  Trailer  to  be  used  in  connection  with 
the  tractor. 

Compressors. — Paper,  6x9  ins, ;  .36  pp,  Chi- 
cago Pneumatic  Tool  Co.,  Fisher  Bldg,,  Chi- 
cago, 

Bulletin  No,  34-M,,  describing  class  "O" 
Chicago  pneumatic  steam  and  power  driven 
compressors,  gives  very  complete,  general  de- 
scription 'of  the  type  and  shows  numerous 
photographs  of  styles  and  parts,  with  tables 
of   dimensions,   etc. 

Air  Meters.— Paper,  6x9  ins,;  4  pp.  New  Jer- 
sey Meter  Co,,  Plainfield,  N.  J. 
-Air  Meter  Bulletin  No.  .A-4.  describing  the 
New  Jersey  compressed  air  meters,  and  es- 
pecially the  Tool-om-eter,  used  with  small 
pneumatic  tools,  chipping  and  riveting  ham- 
mers, plug,  hammer  and  air  feed  drills,  wood 
boring  and  metal  drilling  machines,  etc.  Il- 
lustrated. 

Concrete  Roads, — Paper,  6x9  ins.;  36  pp. 
The  Atlas  Portland  "Cement  Co,,  30  Broad 
St.,  New  York  City. 

"A  Text  Book  for  Highw-ay  Engineers, 
Officials  and  Builders,"  Describes  methods 
of  construction  followed  by  concrete  road 
builders,  giving  quantity  and  cost  data,  typical 
sections,  and  showing  views  of  actual  work 
in  progress  and  completed  pavements.  Also 
suggests   proper   method   for  asking   for  bids. 

Dump  Wagons, — Paper,  8x10%.  ins,;  32  pp, 
Watson  Wagon  Co.,  Canastota,  N,  Y, 
"On  the  Job"  is  the  title  of  an  attractive 
book  of  photographs  taken  in  various  parts  of 
.America  and  in  several  foreign  countries,  il- 
lustrating   the    many    sizes    of    Watson    dump 


wagons.     The   views   cover   a    wide    range  of    I 
territory    and    application,    and    the    brief    ex-    1 
planatory  notes  give  considerable  data  and  in-     ' 
formation  of  undoubted   interest  to  the  users 
of  dump  wagons. 

Wagon  Loader. — Paper,  6x9  ins. ;  4  pp,  Hud- 
son Machinery  Co.,  15  Park  Row.  New 
York. 

The  Hudson  Duplex  wagon  loader,  designed 
to  give  increased  capacity  with  reduced  power 
consumption  and  weight,  is  described  and  il- 
lustrated. The  chief  feature  is  the  duplex 
bucket  elevator,  in  which  the  two  lines  of 
buckets  are  spaced  alternately  or  staggered. 

Metal  Forms. — Paper,  9x6  ins. ;  16  pp.  Hotch- 
kiss  Lock  Metal  Form  Co.,  Binghamton, 
N.  Y. 

Describes  Hotchkiss  Gang  Blocks  and  the 
Hotchkiss  system  of  concrete  construction  by 
means  of  steel  forms.  Shows  the  method  of 
making  building  blocks,  the  forms  used  for 
cistern,  cesspool  and  well  construction  and  silo 
forms.  Gives  table  of  costs,  proportions  of 
mix,  etc. 

.Air  Lift  Pumping, — Paper,  6x9  ins,;  32  pp, 
Sullivan  Machinery  Co.,  122  .S.  Michigan 
-Ave,,   Chicago, 

Bulletin  No,  17-A,  a  brief  treatise  on  air- 
lift pumping  in  general,  and  a  detailed  de- 
scription of  Sullivan  air-lift  pumps  and  well 
heads.  Well  illustrated  and  contains  tables 
for  reference  relative  to  pipe  weights  and 
diameters)  inserted  joint  casing,  decimal 
parts  of  an  air  inch,  pipe  capacities,  etc. 

Electric   Appliances, — Paper,    8.xl0'/4   ins, ;    5 

bulletins.       Fort     Wayne     Electric     Works, 

Fort  Wayne,  Ind, 

Bulletin  No.  45,201 — 6  pp.  Type  .A.  Trans- 
formers of  Large  Capacities. 

Bulletin  No.  46,100—12  pp,,  Type  M,  De- 
mand Indicators, 

Bulletin  No,  46,101—12  pp,.  Type  P,  De- 
mand Indicators  or  Printometers, 

Bufletin  No,  48,100—20  pp,,  commutating 
pole  direct  current  crane  and  hoist  motor,  CO 
— 1,800  line,  enclosed,  reversible,  series  wound, 
intermittent  service. 

Bulletin  Index,  giving  a  subjective  index  to 
the  active  bulletins  published  by  the  company. 

All  e-xcept  the  last  mentioned  are  well  illus- 
trated and  considerable  data  with  diagrams, 
etc.  are  given  in  each. 


CATALOGUE  REVIEWS 

Metal  Lath   Hand-Book.— Cloth,  6.x91i   ins.; 
128    pp.      Associated    Metal    Lath    Manufac- 
turers, 812  Wick  Bldg,,  Youngstown,  O, 
This  hand-book  on   metal  lath  and  its   uses 
contains  in  concise  form  much  valuable  mate- 
rial for  the  contractor  and  architect.     Illustra- 
tions and  descriptions  of  the  various  kinds  of 
metal   lath,   records   of   tests   and   experiments 
and  e-xtensive  data  relative  to  each  kind  give 
evidence  of  the  value  of  metal  lath  construc- 
tion. 

The  fire  tests  made  in  Cleveland  by  V,  D. 
.Allen,  inspector  of  buildings,  and  tlie  more 
recent  experiments  conducted  at  the  Columbia 
Jniversity  testing  station  by  Prof,  J,  S,  Mac- 
Gregor  are  described  in  full  with  photographs 
and  diagrams.  Pages  45  to  104  inclusive  are 
descriptive  of  the  various  kinds  of  construc- 
tion in  which  metal  lath  mav  be  used  to  ad- 
vantage. The  subjects  covered  include:  Ver- 
tical openings,  beltways,  elevator  inclosures, 
beam  and  girder  protection,  column  protection, 
suspended  ceilings,  partitions,  corner  strips, 
interior  plaster,  lime  mortar,  gj'psum  plaster, 
acoustics,  stucco,  fire  stops,  furring,  wood  pro- 
tection and  mill  construction.  Standard  sec- 
tions, photographs  of  construction  and  con- 
siderable data  elucidate  the  text.  The  last  23 
pages  are  devoted  to  cuts,  data  and  descrip- 
tion of  the  several  kinds  of  metal  la;h  manu- 
factured by  the  various  members  of  the  asso- 
ciation. These  include  expanded  metal  lath, 
ribbed  lath,  corrugated  lath,  integral  lath, 
sheet  lath  and  wire  lath.  The  price  of  this 
hand-book  is  $1. 


CUEREl 


No    developments     af- 
The  Doings        ^<"'^'"S     adversely     busi- 
°  ness  and  hnances  cropped 

of  up  during  the  past  week. 

the  Week  ''   ^''^  ^  week   of   quiet 

and  gradual  improve- 
ment. Reports  Irom  na- 
tional bank  e.xaminers  made  public  by  the 
Treasury  Department  on  April  8  indicated 
that  business  conditions  throughout  the 
country  were  showing  marked  improve- 
ment. Of  the  90  examiners  in  the  United 
States  SO  reported  a  permanent  improve- 
ment in  their  districts.  There  was  much 
activity  in  the  securities  market  during  the 
past  week  and  as  a  result  stock  values  ad- 
vanced sharply,  some  of  the  leading  issues 
rising  as  much  as  10  points  in  one  or  two 
daj'S.  The  Government  crop  report  on  win- 
ter wheat  was  very  favorable.  Export  busi- 
ness continued  heav)',  and  railroad  returns 
were  better.  Copper  production  last  week 
was  at  about  85  per  cent  capacity  as  com- 
pared with  80  per  cent  capacity  the  pre- 
vious week.  Steel  mills  were  working"  at 
about  75  per  cent  capacity.  The  municipal 
elections  on  .April  6  resulted  in  the  author- 
izing of  many  bond  issues  for  construction 
work.  In  Chicago  alone,  seven  issues  ag- 
gregating $3,972,000  were  authorized.  In 
the  construction  field  there  has  been  some 
slowing  up  of  activity  as  indicated  by  the 
amount  of  work  reaching  the  calls  for  bids 
stage  during  the  past  week.  This  refers 
particularly  to  municipal  undertakings. 
Many  cities  have  not  as  yet  begun  on  their 
construction  programs  for  the  present  sea- 
son. A  lar.ge  amount  of  work  in  this  field 
is  planned  for  this  season,  and  the  indica- 
tions are  that  the  next  few  weeks  will  see 
important  developments.  Paving  work, 
highway  construction  and  bridge  build- 
ing predominate  in  the  call  for  bids 
items  of  this  week.  The  U.  S.  corps  of 
engineers  has  -ompleted  its  allotment  of 
the  $30,000,000  river  and  harbor  appropria- 
tion and  as  a  result  much  work  in  this  line 
will  be  advertised  at  once.  The  route  for 
the  Government  railway  in  Alaska  has  been 
selected  and  construction  will  be  started 
shortly.  The  work  will  be  done  by  contract 
and  will  be  in  charge  of  the  present  Alaska 
Engineering  Commission.  In  the  iron  and 
steel  trade  large  export  orders  were  a  fea- 
ture of  the  week.  Nearly  200.000  tons  of 
export  orders,  not  including  war  munitions, 
have  been  placed  since  April  1.  The  Iron 
Age  report?  that  the  pig  iron  output  on 
April  1  was  26,000,000  tons,  an  increase  of 
44  per  cent  since  Jan.  1.  The  Iron  Age 
prices  for  finished  iron  and  steel  and  for 
sheets,  nails  and  wire  for  the  week  ending 
April  7  were  as  follows: 

Finished    iron  and  Steel.  Apr.  7.     Mar.  31. 

rer  lb.  to  large  buyers.  Cts.  Cts. 

Bess,  rails,  heavy,  at  mill 1.23  1.25 

Iron    bar,-.    Pliiladelphia l.l.i  I.IS 

Iron  bars,  Pittsburgh 1.20  1.10 

Iron  bars,  Chicagro 1.15  1.12V<! 

Steel  bar:5.   Pittsburgh 1.20  1.15 

Steel  bar.s,  New  York 1.319  1.310 

Tank  plates,   Pittsburgh 1.15  1.10 

Tanlc  plates.  New  York 1.269  1.2(;9 

Beams,    etc.,    Pittsburgh 1.20  1.13 

r:eams,  etc..  New  York 1.209  1.2G9 

Skelp,  sTOoved  steel,  P'gh I.12V2        1.12'/i 

Sl;elp,  sheared  steel,   P'gh...      l.lT'/i         l.l"Vi 

Steel   hoops,    Pittsburgh 1.25  1.25 

Sheets,   Nails  and   Wire. 
I'er  lb.  to  huge  buyers. 
Sheets,    l.laek.    No.    2S,    P'gh..     1.80  l.SO 

Galv.   sheets.   No.  2.S,  P'gh 3.30  3.40 

Wire  nails.  Pittsburgh 1.60         •    1.60 

Cut  nail;,    Pittsburgh 1.55  1.55 

Fenoe  wire,  base,   P'gh 1.40  1.40 

Barb  wire,  galv..   P'gh 2.10  2.10 

For  structural  material  f.  o.  b.  Pittsburgh 
The  Iron  .h/c  prices  were  as  follows;  1 -beams. 
3  to  15  in.;  channels,  3  to  15  in.;  angles,  3  to 
6  in.  on  one  or  both  legs,  ]4  in.  thick  and 
over,  and  tees.  3  in.  and  over,  1.15  to  1.20 
cts. 

Railways. — The  chief  development  of  the 
week  \n  the  railway  construction  field  was 
the  announcement  Saturday  of  the  selection 
of   tlie    ro\Ue    for   the     Federal     railway     in 


.'\laska  and  the  statement  that  work  would 
be  commenced  at  once  and  would  be  done 
by  contract.  The  Norfolk  &  Western  Ry.'s 
contracts,  noted  in  our  last  issue,  in- 
volve 3,000,000  cu.  yds.  of  grading.  The 
estimated  cost  of  the  low-grade  line  is 
$2,200,000.  The  contracts  for  the  first  sec- 
tion of  the  Chesapeake  &  Ohio  Northern 
Ry.  (the  new  C.  &  O.  line  in  Ohio)  were  to 
be  awarded  on  Monday.  There  are  rumors 
that  several  important  undertakings  by 
larger  railroads  are  to  be  placed  under  con- 
tract soon.  Nothing  definite,  however,  can 
be  ascertained  at  this  time. 

Roads  and  Streets. — A  large  amount  of 
work  in  the  highway  and  municipal  pav- 
ings fields  is  now  being  advertised  for  bids. 
California  is  taking  proposals  on  six  con- 
tracts for  concrete  paved  roads,  the  aggre- 
■gate  mileage  being  about  35,  and  Connec- 
ticut is  calling  for  bids  on  several  state 
road  jobs.  Los  Angeles,  Cal.,  awarded  a 
$151,822  asphalt  paving  contract;  Whatcom 
County,  Washington,  let  a  five-mile  road 
job  at  $68,800;  Harrison  County,  Texas, 
awarded  a  $41,915  contract  for  20  miles  of 
gravel  road;  the  contract  for  the  Iowa  post 
road  was  awarded  to  Donald  Jeffrey,  Del- 
mar  Junction,  la.,  the  estimated  cost  of  the 
improvement  being  about  $140,000;  Louis 
Lawson,  Norfolk,  Va.,  was  low  bidder  on 
the  $150,000  paving  work  for  Cumberland, 
I\Id.;  Charleston,  W.  Va.,  awarded  contracts 
for  pavin,g  15  streets;  Elliott  &  Vance,  Par- 
sons, Kan.,  were  awarded  the  contract  for 
35,000  cu.  yds.  of  vertical  fibre  brick  pave- 
ment for  Cushing,  Okla. 

Bridges. — The  principal  bridge  contract 
advertised  the  past  week  appears  to  be  the 
.'Mum  Creek  structure  for  Franklin  County, 
Ohio.  This  will  be  a  reinforced  concrete 
bridge  about  1,166  ft.  long  and  27  ft.  wide. 
Philadelphia,  Pa.,  will  ask  bids  shortly  on 
bridge  work  to  cost  about  $1,000,000,  Or- 
dinances for  these  improvements  have  been 
passed  by  the  council. 

Drainage  and  Irrigation. — One  interesting 
feature  of  the  week  was  the  call  for  bids 
on  a  private  irrigation  development.  This 
work  calls  for  the  construction  of  a  large 
dam  in  New  Mexico  for  the  Costilla  Es- 
tates Development  Co.  This  is  one  of  the 
first  contracts  to  be  advertised  for  some 
time  by  a  private  project.  The  U.  S.  Re- 
clamation Service  is  calling  for  bids  on 
three  or  four  contracts.  The  largest  drain- 
age job  of  the  week  appears  to  be  the  work 
for  the  Bayou  County  Draina.ge  District  of 
Darrow,  La.  This  undertaking  requires 
about  1,000.000  cu.  yds.  of  excavation. 
Thompson  &  Moseley,  Greensboro,  N.  C, 
were  awarded  a  $90,000  contract  for  work 
for  Wayne  County  Drainage  District  No. 
2  of  Goldsboro,  N.  C;  the  Cowlitz  Bridge 
Co.,  Portland,  Ore.,  received  the  $60,000 
contract  for  dikes  for  Diking  District  No. 
2,  South  Bend,  Wash. 

Waterworks. — A  number  of  water  works 
jobs  are  being  advertised  by  smaller  cities. 
No  particularly  large  undertakin.gs  in  this 
line  seems  to  have  reached  the  call  for  bids 
sta.ge.  The  low  bids  on  the  fire  service 
pumping  station  for  Toledo,  O.,  total  about 
$170,000.  Frederic  W.  Burnham,  30  E.  42nd 
-St..  New  York  City,  was  awarded  the  con- 
tract, at  $149,420,  for  six  superstructures  at 
Kensico. 


Good    news    from    Wash- 
The  ington :   The   route    for  the 

government     r  a  i  I  w  a  y    in 
Alaska  Alaska    has    been    selected 

Railway.         ■''"''     construction     will     be 
■'  started  at  once.     The  work 

will  be  done  by  contract 
under  the  direction  of  the  present  .Alaska  En- 
gineering Commission,  W.  C.  Edcs,  the  chair- 
man, licing  in  immediate  charge.  The  first 
section  will  be  constructed  in  large  part  by 
stationmen,    who    will    make    direct    contracts 
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with  ihe  ciimmisbion  for  building  distinct  units 
of  the  road.  For  the  heavier  work,  larger 
contracts,  in  all  probability,  will  be  let.  The 
.Susitna  route,  extending  from  Seward  to  Fair- 
banks, has  been  adopted.  The  total  length 
will  be  471  miles.  This  includes  the  existing 
Alaska  Northern  R.  R.,  71  miles  in  length, 
which  has  been  purchased  by  the  Govern- 
ment, and  will  form  part  of  the  system.  In 
addition  a  38-mile  branch  line  will  be  con- 
structed to  the  Matanuska  coal  fields.  The 
total  cost  of  the  509  miles  of  line  is  estimated 
at  $26,800,000.  President  Wilson  has  shown 
.good  judgment  in  decidii.g  to  undertake  the 
construction  by  contract  and  in  placing  the 
work  in  charge  of  so  experienced  a  railroad 
builder  as  the  present  chairman  of  the  .Alaska 
Engineering  Commission. 


Quite    a    bit    of    coin    of 

r^       „, .      realm  will  be  put  in  circu- 

Government    ^.^^■^^  ^^^^^^^  ^^  the  Gov- 

Contract         ernment      via      contractors. 
\fjnrh-  The  better  part  of  $2,000,- 

vvoiK.  QQQ    ^jjj   ^g    expended    this 

year  by  the  Alaska  Engi- 
neering Commission  on  the  Federal  railway 
in  Alaska.  The  allotment  of  the  lump  appro- 
priation of  $30,000,000  in  the  last  river  and 
harbor  bill  has  been  completed  by  the  U.  S. 
corps  of  engineers,  and  funds  were  made, 
available  for  improvements  from  Maine  to 
California.  The  sundry  civil  expense  bill 
passed  by  Congress  last  March  carries  appro- 
priations'of  $1.5,530,000  to  be  expended  by  the 
L'.  S.  Reclamation  Service  for  construction, 
operation  and  maintenance  of  the  various 
irrigation  projects.  Liberal  provision  is  made 
in  the  bill  for  the  building  of  post  offices  and 
for  construction  undertakings  of  other  gov- 
ernmental departments.  Uncle  Sam  is  doing 
something  this  year  to  reduce  the  number  of 
idle  contractors. 


The  development  of  new 
P  ■  sources  of  water  supply  or 

Construction     ^^^  extension  and  improve- 
in  ment  of  existing  systems  by 
M»       T7„,t1o.,^    cities  of  New  England  will 
New  England,  j^^.^;^,,    ^^^^^   construction 

opportunities  in  the  next 
few  years.  Many  municipalities  in  Massachu- 
setts, Rhode  Island  and  Connecticut  already 
have  taken  steps  to  improve  their  waterworks. 
Springfield  and  Pittsfield,  Mass.,  have  com- 
pleted extensive  projects.  Hartford,  Conn., 
has  about  finished  developing  a  new  supply. 
Providence,  R.  I.,  the  largest  city  in  New  Eng- 
land with  the  exception  of  Boston,  contem- 
plates expending  $8,000,000  or  $9,000,000  for 
an  increased  supply.  Other  cities  have  engineer- 
ing work  underway  for  improvements  involv- 
ing the  expenditure  of  hundreds  of  thousands 
of"  dollars.  Millions  will  be  spent  by  New 
England  cities  in  the  next  five  years  for  the 
building  of  dams,  reservoirs,  pipe  lines  and 
filtration  plants.  There  is  something  doing  in 
the  construction  line  in  the  extreme  north- 
east section  of  this  country. 


A  remarkable  man  died 
last  week.  Few  men  have 
F,    Hopkin-        achieved     success    in     .so 
many  branches  of  activi- 
son  Smith.        ly     'as      F.      Hopkinson 
Smith.      Engineer,      con- 
tractor,      author,      artist 
and    lectiirer,    in    all    these    professions    he 
held    high    rank.     The   sea   walls   at   Tomp- 
kinsville,      Slaten      Island.       at      Governors 
Island  in  New  York  harbor,  the  Race  Rock 
lighthouse   near    New    London,    Conn.,    and 
the    substructure   of   the   Statue    of    Liberty 
in  New  York  harbor  are  monuments  to  his 
aliilitv   as   a   contractor.      As   an   author   he 
ranked   high.    Many  people  considered   him 
one   of  the  greatest   of   American   novelists 
of   the   present   day.    His   reputation   as  an 
artist  was   second  only   to   his   standin.g  as 
a  writer. 
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WHITE  RIVER  FLOOD  PROTEC- 
TION PROJECT. 


Bids     Asked 


By     Indianapolis     on 
Section. 


First 


Estimated    Cost   $618,000;    400,000    Cu.    Yds.    Em- 
bankment; 50,000  Cu.  Yds.   Concrete. 
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levee  ranges  between  8  and  14  ft.  It  will  be 
4  ft.  above  the  high  water  line  of  1913. 

The  work  is  on  the  west  bank  of  the 
White  River.  Its  location  is  shown  on  the 
accompanying  map.  Plans  are  now  being  pre- 
pared for  protecting  the  east  bank  and  for 
the  widening  and  deepening  of  the  channel, 
and  the  lengthening  of  all  bridges  across  the 
river  to  conform  to  the  new  channel  width. 

The  first  part  of  the  project  is  to  be  com- 
pleted by  Dec.  1  next.  Bids  for  the  construc- 
tion will  be  received  until  April  26.  B.  J.  T. 
Jeup  is  City  Civil  Engineer  of  Indianapolis, 
Ind.;  D.  C.  Hayne  is  Assistant  City  Civil 
Engineer,  ^_^ 


HIGHWAY 


CONSTRUCTION 
OHIO. 


Details     of     Work     Contemplated     in     37 
Counties. 

Gravel — Macadam — Brick — Concrete. 

A  large  amount  of  state-aid  and  county 
highway  work  is  to  be  undertaken  in  Ohio 
this  year.  The  state  appropriation  for  road 
construction  is  about  $2,2.50,000.  In  addition 
various  counties  will  expend  considerable 
sums  from  their  own  funds.  Cuyahoga  Coun- 
ty alone  is  reported  to  plan  the  expenditure 
of  $1,000,000  for  road  building.  The  types  of 
construction  in  use  in  this  state  are  indicated 
by  the  following  table  showing  the  state-aid 
road    mileage    placed    under    contract    in    the 

years   1913-14: 

Miles. 

Brick     156.49 

Plain    surfaced    concrete 120.54 

Waterbound   macadam    181.46 

Bituminou.s    macadam     26.17 

Gravel     4.38 

Graded     6.05 
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Flood   Protection   Work  at   Indianapolis 


The  city  of  Indianapolis,  Ind.,  is  now  calling 
for  bids  on  the  first  part  of  its  extensive  plan 
for  securing  protection  from  floods  in  the 
White  River.  The  work  now  advertised  is 
estimated  to  cost  $618,000.  It  will  protect  a 
section  of  the  city  in  which  30,000  people  live, 
and  which  also  contains  a  number  of  large 
factories,  from  a  recurrence  of  the  flood  dis- 
aster of  1913.  The  construction  in  general 
will  consist  of  a  levee  carrying  a  roadway, 
concrete  retaining  walls,  and  reinforced  con- 
crete riprapping. 

The  first  part  of  the  project  includes  ap- 
proximately 400,000  cu.  yds.  of  embankment 
and  about  50,000  cu.  yds.  of  concrete  retain- 
nig  walls.  Of  the  latter  two  main  river  walls 
of  20,000  and  10,000  cu.  yds.,  respectively, 
will  be  supported  on  timber  piling.  The  total 
length  of  the  embankment  is  approximately 
4%  miles.  Of  this  2  miles  will  be  60  ft.  wide 
at  the  top  with  a  30-ft.  gravel  roadwav,  and 
2  miles  will  have  a  75-ft.  top  width  with  a 
40-ft.  gravel  roadway.  The  roadway  will  have 
a  12-in.  gravel  surface.  Approximately  180,- 
000  sq.  yds.  of  4-in.  reinforced  concrete  riprap 
will  be  laid  on  the  river  side  of  the  levee.  In 
addition  a  street  drainage  system  will  be  in- 
stalled. 

Material  for  the  embankment  can  be  ob- 
tained at  three  different  points  alongside  of 
the  work.  Material  for  approximately  %  mile 
can  be  borrowed  alongside  the  work :  the  re- 
mainder will  have  to  be  hauled  from  the  three 
borrow  pits,  one  near  each  end  and  one  near 
the  center  of  the  work.  The  borrow  will  con- 
sist mostly  of  earth,  sand  and  gravel. 

At  points  where  the  levee  will  cross  the 
present  streets,  concrete  approaches  are  to  be 
constructed.  Approximately  15,000  cu.  yds.  of 
concrete  will  be  required  for  these  street  ap- 
proach walls.     The  approximate  height  of  the 
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Table  I  gives  a  summary  of  the  road  con- 
struction proposed  or  under  contract  in  37 
counties.  Further  details  of  this  work  foK 
low : 

Ashtabula  County  has  issued  bonds  for 
highway  construction.  It  contemplates  build- 
ing during  1915,  4  miles  of  gravel  road,  14 
miles  of  concrete  and  18  miles  of  brick  pave- 
ment. The  concrete  pavement  is  already  un- 
der contract.  Contracts  will  be  let  April  17 
for  8%  miles  of  the  brick  roads.  The  bal- 
ance of  the  brick  pavement  will  be  constructed 
by  the  State  Highway  Department.  The  date 
of  letting  for  this  has  not  been  announced. 
Ray  N.  Case,  Jefferson,  O.,  is  County  Sur- 
veyor. 

Belmont  County  will  have  29.4  miles  of  brick 
road.  Of  this  24.4  miles  are  under  contract. 
The  work  is  in  charge  of  the  State  Highway 
Department.  D.  C.  Kennon,  St.  Clairsville, 
O.,  is  County  Surveyor. 

Butler  County  has  5  miles  of  brick  high- 
way under  contract.  It  will  not  undertake  the 
construction  of  any  other  paved  roads  this 
summer.  Fred  M.  Hammerle,  Hamilton,  O.,  is 
County   Surveyor. 

Champaign  County  will  have  1.4  miles  of 
macadam  and  2  miles  of  concrete  highway 
constructed  this  season.  All  road  work  in 
this  county  this  summer  is  state  highway.  Con- 
tracts for  part  of  the  improvement  were  to 
be  let  on  April  5.  The  remainder  will  be 
awarded  on  May  3.  R.  F.  Darnell,  Urbana, 
O.,  is  County  Surveyor. 

, Type  of  Road , 

Gravel,     Mac,     Brick.  Concrete. 

County.  miles.      miles.      miles.      miles. 

Ashtabula     4  . .  IS  14 

Belmont     ..  29.4 

Butler     . .  5 

Champaign     1.4         ..  2 

Clark     S 

Darke     6 

Delaware     27  ?  ? 

Erie     6  . .  12 

Fairfield     3i  3.52 

Fayette    . .  4 

Franklin    40 

Geauga     . .  . .  3.5 

Hancock     70 

Hardin     9  1  y, 

Harrison     5 

Highland     12 

Holmes     0.5  1.6  0..'. 

Huron     20  . .  20 

Jackson     2 

Knox     4  3 

Lake     2"  7  9.7 

Logan     S  5% 

Lorain     2'  . .  1 

Lucas     •      .  .  15' 

Monroe     ..  4.5  1 

Montgomery       3  5^ 

Muskingum    ?  ?  ?  V 

Paulding     75 

Pickaway     2% 

Pike     6 

Portage    10=  5  10 

Putnam    65 

Seneca    2%         12  ..  O.Il' 

Shelby     4.78'      .. 

Summit    . .  7 

Tuscarawas    ..  6 

Wood     30 

'Bituminous.  ''Tar  bound.  ^Also  5  miles  bitu- 
minous work. 

Clark  County  construction  program  provides 
for  8  miles  of  macadam.  This  will  be  state 
highway  work.  Bids  on  2.87  miles  of  this 
were  opened  at  Columbus  on  April  3.  About 
2.5  miles  of  state  highway  in  this  county  were 
let  last  fall  and  will  be  completed  this  sum- 
mer. S.  Van  Bird,  Springfield,  O.,  is  County 
Surveyor. 

Darke  County  will  construct  6  miles  of 
gravel  or  stone  road,  the  funds  for  this  being 
raised  by  special  tax.  Contracts  will  be  let 
about  May  1.  H.  C.  Miller,  Coshocton,  O.,  is 
County   Surveyor. 

Delaware  County  proposes  to  construct  27 
miles  of  macadam  this  season.  The  first  let- 
ting was  held  on  March  10;  other  lettings  will 
take  place  about  April  27.  There  probably 
will  also  be  some  brick  and  concrete  state 
highway  constructed  in  the  county  this  year. 
F.  C.  Higley,  Delaware,  O.,  is  County  Sur- 
veyor. 

Erie  County  has  $225,000  available  for  con- 
struction purposes.  It  will  build  6  miles  of 
macadam  and  12  miles  of  concrete.  The  work 
will  be  done  by  contracts,  which  will  be  let 
as  soon  as  plans  are  completed.  L.  A.  Schultz, 
Sandusky,  O.,  is  County  Surveyor. 

Fairfield  County  has  about  $60,000  available 
for  road  purposes.    Of  this  sum  $40,000  is  for 
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pikes,  $6,000  for  county  roads  and  $14,000 
state  aid.  Contract  has  been  awarded  for  2.4 
miles  of  18-ft.  brick  road  costing  about  $46,- 
000,  and  this  will  be  built  this  summer.  About 
1.1'2  miles  additional  brick  road  is  proposed. 
Three  miles  of  IC  ft.  bituminous  road  also  are 
proposed.  The  work  will  be  done  by  con- 
tract, and  the  letting  probably  will  be  held 
late  in  the  summer.  J.  R.  Schopp,  Lancaster, 
O.,  is  County  Surveyor. 

Fayette  County  will  have  4  miles  of  brick 
road  constructed  this  year.  The  contract  for 
this  has  been  let.  Tom  J.  Grove,  Washing- 
ton, O.,  is  County  Surveyor. 

Franklin  County's  present  plans  contem- 
plate construction  of  40  miles  of  macadam 
this  season.  Bids  on  this  were  opened  March 
31  and  April  2.  An  additional  amount  of 
macadam  probably  will  come  up  in  a  few 
months.  John  Peake,  Columbus,  O.,  is  County 
Surveyor. 

Geauga  County  has  approximately  $20,000 
available  for  construction  purposes.  About 
3.5  miles  of  concrete  will  be  built  with  state 
aid.  The  work  will  be  done  by  contract.  E. 
A.  Fiedler,  Chardon.  O.,  is  County  Surveyor. 

Hancock  County  has  $300,000  available  for 
road  purposes.  It  contemplates  constructing 
70  miles  of  macadam.  Lettings  on  this  were 
held  on  March  15  and  April  2.  Other  lettings 
will  be  held  at  later  dates.  A.  R.  Taylor. 
Findlay,  O.,  is  County  Surveyor. 

Hardin  County  has  6%  miles  of  macadam 
under  contract  and  2%  miles  yet  to  be  let. 
In  addition  1  mile  of  brick  state  road  and  % 
mile  of  concrete  state  road  are  under  con- 
tract. L.  R.  Anspach,  Kenton,  O.,  is  County 
Surveyor. 

Harrison  County  proposes  to  construct  about 
5  miles  of  macadam  during  1915.  Some  of 
this  may  be  of  the  bituminous  type.  The 
work  will  be  done  by  contract.  J.  A.  Gordon, 
Cadiz,  O.,  is  County  Surveyor. 

Highland  County  will  have  12  miles  of 
waterbound  macadam  constructed  during  the 
present  year.  The  work  will  be  done  by  con- 
tract, the  lettings  to  be  held  by  the  State 
Highway  Department.  B.  O.  Pratt,  Hills- 
boro,  O.,  is  County  Surveyor. 

Holmes  County  has  $30,000  available  for 
road  construction  purposes.  Contracts  have 
been  let  for  Vz  mile  of  macadam  and  Vz 
mile  of  concrete.  In  addition  1.6  miles  of 
brick  road  will  be  built.  Contracts  will  be  let 
in  July  or  August.  W.  L.  Reidenbach,  Millers- 
burg,   O.,  is  County  Surveyor. 

Huron  County  proposes  to  construct  in  1915 
about  20  miles  of  macadam  and  20  miles  of 
concrete  road.  Most  of  the  above  is  now 
under  contract.  Additional  contracts  will  be 
let  at  various  times.  L.  C.  Herrick,  Norwalk, 
Ohio,  is  County  Surveyor. 

Jackson  County  will  have  2  miles  of  mac- 
adam constructed  this  season.  This  will  be 
state  highway  work  and  probably  will  he  built 
by  force  account.  The  county  has  no  funds 
available  for  construction  purposes,  and  will 
do  only  a  small  amount  of  turnpike  repairing. 
A.  E.  Campbell,  Jackson,  Ohio,  is  County 
Surveyor. 

Knox  County  has  4  miles  of  macadam  un- 
der contract.  This  will  be  built  by  state  aid. 
Contract  also  has  been  awarded  for  1  mile  of 
brick  paved  road:  2  miles  additional  will  be 
let  in  the  near  future.  Arthur  C.  Wolfe,  Mt. 
Vernon,  Ohio,  is  County  Surveyor. 

Lake  County's  construction  program  for 
1915  includes  2  miles  of  tar-bound  mac- 
adam by  state  maintenance  and  repair  depart- 
ment. 7  miles  of  18  ft.  wide  brick  pa\cd  road, 
of  which  4%  miles  is  state  aid  and  2%  miles 
county,  and  9.7  miles  of  16-ft.  concrete  road 
to  he  built  by  county.  Bids  on  4%  miles  of 
brick  highway  were  opened  on  April  2.  Bids 
tm  2  miles  of  macadam  are  to  be  opened  two 
I  or  three  weeks  later.  The  balance  of  the  work 
will  be  let  about  the  middle  of  May.  IT.  P 
Cummings,  Painesville,  Ohio,  is  County  Sur- 
veyor. 

Lorain  County  will  construct  1  mile  nf  con- 
crete road  and  2  miles  of  bituminous  road. 
The  work  will  be  done  by  contrnrt.  There 
probably  will  be  other  road  work  coming  up 
later.  F.  P.  Crosse,  Elyria,  Ohio,  is  County 
Surveyor. 


Logan  County  will  construct  8  miles  of 
gravel  road  and  5%  miles  of  macadam.  Of 
the  latter,  2  miles  were  let  on  March  29.  Other 
contracts  will  be  let  later.  E.  H.  Bushong, 
Bellefontaine,  Ohio,  is  County   Surveyor. 

Lucas  County  has  $200,000  available  for  road 
construction  purposes.  It  will  build  about  15 
miles  of  bituminous  road.  The  work  will  be 
done  by  contracts  to  be  let  at  various  times. 
A.  J.  Hatch,  Toledo,  O.,  is  County  Surveyor. 

Muskingum  County  in  all  probability  will  con- 
struct 10  miles  of  improved  roadway  this  com- 
ing summer.  The  type  will  not  be  determined 
upon  for  at  least  60  days.  R.  H.  Strait,  Zanes- 
ville,   O.,  is   County   Engineer. 

Monroe  County  has  $28,000  available  for 
road  construction  purposes.  It  contemplates 
constructing  4  miles  of  earth  road  and  4% 
miles  of  brick  paved  road  this  year.  The  work 
will  be  done  by  contracts,  some  of  which  al- 
ready has  been  awarded.  Others  will  be  let 
later.  Chas.  W.  Christman,  Woodsfield,  Ohio, 
is  County  Surveyor. 

Montgomery  County  contemplates  construct- 
ing in  1915  3  miles  of  macadam  and  5%  miles 
of  brick  paved  roads.  The  work  will  be  done 
by  contract.  Contract  for  1%  miles  of  the 
brick  road  was  let  on  April  2.  Victor  C.  Smith, 
Dayton,  Ohio,  is  County  Surveyor. 

Paulding  County  has  $225,000  available  for 
highway  construction  purposes.  It  will  build 
75  miles  of  macadam.  Of  this  amount  45 
miles  have  been  let  and  the  remaining  30  miles 
will  be  awarded  in  July.  F.  J.  Stinchcomb, 
Paulding,  Ohio,  is  County  Surveyor. 

Pickaway  County  has  $30,000  available  for 
road  purposes.  About  3%  miles  of  water- 
bound  macadam  will  be  constructed.  The  work 
will  be  done  by  contract.  J.  H.  Sweetman, 
Circleville,    Ohio,   is    County    Surveyor. 

Pike  County  will  construct  3  miles  of 
earth  road  and  6  miles  of  macadam.  The  work 
will  be  done  by  contract.  About  2  miles  will 
be  let  about  May.  Harold  McCormick,  Wav- 
erlv,   Ohio,  is  County  Surveyor. 

Portage  County  has  $96,000  available  for 
road  construction  purposes.  Of  this  sum 
$16,000  is  from  the  state  and  $80,000  from  the 
county.  The  construction  program  for  1915 
includes  10  miles  of  macadam,  5  miles  of 
brick,  10  miles  of  concrete  and  5  miles  of 
bituminous  roads.  One-half  the  improve- 
ments will  be  carried  out  by  force  account 
and  the  other  half  by  contract.  Lettings  will 
be  held  in  the  near  future.  J.  L.  Walter, 
Ravenna.-  Ohio,  is  County  Surveyor. 

Putnam  County  will  construct  65  miles  of 
macadam.  It  has  $.300,000  available  for  road 
purposes.  About  61  miles  of  the  macadam 
are  under  contract,  and  the  remaining  4  miles 
will  be  let  on  April  15.  J.  S.  Cartwright, 
Ottawa,  Ohio,  is  County  Surveyor. 

Seneca  County  will  construct  2%  miles  of 
gravel  road,  12  miles  of  macadam  and  about 
%  mile  of  concrete.  About  half  the  work  is 
already  under  contract.  The  remainder  also 
will  be  done  by  contract.  C.  J.  Peters,  Tiffin, 
Ohio,   is   County   Surveyor. 

Shelby  County  has  about  $60,000  available 
from  state  funds  for  road  construction  pur- 
poses. One  section  of  about  1.78  miles  of 
bituminous  macadam  will  be  constructed.  In 
addition  probably  3  miles  more  will  be  con- 
structed on  the  Sidney  and  Wapakoneta  road. 
Bids  on  the  1.78  miles  of  state  aid  work  were 
opened  April  2  at  Columbus.  C.  A.  Maurcr. 
Sidney,   Ohio,  is  County  Surveyor. 

Summit  County  has  $200,000  available  for 
road  purposes.  Seven  miles  of  brick  road  vyith 
concrete  base  will  be  constructed.  Four  miles 
of  this  arc  now  under  construction  and  3  miles 
will  be  let  in  April.  Edward  W.  Paul,  Akron, 
Ohio,  is  County  Surveyor. 

Tuscarawas  County  has  $100,000  available  for 
road  purposes  and  6  miles  of  brick  paved  rnad 
will  be  constructed.  Letting  was  held  April  2 
by  State  Highway  Department.  Letting  on  1 
mile  of  road  by  county  will  take  place  at  a 
Inter  date.  Edward  Stingle,  New  Philadelphia, 
Ohio,  is  County  Surveyor. 

Woi>d  County  has  $50,000  available  for  re- 
pairing macadam  roads.  Contracts  for  road 
materials  will  be  let  about  May  1.  About_  30 
miles  of  macadam  are  to  be  constructed  or  im- 


proved. Contract  for  this  will  be  let  about 
May  10.  L.  H.  Wismar,  Bowling  Green,  Ohio, 
is   County   Surveyor. 


Bids  Asked  on  Eight   Small   Bridges. 

Bids  are  being  asked  on  eight  small  bridge 
jobs  in  Carroll  County,  Illinois.  The  work 
will  be  done  under  the  plans  and  specifications 
of  the  State  Highway  Commission,  Springfield, 
111.,  and  proposals  will  be  opened  at  1  p.  m., 
.'^pril  17,  at  the  Court  House,  Mt.  Carroll,  111. 
.\\\  of  the  improvements  call  for  reinforced 
concrete  structures,  particulars  of  which  are 
given  in  Table  I : 
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The  Lost  Creek  bridge  is  located  in  Shan- 
non Townsliip,  the  nearest  railroad  station 
being  Shannon,  2  miles  from  the  work.  Con- 
crete material  must  be  shipped  in.  Low  water 
How  is  6  ins. ;  high  water  6  ft.  Excavation 
will  average  9  ft.  through  loam  to  about  4  ft. 
below  stream  bed.  Present  bridge  consists  of 
wooden  stringers.  The  Michaels  structure 
is  a  6  ft.  by  6  ft.  reinforced  concrete  box 
culvert.  It  is  located  in  Lima  Township,  the 
nearest  railroad  station  being  Shannon,  5 
miles.  Gravel  pits  are  2  miles  distant,  but 
quality  is  not  known.  Present  bridge  is  wood 
box.  Excavation  will  average  7  ft.  through 
loam  to  about  3  ft.  below  stream  bed.  The 
Hileman  bridge  is  located  in  Lima  Township, 
8  miles  from  Hazelhurst  and  Shannon,  the 
nearest  railroad  stations.  Gravel  is  obtainable 
at  Hazelhurst.  Low  water  flow,  dry;  high 
water,  6  ft.  deep.  Excavation  will  average  9 
ft.  throu.gh  loam  and  clay  to  rock  about  3  ft. 
below  stream  bed.  The  Dimon  bridge  is  in 
Rock  Creek  Township,  4  miles  from  Lanark, 
the  nearest  railroad  station.  Concrete  material 
must  be  shipped  in.  Low  water  is  1  ft. ;  high 
water,  7  ft.  Excavation  will  average  11  ft.  in 
loam  to  about  4  ft.  below  stream  bed.  The 
Heath  bridge  is  in  Rock  Creek  Township.  The 
nearest  railroad  stations  are  Chadwick,  4% 
miles,  and  Lanark,  5  miles.  Concrete  material 
must  be  shipped  in.  Present  brid.ge  is  old 
stone  arch,  9-ft.  span.  24-ft.  head  walls.  Low 
water  flow,  1  ft. ;  high  water,  7  ft.  Excava- 
tion will  average  10  ft.  through  loam  to  about 
4  ft.  below  stream  bed.  The  Hawk  bridge  is 
in  Salem  Township,  the  nearest  railroad  sta- 
tion being  Mt.  Carroll,  4  miles  distant.  Gravel 
pit  is  about  M  mile  distant.  Present  brid;.;e  is  .i 
wrought  iron  truss,  42-ft.  span,  on  stone  abut- 
ment. Contractor  is  to  move  it  down  stream 
for  temporary  crossing.  Low  water  flow,  2 
ft.;  high  water,  10  ft.  Excavation  will  aver- 
age 14  ft.  through  loam  and  gravel  to  about 
4  ft.  below  stream  bed.  The  Richter  brid.ge  is 
in  Salem  Township,  the  nearest  railroad  sta- 
tion being  Mt.  Carroll,  1%  miles.  Concrete 
material  must  be  shipped  in.  Present  bridge 
is  wooden  stringer,  16-ft.  span,  on  stone  abut- 
ment. Low  water  flow  is  6  ins.;  high  water  is 
6  ft.  Excavation  will  average  10  ft.  through 
loam  to  extend  about  4  ft.  below  stream  bed. 
The  Lamb  bridge  is  in  Gush  Township.  For 
the  work,  prepaid  shipments  of  tools  and 
materials  may  be  made  to  Fay  on  C,  M.  & 
St.  P.  Ry.  Concrete  materials  must  be  shipped 
in.  Present  bridge  is  wooden  stringer,  14-ft. 
span  on  piles.  Low  water  flow,  dry ;  hi.gh 
water,  4  ft.  Excavation  will  average  6  ft. 
through  loam  and  sand  to  about  4  ft.  below 
stream  bed.  Piles  probably  will  be  found  nec- 
essary. 
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HOW  $30,000,000  IS  TO  BE  SPENT. 

Allotment  of  Appropriation  to  Government 
River   and  Harbor  Projects. 

The  River  and  Harbor  Bill  authorized  at 
the  last  session  of  Congress  carries  a  lump 
sum  appropriation  of  $30,000,000.  The  distri- 
bution of  this  amount  to  the  various  river  and 
harbor  projects  was  left  to  the  corps  of  en- 
gineers. The  allotments  were  announced  last 
week.  Of  the  $.30,000,000  the  Mississippi 
River  Commission  receives  $4,000,000 ;  $500,- 
000  is  set  aside  for  examinations,  surveys,  etc., 
and  $3,241,522  is  reserved  for  contingencies. 
The  remainder  is  distributed  over  the  follow- 
ing  improvements : 

NEW  ENGLAND. 

St.  Croix  River,  Maine $  50  000 

Portland,  Me    105,000 

Boston,   Mass 135,76:) 

New  Bedford  and  Fairhaven,  Mass 56,610 

Fail    Rivar,     Mass 12, QUO 

Harbor  of  Kefuge  at  Point  Juditti,  R.  I.  75,000 

Pawcatuk   River,   Connecticut 1,000 

Tiiames    River,    Connecticut 14,500 

Connecticut  River      below  Hartford 3O,0('O 

Eranford,    Conn 4,000 

Housatonic    River,    Connecticut 0,000 

NEW      YORK,      NEW      JERSEY,      PENNSYL- 
VANIA, DELAWARE  AND  MARYLAND. 

Port  Chester,   N.   Y $      10,000 

Mamaroneclv,    N.    Y 14,800 

East  Chester  Creek,  N.  Y 5,000 

Bronx   River,    N.    Y 100,000 

Harlem  River,  N.  Y 75,000 

Plattsburg,  N.   Y^ 2,000 

Narrows  of  Lake  Champlain,  N.  Y.  and 

Vt 3.000 

Hudson    River,    N.    Y S77,7S0 

(In  addition  to  this  there  has  been  al- 
loted  by  separate  act  $622,220,  thus 
making  available  for  Hudson  River  a 
total  of  $1,500,000.) 

Rondout,   N.    Y 3,000 

Tarrytown,    N.    Y 3,000 

Channel    in   Gowanus    Bay,    N.    Y.,    and 

Bay  Ridge  and  Red  Hook  Channels..      125,000 

Newton   Creek.    N.    Y 15,000 

Great  SouUi  Bay,  N.  Y 5,000 

Brown's   Creek,    N.    Y 2,000 

.Sheepshead    Bay,    N.    Y 5,000 

Huntington,   N   Y 5,000 

Arthur  Kill  or  Staten  Island  Sound,  N. 

Y.  and  N.  J 400,000 

Passaic  River,  N.  J 100,000 

Shrewsbury  River,  N.  J 18,000 

Raritan  Bay,  N.  J 20,000 

Keyport  Harbor,  Matawan  Creek,  Rari- 
tan, South  and  Elizabeth  Rivers,  Shoal 
Harbor     and     Compton     Creels     and 

Cheesequake  Creek.  N.  J 24,009 

Woodbridge    Creek,    N.    J 6,000 

Delaware   River.    Pa.    and    N.   J.,    above 

Lalor  street,  Tienton,  N.  J 6,612 

Delaware    Piver-,    Pa.    and    N.    J.,    from 

Philadelphia  to  the  sea 1,000,000 

Wilmington,   Del 45,000 

Absecon  Inlet,  N.  J 60,000 

Raccoon  Creek,  N.  J 5,000 

Appoquininimk.   Mui'derkill  and  Mispil- 

lion    Rivers,    Del 15,000 

Inland  waterway  between  Rehoboth  Bay 

and   Delaware   Bay,    Del 41,000 

Broadkill  River,  Del 5,000 

Tuckerton   Creek,   N.    J 5,000 

Inland    waterway,    Chincoteakue      Bay, 

Va.,  to  Delaware  Bay    Del 1,000 

Elk  and  Litde  Elk  Rivers,  Md 5,000 

Harbors  at  Rockhall,  Queenstown,  Clai- 
borne and  Cambridge  and  Chester, 
Choptank,  Warwick,  Pocomoke,  La 
Trappe,  Wicomico  and  Manokin  Riv- 
ers, and  1'yaskin  Creek,  Md 35,800 

Corsica   River,    Md 4,800 

Potomac  River  at  Washington,  D.  C 20,000 

VIRGINIA,    NORTH   CAROLINA   AND    SOUTH 
CAROLINA. 

York,  Mattaponi  and  Pamunkey  Rivers, 

Va $  5,000 

Rappahannock   River,   Va 8,000 

James   River,    Va 50,000 

Pagan   Ri.'er,    Va 2,000 

Appomattox   River,    Va 5,000 

Waterway  from  Norfolk,  Va.,  to  Sounds 

of   North   Carolina 5,000 

Waterway  from  Norfolk,  Va.,  to  Beau- 
fort Inlet,  N.  C 400.000 

Scuppernong  River,   N.   C. 2,900 

Shallow  Bag  Bay,  N.  C 2,000 

Fishing  Creek,  N.  C 1,000 

Pamlico  .md  Tar  Rivers,  N.  C 35,800 

Bay  River,   N.   C 1,900 

Contentnla  Creek,  N.  C 1,000 

Smith's  Creek,   N.    C 1.400 

Neuse  and  Trent  Rivers.  N.   C 22,500 

Waterway     from     Pamlico     Sound     to 

Beaufort    Inlet,    N.    C 9,000 

Beaufort,   N.    C 17,000 

Waterway   connecting  Core   Sound  and 

Beaufort  Harbor.   N.    C 2,000 

Morehead   City,    N.    C 3.800 

New  River,  N.  C,  including  inland 
waterways  between  Beaufort  Har- 
bor and  New  River  and  between  New 

'River     and     Swanshoro 37,300 


Cape    Fear     River    above     Wilmington, 

N.   C.    (locks  and  dams) 173,000 

Cape    Fear   River   at   and    below    Wil- 
mington, N.  C 150,000 

Shallotte  River,  N.   C 1,100 

Waccamaw  River,   N.    C.   and  S.   C 40'000 

Winyah  Bay,  S.  G 70  000 

Santee,   Wateree  and  Congaree  Rivers, 

S.   C 15,000 

Charleston,    S.    C ■ 5,150 

GEORGIA,  FLORIDA,  ALABAMA  AND 
MISSISSIPPI. 

Savannah,  Ga.    (26-foot  project) 235,000 

teavannah  River  below  Augusta,  Ga 15,000 

Waterway    from    Savannah,      Ga.,       to 

Beaufort,    S.    C 5  000 

Sapelo,   Ga 2  000 

."Vitamaha,   Oconee  and   Ocmulgee- Riv- 
ers, Ga 40  000 

Fancy  Blu.f  Creek,   Ga "  2'000 

,St.   Marys  River,   Ga.  and  Fla 2,'o00 

Channel    between    St.    Johns    River   and 

Cumberland  Sound,  Ga.  and  Fla 2,500 

St.    Johns    River,   Fla.,   Jacksonville    to 

the  ocean   330,000 

Jacksonville  to  Palatka 10,000 

Palatka  to  Lake  Harney lo'oOO 

Indian    Rivtr,    Fla 10  000 

Caloosahatchee  River,   Fla 5!000 

Manatee    j^iver,    Fla 35^000 

St.    Petersburg,    Fla 1,500 

Hillsboro  Bay,  Fla , 120  000 

Channel   from    Clearwater     Harbor     to 

Tampa    Bay.    Fla 3,  OOO 

Anclote   River,    Fla 5000 

Removing   the    water   hyacinth    in    the 

state    of   Florida 5,000 

Carrabelle  Ear  and  Harbor,  Fla 20,000 

Apalachicola    Bay,     Fla 25,000 

Apalachicola   River,    Fla 3o!o00 

Flint    River.    Ga 40,000 

Chattahoochee  River,  Ga.  and  Ala 75,000 

St.   Andrews  Bay,  Fla 25  000 

Choctawhatchee  River,   Fla.  and  Ala...  25,000 

Holmes    River,    Fla 5,000 

Narrows  in  Santa  Rosa  Sound,  Fla 5,000 

Blackwater    River,    Fla 5,000 

Pensacola    Fia 25,00) 

Alabama   River.   Ala 75^000 

Coosa  River-,  Ga.  and  Ala.,  lock  in  dam 

4  and  dam  5 56,000 

Rome,  Ga,,   to  lock  4,  Ala 50,000 

Mobile,    Ala 107.000 

Mobile   Bar,   Ala 10,000 

Tombigbee   River,    Ala.,   mouth   to   De- 

mopolis,    Ala 42,500 

Demopolis,    Ala.,    to    Walker's    Bridge, 

Miss 6,300 

Pascagoula    River,    Miss 10,300 

Gulfport  Harbor  and  Ship  Island  Pass, 

Miss 62,300 

Wolf  and   Jordan   Rivers,   Miss 6,250 

Peail    River    below    Rockport,    Miss....  11,000 
LOUISIANA,    TEXAS   AND    ARKANSAS. 

Southwest  Pass,  Mississippi  River 400,000 

South   Pass   Channel.   Mississippi    River  50,000 

Bayou    Plaquemine.    La 20,000 

Bayou    Teche,    La 10,000 

W^atei-way,     Franklin     to     Mermentau, 

La 3.000 

Waterway.  Mermentau  River  to  Sabine 

River.    La.    and    Tex 5,000 

Calcasieu   River.    La 3,000 

Bogue  Falia.  Bayou  Manchac  and  Ami- 
to.    Chjfuncto    and    Tickfaw    Rivers, 

La 5.000 

Bayou  Vermilion  and   Mermentau   Riv- 
er.  La.,    including  Bavou   Plaquemine 

Brulo    8,000 

Removal   of  water  hyacinth   in   Missis- 
sippi,  Louisiana  and  Texas 20,000 

Bavou  Terrebonne,  La 15,000 

Atchafalaye     River.     La 20,000 

Bavou  Grosstete,  La 3.000 

Galveston  Channel,   Tex 100.000 

Channel    from    Galveston      Harbor      to 

Texas   City,   Tex 50,000 

Cliannel  to  Port  Bolivar.  Tfex 40,000 

Houston  Ship  Channel,  Tex 200.000 

West    Galveston    Bay    and    mouths    of 

adjacent  streams,  'Tex 20,000 

Inland   waterway  on   coast     of     Texas, 
West    Galveston    Bay,    Brazos    River 

section     15,000 

Bi'azos  River.  Matagorda  Bay  section . .  30,000 

Aransas  P3.?s,  Pass  Cayallo  section....  30,000 

Guadalupe    River   section 15,000 

Mouth  of  Brazos  River,  Tex 30,000 

Brazos    River,    Tex.,    Velasco     to     Old 

Washington    10.000 

Old  Washmgton  to  Waco 200,000 

Port    Arans.-is,    Tex 180.000 

Channel  from  Aransas  Pass  to  Corpus 

Christi,    Tex 15,000 

Sabine    Piss    and    Port    Arthur    Canal, 

Tex 100,000 

Trinity  River,  Tex.,  open  channel  work  25,000 

Compilation  of  instrumental  survey 12,000 

Cvpress    Bavou,    Tex.    and   La 5.000 

Red  River  above  Fulton,  Ark 40,000 

Ouachita    River.    Ark.    and    La.,    locks 

and  dams   11,000 

Open  channel  work  to  Camden 25,000 

Bayous     Bartholomew.     Macon.     D'Ar- 
bonne   and   Corney   and     Boeuf     and 

Tensas  Rivers,  La 4,000 

Yazoo    Riv-!r   and    tributaries.    Miss....  15,000 

Big  Sunflower  River,   Miss 104,000 

Arkansas  River.   Ark 193,350 

White    River.    Ark 14,000 

Cache    River.    Ark 3.000 

Black  and  Current  Rivers.  .\rk  and  Mo.  24.000 
St.   Francis  and   L',4nguille  Rivers  and 

Blackflsh    Bayou,    Ark 8,000 


MlSSISSir  PI    RIVER  AND   TRIBUTARIES. 
Mississippi    River,    between   mouths   of 

Ohio  and  Missouri   Rivers 300  000 

Mouth    of  Missouri    River   to   Minneap- 
olis,   Minn j  qoq  qq(^ 

St.  Paul  to  Minneapolis,  Minn '  es'oOO 

Brainerd    fo   Grand   Rapids,   Minn 6  OOO 

War-road  Harbor  and  River,   Minnesota  2'OOJ 

Zippel  Bay,  Lake  of  the  Woods,  Minn.  1  OOO 

Missouri  .-iver:  Kansas  City  to  moutli..  1,000,000 

Kansas    City   to    Sioux    City 50  000 

Sioux   City   to    Fort   Benton 5o'o(.:: 

Osage  River,   Mo 7'-|i,i 

Gasconade    River,    Mo .'...' is'boo 

Cumberland     River,      below     Nashville'. 

Tenn o-c  qqq 

Tennessee   River,    Tenn.,   Ala.  and  Kv.'. 

above  Chattanooga   '  150  oOO 

Between    i-"lorence  and   Riverton,   Ala..  lOoiooO 

Below   Riverton.    Ala 'SI  000 

French    Bread    River,    Tenn -  SO^OOO 

MIDDLE     WESTERN     STATES. 

Monongahi;ta -River,  Pa "11200 

Pittsburgh    Harbor,     Pa "  7I500 

Ohio  River,   open  channel  work 310  O'lO 

Locks    and    dams 3  33o'o6o 

Ashland,    V/is '  15'000 

Harbor    of    Refuge.    Keweenaw    Point, 

^Mich 50,000 

Ontonagon.    Mich 8  000 

Harbor  of  Refuge,  Grand  Marais,  Mich.  lo!ooo 
Menominee  Harbor  and  River,  Mich,  and 

„Wis 7,500 

Two   Rivers,    Wis 12  000 

Port    Washington,    Wis 5'000 

Milwaukee,  Wis 15  oOO 

Racine.  Wis 15O!00O 

Kenosha.    Wis 25.000 

Waukegan.    Ill lO^OOO- 

Fox    River.    Wis 20'oo» 

Cniicago,    III 500.000 

Chicago    River.    Ill 20,000 

Calumet.    [11 18,000 

Calumet  River,  III.  and  Ind 22,000 

Indiana,    Ind.    . . ; 150,000 

Illinois  River,   111 30,000 

St.    Joseph,    Mich 15,000 

South  Haven,  Mich 8,300 

Saugatuck,   Mich 3,500 

Arcadia,    Mich 3,000 

Holland,  Mich 3,600 

Grand   Haven,    Mich 30.000 

Grand   Ri-vfer,    Mich 4,200 

Muskegon.    Mich.    .' 9,500 

Ludinston,   Mich 9,300 

Frankfort,  iv'ich.   3,400 

Charlevoix,  Mich 2,700 

Ship  channel  connecting  waters  of  Great 
Lakes    between   CThicago,    Duluth    and 

Buffalo     20,(1  ^' 

Black  River,   Mich.,   at  Port  Huron....  o.um 

Alpena.  Mich 5,000 

Harbor  Refuge.   Harbor  Beach,   Mich..  200,000 

St.   Marys  River,  Mich,   (fourth  lock)..  1,006,000 

Toledo,    0 35.000 

Sandusky.    0 5,000 

Huron.   O    3,000 

Cleveland,  O   92,000 

Conneaut,   0 195,000 

Erie,  Pa 30,000 

Buffalo,   N.  Y 1S7,373 

Charlotte.   N.    Y 12.000 

Lake  Erie  entrance  to  Black  Rock  Har- 
bor and  Erie  Basin,  N.  Y lO.OOO 

Oswego,   N.  Y 100,0n.> 

PACIFIC   COAST. 

Los    Angeles,    Cal $  75,000 

San    Francisco,    Cal 12,000 

Oakland,    Cal 80,000 

San   Pablo   Bay,    Cal 15,000 

Humboldt  Harbor  and  Bay,   Cal 300,000 

Petaluma  Creek  and  Napa  River,  Cal..  15,000 

Sacramento  and   Feather  Rivers,    Cal..  60,000 

Coquille  River,  Ore 76,000 

Coos  Bay.  Cre 70,000 

Coos   River,    Ore 3,000 

Suislaw  River,    Ore 117,500 

Yaquina    River,    Ore 3,000 

Nehalem    Bay,    Ore 116,175 

Snake  River.  Ore.,  Wash,  and  Ida 20.000 

Upper  Columbia  River  above  Celilo  Falls 
to   mouth   of   Snake   River.   Ore.    and 

Wash 37,000 

Mouth    of   C'olum.bia   River.      Ore.      and 

Wash 1.500.001 

Columbia    and    Lower   Wilamette    Riv- 
ers, belov   Portland.   Ore 450,000 

Willamette  and  Yamhill  Rivers,   above 

Portland,   Ore 23.000 

Cowlitz   and   Lewis   Rivers,   Wash 15,000 

Clatskanie  River,  Ore 1,000 

Grays  Harbor  and  Bar,  Wash 460,000 

Waterway    connecting    Port    Townsend 

Bay   and   Oak   Bay,    Wash 17.500 

Kahiilui,   Hawaii    10,000 

Honolulu,  Hawaii   25,000 

San  Juan  Harbor,  P.  R 8,000 

An    $891,000    Irrigation    Undertaking. 

A  large  irrigation  development  is  proposed 
by  the  Teel  Irrigation  District  of  Umatilla 
County,  Oregon.    A  bond  issue  was  authorized 

some  time  ago  for  carrying  out  this  work, 
and  it  is  expected  that  these  securities  will 
be  offered  for  sale  shortly.  The  estimated  cost 
of  the  complete  system  is  $891,000.  The  main 
features   of   the   undertaking  are   a   reservoir 

having  a  capacity  of  31,000  acre  ft.  of  water 
when  filled  to  5  ft.  of  the  top  of  the  dam,  and 
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a  tunnel  12,341  ft.  long  and  7  by  8  ft.  in  size. 
Tlie  dam  will  be  lO-i  ft.  high,  will  have  a  bot- 
tom width  of  200  ft.  and  will  be  6"iO  ft.  long 
on  the  top.  The  open  ditch  work  will  be  of  com- 
paratively easy  e.'ccavation.  Tlie  district  con- 
tains about  20,000  acres  of  land  and  has  water 
supply  rights  of  double  its  requirements.  J. 
Frank  Spinning.  Echo,  Ore.,  is  Secretary  of 
the  District  and  W.  B.  Hinkle,  Echo,  is  En- 
gineer in  Chief. 


THE    GOVERNMENT    RAILWAY 
OF  ALASKA. 


Route   Selected   and   Construction   to   Start 
at  Once. 


5D9    Miles    of    Line    to    Be    Built    by    Contract    at 
Cost    of    $26,800, OCO. 


The  Federal  Government  has  selected  the 
route  for  its  railway  in  Alaska  and  construc- 
tion work  will  be  started  at  once.  The  Su- 
sitna  route  has  been  adopted.  This  extends 
from  Seward  oti  Resurrection  Bay  to  Fair- 
banks on  the  Tanana  River,  a  distance  of  471 
miles.  This  route  includes  the  existing 
Alaska  Northern  R.  R.,  which  runs  from 
Seward  through  the  Kenai  Peninsula  for  a 
distance  of  71  miles  to  Turnagain  Arm.'  The 
.Maska  Northern  R.  R.  has  been  purchased 
by  the  government  for  $1. 1-50,000  and  will 
form  the  first  link  of  the  Federal  railway. 
From  Turnagain  Arm  the  route  is  to  be  ex- 
tended through  the  Susitna  Valley  and  across 
Brnad  Pass  to  the  Tanana  River,  and  from 
there  to  Fairbanks.  A  branch  is  to  be  con- 
structed from  Matanuska  Junction  into  the 
Matanuska  coal  field,  a  distance  of  38 
miles.  The  road  is  to  be  built  with  its  pres- 
ent base  at  Ships  Creek  on  Cook's  Inlet,  and 
this  location  will  serve  as  a  shipping  point 
for  the  Matanuska  coal. 

The  estimated  cost  of  the  entire  system 
from  Seward  to  Fairbanks,  including  the 
Matanuska  branch,  is  $26,800,000.  In  the  bill 
passed  by  Congress  contemplating  the  con- 
struction of  the  Alaska  Railway  provision 
was  made  that  the  expenditure  should  not 
exceed  $.3-5,000,000.  The  sum  of  $1,000,000  was 
authorized  last  year  for  the  work  of  the 
.Maska  Engineering  Commission.  Of  this 
amount  about  $-500,000  remains  unexpended 
and  will  be  used  for  the  first  payment  on  the 
purchase  of  the  Alaska  Northern  R.  R.  For 
the  present  year  a  $2,000,000  appropriation 
has   been   made. 

The  first  construction  will  be  the  building 
of  a  wharf  at  Ship  Creek  and  the  dredging 
of  a  more  adequate  channel.  It  is  probable 
that  about  40  miles  of  the  railroad  will  be 
constructed  this  season.  This  work  will  be 
done  in  large  part  by  station  men.  who  will 
make  direct  contracts  with  the  commission 
for  building  distinct  units  of  the  road.  At 
the  end  of  this  season  the  work  done  in  this 
way  win  form  a  basis  from  which  it  may  be 
determined  whether  it  is  wise  to  have  the 
road  constructed  as  a  whole  or  in  part  by  con- 
tract. It  is  expected  that  the  commission  will 
employ  a  very  small  force  composed  chiefly 
of  engineers  to  supervise  the  construction. 
Men  to  fill  these  few  places  will  be  selected 
exclusively  on  the  ground  of  merit  and  ex- 
perience. In  the  official  announcement  of  the 
Secretary  of  the  Interior  made  public  last 
Saturday  it  is  stated  the  work  to  be  under- 
taken by  the  government  does  not  justify  anv 
rush  to  Alaska.  The  government  itself  will 
employ  but  few  men,  and  these  men  of  a  high 
order  of  railway  engineering  experience. 
The  Secretary  advises  those  contemplating 
going  to  Alaska  that  there  is  little  opportu- 
nity for  employment  in  that  country  at  this 
time,  and  they  must  be  prepared  in  advance 
for  their  return   in  the  fall. 

The  route  as  approved  by  the  President  is 
as   follows ; 

Commencingr  at  the  town  of  Seward  on  the 
westerly  shore  of  Resurrection  Bay,  Alaska; 
thence  following  alone:  said  westerly  shore  In  a 
northerly  direction  to  the  head  of  .<!aid  bay: 
thence  following  up  the  drainage  of  Salmon 
Creek   to  a  summit   between   said   drainage  and 


the  drainage  of  Snow  River;  thence  following 
the  drainage  of  Snow  River  to  Kenai  Lake : 
tlience  continuing  northerly  along  the  eastern 
shore  of  Kenai  Lake,  along  Falls  Creek,  along 
the  shores  of  Lower  and  Upper  Trail  Lake,  and 
up  Trail  Creek  to  a  summit  in  the  Kenai  Moun- 
tains near  Mile  4.t  from  Seward;  thence  de- 
scending along  the  drainage  of  Placer  River  to 
the  head  of  Turnagain  Arm  of  Cook  Inlet; 
thence  following  the  nortlieasterly  shore  of  said 
Turnagain  Arm  and  crossing  Portage  Creek  and 
Twenty-mile  River  to  the  mouth  of  Kern  Creek 
near  Mile  71  from  Seward;  then  e  in  a  north- 
westerly direction  along  the  .shore  of  Turnagain 
,Vrm  to  near  the  mouth  of  Big  Rabbit  Creek: 
thence  leaving  Turnagain  Arm  and  running 
northerly  to  a  summit  in  section  26,  township 
14  north,  range  3  west,  Seward  meridian;  thence 
running  northeasterly  to  near  the  head  of  Knik 
Arm  of  Cook  Inlet;  thence  running  northerly 
across  the  flats  at  the  head  of  said  arm  and 
crossing  Knik  and  Matanu.ska  Rivers,  to  a 
point  about  two  miles  north  of  the  Matanuska 
River;  thence  running  in  a  westerly  and  north- 
westerly direction,  crossing  the  little  Susitna 
River  and  following  along  the  southwesterly 
slopes  of  Bald  Mountain  to  Willow  Creek,  a 
tributary  of  the  Susitna  River;  then  in  a  north- 


Route  of  Government  Alaska  Railway. 

erly  direction  following  the  drainage  of  the  Sus- 
itna and  Chulitna  Rivers  to  Broad  Pass,  situated 
in  the  main  Alaska  range  of  mountains;  thence 
crossing  Broad  Pass  and  entering  the  drainage 
of  the  Nenana  River;  thence  continuing  north- 
ward following  the  drainage  of  the  Nenana 
River  to  the  Tanana  River,  the  total  distance 
from    Seward    being  4)6    miles,    more    or    less. 

Also  starting  from  a  point  on  the  aljove  de- 
scribed line,  situated  two  miles  more  or  less 
northerly  from  where  said  line  crosses  the 
Matanuska  River,  and  thence  running  In  an 
easterly  direction  following  the  drainage  of  said 
Matanuska  River  and  Its  tributaries,  a  dis- 
tance of  38  miles,  more  or  less,  to  the  Mat- 
anuska coal  fields. 

The  Alaska  Engineering  Commission, 
which  has  been  in  charge  of  the  prelitninary 
work,  will  have  charge  of  the  constructioii. 
The  commission  is  charged  with  tlic  general 
duty  of  preparing  and  adopting  plans  for  con- 
.struction,  the  employment  of  force,  and  the 
purcliasing  of  supplies  for  the  work.  W.  C. 
Edes,  the  present  chairman  of  the  Commis- 
sion, will  have  immediate  charge  of  the  work. 
He  will  have  his  headquarters  at  Seward, 
.Maska.  Lieutenant  Frederic  Mears  will  be 
stationed  at  Ship  Creek  and  Thomas  Riggs, 
Jr.,  will  conduct  survc  s  in  the  Brook  Pass 
region. 


$440,000    of    Bridge    Construction    in 
Philadelphia. 

Bridge  work  to  cost  about  $440,000  has  been 
authorized  by  the  city  officials  of  Philadelphia, 
Pa.,  and  bids  will  be  invited  in  the  near 
future.  In  all  nine  bridges  are  provided  for. 
The  location  and  some  particulars  of  the  struc- 
tures are  as  follows : 

Fifth  St.,  over  North  Pennsylvania  R.  R. ; 
70  ft.  wide,  over  four  tracks.  Skew,  steel  floor, 
concrete  substructure  and  encasement.  Out- 
side cost,  $70,000. 

Diamond  St.,  over  Connecting  Ry. ;  60  ft. 
wide,  over  six  tracks.  Skew,  steel  floor,  con- 
crete substructure  and  encasement.  Outside 
cost,  $75,000. 

Cambria  and  A  Sts.,  over  Richmond  Br.,  P. 
&  R.  Ry. ;  52  ft.  wide,  over  13  tracks.  Skew, 
steel  floor,  concrete  substructure  and  encase- 
ment.    Outside  cost,  $62,000. 

Third  St.,  under  Phila.  and  Newtown  Conn. 
R.  R. :  tv;o  tracks,  over  50-ft.  street.  Steel 
superstructure,  concrete  abutments.  Outside 
cost,  $32,000. 

Holme  Ave.,  over  Pennypack  Creek.  Plain 
concrete  arches,  two  50-ft.  spans,  one  80-ft. 
span.  Reinforced  concrete  wing  walls.  Out- 
side cost,  $80,000. 

58th  St.,  over  Baltimore  Central  R.  R.  Re- 
inforced concrete  arch,  60-ft.  span,  30  ft.  wide. 
Ornamental  balustrade.     Outside  cost,  $18,000. 

Fisher  Ave.,  under  North  Penna.  R.  R. ;  two 
tracks,  over  60-ft.  street.  Steel  superstructure. 
Concrete  abutments.    Outside  cost,  $.32,000. 

Whitby  Ave.,  over  Baltimore  Central  R.  R. ; 
80  ft.  wide,  over  four  tracks.  Steel  floor,  con- 
crete substructure  and  encasement.  Outside 
cost,  $42,000. 

Sherwood  Ave.,  over  Indian  Run.  Concrete 
arch,  20-ft.  span,  56  ft.  wide.  Ornamental 
railings.     Outside  cost,  $30,000. 

Contractors  desiring  notification  of  when 
plans  and  specifications  for  the  above  work 
are  ready  should  address  Chief  Engineer, 
Bureau  of  Surveys,  Philadelphia,  Pa. 


$13,530,000  of  Appropriations  for  U.  S. 

Reclamation  Service. 

The  Government  appropriations  for  the  U. 
S.  Reclamation  Service  for  the  fiscal  year  end- 
ing June  30,  1916,  amounted  to  $13,-530,000. 
This  sum  is  to  be  expended  for  maintenance, 
operation,  continuance  of  construction  and  in- 
cidental operations.  The  allotment  to  the 
various  nrojects,  in  accordance  with  the  sundry 
civil  service  bill  approved  March  3  last,  is  as 
follows : 

Salt  Lake  Project,   Arizona $    590,000 

Yuma    Project.    Arizona-California 82.^,000 

Orland    Project,    California 87,000 

ilrand  Valley   Project,   Colorado 702,000 

T'ncompahgre    Project,    Colorado 469,000 

Poise    Project,    Idaho 1,650,000 

Minidoka    Project,    Idaho 410,000 

Jackson       Lake       enlargement       work, 

Idaho-Wyoming     '476,000 

Garden    City    Project,    Kansas 2,000 

Huntley    Project,    Montana 150,000 

Milk   River  Project,  Montana 1,110,000 

.Sun   River  Project,   Montana 1,100,000 

Lower    Yellowstone    Project,    Montana- 
North    Dakota    70,000 

North  Platte  Project,  Nebraska-Wyom- 

iny-     =1,140,000 

Truckee-Carson    Project,    Nevada 236,000 

CarLsbad    Project,    New   Mexico 128,000 

Hondo   Project.   New  Mexico 6,000 

Rio     Grande     Project,     Now     Mexico- 
Texas     1.265,000 

North   Dakota   pumping  project.   North 

Dakota     25,000 

Lawton   Project,   Oklahoma 50,000 

Umatilla  Project,   Oregon 366,000 

Klamath    Project.    Oregon-California. . .       317,000 
Belle  Fourche  Project.  South  Dakota...       144,000 

Sli'owberry   Valley    Project,    Utah 393,000 

Okanogan    Project,    Washington 51,000 

Yakima    Project,    Washington 1,250,000 

Shoshone    Project,    Wyoming 478,000 

Surveys   and   investigations   of  second- 
ary  projects    ,50,000 

'Conditioned  upon  deposit  of  this  amount  by 
Kuhn  Irrigation  &  Canal  Co.  and  the  Twin 
Falls  Canal  Co.  to  credit  of  rpclamation  fund. 
^Includes  $800,000  for  Fort  Karamie  unit. 


Engineering  and  Commerce  Efficiency  So- 
ciety of  America. — 'I'his  org;inization  was 
incorporated  in  Columbus,  Ohio,  .'\pril  2,  1915, 
for  the  purpose  of  promoting  and  giving  pub- 
licity to  questions  of  administrative  and  pro- 
ductive   efficiency    in    the    technical    industries 
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and  commercial  pursuits  in  this  country  and 
abroad.  Temporary  headquarters  are  taken 
in  Cleveland  and  Pittsburgh  and  over  2,000 
consulting  civil,  chemical,  electrical  and  me- 
chanical engineers  are  on  the  list  of  members. 
The  society  will  maintain  a  free  employment 
bureau,  and  information  exchange  and  a  con- 
fidential bureau  of  technical  records,  etc. 


Care  of  Fire  Hose. — The  Boston  City  Rec- 
ord gives  some  hints  as  to  the  care  of  fire 
hose;  the  most  noteworthy  of  which  are  as 
follows : 

After  each  time  of  use  the  hose  covering 
should  be  thoroughly  scrubbed  and  dried.  If 
the  hose  is  put  aWay  without  drying  out  all 
surface  moisture,  the  sand  and  grit  wear  into 
the  surface,  or  mildew  results,  and  then  rot- 
ting. Avoid  friction  of  the  surface,  especially 
at  the  point  of  contact  with  the  ground  near- 
est the  fire  plug.  Keep  hose  out  of  the  sun 
rays  and  out  of  hot,  dry  air  as  much  as  pos- 
sible. Oil  of  any  kind  is  ruinous  to  the  rubber 
lining.  In  oiling  couplings  be  sure  not  to  allow 
any  of  the  lubricant  to  get  into  the  hose.  Keep 
the  hose  soft  and  pliable,  not  allowing  it  to 
remain  in  its  cart  or  on  the  reel  indefinitely. 
Avoid   short  bends  in  storing. 


NEWS  LETTERS 

St.  Louis  Items. 

Mulvill  Bros,  of  Alton,  111.,  have  two 
miles  of  a  coal  mine  spur  near  Kirksville, 
Mo.,  to  sublet.  There  is  between  30,000  and 
40,000  yards  of  grading  in  this  job.  Part 
of  it  is  grader  and  part  of  it  wheeler  work. 
Want  an  outfit  in  the  neighborhood  of  25 
teams. 

Announcement  was  made  at  Jefferson 
City,  Mo.,  on  April  2.  by  State  Highway 
Commissioner  F._  M.  Bufifum,  of  the  resigna- 
tion of  Col.  W.  S.  Hawkins  as  Assistant 
Commissioner.  He  resigns  to  practice  civil 
engineering  in  Kansas  City.  E.  E.  Sheets 
of  Palmyra,  former  County  Engineer  of 
Marion  County,  selected  to  fill  the  vacancy 
assumed  his  duties  the  same  day.  Commis- 
sioner Buffum  will  soon  begin  the  prelim- 
inary work  on  some  cross  state  highways 
from  the  north  to  the  south. 

S.  J.  Grimes  died  at  Danville.  Va.,  on 
April  1.  Grimes  is  well  known  in  this  part 
of  the  country,  having  been  associated  with 
some  of  the  best  contractors  in  this  neigh- 
borhood for  the  p.TSt  twenty-five  years,  and 
right  previous  to  his  death  was  with  Cos- 
tello  Bros. 

The  Board  of  Local  Improvements  of 
Swansea,  a  village  on  the  outskirts  of  Bell- 
ville.  111.,  met  last  week  and  awarded  a  con- 
tract for  brick  paving  2,200  feet  of  2S-foot 
roadway  on  Caseyville  Ave.  to  the  Struble- 
Helmich  Company  of  Alton,  on  its  bid  of 
$14,545.50.  The  board  also  awarded  a  con- 
tract for  a  2S-foot  concrete  bridge  on  Gil- 
bert St.  to  the  Parham  Construction  Com- 
panv  of  East  St.  Louis  on  its  bid  of  $419. 

W.  F.  Woodruff  of  Bedford,  Ind..  has  a 
small  team  outfit  that  he  wants  to  place  on 
railroad  work   or  any  kind  of  grading 

Sixteen  thousand  acres  of  now  worthless 
bottom  land  in  Marion  and  Lewis  Counties, 
Missouri,  will  be  reclaimed  with  the  con- 
struction of  a  hu.ge  levee  around  the  Fabius 
River  drainage  ilislrict.  The  machinery  has 
been  unloaded  and  the  work  will  be  started 
at  once.  The  drainage  district  is  about  15 
miles  north  of  Hannibal.  The  work  will 
cost  $396,000  and  require  a  year  for  com- 
pletion. The  levee  will  be  the  second  in 
this  vicinity.  The  South  River  drainage 
district  was  complf.ted  last  fall,  15,000  acres 
being  reclaimed.  A  meeting  of  the  commis- 
sioners was  held  recently  in  Quincy  and  it 
was  voted  that  $300,000  bonds  be  sold  to 
pay  for  the  improvements,  while  $96,000  is 
already  at  the  disposal  of  the  Commission- 
ers. The  northern  line  of  the  district  is  3% 
miles  north  of  West  Quincy,  Mo.,  and  ex- 
tends into  Lewis  County  2'/2  miles,  but  is 
chiefly  in  Marion  County,  The  J.  H.  Har- 
mon Engineering  Company  of  Peoria,  111., 
has  the  contract. 

Keating    Bros,    will    finish    their   work    at 


Kincaid,  111.,  in  th.ree  weeks  and  will  be  in 
the  market  at  that  time  for  work  for  their 
20-team  outfit. 

The  following  were  the  successful  bidders 
on  the  20-mile  cut-off  which  the  Norfolk  & 
Western  R.  R.  Co.  are  going  to  build  near 
Roanoke,  Va.:  Patterson,  Moran  &  Co., 
New  York;  Robert  Grace  Construction  Co., 
Pittsburgh,  Rhinehart  &  Dennis,  Charlotts- 
ville,  Va.,  and  J.  J.  Sheehan,  Doanoke,  Va. 
There  were  in  the  neighborhood  of  SO  con- 
tractors bidding  on  this  work. 

Harrington  Bros,  have  been  piling  up 
some  big  estimates  on  their  grading  job  in 
the  southwestern  part  of  the  city  during 
the  nice  weather  that  we  have  been  having 
here  the  past  two  weeks. 

J.  E.  Nelson,  Scott  Tippy  and  M.  L. 
Windham  were  awarded  contracts  by  the 
Illinois  Central  R.  R.  Co.  for  constructing 
a  new  coal  road  into  the  recently  opened 
coal  fields  surrounding  West  Frankfort,  111. 
This  line  will  be  between  5  and  6  miles 
long.  A.  B.  KoENic 


PERSONALS 

Mr.  J.  P.  Beck  has  resigned  as  publicity 
manager  of  the  Universal  Portland  Cement 
Co.  of  Chicago.  He  will  be  succeeded  bv  Mr. 
Robert    F.    Hall. 

Dr.  Ernest  Lester  Jones,  Deputy  Commis- 
sioner of  Fisheries,  has  been  appointed  by  the 
President  as  superintendent  of  the  Coast  and 
Geodetic  Survey,  vice  Mr.  O.  H.  Tittman,  re- 
signed, and  will  enter  on  his  new  duties  April 
16.  Other  changes  in  Survey  service  are  an- 
nounced as  follows:  Mr.  F.  Walley  Perkins, 
assistant  superintendent  of  the  Survey,  has 
resigned  after  .51  years'  service.  Mr.  Robert 
L.  Faris  succeeds  him.  Mr,  Charles  C.  Yates 
has  been  appointed  assistant  inspector  of 
hydrography  and  topography. 

Mr.  George  S.  Iredell,  civil  and  electrical 
engineer,  who  was  formerly  city  engineer  of 
Austin,  Tex.,  has  entered  private  practice  with 
offices  at  521  Littleford  building,  Austin.  Mr. 
Iredell  will  make  a  specialty  of  municinal 
work,  including  reinforced  concrete  construc- 
tion, paving  sewers,  water  and  light  plants 
and  road  building.  Mr.  Iredell  has  been  con- 
nected with  the  engineering  department  of  the 
city  of  Austin  for  nearly  eight  years,  six 
years  as  city  engineer  and  for  two  years  as 
first  assistant.  For  about  two  years  previous 
he  was  wireless  telegraph  engineer,  construct- 
ing and  putting  in  operation  wireless  telegraph 
stations,  some  of  them  high  power  stations 
for  the  U.  S.  Government.  Prior  to  that  he 
was  for  16  years  in  executive  and  technical 
positions  with  telegraph  and  telephone  com- 
panies, and  was  at  one  time  assistant  super- 
intendent of  the  Chicago  Telephone  Co. 

Mr.  L.  W.  Rundlett,  consulting  engineer, 
and  Mr.  C.  G.  Moore,  municipal  engineer, 
have  formed  an  organization  under  the  name 
of  "General  Engineering  Bureau,"  and  are 
prepared  to  undertake  civil,  mechanical,  elec- 
trical and  structural  engineering  of  all  kinds. 
The  headquarters  of  the  firm  are  at  696  Endi- 
cott  building,  St.  Paul,  Minn.  Mr.  Rundlett 
is  a  member  of  the  American  Societv  of  Civil 
Engineers  and  has  served  as  city  engineer  and 
commissioner  of  public  works  of  St.  Paul  for 
twenty  years,  and  for  several  years  in  a  simi- 
lar capacity  in  Moose  Jaw,  Sask.  He  has  also 
had  an  extensive  practice  as  a  consulting  engi- 
neer in  the  design  of  municipal  work  and 
making  valuations.  Mr.  Moore  received  his 
technical  education  at  the  University  of  Wis- 
consin, and  has  had  nine  years  of  practical 
experience  as  a  railroad  engineer,  as  city  engi- 
neer of  Eau  Claire,  Wis.,  and  as  a  municipal 
contractor. 

Mr.  Otto  H.  Tittmann  has  resigned  as  super- 
intendent of  the  U.  S.  Coast  &  Geodetic  Sur- 
vey after  48  years  of  service.  In  1874  he  was 
sent  as  assistant  astronomer  with  the  Transit 
of  Venus  E.xpedition  to  Japan,  and  in  1890 
was  sent  to  Paris  to  bring  to  the  United  States 
the  National  standard  meter  and  to  inspect 
weights  and  measures  offices  at  London,  Paris 
and    Berlin.      In    1895   he   was    delegate    from 


this  country  to  the  International  Geodetic  Con- 
ference at  Berlin,  and  in  1900  was  made  a 
member  of  the  permanent  commission  of  the 
International  Geodetic  Association.  He  has 
been  superintendent  of  the  U.  S.  Survey  since 
1900.  In  1899  he  represented  the  United  States 
in  the  Alaska-Canadian  boundary  dispute,  and 
in  1904  became  United  States  Commissioner  of 
the  Alaska  boundary.  Mr.  Tittmann  is  a  mem- 
ber of  the  American  Societv  of  Civil  Engin- 
eers, and  of  several  scientific  societies.  He  i^ 
also  the  author  of  numerous  geodetic  and  mct- 
rological  articles. 

Mr,  J.  F.  Ziglar  and  Mr.  G.  F.  Hinshaw 
have  organized  the  firm  of  Hinshaw  &  Zig- 
lar, civil  engineers,  with  offices  at  Winston- 
Salem,  N.  C.  Mr.  Ziglar  has  been  connected 
with  the  Southern  Railway  since  May,  1911, 
filling  in  order  the  positions  of  building  in- 
spector, concrete  inspector,  draftsman,  as- 
sistant engineer  and  assistant  roadmaster.  In 
1908  and  1909  he  was  employed  on  street  rail- 
way and  municipal  engineering  work  at  Win- 
ston-Salem, and  during  the  following  year 
was  draftsman  in  the  ofifice  of  the  chief  en- 
gineer of  the  Winston-Salem  Southbound 
Railway.  Later,  for  a  time  he  was  drafts- 
man for  a  locating  party  on  the  Elkhorn  Ex- 
tension of  the  C.  C.  &  O.,  and  for  several 
months  was  instrument  man  on  the  W.  S.  S. 
Railway  and  the  G.  S.  &  S.  Interurban.  Mr. 
Hinshaw  has  just  resigned  the  position  of 
city  engineer  of  Winston-Salem,  having  been 
connected   with   the   department   since    1907. 


OBITUARIES 

William  Hunter,  chief  engineer  of  the  Penn- 
sylvania &  Reading  Railway  Co.,  died  in  a 
Philadelphia  hospital  April  2  from  a  stroke 
of  paralysis.  He  was  60  years  of  age  and  had 
been  in  the  service  of  the  Reading  since  1878. 
He  graduated  from  the  Polytechnic  College  of 
Pennsylvania  in  1872.  He  at  once  entered 
railway  service  as  a  rodman,  and  worked  up 
through  the  positions  of  division  engineer, 
assistant  engineer,  assistant  roadmaster  ancl 
assistant  chief  engineer.  He  was  made  chief 
engineer  of  the  Reading  in  August,  1900. 

F.  Hopkinson  Smith,  noted  author,  artist 
and  engineer,  died  in  New  York,  April  7,  aged 
77.  Although  best  known  as  an  author,  and 
having  in  his  earlier  days  a  wide  reputation 
as  an  artist,  Mr.  Smith's  engineering  work  has 
been  noteworthy.  .\  native  of  Baltimore,  he 
entered  a  manufacturing  plant  of  that  city 
in  his  boyhood  and  at  the  age  of  21  was  su- 
perintendent of  the  Calvert  Iron  Co.  At  the 
close  of  the  civil  war  he  removed  to  New  York 
City  and  established  himself  as  constructing 
engineer  and  contractor,  and  entered  upon  the 
work  of  constructing  under  contract  with  the 
U.  S.  Government  a  number  of  lighthouses  and 
breakwaters  on  Long  Island  Sound.  In  1871 
Mr.  Smith  began  the  construction  of  the  Race 
Rock  lighthouse  off  the  harbor  of  New  Lon- 
don, the  building  of  which  occupied  him  for 
nearly  five  years.  The  building  of  this  light- 
house included  the  construction  of  an  artifi- 
cial island,  the  subsequent  excavation  of  its 
interior  and  the  filling  in  of  this  with  a  mass 
of  concrete  laid  by  divers  working  under  wa- 
ter. Readers  of  Mr.  Smith's  novels  will  re- 
call the  thrilling  account  of  some  of  the  diffi- 
culties of  this  work  in  "Caleb  West,  Diver." 

Mr.  Smith  also  executed  the  contract  for 
the  construction  of  the  foundation  for  the 
statute  of  Liberty  in  New  York  harbor,  which 
forms  the  first  52  ft.  of  the  structure.  Among 
other  works  which  he  handled  may  be  men- 
tioned the  sea  walls  around  Governor's  and 
North  Brother's  Islands,  the  water  works  at 
Mount  Vernon  and  Fishkill,  N.  Y..  the  light- 
house at  Cold  Spring  Harbor,  L.  I.,  and  the 
sea  wall  at  Tompkinsville,  Staten  Island. 


CIVIL  SERVICE  NEWS 

The  U.  S.  Civil  Service  Commission  an- 
nounces   the    following    examinations : 

Marine  engine  draftsman  for  submarines; 
$5.04  per  diem;   May  12-13. 

Electrical  expert  aid-ship;  $4  per  diem;  Mav 
12. 
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The  Civilian   Builders  of  the  Panama 
Canal:  Gen.  George  W.  Goethals. 

A  notable  kind  of  appreciation  of  ihe  serv- 
ices of  assistants  is  recorded  in  a  recent  pub- 
lic speech  of  Gen.  George  W.  Goethals.  It 
follows : 

Mr.  Taft  in  his  message  of  1912  recommended 
that  I  be  promoted  to  the  position  of  major- 
general  in  the  army.  Two  friends  of  mine  in 
Congress,  one  in  the  Senate  and  one  in  the 
House,  immediately  introduced  bills  for  tshat 
purpose.  I  wrote  and  told  them  service  men 
should  have  no  promotion  unless  promotions 
could  be  given  to  all  alike.  That  attitude  I  have 
consistently  maintained.  It  is  a  source  of  re- 
gret to  me  that  the  bill  ever  passed.  Civilians 
built  the  canal,  not  the  Army.  When  the  Army 
people  leave  here  they  are  retired  and  looked 
after  by  the  government,  whereas  the  civilian 
must  get  out  and  hustle  to  make  a  living  for 
the  rest  of  his  days.  The  completion  of  the 
canal  is  due  to  the  brain  and  brawn  of  the  men 
who  are  gathered  here. 

The  reward  that  General  Goethals  received 
for  his  worlc  at  Panama  seems  now  more 
than  ever  before,  to  have  been  well  bestowed. 


Inviting  and  Avoiding  Direct  Competi- 
tion Between  Consulting  Engineers. 

A  growing  number  of  agencies  of  a  public 
character  perform  functions  akin  to  the  ac- 
tivities of  the  consulting  engineer  in  private 
practice.  Thus  advice  of  an  engineering 
nature  is  being  given  by  such  agencies  as  Mu- 
nicipal Reference  Bureaus  of  Leagues  of  Mu- 
nicipalities, Public  Service  Commissions,  and 
Extension  Divisions  of  State  Universities.  In 
general,  we  believe,  these  agencies  in  the  long 
run  provide  much  more  work  for  the  consult- 
ing engineer  than  they  take  from  him.  Par- 
ticularly is  this  true  in  rural  communities 
where  the  local  official  has  an  initial  lack  of 
confidence  in  the  consulting  engineer  and  un- 
limited confidence  in  an  engineer  representing 
some  public  institution.  In  such  cases  the 
latter  worker  creates  opportunities  for  the 
former  by  carrying  projects  through  the  pre- 
liminary stage  and  then  stepping  aside  in 
favor  of  the  consultant. 

Thus,  the  municipal  engineering  work  car- 
ried on  in  villages  by  the  Extension  Division 
of  one  of  our  State  Universities  has  been  de- 
scribed in  these  columns.  Under  this  plan  the 
representative  of  the  institution  points  out  the 
need  of  a  water  system,  for  example,  and 
shows  that  it  is  feasible.  He  then  advises  the 
town  to  get  a  consulting  eneineer  to  qo  on 
with  the  work. 

Again,  a  League  of  Municipalities,  acting 
through  its  Municipal  Reference  P.ureau  tries 
to  impress  upon  city  officials  the  fact  that  it 
is  always  expensive  to  do  public  work  without 
engineering  advice,  and  that  it  is  alwavs 
cheaper,  ultimately,  to  pay  an  engineer  an 
adequate  fee  for  doing  the  work  in  a  proper 
manner  than  to  attempt  to  dispense  with  an 
engineer's  services. 

Also,  Public  Service  Commission  staffs  often 
do  considerable  in  the  way  of  preliminary  ad- 
vice in  connection  with  plant  operation  and 
betterments,  ultimately  giving  way  to  the  en- 
gineer in  private  practice. 

There  are,  of  course,  other  agencies  of  a 
public  nature  doing  work  which  logically  leads 
up  to  the  engagement  of  a  consulting  engineer. 
In  all  these  cases  we  believe  the  point  is  soon 
reached  where  the  agent  of  the  public  institu- 
tion in  efifect  says  to  the  city  official :  "Now 
go  and  get  a  consulting  engineer;"  It  is  then 
only   natural    that    the   official    should   ask   for 


advice  in  choosing  a  consultant.  A  list  of 
names  of  successful  practitioners  is  sometimes 
submitted  with  the  explanation  that  all  are 
good  men  and  one  chosen  therefrom  will  sure- 
ly be  satisfactory. 

Up  to  this  point  we  think  the  far-seeing 
consultant  will  be  in  full  accord  with  the  pro- 
cedure but  the  list  of  names  should  b6  sub- 
mitted with  some  general  advice.  .Any  im- 
pulse of  the  official  to  write  a  form  letter  to 
every  man  on  this  list  asking  him  to  name 
a  fee  for  a  given  service  should  be  discour- 
aged. Such  "bidding"  is  harmful  to  engineers 
and  engineering.  Much  better  is  it  to  select  a 
man  for  his  qualifications  to  perform  the  de- 
sired service  than  solely  by  the  amount  of  his 
fee.  The  agencies  we  have  mentioned  are 
urged  to  discourage  any  tendency,  arising  from 
their  good  offices,  toward  bringing  about  whole- 
sale competitive  bidding  between  consulting 
engineers.  Obviously  this  matter  requires 
tactful  as  well  as  impartial  handling. 


Cost  of  Quantity  Surveys  of  Buildings 
and  a  Proposed  Survey  Guarantee. 

The  writer,  in  the  course  of  appraisal  work, 
has  had  quantity  surveys  made  of  many  build- 
ings. Given  the  ordinary  architect's  plans,  the 
cost  of  such  a  survey  averages  about  $3  to  $4 
per  $1,000  of  total  cost  of  the  building,  or  0.3 
to  0.4  per  cent.  Often,  of  course,  this  expense 
can  be  avoided  in  making  an  appraisal,  either 
by  using  cubic  foot  or  square  foot  prices 
where  the  cost  of  a  considerable  number  of 
quite  similar  buildings  is  known,  or  by  adding 
a  percentage  to  the  known  original  cost  to  get 
the  present  day  cost. 

Careful  building  contractors  make  quantity 
surveys  of  all  important  buildings  upon  which 
they  submit  bids.  If,  as  is  often  claimed,  "ten 
jobs  are  figured  for  every  one  landed,"  and  if 
every  contractor  makes  a  separate  quantity 
survey,  the  total  cost  of  all  the  quantity  sur- 
veys is  3  to  4  per  cent  of  the  building  cost. 

We  have  at  hand  an  advertising  circular  is- 
sued by  a  quantity  survey  company  in  New 
York,  and  it  appeals  to  us  as  being  a  most 
rational  argument  for  the  making  of  quantity 
surveys  of  every  important  building  prior  to 
the  call  for  bids.  The  company  says  of  its 
work : 

It  furnishes  itemized  lists  of  all  the  different 
classes  of  work  required  to  complete  a  buildinij. 
It  guarantees  that  the  totals  of  the  lists  are 
correct  within  3  per  cent.  It  gives  an  accept- 
able surety  bond  for  an  amount  equal  to  10 
per  cent  of  the  estimated  value  of  the  work 
listed,  agreeing  to  indemnify  any  interested 
party  against  extra  cost  due  to  an  error  in  ex- 
cess of  3   per   cent  in   the   totals  of   the  lists. 

It  is  an  axiom  that  a  reduction  in  the  amount 
of  work  bid  on  lowers  the  price.  Quantities 
guaranteed  to  be  correct  within  3  per  cent  Jus- 
tify their  purchase  at  the  Survey  Co.'s  fee. 
which  is  approximately  IV*  per  cent  of  the  value 
of  the  work  listed.  Such  quantities  have  only 
to  be  IM  per  cent  lower  than  the  usual  con- 
tractor's quantities  to  offset  the  fee.  Everyone 
familiar  with  quantity  estimating  admits  that 
the  fee  will  be  saved.  ''Ve  claim  a  saving  of  ;it 
least  twice  that  amount,  takins  Into  consider.x- 
tion  the  close  quantities  and  the  other  indirect 
benefits  tending  toward  the  elimination  of 
claims  for  extras  and  allowanc-es  aftei-  the  con- 
tract Is  let. 

To  civil  engineers  it  has  long  been  a  matter 
of  wonder  that  architects  furnish  no  list  of 
quantities  upon  wdiich  contractors  may  esti- 
mate. Doubtless  the  practice  of  charging  a 
fee  for  architect's  services  is  partially  respon- 
sible  for  throwing  the  burden  of   making  the 
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quantity  estimates  upim  the  contractors.  Now 
comes  a  company  that  proposes  not  only  to 
make  but  to  guarantee  quantity  estimates.  We 
are  inclined  to  doubt,  however,  their  ability  to 
induce  many  architects  to  favor  their  plan,  if 
the  charge  is  to  be  1.5  per  cent.  But  if  the 
charge  were  somewhat  less  than  1  per  cent, 
there  might  be  a  different  story. 

We  feel  that  there  is  sufficient  merit  in  the 
scheme,  in  general,  to  suggest  that  engineers 
might  well  try  to  secure  business  of  this  sort. 
It  may  be  that  the  guarantee  feature  of  the 
plan  will  not  prove  as  attractive  as  might  be^ 
expected.  On  the  tither  hand,  it  may  be  that' 
many  architects  could  be  induced  to  recom- 
mend to  their  clients  the  making  of  quantity 
surveys  without  guarantees  were  the  fee  made 
sufficiently  low,  say  0.6  to  1  per  cent,  the  rate 
depending  upon  the  size  and  character  of  the 
building. 


Will     High     European     Taxes     Drive 
Money  and  Men  to  America? 

The  per  capita  debt  of  European  nations 
was  already  vastly  greater  than  that  of  .Amer- 
ica before  the  war.  Europe's  public  debt  at 
the  close  of  the  war  will  be  the  most  colossal 
in  the  history  of  nations.  The  effect  of  the 
consequent  high  taxes  upon  industries  has 
been  much  discussed,  but  we  have  seen  no 
mention  of  one  result  that  seems  inevitable. 
We  refer  to  the  immigration  of  workmen  as 
well  as  capital  from  Europe  to  .\merica  after 
tiie  war. 

.■\lmost  every  European  nation  collects  a 
very  large  part  of  its  revenue- by  taxation  of 
incomes.  "The  tax  falls  heavily  upon  "un- 
funded" as  well  as  upon  "funded"  incomes, 
upon  the  small  as  well  upon  the  large.  Wheth- 
er an  income  be  from  an  investment  or  from 
a  wage,  a  substantia!  part  of  it  goes  to  the 
government.  Hence  the  European  worker  as 
well  as  the  European  capitalist  now  faces  a 
situation  of  the  gravest   economic  aspect. 

Many  financial  experts  have  been  astonished 
because  European  investors  have  not  hastened 
to  sell  their  .American  securities.  It  was  fear 
of  such  "liquidation"  that  led  the  New  York 
Stock  Exchange  to  close  its  doors  eight 
months  ago,  and  the  same  fear  led  also  to  the 
adoption  of  a  "minimum  price  schedule"  when 
the  exchange  opened  again  in  December.  The 
other  day  the  restriction  as  to  "minimums" 
w-as  removed  without  causing  the  slightest 
flurry.  It  now  seems  that  the  fears  of  .-Xmer- 
ican  stock  brokers  and  bankers  were  without 
foundation. 

Instead  of  seeking  to  withdraw  capital  from 
investments  in  ."Vmerica  there  is  reason  for 
a  flow  of  investment  capital  to  .America.  The 
pressure  that  will  first  cause  this  flow  will  be 
the  greatly  increased  taxes  resulting  from 
the  war. 

Where  money  goes  there  go  men,  but  even 
If  money  does  not  go  in  advance  of  men,  still 
men  will  leave  Europe  in  greater  numbers 
than  ever  before.  .-Xmerica  has  always  been 
the  land  of  promise,  the  world's  E!  Dorado. 
When,  in  addition  to  this  lure,  there  cornes 
before  European  workmen  a  full  realization 
that  the  tax  gatherer  is  about  to  reduce  their 
already  meager  wage,  can  it  be  doubted  that 
.Vmerica  will  look  more  attractive  than  ever? 
.May  we  not  anticipate  an  exodus  from  the 
old'  countries  such  as  has  never  been  wit- 
nessed before? 

Let  us  consider  another  factor  that  will  have 
its  influence  in  causing  the  exodus.  If  that 
shoestring  of  land  between  North  and  South 
.•\merica  had  been  broken  by  nature  a  thou- 
sancl    vears    ago,    instead    of    by    man    a    few 
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inonths  ago,  the  Pacific  Coast  of  this  conti- 
nent would  probably  have  been  as  densely  set- 
tled as  the  Atlantic  Coast  now  is.  Indeed. 
there  are  reasons  for  thinking  that  New  York 
might  have  been  located  at  the  Golden  Gate 
or  on  Puget  Sound.  Climatically  the  Pacific 
Coast  is  more  attractive  than  the  Atlantic.  Of 
natural  resources  there  is  wealth  enough  on 
the  Pacific  to  support  fiftyfold  the  present 
population. 

The  coal  of  the  Atlantic  seaboard  finds  its 
equal  in  the  fuel  oil  and  waterpower  of  the 
Pacific.  In  fact,  the  latent  power  in  the  snow 
summits  of  the  Sierras  and  the  Cascades  is 
vastly  greater  than  that  in  all  the  "fossil  sun- 
shine" of  Pennsylvania.  An  acre  of  bean  land 
in  Los  Angeles  County  sells  for  $1,000,  and 
the  price  it  brings  is  only  the  capitalized  an- 
nual income  from  several  crops  of  beans. 
Citrus  lands  at  $5,000  an  acre  make  it  evident 
that  the  Golden  State  holds  its  title,  not  mere- 
ly because  of  its  baptismal  name  of  '49. 

In  seeking  to  find  some  fault  with  the 
natural  resources  of  the  Pacific,  a  New  York- 
•  er  remarked  to  his  Seattle  cousin : 

"But  you  have  no  lobsters  indigenous  to 
your  coast." 

"We  have  Dungeness  crabs,  however,  that 
make  a  taste  for  lobsters  seem  like  the  per- 
verted appetite  of  a  Digger  Indian   for  clay." 

There  is  a  quid  for  every  quo.  and  the  quids 
seem,  on  the  whole,  to  have  the  best  of  the 
quos,  in  comparing  our  Western  with  our 
Eastern  Coast.  But  whether  this  be  the  gen- 
eral verdict  matters  little.  The  fact  that  de- 
serves particular  notice  is  that  the  undevelooed 
resources  of  the  West  are  now  made  fully 
available  through  the  use  of  the  Panama 
Canal.  A  stream  of  immigrants  will  soon  be- 
gin to  flow  through  this  new  channel,  for  war 
taxes  will  furnish  a  "velocity  head"  more  than 
enough  to  overcome  the  frictional  resistance 
of  custom  and  the  ties  of  home. 


Engineering    Education,    Engineering 

Success  and  Leadership  Among 

Men. 

Our  engineering  schools  have  been  criticised 
at  various  times  both  for  what  they  have  in- 
cluded in  their  courses  and  for  what  has  been 
omitted  from  them.  It  is  natural  and  proper 
that  such  schools  should  take  cognizance  of 
the  changes  constantly  being  made  in  the  en- 
gineering field,  and  should  make  an  attempt 
to  meet  certain  of  these  changes.  There  is, 
however,  need  for  great  caution  and  insight 
on  the  part  of  educators  if  they  are  to  keep 
the  essential  and  discard  the  non-essential.  In 
the  past  there  has  been  a  decided  tendency  in 
some  of  our  engineering  schools  to  give  un- 
due emphasis  to  certain  kinds  of  engineering 
work  only  to  find  (or  rather  it  remains  for 
their  graduates  to  discover)  that  the  special 
training  received  is  no  longer  demanded  by 
employers.  It  is  now  being  recognized  that 
a  thorough  grounding  in  the  fundamentals  of 
engineering  is  essential,  and  it  is  gratifying 
to  note  that  many  of  our  engineering  schools 
have  recently  revised  their  courses  to  insure 
a  better  training  in  basic  subjects. 

During  the  past  year  a  considerable  number 
of  addresses  have  been  made  by  prominent 
engineers,  in  which  the  "status  of  the  en- 
gineer" has  been  .the  key-note.  Such  discus- 
sion reflects  the  reaction  which  is  taking  place 
against  present  conditions,  for  which  our  en- 
gineering schools  are  partly  responsible,  al- 
though such  schools  in  a  measure  reflect  the 
demands  made  upon  them  by  engineers  and  by 
employers  of  engineers.  It  is  now  generally 
conceded  that  some  changes  are  needed,  and 
constructive  criticism  should  be  encouraged. 
Much  of  what  has  recently  been  written  on 
this  subject,  however,  is  somewhat  radical,  and 
indicates  that,  unless  caution  is  exercised,  we 
are  apt  to  turn  about  face  so  sharply  as  to 
jeopardize  the  standing  of  engineers  in  the 
future.  In  order  that  discussion  of  this 
subject  be  pertinent  and  constructive  we 
must  keep  in  mind  that  the  basis  of  such 
discussion  should  primarily  be  the  making  of 
better  engineers — men  who  not  only  are  de- 
serving of  greater  benefits,  but  who  are  able 


to  contribute  more  to  the  comfort  and  happi- 
ness of  men  in  other  lines  of  work.  We  must 
remember  that  efficient  engineers  will  always 
be  needed,  just  as  are  efficient  business  men, 
lawyers  and  doctors.  Efficiency,  in  a  measure, 
requires  specialization,  and  we  do  not  believe 
that  engineers  will  exert  a  greater  influence 
by  becoming  engineer-lawyers,  engineer-busi- 
ness men,  etc.  The  profession  of  engineering 
is  broad  enough  to  occupy  the  entire  energy 
of  those  men  who  are  able  and  willing  to  meet 
its  requirements.  If  the  engineer  will  give  the 
proper  time  and  thought  to  state  and  national 
affairs  which  every  citizen  should,  then  he  will 
best  serve  all  interests,  including  his  own.  by 
devoting  the  rest  of  his  energy  to  engineering. 
Much  of  the  present  dissatisfaction  is  voiced 
by  men  who  call  themselves  engineers,  but  who 
are  trying  to  do  work  for  which  thev  are  not 
fitted. 

Engineers  must  face  the  reality  that  the  very 
nature  of  their  work  imposes  certain  restric- 
tions as  to  other  activities,  and  men  will  never 
attain  highest  prominence,  as  engineers,  until 
they  recognize  these  restrictions.  For  ex- 
ample, mathematics  and  mechanics  are  engin- 
eering subjects  of  such  importance  that  no 
engineer  can  attain  much  prominence,  as  an 
engineer,  without  a  basic  knowledge  of  their 
principles.  Such  a  knowledge  involves  long 
study  and  close  application,  which  means  less 
time  for  other  subjects.  In  a  recent  address 
a  well-known  engineering  professor  expressed 
himself  as  follows : 

In  my  opinion,  tliere  is  scarcely  anything  that 
tends  more  to  narrowness  of  view  than  dealing 
all  the  time  with  problems  that  can  be  solved 
only  by  right  mathematical  processes,  because 
tfie  great  questions  which  confront  us  are  not 
mathematical;  the  data  are  shifting,  variable, 
and  the  human  element  comes  in.  Therefore, 
the  man  who  is  accustomed  to  solve  his 
problems  by  mathematics,  and  can  only  do  the 
solving  in  that  way.  finds  himself  at  a  loss  in 
the  practical"  affairs  bt  life — mathematics  do 
not  apply. 

If  it  is  true  that  mathematics  has  a  narrow- 
ing tendency — and  in  the  main  we  believe  it 
does — then  engineers  must  face  the  facts  as 
they  exist.  We  believe  our  engineering  schools 
must  give  such  thorough  training  in  mathe- 
matics and  mechanics  that  the  average  student 
will  be  thoroughly  grounded  in  their  principles. 
If  they  do  not,  their  graduates  will  be  fail- 
ures, as  engineers,  although  an  occasional  man 
may  achieve  success  in  some  other  line  of 
work.  We  believe  that  any  engineering  school 
which  points  with  greatest  pride  to  those  few 
of  its  graduates  who  have  attained  success — 
not  as  engineers  but  as  business  men,  or  pro- 
moters, or  as  industrial  managers — is  a  par- 
tial failure,  because  it  is  placing  emphasis  on 
principles  which  some  other  school  is  better 
fitted  to  teach.  The  greatest  men  in  every  kind 
of  human  activity  are  those  who  master  their 
particular  subjects — although  appreciation  by 
their  fellowmen  may  be  exceedingly  tardy,  and 
such  men  may  not  be  what  we  call  "well- 
rounded." 

To  oifset  the  narrowing  influence  of  mathe- 
matics the  educator,  from  w'hose  address  we 
have  already  quoted,  offers  this  solution  : 

We  should  seek  to  broaden  the  minds  of  our 
engineering  students  by  study  in  history,  lit- 
erature, psychology  and  other  subjects  which 
give  a  broad  outlook  upon  life. 

I  urge,  therefore,  that  in  these  ways  we  help 
to  give  the  engineer  of  the  future  the  personal 
qualities  for  leadership.  We  may  rest  assured 
that  if  he  is  possessed  of  these  qualities, 
leadership  will   come  to  him. 

The  author  evidently  intends  us  to  infer 
that  the  engineer  will  be  able  to  assume  lead- 
ership over  men  in  other  lines  of  work.  Is 
this  assumption  logical?  Can  we  reasonably  ex- 
pect that  the  engineer — as  such — will  ever  be  a 
leader  of  lawyers,  or  business  men — men  who 
have  made  a  special  study  of  their  profession 
and  its  requirements?  As  a  general  proposi- 
tion we  doubt  it,  as  too  much  of  the  engineer's 
time  must  necessarily  be  devoted  to  subjects 
in  which  such  men  are  only  incidentally  in- 
terested. Engineers  can  accomplish  more  by 
doing    their    engineering    work    well,    and    by 


proper  co-operation  to  secure  recognition  of 
it,  than  by  incidental  study  of  subjects  taken 
with  the  object  of  making  them  capable  of 
exercising  leadership  over  other  men. 

We  do  not  wish  to  be  understood  as  advo- 
cating engineering  courses  which  do  not  in- 
clude subjects  having  broad  educational  value 
— such  subjects  are  essential  if  the  engineer 
is  to  be  the  best  type  of  citizen.  We  do,  how- 
ever, believe  that  the  main  purpose  of  en- 
gineering schools  is  to  turn  out  efficient  en- 
gineers. Certainly  enough  literature,  or  his- 
tory, or  psychology,  cannot  be  crowded  into 
an  engineering  course  to  enable  the  graduate 
ever  to  exercise  leadership  in  lines_  of  work 
in  which  his  engineering  knowledge  is  not 
absolutely  essential.  In  general,  engineers  may 
rightly  be  expected  to  exercise  leadership  along 
those  lines  of  work  requiring  specific  engineer- 
ing knowledge.  Students  of  engineering  should 
not  be  misled  bv  believing  that  incidental  study 
of  general  subjects  will  ultimately  insure  lead- 
ership in  other  lines  of  work  requiring  special 
training.  Such  courses  as  those  mentioned 
should  be  taken  for  their  broad  educational 
value,  in  the  hope  that  students  who  take  them 
will  be  better  and  broader  men ;  they  should 
not    replace   basic   engineering   subjects. 

We  do,  however,  believe  a  thorough  training 
in  English  will  do  more  to  increase  the  pres- 
tige of  engineers,  and  to  secure  recognition 
of  their  work,  than  any  subject  which  is 
properly  a  part  of  an  engineering  course.  A 
poor  command  of  English  prevents  many  en- 
gineers from  taking  an  active  interest  in 
public  affairs;  it  also  prevents  many  engineers 
from  being  recognized  bv  those  engaged  in 
the  same  kind  of  work. 

From  time  to  time  some  man  who  has  been 
trained  as  an  engineer  will,  after  practicing 
engineering  for  several  years,  begin  seriously 
to  question  his  fitness  for  such  work.  If  he 
is  honest,  and  does  not  try  to  deceive  himself, 
he  will  turn  his  eflforts  toward  that  line  of 
work  which  promises  greatest  contentment. 
After  such  a  man  "finds"  himself  he  may 
achieve  great  success,  but  both  he  and  his  en- 
gineering friends  should  squarely  face  the 
fact  that  this  new  success  is  gained — not  as 
an  engineer,  but  as  a  specialist  in  some  other 
line  of  work.  Unquestionably,  a  considerable 
part  of  his  engineering  training  will  prove 
of  value  to  him  in  his  new  work — some  of  it 
must  be  placed  in  the  "loss"  column.  There 
is  nothing  which  will  cause  greater  discontent 
in  the  minds  of  real  engineers  than  the  errone- 
ous belief  that  engineering  principles  are  pri- 
marily the  cause  for  the  success  of  the  man 
who  changes  to  some  other  line  of  work. 
There  will  always  be  a  place  for  efficient  en- 
gineers, and  the  status  of  such  men  will  be 
satisfactory ;  likewise  some  men  will  still  con- 
tinue to  take  engineering  courses  who  should 
receive  special  training  in  other  lines.  Those 
in  charge  of  engineering  schools  must  not  be 
swayed  too  much  by  the  present  discussion 
concerning  the  status  of  the  engineer — pro- 
vided they  are  now  offering  efficient  engineer- 
ing courses.  They  must  remember  that  their 
function  is  to  train  engineers. 


Service  Tests  at  Philadelphia  of  Bitu- 
minous Carpets  for  Concrete  Roads. 

A  test  of  the  efficacy  of  bituminous  carpets 
for  concrete  roads  was,  as  many  of  our  road 
engineer  readers  will  recall,  one  of  the  pur- 
poses of  the  Byberry  and  Bensalem  Service 
Test  Road  constructed  by  the  Philadelphia 
Department  of  Highways.  The  results  of 
about  two  years  service  on  ten  areas  of  this 
carpeted  concrete  are  recorded  in  the  annual 
report  of  the  department  for  1914.  Summar- 
ized very  briefly  the  bituminous  covering  on 
five  of  these  areas  has  practically  disappeared, 
on  two  it  is  in  fair  condition  and  on  three  it 
is  in  good  condition.  No  very  definite  analysis 
in  detail  is  practicable  from  the  published  rec- 
ords; but  it  is  plain  that  all  carpetings  are  not 
a  success,  nor  are  all  carpetings  a  failure.  This 
is  information  of  at  least  corrective  value. 
There  has  been  observable  a  rather  strong  ten- 
dency of  road  engineers  to  group  themselves 
into  two  parties,  one  seeing  no  value  in  bitu- 
minous carpets  and   one  advocating  their  use 


April  21,  1915. 


Kogincering   and    Contracting 


351 


always.  Obviously  from  the  Philadelphia  tests  builders  is  then  to  determine  as  far  as  may  of  their  efficiency.  Until  these  facts  are  avail- 
the  value  of  carpeting  a  concrete  road  depends  be  practicable  the  kinds  of  bituminous  sur-  able  it  is  hardly  logical  to  assume  a  partisan 
upon  the  carpet.     The  immediate  duty  of  road       facings  that  are  most  effective  and  the  degree       stand  either  of  approval   or  ot   disapproval. 


Superintendents'    Day   at   the    Coming 

Meeting  of  the  American  Water 

Works  Association. 

The  annual  convention  of  the  .American 
Water  Works  Association  will  be  held  at  Cin- 
cinnati on  May  10-14.  All  day  Thursday,  of 
the  convention  week,  including  an  evening 
session,  has  been  set  apart  as  Superintendents' 
Day.  The  question  box  will  be  taken  up  and 
general  water  works  topics  will  be  discussed. 
There  will  also  be  some  short  papers  pre- 
sented on  practical  water  works  subjects,  ev- 
ery day  experiences,  new  devices  and  methods. 
This  is  the  kind  of  information  that  will  be 
useful  to  superintendents. 

This  plan  was  inaugurated  a  year  ago  at 
the  Philadelphia  convention  and  was.  success- 
ful. For  the  greatest  measure  of  success  at 
such  sessions  the  active  interest  of  the  su- 
perintendent himself  is,  of  course,  essential. 
The  .Association  officials  have  done  their  part 
in  introducing  this  innovation  in  the  arrange- 
ment of  the  program  of  the  convention,  and 
superintendents  should  respond  promptly  and 
whole-heartedly.  With  this  character  of 
response  the  usefulness  of  the  Association  to 
its  members  who  are  interested  in  water 
works  operation  will  be  vastly  increased. 

The  American  Water  Works  Association  is 
a  thoroughly  democratic  institution.  Both  the 
superintendent  from  the  small  town  and  the 
superintendent  of  short  experience  in  the 
water  works  business  may  rest  assured  that 
any  statement  of  their  problems  and  perplex- 
ities will  receive  respectful  consideration. 


centrally  at  the  top  o£  the  filter,  where,  after 
being  thoroughly  and  automatically  cleansed  of 
its  impurities,  it  will  be  continuously  caught  up 
by  the  incoming  water  and  deposited  again  on 
the  moving  sand  surface  at  the  top  of  the  filter. 
The  stationary  sand  forms  naturally  into  pyra- 
midal shapes  with  rounded  tops,  offering  a  large 
surface  to  the  passage  of  the  filtering  water. 
This  surface  is  more  than  twice  the  plan  area 
of  the  filter.  The  stationary  sand  rests  upon 
gravel  from  which  it  is  separated  by  perforated 
brass  screens  and  the  water  is  collected  from  a 
number  of  brass  and  cast  iron  collecting  pipes 
from  the  bottom  of  each  of  the  30  sections. 

The  elimination  of  the  main  impurities  by  the 
moving  sand  will  enable  this  filter  to  carry  on 
a  continuous  filtration  process  without  washing 
liack,  for  a  period  of  about  one  week,   thus  as- 


ural  mixing,  and  afterward  through  the  pumps 
where  the  mixing  with  the  raw  water  will  be 
complete.  Further  intimate  mixture  between 
the  sulphate  of  alumina  and  the  raw  water 
takes  place  at  the  sand  washer  and  the  distribu- 
tion pipes  so  that  by  the  time  the  water  reaches 
the  filter  a  thorough  mixture  is  absolutely 
assured. 

THE   TESTS. 

The  water  tested  in  the  demonstration  plant 
was  pumped  from  Humber  Bay.  This  water 
is  always  sewage  polluted  and  frequently  mud- 
dy. The  raw  water  mixed  with  a  continuous 
supply  of  washed  drifting  sand  from  the  sand 
washer  entered  the  filter  at  the  top,  as  shown. 
in   Fig.   1. 

The    Test   Filter.— The    filter   consists   of    a 
vertical  cylinder  of  reinforced  concrete  deeper 


The    Ransome    Drifting-Sand    Water 
Filter — Results  of  Tests  on  Dem- 
onstration Unit  at  Toronto. 

(Staff  Abstract.) 
On  Feb.  .3,  1914,  bids  were  opened  at  To- 
ronto, Ontario,  for  the  construction  of  a 
water  filtration  plant  of  60,000,000  Imp.  gal- 
lons capacity.  On  June  8  of  the  same  year  a 
contract  was  awarded  to  the  John  ver  Mchr 
Engineering  Co.,  Ltd.,  of  Toronto,  to  install 
a  mechanical  filtration  plant  of  the  Ransome 
drifting-sand  type.  This  type  of  filter  was 
designed  and  developed  by  William  Gore  of 
Toronto,  who  is  consulting  engineer  for  the 
firm  named.  The  system  is  comparatively 
new  and  only  relatively  small  plants  are  in 
operation.  The  contract  for  this  large  plant 
at  Toronto  was  awarded  after  a  .30  day  test 
on  a  small  filter  of  this  type.  The  results  of 
this  test,  here  described,  have  just  been  made 
public.  The  essential  features  of  the  experi- 
mental  plant  are  shown  in  Fig.  1. 

THE    DRIFTING-S.\ND    PRINCIPLE. 

The  following  description  of  the  theories 
and  principles  underlying  the  design  and  op- 
eration of  the  drifting-sand  filter  are  as  given 
by  the  John  ver  Mehr  Engineering  Co.  in 
submitting  its  bid  on  the  large  plant  at  To- 
ronto, which  is  now  under  construction. 

The  filters  to  be  installed  will  be  that  type 
known  as  the  Ransome  drifting-sand  filter,  tlie 
distinctive  feature  of  which  is  the  employment 
of  a*  gradually  moving  body  of  sand  as  the 
primary  or  roughing  filtration  medium,  which 
eliminates  as  a  continuous  process  the  main 
impurities  from  the  water  prior  to  its  passage 
through  the  final  filtration  medium  or  stationary 
sand.  Governed  by  its  natural  angle  of  settle- 
ment, the  moving  sand  almost  impercei)tibly 
gr.avitates,  grain  by  grain,  tow.ard  a  sy.stfm  of 
collecting  or  extr.acting  points  at  the  bottom  of 
the  filter  arranged  in  a  system  so  as  to  divide 
the  niter  into  30  equal  sections.  The  sand  with 
added  water  then  passes  to  a  central  collecting 
point  and  is  elevated  to  a  sand   washer  placed 


Sectional    Elevation,   Showing   the    Essential    Features    of    the    Demonstration    Filter    Plant 
of  the  Ransome  Drifting-Sand  Type,  Toronto,   Ont. 


suring      continuous      and      practically      uniform 
results. 

The  loss  of  head  in  the  filter  gradually  in- 
creases from  a  minimum  of  5  ft.  at  the  com- 
mencement of  a  run  to  a  maximum  of  12  ft., 
when  it  becomes  necessary  to  wasli  back  the 
filter  with  a  higli  rate  wa.sh  ot  1.5  gals,  per 
square  foot  per  minute,  using  filtei-ed  water,  for 
which  an  overhead  tank  with  duplicate  puitips 
to  fill  it  with,  will  be  provided.  The  slow  rate  at 
which  the  filters  clog,  removes  the  desirability 
of  providing  rate  controllers,  as  all  that  is 
necessary  is  that  the  attendant  should  adjust 
the  main  outlet  valve  once  or  twice  a  day  to 
the  desired  requirement. 

The  operation  of  the  sand  extractors  is  svich 
that  they  are  controlled  by  the  raw  wash  water, 
which  if  shut  off,  causes  the  extractors  to  cease 
operating  and  when  the  water  is  applied  again 
to  start  working  as  before. 

With  this  type  of  filter  the  need  for  co.agulat- 
ing  and  sedimentation  basins  is  avoided;  Indeed, 
as  proved  by  the  slowness  of  the  clogging  of  the 
stationary  sand,  and  the  efficiency  of  filtration, 
the  drifting  sand  is  mucli  moi-e  effective  in  re- 
moving the  impurities  than  sedimentation 
basins.  Tiius  it  is  not  proposed  to  provide  mix- 
ing, coagul.ating  or  sedimentation  b.asins,  but  to 
apply  the  coagulant  to  the  main  raw  water  pipe 
opposite  the  chemical  hou.se.  The  mixing  of  this 
coagulant  with  the  water  will  be  perfect,  in  that 
it  will  first  of  all  have  to  pass  through  the  suc- 
tion well,  where  it  will  receive  considerable  nat- 


than  usual  in  filter  design,  and  usually  filled 
with  sand.  The  filtered  water  collecting  sys- 
tem is  at  the  bottom,  divided  into  a  number 
of  small  units  consisting  of  a  number  of  hop- 
pers filled  with  praded  gravel  held  in  place 
bv  a  brass  screen  fastened  down  to  the  con- 
crete. At  a  distance  of  2  ft.  (J  in.  above  the 
undcrdrain  system  and  all  round  the  filter 
are  a  series  of  hopped-shaped  ports  down 
which  the  drifting  sand  passes.  These  ports 
converge  downwards  to  extractor  outlets,  with 
glass  inspection  tubes  so  that  the  operation  of 
the  drifting  sand  can  be  watched.  The  ex- 
tractors are  controlled  by  cocks,  which  can  be 
adjusted  to  suit  the  character  of  the  water 
being   filtered. 

The  drifting  sand  from  the  inspection  out- 
lets is  collected  by  a  ring  main  system,  along 
which  is  a  current  of  wash  water  which  con- 
veys the  sand  to  the  sand  washer  or  satid 
separator.  The  sand  washer  consists  of  a  flat- 
sided,  hopper-like  vessel  with  glass  windows 
at  the  flat  sides  through  which  the  action  cart 
be  observed.  The  sand  washer  is  attached  to 
the  I'dtcr  supply  pii)C  innncdiatcly  over  a  con- 
striction in  it  something  like  the  form  of  a 
Vcnturi  meter  tube.  An  (opening  in  the  bot- 
tom of  the  sand  washer  lets  through  the  clean 
sand  into  the  water  passing,  wliich  conveys  it 
to  the  filter  and  maintains  the  conical  heap 
of  sand  in  it.  By  the  well  known  liydraulic 
principle  the  pressure  in  the  pipe  at  the  con- 
striction is  very  much  less  than  on  the  filter. 
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This  difference  is  sufficient  to  draw  the  loose 
or  drifting  sand  charged  with  dirt  out  of  the 
filter  into  and  through  the  sand  washer  and 
into  the  supply  pipe,  and  so  maintains  the  con- 
tinuous motion  of  the  sand  while  the  filter  is 
in  operation.  The  sand,  which  by  this  time 
has  become  freed  but  not  separated  from  the 
dirt,  is  led  into  the  sand  washer  at  about  mid- 
height.  The  weight  of  the  sand  carries  it  to 
the  bottom  of  the  washer  and  the  dirty  water 
escapes  at  the  top.  Near  the  bottom  of  the 
washers  is  a  jet  of  water  which  carries  the 
sand  downwards  into  the  supply  pipe,  dis- 
placing the  dirty  water  upwards  in  so  doing. 
The  water  used  for  washing  the  drifting  sand 
is  unfiltered.  The  plan  area  of  this  filter  is 
143  sq.  ft.,  or  0.0033  of  an  acre.  The  esti,- 
mated  surface  of  the  stationary  cone  is  306 
sq.  ft.,  or  more  than  twice  the  plan  area. 
The  average  depth  of  the  sand  in  the  filter  is 
about  13  ft.,  of  which  about  54  per  cent  is 
drifting.  The  minimum  thickness  of  drifting 
sand  is  about  2  ft.  6  ins.  and  the  maximum  10 
ft.  The  minimum  thickness  of  the  stationary 
sand  is  2  ft.  2  ins.  and  the  maximum  13  ft. 

The  physical  analysis  of  the  .sand  shows  its 
effective  size  to  be  .4  millimeters,  and  its  uni- 
form coefficient  2.7.  In  the  drifting  sand  the 
coarser  particles  tend  to  collect  in  the  planes 
of  maximum  travel  and  the  finer  materials  to 
drop  through  the  coarser,  thereby  offering  the 
coarser  materials  to  the  water  first  and  the 
finer  materials  later. 

Coagulating  Plant. — A  novel  feature  of  the 
coagulating  plant  for  the  supply  of  a  solution 
of  aluminum  sulphate  to  the  raw  water  is  the 
employment  of  a  large  float  or  hydrometer- 
like arrangement  for  ir.aintaining  a  solution 
of  constant  strength  of  about  IVz  per  cent, 
which  is  fed  through  an  orifice  under  a  con- 
stant head,  the  orifice  being  changeable.  The 
arrangement  is  shown  diagrammatically  in 
Fig.  1,  and  consists  principally  of  rectangular 
reinforced  concrete  tanks  in  series,  coated 
with  solid  paraffin. 

The  first  tank  contains  water  supplied  from 
the  pumping  main  and  maintaining  at  a  con- 
stant level  by  a  ballcock.  The  water  from 
this  tank  may  pass  either  direct  to  the  bottom 
of  the  solution  tank  or  through  the  needle 
valve  at   the  bottom  of  the  hydrometer  tank. 

Solid  crystals  of  aluminum  hydrate  are  fed 
into  the  upper  compartment  of  the  solution 
tank  in  suflficient  quantity  to  maintain  the  so- 
lution at  any  convenient  amount  in  excess  of 
1%  per  cent.  The  solution  passes  from  this 
tank  into  the  hydrometer  tank  through  a 
needle  valve  at  the  top  of  the  hydrometer. 
Thus  the  hydrometer  tank  is  supplied  either 
with  solution  at  the  top  or  water  at  the  bot- 
tom, depending  whether  the  hydrometer  is  up 
or  down.  The  hydrometer,  which  consists  of 
an  oak  barrel  with  conical  ends  of  concrete 
and  provided  with  brass  adjustable  needle 
valve  points,  is  weighted  so  as  to  just  float  in 
a  solution  containing  iVz  per  cent  of  aluminum 
sulphate.  The  mixing  of  the  two  liauids  takes 
place  quite  readily,  owing  to  variations  in 
density.  The  heavier  solution  coming  in  at 
the  top  commences  to  travel  downwards,  pro- 
ducing circulation ;  conversely,  the  lighter 
coming  in  to  the  bottom  commences  to  travel 
upwards,  again  producing  circulation,  with  the 
result  that  stratification  at  the  orifice  cannot 
be  detected.  The  solution,  before  passing  to 
the  pump  suction  pipe,  was  further  diluted 
about  200  per  cent,  so  that  when  entering  the 
raw  water  the  solution  was  of  about  %  per 
cent.  The  alkalinity  of  the  raw  water  was 
about  100  p.p.m. 

Aiter  the  completion  of  the  official  test  a 
culture  of  bacillus  prodigiosus  was  added  to 
the  raw  water  in  such  quantities  that  from 
204  to  600  colonies  of  the  bacilli  were  pres- 
ent. No  colonies  appeared  on  the  filtered 
water  plates. 

The  turbidity  of  the  raw  water  ranged  from 
3  to  45.  The  effluent  was  perfectly  clear  at 
all  times.  By  the  addition  of  clay  the  turbid- 
ity was  increased  from  375  to  650  p.p.m. 
Again  the  effluent  was  perfectly  clear,  using 
1%  grains  per  gallon  of  alum. 

With  this  type  of  filter  there  are  two  kinds 
of  wash  water.     That  which  carries  the  drift- 


ing sand  out  to  the  washers  amounts  to  about 
2  per  cent  of  the  total  water  filtered.  This  is 
raw  water.  That  used  to  wash  back  the  filter 
about  every  eight  days  was  somewhat  less 
than  1  per  cent  of  the  total  filtered.  This  is 
filtered  water.  The  loss  of  head  in  the  filter 
immediately  after  washing  back  was  about  7 
ft.  when  filtering  at  the  rate  of  500,000  Imp. 
gallons  per  day.  This  commonly  increased  to 
14  ft.  in  eight  days. 

BACTERIOLOGICAL    RESULTS.     ■ 

The  average  bacteriological  results  over  the 
whole  test  were  as  follows : 

Average  i'aw  water  count  per  cubic  centi- 
meter or  standard  agar  at  37°  C.  was  1,420. 

Corresponding  average  filtered  water  count, 
14.8. 

Efficiency  of  removal,  per  cent  99. 
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Construction     Plant     and     Methods 

Employed  on  New  Water  Works 

Intake  Tunnel  at  Milwaukee, 

Wis. 

(Staff  Abstract.) 
I 

INTRODUCTORY. 

The  entire  water  supply  of  the  city  of  Mil- 
waukee is  at  present  drawn  from  Lake  Mich- 
igan through  the  North  Point  intake  tunnel 
shown  in  plan  in  Fig.  1.     This  tunnel,  placed 


terminate  in  riser  pipes  secured  in  position 
by  submerged  cribs.  The  maximum  daily 
capacity  of  this  intake  system  is  M,000,000 
gals. 

Since  it  was  evident  that  this  North  Point 
intake  system  would  not  long  continue  ade- 
quate, it  was  decided  to  construct  an  addi- 
tional tunnel  known  as  the  Linwood  Avenue 
intake  tunnel.  This  construction  was  author- 
ized Dec.  23,  1912. 

NEW    CO.MPREHENSIVE    PLAN. 

It  was  decided  to  adopt  a  comprehensive 
water  collection  system  as  follows  (all  as 
shown  in  Fig.   1)  : 

(1)  To  construct  a  12  ft.  internal' diameter 
tunnel,  from  a  shore  shaft  to  a  lake  crib  4.000 
ft.  distant  and  to  extend  four  parallel  72-in. 
cast  iron  pipes  from  the  lake  crib  to  a  sub- 
merged crib  2,500  ft.  farther  out  in  the  lake, 
terminating  in  approximately  65  ft.  of  water; 
(2)  To  construct  a  9  ft.  internal  diameter 
concrete  tunnel  from  the  North  Point  intake 
tunnel  shore  end,  this  being  the  location  of 
the  North  Point  pumping  station,  to  the  shore 
shaft  of  the  Linwood  Avenue  intake  tunnel, 
5,700  ft.  farther  north.  (Bids  were  received 
on  April  19,  1915  for  this  tunnel  construc- 
tion). (3)  To  construct  a  9  ft.  internal 
diameter  concrete  tunnel,  from  the  shore 
shaft  of  the  Linwood  Avenue  intake  tunnel 
to  the  site  of  the  proposed  new  pumping  sta- 
tion 7,000  ft.  west  of  the  shaft.  This  pro- 
posed new  pumping  station  site  is  located 
where  it  is  closer  to  the  center  of  distribu- 
tion, which  will  make  pumping  less  expensive. 
This  project  when  completed  will  care  for 
the  water  consumption  of  the  city  for  the 
next  30  or  40  years.  The  total  estimated  cost 
is  $2,500,000. 


Fig.  1.     General  Plan,  Showing  Present  and  Proposed    Water    Supply    Collecting    Works    at 

Milwaukee,    Wis. 


i 


in  service  in  1895,  is  of  7%  ft.  internal  diam- 
eter and  is  brick  lined.  Its  length  from  shore 
shaft  to  lake  crib  is  3,146  ft.  Two  parallel 
lines  of  60  in.  cast  iron  pipe,  laid  in  a  trench 
8  ft.  deep,  run  out  5,000  ft.  into  the  lake  be- 
yond the  crib.  These  pipes  end  at  a  point 
where  the  depth  of  water  is  60  ft.,  and  they 


The  project,  because  of  its  inter-relations 
and  magnitude,  was  divided  into  two  sec- 
tions,   as    follows : 

The  first  section  consists  of  the  Linwood 
Avenue  intake  tunnel,  beneath  the  lake,  and 
the  connecting  tunnel  from  the  shore  shaft  of 
the    Linwood    Avenue    tunnel    to    the    North 


April  21,  1915. 
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Point  pumping  station.  This  section  will  pro- 
vide an  additional  water  supply  to  the  present 
pumping  station,  giving  approximately  220,- 
000,000  gals,  of  water  at  a  velocity  of  3  ft. 
per   second   in  24  hours.     The  estimated  cost 


1/10  per  cent  grade  from  elevation,  — 81.00 
to  — 83.5.  From  station  2.5  -|-  00,  it  was 
planned  to  have  the  tunnel  fall  on  a  grade  of 
0.66  per  cent  to  station  40  -|-  00,  terminating 
there  at  elevation  — 88.50. 


532,000.00        348,000.00 
I.«Tke    tunnel   (concrete)..   143  per  ft.        93  per  ft. 
572,000.00        372.000.00 


Top  of  completed   //'  funnel 
^.-Boiler  shell    §~ thick       H 


Rod    for  handle — ^ 
i'sfeel  door  o£ens   infq_  /ocA.  — J^: 


*■ -Rivet  spacing    6^" around 
circumference 


-eo-0- 


I2"radiu5.'^] 
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Fig.  2.      Detail   of  Steel   Air   Lock   for    Materials,     Linwood     Avenue     Water     Supply     Intake 

Tunnel,  Milwaukee. 


was  $450,000  for  the  lake  tunnel  alone._  The 
present  article  relates  to  the  construction  of 
the  lake  tunnel. 

Lake  Tunnel. — The  original  surveys  for  the 
first  section  of  the  new  project  were  made  in 
October,  1911.  Twelve  test  borings  were 
made  as  shown  in  Fig.  1.  Based  upon  the 
surveys  and  these  borings,  the  plans  were 
completed  in  1912. 

The  Linwood  Avenue  intake  tunnel  is  12  ft. 
in  internal  diameter.  The  lining  is  a  rein- 
forced concrete  shell  with  a  minimum  thick- 
ness of  18  ins.  The  reinforcement  consists 
of  %  in.  rods  bent  in  vertical  rings  spaced  12 
ins.  on  centers,  and  longitudinal  rods  spaced 
on  15  in.  centers.  At  the  shore  the  tunnel 
terminates  in  a  15  ft.  internal  diameter 
shaft  with  a  concrete  lining  of  a  minimum 
thickness  of  18  ins.  The  depth  of  the  shaft 
is  86  ft.  below  datum. 

Lake  Crib. — The  lake  end  of  the  tunnel  con- 
sists of  a  steel  and  concrete  circular  crib,  60 
ft.  in  diameter,  with  an  internal  water  cham- 
ber 39  ft.  in  diameter.  The  concrete  walls 
are  lOVz  ft.  thick.  This  crib  is  59  ft.  high, 
and  rests  in  43  ft.  of  water..  Through  this 
lake  crib,  it  is  planned  to  drive  a  shaft,  15  ft. 
internal  diameter,  to  meet  the  lake  end  of 
the  tunnel.  This  shaft,  as  planned,  is  to  have 
a  depth  of  35  ft.  from  the  ton  of  the  tunnel 
to    the    bottom    of    the    lake.      The    lake    crib 


CONTRACT    PRICES. 

Bids  for  the  construction  of  the  Linwood 
.Avenue  tunnel  and  shaft  were  opened  on 
April  29,  1913.     There  were  only  two  bidders, 


Fig.   3.      View   Showing   Tunnel    Lining    and 
Face   of  Air   Locks,   New   Water    In- 
take  Tunnel,    Milwaukee. 


both   from   Chicago,   111.     Their   itemized  bids 
were  as   follows : 


Total    Did    with     brick 

tunnel    $608,500.00      $416,000.00 

Total  bid  with  con- 
crete tunnel   648,500.00         440.000.00 

Joseph  Hanreddy  &  Co.  were  awarded  the 
contract. 

CONSTRUCTION    PL.-^NT    AND    METHODS. 

The  contractor  started  to  erect  his  plant 
on  June  20,  1913.  He  decided  to  install  a 
compressor  plant,  operated  by  motors  by 
power  derived  from  the  local  electric  com- 
pany. The  compressor  plant  consisted  of  a 
2-stage  IngersoU  Imperial  Type  No.  10,  cap- 
able of  delivering  1,000  cu.  ft.  of  air  per 
minute  and  two  single  IngersoU  compressors 
being  of  the  Imperial  Type  capable  of  de- 
livering 700  cu.  ft.  of  air  per  minute.  Each 
compressor  is  driven  by  an  electric  motor 
which  is  controlled  by  pressure  system  of 
governing.  The  first  named  compressor  has 
been  used  to  furnish  air  to  the  drills  and 
pumps  in  the  tunnel.  The  second  named  com- 
pressors have  been  used  for  furnishing  air 
to  the  tunnel  when  it  was  under  air  pressure 
and  also  for  furnishing  air  to  the  pumps  when 
the  first  named  compressor  became  in-opera- 
tive by  an  accident.  The  actual  work  of  con- 
struction was  started  at  the  shore  shaft. 

SHORE    SHAFT. 

The  driving  of  sheet  piling  for  the  shore 
shaft  was  sub-let.  The  sub-contractor  started 
driving  the  piling  on  June  1,  1913.  A  water- 
tight cylinder  22  ft.  in  diameter  and  23  ft. 
deep  was  formed  by  driving  interlocking  steel 
piling  30  ft.  long  and  %  in.  thick.  All  the 
driving  was  done  with  a  steam  pile  driver, 
which  was  suspended  from  a  derrick  at  the 
foot  of  the  lake  shore,  65  ft.  below  the  hoist- 
ing engine.  The  boom  was  75  ft.  long  and 
was  supported  by  three  posts  firmly  anchored. 
About  250  ft.  of  cable  was  used  in  the  hoist- 
ing machine. 

Excavating  and  Lining. — Excavation  of  the 
shore  shaft  required  24  days.  It  was  started 
July  17,  1913,  and  completed  Aug.  10,  1913. 
This  excavation  averaged  3.6  ft.  per  day,  86 
ft.  in  depth  being  excavated.  The  material  en- 
countered consisted  chiefly  of  red  clay,  hard 
pan  and  brown  shale.  The  hard  pan  con- 
tained red  clay  and  about  30  per  cent  gravel. 
The  brown  shale,  encountered  about  30  ft, 
below  the  lake  bottom,  required  blasting  for 
removal.  .'\11  of  the  excavation  was  removed 
with  %  cu.  yd.  buckets.  The  shaft  was  con- 
creted in  September,  1913.  in  12  days  and  aver- 
aging 8  ft.  of  depth  per  day.  The  total  depth 
of  the  shaft  from  8  ft.  above  datum  to  — 88 
below  datum  to  the  bottom  of  the  sump  floor 
is  96  ft.  This  concrete  lining  averaged  about 
3  cu.  yds.  of  concrete  per  foot  of  depth. 
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Fig.    4.      View    of    Heading,    Showing    Roof    Timbering,    Material 
Traversed,  and  Type  of  Dumping  Car  Used,    Milwaukee  Tunnel. 


Fig.  5.     View  of  Heading  Side  of   Safety    Timber    Bulkhead,    Lin- 
wood  Avenue  Tunnel  Construction,   Milwaukee,  Wis. 


contract  was  awarded  to  the  Wisconsin 
Dredge  &  Dock  Co.  for  $90,000.  It  was  placed 
Sept.  20,  1914. 

Tunnel   Grade. — From   the   shore    shaft,   to 
a  point  2,500   ft.   distant,  the  tunnel   rises  on 


Shore  shaft. 


Lake   shaft. 


I^iike    tnnnf-I    (brick). 


Nash  Bros.  J. 
,..$325  per  ft. 

27,600.00 
. . .  575  per  ft. 

48.900.00 
..133  per  ft. 


Hanreddy. 

$300  per  ft. 

25,500.00 

500  per  ft. 

42,500.00 

87  per  ft. 


Hoist  and  Locks.— In  the  completed  shaft 
the  hoist  form,  consisting  of  12  x  12  in.  tim- 
bers, was  then  constructed.  It  is  divided  into 
two  compartments,  each  compartment  being 
provided    with    guides    for    one    cage.      Two 
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cages  operated  on  a  breast  cable  by  means  of 
an  electric  hoist  have  been  in  constant  oper- 
ation. These  cages  conveyed  both  the  in- 
going  and   out-going  mules  and   also   the   la- 


haps  were  encountered  in  excavating  until 
station  27  4-  95  was  reached,  where  a  serious 
roof  collapse  occurred  en  Sept.  27,  1914,  car- 
rying down  timbers  and  leaving  a  hole  15  ft. 


West  End  Elevation 


Section  C-C 


Fig.   6.     Plan   and    Sections  of  Safety   Timber   Bulkhead,   Showing   Arrangement   of   Struc- 
tural  Steel   and   Doors. 


■borers.  A  set  of  air  locks  were  installed  at 
station  0  +  75.  It  consisted  of  one  material 
lock  and  one  man  lock.  The  material  lock  is 
composed  of  %  in.  boiler  steel,  is  7  ft.  in 
diameter  and  20  ft.  long.  The  man  lock  is 
composed  of  %  in.  boiler  steel,  is  3%  ft.  in 
diameter  and  12  ft.  long.  It  has  been  neces- 
sary to  use  these  locks  for  one  emergency, 
which  will  be  described  later.  Figure  2  shows 
the  design  of  the  steel  air  locks  for  material. 
Figure  3  is  a  view  of  both  locks. 

LAKE    TUNNEL. 

Excavation.- — Excavation  in  tunnel  proper 
was  started  Aug.  8,  1913.  The  material  en-, 
countered  consisted  of  brown  shale,  or  what 
is  known  as  Hamilton  shale  interlaid  with 
thin  layers  of  clay.  Drilling  was  done  by 
means  of  2%  x  24  in.  Ingersoll  Rand  drills 
in  service  on  every  mining  shift,  there  being 
two  shifts  in  24  hours.  The  number  of  holes 
drilled  per  shift  averaged  20,  as  follows:  4 
holes,  8  ft.  deep,  in  the  bench;  6  holes.  6  ft. 
deep  as  cut  holes,  in  the  face ;  4  holes,  4  to  6 
ft.  deep,  in  the  roof,  and  3  holes,  6  ft.  deep 
in  each  side.  These  were  loaded  with  60  per 
cent  Gelatine  dynamite  for  blasting,  the  num- 
ber of  rounds  varying  from  three  to  four. 
The  average  amount  of  dynamite  used  per 
hole  has  varied  from  1%  to  2  lbs.  The  aver- 
age daily  mining  progress  varied  from  5%  to 
10  ft.  The  weekly  progress  in  excavation 
varied  from  a  minimum  of  33  to  a  maximum 
of  68  lin.  feet.  The  maximum  volume  of 
shale  excavation  was  626  cu.  yds.  per  week, 
the  minimum  of  this  excavation  being  308  cu. 
yds.  The  removal  of  muck  was  done  by 
means  of  steel  cars,  of  %  cu.  yd.  capacity, 
drawn  by  mules.  These  cars  are  of  the  tip- 
ping side  dumo  type.  A  car  is  shown  in  Fig. 
4  which  also  shows  the  nature  of  the  material 
traversed  and  the  method  of  timbering  the 
roof. 

DiMctdties  Eticountered. — Severe  difficulties 
were  encountered  in  the  progress  of  the  ex- 
cavation at  widely  separated  points.  The  first 
roof  collapse  occurred  at  station  6  +  60  and 
extended  to  station  6  +  90,  on  Jan.  18,  1914. 
This  extended  above  the  normal  timber  line 
for  a  height  of  approximately  7  ft.  The  sec- 
ond roof  collapse  occurred  at  station  8  -j-  25, 
extending  to  station  8  +  65.  This  was  one 
of  the  most  severe  roof  collapses  that  oc- 
curred in  the  year,  extending  18  ft.  above  the 
normal  timber  line.  Following  this  collapse, 
great  difficulties  were  encountered  in  driving 
the  tunnel,  on  account  of  severe  seaming  and 
the  unsolid  condition  of  the  roof.  This  try- 
ing condition  was  met  from  station  8  +  65 
to  station  10  +  60.     No  further  serious  mis- 


wide  and  9  ft.  long  at  the  bottom  and  7  ft. 
by  8  ft.  at  the  top  extending  15  ft.  above  the 
normal  timber  line.  From  this  hole  came 
gravel,  sand,  clay  and  disintegrated  shale. 
The  excavating  was  then  advanced  to  station 
29  +  09,  where  another  roof  collapse  occurred. 


brought  down  glacial  drift,  disintegrated  shale 
and  2  ft.  of  hardpan  root.  | 

This   accident   on    October    12,    necessitated    I 
for   the   first   time   the   putting   of   the  tunnel    I 
under  air  pressure  for  48  hours,  the  maximum    ! 
air  pressure  being  26  lbs.     One  interesting  re-    , 
suit   which   was    brought   to   light   by   placing    ; 
the   tunnel    under   air   pressure    was   the    fact    I 
that    the   tunnel    shell    was   comparatively   air 
tight.     After   the   cessation   of   delivering   air    ■ 
pressure  to  the  tunnel,  the  pressure  dropped 
from   26   to   17%    lbs.    in   eleven   hours.     The 
excavating  proceeded  without  any  unusual  de- 
lay from  station  29  +   19  to  station  34  +  48. 
At  the  latter  station,  on  Dec.  21,  1914,  a  roof 
rupture    occurred,   carrying   away   one   timber 
and   deflecting  others.     Due  to  the  quickness 
in   timbering   the    point    of    rupture,    no    hole 
of    any    size    resulted    in    the    roof.      Heavy 
seams  and  a  deflection  in  the  roof  stratifica- 
tion,  and   the   breaking  of   the  timbers,   were 
the   only   evidences   of   a   rupture.     Wherever 
any  roof  ruptures  or  collapses  occurred,  caus- 
ing holes  above  the  timber   lines,  these  holes 
were   filled   and  packed   securely   with   timber 
cribbing  so  that  the  pressure  of  the  roofs  of 
the   holes   was   transmitted   directly   upon   the 
cribbing    and    then    upon    the    regular    timber 
sets. 

Due  to  the  foregoing  mentioned  difficulties, 
and  to  the  probability  of  meeting  additional 
bad  sub-ground,  it  was  decided  advisable  to 
install  a  safety  bulkhead  for  the  protection  of 
the  men,  and  it  -was  also  decided  to  change  the 
grade,  so  that  an  additional  10  ft.  of  cov- 
ering would  be  secured  when  the  tunnel 
reached  the  crib,  A  change  of  grade  from 
0.66  per  cent  to  2.00  per  cent  was  started  at 
station  29  +  50.  At  station  31  +  41,  because 
of  another  rupture  in  the  unlined  roof,  it  was 
found  necessary  again  to  depress  the  grade, 
changing  from  2.00  per  cent  to  3.73  per  cent. 
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Fig.  7.     Section   B-B  of  Safety  Timber  Bulkhead  Shown  in  Fig.  6. 


extending  to  station  29  +  19.  This  hole 
measured  3  ft.  square  at  the  normal  timber 
line,  extended  8  ft.  above  the  normal  timber 
line    and    was   2    ft.    square    at    the    top.     It 


This  grade  was  followed  to  station  31  +  61, 
where  the  grade  was  changed  from  3.73  per 
cent  to  2.43  per  cent.  This  was  followed  to 
station  31   +  83  where  the  grade  was  again 
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changed  from  2.43  tier  cent  to  5.41  per  cent, 
due  to  the  fact  that  the  roof  timbers,  al- 
ready olaced,  were  found  too  low,  and  to 
the  inadvisability  of  removing  them  due  to 
the  danger  of  a  roof  collapse.  At  station 
32  +  OH,  it  was  decided  to  return  gradually 
to  the  2.00  per  cent.  The  falling  grade  was 
changed  from  5.41  per  cent  to  2.7u  per  cent. 
At  station  32  +  30,  the  grade  was  changed 
for  2.70  per  cent  to  2.00  per  cent,  this  rate 
was  continued  to  station  35  +  90  where  the 
grade  was  returned  to  0.66  per  cent,  the  ad- 
ditional 10  ft.  of  covering  having  been  se- 
cured. These  changes  in  grades  a/e  referred 
to  falling  grades  only.  As  a  commentary 
upon  the  ma.ximum  grade  advisable  for  haul- 
ing with  mules,  it  was  found  that  2.00  per 
cent  is  the  maximum  advisable  grade  for  the 
employment  of  mule  hauling. 

Safety  Bulkhead. — The  safety  bulkhead  was 
installed  at  station  28  -1-  79.  The  heading 
side  of  the  safety  bulkhead  is  shown  in  Fig. 
5  and  the  design  is  shown  in  Figs.  6  and  7. 
It  is  composed  of  10  x  10  in.  tongued  and 
grooved  timbers,  reinforced  with  1  20-lb.  6  in. 
I-beam  and  2  3o-lb.  10  in.  I-beams  placed  per- 
pendicularly and  1  35-lb.  10  in.  I-beam  placed 
horizontally  at  about  the  spring  line.  In  the 
lower  half  it  has  a  4  x  6  ft.  material  door 
composed  of  %  in.  steel  plate,  and  in  the 
upper  half,  it  also  has  a  3  x  3  ft.  man  door 
composed  of  %  in.  steel.  The  former  door  is 
supported  on  two  steel  wheels,  which  travel  in 
a  steel  track,  the  door  being  operated  by  roll- 
ing on  this  track.  The  upper  door  is  hinged 
opening  toward  the  heading.  A  wooden  plat- 
form, 7  ft.  long  and  extending  the  entire 
width  of  the  tunnel,  is  placed  just  below  the 
man  door,  on  each  side  of  the  bulkhead.  The 
platforms  are  reached  by  ladders.  The  out- 
side perimeter  of  the  bulkhead  rests  in  a  6 
in.  groove  in  the  concrete  lining  of  the  tun- 
nel. The  placing  of  this  bulkhead  created  an 
additional  air  chamber  in  the  tunnel  because 
every  precaution  was  taken  to  assure  air- 
tightness  in  the  structure.  In  case  of  any 
emergency  arising  to  require  the  use  of  this 
bulkhead,  the  material  door  first  would  be 
closed.  This  would  stop  the  rush  of  any  soft 
material  and  would  temporarily  check  the 
water.  The  laborers  in  the_  meantime  would 
have  a  chance  to  escape  through  the  upper 
exit,  or  man  door.  It  has  not  been  found 
necessary  to  use  this  bulkhead,  but  on  two 
occasions  everything  was  prepared  to  throw 
it   into   immediate   use. 
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Design  and  Operation  of  New  Water 

Filtration  Plant  at  Quincy,  111. 

The  new  water  filtration  plant  at  Quincy, 
111.,  which  replaced  an  old  filter  installed  in 
1891  under  the  O.  H.  Jewell  patents,  was 
placed  in  operation  on  Sept.  1,  1914.  The 
new  plant  is  of  fireproof  construction  with 
reinforced  concrete  substructure,  brick  super- 
structure  and   steel  doors  and  windows. 

The  concrete  substructure  is  172  ft.  by  89 
ft.  and  the  highest  concrete  walls  rise  25  ft. 
above  the  footings.  Ot  the  total  area,  the 
six  1,OUU,000  gal.  filter  units,  with  pipe  gal- 
lery, cover  40  ft.  by  89  ft.  at  the  north  end. 
Adjoining  the  filters  on  the  south,  a  space  12 
ft.  by  89  ft.  is  used  for  the  main  entrance 
and  stairways  leading  down  to  the  pipe  gal- 
lery and  up  to  the  operating  floor,  and  for 
the  steam  heating  plant  and  coal  bin.  Then  a 
space  24  ft.  by  89  ft.  is  occupied  by  the  fore- 
bays  and  mixing  chambers.  The  remaining 
area,  96  ft.  by  89  ft.,  is  used  for  sedimenta- 
tion purposes. 


Two  complete  coagulating,  mixing,  and 
sedimentation  units  are  provided  and  con- 
nected in  such  a  manner  that  they  can  be 
operated  in  parallel,  in  series,  or  either  unit 
may  be  operated  alone.  The  No.  1  unit  pro- 
vides for  two-thirds  of  the  total  capacity  and 
the  No.  2  unit  one-third.  Present  indications 
are  that  the  best  results  can  be  obtained  by 
the  series  method  of  operating.  The  plant  is 
therefore   being   operated   as    follows: 

The  low  service  pumps  discharge  into  an 
open  forebay  where  the  water  is  treated  with 
the  first  dose  of  sulphate  of  alumina.  It  then 
travels  about  400  ft.  over  and  under  the  con- 
crete baffles  in  the  mixing  chambers  and 
finally  passes  through  sluice  gates  into  sedi- 
mentation basin  No.  2.  This  basin  is  27  ft. 
by  94  ft.  by  20  ft.  in  depth  and  is  provided 
with  a  vertical  concrete  baffle  which  extends 
nearly  the  entire  length  of  the  basin  on  the 
center  line.  When  the  olant  is  operating  at 
a  6,000,000  gal.  rate  this  basin  provides  a 
travel  of  about  175  ft.  and  a  period  of  1% 
hours  for  sedimentation.  From  the  outlet 
side  of  this  basin  the  water  is  drawn  from 
the  surface,  over  a  weir,  through  a  large 
sluice  gate,  and  passes  through  a  concrete 
flume  to  the  second  forebay  where  it  receives 
its  second  dose  of  alum,  as  it  begins  its  tortu- 
ous passage  through  the  mixing  chambers 
connected  with  basin  No.  1.  This  basin  is 
55  by  94  ft.  by  20  ft.  deep  with  one  ver- 
tical concrete  baffle  on  the  center  line  around 
which  the  water  must  pass.  The  sedimenta- 
tion period  in  this  basin  is  about  3  hours, 
making  the  total  for  both  basins  iVz  hours. 
The  water  passes  from  the  outlet  side  of  this 
basin  to  the  filters. 

Steel  storage  tanks,  for  coagulating  solu- 
tions, are  provided  in  duplicate  for  the  alum 
and  lime.  A  small  electric  motor  is  used  to 
stir  the  solutions  constantly  to  keep  them  of 
uniform  strength. 

The  coagulant  feed  is  accomplished  by 
means  of  constant  head  orifice  bo.xes,  the 
solution  flowing  by  gravity  from  the  orifice 
boxes  to  the  forebays.  A  complete  hypo- 
chlorite sterilizing  plant  is  also  installed  in 
duplicate.  This  solution  flows  by  crravity  and 
is  introduced  into  the  filtered  water  as  it 
passes  through  a  24-in.  pipe  line  on  its  way 
to   the   high   service   pumps. 

The  six  filters  are  grouped,  three  on  each 
side  of  the  pipe  gallery.  They  have  a  sand 
area  12  by  32  ft.  and  are  10  ft.  deep.  The 
regulation  New  York  Continental  Jewel  Fil- 
tration Co.  strainer  system,  as  designed  for 
the  combined  air  and  water  wash,  is  used. 
The  strainers  are  covered  to  a  depth  of  1 
ft.  with  graded  grave!  and  the  sand  has  a 
depth  of  30  ins.  Ottawa  sand  of  .38  mm. 
effective  size  is  used.  Two  steel  wash  water 
troughs  run  the  entire  length  of  the  filters 
and  provide  a  very  uniform  flow  of  water 
from  the  entire  sand  area  during  the  wash- 
ing process.  The  filters  are  equipped  with 
loss  of  head  gages,  hydraulic  operated  valves 
and  the  Simplex  Venturi  Tube  type  of  rate 
controllers. 

The  space  under  the  filter  beds  is  used  for 
storage  of  filtered  water.  The  two  basins 
are  32  by  38  ft.  each  in  area  and  hold  a  depth 
of  water  of  9  ft.  thus  providing  storage  for 
160,000  gals.  Since  water  for  filter  washing 
is  taken  from  the  clear  wells  the  capacity  is 
rather  small  and  it  would  be  entirely  inade- 
quate if  direct  pressure  were  maintained. 
'iJuplicate  motor  driven  centrifugal  pumps 
and  one  motor  driven  blower  comprise  the 
necessary  mechanical  equipment  for  filter 
washing. 

The  superstructure  is  of  a  buff  colored  St. 
Louis  hyilraulic  pressed  Iirick,  witli  a  dark 
red  bricic  for  quoins,  and  Hedford  stone  trim. 
The  head  house,  which  is  62  by  89  ft.  and  two 
stories  in  height,  is  located  over  the  fore- 
bays,  mixing  chambers  and  a  part  of  the  sed- 
imentation basins.  The  second  floor  is  of 
reinforced  concrete  supported  by  concrete 
columns  and  beams.  This  floor  provides  am- 
ple space  for  the  storage  and  mixing  of  co- 
agulants. The  tops  of  the  solution  tanks 
extend  3  ft.  above  the  second  floor  and  they 
rest   upon   concrete   platforms   which   stand  5 


ft.  above  the  lower  floor.  Numerous  man- 
hole frames  and  covers,  set  in  the  floor,  pro- 
vide access  for  cleaning  and  opportunity  for 
study  of  the  effect  of  the  coagulants  on  the 
water  as  it  passes  through  the  mixing  cham- 
bers. Large  rectangular  openings,  over  the 
inlet  and  outlet  of  the  sedimentation  basins, 
also  provide  convenient  points  for  sampling 
and    observation    of    the    operating    results. 

A  well  equipped  water  works  laboratory  is 
also  located  on  this  floor.  It  consists  of  four 
connecting  rooms  having  a  total  floor  area 
of  625  sq.  ft.,  with  well  iighted  work  benches 
and  sinks,  and  all  of  the  apparatus  and  uten- 
sils necessary  for  the  preparation  of  media 
and  for  the  bacterial  and  microscopic  exam- 
ination of  water. 

The  filters  are  covered  by  a  one  story 
brick  superstructure  which  rests  upon  the 
outside  walls  of  the  filters,  leaving  the  entire 
area  of  the  filter  beds  open  for  inspection. 
This  room  is  well  lighted  by  means  of  a  mon- 
itor roof  over  the  operating  floor  in  addition 
to  the  windows   in   the  side   walls. 
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for  the  Filter  Company  during  the  construc- 
tion period,  and  Mr.  Gilbert  Pratt  was  in 
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of  Quincy  of  which  Mr.  W.  R.  Gelston  is 
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is  from  a  paper  by  Mr.  Gelston  before  the 
Illinois  Section  of  the  American  Water 
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Topographic  Maps  of  the  Philippine 
Islands. — .4  series  of  topographic  maps 
of  the  Philippine  Islands  prepared  in  the  Geo- 
graphic Division  of  the  Insular  Bureau  of 
Surveys  under  Mr.  P.  A.  Welker,  Director  of 
Coast  Surveys,  and  nrinted  at  the  Coast  and 
Geodetic  Survey  office  at  Washington,  may 
be  obtained  for  50  cents  each  from  the  office 
of  the  Coast  and  Geodetic  Survey  at  Wash- 
ington or  the  sub-office  at  Manila.  These 
maps  are  part  of  a  series  which  will  eventual- 
ly cover  the  whole  of  the  Philippine  Islands. 
They  are  in  colors  and  on  a  scale  of  1:200,000. 
The  sizes  within  borders  are  respectively  50 
x32,  44x36,  32.x30,  .38x35,  and  43x24  ins.  The 
maps  were  compiled  from  surveys  by  the 
Coast  and  Geodetic  Survey,  the  U.  S.  Army, 
the  Bureaus  of  the  Insular  Government,  un- 
published Spanish  maps;  information  fur- 
nished by  municipal  officials,  the  Manila  Rail- 
road Co.,  and  other  sources.  Elevations  are 
shown  by  hachures  and  the  principal  heights 
are  given  in  figures,  in  meters  above  mean  sea 
level.  There  are  graphic  scales  of  miles  and 
kilometers,  and  also  border  scales  on  these 
maps  and  projection  lines  are  shown.  The 
•    projection  is  polyconic. 

A  map  is  in  preparation  which  will  cover 
the  entire  Archipelago  on  a  scale  of  1 :1,000,- 
000,  which  will  conform  to  the  plan  adopted 
by  the  International  Geographic  Congress  for 
an  atlas  of  the  world. 


The  new  filtration  plant  at  Miraflores,  the 
largest  and  most  complete  purification  plant 
in  Central  America,  was  placed  in  service  on 
Sunday,  March  II.  All  water  supplied  to  the 
canal  villages  south  of  Paraiso,  and  the  city 
of  Panama  are  now  purified  at  this  plant, 
after  being  pumped  from  the  Chagres  River 
at   Gamboa. 


356 


Engineering    and    Contracting 


Vol.  XLIII.     No.  16. 


Design  and  Construction  Work  Prelim- 
inary to  the  Actual  Shifting  of  a 
Double-Track  Swing  Bridge 
on  the  Chicago  &  North- 
western Ry.,  at  Mil- 
waukee, Wis. 
(Staff  Article.) 
The  shifting  of  a  new  swing  span  at  Mil- 
waukee, Wis.,  from  the  temporary  falsework 
on  which  it  was  erected  to  a  bearing  on  its 
substructure  involved  some  interesting  pre- 
liminary work  and  some  difficult  shifting 
operations.  The  bridge,  which  is  on  the  line 
of  the  Chicago  &  Northwestern  Ry.,  and  spans 
a  part  of  the  channel  of  the  Milwaukee  River, 
is  a  double-track  structure,  with  a  length  be- 
tween end  bearings  of  237  ft.  6  ins.  The  new 
span  was  placed  on  the  reconstructed  pivot 
pier  of  an  old  draw  bridge.  To  permit  this 
reconstruction  work,  and  to  interfere  as  little 
as  possible  with  traffic,  the  old  span  had  pre- 
viously been  moved  a  short  distance  down- 
stream and  placed  on  a  temporary  substructure. 
In  this  position  it  formed  part  of  a  temporary 
double-track  line  which  was  continued  in  use 
until  the  new  span  was  practically  completed. 
The  old  span  was  moved  on  scows  to  its  tem- 
porary location  Oct.  25,  1914,  and  remained  m 
this  position  until  March  14,  1915,  when  it  was 
moved  to  afford  sufficient  space  for  the  shift- 
ing to  place  of  the  new  span.  The  width  of 
the  river  at  the  bridge  site  is  about  350  ft., 
which  required  the  construction  of  pile  trestle 
approaches  at  each  end  of  both  the  new  and 
temporary  structures.  The  old  pin-connected 
bridge  had  a  length  of  237  ft.  6  ins.  between 
end  bearings,  and  weighed  about  500  tons, 
while  the  new  span,  which  is  a  riveted  latticed 
structure,  has  the  same  length,  but  weighs 
about  740  tons.  This  article  will  deal  mainly 
with  the  preliminary  work  done  in  con- 
nection with  the  erection  of  the  new  span  on 
falsework,  the  reconstruction  of  the  old  sub- 
structure, and  other  work  preliminary  to  the 
actual  shifting  operations,  the  latter  being  per- 
formed on  March  14,  1915. 

As  will  be  noted  by  referring  to  Fig.  1,  the 
new  bridge  was  erected  on  falsework  a  short 
distance  upstream  from  the  position  it  was 
finally  to  occupy.  Its  longitudinal  axis  was  in 
line  with  the  protection  work  of  the  permanent 
and  temporary  pivot  piers,  while  its  distance 
from  the  new  location  of  the  old  span  was  such 
that  material  entering  into  its  construction 
could  be  unloaded  from  the  old  span  directly 
onto  the  falsework  of  the  new  span.  The  new 


During  the  time  that  the  new  span  was  being  The  centering  band  shown  in  Fig.  3  (a)  and 

erected   on   its    falsework,    repairs   were   made  (b)  was  used  as  a  guide  during  the  placing  of 

on  the  old  pivot  pier  and  on  the  end  supports  the  superstructure  on  its  bearing.     This  band 

for  the  span.     The  repairs  for  the  pivot  pier  was   built  in  three   sections.     When  the  bolts 


Grade  Level 


Fig.  1.  Layout  Showing  Position  in  Which 
New  Span  Was  Erected,  Its  Final  Loca- 
tion, and  Temporary  Position  of  Old  Span 
in  Diversion  Line — C.  &  N.  W.  Ry.  Bridge, 
Milwaukee,  Wis. 

bridge,  as  erected  on  its  falsework,  was  about 
6  ins.  higher  than  the  temporary  span. 

NEW    SPAN   AND  REPAIR   WORK   REQUIRED. 

The  trusses  of  the  new  span  are  spaced  31 
ft.  on  centers,  and  are  32  ft.  high  between 
centers  of  top  and  bottom  chords.  The  dis- 
tance from  top  of  masonry  to  base  of  rail  is 
8  ft.  1  in.  The  bridge  has  a  clear  width  of  29 
ft.  and  a  clear  height  of  22  ft.  6  ins 


(C)  Plan  of  End  Pier  (a)  Plan  of  Center  Pier 

Fig.  2.      Plans  and   Elevations   of   End   Piers    and  Top   Portion  of  Pivot  Pier  of  C.  &  N.  W. 

Ry.   Bridge,   Milwaukee,  Wis. 


consisted  of  a  reinforced  concrete  cap  placed 
on  the  old  masonry.  This  cap  is  octagonal  in 
plan,  with  a  short  diameter  of  34  ft.  Figures 
2  (a)  and  (b)  show  a  plan  and  cross  section 
of  the  top  portion  of  the  pivot  pier.  These 
drawings  show  clearly  the  details  of  the  new 
concrete  cap.  The  quantity  of  concrete  (1:2:4 
mix)  required  for  the  repair  of  the  pivot  pier 
was  88  cu.  yds. 

Figures  2  (c)  and  (d1  show  a  plan  and  a 
cross  section  of  the  new  end  piers  of  the 
swing  span.  The  distance  from  the  end  bear- 
ings of  these  piers  to  the  center  of  the  pivot 
pier  is  118  ft.  9  ins.  To  construct  these  two 
piers  required  100  cu.  yds.  of  1 :2 :4  concrete 
and  91  cu.  yds.  of  1:3:5  concrete. 

Figure  3  fa)  shows  a  cross  section  of  the 
center  bearing  for  the  new  span.  In  this  draw- 
ing the  top  portion  is  shown  raised  above  the 
phosphor  bronze  disk,  to  indicate  the  division 
line  between  the  portion  which  was  erected 
with  the  draw  span  and  the  portion  erected  on 
the  substructure.  It  will  be  noted  that  the  top 
concave  bearing  was  erected  with  the  super- 
structure. This  procedure  made  it  necessary 
to  drill  holes  through  this  concave  bearing 
and  bolt  it  to  the  top  portion,  the  heads  of  the 
bolts  (not  shown  in  the  drawing)  being  coun- 
tersunk at  the  lower  plane  of  the  concave 
bearing.  It  will  be  noted  that  the  top  concave 
bearing  was  beveled,  at  "B"  around  the  cir- 
cumference, to  make  it  enter  its  socket  more 
easily. 


connecting  these  sections  were  loosened,  the 
inside  radius  of  the  band  was  about  1  ft.  10 
ins.  The  band  was  placed  on  the  center  bear- 
ing, as  shown  in  Fig.  3  (a),  with  the  holts 
loosened.  After  the  superstructure  was  floated 
approximately  to  its  final  position,  and  the  top 
bearing  was  made  to  enter  this  band,  it  was 
accurately  centered  by  tightening  the  three 
bolts  of  the  band,  the  radius  thus  being  re- 
duced to  1  ft.  7  13/16  ins. 

Fig.  3  (c)  is  a  cross  section  of  the  rack 
circle  and  bearing  at  the  turntable  circumfer- 
ence. The  portion  above  the  line  B-B  was 
erected  with  the  superstructure.  The  rack 
circle  was  made  in  section,  and  during  the 
shifting  operations  two  sections  were  removed 
opposite  the  rack  pinions,  to  avoid  interfer- 
ence between  pinions  and  rack  while  lowering 
the  bridge. 

The  new  span  is  electrically  operated,  the 
operating  mechanism  being  furnished  in  dupli- 
cate, to  provide  against  accidents.  A  32-hp. 
gasoline  engine  is  also  installed  for  emer- 
gency use.  As  a  further  precaution  hand- 
power  machinery  is  also  installed.  The  spec- 
ifications for  the  machinery  require  that  the 
bridge  be  turned  through  an  angle  of  90°  in 
50  seconds,  against  an  unbalance  wind 
pressure  of  1  lb.  per  square  foot,  this  move- 
ment to  consist  of:  acceleration  through  22.5^, 
17.25  seconds;  constant  velocity  through  49. Sj", 
19  seconds:  and  retardation  through  18°,  13.75 
seconds.     Against   the   same   unbalanced   wind 
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pressure  it  was  required  that  the  hand-power 
equipment  be  capable  of  turning  the  bridge 
through  an  angle  of  90°  in  11  minutes  by  8 
men  (4  at  each  capstan)  walking  at  the  rate 
of  3  ft.  per  second  and  exerting  a  force  of  50 
lbs.  each. 

WEIGHT    OF    STRUCTURE    MOVED. 

The  following  are  the  itemized  weights  of 
the  structure  moved,  the  weights  of  machinery 
and  structural  steel  being  taken  from  the  ship- 
ping statement : 

^    "  Lbs. 
Gasoline  engine  and   4   motors  and  ma- 
chinery        18,000 

Trusses,  la  terals  and  portals 634,000 

Floor  system  except  center  panels 296,000 

Loading  :jii  der  system 168,000 

End  lifting  and  turning  machinery  and 

machinery  supports   136,000 

Stairs,  etc.,  and  floor  system  for  engine 

house   73,000 

Engine    house,    wooden   framework 26,000 

Ties  and  rails  in  place 130,000 

Total    .1,481,000 

Approximate  weight  of  blocking 210,000 

Total   weight  on  scows ^ 1,691.000 

ERECTION  FALSEWORK. 

As  has  been  noted  the  new  span  was  erected 
on  falsework  a  short  distance  upstream 
(see  Fig.  1).  On  account  of  the  size  and 
weight  of  this  double-track  swing  bridge,  an 
extensive  system  of  falsework  was  required, 
special  construction  being  necessary  to  permit 
the  placing  of  the  scows  used  in  shifting  the 
span.  This  falsework  was  designed  to  ■  give 
support  to  the  trusses  at  each  panel  point, 
which  necessitated  the  use  of  18  timber  bents, 
in  addition  to  the  special  construction  over  the 
scows.  To  span  the  scows  the  following  old 
girders  were  used,  these  girders  being  material 
from  old  bridges  taken  from  various  points 
along  the  line  of  the  C.  &  N.  W.  Ry. :  One 
54-ft.  girder :  one  53-ft.  girder ;  two  51-ft. 
10-in.  girders,  and  four  39-ft.  1%-in.  girders. 
The  weight  of  these  girders  was  about  183,700 
Ihs. 

Figures  4  (a)  and  (b)  show  a  general  plan 
of  the  falsework  and  a  section  of  it  along  the 
center  line.  Figures  4  (c)  and  (d)  are  half 
elevation    of    bents    Nos.    4,    5,    6   and    7    and 


essential  details  of  the  system  of  falsework 
used.  To  afford  protection  to  the  falsework, 
pile  clusters  were  placed  around  it,  as  shown 
in  Fig.  4  (a),  these  clusters  being  extended  to 
the  protection  work  of  the  pivot  pier.     With 


BLOCKING    AND    BRACING    USED    TO    SUPPORT    SPAN 
ON    scows. 

It  was  originally  planned  to  use  only  two 
scows  in  floating  and  shifting  the  spans  (see 
Fig.  4,  b).     To  give  greater  stability,  and  to 
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the  exception  of  two  clusters,  near  the  up- 
stream end  of  the  bridge,  these  clusters  con- 
tained seven  piles  each,  wrapped  with  chains ; 
the  two  end  clusters  contained  19  piles  each. 

To   provide    for   the   camber   of   the    lower 
chord   it   was   necessary  to   use   great   care   in 


provide  against  unforeseen  conditions,  two 
small  auxiliary  scows  were  used,  these  scows 
being  placed  near  the  ends  of  the  span.  They 
did  not  enter  into  any  of  the  calculations,  how- 
ever, as  the  two  large  scows,  a  35xl00x8-ft. 
steel   scow   and   a  33xll0x8-ft.   wooden   scow. 
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Fig.  4.      Plan,   Elevation  and   Cross  Sections  of    Falsework  Used  in   Erecting   New  Swing  Span   of   C.  &   N.   W.   Ry.   Bridge. 


bents   Nos.    13   and    14,   respectively.     Figures  bringing  each  panel  point  to  its  relative  posi-  were  of  sufficient  capacity  to  float  the  span  and 
4    (e)    and    (f),   are   half   elevations   of  bents  tion ;  this  was  done  by  means  of  oak  wedges  raise  it  to  the  required  height. 
Nos.  1,  2  and  3,  and  bents  Nos.  8  to  12  and  15  placed    near    the    ends    of    the   floorbeams,    as  After   the   span    was    erected   and    the    sub- 
to  18,  respectively.     These  drawings  give   the  shown  in  Fig.  4.  structure  made  ready  to  receive  it,  the  scows 
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were  placed  in  position,  and  the  span  was 
blocked  up  on  the  scows  and  braced  as  shown 
in  Fig.  5.  The  span  was  brought  to  a  bearing 
by  means  of  the  oak  wedges  shown  in  the 
drawings.  The  struts  shown  in  Fig.  5  were 
so  placed  as  to  distribute  a  part  of  the  weight 
of  the  swing  span  to  the  ends  of  the  scows, 
and  thus  give  a  more  even  distribution  of  the 
loading. 

Figure  6  gives  computed  data  in  connection 
with  the  floating  in  of  the  scows,  the  loading 
of  them,  and  the  landing  of  the  span  on  its 
substructure.  Figure  6  (a),  (b)  and  (c) 
apply  to  the  35.xl00x8-ft.  steel  scow,  and  Figs. 
(d),  (e)  and  (f)  to  the  .33x]10.x8-ft.  wooden 
scow.     It   was   specified  that,   if   the   elevation 


First   Period— 1 M   to    10:1.5   a.   m.,   Mch.    14. 

1915.— River  traffic  will  be  closed  at  7:00  a. 

m. 

Work  of  the   Great  Lakes   Dredge   &   Dock 
Co.: 
(a)  On   new   span; 

(1)  Drive  the  wedges  under  the  new  span, 
bringing  it  to  bearing  on  the  scows.  The 
scows  will  have  been  previously  noated  into 
position  with  all  the  blocking  adjusted  to 
give  a  flee  l)oard,  when  wedges  ai'e  driven 
of  10  ins.  on  the  steel  scow,  and  1  ft.  10 
ins.  on  the  wood  scow.  (Note. — This  free 
board  is  to  top  of  deck,  and  does  not  in- 
clude the  combing.) 

(2)  Pump    out    the    scows,    raising    the    span 


ztD  .J'*x 5-8' Rods 


ttS--" 


(b)  Half  Elevation 


Bose  of 


:^Mkzz,,:^^ 


8'x8"x6-0\ 


Spikes  ...,. 

I!  t     '       in 


-r::^C- 


N      2-0"   Ki'-^'ol-O- 
Del-ail  of  Oak  Wedges 


«1    CQ 


8'x  I6"x  16'       '■■.|"x  Z4"5cf-  head  drift  bolts 


'-8"x8'x6-0' 


!i|l,  r 


X  14"  Boat  Spikes 


T=X 


p^~8-x\6'x\6'-d' 


(a)  Section  E&C 

Fig.  5.     Elevation  and  Cross  Section,  Showing  Blocking  Used  to  Support  New  Swing  Span 
on   Scows,  and  Struts  Used   to  Distribute   Loading  Over  Scows — C.  &  N.  W.  Ry.  Bridge. 


of  the  water  was  greater  or  less  than  that 
shown  on  the  drawings,  the  difference  was  to 
be  subtracted  from  or  added  to  the  height  of 
the  blocking.  It  was  further  specified  that  the 
draft  of  the  scows  should  be  measured  after 
the  blocking,  pumps,  etc.,  were  placed ;  and 
that,  if  this  draft  plus  the  calculated  draft 
from  the  bridge  plus  6  ins.  of  water  in  the 
scows  exceeded  0  ft.  (see  Figs.  (i.  b  and  e), 
the  height  of  the  blocking  should  be  increased 
by  this  excess  and  the  freeboard  correspond- 
ingly reduced. 

SHIFTING   PROCEDURE  AS   OUTLINED  BY   C.    &    N.    W. 
RY. 

The  following  data  give  each  step  of  the 
work,  connected  with  the  shifting  of  the  swing 
span,  as  outlined  by  the  Engineering  Depart- 
ment of  the  Chicago  &  Northwestern  Ry. : 


1  ft.  (not  less)  above  the  elevation  at  which 
it   was  erected. 

(3)  Remove  all  the  stringers  in  the  falsework 
span  under  the  west  half  of  the  loading 
girders,  to  make  the  way  clear  for  the  west 
pinion    in   floating  out   the   bridge. 

(4)  Float  the  span  into  the  channel  north  of 
the  falsework,  and  upstream  far  enough  to 
turn  the  span  square  across  the  channel  be- 
yond the  end  of  the  falsework.  Make  the 
turn  in  such  a  way  that  the  stairway  on 
the  span  will  be  on  the  downstream  side 
when   the   span   is   turned. 

(5)  Uemove  all  the  timber  in  the  falsework 
down   to  the   level  of  the   tops  of  the   caps. 

(6)  Float  the  span  toward  the  piers,  strad- 
dling the  falsework  piling.  Stop  about  100 
ft.   from   the  new  pier,  and  hold   stationary 


until  the  old  span  has  been  floated  out  of 
the  way.  ! 

(b)  On  old  span: 
(1)  Float  the  four  scows  into  position  under 
the  old  span.  (The  blocking  on  these  four 
scows  will  have  been  previously  adjusted 
to  give  the  free  board  indicated  on  the 
blocking  plans,  when  scows  are  in  position 
under  the  bridge.)  Hold  the  scows  in  true 
position  with  lines  and  timbers,  so  that 
they  will  be  ready  for  driving  the  wedges 
under   the   span  when   signal   is   given. 

Work  of  the  Railway  Company : 
On  old  span: 

Connect  up  all  the  parts  used  in  carrying 
the  center  castings,  wheels,  rack  and 
treads.  (Span  must  not  be  swung  after 
these  parts  are  connected   up.) 

Second   Period — 10:15   a.   m.   to   4:00   l>.    m. — 
Traffic  over  bridge  will  be  closed  at  10:15  a. 
m.    after   train    No.    119,   north    bound,    has 
passed : 
Work  of  Great  Lakes  Dredge  &  Dock  Co.: 

(a)  On  old  span: 

(1)  Drive  the  wedges  under  the  old  span, 
bringing  it  to  bearing  on  the  scows. 

(2)  Pump  out  the  scows  until  the  span  is 
raised  not  less  than  1  ft.  0  in.  above  the 
present  elevation.  (The  two  scows  nearest 
the  center  of  span  should  be  pumped  as 
nearly  dry  as  practicable.  The  other  two 
scows  should  be  pumped  out  until  the 
bridge    is    raised    the    required    amount.) 

(3)  Float  the  old  span  down  stream  to  the 
place  designated  by  the  Railway  Company 
for  landing  the  span,  and  anchor  the  scows 
securely. 

(b)  On   new   span: 

(1)  Float  the  new  span  toward  the  piers, 
keeping  the  scows  parallel  to  the  protection 
pier,  until  the  northeast  corner  of  the  span 
is  about  1  ft.  from  the  west  end  of  the 
north  pier.  Then  hold  the  north  end  sta- 
tionary and  swing  the  south  end  down 
stream  until  the  bridge  is  parallel  to  Its 
final   position. 

(2)  Float  the  span  to  position  over  the  piers, 
keeping  it  always  parallel  to  its  final  posi- 
tion, guiding  it  by  the  ends,  and  controlling 
the  scows  by  ropes  running  to  the  drums 
of  hoisting  engines  on  scows  or  floating  pile 
drivers  anchored  above  and  below  the 
bridge,  in  each  channel. 

(3)  When  span  has  been  brought  to  true 
alignment,  and  centered  over  the  center 
pier,  hold  it  against  horizontal  displace- 
ment by  stop  timbers  at  both  ends,  and  by 
ropes  holding  it  firmly  against  wedges  at 
tlie   south   pier. 

(4)  Lower  the  span  by  sinking  the  scows  un- 
til the  span  is  about  6  ins.  above  its  final 
position.  The  span  must  be  perfectly  level 
when  the  lowering  is  stopped  at  this  stage. 

With  the  span  at  this  elevation,  the  Rail- 
way Company's  crew  will  place  the  center- 
ing ring  on  the  center  casting  and  center 
the  span  accurately  over  the  turntable. 

(5)  Lower  the  span  to  permanent  position  on 
the  turntable,  keeping  it  perfectly  level  at 
all  stages. 

Work  of  the  Railway  Company: 
(a)   On   new  span: 

(1)  After  the  span  is  lowered  to  its  bearings, 
and  before  any  more  water  is  pumped  into 
the  scows,  fit  the  end  rails  into  place  and 
make  all  the  necessary  adjustments  at  end 
bearings,  so  that  bridge  will  be  ready  for 
trains. 

(After  all  the  necessary  adjustments  have 
been  made,  and  before  any  train  is  allowed 
to  pass,  the  Great  Lakes  Dredge  &  Dock 
Co.  will  lower  the  scows  until  the  wedges 
can  be  released  and  the  scows  swung  free 
below    the    bridge.) 

(2)  Release  the  bridge  for  turning,  and  turn 
it  (moving  north  and  toward  the  west)  with 
ropes  at  each  end,  until  the  rack  pinions 
have  cleared  the  open  spaces  in  the  rack 
circle  where  rack  sections  have  been  omit- 
ted. (During  this  movement  one  man  must 
be  stationed  at  each  pinion  to  give. the  pin- 
ion the  proper  angular  position  for  mesh- 
ing   with    the    rack,    and    prevent    it    from 
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locking  against  the  first  racli  tooth  en- 
countered.) 

Replace  the  two  sections  of  the  rack,  and 
the  two  sections  of  the  spacing  ring.  Use 
bolts   for  splices   in   the  spacing   ring. 

Close  the  bridge  and  make  it  ready  for 
trains.  (Note:  The  above  operation  will 
require  about  one-halt  hour.  It  may  be 
deferred  to  the  third  period  if  there  is  not 
sufScient  time  for  it  in  the  second  period.) 
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(3)  Make  all  the  connections  in  the  power- 
transmission  system,  completing  the  circuit 
up  to  the  switchboard  in  the  operator's 
house. 

(4)  Remove  the  top  course  of  timber  on  the 
temporary  center  pier,  and  all  drift  bolts 
or  other  obstructions  above  the  level  of 
the  second  course  of  timbers.  Also  remove 
all  the  timbers  of  the  old  center  pier  pro- 
tection that  project  above  this  level,  over 
all  that  portion  within  120  ft.  of  the  center 
of   the   new   bridge. 

(5)  Remove  from  the  nortli  temporary  pier 
the  end  bearings  of  the  old  span,  the  pony 
bent,  and  the  first  course  of  timbers  form- 
ing the  bridge  seat.  Also  remove  the  west 
railing,  the  deck,  and  the  stringers  under 
the  west  track  on  the  first  span  back  of 
tile    north    temporary   pier. 

Third  P^norf— 4:00  p.  m.  to  6:00  p.  m.: 

Work  of  the  Great   Laltes   Dredge  &   Dock- 
Co.  : 

(1)  Remove  the  scows  from  across  the  chan- 
nel, out  of  the  way  of  the  river  traffic. 
Work  of  the  Railway  Company: 
(1)  Make  all  connections  of  the  power-trans- 
mission system  and  other  parts  of  the  elec- 
trical installation  that  may  not  have  been 
completed    in    "Second    Period." 

Test  the  operation  of  the  bridge  with 
electric  power  by  turning  90°  in  each  di- 
rection  from    closed   position. 

Have  bridge  i-eady  for  operation  so  that 
traffic  on  river  can  be  resumed  at  G:00 
P.    M. 

General: 

In  order  that  there  may  be  no  misconcep- 
tion of  authority  and  responsibility,  and 
no  conflict  of  orders,  it  must  be  understood 
that  all  work  of  lifting  and  moving  the 
bridges  on  the  scows,  and  of  lowering  the 
new  span  into  place,  will  be  done  under 
the  direction  of  the  Great  I-,akes  Dredge  & 
Dock  Co.,  whose  superintendent  and  fore- 
men will  give  all  orders  and  signals  for  the 
movements  of  the  spans  while  on  the 
scows. 


(The  actual  shifting  operations  are  covered 
in  the   following  article.) 

PERSONNEL. 

The  work  described  in  this  article  was  in 
charge  of  the  Engineering  Department  of  the 
Chicago  &  Northwestern  Ry. :  W.  H.  Finley, 
chief  engineer ;  W.  C.  Armstrong,  engineer  of 
bridges,  and  H.  M.  Spahr,  resident  engmeer, 
in  charge  of  field  work.  The  Cleary-White 
Construction  Co.  built  the  new  end  piers  ahd 
reconstructed  the  pivot  pier;  the  American 
Bridge  Co.  fabricated  the  steelwork;  the  Bern- 
hisel  Construction  Co.  erected  it ;  and  Geo.  P. 
Nichols  &  Brother  installed  the  power  equip- 
ment. The  actual  shifting  operations  were  in 
charge  of  the  Great  Lakes  Dredge  &  Dock  Co. 


Actual  Operations  in  Connection  With 
the  Shifting  of  Double-Track  S'wing 
Spans   on   the   Chicago   &    North- 
western Ry.  at  Milwaukee,  Wis. 

(Staff  Article.) 
In  the  preceding  article  data  are  given  on 
the  design  of  the  substructure,  falsework  and 
bracing  for  the  new  swing  span  of  the  Chi- 
cago &  Northwestern  Ry.,  at  Milwaukee,  Wis., 
together  with  a  description  of  the  constrtiction 
features  preliminary  to  the  actual  shifting  of 
the  new  span  and  the  removal  of  the  old  one 
from  its  temporary  position,  the  article  being 
based  on  data  furnished  by  the  engineers  of 
the  railway  company.  This  article  treats 
mainly  of  the  work  done  in  connection  with 
the  actual  loading,  shifting  and  setting  of  the 
new  span,  the  data  being  furnished  by  the 
Great  Lakes  Dredge  &  Dock  Co.  The  work 
here  described  was  done  on  Sunday,  March 
14,  Win.  A  study  of  the  drawings  and  data 
given  in  the  preceding  article  will  make  clear 
the  following  operations. 

FL0.\TING,     SHIFTING     AND     SETTING    OPERATIONS. 

.As  Saturday  preceding  the  shifting  of  the 
span  was  a  day  of  favorable  weather,  with 
little  surge  in  the  river  at  the  bridge  site,  the 
new  bridge  was  wedged  up  against  the  block- 
ing on  the  water-filled  scows.  It  remained  in 
this  position  until  Sunday  morning,  being 
watched  all  night  by  crews  and  warning  tugs 
to  protect  it  from  damage  from  passing  boats, 
and  to  enable  the  wedges  to  be  knocked  out 
should  any  considerable  change  in  the  river 
level  occur,  due  to  shifting  winds.  As  condi- 
tions were  favorable  during  the  night,  and  as 
the  fair  weather  prevailing  early  Sundav 
morning  gave  promise  of  continuing  through- 
out the  day,  the  pumping  out  of  the  scows  with 


reeled  toward  floating  the  old  span  from  its 
temporary  location,  by  placing  under  it  four 
water-filled  scows,  two  on  each  side  of  its 
transverse  axis.  Figure  1  is  a  view  of  the 
new  span,  the  view  being  taken  at  9 :00  a.  m. 
This  view  shows  the  type  of  superstructure 
used,  and  gives  the  position  of  the  struts  used 
to  assist  in  distributing  the  weight  of  the  span 
more  evenly  over  the  scows.  It  will  be  noted 
that  no  struts  are  provided  for  the  end  scows 
(one  of  which  is  shown),  as  the  two  center 
scows  are  intended  to  carry  the  greater  part 
of  the  load. 

At  10 :00  a.  m.  the  old  bridge  was  wedged 
against  the  blocking  on  the  scows,  and  at 
10:15,  after  the  last  train  had  passed  over  this 
structure,  the  eight  pumps  on  this  set  of 
scows  were  started.  At  11:15  a.  m.  the  old 
bridge  had  been  lifted  about  16  ins.  off  of  its 
pier.  It  was  then  moved  downstream  a  suffi- 
cient distance  to  permit  the  new  span  to  be  set 
over  the  permanent  pier. 

The  new  span  was  then  moved  toward  its 
final  location.  At  11 :40  it  had  reached  the 
upstream  ends  of  the  end  piers,  and  was  being 
shifted  to  place  over  the  pivot  pier.  At  12:00 
noon  the  span  was  in  line  with  its  approaches, 
and  the  work  of  lowering  it  was  started,  by 
pumping  water  into  the  supporting  scows.  At 
12:45  the  adjustment  of  the  center  bearing 
was  pronounced  correct ;  the  wedges  were  at 
once  knocked  out,  and  the  scows  released  soon 
afterward.  This  placed  the  new  bridge  in  po- 
sition for  railroad  traffic  by  about  2  p.  m. 
Further  work  was  required,  however,  to  com- 
plete the  adjustments  necessary  to  permit  the 
"bridge  to  be  swung  for  navigation  purposes, 
as  a  section  of  the  turntable  rack  had  been 
taken  from  each  side  of  the  bridge,  to  give 
clearance  to  the  two  large  rack  pinions.  These 
pinions  were  quickly  meshed  by  partially 
swinging  the  span  by  tugs,  after  which  the 
missing  sections  were  olaced  and  the  operat- 
ing machinery  tested  for  both  kinds  of  power. 
The  first  train  to  pass  over  the  new  bridge 
was  the  regular  4  :00  train. 

Figure  2  is  a  view  of  the  bridge  in  its  final 
location,  the  view  being  taken  at  1 :30  p.  m. 
The  view  also  shows  the  old  span  and  a  part 
of  the  temporary  diversion  track. 

The  old  bridge  was  towed  to  a  slip,  about  a 
mile  from  the  bridge  site,  where  it  was  landed 
and  dismantled. 

COMMENTS  ON   PROCEDURE  AND  EQUIPMENT  USED. 

The  work  was  complicated,  and  the  equip- 
ment required  was  extensive,  as  it  was  neces- 
sary to  float  both  the  new  and  old  spans  at  the 


Fig.    1.      View   Showing    New   Double-Track    Swing    Span    on    Scows — Note    Struts    Used    to 
Distribute   Loading — C.  &    N.   W.    Ry.   Bridge,    Milwaukee.   Wis. 


eight  pumps,  using  leads  of  steam  hose  from 
tugs,  was  started  at  daybreak ;  and  at  7  :,30  a. 
m.  the  bridge  had  been  lifted  about  17  ins.  off 
of  its  falsework.  At  8  :.'?0  it  had  been  shifted 
sideways  out  of  the  falsework,  towed  up- 
stream far  enough  to  turn  around  in  the 
river,  and  brought  down  across  the  falsework, 
the  upper  timbers  of  which  had  been  removed 
in  the  meantime  to  give  clearance  to  the  large 
operating  pinions  projecting  below  the  bridge. 
The  fioating  span  was  tied  up  within  lOO  ft.  of 
its  permanent  location,  with  men  on  it  to  give 
attention  to  the  scows,  and  work  was  then  di- 


samc  time.  This  was  due  to  the  fact  that  the 
new  si)an  could  not  be  swung  for  navigation 
until  the  old  span  was  removed  from  its  po- 
sition in  the  temporary  line.  Considering  the 
weight  of  the  structures  moved,  and  the  diffi- 
culties encountered,  the  time  required  to  com- 
plete this  double  oi)eration  is  noteworthy.  The 
last  train  passed  over  the  old  bridge  on  the 
temporary  line  at  10:15  a.  m.,  and  the  first 
one  over  the  new  span  passed  at  4  :00,  an  in- 
tcrvivl  of  5%  hours. 

.Mthough   it   was   planned   to   float   the   new 
span  on  two  scows,  and  the  falsework  was  de- 
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signed  10  provide  for  only  two  scows,  four 
were  actually  used,  which  made  it  necessary 
10  tear  out  some  of  the  falsework  before  the 
auxiliary  scows  could  be  floated  into  position. 
Four  scows  were  also  used  under  the  old  span. 
Each  scow  for  both  spans  was  fitted  with  two 
comparatively  large  wrecking  pumps,  making 
sixteen  such  pumps  in  use,  in  addition  to  twelve 
large  syphons,  which  were  used  to  blow  out 
the  water  near  the  bottom  of  the  scows  where 
the  pumps  could  no  longer  operate  efliciently. 
Four  steam  tugs  were  used  to  furnish  steam 
with  which  to  operate  the  pumps  and  to  assist 
in  moving  the  spans.  Two  pile  drivers,  two 
floating  derricks,  and  an  air  compressor  plant 
were  also  employed,  to  furnish  power  and 
steam  at  various  stages  of  the  operations  and 
to  stand  by,  to  provide  against  emergencies. 
The   use    of    the    auxiliary     scows,     which 


The  use  of  the  long  struts  necessitated  a 
very  careful  adjustment  of  the  wedges  at 
their  lower  ends,  in  order  to  distribute  a  prop- 
er proportion  of  the  loading  to  the  ends  of  the 
scows  as  the  pumping  operations  progressed. 
In  the  case  of  the  wooden  scow,  the  deflection 
of  the  scow  trusses  was  compensated  by  the 
compression  of  the  40-ft.  .struts.  There  was 
little  deflection  in  the  steel  scow,  however,  due 
to  its  stiffness,  and  the  proper  proportion  of 
the  loading  could  be  brought  to  the  ends  of 
the  struts  only  by  wedging  the  struts  tightly 
before  the  pumping  was  started  and  by  "slack- 
ing off"  the  jacks  under  the  bridge  at  the 
center  of  the  scows  as  the  load  came  on. 

The  care  with  which  the  preliminary  work 
and  calculations  were  conducted  is  evidenced 
by  the  fact  that  all  conditions  of  buoyancy, 
displacement,     deflection,     etc.,    as    computed, 
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actually  carried  only  about  100  tons  of  load 
each,  was  due  mainly  to  the  fact  that  the  range 
in  the  elevation  of  the  bridge  during  the  va- 
rious operations  was  about  18  ins.  greater 
than  that  originally  considered.  The  critical 
feature  therefore  was,  not  the  lifting  capacity 
of  the  scows,  but  their  ability,  when  at  the 
permanent  center  pier,  to  be  sunk  this  addi- 
tional 18  ins.  and  still  possess  sufficient  buoy- 
ancy to  maintain  the  entire  bridge  load  abso- 
lutely level  while  the  structure  was  being  ac- 
curately located  upon,  and  lowered  to,  its 
center  bearing.  Moreover,  one  of  the  two 
large  scows,  which  were  originally  intended  to 
carry  the  entire  load  of  the  new  span,  was  of 
steel  construction,  and  as  it  is  very  difficult  to 
control  such  a  craft  when  well  filled  with 
water  there  W'ould  be  danger  of  serious  acci- 
dent should  this  scow  list  quickly  or  sink  en- 
tirely. This  danger  was  augmented  by  the 
fact  that  the  bridge  site  is  near  the  mouth  of 
the  river,  where  storms  on  the  lake  create  a 
heavy  surge  in  the  river.  Even  though  wooden 
combings  were  constructed  above  the  decks 
of  the  scows  it  was  thought  expedient  to  use 
the  auxiliary  scows,  mainly  to  give  stability  to 
the  bridge,  which  projected  about  45  ft.  above 
the  water  surface. 

The  system  of  .struts  used  to  distribute  the 
load  over  the  two  main  scows  is  worthy  of 
comment.  The  use  of  these  struts  was  con- 
sidered advisable  as  the  lengths  of  these  scows 
(100  and  110  ft.),  and  the  relative  narrow 
width  of  the  bridge  (which  was  placed  cross- 
wise at  the  center  of  them),  would  cause  large 
stresses  for  which  the  scows  were  not  de- 
signed. As  the  usual  loadings  of  such  scows 
— sand,  gravel  or  stone — give  a  fairly  uniform 
loading  the  struts  were  intended  to  approxi- 
mate such  a  loading.  By  means  of  the  long 
struts  from  the  top  chords,  and  the  inclined 
posts  and  A-frames  from  the  bottom  chords, 
it  was  estimated  that  about  60  per  cent  of  the 
total  load  would  be  carried  away  from  the 
center  of  the  scows  and  counter-moments 
would  be  avoided  near  the  ends.  The  use  of 
steel  girders  and  I-beams  to  distribute  the 
loading  was  considered,  but  their  use  was 
thought  to  be  impracticable,  due  mainly  to  ex- 
cessive deflections. 


Final   Position   on   Reconstructed   Piers — View 
rary  Diversion  Track — C.  &  N.  W.  Bridge, 
ee.  Wis. 

were  very  closely  approximated  during  actual 
operations. 

PERSONNEL. 

All  work  in  connection  with  the  shifting  of 
the  spans  for  the  bridge  was  in  charge  of  the 
Great  Lakes  Dredge  &  Dock  Co.,  of  Chicago. 


Novel   Method  Used  in   Supporting  a 
Pratt-Truss  Span  During  the  Re- 
construction of  Its  Abutments. 

(Staff  Article.) 
To  insure  maintenance  of  traffic  during  the 
reconstruction  of  the  abutments  of  a  bridge 
on  the  Rochester  &  Eastern  R.  R..  an  inter- 
esting and  unusual  construction  procedure 
was   adopted.     The  bridge,   which   carries  the 


of  the  canal  prism,  it  was  decided  that  new 
abutments  would  be  required  by  such  im- 
provements. The  subsoil  at  the  site  is  a  very 
light  sandy  material,  which,  coupled  with  the- 
fact  that  the  foundations  of  an  old  highway 
bridee  located  about  200  ft.  west  of  this 
structure  had  washed  out  during  a  break  in 
the  canal  embarkment,  emphasized  the  need 
of  new  abutments.  As  the  contractor  for  this 
section  of  the  canal  desired  to  carrv  on  work 


Fig.  2.  View  of  End  of  Span,  Showing  De- 
tails of  Construction  Used  to  Support 
Span  During  Reconstruction  of  Abut- 
ments. 

adjacent  to  the  bridge  site,  it  was  imprac- 
ticable to  erect  and  maintain  a  temporarv 
wooden  trestle;  hence  it  was  necessary  to 
maintain  traffic  over  the  bridge  itself.  The 
plans  for  reconstruction  involved  the  re- 
placement of  the  old  abuments  with  two  new 
abutments  and  one  pier,  the  north  end  of  the 
bridge  resting  on  a  pier.  The  use  of  an  aux- 
iliary abutment  at  the  north  end  was  due  to 
the  requirement  that  a  driveway  be  main- 
tained at  this  end.  It  was  specified  that  the 
footings  of  the  new  abutments  and  piers  be 
lowered  to  the  bottom  of  the  new  canal  prism 
and   founded  on  piles. 

CONSTRUCTION     METHOD     USED. 

The    construction    method    adopted    by    the 
engineers  of  the  Rochester  and  Eastern  R.  R. 


Fig.  1.     View  of  Pratt-Truss  Span    During   Reconstruction   of   Abutments — Note    Manner   of 

Supporting    Span. 


traffic  of  this  interurban  freight  and  trolley 
line,  spans  the  State  barge  canal  at  Bushnells 
Basin,  near  Rochester,  N.  Y.  It  is  a  through 
pin-connected  Pratt-truss  bridge  of  150  ft. 
span,  the  original  foundations  of  which  were 
very  shallow,  being  only  about  3  ft.  below 
the  surface   of  the  ground. 

As  the  contemplated  barge  canal  improve- 
ments   involved   the   w^idening   and    deepening 


was  to  support  the  bridge  by  placing  steel 
columns  at  the  hips,  or  ends  of  the  top 
chords,  thus  taking  the  load  off  the  abut- 
ments and  transferring  it  to  blocking  inside 
of  the  lines  of  the  new  and  old  substructure. 
Figure  1  shows  the  manner  of  supporting 
the  bridge  on  the  temporary  blocking  duriiig 
the  construction  of  the  foundations.  It  will 
be   noted   by   referring  to   this   view  that   the 
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new  pier  and  abutment  at  the  north  end  are 
completed,  although  the  load  is  still  carried 
on  the  temporary-  supports.  The  shoring  and 
the  equipment  used  for  concreting  is  shown 
in  place  at  the  site  of  the  south  abutment. 
The  bridge  was  completely  blocked  up  at 
both  ends  before  any  substructure  work  was 
started. 

The  columns  used  at  the  hips  were  special 
fabrications  of  latticed  steel  channels,  so  ar- 
ranged that  their  center  lines  coincided  with 
the  center  lines  of  the  trusses  (see  Fig.  2). 
The  two  columns  at  each  end  of  the  bridge 
were  joined  together  at  their  bases,  at  points 
directly   under  the   floor   system,   and  at  their 


tops  by  rigid  braces  and  by  tie  rods,  which 
prevented  the  displacement  of  one  truss  rela- 
tive to  the  other.  Wooden  braces,  extending 
diagonally  from  the  supporting  column  bases 
to  the  adjacent  intermediate  panel  jomt  in  the 
lower  chord,  provided  for  the  horizontal  trac- 
tive forces,  while  cables,  anchored  at  the 
sides,  prevented  lateral  displacements  of  the 
bridge  as  a  whole   (see  Fig.  2). 

The  end  panels  of  the  floor  and  the  track 
over  the  adjacent  spaces  at  the  ends  of  the 
bridge  were  carried  on  I-beams,  which  rested 
on  wooden  bents  and  blocking.  The  excava- 
tion for  the  lower  part  of  the  foundation  was 


done  in  sheeted  pits.  An  interesting  con- 
struction detail  consisted  of  the  use  of  elec- 
tric power  for  operating  the  concrete  mixer 
and  for  driving  the  piles,  the  current  being 
taken   from  the  trolley  line. 

The  method  used  proved  entirely  satisfac- 
tory, and,  except  for  the  slow  order  of  car 
movements,  the  work  was  completed  without 
interference    with    traffic. 
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I      Construction  Plant  and  Methods  Em- 
ployed   in    Building    a    System    of 
Tunnel  Sewers  at  Edmonton, 
Alberta. 

(Staff    Abstract.) 
I  The     Saskatchewan     River     at     Edmonton 

!  varies  in  width  from  -about  400  ft.  at  low 
i  water  to  650  ft.  at  flood.  The  corresponding 
variation  in  depth  is  15  ft.  though  this  figure 
has  reached  30  ft.  at  time  of  extreme  flood. 
Low  water  elevation  is  54.  The  greater  part 
of  the  city,  8,500  acres,  lies  on  a  plateau  at 
elevation  200  to  260,  that  is  from  146  to  206 
ft.  above  low  water  level.  A  small  1,100 
acres,  river-flat  area  is  about  34  ft.  above 
low  water  level.  In  1909  the  existing  sewer- 
age systems  were  rapidly  becoming  inade- 
quate, and  field  work  for  the  collection  of 
data  upon  vifhich  to  base  the  design  of  a  com- 
prehensive sewage  collection  scheme  was  car- 


Brick,  although  very  desirable  as  regards 
facility  of  construction,  is  open  to  the  same 
objection  as  plain  concrete  in  its  inability  to 
withstand   internal   pressure. 

Reinforced  concrete  in  place  would  be  able 
to  withstand  internal  pressure  if  constructed 
properly,  but  it  was  thought  that  the  difficul- 
ties of  construction  would  prevent  it  from 
being  the  most  efficient  or  economical  mate- 
rial to  adopt.  To  satisfy  public  opinion,  and 
to  verify  the  above  judgment,  alternative  bids 
using  reinforced  concrete  blocks,  and  rein- 
forced concrete  built  in  place,  were  invited. 
For  the  larger  sized  sewers  the  prices  were 
practically  the  same,  but  for  all  other  sizes 
the  reinforced  concrete  blocks  were  the 
cheaper.  The  cross-sections  of  the  reinforced 
concrete  built  in  place,  on  which  tenders  were 
received,  were  designed  for  the  same  external 
loads  and  internal  pressure  as  the  reinforced 
concrete   blocks. 

Reinforced    concrete    blocks    were    adopted. 


This   reinforcement   is   designed   to   resist   the 
external   pressure   on   the   sewer. 

As  these  sewers  are  at  depths  below  the 
surface  varying  from  50  to  100  ft.,  they 
may  be  subjected  to  considerable  internal 
pressure  when  the  area  is  fully  built  up.  Steel 
reinforcement,  in  the  form  of  flat  bands 
around  the  outside  of  the  blocks,  is  added  to 
resist  this  pressure.  Each  circumferential 
band  is  made  in  two  pieces  joined  by  coupling 
shoes  of  special  design.  The  Textonius  lug 
shown  in  Fig.  2,  superseded  these  on  the 
greater  part  of  the  work.  Thorough  test 
showed  that  this  lue  was  equally  reliable,  and 
cheaper  than  the  original  design.  The  coupling 
shoes  or  lugs  served  to  join  the  halves  of  the 
bands  and  to  draw  them  up  tight.  The  bands 
are  designed  to  withstand  the  maximum  hy- 
drostatic or  internal  pressure,  using  a  unit 
stress  not  exceeding  the  elastic  limit  of  the 
steel.  The  provision  of  this  reinforcement 
for  internal  pressure  ignores  the  resistance  of 
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Fig.  1.     Typical  Sections  of  Reinforced   Concrete  Block  Sewer  Tunnel  at  Edmonton,  Alberta. 


Left-hand  section  foi-  firm  gn'orntl;  otlier  two  sections  arc  .illeinates  for  iish  in  yoft  gfound,  as  directed.  Ciown  bars  are  7/16  in.  square, 
twisted,  12  .ns.  c-n  centers.  The  subdrain  is  of  6-in.  vitrified  Lilo.  C)n  top  .and  oii  c;ich  side  tj  ins.  of  2-in.  screened  gravel.  On  bottom  o  ins.  of 
same  size  gravel. 


ried  on  in  that  year.  In  1910  Mr.  Alexander 
Potter  of  New  York  City  was  engaged  as 
consulting  engineer  and  the  system  here  dis- 
cussed   was    designed    under    his    direction. 

.\D0PTI0N    OF   TUNNEL    SYSTEM. 

The  considerations  which  led  Mr.  Potter 
to  adopt  a  tunnel  system  of  sewers  were:  (1) 
The  height  of  the  plateau  above  the  river; 
(2)  favorable  ground  for  tunneling;  (3) 
that  steeper  grades  and  consequently  smaller 
sewers  could  be  adopted  in  tunnel  system 
than  in  open  cut  system:  (4)  the  greater 
flexibility   in   the   resulting   system. 

CHOICE  OF    MATERIALS. 

The  choice  of  a  tunnel  lining  material  was 
of  first  importance.  The  materials  consid- 
ered were  brick,  plain  concrete  in  place,  re- 
inforced concrete  in  place,  reinforced  concrete 
blocks,  and  vitrified  clay  blocks. 

Plain  concrete  was  rejected  owing  to  the 
difficulty  of  making  it  of  sufficient  strength 
to  withstand  internal  pressure,  and  to  the  dif- 
ficulty of  construction,  especially  in  the 
smaller  sizes. 


and  fulfilled  all  the  necessary  requirements. 
Being  essentially  a  unit  form  of  construction 
each  unit  can  be  inspected  carefully  before 
being  assembled  in  the  work  and,  if  defective, 
can  be  rejected  at  a  minimum  loss.  There  is 
thus  no  hesitation  about  rejecting  a  unit  of 
doubtful  fitness.  In  the  case  of  reinforced 
concrete  built  in  place,  defects  are  not  al- 
ways easy  to  observe,  and  many  which  are  not 
considered  bad  enough  to  justify  the  tearing 
down  and  replacing  of  the  work,  are  patched 
and   repaired. 

The  form  of  reinforced  block  type  adopted 
is  shown  in  Fig.  1.  The  sewer  is  made  of 
blocks  manufactured  specially  for  the  pur- 
pose, and  for  that  particular  sewer.  Sur- 
rounding the  blocks,  and  lying  between  them 
and  the  earthen  walls  of  the  tunnel,  is  a 
layer  of  about  4  ins.  of  mass  concrete. 

The  reinforcement  consists  of  circumfer- 
ential square  twisted  bars  within  the  concrete 
or  mortar  which  forms  the  circumferential 
joints  of  the  sewer,  and  of  longitudinal  straps 
tying    the   blocks     together     in     a    solid    unit 


the  clay  walls  around  the  sewer,  which  in 
most  of  the  ground  through  which  the  tun- 
nels pass  would  be  sufficient  provision  against 
any  probable  internal  pressure.  The  bands 
are  also  efficient  under  normal  conditions,  and 
enable  less  steel  to  be  used  in  the  concrete 
blocks  than  w'ould  be  required  if  the  bands 
were  absent. 

The  design  of  the  cross-section  of  the 
various  sizes  of  sewer  is  shown  in  Fig.  1. 
Two  alternative  cross-sections  were  designed 
for  use  in  bad  ground,  the  choice  being  left 
to  the  city  engineer.  These  alternatives  for 
the  4-ft..  4-ft.  6-in.,  5-ft.  and  6-ft.  sewers,  as 
prepared  for  the  letting  of  contract  No.  6, 
are  shown  in  Fig.  1,  and  those  for  other 
sizes  are  similar.  The  one  with  the  flat  base 
was  used  in  wet  sand  or  soft  ground. 

In  addition  to  the  above  types,  tenders  were 
also  invited  on  a  vitrified  block  type  of  sewer, 
shown  in  Fig.  3.  This  is  identical  in  many 
ways  with  the  reinforced  block  tvpe,  the  same 
envclopinp-  concrete  backing,  and  circumfer- 
ential reinforcement  against  internal  pressure 
being  used.     The  blocks  themselves  were  de- 
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pended  on  to  resist  external  pressure,  no 
steel  reinforcement  being  used.  The  blocks 
were  to  be  made  by  the  American  Sewer  Pipe 
Company,  and  although  no  such  sewers  were 
built  at  that  time,  some  excellent  30,  36,  and 
42-in.  sewers  have  been  built  of  this  material 
in  Edmonton  during  the  past  two  years. 

The  bids  received  on  the  vitrified  block  con- 
struction were  slightly  the  lowest  in  each  case 
for  the  tunnel  sewers  here  under  discussion. 
However,  as  it  was  then  a  new  material, 
especially  in  sewers  of  this  size,  it  was  not 
thought  advisable  to  substitute  it  for  the  re- 
inforced   concrete   block,    since    at    that    time 


held  a  sub-contract  from  Ulcn  &  Co.  A 
light  railway  connected  the  plant  with  all 
points   where   blocks   were    used. 

The  wooden  forms  used  by  Manders  & 
Gregory  were  metal  lined  so  as  to  give  a 
smooth  finish  to  the  inner  surface  of  the 
block,  a  roughness  on  the  other  faces  being 
more  desirable  than  otherwise.  The  forms 
were  made  in  gangs,  with  the  metal  lined 
face  at  the  bottom,  and  as  soon  as  the  blocks 
had  set  sufificientlv,  the  sides  and  divisions 
were  removed,  leaving  the  blocks  standing 
on  the  metal  face.  After  about  48  hours  the 
blocks  were  carefully  removed  from  the  forms 


Sectional   and   Outside    Elevations   of  Tecktonius  Lugs,  Used  on  Tension  Bands  of 
Edmonton  Tunnel  Sewers. 


the  latter  had  been  well  tried  out  in  two  con- 
tracts, let  some  time  previously,  which  were 
then   well   under   way. 

TEST     BORINGS. 

Before  calling  for  bids  borings  were  made 
at  intervals  of  1,500  ft.  apart  along  the  line 
of  the  sewer.  The  records  of  these  borings 
were  furnished  the  contractors  as  a  guide  in 
bidding.  As  the  bad  spots  occurred  in  pockets 
many  of  these  were  missed  bv  the  borings. 

CONSTRUCTION    OF    SEWER. 

The  concrete  blocks  used  consist  of  1  part 
of  Portland  cement,  2  parts  of  sand,  and  3 
parts  of  gravel  or  broken  stone  passing  a  1- 
in.  screen.  On  contract  No.  1  (Messrs.  Man- 
ders &  Gregory,  contractors),  the  blocks  were 
first  made  at  a  gravel  pit  about  7  miles  east 
of  the  city,  and  transported  in  cars  on  the 
steam  railway.  Only  a  small  number  of 
blocks  was  made  there,  as  the  gravel  supply 
failed  to  meet  expectations.  The  plant  was 
moved  to  a  location  on  the  Saskatchewan 
River,  not  far  from  the  outlet  of  the  sewer 
under  construction.  A  large  shed  heated  by 
steam  pipes  was  built  so  that  operations  could 
be  carried  on  during  the  winter.  Most  of 
the  gravel  used  was  washed  river  gravel. 
When  contract  No.  2  was  awarded  to  the 
same    company,    another    block-making    plant 


so  as  to  prevent  breaking  off  the  sharp  cor- 
ners. 

The  forms  used  by  the  Midland  Construc- 
tion Co.  were  also  of  wood,  lined  with  sheet 
metal.  They  are  shown  in  Fie.  4  and  differed 
somewhat  from  the  above.  The  blocks  were 
cast  on  their  sides,  those  requiring  the  rabbet 
for  holding  the  reinforcing  rods  in  position 
being  made  by  placing  the  necessary  strips 
along  the  bottom  of  the  form.  All  the  small- 
er-sized blocks  were  made  by  this  company  in 
these   forms. 

All  cone  ete  was  mi.xed  wet  and  well 
spaded  in  the  forms.  The  blocks  were 
marked  with  the  date  of  manufacture,  and 
rejected  blocks  were  broken  up  after  being 
marked  by  the  inspector.  Of  Manders  & 
Gregory's  blocks  there  were  few  rejections 
due  to  poor  concrete,  but  many  were  rejected 
at  the  start  of  operations  on  account  of  dam- 
age done  bv  rough  handling  before  the  blocks 
were  seasoned  sufficiently.  The  number  re- 
jected was  less  as  the  work  progressed.  The 
blocks  made  by  the  Midland  Construction  Co. 
were  frequently  rejected  in  the  earlier  stages, 
owing  to  insufficient  thickness  near  the  center. 
The  trouble  was  due  to  the  forms,  and  after 
being  remedied,  rejections  were  due  princi- 
pally to  breakage  in  handling.  City  inspec- 
tors were  employed  in  the  inspection  and  man- 
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the  usual  manner,  tunnel  excavation  proceed- 
ing in  both  directions  from  the  level  of  the 
invert.  The  material  encountered  was  mainly 
a  stiff  gray  clay  with  occasional  pockets  of 
sand.  Except  where  sand  occurred,  prac- 
tically no  timbering  was  necessary,  the  ground 
holding  perfectly.  The  cross  sections  were 
trimmed  true  to  shape,  and  no  cavities  existed 
between  the  sewer  and  the  earth  walls.  This 
is  also  true  of  the  sections  in  bad  ground, 
but  in  many  cases  the  nature  of  the  material 
required  some  of  the  timber  to  be  left  in. 

On  a  portion  of  Ulen  &  Co.'s  work,  the 
shafts  were  sunk  as  circular  excavations,  tim- 
bered by  means  of  sets  of  vertical  lagging 
about  4  ft.  long,  held  in  place  by  steel  bands. 
These  bands  were  in  two  parts,  the  ends  being 
bent  over  to  form  a  flange.  They  were  madi 
heavy  enough  to  resist  distortion  from  the 
pressure  of  the  walls  of  the  shaft.  In  sinking 
the  shaft,  the  excavation  was  made  for  about 
4  ft.,  care  being  taken  to  have  it  trimmed 
truly  circular  and  the  right  size.  The  first  set 
of  lagging  and  bands  were  then  put  in  place, 
the  bands  being  wedged  out  at  their  junctions 
to  tighten  them  up  against  the  lagging.  An- 
other 4  ft.  was  then  excavated,  and  the  lag- 
ging put  in  directly  below  it  and  the  bands  . 
then  inserted.  By  placing  one  of  the  bands 
in  position  before  putting  in  all  the  lagging, 
this  latter  operation  was  made  easier.  This 
type  of  shaft  worked  very  well  where  the 
ground  was  good,  and  was  somewhat  cheaper 
than  the  rectangular. 

Small  charges  of  dynamite  (%  to  1  stick) 
were  used  to  loosen  up  the  clay  after  which 
the  excavators  took  it  out,  using  a  mattock 
instead  of  a  pick.  These  tools  were  also  used 
in  trimming  the  cross-section  to  shape.  The 
material  as  it  existed  in  the  face  possessed  a 
rubbery  elastic  property,  and  a  pick  simply 
sank  into  it  without  loosening  it.  However, 
the  material  when  excavated  and  exposed  to 
the  air  changed  its  character,  drying  and 
breaking  up  similarlv  to  the  disintegration  of 
lignite  coal  when  exposed  to  air.  The  ma- 
terial was  not  a  shale  but  a  boulder  clay  hav- 
ing a  number  of  stones  scattered  through  it 
ranging  in  size  from  half  an  inch  to  small 
boulders. 

The  excavated  material  was  transported  on 
a  small  car  to  the  foot  of  the  shaft,  where  it 
was  hoisted  to  an  elevated  track  and  dumped 
into  wagons.  The  completed  sewer  followed 
the  excavation  closely,  except  where  it  was 
thought  necessary  to  hold  back  to  prevent  in- 
jury   from    blasting.      The    shock    was    never 
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Number 
of  Blocks 
per  Ring 
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was  started.  This  plant  was  more  advantage- 
ously situated  as  regards  obtaining  material 
(other  than  river  gravel)  and  bv  far  the 
greater  part  of  the  blocks  made  bv  Manders 
&  Gregory  themselves  were  made  at  this 
plant,  which  also  supplied  blocks  for  a  later 
contract   awarded   to   McGarry   &   Co. 

The  largest  block-making  plant  was  located 
immediately  north  of  the  Canadian  Northern 
Railway  yards,  a  spur  being  laid  to  the  plant 
to  supplv  materials.  Here  were  manufactured 
all  the  blocks  used  in  the  sewers  constructed 
by  Ulen  &  Co.  The  manufacture  was  carried 
on    by    the    Midland     Construction     Co.,    who 


ufacture  of  the  blocks.  The  plant  used  con- 
sisted of  concrete  mixers  (used  chiefly  in 
block  making),  electric  hoists,  and  one  motor- 
driven  conveyance  of  the  Ulen  Co.  Forty- 
one  electric  hoists  were  used  in  the  shafts. 
They  varied  in   size   from   5  to   11   HP. 

Excavation. — Shafts  from  which  tunnelling 
proceeded  were  located  at  intervals  of  200  to 
1,150  ft.  Except  in  a  few  cases  on  Ulen  & 
Co.'s  work  where  auxiliary  shafts  were  sunk 
to  expedite  operations,  the  shafts  were  built 
up  to  form  the  manholes  after  completion  of 
the  sewer.  The  shafts  were  generally  sunk 
as  a  rectangular   excavation,  and  timbered   in 


serious,  however,  owing  to  the  small  charge 
used,  and  the  completed  work  was  never  more 
than  15  ft.  from  the  face  of  the  excavation. 

The  tunnel  was  electrically  lighted,  and  the 
absence  of  forms  facilitated  the  laying  of  a 
small  track  for  the  cars  carrying  the  exca- 
vated material,  and  the  blocks,  etc.,  used  in 
the  sewer. 

Most  of  the  sand  pockets  encountered  were 
comparatively  short,  but  one  fairly  long 
stretch,  not  detected  in  the  preliminary  bor- 
ings made  before  the  contracts  were  let,  was 
met.  In  this  case  a  tongue  of  wet  sand 
stretched    across   the   sewer,    and    it    chanced 
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that  a  test  hole  had  been  bored  on  each  side 
of  the  tongue  in  good  ground.  The  progress 
in  sinking  one  shaft  was  so  slow,  that  know- 
ing the  variable  occurrence  of  bad  places,  bor- 
ings were  made  in  the  vicinity  with  the  object 
of  changing  the  line  to  avoid  the  bad  ground. 
This  was  found  to  be  possible  without  affect- 
ing the  utility  of  the  sewer,  and  with  prac- 
tically no  additional  cost.  The  contractor  was 
agreeable  to  the  change,  and  abandoned  the 
work  already  done  on  the  shaft.  A  safer  and 
better  sewer  was  constructed,  and  the  con- 
tractor on  his  part  escaped  a  rather  difficult 
piece  of  work. 

Block  Laying. — After  the  excavation  in  a 
length  was  completed  the  subdrain  was  laid. 
Then  the  concrete  was  laid  in  the  bottom,  to 
the  level  of  the  bottom  of  the  blocks.  The 
lower  half  of  the  hooping  band  was  then 
placed  on  the  concrete,  and  the  invert  block 
on  top  of  the  band.     The  remaining  blocks  up 
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two  faces  has  been  completed,  the  work  of 
constructing  the  sewer  on  each  side  of  the 
junction  is  carried  on  in  the  usual  manner. 
.■\  measurement  is  made  of  the  gap  between 
the  two  sections  of  sewer,  before  these  ap- 
proach too  close,  in  order  to  ascertain  how 
many  tiers  of  blocks  will  be  required  to  fill 
the  gap.  In  this  way  it  is  often  possible,  by 
slightly  increasing  the  width  of  the  joints,  to 
have  the  final  tier  of  blocks  just  nicely  close 
the  final  gap.  At  other  times  it  is  seen  by 
the  measurements  that  the  final  gap  cannot  be 
adjusted  to  a  block  in  width  except  by  too 
great  a  change  in  the  width  of  the  joint.  In 
such  cases,  the  final  gap  is  closed  by  cutting 
the  blocks  to  the  required  width.  The  lower 
portion  of  the  sewer  is  thus  completed  with 
blocks  without  difficulty.  The  final  gap  in 
the  upper  half  is  made  with  mass  concrete, 
working  from  each  side  up  towards  the  crown, 
lagging   being    used    to    hold    the   concrete   in 


Fig.  4.     Plan  and  Cross  Section  of  Forms  for  Casting  Concrete  Lining  Blocks  for  5-ft.  Sewer 
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to  the  springing  line  were  added,  the  backing 
concrete  being  placed  as  the  l)lock  laying  pro- 
ceeded until  the  lower  half  of  the  ring  was 
complete.  A  short  wooden  form  extending 
partly  into  the  finished  sewer  was  then  used 
to  complete  the  upper  part  of  the  ring.  The 
reinforcing  crown  bar,  previously  bent  to  the 
proper  shape,  was  first  placed  in  position 
against  the  face  of  the  previous  ring,  so  as 
to  rest  on  the  projection  on  these  l)locks. 
Block  laying  was  then  continued,  care  being 
taken  to  fill  the  joints  between  the  blocks 
thornughly,  so  that  the  reinforcing  bar  and 
the  jointing  irons  would  be  surrounded  by 
and  bedded  in  the  tnortar.  After  the  last 
block  was  placed  at  the  top,  the  upper  half 
of  the  hooping  band  was  put  on,  the  halves 
being  connected  by  coupling  shoes,  and  drawn 
up  tight  by  wrenches.  This  point  was  watched 
carefully  by  the  inspectors.  After  tightening 
the  band  the  concrete  backing  was  placed  so 
as  to  fill  the  space  between  the  blocks  and 
the  earth.  The  lower  half  of  the  ring  having 
been  extended  meanwhile,  the  form  was  moved 
ahead   and   the  process   repeated. 

In  completing  a  junction  of  the  sewer  be- 
tween any  two  shafts,  the  operation  is  very 
simple,     .\ftcr   the   excavation   work   on    any 


place;  these  being  added  from  time  to  time 
as  the  work  progresses  towards  the  crown. 
The  last  small  portion  at  the  crown  is  lifted 
or  shoved  into  place.  After  the  concrete  has 
set  sufficiently,  the  forms  are  removed  and 
the  work  smoothed  off,  leaving  the  junction 
with  the  appearance  of  a  very  wide  joint. 
These  junctions  were  so  well  made  that  the 
ordinary  observer  walking  through  the  sewer 
would  not  notice  them,  unless  he  were  look- 
ing specially  for  them,  or  had  his  attention 
directed  to   them. 

Rate  of  Progress. — The  rate  of  progress 
was  30  to  36  ft.  of  completed  sewer  in  each 
face  per  week.  Progress  varied  somewhat  in 
the  different  sizes  of  sewers,  but  not  so  greatly 
as  might  be  expected,  as  the  extra  work  en- 
tailed in  the  larger  sizes  was  in  a  measure 
made  up  by  the  greater  number  of  men  in  the 
shafts.  In  the  4-ft.  0-in.  and  5-ft.  sewers, 
two  men  worked  at  the  face,  one  as  car 
pusher,  and  two  or  three  inen  on  top,  exclu- 
sive of  hoistmen  and  foreman.  The  former 
served  the  two  faces  worked  from  his  shaft, 
and  the  latter  looked  after  several  faces.  In 
the  6-.ft..  6-ft,  G-in.  and  8-ft.  sewers  three 
men  worked  at  the  face,  and  there  were  two 
car  pushers. 


Work  was  carried  on  in  two  10-hour  shifts. 
At  first  the  block  laying  was  done  by  special 
men,  but  during  most  of  the  work,  excavation 
and  block  laying  were  done  by  the  same  men. 
The  results  were  equally  good,  but  the  latter 
method  gave  less  trouble,  as  the  continuous 
nature  of  the  employment  attracted  plenty  of 
men  to  select  from,  and  provided  a  good  class 
of  labor  in  the  shifts.  The  men  doing  the 
block  laying  were  taught  bv  the  inspectors  to 
pay  special  care  to  the  particular  points  nec- 
essary  to    ensure   satisfactory    results. 
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Processes  Available  for  the  Treatment 
of  Industrial  Wastes. 

The  problem  presented  in  the  treatment  of 
industrial  wastes  is  rapidly  gaining  in  impor- 
tance, both  to  manufacturers  and  cities.  The 
sanitary  engineer  thus  finds  his  field  rapidly 
widening  in  this  direction  and  a  study  of  the 
treatment  processes  available  is  profitable  at 
this  time. 

Industrial  wastes  containing  putrescible 
matter  create  a  nuisance  when  discharged  into 
water  courses.  Such  wastes  entering  sewers 
also  add  to  the  load  on  plants  treating  domes- 
tic sewage.  The  latter  possibility  must  now 
be  kept  in  mind  in  designing  new  municipal 
sewage  treatment  plants.  Industrial  wastes 
may  also  cause  deposits  in  streams  or  an  oily 
scum  on  the  stream's  surface.  Some  such 
wastes  give  a  bad  taste  to  water  and  badly 
taint  the  flesh  of  fish.  Thus  petroleum  refinery 
wastes  give  a  kerosene  taste  to  water  and  gas 
and  tar  works  wastes  taint  fish. 

Sometimes,  but  by  no  means  always,  the 
treatment  of  industrial  wastes  leads  to  the 
recovery  of  valuable  by-nroducts  and  is  car- 
ried on  at  a  profit.  Thus  fine  screens  in  pulp 
mills  save  much  finely  divided  pulp.  In  gen- 
eral it  is  unsafe  to  assume  that  a  direct  profit 
can  be  made  in  the  treatment  of  industrial 
wastes.  However,  an  indirect  return  is  re- 
ceived by  removing  the  cause,  and  subsequent 
cost,   of  litigation. 

In  some  small  plants  the  facilities  of  the 
large  plant  for  making  by-products  are  lack- 
ing. However,  careful  inspection  by  an  out- 
side engineer  will  freauently  show  leaks 
which  can  be  stopped  at  small  expense  with 
comparative  profit  to  the  manufacturer.  In 
the  tanning  industry  pieces  of  skin  and  even 
whole  hides  have  been  lost  to  the  sewer  by 
lack  of  proper  floor  screens  and  catchbasins. 
In  one  wool  scouring  plant  so  much  wool  went 
down  the  sewer  that  the  owners  refused  their 
operating  engineer  the  privilege  of  keeping 
the  catchbasin  clean  for  the  wool  recovered. 

In  the  location  of  new  plants  a  manufac- 
turer should  bear  carefully  in  mind  the  al- 
most certain  probabilitv  of  regulation  of  the 
discharge  of  waste.  Hence  it  would  seem 
wise  tolocate  plants  producing  large  amounts 
of  waste  difficult  of  troatmetit  on  the  largest 
bodies  of  running  water  available.  Unfortu- 
nately, in  many  cases  this  is  not  done,  and  a 
plant  is  built  on  a  stream  which  furnishes 
hardly  enough  water  for  an  adequate  water 
supply,  and  then  a  nuisance  results. 

rl..\SSIFlr.\TI0N   OF  WASTES. 

From  the  physical  and  chemical  standpoint 
the  various  wastes  can  be  classified  as  follows: 

1.  Wastes  carrying  sediment  or  suspended 
matter,  (a)  Heavy  mineral  matter,  such  as 
marble  dust,  ashes,  etc.,  usually  inert,  (b) 
Heavv  matter,  such  as  the  product  of  chem- 
ical reactions  as  tarry  waste  from  gas  works, 
residues  from  ammonia  works,  etc.  (c) 
Heavy  organic  matter— which  may  be  highly 
putrescible,  or  comparatively  inert. 

2.  Wastes  carrying  little  or  no  sediment, 
(a)  Containing  soluble  organic  matter,  which 
may  be  higlily  putrescible.  (b)  Containing 
chemicals.  I.  Eager  to  absorb  oxygen.  2. 
Inhibiting  bacterial  action. 

3.  Wastes  carrving  both  suspended  and 
soluble  matter. 
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4.  Wastes  carrying  floating  materials,  (a) 
Volatile  and  inflammable,  as  for  instance  gas- 
oline or  kerosene,  (b)  Fats  and  oils,  (c) 
Light  organic  matter,  (d)  Light  matter  the 
product  of  chemical  reaction,  as  floating  ma- 
terial from  gas  wastes,  etc. 

These  classifications  are  of  service  to  indi- 
cate simply  the  general  types  of  material  which 
may  be  present.  The  wastes  to  be  handled 
vary  considerablv  with  the  industry,  and  even 
among  plants  of  the  same  industry,  according 
to  the  processes  used  and  the  material  pro- 
duced. The  prevalent  waste  differs  in  the 
various  states.  In  Indiana,  for  instance, 
strawboard  wastes  are  very  common,  whereas 
in  Ohio  creamery  and  -wire  mill  wastes  occur, 
in  Maine  the  pulp  and  sulfite  waste  and  in 
Illinois  the  wastes  from  the  packing  houses, 
tanneries,  starch  works  and  distilleries  are 
most  common.  .\t  times  canneries  give  trou- 
ble. These  are  usually  found  near  the  agri- 
cultural districts. 

PROCEDURE    IN    T.'\KING    UP    A    PROBLEM. 

In  studying  an  industry  from  the  standpoint 
of  treatment  of  the  waste,  the  first  essential 
is  to  learn  the  processes  carried  on  and  the 
probable  sources  and  amounts  of  waste.  Sel- 
dom does  the  manufacturer  know  just  how- 
much  sewage  he  is  discharging.  A  thorough 
inspection  of  the  plant  in  all  its  details  is  of 
value,  for  frequently  the  study  of  the  inside 
workings  reveals  many  points  at  which  waste 
can  be  reduced  with  comparatively  small  ex- 
penditure of  material  and  labor.  No  general 
method  of  procedure  can  be  stated,  as  each 
plant  is  usually  a  law  unto  itself.  At  times 
separation  of  the  wastes  may  be  desirable, 
whereas  in  other  cases,  as  for  instance  in  tan- 
nery work,  the  effluent  from  one  part  of  the 
plant  contains  chemicals  that. may  be  of  mate- 
rial value  in  precipitating  material  held  in 
suspension  in  the  effluent  from  another  part 
of  the  plant.  Under  those  conditions  mixing 
of  the  wastes  is  of  service.  Rain  and  surface 
water  drains  generally  should  be  kept  out  of 
the  sewer  systems  receiving  waste,  in  order 
to  avoid  at  times  of  rain  serious  overloading 
and  scouring  out  of  the  material  which  should 
be  retained. 

TRE.\TMENT    METHODS    AVAn,.\BLE. 

The  methods  of  treatment  available  are 
somewhat  more  varied  than  for  domestic  sew- 
age, although  for  the  most  part  the  same  gen- 
eral principles  apply.  The  difficulty  is,  of 
course,  to  find  the  proper  constants  and  load- 
ing which  can  be  used  to  produce  results. 
Owing  to  the  diversity  of  practice  in  many 
plants  the  sure  way  is  to  try  out  what  can  be 
done  with  the  individual  case  in  question. 

Dilution. — With  wastes  containing  no  sus- 
pended matter,  ample  dilution  frequently  suf- 
fices. Sometimes  this  dilution  can  be  fur- 
nished artificially  from  storage  reservoirs. 
Again  it  is  available  in  large  streams,  such  as 
the  Mississippi  or  other  rivers  with  sufficient 
flow.  Where  the  dilution  is  not  adequate,  and 
velocities  are  low,  the  suspended  matter  in 
wastes  containing  such  must  be  reduced  in 
order  to  avoid  deposits  in  the  stream.  Screen- 
ing and  sedimentation  are  available  for  this 
purpose. 

Screening. — Screening  seems  eminently  suit- 
able for  the  coarser  wastes,  such  as  come  from 
the  stock-yards,  slaughter-houses,  beet  sugar 
works,  pulp  mills,  etc.,  where  material  slow 
to  digest  can  be  readily  removed  by  a  fine 
mesh  screen.  The  disposal  of  the  screenings 
when  putrescible  may,  however,  be  compli- 
cated with  the  problem  of  avoiding  nuisance. 
Sometimes  the  material  can  be  dried  and 
burnt.  Occasionally  it  can  be  turned  back 
into  the  processes.  Directly  comparative  re- 
sults available  in  the  packing  industry  would 
indicate  that  considerable  material  is  left  over 
after  fine  screening,  which  can  be  removed  by 
settling.  However,  the  screening  removes 
much  which  is  slow  to  settle  and  is  a  source 
of  scum  in  sedimentation  tanks. 

Settling. — Settling  should  remove  practically 
all  the  settling  suspended  matter,  the  actual 
per  cent  depending  on  the  waste,  the  period  of 
settling,  the  type  of  tank  and  the  velocities 
used.  A  doubledeck  tank  is  frequently  most 
suitable  where  much  scum  producing  material 


is  present.  In  extreme  cases,  fine  screening 
has  been  proposed  as  a  preliminary  treatment 
to  reduce  the  scum  forming  material.  With 
comparatively  inert  material,  the  Dortmund 
type  of  tank  with  sloping  bottom  may  prove 
successful  if  properly  and  frequently  cleaned. 
On  tannery  waste,  particularly  from  the  limes, 
heavy  material  is  present  which  will  quickly 
settle.  In  wool  pullerics  or  wool  scouring 
shops  much  heavy  grit  is  produced  which  also 
drops  quickly.  For  such  gritty  waste  a  grit 
chamber  design  readily  cleanable  is  desirable. 
Unfortunately,  many  of  the  tanks  now  in 
operation  in  tanneries  ?nd  elsewhere  are  ex- 
pensive to  clean,  as  the  entire  Work  has  to 
be  done  by  hand  on  days  when  the  plant  is 
shut  down. 

Chemical  Precipitation. — Chemical  precipita- 
tion may  materially  increase  the  removal  of 
suspended  matter  by  settling,  and  in  some 
rare  cases  may  be  produced  by  the  combina- 
tion of  chemicals  already  in  solution  in  wastes 
from  the  various  processes  in  the  plant,  par- 
ticularly in  tanneries. 

Septic  Tanks. — Septic  tanks  were  once  wide- 
ly used  in  the  past,  and  are  used  occasionally 
today,  despite  their  limitations,  on  creamery, 
canning  and  tannery  wastes  where  organic 
matter  slow  to  decompose  needs  breaking 
down.  As  a  rule,  however,  the  septic  tank  is 
not  regarded  favorably  on  account  of  liability 
of  nuisance  and  the  larger  storage  required 
to  hold  liquid  for  many  days. 

Filtration. — Very  frequently  further  treat- 
ment is  required  to  produce  an  effluent  need- 
ing but  slight  if  any  dilution.  In  Massachu- 
setts intermittent  sand  filters  have  been  used 
freely  in  experimental  work,  as  well  as  in 
actual  practice,  but  of  late  sprinkling  filters 
have  been  found  helpful,  particularly  as  a 
preliminary  to  intermittent  sand  filtration,  in 
connection  with  tannery  or  other  wastes  high 
in  organic  matter,  thereby  permitting  much 
liigher  rates  of  application  to  the  sand  filters. 
In  Chicago,  on  the  mixed  waste  from  Packing- 
town,  a  sprinkling  filter  has  proved  adaptable 
in  handling  mixed  stock-yards  and  domestic 
sewage  thoroughly  settled.  Owing  to  the  pos- 
sibility of  deposits  of  grease  in  such  a  filter, 
its  history  is  being  watched  over  several  years. 

Evaporation. — Occasionally  a  waste  is  so  dif- 
ficult to  handle  and  contains  so  much  material 
in  solution  that  evaporation  appears  to  be  the 
only  remedy,  .'\lthough  the  economy  of  evap- 
oration is  markedly  increased  by  the  use  of 
several  effects,  the  process  is  expensive,  par- 
ticularly for  dilute  wastes.  It  has,  however, 
proved  practicable  in  the  packing  industry  for 
evaporating  "tank''  water  from  the  rendering 
tanks  which  contains  matter  of  value  as  a 
fertilizer,  and  has  also  been  applied  in  evap- 
orating distillery  wastes,  as  well  as  in  recov- 
ering chemicals  from  industrial  processes 
where  they  can  be  used  over  again  to  advant- 
age and  profit. 

SLUDGE. 

Amount. — As  in  the  treatment  of  domestic 
sewage,  a  sludge  problem  soon  arises,  for  the 
quantity  of  sludge  found  in  industrial  waste 
is  frequently  much  greater  than  in  domestic 
sewage.  The  amount  varies  widely.  In  the 
mixed  waste  tested  at  the  Center  Ave.  testing 
station  of  the  Sanitary  District  of  Chicago 
the  amount  of  sludge  in  an  Emscher  tank  was 
approximately  10  cu.  yds.  per  million  gals.,  as 
compared  with  about  1  cu.  yd.  found  at  the 
•39th  St.  station  on  domestic  sewage.  In  the 
tannery  tanks  with  plain  sedimentation  from 
10  to  100  cu.  yds.  per  million  gals,  are  found. 
However,  in  the  tannery  industry  the  flows  are 
not  usually  great,  so  that  the  total  volume  of 
sludge  produced  in  a  day  is  not  quite  so  ap- 
palling as  the  figures  might  indicate,  although 
large   enough. 

Treatment. — The  treatment  of  the  sludge 
depends  largely  on  the  waste  itself.  Where 
there  is  a  large  mass  of  material  to  be  dis- 
posed of  with  little  value  except  for  filling, 
the  expense  is  for  transportation  to  the  near- 
est dump.  Frequently  with  proper  treatment 
on  organic  wastes,  a  quick  drying  sludge  may 
be  produced,  as  for  instance  by  the  use  of  the 
double-deck  type  of  tank  on  the  mixed  pack- 
ing-house waste.  Such  sludge  may  contain 
some  nitrogen,  but  is  not  commonly  regarded 


at  present  as  a  valuable  material.  Sludge 
pressing  may  reduce  the  water  content.  Un- 
der certain  conditions  the  sludge  itself  may 
prove  of  value  for  the  recovery  of  fat,  and 
once  the  fat  is  extracted,  the  dried  sludge 
may  serve  as  a  filler  for  fertilizer.  The  basic 
value  as  a  fertilizer  from  the  laboratory  stand- 
point may  be  doubtful  on  account  of  what 
the  chemists  call  the  difficulty  of  the  assimila- 
tion of  the  nitrogen  by  the  soil.  A  sure  test 
is  the  actual  trial  of  the  sludge  in  the  field. 

OXYGEN    DEMAND. 

In  testing  the  strength  of  industrial  waste 
the  sanitary  engineer  is  primarily  interested  in 
the  oxygen  demand,  particularly  where  the 
stream  flow  available  is  limited.  This  can 
best  be  determined  by  the  use  of  a  dilution 
test  or  the  nitrate  test  devised  by  Dr.  Led- 
erer.  The  comparison  of  strength  of  sewage 
by  this  method  is  of  value,  and  is  impressive 
even  to  the  layman.  In  the  Sanitary  District 
the  domestic  sewage  at  39th  St.  has  been 
found  to  have  a  bio-chemical  oxygen  demand 
averaging  100  to  125  p.p.m.,  with  a  consump- 
tion of  appro.ximately  25  to  30  per  cent  in 
the  first  24  hours  at  20°  C.  The  mixed  stock- 
yards and  packing-house  w-astes  average  900 
to  1,300  p.p.m.,  with  a  consumption,  of  about 
20  per  cent  in  the  first  24  hours.  Tannery 
wastes  vary  considerably,  ranging  from  400  to 
1,000  p.p.m.,  with  consumption  averaging 
around  7  per  cent  in  the  first  24  hours.  The 
consumption  in  the  first  24  hours  at  20°  C. 
has  a  direct  bearing  on  the  conditions  to  be 
met  in  a  stream  if  24  hours  is  the  interval  of 
time  to  the  critical  point.  Other  time  periods 
may  be  taken  for  study,  if  desired,  to  meet 
local  conditions. 

DESIGN   OF   WORKS. 

In  the  design  of  works  to  handle  industrial 
waste,  the  manufacturer  is  usually  anxious  to 
cut  the  cost  of  installation  to  a  minimum,  and 
consequently  the  most  careful  designing  is  re- 
quired. Where  a  plant  is  located  in  a  city  in 
the  midst  of  a  built-up  region,  lack  of  space 
is  a  great  handicap.  Although  willing  to  em- 
ploy legal  talent,  the  manufacturer  is  frequent- 
ly averse  to  engaging  competent  engineering 
advice.  Consequently  it  sometimes  happens 
that  more  funds  are  frittered  away  in  ill- 
considered  experiments  than  would  produce 
a  practical  working  plant  for  service,  and  this 
phase  is  occasionally  complicated  by  the  eager 
salesman  who  urges  devices  which  from  their 
very  principle  could  be  ruled  out  as  impracti- 
cal or  insufficient  from  the  start. 

Inside  any  industrial  plant,  self  cleansing 
sewers  are  a  necessity,  with  plenty  of  man- 
holes for  ready  inspection.  In  the  tanning 
industry  provision  should  be  made  on  the 
floors  at  all  inlets  to  the  sewers  to  hold  back 
large  pieces  of  material,  such  as  skin  and  the 
like,  by  suitable  screens  of  perforated  plates 
set  in  the  floor  over  the  outlet  drains.  Some 
of  the  most  up-to-date  factories  are  equipped 
with  catchbasins  under  every  inlet.  The  ex- 
act efficiency'  of  this  is,  however,  unknown. 
On  lines  of  sewer  the  use  of  fine  screens  may 
be  desirable  to  separate  out  material  that  is 
hard  to  handle  and  material  which  might  in- 
terfere with  the  proper  working  of  pumps  or 
other  machinery. 

Settling  tanks  should  be  designed  for  ready 
cleaning,  as  hand  cleaning  is  expensive,  al- 
though still  practiced  in  most  tanneries.  The 
experience  in  the  Chica.go  District  would  indi- 
cate that  a  tank  with  bottom  slopes  over  45° 
and  near  30°  from  the  vertical  will  feed  the 
sludge  to  the  center  of  the  tank.  However, 
the  sludge  may  become  so  caked,  if  cleaning 
is  infrequent,  as  to  be  difficult  to  pump.  Com- 
pressed air,  water  or  steam  introduced  at  the 
bottom  of  the  tank  just  b  fore  pumping  will 
break  up  the  sludge  and  render  it  easily  han- 
dled. 'Wool,  leather  strips  or  other  foreign 
material  which  will  tend  to  clog  a  small  cen- 
trifugal should  be  screened  out.  .Ample  sludge 
drying  beds  and  sludge  storage  should  be 
provided. 

Skimming  basins  are  also  useful  to  hold 
back  grease,  or  light  oils.  Grease  may  occur 
either  in  a  form  which  tends  to  float,  or  to 
be  held  in  suspension  or  to  sink.  In  hot 
liquids,  basins  of  large  surface  area  are  used. 
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These  are  the  reverse  of  settling  basins,  in 
that  scum  retaining  baffles  are  provided  with 
scant  sludge  retaining  features.  Among  these 
are  found  the  skimming  basins  built  to  catch 
oils  from  the  locomotive  shops  or  round- 
houses, as  well  as  to  catch  tar  and  refuse  es- 
caping through  the  sewers  from  gas  works, 
and  works  for  the  utilization  of  tar  and  gas 
works  waste.  In  many  cities  there  are  now 
municipal  requirements  in  force  which  require 
traps  to  retain  gasoline  and  oils  escaping  from 
garages.  In  Chicago  a  triple  basin  is  used 
suitably  trapped  and  baffled  for  this  purpose. 

The  sanitary  engineer  today  realizes  that 
sewage  can  be  treated  either  by  aerobic  or 
anaerobic  methods  to  arrive  eventually  at  the 
same  stage,  the  breaking  down  and  transfor- 
mation of  putrescible  organic  matter.  The 
anaerobic  methods  attack  organic  matter  vig- 
orously, but  are  difiicult  to  control  and  liable 
to  produce  serious  nuisance.  Consequently, 
the  sanitary  engineer  has  endeavored  in  the 
treatment  of  domestic  sewage  to  keep  the 
sewage  as  fresh  as  possible  throughout  the 
sewers  and  treatment.  In  the  height  of  the 
septic  tank  vogue  the  anaerobic  decomposition 
applied  too  generously  disgusted  many  manu- 
facturers and  proved  to  their  minds  at  least, 
from  the  foul  liquids  and  odors  produced, 
that  their  wastes  were  incapable  of  any  treat- 
ment. However,  other  methods  available  to- 
day of  screening,  settling  and  aerobic  treat- 
ment should  be  tried  before  final  opinion  is 
pronounced.  It  is  rather  curious  that  the  sep- 
tic tank  should  have  been  discovered  in  Eng- 
land and  there  patented,  when  for  years  the 
Chicago  River  and  Bubbly  Creek  had  been 
operating     as     a    septic     tank,     probably     the 


largest  in  the  world,  yet  censured  by  all  who 
passed  by.  Consequently,  with  Bubbly  Creek 
as  an  example,  it  is  now  difficult  to  see  why 
the  same  method  was  followed  in  the  hope  of 
securing  results  free  from  nuisance.  In  any 
sewage  treatment,  either  industrial  or  domes- 
tic, the  greatest  possible  freedom  from  odors 
is  desirable,  as  well  as  absence  of  ill-smelling 
liquids.  Hence  the  suspended  matter  should 
be  removed  as  quickly  as  possible.  There  may, 
however,  be  some  wastes  in  which  the  use  of 
septic  processes  is  still  of  service. 

In  approaching  the  manufacturer  it  is  un- 
wise to  arouse  any  false  hopes  as  to  the  pos- 
sibility of  recovering  values  from  the  wastes. 
As  a  rule  the  manufacturer  feels  that  little 
escapes  to  the  sewers  of  value  to  him,  and 
promptly  forgets  that  much  may  escape  which 
is  troublesome  to  the  sanitarian. 

The  municipalitv  has  a  basic  interest  in  the 
wastes  discharged  by  industries,  even  though 
the  domestic  sewage  be  not  treated,  from  the 
standpoint  of  sewer  maintenance.  Conse- 
quently, in  most  cities  ordinances  will  be 
found  regulating  the  methods  of  entrance  to 
the  sewers,  and  prescribing  catchbasins  and 
other  devices  suitable  to  retain  settling  mate- 
rial which  may  cause  deposits.  Oil  is  also  un- 
desirable. Gasoline  and  other  volatile  fluids 
should  rigorously  be  kept  out  of  the  sewers. 
The  intelligent  interpretation  of  these  ordi- 
nances by  an  engineer  familiar  with  indus- 
trial processes  and  the  application  of  engi- 
neering principles  materially  helps  in  holding 
back  a  great  deal  of  material  at  its  source, 
and  by  so  doing  relieves  expensive  mainte- 
nance of  the  sewers.  .  Recently  in  another  city 
paunch     manure     from     packing-houses    com- 


pletely stopped  a  24-in.  outfall  sewer  for  a 
distance  of  120  ft.,  flooding  the  adjoining 
back  yards.  This  necessitated  the  removal 
and  rebuilding  of  the  sewer. 

SEPAR.J,TE  vs.    MIXED   TRE.\TMENT. 

The  question  of  treatment  and  whether  it 
is  best  to  treat  industrial  wastes  separately  or 
mixed  with  domestic  sewage  is  a  problem 
which  must  be  solved  for  each  case.  How- 
ever, the  principle  seems  clear  that  many 
wastes  which  are  difficult  of  treatment  alone 
can  be  more  readily  handled  when  diluted 
with  domestic  sewage.  In  this  classification, 
particularly,  are  wastes  which  are  sterile  at 
their  source  and  which  by  dilution  with  do- 
mestic sewage  are  thoroughly  seeded  with 
bacterial  life  required  for  self-purification. 
Wastes  slightly  acid  may  be.  neutralized  by 
the  alkalinity  of  the  sewage  and  seeded  there- 
by. The  problem  is  largely  one  of  economy 
and  expediency  for  each  locality.  Occasional- 
ly hints  can  be  gained  by  comparison  of 
methods  employed  in  different  industries.  For 
instance,  in  the  mining  field  a  great  deal  has 
been  accomplished  on  special  devices  for  the 
classification  and  concentration  of  fine  slimes 
to  secure  economy  in  cost  and  operation.  To 
some  other  industries  these  same  devices  may 
be  applicable. 
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Treated  Wood  Block  Pavement  in  the 
United  States. 

The  history  of  the  development  of  treated 
wood  block  pavements  in  the  United  States 
was  discussed  in  the  report  of  the  Committee 
on  Wood  Block  Paving  presented  at  the  last 
annual  meeting  of  the  American  Wood  Pre- 
servers' Association.  Modern  methods  of 
construction  were  also  discussed.  The  com- 
mittee acknowledges  the  assistance  of  J.  D. 
McLean  of  the  U.  S.  Forest  Products  Lab- 
oratory in  compiling  information  and  writing 
the  report  a  portion  of  which  is  given  here. 

The  first  use  of  untreated  wood  blocks  as 
a  paving  material  in  the  United  States  is  said 
to  have  been  in  a  pavement  laid  in  New  York 
City  about  1835.  Before  1840  Boston  and 
Philadelphia  laid  pavements  of  spruce  and 
hemlock  blocks  which  cost  from  $2.00  to  $2.50 
per  square  yard.  The  use  of  untreated  wood 
blocks  for  pavements  was  soon  taken  up  by 
other  cities  and  a  large  variety  of  species 
were  employed,  such  as  white  pine,  hemlock, 
oak,  osage  orange,  cypress,  mesquite,  cotton- 
wood,  tamarack,  Douglas  fir,  and  redwood. 
Large  amounts  of  round  blocks,  mostly  cedar, 
were  also  used,  especially  throughout  the 
Middle  West. 

In  the  early  use  of  wood  blocks  consider- 
able attention  was  given  to  the  form  of  the 
blocks  and  a  number  of  these  were  patented. 
The  Nicholson  block,  patented  in  1848.  was 
extensively  used  between  18(i0  and  1870.  These 
blocks  were  rectangular  in  shape  and  gave 
a  much  more  even  surface  than  many  of  the 
other  forms  used. 

During  the  fiO  years  preceding  the  use  of 
treated  wood  blocks  many  cities  laid  large 
quantities  of  wood  pavements  at  great  ex- 
pense. These  were  satisfactory  at  first,  but 
they  soon  decayed,  and  in  a  comparatively 
short  time  after  laying  they  had  to  be  re- 
moved. Sub.scqucnt  to  1871  over  l.OOO.nOO  sq. 
vds.  of  untreated  wood  block  pavement  were 
laid  in  the  city  of  Washington,  D,  C,  cost- 
ing from  $2  to  $4.20  per  square  yard.  Nearly 
30  per  cent  of  this  was  removed  six  or  seven 
years  after  it  was  laid,  and  by  1880  the  last 


of  the  blocks  had  been  removed.  Similar 
trouble  was  experienced  by  other  cities  using 
untreated  wood  as  a  paving  material. 

In  most  of  the  early  wood  block  pavements 
little  care  was  taken  in  the  selection  of  the 
wood  used,  or  in  protecting  it  from  decay. 
Often  the  blocks  were  laid  on  a  plank  founda- 
tion, placed  directly  on  the  ground,  or  upon 
a  sand  base,  thereby  creating  a  favorable 
condition  for  decay.  While  both  wear  and 
decay  are  the  principal  causes  of  the  failure 
of  wood  block  pavements,  decay  is  by  far  the 
most  destructive  agency.  After  years  of  re- 
peated failures  attention  was  directed  to  the 
use   of   wood   preservatives. 

In  1882  to  1885,  wood  blocks  treated  by  the 
Wellhouse  process  were  laid  in  St.  Louis  on 
Pine  and  Oliver  streets,  and  are  said  to  have 
remained  there  until  worn  out  by  traffic.  The 
blocks  were  treated  by  the  St.  Louis  Wood 
Preserving  Company  and  were  guaranteed  by 
the  contractor  for  9  years. 

EARLY    USE    OF    TREATED    WOOD    BLOCK    PAVEMENT 
IN     THE    UNITED     STATES. 

One  of  the  first  treated  wood  block  pave- 
ments was  laid  in  Galveston.  Texas,  about 
1874.  A  pavement  of  about  75,000  sq.  yds. 
of  longleaf  pine  blocks  was  laid  at  this  time 
and  was  in  service  until  1003,  when  it  was  re- 
moved. It  is  not  thought  that  these  blocks 
were  given  the  same  kind  of  treatment  that 
is  usually  given  at  the  present  time.  They 
were  laid  on  a  sand  foundation,  no  concrete 
being  used.  Details  of  the  treatment  of  these 
blocks  are  lacking. 

In  1890  Indianapolis  laid  a  few  streets  with 
blocks  on  Washington  red  cedar.  These 
lilocks  were  thoroughly  dried  and  then  placed 
for  six  hours  in  a  bath  of  creosote,  which 
was  heated  to  a  temperature  of  over  210°  F. 
The  absorption  was  estimated  to  be  about 
three  pounds  per  cubic  foot.  No  expansion 
joints  were  used  and  considerable  trouble 
was  experienced  on  account  of  swelling. 
These  blocks  are  still  in  use  and  are  said  to 
be  in  a  good  state  of  preservation. 

It  was  realized  that  the  best  results  could 
not  be  obtained  bv  dipping  the  blocks,  and  in 
1898   the   first   pavement   was   laid    in    Indian- 


apolis of  blocks  treated  with  creosote  under 
pressure.  Longleaf  pine  was  used  and  was 
given  a  treatment  of  from  10  to  12  pounds 
per  cubic  foot.  At  this  time  no  particular 
attention  was  given  to  the  character  of  the 
oil.  This  pavement,  although  now  reported 
to  be  in  bad  condition,  gave  such  good  re- 
sults that  city  engineers  began  to  appreciate 
the  possibilities  of  treated  wood  blocks. 

The  first  wood  block  pavement  used  in  the 
East  was  laid  on  Tremont  street,  Boston,  in 
1900.  The  blocks  were  treated  by  the  creo- 
resinate  process,  in  which  a  mixture  composed 
of  one-half  creosote  oil  and  one-half  resin 
was  used.  The  object  of  adding  the  resin 
was  to  render  the  blocks  more  resistant  to 
the  absorption  of  water  and  to  assist  in  re- 
taining the  creosote  oil  in  the  wood.  This 
pavement  is  still  in  good  condition.  A  sample 
pavement  of  this  kind  was  also  laid  on  State 
Street,  Brooklyn,  N.  Y.,  in  1902. 

In  1899  one  of  the  two  roadways  on  the 
Rush  Street  bridge  in  Chicago  was  paved 
with  creosoted  longleaf  yellow  pine  blocks 
and  the  other  roadway  w'ith  untreated  blocks. 
This  aft'orded  a  good  test  of  wood  pavement 
as  the  traffic  on  this  bridge  was  probably 
heavier  than  on  any  other  street  in  Chicago. 
It  was  necessary  to  remove  the  untreated 
wood  blocks  at  the  end  of  three  years,  where- 
as the  creosoted  section  was  in  good  condition 
at  the  end  of  seven  years  and  gave  indica- 
tions of  good  service  for  several  years  more. 
They  were  then  taken  up  on  account  of  the 
untreated    plank    foundation   being   decayed. 

One  of  the  first  creosoted  wood  pavements 
in  Chicago  was  a  section  of  longleaf  pine 
blocks  laid  in  front  of  the  .-Xuditorium  Hotel 
in   1990. 

The  excellent  satisfaction  given  by  these 
treated  pavements,  which  were  largely  experi- 
mental, resulted  in  a  very  rapid  increase  in 
the  use  of  wood  blocks  throughout  the  coun- 
try, as  .shown  in  the  tabulated  data  presented 
in  this  report.  The  larger  cities  in  particular 
recognized  the  merits  of  wood  blocks  for 
streets  subjected  to  heavv  traffic  as  w-ell  as 
for  residence  streets.  Wood  .pavements  in 
Boston,  New  York,  Chicago,  and  other  cities 
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were  installed  under  severe  traffic  conditions, 
where  the  relative  durability  could  be  com- 
pared with  pavements  of  other  materials  on 
the  same  street.  Many  of  the  other  types  of 
pavements  which  were  under  similar  traffic 
conditions  failed,  while  wood  block  remained 
in  good  condition.  The  durability,  noiseless- 
ness,  and  other  desirable  features  of  treated 
wood  blocks  have  been  realized  more  par- 
ticularly within  the  last  five  or  six  years. 

At  present  nearly  30  miles  of  the  most  heav- 
ily traveled  streets  in  Manhattan  Borough, 
New  York,  are  paved  with  treated  wood 
blocks.  In  1912  New  York  laid  about  225,000 
sq.  yds.  and  over  180,000  sq.  yds.  in  1913.  Chi- 
cago had  over  600,000  sq.  yds.  in  1912  and 
laid  over  165,000  sq.  yds.  more  in  1913. 

Minneapolis  was  one  of  the  pioneer  cities 
in  the  use  of  treated  wood  pavements,  and 
has  probably  laid  as  much  as  any  city  in  the 
country.  This  city  already  has  over  1,000,000 
sq.  yds.  and  e.xpects  to  add  about  175,000  sq. 
yds.  in  1914.  St.  Paul,  Minn.,  has  planned  to 
lay  more  than  266,000  sq.  vds.  during  1914.  Bv 
January  1,  1914.  Detroit  had  over  458,000  sq. 
yds.  of  treated  wood  pavement,  having  laid 
over  166,000  sq.  yds.  of  this  in  1913.  A  num- 
ber of  other  cities  are  also  laying  large 
amounts  of  wood  block  pavement  each  year. 

DEVELOPMENT     OF     THE     MODERN     TRE.^TED     WOOD 
PAVEMENT. 

Species  of  Wood. — Southern  longleaf  yel- 
low pine  was  most  used  in  the  earlier  treated 
wood  pavements.  This  wood  has  been  found 
by  experience  to  give  excellent  satisfaction 
and  is  most  largely  used  at  the  present  time. 
Other  species  that  have  been  used  are  tama- 
rack, Douglas  fir,  hemlock,  Norway  pine, 
maple,  and  black  gum.  The  species  most 
generally  admitted  by  various  specifications 
comprise  longleaf  yellow  pine,  Norway  pine, 
and  tamarack.  Black  gum  has  been  used  to 
some  extent  in  the  East,  but  it  is  claimed  that 
this  species  has  not  been  entirely  satisfactory- 
Douglas  fir  is  used  to  a  considerable  extent 
in   the   far  West. 

Tamarack  has  been  used  in  several  cities 
and  has  given  good  satisfaction.  In  order  to 
obtain  more  complete  knowledge  on  the  rel- 
ative value  of  the  various  species  of  wood  for 
paving  purposes,  the  United  States  Forest 
Service  laid  an  experimental  pavement  in  co- 
operation with  the  city  of  Minneapolis  in 
1906.  The  woods  used  in  the  experiment  were 
creosoted  longleaf  pine,  tamarack.  Norway 
pine,  western  larch,  white  birch  and  hemlock. 
Longleaf  pine  was  used  as  a  basis  of  com- 
parison for  the  other  species.  The  last  in- 
spection was  made  July  15.  1914.  eight  years 
after  the  pavement  was  laid.  From  the  re- 
sults of  this  inspection  the  species  may  be 
classified  in  the  order  of  their  efficiency  in 
this  pavement  in  the  following  order:  (1) 
Longleaf  pine.  (2)  White  birch.  (3)  Eastern 
hemlock,  tamarack.  (4)  Norway  pine.  (5) 
Western   larch. 

Undoubtedly,  there  are  a  number  of  species 
of  wood  that  would  make  satisfactory  pav- 
ing material,  but  on  account  of  the  incom- 
plete knowledge  of  their  value  city  engineers 
prefer  a  wood  that  has  been  tried  and  proved 
satisfactory.  It  seems  probable  that  other 
species  will  in  time  be  used  more  extensively 
than  at  present.  The  proper  selection  of  the 
species  of  wood  used  for  paving  purposes  is 
most  important  as  it  determines,  to  a  large 
extent,  the  wearing  qualities  of  the  pave- 
ment. 

Depth  of  Blocks. — Recently  there  has  been 
a  tendency  to  reduce  the  denths  of  the  blocks 
and  at  the  present  time  3%-in.  blocks  are  fre- 
quently  specified,   and   even  3-in.  blocks. 

New  York  Citv  has  adopted  a  AVi-m.  deep 
block  as  standard  in  Manhattan  where  it  has 
been  demonstrated  that  a  3%-in.  block  is  not 
strong  enou.eh  to  withstand  the  heavy  traffic. 
The  Borough  of  Richmond  CStaten  Island") 
uses  3-in.  block  as  standard.  The  Borough  of 
Queens  has  some  of  the  best  wood-lock  pave- 
ment in  this  country  and  after  nearly  ten 
years'  service  3-in.  deep  blocks  show  prac- 
tically no  wear.  The  traffic  is  plentiful,  but 
the  vehicles  not  verv  heavy. 

The  block*  used  in  the  early  pavements  were 
generally  4  ins.   wide.     In   more  recent  prac- 


tice the  width  has  often  been  reduced  to  3 
ins.  This  prevents  the  blocks  being  laid  on 
their  sides.  The  permissible  length  varies 
from  5  to  6  ins.  to  10  ins. 

Specifications  generally  require  that  the 
blocks  shall  be  sound,  free  from  large  or 
loose  knots,  shakes  and  other  defects  of  that 
nature.  There  are  differences  in  the  number 
of  rings  per  inch  specified  and  in  the  amount 
of  sapwood  that  is  permissible.  .Some  engi- 
neers allow  the  use  of  blocks  having  five  or 
si.x  rings  per  inch  and  others  specify  not  less 
than   eight  or  nine. 

The  amount  of  sapwood  allowed  usually 
varies  from  10  to  40  per  cent.  In  the  early 
use  of  treated  wood  blocks,  specifications  were 
more  rigid  in  the  requirement  of  a  larger 
percentage  of  heartwood.  Experience  seems 
to  indicate,  however,  that  treated  blocks  hav- 
ing both  sapwood  and  heartwood  show  no 
noticeable  differences  in  wearing  qualities 
from   those  without  sapwood. 

Preservatives. — The  earlier  wood  paving 
blocks  were  treated  with  a  light  grade  of 
creosote  oil.  Later,  due  largely  to  expan- 
sion difficulties,  varying  amounts  of  tar  were 
added.  The  bleeding  trouble  has  recently  led 
some  cities,  notably  Chicago,  to  specify  a 
very  high-boiling  creosote  free  from  tar.  This 
oil  has  the  disadvantage  of  being  high  in 
cost. 

Most  of  the  cities  in  the  United  States  are 
now  using  an  oil  having  a  specific  gravity  of 
1.10  to  1.14,  and  containing  a  large  proportion 
of  tar,  usually  required  to  be  nearly  free 
from  carbon.  Such  an  oil  is  also  permitted 
in  the  specifications  for  paving  oils  of  the 
representative  societies  interested  in  this  sub- 
ject. 

There  is  little  difference  of  opinion  as  to 
whether  oil  from  water-gas  tar  should  be 
used.  It  is  claimed  that  this  cheaper  product 
might  be  mi.xed  with  coal-tar  oils  without 
lessening  the  value  of  the  pavement.  Several 
experimental  pavements  have  been  laid  using 
this  product,  and  until  the  results  of  these 
experiments  become  available  most  engineers 
prefer  to  exclude  water-gas  creosote  from 
their   specifications. 

Method  of  Treatment. — The  earlier  pave- 
ments were  treated  usually  with  from  10  to 
12  pounds  per  cubic  foot  of  oil.  Engineers 
then  went  to  the  opposite  extreme,  until  it 
was  the  general  practice  to  inject  20,  and  in 
some  cases  even  24  pounds  per  cubic  foot, 
resulting  in  a  greatly  increased  cost  and  ex- 
cessive bleeding  of  the  oil.  Recently  the  ten- 
dency has  been  to  reduce  absorption,  and  at 
present  16  lbs.  per  cubic  foot  is  about  the 
average  used. 

The  method  of  treatment  first  used  was. 
in  general,  to  subject  the  blocks  to  a  dry  heat 
of  250-280°  F.,  or  to  steam  them  at' pres- 
sures varying  from  25  to  50  pounds  per 
square  inch  for  periods  varying  from  3  to 
4  hours,  or  more,  depending  upon  the  con- 
dition of  the  wood.  A  vacuum  of  24  to  26 
ins.  was  then  drawn  to  remove  the  moisture, 
after  which  the  preservative  was  admitted 
without  breaking  the  vacuum,  and  pressure 
applied  until  .the  desired  absorption  was  ob- 
tained. 

-^t  present  the  method  of  treatin.g  the 
blocks  is  often  left  to  the  treating  plant  op- 
erators, the  specifications  merely  requiring  a 
given  absorption.  Some  cities,  however,  out- 
line the  method  of  treatment  in  detail  as  to 
preliminarv  steaming,  vacuum,  and  pressure 
periods,  giving  the  time,  temperature,  pres- 
sure,  etc.,   for  each  operation. 

Methods  of  Laying. — The  old  type  of  un- 
treated block  was  generallv  laid  either  on  a 
sand  or  a  plank  foundation,  neither  of  which 
was  satisfactory.  Treated  blocks  were  usuallv 
on  a  concrete  fondation  covered  with  a  sand 
cushion,  a  method  of  laying  which  is  still  in 
quite  general  use.  Much  trouble  has  been 
experienced  from  the  sand  shifting  or  being 
washed  from  under  the  blocks,  and  thus  pro- 
ducing an  uneven  surface  in  the  pavement. 
Expansion  troubles  were'  also  caused  bv 
water  penetratin.g  the  spaces  between  the 
blocks  and  saturating  the  sand.  A  bitumin- 
ous coating  is  now  sometimes  laid  directlv  on 


the   concrete   base    instead   of   the   sand   cush- 
ion. 

While  the  sand  cushion  is  still  quite  gen- 
erally employed,  there  is  a  well  marked  ten- 
dency toward  the  use  of  a  sand  and  cement 
mortar.  This  usually  consists  of  a  mixture 
of  one  part  cement  to  three  or  four  parts  of 
sand  and  is  spread  from  %  to  1  in.  thick. 
This  results  in  a  more  satisfactory  pavement, 
especially  under  heavy  traffic.  The  founda- 
tion now  generally  adopted  consists  of  a  con- 
crete base  from  5  to  7  ins.  deep,  depending 
upon  traffic  conditions,  the  mixtures  com- 
monly used  being  1,  3,  5,  or  1,  3,  6. 

Joints. — ^^In  some  of  the  early  pavernents  laid 
no  expansion  joints  were  used,  and  in  many 
cases  no  trouble  has  been  experienced  on  ac- 
count of  swelling.  In  many  other  cases, 
however,  much  trouble  has  been  caused 
through  failure  to  properly  provide  for  swell- 
ing of  the  blocks.  Streets  on  which  the 
traffic  is  heavy  do  not  require  as  much  pro- 
vision for  expansion  as  do  streets  of  medium 
or  light  traffic.  In  the  Brooklyn  and  Man- 
hattan pavements  no  provision  is  made  for 
expansion.  For  a  street  30  or  40  ft.  wide  the 
expansion  joints  are  usually  %  to  1  in.  wide 
and  filled  with  a  bituminous  filler.  In  most 
cities  rio  joints  are  emploved  to  take  care  of 
expansion   lengthwise   with   the   street. 

The  angle  of  courses  is  a  point  upon  which 
engineers  are  not  agreed.  The  most  common 
method  of  laying  has  been  at  90°  with  the 
curb,  but  many  of  the  streets  are  now  paved 
with  the  courses  at  an  oblique  angle.  In  the 
Minneapolis  experimental  pavement  the  blocks 
laid  at  oblique  angle  did  not  wear  as  fast  as 
those  laid  at  90°,  since  traffic  was  not  di- 
rectly across  the  joints  of  the  pavement.  An- 
other advantage  of  the  oblique  angle  of  lay- 
ing is  that  longitudinal  expansion  joints  at 
the  curb  will  take  care  of  expansion  in  both 
transverse  and   longitudinal   directions. 

Fillers  and  Top  Dressing. — .•X  bituminous 
or  pitch  filler  was  commonly  used  in  the  early 
treated  wood  block  pavements.  Bituminous 
or  asphaltic  fillers  and  also  sand  and  cement 
fillers  are  the  materials  generally  used  at  the 
present  time  for  filhne  the  joints.  The  ad- 
vocates of  the  sand  filter  maintain  that  the 
sand  fills  the  joints  completely  and  that  the 
surface  of  the  pavement  becomes  nractically 
homogeneous.  It  is  claimed  that  a  water- 
proof joint  is  formed  bv  the  sand  absorbing 
the  oil  which  exudes  from  the  blocks.  Others 
argue  that  the  sand  packs  into  the  joints, 
thereby  making  an  unyielding  filler  which 
does  not  allow  expansion,  but  permits  water 
to  enter  between  the  blocks,  causing  expan- 
sion of   the  oavement. 

Advocates  of  the  cement  grout  filler  claim 
that  the  use  of  this  material  insures  the  joints 
being  completely  filled  and  waterproof.  The 
mixture  is  usually  made  of  one  part  cement 
and  one  or  two  parts  sand,  which,  after  mix- 
ing to  the  proper  consistency,  is  swept  into 
the  joints. 

Opponents  of  the  cement  grout  filler  claim 
that  unless  the  pavement  is  kept  free  from 
traffic  for  a  sufficient  time  to  allow  the  grout 
to  set  thorouehly  the  bond  of  the  mortar  will 
be  broken.  Even  when  the  mortar  is  thor- 
oughly set  it  is  claimed  that  its  strength  is 
not  sufficient  for  traffic  conditions,  and  the 
filler,  therefore,  serves  the  purpose  no  better 
than  sand,  while  at  the  same  time  it  is  more 
exDensive. 

Those  favorine  the  bituminous  filler  argue 
that  the  joints  filled  with  a  tar  or  asphaltic 
preparation  constitute  individual  exnansion 
joints  between  each  block,  thereby  allowing 
for  expansion  throughout  the  navement. 
Moreover,  it  is  claimed  that  the  p.ivement  is 
made  waterproof  and  that  no  moisture  can 
enter  between  or  under  the  blocks.  On  the 
other  hand,  advocates  of  the  other  fillers 
argue  that  a  bituminous  material  becomes  soft 
and  sticky  from  the  oils  that  exude  from  the 
blocks  and  may  add  to  the  bleeding  trouble. 
In  practice,  the  bituminous  fillers  are  most 
largely  used  and  are  giving  the  best  satisfac- 
tion. 

The  too  dressing-  most  commonlv  emploverf 
is  a  layer  of  sand  spread  about  Vz  in.  deep 
over  the  comoleted  pavement.    This  sand  fills 
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up  any  small  pockets  that  may  be  present  and 
is  more  or  less  ground  into  the  wood,  mak- 
ing the  pavement  less  slippery. 


Concrete  Roads  and  Frost  Action. 

It  is  held  by  many  engineers  that  the  ac- 
tion of  frost  is  a  primary  cause  of  many  of 
the  cracks  that  occur  in  old  concrete  pave- 
ments. In  a  paper  before  the  last  annual  con- 
vention of  the  American  Concrete  Institute 
held  in  Chicago,  Mr.  Lovis  discussed  the  sub- 
ject of  frost  action  on  Massachusetts  roads 
and  his  paper  is  given  here. 

IMPORTANCE    OF    PROPER    FOUNDATIONS. 

There  are  four  distinct  features  to  be  con- 
sidered in  road  construction :  the  alignment, 
the  grade,  the  foundations  and  the  surface. 
We  sometimes  hear  comparisons  made  of  the 
relative  value  of  these  factors,  but  in  the 
consideration  of  what  is  sometimes  called  "a 
perfectly  good  road"  we  will  find  that  all  are 
necessary  and  equally  important.  In  the  or- 
der of  their  construction,  the  value  of  each 
depends  upon  the  integrity  of  the  preceding 
work.  Almost  an  infinite  variety  of  surfaces 
may  be  used  on  roads,  and  some  variations 
may  be  made  in  the  locations  and  grades,  but 
whatever  may  be  the  alignment,  grade  or  sur- 
face we  must  try  and  make  permanent  the 
foundations. 

There  has  been  a  belief  that  the  founda- 
tions under  a  concrete  load  may  be  neglected, 
and  in  fact  it  has  been  believed  that  concrete 
may  be  laid  with  perfect  safety  on  almost 
any  kind  of  soil  without  danger  of  bad  ef- 
fects from  frost  action.  There  have,  how- 
ever, been  many  experiences  which  prove  that 
such  is  not  the  truth,  and  most  concrete  road 
builders  are  now  of  the  opinion  that  the  sub- 
grade  is  to  be  constructed  quite  as  carefully 
for  concrete  as  for  a  macadam  or  grave!  sur- 
face, and  this  is  substantially  the  opinion  of 
the  Committee  on  Subgrades  as  expressed  in 
their  report  at  the  National  Conference  -.n 
Chicago  last  year. 

It  will  be  found  very  difficult  to  make  any 
standard  specifications  for  subgrading  which 
will  not  be  a  source  of  danger,  rather  than  of 
safety,  in  practice,  the  danger  being  that  the 
inexperienced  engineer  may  follow  literally 
the  rule  given,  even  though  the  physical  con- 
ditions require  special  treatment.  The  con- 
struction of  the  subgrade  for  a  macadam  or 
gravel  road  has  always  required  more  special 
experience  on  the  part  of  the  engineer  than 
any  other  subject  connected  with  the  work, 
after  the  location  and  grade  lines  have  been 
determined.  In  Massachusetts  we  have  learned 
something  of  this  subject  only  after  having 
made  many  mistakes,  especially  as  a  result 
of  not  having  enough  volume  and  depth  of 
good  material  in  the  subgrade.  It  is  doubt- 
ful if,  later,  in  the  full  knowledge  of  the  case. 
we  can  cite  a  place  where  too  much  material 
was  used.  Economically  wiser  construction, 
during  the  past  eighteen  years,  would  have 
involved  a  different  type  and  a  greater  amount 
of  material  in  the  subgrade  than  was  prac- 
ticed, especiallv  in  the  earlier  years. 

SIDE     DRAINS     ABANDONED     IN      MASSACHUSETTS. 

The  side  drain  type  of  construction  was 
used  for  about  ten  years,  and  was  abandoned, 
and  what  was  called  a  V-drain  was  adopted. 
This  drain  consists  of  a  stone  fill  of  cobbles, 
in  sizes  of  8  ins.  and  less,  in  their  longest 
dimensions,  and  in  bad  soils  was  constructed 
18  ins.  in  depth  in  the  center  and  6  ins.  at  the 
sides,  under  the  full  width  of  the  macadam, 
giving  for  a  1.5-ft.  road  about  %  cu.  yd.  of 
stone  fill  per  lineal  foot.  Good  gravel,  in- 
stead of  cobbles,  has  been  used  in  the  same 
way,  with  satisfactory  results.  This  type  of 
drain  has  been  changed,  of  recent  years,  so 
that  at  present  the  stone  fill  or  gravel  is 
often  placed  on  a  level  base.  The  important 
end  to  be  attained  is  to  overcome  a  tendency 
to  irregular  frost  action  and  resultant  disin- 
tegration of  the  surface.  Our  experience  in 
Massachusetts  on  the  greater  value  of  this 
method  of  construction  over  the  old  sy.stem  of 
side  drains  is  a  positive  one,  and  there  need 
be  no  further  basis  of  argument  on  this  ques- 
tion.     Disintegration    from    frost    action    has 


been  overcome  by  this  method  more  effective- 
ly than  by  the  side  drain  method,  and  at  a 
very  much  less  cost.  In  connection  with  this 
matter  it  is  important  that  the  water  be 
drained  from  under  the  road  at  intervals  by 
means  of  blind  drains. 

The  following  is  a  copy,  in  part,  of  speci- 
fications  for   stone   filling: 

At  such  places  as  the  engineer  may  direct 
stone  filling  shall  be  placed.  Excavations  shall 
be  made  to  the  lines  shown  on  the  cross-sec- 
tions. The  stones  to  be  furnished  by  the  con- 
tractor may  be  either  wall  stones  or  cobbles 
ranging  in  size  from  the  smallest  obtainable  to 
those  not  exceeding  S  ins.  in  their  longest  di- 
mension, and  the  larger  stones  shall  be  placed 
at  the  bottom.  .  .  .  The  stone  filling  shall  be 
rolled  with  steam  road  roller  to  the  satisfac- 
tion of  the  engineer. 

EXPERIMENT    ON    NORTH    ANDOX^ER    ROAD. 

In  1913,  in  the  town  of  North  Andover,  the 
Massachusetts  Highway  Commission  built  a 
concrete  road  for  a  length  of  about  two  miles. 
The  concrete  was  put  on  an  old  turnpike 
between  Salem  and  Lawrence.  In  our  pre- 
liminary consideration  of  the  type  of  road  to 
be  used  for  this  section  we  proposed  a  mac- 
adam road  with  a  2-in.  bituminous  upper 
course  of  Bermudez  asphalt.  As  the  sul>soil 
was  exceedingly  bad,  it  was  proposed  to  put 
in  about  8  ins.  of  gravel  under  the  macadam. 
When  the  preliminary  estimate  was  made  it 
was  found  that  the  cost  of  subgrading  was 
considerable,  and  made  the  total  estimate  for 
this  construction  high,  and  on  that  account  it 
was  decided  to  adopt  a  concrete  road,  as  the 
estimate  showed  that  the  concrete  road  would 
cost  less  than  the  Bermudez  road. 

The  cross-section  for  the  road  was  such 
as  would  be  used  for  a  macadam  road,  with 
the  same  crown  for  subgrade  and  for  sur- 
face section.  This,  however,  was  changed  to 
a  level  cross-section  for  the  subgrade  before 
the  work  was  finished.  The  road  was  19%  ft. 
in  width.  The  concrete  was  8  ins.  deep  in 
the  center  and  6  ins.  deep  at  the  sides.  The 
mi.xtures  of  concrete  were  1-2-4  and  l-l%-3. 
The  stone  used  in  the  concrete  varied  in  size 
from  Vi  in.  to  1%  ins.  The  concrete  was  laid 
in  one  course,  and  a  number  of  different 
brands  of  cement  were  used. 

LONGITUDINAL   CRACKS    DUE   TO    FROST. 

After  the  road  was  finished,  cross-sections 
were  taken  at  intervals  of  50  ft.  and  marks 
were  painted  where  the  rod  had  been  held 
for  levels  at  the  center  and  sides.  In  the 
winter,  after  a  continuous  cold  spell,  these 
levels  were  taken  again  at  the  same  places 
that  the  originals  were  taken,  and  again  in 
the  spring,  when  the  frost  was  entirely  out 
of  the  ground.  By  this  means  it  was  possi- 
ble to  know  exactly  how  much  the  surface 
was  raised  by  the  action  of  the  frost,  and  to 
observe  carefully  the  raising  up  of  the  road, 
and  its  relation  to  the  cracking  of  the  sur- 
face. A  diagram  of  the  road  was  plotted  and 
notes  were  made  which  indicated,  in  tenths 
of  a  foot,  the  amount  of  the  lifting  of  the 
surface.  Also,  on  the  same  diagram,  the 
cracks  on  the  road  were  shown.  These  cracks 
were,  as  a  rule,  longitudinal,  and  were  a  lit- 
tle to  the  right  or  left  of  the  center.  In 
nearly  every  instance  the  evidence  of  this  dia- 
gram is  that  where  no  gravel  was  placed  be- 
neath the  concrete  or  where  the  concrete  was 
not  reinforced,  the  cracks  developed  on  the 
road  proportionately  to  the  amount  of  the 
frost  action.  This  seemed  to  be  invariably 
the  condition,  as  in  no  instance  did  we  find 
these  longitudinal  cracks  well  developed  ex- 
cept where  the  frost  had  affected  the  road 
considerably,  and  it  also  appeared  that  in  no 
instance  was  the  frost  action  severe  without 
the  accompanying  cracks,  except  on  certain 
sections  of  the  road  where  gravel  had  been 
placed  in  the  subgrade  under  the  concrete. 
We  found  also  that  the  reinforcement  of  the 
road  with  steel  rods  had  a  considerable  but 
not  complete  effect  in  offsetting  the  develop- 
ment of  cracks,  even  where  the  frost  action 
had  been  severe. 

It  may  be  inferred  from  our  experience  on 
this  road  that  it  is  an  immensely  important 
matter  to  see  to  it  that  the  subgrading  is  am- 
ple, and  as  permanent  for  this  sort  of  struc- 


ture as  if  we  w-ere  constructing  either  a  mac- 
adam or  a  gravel   road. 

In  reference  to  the  nuestion  of  whether  we 
may  assume  that  it  is  possible  to  reduce  the 
amount  of  material  under  a  concrete  road 
and  use  less  than  we  would  if  we  were  con- 
structing a  macadam  road  I  have  endeavored 
to  get  the  opinion  of  several  men  who  have 
had  considerable  experience  on  concrete  con- 
struction. The  opinion  of  one  was  that  it 
was  impossible  at  the  present  time  to  deter- 
mine how  much  may  be  saved  in  subgrading, 
but  he  writes : 

I  should  be  inclined  to  say  on  an  average 
the  cost  of  subgrading  under  concrete  roads 
might  be  reduced  from  25  to  50  per  cent. 

If  this  were  adopted  in  theory  it  would  Ije 
safe  in  making  a  preliminary  estimate  for  a 
road  of  this  character  to  reduce  the  amount 
of  the  loose  stone  or  gravel  under  the  con- 
crete  by  one-third. 

Mr.  .Austin  B.  Fletcher,  state  highway  engi- 
neer of  California  in  reply  to  this  question, 
says: 

With  the  thin  work,  mostiv  not  over  4  Ins.. 
which  is  beine-  done  so  generally  on  California 
state  highways,  there  is  no  saving:  in  cost  in  the 
subgrade,  and  in  my  opinion  the  cost  is  con- 
siderably increased  because  of  the  extraordin- 
ary care  it  is  necessary  to  tal<e  in  getting  a 
firm,  hard,  subgrade.  I  hardly  know  how  this 
would  work  out  in  the  case  of  a  thick  concrete 
base,  but  I  would  hesitate  to  scrimp  on  th'' 
character  of  the  subgrade  even  if  6  or  7  ins.  of 
concrete  were  used.  It  Is  true  that  the  con- 
crete bridges  over  small  inequalities  in  the  sub- 
grade,  but  I  do  not  think  that  one  should  place 
too  much  reliance  on  this  property  of  the  con- 
crete. 

STONE    OR    GRAVEL    BASE    FOR    CONCRETE. 

It  was  Stated  that  the  old  side  drain  type 
of  construction  was  abandoned  in  Massachu- 
setts over  10  years  ago,  and  a  rough  stone  fill 
was  deposited  directly  under  the  macadam, 
and  the  results  were  much  more  satisfactory 
than  those  we  had  obtained  with  the  side  drain 
type  of  construction.  It  seems  evident  that 
this  experience  with  macadam  roads  should  be 
applied  to  the  construction  of  concrete  roads 
as  well,  and  the  road  engineer  should  not 
place  too  much  confidence  in  the  side  drains 
to  provide  against  any  disintegration  of  the 
surface  of  the  road.  It  is  not  meant  by  this 
statement  to  imply  that  the  side  drains  have 
no  value,  but  the  point  is  that  the  stone  or 
gravel  filling  under  the  macadam  or  concrete 
w'ill  be  more  efficacious  and  less  expensive, 
and  the  virtue  of  it  will  become  apparent  after 
a  number  of  years  have  elapsed,  because  it 
has  been  found  in  this  state  that  only  after  a 
term  of  years  was  it  realized  that  the  side 
drains  were  becoming  failures. 

In  conclusion,  it  is  plain  that  it  is  not  wise 
to  neglect  the  foundationj  under  a  concrete 
road.  If  the  engineer  has  had  experience  in 
determining  the  proper  amount  of  material  to 
be  placed  under  a  macadam  road  he  may  as- 
sume that  somewhat  less  will  suffice  under  a 
concrete  surface,  hut  with  our  present  knowl- 
edge of  this  subject  he  will  be  careful  not  to 
invite  a  failure  by  using  too  little  material. 
It  is  not  always  possible  to  obtain  good  gravel 
or  cobbles  for  making  a  foundation  in  the 
immediate  neighborhood,  but  it  will  be  best  to 
import  them  rather  than  to  take  a  chance  w-ith 
inferior  material.  The  sand  or  stone  should 
be  placed  for  the  full  width  of  the  concrete 
slab. 


Tests  of  Adhesion  and  Resistance  to 
Sliding  of  Concrete  Joints. 

Adhesion  in  shear  of  concrete  joints  under 
conditions  of  actual  construction  were  made, 
Jan.  3,  1914,  under  direction  of  the  U.  S. 
Engineer  Office,  Colonel  Shuuk,  at  Pittsburgh, 
Pa.  Two  pairs  of  blocks  were  molded  in 
place  on  the  top  of  the  land  wall  of  the  lock 
about  3%  months  before  the  test.  In  one 
test  the  land  wall  was  clean  and  smooth  when 
the  blocks  were  molded  on  it.  In  the  second 
test  the  land  wall  had  been  somewhat  rough- 
ened by  picking  with  an  ordinary  pick.  The 
blocks  were  pushed  apart  by  the  hydraulic 
jack. 

Omitting  all  question  of  moment  and  un- 
usual stresses,  and  assuming  that  the  resist- 
ance was  due  only  to  adhesion  and  to  friction 
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of  the  two  surfaces,  which  gives  the  maximum 
possible  value  to  these  two,  the  required  force 
to  rupture  the  bond  amounted  to  about  50  lbs. 
per  square  inch  in  each  case. 

On  Feb.  5,  1914.  further  tests  were  made  at 
Pittsburgh  to  determine  adhesive  tension  be- 
tween concrete  joints.  The  apparatus  con- 
sisted of  eight  hydraulic  jacks  which  lifted 
blocks  of  concrete  having  joints  3x3  ft.  ad- 
hering to  the  land  wall  at  Lock  No.  1,  Monon- 
gahela  River.  These  concrete  blocks  were 
molded  about  4%  months  before  the  test.  The 
joint  was  examined  after  each  experiment, 
and  in  no  case  was  there  any  evidence  at  all 
of  poor  bond  or  weakness  in  the  joint.  After 
making  the  test  reductions,  etc.,  the  following 
are  the  final  results  obtained   from  adhesion : 

Experiment  No.  1.  Surface  of  land  wall 
washed  with  water;  ultimate  strength  of  adhe- 
sion 41  lbs.   per  square  inch. 

Experiment  No.  2.  Surface  of  land  wall 
washed  with  acid;  ultimate  strenstli  of  adhe- 
sion 2.4  lbs.  per  .square  inch. 

Experiment  No.  3.  Surface  of  land  wall 
washed  with  water;  joint  cemented  with  mor- 
tar; ultimate  strength  of  adhesion  7  lbs.  per 
square  inch. 

Experiment  No.  4.  Surface  of  land  wall  picked 
and  washed  with  water;  ultimate  strength  i  f 
adhesion  47  lbs.   per  square  inch. 

These  two  sets  of  experiments  were  as  near 
to  lield  conditions  as  could  be  arranged.  The 
concrete  was  the  usual  field  mix,  was  thrown 
into  the  forms  in  the  usual  way  and  no  more 
or  no  less  care  was  given  than  is  usually 
given  in  the  field.  These  results  are  given 
by  Capt.  W.  A.  Mitchell  in  "Professional 
Memoirs."  Jan. -Feb.,  1915,  and  on  their  show- 
ing the  Ohio  River  Board  decided  in  dam 
design  coming  under  its  direction  to  place  no 
reliance  on  adhesion  of  concrete  to  concrete 
or  to  rock. 


Wide  Streets  and  Narrow  Walks  and 
Roadways  in  Residential  Districts. 

(Staff  .'\rticle.) 

In  his  latest  annual  report  Mr.  Nelson  P. 
Lewis,  chief  engineer  of  the  Board  of  Esti- 
mate and  Apportionment  of  the  City  of  New 
York,  calls  attention  to  some  interesting  argu- 
ments in  favor  of  narrow  sidewalks  and  road- 
ways in  residence  districts.  What  Mr.  Lewis 
has  to  say  on  this  point  is  largely  applicable 
to  all  cities,  regardless  of  size.  It  touches 
upon  the  rights  of  the  small  home  owner  in 
a  spirit  whicli  is  perhaps  too  infrequently  ex- 
ercised in  cities  of  mu'.h  over  20,000  popula- 
tion. 

The  subject  is  brought  up  in  connection  with 
a  discussion  of  the  regulation  of  the  height 
of  buildings.  The  board  has  always  insisted 
upon  a  minimum  street  width  of  60  ft,  not  be- 
cause such  a  width  will  be  required  in  all 
cases,  but  because  no  one  can  predict  which 
streets  will  ultimately  become  traffic  thorough- 
fares. Also  with  good  transportation  facili- 
ties, an  intensive  use  of  land  in  certain  dis- 
tricts may  occur,  when  60  ft.  as  a  minimum 
street  width  will  be  required  to  insure  ade- 
quate light,  air  and  access.  We  quote  from 
Mr.  Lewis's  statement  as  follows : 

The  acquisition  of  60  ft.  as  a  minimum  street 
width  and  the  paving  of  such  a  street  in  the 
standard  manner,  with  a  roadway  30  ft.  wide, 
will,  if  the  abutting  property  is  to  be  developed 
with  detaclied  single  family  houses,  involve  an 
economic  waste  and  impose  an  entirely  unnec- 
essary burden  upon  the  abutting  owners.  A 
reduction  in  the  roadway  width  to  one  which 
will  meet  local  needs  until  such  time  as  there 
is  a  demand  for  greater  highway  capacity  has 
frequently  been  recommended  by  this  office,  but 
owing  to  the  uncertainty  as  to  the  future  use 
of  the  land  resulting  from  the  entire  absence  of 
local  restrictions  it  has  been  thouglit  unwise  to 
make  any  concessions  as  to  the  width  of 
streets.  The  roadway  can  be  widened  at  little 
expense,  and  the  owner  is  saved  the  first  cost 
of  needless  pavement  and  the  city  the  burden 
of  its  maintenance  until  such  time  as  it  may 
he' required,  but  the  widening  of  a  street  which 
is  too  narrow  between  the  buildings  in  order 
to  meet  changed  conditions  is  very  costly  and 
often  impossible. 


In  the  borouglis  where  development  is  most 
marked  many  of .  the  home  owners  liold  their 
property  by  a  very  slender  thread.  They  carry 
mortgages,  the  interest  on  which  requires  all  of 
their  resources,  and  an  assessment  is  almost 
confiscation.  IVIany  of  them  would  be  better  off 
if  they  did  not  attempt  to  own  their  homes,  not- 
withstanding the  notion  frequently  prevalent 
that  a  city  of  home  owners  is  on  a  sounder 
basis  than  a  city  of  tenants.  Many  of  them 
have  been  sadly  misled  in  attempting  to  own 
their  own  homes,  but  they  have  them  and  the 
city  should  try  and  make  it  as  easy  as  possible 
for  them  to  keep  them.  This  can  be  done  by 
reducing,  as  far  as  is  consistent  with  the  public 
interest,  the  cost  of  street  improvements.  Cheap 
building  lots  require  cheap  streets,  and  cheap 
streets  can  only  come  wlien  the  improvements 
are  cut  down  to  the  lowest  limit  consistent 
with   good   sanitary   conditions. 

With  curbing  at  80  cts.  a  linear  foot,  cement 
sidewalks  at  20  cts.  a  square  foot,  and  bitu- 
minous concrete  at  $1.25  a  square  yard,  with  an 
allowance  of  $1  a  running  foot  for  grading  a 
60-ft.  street  and  70  cts.  a  running  foot  for  grad- 
ing a  40-ft.  street,  the  cost  to  each  20-ft.  lot, 
not   including  corners,   for  the  surface  improve- 


Fig.  1 — Survey  Monument  of  Concrete  Filled 
Corrugated  Culvert  Pipe. 

ment    of    that    part    of    the    street    on    which    it 
fronts   would   be   as   follows: 

60-ft.  street— 30-ft.    roadway,   5  ft.  walks.  .$87.67 

60-ft.  street— 20-ft.    roadway,   4-ft.  walks..   69. 7S 

40-ft.  street— 20-ft.    roadway,    4-ft  walks..   66.7S 

40~ft.  street— 16-ft.   roadway.   4-ft.  walks..   61.2:; 

A  narrower  street,  with  16-ft.  roadway  and 
4-ft.  walks  would  answer  every  purpose  in 
many  cases  provided  an  intensive  development 
were  made  impossible,  and  this  would  represent 
a  saving  of  $26.45  for  each  20-ft.  lot,  or  $52.90 
for  a  40-tt.  plot  with  a  detached  cottage.  A 
very  important  m.atter  for  the  owner  of  a  mod- 
est home  struggling  with  a  mortgage  for  a 
large  proportion  of  its  cost  is  that  the  assess- 
ment must  be  paid  when  due  or  carry  7  per  cent 
interest.  This  argument  is  not  believed  to  be 
inconsistent  with  the  repeated  recommendations 
of  this  office  in  favor  of  60  ft.  as  a  minimum 
street  width  under  existing  conditions  when  the 
character  of  future  development  cannot  be  con- 
trolled. 

What  Mr.  Lewis  says  of  the  condition  of 
the  small  home  owner  is  a  familiar  matter 
to  small  town  officials.  Such  officials  are 
often  greatly  embarrassed  by  having  a  per- 
sonal friend  say  to  them  :  "If  you  pave  that 
street  I'll  lose  my  home.  I  can  barely  meet 
my  present  obligations."  In  large  cities  where 
the  officials  know  personally  a  relatively  small 
number    of    people   such    embarrassments    sel- 


dom occur.  But  it  should  be  kept  in  mind 
that  the  condition  of  the  small  home  owner 
in  even  such  a  great  city  as  New  York  is  not 
very  different  from  that  in  any  town  of  20,000 
or  over.^  The  rights  of  such  individuals  must 
be  considered.  i 

The  form  this  consideration  should  take, 
we  believe,  is  the  insistence  upon  wide  streets, 
narrow  sidewalks  and  narrow  paved  roadw'ays. 
Streets  must  be  kept  wide  at  the  outset,  for 
the  nature  of  their  future  use  cannot  be  accu- 
rately foretold.  However,  for  the  reasons  so 
clearly  set  forth  by  Mr.  Lewis,  narrow  walks 
and  narrow  paved  roadways  are  worthy  of  the 
most  careful  consideration  in  residence  dis- 
tricts. Thus  a  60-ft.  street,  4-ft.  sidewalks 
and  a  16  or  20-ft.  pavement,  with  curb  and 
gutter,  would  seem  to  be  ample  for  the  needs 
of  such  districts.  It  will  seldom  be  necessary 
later  to  widen  such  walks  and  roadways,  but. 
when  necessary,  it  presents   few  difficulties. 

There  are  two  additional  advantages  of  the 
street  plan  just  suggested.  The  wide  street 
and  narrow  roadway  mean,  of  course,  wide 
parkings.  These  parkings  will  be  maintained 
in  order  by  householders  and  will  virtually 
amount  to  a  lengthening  of  the  lots.  More- 
over, pipe  lines  can  be  laid  in  wide  parkings, 
as  is  the  practice  in  many  cities.  This  posi- 
tion of  the  pipe  lines  has  an  obvious  advan- 
tage in  saving  the  pavement.  Service  con- 
nections, in  ordinary  soils,  can  readily  be 
pushed  under  such  narrow  pavements  as  that 
here  under  discussion.  Another  advantage 
from  the  narrow  pavement  is  that  it  discour- 
ages speeding  of  automobiles.  This  is  desir- 
Me  in  districts  where  small  children  are 
frequently  on  the  roadway. 


A    Survey    Monumeiit    of    Corrugated 
Culvert  Pipe  Filled  with  Concrete. 

Contributed  by  L.  W.  R.  Allison,  170  Roseville 
Ave,.  Newark,  N.  .1. 
.\  novel  and  interesting  use  for  corrugated 
ingot-iron  culvert  pipe  is  shown  by  the  series 
'if  survey  monuments  of  this  material  recently 
adopted  for  service  on  the  dividing  line  be- 
tween Stanislaus  and  Merced  counties.  Cali- 
fornia. New  surveys  of  the  Stanislaus-Merced 
county  line  were  made  in  1914  by  E.  H.  An- 
near,'  County  Surveyor  of  the  first  mentioned 
county,  and  to  whom  the  writer  is  indebted  for 
the  accompanying  data.  In  connection  with 
this  resurvey,  new  monuments  have  been 
erected,  as  sJiown  in  Fig.  1.  These  are  formed 
of  No.  20  gage  American  ingot-iron  corru- 
satcd  culvert  pipe,  6  ft.  long,  about  3  ft.  of 
this  length  being  set  in  the  ground.  To  afford 
stability,  the  pipes  are  filled  with  concrete, 
and,  well  tamped,  are  built  up  slightly  at  the 
ground  level  with  rock  and  earth.  These  mon- 
uments are  23  ins.  in  diameter  at  the  base, 
tapering  to  12  ins.  at  the  top,  where,  at  the 
center,  a  IV2.  in.  galvanized  iron  pipe  is  im- 
bedded in  the  concrete  in  order  that  the  monu- 
ment may  be  flagged  conveniently.  Thirteen 
of  these  monuments  have  been  set  along  the 
county  line  for  its  distance  of  35%  miles,  be- 
ing slightly  less  than  2%  miles  apart.  Beyond 
the  novelty  of  employing  culvert  pipe  for  this 
purpose,  the  advantages  evidenced  will  be  read- 
ily noted.  It  is  a  type  of  survey  monument  that 
affords  both  low  initial  and  maintenance  cost, 
permanency,  and  long  life. 


Costs  of  Sewerage  in  Nebraska. — Under 
average  conditions  in  Nebraska,  a  r2-in.  sewer 
can  be  laid  at  a  depth  of  10  ft.  at  a  cost  of 
about  $4,000  per  mile,  and  an  8-in,  pipe  at  a 
cost  of  about  $3,000  per  mile.  These  costs  vary 
greatly  in  different  localities,  but  are  a  fair 
average.  In  the  lateral  sewer  districts  the 
total  assessment  would  vary  from  $18  to  $25 
for  a  oO-it.  lot.  These  figures  were  recently 
given  out  by  Mr.  George  W.  Bates,  Deputy 
City  Engineer  of  Lincoln,  Neb. 

Oiling  Streets  in  Victoria,  B.  C. — An  av- 
erage cost  of  1.23  cts.  per  yard  was  the  rec- 
ord for  oiling  7.33,000  .sq.  yds.  of  streets  in 
Victoria,  B.  C.,  in  1914.  This  cost  includes 
cost  of  oil,  sand  and  removing  dust,  sprink- 
ling oil,  teams  and  plant  rental,  but  not  over- 
head expenses. 


Articl 


Eimriinieeirmi 

QssJ 


iimd  C©imitira€itmM 


Published    every    Wednesday    by    The    Myron    C.    Clark    Publishing    Company,    608   So.    Dearborn   Street,   Chicago 

Entered  as  second-class  matter.  April  17,  1907,  at  the  Post  OfBce  at  Chicago,  Illinois,  under  Act  o(  March  3,  1879. 
Copyright,  1914 ,  by  The  Myron  C.  Clark  Publishing  Company. 

EDITORS:    H.P.Gillette,    C.  S.  HiU,    C.  T.  Murray,    S.  C.  Hadden,    C.W.Malcolm.      C.  R.  Thomas.         MANAGER:  F.  P.  Burt. 


BOBSCRIPTIONS  (payable  In  advance) :  $2.00  a  year  (52  Issues)  In  the  United  States,  Cuba.  Mexico,  Alaska,  Hawaii,  Guam.  Porto  Rico,  Philippine  Islands,  Republic 
Canal  Zone  and  Island  of  Tutuila.    $3.00  a  year  in  the  Dominion  of  Canada.    $4.00  a  year  In  all  other  countries. 


of  Pan  ami 


Vol.  XLIII.     No.  16. 


INDEX  TO  TECHNICAL  ARTICLES. 


April  21,  1915. 


PANAMA  CANAL:     Civilian  Builders. 

The     Civilian      Builders     of     the      Panama 
Canal:   Gen.   George   W.   Goethals 349 

Comments  on  the  public  appreciation  by  Gen. 
GoethaLs  of  the  work  done  on  the  canal  by 
civilian.?.     K.   &  C.  .'\pril  21,   1915;    %  col. 


Competition    Between    Con- 


ENGINEERS: 

Hultinj. 

Inviting    and    Avoiding    Direct   Competition 
Betw/een    Consulting    Engineers 349 

.\n  editorial  urging  public  agencies  which 
sometimes  submit  to  city  officials  lists  of  names 
of  successful  consulting  engineers,  to  discoura.se 
anv  tendency  to  invite  competitive  bidding  be- 
tween tho.se  suggested  as  competent  to  perform 
a   certain    service.      E.    &    C.    April   21,    1915;    ^4 

rnl 

BUILDINGS:     Quantity    Surveys    of. 

Cost  of  Quantity  Surveys  of  Buildings  and 
a    Proposed    Survey    Guarantee 349 

Editorial  comment  on  the  making  of  quantity 
surveys  and  their  cost.  States  the  guarantee 
clause  of  a  company  organized  to  make  quan- 
tity surveys,  and  comments  on  same.  E.  &  C, 
April  21.   1915;  1  col. 

WAR:     Emigration  to  America. 

Will    High    European    Taxes    Drive    Money 
and   Men  to  America? 349 

Discusses  the  effect  of  the  inevitable  hifeh 
taxes  at  the  close  of  the  European  war,  and  the 
probability  of  enormous  increase  in  emigration. 
.Also  predicts  the  flow  of  investment  capital  to 
.\morica.     E.  &  C,  -April  21,  1915;  1  col. 


ENGINEERING    EDUCATION:     Factors   for 
.Success  and  Leadership. 

Engineering    Education,    Engineering    Suc- 
cess and   Leadership  Among   Men 350 

Editorial  discussion  of  some  tendencies  in 
engineering  education  and  their  influence  on  the 
status  of  the  engineer.  Discusses  the  probabili- 
ties of  engineers  exercising  leadership  over  men 
in  other  lines  of  work.  Argues  that  engineers 
who  change  to  other  lines  of  work,  after  prac- 
ticing engineering  for  some  time,  and  who 
achieve  success,  do  so  not  primarily  because  of 
their  engineering  training,  although  it  may 
contribute  to  that  success.  E.  &  C,  April  21, 
1915;  2  cols. 

ROADS:    Concrete;   Bituminous  Carpets. 

Service    Tests    at    Philadelphia    of    Bitum- 
inous Carpets  for  Concrete  Roads 350 

Briefly  notes  the  effects  of  two  years'  service 
I  bituminous  carpeted  concrete  road.     E.  &  C, 
Vs  col. 


on 

April  21.   191 


WATER    SUPERINTENDENTS'    DAY:       .\. 
W.    W.    ,\.    Convention. 

Superintendents'  Day  at  the  Coming  Meet- 
ing of  the  American  Water  Works  As- 
sociation    351 

.•\n  announcement  of  this  feature  of  the  pro- 
gram urging  water  superintendents  to  do  their 
full  nart  to  make  this  day  a  success.  E.  &  C. 
April  21.   1115;  %   col. 


FILTER:     Drifting-sand.    Ransome;    Princi- 
ples and  Test  Data. 

The  Ransome  Drifting-Sand  Water  Filter 
— Results  of  Tests  on  Demonstration 
Unit    at    Toronto 351 

Describes  principles  and  theories  underlyin.i; 
the  design  and  operation  of  this  type  of  filter. 
Illustrates  and  describes  design  features  of 
demonstration  plant  and  gives  results  of  30-day 
test.     E.  &  C,  April  21.  191.3;  3^4  cols. 


TUNNEL,   WATER   WORKS   INTAKE:  Mil- 
w:iukee;  Construction  Plant  and  Methods. 

Construction  Plant  and  Methods  Employed 
on  New  Water  Works  Intake  Tunnel  at 
Milwaukee,   Wis 352 

First  of  two  articles.  Briefly  describes  com- 
prehensive plan  for  collecting  water  at  Milwau- 
1-ee,  with  special  reference  to  design  of  new 
Linwood  Ave.  intake  tunnel,  crib,  and  pipe  lines 
levond  crib.  Gives  contract  prices.  Describes 
construction  of  short  shaft,  end  methods  and 
plant  employed  in  driving  the  tunnel.  E.  &  C, 
April  21,   1915;   81/2  cols. 


FILTER    PLANT:     Quincv.   111.;    Design   and 
Operation  of. 

Design    and   Ooeration   of   New   Water   Fil- 
tration  Plant  at  Quincy,   III 355 

Describes  arrangement  and  dimensions  of  the 
plant,  .and  tlie  system  of  operation.  E.  &  C, 
April   21,    1915;   2  cols. 


BRIDGES;     Shifting    Swing    Span    on    C.    & 
,\'.   W.  Ry.,  at  Milwaukee. 

Design  and  Construction  Work  Preliminary 
to  the  Actual  Shifting  of  a  Double-Track 
Swing  Bridge  on  the  Chicago  &  North- 
western  Ry.,  at  Milwaukee,  Wis 356 

Describes  in  detail  and  illustrates  the  design 
and  construction  work  preliminary  to  the  shift- 
ing of  a  237-ft.  6-in.  double-track  swing  span 
on  the  Chicago  &  Northwestern  Ry.,  at  Mil- 
waukee, Wis.  Working  drawings  are  shown  of 
design  features  and  of  the  falsework  and  brac- 
ing used  in  erecting  the  span.  The  erection 
procedure  as  outlined  in  advance  by  the  railw.ay 
company  is  given  in  detail.  The  actual  .shift- 
ing operations  are  covered  in  another  article  in 
this  issue.     E.  &  C  .April  21,  1915;  lO'A  cols. 


BRIDGES:     Shifting  of  Swing  fetian  at  Mil- 
waukee, Wis.,  Actual  Operations. 

Actual  Operations  in  Connection  with  the 
Shifting  of  Double-Track  Swing  Spans 
on  the  Chicago  &  Northwestern  Ry..  at 
Milwaukee,   Wis 359 

Dcscril.ej:  .ind  illustrates  the  actual  operations 
connected  with  the  floating,  shifting  and  setting 
of  a  double-track  .swing  span  on  the  Chicago  cS: 
Northwestern  Ry.,  at  Milwaukee,  Wis.  Also  de- 
scribes accompanying  movements  of  old  span. 
The  new  span  was  first  erected  on  falsework 
and  moved  on  scows  to  its  final  location.  The 
article  is  treated  from  the  contractor's  view- 
point. .Sec  preceding  article  for  data  on  work 
done  previous  to  actual  shifting  operations.  E. 
&  C,  .April   21,   1915;   3^4   cols. 


BRIDGES:     jManner     of      Supporting      Span 
During  Reconstruction  of  Abutments. 

Novel  Method  Used  in  Supporting  a  Pratt- 
Truss  Span  During  the  Reconstruction  of 
Its   Abutments    360 

Describes  and  illustrates  a  novel  and  effective 
method  used  by  the  Rochester  &  Eastern  R.  R. 
in  reconstructing  the  abutments  of  a  150-ft. 
Pratt  truss  span  at  Bushnells  Basin,  near 
Rochester,  N.  Y.  E.  &  C,  .April  21,  1915;  l^i 
cols. 

SEWERS    IN    TUNNEL:     Edmonton.    Alta.: 
Const.'uctlon  Plant  and  Methods. 

Construction  Plant  and  Methods  Employed 
in    Building   a    System   of   TLmnel    Sewers 

at  Edmonton.  Alberta   361 

Gives  reasons  for  constriurling  .s>-stem  in  tun- 
nel. Describes  and  illustrates  sections  of  rein- 
forced concrete  block  sewers.  Illustrates  forms 
for  casting  the  lining  blocks.  Describes  con- 
struction plant  and  methods.  E.  &  C,  April  21. 
.  1915;  7  cols. 

INDUSTRIAL   WASTES:     Treatment  of. 
Processes   Available   for  the   Treatment   of 
Industrial   Wastes   363 

Classifies  v.-astes.  Enumerates  and  discusses 
the  available  processes  and  discusse.^'  the  design 
of  works.  Gives  data  on  amount  of  slud.ge  and 
discusses  its  disposal.  E.  &  C,  April  21.  1915; 
5V2  cols. 

PAVEMENTS:  Wood  Block  in  Ignited  States. 
Treated    Wood     Block     Pavements    in    the 
United   States    365 

Gives  history  of  the  development  of  wood 
block  pavements  and  discusses  methods  of  con- 
struction in  \'ogue  in  various  cities.  E  '^-  c  . 
April  21,   1915;   41/2   cols. 

ROADS:     Concrete,    Frost   Action. 

Concrete  Roads  and  Frost  Action 367 

Discusses  the  importance  of  proper  founda- 
tions, drainage  and  the  use  of  side  drains  and 
stone  filling,  longitudinal  cracks  on  a  section  cf 
road  in  North  Andover,  Mass.,  reinforcing  with 
rods,  and  the  use  of  a  stone  or  gravel  sub-base 
for   concrete   roads.      E.    &   C,    .\pril    21,    191.5;    3 

cols. 

CONCRETE:    Joints;   .Adhesion  Tests. 

Tests  of  Adhesion  and  Resistance  to  Slid- 
ing   of    Concrete    Joints 367 

Describes  tests  made  to  determine  adhesive 
tension  between  concrete  joints  and  states  con- 
i-Iusions,     E.   &  C  -April  21,  1915;    ~i   col. 

STREETS,      WALKS      AND       ROADWAYS: 

AVidths  of,   in   Residence   Districts. 
Wide     Streets     and     Narrow     Walks     and 

Roadways   in    Residential   Districts 368 

An  editorial  urging  the  use  uf  wide  streets, 
narrow  walks  and  narrow  paved  roadways  in 
middle-class  residence  sections  of  all  cities.  -Ar- 
ruments  for  this  plan  are  presented.  E.  &  C, 
April  21,  1915;  IVa  cols. 

SURVEY   MONUMENT:   Corrugated   Culvert 
Pipe. 
A    Survey    Monument    of    Corrugated    Cul- 
vert  Pipe  Filled  With   Concrete 363 

Shows  a  survey  moinunent  in  California  made 
of  corrugated  inKot-iron  culvert  pipe,  filled  with 
concrete.     E.  &  C.  April  21,  1915;  %  col. 


INDEX  TO  WORKS  AND  PRODUCTS  DEALT  WITH  IN  THIS  ISSUE. 


EARTH    EXCAVATION: 

Clay   Excavation    for   Tunnel, 
— Sa;id  Excavation   


353,   354,    3(52 


362 


CONCRETE   CONSTRUCTION: 

Concrete  Roads,  350,  367— Filter  Plant,  351, 
355— Water  Intake  Tunnel,  352— Tunnel 
Lining.  .':53— Intake  Crib,  353— Rein- 
forced Concrete  Block  Tunnel  Lining. 
3G1— Concrete  Joints    


STEEL    CONSTRUCTION: 

Steel  i\ir  Lock.  :153:  Reinforcement,  Con- 
crete Tunnel  Lining,  353— Steel  Crib, 
353— Sheet  Piling,  353— Storage  Tanks, 
355— Steel  Bridge  Work,  356,  361— Steel 
Scow    3G0 

BITUMINOUS    PRODUCTS: 

Fillr^r  .'I  ml  Top  Dres.sing  for  Wood  Block 
P^ivcnicnt    ?M> 

CLAY   PRODUCTS: 
A'itrified   Brick   Sewer 3fil 


TIMBER   PRODUCTS: 

Timber  Bulkhead,  353,  35.">— Timbering  in 
Tunnels,  353;  Falsework,  Erection  of, 
357 — Timber  Struts,  360- Forms  for 
Tunnel  Lining,  363— Wood  Block  Pave- 
ment       3G5 

FOUNDRY  PRODUCTS: 
Cast   Iron    Pipes,   362— Corrugated   Culvert 

Pipe    *"S 

MACHINERY   AND  APPLIANCES: 
Compressor    Plant.    353— Pile    Driver,   3B3— 
Moist,    354— Pumps,    355— Scows 3.iS,  3n0 
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FOREIGN  TRADE  NOTES 

The  following  foreign  trade  apportunities 
are  listed  by  the  Bureau  of  Foreign  and  Do- 
mestic Commerce.  Where  addresses  are 
omitted  in  the  items  they  may  be  obtained 
from  the  office  of  the  Bureau  at  Washing- 
ton, D.  C,  or  from  the  following  branch 
offices:  New  York,  Room  409,  U.  S.  Cus- 
tomhouse; Boston,  752  Oliver  Bldg.;  Chi- 
cago, 629  Federal  Bldg.;  St.  Louis,  402 
Third  National  Bank  Bldg.;  Atlanta,  521 
Post  Office  Bldg.;  New  Orleans,  1020  Hi- 
bernia  Bank  Bldg.;  San  Fremcisco,  306-7  L. 
S.  Customhouse;  Seattle,  922  Alaska  Bldg. 
In  applying  for  addresses  reference  should 
eb  made  to  the  tile  numbers. 

.Street  Railway  Rails. — An  electric  railway 
company  in  France  desires  to  be  placed  in  di- 
rect communication  with  manufacturers  of 
rails,  which  it  will  need  in  the  near  fi.ture. 
Correspondence  should  be,  if  possible,  ^n  the 
French  language.  No.  16.302.  [For  address 
see   first   paragraph.] 

Well  Drilling  Macliinery,  Etc. — Cattle  in- 
spector in  Honduras,  who  is  a  graduate  of  an 
American  college,  is  trying  to  introduce  vari- 
ous American  devices,  such  as  well-drilling 
machinery,  windmills  or  air  motors,  and  hy- 
draulic rams.  It  is  desired  to  have  corre- 
spondence and  literature  in  the  Spanish 
language,  but  English  may  be  used.  No. 
16366.     [For  address  see  first  paragraph.] 

Surveying  Instruments.- — Business  man  in 
Russia  wishes  to  correspond  with  American 
manufacturers  and  exporters  of  surveying  in- 
struments and  supplies  for  draftsmen.  Cor- 
respcndence  should  be  conducted  in  Russian 
or  German.  Prices,  weights,  etc ,  should  bt 
stated  in  Russian  equivalents,  and  quotations 
shoijld  be  made  c.  i.  f.  Russian  ports.  No. 
1642'2.      [For  address   see   first  paragraph.] 


INDUSTRIAL  NOTES 

The  Pacific  Flush  Tank  Co.  has  removed 
its  general  offices  to  4241  East  Ravenswood 
ave.,  Chicago,  III.  The  new  building  will  con- 
tain a  testing  laboratory  in  which  the  company 
will  exhibit  and  demonstrate  many  of  its  ap- 
pliances. 

Charles  Eckert  Young,  Technical  Advertis- 
ing Service,  has  moved  his  offices  from  the 
1st  National  Bank  Bldg.  to  Suite  1109,  Ells- 
worth Bldg.,  -537  South  Dearborn  St.,  Chicago, 
111.  Mr.  Young  has  recently  secured  the 
services  of  Jos.  H.  Everston,  formerly  sales 
manager  of  the  Arex  Company,  as  copy 
writer,  and  Edwin  Carrell  as  art  director. 

L.  F.  Hamilton,  in  charge  of  the  Advertis- 
ing and  Specialty  Department  of  the  National 
Tube  Co.,  has  returned  from  an  extended 
business  trip  to  the  Pacific  Coast  in  connec- 
tion with  the  exhibit  at  the  Panama-Pacific 
Exposition.  The  National  Tube  Co.  exhibit 
is  part  of  the  U.  S.  Steel  Corporation  Exhibit 
which  is  located  in  the  Mines  and  Metallurgy 
Building  and  occupies  44,000  sq.  ft. — the  larg- 
est single  exhibit  at  the  Exposition. 

Among  the  contracts  recently  awarded  the 
Raymond  Concrete  Pile  Co.,  of  New  York 
and  Chicago,  are  the  following:  Concrete 
piles  for  the  foundation  of  the  factory  for 
the  Atlantic  Can  Co.,  Boston  and  Chester  Sts., 
Baltimore.  Md.  Reinforced  concrete  founda- 
tion, including  Raymond  concrete  piles  for 
warehouse  for  the  Logan-Gregg  Hardware 
Co.,  Pittsburgh,  Pa.  Concrete  piles  for  the 
foundation  of  addition  to  the  Sharswood  Pub- 
lic School,  2nd  and  Wolf  Sts.,  Philadelphia. 
Concrete  piles  in  the  foundation  of  coal  pock- 
ets for  Morganthaler  Bros.,  Swanson  and 
Wolf  Sts..  Philadelphia.  Concrete  piles  for 
the  foundation  of  a  warehouse  and  other 
buildii'.gs  for  the  Standard  Oil  Co.,  Courtland 
St.,  Chicago.  Concrete  piles  for  the  founda- 
tion of  the  new  pattern  storage  warehouse  for 
the  Westinghouse  Electric  &  Mfg.  Co.,  Cleve- 
land, O. 


NEW  CATALOGUES 

Steam  Tractors. — Paper,  10%x7%  ins.;  12  pp. 

Nichols  &  Shepard  Co.,  Battle  Creek,  Mich. 

Describes  the  Nichols-Shepard  contractor's 
steam  traction  engine  for  heavy  special  duty. 
Gives  details  of  construction  and  views  of  the 
machine  and  its  various  parts.  Table  of  di- 
mensions also  included. 

Metal  Forms. — 5.x5%  ins.;  16  pp.  Hotchkiss 
Lock  Metal  Form  Co.,  Binghamton,  N.  Y. 
A  rather  unique  little  book,  giving  nine  rea- 
sons why  Hotchkiss  lock  metal  forms  should 
be  used  for  various  kinds  of  concrete  work. 
Also  shows  views  of  sidewalk,  curb  and  steps 
under  construction. 

Drills. — Paper,  6x9  ins. ;  36  pp.  Sullivan  Ma- 
chinery Co.,  122  S.  Michigan  Ave.,  Chicago. 
Bulletin  No.  65C,  describing  Sullivan  Dia- 
mond Core  Drills  and  giving  up-to-date  in- 
formation on  the  capacities,  equipment  and 
prices  and  estimates  of  the  items  needed  for 
complete  outfits  to  drill  to  various  depths  un- 
der given  conditions.     Illustrated. 

Sprays    for    Cooling    Condensing    Water. — 

Paper,  6x9  ins. ;   16  pp      Spray  Engineering 

Co.,  93  Federal  St.,  Boston,  Mass. 

Bulletin    No.    101,   describing   spray   cooling 

ponds  and  showing  typical  installations.  Gives 

test  data  and  information  as  to  saving  effected, 

power    requirements,    cooling    capacity,    water 

loss,  arrangement  of  sprays,  etc. 

Drain-ace  Castings. — Paper,  3V^x6%  ins. ;  20 
pp.  The  McDonald  Foundry,  107  W.  Lib- 
erty St.,  Columbus,  O. 

Catalogue  No.  15-D,  showing  designs  of 
catch  basins,  sewer  inlets,  manhole  covers, 
park  inlets,  gutter  grates,  sewer  grates,  cistern 
covers,  cess  pools,  sewer  vents,  coal  and  ash 
chutes,  rubbish  cans,  etc.  Attention  is  called 
especially  to  designs  for  safety  sanicary  rub- 
bish boxes  for  streets  and  public  buildings. 

Graphic   Methods. — Paper,   6x9    ins. ;    20   pp. 

The  Statistics  Bureau,  5  E.  42nd  St.,   New 

York  City. 

Catalogue  of  supplies  and  equipment  for 
the  graphic  presentation  of  quantitative  data  or 
numerical  facts,  such  as  maps  and  pins,  curve 
cards,  co-ordinate  paper  for  platting  charts, 
logarithmic  paper,  gummed  letters,  etc.  Espe- 
cially calls  attention  to  the  book  on  "Graphic 
Methods    for   Presenting  Facts."-    Illustrated. 

Portable  Compressed  Air  Outfits. — Paper, 
6x9  ins. ;  2  pamphlets,  4  and  12  pp.  Chas. 
D.  Schramm  &  Son,  318  N.  4th  St.,  Phila- 
delphia, Pa. 

Specifications  for  and  descriptions  and  illus- 
trations of  various  applications  of  Schramm 
portable  compressed  air  outfits.  Smaller  pam- 
phlet particularly  describes  granite  and  mar- 
ble cutting  and  lists  necessary  equipment  with 
prices. 

Motor  Trucks. — Paper,  circular.  Sternberg 
Motor  Truck  Co.,  West  Allis,  Milwaukee, 
Wis. 

Describes  and  illustrates  Sternberg  big  ton- 
nage trucks,  gives  comparative  estimates  of 
operating  costs,  specifications  for  5-ton  and  7- 
ton  standard  chassis,  points  out  some  of  the 
special  advantages  and  gives  testimonial  let- 
ters. Also  describes  the  Sternberg  automatic 
dump  trucks. 

Road  Machinery. — Paper,  10'/4x7  ins. ;  16  pp. 

The  Good  Roads  Machinery  Co.,  Inc.,  Ken- 

nett   Square,  Pa. 

"Blazing  the  Trail  to  Better  Roads"  de- 
scribes and  illustrates  some  of  the  road  and 
street  machinery  manufactured  by  the  com- 
pany. List  includes  several  types  of  i-eversible 
road  machines,  crushers,  steam  rollers,  dis- 
tributors, scrapers,  heating  kettles,  pouring 
pots,  etc. 

"Safety  First." — Paper,  6x7  ins. :  12  pp.  New 

York  Central  Railroad  Co. 

The  New  York  Central  is  sending  out  a 
neat  little  pamphlet  telling  the  story  of  the 
recent  award  to  that  railway  of  the  E.  H. 
Harriman   gold  medal   for  the  greatest  prog- 


ress in  safety  and  in  accident  prevention.  Il- 
lustrated by  photographs  of  New  York  Cen- 
tral equipment  and  right  of  way. 

Drawing    Instruments. — Circular.      Kolesch 
&  Co.,  138  Fulton  St.,  New  York  City. 
Special   price   list   of   Kern  drawing   instru- 
ments which  are  being  sold  out  by  the  com- 
pany at  greatly  reduced  prices. 

Scarifier. — Paper,  8%xlP/4  ins.     The  Lehigh 

Foundry  Co.,  Fullerton,  Pa. 

Describes    the   Wright-Lehigh    scarifier   and 
shows  several  views  of  the  machine.     Special 
features  are  the  eight  picks,  spring  and  chain 
arrangement  and  positive  gage. 
Water    Turbines. — Paper,    7x9    ins. ;    12    pp. 

The  James  Leffel  &  Co.,  Springfield,  O. 

Reprint  of  an  article  on  "Recent  Tests  of 
High-Power,  High-Speed  Water  Turbines"  by 
S.  J.  Zowski,  professor  of  mechanical  engi- 
neering at  Ann  Arbor.  Also  describes  further 
tests  by  Jas.  Lefifel  &  Co.  and  the  develop- 
ment of  their  Samson  wheels.     Illustrated. 

Wire  Rope.— Paper,  8%x5%  ins. ;  14  pp. 
Hazard  Manufacturing  Co.,  Wilkes-Barre, 
Pa. 

Price  list  of  Hazard  wire  lines  for  oil 
and  gas  wells.  Also  gives  a  few  notes  on  the 
care  of  wire  rope.     Illustrated. 

Concrete  Mixers.— Paper,  7%xl0%  ins.;  32 
pp.  Raber  &  Lang  Mfg.  Co.,  Kendallville, 
Ind. 

Catalogue  No.  10  describing  the  "Crescent'' 
mixers,  showing  the  various  mixer  outfits, 
and  views  of  operations.  Also  gives  a  num- 
ber of  testimonial  letters.  The  mechanism  of 
the  mixer  is  described  in  detail. 

Pile  Hammers. — Paper,  6x9  ins.;  28  pp.  Mc- 
Kiernan-Terry  Drill  Co.,  236  Broadway, 
New  York  City. 

McKiernan-Terry  pile  hammers,  both  light 
service  and  heavy  duty,  are  described  and 
their  work  illustrated  in  this  booklet.  Views 
of  operations  on  steel  sheet  piling,  interlock- 
ing steel  piling,  round  piles,  tongue  and 
groove  piling,  etc.,  are  shown.  Specifications 
and  table  of  dimensions,  diagrams,  etc.,  are 
also  given. 


CATALOGUE  REVIEWS 

Chain  Belt  Mixers. — Paper,  7%x9%  ins. ;  64 
pp.  Chain  Belt  Co.,  Milwaukee,  Wis. 
Catalogue  No.  60,  containing  information  on 
chain  belt  mi.xers,  pavers  and  concrete  han- 
dling equipment,  is  largely  composed  of  illus- 
trations showing  design  of  the  machines,  some 
of  the  manufacturing  operations,  and  the  actuajl 
work  of  the  mixers  on  paving  or  construction. 
The  necessary  descriptive  matter  has  been  cut  to 
a  minimum,  and  printed  in  large  type,  so  that 
the  special  features  of  the  various  types  shown 
can  be  ascertained  at  a  glance.  Dimensional 
diagrams,  tables  of  sizes,  capacities  and  ship- 
ping weights  and  specifications  for  the  differ- 
ent types  are  included. 

Engineering  Construction. — Paper,  8%xl2 
ins. ;  64  pp.  Arthur  G.  McKee  &  Co.,  Con- 
tracting Engineers,  Cleveland,  Ohio. 
An  unusually  ambitious  book  for  a  contract- 
ing engineering  firm  to  publish  has  been  re- 
ceived from  Arthur  G.  McKee  &  Co.,  of  Cleve- 
land. This  firm  has  specialized  in  the  design 
and  construction  of  blast  furnace  equipment, 
blast  furnace  and  smelting  plants,  power 
plants  and  industrial  building.  The  publica- 
tion mentioned  is  designed  to  illustrate  the 
nature  and  scope  of  the  work  in  those  lines 
which  has  been  carried  out  by  the  firm,  and 
consists  of  photographs  of  installations,  brief 
descriptive  notes,  diagrams  of  construction  de- 
tails, design,  etc.,  and  some  general  informa- 
tion as  to  construction  methods  followed. 

The  subjects  treated  are  as  follows:  Blast 
Furnaces  and  Smelting  Plants,  Thin-Lined 
Blast  Furnaces,  Blast  Furnace  Distributors, 
Storage  Bins,  Material  Handling  Equipment, 
Power  Plants,  General  Construction. 

The  typographical  arrangement  is  excellent, 
and  the  book,  which  is  listed  as  Catalogue 
No.  4,  presents  an  attractive  appearance  and 
convincing  advertisement. 


Business       and       finance 
The  Doings     "lade  further  progress  dur- 
ing    the     past     week.     In- 
of  creased  activity  was  shown 

thp   Wf>».U-        ''-^    practically    every    repre- 
uic    vvccK.       sentative         industry.  A 

marked  rise  in  security 
prices  was  a  feature  of  the  week  in  the  stock 
market.  Export  business  continued  in  in- 
creased vohime.  The  railroads  have  come  into 
the  material  and  equipment  markets,  the  Penn- 
sylvania R.  R.  alone  placing  a  $20,000,000  or- 
der. Bank  clearings  for  the  week  were  $3,- 
442,089,000,  as  compared  with  $3,167,048,000 
for  the  corresponding  week  in  1914.  Orders 
for  war  munitions  amounting  to  $86,000,000 
were  placed  last  week  with  two  concerns.  In 
the  construction  field  activities  have  been  well 
sustained.  A  large  amount  of  new  work 
reached  the  call  for  bids  stage  during  the  past 
week  and  many  large  contracts  were  placed. 
In  the  municipal  field  inany  lettings,  especially 
in  the  street  paving  line,  are  being  advertised. 
Waterworks  and  sewerage  undertakings  for 
smaller  cities  also  offer  many  construction  op- 
portunities. Highway  improvements  by 
states,  counties  and  road  districts  are  offering 
a  large  volume  of  work.  The  building  indus- 
try in  the  Chicago  district  has  received  a  set- 
back owing  to  the  development  of  labor 
troubles.  Reports  from  other  sections  of  the 
country,  however,  show  gains  in  activities. 
Reports  from  115  cities  in  the  country  show 
that  building  is  now  within  only  2.2  per  cent 
of  normal;  on  Jan.  1  it  was  15  per  cent  be- 
hind. ,'\n  increase  in  shipment  of  11  per  cent 
over  March  last  year  is  shown  by  national 
reports  of  the  Portland  cement  industry,  with 
reserve  stock  10  per  cent  less.  In  the  steel 
industry  plants  are  now  operating  on  about 
a  7-5  per  cent  basis.  Were  the  railways  doing 
their  part  in  placing  orders  full  capacity,  of 
plant  operation  probably  would  be  obtained. 
I.arge  fabricating  contracts  were  booked  for 
March.  These  ran  up  to  about  64  per  cent  of 
a  month's  capacity,  figured  on  a  basis  of  2,- 
100,000  tons  per  year.  The  average  of  such 
work  for  the  first  8  months  of  the  war  was 
less  than  35  per  cent  capacity.  Tlie  Iron  Age 
prices  for  finished  iron  and  steel  and  for 
sheets,  nails  and  wire  for  the  week  ending 
.■\pril    14   were  as    follows: 

Finished    Iron   and    Steel.  Apr.  l\.     Apr.  7. 

Per  lb.  to  large  huj'er.*^.  Ct.s.  Cts. 

Bes-s.  rails,  heavy,  at  mill 1.25  1.25 

Iron   bars,    Philadelphia 1.15  1.15 

Iron    bars,    Pittsburgh 1.20  1.20 

Iron  bars,  Chicago 1.15  1.15 

.'Steel  bars.    Pittsburgh 1.2(1  1.20 

Steel   bars,    New   York 1.369  1.319 

Tank   plate.i.   Pittsburgh 1.15  1.15 

Tank   plates,    New   York i;319  1.269 

Reams,    etc..    Pittsburgh 1.20  1.20 

Beams,  etc..  New  York 1.369  1.26D 

Skelp,  grooved  steel,  P'gh 1.121/.  1.12y2 

Rkelp.   sheared   steel,   P'gh....  I.IT'A  1.17V-> 

.Steel  lioops.   Pitt.^burgh •  1.25  1.25 

Sheets,  Nails  and  Wire. 

Per  lb.   to  large  buyers. 

Sheets,  black.  No.  28,  P'gh...  l.SO  1.80 

Galv.  sheets.  No.  2S,  P'gh....  3-.25  3.30 

Wire  nails,  Pittsburgh 1.55  1.60 

Cut   nails,   Pittsburgh ' 1.55  1.55 

Fence  wire,  base,  P'gh 1.40  1.10 

Barb  wire,  galv.,  P'gh 2.10  2.10 

For  structural  material  f.  o.  b.  Pittsburgh 
The  Iron  Age  prices  were  as  follows :  I-beams, 
3  to  15  in.:  channels.  3  to  15  in.;  angles.  3  to 
6  in.  on  one  or  both  legs,  %  in.  thick  and 
over,  and  tees,  3  in.  and  over,  1.15  to  1.20 
cts. 

Railways. — Several  large  construction 
jobs  were  let  last  week  by  the  railroads  and 
bids  were  opened  on  a  number  of  other  big 
jobs.  Other  especially  large  projects  are  un- 
derstood to  be  reaching  the  taking  of  bids 
stage.  One  of  these  call.';  for  the  building  of 
a  cut-off  for  an  eastern  line,  involving  the  ex- 
penditure of  several  million  dollars.  Con- 
tracts for  the  first  28  miles  of  the  Chesapeake 
it  Oliio  Northern  R.  R.  in  Ohio  were  let  to 
the  following:  Section  1,  W.  W.  Boxley, 
Roanoke,  'Va. ;  Section  2,  Rinehart  &  Dennis, 
I  liarlnttcsvillc.  Va, ;  .Section  3,  Winston  & 
Co.,  Richmond,  Va. ;  Section  4,  Robert  Grace 


Contracting  Co.,  Pittsburgh,  Pa.  This  work 
involves  4,000,000  cu.  yds.  of  excavation  and 
60,000  cu.  yds.  of  concrete.  Floyd  Brown,  San 
Bernardino,  Cal.,  was  awarded  the  grading 
for  the  first  12%  miles  of  a  new  railroad  from 
Blythe,  Cal.:  Twohy  Bros.,  Portland,  Ore., 
secured  a  12-mile  extension  from  Goshen  to 
Welcome,  Wash.,  for  the  Chicago,  Milwaukee 
&  St.  Paul  Ry.;  Utah  Construction  Co.,  Og- 
den,  Utah.,  was  awarded  a  30-mile  extension 
of  Ogden,  Logan  &  Idaho  Electric  Ry.  Bids 
were  opened  last  Thursday  at  the  Pittsburgh 
otnces  of  the  Pennsylvania  R.  R.  for  the 
foundation  work  for  the  new  freight  house 
at  the  Union  terminal,  Chicago.  This  contract 
includes  about  45,(100  cu.  yds.  of  concrete. 

Roads  and  Streets. — Many  large  state 
highway  construction  jobs  came  up  for  adver- 
tising during  the  past  week.  County  work  also 
is  offering  many  opportunities.  In  the  south 
and  on  the  Pacific  coast  a  considerable  amount 
of  road  work  is  now  ready  for  bids.  New 
York  is  asking  proposals  on  29  contracts  cov- 
ering 99  miles  of  highway;  Ohio  opens  bids 
..pril  30  on  31  contracts:  Illinois  is  asking 
proposals  until  May  5  on  6  road  contracts  and 
3  bridge  contracts.  Baton  Rouge,  La.,  is 
asking  bids  on  about  $250,000  worth  of  street 
paving;  Nashville,  Tenn.,  also  is  advertising 
several  good  sized  improvements.  Decatur. 
111.,  awarded  a  $148,81.3  wood  block  paving 
contract.  Winston  &  Co.,  Browns  Station,  N. 
Y.,  secured  a  $189,150  contract  from  the 
Board  of  Water  Supply  of  New  Y'ork  City: 
the  State  Highway  Commissioner  of  Connec- 
ticut let  21,923  ft.  of  reinforced  concrete  road 
at  $70,637. 

Bridges. — A  considerable  amount  of  small 
bridge  and  culvert  construction  is  now  being 
advertised.  Webster  County,  la.,  is  asking 
bids  on  20  bridges  and  culverts ;  Marshall 
County,  la.,  is  calling  for  proposals  on  26 
culverts  and  bridges.  Lake  County,  Indiana, 
opens  bids  May  14  for  a  Strauss  trunnion 
bascule  to  be  erected  at  155th,  East  Chicago, 
Ind.  The  County  Commissioners  at  North- 
ampton, Mass.,  are  asking  bids  for  a  good 
sized  contract  for  repairing  superstructure  of 
the  Connecticut  River  bridge.  The  towns  of 
Canton,  N.  Y.,  and  Cobleskill,  N.  Y..  are  ask- 
ing bids  on  two  fair  sized  bridges.  The  Penn- 
sylvania R.  R.  is  reported  to  have  asked  bids 
on  a  $1,000,000  bridge  to  be  erected  at  Mana- 
yunk.  Pa.  The  Interstate  Bridge  Commission, 
Portland,  Ore.,  opens  proposals  April  26  for 
earth  embauknient  work  calling  for  the  han- 
dling of  500,000  cu.  yds.  of  material. 

Drainage  and  Irrigation. — One  of  the 
largest  jobs  in  the  drainage  field  coming  up 
for  bids  last  week  appears  to  be  the  work  for 
the  Reeds  Creek  Drainage  District  of  Dyers- 
burg,  Tenn.  This  calls  for  about  15.4  miles 
of  ditches  requiring  about  660,000  cu.  yds.  of 
excavation.  R.  H.  &  G.  A.  AlcWilliams. 
Memphis,  Tenn.,  were  awarded  a  $122,000 
contract  for  drainage  ditching  and  levee  con- 
struction in  Weakley  County,  Tennessee.  The 
Tibbetts  Pacific  Co.,  San  Francisco,  Cal.,  was 
awarded  a  $71,000  contract  by  the  Modesto 
Irrigation   district,   Modesto,    Cal. 

Waterworks. — .'X  considerable  amount  of 
work,  mostly  for  smaller  municipalities, 
reached  the  call  for  bids  stage  last  week. 
Montrose,  Colo.,  is  calling  for  proposals  on  a 
fair  sized  job,  and  Walterboro,  S.  C,  opens 
bids  May  14  on  waterworks,  sewers  and  elec- 
tric light  system.  Morning  Sun,  la.;  Orien, 
Mich, ;  Schoolcraft,  Mich.,  and  Gates,  N.  Y., 
•  are  calling  for  bids  for  installing  waterworks. 

Sewerage. — A  number  of  good  sized  sew- 
erage contracts  are  being  advertised.  Phila- 
delphia, Pa.,  is  calling  for  bids  on  branch 
sewers  and  main  sewers.  Wilkes-Barre,  Pa., 
opens  proposals  May  25  for  brick,  segment 
block  and  terra  cotta  pipe  sewers.  Great 
Neck  Station,  N.  Y.,  is  asking  proposals  for 
12  miles  of  sewers,  2  pumping  stations  and 
disposal  works.  Jones  &•  F.rbeck,  Pittsburgh. 
Pa.,  have  been  awarded  a  $193,000  sewer  con- 
tract at  Milwaukee,  Wis. 
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One  feature  of  the  se- 
curity market  during  the 
Why  Beth-  last  few  days  has  been  the 
lehem  Steel  sharp  advance  in  shares  of 
Advanced  ''^''  Bethlehem  Steel  Co. 
Various  reasons  have  been 
ascribed  for  this.  One 
Wall  St.  rumor  floater  was  responsible  for  the 
theory  that  the  German  government  was 
buying  the  stock  in  order  to  prevent  the  mak- 
ing of  war  munitions  for  the  allies.  After 
this  flight  of  imagination  competing  rumor 
mongers  on  the  stock  exchange  folded  their 
tents  and  departed.  Another  theory  has  been 
advanced,  according  to  a  cable  dispatch,  this 
time  by  a  "highly  placed  employe  of  the 
British  Government."  He  opines  that  the 
sensational  rise  in  the  market  price  of  the 
Bethlehem  Co.'s  stock  was  due  in  part  to 
orders  placed  for  structural  steel  for  build- 
ing bridges  over  the  Rhine  for  the  allies.  Ac- 
cording to  this  authority  everything  is  in 
readiness  in  several  great  manufacturing  es- 
tablishments in  the  north  of  England  and  in 
Scotland  for  the  building  of  six  bridges  de- 
signed for  erection  at  six  different  points  on 
the  Rhine.  That  is,  everything  is  ready  ex- 
cept the  small  matter  of  the  steel.  The  plan 
calls  for  the  construction  of  the  bridges  and 
tlieir  transportation  across  the  English  Chan- 
nel. They  will  be  used  to  replace  the  present 
structures  which  necessarily  would  be  de- 
stroyed if  the  Germans  are  driven  back  across 
the  Rhine.  It  is  very  well  to  be  prepared 
for  any  contingency ;  but  the  old  saying  still 
holds  good:  "Never  cross  a  river  until  you 
come  to  it." 


The    spring    construction 

season      commences       very 

Labor  auspiciously       in     Chicago. 

T__„ui-_         The   trouble   twins   walkout 

.  -irouD'es        3,^j   lockout    have    arrived. 

in  Chicago.  As  a  result  over  $20,000,000 
worth  of  building  opera- 
tions in  Chicago  and  Cook  County  are  tied 
up  and  perhaps  125,000  men  are  out  of  jobs. 
The  main  cause  of  the  trouble  is  the  demands 
of  the  carpenters'  union  for  70  cts.  per  hour 
for  the  first  year,  72y2  cts.  per  hour  for  the 
second  year  and  75  cts.  per  hour  for  the  third 
year.  The  present  scale  is  65  cts.  per  hour. 
The  employers  oft'cred  a  2%  cts.  per  hour  in- 
crease for  the  last  18  months  of  the  proposed 
3-year  agreement  period.  Without  referring 
the  contractors'  offer  to  a  vote  of  the  men 
the  officials  of  the  union  ordered  a  walkout. 
This  was  promptly  followed  by  lockout  or- 
ders on  the  part  of  the  Employers'  Associa- 
tion. A  more  inopportune  time  for  a  labor 
war  could  not  have  been  selected.  Chicago 
has  been  particularly  hard  hit  by  tlie  pro- 
longed business  depression.  During  the  past 
winter  there  have  been  more  men  out  of  work 
than  ever  before  in  the  history  of  the  city. 
Just  when  real  prosperity  is  in  sight  a  few 
pigh'-'aded  union  officials  stir  up  trouble.  Com- 
monsense,  seemingly,  is  not  a  qualification  for 
leadership  in  some  unions.  It  is  to  be  hoped 
that  some  agreement  will  be  reached  between 
the  employers  and  Iheir  employees.  Labor 
troubles  at  this  time  are  inexcusable. 


Some      people       consider 
contracting      as      an      easy 
The  Clergy      method  of  obtaining  money. 
gp(j  .-X        Western         clergyman 

/-I      .        .•  whose  income     and     outgo 

V..ontracting.  b.alanced  on  the  debit  side 
has  decided  to  take  up  con- 
tracting as  a  side  line.  Receiitly  he  secured  his 
first  contract  for  street  paving.  On  Sundays 
he  will  preach  the  gospel  and  on  week  days 
he  will  boss  a  paving  gang.  The  Rev.  Phil.in- 
dcr  Bu.xbec  takes  a  philosophical  view  of  his 
new  profession.  All  you  have  to  do,  he  says, 
to  succeed  in  contracting,  "is  to  bid  low 
enough  to  get  the  work  and  then  do  it  for 
less  than  you  bid."  No  one  will  deny  the 
truth  of  this  statement,  but  it  is  easier  said 
than    done. 
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A  $2,200,000  RAILWAY  CONTRACT 


New  37-Mile  Low-Grade  Line  for  Norfolk 
&  Western  Ry. 


3,000,000  Cu.  Yds.  of  Grading;  5,000,000  Lbs.  Cast 
Iron    Pipe;    10,000   Cu.   Yds.    of   Concrete. 


The  new  low-grade  connecting  line  in  Vir- 
ginia of  the  Norfolk  &  Western  Ry.  is  one 
of  the  largest  railway  construction  undertak- 
ings that  has  been  placed  under  contract  so 
far  this  year.  The  new  stretch  of  track  will 
extend  from  Burkeville,  about  1,33  miles  from 
Norfolk,  Va.,  to  Pamplin,  and  will  be  about 
37  miles  in  length.  The  route  lies  in  Prince 
Edward's  County.  From  Burkesville  to  Mile 
14  the  new  line  is  in  close  proximity  to  the 
Southern  Ry.,  and  from  Mile  10  to  Mile  25 
it  is  paralleled  by  the  Virginia  Ry. 

The  accompanying  illustration  shows  the 
route  of  the  low-grade  line  and  the  profile 
for  it.  The  line  generally  for  its  entire  dis- 
tance follows  the  water  shed,  so  that  no 
bridg(;s  are  required.  The  maximum  water- 
way will  necessitate  an  8  by  8  reinforced 
concrete  culvert.  The  maximum  cut  is  about 
.50    ft.,    and    the    maximum    fill    is    about    the 


CONTRACTS     BEING     LET     FOR 
RAILWAY  CONSTRUCTION. 

Several  Large  Contracts  Awarded  in  Last 
Two  Weeks. 


A    $2,200,000   Job    in    Virginia;    28    IVIiles    of    Line 
in  Oh)o. 

One  line  of  construction  that  has  been  dor- 
mant for  many  months  is  at  last  showing 
signs  of  activity.  The  railroads  are  commenc- 
ing to  let  some  sizable  contracts.  The  Nor- 
folk &  Western  Ry.  started  the  ball  rolling 
with  its  $2,200,000  Burkeville-Pamplin  low- 
grade  line  in  Virginia,  described  in  another 
column  in  this  issue. 

The  Chesapeake  &  Ohio  Ry.  on  April  12 
awarded  the  contracts  for  the  first  28  miles 
of  the  Chesapeake  &  Ohio  Northern  Ry., 
its  new  line  from  the  Ohio  River  to  Colum- 
bus. O.  The  first  work  begins  at  Sciotoville. 
The  construction  of  the  28  miles  will  require 
approximately  4,000,000  cu.  yds.  of  excavation 
and  60,000  cu.  yds.  concrete.  The  contracts 
were  awarded  to  the  following :  Section  1, 
W.  W.  Boxley,  Roanoke,  Va. :  Section  2,  Rine- 
liart   &    Dennis,    Charlottesville,    Va. ;    Section 


tion  of  the  San  Diego  &  Arizona  Ry.  Bids 
on  this  work  were  opened  last  July,  but,  owing 
to  the  commencement  of  the  European  war, 
no  further  action  was  taken  at  that  time.  The 
work  of  this  section  extends  tlirough  canyons 
requiring  numerous  short  tunnels  and  a  con- 
siderable amount  of  heavy  rock  work.  The 
estimated  cost  is  said  to  be  between  $2,000,000 
and  $3,000,000. 

A  contract  was  awarded  a  few  days  ago 
for  a  12-mile  extension  of  a  Chicago,  Mil- 
waukee &  St.  Paul  line  from  Goshen,  Wash., 
to  Welcome.  This  is  a  comparatively  small 
job  as  railroad  undertakings  go.  Twohy 
Bros.,  Portland,  Ore.,  secured  the  work  at 
about  $330,000.  These  same  contractors  also 
are  understood  to  have  become  interested  re- 
cently in  the  construction  of  the  Coast  R.  R.. 
projecting  a  line  from  Grant's  Pass,  Ore.,  to 
Crescent  City  and  the  Northern  California 
Coast.  The  building  of  this  road  will  call 
for  an  expenditure  of   approximately  $5,000.- 

000. 

In  the  interurban  construction  field  also 
there  have  been  signs  of  activity,  and  several 
fair-sized  contracts  have  been  let.  One  of 
these  was  for  a  21-mile  extension  from  Scioto- 
ville, O..  to  Hanging  Rock,  for  the  Ohi. 
Vallev  Traction   Co.     Another  contract   let  in 
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Route  and    Profile  of   Burkeville-Pamplin     Low     Grade     Line    of     Norfolk    &   vvestern   Ry. 


same.  The  construction  of  the  line  will  re- 
quire approximately  3,000,000  cu.  yds.  of  .grad- 
ing, 5,000,000  lbs.  of  cast  iron  pipe,  and  10,000 
cu.  yds.  of  concrete  head  walls  and  culverts. 
The  line  will  be  provided  with  alternating  cur- 
rent automatic  signals  throu.ghout.  The  esti- 
mated cost  of  the  line  is  $2,200,000. 

The  construction  contracts  were  awarded 
early  in  April  to  the  following :  Paterson, 
Moran  &  Co.,  New  York  City ;  J.  J.  Sheehan, 
Roanoke,  Va. ;  Rineliart  &  Dennis,  Charlottes- 
ville, Va. ;  and  the  Robert  Grace  Contracting 
Co.,  Pittsburgh,  Pa.  J.  E.  Crawford.  Roan- 
oke, Va.,  is  chief  engineer  of  the  Norfolk  & 
Western  Ry. 


Pan-American  Road  Congress.  —  Plans 
have  been  made  for  a  gathering  of  good  roads 
advocates  at  the  Panama-Pacific  International 
Exposition  in  September.  It  will  be  known  as 
the  Pan-.A.merican  Road  Congress  and  will  be 
under  the  joint  auspices  of  the  American  Road 
Builders'  Association  and  the  American  High- 
way Association.  The  executive  committee 
who  will  have  charge  of  the  afifairs  of  the 
Congress  consists  of  five  members  as  follows : 
Chairman,  Governor  Charles  W.  Gates  of  Ver- 
mont, who  for  ten  years  or  more  was  State 
Highway  Commissioner  of  Vermont:  W.  W. 
Crosby,  former  State  Highway  Engineer  of 
Maryland ;  E.  L.  Powers,  editor  of  "Good 
Roads" ;  James  H.  MacDonald,  former  State 
Highway  Commissioner  of  Connecticut:  J.  E. 
Pennybacker,  chief  of  the  Division  of  Eco- 
nomics, U.  S.  Office  of  Public  Roads. 


3,  Winston  &  Co.,  Richmond,  Va. :  Section  4, 
Robert  Grace  Contracting  Co.,  Pittsburgh, 
Pa. 

This  Chesapeake  &  Ohio  work  has  been  in 
the  near-construction  stage  for  some  time.  In 
fact,  bids  on  it  were  taken  last  year,  but  on 
account  of  financial  reasons  and  right  of  way 
difticulties  the  work  was  postponed,  and  new 
proposals  were  opened  early  this  montli.  The 
contracts  for  the  bridge  over  the  Ohio  River 
were  placed  some  time  ago.  The  new  line  will 
form  a  connection  between  the  Chesapeake  & 
Ohio  and  the  Hocking  Valley.  It  will  be 
about  96  miles  in  length,  and  its  construction 
has  been  divided  into  three  sections :  Scioto- 
ville to  Waverly,  28  miles  :  Waverly  to  Circle- 
ville,  and  Circleville  to  Columbus.  The  new 
line  will  be  built  under  the  direction  of  M. 
J.  Caples.  Columbus,  O.,  vice-president  of  the 
Hocking  Valley  Ry. 

Another  big  railway  job  on  which  bids  were 
opened  last  week  calls  for  work  in  connection 
with  the  construction  of  the  new  $65,000,000 
Union  Terminal  in  Chicago.  About  45,000  cu. 
yds.  of  concrete,  20,000  lin.  ft.  of  piling,  and 
40,000  to  50.000  cu.  yds.  of  excavation  are  in- 
volved in  the  contract,  which  is  one  of  the 
largest  so  far  let  for  the  terminal.  The  work 
calls  for  the  building  of  foundations  for 
freight  houses.  Bids  were  opened  .\pril  15  at 
the  Pittsburgh  offices  of  the  Pennsylvania  R. 
R. 

In  the  Pacific  Coast  states  a  number  of  good 
sized  railroad  undertakings  have  been  let  in 
the  last  two  or  three  weeks.  One  of  the 
larger    reported   covers   the    last   •34-mile    see- 


the last  two  weeks  provided  for  a  30-mile  ex- 
tension of  the  Ogden,  Logan  &  Idaho  Ry.. 
from  Brigham,  Utah,  to  Wellsville.  There 
has  been  very  little  construction  undertaken 
in  the  last  two  years  by  electric  railway  com- 
panies. The  contracts  mentioned  above  are 
among  the  largest  for  this  class  of  work  that 
ha\e  been  let  for  some  time. 

The  mere  fact  that  so  much  railroad  con- 
struction has  been  placed  under  contract  in 
the  last  few  days  is  very  encouraging.  It  is 
a  good  indication  that  a  period  of  activity  in 
this  field  is  close  at  hand. 


Bridge  and  Culvert  Construction  in  Web- 
ster County,  Iowa. — Bridge  and  culvert 
construction  estimated  to  cost  $27,010  is  now 
advertised  for  bids  by  Webster  County,  Iowa. 
The  letting  covers  20  structures,  ranging  in 
size  from  a  3-panel  wood  trestle  to  an  80-ft. 
by  18-ft.  deck  truss  with  two  ,30-ft.  I-beam 
approaches.  The  latter  bridge  will  have  a 
concrete  floor  and  retaining  walls.  The  pres- 
ent masonry  abutments  will  be  reconstruct- 
ed. The  'estimated  cost  is  $5,640.  Of 
the  structures  8  will  be  steel  I-beams, 
and  6  will  be  concrete  box  cuhei  ts. 
Most  of  the  first  mentioned  class  will  have 
concrete  abutments  and  plank  floors.  Work 
is  to  commence  within  15  days  from  contract 
date  and  is  to  be  completed  by  Oct.  15,  1915. 
The  county  will  furnish  lumber,  cement  and 
reinforcing  steel.  Bids  will  be  received  until 
2  p.  m..  Slay  5,  by  J.  L.  Hanrahan,  County 
.Auditor.  G.  P.  Smith.  Fort  Dodge,  la.,  is 
County   Engineer. 


April  21,  1915. 
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WATER   WORKS    OF    EVERETT, 
WASH. 


Appraisal   of  Present  System   and   Recom- 
mendations for  New  Supply. 


Estimated  Cost  of  Sultan  Project  Set  at  $582,000. 

A  report  on  an  appraisal  of  the  present 
water  system  at  Everett,  Wash.,  and  recom- 
mendations for  future  supply  were  submitted 
to  the  City  Council  of  that  city  early  this 
month  by  Burns  &  McDonnell,  Consulting 
Engineers,  Kansas  City,  JMo.  The  reproduc- 
tion cost  of  the  existing  water  works  is  given 
in  the  report  as  $1,333,933.  Charging  of  $242,- 
300  as  depreciation,  the  engineers  estimate 
the  prevent  value  at  $1,091,633.  The  pipe  sys- 
tem was  examined  at  200  points,  and  the  mains 
were  found  generally  to  be  in  excellent  con- 
dition. Tlie  old  system  has  73  miles  of  pipe 
line,  of  which  4.5.3  miles  is  steel  pipe,  17.7 
miles  wrought  iron,  0.3  mile  cast  iron,  and  9.7 
miles  wood  pipe.  It  was  found  that  the  aver- 
age age  of  all  pipes  was  9  years.  The  average 
age  of  the  wood  pipe  was  5  years,  and  it  was 
in  comparatively  good  condition.  In  arriving 
at  the  value  of  the  present  water  supply,  the 
engineers  base  their  figures  upon  the  recom- 
mendation that  Pigeon  Creek  be  abandoned 
upon  completion  of  the  new  supply  works,  and 
that  Woods  Creek  supply  be  held  as  a  reserve 
as  long  as  the  present  supply  lines  remain  iti 
serviceable  condition. 

For  the  future  supply  the  investigations  in- 
cluded a  study  of  Deer  Creek,  North  Fork, 
Stillaguamish  River,  Boulder  River,  Jim 
Creek,  Canyon  Creek,  South  Fork  of  Still- 
aguamish River,  Pilchuck  River,  Sultan  River. 
Miner  Creek,  Pigeon  Creek,  and  Woods 
Creek.  Many  of  these  are  eliminated  from 
consideration  owing  to  their  inadequacy,  e.x- 
■cessive  distance  from  Everett,  or  other  un- 
favorable features.  The  ones  considered  feasible 
are  Boulder  River,  Canyon  Creek  and  Sultan 
River,  all  of  these  being  within  the  range  of 
practical  engineering  design  and  financially 
available  to  Everett.  Sultan  River' was  recom- 
mended as  a  source  of  supply. 

The  Sultan  project  contemplates  taking  the 
water  at  an  elevation  of  approximately  200  ft. 
above  the  present  upper  reservoir.  This  will 
enable  the  water  to  flow  by  gravity  directly 
into  the  present  reservoirs  in  the  city,  thus 
doing  away  with  the  expensive  pumping  cost 
necessary  under  the  present  system.  The  cost 
of  tlie  Sultan  River  project  is  estimated  as 
follows : 

Right   of  way,    20    miles $  20,000 

Clearing-,    100    acres 10,000 

Grubbing,     32    acres 6,400 

Road   building.   20  miles 60,000 

Diversion  dam  and  headworks : 2.i.000 

.Settling  basin    10,000 

Keeper's    house    1,000 

Excavation  and   canyon  hazard 40.000 

28-in.    steel  pipe,   30,000  ft 148, .500 

2S-in.  wood  stave  pipe,  102.000  ft 18.-J.600 

Flow    line    appurtenances 12,000 

Connection    between    reservoirs 2,500 

Extra,  for   Sultan   River  crossing 3,000 

Extia   for  .'•nohomish  River 10,000 

Total     $532,000 

Engineering  and  incidentals,   15  per  cent    53,200 

Grand     total .$585,200 

The  estimated  cost  of  an  auxiliary  supply 
from  Miner  Creek  is  set  at  $38,170.  In  addi- 
tion, the  report  recommends  reinforcing  the 
present  distribution  system  in  the  city  at  a 
■cost  of  $41,242. 

Work  on  Yuma  Irrigation  Project. — Dur- 
ing the  niiinth  of  February  28,000  yds.  of  Icvec 
•work  were  accomplished  near  the  interna- 
tional boundary,  making  the  levee  complete 
below  Yuma;  34,000  cu.  yds.  of  riprap  were 
placed  on  this  levee  at  various  points.  Two 
miles  of  track  were  laid  and  2  miles  ballasted. 
On  the  distribution  system  7.5,000  cu.  yds. 
were  moved  by  force  account  and  40,000  yds. 
under  small  contracts.  One  hundred  and  nine 
structures,  containing  100,000  ft.  b.  m.,  were 
l)uilt.  One  engineering  camp  in  Yuma  Valley 
and  one  on  the  reservation  have  covered  all 
field  work  required.  Farm-unit  plats  for 
Yuma  Valley  were  completed  and  forwarded 
to  Washington  on  the  26th. 


State   Highway  Construction  in  New  STATE     HIGHWAY     WORK     IN 
York.  PENNSYLVANIA. 

The  second  road  construction  letting  of  the  gtate  Appropriation  in  Excess  of  $8,500,000. 
present  season  oi  the  State  Highway  Commis- 
sion of  New  York  was  held  on  April  14.  Bids  ,  ,  ,-  »  .,  Z  L,  ^  .... 
were  received  on  14  contracts,  covering  a  ^^'^^  ^"""^  *"  "^  Expended  on  Maintenance, 
total  of  about  68  miles  of  roads.  On  most  ^he  state  appropriation  for  highway  work 
of  the  jobs  there  was  a  considerable  number  ;„  Pennsylvama  during  1915  and  1916  will  be 
of  bidders,  and  on  some  contracts  the  hgtir>ng  ;„  ^,.^^33  ^j  $8,500,000.  It  is  probable,  how- 
was  very  '^'ose  On  Road  No.  123b,  in  Mon-  j^at  a  considerable  portion  of  this 
roe  County  Whitmore-Rauber  &  V'cinius,  amount  will  be  expended  for  maintenance. 
Rochester,  N  \  submitted  a  bid  ot  $20,9i4,  The  bill  providing  the  general  appropriation 
while  he  next  lowest  to  al  was  $20,99-.  The  f^,  highways  durfng  the  next  two  vears  was 
estimates  on  Road  No  1244,  in  Oswego  Coun-  introduced  in  the  Senate  last  Week.  It 
ty,  a  so  were  very  close.  The  Valley  Con-  ^.^rries  an  appropriation  of  $8,500,000,  and 
struction  Co.,  Sidney  NY  offered  to  build  jogg  „ot  include  the  administration  expenses 
this   road    for   $45,009;   the   bid   of   the   Path-  „{  the  department  and  of  the  requisition  bu- 

'^''LF?r,'"''^L'°".  n°-  •       :  u"!T'  ^,-   ^•'  '•eau,  which  will  be  provided  for  in  the  gen- 
was  $45,141.     The  following  tabulation  shows  eral  appropriation  bill. 

the  high  and  low  bids  and  the  number  of  bid-  ,-,,  ,  ■   j   ,      ,,      ,  ■,,   ^n  nn,.  nnr.  ■ 

ders  on  each  contract:  Of  amount  carried  by  the  bill  $6,000,000  is 

specifically   appropriated    for   the   maintenance 

Road  No.       mnls!'-   High  bid.     Low  bid.  Mde^rs'  f"^    improvement    of    state    highways    under 

1229  2.80         $31,392         $23,668         17  the   act  01   1911,  and   its  amendments.       This 

124S  6.71  10s]g74  96!379  13  means  that  the   entire   state   highway   system. 

10-1  I'li  "?'nc!  vc'cfi  i  including    those    roads    added   to    the   original 

IZoO  5. 00  i6,0o4  To.oll  3  c  1       1  .  -11    l  ^    •        j 

1251  4.91  40,554  41,415  6  Sproul  plan  two  years  ago,  will  be  retained  as 

1252  11.41         13o',683         104',999  5  state   highways.   The  allowance  will  give   about 

!^    til    itm    iifii    \i  ^^?,^  r""  h  r  T'h  ^Th 'V^'f 'il^'.^^^'^' 

115S             2.65            59!o3S            51,530            9  a""    't    is    believed    by    the    omcials    that    this 
1243           5.'4l          5l!568           42^454         24  amount   will   be   sufficient   to   keep   the    roads 
P45           3'66           "6'p7          29'4p         ¥  '"  ^°°'^  condition,  and  also  will  allow  of  con- 
5535            6:66           79:760           65:siS         12  siderable   permanent   work. 
5410            3.88           43,714           40,084           9  The  sum  of  $500,000  IS  appropriated  in  the 
Few   out-of-the-state    contractors   submitted  bill  for  the  purchase  or  condemnation  of  turn- 
bids   at    April    14    letting.     Three   firms    from  P'^es  upon  state  highway  routes,  and  $1,000,- 
Connecticut    bid    on    the    Knox-Berne    Road  *^00  's  set  aside  for  the  construction  and  main- 
(No.   1229),   in   Albany  County.     Two    Penn-  tenance   of   state-aid   highways.     The   remain- 
sylvania  contractors  bid  on  some  of  the  other  '"§  $1,000,000  is  to  be  devoted  to  the  payment 
jobs  °f  a  portion   of  township  roads,   as  provided 
The  next  letting  of  the  State  Highway  Com-  ^  *^  J°"«^  ^'"-     ^  separate  bill  has  been  in- 
mission  will  be  held  on  April  20,  a?  whiih  time  f"d"ced    making   provision    for   the    paynient 
bids  will  be  opened  on  21  repaid  contracts,  the  '^*   deficiencies   due  by  the  state  to  townships 
work   consisting   for   the   most  part  of   resur-  "'J'^^^  '^^,  operation  of  the  law  enacted  by  the 
facing  and  bituminous  applications.     Two  sup-         '^^     '   ' 

plv  contracts  also  are  being  advertised  by  the  The    appropriation    bill    before    t'.ic    Senate 

Commission.     One  of  these  provides  for  fur-  provides  that  the  appropriations  made  therein 

nishing   bituminous   materials   A   and    T,    and  shall   include   and    not   be    in    addition   to   the 

bids   for   doing  this  will  he  opened   April  26.  amounts  received  by  the  state   for  the  licens- 

The    other   calls    for    furnishing   about   40,000  '"»    o*    motor   vehicles   during   the    next   tw^o 

tons   of    stone   in   various   counties   for   main-  years.     This   prevents    there   being   any   ques- 

tenance  work.    The  bids  on  this  will  be  opened  t'°n  regarding  the  validating  of  the  appropn- 

April  29.  ation    of    the    funds    received    for   automobile 

.  licenses,  which  matter  is  now  pending  in  the 

,  ^'i«    "«^t    highway    construction    letting   of  Supreme    Court   upon    appeal   by   the   auditor 

the  Commission  will  be  held  on  May  5.  This  general    and    state   treasurer   from   a   decision 

takes  in  20  contracts  and  provides  for  the  im-  of  the  Dauphin  County  Courts  on  the  applica- 

provenient  of  about  99.34  miles  of  road.     The  tion  of  the  law  of   1913,  which  provided  that 

roads,   their   location   and    length   of    contract  moneys     received     from     automobile     licenses 

are  as  follows:  should   be   devoted    to   hi,ghway   purposes.     In 

Road  Length.  order  to   prevent   anv   delav   or   risk   of  tvin.g 

County.  No.         Name.  miles.  up   these   funds  the   present   bill   provides' for 

il'lelan^    ::::  nil    iell^dl;TrT?ln'sif"^'^  '■'"  ^  specific  appropriation  for  the  department. 

^  .^  „  Bridge-Angelica    S.64  Governor  Brumbaugh  has  appointed  Robert 

Cattaraugus..    1254    Rutledge-Leon,  Part  1.   4.43  t    rnnninffham    of  Pittsbiirsrh    Pa     stntp  hitrh 

Chautauqua...  1026    Jamestown-Stockton,  J-  "-Unningnam,  ot   rittsuuign,  ra.    state  nigtl- 

Part   1 3.99  way  commissioner  to  succeed  E.  M.  Bigelow 

Chautauqua...   1032    Fredonia  Village 1.59  Mr.    Cunningham    for    manv    vears    has    been 

Dutchess    ....5549    Wappinger  Falls.  Main      ^^  county   controller   of    .Mlegli'eny   County.     The 

Franklin   5552    Malon'e'-buane.'Pa'rt' i:   s:si  Governor  has  announced  that  the  highw-ay  de- 

Tupper  Lake-Long  partment   activities   will   be   carried   on   under 

Se'"k\'rr  • : : :  lit?     Liut^Fa^KV.-  Monroe  '■''  ''^^  P",^°"=>'  supervision,  and  that  immediately 

St l.Sl  u])on  the  assumption  of  office  by  Mr.  Cuiming- 

f471     Richfield   Springs-        1  ham  a  "roads  council"  will  be  organised,  con- 
Herkimer   ....  I ^^^     ^Warr^e^n^^  ..,........_.     3.60        j^tj^g     „f     Commissioner     Cunningham,     the 

Herkimer    ...     830    Little  Falls-Monlgom-  Governor,    and    Chief    h.ngineer    William    S. 

ery  Co.  line 5.63  Uhler.     This  council,   it  is   reported,  will   hold 

itSton-V.;  'lit?    l^^S^'^l^^T'::^::  IE  f^^'J"^"*  ^^^^ll'^,^  meetings  at  which  details  of 

Livingston    ...    1248     Perry   Center-Moscow,  the   work   will  be  discussed. 

Part   2    3.9S 

I..ivingston    ...   1249     West  Rush-East  Avon.   2.1S  

St.   Lawrence.   1261     Massina-Helena,    Part  ,,  r-         i    mr      u'  r  ai      1 

I sGc  Panama   Canal   Machinery   for   Alaska. — 

St.   Lawrence.   1203     Gouverneur-Edwards,  _  Inquiry     has     been     received     by      the      Canal 

_,.     ,  ,„„,     ■n,^'^''^  r. T^S ^'■^'^  Commission  from  I.ieut.  F'rederick  Mears,  on 

St.    Lawrence.   1264     Brasie  Corners-Ed-  t,   1.    rr      r   ii        ai      i       n    m  r-  ■     ■  c 

wardsviUe    9.09  behalt  of  the  Alaska  Railway  Commission,  if 

Schenectady...   5545     Schenectady-Duanes-  the   Panama    Canal   can   transfer  to   the   Com- 

„  ,    ,     ,  ,„,.     ^Pt^^-  ^I-\\,^a-lL'i:  ^H  mission    a    French    ladder    dredge,    tugs    and 

Schohar  e     ...  1234     R  chmondville-Summlt    4.99  ,  1        ,      •  .1  „        r 

barges    or    clapets    to    serve    the    same,    four 

"~  201-class  locomotives,   four  locomotive  cranes. 

The  imports  of  Portland  cement   into  .\us-  60    12-yd.    dump   cars,   two   stcamshovels,    and 

tralia   in    1912   totaled   $1,273,400   in   value,   of  iw^o  piledrivcrs  complete.     The  reply  was  that 

which  only  $6,589  worth  came  from  the  Unit-  the      material    other    than    the    dredge,      tugs. 

cd      States.       The     total      imiiorts      in      191.3  liarges,    clapets.    and    locomotive   cranes   could 

amounted    to   $1,285,977,   of   which   but    $6,278  be  supplied,  but  that  none  of  the  former  could 

was  from  the  United  States.  be  spared  for  several  months. 
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Bids  Asked  on  26  Reinforced  Concrete 

Culverts  and  Bridges  for  Marshall 

County,  Iowa. 

Approximately  1,500  cu.  yds.  of  concrete  are 
required  for  bridge  and  culvert  construction 
now  being  advertised  for  bids  by  the  Super- 
visors of  Marshall  County,  Iowa.  The  work 
calls  for  the  building  of  23  reinforced  con- 
crete culverts  of  the  box  type  and  three  re- 
inforced concrete  bridges.  One  of  the  latter 
will  be  a  slab  structure  of  20-ft.  span  and  20- 
ft.  roadway.  The  other  two  will  be  deck 
girders,  each  of  3G-ft.  span.  The  locations  of 
the  structures  and  various  other  details  are 
given  in  Table  I.  Bids  for  the  construction 
of  the  2G  bridges  and  culverts  will  be  received 
at  the  office  of  the  County  Auditor  at  Mar- 
shalltown,  la.,  until  noon,  April  2G. 

TABLE   I. 

Rein- 

Dimensions,     Concrete,  forcing  Haul, 

Township.          It.  cu.  yds.  steel,  lbs.  miles. 

Vienna    3x3x40  23  1,430  6 

Liberty  4x4x21  23  1,170  1 

Liberty   6x5x20  35  1,900  2 

IVIarion    10x8x20  77  2,960  3 

Marion    6x5x20  35  1,890  3 

Marion    6x6x30  47  2,700  2 

Marion    4x4x34  30  1,700  1 

Taylor 6x7x24'  46  2,930  ZVz 

Taylor    4x4x22  23  1,220  3 

Iowa    4x4x27  26  1.370  3 

Marietta     ...  6x4x21  33  1,850  3% 

Minerva    ....  3x3x'48  ..                3 

Minerva    ....      20=x20     .     274»  15,400«  3 

Minerva    4x4x27^4  26  1,420  2 

Minerva    4x4x28  27  1,450  3 

Le    Grand...  6x6x31  52  3,800  4 

Timber  Creek  4x4x31  29  1,560  2 

Washington.  4x4x2S  26  1,450  3 

Washington*.  6x6x37  53  3,210  1 

Greencastle  .      36'x20  160  13,700  3 

Greencastle'.  4x6x33  60  2,700  4 

Greencastle  .  3x4x25"^  17  1,190  2 

Jefferson    . . .      36"xlS  182  16,000  3 

Logan    4x4x31  29  1,570  IVo 

Eden    6x5x20  35  l.SSO  4 

Eden    3x3x20  IS  1,200  5 

'15°  skew.  -Concrete  slab.  20  ft.  roadway,  45" 
skew.  ^Total  for  the  3  ft.  3  ft.  box  culvert  and 
for  slab  bridge;  also  reference  2.210  lln.  ft.  foun- 
dation piliiig.  *45°  skew.  ^Concrete  deck  girder. 
20  ft.  roadway:  also  1,120  lin.  ft.  foundation  pil- 
ing. 'Concrete  deck  girder,  18  ft.  roadway;  also 
1,312  lin.  ft.  foundation  piling. 


Bids  Asked  on  $250,000  of  Street  Im- 
provements. 

A  $250,000  street  improvement  contract  is 
now  advertised  for  bids  by  the  city  of  Bato" 
Rouge,  La.  The  work  calls  for  surfacing  13% 
miles  of  street  with  a  bituminous  gravel  pave- 
ment and  for  about  1  mile  of  hard  surface 
pavement.  The  latter  will  be  laid  on  Main 
street  and  on  North  Boulevard.  The  gravel 
paving  is  to  be  constructed  on  portions  of 
37  streets. 

The  graveled  streets  will  have  concrete 
curbs  and  gutters  and  catch  basins  for  cariiig 
for  the  drainage.  The  gravel  surfacing  wilt 
consist  of  a  base  course  of  washed  gravel. 
After  this  has  been  rolled  a  layer  of  ce- 
menting gravel  will  be  placed  and  rolled.  The 
street  then  will  be  thrown  open  to  traffic  for 
about  60  days.  After  this  it  will  be  closed 
again,  the  surface  swept  clean  and  a  tar  prod- 
uct binding  material  applied.  Over  this  pea 
gravel  will  be  spread  and  a  second  binder 
coat  applied  and  blanketed  with  another  layer 
of  pea  gravel.  The  street  will  then  be  rolled 
again. 

Bids  for  the  hard  surface  pavement  will  be 
received  on  asphaltic  concrete,  bitulithic, 
vitrified  brick,  wood  block  and  sheet  asphalt. 
Bids  will  be  received  until  May  15.  W.  P. 
Burden  is  city  secretary.  J.  J.  Mundinger  is 
city  engineer. 


About  15  miles  of  state  aid  highway  will  be 
built  in  Washington  County,  Maryland,  dur- 
ing the  coming  season,  according  to  a  recent 
report.  It  is  estimated  that  the  roads  will 
cost  about  $5,000  per  mile. 


36   Miles  of  Concrete    Road    in    Cali-  THE  AGLER  BRIDGE,  FRANKLIN 

/ornia.  COUNTY,  OHIO. 

Bids  arc  now  being  asked  by  the  California  

Highway    Commission   on    five    state   highway  Bids  to  Be   Opened   May   1   for  a   1  166-Ft 

contracts,  covering  an  aggregate  length  of  SGVa  Reinforced   Concrete  Arch  Structure. 

miles.     Ihe  roads  are  to  be  paved  with  Port-  

land    cement    concrete,      the      work      requiring  5,150  Cu.  Yds.  Concrete— 20,000  Lin.  Ft.  of  Piling 

35,885    cu.    yds.      In    addition   805    cu.    yds.    of  —415,000  Lbs.  of  Reinforcing  Steel. 

concrete  will  be  used  for  culverts  and  nionu-  

ments.     Table  I  gives  some  details  of  the  five  The    Commissioners     of     Franklin   County, 

jobs.  Ohio,   are   now   calling   for   bids  on     a     good 

One  of  the  sections  (IV-Son-1-C)  is  lo-  sized  bridge  contract.  The  improvement  is 
cated  in  Sonoma  County.  It  extends  from  known  as  the  Agler  Bridge.  It  is  to  be  con- 
Willow  Brook  to  the  northerly  boundar>-  of  structed  over  Alum  Creek  at  a  point  about 
the  country  and  is  about  6%  miles  in  length.  5%  miles  northeast  from  Brood  and  High 
Section  IV-C-C-14-A  is  in  Contra  Costa  Conn-  Sts.,  Columbus.  It  will  be  a  concrete  arch 
ty.  It  extends  from  Richmond  to  Pinole  and  is  structure,  with  a  total  length  of  1,166  ft.,  and 
about  blA  miles  in  length.  The  other  three  a  width  over  all  of  27  ft.  2  in.  There  will  be 
sections  are  in  Monterey  County.  Section  V-  10  main  spans,  six  small  spandrel  spans  of 
Mon-2-A  extends  from  Salinas  to  Lagunita,  10  ft.  2  in.  each  and  a  short  curved  retaining 
and  is  about  6  miles  in  length.  Section  V-.  wall  abutment.  The  lengths  of  the  main 
Mon-2-E  is  about  1^2  miles  in  length,  extend-  spans  are  as  follows:  Two  spans  each  of  136 
ing  from  a  point  3.2  miles  north  of  King  City  ft.  8  in.,  two  spans  each  of  113  ft.  8  ins., 
bridge  to  Greenfield.  Section  V-Mon-2-14  ex-  three  spans  each  90  ft.  8  ins.,  one  span  of  102 
tends  from  a  point  3  miles  northwesterly  of  ft.  2  ins.,  one  span  of  67  ft.  8  ins.,  and  one 
Bradley  to  San  Ardo  and  is  about  11  miles  in  span  of  44  ft.  8  ins.  There  will  be  a  20-ft. 
length.  For  the  first  three  sections  the  High-  roadway  and  4-ft.  sidewalk,  the  latter  being 
way  Commission  will  furnish  the  contractor  on  the  north  side  of  the  bridge, 
will  the  pipe  railing  for  culverts,  reinforcing  All  spandrel  spans  will  be  of  the  same 
steel,  corrugated  iron  pipe,  Portland  cement,  length  for  the  entire  structure.  The  floor 
sand  and  coarse  aggregate  for  concrete.  system  will  consist  of  floor  beams,  framing 
These  materials  with  the  exception  of  the  into  spandrel  columns  and  spaced  11  ft.  6  in 
sand  and  coarse  aggregate  also  will  be  fur-  centers.  The  floor  beams  will  be  spanned  by 
nished  by  the  commission  for  the  last  two  12-in.  slabs.  No  stringers  are  required  ex- 
sections.  Bids  for  constructing  the  five  sec-  cept  a  small  one,  supporting  the  sidewalk 
tions  of  highway  will  be  received  until  2  p.  m.,  slab.  The  sides  of  the  floor  beams  and  inside 
April  26,  by  the  California  Highway  Commis-  faces  of  sidewalk  stringers  and  facia  beams 
sion,  515  Forum  Bldg.,  Sacramento. 

TABLE    I.— QUANTITIES    IN    FIVE    STATE    HIGHWAY    CONTESTS    IN    CALIFORNIA. 

IV-Son-  IV-C-C-        V-Mon-         V-Mon-  V-Mon- 

1-C.  14-A.  2-A.  2-E  -'-H 

Excavation  without  classification,  cu.  yd.=!.           31,000  11,200  14,135  9  9o6  9"6  76b* 

Corrugated   iron  pipe,   12-in.,    lin.   ft 260  3,-;p  '715  '^qq  'grn 

Corrugated   iron  pipe.   15-in.,   lin.   ft 200  ISO  '  60  120 

Corrugated   iron  pipe,   18-in.,   lin.   ft 401'  50  40  30  44 

Corrugated    iron   pipe.    24-in.,    lin   ft 140  ...  36  2s 

Corrugated  iron  pipe,    30-in.,   lin.   ft 110  ...  '  "'  172 

Concrete,    Class    B,    culverts    and    monu- 
ments,   cu.    yds 310  in  16  .^3  415 

Concrete.  Class  B,  pavement,  cu.  yds 7,100  6,150  4,830  7  185  10  e'O 

Rubble  masonry,   retaining  walls,  cu.  yd.s.                 ...  ,  174 

Guard  rail,   7.000  lin.  ft 7,000  9,S40  S50  600  5  400 

Monuments,   hauling  and  setting 146  13  42  60  '274 

•Includes  89,420  cu.  yds.   earth  excavation,   4,930    cu.   yds.   loose  rock  and   1.350  cu    vds    solid  rock 
excavation. 


Progress  on  the    $65,000,000    Railway 
Terminal  at  Chicago. 

Preliminary  construction  work  is  now  un- 
derway on  the  new  $65,000,000  union  terminal 
in  Chicago,  the  biggest  railroad  job  of  the 
year.  The  contract  for  the  temporary  freight 
house  for  the  use  of  employees  of  the  Penn- 
sylvania Lines  during  the  erection  of  the  new 
freight  house  was  let  to  the  Sumner  Sollitt 
Co.,  Chicago.  The  grading  for  the  new 
freight  house  was  let  some  weeks  ago  to  P. 
T.  Clifford  &  Sons,  Valparaiso,  Ind  ,  and  this 
work  is  now  well  advanced.  Bids  on  the 
foundations  for  the  building  proper  were  op- 
ened April  15  at  the  Pittsburgh  offices  of  the 
Pennsylvania  R.  R.  This  foundation  work 
involved  approximately  45,000  cu.  yds.  of  con- 
crete, 20,000  lin.  ft.  of  piling  and  40.000  to 
50,000  cu.  yds.  of  excavation.  The  contract 
for  some  steel  work  necessary  for  the  recon- 
struction of  the  Lake  St.  bridge  has  been  let 
to  the  Chicago  Bridge  &  Iron  Works.  Chi- 
ca.go. 


Highway  work  in  Brown  County,  Wiscon- 
sin, during  1914  cost  $96,977,  according  to  the 
annual  report  of  the  county  highway  com- 
missioner. 


Bids  Asked  on  48  Miles  of  State  Road  in 

Ohio. — The  largest  state  highway  letting  in 
Ohio  so  far  this  year  is  now  being  advertised. 
Bids  will  be  opened  at  Columbus,  O.,  on 
April  30  for  31  contracts.  Of  this  number 
one  calls  for  a  40-ft.  by  18-ft.  steel  bridge 
estimated  to  cost  $11,896;  two  contracts  call 
for  4. .33  miles  of  glutrin  bound  macadam.  The 
remaining  contracts  provide  for  waterhound 
macadam,  brick  or  concrete  construction.  The 
mileages  of  each  of  these  is  as  follows: 

No  Total 

contracts.         miles. 

Water   bound   macadam 12  23.78 

Brick    0  10.40 

Concrete     6         _       13.07 

Clinton    Cowen,    Columbus,    O.,      is      State 
Hi,gh\vav    Commissioner. 


will   be   beveled    %    in.    per    foot.      Each   arch 
consists    of    two    ribs    spaced    20-ft.    centers. 
The  crown  section  of  the  various  arches  varies 
from  25  by  .34  in.  for  the  67  ft.  8  in.  span  to   i 
39  by  42  in.  for  the  136  ft.  8  in.  spans.  ' 

The  arch  piers  will  be  supported  on  wooden 
piles  driven  in  gravel  through  loam,  clay  and 
in  some  cases  through  a  mixture  of  sand  and 
water  of  such  consistency  as  to  flow  quite 
readily.  The  maximum  load  per  pile  will  be 
20  tqris.  Owing  to  the  unfavorable  sub-soil 
conditions  the  foundations  will  be  quite  ex- 
pensive. 

A  1 :2 :4  mix  will  be  used  for  all  concrete, 
except  that  in  the  hand  railing.  .\pproxi- 
mately  5,150  cu.  yds.  of  concrete,  exclusive 
of  the  amount  required  for  the  railing,  will 
be  placed.  About  20,000  lin.  ft.  of  wood  pil- 
ing will  be  driven  and  415,000  lbs.  of  medium 
open  hearth,  deformed  reinforcing  steel  will 
be  required. 

The  contract  time  for  finishing  the  struc- 
ture complete  is  Sept.  1,  1916.  A  bonus  of 
$20  per  day  will  be  given  for  the  completion 
before  that  date,  and  a  penalty  of  $20  per 
day  will  be  required  for  every  day  of  non- 
completion  after  the  specified  time. 

The  Agler  bridge  was  designed  by  E.  P. 
Knollmann,  Assistant  County  Surveyor,  un- 
der the  supervision  of  Walter  Braun,  County 
Bridge  Engineer.  John  Peake,  Columbus,  O.,  is 
County  Surveyor.  Bids  for  the  construction 
of  the  bridge  will  be  received  by  the  County 
Auditor,   CoIumbu.s,   O.,   until   May   1. 


Milwaukee  has  started  operation  of  the 
first  unit  of  a  municipal  lighting  system.  The 
plans  for  the  city  include  the  gradual  installa- 
tion of  more  units  until  the  entire  city  is 
served  by  the  municipal  system. 


April  21,  1915. 


Engineering   and    Contracting 
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Personnel  of  Boards  of  Review  of  Rec- 
lamation Projects. — The  following  table 
shows  the  personnel  of  the  boards  appointed 
to  review  the  cost  of  the  projects,  as  ap- 
proved by  the  Secretary  of  the  Interior : 

Reclamation       Water  Users' 
Project.  Service  Association 

representativfe.    representative. 
Southern    Di- 
vision. 

Salt    River F.   W.   Hanna...F.    A.   Jones 

Yuma    F.  L.  Sellew 

Rio    Grande L.    M.   Lawson.. Lafayette  Clapp 

Carlsbad     D.  W.  Murptiy.. Scott  Etter 

Third  member  for  district,  Thomas  U.  Taylor 

Pacific    Division 

Orland    .\.  N.   Burch F.   S.   Reager 

Truckee-C'rs'n.D.    W.    Cole T.    Williamson 

Umatilla    H.    D.    Newell... F.    B.    Swayze 

Klamath     W.   H.    Sanders.  Abel    Ady 

Third  member  for  district,  B.  A.  Etcheverry. 

Northern  Di- 
vision. J.  B.  Bond B.  S.  Adams 

Lower      Yellow- 
stone. G.  O.  Sanford...W.  G.  Owens 
North    Dakota 
Pumping.  G.  O.  Sanford.  ..&.  A.  Nelson 

Shoshone    J.    B.    Bond L.  E.  Baldwin 

Sun    River J.    B.    Bond E.  C.  Sampson 

Huntley    No   review   contemplated 

Milk   River 

Third  member  for  district,  Edward  Gillette. 

Rocl<y   Mountain 
Division. 

Grand  Valley...  R.  F.   Walter. ..  W.  S.  Wallace 
Uncompah  g  r  eC.  T.  Pease 

Valley. 

North  Platte Andrew   Weiss. .H.  G.   Stewart 

Belle   Fourche..R.  F.  Walter J.  C.  Milne 

Third  member  tor  district,  P.  J.   Preston. 

Central   Division 

Boise    F.E.Weymouth.  E.   C.    Bradley 

Mi  n  i  d  o  k  a— C.  H.  Paul A.  C.   Demary 

North      Side 

Gravity   Unit. 
Ml  n  i  d  o  k  a — C.   H.   Paul Ben  Edwards 

South      Side 

Pumping 

Unit. 
Strawberry  Val-No   review   contemplated 

ley. 
Third  member  for  district,  C.  R.  Burkey. 

Washington 
Division. 

Okanogan     Calvin    CastelL.B.   E.   Hendrick 

Yakima,    Sun-C.  H.  Swigart..G.  E.   Rodman 

nyside. 
Yakima,  Tieton..C.  H.   Swigart..W.    L.    Lemon 

Third  member  for  district,  O.  L.  Waller. 

Personals 

Mr.  George  E.  Johnson  has  been  appointed 
state  engineer  of  Nebraska,  succeeding  Mr. 
D.  D.  Price,  resigned,  Mr.  Johnson  was 
bridge  engineer  for  the  Missouri  Pacific  Rail- 
way for  two  years.  For  seven  years  he  has 
been  engaged  in  municipal  and  electrical  en- 
gineering. 

Mr.  Paul  E.  Kressly  has  resigned  as  city 
manager  of  Englewood,  Cal.,  though  his  res- 
ignation has  not  as  yet  been  accepted.  Mr. 
Kressly  states  that  during  his  one  year  in 
office  he  has  effected  a  saving  of  16.2  per 
cent  over  the  cost  of  running  the  city  the 
previous  year  under  the  old  form  of  govern- 
ment. 

Mr.  C.  A.  Stephens,  v/ho  was  recently  ap- 
pointed chief  engineer  for  the  Texas  City 
Transportation  Co.  and  the  Texas  City 
Terminal  Co.,  has  had  16  years  of  engineer- 
ing experience.  For  si.x  years  he  was  in  the 
government  service.  One  year  he  spent  as 
chief  draftsman  for  the  Modern  Ice  Machin- 
ery Co.,  and  two  years  as  chief  engineer  for 
the  Nuevo  Leon  Mining  &  Development  Co. 
He  was  also  at  various  times  employed  for 
a  short  time  as  foreman,  draftsman,  inspector, 
superintendent  or  manager  of  various  cor- 
porations. For  the  past  year  he  has  been 
assistant  engineer  with  the  companies  for 
which  he  is  now  chief  engineer. 

Mr.  W.  S.  Fallis  has  been  appointed  state 
highway  engineer  of  North  Carolina  under 
direction  of  the  new  State  Highway  Commis- 
sion, which  was  recently  organized  under  pro- 
vision of  a  special  act  of  the  legislature.  Mr. 
Fallis  is  an  experienced  highway  engineer 
and  is  well  acquainted  with  the  work  in  that 
state.  He  was  formerly,  in  1890-01,  with  the 
American  Bridge  &  Iron  Co.  of  Roanoke, 
Va.     From    1891   to   1898  he  was  engaged   in 


contracting  and  surveying  work  in  Rocking- 
ham county,  Virginia.  From  1898  to  1907  he 
engaged  in  municipal  and  general  engineering 
work.  Since  1907  he  has  been  in  highway 
engineering  work  and  has  built  roads  in 
Franklin,  Iredell,  Vance,  Wilson  and  Co- 
lumbia counties  of  North  Carolina. 

Mr.  J.  S.  Garland  has  been  appointed  to 
succeed  the  late  Mr.  W.  A.  McFarland  as 
superintendent  of  the  water  department,  Dis- 
trict of  Columbia.  Mr.  Garland  was  for  a  time 
with  the  Baltimore  &  Ohio  Railroad,  later  with 
the  .Southwest  Branch,  Pennsylvania  Central, 
the  Oregon  Railway  &  Navigation  Co.,  and  the 
Richmond  &  Danville  Railroad  Co.  While 
employed  by  the  last  named  company  he  built 
the  railroad  bridge  over  the  Yadkin  River, 
near  Winston-Salem,  N.  C.  Mr.  Garland 
joined  the  District  of  Columbia  engineer  de- 
partment in  1891,  and  was  transferred  to  the 
water  department  in  1893.  As  assistant  en- 
gineer and  engineer  he  has  since  remained  in 
that  department,  receiving  his  appointment  as 
superintendent  on  March  26.  All  of  the  outside 
construction  work  during  the  time  mentioned 
has  been  done  under  his  orders.  He  made  the 
surveys  for  the  Reno  and  Bright  wood  reser- 
voirs, the  present  pumping  station,  property 
yards,  Anacosta  pumping  station  and  numer- 
ous other  projects. 

Mr.  Robert  F.  Hall,  who  succeeds  Mr.  J. 
P.  Beck  as  publicity  manager  of  the  Universal 
Portland  Cement  Co.,  has  spent  the  last  six 
years  in  the  sales  department  of  that  com- 
pany.    He   is  well  known  throughout  the  ce- 


Robert    M.    Hall,    Publicity    Manager    Uni- 
versal   Portland  Cement  Co. 

ment  industry  because  of  his  activities  in  its 
association.  Mr.  Hall  is  a  graduate  of  the 
University  of  Michigan,  where  he  completed 
the  academic  course  in  1894  and  the  law  in 
1895.  He  is  a  resident  of  Chicago,  having 
begun  the  practice  of  law  there  on  leaving 
college,  in  the  office  of  Mr.  .'\.  W.  Green,  now 
president  of  the  National  Biscuit  Company. 
He  held  an  important  position  with  that  com- 
pany before  going  into  the  cement  business 
with  the  Universal.  He  is  a  member  of  the 
University  Club  of  Chicago,  the  Saddle  and 
Cycle  Club,  the  Military  Order  of  the  Loyal 
Legion  of  the  United  States,  the  Western 
Society  of  Engineers,  the  .Advertising  As- 
sociation of  Chicago  and  several  other  local 
organizations.  His  experience  and  education 
equip  him  well  for  the  work  he  has  now 
imdertaken. 

Mr.  Samuel  D.  Foster  has  resigned  as  chief 
engineer  for  the  Pennsylvania  State  Higjiway 
Department  to  open  an  office  as  consulting  en- 
gineer on  highway  work  at  Harrisburg,  Pa., 
and  will  give  special  attention  to  investigations, 
reports  and  preparation  of  specifications.  Mr. 
Foster  was  formerly  in  the  U.  S.  Engineer 
Corps.     From   1906  to   1908  he   was  with  the 


Isthmian  Canal  Commission  in  charge  of  high- 
way improvements,  city  of  Panama;  and  with 
Cuban  government  as  second  engineer  in 
charge  of  highways  in  Havana  province.  From 
1908  to  1911  he  was  principal  assistant  and 
chief  engineer,  -Allegheny  County,  Pennsyl- 
vania, highway  department.  Since  1911  he 
has  been  chief  engineer  of  the  State  Highway 
Department.  During  the  past  seven  years  he 
has  had  direct  charge  of  the  expenditure  of 
over  $20,000,000  in  highway  work. 

Mr.  W.  D.  Uhler  has  been  appointed  chief 
engineer  of  the  Pennsylvania  State  Highway 
Department,  succeeding  Mr.  Samuel  D.  Foster, 
resigned.  Mr,  Uhler  was  for  five  years  in 
the  engineering  department  of  the  Lehigh  Val- 
ley Railroad  Co.  From  1895  to  1903  he  was 
with  the  Queen  Anne's  Railroad  Co.  in  the 
various  capacities  of  assistant  engineer,  assist- 
ant general  manager  and  chief  engineer.  From 
1904  to  1908  he  was  county  roads  engineer, 
Caroline  County,  Md.  The  four  years  fol- 
lowing he  was  with  the  Maryland  State  Roads 
Commission  as  engineer  in  charge  of  mainte- 
nance. Since  April,  1912,  he  has  been  princi- 
pal assistant  engineer  Bureau  of  Highways 
and   Street  Cleaning,  Philadelphia. 

CONTRACTORS. 

The  G,  H,  Schartzer  Co.,  general  con- 
tractors, was  recently  incorporated  for  a  gen- 
eral contracting  and  wrecking  business  at 
Dayton,  Ohio.  Mr.  G,  H.  Schartzer,  presi- 
dent and  manager,  has  been  in  business  in 
that  city  12  years.  Mr.  Otto  Marlatt  is  sec- 
retary and  treasurer.  Offices  of  the  company 
are  at  619  West  Third  street,  Dayton,  Ohio. 

The  Widell  Company,  Mankato,  Minn., 
which  has  been  largely  engaged  in  railroad 
construction  through  Minnesota,  North  and 
South  Dakota,  etc.,  has  been  awarded  a  large 
drainage  contract  in  Cottonwood  and  i\Iurray 
counties  in  Minnesota.  The  contract  includes 
the  furnishing  of  and  laying  of  about  23,000 
ft.  of  tile  ranging  from  6  ins.  to  26  ins,,  and 
6,000  ft,  of  open  ditch  work.  Mr.  Gustaf 
Widell  is  president  of  the  company,  Mr,  O. 
O,  Eberhart,  secretary  and  treasurer,  and  Mr. 
C.   A.   Ingwalson,   assistant  secretary. 

The  Warren  Construction  Company  of 
Portland,  Ore,,  which  was  recently  awarded 
the  $100,000  highway  contract  at  Lewiston, 
Idaho,  has  operated  on  the  Pacific  coast  for 
the  past  thirteen  years.  During  this  time  the 
firm  has  specialized  in  street  paving  work, 
Bitulithic  for  city  streets  and  Warrenite  for 
country  roads.  The  prevalence  of  these  types 
of  pavement  on  the  coast  is  well  known,  and 
the  above  company  has  held  the  contracts  for 
this  work.  The  officers  of  the  company  at 
the  present  time  are  W.  E,  Hacker,  Tacoma, 
president :  J.  O.  Hoyt,  Portland,  vice-presi- 
dent; M.  J.  Lynch,  treasurer;  O.  Enger,  sec- 
retary ;   R,  D.  Hoyt,  M.  E.,  general  manager. 


CIVIL  SERVICE  NEWS 

The  Chicago  Civil  Service  Commission  an- 
nounces examinations  as  follows : 

Manager  Parks,  Play  Grounds  and  Beaches, 
$2,700  per  annum  (local  residence  waived)  ; 
April  23, 

Cast  Iron  Pipe  Inspector,  union  scale;  April 
26. 

The  United  States  Civil  Service  Commis- 
sion will  hold  the   following  examination : 

Oil  and  Gas  Inspector,  Grade  1,  $2,160  to 
$3,300  per  annum;  Grade  2,  $1,.".00  to  $2,160; 
May  18. 

The  New  York  State  Civil  Service  Commis- 
sion announces  the  following  state  and  county 
examinations  to  be  held  May  15: 

Landscape  Gardener  and  Superintendent  of 
Parks,  State  Reservation  Commission,  Sara- 
toga Springs,  $100  per  month  and  traveling  ex- 
penses. 

Chief  or  Deputy  Chief,  .Automobile  Bureau, 
'Office  Secretary  of  State,  $:i,20O  per  annum. 

Inspector  of  Construction,  State  Department 
of  Highways,  &.^0  to  $4,50  per  day. 

Mine  and  Tunnel  Inspector,  Department  of 
Labor,  $1,200  per  year. 
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RAILWAYS 

PROSPECTIVE  WORK. 

Georgia: 

Lumber  City,  Ga.— Ocmulgee  Valley  Ry., 
proposing  20-miIe  line  from  Lumber  City  to 
Jacksonville,  has  completed  10  miles  of  road 
and  has  other  sections  under  construction.  The 
line  will  have  maximum  curves  of  4°,  and  I 
per  cent  grade ;  56-lb.  steel  is  being  used.  Work 
involves  1,500  cu.  yds.  earth  excavation  and 
35,00(1  cu.  vds.  embankment;  about  10,000  lin. 
ft.  of  piliiig  and  300M  ft.  B.  M.  of  bridge 
timbers  will  be  used.  The  work  is  being  done 
by  day  labor.  J.  B.  Work,  Lumber  City,  is  the 
engineer  in  charge. 

Kansas : 

Lawrence,  Kan.— Kansas  City,  Lawrence  & 
Topeka  R.  R.  (electric),  F.  P.  Dickson,  Presi- 
dent, Gumbel  Bldg.,  Kansas  City,  Mo.,  is  con- 
sidering extending  its  line  to  Lawrence. 

Salina.  Kan.— Public  Utility  Commission  has 
authorized  Salina  Northern  R.  R.  to  issue  $1,- 
250,000  of  stock  for  its  proposed  line  from 
Salina  to  Osborne,  80  miles.  Company  is  re- 
ported to  have  purchased  9,000  tons  of  rail. 
F.  C.  York  is  President. 

New  York: 

Corona,  N.  Y.— Right  of  way  between  Cor- 
ona and  Lakeville  for  a  new  high-speed  elec- 
tric railroad,  to  be  built  by  interests  connected 
with  the  New  York  Central  System,  is  under- 
stood to  have  been  secured,  and  it  is  believed 
that  contracts  for  that  portion  of  the  line  in 
Queen's  Borough  will  be  let  soon.  The  Lake- 
ville Holding  &  Development  Co.  is  reported 
to  be  interested. 
North  Carolina: 

Durham,  X.  C. — Durham  Traction  Co.,  pro- 
poses 1  mile  extension  down  HoUoway  St. 

Ohio : 

Canal  Dover,  O.— Dover,  Millersburg  & 
Western  Rv.  Co.  has  been  incorporated,  with 
$10,000  capitol  stock;  to  build  standard  inter- 
urban  railway. 

Oklahoma : 

Gushing,  Okla.— Oil  Fields  &  Santa  Fe  Rail- 
way Co.  chartered  recently,  propose  immediate 
construction,  it  is  said,  of  20-mile  line  from 
point  on  Santa  Fe  Railroad  to  Gushing  oil 
fields.  S.  W.  Hayes,  Oklahoma  City,  is  incor- 
porator. This  is  understood  to  be  a  Santa  Fe 
line. 
South  Carolina: 

Furman,  S.  C.— The  Furman  &  Yemasse 
Railroad  Co.  has  been  chartered  with  capital 
stock  of  $10,000  and  proposes  20-miIe  line  be- 
tween places  named.  J.  H.  Adams,  W.  P. 
Ellis  and  H.  Weindal  are  interested. 

South  Dakota: 

Huron.  S.  Dak.— Huron  &  Northwestern 
Ry.  Go.  has  been  incorporated  with  $25,000 
capital  stock  and  proposes  line  from  Huron 
to  Roselvn,  106  miles.  Incorporators  include 
F.  W.  Henderson,  Summit,  and  C.  B.  Adams, 
Chicago,  111.  Same  parties  have  incorporated 
construction  company  to  be  known  as  Huron 
Investment  &  Construction  Co.,  capital  stock 
$.50,000. 
Virginia : 

Petersburg,  Va.— Petersburg  &  James  River 
Co.,  composed  of  Washington  capitalists,  and 
the  Petersburg  &  .A.ppainattox  Co.,  recently 
chartered,  have  applied  to  County  Commis- 
sioners for  franchise  to  construct  electric  rail- 
way from  Petersburg  to  City  Point,  10  miles. 

West  Virginia: 

Stone  Goal  Junction,  W.  Va.— Virginia  Ry. 
has  made  surveys  for  construction  of  6  miles  of 
railroad  from  Stone  Coal  Junction  to  mines  in 
Stone  Coal  Greek.  Railway  company,  however, 
is  not  ready  to  construct  at  this  time. 

Alberta : 

Edmonton,  Alberta. — Legislature  has  adopt- 
ed resolutions  to  guarantee  branch  line  of  Ed- 
monton, Dunvegan  &  British  Columbia  Ry., 
from  point  on  main  line  south  to  Grand 
Prairie,  60  miles,  at  $20,000  per  mile. 


BIDS  OPENED; CONTRACTS  LET 

California : 

Blythe,  Gal. — Contract  for  first  12^^  miles 
of  grading  for  railroad  from  this  place  has 
been  let  to  Floyd  Brown,  San  Bernardino. 
This  is  the  line  promoted  by  J.  M.  Neeland, 
Los  Angeles. 
Illinois : 

Chicago,  III. — Bids  were  opened  April  15  at 
offices  of  the  Pennsylvania  Railroad  in  Pitts- 
burgh, for  a  large  contract  in  connection  with 
the  Union  Terminal  at  Chicago.  Work  on 
which  bids  were  opened  called  for  foundations 
for  freight  house  and  involved  45,000  cu.  yds. 
concrete,  20,000  lin.  ft.  piling,  40,000  to  50,000 
cu.  yds.  of  e.xcavation.  The  contract  for  steel 
work  for  the  reconstruction  of  the  Lake  St. 
Bridge,  in  connection  vi-ith  the  terminal  devel- 
opment, has  been  let  to  the  Chicago  Bridge  & 
Iron  Works,  Chicago. 
Indiana : 

Indianapolis,  Ind. — Contracts  were  to  be  let 
last  week  by  Indianapolis  Union  Ry.  Co.  for 
razing  buildings  preparatory  to  beginning  con- 
struction of  track  elevation.  The  first  work 
will  probably  be  the  elevation  of  tracks  in  the 
Union  Station.  P.  J.  Landers  is  Chief  Engi- 
neer. 
New  York: 

New  York.  N.  Y. — Public  Service  Commis- 
sion for  the  First  District  has  awarded  the  con- 
tract for  the  construction  of  Section  No.  4  of 
Route  Nos.  4  and  36  to  the  Litchfield  Con- 
struction Co.,  i\ew  York  City,  for  $1,937,509. 
This  section  is  a  part  of  the  Broadway  subway 
in  Manhattan,  to  be  operated  by  the  New- 
York  Municipal  Railway  Corporation,  and  lies 
in  Seventh  .\ve..  between  51st  and  59th  Sts. 
It  will  be  a  four-track  structure. 
Ohio: 

Columbus,  O. — Contracts  for  the  first  28 
miles  of  the  Chesapeake  &  Ohio  Northern  R. 
R.  have  been  awarded  to  the  following :  W. 
W.  Boxley,  Roanoke,  Va.,  Section  1 ;  Rinehart 
&  Dennis,' Charlottesville,  Va.,  Section  2;  Win- 
ston &  Co.,  Richmond.  Va.,  Section  3 ;  Robt. 
Grace  Contracting  Co..  Pittsburgh,  Pa.,  Sec- 
tion 4.  The  first  28  miles  extend  from 
Sciotoville  to  Waverly,  O.,  and  involves  4,- 
000,000  cu.  yds.  of  excavation  and  60,000  cu. 
yds.  concrete.  This  is  the  new  Chesapeake  & 
Ohio  connecting  link. 
Utah: 

Ogden,  Utah. — Utah  Construction  Co.,  Og- 
den,  has  been  awarded  contract  for  Brigham- 
Wellsville  extension  of  Ogden,  Logan  &  Idaho 
Ry.  (electric).  Work  covers  30  miles  of  line, 
and  involves  no  heavy  grading  or  cuts. 
Virginia : 

Norfolk,  Va. — Virginian  Ry.  has  taken  bids 
for  construction  of  Devil's  Fork  branch,  begin- 
ning at  Mile  Post  7.5  on  Winding  Gulf  branch 
and  extending  about  1.16  miles  up  Devil's 
Fork,  W.  Va.  Contracts  for  the  work  will  be 
awarded  at  once. 
Washington : 

Bellingham,  Wash. — Twohy  Bros.,  Portland, 
Ore.,  have  been  awarded  contract  for  12-mile 
extension  from  Goshen  to  Welcome  for  Chi- 
cago, Milwaukee  &  St.  Paul  Ry.  Cost  will  run 
about  $;30.000  per  mile. 
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BIDS  ASKED. 
Alabama : 

Russellville,  Ala.— Until  May  10,  by  S.  J. 
Petree,  Chairman  Court  County  Revenue,  for 
gradin.g,  draining  and  graveling  about  19  miles 
of  road. 

Florida : 

Pensacola,  Fla.— Until   11   a.  m..   May  1,  by 
Bureau  of  Yards  and  Docks,  Washington,  D. 
C,  for  macadam  road  1,469  ft.  long  and  16  ft. 
wide  at  Navy  Yard.  Pensacola. 
Illinois: 

Springfield,  111.— Until  11  a.  m.,  May  5,  by 
State  Highway  Commission,  W.  W.  Marr, 
Chief    Highway    Engineer,    for   the    following 


proposed  State  .Aid  work :  All  cement  to  be 
furnished  bv  the  state  ;     Ford  County,  Section       | 

A,  brick,  5,900  ft.,  $15,917  estimate ;  Pike  Goun-  | 
ty.  Section  A,  concrete,  7,800  ft.,  $12,241;  ' 
Shelby  County,  Section  A,  concrete,  4,800  ft., 
$7,143;  Kankakee  County,  Section  B,  concrete,  . 
1,200  ft.,  $2,049;  Bureau  County,  Section  C,  ; 
concrete,  4,000  ft.,  $8,228 ;  Bureau  County,  Sec-  ; 
tion  D,  concrete,  4,200  ft.,  $7,362.  Advertise- 
ment in  this  issue. 

Chicago,    111.— Until    11   a.   m.,   April  24,   by       • 
Bureau    of     Streets,     Department     of     Public 
Works,   for    furnishing   1,500   tons    of   refined 
natural  asphalt  and  2,000  tons  of  refined  oil 
asphalt. 

Peoria,  111. — Until  2  p.  m.,  April  26,  by  Board 
of  Local  Improvements,  for  about  18,000  sq. 
yds.  of  resurfacing  with  sheet  asphalt.  Ad- 
vertisement in  this  issue. 

Indiana : 

Bloomington,  Ind. — Until  7:30  p.  m..  April 
26,  by  Horace  Blakely,  City  Clerk,  for  oilinjj 
certain  streets. 

Vincennes,  Ind. — Until  4  p.  m.,  April  26,  by 

E.  G.  Meyer,  City  Clerk,  for  18,500  sq.  yds.  of 
pavement. 

Martinsville,  Ind. — Until  noon.  May  4,  b\ 
Sam  Watson,  County  Auditor,  for  roads  in 
Washington,  Jefferson  and  Ray  townships. 

Marion,  Ind. — Until  2  p.  m..  May  4,  by  E.  H. 
Kimball,  County  Auditor,  for  2  roads  in  Jef- 
ferson Township  and  1  road  in  Fairmount 
Township. 

Vincennes.  Ind. — Until  May  4,  by  J.  J. 
Muentzer,  County  Auditor,  for  3  mile  gravel 
road  in  Washington  Township. 

Knox,  Ind. — L'ntil  noon.  May  4,  by  Chas. 
W.  Weninger,  County  .Auditor,  for  3  roads  in 
Oregon  Township. 

Rensselaer,  Ind. — Until  2  p.  m..  May  4,  by 
J.  P.  Hammond,  County  Auditor,  for  stone 
road  in  Carpenter  Township. 

Boonville,  Ind. — Until  10  a.  m..  May  4,  by 
G.  H.  Bass,  County  .Auditor,  for  rock  roads 
in  Boon  and  Greer  Townships. 

Bloomington,  Ind. — Until  2  p.  m..  May  4.  by 
Geo.  E.  Kidd,  County  Auditor,  for  4  macadam 
roads. 

Monticello,  Ind. — Until  10  a.  m..  May  4,  by 
-A.  G.  Fisher,  County  .Auditor,  for  gravel  roads 
in  West  Point,  Jackson  and  Princeton  Town- 
ships and  crushed  stone  road  in  Honey  Greek 
Township. 

Evansville,  Ind. — Until  10  a.  m.,  May  6,  by 
G.  P.  Beard,  County  Auditor,  for  rock  road  in 
Union  Township. 

Huntington,  Ind. — Until  10  a.  m..  May  6,  by 
Harold  Guthrie,  County  .Auditor,  for  county 
line  gravel  road. 

Corydon,  Ind. — Until  2  p.  m.,  May  7,  by  J. 
L.  O'iBannon,  County  .Auditor,  for  macadam 
or  gravel  road  in  Spencer  Township. 

Peru,  Ind. — Until  noon,  May  10,  by  F.  K. 
McElhemy,  County  Auditor,  for  roads  in  Jack- 
son, Jefferson  and   Peru  Townships. 

Frankfort,  Ind.— Until  2  p.  m..  May  18.  by 
Edw.  Spray,  County  Auditor,  for  county  line 
road. 

Terre  Haute,  Ind.— Until  11  a.  m.,  .April  24. 
by  N.  G.  Wallace,  County  .Auditor,  for  gravel 
roads  in  Prairieton  and  Prairie  Creek  Town- 
ship. 

Kentland,  Ind. — Until  2  p.  m..  May  3,  by  S. 
R.  Sizelove,  County  .Auditor,  for  macadam 
road  in  Lake  Township. 

Goshen.  Ind.— Until  1  p.  m.,  May  3,  by  J.  W 
Brown,  County  Auditor,  on  brick  and  gravel 
road   in   Elkhart   Township. 

Shelbyville,  Ind.— Until  10  a.  m.,  April  28,  by 

F.  W.  Fogel,  County  .Auditor,  for  gravel  road 
in  Washington  Township,  gravel  road  on 
township  lines,  crushed  stone  road  in  Liberty 
Township. 

Connersville,  Ind.— Until  2  p.  m.,  .April  29.  by 
J.  C.  Kennedy,  County  .Auditor,  for  gravel 
road  in  Connersville  Township. 

English,   Ind.— Until  2  p.  m..  May  3,  by  J. 

B.  Enlow%  County  .Auditor,  for  stone  road  in 
Whisky  Run  and  Liberty  Township. 

Jeffersonville,  Ind.— Until  10  a.  m..  May  3, 
bv  G.  W.  Stoner.  County  Auditor,  for  bitumi- 
nous macadam  road  in  Jeffersonville  Town- 
ship. 

Versailles,  Ind. — Until  noon.  May  3.  by  J.  F. 
Lochard,  County  .Auditor,  for  macadam  roads 
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Quoted   Articles  in    Engineering    and 
Contracting. 

Articles  published  in  Engineeking  and  Con- 
tracting are  of  three  kinds;  Articles  pre- 
pared by  editorial  staff  writers:  articles  con- 
tributed by  writers  not  editorial  employes; 
articles  abstracted  or  quoted  from  other  pub- 
lications. Articles  of  the  third  kind  are  em- 
pliasized ;  they  are  made  more  of  a  feature 
than  in  other  civil  engineering  journals.  They 
originally  have  usually  been  prepared  pains- 
takingly for  professional  reports  or  scientific 
studies  and  are  of  exceptional  quality.  They 
also  are,  in  their  original  form,  available  to 
comparatively  few  engineers  and  the  many 
others  can  rarely  benefit  from  them  if  they 
are  not  republished  in  a  form  available  to 
everyone.  That  they  are  not  new-born  is  the 
only  argument  that  can  be  urged  against  their 
publication.  It  is  pure  piffl'e.  Inherent  value 
is  of  more  worth  than  mere  originality  and 
in  inherent  value  articles  quoted  from  reports 
and  bureau  publications  often  surpass  any- 
thing that  editors  have  the  means  to  secure 
originally.  Since  this  journal  is  a  purveyor, 
not  of  illusions  but  of  usable  facts  and  sug- 
gestions, it  does  not  hesitate  to  quote  facts  and 
suggestions  from  any  source. 

The  use  of  quoted  articles  involves  an  obli- 
gation to  credit  invariably  and  precisely  the 
author  and  the  original  medium  of  publication. 
This  is  so  not  merely  because  common  hon- 
esty demands  acknowledgment  of  debt,  but  be- 
cause by  this  way  only  can  the  worth  and  re- 
liability of  the  facts  and  opinions  presented  be 
intelligently  appraised  by  the  reader.  To  neg- 
lect frankly  to  give  credit  for  quoted  informa- 
tion is  of  a  species  with  the  old  journalistic 
doctrine  never  to  confess  editorial  fallibility 
and  it  is  quite  as  much  a  relic  of  benighted 
tradition.  This  journal  proposes  to  exter- 
minate from  its  pages  even  the  semblance  of 
implying  that  quoted  matter  may  be  original 
to  those  pages,  in  the  case  of  copyrighted 
matter,  consent  of  the  origial  publisher  will 
be  secured  for  any  quotation  giving  in  sub- 
stance the  arguments  of  the  author  or  the 
essential   data   presented. 

The  origin  and  authorship  of  all  articles 
published  in  Engineering  and  Contracting 
are  definitely  stated.  Contributed  articles  and 
articles  prepared  by  staff  writers  are  specified 
by  suitable  wording  immediately  following  the 
caption  or  title.  Quoted  articles  have  hereto- 
fore always  had  their  source  acknowledged  in 
the  text  of  the  article.  To  make  it  impossible 
for  such  credit  to  be  overlooked  because  of 
its  position  each  quoted  article  hereafter  will 
be  labeled  immediately  following  the  caption 
with  the  words  "Staff  Abstract."  At  the  end 
of  the  article,  under  the  subcaption  ".^cknowl- 
edgemcnts,"  there  will  be  stated  in  full  the 
sources  of  information  from  which  the  article 
was  prepared.  This  detailed  method  of 
acknowledgement  is  necessitated  by  three 
facts:  (1)  quoted  articles  are  seldom  printed 
in  full,  (2)  they  nearly  always  contain  con- 
densations by  the  editor  interspersed  with 
parts  directly  quoted,  and  (3)  frequently  they 
contain  added  information  and  illustrations 
secured  from  the  author  subsequent  to  original 
publication. 


simple  and  elementary.  It  is  timely  because, 
first,  despite  all  the  hard  paved  road  con- 
struction being  prosecuted  in  many  states,  a 
considerable  mileage  of  the  roads  of  these 
states  is  gravel  roads  and  must  remain  of  no 
more  expensive  construction  ior  years.  Sec- 
ond, it  is  timely  because  it  emphasizes  the 
vital  influence  of  maintenance  in  securing 
economic  worth  from  gravel  roads.  One  of 
the  strongest  arguments  supporting  expensive 
hard  paved  roads  is  that  they  minimize  the 
necessity  for  systematic  maintenance.  Lack 
of  systematic  maintenance,  generally  prevalent 
in  all  states,  is  the  greatest  drawback  to  eco- 
nomic service  of  gravel  and  other  earth  roads. 
The  gravel  road  is  not  an  obsolete  con- 
struction even  in  this  present  era  of  expensive 
hard  road  pavements.  In  Ohio  some  17  per 
cent  of  the  total  road  mileage  of  the  state 
are  gravel  roads.  In  Maine  only  two  types — 
gravel  and  bituminous  macadam — of  improved 
roads  are  built.  In  Wisconsin  water  bound 
gravel  roads  are  being  built  in  greater  mile- 
ages than  any  other  kind  of  road.  The  gravel 
roads  of  New  Jersey  are  widely  known  for 
their  heavy  traffic  and  good  service.  In  a 
large  measure  these  roads  are  a  revival  of  old 
custom.  Gravel  roads  once  extensively  built 
fell  into  disrepute  because  of  poor  construc- 
tion but  more  because  of  improper  mainte- 
nance. They  are  coming  back  into  good  re- 
pute because  state  road  making  and  mainte- 
nance are  vastly  improved.  In  making  this 
argument  for  gravel  roads  it  is  not  maintained 
that  they  take  the  place  of  hard  paved  roads, 
or  that  they  have  any  place  where  traffic  con- 
ditions call  for  brick  or  concrete  or  bituminous 
macadam. 


A  Timely  Comment  on  Gravel  Road 

Maintenance. 

_  A  timely  article  on  gravel  road  construc- 
tion and  maintenance  is  published  in  this  is- 
sue.   Another  merit  of  this  article  is  that  it  is 


High  "Development  Cost"  of  a  Cana- 
dian Railway  and  Its  Lesson. 

The  "development  cost"  of  American  rail- 
ways is  likely  to  be  a  matter  of  serious  dis- 
pute in  the  appraisal  of  railway  values.  It 
will  probably  be  contended  that  where  the  de- 
velopment cost  has  actually  been  great,  the 
railway  promoters  showed  such  excessively 
bad  judgment  that  no  consideration  should 
be  given  to  the  actual  deficits  in  fair  return. 
And,  on  the  other  hand,  where  there  have 
been  only  slight  deficits  in  fair  return  during 
the  early  days,  it  will  be  argued  that  the  good 
judgment  of  the  promoters  should  not  be  re- 
warded, because  it  presumed  they  should  al- 
ways exercise  good   judgment. 

The  Canadian  government  has  long  made  it 
a  practice  to  assist  in  financing  Canadian  rail- 
ways, and  of  late  years  it  has  gone  heavily 
into  the  building  of  lines  to  develop  new  ter- 
ritory. After  nine  years'  work  it  has  just  fin- 
ished an  1,800-mile  line  from  Moncton  to 
Winni])cg,  forming  the  National  Transcon- 
tinental Ry.,  the  western  part  of  which  was  to 
be  the  Grand  Trunk  Pacific  Ry..  which  termi- 
nates on  the  Pacific  at  Prince  Rupert.  This 
new  1,800-mile  line  has  cost  the  government 
$100,000  a  mile,  or  about  six  times  the  original 
estimate.  An  investigating  cotnmission  has 
reported  that  the  cost  has  been  at  least  $22,- 
000  a  mile  more  than  was  necessary.  The  line 
was  to  have  been  leased  for  .^O  years  to  the 
Grand  Trunk  Ry.;  the  first  seven  years  being 
free  of  rental  and  the  rest  of  the  term  at  3.5 
per  cent.  But  the  Grand  Trunk  now  refuses 
to  carry  out  its  leasing  agreement. 

Apparently  the  Grand  Trunk  sees  no  pos- 
sibility of  paying  operating  expenses  and  in- 
terest on  the  rolling  stock  during  the  next 
seven  years.  This  is  significant  as  to  the 
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minimum  probable  development  cost  of  this 
1,800-mile  railway. 

While  Canadians  are  gloomily  appraising  the 
past  construction  cost  and  the  probable  future 
development  cost  of  this  great  venture,  our 
American  press  is  cheerfully  commenting  upon 
our  own  first  e-xtensive  plunge  into  govern- 
ment railway  construction.  We  have  appro- 
priated $85,000,000  for  a  government  railway 
system  in  Alaska.  When  the  appropriation 
was  made  some  one  guessed  that  it  would  build 
1,000  miles  of  line.  Then  a  commission  re- 
ported that  only  733  miles  could  be  built.  Now 
a  second  commission  reports  that  construc- 
tion will  cost  25  per  cent  more  than  the  first 
commission  estimated.  It  is  not  rash  to  pre- 
dict that  the  $35,000,000  will  not  buy  the  ex- 
isting 70  miles  of  railway  and  build  .500  ad- 
ditional miles.  But  even  if  the  existing  ap- 
propriation does  go  as  far  as  is  now  estimated 
for  construction,  what  will  the  subsequent 
"development  cost"  be?  To  this  important 
question  no  one  has  ever  offered  even  a  guess 
in   reply. 

It  is  to  be  hoped  that  the  Interstate  Com- 
merce Commission  will  be  given  jurisdicticin 
over  this  projected  government  railway  in 
.Alaska,  if  for  no  other  reason  than  to  secure 
complete  costs  and  operating  expenses.  We 
predict  that  the  craze  for  government  con- 
struction of  railways  will  receive  as  hard  a 
jolt  in  America  as  it  has  already  received  in 
Canada. 


Failure  by  Engineers    to    Utilize   Es- 
tablished Bureaus  for  Information. 

It  is  an  old  charge  that  engineers  make 
small  use  of  the  various  public  bureaus  which 
supply  engineering  information.  Even  the 
engineering  society  libraries  are  not  called 
upon  for  full  service.  This  charge  may  ap- 
pear to  be  disproved  by  the  increasing  annual 
number  of  "library  searches"  called  for  by 
members  of  the  national  engineering  societies, 
but  it  is  not.  The  total  number  of  these 
searches  is  small  compared  with  the  total 
society  membership.  There  is  no  engineering 
journal  of  size  which  does  not  receive  each 
year  some  hundreds  of  letters  asking  where 
information  on  some  subject  exists  and  how 
it  may  be  obtained.  The  significance  of  these 
inquiries  is  not  that  the  requirement  indicat- 
ed exists,  but  that  there  are  bureaus  whose 
purpose  it  is  to  satisfy  it  and  that  these  bu- 
reaus are  not  adequately  utilized. 

The  Federal  Government  alone  has  per- 
haps a  score  of  bureaus  for  the  sole  pur- 
pose of  amassing  information  on  numerous 
subjects  in  which  engineers  are  interested 
and  it  is  rapidly  coming  to  be  the  fact  that 
almost  every  state  has  one  or  more  similar 
service  bodies  which  can  be  consulted.  Why 
is  more  frequent  use  of  these  not  made?  The 
answer  is,  we  think,  that  these  bureaus,  their 
l)urposes,  their  work  and  their  willingness  to 
serve  are  not  widely  known.  This  may  ap- 
pear to  be  a  rash  assertion,  but  is  it?  Of 
the  letters  of  inquiry  which  come  to  this 
journal  a  very  considerable  proportion  are 
answered  by  referring  the  writers  to  some 
Federal  or  state  or  city  bureau  whose  work 
it  is  to  collect  and  distribute  just  the  sort  of 
information  requested.  This  can  indicate 
nothing  except  that  these  bureaus  were  not 
known  to  those  who  made  inquiry  or  rather, 
perhaps,  that  their  willingness  to  serve  was 
not  known. 

The  remark  is  too  often  heard  that  the 
.■\merican  engineer  is  at  a  disadvantage  com- 
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pared  with  an  engineer  in  Germany  or  France 
with  their  great  Government  engineering 
laboratories.  This  is  perhaps  true  in  a  meas- 
ure, but  it  is  not  true  in  the  sense  that  the 
American  engineer  has  no  helps  of  a  similar 
Icind.  All  the  laboratories  of  the  state  sup- 
ported universities  are  for  public  service.  So 
are  the  records  of  state  health  boards  and 
state  highway  commissions,  .--Xt  Washington  arc 
the  several  "surveys,"  the  Bureau  of  Stand- 
ards, the  Bureau  of  Public  Roads,  the  drain- 
age and  irrigation  experiment  stations,  and 
other  similar  service  bodies.  Here  and 
further  back  we  have  named  those  organiza- 
tions service  bureaus,  and  this  is  a  conception 
that   it  is   desired   to   emphasize   to   engineers. 

These  governmental  bureaus  are  not  activi- 
ties extraneous  to  the  engineering  life  of 
the  country,  but  are  accessories  to  it.  It 
seems  to  be  difificult  for  engineers  generally 
to  grasp  this  fact.  Those  who  have  and  who 
also  have  cultivated  the  habit  of  calling  for 
service  and  co-operation  have  gained  a  strong 
ally  in  their  work.  They  have,  moreover, 
strengthened  that  ally.  All  these  bureaus  are 
weak  to  serve  only  in  the  one  respect  that 
adequate  funds  are  wanting  for  their  work 
of  experimentation  and  of  collection  and  com- 
pilation of  information.  Demand  by  engi- 
neers for  more  experiments  and  more  com- 
plete compilations  is  the  strongest  weapon 
which  the  bureaus  can  wield  in  exacting-  more 
liberal  financial  support. 

Engineering  journals  have  for  years  found 
in  these  service  bureaus  one  of  their  most 
fruitful  sources  of  information.  At  the  most, 
however,  only  a  very  small  portion  of  the 
data  available  can  be  repeated  by  the  engi- 
neering journals.  The  need  is  that  the  in- 
dividual practitioner  shall  seek  service.  This 
engineering  journal  can  guarantee  that  its 
readers  who  have  not  done  this  will  be  as- 
tonished by  the  results  secured.  This  asser- 
tion does  not  mean  that  any  question  that 
may  be  asked  can  be  answered,  but  that 
where  data  are  available  for  the  answer  of 
any  question  they  will   be   forthcoming. 


Modifications   in    Shaft    Design    Influ- 
enced by  Concrete  as  a  Lining 
Material. 

Those  who  have  made  search  state  that 
the  first  use  in  the  United  States  of  concrete 
shaft  lining  was  in  190.3  at  Tug  River,  W.  V. 
Since  that  time  concrete  has  been  exclusively 
used  in  a  variety  of  forms  for  shaft  lining. 
There  has  been,  naturally,  much  progress  in 
a  dozen  years  of  use  in  methods  and  plant 
employed,  but  a  review  of  development  is  less 
interesting  because  of  such  progress  than  it 
is  because  of  the  modifications  in  shaft 
design  influenced  by  the  new  lining  material. 

The  advent  of  concrete  as  a  lining  material 
permitted,  and,  in  a  measure,  has  brought 
about,  a  modification  in  shaft  shapes.  Be- 
fore concrete  came  to  be  used  all  .shaft  lin- 
ings were  of  timber  (wall  sets,  buntons  and 
lagging).  Latterly  in  the  timber  lining  era, 
steel  sets  or  buntons  or  both  were  in  in- 
stances substituted  for  timber  and  occasion- 
ally steel  plates  took  the  place  of  wood  lag- 
ging. There  were  isolated  instance  shafts 
lined  with  brick  or  steel  tubbing,  but  they 
represented  an  exception  and  may  be  dis- 
missed   with    mention. 

The  shaft  shape  best  suited  to  timber  lin- 
ing is  the  rectangle.  This  became  the  usual 
shape  for  both  tunnel  and  mine  shafts.  There 
were  other  reasons  than  their  fitness  for 
cheap  and  convenient  timber  lining  which  in- 
fluenced the  adoption  of  rectangular  shafts, 
but  none  of  them  was  so  insistent  a  reason. 
With  concrete  there  was  had  a  material 
equally  suited  to  any  shaft  shape,  and  soon 
discussion  arose  concerning  the  best  outline 
of  shaft  cross-section.  The  character  and 
progress  of  this  discussion  is  not  of  present 
concern ;  out  of  it  came  the  important  con- 
viction that  rectangular  shaft  shapes  were 
no  longer  essential  for  effective  use  of  lining 
material — framed  timber  or  steel — and  curvi- 
linear sections  could  be  used  wherever  they 
appeared  to  present  advantages. 


It  may  not  be  understood  that  a  radical 
change  in  shaft  shapes  occurred  with  the  em- 
ployment of  concrete  for  lining.  American 
hoisting  practice  is  adapted  to  the  rectangular 
shaft  or,  perhaps  a  better  statement  of  con- 
ditions is,  the  rectanglar  shaft  is  particularly 
well  adapted  to  the  practice  in  America  of 
using  large  cages  hoisting  in  balance.  Also 
where  shafts  have  been  relined  with  concrete 
no  change  was  made  in  shape  of  the  shaft 
section.  With  concrete  lining,  however, 
other  shaft  shapes  than  the  rectangular  have 
come  increasingly  into  use.  The  circular  sec- 
tion, limited  almost  entirely  to  ventilating 
shafts,  is  now  represented.  Also  hoisting 
shafts  of  curvilinear  section  are  common. 
The  shapes  vary  from  rectangular  with  cir- 
cular ends  to  elliptical  shapes  of  various  com- 
binations of  arcs.  These  sections  give  the 
area  required  for  large  balanced  cages,  give 
room  for  pipes  in  the  end  segments  and  elim- 
inate the  expensive  cutting  of  corners  in  ex- 
cavating. Possibly,  too,  u  merit  can  be  claimed 
of  greater  strength  of  arched  sections,  but 
this  is  a  value  whose  practical  importance  is 
disputed.  To  epitomize,  in  the  problem  of 
choosing  shaft  shapes,  concrete  for  lining 
has  released  the  engineer  from  any  necessity 
of  adapting  the  cross-section  to  limitations 
imposed   by   rigidity   of   lining   material. 

Like  shape  of  shaft,  the  thickness  of  con- 
crete lining  is  controlled  by  other  considera- 
tions than  the  theoretical  pressures.  At  one  ex- 
treme is  advocated  a  thickness  capable  of  re- 
sisting a  static  head  equal  to  the  full  depth  of 
the  shaft.  At  the  opposite  extreme  is  sug- 
gested a  mere  veneering  to  prevent  weather- 
ing. Neither  extreme  finds  place  in  practice, 
but  the  one  last  mentioned  is  least  logical. 
Experience  indicates  that  shafts  are  rare  in 
which  some  inward  acting  pressure  does  not 
exist  at  some  time.  This  is  particularly  true 
where,  as  is  becoming  common,  the  shaft  is 
grouted  to  close  leaks  instead  of  having 
drains  provided.  Thickness  is  required  to 
resist  grouting  pressures  necessary  to  close 
the  rock  fissures  carrying  water.  There  are 
also  swelling  rock,  slips  of  strata,  blocky 
rock,  etc.,  to  guard  agamst  which  there  must 
be    strength   of    lining. 

Generally,  practice  in  regard  to  thickness 
of  lining  is  substantially  as  follows:  A  mini- 
mum thickness  based  on  experience  is  speci- 
fied. Here  it  is  worth  rroting  that,  however 
uncertain  it  may  be  what  thickness  the  con- 
ditions disclosed  by  excavation  may  make 
necessary,  it  is  desirable  to  specify  some 
minimum  thickness  to  have  the  contract  defi- 
nite. The  minimum  thickness  specified  is  sel- 
dom less  than  6  to  8  ins.  Thinner  walls  than 
these  are  difficult  to  construct  even  if  they 
are  sufficient  in  strength.  With  a  minimum 
thickness  adopted  the  lining  is  built  thicker 
as  in  the  best  judgment  of  the  engineer  occa- 
sion demands.  It  is  one  of  the  notable  mer- 
its of  concrete  as  a  material  for  shaft  lining 
that  it  permits  almost  perfectly  variation  in 
thickness  to  suit  requirements.  With  almost 
no  alteration  in  processes  and  plant  a  con- 
crete lining  can  be  thickened  or  strengthened 
by  steel  reinforcement  to  meet  local  extra- 
ordinary pressures  due  to  shaky  strata  or  to 
head   of   water. 

The  task  of  sliaft  drainage  is  the  third  fea- 
ture in  shaft  construction  which  concrete  lin- 
ing has  greatly  modified.  With  timber  lining 
elimination  of  wetness  from  shafts  is  a  strict- 
ly drainage  problem.  No  attempt  is  made  to 
prevent  inflow ;  it  is  admitted,  collected  by 
drains  and  disposed  of  by  pumping.  The 
same  procedure  was  adopted  for  the  earlier 
shafts  lined  with  concrete,  but  latterly  with 
the  development  of  grouting  another  pro- 
cedure is  being  established.  This  is  to  grout 
the  rock  behind  the  lining  and  so  seal  all 
veins  and  pores  through  which  water  can 
enter  the  shaft.  Grouting  may  be  employed 
with  timber  lining,  but  concrete  lining  is  the 
ideal  seal  to  grout  against.  Also  grouting  is 
of  a  family  with  concreting,  so  the  two  may 
allowably  be  considered  a%  parts  of  a  single 
process  of  concrete  shaft  lining.  Concrete 
shaft  lining  has  simplified  greatly  the  prob- 
lem of  shaft  drainage.     Indeed,  it  is  not  ex- 


travagant to  claim  that  concrete  lining  has 
developed  a  modern  shaft  construction  with- 
out drains  or  pumps. 


Standardizing  Field    Signals    for    En- 
gineers. 

At  the  latest  annual  meeting  of  the  Ohio 
Engineering  Society  a  committee  was  appoint- 
ed to  begin  work  on  the  standardization  of 
field  signals  used  by  engineers  and  surveyors. 
This  committee  will  make  an  effort  to  compile 
a  record  of  all  signals  now  in  use  and  will  en- 
deavor to  interest  and  to  secure  the  co-opera- 
tion of  other  engineering  societies  in  this  work. 
A  joint  committee  will  eventually  be  appointed 
to  recommend  a  standard  code  which  will 
then  be  adopted  by  the  societies  represented 
and  doubtless  by  field  engineers  generally.  It 
is  thought  that  the  standard  code  will  be 
promptly^  adopted  by  the  engineering  schools 
and  it  will  soon  become  universal. 

The  fact  that  there  is  not  a  universal  code 
of  signals  at  present  is  often  a  source  of  an- 
noyance and  expense.  In  joining  a  new  party 
the  young  engineer  is  often  embarrassed  by  . 
finding  in  force  a  system  of  signals  with  which 
he  is  not  familiar.  This  always  leads  to  delays, 
in  fact  it  is  not  an  uncommon  experience  for 
an  entire  field  party  to  be  delayed  for  a  period 
ranging  from  a  few  minutes  to  a  half  haur 
due  to  the  inability  of  a  detached  new  member 
of  the  party  to  understand  the  signals  waved  to 
him.  Engineers  generally  should  extend  their 
co-operation  in  this  effort  to  standardize  field 
signals. 


Self-Elected. 


The  ablest  leaders  are  self-chosen.  This 
is  true  industrially  as  it  is  true  politically. 
When  the  civil  war  began,  many  volunteer 
companies  and  regiments  elected  their  own 
officers.  The  choice  commonly  fell  upon  the 
men  who  looked  or  talked  the  military  part. 
However,  a  few  months  of  actual  service  un- 
der gun  fire  effected  radical  changes.  Then 
brave  and  resourceful  men  in  the  ranks  pro- 
ceeded to  make  themselves  leaders.  The  iron 
soldier  pushed  the  tin  soldier  aside.  Every 
war  repeats  such  history. 

In  politics  we  see  much  the  same  phenom- 
enon, but  there  it  is  obscured  by  the  fact  that 
the  real  political  leaders  often  remain  hidden 
from  the  public  eye.  From  the  advisor  who 
dominates  a  king  to  the  ward  boss  who  con- 
trols a  city  council,  it  is  the  self-chosen  man 
who  often  rules.  LInfortunately  political  rule 
of  this  sort  is  apt  to  be  bad,  because  secret 
control  is  conducive  to  selfish  and  dishonest 
action. 

In  the  industrial  world,  co-operative  pro- 
duction, under  chosen  managers,  has  usually 
proved  inefficient.  The  workmen  who  chose 
a  manager  of  a  co-operative  factory  either 
select  a  "good  fellow"  type  of  man  or  one 
who  talks  plausibly.  In  either  case  the  chance 
of  selecting  wisely  is  not  great. 

In  every  walk  of  life  the  really  capable 
leader  nominates  and  elects  himself.  The 
soldier,  by  virtue  of  his  own  fi.ghting  force, 
seizes  the  epaulettes.  The  industrial  worker, 
ignoring  the  opinions  of  his  mates,  sets  up  in 
business  for  himself — elects  himself  a  ser- 
geant in  the  industrial  army.  It  is  true  that 
thousands  thus  self-elected  fail  to  maintain 
their  positions.  Their  courage  or  their  self- 
esteem  often  exceeds  their  ability.  But,  none 
the  less,  by  this  process  of  self-election  do 
the  fittest  business  managers  emerge  from  the 
crowd. 

The  training  of  engineers,  coupled  with 
their  ethical  codes  forbidding  self-advertising 
except  in  the  mildest  manner,  have  not  been 
favorable  to  their  pushing  themselves  into 
managerial  positions.  In  spite  of  these  handi- 
caps, however,  engineers,  here  and  there,  have 
decided  that  they  were  more  fit  to  manage  af- 
fairs than  were  the  existing  occupants  of 
certain  managerial  positions  Accordingly, 
they  have  not  waited  to  be  "urged  to  run," 
but  have  set  about  making  themselves  e.x- 
that  have  adopted  the  new  form  of  govern- 
ecutives.     Thus,  it  has  come  about  that  most 
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of  the  "citv  managers"  in  the  two  dozen  cities       "all  things  come  to  him  who  waits."     All  that       truer    is   it   that  all   things  come  to  him   who 
ment  are  engineers.  a  waiter  commonly  gets  is  tips — the  pecuniary       nominates    himself,    and,    ballot    after    ballot, 

Onlv   in    a    restricted    sense   it    is    true   that       crumbs    from    the    rich    man's    table.      Much       casts  a  unanimous  vote  for  his  nominee. 
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Construction  Plant  and  Methods  Em- 
ployed on  New  Water  Works  In- 
•  take  Tunnel  at  Milwaukee,  Wis. 

(Staff  Abstract.) 
I! 
The  former  article  dealing  with  the  con- 
struction plant  and  methods  employed  in 
building  the  new  Linwood  avenue  water- 
works intake  tunnel  of  the  Milwaukee  water- 
works was  published  in  the  issue  of  .April  21, 
1915.  That  article  described  the  new  compre- 
hensive water  collection  system  and  took  up 
the  tunnel  construction  in  detail.  The  pres- 
ent and  concluding  article  also  pertains  '  to 
this  construction.  Figures  1  to  7,  inclusive, 
were  in  the  lirst  article. 

C.\S    DEFL.\M.'\TION    ."iND   VENTILATION. 

On  June  29.  1914,  a  severe  deflamation  of 
methane  or  marsh  gas  occurred  at  the  heading 
station  20  +  44,  just  as  the  mining  crew  had 
started  to  work  on  the  morning  shift.  .\s  a 
result  of  this  accident,  21  men  were  more  or 
less  burned.  The  collection  of  methane  nec- 
essary to  cause  this  deflamation  resulted  from 
the  fact  that  the  ventilating  fan  was  out  ot 
service  during  the  entire  previous  night.  The 
nature  of  the  materia!  encountered  in  exca- 
vating is  shale  of  the  class  that  gives  off 
methane  when  it  decomposes,  upon  exposure 
to  air.  As  a  result  of  this  deflamation.  tlie 
continual  operation  of  the  ventilating  system 
was  ordered  by  the  engineer,  and  was  main- 
tained thereafter  by  the  contractor. 

The  ventilating  system  consists  of  one  No. 
4  Garden  City  6-in.  fan,  rated  at  3,67.5  cu.  ft. 
per  minute.  This  fan  was  placed  on  a  plat- 
form adjacent  to  the  air  lock  and  on  tlje 
heading  side  of  it,  as  shown  in  Fig.  8.  It  was 
connected  to  two  12-in.  galvanized  iron  pipes, 
one  extending  to  the  heading  side  of  the  con- 
crete forms,  where  it  terminated  into  a  per-- 
pendicular  riser  reaching  almost  to  the  roof 
of  the  excavation.  The  other  r2-in.  pipe  ex- 
tended from  the  discharge  end  of  the  fan  to 
the  shaft,  up  the  shaft  and  discharged  into 
the  free  air.  During  blasting  the  perpendicu- 
lar riser  on  the  inlet  end  of  the  fan  pipe  was 
removed.  For  warning  measures,  two  min- 
er's safety  lamps  were  constantly  maintained 
in  the  heading,  one  suspended  on   the   timljcr 


use  of  these  lamps  for  the  detection  of 
methane.  An  additional  precaution  was  taken 
by  securing  three  times  a  week  a  sample  of 
air  from  the  heading.  The  samples  were 
analyzed  by  the  city  chemist.  About  10  sam- 
ples of  air  were   secured   for  analysis  by  the 


TIMBERING. 

.A.  short  comment  upon  the  method  of  tim- 
bering is  in  order.  Commencing  at  station 
1  -|-  9-5,  the  contractor  started  placing  12x12 
in.  square,  long,  yellow  pine  timbers,  spaced 
from   2   ft.  to   15   ft.   apart.     This   method   of 


Fig.  8.  View  Showing  Ventilating  Fan,  Grout- 
ing   IVIachine    and    Heading    End     of     Air 
Locks,    Milwaukee    Intake    Tunnel. 

above  the  platform  for  the  forms  for  con- 
creting the  side  walls,  and  one  suspended  on 
the  roof  timber  about  8  ft.  back  of  the  face 
of  the  heading.  The  city's  inspectors  and 
the   contractor's   men    were    instructed    in    the 


Fig.   9.    View   Showing   Head-House,   Concrete    Mixer     and     Material      Railway,     Milwaukee 

Intake     Tunnel     Construction. 


U.  S.  Government  Bureau  of  Mines.  Tlie 
government  analyses  and  lamp  tests  showed 
only  traces  of  methane.  The  purity  of  the 
tunnel  air  was  maintanied  on  a  high  standard. 

TEST    HOLES. 

Last  August  the  drilling  of  two  10-ft.  test 
holes,  one  in  each  upper  quarter  of  the  face 
on  each  shift,  was  started  and  was  continued 
until  the  excavation  was  finished.  These  test 
holes  were  driven  as  advance  e.xplorations  to 
ascertain  the  condition  of  the  material  in 
advance  of  the  face  and  also  to  warn  the 
drillers  of  the  presence  of  water  in  advance 
of  the  face.  The  value  of  these  test  holes 
was  very  great,  both  from  a  tangible  and  from 
an  intangible  viewpoint.  Upon  one  occasion 
they  gave  warning  of  a  roof  rupture.  The 
intangilile  value  was  the  confidence  gained  by 
llie  drillers   in  knowing  advance   conditions. 

CONCRETING. 

.Ml  of  the  concrete  is  mixed  in  a  1  cu.  yd. 
.Smith  mixer  situated  on  the  surface,  as  shown 
in  F'ig.  9.  From  the  mixer  the  concrete  is 
dumped  into  the  tunnel  cars  and  then  by  the 
cage  into  the  tunnel,  and  then  hauled  by 
mules  into  the  forms.  The  forms  are  com- 
posed of  steel  plates  and  angles,  and  were 
of  the  Blaw  type.  Tlie  side  walls  and  arch 
forms  were  separate.  Each  of  these  forms 
rested  on  wheels  which  were  supported  on 
movable  rails,  so  that  the  forms  could  be 
advanced  by  means  of  the  hoisting  engine  on 
the  side  wall  form.  The  side  walls  and  the 
arch  were  placed  by  separate  operations,  the 
side  walls  being  placed  in  advance  of  the 
arch.  The  invert  is  now  being  placed.  The 
reinforcing  rods  in  the  side  walls  arc  driven 
18  ins.  into  the  shale  bottom,  so  that  they 
may  be  recovered,  by  excavating  beneath  the 
side  walls,  and  a  bond  is  secured  with  the 
reinforcing  rods  in  the  invert  when  the  invert 
is  placed. 


procedure  was  continued  to  station  5  4-  04, 
where  timbers  were  spaced  from  2  ft.  to  7  ft. 
apart.  This  plan  was  followed  to  station 
32  -I-  (51.  From  station  -32  -|-  61  to  station 
.35  -j-  46  the  timber  sets  were  on  2  to  3  ft. 
centers.  .At  station  32  -|-  61,  the  plan  of  plac- 
ing a  diagonal  strut  or  sprag  extending  on 
each  side  of  the  roof  timber,  from  the  roof 
timber  to  a  hitch  in  the  wall  of  the  excava- 
tion, about  6  ft.  below  the  bottom  of  the  tim- 
ber, was  started.  In  addition  to  this  sprag,  at 
this  station,  installing  three  1^2-in.  by  3-ft. 
iron  rods  under  each  end  of  the  roof  timber 
or  under  the  lower  end  of  each  sprag  was 
also  inaugurated  and  was  continued.  These 
rods  are  driven  in  the  holes,  previously  drilled 
in  the  hitches  by  jack  drills.  Undoubtedly, 
the  adoption  of  the  use  of  the  sprags  and  of 
the  iron  rods  was  a  very  important  factor  in 
preventing  further  rupturing  or  collapsing  of 
the  roof.  .Ml  timbering  is  permanent,  being 
allowed  to   remain  in  the  concrete. 

GROUTING    AND    PACKING. 

(irouting  outside  of  the  18-in.  shell  was 
considered  advisable  at  several  locations,  due 
to  two  previous  roof  collapses  and  to  other 
exigencies.  A  total  of  1,954  bbls.  of  Port- 
land cement  grout,  being  in  the  proportion 
of  one  of  cement  to  two  of  sand,  was  placed 
during  the  year  1911.  This  was  done  to  fill 
the  voids  between  the  cribbing  in  the  holes 
caused  by  roof  ruptures  and  other  possible 
voids  between  the  concrete  and  the  walls  of 
the  excavation,  and  also  to  stop  the  leakage 
of  water  through  the  finished  lining.  This 
leakage  was  caused  by  the  enormous  pressure 
of  the  water  coming  through  the  roof  rup- 
tures and  advancing  outside  of  the  concrete 
lining  and  through  it.  Excellent  results  w-ere 
attained  from  this  grouting,  stopping  the 
leakage  wherever  it  occurred.  Undoubtedly, 
the    additional    expenditures    by    the    city    in 
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grouting  was  well  spent  and  has  been  justified. 
Fig.  10  is  an  actual  cross  section  showing 
the  method  of  packing  with  shale  and  con- 
crete.    The   shale  was   imbedded   in   and   sur- 


tractor  removing  1,692  cu.  yds.  of  excavation. 
September  gave  the  maximum  progress  in 
placing  arch  concrete,  when  ■5.52  cu.  yds.  were 
placed.     July   represents   the   minimum   month 


-Wedging. 


Fig. 


gutter: 


10.     A    Cross   Section    Showing    Method   of   Packing   with   Shale  and   Concrete   Around 
Concrete    Lining,    Milwaukee   Water   Works  Tunnel. 


rounded   by  concrete  as   directed  by  the   resi- 
dent  engineer. 

WATER   INFLOW    AND    PUMPING. 

The  amount  of  the  inflow  of  water  averaged 
from  a  minimum  of  112,.500  gals,  for  24  hours 
to  a  maximum  of  180,000  gals,  per  24  hours. 
All  of  the  water  from  station  2.5  -|-  00  is 
drained  to  the  shore  shaft.  In  advance  of 
station  25  +  00  the  water  is  drained  toward 
the  heading.  At  the  heading  one  duplex  pump, 
having  a  10-in.  stroke,  a  3-in.  suction  and  a 
4-in.  discharge  and  a  capacity  of  1T.5  gals,  per 
minute,  elevated  water  from  the  heading 
through  a  3-in.  discharge  main  to  the  upper 
grade  summit  at  station  25  -|-  00.  .^n  emer- 
gency No.  7  Cameron  Duplex  Pump  having 
a  3-in.  discharge,  4-in.  suction,  capacity  of  200 
gals,  per  minute  was  installed  at  station 
§6  +  00.  In  addition  to  this  last  named  dis- 
charge main,  another  .3-in.  discharge  main 
was  laid  from  the  last  named  pump  to  carry 
the  possible  increase  of  water  from  the  head- 
ing over  the  grade  summit  at  station  25.  It 
was  found  that  at  all  times  the  first  named 
pump  carried  the  volume  of  water  collected 
in  the  heading.  .A.t  the  bottom  of  the  shaft, 
one  No.  5  Janesville  Volute  type  pump  having 
a  6-in.  suction  and  5-in.  discharge  and  a  ca- 
"pacity  of  750  gals,  against  a  130-ft.  head  and 
also  a  No.  4  Janesville  Volute  type  pump 
having  5-in.  suction  and  4H-in.  discharge  and 
having  a  capacity  of  650  gals,  per  minute 
against  1.30-ft.  head,  was  installed.  These 
pumps  were  motor  driven.  The  suction  pipe 
from  both  pumps  extended  to  the  shaft  sump. 
It  was  found  necessary  to  operate  only  the 
No.  5  pump,  and  that,  at  intervals.  The 
No.  4  pump  was  used  for  emergency  purposes. 

INJURIES. 

No  deaths  have  resulted  up  to  date  in  the 
construction  of  the  tunnel.  However,  in- 
juries consisting  of  broken  bones,  lacerated 
fingers  and  heads,  and  burns  resxdting  from 
the  gas  deflammation  in  June  have  occurred. 

PROGRESS. 

The  highest  month  in  excavation  progress 
was  reached  in  September,  when  2..500  cu.  yds. 
of  excavation  were  removed.  The  minimum 
month   of  excavation  was   February,  the  con- 


in    placing   arch    concrete,    when   292   cu.   yds. 

were  placed.     May  was  the  maximum  month 

for  installing  side   wall  sections,  213  cu.  yds. 

I  Concreted  |  Concreted 

Dote  1-15  1-16  l-n  !      Date  1-16. 1-19 

Time  10.50am  to  530pm 

7.15am  to  530pm  8am  to  130 p m 

Station  35tl9Jto35i-433 
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yds.  of  concrete  being  installed.  A  sample 
section  of  the  progress  profile  is  shown  in 
Fig.  11. 

The  excavation  is  now  completed  and  so 
are  the  arch  and  side  walls.  The  invert  is 
being  concreted.  The  driving  of  the  lake 
shaft  still  remains  to  be  done.  The  contractor 
is  planning  to  start  this  work  soon. 
contractor's  organization. 

The  contractor  has  employed  a  force  of 
men  averaging  from  70  to  110  per  24  hours, 
classified  as  follows:  4  drillers;  4  drill  help- 
ers ;  2  pump  men ;  27  muckers ;  1  general 
foreman;  2  hoisting  engineers;  2  power  house 
engineers  ;  1  blacksmith  ;  1  blacksmith  helper  ; 
1  superintendent;  1  clerk;  4  timbermen ;  4 
sub-foremen;  29  laborers;  16  concreters ;  1 
master  mechanic  and  1  carpenter. 
city's  organization. 

The  city's  organization,  in  immediate  super- 
vision of  the  work,  consists  of  a  resident 
engineer,  4  inspectors,  1  transitman  and  1 
draftsman.  It  has  been  the  good  fortune  of 
the  city  to  have  been  able  to  have  experienced 
men  for  tunnel  inspectors.  The  efficiency  of 
the  inspectors  and  their  unusual  conscientious 
devotion  to  the  interest  of  the  work  have 
secured  a  high  standard  of  construction.  The 
inspector's    daily    report    blank    is    shown    m 

Fig.  12. 

acknowletgment. 
The  foregoing  information  is  from  a  paper 
by  Mr.  George  F.  Staal,  city  engineer  of 
Milwaukee,  before  the  Wisconsin  Engmeers 
Society.  Mr.  Staal  furnished  this  journal  with 
the  copy  for  illustrations.  Mr.  Lee  G.  War- 
ren is  resident  engineer  and  Mr.  Roland  E 
Stoelting,  assistant  engineer,  has  been  chief 
designing  engineer  under  the  city  engineer. 

Organization  of  and  Procedure  in  the 

Water  Department  of  Pasadena, 

Calif. 

(Staff   Abstract.) 
On  Sept.  1,  1912,  the  city  of  Pasadena  pur- 
chased   the    three    largest    companies    serving 
water  within  its  limits.     In  the  spring  of  1913 
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Date  1-18  1-19 

Time  11.45  am.  to  4.10 p  m      \  l-ZO  l-ZI.  I-Z4 

Station 35+  71.6  to 35+94.4iTime 
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\35+944  to 
\38  +  l8.3 
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^  =  Center  Line  on  Timber 

L_  =  Station  of  Completed  arch 

_L  =  Roof  Bench  Mark 

['^  =  Station  of  Completed  sideivalls 

T  =  Sprinq  Line  Bencti  Mark 

L  =  Leakage  of  water  through  roof 

m.=CastinQS  in  Arch  for  permanent  ctrs  and  bch.  mk 

ff  =  Drain  box  to  invert  from  arch 

©  =Ca  lids  of  Conor  placed 

inr  =  Water  inflow  in  gals  per  24  hrs 

©  =  Cu  yds  of  shale  packing 

El  =  Cu  yds  of  Sand  pocking. 

BHC=  Boos  of  Huron  Cement 

xxx=  Time  included  in  preceding  arch  time  in  cancretmc. 

BMc^  Bags  of  Marquette  cement 

7f  'Station  air  sample  token. 

j    --Date  and  Station  of  Excavation. 

A  'Station  Ventilation  observed. 

i  =Ctr  Line  and  Roof  bench  marks  on  timber 

@  ?Groutmq  pipe. 

\3El  =  Sample  taken  of  Excavation 

ws  =  Water  sample  taken 

Fig.  11.    A  Portion  of  the  Progress  Profile  on    Milwaukee      Water      Tunnel 

Showing    Conventional     Signs    Used. 


Construction, 


being    placed.      February    was    the    minimum 
month   for  placing  side  wall  sections,   1.33  cu. 


three    smaller   water    companies    were   bought 
out  by  the  city.    On  Nov.  1,  1912.  the  Pasadena 
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Water  Department  was  organized.  With  the 
approval  of  the  Board  of  City  Commissioners, 
Commissioner  M.  H.  Salisbury  organized  the 
Water  Department  into  four  divisions,  each 
with  a  responsible  head.  The  organization  is 
here  outhned  and  the  procedure  in  the  busi- 
ness manager's  division  is  described. 

DIVISION     I. — ENGINEERING     AND     PURCH.\SING. 

Mr.  S.  B.  Morris,  chief  engineer,  is  head  of 
the  division  and  P.  T.  Keenan  is  purchasing 
agent.  This  division  covers  aU  field  and  office 
engineering,  as  well  as  the  ordering  and  pur- 
chase of  all  supplies  for  all  divisions  of  the 
water  department. 

The  chief  engineer,  subject  to  the  approval 
of  the  Commissioner  of  Public  Utilities.  Mr. 
Salisbury,  decides  on  all  matters  of  new 
equipment,  new  construction  or  important  re- 
pairs required  in  Divisions  II  and  III.  It  is 
his  duty  to  select  the  material,  lay  out  the 
work,  prescribe  the  way  it  shall  be  done,  and 
see  that  it  is  done  by  these  divisions.  Gener- 
ally speaking,  he  bears  the  same  relation  to  the 
physical  end  of  the  Water  Department  that  a 


coming  to  the  Commissioner  of   Public  Util- 
ities for  final  adjustment. 

PROCEDURE  IN  THE  DIVISION   OF  GENERAL  .ADMIN- 
ISTRATION. 

There  are  about  11,000  individual  accounts 
with  consumers  besides  all  the  general  ac- 
counts, pay-rolls  and  bills  for  supplies  and  ma- 
terial purchased,  so  it  is  absolutely  necessary, 
in  this  Division,  to  work  on  a  system  that  will 
give  the  ma.ximum  of  accuracy  and  efficiency 
at  a  minimum  of  cost  and  labor.  An  effort 
has  been  made  to  eliminate  all  unnecessary 
detail  and  small  labor-saving  improvements 
have  frequently  been  made  in  the  system.  The 
work  of  this  Division  is  concisely  described 
by  the  Business  Manager.  Mr.  William  Selbie. 
as_f  ollows : 

The  desk  of  the  Meter  and  Service  Clerk  is 
the  natural  point  at  which  to  start,  as  here  all 
applications  are  made  for  the  installation  of 
services  or  meters.  Serial  receipts  are  issued 
covering  these  and  also  for  special  sales  of 
water  or  meters  and  for  permits  to  contractors 
and  others.     All  receipts  are  reported  daily  to 
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Fig.  12.     Inspector's  Report     Blank    Used    on   Milwaukee  Water  Tunnel  Construction. 


supervising  architect   does  to   a  building  con- 
struction job. 

DIVISION  II. — CONSERVATION  AND  GRAVITY  SUPPLY. 

Mr.  S.  S.  Smith  is  head  of  this  division 
and  is  designated  as  Foreman  of  Water  Sup- 
ply. 

This  division  covers  the  construction,  main- 
tenance and  care  of  dams,  supply  mains, 
shafts,  tunnels,  roads  and  reservoirs  and  other 
sources  of  gravity  water,  as  well  as  the  di- 
verting of  and  spreading  of  flood  water  in 
the  Arroyo  Seco  Canyon  over  the  water 
bearing  sands  drawn  upon  by  the  city,  and 
also  patrolling  the  sources  of  water  supply. 

DIVISION    III. — PRODUCTION    AND    DISTRIBUTION. 

The  head  of  this  division  is  J.  E.  Carpenter, 
designated  as  Superintendent. 

This  division  covers  the  installation  of 
■equipment,  new  construction,  operation  and 
maintenance  of  pumping  plants,  wells,  services, 
mains,  meters,  shops,  buildings,  live  stock  and 
all  vehicles. 

DIVISION     IV. — GENERAL     ADMINISTRATION. 

The  head  of  this  division  is  William  Selbie, 
designated  as  Business  Manager. 

This  division  embraces  all  accountants, 
clerks,  cashiers,  collectors,  meter  and  service 
clerks,  inspectors  and  meter  readers,  store- 
keepers and   stenographers. 

Generally  speaking,  it  handles  all  the  clerical 
work  of  the  Department,  making  daily  de- 
posits with  City  Treasurer  of  all  moneys  col- 
lected and  certifying  all  demands  to  City  Aud- 
itor for  payment  of  labor  and  material,  and 
makes  proper  accounting  of  all  receipts  and 
disbursements.  It  is  also  authorized  to  adjust 
complaints,  rectify  bills  and  make  rebates  in 
charity  cases,   serious   matters   when   disputed 


the  accounting  department  and  merged  in  the 
daily  report  and  remittance  to  City  Auditor. 
This  desk  also  attends  to  all  trouble  calls,  or- 
dinary complaints  and  orders  for  closing  bills 
and  changes  of  address,  etc.  Here  are  kept 
the  service  record  book  and  service  file;  meter 
and  flat  rate  service  card  index,  which  gives  a 
continuous  history  of  the  meter  on  each  serv- 
ice; a  meter  maintenance  card  which  gives  a 
continuous  record  of  each  individual  meter, 
showing  its  performance  and  cost  of  mainte- 
nance, and  various  other  subsidiary  files  and 
devices  making  for  accuracy  and  efficiency  are 
also   maintained   in   this   department. 

For  all  services  duly  registered  machine  ad- 
dressing stencils  are  cut,  giving  address  and 
service  number.  From  these  stencils  are  ad- 
dressed meter  book  .sheets  and  all  monthly 
water  bills  and  postal  cards. 

Beginning  on  the  tenth  of  each  month  the 
meter  readers  go  out  and  take  the  reading  of 
every  meter  on  the  list.  This  takes  some  ten 
to  twelve  days.  The  town  is  divided  into  con- 
venient adjacent  districts,  each  of  which  is 
covered  by  a  corresponding  meter  book. 

The  stencils  are  arranged  in  a  cabinet  safe 
in  trays  to  correspond  with  the  meter  books. 
The  liills  and  postal  card  notices  are  printed 
from  these  stencils  in  the  early  part  of  each 
month,  so  that  as  fast  as  the  meter  readers 
return  their  books  the  corresponding  bunch  of 
bills  and  cards  is  handed  to  the  bill  makers 
and  the  bills  are  made  direct  from  the  meter 
book. 

Bill  Making  and  Cnllecling. — Each  bill  has 
two  stubs  and  both  stubs  and  the  bill  proper 
have  been  printed  with  service  stencil.  One 
stub  is  detached  and  goes  to  bookkeeper  to  be 
checked  as  to  figuring  and  to  be  charged  to 
that  service  in  consumers'  ledger,  in  which  is 


also  noted  meter  reading  for  the  month.  These 
debits  are  all  checked  and  entered  before  end 
of  month,  and  when  this  is  done  the  post  card 
notices  are  mailed  and  the  bills  go  to  the 
counter  cashier  to  be  filed  for  payment.  When 
bills  are  collected  the  other  stub  is  detached 
and  saved  by  cashier  or  collector  and  these 
stubs  are  turned  over  daily  to  the  accounting 
department  with  the  cash.  Here  the  stubs  are 
listed  and  balanced  with  the  cash  turned  over, 
and  included  in  daily  report  and  remittance 
to  City  -Auditor.  The  stubs  then  go  to  the 
bookkeeper  for  credit  entry  in  the  consum- 
ers'  ledger. 

This  book  has  been  specially  prepared  with 
appropriate  headings  and  ruling,  so  that  a  sin- 
gle line  across  a  double  folio  serves  to  take 
care  of  a  consumer's  account  for  a  whole  year, 
and  by  having  a  short  leaf  insertion  with  the 
service  number  and  address  on  it  for  per- 
manent use,  only  the  service  numbers  have  to 
be  printed  with  a  numbering  machine  on  the 
new  sheets  at  the  end  of  the  year. 

At  the  end  of  each  month  the  credit  balances 
and  unpaid  balances  are  brought  forward  and 
checked  with  the  bills  actually  on  hand,  so 
that  no  collection  can  escape  being  accounted 
for. 

All  water  bills  are  due  on  the  first  day  of 
the  month  following  the  meter  reading  and 
they  become  delinquent  on  the  twentieth.  De- 
linquent bills  are  presented  as  soon  after  the 
twentieth  as  they  can  be  reached  and  if  not 
paid,  shut  oflf  notices  are  left.  About  three 
days  afterward  the  shut  off  man  locks  off  all 
unpaid  services  unless  the  bills  are  first  paid 
to  him. 

IVarckouse. — At  the  warehouse  all  material 
and  supplies  that  do  not  go  direct  to  a  job 
are  entered  in  a  continuous  balancing  stock 
ledger  by  the  storekeeper  and  are  held  by  him 
just  like  a  checking  account  in  a  bank.  He  de- 
i'ivers  only  on  written  requisition  on  which  he 
notes  the  proper  account  to  be  charged  and 
credits  warehouse.  He  prepares  for  the  gen- 
eral office  every  month  a  distribution  sheet 
showing  all  receipts  and  deliveries  of  material 
on  the  various  work  orders  and  requisitions. 
At  the  general  office  the  receipts  are  checked 
with  the  original  purchase  orders,  the  w'are- 
house  is  credited  and  the  distributions  charged 
to  the  proper  accounts.  The  warehouse  bal- 
ance on  hand  is  checked  at  least  once  every 
year  by  actual  inspection   of  the  stock. 

Accounting. — We  will  now  pass  to  the  sys- 
tem of  accounting  used  in  the  general  office 
and  as  briefly  as  possible  outline  its  main 
features. 

Our  general  accounting  is  modeled  on  the 
system  prescribed  by  the  United  States  Bureau 
of  the  Census,  the  American  Water  Works 
.Association,  et  al.,  and  also  on  the  system 
prescribed  for  water  corporations  by  the  Rail- 
road Commission  of  the  State  of  California, 
and  is  believed  to  possess  all  the  important 
features  of  each,  adapted  to  the  needs  of  the 
Pasadena  Department.  The  accounts  have 
been  divided  into  groups,  each  with  a  sepa- 
rate series  of  numbers  and  each  designated 
by  appropriate  letters,  so  that  the  number  of 
accounts  in  any  group  may  be  added  to  indefi- 
nitely and  the  letters  at  once  designate  the 
group  to  which  the  particular  entry  or  account 
belongs. 

Many  of  these  accounts  arc  subdivided  in  a 
cost  ledger,  so  as  to  show  the  cost  of  any 
specific  line  of  work  at  any  particular  point. 

In  addition  to  the  above,  a  special  w-ork  or- 
der is  issued  for  each  important  job  of  con- 
struction or  equipment,  so  that  the  individual 
cost  of  that  particular  item  is  shown  in  the 
cost  ledger  and  is  merged  in  the  appropriate 
general  account. 

The  ordinary  supplies  and  materials  pur- 
chased are  charged  to  the  warehouse  and  dis- 
tributed there  as  required  and  charged  by 
storekeeper  on  the  appropriate  work  order,  as 
used,  either  in  maintenance  or  now  construc- 
tion. 

Every  employe  working  by  the  day  turns  in 
a  daily  time  card,  signed  by  himself  and  his 
foreman,  showing  just  how  many  hours  he 
has  worked  and  on  what  jobs.  Monthly  em- 
ployes have  monthly  cards,  on  which  the  time 
spent  on  each   line  of  work  is  specified,  and 
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from  these  cards  the  time-rolls  are  made  up 
and  the  various  expense  and  construction  ac- 
counts debited  with  the  amounts  properly 
chargeable  thereto. 

In  addition  to  the  accounts  above  specified, 
a  property  book  has  been  prepared,  which  cov- 
ers all  the  property  embraced  in  the  Fixed  As- 
sets group  of  accounts,  in  detail,  item  by  item. 
It  is  arranged  in  groups,  to  harmonize  with 
the  general  ledger,  and  it  has  been  appropriate- 
ly headed  and  arranged,  to  show  how  acquired, 
date  of  acquisition  or  construction,  age,  life, 
original  cost,  rate  of  depreciation,  value 
realized  if  said,  amount  charged  off  for  dis- 
card or  depreciation,  and  value  on  July  1  of 
each  year. 

ACKNOWLEDGMENT. 

The  system  of  accounts  used  is  specified  in 
detail  in  the  first  annual  report  of  the  depart- 
ment. All  the  information  here  given  is  based 
upon  that  report. 


Economy  of  Large  Water  Mains. 

(Staff   Abstract.) 

That   it  is  cheaper  to   lay     a     water     main 

which  is  too  large  for  present  needs  than  to 

use  a  smaller  one  which  must  be  supplemented 

by  one  or  more  additional  small  mainS  within 


a  few  years,  is  brought  out  by  Mr.  Nicholas 
S.  Hill,  Jr.,  in  a  paper  just  published  in  the 
Journal  of  the  American  Water  Works  Asso- 
ciation- 

In  planning  a  pipe  distribution  system  the 
engineer  must  decide  upon  the  future  period 
for  which  the  improvements  are  to  serve 
without  duplication  or  enlargement.  This 
period  will  bear  no  relation  to  the  useful  life 
of  cast  iron  pipe,  which  depends  largely  on 
the  service  for  which  it  is  used  and  may  ex- 
ceed 100  years.  It  would  be  impossiljle  to 
predict  the  amount  or  direction  of  a  city's 
growth  for  so  long  a  period  as  100  years 
with  any  degree  of  certainty.  It  is  possible, 
however,  to  predict  with  sufficient  accuracy, 
both  the  extent  and  distribution  of  population 
growth,  upon  which  the  future  demand  for 
water  will  in  great  measure  depend,  for  a 
period  of  20  to  30  years  to  come. 

The  reasons  for  predicating  estimates  on  re- 
sults which  are  expected  to  obtain  so  far  in 
the  future  are  not  that  one  can  undertake  to 
forecast  the  future  with  mathematical  exact- 
ness even  for  this  limited  period,  but  rather 
because  it  is  the  safest  and  most  rational 
way  in  which  to  make  reasonable  provision  for 
future  needs. 

Failure   to   make   such   provision   frequently 


results  in  a  high  capital  investment  in  mains. 
It  is  cheaper  to  lay  a  main  which  is  too  large 
for  present  needs  than  to  lay  one  which  must 
be  reinforced  within  a  few  years.  To  show 
the  expense  which  a  company  or  city  incurs 
by  pursuing  such  a  policy,  Mr.  Hill  presents 
Table  I,  which  shows  the  comparative  cost  of 
different  pipe  sizes  to  give  the  same  service. 

The  costs  given  in  the  table  do  not  and,  of 
course,  can  not  take  into  consideration  the 
daiTiage  to  improved  streets,  and  the  addi- 
tional cost  of  maintaining  them,  which  re- 
sults from  continual  tearing  up,  nor  can  they 
take  into  account  the  inconvenience,  annoyance 
and  the  disturbance  of  traffic  which  results 
from  repeated  removal  of  the  street  surface. 
They  further  do  not  include  the  additional 
cost  of  repairs  due  to  the  increased  main 
mileage  which  results  from  duplication  of 
mains  and  the  increased  liability  of  having  to 
excavate  for  repairs,  nor  any  consideration 
of  the  enhanced  pumping  costs  ensuing  from 
greater  main  leakage  resulting  from  an  in- 
crease in  the  number  of  pipe  joints.  The 
table  clearly  shows  that  even  where  the  period 
of  usefulness  of  the  first  main  laid  is  18  out 
of  26  years,  the  saving  in  favor  of  two  mains 
in  most  cases  is  not  sufficient  to  offset  the 
other  losses  incurred. 
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A  Proposed  Construction    to    Reduce 
the  Cost  of  Brick  Roads. 

(Staff  Abstract.) 

Brick  laid  flat  on  -a  very  thin  reinforced 
concrete  base  is  the  construction  proposed 
by  Prof.  Jas.  S.  Tucker,  Director  School  of 
Civil  Engineering,  University  of  Oklahoma,  to 
reduce  the  cost  of  brick  road  construction. 
The  full  discussion  of  his  plan  is  given  in  a 
paper  recently  presented  to  the  Iowa  State 
Engineering  Society,  and  the  discussion  is  of 
particular  interest  in  connection  with  the  new 
designs  for  brick  road  construction  in  Illinois 
described  in  our  issue  of  March  17,  1915.  A 
large  portion  of  the  paper  by  Prof.  Tucker  is 
devoted  to  a  proof  of  the  fibrous  structure  of 
paving  brick,  and  to  a  discussion  of  the  ad- 
vantages of  placing  the  brick  in  pavement  so 
that  wear  is  across  the  fiber,  with  a  plea  for 


a  soft  joint  filler  instead  of  grout  filler.  The 
paper  then  presents  the  facts  and  reasoning 
supporting  the  proposed  new  construction  and 
these  we  give  here  somewhat  condensed  from 
the  original. 

RESULTS   OF   TESTS. 

Late  in  1012  there  were  made  in  the  en- 
gineering laboratories  at  the  University  of 
Oklahoma  a  series  of  tests  to  indicate  the  be- 
havior of  concrete  pavement  foundations. 
Concrete  slabs,  representing  a  section  of  the 
pavement  1  ft.  wide  of  various  thickness  when 
suitably  aged  were  placed  in  the  testing  ma- 
chine and  supported  on  knife-edges  27  ins. 
apart  and  the  load  applied  directly  to  the 
center  of  the  slab.  The  average  center  con- 
centrated load  borne  by  6-in.  plain  slabs  at 
twelve  days,  was  1,200  lbs. ;  by  5-in.  plain  slabs 
at  eleven  days,  1,125  lbs. ;  by  the  4-in.  plain,  at 
ten  days,  630  lbs.  A  2-in,  slab,  reinforced 
with  wire  fencing  in  the  middle,  averaged  460 


lbs.  at  ten  days  or  four-fifths  as  much  as 
the  4-in.  plain ;  3-in.  slabs,  reinforced  near 
the  bottom,  gave  l,18u  lbs.  in  ten  days;  or  the 
same  as  the  5-in.  slab  and  nearly  as  much  as 
the  6-in.  Four-inch  slabs,  also  reinforced  near 
the  bottom,  gave  1,150  lbs.  in  ten  days.  One 
4-in.  slab  with  three  wires  at  age  of  27  months 
gave  the  remarkable  test  of  3,000  lbs. 

The  reinforcement  used  in  every  case  was 
ordinary  commercial  rectangular  mesh  hog- 
fencing  of  galvanized  wire,  costing  from  3  to 
5  cts.  per  square  yard  in  place  in  the  street 
foundation.  The  slabs  tested  had  either  three 
or  four  longitudinal  wires,  just  as  it  happened 
to  come  from  the  top  or  bottom  of  the  fencing. 
The  meshes  ranged  between  5x6%  and  3%x6% 
ins.  The  top  of  the  fencing  had  wires  of 
%-in.  diameter,  while  the  balance  were  9/16 
in.  diameter,  and  the  transverse  knotted  stay 
wires  were  7/64-in.  In  none  of  these  cases 
did   the   wires   break  except  in   the  27-month 
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test,  but  as  the  ends  of  the  strands  were  not 
«ven  turned  up,  or  hooked,  and  as  in  numerous 
specimens  the  wires  were  embedded  only 
about  %  in.  from  the  bottom  of  the  slab,  they 
frequently  pulled  loose  and  slipped  as  the 
upper  part  of  the  slab  crushed  under  the  load. 
The  concrete  was  of  the  most  ordinary  sort, 
made  in  a  hand  mixer,  proportion  1  ;4  :.j,  with 
%-in.  limestone,  and  a  coarse  and  a  fine  grade 
of  sand  in  equal  parts.  The  slabs  were  aged  in 
an  open  field  between  Oct.  28  and  Nov.  12,  for 
the  most  part. 

ECONOMIC    LESSONS. 

The' significance  of  these  tests  appears  when 
we  consider  the  cash  value  of  the  facts 
learned.  Wherever  there  is  need  for  a  6-in. 
base,  one  3  ins.  thick  with  5  cts.  worth  of  re- 
inforcement will  do  equally  as  well.  The  cash 
saving  is  notable  since  the  concrete  will  cost 
from  15  to  20  cts.  per  square  yard  per  inch  of 
thickness.  Hence  this  simple  use  of  hog- 
fencing  means  from  40  to  55  cts.  per  square 
yard  of  pavement  actually  saved,  or  25  per 
cent  saving  on  a  pavement  costing  from  $1.60 
to  $2.00.  This  is  a  saving  of  $1,000  upon 
about  2,000  sq.  yds.  of  pavement,  and  a  small 
job  of  paving  usually  runs  to  several  times  this 
amount.  Nor  is  this  all.  Having  seen  that 
we  can  do  with  3  ins.  of  concrete  all  that  is 
now  done  with  6  ins.  the  next  obvious  ques- 
tion is:  Is  a  pavement  base  of  even  that 
strength  ever  needed? 

It  will  be  observed  that  the  loads  of  1,500 
lbs.  obtained  with  the  4-in.  slab  represent  a 
wagon  wheel  carrying  one-fourth  of  a  three- 
ton  load.  This  is  probably  about  twice  as 
great  an  intensity  as  would  occur  for  a  ten- 
ton  road  roller,  and  somewhat  greater  than 
under  a  large  traction  engine.  Note,  however, 
that  the  slab  tested  had  the  following  very 
great  handicaps :  First,  the  load  was  applied 
at  the  center  of  a  clear  unsupported  span  of 
27  ins.  Second,  the  slab  was  discontinuous  in 
both  directions,  and  hence  could  receive  no 
support  from  adjacent  portions  of  the  con- 
crete. Third,  this  discontinuity,  of  lack  of 
anchorage,  was  of  vital  importance  to  the  re- 
inforcement, since  only  in  the  one  case  of 
the  block  aged  27  months  did  the  wires  break. 
That  is,  the  capacity  of  the  wires  missed  de- 
velopment by  from  50  to  80  per  cent. 

The  most  vital  variation  between  this  ex- 
periment and  practice,  however,  lies  in  the  un- 
supported span  tested.  We  certainly  need  not 
assume  that  we  must  design  to  meet  this  non- 
supported condition  in  practice.  Nor  need  we 
figure  safe  loads  without  taking  into  account 
the  supporting  power  of  the  sub-grade.  Every 
engineering  text  on  foundations  suggests  that 
almost  any  dry  soil  can  be  safely  relied  upon 
to  carry  two  tons  per  square  foot,  if  kept  free 
of  excess  moisture.  The  soil  will  be  very  bad 
indeed  which  will  not  carry  one  ton  per  square 
foot,  and  for  particularly  good  ones  it  may 
run  to  eight  or  ten  tons.  Taking  two  tons  as 
a  reasonable  figure  for  soil  which  is  to  have  a 
tight  roof,  any  which  may  be  assumed  to  have 
received  the  attentions  of  a  steam  roller,  this 
would  give  a  supporting  capacity  of  about  30 
lbs.  per  square  inch,  running  up  to  six  or 
'  11,'ht  times  that  with  the  better  soils. 

If  we  consider  a  3x8-in.  brick  as  receiving 
a  wheel-load  of  1,500  lbs.,  and  it  is  resting  on 
a  1-in.  sand  cushion  carried  by  concrete  3  ins. 
thick,  then  taking  the  usual  assumed  diverg- 
ence of  load  lines  as  45°,  this  wheel  load  is 
distributed  over  170  sq.  ins.  of  earth  surface, 
giving  an  intensity  of  9  lbs.  per  square  inch. 
Since  we  are  counting  upon  a  30-lb.  soil  as  a 
minimum,  which  figure  already  includes  an 
ample  factor  of  safety,  it  is  evident  that  the 
^oil  can  not  be  overstressed,  even  though  wc 
consider  the  area  of  concrete  loaded  as  a 
I  separate  flagstone,  and  not  part  of  a  con- 
tinuous slab,  which  it  certainly  will  be. 

Without  assuming  that  our  foundation  has 
any  particular  tensil  strength,  therefore,  we 
are  forced  to  conclude  that  a  soil  area  of  50 
sq.  ins.  would  carry  the  1,500-lb.  wheel  load 
with  perfect  safety,  while  in  fact  the  area  re- 
ceiving the  load  is  over  three  times  as  great 
as  this.  This  it  is  thought,  will  serve  as  an 
ample  allowance  for  the  case  where  the  load 


is    applied    to    the   joint   between    two    bricks 
where  there  is  a  non-rigid  joint  filler. 

We  thus  find  ourselves  to  have  reasoned 
around  to  our  starting  point,  the  contention 
of  MacAdam  that  a  well-drained  and  com- 
pacted road  surface  would  bear  any  wheel 
loads  that  could  be  put  upon  it.  We  see 
that  if  a  space  4  ins.  long  under  our  12-in. 
wide  test-slab  had  been  occupied  by  soil  of 
the  supporting  capacity  named,  instead  of  the 
slab  having  a  clear  unsupported  span,  then 
there  would  have  been  no  need  of  reinforce- 
ment in  it. 

Pursuing  the  logic  still  further,  it  appears 
that  the.  thickness  of  the  slab  is  of  little  im- 
port, since  it  is  the  subgrade  which  must  really 
and  eventually  carry  the  load  in  any  case.  As 
the  thinner  slabs  deflected  about  %  in.  without 
falling  it  is  seen  that  the  soil  area  called 
into  support  will  greatly  exceed  what  is  need- 
ed to  bear  any  load  coming  upon  the  pavement 
surface. 

This  reasoning  indicates  that  a  2-in.  slab 
with  the  wire  in  the  middle  would  be  amply 
strong,  and  would  affect  a  still  further  saving 
of  money  over  that  already  indicated.  The 
speaker  is  not  prepared  to  recommend  this 
thickness,  however,  unless  the  paving  specifica- 
tions are  otherwise  radically  amended,  notably 
in  the  preparation  of  the  subgrade.  He  is  con- 
vinced, however,  that  an  average  expenditure 
of  3  or  4  cts.  per  square  yard  in  excess  of  the 
present  practice  devoted  to  watering,  raking, 
and  continued  rolling  of  the  subgrade  would 
render  the  2-in.  base  entirely  feasible.  He  is 
also  convinced  that  such  rolling  and  painstak- 
ing treatment  of  the  subgrade  would  surpass 
in  effective  supporting  power  and  increase 
pavement  stability  more  than  the  introduction 
of  four  extra  inches  of  concrete  foundation 
as  now  commonly  practiced,  while  the  cost 
reduction  migh*  then  amount  to  30  per  cent  of 
the  total. 

It  may  here  be  claimed  that  this  paper  first 
makes  a  great  argument  for  wire  reinforce- 
ment, and  then  shows  that  it  is  unnecessary. 
The  practical  difficulty  of  getting  a  uniform 
and  homogeneous  subprade  is  freely  admitted, 
even  with  the  care  and  effort  here  asked  for. 
This  is  exactly  where  the  reinforcement  comes 
in, — to  render  the  pavement  stable  and  secure 
from  disturbance  by  reason  of  such  defects  in 
its  support,  for  if  these  thin  slabs  with  the 
trifling  reinforcement  used,  will  under  all  the 
handicaps  herein  indicated  virtually  carry  any 
possible  loads  over  clear  spans  of  2  ft.,  it  is 
certainly  rational  to  suppose  that  they  will 
carry  and  distribute  the  loads  propierly  when 
resting  on  almost  any  soil  short  of  liquid  mud. 
This  we  certainly  need  not  provide  for,  nor 
need  we  regard  a  general  settlement  in  any 
pavement  as   fatally  defective. 

Having  now  considered  the  pavement  foun- 
dation at  length,  let  us  turn  back  and  see  what 
bearing,  if  any,  this  discussion  has  upon  joint 
fillers,  and  its  possible  relation  to  the  sliape 
and  size  of  the  brick.  To  the  speaker  there 
is  a  most  profound  and  significant  relationship 
between  all  these  factors.  It  is  thought  that 
those  who  have  contended  most  strongly  for 
the  rigid  cement  grout  filler  do  so  through 
failure  to  recognize  fully  the  meaning  of  the 
MacAdam  principle.  They  have  seemed  to 
consider  tliat  the  brick-wearing  surface  must 
not  only  furnish  a  strong  wearing  surface 
which  would  then  resist  the  abrasion  of  traffic, 
and  that  it  must  also  perform  all  the  functions 
of  the  foundation  as  well.  As  already  sug- 
gested if  temperature  stresses  did  not  enter 
into  the  problem  results  under  this  theory 
might  still  be  fairly  satisfactory.  But  since 
temperature  strains  are  bound  to  occur,  and 
arc  likely  to  cause  cracks  and  fractures,  why 
not  guard  against  them  by  using  ample  ex- 
pansion joints  around  each  brick,  and  use  bi- 
tuminous filler.  If  the  foundation  and  sub- 
grade  have  been  planned  and  executed  to  de- 
velop their  legitimate  functions  then  there  is 
no  need  for  the  wearing  surface  to  attempt 
to  include  that  also,  and  perfect  stability  of  the 
wearing  surface  is  insured  not  by  attempting 
to  make  it  immovable  and  unbreakable  in  itself 
but  by  furnishing  it  with  a  strong  immovable 
and  unbreakable  support. 

It  is  at  once  evident  that  the  single  quality 


which  has  given  brick  such  a  prominent  place 
as  a  paving  material  is  its  wonderful  resist- 
ance to  abrasion.  Even  where  paving  has 
been  done  in  violation  of  all  the  principles 
herein  studied  no  one  has  yet  seen  a  brick 
pavement  really  worn  out.  It  follows  there- 
fore that  with  an  adequate  support  provided, 
and  temperature  stresses  relieved  as  above  out- 
lined it  will  then  be  pre-eminently  sound  en- 
gineering design  to  lessen  the  thickness  of  the 
wear  resisting  surface.  The  speaker  believes 
that  2  or  2%-in.  paving  brick  laid  flat  with  a 
bituminous  filler,  upon  1-in.  or  less  of  sand 
supported  by  a  2-in.  reinforced  foundation,  all 
borne  upon  a  carefully,  but  cheaply,  prepared 
subgrade,  represents  the  distinctly  modern 
type  of  economical  pavement  construction  for 
every  sort  of  traffic  except  the  most  intense 
steel-shod  traffic  when  bricks  of  the  usual 
thickness  would  be  economical.  Also  with 
sub-grades  of  special  diflficulty  as  to  drainage 
and  known  instability  of  soil  an  extra  inch 
might  be  added  in  the  foundation. 


Methods    and    Costs    of    Constructing 
Three  Sections  of  Sand-Clay  Road. 

(St.^ff  Abstr.\ct. ) 

The  work  considered  is  three  sections  of 
sand  clay  object  lesson  road  built  in  1912  in 
North  Carolina.  In  both  cases  the  construc- 
tion methods  are  described  and  the  costs  are 
computed  from  data  given  in  the  Report  for 
1013-14  of  Joseph  Hyde  Pratt,  State  Geologist, 
North  Carolina. 

The  first  section  of  road  extends  from 
Calypso,  N.  C,  southeast  toward  Kenansville. 
The  adjacent  land  is  slightly  rolling  and  the 
soil  is  sandy  throughout  the  length  of  the  sec- 
tion. The  grading  consisted  in  plowing  the 
ditches  and  bringing  the  road  to  the  proper 
cross-section  with  a  road  machine.  A  small 
amount  of  material  was  moved  for  an  aver- 
age distance  of  50  ft.  with  drag  scrapers.  For 
1,650  ft.  the  road  was  graded  24  ft.  wide  and 
surfaced  14  ft.  wide,  making  the  area  graded 
4.400  sq.  yds.  and  the  area  surfaced  2,568  sq. 
yds.  The  crown  of  the  finished  roadway  was 
three-fourths  inch  to  1  ft.  Clay  to  the  amount 
of  248  cu.  yds.  was  hauled  an  average  dis- 
tance of  2,400  ft.,  and  55  cu.  yds.  of  sand  was 
hauled  an  average  distance  of  1,760  ft.  Farm 
wagons  having  an  approximate  capacity  of  1 
cu.  yd.  were  used  for  hauling  both  sand  and 
clay.  They  were  loaded  and  unloaded  with 
shovels.  Two  corrugated-iron  culverts  were 
ordered  for  this  work,  but  were  not  received 
before  the  surfacing  was  completed.  Direc- 
tions were   furnished    for   placing  tlicm. 

The  equipment  consisted  of  1  road  machine, 
1  rooter  plow,  1  turn  plow,  1  split-log  drag.  2 
drag  scrapers,  1  disk  harrow,  farm  wagons, 
and  hand  tools.  Labor  cost  $1  and  $1.50  per 
day  and  teams  cost  $1.20  and  $2.50  per  day. 
The  cost  of  grading  and  shaping  4,400  sq.  yds. 
of  subgrade  was  $3,860  or  0.88  ct.  per  square 
yard.  The  costs  for  2,563  sq.  yds.  of  sur- 
facing proper  were  as  follows: 

Item.  Cost. 

Loatling  sand    $     S.T.'i 

Haulins  sand   K.25 

Spreading   sand    1.50 

Loading   clay    22.G-1 

Hauling   clay    49.2,". 

Spreading    clay    5..''i0 

M  ixing  clay  and  sand 4.  sn 

Final  shaping  with  drag l.fiO 

Total     $  95.30 

.\dd  grading   3S.60 

Grand    total    $133.90 

Co.st  per  square  yard.  5.21  cts. 

The  second  section  constructed  extends 
from  Cooleemee  northeast  to  Jerusalem,  N.  C. 
The  land  adjacent  to  the  road  is  rolling  and 
the  soil  varies  from  "black-jack"  gravel  to 
micaceous  clay.  This  road  had  been  graded  to 
a  width  of  24  ft.  in  cuts  and  18  ft.  in  fills,  and 
the  drainage  structures  were  all  completed  be- 
fore the  object-lesson  work  was  begun. 

Tlie  sand  for  use  in  surfacing  was  loosened 
with  plows,  loaded  with  hand  shovels,  hauled 
appproximately  1%  miles  in  slat-bottom 
wagons,  and  spread  with  grader  and  by  hand. 
The  subgrade  prepared  for  surfacing  was  20,- 
020   ft.  long  and   16   ft.  wide,  making  a  total 
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area  of  35,590  sq.  yds.  The  same  area  was 
given  a  sand-clay  surface  G  ins.  thick  after 
compacting,  with  a  crown  of  %  in.  to  1  ft. 
For  the  surfacing  4,820  cu.  yds.  of  material 
were  used,  about  3,000  cu.  yds.  of  which  were 
purchased.  The  wages  per  day  were  labor 
$1.25,  and  teams  $3.     The  costs  were: 

Item.  Cost. 

Loading  sand  at  G.05  cts.  per  cu.  yd....$  ^91.61 
Mixing  surfacing  at  0.1   ct.  per  sq.   yd..        37.25 

Shaping  at  0.15  ct.  per  sq.  yd 53.25 

Spreading  sand  at  1.37  cts.  per  cu.  yd..  66.00 
Hauling  sand  at  25.46  cts.  per  cu.  yd....   1,227,00 

Sand  pits    105.25 

General    expense    19.25 

Total    .*. $1,799.61 

Per  square  yard,   5.06   cts. 

The  cost  of  superintendence,  which  is  in- 
cluded above,  was  6.33  per  cent  of  the  total 
cost. 

The  third  section  of  road  was  constructed 
in  Le.xington,  N.  C.  The  adjacent  land  is 
rolling  and  the  natural  soil  is  clay  of  a  plastic 
nature,  but  lacking  in  toughness.  The  first 
work  was  grading.  The  earth  was  loosened 
by  a  traction  engine  and  a  road  plow ;  loaded 
and  hauled  with  drag  scrapers,  wheel  scrap- 
ers, and  wagons,  and  spread  with  shovels.  The 
maximum  cut  was  4  ft.  and  the  maximum  fill 
3  ft.  The  maximum  grade  was  reduced  from 
8  per  cent  to  1  per  cent. 

The  equipment  consisted  of  three  No.  2 
wheel  scrapers,  six  No.  2  drag  scrapers,  two 
plows,  three  1%-cu.  yd.  dump  wagons,  one 
i2-HP.  traction  engine,  picks,  shovels,  etc. 
The  average  haul  for  excavation  was  150  ft. 
and  the  maximum  haul  400  ft.  The  sand  mixed 
with  the  clay  for  surfacing  was  obtained  from 
a  pit  and  hauled  for  an  average  distance  of 
3  miles  in  1-cu.  yd.  slat-bottom  wagons.  The 
quality  of  the  sand  was  excellent  for  the  pur- 
pose for  which  it  was  used.  Free  labor  cost 
$1.25  and  $1.50.  and  foreman  $3  per  10-hour 
day.  Convict  labor  was  estimated  at  $1  per 
day,  and  teams  cost  from  $2  to  $3  per  day. 

The  total  length  graded  was  3,000  ft.,  and 
the  width  graded,  both  in  cuts  and  fills,  was 
30  ft.,  making  the  total  area  graded  10,000  sq. 
yds.  The  entire  length  of  3,000  ft.  was  sur- 
faced for  a  width  of  18  ft.,  making  the  area 
surfaced  6,000  sq.  yds.  The  compacted  depth 
of  surfacing  material  was  4  ins.  and  the  crown 
%  in.  to  1  ft.  The  earth  excavation  amounted 
to  3,975  cu.  yds.,  and  the  sand  used  for  sur- 
facing amounted  to  815  cu.  yds.  The  cost  of 
the  work  was : 

Item.  Cost. 

Excavation  at  11   cts,   per  cu.  yd i    440.35 

Hauling  sand  at  80  cts.  per  cu.  yd 652.00 

Spreading:  at  1.6  cts.   per  cu.   yd 12.75 

Mixing   sand    and    clay 60. GO 

Sprinkling     fi.OO 

General  expenses    5.75 

Total     $1,177.45 

Per  square  yard,   19.6  cts. 


Methods   of   Constructing   and    Main- 
taining Gravel  Roads. 

(Staff  Abstract.) 

Gravel  road  construction  has  and  for  many 
years  will  continue  to  have  a  place  of  im- 
portance in  rural  highway  systems.  Like  all 
of  the  less  permanent  road  constructions, 
gravel  roads  must  be  systematically  main- 
tained if  their  full  economic  value  iS'  to  be 
secured.  The  notes  that  follow  outline  gravel 
road  construction  and  maintenance  methods  in 
relation  specifically  to  Ohio  conditions  but 
also  to  conditions  in  most  states  of  the 
Mississippi  basin.  These  notes  are  from  an 
address  by  A.  H,  Hinkle,  Deputy  Highway 
Commissioner  in  charge  of  maintenance,  Ohio 
State  Highway  Department, 

SELECTION  OF  GRAVEL, 

Gravel  of  suitable  quality  for  gravel  roads 
may  have  from  6  to  20  per  cent  of  clay  or 
loam  to  furnish  binding  material.  Gravel  con- 
taining a  higher  per  cent  than  this  is  some- 
times used  but  with  the  higher  per  cent  of 
clay  or  loam  the  gravel  will  mortar  up  much 
worse  when  wet.  The  amount  necessary  to 
properly  bind  the  gravel  depends  very  much 
upon  the  grading  and  quality  of  the  gravel. 
A  gravel  grading  uniformly  from  the  larger 


gravels  down  to  and  including  some  sand 
will  require  much  less  loam  or  clay  to  make 
it  bind  than  a  gravel  of  about  a  uniform  size. 
Sometimes  a  gravel  is  found  with  a  lime  de- 
posit on  it  which  aids  very  materially  in  mak- 
ing it  cement  together.  The  gravel  may  some- 
times be  so  highly  cemented  as  to  be  called  a 
conglomerate.  The  cementing  value  of  any 
gravel  can  usually  be  determined  by  the  way 
it  stands  up  in  the  pit.  Clay  containing  iron 
oxide,  usually  indicated  by  its  reddish  color, 
is  a  good  binding  material.  It  is  desirable 
that  no  large  excess  of  clay  over  that  required 
to  bind  the  gravel  be  present  for  the  presence 
of  a  small  amount  of  excess  clay  will  cause  a 
muddy  road  in  wet  periods.  If  this  binding 
material  is  not  present,  it  may  be  added  in 
the  form  of  clay  or  loam  or  limestone  dust. 
If  the  first  method  of  constructing  the  road 
described  below  is  followed,  the  binding  ma- 
terial need  not  be  present  in  the  added  gravel 
(or  at  least  in  a  very  small  amount)  as  it  will 
be  supplied  by  the  old  road  surface.  Much  of 
the  gravel  used  on  the  roads  and  that  soon 
binds  well  under  traffic  has  much  less  than  6 
per  cent  of  binder.  Upon  examination  it  will 
usually  be  found  to  contain  sand  much  of 
which  is  of  such  a  soft  nature  that  it  soon 
grinds  up  into  dust  and  furnishes  the  neces- 
sary binder.  The  maximum  size  of  gravel 
used  in  the  surface  of  a  road  should  pass  a 
l%.-in.  circular  mesh.  In  the  base  course  a 
maximum  size  of  about  3  ins.  should  be  used. 

LOOSE    GRAVEL    METHOD    OF    CONSTRUCTION. 

,  This  method  consists  in  placing  loose  gravel 
over  the  surface  of  the  road  not  to  exceed 
4  ins.  in  depth.  This  thin  layer  should  be 
used  in  order  that  the  loose  gravel  will  not 
seriously  interfere  with  traffic,  while  the  gravel 
is  being  compacted  by  the_  traffic.  The 
loose  gravel  will  rut  quite"  badly.  The 
ruts  should  be  eliminated  and  the  surface 
kept  smooth  and  well-crowned  by  the  frequent 
use  of  the  road  drag,  and  harrow.  Harrowing 
the  loose  gravel  is  of  much  value  as  it  aids 
in  distributing  the  gravel  and  producing  an 
even  surface  and  this  uniformity  in  material 
and  surface  is  one  of  the  fundamentals  of  all 
road  building.  If  there  is  a  small  amount  of 
binding  material  in  the  gravel  it  will  soon  be 
compacted  by  traffic  under  this  treatment,  after 
which  the  process  of  adding  more  layers  may 
be  repeated  as  often  as  desired,  until  a  hard 
crust  is  built  up  of  sufficient  strength  to  carry 
the  load  that  will  come  on  it.  By  this  method 
a  much  thicker  crust  can  be  formed  than 
will  form  where  a  thick  layer  of  gravel,  say 
8  ins,  to  10  ins.  in  depth,  is  placed  on  the 
road  at  one  time.  It  will  frequently  be  found 
in  digging  into  a  road  built  by  this  latter 
method  that  the  hard  crust  formed  on  the 
surface  of  the  road  is  not  made  more  than  3 
ins,  to  5  ins.  in  depth.  Underneath  this  crust 
will  he  found  loose,  uncompacted  gravel.  This 
may  be  due  to  the  lack  of  sufficient  binder  in 
the  gravel  and  to  the  fact  that  the  crust  forms 
no  deeper  than  the  depth  of  the  mortaring 
efifect  produced  by  traffic.  Hence  the  value  of 
building  the  road  by  the  addition  of  successive 
layers  is  easily  seen.  If  the  thin  layer  of 
gravel  is  placed  on  the  road  in  the  spring  of 
the  year  it  will  be  apt  to  compact  much 
quicker.  The  loose  gravel  method  of  con- 
struction has  the  disadvantage  of  having  loose 
gravel  on  the  road  which  interferes  to  some 
extent  with  the  traffic,  but  it  has  the  advantage 
of  never  closing  the  road  entirely  against 
traffic.  It  has  the  great  advantage  of  being 
low  in  first  cost.  Future  additions  mav  be 
made  to  the  road  as  the  money  is  available. 
The  secret  of  this  method  is  the  proper  and 
frequent  dragging  and  thus  keeping  the  sur- 
face smooth  while  it  is  being  compacted  by 
traffic.  This  method  is  very  appropriate  on 
roads  having  a  very  light  traffic  and  the  re- 
sults with  proper  dragging  will  eventually  be 
as  good  as  where  some  other  more  expensive 
method  is  used.  You  will  note,  however,  that 
this  method  is  quite  different  from  that  in 
common  practice  of  dumping  great  heaps  of 
loose  gravel  in  a  narrow  ridge  down  the  cen- 
ter of  the  road  which  does  as  much  damage 
by  obstructing  traffic  for  a  year  as  it  does 
good  after  it  is  compacted. 


WATER  BOUND  GRAVEL  METHOD  OF  CONSTRUCTION. 

In  this  method  the'  gravel  is  placed,  rolled 
and  waterbound  in  the  same  general  way  as 
water-bound  macadam.  It  is  usually  laid  and 
rolled  in  two  or  three  layers  using  a  size  of 
gravel  not  exceeding  11/2  ins.  in  the  top  layer 
and  3%  ins.  in  the  bottom.  If  the  gravel  does 
not  compact  well  because  of  a  lack  of  binder, 
clay,  loam  sand,  or  limestone  dust  should  be 
added  and  harrowed  into  the  gravel  after  it  is 
placed.  The  gravel  should  be  thoroughly 
rolled  and  sprinkled  with  water  in  the  finish- 
ing process  of  rolling  as  in  making  a  water- 
bound  macadam.  The  process  of  construction 
may  differ  from  the  macadam  road  in  that  if 
there  is  a  deficient  amount  of  fine  material  in 
the  gravel  as  it  is  spread  on  the  road,  it  may 
be  necessary  to  add  the  binder  (clay,  sand 
loam  or  limestone  dust),  and  harrow  it  in 
before  the  gravel  will  compact  under  the 
roller.  The  construction  of  tlie  water-bound 
gravel  will  differ  from  the  macadam  in  one 
other  feature  in  that  the  "setting  up"  process 
will  be  slower  to  take  place.  For  this  reason 
the  surface  after  it  is  once  thoroughly  com- 
pacted, should  receive  attention  for  several 
weeks  thereafter  by  re-rolling  occasionally 
when  damp.  If  in  the  process  of  wet  rolling 
the  binder  sticks  to  the  roller  wheels  and 
picks  up  badly,  clean  sand  may  be  added  to 
the  surface.  If  the  surface  is  then  sufficiently 
wet  the  sticking  to  the  wheels  will  be  largely 
avoided.  It  will  sometimes  happen  that  after 
being  sprinkled  the  gravel  will  apparently 
soften  during  the  process  of  rolling  and  the 
more  rolling  the  softer  it  will  become.  This 
may  be  due  to  an  excess  of  clay  which  be- 
comes soft  and  acts  as  a  lubricant  when 
saturated,  or  to  the  subgrade  becoming  soft 
from  the  addition  of  too  much  water.  What- 
ever be  the  cause,  the  most  economical  remedy 
is  to  stop  the  rolling  and  give  the  road  time 
to  dry  out  after  which  the  rolling  can  be  com- 
pleted with  success.  It  may  be  necessary  to 
do  the  rolling  on  the  installment  plan  by  doing 
a  small  amount  at  a  number  of  different  times. 

MAINTENANCE    METHODS. 

The  maintenance  of  the  gravel  road  will  con- 
sist mainly  in  keeping  the  ruts  and  depressions 
filled  with  gravel  and  after  it  is  worn  down 
to  a  certain  extent,  resurfacing  with  gravel  as 
described  in  the  first  method  of  construction. 
If  a  roller  can  be  used  in  this  resurfacing, 
so  much  the  better.  The  ordinary  repairs 
will  be  made  by  filling  the  depressions  and 
holes  just  slightly  more  than  full  of  fine 
gravel,  this  gravel  to  be  kept  in  place  by  the 
frequent  use  of  the  road  drag.  No  great  ex- 
cess of  gravel  over  what  is  required  to  fill 
the  depression  should  be  used. 

The  drag  can  be  used  any  time  of  year  on 
a  gravel  road  after  a  rain.  On  an  old  gravel 
road  it  can  be  best  used  in  the  spring  of  the 
year  after  the  frost  has  left  the  ground.  A 
good  plan  to  follow  is  to  keep  adding  from 
time  to  time  new  gravel  so  that  .there  will  be 
enough  loose  gravel  to  fill  all  depressions  in 
the  surface  in  the  process  of  dragging.  This 
will  avoid  the  necessity  of  deep  scraping  and 
tearing  up  of  the  hard  compacted  gravel  in 
order  to  get  sufficient  loose  material  to  fill 
the  depressions,  and  we  should  avoid  as  far 
as  possible  the  tearing  loose  of  compacted  ma- 
terial. Many  gravel  roads  have  been  ruined 
by  scraping  them  too  hard  and  deep  with  the 
large  road  grader.  Many  times  the  large  road 
grader  blade  is  made  to  cut  clear  through  the 
edge  of  the  gravel.  This  not  only  leaves  a 
ditch  for  water  to  stand  in  which  softens  the 
subgrade  of  the  road  (which  in  itself  is  suffi- 
cient to  ruin  it),  but  also  soil  and  sod  by  this 
process  are  scraped  onto  the  gravel.  We 
then  soon  find  reason  to  complain  of  our 
gravel  road  for  this  excess  loose  material 
makes  the  road  extremely  dusty  in  dry 
weather  and  sloppy  in  wet  weather.  It  should 
be  unnecessary  to  say  that  we  should  never 
put   soil  or  sod  onto  a  gravel  road. 

The  secret  of  the  maintenance  will  then  be 
the  adding  of  a  little  new  gravel  as  the  oc- 
casion demands  and  systematic  dragging,  tak- 
ing care  not  to  drag  too  deep.  When  the 
shoulders  are  built  up  by  the  washing  from 
the  road  surface  and  sod,  they  should  be  cut 
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off  to  the  proper  slope  with  the  large  road 
grader  and  the  scrapings  eith;r  hauled  off  the 
road,  or  if  the  ditch  is  sufficiently  deep  and 
wide,  they  may  be  scraped  outward  and  even- 
ly spread  so  as  to  widen  the  shoulder.  Never 
under  anv  conditions  should  these  shoulder 
scrapings  be  drawn  onto  the   road  surface. 

When  the  road  is  worn  down  so  as  to  need 
resurfacing,  a  uniform  layer  of  gravel  over 
the  entire  surface  should  be  added  and  treated 
as  described  in  the  first  method  for  construc- 
tion. Mr.  Sargent,  State  Highway  Commis- 
sioner of  Maine,  says  gravel  roads  formerly 
built  by  the  water-bound  method,  are  now  be- 
ing resurfaced  in  his  state  with  about  2  ins. 
of  1%-in.  gravel  and  the  roads  are  giving 
splendid  satisfaction. 

It  will  frequently  happen  that  old  gravel 
roads  that  are  rough  and  uneven  have  had 
quantities  of  gravel  hauled  on  them  yearly  or 
every  few  years  until  the  gravel  may  be  from 
1.5  ins.  to  2  ft.  deep.  On  such  roads  it  would 
seem  poor  economy  to  deposit  more  gravel. 
A  road  in  this  condition  should  be  scarified, 
reshaped  to  a  proper  crown,  thoroughly  har- 
rowed so  as  to  bring  the  large  sized  stones 
near  the  surface  to  the  top,  which  stones 
should  be  raked  up  and  hauled  off  the  road. 
The  surface  can  then  be  rolled  or  maintained 
with  the  drag  until  traffic  compacts  it,  and  an 
excellent  road  produced.  The  State  Highway 
Department  has  treated  roads  in  this  manner 
and  widened  the  old  gravel  out  to  a  width  of 
20  ft.  The  cost  on  two  of  these  roads  has 
been  per  mile  as   follows: 

Item.  (1)  (21 

New    eravel    $      .';0..^(i     %        0 

Scarifying,  reshaping,  etc.,  I,.'i25,72  l,314..':i^ 
Depreciation   of  machinery....       175, V2  125,42 

Total   for  2  miles 

Per  mile   


. .  ,$1  751  fin    $i,52n.on 

875.00  760.00 

In  many  parts  of  the  state  good  gravel 
roads  can  be  built  after  one  of  the  methods 
described  above  at  from  $1,200  to  $2,000  per 
mile  exclusive  of  heavy  grading  with  only  a 
moderate  traffic,  will  be  roads  that  can  be  re- 
paired and  maintained  at  much  less  cost  than 
any  other  type  of  improved  road.  In  fact, 
the  great  prgument  for  a  gravel  road  is  the 
low   cost   of   maintenance. 

In  regard  to  the  system  to  he  used  in  re- 
pairing, it  would  seem  that  the  soft  surface 
roads,  bv  the  very  nature  of  their  surface, 
will  more  nearly  admit  of  continuous  main- 
tenance than  anv  other  types.  A  few  shovels 
of  gravel  placed  in  a  depression  in  a  gravel 
road  in  its  early  staees  will  prevent  the  for- 
mation  of   an    ugly   hole   later   on.     It   would 


therefore  seem  that  the  one-man  patrol  sys- 
tem on  gravel  roads  would  be  very  appro- 
priate. The  dragging  could  be  done  after 
rains,  the  depressions  filled  with  new  gravel  in 
their  first  stages  of  development,  large  loose 
stones  removed  from  the  surface,  the  culverts 
and  ditches  kept  open  and  the  weeds  and 
grass  cut  on  the  roadside.  Quite  different 
from  many  other  types  of  road,  there  is 
scarcely  any  class  of  work  on  the  surface 
roads  that  could  not  be  done  by  one  man  and 
inasmuch  as  it  is  so  important  that  the  re- 
pairs be  done  without  delay,  it  is  certainly 
fit  and  proper  that  this  system  be  used  on 
such  roads. 


Piling     Building     Material     in      City 
Streets. 

To  THE  Editors  :  In  your  issue  of  March 
24,  you  mention  that  "in  Philadelphia,  a  con- 
tractor, who  piles  building  materials  in  the 
street,  must  pay  a  monthly  rent  of  2.j  cts,  for 
the  space  occupied,"  that  "the  Bureau  of  High- 
ways of  Philadelphia,  which  needs  money  for 
its  work  of  maintaining  streets,  proposes  that 
the  rent  be  increased  from  25  cts.  to  $.5.00  per 
month,"  and  that  "the  annual  rental,  that 
would  result  from  this  increase,  is  estimated  at 
$40,000." 

Like  the  narrowness  of  our  streets   (mostly 


Philadelphia    Street   Obstructed    by    Piles   of 
Building    Material. 

only  .50  ft.  wide  between  .  house-lines),  this 
archaic  practice  of  allowing  a  builder  to  oc- 
cupy more  than  a  third  of  the  driveway  with 
an  unsightly  brick  pile,  which  frequently  re- 
mains a  nuisance  for  months,  doubtless  dates 


from  the  time  when  the  city  was  little  more 
than  a  village,  and  when  50-tt.  wide  streets 
were  unnecessarily  wide  for  the  little  traffic 
carried. 

Today  our  central  streets  are  so  congested 
that  they  have  been  made  "one-way"  streets ; 
and  yet  (as  the  accompanying  photograph 
shows)  Eleventh  Street,  immediately  north  of 
Market  Street  (in  the  very  heart  of  the  city) 
was  obstructed,  a  few  years  ago,  by  two  such 
brick  piles,  immediately  opposite  each  other, 
occupying  together  more  than  tivo-thirds  of 
the  drive-way,  and  leaving,  between  them, 
barely  room  for  the  single  line  of  trolley 
cars   on   Eleventh   Street. 

It  is  a  sad  commentary  upon  the  business 
sense  of  our  people,  or  upon  the  virtue  of 
their  representatives  in  the  City  Council,  that 
the  City  Highway  Bureau  is  allowed  to  "need 
money  for  its  work,"  and  is  perforce  willing  to 
see  our  already  far  too  narrow  streets  nearly 
closed  to  traffic,  in  order  to  eke  out  its  funds 
by  a  pitiful  $40,000  per  annum,  selling  the 
city's  birthright  for  a  mess  of  pottage. 

Are  such  outrages,  by  individuals,  upon  the 
public,  tolerated  in  European  cities,  or  is  the 
builder  there  required  to  carry  on  his  client's 
operations  upon  his  client's  own  premises? 

A  similar  practice,  in  which  the  public  is 
victimized  by  unscrupulous  individuals,  is  that 
of  allowing  business  men  to  confiscate  the 
sidewalks  to  their  own  private  uses  by  backing 
up  their  wagons  on  the  sidewalks  and  keeping 
them  there  while  loading  and  unloading;  oc- 
cupying not  only  the  entire  width  of  the  side- 
walk, but,  of  course,  a  considerable  part  of 
the  driveway  besides. 

In  Locust  St.,  near  my  office,  two  large 
manufacturing  establishments,  recently  erected, 
laid  out  their  concrete  side-walks  (presumably 
in  accordance  with  city  regulations)  with  . 
driveways  crossing  them  for  the  express  pur- 
pose of  enabling  wagons  to  back  up  to  the 
doors,  to  load  and  unload.  The  two  side- 
walks are  partly  opposite ;  and,  during  business 
hours,  the  pedestrian  must  usually  leave  the 
sidewalk  and  pick  his  precarious  way  between 
the  horses'  heads,  which  sometimes  "inter- 
lock" in  the  axis  of  the  alleged  "highway." 

If  I  should  place  mv  desk  in  the  center  of 
the  sidewalk.  I  should  expect  to  be  called  to 
order,  although  I  should  have  the  decency  to 
leave  part  of  the  sidewalk,  on  each  side  of  my 
desk,  for  the  hapless  pedestrian.  Is  there  one 
law  for  the  captains,  and  another  for  the  low 
privates,  of  industry? 

toHN  C.  Tr.autwine,  Jr. 
257  S,  4th  St.    Philadelphia,  Penna. 
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Some  Details  of  the  Exterior  Wooden 
Framing    of    the    Tower    of    Jewels, 
Panama-Pacific   International   Ex- 
position,   San   Francisco,    Cal. 

(Staff   Article,) 

In  our  issue  of  Jan.  20,  1915,  we  published 
an  article  describing  in  detail  and  illustrating 
the  structural  steel  framework  of  the  Tower 
of  Jewels,  Panama-Pacific  International  Ex- 
position, San  Francisco,  Cal.  In  this  article 
wc  shall  consider  some  features  of  the  en- 
closing wooden  frame  of  this  structure.  The 
truss  and  bracing  details  of  this  framing  in- 
volved some  interesting  problems  in  the  use 
of  heavy  timbers.  The  tower  has  a  total 
height  of  435  ft,  and  forms  the  main  entrance 
to  the  exposition  grounds.  To  an  elevation 
of  1.52  ft,  above  the  ground  level  the  walls  of 
the  tower  rise  vertically,  forming  a  huge  rec- 
tangular box  120  ft.  square  in  plan,  this  sec- 
tion being  pierced  by  a  barrel  arch,  the  .soffit 
of  which  is  119  ft.  above  the  court,  .'Vbove 
the  top  of  this  section  the  structure  consists 
mainly  of  a  series  of  cylindrical  portions  of 
variable  and  rapidly  decreasing  diameters, 
composed    of    balustrades,      colonnades      and 


heavy  belt  courses.  The  outstanding  orna- 
ment upon  these  upper  decks  is  elaborate.  (The 
erection  of  the  timber  work  was  described 
in  our  Jan,  20,  1915,  issue.  The  loads  for 
which  the  structure  was  designed  are  also 
given  in  that  issue.) 

GENER..\L  FE.\TURES   OF  TI.MBKR   FR.\MING, 

The  main  rectangular  portion  of  the  tower, 
below  elevation  152  ft,,  and  the  colonnades  to 
the  east  and  west  of  the  tower  proper  arc 
self-supporting  timber  structures. 

Along  the  east  and  west  walls  of  the  rec- 
tangular jiortion  a  series  of  two-post  columns 
extends  from  the  foundation  to  elevation  152 
ft.  These  columns  are  tied  together  by  brac- 
ing trusses,  which,  in  addition  to  their  stiffen- 
ing function,  support  the  studding  for  the  ex- 
terior plaster  walls.  The  north  and  south 
elevations  of  this  portion  are  framed  with 
four-post  columns,  also  tied  together  with 
bracing  trusses.  Above  the  main  arch  the 
walls  and  floor  are  carried  on  heavy  timber 
trusses  of  64-ft.  span.  These  trusses  are 
placed  in  pairs,  one  above  the  other,  and  are 
sn  tied  together  as  to  form  a  thoroughly  stiff 
portal  across  the  archway.  From  these 
trusses  circular  furring  arches  of  timber  are 
suspended  for  the  support  of  the  arch  ceiling. 


The  colonnades  are  also  self-supporting 
timber  structures,  the  tops  of  the  colonnade 
columns  being  built  into  horizontal  trusses, 
which  in  turn  are  carried  into  the  steel  frame 
at  the  interior  or  tower  end,  and  into  a  large 
four-post  abutment  tower  at  the  outboard 
end 

The  timber  framing  above  elevation  152  ft. 
is  comparatively  light,  but  was  complicated  by 
the  batter  of  the  steel  frame  and  by  the 
diagonal  bracing  rods.  The  circular  plan  of 
the  decks  necessitated  the  scarfing  of  many  of 
the  large  sticks, 

ALLOW' ABLE   STRESSES, 

The  following  working  stresses  were  used 
in  the  limber  design : 

Libs,  per  sq.  In. 

Ti-n.-;iori   with  grain 1,200 

Conipression,    end   bearing 1,000 

Compression,    cross   grain 350 

Bending,    extreme  fiber 1,500 

Sliearing  witli   gr.'un 150 

Modulus  of  elasticity,  dead  load 1,000,000 

Modulus  of  elasticity,  live  load 1,500,000 

1 

Columns  under  —  =  15,   P  = 1,200 

d 
1  1 

Columns  over  —  =   15,   P  = 1,000 

d  60d 
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FR.'iMING    BELOW    ELEVATION    152   FT. 

The  arrangement  of  the  various  columns, 
trusses  and  bracing  in  the  rectangular  portion 
below  elevation  152  is  shown  in  the  drawings 
of  Fig.  1.  Figure  1  (a)  is  a  quarter  plan  of 
this  framing;  Fig.  1  (b)  is  a  half  elevation 
showing  the  timber  trusses  and  columns  which 
form  the  main  entrance;  Fig.  1  (c)  is  an  ele- 
vation of  the  interior  columns  and  bracing 
trusses;  and  Fig.  1  (d)  is  an  elevation  of  the 
exterior  construction.  These  drawings  show 
the  type  of  framing  used  and  give  the  general 
dimensions   of   this   part   of  the   structure. 

On  account  of  the  size  of  the  main  arch- 
way the  portal  bracing  is  exceptionally  heavy. 


TWO-POST   COLUMNS. 

Figure  2  shows  two  views  of  the  lower  part 
of  column  A  (for  location  see  Fig.  1,  d).  Be- 
low the  connection  of  this  column  to  the  steel 
column,  at  about  elevation  20  ft.,  the  column 
consists  of  two  12xl2-in.  timbers  and  one 
8xl2-in.  timber.  The  8xl2-in.  member  ex- 
tends a  short  distance  above  the  knee-brace  of 
the  portal  truss  which  connects  to  the  column. 
Above  this  level  the  column  consists  of  two 
12xl2-in.  timbers  spaced  12  ins.  apart  and 
connected  at  intervals  with  short  pieces  of 
12xl2-in.  timbers.  The  shear  between  the 
various  pieces  composing  the  column  is  pro- 
vided for  by  means  of  2-in.  wooden  pins  and 
by  bolts,  as  shown  in  Fig.  2. 

A  detail  drawing  of  the  heaviest  of  the 
trusses — truss  "B"  (for  location  see  Fig.  l,a) 
— is  shown  in  Fig.  4.  The  top  and  bottom 
chords  of  this  truss  each  consist  of  a  r2xr2-in. 
timber,  while  the  knee-braces  are  formed  of 
8xl2-in.  timbers.  This  truss,  the  details  of 
which  are  fully  shown  in  the  drawing,  is  an 
interesting  example  of  heavy  timber  framing. 

FRAMING    AT    ELEVATION    2.55    FT.    7    INS. 

An  idea  of  the  magnitude  of  the  timber 
framing  can  be  gained  by  referring  to  Fig.  5, 
(see  p.  380),  which  is  a  quarter  plan  of  the 
framing  at  elevation  2.55  ft.  7  ins.  As  shown 
in  this  drawing  the  main  scheme  of  supporting 
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Fig.  1.  General  Framing  Plans  of  Rectangular   Portion    Below    Elevation    152   ft. — Tower   of 

Jewels. 


As  shown  in  Figs.  1  (a)  and  (d)  this  portal 
bracing  consists  of  four  trusses,  those  in  the 
same  horizontal  plane  (A  and  B)  being  spaced 
9  ft.  2  ins.  on  centers;  while  those  in  the 
same  vertical  plane  have  their  upper  chords 
spaced  about  2.j  ft.  on  centers. 


this  framing  is  by  means  of  cantilever  brack- 
ets, attached  to  the  main  steel  columns.  These 
brackets  carry  heavy  timber  trusses,  to  which 
the  exterior  framing  is  attached  by  6x8-in. 
members.  A  2-in.  shiplap  floor  covers  a  con- 
siderable part  of  the  area  at  this   level. 


A  detail  drawing  of  truss  "Y"'  (for  location 
see   Fig.   5)    is   shown   in   Fig.  3.     This  truss 
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Fig.   2.      Details   of    Lower   Portion    of   Two- 
Post   Column    A    of    Tower   of   Jewels — 
Total    Height  of  Column   About   152 
ft. — For  Location  See  Fig.  1   (d). 


<C)  Plan  of  Bracket 


Fig. 


-5-0|"- 

(0)  Elevation 
3.    Details  of  Truss    Y  at  255  ft.   Level   of  Tower  of  Jewels — For  Location  See  Fig.  5. 
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rests  on  heavy  timber  brackets  attached  to 
the  steel  columns.  It  is  held  rigidly  in  place 
by  6xl0-in.  knee-braces  which  are  attached 
at  their  lower  ends  to  the  inclined  posts  of  the 
brackets.  The  framing  details  of  this  truss 
are  clearly  shown  in  Fig.  3  (a),  and  the  con- 
nection of  the  lower  chord  of  the  truss  to 
the  bracket,  in  Fig.  3   (c). 

PERSONNEL. 

The  plans  for  the  Tower  of  Jewels  were 
prepared  by  the  Division  of  Works  of  the  Ex- 
position Company,  of  which  H.  D.  H.  Con- 
nick  is  director  and  A.  H.  Markwart,  assistant 
director.  The  structural  work  was  designed 
by   Frank   S.   M.   Harris,   assistant   structural 


Results   of   Tests   of   Cinder   Concrete 

Fl9or  Slabs,  with  Conclusions  and 

Recommended   Methods  of 

Design. 

(Staff  Abstract.) 

In  our  issues  of  May  27,  1914,  and  March 
31,  1915,  we  gave  data  and  discussion  both 
on  the  use  of  reinforced  cinder  concrete  for 
floors  in  buildings  and  on  the  strength  of 
typical  New  York  cinder  concrete.  In  this 
article  there  are  given  the  results  of  a  series 
of  tests  conducted  by  the  Department  of  Civil 
Engineering    of    Columbia    Universitj',    partly 


a  hose,  was  played  on  the  ingredients  as  the 
mixing  progressed,  the  percentage  of  water 
being  practically  constant  throughout  the  se- 
ries. The  process  of  mixing  occupied  about 
two  minutes  per  batch.  The  concrete  was 
taken  to  the  forms  in  wheelbarrows,  and  when 
deposited  was  of  a  wet,  viscous  consistency. 
It  was  stirred  and  pushed  into  the  spaces 
between  the  wires  or  rods  with  narrow  pieces 
of  scantling,  the  concrete  being  too  wet  to 
permit  of  tamping.  An  excellent,  dense,  ho- 
mogeneous concrete  was  thus  obtained. 

SCOPE  OF  TESTS  AND  TEST  SLABS. 

Of  the  58  slabs  constructed,  39  were  simple 
slabs,  18  were  restrained,  and  one  was  of  spe- 


Fig.  4.   Details  of  Portal  Truss  B  Above  Main   Archway  of  Tower  of  Jewels — For   Location 

See    Fig.    1. 
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engineer,  and  others,  under  the  immediate  su- 
pervision (if  H.  D.  Dewell,  chief  structural 
engineer  of  the  Division  of  Works.  The 
architectural  design  was  by  Thomas  Hastings, 
of  New  York.  We  arc  indebted  to  Mr.  Harris 
for  the  data  upon  which  this  article  is  based. 


The  city  of  Janesville,  Wis.,  has  finally  ob- 
tained possession  of  the  water  works  after 
five  years  of  litigation,  both  state  and  federal, 
two  years  of  valuation  proceedings  before  the 
state  railroad  commission,  two  special  elec- 
tions and  one  general  election  at  which  it 
was  the  main  issue.  The  price  paid  was 
$265,000. 


in  co-operation  with  the  Bureau  of  Buildings 
of  New  York  City.  The  data  were  abstracted 
from  a  paper  by  Harold  Perrine  and  George 
E.  Strehan,  in  Proceedings,  American  Society 
of  Civil  Engineering,  Vol.  XLI,  p.  259.  In  our 
abstract  we  have  included  most  of  the  essential 
data,  the  conclusions,  and  the  recomended  for- 
mulas and  testing  procedure;  but  have  omitted 
computations  and  most  of  the  detailed  dis- 
cussion. The  use  of  reinforced  cinder  con- 
crete floor  in  buildings  in  the  larger  eastern 
cities  is  extensive,  the  data  in  this  article  re- 
ferring particularly  to  construction  in  New 
York  City. 

MATERIALS    AND    CONCRETE. 

The  cement  used  in  both  the  1913  and  1914 
series  was  "Dragon"  Portland  cement.  The 
sand  was  the  typical  bank  material  obtained 
from  the  north  shore  of  Long  Island.  The 
cinders  for  the  1913  series  were  a  typical 
commercial  product  furnished  by  a  dealer  in 
this  material,  and  those  for  the  1914  series 
were  obtained  from  the  Columbia  University 
power  plant.  The  steel  reinforcement  con- 
sisted of  wire  mesh  furnished  by  the  American 
Steel  and  Wire  Co.;  expanded  metal  furnished 
by  the  E.xpanded  Metal  Engineering  Co. ;  and 
the  following  types  obtained  in  the  open  mar- 
ket: electrically  welded  wire  mesh,  triangular 
wire  mesh,  expanded  metal,  plain  round,  plain 
square,  and  twisted  square  rods. 

The  concrete  for  all  tests  consisted  of  1  part 
cement,  2  parts  sand,  and  5  parts  steam  cin- 
ders, all  by  volume. 

For  the  1913  series  the  materials  were 
brought  to  a  continuous  mixer,  mixed  about 
one  minute,  deposited  in  wheelbarrows,  trans- 
ported about  200  ft.,  and  dumped  into  the 
forms.  The  consistency  of  the  concrete  was 
wet  in  some  slabs  and  medium  wet  in  others. 

For  the  1914  tests  a  Vi-cu.  yd.  "Blystone" 
batch  mixer  was  used.  The  cement,  sand  and 
cinders,  carefully  measured  by  volume,  were 
deposited    dry    in    the   mixer.    Water,    through 


cial  construction.  Sixty-five  8-in.  diameter 
cylinders  16  ins.  long  were  also  cast.  In  gen- 
eral the  slabs  and  cylinders  remained  in  the 
room  in  which  they  were  cast  until  the  time 
of  testing,  being  sprinkled  occasionally  during 
the  early  periods  of  aging.  .\11  slabs  were 
22  ins.  wide.  Table  I  indicates  the  scope  of 
the  tests. 

TABLE    I. — SCOPE    OF    SLAB    TESTS. 
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The  conditions  of  end   restraint  and  other 
details  of  construction  of  the  type  referred  to 
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as  "restrained"  are  shown  in  Fig.  1  (a)  (see 
p.  381).  In  this  type  wire  mesh  reinforcement 
was  used  exclusively.  The  "free"  slabs,  or 
simple  beams,  were  cast  as  shown  in  Fig  1 
(b).  The  special  type  is  shown  in  Fig.  1  (c). 
The  uniform  width  of  22  ins.  was  taken  to 
facilitate  testing,  as  this  was  the  maximum 
width  possible  in  the  machine  used. 

METHODS    OF    TESTING, 

A  liydraulic  jack  and  hand  pump  were  used 


the  slabs  was  measured  on  10  or  12-in.  gage 
lengths  between  two  points  symmetrically 
placed  in  the  surface  of  the  slabs,  in  thcplane 
of  the  reinforcing  steel.  The  compressive 
strain  was  measured  on  10  or  Ti-in.  gage 
lengths  on  the  sides  of  the  slabs,  Vz  in.  down 
from  the  top  surface  of  the  arch,  and  after- 
ward corrected  for  the  corresponding  probable 
extreme  fiber  strain. 

The   tensile   and    compressive   stresses   were 


and  tlie  deflection,  and  the  following  observa- 
tions were  made: 

Simply  Supported  Slabs. — Analyses  of  the 
curves  for  the  simple  slabs  show  in  general 
three  stages  of  action.  Up  to  a  point  on  the 
curves  designated  as  "first  break,"  at  a  load 
corresponding  to  about  one-third  to  one-half 
of  the  ultimate  load  on  the  slab,  the  ratio  be- 
tween load  and  stresses  is  direct.  The  ob- 
served strain  in  the  steel  is  low,  the  deflection 


Fig.    5.   Quarter    Plan    of    Framing    at    Elevation    225    ft.    7    ins. — Tower    of    Jewels. 


in  applying  the  load  on  all  restrained  beams, 
the  load  being  indicated  on  the  gage.  The 
apparatus  was  calibrated  as  a  unit  in  a  testing 
machine  of  known  capacity.  The  load  was 
applied  in  increments  of  5-lb.  gage  pressures, 
corresponding  to  about  250  lbs.  actual  load 
The  simple  slabs  were  tested  on  rollers,  either 
on  the  testing  machine  or  by  the  jack. 

The  strain  produced  on  the  tension  side  of 


computed  from  these  measured  strains,  as- 
suming the  modulus  of  elasticity  of  steel  to  be 
30,000,000  lbs.  per  square  inch,  the  proper 
modulus  for  the  concrete  depending  on  com- 
pression tests  of  corresponding  material. 

DISCUSSION. 

Curves  were  drawn  for  the  various  tests 
showing  the  relation  between  the  applied  load 
and   the   unit   tensile  and   compressive   strains 


of  the  slab  being  very  small.  It  is  along  this 
region  of  the  curve  that  working  loads  occur. 
The  "second  stage"  of  the  action  is  indicated 
by  a  rapid  increase  in  the  deflection,  with  a 
corresponding  response  in  the  working  of  the 
steel.  The  tension  in  the  steel  and  the  com- 
pression in  the  concrete  both  increase  rapidly 
up  to  a  point  corresponding  to  the  yield  point 
of  the  steel.  What  may  be  designated  a  third 
stage  of  the  action  occurs  at  this  point,  with 
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a  second  break  and  a  flattening  out  of  the 
curve,  running  off  rapidly  to   failure. 

Restrained  Slabs. — .Analysis  of  the  curves 
for  the  restrained  slabs,  built  in  between  steel 
beams  with  reinforcement  securely  anchored, 
indicates  a  possible  distribution  of  stresses  dif- 
fering from  that  to  be  e.xpected  from  ordinary 
beam  action. 

The  first  stage  again  occurs  with  the  "first 
break,"  at  a  load  about  twice  as  great  as  in 
the  simply  supported  slab  and  about  one-fourth 
to  one-third  of  the  ultimate  load  on  the  slab. 
The  steel  and  concrete  stresses  during  this 
stage  are  both  low.  The  steel  assumes  its 
load  very  slowly,  and  the  compression  in  the 
concrete  is  also  lower  than  would  be  ex- 
pected. These  stresses  may  be  influenced 
either  by  suspension  or  by  pure  arch  action. 
If  there  is  pure  suspension  or  catenary  action 
the  measured  concrete  stresses  would  be  less 
than  the  computed  ones  by  the  amount  of  this 
pure  tension,  and  the  steel  stresses  would  be 
correspondingly  large.  If  there  is  arch  action 
the  steel  stress  would  be  low  and  the  concrete 
compression  would  be  distributed  over  a 
greater  portion  of  the  cross  section,  giving 
possibly  a  lower  unit  intensity  at  the  extreme 
fiber  than  would  be  indicated  by  the  ordinary 
theory  of  fie.\ure.  In  the  application  of  the 
ordinary  theory  of  flexure,  assumptions  are 
made  as  to  the  relation  between  the  concrete 
and  steel  stresses  and  the  ultimate  compress- 
ive value  of  concrete  in  fle.xure,  about  vi-hich 
there  is  little  or  no  definite  information.  The 
flat  slab  held  between  rigid  I-beam  supports, 
with  the  resistance  to  lateral  motion  ofifered  by 
adjoining  panels,  will  develop  considerable 
strength  or  end  restraint,  even  without  rein- 
forcement. This  is  the  so-called  arch  action 
referred  to  previously. 

The  second  and  third  stages  follow  in  gen- 
eral the  action  of  the  simple  slab,  except  that 
the  "curve  breaks"  for  correspondingly  rein- 
forced slabs  occur  at  absolute  loads  about 
twice  as  great  as  for  the  simple  slab.  The 
slab  itself  under  load  gives  its  first  sign  of 
failure  in  negative  tension  cracks  over  the 
haunches.  Thereafter  the  adjoining  anchor 
spans  deflect  upward  and  the  test  span  down- 
ward. Numerous  tension  cracks  then  appear 
along  the  bottom  of  the  arch,  developing  most 
rapidly  under  one  or  both  of  the  concentra- 
tions. Ultimate  failure  in  all  cases  except  two 
occurred  in  tension  in  the  steel.  The  per- 
centage of  steel  was  in  all  cases  made  pur- 
posely low,  both  to  insure  tension  failure  and 


because  this  type  of  construction  in  practice 
is  generally  used  with  a  low  percentage  of 
reinforcement.  It  is  possible  that  the  concrete 
was  stressed  to  its  ultimate  capacity  preceding 
the  failure  in  the  reinforcement,  but  signs  of 
crushing  of  the  concrete  were  not  visible  to 
the  eye  until  the  tension  break  of  the  steel. 

Conversion  of  Observations  into  Stresses. — 
During  the  first  stage  of  action,  in  both  types 
of  construction,  the  straight  line  variation  of 
stresses  has  been  assumed.  The  modulus  of 
elasticity  used  has  been  taken  from  the  stress- 
strain  curves,  obtained  from  cylinders  cast 
with  concrete  from  the  corresponding  slabs. 
The  absolute  value  of  the  modulus  was  taken 
as  the  average  along  the  one-quarter  to  three- 
eighths  points  of  the  curve.  It  must  be  rec- 
ognized   that    the    modulus    thus    obtained    is 
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Fig.    1.  Types    of    Reinforced    Concrete   Test 

Specimens     Showing     End     Conditions 

and   Manner  of  Applying   Loads. 

based  on  concrete  under  conditions  of  stress 
which  do  not  represent  those  obtaining  in 
the  slab  proper.  It  was  noted  that  the  modulus 
obtained  from  unreinforced  slabs  in  flexure  is 
considerably  higher  than  that  obtained  from 
the  cylinders. 

The  neutral  axis  was  located,  and  the   fac- 
tors were  derived,  on  the  assumption  usually 


made  m  applying  the  common  theory  of  flex- 
ure for  the  composite  material  of  concrete 
and  steel.  The  ratio  n  was  based  on  a  modu- 
lus of  elasticity  of  30,000,000   for   steel. 

Commutation  of  Derived  Bending  Moment 
Factors. — With  the  stresses  in  concrete  and 
steel  known,  in  addition  to  the  total  load  ap- 
plied on  any  one  span  of  known  thickness,  the 
corresponding  bending  moment  factor  to  be 
applied  to  produce  these  stresses  can  readily 
be  ascertained.  In  Table  II  this  factor  has 
been  derived  in  four  different  ways,  based 
on  the   following  quantities : 

(1)  Measured  compression  at  known  load. 

(2)  Measured  tension  at  known  load. 

(3)  Measured  compression  and  deflection 
at  known  load. 

(4)  Ratio  of  imposed  loads  on  simple  and 
restrained  slabs. 

It  should  be  noted  that  the  attempt  to  meas- 
ure fiber  deformations  in  the  surface  of  the 
concrete  is  at  best  only  in  approximate  opera- 
tion. In  the  case  of  thin  slabs,  such  as  those 
with  which  this  investigation  is  concerned,  the 
depth  to  the  neutral  axis  is  so  small  that  a 
small  variation  in  the  location  of  the  contact 
points  for  measurement  may  produce  a  very 
large  error.  Moreover,  the  selection  of  the 
proper  modulus  of  elasticity  is  an  indetermi- 
nate feature.  The  method  of  determining  safe 
loads  and  moment  coefficients  by  the  absolute 
supporting  power  of  the  slabs,  as  indicated  by 
method  (4)  is  not  subject  to  such  errors,  and 
presumably  leads  to  approximately  accurate 
results. 

EMPIRICAL  FORMULAS  FOR  SAFE  LOADS. 

In  the  ordinary  practice  of  cinder  concrete 
floor  construction  between  steel  beams,  as  ap- 
plied in  New  York  City,  the  safe  load  to  be 
supported  have  been  determined  by  various 
load  tests.  During  the  past  two  years  it  has 
been  suggested,  by  a  joint  committee  of  archi- 
tects and  engineers,  that  the  results  of  the 
more  satisfactory  of  these  tests  be  combined 
in  a  table  from  which  the  safe  load  for  vary- 
ing conditions  of  span  and  reinforcement  can 
readily  be  obtained.  Such  a  table  was  pre- 
pared and  has  been  embodied  in  two  of  the 
drafts  of  a  proposed  code  for  New  York  City. 

A  study  of  the  results  of  this  investigation 
would  indicate  that  this  procedure  is  rather 
drastic,  and  that  the  working  loads  thus  ob- 
tained are  excessive  in  some  cases  and  dis- 
criminating in  others.     An  attempt  was  there- 
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fore  made  to  develop  empirical  formulas 
which  would  check  the  theoretical  design  of 
floors  of  this  type  when  based  on  the  coeffi- 
cients developed  by  this  investigation. 

From  a  study  of  the  tests  made  in  this  in- 
vestigation, and  from  data  on  the  results  of 
tests  from  records  of  the  Bureau  of  Buildings 
(made  under  practically  identical  conditions), 
the  following  empirical  formula  was  devel- 
oped for  restrained  slabs: 
da 
ly  =  3,500,000  — (1) 

where  tf  =  total  safe  load  in  pounds  per  square 
foot, 
of  ^  depth  of  steel  from  extreme  fiber, 

in  inches, 
o  =  area  of  steel,  in  square  inches, 
/  =  length  of  span,  in  inches. 
In  the  case  of  plain  bars  hooked  over  the 
steel  beams,  without  lateral  reinforcement,  a 


exceeded  for  unanchored  or  loose  reinforce- 
ment. 

The  safe  loads  as  determined  by  the  tests 
and  those  obtained  from  equations  (1)  and 
(3)  are  given  in  Table  III.  From  a  study  of 
the  typical  cinder  concrete  gathered  from 
about  the  city,  and  from  that  used  in  the  test 
slabs,  the  following  working  unit  stresses  were 
selected  as  being  best  suited  for  the  basis  of 
design : 

Concrete,  extreme  fiber  stress,  300  lbs.  per 
square  inch. 

Steel,  tensile  stress,  16,000  lbs.  per  square 
inch. 

With  these  factors  as  a  basis  of  computa- 
tion, using  the  value  of  n  determined  by  tests 
on  the  slab  concrete  given  in  columns  9  and  10 
of  Table  III,  and  a  ratio  of  30  in  columns  5,6, 
7  and  8,  the  corresponding  factor  for  implied 
bending  moments  was  derived,  as  shown  in 
Table  III.  The  factor  in  the  bending  moment 


TABLE  ni.— SAFE    LOADS.  BASED  ON  TESTS  AND   EMPIRICAL  FORMULAS. 

da  d»a 

Restrained  type,  w  =  3,500,000  — .     Simple    type,    w  =:  550,000   . 

1=  1-' 

Safe  load.  jj^  1 

>-.  2  3rt  Cocfllcient,  — .  based  on: 

°-s  as  c 

_,                               —^.                           o*.M  Ration,     n. 

Type.                      ■s^'c         -5              v,3          •    Ratio,   n  =:  300   and  fi=  determined 

Mgo          a^            "2  o                               300  and —  by    test    and 

I  —  "         h~           _■"           Load  col-              Load  col-  load    column 

i*^'5           ?H            -■^■6         !""">    (2).               lumn   (3).  (3). 
c"S           -'x            tuecc::         Con-                      Con-                       Con- 

Cu-c          ^»-            UBS.           Crete.     Steel.      Crete.     Steel.  crete.     Steel. 

(1)                                   (2)              C3)             (4)                (5J            (6)            (7)            (S)  (9)           (10) 

C— 7  ft.   1  in 140             137             6.4             -L-        —        J_        J_  J_        J_ 

23.6         27.4          23.4         27.3  16.8         19.5 

C— 6  ft.  0  in.,   1914 1S5             182             6.8             -L-        —-        ^_        _i_  _L-        J^ 

23.4          27.1         23.1         26.7  IS. 2          19.2 

C— 6  ft.,  0  in.,  1913 216             182             S.O            — L-        ^—        J—        ^_  ——           ^ 

26.4         31.4           22           26.4  IS. 2         19.2 

C— 8  ft.  0  in.,  1913 97             107             4.9             — -        -—         — —        J—  JL-        ^ 

^                                                             22.2         20.7         24.3         2S.4  21              20 

Official.   7  ft.   6  in 274             225             7.7             —^        -!—-        "^  ^              ^ 

17.3         28.0         15.1          23.0  11.2         19. S 

Official,  S  ft.  0  in 172             214             5.3 ^  ^               ^ 

32.0         2.J.5         39.8         31.6  2S           21.2 

Triangular,   7  ft.   1  in.,  1914.       70  65  5.0  

10.0         11.8          9.8          11.7  7.2           S.6 

Triangular,  6  ft.  0  in..  1914.       92  90  5.-5  

_  .           ,         ,   .        „,      „                                                                 11.1         13.3         10.9         13.1  S.2           9.1 
Triangular,  4  m..   S  ft.  0  in..                                                             111111 

,^  .           ,        .  .        „  ^      „                                                  '               14.9         17.3         11.6         13.6  9.9           9.4 

Triangular,  d  in.,  S  ft.  0  in..                                                            1               1               1               i  1               1 

1913     S5               90             4.1            __         —        -L-        _!_  J_        _L 

12.0          16.3         12.6          17.3  11.3         12.5 

Welded,   6  ft.   0  in.,  1913 SS  124  3.7 _i_ 

9.8  9.6           13. S         13.6  12.5             9 

Exp..   6  ft.  0  in..  1913 6S  97  3.05 

9.7           14.7         13.9         20.3  12.5         12.9 

Triangular.  6  ft.  0  in..  1913.       90  90  5.3 

11.3          13.5          11.3          13.5  9.7            9.1 

1                11                1  1                1 

4  in..   5   ft,   0  in..   1914 100  129  4.2  

S.2           9.5           10.5          12.3  7.4            S.9 
111111 

3  in.,  5   ft.  0  in.,   1914 56  57  4.5  

9.1           8.5           9.1            S.5  6.7            6.1 

Exp.,  5  ft.   0  in.,   1914 SS  98  4.6  

6.7           10.6           7.4           11.7  5.4            7.7 

Tw.,  5  ft.,  0  in.,   1914 100             133             4.2             

7.7           9.2           10.3          12.2  S.7            7.5 

Sc|..  5  ft.  0  in.,  1914 105             150             3.9 

7.9  S.7           11.3         12.4  S.4            S.7 

Rd..  5  ft.  0  in.,  1914* 70  115  2.7  

6              S.2            9.S           13,4  7.1            S.8 
♦Failure  in   bond. 


Study  of  all  available   data  indicates  that  the 
following  expression  meets  the   conditions  of 
this  type  of  reinforcement: 
da 
TO  =  2,o00,000  — (2) 

Based  on  the  results  of  this  investigation  the 
follow-ing  empirical  formula  was  developed  for 
simple  slabs  unrestrained  by  steel  beams  and 
without  anchored  reinforcement: 
d'a 

tt;  =  550,000  (3) 

P 

The  tests  indicate  that  safe  bond  stress  of 
about  40  lbs.   per  square   inch   should  not  be 


1 
formula,   —  Wl.    for   simple   slabs,   was    found 
C 

1 

to    be    approximately    —    and    for    restrained 

S 

1 

slabs  approximately  —  (see    data    in    columns 

■  20 
9  and  10,  Table  III. 

No  special  care  was  taken  in  preparing  these 
tests,  nor  was  the  material  specially  selected. 
It  is  to  be  presumed,  therefore,  that  the 
results  are  indicative  of  what  may  be  expected 
from    cinder    concrete    placed    with    ordinary 


care  and  under  proper  supervision.  With  the 
foregoing  loads  considered  as  safe,  the  aver- 
age factor  of  safety  on  the  ultimate  load  basis 
is  approximately  five. 

CONCLUSIDXS   .'\NI)  RECOMMENDATIONS. 

Characterictics  of  Typical  Sew  York  Cinder  ■ 
Concrete. —  (1)  The  variableness  of  New  York  ! 
cinder  concrete  is  marked.  Other  conditions  I 
being  identical,  a  difference  of  150  per  cent  in  ' 
compressive  strength  may  be  expected  to  be  I 
shown  by  two  series  of  specimens,  due  alone 
to  the  quality  of  the  cinders.  ' 

(2)  Hand  mixed  cinder  concrete  handled  in  ; 
the  ordinary  manner  is  inferior  to  the  ma-  ! 
chine  mi.xed  product.  ' 

(3)  The  average  weight  of  reinforced  cin-  | 
der  concrete,  based  on  actual  investigation,  I? 
was  found  to  be  108  lbs.  per  cubic  foot.  It  is  ,' 
recommended  that  this  be  the  minimum  value  '■ 
assumed  in  design.  ■, 

(4)  The    crushing    strength     of    standard  l» 
cylinders  of  good  cinder  concrete  as  used  in  i 
New  York  is  between  800  and  1.000  lbs.  per 
square   inch   at   28   days.     Poor   material   will 
give  results  as  low  as  400  lbs.  per  square  inch. 

(5)  The  crushing  strength  increases  for  a 
period  of  about  6  months,  after  which  it  re- 
mains practically  constant  for  a  period  of  a 
year. 

(6)  The  modulus  of  elasticity,  E,  under 
working  loads,  determined  from  standard  cyl- 
inders, is  about  1,200,000  lbs.  per  square  inch 
for  average. 

Proportions  and  Mixing. —  (1)  The  assump- 
tion that  screened  cinders  will  produce  better 
concrete  was  investigated,  with  the  result  that 
1  :2  :5  concrete,  made  with  cinders  from  which 
all  material  less  than  Vi  in.  in  diameter  had 
been  removed,  showed  a  decrease  in  compress- 
ive strength  of  more  than  2-5  per  cent. 

(2)  Cinder  concrete  should  be  mechanically 
mixed,  for  not  less  than  2  minutes,  not  leaner 
than  1  :2 :5,  giving  a  minimum  compressive 
strength  with  standard  cylinders  at  28  days  of 
800  lbs.  per  square  inch,  and  should  be  in  a  wet 
to  viscous  consistency  when  cast.  It  should 
be  made  from  hard,  well-burned,  vitreous 
clinkers,  free  from  fine,  powdery  ash.  It  has 
been  found  from  actual  test  that  unburned  coal 
existing  to  the  extent  of  from  15  to  25  per 
cent  is  not  necessarily  detrimental  to  the 
strength  of  fire-resisting  value  of  such  con- 
crete. 

(3)  Large,  irregular  clinkers,  often  2.  3,  or 
4  ins.  or  even  larger  in  diameter,  should  be 
thoroughly  broken  up,  by  shovels  or  otherwise, 
before  mixing,  as  they  are  sources  of  weak- 
ness in  the  finished  product  if  allowed  to  re- 
main intact.  This  is  due,  not  only  to  the  in- 
herent w-eakness  of  the  aggregate  itself,  but 
also  to  the  difficulty  with  which  the  mortar 
may  reach  all  parts  of  its  porous  surface — a 
condition  necessary  for  maxinuim  density. 

Future  Regulation. —  (H  The  safe  load  of 
cinder  concrete  floor  fillings  should  be  deter- 
mined by  any  one  of  the  three  following 
methods : 

(a)     Design — Common  Theory  of  Flexure. 
— For   slabs    restrained   between    steel   beams,  ' 
with  reinforcement  thoroughly  anchored,  such 
as  continuous  mesh   with  proper  cross  wires: 

1 

Bending  moment  coefficient.  — . 

20 

E.xtreme  fiber  stress  in  concrete,  pounds  per 
square  inch,  300. 

Steel  stress,  pounds  per  square  inch,  16,000. 

Ratio,  )!,  30. 

For  slabs  simply  supported  with  non-con- 
tinuous reinforcement: 

1  J 

Bending  moment  coefficient,  — .  I 

8  " 

Extreme  fiber  stress,  pounds  per  square  inch, 
300. 

Steel  stress,  pounds  per  square  inch,  16,000. 

Ratio,  n,  30. 

Bond  stress,  pounds  per  square  inch,  40. 

(Note  that  the  safe  bond  stress  of  40  lbs. 
per  square  inch  should  be  applied  to  loose  bar 
reinforcement.  In  the  case  of  mesh  the  cross 
wires  give  sufficient  mechanical  bond.) 

{b)  Design — Empirical  Formula. — The  fol- 
lowing formula  is  to  be  applied  to  restrained 
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slabs  containing  continuous  mesh  with  proper 
cross  wires: 

da 
TO  =  3,500,000—. 

For   restrained   slabs   in   which   the   longitu- 
dinal bars  are  hooked  over  the  beams, 
da 
a;  =  2,500,000— . 

r- 

For  simple  slabs,  use  the  formula. 

d'a 
„,  =  . 5.50,000 . 

r-' 

In  the  application  of  the  formula  for  simple 
slabs,  investigation  should  be  made  of  the  bond 
stress  when  loose  bars  are  used. 

In  these   formulas : 

K'=  total  safe  load,  in  pounds  per  square 
foot. 

(/  =  depth  of  steel,  in  inches. 

a  =  area  of  longitudinal  steel  per  foot  of 
width  of  slab,  in  square  inches. 

/=:  length  of  span,  in  inches. 

In  the  application  of  these  formulas  the 
span  should  be  limited  to  8  ft.,  and  the  mini- 


mum thickness  to  one-eighteenth  of  the  span. 
It  should  also  be  noted  that  the  empirical  for- 
mulas are  based  on  tests  of  slabs  reinforced 
witli  steel  varying  from  M,  to  f^  per  cent.  For 
the  stresses  assumed  in  the  analysis  the  critical 
percentage  of  steel  is  about  0.32  per  cent. 

For  end  span  conditions  the  safe  load,  as 
determined  by  the  given  formulas,  should  be 
reduced  to  three-fifths  of  the  foregoing  rec- 
ommended values,  or  the  strength  of  the  con- 
struction should  be  increased  proportionately. 

(f)  Load  Test. — The  load  test  should  be 
conducted  on  a  section  of  fioor  system  not 
less  than  4  ft.  wide  and  with  a  span  between 
steel  beams  equal  to  the  span  for  which  ap- 
proval is  desired.  This  specimen  should  be 
constructed  as  in  actual  practice,  with  mate- 
rial of  the  same  quality  as  that  incorporated 
in  the  specimen  previously  subjected  to  the 
standard  fire,  load,  and  water  tests,  and  which 
is  thereafter  to  be  used  in  the  system.  In  all 
cases  the  specimen  should  consist  of  a  test 
span  of  normal  dimensions  and  two  anchor 
spans,  each  of  one-half  the  length  of  the  test 
span.  These  anchors  should  conform  to  the 
construction  of  the  test  bay  in  every  detail 
except  in  length. 


In  the  case  of  reinforcement  manufactured 
in  sheets,  which  is  to  be  put  in  with  laps 
between  sheets,  the  lap  must  come  within  the 
middle  third  of  the  test  span. 

The  specimen  should  be  tested  either  by 
stacking  pig  iron,  bags  of  sand,  or  any  other 
available  material  of  sufficient  specific  gravity, 
on  a  platform  supported  on  timbers  placed  so 
that  the  test  load  will  be  applied  at  two  points, 
or  loading  areas,  at  the  one-third  points  of 
the  test  span.  Each  loading  area  should  con- 
sist of  a  zone  of  the  slab  surface  not  exceed- 
ing 1  ft.  in  width  and  of  a  length  conforming 
to  the  width  of  the  test  slab.  A  loose  sand 
bed  may  be  provided,  not  more  than  1  in.  thick, 
at  each  loading  area  or  zone:  or  the  specimen 
should  be  loaded  similarly  in  a  testing  ma- 
chine, by  a  calibrated  hydraulic  jack  or  by 
other  mechanical  means.  The  constructiotl 
should  be  tested  at  the  age  of  1  month. 

It  is  recommended  that  approval  be  granted 
for  a  live  load  per  square  foot  of  not  more 
than  one-eighth  of  the  equivalent  uniform  im- 
posed load  necessary  to  cause  the  failure  of 
the  slab.  A  factor  of  safety  of  8.  on  the  live 
load  basis,  is  equivalent  to  approximately  6 
on  the  total  load. 
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Concrete  Headgate,  South  San  Joaquin 

and  Oakdale  Irrigation  District 

in  California. 

(Staff   Abstract.) 

The  headgate  which  diverts  and  controls 
the  flow  of  irrigation  water  from  the  stream 
into  the  main  canal  is  frequently  a  structure 
of  some  complexity.  This  is  particularly 
true  w'here  the  headgate  must  meet  the  exac- 
tions imposed  by  sudden  floods  and  by  wateis 
carrying  much  sand  and  silt.  In  such  case 
the  headgate  has  not  only  to  serve  as  a  con- 
trol gate  but  also  as  a  screen  for  retaining 
sand  and  silt  and  as  a  barrier  to  keep  flood 
waters  from  the  canal.  The  accompanying 
drawing  shows  a  headgate  designed  to  meet 
all  these  requirements. 

The  headgate  illustrated  is  designed  to  take 
l.oOO  sec.  ft.  from  the  Stanislaus  River.     This 


of  plain  and  reinforced  concrete  on  rock  foun- 
dation. 

There  are  four  principal  elements  in  the 
headworks :  First  is  the  head  wall,  with  five 
openings  designed  to  be  closed  with  stop 
logs  in  case  of  accident  to  the  gates  below ; 
water  covering  the  diversion  dam  more  than 
3  ft.  in  depth  tops  this  head  wall.  Second  is 
a  gravity  dam  placed  on  a  tangent  to  the 
curve  of  the  diversion,  dam,  diverging  about 
16°  from  a  right  angle  with  the  center  line  of 
the  canal.  There  are  three  gate  openings  at 
right  angles  to  the  line  of  the  canal,  each 
6x9  ft.,  regulated  by  massive  cast-iron  gates 
raised  by  screw  stems  through  geared  hoists 
located  on  top  of  the  gravity  dam.  The  top 
of  the  gravity  dam  is  25  ft.  above  the  crest 
of  the  diversion  dam  and  careful  estimates 
show  that  maximum  flood  crests  will  top  the 
diversion  dam  about  23  ft.  Third  is  an  auto- 
matic   spillway   about   30    ft.   long   just   below 
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Fig.   1.    Showing   Headgate  for   Irrigation   Stanislaus   River,  California. 


Stream  has  a  dry  weather  flow  of  about  100 
sec.  ft.,  but  in  floods  of  recent  record  a  flow 
of  62.000  sec.  ft.  was  registered.  In  flood  the 
stream  is  a  heavy  silt  carrier.  Of  the  1,500 
sec.  ft.  taken  in  by  the  headgate,  1,370  ft.  will 
be  delivered  to  the  canal,  the  surplus  being 
wasted  over  the  spillway  or  through  the  sand 
and  waste  gate  back  into  the  canyon  below.  As 
indicated  by  the  drawing  the  headgate  flanks 
one  end  of  a  diversion  dam.  This  dam  con- 
sists of  two  arches,  with  an  intervening  but- 
tress, having  a  total  crest  length  of  -166  ft., 
and  a  maximum  height  of  78  ft.  The  head- 
gate  proper  only  is  illustrated,  and   it  is  built 


the  gravity  dam  at  an  elevation  of  1%  ft.  be- 
low the  crest  of  the  diversion  dam,  and  a 
sand  and  waste  gale  just  downstream  from 
the  spillway.  Fourth  are  three  gates,  each  6 
ft.  wide  by  Wz  ft.  high,  set  in  suitable  piers 
at  the  head  of  the  joint  canal,  which  shapes 
up  after  a  transition  section  about  20  ft.  long 
into  a  concrete-lined  channel  10.33  ft.  in  total 
depth,  13.5  ft.  wide  on  the  bottom,  with  side 
slopes  of  %  horizontal  to  1  vertical.  The  de- 
signed ultimate  capacity  of  the  canal  will  not 
be  reached  until  some  time  in  the  future  when 
the  lower  bank  is  raised  and  lined  about  2  ft. 
higher. 

It  is  expected  that  the  larger  portion  of  silt 


will  be  prevented  from  entering  the  canal  by 
the  sluice-way  trough  in  front  of  the  river 
openings.  The  water  will  be  further  cleared 
of  sand  by  the  covered  ducts  below  the  gravity 
dam.  The  floor  across  the  channel  in  a  line 
16%  ft.  above  the  lower  gate  piers  slants 
dnw-n  2%  ft.  in  4  ft.,  while  curved  ribs  car- 
rying reinforced-concrete  slab  covers  four 
ducts  for  carrying  the  sand  out  through  the 
waste  gate  into  the  canyon. 

The  underlying  ideas  in  these  headworks 
are  as  follows:  The  velocity  of  the  water 
through  the  structure  is  raised  from  5  to  9  ft. 
per  second,  with  as  little  commotion  as  pos- 
sible, by  lowering  the  floor  and  curving  the 
outside  wall  and  lower  ends  of  the  piers  so  as 
to  interfere  no  more  than  is  necessary  with 
parallel  filaments  of  water.  The  wall  is 
curved  on  the  formula  of  a  cubic  parabola. 
The  canal  is  protected  from  the  entry  of  flood 
water  by  the  high  gravity  section  at  the  dam. 
The  automatic  spillway,  waste  gate,  and  sand 
sluice  permit  the  removal  of  excess  water 
and  such  sand  as  passes  the  upper  sluice  way. 
The  lower  gates  accurately  determine  the 
quantity  of  water  finally  entering  the  canal. 

In  all  portions  of  the  headworks,  depths, 
widths,  and  shapes  were  adjusted  as  carefully 
as  "racticable  to  prevent  losses  of  head.  As- 
suming the  water  level  in  the  river  to  be  the 
crest  of  the  dam  at  elevation  350  ft.,  1,500 
sec.  ft.  of  water  enters  at  a  velocity  of  5  ft. 
per  second,  the  bottom  of  the  head-wall  op- 
enings being  at  elevation  341.  Five  feet  above 
the  low-er  gates  this  elevation  has  lowered  1.42 
ft.  at  the  river  side  and  one-half  foot  less  on 
the  bank  side.  The  floor  now  falls  rapidly  to 
a  uniform  elevation  of  338.59  ft.  The  ve- 
locity has  increased  to  9  ft.  per  second.  The 
floor  from  the  upper  gates  falls  0.71  ft.  in  a 
distance  of  35  ft. 

The  upper  sand  sluiceway  designed  to  catch 
sand,  boulders,  etc.,  is  at  present  regulated  by 
stop  logs,  but  it  is  the  plan  eventually  to  in- 
stall an  ordinary  vertical  sluice  gate. 

The  contract  price  for  concrete  work  in 
this  heading  runs  from  $14  to  $15  per  cubic 
yard  on  the  basis  of  payment  in  bonds  worth 
80  cts.,  or  less  than  $12  per  cubic  yard  on  a 
cash  basis.  The  total  cost  will  be  about  $10,- 
OnO  in  bonds.  The  structure  was  completed 
in  November,  1912.  The  floors  are  made  of  a 
1  :3 :6  mixture  of  cement,  sand,  and  gravel, 
while  most  of  the  balance  of  the  structure  is 
made  a   1  :2%  :5  mixture. 

The  illustration  has  been  redrawn  and  the 
description  extracted  from  a  bulletiif  by  F. 
C.  Scobey,  irrigation  engineer,  Rureau  of  Ex- 
perimental Stations.  U.  S.  Department  of 
Agriculture. 
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Cost    of    Topography     for     Irrigation 

Work  in  British  Columbia. 

(Staff  Abstract.) 
The  methods  and  cost  of  making  a  topo- 
graphical survey  for  an  important  irrigation 
works  in  the  Western  United  States  were 
given  in  our  issue  of  Feb.  25,  1915.  The  fol- 
lowing data  add  to  the  data  previously  given 
on  a  class  of  work  for  which  published  costs 
are  not  plentiful.  The  survey  embraced  an 
area  of  about  4,000  acres  belonging  to  the 
South  Kelowna  Land  Co.,  F.  W.  Groves,  chief 
engineer.  The  tract  is  situated  on  benchlands 
overlooking  Okanagan  Lake  in  British  Colum- 
bia. Okanagan  Lake  is  1,130  ft,  above  sea 
level  and  the  lands  of  the  company  extend 
from  the  lake  shore  eastward  about  six  miles, 
the  m.iximum  elevation  being  2,100  ft.,  a  range 
of  970  ft.  In  a  general  way  this  elevation  is 
made  up  of  a  series  of  irregular  benches  con- 
nected by  steep  slopes,  but  in  detail  the  ground 
is  very  irregular.  The  topography  is  the  re- 
sult of  glaciation  with  the  usual  peculiarities 
of  such  action,  as  U-shaped  valleys,  cirques, 
basins  or  sinks,  etc.  The  surface  was  covered 
with  heavy  timber  averaging  about  4,000  to 
5,000  ft.  hoard  measure  to  the  acre  and  a  mod- 
erate growth  of  scrub  pine,  always  most  dense 
just  at  the  height  of  an  instrument  and  all 
lines  had  to  be  brushed  out  before  sights 
could  be  obtained.  The  nature  of  the  topog- 
raphy made  it  necessary  to  take  a  great  deal 
of  detail,  both  in  stadia  observations  and  in 
sketching,  if  the  resulting  maps  were  to  be  of 
practical  use  in  laying  out  the  distribution  of 
water  and  the  roads. 

ORGANIZ.\TI0N    OF   THE    SURVEY. 

The  writer  was  given  general  charge  of  the 
survey  and  was  furnished  with  a  stafT  con- 
sisting of  three  transitmen,  each  with  a  crew 
of  three  or  four  men,  also,  a  levelman  with 
rodman,  and  two  draftsmen.  A  permanent 
camp  was  built  near  the  center  of  the  tract, 
which  is  about  six  miles  from  the  town  of 
Kelowna. 

FIELD    WORK. 

"Base  Lines",  were  first  laid  down  with 
transit  and  steel  tape,  hubs  being  set  not  to 
exceed  400  ft.  apart.  These  lines  were  run 
around  each  quarter-section  from  50  to  800 
or  400  ft.  inside  the  boundaries.  The  main 
idea  was  to  place  the  hubs  on  commanding 
points  where  they  could  be  used  as  stadia 
stations,  but  to  keep  so  close  to  the  boun- 
daries that  no  intermediate  stations  would  be 
required  between  the  base  and  boundary  lines. 
Where  the  topography  of  the  adjoining  quar- 
ter-section also  was  tc  be  taken,  the  base  line 
was  kept  close  to  the  boundary  line,  to  serve 
for  both  quarters. 

The  standard  of  accuracy  decided  upon  was 
a  closing  error  of  not  more  than  1.5  ft.  in  a 
quarter-section  and  not  more  than  2.5  ft.  in 
the  whole  section.  Generally  this  degree  of 
accuracy  was  reached  without  trouble  but  a 
few  of  the  lines  had  to  be  checked  over  a 
second  or  third  time.  When  the  hubs  had  been 
set,  a  line  of  levels  was  run  over  them  and 
they  were  then  ready  to  be  used  as  stadia  sta- 
tions  for  the  topographic  work. 

The  interior  stations  were  established  wher- 
ever required  by  carrying  stadia  traverses  and 
elevations  forward  as  the  work  advanced.  In 
a  few  instances  measured  traverses  were 
carried  inside  or  across  the  interior  square  but 
it  was  soon  found  that  the  additional  time 
spent  on  them  caused  an  unnecessary  expense. 
In  running  stadia  traverses  across  the  2,000  to 
2,500  ft.  between  opposite  base  lines,  the  transit 
men  were  expected  to  check  out  within  0.5 
ft.  in  elevation  and  2.5  ft.  in  distance.  The 
elevation  usually  checked  well  within  0.5  ft. 
but  the  distance  errors  were  generally  up  to  or 
a  little  over  the  limit.  Since  the  maps  were 
drawn  to  a  scale  of  200  ft.  to  1  in.,  an  error 
of  even  3  ft.  in  say  2,000  ft.  was  scarcely 
noticeable. 

The  stadia  parties  were  supposed  to  con- 
sist of  a  transitman,  rodman,  recorder  and 
axeman,  but  the  parties  were  often  short 
handed.  A  start  would  be  made  on  a  base 
line  hub  near  one  corner;  a  sight  and  stadia 
reading  would  be  taken  to  the  next  hub  for- 


ward, with  the  vernier  set  to  read  the  bear- 
ing of  the  line  of  sight,  and  the  vertical  angle 
would  be  read.  This  gave  a  check  on  the  con- 
dition of  the  stadia  wires  by  comparing  the 
measured  distance ;  and  a  check  against  a 
wrong  elevation  having  been  recorded  for 
either  station. 

While  this  was  being  done,  the  axeman 
would  be  cutting  lanes  through  the  under- 
brush and  the  recorder  would  sketch  on  the 
left  page  of  the  topography  book  the  shape 
of  contour  lines  close  by  the  station  and 
would  show  the  position  of  the  station  on 
the  sketch.  Lines  would  be  cut  radially  from 
the  station,  working  around  in  clockwise  direc- 
tion, taking  a  stadia  shot  at  each  change  of 
slope  of  the  ground. 

At  right  angles  to  the  base  line  the  stadia 
shots  would  be  taken  as  far  out  as  feasible, 
say  up  to  400  ft.,  gradually  shortening  the  dis- 
tance until  at  the  base  line  the  shots  would 
be  taken  but  half  way  to  the  next  station,  say 
100  to  200  ft.  As  each  shot  was  taken  the  re- 
corder would  dot  it  on  the  sketch  with  its 
number  and  roughly  sketch  in  the  shape  of 
the  contours  without  special  effort  to  get  them 
at  the  proper  interval  apart.  Usually  the 
transitman  would  touch  up  the  sketch  after 
completing  the  observations  at  a  station,  walk- 
ing 9Ut  the  lines  to  get  the  details.  Very  often 
it  would  be  necessary  to  establish  a  substation 
to  map  a  ravine  or  draw  or  other  feature. 

In  planning  the  stadia  work  the  aim  was 
always  to  w'ork  along  the  base  line  in  its  di- 
rection of  least  slope,  and  to  have  the  stadia 
lines  running  as  nearly  as  possible  up  or  down 
the  slope.  When  the  farther  end  of  the  base 
line  was  reached  the  notes  would  cover  a 
strip  roughly  500  ft.  wide  by  one-half  mile 
long.  A  stadia  traverse  would  then  be  run  in 
the  reverse  direction,  roughly  parallel  with  this 
base  line  and  about  500  ft.  from  it.  If  the 
ground  was  favorable  this  stadia  traverse  was 
run  straight  through,  but  if  the  ground  was 
rough,  as  was  usually  the  case,  the  line  was 
zigzaged  as  much  as  necessary  to  get  the 
stadia  stations  on  commanding  points.  These 
traverses  were  always  run  through  and  con- 
nected to  the  cross  base  at  the  opposite  side, 
and  the  closing  angle  was  read  before  any 
stadia  shots  were  taken  from  the  traverses, 
to  guard  against  a  wrong  orientation  of  the 
transit  when  taking  stadia  observations.  The 
recorder  carried  a  stadia  rod  and  acted  as 
back  flag  on  traverse  lines  and  the  stadia  dis- 
tances were  read  both  forward  and  backward. 

When  the  stadia  work  was  done  from  sta- 
tions on  a  traverse,  the  lines  were  expected 
to  be  carried  out  to  overlap  the  shots  of  the 
previous  belt,  as  a  continual  check ;  any  dis- 
crepancy in  the  same  topography  being  instant- 
ly apparent  when  contours  were  plotted.  Ow- 
ing to  the  dense  underbrush  the  rodmen  were 
not  always  able  to  tell  ju.st  how  far  to  go 
and  in  consequence  thev  generally  overlapped 
too  much,  probably  adding  in  this  wav  to  the 
cost  of  the  work.  From  225  to  2.50  shots  per 
day  per  crew  of  four  men  was  a  fair  average 
for  all  the  crews. 

REDUCTION    OF   NOTES. 

The  stadia  elevations  and  horizontal  dis- 
tances on  stadia  traverses  were  reduced  on  a 
"Webb  Stadia  Slide  Rule."  "Topog"  shots 
were  reduced  for  elevation  on  an  ordinary 
10-in.  slide  rule,  if  the  vertical  angle  was 
less  than  6°,  by  multiplying  sine  of  angle  by 
distance;  if  over  6°,  by  multiplying  double  the 
sine  by  one-half  the  distance,  or  on  the  Webb 
rule. 

The  horizontal  distances  for  less  than  8° 
vertical  angle  were  not  computed  unless  the 
distance  was  250  ft.  or  more.  Horizontal  re- 
ductions were  then  made  by  the  draftsman  as 
required,  on  the  Webb  Stadia  Slide  Rule.  We 
tried  using  stadia  charts  but  the  staff  objected 
to  them  so  strenuously  that  we  did  not  en- 
force their  use.  In  fact  the  writer  shares  the 
prejudice  against  them,  as  he  finds  their  use 
very  hard  on  the  eyes  and  much  slower  than 
slide  rules. 

The  transitmen,  with  recorders,  worked  up 
their  own  notes,  which  were  then  checked  by 
another  calculator.  The  levelman  was  able 
to  spend  about  two-thirds  of  his  time  on  this 
work.    The  transitmen  also  worked  up  traverse 


tables  of  the  base  line,  entered  them  in  full  in 
a  large  record  book  and  computed  the  total 
latitude  and  departure  from  an  initial  point. 
In  the  same  book  the  levelman  entered  the 
elevation  of  each  hub  opposite  the  station 
number,  in  a  column  provided  for  that  pur- 
pose. This  record  later  served  as  a  basis 
from  which  to  lay  out  roads  and  streets  and 
check  the  subdivision. 

PLATTING. 

The  maps  were  drawn  to  a  scale  of  200  ft. 
to  1  in.  with  contours  at  5-ft.  intervals.  Heavy 
drawing  paper  was  used,  each  section  forming 
one  sheet,  which  made  a  convenient  size  for 
handling  and  storing  flat.  The  platting  of 
boundaries  and  base  lines  was  don^  by  total 
latitudes  and  departures  taken  from  the  record 
book.  The  stadia  traverses  were  not  entered 
in  the  record  book  but  the  latitudes  and  de- 
partures were  worked  out  approximately  on  a 
20-in.  slide  rule  by  the  transitman  to  check 
his  field  work  and  the  draftsman  platted  the 
stadia  traverses  from  these  approximate  tra- 
verse tables. 

The  stadia  shots  were  platted  by  drawing  a 
protractor  6  ins.  in  diameter  on  a  sheet  of 
vellum  cloth,  about  18  ins.  wide  by  5  ft.  long, 
then  cutting  out  the  center  of  the  protractor 
circle.  The  cloth  was  long  enough  to  permit 
thumb  tacks  to  be  placed  beyond  the  drawing. 
It  was  centered  and  pinned  down  over  the 
stadia  station  to  be  platted  where  it  remained 
until  the  platting  of  that  station  had  been 
completed   and   the   contours   drawn   in. 

Our  only  innovation  was  a  scheme  for  lo- 
cating the  contours.  A  soft  pine  board  about 
10  ins.  square  was  covered  with  a  piece  of 
cross-section  paper  ruled  20  lines  to  the  inch. 
.At  a  scale  of  200  ft.  to  1  in.,  each  horizontal 
space  represented  10  ft.,  and  each  vertical 
space  was  called  1  ft.;  each  fifth  foot  was 
ruled  slightly  heavier.  At  the  proper  eleva- 
tion of  the  stadia  station  a  steel  pin  was  stuck 
in  board  to  represent  the  elevation  of  the 
station,  then  pins  corresponding  to  a  line  of 
shots  were  stuck  at  the  proper  distances  and 
elevations  shown  by  the  stadia  notes.  A  fine 
thread  drawn  over  these  pins  gave  a  profile  of 
the  surface  and  showed  where  it  crossed  each 
contour  level.  Then  with  a  pair  of  needle- 
point dividers  the  distance  from  the  station 
to  each  contour  was  taken  and  set  off  on  the 
map  in  its  proper  direction  by  laying  a  straight 
edge  from  the  station  to  the  proper  bearing  on 
the  protractor  described  above. 

In  many  cases  the  position  of  the  contours 
between  points  on  different  lines  had  to  be 
taken,  in  w'hich  case  the  position  of  the  two 
points  were  first  platted  on  the  map  and 
joined  by  a  light  pencil  line;  the  dividers  were 
then  set  to  the  distance  between  them  and  the 
distance  transferred  to  the  pin  board.  Two 
pins  set  at  the  respective  elevations  of  the 
shots  and  joined  by  the  thread  instantly  gave 
the  position  of  the  contours  between.  In  or- 
der that  the  draftsman  might  know  what 
points  to  use  in  this  way  the  recorder  would 
indicate  regular  slopes  from  point  to  point  by 
drawing  a  dotted  line  between  them,  doing 
this  in  the  field  as  the  shots  were  taken. 

We  had  considerable  difficultv  in  obtaining 
proper  pins  but  finally  found  that  the  sharp 
steel  pins  with  round  glass  heads  that  can  be 
bought  at  any  dry  goods  store  answered  the 
purpose  well  enough.  The  draftsman  must 
allow  for  one-half  the  diameter  of  »he  pin  in 
setting  off  the  elevation,  going  either  above 
or  below  as  the  case  may  be. 

RESULTS    OBTAINED. 

In  order  to  get  the  platting  started  early, 
the  four  field  parties  each  took  at  the  start  a 
quarter-section  of  the  same  section.  After 
two  sections  had  been  done  in  this  manner 
each  party  wa"s  given  a  half-section,  because 
the  notes  came  into  the  office  faster  than  the 
draftsmen  could  plat  them,  other  work  taking 
a  large  part  of  their  time.  Owing  to  inclement 
weather,  when  field  work  could  not  be  done, 
the  field  men  were  able  to  work  up  their  notes 
about  as  fast  as  they  were  taken.  The  field 
work  started  on  the  20th  of  August,  1910,  and 
completed  January  10,  1911.  The  mapping  was 
started  about  Sept.  20  and  completed  in  May, 
1911,  but  it  did  not  occupy  both  draftsman 
all  of  that  time. 
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As  fast  as  the  maps  were  completed,  the 
roads,  lateral  ditches  and  pipe  lines  were 
projected  on  them,  followed  by  a  tentative  sub- 
division of  the  area  mapped  into  10  to  20- 
acre  lots.  When  the  snow  had  sufficiently 
gone  in  the  spring  of  1911,  work  was  started 
laying  out  the  roads  from  projections.  The 
maps  stood  the  test  very  well.  In  only  a  very 
few  instances  was  it  necessary  to  change  the 


per  acre  is  a  fair  estimate  of  the  cost  of  o-ft. 
contour  maps  complete,  provided  experienced 
men  can  be  had.  With  instrument  men  other- 
wise proficient  but  inexperienced  in  this  work 
the  cost  may  easily  run  up  to  twice  that 
iigure. 

ACKNOWLEIT.EMFNT. 

The  above  article  is  slightly  condensed  from 
a  paper  presented  to  the  Pacific  Northwest  So- 


^  ^^  vertical   Section 

Fig.  1.    Lateral    Drainage   Culvert,   St.    Mary's  Canal,   Milk   River  Project,  U.  S.   Reclamation 

Service. 


linfes,  depending  on  the  volume  of  flow,  of 
reinforced  concrete  pipe  terminating  in  inlet 
and  outlet  chambers  of  the  form  and  dimen- 
sions shown  by  the  drawings  of  Fig.  2.  The 
quantities  required  for  this  structure  are  as 
follows : 

Single      Double 
Item.  culvert,     culvert. 

Concrete,    cu.    yds 9  15 

Paving.    SQ.    yds 23  28 

Concrete  pipe,  lin.   ft Variable.    Variable. 

The  structural  features  to  be  noted  are  the 
joints  and  the  cut-off  walls  and  pipe  collars. 
The  pipe  collars  are  square  in  elevation  and 
exK-na  .i  ft.  outside  the  pipe  diameter  and  are 
8  ins.  thick.     A  1  ;2  :4  concrete  is  specified. 

The  Milk  River  Project  has  as  Supervising 
Engineer,  H.  N.  Savage,  and  as  Construction 
Engineer,  Joseph  Wright. 


alignment,  where  rock  out  crops  or  caving 
banks  were  encountered  which  had  not  been 
noted  in  the  topographical  notes.  In  a  word, 
by  every  test  we  have  had  occasion  to  apply, 
the  maps  have  proven  correct,  except  in  a 
single  instance  where  a  small  gully  was  over- 
looked entirely. 

COST    OF    THE   WORK. 

The  following  scale  of  wages  was  paid,  the 
company  furnishing  board  in  addition.  The 
average  cost  to  the  company  for  board  was 
$2.3.00  per  month  per  man,  and  in  the  follow- 
ing costs  board  is  included : 

Transitman,   av.    monthly 

wages     $125.00  and  board  ($23.00) 

Levelman    SO. 00  and  board  ($23.00) 

Draftsman     75.00  and  board  ($23.00) 

Rodman   and   axman 50.00  and  board  ($23. Oil) 

Recorders     45.00  and  board  ($23.00) 

. Cost  per  acre. v 

Field.  Ditg.  Total. 

$1,085  $0,431  $1.51(i 


ciety  of  Engineers  by  B.  P.  Little,  engineer  in 
charge  of  the  survey. 


0.664 
1.850 


0.29D 
.607 


0.96 
2. 458 


-  Xo.  stadia 

shots.  -^ 

Per  acre. 

Total. 

$  S.2S 

$32,093 

LOWEST 

COST. 

7.34 

4,701 

HIGHEST 

.COST. 

11.17 

1.285 

Standard  Lateral  Drainage  Culvert  for 
St.  Mary's  Canal,  Milk  River  Proj- 
ect, U.  S.  Reclamation  Service. 

(Staff  Article.) 
Irrigation  canal,  especially  canal  along  a 
slope,  requires  full  protection  from  water 
draining  from  the  up-hill  side.  This  warning 
does  not  refer  to  permanent  stream  crossings 
of  the  canal  but  to  the  minor  ravines  and 
washes  ordinarily  dry  but  forming  channels 
for  considerable  flow  during  prolonged  rain. 
When  closed  off  by  the  crossing  canal  em- 
bankment    pounding  occurs  unless  means  are 


. Cost   per   shot. , 

Field.  Dftg.  Total. 

$0,131  $0,052  $0,183 


College  of  Engineering,  University  of 
Wisconsin. — The  fifteenth  annual  Summer 
Session  of  the  College  of  Engineering  of  the 
University  of  Wisconsin  will  be  held  at  Madi- 
son during  the  six  weeks'  period  beginning 
June   21,    1915. 

Special  courses  will  be  given  in  electrical, 
steam,  and  hydraulic  engineering,  gas  en- 
gines, machine  design,  mechanical  drawing, 
mechanics,  shopwork  and  surveying.  All 
courses  given  in  the  University  Summer  Ses- 
sion are  open  to  engineering  students. 

Special  courses  have  been  arranged  for 
manual   arts  and  vocational  teachers. 

For  information  address,  F.  E.  Turneaure, 
Dean,   Madison,   Wisconsin. 


0.090 
0.166 


0.036 
0.054 


0.126 
0.22 


Tlie  cooks  wages  are  included  in  cost  cf 
board.  The  total  cost  for  3,87.5  acres  actually 
contoured   was  $-5,874.78. 

.Ml  the  transitmen  had  had  some  ex- 
perience in  topography  before  coming  on  this 
job  but  it  did  not  appear  of  much  benefit  un- 
der our  complicated  conditions.  Their  aver- 
age efficiency  on  the  first  blocks  resulted  in  a 
cost  of  $1.73  per  acre  with  an  average  of 
14  shots  per  acre  for  field  work,  and  on  the 
last  blocks  93  cts.  per  acre,  with  an  average 
of  8  shots,  the  drop  in  cost  being  very  regular 
as  they  became  efificient.  The  principal  fault 
of  inexperience  was  to  take  hundreds  of  un- 
necessary shots.  The  same  conditions  applied 
to  the  mapping,  the  cost  per  acre  of  the  first 
two  maps  being  64  cts.  per  acre  and  of  the 
last  two,  37  cts.  per  acre. 

In  order  to  determine  whether  a  large  or 
small  crew  is  more  economical  the  writer  took 
one  of  the  regular  crews  and  made  the  stadia 
survey  of  one  block,  the  transitman  acting 
as  recorder  and  the  recorder  handling  an  ex- 
tra rod  or  axe  as  circumstances  directed.  The 
cost  of  field  work  so  done  was  67%  cts.  per 
acre,  with  an  average  of  five  shots  per  acre. 
Then  he  did  a  second  and  apparently  similar 
block  with  only  one  man,  who  acted  as  both 
rodman  and  axeman.  While  the  rodman  was 
cutting  brush  the  writer  would  sketch,  reduc- 
ing sufficient  notes  in  the  field  so  that  the  con- 
tours could  be  spotted  pretty  exactly  on  the 
sketches.  The  cost  liv  this  method  was  66% 
cts.  per  acre,  with  7.34  shots  per  acre.  These 
sketches  were  of  much  greater  assistance  in 
platting  than  the  others.  There  appeared  to 
be  very  little  difference  in  cost  between  the 
two  systems,  but  much  faster  time  could  be 
made  with  the  larger  crews.  E.xcept  while 
engaged  on  the  topographv  of  the  above  men- 
tioned two  blocks  the  writer's  time  was  spent 
alternatclv  with  the  different  crews  and  in  the 
office.  His  salary  was  apportioned  as  a  per- 
centage on  the  other  expense.  In  all  the 
above  costs  the  reduction  of  notes  is  inrhuled 
in  cost  of  field  work. 

To  sum  up:  The  writer  ventures  the  opinion 
that  on  groimd  badly  broken  Iiy  glacial  action 
and    densely    overgrown    with    scrub    pine   $1 


provided  for  drainage  over,  under  or  into  the 
canal.  The  proper  means  varies  with  condi- 
tions, but  where  the  volume  of  flow  is  con- 
siderable a  culvert  under  the  canal  is  the 
means  most  frequently  adopted  and  the  draw- 
ings of  Fig.  1  show  the  standard  lateral  drain- 


Record  in  Placing  Concrete. — In  the  con- 
struction of  the  north  entrance  pier  at  Balboa, 
wdiich  is  connected  with  the  north  wall  of  dry 
dock  No.  1,  a  gang  of  men  operating  a 
%-yd.  Austin  cube  mixer,  equipped  with  an 
elevator  and  movable  chutes,  mixed  and 
placed  .540  batches  of  concrete  on  March  9. 
In  place,  the  540  batches  measured  275.5  cu. 
yds.  and  this  was  placed  in  7  hrs.  and  15  mins. 
actual  working  time.  During  the  eight  hours' 
work,  there  were  the  following  delays:  Brok- 
en chute,  10  min. ;  repairs  to  mixer,  20  min. ; 
moving  mixer  ahead,  15  min. ;  total  delays,  45 
min. 

The   labor   cost,   including   supervision,   was 
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Single  Line  of  Pipe 
Fig.  2.    Details  of   Lateral    Drainage   Culvert,  St.    Mary's   Irrigation   Canal. 


age  culvert  employed  in  the  St.  Mary's  Canal 
of  the  Milk  River  Project,  U.  S.  Reclamation 
Service. 

Figure  1   shows  in  diagram  the  location  of 

the  culvert  structure  with  respect  to  the  canal. 

This  culvert  structure  consists  of  one  or  two 


$;!9.01,  which  makes  a  unit  labor  cost  for  mix- 
ing and  placing  of  $0.1448  per  cubic  yard.  All 
the  material  was  wheeled  in  wheelbarrows 
from  a  point  about  100  ft.  from  the  mixer. 
The  average  run  per  hour,  actual  working 
time,  was  36.33  cu.  yds. 
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The  Panama  Canal.— Comprising  Its  History 
and  Construction,  and  Its  Relation  to  the 
Navy,  International  Law  and  Commerce.  By 
Reuben  E.  Bakenhus,  Harry  S,  Knapp,  and 
Emory  R.  Johnson.  John  Wiley  &  Sons,  Inc., 
New  York.  Cloth;  6x9  ins.;  $2.50. 
.*\s  a  studious  account  of  the  great  isthmian 
canal  this  book  is  for  the  general  reader  su- 
perior to  any  other  that  has  come  to  the  edi- 
tors' attention.  Its  composition  combines  the 
desirable  quality  of  being  accurate  technically 
without  being  difficult  for  the  non-technical 
reader  to  understand  readily.  The  three 
authors  have  each  vifritten  a  separate  part  of 
the  book.  The  history  of  the  development 
of  the  canal  plan,  the  route,  desig:n  and  con- 
struction of  the  canal  and  the  sanitation,  cost 
and  administration  are  presented  by  Mr. 
Bakenhus,  civil  engineer  corps.  U.  S.  Navy. 
Captain  Knapp's  part  of  the  book  discusses 
first  the  effect  of  the  canal  on  the  navy  of 
the  United  States  and  second  the  position  of 
the  canal  in  international  law  as  determined 
by  the  treaties  negotiated  with  foreign  coun- 
tries. The  final  section  of  the  book  by  Prof. 
Johnson  relates  to  the  commercial  importance 
of  the  Panama  Canal.  This  discussion  is 
based  on  special  investigations  made  by  Prof. 
Johnson  and  is  by  the  way  of  being  perhaps 
the  most  authoritative  statement  available 
short  of  Prof.  Johnson's  complete  report 
made  in  1912  to  the  Secretary  of  War.  There 
is  less  of  the  personal  element  and  picturesque 
in  the  writings  of  the  men  named  than  in 
previous  well  known  books  on  the  Panama 
Canal  but  to  the  reader  desiring  a  plain  ac- 
count of  the  great  work  as  an  engineering, 
military  and  commercial  undertaking  we  com- 
mend them. 


Engineering    Economics By    Prof.    C.    L.    Fish. 

M.  Am.  Soc.  C.  E.  McGraw-Hill  Book  Co., 
New  York.  Cloth;  6x9  iiis.;  XII -|- 217  pages; 
illustrated;  $2. 

The  manuscript  of  this  book  has  been  used 
by  its  author  for  classroom  purposes  during 
the  last  three  years  at  Stanford  University, 
and  it  is  so  arranged  that  the  entire  subject 
can  be  covered  in  about  30  lessons.  The  work 
is  essentially  a  text  book  for  engineering 
students.  As  such  it  is  designed  to  elucidate 
those  principles  of  engineering  economics  that 
relate  to  estimating  first  costs,  depreciated 
values,  annual  costs,  and  the  selection  of  the 
most  economic  plant  units. 

There  are  10  chapters  whose  titles  are:  The 
Problem  of  Economic  Selection;  Interest; 
Sinking  Funds;  First  Cost;  Salvage  (or  De- 
preciated) Value;  Elements  of  Yearly  Cost 
of  Service;  Estimating;  Basis  of  Economic 
Comparison  ;  Procedure  for  Economic  Selec- 
tion ;  E.xamples  of  Economic  Selection.  Fol- 
lowing these  is  a  good  bibliography  of  books 
and  articles.  Then  come  .30  pages  of  sinking 
fimd   and   other   interest   tables. 

From  this  enumeration  it  will  be  seen  that 
the  book  is  the  only  work  of  its  kind  thus  far 
produced  for  class  room  use.  It  might  well 
serve  as  a  companion  volume  to  Prof.  Hum- 
phreys' "Lecture  Notes  on  Business  En- 
gineering," for  each  book  supplements  the 
other.  Prof.  Humphreys  gives  particular  at- 
tention to  corporation  accounting,  financing, 
etc.,  whereas  Prof.  Fish  goes  into  the  analysis 
of  costs  and  their  use  in  selecting  the  most 
economic  device. 

The  book  is  well  conceived  and  admirably 
executed.  It  should  find  extensive  use  as  a 
text  book,  particularly  now  that  engineering 
economics  is  more  generally  recognized  as 
being  worthy  of  study  .  as  an  independent, 
though  co-ordinate,  branch  of  engineering. 

A  careful  perusal  of  the  text  of  the  book 
discloses  no  errors  of  commission,  with  the 
possible  exception  of  the  treatment  of  de- 
preciated yalue.  The  author  begins  his  chapter 
on  that  subiect  with  a  nomenclature  that  de- 
parts widely  from  standard  practice.  He 
makes     "salvage     value"     and     "depreciated 


value"  synonymous,  and,  in  fact,  entitles  his 
depreciation  chapter,  "Salvage  Value."  Salvage 
value  always  connotes  the  removal  of  a  plant 
unit  from  its  existing  place  of  usage.  De- 
preciated value  is  a  broader  term,  and  does 
not  necessarily  imply  the  retirement  of  an 
old  plant  unit.  Salvage  value  is  a  special 
case  of  depreciated  value. 

The  author  presents  a  new  depreciation 
formula  which  he  calls  the  "equal  profit  ratios 
formula."  It  is  regarded  by  the  author  as 
a  more  general  extension  of  the  Gillette  de- 
preciation formula.  To  us  it  seems  that  the 
two  formulas  are  really  different  expressions 
of  the  very  same  fact.  The  author  says  that 
the  Gillette  formula  does  not  recognize  the 
element  of  earnings  on  capital  investment. 
This  is  certainly  not  a  correct  statement,  for 
the  interest  rate  (which  reflects  capital  earn- 
ings) appears  in  the  Gillette  formula.  The 
author  evidently  believes  that  interest  earned 
in  excess  of  a  bond  interest  rate  (say  -5  per 
cent)  is  essentially  different  from  bond  in- 
terest. If  so,  the  difference  consists  essen- 
tially of  two  elements:  (1)  Insurance  against 
risk,  and  (2)  reward  for  managerial  services. 
But  both  of  these  items — insurance  and  man- 
agerial recompense — are  ultimately  part  of  the 
operating  expense.  If  so,  and  if  they  are  in- 
cluded in  operating  expense  in  the  Gillette 
formula,  it  should  logically  follow  that  the 
Gillette  formula  will  yield  precisely  the  same 
depreciated  value  as  does  the  Fish  formula. 
We  have  tested  this  conclusion  by  several 
numerical  examples  and  find  that  the  two 
formulas  do  yield  the  same  result  when  each 
is  thus  properly  interpreted.  Prof.  Fish's 
error  in  regarding  the  Gillette  formula  as 
lacking  generality  arose  from  his  failure  to 
interpret  the  profit  above  interest  rate  as  be- 
ing a  true  operating  expense,  if  that  profit  is 
of  a  sort  that  any  good  manager  can  realize, 
.^.nd  this  proviso  is  tacitly  assumed  by  Prof. 
Fish  when  he  assumes  a  life  for  the  business 
that  exactly  equals  the  life  for  the  plant  unit. 

Lest  this  comparatively  long  comment  on 
one  feature  of  Prof.  Fish's  book  may  lead  to 
any  inference  that  the  book  is  not  carefully 
written,  we  repeat  that  the  work  shows  an 
excellent  execution  of  all  the  subjects  that  it 
embraces.  Doubtless  any  one  who  uses  "En- 
gineering Economics"  as  a  text  book  will  sup- 
plement it  bv  lectures  and  by  illustrative  prob- 
lems in  addition  to  those  given  in  the  text. 
We  heartily  concur  in  the  hope  of  its  author 
as  expressed  in  his  preface : 

The  book  is  intended  to  meet  the  first  needs 
of  the  student,  and  to  render  effective  service 
in  the  offlce.  It  is  hoped  that  it  will  facilitate 
the  introduction  of  formal  instruction  in  engi- 
neering economics  in  the  engineering  schools, 
and   assist  sound  engineering  practice. 


Engineering  Office  Systems  and  Methods. — By 
John  P.  Davies.  McGraw-Hill  Book  Co.,  Inc.. 
New  York.  Cloth;  6x9  ins.;  524  pp.;  illus- 
trated; $5. 

In  addition  to  data  and  forms  illustrating 
office  systems  and  methods  the  hook  includes : 
schedules  and  instructions  for  the  collection 
of  preliminary  data  for  engineering  projects ; 
sampling,  inspecting  and  testing  engineering 
materials;  and  conducting  domestic  and  export 
shipping  operations.  It  was  the  author's  pur- 
pose to  follow  as  nearly  as  possible  the  prog- 
ress of  an  engineering  development.  The 
scope  of  the  book  is  indicated  by  the  thirteen 
chapter  headings  which  are  as  follows :  Col- 
lection of  Preliminary  Data  for  Engineering 
Projects;  Designing  and  Drafting  Systems; 
Specifications  for  Engineering  Material :  Re- 
minders for  Obtaining  Quotations  on  Stand- 
ard Material;  Purchasing  Office  Methods  and 
Forms;  Cost  Keeping  and  Estimating;  Samp- 
ling, Inspecting  and  Testing  Engineering  Ma- 
terial; Domestic  Shioping;  Export  Shipping; 
Progress  Charts.  Scheduling  Systems.  Etc.: 
Indexing   and    Filing    Systems,    Etc.,    for    the 


Engineering    Office;    Drawing-Office    Systems 
and  Methods ;   Miscellany. 

Although  the  book  contains  a  miscellaneous 
collection  of  data  gathered  from  various 
sources,  much  of  which  is  of  only  general  en- 
gineering interest,  a  considerable'  part  of  the 
data  will  be  found  of  value  to  any  engineer 
who  desires  to  systematize  his  methods  of  do- 
ing work.  The  forms  and  general  information 
on  various  engineering  and  allied-  subjects 
should  prove  of  special  value  to  office  en- 
gineers. 


Masonry. — By  Malverd  A.   Howe.     John  Wiley 
&    Sons,   Inc.,    New   York.      Cloth;    6x9   ins.;    155  i 
pp.;   illustrated;   $2. 

This  short  text-book  is  intended  to  furnish 
a  concise  treatment  of  masonry  construction 
for  use  in  courses  which  do  not  provide  suffi- 
cient time  for  the  study  of  a  more  compre- 
hensive treatise.  The  text  includes  a  descrip- 
tion of  the  materials  used,  their  preparation 
and  arrangement  in  structures.  The  six  chap- 
ter headings  are  as  follows :  Natural  Build- 
ing Stones;  Artificial  Building  Materials; 
Stone  Masonry;  Brick  and  Hollow-Tile  Ma- 
sonry; Concrete  Masonry;  and  Railroad  Ma- 
sonry, Brick,  Cement,  Etc.  The  book  also 
gives  a  list  of  references  of  books  and  articles 
treating  this  subject. 

The  book  reflects  modern  practice;  its  illus- 
trations are  well  selected,  especially  those  il- 
lustrating tools  and  machines ;  and  it  should 
meet  the  need  for  a  short  text  on  this  subject. 


Plain  and  Reinforced  Concrete  Arches. — By  J. 
Melan.  Translated  by  D.  B.  Steinman.  John 
Wiley  &  Sons,  Inc.,  New  York.  Cloth;  6x9  ins.; 
153  pp.;  illustrated;   $2. 

This  book  is  a  translation  of  the  latest 
(1912)  edition  of  Professor  J.  Melan's  article 
on  arches,  published  in  F.  von  Emperger's 
Handbuch  fiir  Eisenbetonbau,  Berlin,  .\fter 
a  brief  description  of  the  fundamental  princi- 
ples of  arches  and  a  treatment  of  the  stresses 
in  reinforced  concrete  sections,  there  are  pre- 
sented algebraic  and  graphic  methods  for  the 
design  of  the  various  types  of  arches  occurring 
in  practice.  The  principle  of  the  Melan  sys- 
tem of  arch  construction  is  fully  e.xplained. 
In  making  the  translation  the  notation  has 
been  modified,  for  greater  clearness,  and  in 
the  numerical  examples  the  data  have  been 
converted   from  metric  to   English   units. 

This  translation  into  English  of  Professor 
Melan's  work  on  arches  is  a  valuable  addition 
to  the  literature  on  this  subject.  The  approx- 
imations and  short  cuts  which  amplify  the 
exact  treatments  will  be  found  of  value  for 
preliminary  designs. 


The  Preservation  of  Structural  Timber. — By 
Howard  F.  Weiss.  McGraw-Hill  Book  Company, 
Inc.,  New  York.  Cloth;  6x9  ins.;  303  pp.;  illus- 
trated;  $3. 

The  author  has  endeavored  to  present  a 
book  which  systematically  covers  the  subject 
of  wood  preservation.  It  is  essentially  a  text- 
book, the  material  being  taken  largely  from 
lecture  notes  prepared  by  the  author  for  stu- 
dents at  the  University  of  Wisconsin.  The 
scope  of  the  work  is  indicated  by  the  20  chap- 
ter headings,  which  are  as  follows ;  Intro- 
duction ;  Factors  Which  Cause  the  Deteriora- 
tion of  Structural  Timber ;  The  Effect  of  the 
Structure  of  Wood  upon  Its  Injection  with 
Preservatives;  The  Preparation  of  Timber  for 
Its  Preservative  Treatment;  Processes  Used 
in  Protecting  Wood  from  Decay ;  Preserva- 
tives Used  in  Protecting  Wood  from  Decay ; 
The  Construction  and  Operation  of  Wood 
Preserving  Plants;  (The  next  eight  chapters 
deal  with)  "Prolonging  the  Life  of":  Cross 
Ties  from  Decay  and  Abrasion ;  Poles  and 
Cross  ."N-rms  from  Decay  and  Insects ;  Fence 
Posts  from  Decay;  Piling  and  Boats  from 
Decay  and  Marine  Borers ;  Mine  Timbers ; 
Pavine  Blocks  ;  Shingles :  Lumber  and  Logs ; 
The    Protection    of    Timber    from    Fire;    The 
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Protection  of  Wood  from  Minor  Destructive 
Agents ;  The  Strength  and  Electrolysis  of 
Treated  Timber;  The  Use  of  Substitutes  for 
Treated  Timber ;  and  Appendices. 

Although  the  book  is  essentially  a  text-book" 
for  students  in  forestry  and  in  engineering 
schools,  its  comprehensiveness  and  the  prac- 
tical character  of  its  contents  will  be  found 
of  value  to  engineers,  foresters  and  lumber- 
men. 

Design  of  Steel  Bridges. — By  F.  C.  Kunz.  Mc- 
Graw-Hill Bool^  Co.,  Inc.,  New  York.  Cloth; 
6x9  ins.;  4G1  pp.  +  52  plates;  Illustrated;  $5. 
The  stated  purpose  of  the  book  is  to  give, 
in  compact  form,  data  on  the  design  of  steel 
bridges  of  special  value  to  the  practicing  en- 
gineer and  to  the  advanced  student,  such  as 
the  selection  and  application  of  the  method  of 
calculation  best  suited  to  a  given  case,  and 
practical  rules,  tables  and  drawings.  The 
text  and  the  methods  of  calculation,  both 
graphic  and  algebraic,  have  been  condensed 
and  cross-referenced  to  the  tables  and  plates 
to  facilitate  ease  of  application.  In  the 
graphic  analyses  preference  has  been  given  to 
the  use  of  influence  lines.  The  only  statically 
indeterminate  bridge  trusses  considered  are 
those  for  swing  bridges  and  two-hinged 
arches.  Descriptions  are  given  of  several 
large  existing  bridges  and  of  a  few  completely 
designed  long-span  bridges  as  a  guide  for  use 
in    designing    similar    structures. 

The  scope  of  the  book  is  indicated  by  the 
seventeen  chapter  headines,  which  arc  as  fol- 
lows :  External  Forces ;  General  About  Reac- 
tions and  Influence  Lines ;  Moments  and 
Shears  in  Simple  Spans:  Stresses  in  Simple 
Trusses:  Stresses  in  Bracing  of  Simple 
Spans;  Types  of  Bridges  and  Principal  Di- 
mensions; Design  of  Floor;  Beam  and  Plate 
Girder  Brid.ges ;  Simple  Truss  Bridge:  Skew 
Bridges  and  Bridges  on  Curves ;  Weight  of 
Simple  Span  Bridges;  Viaducts:  Elevated 
Railroads;  Movable  Bridges  and  Turntables: 
Arch  Bridges:  Long  Span  Bridges  in  Gen- 
eral and  Examples:  and  Cantilever  Bridges. 
LTseful  data  are  also  given  in  the  appendixes 
and  in  the  designs  at  the  end  of  the  book. 
The  book  will  be  found  of  particular  value 
■  to  the  practicing  bridge  engineer,  and  it  is  un- 
doubtedly one  of  the  most  useful  works  avail- 
able on  the  design  of  simple  steel  bridges.  The 
numerous  designs  given  in  the  form  of  folded 
plates  are  especially  noteworthy  for  their  com- 
pletcnes*;. 

Tunneling. — Short  and  Long  Tunnels  of  Small 
and  Large  Section  Driven  Through  Hard  and 
Soft  Materials.  By  Eugene  Lauchli.  C.  E. 
McGraw-Hill  Book  Co.,  New  York.  CToth; 
Cx9  ins.;  pp.  23S;  illustrated;  $3. 
This  book  is  particularly  interesting  to 
American  readers  because  of  its  discussion  of 
certain  problems  of  tunneling  which  have  been 
most  studied  in  Europe.  The  importance  of 
geological  surveys  in  connection  with  tunnel 
driving,  the  determination  of  rock  tempera- 
tures in  deeply  overlaid  tunnels,  and  the 
pressure  acting  on  tunnels  driven  through  soft 
and  cohesionless  materials  are  subjects  which 
have  been  carefully  studied  abroad  and  each 
is  given  a  special  chapter  by  Mr.  Lauchli.  The 
chapters  on  long  and  deeply  overlaid  tunnels, 
tunnel  timbering,  lining  deep  tunnels,  vitiation 
of  air  and  ventilation  during  construction  of 
long  and  deep  tunnels  arc  also  records  of 
European  practice  in  large  measure.  The 
author  in  his  subtitle  includes  short  and  long 
tunnels  and  his  text  substantially  meets  his 
title  but  it  is  because  the  hook  is  the  most  ex- 
tensive treatise  in  English  on  long  and  deep 
tunnels  that  it  holds  interest.  The  author  has 
had  another  advantage  in  his  writing  nf  being 
a  practical  tunnel  Iniildcr  with  foreign  and 
American  experience.  The  era  of  long  tun- 
nels is,  we  believe,  yet  to  come  but  is  surely 
coming  in  America  and  a  concise  record  in 
book  form  of  long  and  deep  tunneling  in 
Europe  which  is  prominent  in  its  experience 
with  such  work  is  an  excellent  service  to  the 
future  of  .American  tunnel  engineering. 

The  volume  contains  18  chapters,  of  which 
the  eight  chapters  named  are  the  more  notable 
ones.     There  are,  however,  chapters  on  haul- 


ing, drilling  and  excavation,  on  typical  tunnel- 
ing methods,  on  siphon  and  other  special  tun- 
nels and  on  headings  and  tunnels  of  small 
cross-section.  Costs  are  given  prominent  no- 
tice in  the  records  of  American  practice,  and 
there  are  useful  tables  on  number  and  spac- 
ing of  bore  holes,  areas  and  dimensions  of 
headings,  consumption  of  explosives,  etc.  The 
illustrations  are  mostly  diagrams  and  line 
drawings  of  tunnel  sections,  drill  hole  spac- 
ing, centers  for  lining,  haulage  systems,  tim- 
bering systems,  etc.^  and  are  instructive. 


Concrete  Stone  IVIanufacture. — By  Harry  Wliip- 
ple.  Concrete-Cement  .\^e  Publishing  Co.,  De- 
troit, Mich.  Leather;  4x7  ins.;  pp.  255;  illus- 
trated;  $1. 

The  concrete  stone  or  concrete  building 
block  industry  has  not  fully  recovered  from 
the  attack  of  two  maladies  of  youth.  These 
maladies  were  cheapness  and  incompetence. 
In  the  beginning  the  idea  of  low  cost  domi- 
nated all  others  as  a  means  of  promoting 
building  construction  of  concrete  blocks.  The 
talk  was  not  merely  that  cast  concrete  was 
less  costly  than  brick  or  stone  but  that  it 
cost  only  a  fraction  as  much.  The  result 
was  that  most  of  the  blocks  made  were  cheap 
and  that  was  about  all  they  were.  Also  an- 
other promotion  flction  and  one  largely  en- 
couraged by  makers  of  innumerable  "block 
machines"  was  that  the  making  of  concrete 
blocks  was  a  task  that  almost  any  man  could 
accomplish  off-hand.  These  two  preliminary 
errors,  first  that  cast  concrete  was  essentially 
a  cheap  material  and  second  that  training  and 
plant  and  business  ability  were  not  vital 
equipment  in  block  making,  stunted  the  growth 
and  very  nearly  exacted  the  life  of  this  young 
industry.  It  is  not  argued  that  all  the  early 
block  makers  were  incompetent  or  that  good 
blocks  were  made  by  none.  The  exact  con- 
trary was  true.  There  were  competent  manu- 
facturers and  their  product  was  altogether 
excellent.  If  this  had  not  been  the  case  the 
industry  would  not  have  endured  and  attained 
the  strength  that  it  now  possesses.  To  the 
reviewer  one  of  the  great  merits  of  this  little 
book  bv  Mr.  Whipple  is  that  it  speaks  plain- 
ly of  these  early  errors  and  of  the  vital  need 
of  technical  skill,  of  managerial  ability  and 
of  adequate  mechanical  equipment  in  success- 
ful block  manufacture. 

There  is  little  need  at  this  date  to  argue  the 
utility  of  cast  concrete  or  to  name  its  many 
advantages  for  much  building  work.  The 
author  therefore  devotes  his  book  largely  to 
the  following  subjects:  Location,  equipment 
and  layout  of  block  factories:  materials,  mix- 
tures and  manipulation  in  block  making;  cur- 
ing; special  molds  and  patterns:  surfaces; 
shop  records  and  cost  keepine;  selling;  ex- 
amples of  successful  plants.  There  is  also  a 
section  on  building  regulations,  tests  required 
and  typical  specifications.  The  book  is  closely 
printed  and  contains  a  large  amount  of  text 
for  its  size.  It  is  a  decidedlv  useful  and  wel- 
come addition  to  the  technical  literature  on 
concrete  products. 


Water    Works    Engineering. — By  Fred.    C.    Uren. 

Castle   Litho.,    Ltd.,    Bristol.    England.      Cloth; 

7x10  ins.;   270  pp.;   illustrated;   $2. 

The  author's  endeavor  has  been  to  pro- 
duce a  thoroughly  practical  work  at  a  reason- 
able price.  One  sentence  from  the  author's 
preface  is  quoted  herewith  as  it  is  thought 
likely  that  many  American  readers  may  have 
had  the  same  early  diflScultics  admitted  by  the 
author.  He  states,  of  his  earliest  apprentice- 
ship days :  "I  had,  fortunately  or  otherwise, 
access  to  some  bulky  expensive  works  of 
reference  beyond  the  reach  of  most  students, 
and  one  or  two  of  the  best  books  written  by 
college  professors  whose  chief  merit  lay  in 
obscuring  the  subject  with  elaborate  engi- 
neering formulas  that  benefited  few  unac- 
quainted with  the  calculus."  This  early  ex- 
perience seems  to  have  made  a  lasting  im- 
pression on  the  author  for  he  has  avoided 
higher  mathematics  in  his  treatment  of  the 
subject,  and  gives  much  attention  to  funda- 
mental principles  and  important  points  of 
daily    practice. 

There    arc    22    chapters    on    the    following 


subjects:  Sources-Storage;  Impounding  Res- 
ervoirs-Masonry Dams;  Masonry  Dams 
(cont.)  ;  Earthen  Dams;  Reservoir  Acces- 
sories; Rivers  and  Streams- Wells ;  Well  Con- 
struction-Well Boring;  Geology:  Yield  of 
Wells;  Service  Reservoirs;  Raising  Water 
from  Wells;  Motors  for  Pumps;  Motors  for 
Pumps  (Cont.)  ;  On  Calculating  the  Dimen- 
sions of  Pumps  and  Engines;  The  Flow  of 
Water  m  Pipes  and  Channels;  Gaging  Water- 
The  Purification  and  Softening  of  Water' 
Distribution  and  Utilization;  Water  Mains 
and  Accessories;  Service  Pipes  and  House 
fjittmgs;  Metered  Supplies.  Waste  Detection; 
Administration  and  Maintenance-  The  Law 
of  Water  Works. 

The  book  is  practical,  as  the  author  in- 
tended It  should  be,  and  will  be  helpful  to  all 
young  engineers  interested  in  this  line  of 
work.  The  experienced  engineer  who  prides 
himself  on  the  completeness  of  his  hbrary 
will  hnd  this  book  a  worthv  addition  to  it 
Special  attention  is  given  to  earthen  and 
masonry  dams,  geology  and  well  boring  dis- 
tribution and  purification,  including  the  re- 
moval  of   iron   and   peaty   acids. 

American  Sewerage  Practice.— Vol.  I.— Design 
of  Sewers.— By  Leonard  Metcalf  and  Harrison 
P.  Eddy.  McGraw-Hill  Book  Co.,  New  Yoric 
City.     Cloth,   6x9  ins.;   750  pp.;   illustrated;    $3. 

American      Sewerage     Practice.— Vol.      II.     Con- 
struction of  Sewers.— By  Leonard  Metcalf  and 
Harrison    P.     Eddy.     McGraw-Hill    Book    Cr. 
New  York  City.     Cloth,  6x9  ins.;  565  pp.;  illus- 
trated;  ?4. 

These  volumes  are  the  first  two  in  a  series 
ot  three  volumes  on  American  Sewerage 
Practice.  The  third  volume.  Disposal  of 
Sewage,  is  in  preparation. 

The  17  chapter  headings  in  the  first  volume 
are  as  follows:  The  General  Arrangement 
of  Sewerage  Systems;  Flow  of  Water  in 
Pipes  and  Channels;  Velocities  and  Grades - 
Measurement  of  Flowing  Water;  Quantitv  of 
Sewage;  Precipitation;  Formulas  for  Esti- 
mating Storm-Water  Flow;  The  Rational 
Method  of  Estimating  Storm-Water  Run-off 
m  Sewer  Design;  Gaging  Storm-Water  Flow 
m  Sewers;  Sewer  Pipe;  The  Design  of  Ma- 
sonry Sewers ;  Examples  of  Sewer  Sections 
and  the  Loads  on  Sewers;  The  Analysis  of 
Ma.sonry  Arches;  Street  Inlets,  Catch-basins 
and  Manholes:  Junctions,  Siphons.  Bridges 
and  Flushing  Devices;  Regulators,  Overflows, 
Outlets,  Tide  Gates  and  Ventilation;  Sewage 
Pumping  Stations.  In  this  volume  there  is 
also  an  introductory  chapter  on  The  Lessons  ' 
Taught  by  Early  Sewerage  Works. 

The  19  chapter  headings  in  the  second  vol- 
ijme  are  as  follows ;  Preliminar\-  Investiga- 
tions ;  Engineering  Work  and  Inspection  Dur- 
ing Construction;  Excavation;  Machinery  for 
Trench  Excavation;  Methods  of  Rock  Exca- 
vation; Explosives  and  Blasting;  Quantity 
and  Cost  of  Excavation;  Rate  of  Progress  in 
Building  Sewers;  The  Sheeting  and  Bracing 
of  Trenches  and  Tunnels;  Sizes  of  Sheeting, 
Rangers  and  Braces;  Purchasing,  Handling 
and  Laying  Sewer  Pipe ;  Jointing  Sewer  Pipe ; 
Construction  of  Brick  and  Block  Sewers; 
Construction  of  Concrete  Sewers ;  Profiles, 
Templates,  Forms  and  Centers:  Contracts, 
Specifications  and  Drawings:  Technical  Speci- 
fications :  Operation  and  Maintenance  of  Sew- 
erage  Systems:   Explosions   in   Sewers. 

The  authors  of  this  scries  of  volumes  have 
chosen  a  very  broad  title — American  Sewer- 
age Practice — and  one  expects  a  correspond- 
ingly broad  and  thorough  treatment.  "This 
expectation  is  realized.  The  standing  of  the 
authors  as  engineers  in  this  field  stamps  the 
series  as  highly  authoritative,  and  much  care 
has  been  expended  in  the  collection  and  clas- 
sification of  the  matter  presented.  The  ex- 
perienced editorial  hand  of  John  M.  Goodell 
is  everywhere  in  evidence,  and  tlie  authors 
arc  to  be  congratulated  in  having  secured  his 
services  in  the  compilation  of  this  highly  val- 
uable treatise. 

Without  in  anv  wise  wishing  to  detract 
from  the  credit  due  the  authors  for  the  ex- 
cellence of  these  books,  it  is  only  right  to 
say  th;it  they  represent  the  work  of  several 
nun       The    authors    have    drawn     freely    on 
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published  articles,  papers  and  reports.  Credit 
is  given  for  information  so  obtained.  The 
junior  members  of  the  firm  of  Metcalf  and 
Eddy,  Messrs.  Sherman,  Barnes  and  Fales, 
who  themselves  are  mature  engineers  of  long 
experience,  have  contributed  much  of  value 
to  the  building  of  this  monumental  work.  The 
authors  have  also  enjoyed  a  remarkable  de- 
gree of  co-operation  from  other  engineers  of 
high  standing  in  their  effort  to  bring  within 
the  scope  of  these  volumes  the  very  best 
practice  now  available  in  tWs  country  in  the 
designing  and  building  of  sewers.  With  such 
resources  and  facilities  as  the  authors  had 
within  themselves  and  as  they  have  shown 
themselves  able  to  command,  they  could  not 
fail  to  produce  a  work  of  the  highest  merit. 
From  a  physical  standpoint  the  books  are 
pleasing.  They  are  exceptionally  well  illus- 
trated with  half-tones,  diagrams,  and  line 
drawings  of  machinery  and  devices  used  in 
connection  with  the  operation  and  construc- 
tion   of    sewerage    systems. 


Some    Consideration    Regarding    Cast    Iron    and 
Steel     Pipes. — By     John     Sharp.         Longmans, 
Green  &  Co.,  New  York   Ciiy.  Cloth,  CxO   ins.; 
142  pp.;   illustrated;   $1.50. 
The    author    observes    that    steel    has    been 
used  at  times  without  due  regard  to  the  par- 
ticular working  conditions  under  which  it  was 
to  be  employed,   and  there  has  resulted  sofne 
disappointments,    particularly    in    the    use    of 
steel   pipes  buried  in  the  earth.     He  has  had 
occasion    to    make    a    study   of   various    cases 
of    failure    of    steel    conduits    and    pipe    lines, 
and   of   the   relative  merits   of   cast-iron  pipes 
under    similar    circumstances.      The    book    is 
the  outgrowth  of  those   studies. 

There  are  20  short  chapters,  and  their  head- 
ings are  as  follows :  Some  Notes  and  Con- 
siderations Regarding  Cast  Iron  and  Steel 
Pipes;  Physical  and  Chemical  Properties  of 
Cast  Iron,  Wrought  Iron  and  Mild  Steel; 
Strength  and  Elasticity  of  Cast  Iron,  Wrought 
Iron  and  Mild  Steel;  Transverse  Strength  of 
Mild  Steel;  Resistance  of  Pipes  and  Hollow 
Cylinders  to  Bursting;  Thickness  of  Pipes 
and  Hollow  Cylinders;  Thickness  of  Mild 
Steel  Pipes;  Strength  of  Pipes  and  Hollow 
Cylinders  Under  External  Load;  Tests  on 
Cast  Iron  Pipes  Under  External  Loads ;  The 
Flow  of  Water  in  Pipes  and  Open  Channels; 
Conditions  Affecting  the  Flow  of  Water 
Through  Pipes;  Corrosion  of  Steel  and  Cast 
Iron ;  Other  Influences  .Effecting  Corrosion ; 
Testing  by  Embedding  in  Moist  Sand ;  Inter- 
nal Corrosion  ;  External  Corrosion  ;  Corrosive 
Effects  of  Stray  Currents  of  Electricity ; 
Means  of  Protection  from  Corrosion ;  Pro- 
tective Methods  Against  Interna!  Corrosion. 
This  is  a  timely  book.  There  has  been  a 
great  deal  of  discussion  along  this  line  in 
American  water  works  literature  during  the 
past  year.  It  shows  evidence  of  the  growing 
conviction  among  water  works  engineers 
that  pipe  line  materials  must  be  selected  w^ith 
reference  to  the  service  requirements  and  the 
soils  to  be  traversed,  quite  as  much  as  with 
respect  to  first  cost.  The  chapters  on  cor- 
rosion and  the  agencies  tending  to  increase  or 
inhibit  corrosion  are  particularly  valuable. 
The  book  is  unquestionably  a  distinct  addi- 
tion to  water  works  literature. 


Land   Drainage. — By  J.  L..  Parsons.     The  Myron 

C.    Clark    Publishing   Co.,    Chicago.     Cloth.    0x9 

«ns.:  pp.  265;  illustrated;  $1.50. 

This  volume,  being  one  of  the  publications 
of  the  publishers  of  Engineering  and  Con- 
tracting, we  quote  the  author's  statement 
of  his  plans  and  purpose  in  writing  it : 

Land  drainage  at  the  present  time  has  as- 
sumed an  important  place  among  engineering 
enterprises.  While  the  existing  literature  upon 
this  subject  is  excellent,  the  amount  is  limited. 
and  much  of  the  information  that  should  be 
available  to  those  connected  with  the  design, 
construction,  maintenance  and  general  adminis- 
tration of  drainage  enterprises  is  either  not  in 
publication  or  has  not  been  sufficiently  dis- 
cussed and  proven  by  experience  and  experi- 
ments. The  author  offers  this  treatise  upon 
this    subject   with    the    hope    that    it   may   be    of 


value  in  the  development  of  the  science  gf  land 
drainage. 

To  young  and  inexperienced  drainage  engi- 
neers: Especial  efforts  have  been  put  forth 
through  the  medium  of  these  pages  to  acquaint 
you  with  the  problems  that  you  must  meet; 
to  impress  upon  you  the  importance  of  accu- 
racy, judgment,  honesty  and  diligence  in  the 
investigation  and  solution  of  these  problems, 
and  to  suggest  methods  of  procedure  under 
average  conditions  and  the  general  principles 
upon  which   to  base  conclusions  and  plans. 

To  experienced  drainage  engineers:  The  au- 
tiior  hopes  for  a  careful  and  analytical  read- 
ing of  these  pages  by  you  and  that  some  of 
you  will  be  thus  incited  to  take  issue  with  or 
elaborate  upon  the  questions  discussed  and  thus 
aid  in  the  formulation  of  better  drainage  stand- 
ards. 

To  drainage  contractors:  The  author  has 
recognized  the  facts  that  contractors  have  been 
compelled  too  often  to  contend  against  such 
unfair  conditions  as  incomplete  surveys  and 
reports;  the  framing  of  specifications  so  as  to 
burden  contractors  with  the  risks  resulting  from 
insufficient  plans,  and  treacherous  soils  and  un- 
favorable weather  conditions,  and  has  pleaded 
for  justice  and  equity  to  contractors.  Neither 
have  the  faults  and  obligations  of  contractors 
been  overlooked.  Also  information  is  included 
which  will  prove  useful  to  contractors,  and  it  is 
suggested  that  a  general  study  of  the  subject 
of  land  drainage  would  better  enable  contrac- 
tors to  protect  their  rights  and  sjicceed  in  their 
business. 

To  land  owners  and  drainage  district  oflB- 
cials:  The  author  believes  that  a  general  un- 
derstanding of  land  drainage  science  by  you 
would  enable  you  better  to  distinguish  between 
the  efficient  and  the  incapable  in  employing 
drainage  engineers  and  to  assist  and  advise 
with  them  in  the  direction  of  the  work  which 
is  of  such  great  importance  to  the  agricultural 
interests  of  the  United  States  and  thus  accom- 
plish   more    effective    land    drainage. 

In  conclusion,  this  treatise  has  been  made  as 
complete  as  possible  for  the  subjects  connected 
with  the  successful  drainage  of  agricultural 
lands  by  open  and  closed  drains.  The  author 
hereby  aaknowledges  a  large  amount  of  valu- 
able information  which  has  been  gleaned  from 
the  reports  of  the  United  States  Department 
of  Agriculture,  from  reports  of  state  and  other 
colleges,  from  the  reports  of  engineering  so- 
cieties, and  from  engineering  periodicals. 
Specific  reference  has  been  made  in  all  cases 
where  important  data  have  been  reproduced. 

Practical  Irrigation  and  Pumping, — By  Burton 
P.  Fleming.  John  Wiley  &  Sons,'  Inc.,  New 
York.     Cioth,   5x8   ins.;  pp.  2?6. 

It  is  estimated  that  at  least  a  quarter  of  a 
million  acres  of  land  in  the  arid  west  are 
irrigated  with  water  provided  by  pumping, 
and  that  the  pumping  plant  investment  is 
nearly  ^  $9,000,000.  These  amounts  impress 
one  with  the  important  position  reached  in 
irrigation  by  pumping.  The  development  is 
already  great,  and  it  is  still  in  progress  at 
an  increasing  rate.  Some  very  large  single 
areas  are  irrigated  by  single  plants,  but  for 
the  most  part  the  acreage  named  above  is 
made  up  of  comparatively  small  areas,  each 
with  its  small  pump  installation  receiving 
power  from  individual  steam  or  gas  engines, 
or,  at  an  increasing  rate  of  late  years,  from 
great  commercial  central  stations  by  electric 
transmission.  The  justification  for  a  book  on 
irrigation  pumping  is,  from  these  statements, 
very  evident. 

The  book  before  us  is  generally  good ;  its 
author  has  had  experience  in  irrigation  and 
writes  with  this  experience  to  direct  him.  .^s 
a  subtitle  to  his  book,  he  writes :  Water 
Requirements,  Methods  of  Irrigation  and 
."Analyses  of  Cost  and  Profit.  These  terms  are 
all  virtually  true,  but  pumping  for  irrigation 
is  the  real  subject  of  the  book.  Beginning 
with  estimates  of  water  requirements  of  dif- 
ferent crops  the  text  covers  in  turn,  wells  and 
well  sinking,  pumps  and  pumping  machinery, 
prime  movers,  central  stations  and  costs  and 
profits.  The  treatment  is  brief,  but  generally 
covers   the   main   subjects   with   sufficient    full- 


ness for  the  engineer's  needs.  Design  of 
pumping  machinery  for  irrigation  is  a  manu- 
facturer's task  as  the  irrigation  pump  busi- 
ness  now   exists. 


Construction  of  Masonry  Dams. —  By  Chester  1 
W.  Smith.  McGraw-Hill  Book  Co.,  New  " 
York.     Cloth;   6x9  ins.;  pp.  279;  illustrated;  $3. 

This  small  book  on  dam  construction  strikes 
a  new  note.  It  gives  no  space  to  dam  compu- 
tations and  very  little  space  to  descriptions  of 
dam  structures.  It  is  a  practical  study,  com- 
parison and  criticism  of  masonry  dam  con- 
struction methods.  Not  the  least  important 
of  its  contents  are  the  forecasts  of  probable 
future  methods  and  the  facts  and'  reasoning 
presented  in  evidence  that  increased  speed  and 
economy  of  masonry  dam  work  will  come 
from  change  from  cyclopean  or  rubble  con- 
crete to  all-concrete  construction.  There  is  an 
idea  in  this  which  merits  study  and  the  argu- 
ment and  facts  presented  by  Mr.  Smith  facili- 
tate study.  This  happens  to  be  so  because 
the  author  has  had  exceptional  experience  on 
very  large  masonry  dam  work  where  data  on 
progress,  performance  and  costs  were  col- 
lected  and   recorded    with   unusual   care. 

The  chapter  headings  are  :  Exnioring  the  Site  ; 
Temporary  Works  for  Stream  Diversion; 
Preparing  the  Foundation;  Masonry  Construc- 
tion; Quarrving;  Face  Work:  Miscellaneous 
Features;  Plant  and  Power;  Installation  Re- 
quired and  Power  Consumption;  Assembling 
Materials.  Crushing  and  Mixing;  Transporta- 
tion of  Materials;  Probable  Future  Methods; 
Estimates  of  Cost;  Partial  List  of  Existing 
Dams  with  Descriptions  and  Costs.  In  one 
way  the  most  valuable  chapter  of  the  book  is 
that  on  estimates  of  costs.  This  chapter  dis- 
cusses the  conceotion  and  development  of  a 
project,  lists  and  explains  the  estimates  re- 
quired at  various  stages,  schedules  the  items 
entering  into  estimates,  gives  very  detailed 
costs  of  the  Roosevelt  Dam  and  figures  of 
olant  costs,  costs  of  repairs,  erection,  etc..  tells 
how  to  prepare  bids.  The  book  is  a  mono- 
graph on  masonry  dam  construction  methods 
and  costs  and  is  a  distinct  addition  to  en- 
gineering   data    and    discussion. 


Working  Data  for  Irrigation  Engineers. — By  E. 
A.  Moritz,  C.  E.  John  Wiley  &  Sons,  Inc.. 
New  York.  Cloth.  6x9  ins.;  pp.  395;  illus- 
trated;  $4. 

A  compilation  of  tables,  diagrams  and 
formulas  used  by  the  .irrigation  engineer  has 
been  needed.  In  this  book  are  contained  some 
65  numbered  tables  and  46  diagrams  applying 
in  hydraulic  and  structural  computations  of 
the  kind  that  the  irrigation  engineer  has  to 
perform.  Some  of  these  data  are  original 
with  the  author  who  is  an  engineer  of  the 
U.  S.  Reclamation  Service,  others  are  from 
the  records  of  the  service  and  others,  mostly 
of  a  general  nature,  are  from  miscellaneous 
sources.  In  preface  to  the  tables  and  dia- 
grams and  their  text  explanations,  there  is  a 
discussion  of  the  various  features  of  irriga- 
tion engineering  such  as  water  supply,  precipi- 
tation, measurement  of  water,  duty  nf  water, 
surveys  and  design  of  structures.  This  illus- 
trative text  is  contained  in  the  first  three 
chapters.  Chapter  VII  reprints  typical  speci- 
fications and  discusses  the  requirements  of 
soecifications  for  irrigation  work.  Chapter 
IV  gives  hydraulic  tables  and  diagrams; 
Chapter  V  gives  structural  tables  and  dia- 
grams, and  Chapter  VI  gives  various  general 
tables,  formulas  and  data.  It  will  be  seen 
from  the  contents  that  the  book  is  a  manual 
and  data  book  for  designers.  The  author  has 
produced  a  very  useful  volume  for  the  branch 
of  engineering  in  which  he  is  engaged. 


.\t  a  recent  meeting  of  the  American  .Asso- 
ciation of  North  China  a  resolution  was 
passed  asking  American  manufacturers  of 
machinery  to  follow  the  practice  of  British 
manufacturers  in  sending  machinery  to  Chi- 
nese technical  schools  and  universities  for 
their  use,  as  a  means  of  advertising  .Ameri- 
can machinery  and  bringing  it  into  favor  with 
the   Chinese   students. 
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INDEX  TO  TECHNICAL  ARTICLES. 


April  28,  1915. 


ABSTRACTS       IN       ENGINEERING       AND 
CONTRACTING:   Method   of   Crediting. 
Quoted    Articles    in    Engineering   and   Con- 
tracting      369 

Calls  attention  to  the  value  of  quoted  articles 
as  abstracted  in  E.  &  C.  and  explains  system 
of  crediting  adopted  by  this  journal.  E.  &  C, 
April   28,    1915;    %    col. 


ROADS:     Gravel,     Construction     and     Main- 
tenance. 
A  Timely  Comment  on   Gravel  Road   Main- 
tenance       369 

Editorial  comment  on  the  timeliness  of  an 
article  in  this  issue  on  the  above  subject.  E. 
&  C,  April  28,  1915:   V4  col. 


RAILWAYS:      Government    Owned;     Devel- 
opment Cost. 
High     Development    Cost    of    a     Canadian 

Railway   and    Its    Lesson 369 

Commeaats  on  the  high  cost  of  developing 
territory  by  railway  construction,  as  under- 
taken by  the  Canadian  Government.  Points  out 
the  similarity  to  our  own  Alaskan  project,  and 
warns  against  probable  results.  E.  &  C,  April 
2S.   1915;   %   col. 


BUREAUS   OF    INFORMATION:     Failure   to 

Utilize. 
Failure  by  Engineers  to  Utilize  Established 

Bureaus  cf   Information 369 

Calls  attention  to  the  available  sources  of  in- 
formation found  in  government  bureaus  and 
state  university  libraries,  and  deplores  the  fact 
that  engineers  do  not  take  advantage  of  and 
help  in  the  support  of  these  sources.  E.  &  C, 
April   28,   1915;   1   col. 


SHAFT    DESIGN:     Concrete    Lining. 

Modifications    in    Shaft    Design    Influenced 
by  Concrete  as  a  Lining   Material 370 

Editorial  discussion  of  the  changes  made  in 
shaft  design  by  the  advent  of  concrete  as  a  lin- 
ing material,     E.  &  C,  April  28,  1915;  1%  cols. 


FIELD   SIGNALS,   STANDARD:     Movement 
to  .\dopt. 
Standardizing    Field   Signals   for   Engineers  370 
Editorial    comment    on    need    of   standard    field 
signal  code  for  engineers  and  sur\'eyors  and  an- 
nouncement of  activity  of  Ohio  Engineering  So- 
cietv    in    this   matter.      E.    &    C,   April    2S.    1915; 
V4  col. 


ENGINEERS:     &elf-.^d\  ertisement. 

Self-elected     370 

Editorial  comparing  the  engineer,  whose  eth- 
ics forbid  self-advertisement,  with  leaders  in 
other  fields  who  have  pu.shed  themselves  for- 
ward.    E.  &  C,  April  28,  1915;   %  col 

TUNNEL,    WATER    WORKS    INTAKE:    Mil- 
\v;nik(  e,   Con.struction  Pl.int  nnd  Methods. 
Construction   Plant  and   Methods  Employed 
on    New   Water  Works   Intake  Tunnel   at 

Milwaukee,   Wis 371 

Second  of  two  articles.  Describes  trouble*? 
from    gas   deflamation  *and   describes    method   of 


ventilating  tunnel  under  construction.  De- 
scribes use  of  test  holes  drilled  in  advance  of 
heading,  concreting,  timbering,  and  grouting. 
Gives  rate  of  water  inflow  and  describes  pump- 
ing eciuipm_ent.  Records  rate  of  progress.  Gives 
oiganization  of  contractors  and  city's  forces. 
Illustrates  method  of  packing  around  tunnel 
lining,  shows  form  of  progress  profile  and  in- 
spector's daily  report  blank.  E.  &  C,  -April 
28,  1915;  7'/2   cols. 


WATER    DEPARTMENT,    ORGANIZATION 
AND   PROCEDURE:     Pasadena,   Calif. 

Organization     of     and      Procedure     in     the 
Water  Department  of  Pasadena,  Calif...   372 

Describes  the  four  divisions  into  which  thi.s 
new  water  department  is  subdivided,  and  tells 
in  detail  of  the  procedure  in  the  General  Ad- 
ministration Division,  the  head  of  which  bears 
the  title  of  Business  Manager.  E.  &  C,  April 
28.   1915;   IV,   cols. 


WATER    MAINS,    LARGE:     Economy  of. 

Economy   of   Large   Water   Mains 374 

t>ata  and  discussion  showing  that  in  general 
it  is  cheaper  to  lay  a  water  main  which  is  too 
large  for  present  needs  than  to  lay  one  requii'- 
ing  reinforcing  within  a  few  years.  E.  &  C, 
April  28,  1S15;  1%  cols. 


ROADS:     Brick;   Reduction  of  Costs. 

A     Proposed    Construction    to    Reduce    the 
Cost  of   Brick   Roads 374 

Discusses  the  plan  of  laying  brick  flat  on  a 
very  thin  reinforced  concrete  base  as  a  means 
of  reducing  cost  of  brick  pavement.  Gives  re- 
sults of  tests  and  comparative  costs.  E.  &  C, 
April  28,   1315;   3  cols. 


ROADS:    .Sand-Clay;    Methods    and    Costs. 

Methods   and   Costs   of  Constructing   Three 
Sections  of   Sand-Clay   Roads 375 

Describes  construction  methods  and  gives 
cost  data  of  work  on  three  sections  of  a  sand 
clay  object  lesson  road  in  North  Carolina.  E. 
&  C.  April  28,   1915;  H^   cols. 


ROADS:     Gravel;    Construction    and    Main- 
tenance. 

Methods   of   Constructing   and    Maintaining 
Gravel    Roads    376 

Outline  of  gravel  road  construction  and 
maintenance  methods  in  relation  to  Ohio  con- 
ditions, but  also  to  conditions  in  most  of  the 
Mississippi  basin  states.  Discusses  selection  of 
gravel,  loose  gravel  and  water  bound  gravel 
construction  methods  and  maintenance.  E.  & 
C,   April  28,   1915;   3  cols. 


STREETS:    Piling  Building  Materials: 

Piling  Building  Material  in  City  Streets...  377 
T.,etter  connuentin;^  on  a  former  article  on  the 
charging  of  rent  for  space  used  by  buildei's  for 
stock  piles.  Describes  the  extent  to  which  this 
nuisance  has  been  carried  in  that  citv  .and  shows 
photograph.     E.  &  C,  April  28,  1915;   1   col. 


BUILDINGS:        Tower    of    Jewels,    Wooden 
l-raming   for. 

Some  Details  of  the  Exterior  Wooden 
Framing  of  the  Tower  of  Jewels,  Pan- 
ama.Pacific       International       Exposition 

San    Francisco,    Cal 377 

Describes  and  illustrates  the  exterior  wooden 
framing  01  the  435-ft.  Tower  of  Jewels,  Pan- 
ama-Pacific International  Exposition.  Also 
gives  working  drawings  of  selected  parts  of  this 
sti-ucture.  The  framing  is  exceptionally  heavy, 
and  involves  the  use  of  some  interesting  fram- 
ing details  The  steel  frame  of  this  structure 
was  described  and  illustrated  in  our  Jan  20 
J91.J,   Lssue.     E.   &   C,  April  28,   1915;   8  cols. 

CONCRETE,    CINDER:    Tests   of. 

Results  of  Tests  of  Cinder  Concrete  Floor 
Slabs  with  Conclusions  and  Recommend- 
ed   Methods   of    Design 379 

Gives  the  re.sults  of  a  series  of  tests  of  rein- 
forced cinder  concrete  floor  slabs  made  with 
typical  New  York  materials,  the  tests  being 
made  at  Columbia  University.  Also  gives  dis- 
cussion of  the  tests  with  recommended  formulas 
for  use  In  design.  E.  &  C,  April  28  1915- 
9  cols.  ' 

IRRIGATION:     Concrete  Headgate 

Concrete  Headgate,  South  San  Joaquin  and 
Oakdale  Irrigation  District  in  Cali- 
fornia       383 

Describes  and  gives  diagram  showing  head- 
gate  for  controlling  water  from  Stanislaus  Riv- 
er, California.     E.  &  C,  April  28,  1915-  2  cols 


IRRIGATION:    Topographic    .Survev    in    British 
Columbia. 

Cost    of    Topography    for    Irrigation    Work 
in    British   Columbia    

Gives  cost  dat.a  and  describes  some  of  the 
methods  of  making  a  topographical  survey  of 
an  irrigation  project  in  British  Columbia.  E. 
&   C,   April  28,  1915:  4  cols. 
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FOREIGN  TRADE  NOTES 

The  following  foreign  trade  apportunities 
are  listed  by  the  Bureau  of  Foreign  and  Do- 
mestic Commerce.  Where  addresses  are 
omitted  in  the  items  they  may  be  obtained 
from  the  office  of  the  Bureau  at  Washing- 
ton, D.  C,  or  from  the  following  branch 
offices:  New  York,  Room  409,  U.  S.  Cus- 
tomhouse; Boston,  752  Oliver  Bldg.;  Chi- 
cago, 629  Federal  Bldg.;  St.  Louis,  402 
Third  National  Bank  Bldg.;  Atlanta,  521 
Post  Office  Bldg.;  New  Orleans,  1020  Hi- 
bernia  Bank  Bldg.;  San  Francisco,  306-7  L. 
S.  Customhouse;  Seattle,  922  Alaska  Bldg. 
In  applying  for  addresses  reference  should 
eb  made  to  the  tile  numbers. 

Iron  and  Steel  Products. — Business  man  in 
Italy  wishes  to  get  in  communication  with 
American  exporters  of  steel  plates,  frames, 
beams  and  angles.  He  solicits  correspond- 
ence in  English,  giving  full  detail  as  to  prices, 
terms,  discounts,  etc.  No.  16426.  [For  ad- 
dress  see   lirst  paragraph.] 

Building  Material. — Government  of  Central 
American  has  let  a  contract  to  an  American 
for  the  construction  of  a  reinforced  concrete 
building  to  cost  about  $40,000.  The  contractor 
will  be  in  need  of  cement,  builder's  hardware, 
etc.  No.  16427.  [For  address  see  first  para- 
graph.] 

Steam  Cranes,  Contractors'  Machinery,  etc. — 
An  industrial  bureau  in  Europe  desires  to 
obtain  an  agency  for  the  sale  of  American 
machinery.  It  is  especially  interested  in 
steam  cranes,  rolling  stock,  material  for  con- 
tractors, and  machinery  in  general.  No.  16435. 
[For  address  see  first  paragraph.] 

Power  Plant. — It  is  understood  that  a  con- 
cession for  an  electric  power  and  light  plant 
for  a  town  of  7.000  inhabitants  in  Latin 
America  will  be  let  to  an  American  corpora- 
tion in  the  near  future.  It  is  stated  that  the 
corporation  now  controls  a  number  of  public 
utilities.  The  power  plant  will  probably  be 
operated  by  steam  at  first  and  later  by  water 
power.  No.  16436.  [For  address  see  first 
paragraph.] 

Motor  Trucks. — Firm  of   wholesale  grocers' 
in  Canada  wishes  prices  and  full  information 
relative  to  2-ton  motor  trucks.     Prices  should 
be  quoted  f.  o.  b.  destination.    No.  16469.  [For 
address   see   first  paragraph.] 

Steel  and  Iron. — A  large  importing  firm  in 
Spain  wishes  to  secure  immediately  prices  on 
iron  bars,  round  and  square,  plates,  tires, 
calks  for  horseshoes,  hoops,  iron  window 
frames,  stair  rails,  grills,  etc.,  T  bars,  and 
structural  iron.  Correspondence  should  be  con- 
ducted in  Spanish.  No.  16470.  [For  address 
see   first  paragraph.] 

Water  Supply  and  Sewerage  Systems. — Date 
for  submission  of  bids  for  the  water  supply 
and  sewerage  systems  for  the  cities  of  Athens 
and  Piraeus,  Greece,  has  been  extended  for  3 
months.  Bids  were  to  have  been  opened  on 
April  12.  Plans,  etc.,  can  be  examined  at  the 
Bureau  of  Foreign  and  Domestic  Commerce 
or  its  branch  offices. 


INDUSTRIAL  NOTES 

The  Richardson-Phenix  Co.,  Milwaukee, 
Wis.,  has  purchased  the  patents,  good-will  and 
manufacturing  rights  of  the  Osborne  "No- 
Kut"  valve  and  is  now  carrying  a  complete 
line  of  the  various  size  valves  in  stock. 

The  Bucyrus  Co.,  of  South  Milwaukee,  Wis., 
has  moved  its  Southern  sales  office  from  Bir- 
mingham to  New  Orleans,  La.  Mr.  E.  L. 
Byron,  Southern  Sales  Manager,  who  is  well 
known  throughout  the  South,  will  remain  in 
charge,  and  will  have  associated  with  him 
Mr.  R.  S.  Byron.  His  office  will  be  1105 
Hennen   Bldg. 

The  Rocmac  Road  Department. of  the  Phil- 
adelphia Quartz  Co.  has  established  a  branch 
office  in  Anderson,  Ind.,  with  offices  in  the 
Union  Building.  Rocmac  in  the  Indiana  ter- 
ritory is  being  represented  by  Brooks  E. 
Miller.  M.  Tr  Calef,  Road  Engineer  for  the 
Rocmac      Road      Department,      has      recently 


opened  an  office  in  Harrisburg,  Pa.,  Room  203 
Trustee  Bldg,  No.  8  North  Market  Sq. 

NEW  CATALOGUES 

Batch     Mixers. — Paper,     6x9     ins.;     12     pp. 

Raber  &  Lang  Mfg.   Co.,  Kendallville,  Ind. 

Booklet  J6,  giving  details  of  construction 
and  operation  of  the  Bull-Dog  Batch  Mixer, 
Type  B.  Table  of  sizes  and  capacities,  spec- 
ifications and  price  list  are  included.  Illus- 
trated. 

Concrete     Mixers. — Paper,     circular.       Ideal 
Concrete    Machinery    Co.,    1-342    Monmouth 
avenue,   Cincinnati,   Ohio. 
Shows     views     of     the     Ideal     Cincinnatus 
Mixer,  gives  comparative  cost  data,  specifica- 
tions ifor  No.  7   machine,  and   price  «nd  lists 
the  various  equipment. 

.'\iR    Compressors — Paper,    6x9    ins.;    .32    pp. 

Ingersoll-Rand     Co.,     11     Broadwav,     New 

York  City. 

Form  No.  3015,  complete  treatise  on  sub- 
ject of  portable  air  compressing  outfits  for 
the  contractor,  mine  operator,  factory  man- 
ager and  others  employing  air  tools.  Illus- 
trated. 

Scraper — Paper,  9x6  ins.;  14  pp.  The  Baker 
Manufacturing  Co.,  506  Stanford  Avenue, 
Springfield,  111. 

Describes  the  Maney  four-wheeled  scraper. 
Shows  various  types  and  views  of  operations 
on  grade  reduction  or  road  construction 
work.  Also  shows  cuts  of  extra  parts  and 
gives  dimensional   data. 

Wire  Rope  Fastenings. — Paper,  4%x5%  ins. ; 

18  pp.     American  Hoist  &  Derrick  Co.,  St. 

Paul,   Minn. 

The  February-March  issue  of  "The  Crosby 
Clipper."  This  number  describes  the  erection 
of  a  big  reinforced  concrete  reservoir  at  Tus- 
caloosa, Ala.,  and  use  of  "Crosby"  clips  in  its 
construction.  Also  describes  some  interest- 
ing bridge  work.     Illustrated 

Wire     Rope. — Paper,     3%x6%     ins. ;     12     pp. 

Wright      Wire      Company,      79      Hammond 

street,  Worcester,  Mass. 

Points  out  the  value  of  wire  rope  in  modern 
construction  operations  and  the  particular  ad- 
vantage of  Excelsior  elevator  ropes  made  by 
the  Wright  Wire  Company.  Give^  list  of 
buildings  in  which  they  are  used  and  instruc- 
tions for  ordering.     Illustrated. 

.\iR  Washer. — Paper,  6x9  ins.;  8  pp.  Spray 
Engineering  Co.,  93  Federal  street,  Boston, 
Mass. 

Bulletin  No.  151,  devoted  to  the  subject  of 
washing  and  cooling  air  for  steam  turbine 
generators.  Describes  the  use  of  Spray  air 
washers  and  coolers,  gives  temperature  tables, 
diagrams  of  installation  and  views  of  op- 
eration. 

Drills — Paper,  6x9  ins.;  8  pp.  E.  J.  Long- 
year  Co.,  710  Security  Bank  Building,  Min- 
neapolis, Minn. 

"Modern  Prospecting"  is  the  title  of  Bulle- 
tin No.  7,  issued  by  the  contract  drilling  de- 
partment of  the  company.  Describes  and  il- 
lustrates the  work  of  Longyear  diamond  core 
drills  and  the  "Longj'ear  Service"  in  the 
prospecting  field. 

.Assessments  for  Improvements — Paper,  6x9, 
ins. ;  48  pp.    Universal  Portland  Cement  Co.. 
208  S.  LaSalle   Street,  Chicago. 
"Local    Improvements    by    Special    Assess- 
ment   in    Illinois,"    contains    brief    outline    of 
procedure,    references   to   court    decisions   and 
forms   as   they   might   be   applied   to   concrete 
paving    improvement.        The    manual    is    pub- 
lished   with    a    view    to    assisting    officials    to 
avoid    errors    and    litigation    in    making    local 
improvements. 

Expanded  Metal  Lath — Paper,  6x9  ins.;  52 
pp.  Northwestern  Expanded  Metal  Co.,  901 
Old   Colony   Building.   Chicago. 
"Kno-Burn"  expanded  metal  lath  is  the  sub- 
ject   of   this   pamphlet,   which   points   out    the 
advantages   of   metal   lath   in   general    and    of 


"Kno-Burn"  in  particular.     Gives  information     I 
and  data  on  protective  coatings,  specifications     ' 
and  construction  details  of  partitions,  ceilings,     ' 
ornamental   plastering,    exterior   plastering   or 
stucco,     overcoating    and    corner    beads,    etc. 
Illustrated. 


CATALOGUE  REVIEWS 

Atlas  Publications. — Paper,  6x9  ins.  and  5Vi 
X  7  ins.,  respectively.  Atlas  Portland  Ce- 
ment Co.,  30  Broad  Street,  New  York  City. 
The  Atlas  Portland  Cement  Co.  publishes 
two  little  monthly  pamphlets  which  are  of  in- 
terest to  all  engineers  and  contractors  or  oth- 
ers who  use  cement  or  concrete.  One  of  these 
is  known  as  "The  Contractor's  .Atlas,"  and 
consists  of  "practical  ideas  for  the  building 
contractor."  The  March  number  of  this  pub- 
lication contains  articles  on  "Concrete  Bunga- 
lows at  High  Lake,  111." ;  "Concrete  Ice 
Houses,"  and  "Structural  Tones  and  Counter 
Tones."  These  are  illustrated  by  half-tones, 
diagrams,  and  small  sketches,  evidently  by  the 
stafT  cartoonist. 

The  other  magazine  goes  by  the  name  of 
"The  .Atlas  Almanac,"  and  purports  to  be  a 
"calendar  of  cement  progress."  It  is,  if  any- 
thing, a  little  more  elaborate  than  the  ".Atlas," 
and  is  written  up  in  an  attractive,  though 
loquacious,  style.  The  March  number  con- 
sists of  a  description  of  an  imaginary  trip 
through  "a  few  of"  the  Atlas  plants.  This 
is  illustrated  by  photographs  of  the  many 
quarries,  mills,  shops,  stock  houses,  and  some 
of  the  interiors,  machinery,  etc.,  and  is  also 
brightened  by  the  little  thumb-nail  sketches, 
which  are  not  the  least  attractive  feature  of 
both  papers. 

Oxy-Acetylene     Process. — Cloth,     6x9     ins. ; 

134  pp.   Vulcan  Process  Co.,  2430  University 

avenue.   i\Iinneapolis,   Minn. 

The  third  edition  of  the  Vulcan  Textbook 
on  Welding  and  Cutting  Metals  by  the  Oxy- 
Acetylene  Process,  revised  and  up-to-date,  has 
recently  been  published.  The  book  aims  to 
give  a  short,  clear  and  practical  explanation 
of  the  theory  and  practice  in  this  field,  with- 
out including  unnecessary  technical  material. 
Chapters  on  chemistry,  physics  and  the  nature 
and  composition  of  metals  are  of  an  element- 
ary nature  and  in  the  simplest  langua.ge,  giv- 
ing sufficiently  explicit  explanations  to  make 
clear  the  operation  and  application  of  the  oxy- 
acetylene  apparatus.  The  nature  and  effect 
on  metals  of  all  gases  used  in  autogenous 
welding,  why  some  welds  are  a  failure  and 
others  a  success,  how  to  base  charges  for 
welding  work,  theory  of  cutting  and  use  of 
torch,  are  some  of  the  subjects  treated.  The 
book  contains  64  illustrations  of  plant  and 
operations,  and  a  number  of  tables  giving 
cost  data,  quantities  and  pressure,  consump- 
tion of  gas,  and  other  useful  information. 
It  is  compiled  by  Mr.  C.  H.  Burrows  and  a 
free  copy  is  furnished  each  purchaser  of  a 
Vulcan  welding  plant.  Regular  price  $1.50 
post  prepaid. 

Centrifugal  Pumps — Paper,  6x9  ins.;  298  pp, 
De  Laval  Steam  Turbine  Co.,  Trenton, 
N.  J. 

Catalogue  "B,"  describing  De  Laval  high 
efficiency  centrifugal  pumps,  their  character- 
istics, design,  manufacture,  testing,  selection 
and  adaptation  to  various  uses.  Single-stage 
and  multiple  stage  types  for  all  capacities  and 
all  heads  are  shown.  Special  chapters  are 
devoted  to  speed-reducing  gears  and  turbine- 
driven  water  works  pumps.  The  catalogue  is 
divided  in  13  parts  the  subjects  of  which 
follow :  History  and  Perspective ;  Selection 
of  Centrifugal  Pump;  Pump  Characteristics: 
Testing  De  Laval  Pumps :  System  of  Manu- 
facture: Details,  Design  and  Construction  of 
.Single-Stage  Pumps;  Multi-Stage  Pumps; 
Turbine  and  Pump  Speeds :  Speed  Reduction 
Gear;  Motor,  Belt  and  Gear  Drives;  Water- 
works Pumps ;  Common  Applications :  Data 
and  Specifications.  The  catalogue  is  ex- 
tensively illustrated  with  photographs  of  typ- 
ical installations  and  of  the  various  types  of 
pumps.  Tables,  charts  and  diagrams  accorn- 
pany  the  text,  giving  data  on  tests,  capaci- 
ties,  etc. 
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Continued      improvement 
The  Doings     in  business  and  finance  has 
been    shown      during      the 
of  past    week.   Practically     all 

,       -^jiT     ,  branches  of  industry  report 

trie  week.  gains.  The  export  trade 
showed  some  falling  off, 
but  the  balance  for  April  will  be  large.  There 
has  been  an  enormous  absorption  of  securi- 
ties in  the  past  few  days.  Bank  clearings  last 
week  disclosed  a  small  gain  over  the  figures 
for  the  same  period  last  j'ear.  Cotton  showed 
greater  activity,  copper  metal  sales,  foreign 
and  domestic,  increased,  and  the  lumber  trade 
made  steady  progress.  The  railways  are  hav- 
ing less  difficulty  in  financing,  and  as  a  result 
many  companies  are  about  to  come  into  the 
equipment  and  supply  market.  In  fact  it  is 
reported  that  purchases  aggregating  nearly 
$50,000,000  already  have  been  authorized.  In 
the  construction  field  there  has  been  no  slow- 
ing up  of  activity  during  the  past  week.  Many 
large  contracts  were  placed  and  much  new 
work  reached  the  call  for  bids  stage.  County 
and  road  district  highway  improvements,  in 
particular,  make  an  especially  good  showing 
this  week.  A  considerable  amount  of  bridge 
work  also  is  being  advertised.  In  the  munici- 
pal field  many  construction  undertakings  are 
being  advertised.  Smaller  cities  are  particu- 
larly active  at  this  time  in  taking  bids  on  their 
improvements.  Street  paving  and  waterworks 
and  sewerage  construction  are  offering  many 
opportunities.  Many  good-sized  government 
river  and  habor  contracts  are  now  ready 
for  bids.  In  the  steel  and  iron  industries 
there  has  been  increased  activity.  Plants  out- 
side of  the  U.  S.  Steel  Corporation  are  now 
operating  at  85  per  cent  to  100  per  cent  ca- 
pacity. This  is  due  in  the  main  to  war  orders 
rather  than  to  domestic  demands.  The  Steel 
Corporation  continues  to  operate  at  about  75 
per  cent  capacity.  Demands  for  structural  ma- 
terial are  increasing.  Bookings  for  March,  ac- 
cording to  the  Bridge  Builders  and  Structural 
Society,  amounted  to  110,000  tons  or  64  per 
cent  of  the  fabricating  capacity  of  the  coun- 
try. This  was  the  best  record  since  last  July. 
For  the  first  three  months  of  this  year  the 
average  was  about  51,000  tons. 

Railways. — While  no  particularly  large 
construction  contract  appears  to  have  been  let 
last  week,  there  have  been  many  encouraging 
factors.  The  fact  that  the  railways  are  buy- 
ing once  again  leads  to  the  conclusion  that 
they  also  will  take  up  their  construction  pro- 
grams. In  the  east  there  are  at  least  three  big 
jobs  that  are  about  ripe  and  it  would  not  be 
surprising  if  contracts  for  them  were  let  any 
time  in  the  near  future.  The  Union  Station 
Co..  which  is  in  charge  of  the  erection  of  the 
new  $05,000,000  terminal  at  Chicago,  has  asked 
bids  on  another  large  contract  in  connection 
with  this  development.  The  work  advertised 
calls  for  the  building  of  trunk  sewers  in  Canal, 
Monroe  and  Clinton  Sts.,  concrete  retaining 
walls  and  curb  wall  in  Canal  St.,  and  curb 
walls  in  Monroe  St.  Among  the  contracts  re- 
ported recently  are  the  following :  H.  W. 
Nelson  Co.,  Chicago,  for  bridge  fills  for  Illi- 
nois Central  R.  R.,  about  400.000  cu.  yds.  in 
all;  Henry  &  McFee,  Seattle,  Wash.,  a 
$250,000  contract  for  snow  sheds  for  Great 
Northern  Ry. :  A.  R.  Canaday,  Deerfield, 
Kan.,  and  Woodward  &  McCall,  Culver,  Kan., 
grading  for  Salina  Northern  R.  R.,  a  new  80- 
mile  line  projected  from  Salina  to  Osborne; 
Litchfield  Construction  Co.,  New  York  City, 
at  $1.037,.50n,  and  Inter-Continental  Construc- 
tion Corp.,  New  York  City,  at  $2,744,263,  sub- 
way contracts  in  New  York  City. 

Roads  and  Streets. — Several  large  road 
jobs  are  1)cing  advertised  in  the  south  and 
southwest  states.  Collins  County,  Texas, 
opens  bids  June  7  on  1^5  miles  of  macadam, 
gravel  or  concrete  surfacing;  Capital  County, 
Mississippi,  is  asking  proposals  on  gravel 
road  construction  to  cost  about  $150,000;  St. 
Mary  Parish.  Louisiana,  is  asking  bids  on  50 
miles    of    gravel    or    shell    surfaced    highway. 


California  has  awarded  several  state  highway 
contracts  and  is  caUing  for  bids  on  work  cost- 
ing about  $145,000.  New  York  is  advertising 
19  repair  contracts  and  last  week  awarded 
about  $250,000  worth  of  this  kind  of  work. 
Counties  in  New  Jersey  are  now  taking  bids 
on  numerous  highway  jobs.  Perhaps  the 
largest  of  these  is  the  work  for  Bergen  Coun- 
ty. This  calls  for  the  improvement  of  Lafay- 
ette Ave.  and  Teaneck  and  other  roads. 

Bridges. — A  number  of  fair-sized  bridge 
contracts  came  up  for  advertising  during  the 
past  week.  The  county  supervisors  at  Eureka. 
Cal.,  open  bids  Mav  11  on  work  to  cost  about 
$03,000;  the  County  Clerk  at  North  Platte, 
Neb.,  is  asking  bids  on  a  state  aid  bridge  to 
cost  about  $45,000 ;  the  Commissioners  of 
Floyd  County,  Ga.,  open  bids  May  21  on  three 
large  bridges — two  reinforced  concrete  struc- 
tures and  a  steel  truss  bridge.  A  fair  amount 
of  small  bridge  and  culvert  construction  for 
various  counties  is  now  ready  for  bids. 

Drainage  and  Irrigation. — No  particularly 
large  undertakings  in  either  the  drainage  or 
irrigation  fields  appear  to  have  reached  the  call 
for  bids  stage  during  the  past  week.  The 
Mecklenburg  Drainage  Commission  of  Char- 
lotte, N.  C,  is  asking  for  proposals  on  about 
300.000  cu.  yds.  of  dr^edge  ditches.  The  U.^  S. 
Reclamation  Service,  Provo,  Utah,  is  asking 
bids  on  about  30,000  cu.  yds.  of  excavation 
and  3,400  cu.  yds.  of  concrete.  Bids  are  being 
taken  on  a  175,000  cu.  yd.  levee  job  at  Waxa- 
hachie.  Tex.,  and  a  90,000  cu.  yd.  ditch  and 
levee   job   at   Edinburgh,   Tex. 

Water  Works. — Many  small  municipali- 
ties are  calling  for  bids  for  constructing 
water  works  or  for  improvements  to  existing 
systems.  F.  H.  Nakielski,  Milwaukee,  Wis., 
at  $34.92  per  lin.  ft.,  was  low  bidder  for  the 
5,600  ft,  water  tunnel  for  Milwaukee.  The 
Schaw-Batcher  Co.,  Sacramento,  Cal.,  was 
awarded  contract  at  $593,529  for  extending 
water  mains  for  Sacramento.  Paris,  111.,  is 
calling  for  bids  on  water  works  improve- 
ments ;  and  Osseo,  Minn.,  and  Riverside, 
Wash.,  are  asking  proposals  for  complete 
systems. 

Sewerage. — The  Sewerage  Commission  of 
Milwaukee.  Wis.,  is  readvertising  the  con- 
tracts for  intercepting  sewers  on  each  side  of 
the  Milwaukee  River.  Huntington,  N.  Y.,  is 
calling  for  bids  on  a  sewer  system  requiring 
15  miles  of  sewers  and  sewage  treatment 
works.  Siloam  Springs,  Ark.,  is  asking  pro- 
posals on  about  10  miles  of  sewers,  and  Pana, 
III.,  opens  bids  April  30  on  a  sewage  treat- 
ment plant.  The  Passaic  Valley  Sewerage 
Commission,  Newark,  N.  J.,  is  calling  for  bids 
on  another  section  of  the  Passaic  Valley  inter- 
cepting  sewers. 

Rivers  and  Harbors. — Government  river 
and  harbor  work  is  beginning  to  offer  many 
constrviction  opportunities.  The  U.  S.  En- 
gineer at  Detroit,  Mich.,  is  advertising  several 
good-sized  undertakings,  one  of  them  calling 
for  the  masonry  for  the  fourth  lock  at  Sault 
Ste.  Marie,  Mich.  Work  on  which  bids  are 
now  being  taken  by  the  U.  S.  Engineer  at 
Kansas  City,  Mo.,  includes  13,.350  lin.  ft.  of 
standard  3-row  timber  dike  and  17,000  ft.  of 
standard  revetment.  This  work  is  divided 
into  five  contracts.  The  city  of  Dunkirk, 
N.  Y..  is  asking  bids  for  the  construction  of 
a  public  wharf.  The  Levee  Board  at  Clarks- 
dale.  Miss.,  opens  bids  May  12  for  facing  about 
1.38,000  sq.  yds.  of  levee  with  a  3-in.  plain 
concrete  slab. 


The   press   dispatch   stat- 
ing   that    the    Alaska   En- 
Few  Jobs        gineering     Commission    al- 
•  ready   had    received    40,000 

,,      ,  applications,    for    jobs    and 

Alaska.  |,_.,j   only  400   p]ajgs   ^^   ^n 

probably  exag.geratcs  the 
situation,  Nevertheless  there  have  been  so 
many  reports  of  an  impending  stampede  of 
labor  in  search  of  work  on  the  government 
railway    that    the    Commission    has    issued    a 
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warning  that  no  large  number  of  men  would 
l)e  needed  this  year.  '  The  construction  this 
season,  for  the  most  part,  will  be  done  by  sta- 
tionmen  and  there  are  plenty  of  these  on  the 
coast.  Experience  in  work  of  this  sort,  long 
hours  and  hustling  all  the  time,  are  necessary 
if  a  stationman  is  to  make  more  than  a  Uving 
wage.  The  Commission  itself  will  employ 
only  a  few  engineers  and  these  will  be  men 
experienced  in  railroad  building.  The  Fed- 
eral appropriation  for  the  Alaskan  railwav  for 
the  fiscal  year  is  only  $2,000,000.  Two' rail- 
road contracts  let  in  the  states  in  the  last  month 
calls  for  larger  expenditures  than  this 
amount.  There  are  few  opportunities  for 
work  in  Alaska  at  the  present  time,  and  any- 
one going  there  looking  for  a  job  would  do 
well  to  have  grub  stake  large  enough  to  in- 
sure the  purchase  of  a  return  ticket. 


One  of  the  little  troubles 

of  the  contractor  is  the  un- 

Standard         uniformity     of     state     laws 

Boiler  ^""^  boiler  inspection.     It  is 

c         -cL      <.•  exasperating    to     find     that 

bpecincations-the    i^ojjgr   on   the   hoisting 

engine,  perfectly  good  in 
one  state,  is  decrepit  and  dangerous  in  the 
adjoining  commonwealth.  But  relief  is  in 
sight.  The  joint  committee  of  the  American 
Boiler  Manufacturers'  Association  and  the 
National  Tubular  Boiler  Association  has  ap- 
proved the  steam  boiler  specifications  formu- 
lated by  a  committee  of  the  American  Society 
of  Mechanical  Engineers.  Practically  all  the 
boilermakers  of  the  country  will  therefore 
operate  under  a  standard  code.  Boiler  inspec- 
tion companies  also  will  get  in  line  and  draw 
their  specifications  to  conform  to  this  code.  As 
a  result,  contractors  operating  in  more  than 
one  state  will  in  the  future  be  saved  much 
inconvenience   and   expense. 


Spring  and  trouble  in  the 
building    trade   usually    ar- 
Labor  rive    about    the    same   titne. 

Troubles  Last  week  it  was  Chicago, 
4.  -D-tt  u  u  "ow  it  is  Pittsburgh.  In 
at  Fittsburgtl.  ^]^^  ,3^^^  ^-^^  ^^^  bricklay- 
ers are  asking  an  increase 
in  pay.  They  get  70  cts.  an  hour  and  want 
75  cts.  They  also  insist  that  they  shall  set  the 
promenade  tile  regardless  of  the  Roofers' 
Union  and  that  the  employers  shall  rec- 
ognize the  Building  Laborers'  Union.  The 
employers  consider  the  demands  unreasonable 
in  face  of  present  conditions  and  intend  to 
resist.  As  a  result  a  walkout  is  threatened 
which  would  tie  up  more  than  $20,000,000 
worth  of  building  work  now  under  construc- 
tion. Compulsory  arbitration  of  labor  dis- 
putes would  save  disinterested  parties,  usual- 
ly the  chief  sufferers  from  strikes,  from  hav- 
ing their  neutrality  violated. 


Every  time  a  state  legis- 
lature  convenes     bills     are 
Gouging         introduced   for  gouging  the 
the  Railways.   '  :}>'.ways.    Two    particularly 
■'       vicious  pieces  of  legislation 
are  now  before  the  Illinois 
legislature.  One  of  these  limits  the  length  of 
trains  to  50  cars ;  the  other  specifies  the  number 
of  men  that  may  be  employed  upon  a  switch  en- 
gine  while   engaged   in   switching  cars.      Both 
bills   were   introduced   by   labor   interests   who 
justify   the   measure   on   the   .grounds   of    effi- 
ciency  and   safety.     Long   trains,   they   claim, 
are  a   source   of   inconvenience   to   the   public 
because  they  "block  the  street  crossings,  hold 
up    fire    departments,    and    delay    doctors    re- 
sponding to  calls."     The  sponsors  also  claim 
that    with    shorter    trains    there    would    be    a 
quicker   movement   of    freight.      This   is   class 
legislation    of    the   worst    kind.      Should   such 
a   law  be   enacted  the  cost  of  hauling  would 
be  greatly  increased  and  the  millions  spent  by 
the  railroads   for  grade  reductions,   for  curve 
elimination    and    other    betterments,    and    for 
heavier  equipment   will   have   been   wasted. 
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DRAINAGE    LETTING    IN    DYER 
COUNTY,  TENN. 


right   of  way.     The   total   cost   will   be   nearly 
$G0,(J00. 


Work  to  Be  Done  in  Reed's  Creek  District. 


635,000  Cu.   Yds.   of  Floating   Dipper   Dredge   Ex- 
cavation. 

Bids  will  be  opened  May  14  at  Dyersburg, 
Tenn.,  by  the  Directors  of  Reed's  Creek 
Drainage  District  of  Dyer  County,  Tennessee, 
for  the  construction  of  an  important  drainage 
system  in  the  northwestern  part  of  Tennessee. 
This  district  lies  about  100  miles  north  of 
Memphis  and  is  crossed  by  the  main  line  of 
the  Illinois  Central  R.  R.  The  Morgan  Engi- 
neering Co.,  Memphis,  Tenn.,  made  the  sur- 
veys of  the  territory  and  designed  the  recla- 
mation system. 

The  boundaries  of  this  district  include 
about  U.OOO  acres  of  fertile  bottom  lands.  The 
overflow  waters  from  Reed's  Creek  and 
Sharp's  Creek  cover  all  the  land  several  times 
each  year,  and  a  part  of  the  acreage  is  so  low 
and  swampy  that  the  water  stands  over  dur- 
ing practically  the  entire  year.  At  the  present 
time  only  2.5  per  cent  of  the  district  is  culti- 
vated. Those  lands  that  are  cleared  are  unfit 
for  profitable  cultivation.  On  some  of  the 
lands  that  are  in  cultivation,  only  about  one- 


Road   Repair   Lettings  by   New   York 
Highway  Commission. 

Bids  were  opened  .\pril  'Jd  by  the  State 
Higliway  Commission  of  New  York  on  20 
contracts  for  the  repair  of  public  highways 
by  state  aid.  The  work,  in  general,  consisted 
of  resurfacing  or  the  application  of  bitumi- 
nous materials.  The  total  cost  on  the  basis 
cif  the  low  bids  being  accepted  will  be  about 
$250,000.  There  was  considerable  competition 
on  the  work  and  for  none  of  the  jobs  were 
there  less  than  si.x  bidders.  On  repair  con- 
tract No.  70.5  for  Road  No.  3(i.5,  Guilderland, 
Guilderland  Center,  in  Albany  County,  there 
were  17  bidders.  On  many  of  the  contracts 
there  was  little  difference  of  opinion  regard- 
ing the  prices  for  the  work  and  as  a  conse- 
quence the  bids  were  well  bunched. 

On  several  contracts  the  figuring  was  espe- 
cially close,  there  being  a  difference  of  only 
a  few  dollars  between  the  totals  of  the  low 
man  and  his  nearest  competitor.  On  Repair 
Contract  No.  705.  Alonzo  Schaupp  of  Guilder- 
land  put  in  a  bid  of  $8,286 ;  the  ne.xt  lowest 
bid  amounted  to  $8,3R8,  a  difference  of  $52. 
The  following  tabulation  shows  the  high  and 
low  bids  and  the  number  of  bidders  on  each 
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—  Railroads 
lii^Dist  Boundry 
^'-  Large  Towns 
»   Small  Towns 

—  County  Lines 
/^"S^Ditch  Numbers 

—  Prop  Ditch 

—  Schools  uLu   .,     . 
=   Churches  ^^^^Newbern 


-Wafer  Shed  Bound,  line. 


Location    of    Ditches    in    Reed    Creek   Drainage  District. 


half  a  crop  can  be  made  on  account  of  the 
waterlogged  condition  of  the  soil.  These 
overflow  waters  become  stagnant  and  thus 
endanger  the  health  of  the  community.  As 
the  district  is  situated  in  the  low  valley  bot- 
toms, the  soil  is  very  rich  and  productive. 
Soil  borings  taken  along  the  line  of  the 
ditches  show  a  blue  clay  subsoil  with  a  thick 
covering  of  black  loam  top  soil. 

The  plan  which  has  been  adopted  for  the 
reclamation  of  this  territory  consists  of  three 
open  ditches,  having  a  total  length  of  about 
15  miles.  The  main  ditch  follows  down  the 
valley  of  Reed's  Creek.  It  ranges  in  size 
from  a  14-ft.  bottom  width  with  "^ -.1  slopes, 
to  a  35-ft.  bottom  with  1 :1  side  slopes. 

A  second  ditch  traverses  the  Sharp's  Creek 
bottoms.  This  will  have  14-ft.  or  18-ft.  bot- 
tom widths  and  Vi  :1  side  slopes.  The  third 
ditch  is  planned  to  drain  a  low  piece  of  coun- 
try and  will  have  a  14-ft.  bottom  width  arid 
Vi-.l  slopes.  The  berms  will  be  10  ft.  wide  in 
all  cases. 

The  fall  in  these  ditches  varies  from  about 
7  ft.  per  mile  at  the  heads  of  the  valleys  to 
about  1  ft.  per  mile  near  the  outlets.  The 
average  cuts  will  vary  from  about  7  ft.  to 
10.5  ft.  The  total  yardage  to  be  excavated 
is  about  055.000  cu.  yds.  This  can  be  done 
best  with  floating  dipper  dredges.  The  ex- 
cavation work  has  been  estimated  to  cost  8 
cts.  per  cubic  yard,  including  clearing  the  ditch 


contract.  The  names  of  the  three  low  bidders 
and  the  bidding  prices  will  be  found  under 
Roads   and   Streets   elsewhere   in   this   section. 

Repair 

Contract  Number 

No.  Miles.  High  bid.  Low  bid.  bidders. 

70.5  1.9  *  $10,305  $  S,2S6  17 

695  5.73t  10,939  9,911  S 

694  1.07t  2,8S4  2,291  S 

707  7.34*  38,887  30,435  11 

691  l.OOt  2,275  1,942  6 
706  3.64*  26,991  20,961  7 
611  1.72*  6,606  5,471  12 
(598  2.21*  10,517  8,655  11 

699  2.50*  12,314  9,595  12 

700  3.09*  11,590  9,755  8 
697  9.07t  12,026  9,971  10 
T09  2.46*  13,124  11,927  6 
70S  3.79*  23,629  20,193  15 

692  S.49t  7.493  5,600  8 

702  5.72*  24,804  21,324  10 
G96  1.50*  13,878  12,446  7 
704            3.82*              18,823              16.343  7 

710  4.12*  24,049  19,907  8 

703  7.01t  3.793  3.000  10 

711  1.28*  9.752  8,573  7 
•Resurfacing.     tSurface  treatment. 

'No.  265-Deposit  and  No.  5338-.-\,  Windsor- 
Deposit.  ^Also  Nos.  31S,  319  and  675.  'Also  Road 
No.  443. 

The  next  letting  for  repair  contracts  will 
he  held  on  May  11.  .^t  that  time  bids  will 
be  onened  on  19  contracts.  Of  these,  11 
provide  .for  N.  C.  T.  .cold  applications,  four 
provide  for  C.  O.  applications,  one  for  H.  O. 
application,  one  for  iBit  Mat  ".A"  application 
and  one  for  Bit  Mat  "A"  application,  L.  C.  T. 
cold   application   and   C.   O.  application. 


Surveys  Made  for  44-Mile  Scenic  High-   ] 
way  in  Mt.  Rainier  National  Park,        i 
Washington. 

The  Federal  Government  has  had  surveys 
made  for  a  highway  in  the  Mt.  Rainier  Na- 
tional Park  and  Rainier  National  Forest, 
State  of  Washington,  that  calls  for  an  esti- 
mated expenditure  of  over  $610,000.  No 
definite  action  has  been  taken,  however,  to- 
ward the  construction  of  the  road,  and  it  , 
probably  is  a  development  of  the  future.  The 
surveys  were  authorized  in  June,  1913,  and 
were   completed   last   year. 

The  route  as  surveyed  extends  from  a  point 
on  the  government  road  southerly  and  south- 
easterly along  the  south  side  of  the  Tartoosh 
Range  and  down  Skate  Creek  Canyon  to  its 
crossing  with  the  Cowlitz  River.  From  this 
point  it  runs  northeast  and  north  along  the 
east  side  of  the  Cowlitz  and  Ohanapecosh  to 
Boundary  Post  No.  40  on  the  southern 
boundary  line  of  the  National  Park,  near  Hot 
Springs.  From  here  it  extends  north  and 
northeast  across  the  southeastern  part  of  the 
park  and  in  the  forest  preserve  to  a  point  in 
Rainier  Pass,  2  miles  east  of  the  boundary  line 
of  the  park.  Of  the  whole  route  5J4  miles 
would  be  above  an  elevation  of  4,000  ft.  The 
total  length  is  44  miles.  The  route  is  divided 
into  three  sections,  the  lengths  and  estimated 
costs  being  as  follows : 

Length,    Est. 
miles.       cost. 
Longmlre      Springs      to      Cowlitz 

River     15.34     $200,827 

Cowlitz  River  to  Hot  Springs 11.95       140,537 

Hot  Springs  to  Rainier  Pass 16.73       268.803 

These  estimates  are  based  on  an  18-ft.  road 
with  grades  not  greater  than  5  per  cent  except 
in  five  cases,  where  they  would  vary  from 
5  to  6  per  cent  over  a  total  length  of  2.7 
miles.  About  564,863  cu.  yds.  of  excavation 
would  be  required  in  the  construction  of  the 
highway.  This  would  include  considerable 
hardpan  and  several  solid  rock  cuts,  and  the 
work  would  be  heavy  and  expensive. 

The  highway  would  require  15  bridges 
estimated  to  cost  $46,700.  The  piers  and  abut- 
ments would  be  of  rubble  masonry  and  local 
stone.      The    locations    of   the    structures    and 

their  lengths   are   as   follows: 

Length, 

Location.  ^■ 

Misqually  River   l',;0 

.Tohnson  Creek    ' JJ 

Cowlitz  River   1™ 

Lake  Cr;ek    60 

Coal  Creek   M 

Purcell   Creek    40 

Clear  Fork  Creek »o 

Summit   Creek    »4 

Hot  Springs  Creek Ml 

Ohanapecosh,    No.    1 =4 

Ohanapecosh,  No.  2 ^„' 

Rock  Falls  Creek   j'> 

Dewey    Creek    40 

Rainier  Creek,  No.  1 jO 

Rainier  Creek,  No.  2 -'" 

A  $640,000  Filtration  Plant  for 
WheeHng,  W.  Va. 

The  proposed  filtration  scheme  for  Wheel- 
ing, W.  Va.,  has  been  advanced  another  step 
tow-ard  the  construction  stage.  On  .April  20 
the  city  council  passed  an  ordinance  provid- 
ing for  an  election  on  May  15  to  vote  on  a 
bond  issue  of  $640,000  for  installing  the  plant. 
At  a  preferential  election  last  July  the  citi- 
zens voted  in  favor  of  putting  in  a  Smith  slow 
sand  filtration  svstem. 

The  plant  is  to  have  a  capacity  of  20,000,- 
000  daily,  and  the  filter  beds  will  be  connected 
with  the  valve  chambers  and  auxiliary  pump- 
ing station  bv  ten  24-in.  supply  lines.  The 
cost  of  the  plant  and  supplv  line  is  estimated 
at  $430,000.  The  plan  of  improvement  in- 
cludes a  valve  chamber  and  auxiliary  pump- 
ing station  with  four  10,000.000-gal.  centrifu- 
gal pumps,  a  covered  concrete  reservoir  of 
5.000,006  gals,  capacity,  and  a  .36-in.^  pipe  line 
from  the  reservoir  to  the  present  city  pump- 
ing station.  The  total  estimated  cost  is  as 
follows : 

Sites,    right  of  way,   etc ^Sn'nnn 

Plant  and  supply  lines ■  ■'J".""" 

Valve     chamber,     pumping    station     and 

nnmnc;  60.000 

pumps -„  «„f. 

Concrete   reservoir Sn'nnn 

Pipe   line    ™-'"'" 


April  28,  1915. 
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Appropriations      for      1915-1916     for 
Offices  and   Other  Structures. 


Post 


Many  millions  of  dollars  are  provided  in 
the  sundry  civil  expenses  bill,  approved 
March  3  last,  for  the  erection  of  public  build- 
ings for  the  Treasury  Department  of  the 
United  States.  The  appropriations  provide  for 
the  purchase  of  sites,  commencement,  con- 
tinuation or  completion  of  several  hundred 
buildings.  Most  of  these  are  post  offices  or 
post  offices  and  court  houses,  but  in  some  of 
the  larger  cities  the  sums  provided  are  for 
extensions  or  remodeling  of  existing  build- 
ings, or  for  structures  other  than  those  used 
for  postal  services.  For  instance  the  $3(^0,000 
appropriation  for  Baltimore,  Md.,  is  for  the 
continuation  of  the  immigrant  station  at  that 
city,  the  $350,000  for  Pittsburgh.  Pa.,  is  for 
the  completion  of  the  laboratories  for  the 
Bureau  of  Mines  and  the  $1,500,000  appro- 
priation for  Washington,  D.  C.,  is  for  the  con- 
tinuation of  the  building  for  the  Department 
of  the  Interior.  The  construction  work  under 
the  appropriations  in  the  bill  will  be  carried 
out  under  the  direction  of  the  Supervising 
Architect,  Treasury  Department.  Washington, 
D.  C.  The  appropriations  for  the  fiscal  year 
ending  June  30,  1916,  are  as  follows:  , 

Amount.                                    Amount. 
Thousand                                  Thousand 
dollars.                City.               dollars. 
Indiana: 
Evansville     75* 


City. 

Alaska : 
Juneau   V5t 

Alabama : 

Jasper     1* 

Mobile     VO»t 

Opelika     40t 

Arizona: 
Globe     1* 

Arkansas: 

Arkadelphia    55*t 

Eureka    Spring.s..   16t 

California: 

Bakersfield     1* 

Berkeley    20*t 

Chico     35*t 

Grass    Valley     ...   10*t 

Hanford     15*t 

Oakland    51 

San   Luis   Obispo.  71*t 
Willow    20* 

Colorado: 

Denver     200*t 

Greeley     25*t 

La   Junta    lOt 

Connecticut: 

Danbury    55t 

Greenwich   50* 

Mlddletown     ....     1* 

Naugatuck     25* 

New    Haven    400*1- 

Putnam    lOt 

Rockville     1* 

Seymour    10* 

Stamford     100*t 

Delaware: 
Smyrna    10*t 

District    of    Col'bia: 
Washington     ...l.SOOt 

Florida: 

Bartow     1* 

Live   Oak    20t 

Palatka     ISt 

Pensacola    30*t 

St.    PetersburK    . .   25*t 

Georgia: 

Augusta     50*t 

Bainbridge    15*t 

Barnesville  1* 

Cartersville     5*t 

Moultrie     1* 

Quitman    20t 

Thomasville    46*t 

Washington    6* 

Hawaii: 
Kilo    50*t 

Idaho: 
Coeur   d'AIene    . .  55t 

Illinois: 

3eaidstown     271 

Canton    30*t 

Collinsville     36*t. 


East  St.   l^ouis 


95* 


La    Salle    35*t 

Mt.    Vernon    8*t 

Princeton     50*t 

Robinson     45*t 

Savanna    1* 

Sycamore     15*t 

Taylorville    10* 

TJrbana     10*: 


•For    commencement 
*tFor  completion. 


Gary    50*t 

Huntington     10* 

•  Newcastle     15*t 

Portland    18*t 

Seymour    28*t 

Valparaiso     5* 

Washington    1* 

Iowa: 

Charles   City    1* 

Maquoketa    1* 

Washington    10* 

Kansas: 
Arkansas   City    . .   S.'l't 

Chanute     42*t 

Garden    City    45*t 

McPherson    20*t 

.  Osage  City    12*t 

WinfteUl     44*t 

Kentucky: 

Ashland    30* 

Fulton     35*t 

Georgetown    45*t 

Jackson    35*t 

Middlesboro    65*-f 

Shelbyville    10' 

Winchester     20* 

Louisiana: 

Alexandria    40* 

Jennings    25*t 

Lafayette    10*t 

Minden     20* 

New    Orleans    ...250*t 

Maine: 

Bangor     40*t 

Caribou    1* 

Gardiner    65t 

Rmnford     1* 

Maryland: 

Baltimore     300t 

Hagerstown     ....   30*t 

Massachusetts: 

Attleboro     30* 

Boston    350*t 

Greenfieia     75*t 

North     Attleboro.   50*t 
Waltham    20t 

Minnesota: 

Anoko     10» 

Lake  City   29*t 

Little    Falls    10* 

Montevideo     1* 

Michigan: 

Albion     40t 

Cadillac    43*t 

Detroit     25 

Holland     55*t 

Ishpeming     30*t 

Muskegon    30t 

Three    Rivers    . .  .   10*t 
Tpsilanti     35t 

Mississippi: 

Canton    30*t 

Grenada     25«t 

L.-iurfl     40t 

Tiipflo    40»t 

^lissouri: 

Chillimthe     80t 

DoSoto     5*t 

ftxcelsior    Springs  20*t 

tFor    continuation. 


Amount. 

Thousand 

City.  dollars. 

Kansas    City    250* 

Kirksville    30* 

Moberly    20* 

Webb  City    20t 

Montana: 

Bozeman     30*t 

Kalispell    15* 

Miles     City     118*t 

Missoula     50* 

Nebraska: 

Alliance    1* 

Aurora    1* 

Chadron     1* 

Falls  City  10* 

Lincoln     135t 

Nevada: 
Goldfield     60*t" 

New    Hampshire: 
Concord    18*t 

New    Jersey: 
East   Orange    ....     1* 
Hackensack     ....     1* 

Millville     25t 

Morristown     80*t 

Orange     20*t 

Plainfield     80*t 

New   York: 

.Batavia     40t 

Glens    Falls    45*t 

Gouverneur    35t 

Hornell     30* 

Mt.    Vernon    20t 

New  Rochelle    .  ..   15*t 

Port    Jervis    10*1 

Poughkeepsie     . .   40*t 

Salamanca    20* 

Saranac  Lake   ...   25* 

Syracuse     180t 

Utica     ISOt 

Waterloo    20* 

Tonkers    250*t 

North    Carolina: 

Burlington    1* 

Gastonia    15*t 

Kinston    20*} 

Rocky    Mount    .  . .   30*t 
Rutherfordton     . .     5 

Shelby     1* 

Tarboro    25*+ 

Waynesville     ....   21* 

Wilmington    200t 

Wilkesboro     30t 

Wilson    15*t 

North  Dakota: 

Mandan    ll't 

Minot    20*t 

Valley  City    15* 

Williston    5*t 

Ohio: 

Alliance     20*t 

Elyria    20* 

Logan     20* 

Mlddletown     50* 

Newark    .50t 

Sandusky    80* 

Sidney    10* 

Steubenville     401 

Tiffin   70*t 

Van  Wert    25* 

Oklahoma: 

Ardmore    95*t 

Blackwell    20t 

El  Reno   75*t 

Lawton     152*t 

Oklahoma    City    .111* 
Tulsa     45t 

Oregon : 

Albany     io*t 

Medford     20*7 

Pendleton    73*t 

Portland    50t 

Roseburg     i» 


Amount. 

Thousand 

City.  dollars. 

The    Dalles    60*t 

Pennsylvania : 

Bedford     50*t 

Carnegie    35*t 

East  Pittsburgh. .   40t 

Harrisburg     75*t 

Huntingdon    15*t 

Monongahela     . .  .   231" 

Pittsburgh    350*t 

Reading   40*1 

Ridgway    25*t 

South    Bethlehem     1* 

Sunburv     201 

Tamaqua     27* 

Tarentuni     1* 

Titusville     15* 

Rhode    Island: 
Nar'gansett     Pier  39*t 
Newport     150t 

South    Carolina : 

Camden    6*t 

Columbia     1* 

Marion    1* 

South  Dakota: 
Redfield    1* 

Tennessee: 
Chattanooga     ....   30* 

Covington     6*t 

Cookeville     40*1 

Favetteville     ....    15*t 

Humboldt    1* 

Jellico     30*t 

McComb     1* 

Marvville     »   10* 

Nashville     200* 

Shelbyville    5*1 

Winchester  15*1 

Texas: 

Amarillo     133*1 

Belton     10* 

Brenham     201 

Bryan    4*1 

Corpus  Christi    . .   70*t 

Cuero    201 

Ennis    43*t 

Longview     20*t 

Nacogdoches     . .  .    20* 

Navasota     15* 

New    Braunfels    .   20* 

Stamford     1* 

Uvalde     35*t 

Vermont: 
Brattleboro     50*1 

Virginia: 

Hampton     20*t 

Lynchburg    25*1 

Norton    25*t 

Pulaski     1* 

Wytheville    25*1 

Washington : 

Aberdeen  1* 

Ellensburg     10* 

Everett     85*1 

Wenatchee     1* 

Vancouver    10* 

West   Virginia : 

Huntington 100* 

Martinsburg     20*+ 

Moundsville    10*+ 

Wellsburg    30+ 

Williamson     1* 

Wisconsin: 

Antigo    1* 

Delavan     10*  + 

Fort  Atkinson   ...   30+ 

Madison     200* 

Merrill     35* 

Milwaukee    40*+ 

Neenah    1* 

Sparta    23*+ 

Wyoming: 
Buffalo     1* 


Bids  on  1,150  ft.  of  Bridges  at  Rome, 

Ga. 

A  good  sized  bridge  letting  is  now  being 
advertised  by  the  Commissioner  of  Roads  and 
Revenues  of  Floyd  County.  Georgia.  The 
work  calls  for  the  construction  of  three 
bridges  in  the  city  of  Rome.  One  of  these  will 
be  located  at  2nd  Ave.  and  will  be  a  reinforced 
concrete  arch  structure  of  a  total  length  of 
about  376  ft.  It  will  have  a  -lO  ft.  roadway 
and  two  8  ft.  sidewalks.  A  reinforced  con- 
crete arch  bridge  also  will  be  constructed  at 
Broad  St.  This  will  have  a  total  length  of 
about  407  ft.  with  a  40  ft.  roadway  and  two 
8  ft.  sidewalks.  At  5th  Ave.  a  steel  truss 
bridge  on  concrete  substructure  will  be 
erected.  It  will  have  a  movalde  channel  span 
with  a  channel  clearance  of  100  ft.  It  will 
have  a  total  length  of  -367  ft.,  a  37V4  ft.  road- 
way and  two  8  ft.  sidewalks.  Kicffer  I.ind- 
sey,  Rome,  Ga.,  is  County  Engineer.  The 
Consulting  Engineers  are  Greiner  &  Whitman, 
Baltimore,  Md.,  and  W.  C.  Spiker,  Atlanta, 
Ga.  Bids  will  be  received  liy  the  County 
Board  of  Commissioners  of  Roads  and  Rev- 
enues, Rome,  Ga.,  until  noon,  May  21. 


Underground  Transportation  Develop- 
ment for  Boston,  Mass. 

Studies  for  a  future  treatment  of  the 
transportation  problems  of  Boston,  Mass., 
have  been  submitted  to  the  Legislature  by  the 
Public  Service  Commission.  The  main 
feature  of  the  tentative  plan  is  the  establish- 
ment of  a  traffic  center  in  the  Faneuil  Hall 
district,  and  the  erection  of  a  market  and 
storage  building  above  the  proposed  station 
at  this  point.  Freight  and  suburban  passenger 
traffic  would  converge  at  this  location.  There 
would  be  5  or  6  tracks  through  the  station, 
with  loading  and  unloading  platforms  be- 
tween them.  There  also  would  be  a  track 
yard  capable  of  storing  about  40  freight  cars 
and    18   trolley   freight  cars. 

The  plan  provides  for  the  linking  by  means 
of  subways  of  the  north  station  and  the  south 
station  and  would  give  these  terminals  short 
and  direct  connection  with  the  Boston,  Re- 
vere Beach  &  Lynn  R.  R.  and  with  the  docks 
in  East  and  South  Boston.  The  scheme  is 
an  elaboration  of  previous  propositions  for 
a  tunnel  betwen  the  two  stations.  It  takes 
in  all  lines  entering  the  city  and  welds  them 
into  circuitous  lines  that  give  a  free  flow  of 
traffic  and  transfer  possibilities  with  docks 
and  railroads.  It  is  estimated  that  it  would 
cost  $30,000,000,  this  cost  not  including  certain 
important  features,  to  carry  out  the  plan. 


Bids  Asked  on  700  ft.  Bridge  at  North 
Platte,  Neb. 

A  700-ft.  state  aid  bridge  is  to  be  con- 
structed over  the  North  Platte  River  at  a 
point  about  2  miles  east  of  the  town  of  North 
Platte.  Designs  have  been  prepared  by  the 
state  engineer,  Lincoln,  Neb.,  for  a  concrete 
bridge  and  for  a  steel  bridge.  The  latter  de- 
sign provides  for  a  low  truss  steel  structure 
composed  of  seven  100-ft.  skew  spans,  20-ft. 
roadway,  concrete  floor,  with  concrete  piers 
resting  on  steel  piles  and  concrete  abutments 
also   supported  on  steel  piles. 

The  design  for  the  concrete  bridge  calls 
for  a  reinforced  concrete  structure  of  the 
balanced  arch  type  made  up  of  two  60- ft., 
two  65-ft..  two  70-ft.,  two  75-ft.,  and  two  80- 
ft.  arches.  The  roadway  will  be  20  ft.  in 
width  and  the  structure  will  have  a  50°  skew. 
The  concrete  piers  and  abutments  will  rest 
on  piles.  In  connection  with  the  work  there 
will  be  approximately  25,000  cu.  yds.  of  fill 
and  .3,000  cu.  yds.   of  surfacing. 

Bids  on  the  alternate  designs  for  the  con- 
struction of  the  bridge  will  be  received  imtil 
noon,  l\Iav  21,  bv  C.  W.  Yost,  County  Clerk, 
North   Platte,   Neb. 


Sea    Wall,    Sewers,    Paving    for   West 

Palm  Beach,  Fla. 

The  city  of  West  Palm  Beach.  Fla.,  is  call- 
ing for  bids  on  a  number  of  municipal  im- 
provements. These  include  a  sea  wall,  sani- 
tary sewers  and  additional  street  paving.  The 
latter  w^ork  includes  40,000  sq.  yds.  of  ma- 
cadam, 29,900  sq.  yds.  rock  surfacing  and  5,.544 
cu.  yds.  of  grading.  The  sea  wall  will  be  a 
reinforced  concrete  structure,  the  principal 
quantities  involved  being  as  follows : 

Reinforced  concrete,  cu.   yds 1,350 

Steel    reinforcement,    tons 73.44 

.Anchor  bolts,    nuts,   etc.,   lbs 11.41)0 

Round    piling-,    10-in..    lin.    ft 5,720 

Fill.    cu.    yds 99,423 

Sidewalk,    sq.    yds 2,415 

The  sewer  work  includes  16,000  ft.  8  in., 
average  depth  4.6  ft, ;  3,360  ft.  10  in.,  average 
depth  4%  ft.;  1,315  ft.,  average  depth  4  ft. 
The  }.  B.  McCrary  Co.,  Atlanta,  Ga.,  is  the 
engineer.  Bids  will  be  received  until  noon. 
May  7,  by  A.  M.  Lopez,  City  Clerk.  West 
I'alm    Beach,    Fla. 


Increased  State  Aid  Highways  in  Wiscon- 
sin.— An  increase  in  state  aid  highway  con- 
struction is  desired  by  towns  in  Wisconsin. 
.At  town  meetings  held  this  month  an  increase 
in  state  aid  of  87  per  cent  over  what  was 
received  for  1015  w-as  asked.  The  fi.gures  for 
hOO  towns  show  that  these  places  voted  for 
$324,400  in   1014  and  for  $003,100  in  101.5. 
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1,800,000  Cu.  Yds.  of  Dredging  at  Toronto,  PERSONALS  ^^  ^'"^"'  $800,UUO.  .Mr.  Herrmann  was  irri- 
Ont. — The  Toronto  Harbor  Commissioners,  ,,  i-iiirD,,,  ,  ■  ^  ,  gation  engineer  with  the  U.  S.  Irrigation  & 
Toronto,  Ont„  in  connection  with  their  scheme  ^^'■.  ''■'^,^  ^^  Baldwin  has  been  appointed  ^^ainage  Investigation  in  1905-7.  He  was 
of  harbor  improvement  will  expend  about  superintendent  ol  water  works  at  I'hnt,  ^.^ief  engineer  of  the  California  Develop- 
$407,000  this  season  for  the  reclamation  of  ■  ^^'^^^  succeeding  Mr.  William  L.  Fisher,  re-  ^^„t  ^o.,  in  1907-10,  and  chief  engineer  for 
park  lands  on  the  island  and  on  the  western  ^'^"^^  '  a/i  t  r  i  t  i  t  fi  '''^  Spring  Valley  Water  Co.,  of  San  Francis- 
water  front.  This  program  calls  for  reclaim-  „  ^^^'■-  *^-  ^  •  '-^let,  road  engineer  lor  the  ^^  ^^^^  j^gjO  ^^  ,^^_  c,{^^^  the  beginning  of 
ing  by  dredging  land  lying  east  and  west  of  R°'^")?'^  ^°^^  Department  of  the  Philadel-  ^^^^  ^j^  Herrmann  has  conducted  a  con- 
Ward's  Island  in  the  bay.  This  will  call  for  ^^%§"^'^^  Co.  has  recently  opened  an  office  ^^.^j  engineering  practice  with  offices  as 
the  pumping  of  7.57,521  cu.  yds.  of  material.  ^\f^'^  Trustee  building,  Harnsburg,  Pa.  ^^ove.  He  is  a  member  of  the  American 
On  the  vvestem  city  front  working  from  the  J^''-  <=•  W.  Cochran,  engineer  maintenance  gociety  of  Civil  Engineers. 
Humber  east  so  as  to  deposit  the  material  °f,.''^^>''.  Cairo  Division,  Cleveland,  Cincin-  Mr.  Edmund  A.  Bonney  has  been  appointed 
behind  cribs  already  placed  in  connection  with  nati,  Chicago  and  bt  Louis  railways,  has  been  superyising  engineer  for  the  New  York  State 
the  western  breakwater  it  is  proposed  to  pump  fPP°if ''^,  '="I't"T  °^  '^^^'"^^."?'^<:<^  of  ^^f  on  Highway  Commission.  Mr.  Bonney  entered 
1,096.400  cu.  yds.  of  material.  This  is  the  'he  Cleveland-  ndianapolis  Division  with  head-  ^^^  g^^^^  Engineering  Department  in  1904 
maximum  amount  of  work  which  the  com-  quarters  at  Ualion,  Uhio.  ■  ^^  chainman,  working  through  the  various 
missioners  propose  to  do  as  the  city's  share  of  ^l""-  ^-  A-  Perkins  has  been  chosen  as  city  ^j^^  ^j  rodman,  highway  inspector,  drafts- 
the  improvement  during  the  present  year.             engmeer  of   Leavenworth,   Kas.     He   has  had  ^^^-^^   draftsman  and' assistant  engineer, 

2,    years    of    experience    m    bridge,    railroad,  until  1912,  when  he  resigned  to  enter  contract- 

city  and  governmen    work.     During  that  time  ■       ^^^^     ^^  -^  co-author  with  Mr.  G.  Har- 

Bids  Asked  on  Bridge  to  Cost  $63,000.—      'l^  has  located  about  l.oOO  miles  of  railway  in  ^^    ^^^    "Handbook    for    Highway    Engi- 

Bridge  construction   to   cost   about  $63,000   is      I>-ansas,   Oklahoma   and   Texas.    He  was   for  ^        „   ^^^^   ^^    ^   textbook   in    Colgate   and 

now  advertised  for  bids  by  the  supervisors  of       ^   trnie   chief   engineer   of   the   Beaver   Valley  ^^^^^^^   Universities. 

Humboldt  County,  California.  The  improve-  &  ^°'''>'^"'f.".'"- ^'^l^^?,'"'''/  W  ^.^W.=.Tn"  Mr.  John  Gaitenby  has  been  appointed  su- 
ments  provide  for  two  cable  suspension  "e^r  of  the  Medicine  Valley  &  Northwestern  pgrintendenf  of  the  filtration  plan?  at  Evan- 
bridges  and  a  concrete  structure.  The  latter  '",-v^^"?5^V  „  .  ,  ,  ,  :  *  t  „..  ston.  111.,  succeeding  Mr.  C.  G.  Gillespie,  re- 
will  have  two  spans  and  a  total  length  of  60  Mr.  E.  f-  Bridges  has  been  appointed  as  ^j  j_  '^^^  Gaitenby  was  constructing  engi- 
ft.  It  will  be  constructed  over  Salmon  Creek  manager  of  the  Oskaloosa  Vtr.hed  Brick  Ca  J^^  ^^^  ^^^  Norwood  Engineering  Co.  of 
and  will  cost  about  $9,000.  One  of  the  cable  °i  Oskaloosa,  Iowa.  Mr.  Bridges  has  been  p,^^^^^  jj^.^^^  designers  and  erectors  of 
bridges  will  be  erected  over  the  Eel  River  at  "ty  engineer  of  Oskaloosa  since  1911  and  ^^j^^^^^  ^^^^^  ^j,,  ^^ehinery,  etc.,  for  12  years. 
Scotia  to  replace  a  similar  structure  washed  P"or  to  that  was  tor  a  time  toreraan  in  ^^  Gaitenbv's  early  experience  was  acquired 
out  last  February.  The  bridge  will  have  a  ^harge  of  paving  construction  at  Bur. ^^^^^^^^  in  the  paper  mills  of  the  east,  where  he  learned 
total  length  of  700  ft.  and  will  cost  about  loy^-  I"  1908-1909  he  was  city  engineer  ot  ^^^.^^1  ^  •  ^^  ^^^^ 
$45,000.  The  other  suspension  bridge  will  Oskaloosa.  His  earhest  engineering  experi-  ,„ok  the  engiiieering  course  of  the  Intema- 
be  constructed  over  the  Klamath  River  at  ence  was  that  o  transitman  and  locating  tional  Correspondence  School,  and  in  1903 
Weitchpec.  It  will  cost  about  $9,000.  Bids  engmeer  for  the  Interurban  Railuay  at  Des  ^  Norwood  Co.  as 
on  the  three  bridges  will  be   received  by  the       Moines.      During    the    v ear    of    190,    he    was  ,„„,tructing  engineer. 

County   Supervisors,   Eureka,    Cal.,   until   May      computer    for    the    Mississippi    Central    Rail-  ^j^    j^     s^    Clayton,  who   recently   resigned 

11.      A.    J.    Logan,    Eureka.    Cal.,    is    County      road                                                      commissioner  f   ''!fd   of   the   engineering   and   construction 

Surveyor.                                                                              /'■"•  ■'"     ,  '— ."^      '     "     ■r.^;„„„v,    r,(   R.vv,  department  of  the  city  of  Atlanta,   Ga.,  after 

of   street   cleaning   of   the   Borough   of   Rich-  .:,^..^^^^>  ..prvirp  in  that  nn<;itinn    has  Anened 

mond,   New  York,  has  been  appointed  assist-  '^'^  >«=2."    '^/\!,"  '^        ,  position,  has  opened 

Bids   Asked  on  48   Miles  of  Highway      ant   commissioner    of    public    works    of    that  f.  °5,",,^L;i°u:^^e^l':,£°."'■'„^"'^^,!,u" 

w      U   -^   ni,;^                                  Borough.      Mr.    Bowe    was    deputy    commis-  Atlanta,  as  consulting  engineei.     He  will  make 

Work  in  Ohio.                               sioner   of   the   Department  of  Water   Supply.  =',  ^Pe"alty   of   water   works   and   pur.hcation 

The    State    Highway    Commission    of    Ohio,       Gas  and   Electricity  of  the   city  in  charge  of  P'%""'„r;;"r"ef  ^"^.1  rnrmunicipa°rwork^of 
as  noted  briefly  in  our  last  issue,  is  now  asking      the  Richmond  office,  from  1908  to  1914.  Dur-  ;\^y  ,?7^  street  P?.  >ng  and  mumupal  work  of 
for     bids    on    31    contracts    for    highway    im-       ing  his   period   in   office  privately  owned  and  fj^^f^'^    Society     of     Cilil     Engineers      he 
provements.     The  work  covers  about  48  miles       operated  water  companies  were  taken  over  by  '^"^^"""  Water  Works    IsLc^tion    and  the 
of  road.     Of  this  amount,  24  miles  are  to  be      the   city   and   properly   organized.     Since   1914  -^"i"  eeHns^  ^ssociaHon   of  t°,e   South 
surfaced  with  waterbound  macadam,  10  miles       Mr.    Bowe    has    been    commissioner   of    street  Lngineering  Association   ot   the   bouth. 
with  brick  and  13  miles  with  cement.     There      cleaning.  /^DlXf  TA'PTP'Q 
also    will   be   about   4   miles   of   glutrin-bound           Mr    p    Q    Herrmann,   consulting   engineer,  UdI  1  UAKlEiO 
macadam.    Two  of  the  contracts  call  for  work       1104    Merchants'      Exchange      building,     San  Maurice   A.   Viele   of   the   engineering   firm 
for    Bureau    of    Maintenance    and    one    con-       Francisco,   has  been   appointed  chief  engineer  of    Viele,    Blackwell    &    Buck    of    New    York 
tract     provides     for     the     construction     of     a       Qf    the    Modesto    Irrigation    District    of    Cali-  City,    died   in   that   city   April    10.      Mr.   Viele 
bridge.      Details    of    the    contracts    are    given       fornia.     He   will   have   charge   of   the   recon-  was  a  graduate  of  Massachusetts  Institute  of 
in  Table  I.     The  work  on  which  proposals  are       struction  and  enlargement  of  the  main  canal  Technology,    and    was    formerly   assistant   en- 
asked    includes    constructing   the   bridges    and       system,        replacement       of       timber       struc-  gincer  with  the   Croton  aqueduct  commission, 
culverts,   grading   roadway  and   paving.     Bids       tures    '  with       permanent       structures       with  The  firm,  which  he  founded  in  1906,  has  been 
on    the    31    contracts    will    be    received    until      2.000   second-feet   capacity,   and   enlarging   the  connected    with    some    of    the    largest    hydro- 
2   p.    m.    .\pril   30,   by    Clinton    Cowen,    State       reservoir.     The   total   cost  of   this   work   will  electric  development  projects  in  the  country. 
Highway  Commissioner,   Columbus,  O. 

T\BLE   I— DEl'^ILS   OF  HIGHWAY  IMPROVEMEXT.S   FOR   LETTING   APRIE  30  BY  STATE  HIGHWAY  COMMISSION  OF  OHIO. 

:  Width  Width 

pave-    road-       Esti- 
Eength,  ment,     way,       mated 

County.                                                   Road  section.                  Road.                                            Township.  Type                         miles.        ft.          (t.           cost 

Champaign     Sec.   L,        Urbana-Sidney                                     Salem  S?""'*^*^      .,                 Vni        ic          «          Htil\ 

Defiance    Sec.C         Hicksville-Dettance                               Mark  W.  B.  macadam            4.031         16           26             36,96S 

Erie     Sec.  M         Milan-Elyria                                            Florence  W.B.  macadam            1.00           16           26             l»,/64 

Fulton    Sec.    E         Wauseon-Morenci                                  ?.?'''«'',.       ,  W.  B.  macadam           1.05           14           24              9,1,6 

Greene          Sec.    R         Dayton-Chillicothe                                 Silver  Creek  -R .  B.  macadam            2., 6           14           26            19,i93 

Harrison    Sec.  M         Cadiz-Carrollton                                     Archer  W.  B.' macadam            1.59           12           26             14,775 

Harrison   Sec.    N         Steubenville-Cambridge                       Cadiz  W  B.  macadam               42           12           26               4,9d3 

highland   Sec.    H         Miltord-Hillsboro                                    J^llH'"*^  W    B.  macadam            2.dO           14           26             Id.SIO 

Knox    Sec.   H         Columbus- Wooster                                Chnton  Brick                                2.0o           14           26            44,211 

Medina : Sec.    L         Medina-Norwalk                                     York  Concrete                         1.29           10          26             16,802 

Medina    .'.         Sec.  M         Ashland-Medina                                      HarnsyiUe  Concrete                         2.09           10           26            2o,319 

Monroe Sec.    H         Caldwell-Woodsfield                              Summit  Brick                                l.Of         14           26            22.324 

Monroe       Sec.   G         Malaga- Alledonia                                   Sunsbury  Brick                                1.1,           14           24             ^i-},i* 

Paulding      ...........                       ■               Sec.   G         Paulding-Van    Wert                             S=^"!5!ng  W.  B.  macadam            2.0P         14'         24             12.001 

pSuldinI    Sec.   F         Paulding-Woodburn                              1^^"'?'."?  ^-  ^-  m^'^'^dam            1.96           14           24             1 , .2o6 

Perry      Sec.  M        Logan-New    Lexington                      Salt  Lick  g"<='^,                          J-5S          it          It           ,i-,P 

Portage    Sec.    N         Akron-Youngstown    -                          gj'"'/'"^  Concrete                         l.,3           12           26             -1,23, 

Portage    Sec.  M         Ravenna-Parkman                                JYeedom  Concrete                         3.16           12           26             ^i'^iL 

Putnam    Sec.H         Van  Wert-Ottawa                                 Monterey  W.  B.  macadam            1.97           16           26               ..063^ 

Richland    Sec.  M         MansfleW-Shelby                                    Jf^]'.^""  ^,-  l'  macadam           1.d4           12           26             11,692 

Richland    Sec.    N         Mansfield-Wooster                                 Madison  W.  B.  macadam            2.95           12           26             25.467 

Ross    Sec.   K         ChilUcothe-McArthur                           Scioto  Concrete                         1.62           16           26             13.30o 

Ross Sec.    L         Chillicothe-Lancaster                           Green  Brick                                1.00'         16           26             14,Sd( 

Ross    Sec.  M         Columbus-Chillicothe  Western         Union  Brick                                1.00           16           «             lb,5b9 

Stark    Sec.   G         Akron-Canton                                          Plain  Brick                                1.5,           16           29             30,83, 

Summit    Sec.    K         Akron-Cuyahoga  Falls                        Portage  Brick                                  .47           20           30             13,31 

Trumbull    Sec.    N         Warren-Sharon                                       S**""^         .„  g'  g' '"'^'=^5'^"'!o           HTu        }1          ?fi            l^'^sq 

Trumbull    Sec.  M         Youngstown-Warren                            Weathersville  G.  B.  macadamio           1.S3"        14           M            io.zaa 

Bureau  of  Maintenance  and  Repair:                                                        ,                                     .kt          „  ^           »                          1  oo          ic          •>«            17  R34 

Huron    Sec.   O         Oberlin-Norwalk                                    Nprwalk  Concrete                         1.28           16           26             1,.634 

Trumbull  Sec.   A         Youngstown-Conneaut                       Kinsman  Brick                                .18          16          ^b              d,(o- 

lAlternate  bids  will  be  received  on  paving  with  concrete;  estimate,!  cost  S51.776.    /Grading  roadway  for  1.3  ™"<^s;  paving  for  1  mile.     ^Alternate 
bids   on   concrete,   estimated    cost   $24,067.     n4-ft.    and   16-ft.   roadway    24- ft.    and   26-ft.       ^Estimated   .^ost  item   No    1:    estimate,!    cost   item    N^ 

$7,387.  "Estimated  cost  item  No.  2;  estimated  cost  item  No.  1.  $4,000.  ■'Alternate  bids  on  concrete,  estimated  cost  ^IS.SOOSGl^utrm  bound  macadam 
rolled  slag  foundation.  "Alternate  bids  on  sandstone  foundation:  estimated  cost.  $20,796.  "Glutrin  bound  macadam,  sandstone  foundation.  Altei - 
nate  bids  on  crusher  run  foundation;   estimated  cost,  $17,510. 
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A  Series  of  Twelve  Articles  on  the  Val- 
uation of  Water  Works  Properties. 

In  this  issue  we  publish  the  first  in  a  series 
of  twelve  articles  on  water  works  valuation. 
These  articles,  written  by  Halbert  P.  Gillette, 
Editor-in-Chief  of  Engineering  &  Contracting, 
will  be  published  at  the  rate  of  one  a  month. 
The  titles  of  the  twelve  articles  are  as  fol- 
lows : 

(1)  Inventorying  a  Water  Works  Plant. 

(2)  Estimating  Accrued  Depreciation ;  In- 
spection and  Tests  vs.  Life  Formulas. 

(3)  Appraisal  of  Reservoir   Site  Value. 

(4)  Appraisal  of  Water   Right   Values. 

(5)  Appraisal  of  "Development  Cost"  or 
"Going  Value"  and  "Franchise  Value." 

(6)  Appraisal  of  "Overhead  Costs." 

(7)  Appraisal  of  "Working  Capital." 

(8)  Detailed  Appraisal  of  a  Water  Works 
in  a  City  of  25,000. 

(9)  Prorating  the  Plant  Value  to  Different 
Uses. 

(10)  What  is  a  Fair  Rate  of  Return  on 
Money  Invested  in  Water  Works   Properties? 

(11)  Some  Disputed  Points  in  Water 
Works  Valuation. 

(12)  Sources  of  Information  and  Bib- 
liography. 

While  numerous  short  and  long  articlej 
and  papers  on  water  works  valuation  have 
heretofore  been  published  in  this  journal  and 
elsewhere,  the  series  here  announced  is  the 
first  of  its  kind.  The  articles  will  contain 
many  specific  suggestions  on  water  works  val- 
uation procedure  not  previously  published. 

The  subject  matter  of  this  series  is  obvi- 
ously of  vital  interest  to  the  owners  and  man- 
agers of  privately  owned  water  works  proper- 
ties. The  valuation  engineer  will  likewise  find 
the  articles  of  immediate  help  in  his  work. 
The  regulation  of  municipally  owned  plants 
is  sure  to  come,  and  officials  of  such  works 
who  expect  or  hope  to  remain  in  the  watei 
works  business  should  take  advantage  of  the 
opportunity  here  announced  to  obtain  a  thor- 
ough grounding  in  this  subject.  Even  where 
"home  rule"  is  in  force  new  rate  schedules 
should  be  drafted  on  a  properly  made  valua- 
tion of  the  water  system  as  a  basis.  In  a  word, 
the  series  of  articles  here  announced  will  be 
of  direct  interest  and  utility  to  all  water  works 
engineers   and   operators. 

Most  of  our  readers  know  the  writer  of 
these  articles  as  the  author  of  the  "Handbook 
of  Cost  Data,"  "Rock  Excavation,"  "Earth- 
work" and  other  books  on  construction  meth- 
ods and  cost  and  are  aware  that,  since  the 
time  when  he  served  as  chief  engineer  of  the 
Washington  Railroad  Commission,  he  has  be- 
come one  of  the  high  authorities  on  valuation 
subjects.  During  the  past  ten  years  he  has 
had  charge  of  the  appraisal  of  more  than 
$600,000,000  worth  of  public  utility  properties. 
Although  Mr.  Gillette  has  written  many  sepa- 
rate appraisal  articles  based  on  his  wide  ex- 
perience, this  is  the  first  series  of  articles  on 
valuation  that  he  has  produced. 


Procedure   Adopted   in    New   York   to 
Secure  the  Passage  of  a  Satis- 
factory Building  Code. 

On  account  of  the  multiplicity  and  diversity 
of  interests  involved  it  has,  in  the  past,  been 
found  practically  impossible  to  frame  a  build- 
ing code,  the  requirements  of  which  would  be 
equally  fair  to  all  parties  affected.  Ordinarily 
building  codes  have  been    framed  by   a  small 


The  editors  solicit  short  descriptions  of 
novel  and  useful  methods  and  devices  em- 
ployed in  engineering  construction.  Arti- 
cles not  to  exceed  a  column  (about  seven 
hundred  zvords)  are  preferred.  Pho- 
tographs or  sketches  should  be  includ- 
ed if  they  add  interest  and  aid  explanation. 
Ulilily  and  not  careful  writing  ivill  he. 
the  chief  factor  in  determining  acceptabil- 
ity.    Accepted    articles    will    be    paid    for. 


committee,  and  then  have  been  brought  up  for 
passage  without  affording  opportunity  for  full 
discussion  of  the  merits  or  defects  of  their 
provisions.  As  definite  action  upon  the  code 
as  a  whole  was  called  for,  it  was  usually  im- 
possible to  secure  adequate  discussion  by  those 
vitally  interested.  On  account  of  the  methods 
employed  in  framing  and  adopting  such  codes 
it  is  not  to  be  wondered  at  that  building  de- 
partments and  city  councils  are  continually 
being  petitioned  to  permit  infractions  of  cer- 
tain provisions  of  such  codes.  As  is  generally 
known.  New  York  has  for  years  been  a  center 
of  strife  due  to  various  attempts  to  secure  the 
passage  of  an  adequate  building  code,  and  it 
has  only  recently  been  possible  to  secure  prog- 
ress toward  this  end  by  adopting  new  meth- 
ods of  procedure. 

About  a  year  ago  R.  P.  Miller  was  appointed 
engineer  for  the  aldermanic  committee,  and 
under  his  direction  the  building  code  is  being 
revised,  section  by  section,  with  the  object  in 
view  of  introducing  each  section  as  a  separate 
ordinance.  Opportunity  for  full  discussion  is 
afforded  as  the  tentative  drafts  of  the  revised 
sections  are  first  published,  comment  is  then 
invited,  the  amended  section  is  introduced  as 
an  ordinance,  a  public  hearing  is  held,  and 
finally  the  ordinance  is  either  passed  or  re- 
committed. 

Final  action  has  already  been  secured  on 
those  sections  which  refer  to  partition  walls 
and  fences,  to  plumbing,  and  to  fire  limits 
and  suburban  limits.  Other  sections  which 
have  been  revised  and  introduced  in  the  Board 
of  Aldermen  include  those  pertaining  to:  ma- 
terials, wood  construction,  iron  and  steel  con- 
struction, working  stresses  and  loads,  and 
elevators,  the  latter  having  been  recommitted. 
On  April  1  a  public  hearing  was  held  on  iron 
.-md  steel  construction  and  on  wood  con- 
struction, and  on  April  8  another  hearing  was 
held  to  consider  working  stresses  and  loads. 
Sections  which  have  been  tentatively  revised 
include  those  referring  to:  reinforced  con- 
crete, light  and  ventilation,  exits,  classifica- 
tion of  buildings,  and  excavations  and  foun- 
dations; these  sections,  however,  have  not 
been  introduced  as  ordinances. 

It  will  be  noted  from  the  above  that  defi- 
nite progress  is  now  being  made,  and  it  is 
reasonably  certain  that  all  obstacles  will  be 
overcome  by  the  procedure  adopted  and  that 
a  satisfactory  code,  covering  essential  building 
requirements,  will  soon  be  in  force.  Those 
in  charge  of  framing  and  securing  the  passage 
of  building  codes  in  diIht  cities  should  inves- 
tigate fully  the  methods  now  being  used  in 
New  York  before  attempting  to  secure  the 
adoption  of  comprehensive  building  codes  in 
their  entirety. 
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Locating  Deposits  of  Sand  Suitable  for 
Use  in  Water  Filters. 

In  Engineering  &  Contracting  of  March  17, 
1915,  we  published  an  account  of  the  use  of 
Mississippi  River  sand  as  a  filter  medium  in 
Moline  and  Rock  Island,  111.  The  experience 
of  the  two  cities  has  been  the  same;  river 
sand  has  been  in  use  for  two  years  with  re- 
sults which  indicate  its  permanent  use.  At 
Moline  the  river  sand  supplanted  a  well  known 
bank  sand  from  Minnesota  at  a  net  saving 
per  cubic  yard  of  sand  ready  for  use  of  $5.26. 

The  results  at  Moline  and  elsewhere  in  the 
use  of  river  sand  as  a  filter  medium,  when 
considered  in  connection  with  the  unmistak- 
able trend  toward  the  filtration  of  all  surface 
supplies,  indicates  the  desirability  of  making 
sand  surveys  in  the  various  states  for  the  pur- 
pose of  locating  deposits  of  sand  suitable  for 
use  in  water  filtration.  Engineers  on  large 
filtration  projects  can  doubtless  be  depended 
upon  to  investigate  the  relative  economic  ad- 
vantages of  local  and  remote  sand  deposits, 
but  for  the  smaller  projects  the  engineer  is 
likely  to  think  of  filter  sand  as  a  commodity 
for  purchase  through  well  established  market 
channels.  It  is  for  the  benefit  of  the  latter 
class  of  works  that  the  co-operation  of  state 
agencies  is  here  suggested. 

Engineers  should  urge  state  geological  de- 
partments to  locate  and  map  all  the  deposits 
of  sand  within  the  several  states  which  are 
suitable  for  the  use  here  under  discussion. 
In  some  states  the  state  water  survey  experts 
will  doubtless  be  glad  to  co-operate  with  the 
geological  department  in  making  these  filter 
sand   surveys. 


Fargo    Referendum    Abolishes    "Free 
Water." 

Water  works  men,  the  country  over,  will  be 
interested  to  learn  that  the  first  use  of  the 
referendum  in  the  State  of  North  Dakota  was 
at  Fargo,  on  April  6,  at  which  time  a  new 
water  works  ordinance  was  passed  by  pop- 
ular vote  after  the  Board  of  City  Commis- 
sioners had  refused  to  pass  it.  The  ordi- 
nance, which  is  published  in  the  water  works 
section  of  this  issue,  provides  for  the  aboli- 
tion of  "free  water,"  creates  a  water  works 
fund  and  subsidiary  funds,  including  a  de- 
preciation fund,  and  makes  illegal  the  use  of 
this  water  fund  for  other  than  water  depart- 
ment expenditures.  Since  it  is  generally  be- 
lieved that  the  great  difficulty  with  respect  to 
a  referendum  is  to  get  the  voters  to  under- 
stand the  question  at  issue,  the  result  of  the 
vote  at  Fargo  is  reassuring  to  friends  of  di- 
rect legislation.  That  the  voters  on  that  par- 
ticular day,  were  not  in  a  mood  to  endorse 
everything  is  shown  by  the  fact  that  the  pro- 
posed bond  issues  for  a  city  market,  a  mu- 
nicipal abattoir  and  garbage  incinerator  all 
lost  by  small  margins.  Water  Commissioner 
Robert  Blakemore  was  re-elected,  although 
some  of  the  other  city  officials  up  for  re-elec- 
tion were  defeated. 

Some  of  the  local  conditions  leading  up  to 
this  referendum  are  of  sufficient  general  in- 
terest to  warrant  their  review  at  this  time. 
Fargo  has  a  City  Commission  of  five  mem- 
bers: the  president  and  the  commissioners  of 
water,  streets,  finance,  and  police  and  fire. 
The  city  is  proud  of  its  Commission ;  all  the 
Commissioners  are  men  of  energ>',  ability  and 
unquestioned  integrity.  Failure  of  the  Com- 
mission to  agree  on  the  passage  of  the  water 
ordinance  was  not  due  to   personal  antagon- 
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ism.  The  difficulty  arose  out  of  the  divisiun 
of  the  city  government  into  revenue  and  non- 
revenue  producing  departments,  and  out  of 
the  natural  tendency  of  men  not  to  show  hut 
to  shift  tlie  true  expense  of  their  department 
upon  another  department  having  an  independ- 
ent source  of  revenue.  Water  Commissioner 
Blakemore  was  unahle  to  bring  his  fellow 
Commissioners  to  his  viewpoint  with  refer- 
ence to  water  fianances,  and  so  appealed  di- 
rectlv  to  the  people,  with  the  result  already 
stated. 

Under  the  conditions  which  have  e.xisted 
in  Fargo  the  City  Commission  has  in  a  sense 
been  a  water  board  of  five  members,  four 
with  official  interest  in  water  finances  adverse 
to  that  of  the  Water  Commissioner.  Thus 
the  Fire  Commissioner  needs  water  under 
high  pressure  for  fire-fighting  purposes.  This 
pressure  entails  a  considerable  expense  in 
hydrant  maintenance  and  repairs  to  broken 
and  leaky  mains.  .\n  this  expense  has  l)een 
borne  by  the  water  denartment,  thereby  en- 
abling the  Fire  Commissioner  to  minimize 
his  annual  expense  for  fire  protection. 

The  Street  Commissioner  also  was  aided  in 
making  a  showing  of  economy  in  his  dcf)art- 
ment,  for  he  secured  free  the  water  needed 
in  street  cleaning  and  sprinkling  and  for  sewer 
flushing.  His  department  also  makes  use  of 
the   fire  hydrants. 

The  President  of  the  Commission  and  the 
Finance  Commissioner  have  been  interested 
in  keeping  down  as  low  as  possible  the  tax 
levy  for  general  expenses.  By  having  the 
old  water  w^orks  fund  to  draw  upon  it  was 
possible  to  keep  the  general  tax  levy  low.  al- 
though this  procedure  worked  an  injustice 
upon  those  paying  for  water  for  domestic  and 
m.Tnufacturing    purposes. 

Under  the  new  order  of  things,  since  the 
passage  of  the  water  ordinance,  the  other  de- 
partments will  have  to  pay  for  water  used 
and  for  the  readiness  of  the  water  depart- 
ment to  serve  them.     The  true  expenses  will 


be  more  clearly  defined  in  all  departments.  It 
will  no  longer  be  possible  to  reappropriate 
money  from  the  water  works  fund  for  general 
municipal   expenses. 

"h'ree  water"  has  played  such  a  prominent 
part  in  loose  and  misleading  forms  of  mu- 
nicipal accounting,  thereby  retarding  the  ef- 
liciency  and  economy  movement,  that  we  are 
always  glad  to  see  a  city  abolish  it.  The 
Fargo  experience  is  of  interest,  as  it  shows 
that  where  the  subject  is  properly  agitated, 
as  it  was  in  that  city,  the  people  can  be  made 
to  see  the  point. 


The   Fatigue   Element  in   Production: 
An  Example. 

Tlie  effect  upon  production  of  increasing  or 
decreasing  the  number  of  hours  worked  per 
day  or  per  week  is  a  subject  which  is  now  re- 
ceiving considerable  attention.  The  tendency 
to  fix  by  legislation  the  length  of  the  working 
(lay  probably  would  not  be  so  pronounced  if 
employers  understood  better  the  efifect  of  fa- 
tigue upon  the  efficiency  of  labor.  The  need 
for  definite  data  on  this  subject  is  great,  as 
much  of  the  discussion  has  been  based  on 
sentiment  or  hypothesis.  Some  pertinent  facts 
have  lieen  brought  out  by  an  investi,gation 
of  this  subject  by  the  Cleveland  Hard- 
ware Company,  and  reported  in  the  Iron  Age. 
The  general  conclusion  drawn  from  the  results 
of  this  investigation,  which  involved  a  work- 
ing day  both  longer  and  shorter  than  eight 
hours,  was  that  the  most  satisfactory  results 
were  accomplished  by  limiting  the  men  to  an 
eight-hour  day.  .As  the  character  of  the  work 
is  an  essential  factor  in  any  investigation  made 
to  determine  the  importance  of  the  fatigue  ele- 
ment, the  following  data  on  the  results  nf  this 
investigation  are  pertinent : 

Until  about  two  years  ago  the  work  in  the 
drop  forge  shops  of  this  company  was  dime 
in   two    shifts,    each    shift    working   60   hours 


per  week — which  is  usual  practice.  The  day 
men  worked  10  hours  per  day,  six  days  per 
week,  while  the  night  shift  worked  12  hours 
per  day,  five  days  per  week.  The  day  men 
were  allowed  to  work  over-time  2  hours  per 
day.  thus  keeping  the  forge  shop  in  operation 
continuously.  On  Jan.  1,  1913,  orders  were  is- 
sued prohibiting  any  employe  from  working 
more  than  60  hours  per  week.  With  prac- 
tically the  same  men  and  equipment  the  out- 
put during  1913  was  the  largest  in  the  his- 
tory of  the  company.  The  results  were  so 
satisfactory  that  it  was  decided  to  reduce  a 
day's  work  to  8  hours,  and  this  was  gradually 
done  in  the  various  departments  in  1914,  until 
all  of  the  employes,  with  the  exception  of 
those  in  some  of  the  repair  departments,  are 
now  on  an  8-hour  schedule.  Practically  all 
shop  employes,  with  the  exception  of  the  die 
makers,  are  on  piece  work,  and  the  piece  work 
prices  were  not  changed  with  the  shortening 
of  the  working  hour.  Tn  general,  the  em- 
ployes are  doing  as  much  work  in  the  forge 
shop  and  in  the  press  room,  and  are  earning  as 
much,  in  8  hours  as  they  previously  did  in  10 
hours. 

The  above  data  are  by  no  means  conclusive, 
and  the  kind  of  work  reported  is  rather  stren- 
uous, but  the  results  accomplished  in  this  par- 
ticular case  emphasize  the  need  of  data  ap- 
plicable to  various  working  conditions.  In 
many  lines  of  work  it  is  important  that  thp 
men  be  given  sufificient  time  to  recuperate,  and 
the  increased  effort  put  forth  during  shorter 
working  hours  is  more  than  compensated  by 
the  benefits  derived  from  longer  re^t  periods. 
Moreover,  the  possibility  of  being  able  to  give 
employment  to  a  greater  number  of  men. 
working  in  shifts,  is  an  important  factor  in 
certain  kinds  of  work.  We  believe  that  employ- 
ers would  do  much  toward  solving  their  labor 
and  production  problems  if  they  would  give 
more  attention  to  the  fatigue  element,  by 
making  similar  investigations  of  their  par- 
ticular problems. 


Design  and  Methods  and  Cost  of  Con- 
structing   the    Los    Angeles    City 
Trunk    Line,    Connecting 
Aqueduct  to   Distribution 
System. 

Contributed    by    Burt    .\.    Heinly,    Secretary    Im 

William  Mulholland.  Chief  Engineer,  Bureau 

of  Water  Works  and  Supply.  Los 

Angeles,  Calif. 

The  Los  .Angeles  Aqueduct,  by  means  of 
which  streams  flowing"  down  the  eastern  face 
of  the  Sierra  Xevadas  are  collected  and  carried 
233  miles  across  the  Mojave  Desert  and 
through  several  mountain  ranges,  terminates 
■J.')  miles  northwest  of  Los  Angeles.  The  sys- 
tem that  connects  the  aqueduct  with  the  city 
and  provides  the  means  of  storage,  regulation 
and  distribution  of  the  aqueduct's  daily  flow 
of  208,000,000  gals,  is  of  an  importance  second 
only  to  the  aqueduct  itself.  It  comprises  five 
prospective  or  already  constructed  reservoirs 
of  a  total  storage  of  64,228  acre-feet,  a  cascade 
of  spectacular  engineering  construction,  7.97.j 
ft.  of  open  conduit,  4,9-51  ft.  of  covered  con- 
duit, 5,254  ft.  of  tunnels  and  106,974  ft.  of 
inverted  steel  siphons  and  penstocks  ranging 
from  40  ins.  to  72  ins.  in  diameter.  Known  as 
the  City  Trunk  Line,  for  which  bonds  to  the 
amount  of  $1,500,000  were  voted  in  1913,  this 
system  was  constructed  and  placed  in  opera- 
tion during  the  latter  portion  of  last  year.  The 
appropriation  made  no  provision  for  the  work 
of  constructing  the  larger  reservoirs  nor  for 
the  350  miles  of  steel  pipe  lines  which  will 
gird  and  criss-cross  the  San  Fernando  Valley 
below  the  outlet  of  the  aqueduct  in  every  direc- 
tion to  provide  an  irrigation  and  domestic  sup- 
ply. For  this  purpose,  alone,  the  district  to  be 
liencfited  has  voted  a  bond  issue  of  $2,6(iO,000 
for  the  installation  of  the  distribution  svstcm. 


This  article  gives  in  outline  the  general  plan 
of  the  Trunk  Line  with  emphasis  on  the  more^ 
important  phases  of  construction. 

THE    C.\SC.\DES. 

The  Los  Angeles  Aqueduct  terminates  at 
the  outlet  of  a  tunnel  whose  southern  e.xit 
opens  forth  from  the  steep  southern  face  of 
the    Santa    Susana    mountain    range    onto    a 


Fig.  1.  Close  View  of  Outlet  Structure  of 
the  Los  Angeles  Aqueduct,  Showing  Bulk- 
head,   Gates    and    Top    Steps    of  'Cascade. 

projecting  spur  or  ridge  at  an  elevation  of 
1,461  ft.  above  sea  level.  The  face  of  the  cliff 
was  cut  back  20  ft.  to  solid  rock  and  a  bulk- 
head of  concrete  3  ft.  wide  at  the  base.  2  ft. 


wide  at  the  top  and  ISM;  ft.  high  was  built. 
This  is  shown  in  Fig.  1.  In  this  bulkhead  two 
cast  steel,  hand  operated  sluice  gates,  each 
4x5  ft.,  on  bronze  bearings  and  lifted  by  2%- 
in.  screws,  are  installed  for  the  control  of  the 
aqueduct  flow.  From  this  point  for  a  distance 
of  1,037  ft.,  the  construction  follows  the 
summit  contour  of  the  hogback  making  in  this 
distance  a  descent  of  167  ft.  The  first  49  ft. 
comprises  11  steps,  each  of  2-ft.  elevation  and 
4- ft.  tread  with  a  4',->-ft.  concrete  wall  on  each 
side  to  prevent  overflow,  as  shown  in  Fig.  1. 
From  the  base  of  the  steps  the  water  is  car- 
ried to  the  foot  of  the  ridge  in  a  concrete 
canal  ranging  from  19  ft.  wide  and  4  ft.  deep 
at  the  summit  to  71  ft.  wide  and  6  ft.  ,deep 
at  the  base.  This  is  shown  in  Fig.  2.  The 
whole  structure  has  the  one  object  of  simulat- 
ing a  mountain  stream  in  freshet  and  the  re- 
sults attained  make  it  one  of  the  attractions  of 
the  section.  The  first  720  ft.  of  this  canal  has 
a  drop  of  1.4  to  24  per  cent:  the  last  220  ft. 
has  a  30  per  cent  drop,  the  bed  of  the  canal 
being  strewn  with  boulders  which  project  from 
4  to  6  ins.  above  the  concrete,  thus  changing 
the  swiftly  moving  flow  of  water  into  a  foam- 
churned  torrent.  While  the  aesthetic  idea  is 
uppermost,  there  is  a  utilitarian  object  in  the 
thorough  aeration  of  the  water. 

At  the  base  of  the  cascades  the  water  enters 
an  open  concrete  lined  conduit  of  a  capacitv 
of  20,000  miner's  inches  (2.5S,000,onO  gals,  per 
24  hours  of  flow").  -A  section  of  the  open  con- 
duit is  shown  in  Fig.  3.  The  high  momentum 
gained  from  the  descent  of  the  cascades  is 
arrested  by  the  63°  angle  of  intersection  of 
the  cascades  with  the  conduit  and  the  water 
enters  straightaway'  of  the  latter  as  a  com- 
paratively slow  running  and  unagitated  stream. 
The  cascades  were  constructed  at  an  average 
cost  of  $3  per  lineal  foot  for  excavation  and 
$12.48  per  lineal  foot  for  concreting. 
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OPEN   CONDUIT. 

The  open  conduit  has  a  length  of  T.HTS  ft. 
with  a  capacity  of  2<).(iO(i  miner's  inches.  The 
grade  varies  from  1  to  -.08  per  cent  and  the 
velocities  from  lo.fi  to  '2'-!.3  ft.  per  second. 
);=:.01-1  in  Kutter's  formula.  The  conduit  is 
4  ft.  wide  at  the  bottom  and  lo  ft.  wide  at  the 
top  with  a  C-in.  invert  and  with  side  slopes  of 


I     Fig.   2.      General    View    of    the    Cascades    at 
the  Outlet  of  the   Los  Angeles  Aqueduct. 

IM:  to  1;  the  walls  being  carried  lo  a  free 
board  of  1.5  ins.  E.xcavation  was  in  a  heavy 
dobe  clay  and  was  done  with  scrapers  at  a 
cost  of  70  cts.  per  foot  which  included  trim- 
ming. The  concrete  lining  is  6  ins.  tliick  of  a 
■")%  mi.x,  the  gravel  being  washed  and  brought 
from  a  stream  one-half  mile  distant  at  a  cost 
of  50  cts.  per  cubic  yard.  A  view  of  the  con- 
creting is  shown  in  Fig.  4.  No  forms  were 
used.  Every  12M;  ft.,  2x6's  were  laid  and  as 
the  concrete  was  delivered  from  above  by  a 
No.  11  .Austin  Cube  mixer  it  was  screeded  off 
by  a  screed  held  on  the  2xt!-in.  guides,  which 
Were  then  removed,  the  spaces  filled  and  the 
mass  trowelled  to  a  smooth  surface.  The  cost 
of  concreting  w-as  $2.80  per  lineal  foot.  With 
a  force  of  20  men,  the  average  rate  of  prog- 
ress was  1.50  ft.  per  day.  This  open  conduit 
lies  in  the  bed  of  tlie  Unper  San  Fernando 
Reservoir  site,  where  when  additional  storage 
is  required,  a  reservoir  of  23,000  acre-feet  will 
be  constructed. 

(OVERED   CONDUIT    AND   TUNNEI-.S. 

At  the  dam  site  of  this  prospective  reservoir, 
the   form   of  construction   assumed   is   that   of 


ub- Grade 
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Fig.   3.      Section   of    Fernando    Open    Conduit 
of   Los  Angeles  City   Trunk    Line. 

HYDJi.MTLlC    PKOI'IOKTIKS   OF   SKCTION. 
Area.     W.  P. 
17.S5'    '^12.31 
19.1.^:—,  32.70 
22.14^13.64 
2S.r.8       li.66 
21.43        lJ/43 
.21.90        U.n'i 
In   all    cases   N    in   Kutter's   formula   taken   as 
0.014.     Capncity  of  ,ill  sections  equals   100  eii.   ft. 
per  sec. 

covered  conduit,  shown  in  Fig.  .5,  and  tunnel, 
shown  in  l-'ig.  (i,  which  follows  the  high  water 
line  on  the  west  side  of  the  Lower  San  Fer- 
nando  Reservoir.    With   the   two    tunnels   ag- 
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gregating  1,57.5  ft.,  this  section  has  a  length 
of  (5,426  ft.  At  the  end  of  the  open  conduit, 
5,000  miners  inches  will  be  by-passed  into  the 
Lower  San  Fernando  Reservoir,  so  that  the 
capacity  of  the  covered  conduit  section  is 
15,000  miner's  inches.  From  this  section,  also, 
the  Chattsworth  Conduit  with  a  capacity  of 
11,500  miner's  inches  will  lead  off  eleven  miles 


bottom  9  ins.  and  the  cover  from  li  ins.  at  the 
sides  to  7  ins.  at  the  center.  Reinforcement  of 
sidewalls  on  the  hill  side  is  of  %-in.  plain 
rods  spaced  2  ft.  center  to  center,  and  on  the 
reservoir  side,  %-in.  rdds  spaced  1  ft.  center  to 
center.  The  cover  is  reinforced  by  %-in. 
square  twisted  rods,  placed  9  ins.  center  to 
center,  and  is  designed  to  carry  a  load  of  300 


Fig.  4. 


View   cf  Concreting   Operations   on    Fernando    Open    Conduit    Section    of    Los    An- 
geles   City    Trunl<    Line. 


to  tlie  westward,  serving  as  a  trunk  line  for 
diversion  of  irrigation  water  to  the  valley  be- 
neath or  for  winter  storage  at  its  terminus  in 


lbs.  to  the  square  foot  with  a  factor  of  safety 
of  4.  A  5%  to  1  mix  was  used  for -the  cover 
and  a  6  to  1  mix  for  side  and  bottom.  The 
cost  of  finished  conduit  amounted  to  $8.90  per 
lineal  foot. 

The  two  tunnels,  I*'ig.  (i,  one  of  875  ft.  and 
the  other  of  700  ft.  which  are  located  about 
midway  in  the  conduit,  were  driven  through 
an  indurated  gravel  and  clay,  comprising  an 
ideal  material  in  which  practically  no  timber- 
ing was  required.  The  work  was  done  by  hand 
at  a  cost  of  $7.50  per  foot.  Making  and  placing 
of   forms  cost  $1   per  foot  and  the  concreting 
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Fig.  5.     Closed  Conduit  Section  of  Fernando 
By-Pass,   Los  Angeles  City   Trunk   Line. 

Construction  Quantities. — Per  linear  foot  ■<{ 
conduit  for  normal  section.  Excavation,  3.11 
cu.  yds.;  concrete  in  conduit.  0.54  cu.  yd.;  con- 
crete in  covei-,  0.203  cu.  yds.;  steel  in  cover, 
17.66  lbs.;   steel   in  walls,   14. OS  lbs. 

Hydraulic  Properties:  Slope,  0.0005;  capacity, 
303.7  cu.  ft.  per  .sec;  velocity,  4. 785  ft.  sec; 
area,  03. 4S  sq.  ft.;  wetted  perimeter,  22.:j0;  f;, 
2.847;   N,   0.014;   C,   126.86. 


the  proposed  Chatsworth  reservoir  with  a 
capacity  of  25,000  acre-feet.  The  conduit  has  a 
slope  of  0.0005  with  F^iM  ft.  per  second; 
n  =  .014  Kutter's  formula.  The  hydraulic 
grade  of  the  conduit  at  its  upper  end  is  4  ins. 
above  high  water  elevation  of  the  reservoir 
and  1  in.  at  the  lower  end.  F.xcavation  was  in 
a  soft  sandstone  overtopped  with  clay  and 
was  accomplished  with  a  Model  "40"  Marian 
shovel,  electric  equipped  with  a  1'4-cu.  yd. 
dipper,  at  a  cost  of  48  cts.  per  lineal  foot.  The 
average  progress  per  day  was  60  ft.  Xo 
shooting  was  required. 

The  covered  conduit  section.  Fig.  5,  is  sim- 
ilar in  design  to  ,-\queduct  covered  conduit  sec- 
tions but  is  smaller.  The  depth  is  8  ft.  1  in. 
and  the  width  8  ft.  at  the  bottom  to  9  ft.  3  ins. 
at  the  top,  with  a  batter  of  1  to  12.  On  the 
reservoir  side  of  the  conduit,  the  outer  face 
of  the  lininf  was  made  vertical.  Side  walls 
arc    fif    a    minimum    thickness    of    6    ins.,    the 


Fig.    6.      Tunnel    Section    of    Fernando     By- 
Pass,   Los  Angeles  City  Trunk   Line. 

Construction  Quantities. — Per  linear  foot  of 
tunnel  normal  section;  Excavation,  (timbercfl) 
S.IO  cu.  yd.s..  (untimbercd)  2.73  cu.  yds.;  con- 
crete, (timbered)  0.S3  cu.  yds,,  (untimbered) 
0.69  cu.  yds.;  timbers.  15  B.  JI.;  spreaders,  5 
li.  M.;  shoulder  braces.  7  B.  M.;  laggins.  IS 
B.  M. 

Hydraulic  Properties. — Slope,  O.O009;  capacity. 
302.5;  velocity,  5.784;  area,  52.30;  wetted 
perimeter,   21.65;   R,   2. 416;   N,  0.014;   C,  124.075. 

$0..50  per  foot,  making  this  work  cost  com- 
plete, $15  per  lineal  foot.  The  tunnels  have  a 
slope  of  .0009,  with  /'  =  to  5.8,  ii  =  .014  Kut- 
ter's  formula.    The   sidewalls  are  on   a  batter 
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of  1  to  12  inwards,  the  top  is  semi-circular  and 
the  bottom  has  a  6-in.  invert. 

At  the  lower  end  of  the  covered  conduit 
there  is  a  waste  wier  with  a  crest  width  of 
40  ft.  capable  of  discharging  the  full  capacity 
of  the  conduit  into  the  Lower  San  Fernando 
Reservoir,  the  flow  being  regulated  and  divert- 
ed either  into  the  reservoir  or  on  into  the  in- 


with  the  dam  to  a  height  of  140  ft.,  has  a 
capacity  of  23,000  acre- feet,  was  undertaken 
January  15,  to  provide  an  assured  supply  for 
this  season's  irrigation. 

THE   SAN   FERNANDO  INVERTED   STEEL   SIPHON. 

At  the  gate  tower  begins  the  San  Fernando 
inverted  steel  siphon  by  which  more  than  half 


On  account  of  the  high  expense,  the  line  was 
not  designed  for  full  static  pressure  but  is 
constructed  for  full  pressure  up  to  the  maxi- 
mum hydraulic  grade  line  with  a  maximum 
safety  of  4.  This  is  equivalent  to  15,000  lbs. 
per  square  inch  maximum  pressure  on  the  net 
section. 

.Single    sheet   construction   is   used   through- 
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Fig.  7.     Profile  of  the  San   Fernando  Inverted   Steel  Siphon,   Los  Angeles  City  Trunk   Line. 


verted  steel  siphon  of  the  City  Trunk  Line  by 
means  of  radial  balanced  gates. 

The  covered  conduit  connects  with  a  gate 
tower  in  the  reservoir  by  means  of  a  mono- 
lithic concrete  pipe  of  C  ft.  internal  diameter, 
170  ft.  long  designed  for  a  maximum  head  of 
57  ft.  The  pipe  has  a  shell  of  12  ins.  of  a  4% 
to  1  mix.  reinforced  circumferentially  by  %-in. 
rods  placed  TVz  ins.  center  to  center.  The  gate 
tower  is  so  designed  that  it  may  not  alone 
deliver  water  from  the  conduit  but  also  by 
means  of  tlie  gates  with  which  it  is  furnished, 
draw  upon  the  reservoir  in  case  of  interrup- 
tion of  the  i\queduct  flow. 

LOWER    SAN    FERNANDO    RESERVOIR. 

Only  a  word  is  here  possible  concerning  the 
Lower  San  Fernando  Reservoir.  The  dam 
comprising  a  total  fill  df  2,700,000  cu.  yds.  has 
been  constructed  by  the  hydraulic  fill  process 
and  is  one  of  the  most  extensive  to  be  built 


the  full  flow  of  the  aqueduct  is  carried  across 
the  San  Fernando  Valley  a  total  distance  of 
63,327  ft.  under  a  maximum  working  head  of 
260  ft.  to  the  crest  of  the  Santa  Monica  moun- 
tain range  which  hems  the  valley  on  the 
south.  This  siphon,  a  profile  of  which  is 
shown  in  Fig.  7,  comprises  the  most  difficult 
and  expensive  part  of  the  City  Trunk  Line.  It 
required  8,260  tons  of  steel  for  its  fabrication 
and  is  a  noteworthy  example  of  pipe  line 
construction  and  design. 

The  siphon  at  its  inlet  is  designed  for  a  ca- 
.  pacity  of  11,500  miner's  inches  which  with  the 
trunk  lines  and  irrigation  laterals  leading  from 
it,  is  reduced  to  7,500  miner's  inches  at  the 
point  where  it  makes  delivery  into  the  Frank- 
lin tunnel  near  the  crest  of  the  Santa  Monica 
range.  By  shutting  all  diversion  gates,  this 
flow  at  the  outlet  is  capable  of  being  increased 
to  9.000  miner's  inches.    From  an  inside  diam- 


Fig.  10.     Franklin  Tunnel  Section  of  Los  An- 
geles City  Trunk   Line. 

Construction  Quantities. — Per  linear  foot  of 
normal  section:  Excavation,  (timbered)  2.82  cu. 
vds.,  (untimbered)  2.31  cu.  yds.;  concrete,  (tim- 
bered) O.SO  cu.  yds.,  (untimbered)  0.66  cu.  yds.; 
timbers,  13.80  B.  M.,  lagging,  48  B.  M. ;  shoulder 
braces,  7  B.  M. 

Hvdraulic  Properties. — Hydraulic  slope,  0.0009, 
O.OOi,  0.0011  or  0.0012;  area.  41.63;  wetted 
perimeter,  19.24;  hydraulic  radius  R,  2.163; 
VR7  1-47.  For  slope  of  0.0011,  C  =  122.19;  veloc- 
ity =  5.96  ft.  per  second;  discharge  =  248.11  cu. 
ft.  per  second. 


TABLE   I.— DATA   ON   STEEL,  IN   SAN 

FERNANDO    SIPHON. 

Length, 

Diameter.  Thickness, 

Longitudinal 

ft. 

ms.              ms. 

riveting. 

19,200.55 

72                 1/4 

Double 

5,710.00 

72                1/4 

Triple 

6,612.49 

72                 6/16 

Triple 

1,524.10 

68                5/16 

Triple 

1,904.09 

66                5/16 

Triple 

14,000.89 

66                3/8 

Triple 

9,799.88 

64                 3/8 

Triple 

1,870.81 

62                  5/16 

Triple 

2,704.38 

62                  1/4 

Double 

63.327.19 

i 

Fig.    8.      View    Showing    Field    Riveting    on 

San    Fernando    Siphon    of    the    Los 

Angeles  City  Trunk   Line. 

by  this  means.  It  has  a  width  at  the  base  of 
720  ft.,  a  crest  length  of  2,060  ft.  and  a  height 
of  what  is  to  be  ultimately  140  ft.  Work  was 
begun  in  1911  and  was  discontinued  tem- 
porarily, to  give  time  for  settlement,  on  Jan. 
1,  1915,  at  which  time  the  fill  amounted  to 
2,100,000  cu.  yds.,  and  had  been  carried  to  a 
height  of  90  ft.    Filling  of  the  reservoir,  which 


Fig.  9.     View  of  Stiff  Leg  A-Frame   Derrick,   On  Track,  Swinging  a  Section  of  68-in.  Steel 
Pipe    into   Trench,    Los   Angeles   City   Trunk    Line. 


eter  of  72  ins.  at  the  inlet,  the  siphon,  as 
diversions  are  made,  is  gradually  reduced  to 
62  ins.  The  inlet  elevation  at  the  San  Fer- 
nando gate  tower  is  1,075  ft.  above  sea  level 
witli  Iiydraulic  grade  at  1,134.  The  elevation 
of  the  outlet  is  854  ft.  above  sea  level.  With 
the  steep  slope  of  4  ft.  to  1,000,  the  siphon 
carries  the  high  velocity  of  8   ft.   per  second. 


out,  the  design  and  fabrication  following  the 
methods  employed  on  the  21  steel  siphons  of  I 
the  Los  Angeles  Aqueduct.  The  line  was  de-  ' 
signed  and  built  of  lap  joints  of  alternate ; 
inside  and  outside  sections,  the  plates  being  69  j 
ins.  long.  All  rivets  were  cone  headed :  %-jn. ' 
rivets  were  used  on  the  %-in.  and  6/16-in. 
plates    with    11/16-in.    open   holes;    and    %-in. 
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rivets  for  the  %-in.  plate  with  13/16-in.  open 
holes.  Riveting  followed  the  Hartford  Boiler 
Standard  specifications  with  the  efficiency  of 
the  joints  having  a  maximum  of  72  per  cent. 
The  steel  for  both  plates  and  rivets  was  all 
made  by  the  basic,  open  hearth  process,  the 
quantities,  diameters,  riveting,  etc.,  being 
shown  in  Table  I. 


Fig.  11.  South  Portal  of  Franklin  Tunnel  of 
Los  Angeles  City  Trunk  Line.  Tunnel 
Passes  Through  Crest  of  Santa  Monica 
Mountains.  Shows  Type  of  Electric  Lo- 
comotive  Used   on   Construction. 

As  the  time  was  an  important  element,  the 
work  was  divided  so  that  a  local  contracting 
firm  did  part  of  the  work,  and  the  city  the 
remainder.  The  contractor's  part  consisted  in 
delivering  at  trench  side,  19,200  ft.  of  T2-in. 
and  4,575  ft.  of  62-in.  in  24-ft.  sections  with 
rivets  for  circular  seams.  The  city  purchased 
the  remainder  of  the  steel  from  an  eastern 
factory  'in  plates  rolled  to  true  cylinders, 
beveled,  sheared  and  scarfed. 

The  gates  used  were  of  Rensselaer  manu- 
facture, double  disk,  single  gear  type,  with 
heavy  bevel  gear,  bronze  trimmed  and  operated 
by  hand,  designed  for  working  pressures  rang- 
ing from  150  to  225  lbs.  The  large,  regulating 
shut-off  gates  were  designed  for  the  nearest 
commercial  size  larger  than  one-half  the  diam- 
eter of  the  pipe.  These  comprise  a  54-in.  gate 
with  12-in.  by-pass,  4  miles  from  the  inlet,  and 
at  intervals  of  about  .3  miles,  three  48-in. 
gates  with  8  in.  by-passes.  These  gates  are 
for  shutting  off  any  section  of  the  line  on 
which  an  accident  might  occur  or  for  cleaning. 
At  intervals  of  one-half  mile,  6-in.  gates  are 


stream  by  the  collection  works  of  the  Los  An- 
geles river  supply  system.  Every  one-half  mile 
manholes  with  reinforced  manhole  plates  are 
constructed  and  on  the  low  sides  of  shut-off 
gates,  10-in.  saddles  are  constructed  to  pro- 
side  for  air  valves. 

The  work  of  construction,  as  is  the  rule  of 
the  Los  Angeles  Water  Department,  was  ac- 
complished by  its  own  laboring  force  under 
the  direction  of  its  own  engineers. 

The  excavation  was  done  with  two  Model 
40  Marion  steam  shovels  of  %-cu.  yd.  and'1'4, 
cu.  yd.  capacity.  Each  was  equipped  for  this 
particular  kind  of  work  with  an  extra  long 
boom  25  ft.  in  length.  The  aim  was  to  have 
the  top  of  the  pipe  a  minimum  of  3  ft.  below 
the  surface  of  the  ground.  This  made  the 
depth  of  ditch  range  close  to  9  ft.,  the  width 
being  as  narrow  as  the  shovel  could  dig.  or 
from  10  to  11  ft.  Excavation  was  in  an  ideal 
formation  of  sandy  loam  that  stood  without 
cribbing  excepting  in  a  few  instances.  Shovel 
crews  in  an  eight  hour  day  accomplished  from 
85  to  190  lineal  feet,  the  average  cost  of 
trenching  ranging  from  25  to  30  cts.  per  foot. 
Shovel  runners  were  paid  $150  per  month : 
cranemen,  $115;  firemen,  $75  per  month,  and 
pitmen  $2.50  per  day.  The  shovels  worked  6 
days  per  week,  the  crews  overhauling  the 
shovel  on  the  seventh  without  allowance  for 
overtime.  Backfilling  was  with  Fresnos  at  the 
rate  of  150  ft.  per  day  for  each  gang,  team- 
sters being  paid  $2.50  per  day.  The  cost  of 
this  item  averaged  18  cts.  per  running  foot. 

."Xs  stated,  the  contractor  was  required  to 
deliver  the  pipe  in  24  ft.  sections  at  the  side  of 
the  trench.  He  found  it  cheaper  to  rivet  into 
single  sections  in  his  shop,  then  rivet  four  sec- 
tions into  a  tank,  or  24  ft.  length  of  pipe,  on 
the  ground,  air  being  sold  to  him  for  this 
purpose  by  the  city.  With  the  city  it  was 
necessary  to  unload  the  nested,  unriveted 
plates  and  do  all  the  work  of  riveting,  both 
circular  and  longitudinal  at  the  side  of  the 
trench,  as  shown  in  Fig.  8.  For  this  purpose 
the  equipment  comprised  three  compressor 
stations  situated  at  points  near  the  inlet,  mid- 
dle and  outlet  of  the  siphon  with  air  lines  of 
2-in.  and  4-in.  inside  diameter  standard  screw 
pipe.  The  longest  deliverv-  was  one  of  20,000 
ft.,  through  4-in.  pipe.  Air  compressors  used 
were  one  Clayton  2-stage  tandem  of  a  capacity 
of  200  cu.  ft.  of  free  air  per  minute  under  100 
lbs.  pressure,  driven  by  a  75  hp.  Westinghouse 
motor,  and  two  2-stage  Ingersoll  Rand  No. 
10  Imperials,  each  of  a  capacity  of  700  cu.  ft. 
of  air  per  minute  under  100  lbs.  pressure 
driven  by  100  hp.  General  Electric  motors. 
Transmission  lines  of  the  Southern  California 
Edison  Co.  in  the  vicinity  were  tapped  to 
supply  the  energy. 


amounting  to  $1.75  per  100  rivets  for  all  over 
500  driven  in  8  hours.  This  was  divided  pro- 
portionately among  the  gang,  the  riveter  fore- 
man who  received  $150  per  month  not  par- 
ticipating. A  rivet  that  on  a  tap  of  the  in- 
spector's hammer  showed  any  vibration  was 
rejected  and  had  to  be  cut  out  and  replaced 
on  the  gang's  own  time.    There  are  defects  in 


Fig.    13.      View   Showing   the    Laying   of  the 
52-ln.  Penstock  Down  the  Franklin  Can- 
yon,  Los  Angeles  City   Trunk    Line. 

the  bonus  system  but  if  watchfulness  is  exer- 
cised, the  city. has  found  that  in  this  line  of 
work,  the  spirit  of  co-operation,  enthusiasm 
and  personal  endeavor  can  be  developed  to  a 
high  degree.  Under  this  system  one  gang 
would  rivet  from  12  to  15  rings  into  4-piece 
sections  in  a  day.  In  the  trench,  10  round 
seams  was  a  day's  work. 

After  some  experimenting,  it  was  found 
that  the  quickest  and  most  satisfactory  method 
of  fabrication  was  to  rivet  the  plates  into  four 


Fig.   12. 


View   Showing    Construction    of  the  Lower    Franklin    Reservoir,    Los    Angeles    City 

Trunk    Line. 


Fig.  14.     View  of  the  Hauling  of  Sections  of 
the  52-in.    Penstock   to   the   Trench. 


provided  for  the  irrigation  laterals,  a  number 
of  which  are  now  under  construction,  and  at 
the  Los  Angeles  River  crossing,  two  8-ln. 
blow-off  and  one  0-in.  drain  valves  are  in- 
stalled. These  are  capable  of  adding  a  flow 
of  about  50,000,000  gals,  to  the  ^.^^^■  of  the 
river    which    can    be    taken    up    farther    down 


From  three  to  five  gangs  were  employed  on 
the  city's  riveting.  Each  gang  comprised  a 
riveter  at  $3.50,  a  caulker  at  $4.00,  a  heater  at 
$3.00,  a  bucker-up  at  $2.75.  a  sticker  at  $2.50 
and  sometimes  an  additional  helper  at  $2.50 
for  an  8-hour  day.  The  gangs  worked  under 
a  bonus  system,  compiled  at  10-day  intervals. 


ring  sections  or  tanks.  This  made  the  work 
of  riveting  much  easier  and  swifter  and  re- 
duced the  numlier  of  bell  holes.  The  "tanks" 
were  hoisted  to  position  in  the  trench  by  a 
stiff-leg  .'\- frame  derrick  set  on  wheels  and 
movable  rails,  as  shown  in  Fig.  9.  Riveting  in 
the  trench  progressed  at  the  rate  of  125  ft.  per 
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day.  Large  angles  and  transitions  were  shop 
made  Imt  on  small  bends,  no  special  construc- 
tion was  required,  the  plates  being  simply  cut 
and  beveled.  On  curves  where  the  radius  was 
equal  to  or  larger  than  a  (j°  railroad  curve,  it 
was  found  that  the  situation  could  be  handled 
by  a  little  reaming  of  the  rivet  holes.  The  pipe 
was  all  laid  with  the  longitudinal  seams  upper- 
most, as  shown  in  Fig.  9,  as  it  has  been  found 
by  experience  that  most  of  the  leaks  occur 
where  the  three  thicknesses  of  steel  come 
together  and  they  are  thus  made  easy  of 
access  for  recaulking. 

In  painting,  coal  gas  and  water  gas  tars 
were  used.  A  coating  of  the  latter  which  is 
much  thinner  than  coal  tar  and  of  hi.gh  pene- 
trating qualities  was  first  applied  and  then 
on  succeeding  days,  two  coats  of  coal  tar  both 
inside  and  out.  No  heating  was  required  in 
the  summer  months  but  was  necessary  with 
the  approach  of  autumn  and  winter  tempera- 
tures. Painting  was  done  at  trenchside  with 
brushes.  After  the  pipe  was  laid,  another  coat 
was  applied  to  all  round  seams  and  to  any 
abrasions.  Comparison  of  expense  witli  pat- 
ented preparations  is  to  be  noted  from  the  fact 
that  coal  tar  cost  11  cts.  per  gallon  and  gas 
tar  10  cts.  per  gallon  laid  down  on  the  I'round 
in  carload  lots.  The  department  after  havinc 
had  three  years  of  tests  of  these  materials  on 
the  exposed  aqueduct  siphons  finds  them  an 
effective  substitute  for  the  higher  priced 
coatings. 

The  transitions  at  both  ends  of  the  siphon 
consist  of  blocks  of  heavily  reinforced  con- 
crete, covering  the  pipe  to  a  depth  of  2  ft. 
on  all  sides  for  a  lineal  distance  of  8  ft. 
which  serve  as  anchorages  to  hold  the  pipe  in 
place. 

FR.\NKLIN    TUNNEL. 

The  Franklin  Canon  tunnel  shown  in  section 
in  Fig.  10.  3.781  ft.,  was  the  most  difficult  and 
expensive  piece  of  excavation  on  the  iob  as  it 
was  in  a  much  contorted  and  broken  stratified 
formation  where  heav\-  timliering  was  neces- 
sary almost  throughout.  The  tunnel  has  a 
capacity  of  r2,-40.T  miner's  inches  with  a  veloc- 
ity of  5.96  ft.  per  second.  The  slope  is  .0011 
and  H  =  .014  Kutter's  formula.  Completed,  the 
tunnel  has  a  width  of  I'i  ft.  9%  ins,  and  a 
height  of  7  ft.  8  ins.,  with  a  semi-circular  top 
and  a  6-in,  invert  at  the  bottom.  Side  walls 
are  on  a  batter  of  1  to  12. 

Excavation  was  carried  on  from  both  ends, 
the  tunnel  being  holed  2,600  ft.  from  the  south 
portal.  The  breakage  was  8x9%  ft.  In  tim- 
bering, 6x6-in.  timbers  set  three  segment,  4% 
ft.  centers  with  a  6-in.  lean-back  at  the  top  of 
the  post  on  each  side,  were  used.  .All  the  work 
was  bv  hand  with  three  shifts  emnloved,  the 
cost  averaging  about  $20  ner  foot.  When  con- 
creting was  undertaken,  the  power  lines  had 
been  brought  to  the  north  portal  for  the  pipe 
work  and  these  were  run  through  to  the  south 
portal  and  electrical  equipment  from  aqueduct 
salvage  was  installed.  The  type  of  electric 
locomotive  used  is  shown  in  Fig.  11.  The 
lining  is  li  ins.  thick  at  the  bottom  with  4  ins. 
for  sides  on  timbered  sections  and  8  ins.  for 
untimbered  sections,  of  a  6  to  1  mix  and  was 
completed  at  a  cost,  includino-  forms,  of  $7 
per  lineal  foot. 

The  tunnel  empties  into  a  small  regulating 
reservoir  of  128  acre-feet  with  a  high  water 
elevation  of  8.50  ft.  above  sea  level,  formed 
by  an  earthen  dam  with  a  clay  core  wall  to 
bed  rock,  thrown  across  the  canon  to  a  beieht 
of  46  ft,  and  having  a  yardage  of  34.840 
cu,  yds. 

From'  the  a:ate  towers  of  this  reservoir,  a 
steel  penstock  52  ins.  in  diameter  of  ^4-in. 
steel  and  6,100  ft.  in  length  leads  down  Frank- 
lin Canon  to  empty  into  the  Lower  Franklin 
reservoir  now  under  construction,  as  shown  in 
Fig.  12.  The  outlet  elevation  of  the  penstock 
is  575  ft.  which  gives  a  fall  between  the  two 
reservoirs  of  27.^  ft.  Construction  followed 
the  same  methods  described  for  pine  work  in 
the  foregoing  with  the  exception  that  inasmuch 
as  the  survey  follows  the  floor  of  the  canm^ 
as  shown  in  Fig.  13,  there  are  many  small 
angles:  8,  10,  and  even  vip  to  15°  angles  were 
handled  by  butt  strapping  instead  of  with  s'^'o'^ 
made  bends.  This  was  accomplished  bv  la\ing 
the  pipe  in  its  permanent  position  and  putting 


on  the  butt  straps,  made  tapering  to  unite  the 
ends.  This  meant  only  one  additional  row  of 
rivets,  avoided  heavy  cost  and  prevented  mucn 
delav.  From  the  fall  in  this  canon,  the.  city 
will  ultimately  develop  2,5il(i  hp.  of  electrical 
energy  whenever  the  time  becomes  opportune 
for  the  installation  of  the  plant.  The  method 
of  hauling  the  52-in.  penstock  to  the  line  is 
shown  in  Fig.  14, 

The  Lower  Franklin  Reservoir,  when  the 
dam  of  272.1)00  cu.  yds,  is  raised  to  its  full 
height  of  100  ft.,  will  have  a  capacity  of  1,100 
acre-feet  and  will  provide  regulation  of  the 
flow  from  the  proposed  power  plant  as  well 
as  storage  for  entry  into  the  city's  domestic 
distribution  system.  At  the  present  time,  such 
flow  as  is  required  is  by-passed  through  the 
bottom  of  the  reservoir  to  the  gate  tower  at 
the  lower  end.  From  this  point,  a  liS-in.  steel 
pipe  of  %-in.  metal  is  constructed  cityward  a 
distance  of  4.3.54  ft.,  whence  it  will  radiate 
into  three  or  more  smaller  trunk  lines.  One 
will  extend  southward  to  the  populous  summer 
and  winter  resorts  that  line  the  Pacific  to  the 
south  and  southwest  of  Los  Angeles:  and  a 
second  extending  north  will  skirt  the  foot- 
hills of  tlie  beautiful  and  wealthy  suburban 
community  of  Hollywood, 

.At  the  present  time  only  one  of  these  three 
prospective  lines  has  been  constructed  and  is 
ill  operation.  This  is  a  40-in.  steel  pipe  line 
of  %.  %  and  5/16-in.  extending  32.428  ft. 
due  easterly  from  the  end  of  the  68-in.  main 
to  form  a  junction  with  the  Los  Angeles  do- 
mestic system  at  Third  and  Western  .Avenues. 
It  has  a  daily  capacity  of  25.000.000  gals,  and 
in  conjunction  with  the  Los  Angeles  River 
system  with  its  daily  capacity  of  6.5,000,000' 
gals,  daily  assures  the  city,  within  its  present 
area,  of  a  stable  and  adequate  supply. 

The  building  of  this  great  trunk  line  system 
has  been  overshadowed  and  almost  lost  sight 
of  in  the  engineering  achievement  of  aqueduct 
construction  but  in  many  respects  it  is  no  less 
remarkable  than  that  larger  and  more  spec- 
tacular effort  which  gave  it  birth. 


The  Valuation  of  Water  Works  Prop- 
erties. 
I.  Inventorying  a  Water  Works  Plant. 

By  Halbert  P.  Gillette. 

An  iirrcniory,  as  the  term  is  here  used,  is 
a  tabular  statement  of  the  quantities  of  each 
class  and  size  of  plant  units.  .A  l^laiit  unit 
is  an  element  of  the  plant  to  which  a  unit 
price  or  unit  cost  can  be  applied.  Thus  a 
cubic  yard  of  rock  excavation  or  a  lineal 
foot  of  pipe  of  given  size,  or  a  pump,  of  given 
description,   is   a   plant   unit. 

Those  who  have  had  little  experience  with 
appraisals  of  public  utilities  are  likely  to 
think  that  such  work  differs  little  from  the 
"stock  taking''  of  a  merchant  or  manufac- 
turer. Hence  the  common,  though  erroneous 
inference  that  almost  any  engineer  is  compe- 
tent to  appraise  a  utility  plant. 

While  it  is  true  that  the  counting,  measur- 
ing and  classifying  of  plant  units  is  ordinarily 
a  matter  requiring  no  great  experience,  it  is 
equally  true  that  the  estimating  of  unit  prices, 
overhead  costs,  accrued  depreciation,  and  "go- 
ing value"  or  "development  cost"  are  matters 
of  considerable  complexity  and  therefore  re- 
quiring a  wide  range  of  experience  and  study. 
Even  the  relatively  simple,  though  often  slow, 
process  of  taking  an  inventory  should  not  be 
left  without  the  advice  of  an  experienced  ap- 
praiser. With  such  advice  a  small  company 
can  usually  undertake  the  making  of  an  in- 
ventory of  its  plant,  using  its  own  employes 
almost  entirely  for  the  purpose.  In  this  man- 
ner the  cost  of  an  appraisal  can  be  kept  down. 
It  will  be  my  object  to  indicate,  in  a  general 
way.  what  a  small  water  company  should  do 
in  order  to  secure  an  inventory  of  its  plant 
without  employing  outside  engineers  for  that 
part  of  the  appraisal  work,  save  in  an  ad- 
visory capacity. 

The  first  step  should  be  to  adopt  a  gen- 
eral classification  of  plant  accounts  under 
which  the  various  classes  of  plant  units  are 
to  be  listed.  In  a  few  states  the  public  serv- 
ice commissions  prescribe  such  plant  accounts. 
However,   the  plant  accounts   thus  prescribed 


are  often  not  sufficiently  detailed,  and  are 
never  fully  complete  for  appraisal  purposes. 
.A  water  works  company  should,  of  course, 
so  appraise  its  property  that  it  can  ultimately 
group  the  items  in  accordance  with  the  ac- 
counts prescribed  by  the  public  service  com- 
mission of  the  state  in  which  the  company 
operates.  The  Wisconsin  Railroad  Commis- 
sioii  publishes  a  140-page  pamphlet  of  "Uni- 
form Classification  of  Accounts  of  Water 
Utilities,"  prescribing,  in  great  detail,  both 
the  capital  accounts  and  the  operating  ac- 
counts for  all  water  works  properties  in  Wis- 
consin. 

The   following  is  a   summary  of   the  "Con- 
struction   and    Equipment    Accounts"    by    that  ■' 
commission.     I   have  prefixed  reference  num-  ^ 
hers   for  convenience  :  ! 

1'1.,\NT      ACCOUNTS      PRESCRIBED      BV      WISCONSIN   ! 
RAII-ROAD    COMMISSION, 

1.  Intangible  capital.  ,  t 
la.  Organization.  f 
lb.  Franchises.  j 
Ic.     Rights,  licenses,  etc. 

2.  Land. 

2a.     Lands  used  in  operation  of  property.       ;, 

2b.     Pumping  station  land.  j 

2c.     Source  of  water  supply  land.  >. 

2d.     Reservoir,  tank  and  standpipe  land. 

2e.     General  ottice  land. 

2f.      Stores  department  land. 

2g.     Utility  equipment  land. 
."i.     Buildings,  fixtures  and  grounds  used  in  op- 
eration of  property. 

3a,     .Steam    power    pumping    station    build- 
ings, fixtures  and  grounds, 

3b,     Hydraulic  power  pmuping  station  bldg., 
fxt.  and  grd. 

3c.     Electric   power    pumping   station    bldg., 
fxt.  and  grd. 

3d.     Gas  power  station  bldg.,  fxt.  and  grd. 

3e.     Boiler  plant  bldg,,  fxt.  and  grd. 

3f.     Gas  producer  plant  bldg..  fxt.  and  grd. 

3g.     Source  of  water  supply  bldg.,    fxt.   and 
grd. 

3h.     Reservoir,    tank    and    standpipe    bldg., 
fxt.  and  grd. 

31.      Distribution  bldg.,   fxt.  and  grd. 

3j       General  office  bldg.,  fxt.  and  gi-d. 

3k.     Stores  department  bldg..   fxt.   and   grd. 

31.      Utility  equipment  bldg.,  fxt.  and  grd. 

4.  thumping  station  equipment. 

4a.  Steam  power  pumping  sta.  equip. 

4b.  Hydraulic  power  pumping  sta.  equip. 

4c.  Electric  power  pumping  sta.   equip. 

4d.  Gas  power  pumping  sta.  equip. 

4e.  Boiler  plant  equipment. 

4f.  Gas  producer  equipment. 

5.  Collecting    aqueducts,     intakes    and    supply 

mains, 

fi.  Purification  system. 

7.  Transmission  mains. 

S.  Distribution  mains. 

9.  Services. 

10.  Hydrants. 

11.  Meters. 

12.  Fire  cisterns,  basins,  fountains  and  troughs. 

13.  General  office  equipment. 

14.  Stores  department  equipment, 
l.l.  Utility  equipment. 

Ifi.     Miscellaneous  equipment. 

17.     Miscellaneous    construction    and    ef-iuipment 
expenditures. 

15.  Salaries  during  construction. 

19.  Oftice    supplies    and    expenses    during    con- 

struction. 

20.  Stationery  and  printing  during  construction. 

21.  Law  expenses  during  construction. 

22.  Injuries  and  taxes  during  constructinu. 

23.  Insurance  during  construction. 

24.  Taxes  during  construction. 

25.  Interest  during  construction. 

26.  Discount  on  bonds  during  construction, 

27.  Miscellaneous  expenditures  during  construc- 

tion. 

Under  "Current   Asset  Accounts"   the  com- 
mission prescribes  the  following: 
Cost. 

Notes  and  bills  receivable. 
Accounts  receivable. 
Interest  and  dividends  receivable. 
Materials  and  supplies. 
Miscellaneous  current  assets. 
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If  the  foregoing  items  are  compared  with 
those  that  I  am  about  lo  give  it  will  be  seen 
that  an  arrangement  and  classification  of  ac- 
counts for  a  balance  sheet  statement,  such  as 
the  above  is,  may  not  serve  the  purpose  very 
well  for  an  inventory  and  appraisal.  The  fol- 
lowing is  a  classification  of  accounts  that  I 
have  used  in  appraising  water  works  proper- 
ties in  states  whose  commissions  prescribed 
no  detailed  capital  account  statement : 

author's    inventory   ANIl   .M'PR.-klS.KL   .\CC0UNTS. 

1.  Supply  intakes,   dams  and   reservoirs. 

2.  Supply  lines. 

3.  Pumping  equipment. 

4.  Purification  system. 

5.  Standpipe.s.    tanks    and    di.striliuting    reser- 

voirs. 

6.  Distributing  mains. 

7.  Services. 

8.  Hydrants  and  fire  system. 

9.  Meters. 

10.  Paving  over  pipes. 

11.  Buildings,    fixtures  and   land    improvements. 

12.  Tools  and  instruments. 

13.  Teams  and  vehicles. 

14.  Furniture. 

15.  Telephone  and  signal  apparatus. 

16.  Miscellaneous    construction    and    equipment. 

17.  Wells. 

18.  Land  and  easements. 

19.  Water  rights. 

20.  C)rganization,    promotion,    franchise,    license 

and  patent  right  costs. 

21.  Engineering  and  inspection. 

22.  Business  management. 

23.  Legal  costs. 

24.  Insurance  and  damages. 

25.  Taxes  during  construction. 

26.  Interest  during  construction. 

27.  Contingencies,    omissions,    waste    .and    inci- 

dentals. 

28.  Brokerage  tees. 

29.  .Stores  and  supplies. 

30.  Working  cash  capita!. 

31.  Development  cost. 

32.  Construction   uncompleted. 

Note,  for  example,  that  Item  10,  "Paving 
Over  Pipes,"  is  kept  separate.  It  is  often  a 
disputed  point  whether  a  company  is  en- 
titled to  include  in  its  valuation  any  allow- 
ance for  pavement  laid  over  its  pipes  by  the 
city  and  not  actually  paid  for  by  the  coin- 
pany.  The  Supreme  Court  of  the  United 
States,  in  the  Consolidated  Gas  case,  lias  held 
that  ihe  cost  of  all  pavement  over  mains 
shtudd  be  included  in  a  rate-making  valua- 
tion, regardless  of  who  paid  for  such  pave- 
ment. .Several  commissions,  notably  that  in 
Wisconsin,  have  thus  far  refused  to  follow  the 
Supreme  Court  ruling.  It  therefore  becomes 
desirable  to  set  up  "Paving  Over  Pipes"  as  a 
separate  item,  and,  furthermore,  to  subdi- 
vide tlie  pavement  into  (1)  that  known  to 
have  been  laid  by  the  coinpany,  (2)  that 
known  to  have  been  laid  by  the  city,  and  (3) 
that  about  which  there  is  doubt  as  to  who 
laid    it. 

Other  differences  will  be  noted  between 
my  list  of  accounts  and  that  of  the  Wiscon- 
sin Commission,  the  most  important  of  which 
are  iny  accounts  numbered   17,  19,  27  and  31. 

Item  19,  "Water  Rights,"  has  no  counter- 
part in  the  Wisconsin  Commission  Classifica- 
tion unless  it  be  "Source  of  Water  Supply 
Liind."  The  Wisconsin  Commission  has  al- 
lowed water  right  values  in  hydro-clcctric 
power  cases,  and  now  that  the  U.  S.  Supreme 
Court  has  ruled,  in  "The  San  Joa(|uin  and 
Kings  River  Canal  and  Irrigation  Co.  case" 
(April  27,  1914),  that  water  right  values  must 
be  included  in  a  rate-making  valuation,  every 
commission  inust  recognize  this  clement  of 
value  wherever  it  exists.  In  a  sulisc'iucnt 
article  of  this  series  I  will  discuss  water  right 
valuation  in  detail.  Overhead  charges  (Items 
20  to  2H )  will  also  be  discussed  in  a  later 
paper,  and  two  other  articles  will  be  devoted 
to  "Working  Capital"  and  "Development 
Cost." 

Having  selected  a  plant  account  schedule, 
assign  numbers  to  each  of  the  accounts  and 
sub-accounts ;  or  use  a  combination  of  num- 
bers and  letters  to  designate  eacli  account  and 
sub-account.    This  greatly  facilitates  reference 


and  cross-reference,  beside  saving  time  and 
space  in  writing  and  typing.  Next  select  a 
date  at  which  the  inventory  is  to  close,  making 
the  date  the  last  day  of  some  month,  and,  if 
convenient,  the  last  day  of  the  last  quarter 
or  last  half  of  a  year.  Enter  this  appraisal 
date  on  all  summary  sheets,  together  with  the 
name  of  the  company. 

.\  fairly  complete  map  or  maps  of  tlie 
water  works  system  should  be  prepared,  or 
existing  maps  should  be  brought  up  to  the 
date  of  the  appraisal.  The  appraisal  map 
should  be  filed  as  part  of  the  appraisal  and 
should  not  subsequently  be  altered.  In  other 
words,  the  appraisal  map  should  noj:  be  used 
as  a  working  map.  If  many  maps  are  needed 
to  cover  the  entire  system,  then  prepare  a 
small  "kev  map"- on  wliich  will  appear  the 
number  of  each  map  sheet.  An  appraisal  map 
should  show  locations  of  supply  pipes,  mains, 
services,  hydrants,  valves,  etc.  The  size  and 
kind  of  each  pipe  should  appear  on  the  map, 
also  its  age,  if  known.  Of  course  all  street 
names  should  appear,  and  the  class  of  pave- 
ment should  be  designated.  Since  several 
copies  of  the  appraisal  will  be  required,  it  will 
lie  necessary  to  trace  and  Vilueprint  the  ap- 
praisal map.  With  this  in  mind,  do  not  use 
colored  inks  nor  tints  to  designate  things,  but 
make  all  lines  and  letters  with  India  ink-  This 
at  least  must  be  done  on  the  tracings. 

The  map,  if  carefully  made  as  it  should  be. 
will  serve  to  give  lengths  of  pipe  bv  scaling. 
In  this  connection  let  me  caution  against 
scalins;  from  the  blue  prints  unless  a  correc- 
tion factor  is  applied  for  shrinkage  of  the 
blue  print.  I  have  known  instances  of  scaling 
from  blue  prints  that  resulted  in  a  loss  of  2 
per  cent  of  the  true  length  of  pipe,  due  to  the 
slirinkage  of  the  print  upon  drying  out.  It 
should  be  added  also  that  a  correction  should 
be  made  for  the  slope  of  the  ground  in  hilly 
sections,  for  all  maps  are  based  on  liorizontal 
measurements.  Map  shrinkage  and  ground 
slope  corrections  may  not  be  large  percent- 
ages, but  still  run  into  a  good  many  dollars 
on   the   final   total. 

Before  a  map  can  be  brought  up  to  date 
it  will  be  necessary  to  make  a  "field  inspec- 
tion" of  the  location  of  pipes,  class  of  pave- 
ment, class  of  excavation,  etc.  Field  notes 
are  preferably  entered  in  a  field  notebook, 
i'lstcad  of  being  entered  directly  on  a  map, 
although  ther''  are  exceptions  to  this  general 
statement.  The  records  of  fteld  notes  are 
suliscqucntlv  transcrilied  to  the  map.  Record 
in  the  field  book  the  date  and  name  of  ap- 
praisal, also  the  names  of  those  who  made  or 
assisted  in  making  the  field  insnection. 

One  of  the  most  important  of  the  facts  en- 
tered in  the  field  book  is  the  classification  of 
the  excavation.  Excavation  is  usually  classed 
as  follows : 

Earth 
Hardpan 
Quicksand 
f  oose  Rock- 
Solid  Rock. 

In  tlic  note  book  is  entered  the  estimated 
percentage  of  each  of  these  classes  between 
certain  streets.  Where  the  earth  itself  varies 
considerably  in  toughness,  a  further  sub- 
classification  of  earth  may  be  noted,  as  Tough 
Clay,  Gravel,  and  Sand.  For  these  classifica- 
tions it  is  generally  necessary  to  depend 
largely  upon  the  memory  of  the  most  experi- 
enced man  in  the  employ  of  the  company, 
which  can  be  checked  by  inquiry  among  local 
contractors,  particularly  sewer  contractors. 
Occasionally  it  pays  to  dig  some  test  pits 
and  to  drive  rods  into  the  ground.  .Special 
note  should  be  made  of  any  excavation  in 
verv  wet  ground. 

On  large  appraisals  it  is  customary  to  pre- 
pare printed  "forms"  or  "blanks"  upon  which 
are  entered  all  the  inventory  data.  On  a 
small  appraisal  this  is  not  necessary.  In  fact, 
an  inventory  of  considerable  size  can  be  well 
made  without  the  use  of  a  single  printed 
"form."  Init  typewritten  forms  arc  usually  de- 
sir;ible.  A  "form"  for  an  inventory  for  water 
mains  may  have  a  number  of  columns  headed 
thus : 

1.  Street. 

2.  From. 


3.  To. 

4.  Distance. 

5.  Pipe  diameter. 

6.  Class  of  pipe. 

7.  Specials. 

.S.     Age  of  pipe. 

9.     Classes  of  excavation. 

10.  Percentage  of  each  class. 

11.  Trench  depth. 

12.  Class  of  pavement. 

13.  Age  of  pavement. 

14.  By  whom  laid. 

l.-i.     Number  of  services. 

.-\  similar  "form"  for  services  may  be  pre- 
pared. 

After  entering  all  the  inventoried  data  on 
"forms"  or  in  tables  that  facilitate  addition  of 
columns  to  get  totals,  check  each  inventoried 
item  of  the  distribution  system  by  the  aid  of 
the  iTiap  of  the  system.  To  do  this  provide 
a  special  blue  print,  or  preferably  a  white 
print,  of  the  distribution  system:  and  cross 
off  each  part  or  item  on  this  print  correspond- 
ing to  each  item  on  the  "forms"  or  in  the 
inventory  tables  of  pipe  quantities,  etc.  By 
using  cross-hatching  ( parallel  lines  drawn 
close  together)  section  after  section  of  the 
print  is  crossed  off  as  checking  progresses, 
until  the  entire  print  is  cross-hatched.  Any 
failure  to  have  entered  any  pipe  lengths,  etc., 
in  the  "forms"  or  tables  will  show  up  on  the 
print  as  an  area  that  has  not  been  cross- 
hatched.  Other  methods  of  checking  the  ac- 
curacy and  completeness  of  the  inventory 
might  be  suggested,  but  to  do  so  would  con- 
siderably lengthen  a  paper  that  is  already 
quite  long. 

Whether  a  quantity  survey  of  the  buildings 
is  desirable  will  depend  largely  upon  their 
value  and  the  completeness  of  the  records  re- 
lating to  their  actual  cost.  Usually  it  suffices 
to  estimate  inexpensive  buildings  by  applying 
a  cubic  foot  price  to  the  total  volume,  or  by 
securing  the  rough  estimate  of  an  experienced 
building  contractor. 

If  the  company  has  kept  "work  orders"  or 
the  like,  it  is  wise  to  make  a  complete  inde.x 
of  them.  Rule  a  series  of  columns,  and  enter 
in  the  first  column  the  number  of  the  w'ork 
order.  In  the  second  column  enter  the  date. 
Let  the  remaining  columns  be  serially  num- 
bered to  correspond  with  the  numbers  of  the 
plant  accounts.  Then  look  through  each  work 
order  carefully  and  enter  clieck  marks  in  the 
blank  opposite  tlie  number  of  the  work  order 
and  under  the  plant  account  number  corre- 
sponding to  the  classes  of  construction  record- 
ed in  the  work  order.  Thus  if  a  given  work 
order  contains  work  on  services,  make  a 
check  mark  in  column  No.  7  (Services'). 

By  this  method  the  subsequent  looking  up 
of  work  order  data  is  greatly  facilitated,  but. 
what  is  perhaps  more  important,  items  of 
plant  will  be  discovered  that  would  otherwise 
be  overlooked. 

I  ain  insistent  upon  a  careful  analysis  of 
all  the  accounting  records,  even  those  relat- 
ing to  operating  expense,  as  far  back  as  rec- 
ords are  available.  Such  an  analysis  invari- 
ably discloses  items  of  plant  cost  that  have 
escaped  those  who  have  made  the  inventory. 
For  example,  a  railway  spur  to  a  coal  yard 
did  not  appear  in  an  inventory,  and  the  man- 
ager of  the  plant  was  positive  that  the  spur 
had  been  built  l)y  the  railway  at  its  own  ex- 
pense. Being  familiar  with  railway  practice 
in  such  matters  I  doubted  whether  the  rail- 
way had  paid  for  more  than  the  "steel"  and 
the  ties.  My  doubt  was  justified  when  our 
analysis  of  the  accounts  disclosed  that  the 
company  had  spent  $"),000  for  grading  and 
bulkheading  in  connection   with  the   spur. 

While,  as  previously  stated,  nearly  all  the 
work  of  gathering  the  data  for  an  inventory 
can  be  done  by  men  not  particularly  experi- 
enced in  such  work,  it  is  wise  to  have  them 
act  under  the  direction  of  an  experienced  ap- 
praiser. Moreover,  I  think  an  appraisal  en- 
gineer should  himself  be  a  competent  ac- 
countant, capable  of  undcrstandin.g  accounts 
that  have  been  incorrectly  kept,  and  familiar 
with  the  details  of  many  different  systcins 
of  corporation  accounts.  It  is  astonishing 
how  fre<iuent  are  the  omissions  of  items  of 
value   where  only   a   field   inventory  has   been 
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made,   unchecked   by   an  analysis   of   account- 
ing records. 


New  Water  Works  Ordinance  Adopt- 
ed by  Referendum  at  Fargo,  N.  D. 

(Staff  Abstract.) 
The  essential  provisions  of  the  new  water 
works  ordinance  adopted  at  Fargo,  N.  D..  on 
April  6  by  a  referendum,  are  here  given.  The 
Board  of  City  Commissioners  had  previously 
refused  to  pass  the  ordinance.  Editorial  com- 
ment on  the  referendum,  and  the  circum- 
stances leading  up  to  it,  is  made  elsewhere 
in  this  issue. 

Briefly,  the  ordinance  requires  the  city  of 
Fargo  to  provide,  annually,  by  a  general  tax 
as  for  other  municipal  e.xpenses,  a  sum  based 
upon  the  number  of  city  fire  hydrants;  to 
pay  such  sum  into  the  water  works  fund  in 
payment  for  services  rendered  and  water 
used,  donated  or  wasted  by  the  city  in  ex- 
tinguishing fires,  sprinkling  streets,  flushing 
sewers,  supplying  parks,  fountains,  city  build- 
ings, construction  of  public  improvements, 
public  charities  and  other  municipal  uses.  The 
ordinance  creates  a  water  works  fund  and 
other  subsidiary  funds  therefrom,  designates 
officials  and  provides  regulations  with  refer- 
ence thereto.  The  essential  sections  follow : 
Be  It  Ordained  by  the  Board  of  City  Commis- 
sioners of  the  City  of  Fargo.  North  Dakota,  or 
Be  It  Ordained  by  the  People  of  the  City  of 
Fargo,  North  Daltota  (as  the  case  may  be). 
Section  1.  (Municipality  Shall  Provide  BY 
Taxation  for  Water  Used,  Wasted  or  Donated 
By  It.)  The  Board  of  City  Commissioners  shall 
annually  provide  by  appropriation  and  uniform 
tax  levy,  on  property  subject  to  their  jurisdic- 
tion, such  sum  or  sums  hereinafter  designated 
per  hydrant  (or  more,  if  in  their  judgment  more 
Is  necessary)  to  defray  the  cost  and  expense 
(including  maintenance  and  depreciation)  inci- 
dent to  and  caused  by  reason  of  the  general  and 
special  uses  by  the  city  of  the  water  works,  fil- 
tration plant,  fire  hydrants,  and  distribution 
system  in  supplying  water  to  its  municipal  build- 
ings, its  public  parks,  fountains,  donees  (as  a 
charity,  or  for  semi-public  use  without  income 
or  profit),  for  sprinkling  streets,  flushing  sew- 
ers, construction  of  public  improvements  and 
extinguishing  fires,  for  the  next  succeeding  fis- 
cal year. 

Section  2.  (The  Sum  to  be  Provided.)  The 
determination  of  the  sum  or  sums  herein  pro- 
vided and  hereby  ordained  as  necessary  for  the 
purposes  in  section  one  designateij  and  provided 
shall  be  computed  upon  the  following  basis,  per 
fire  hydrant,  according  to  the  class  or  classes 
under  which  the  Board  of  City  Commissioners, 
by  ordinance  or  resolution,  shall  determine  and 
provide  with  respect  to  the  annual  municipal 
uses,  waste  and  donations  of  water:  and  the 
sums  per  hydrant  shall  be  cumulative  if  any 
such  water  takings  shall  be  in  more  than  one 
class. 

Class  1.  Use  of  water  for  extinguishing  fire 
under  a  required  pressure  not  greater  than  50 
lbs.  per  square  inch,  not  less  than  the  an- 
nual sum  of  $24  per  hydrant  for  each  and  every 
fire  hydrant  within  the  corporate  limits  of  the 
city;   or 

Class  2.  Use  of  water  for  same  purpose  under 
a  required  pressure  greater  than  50  and  not 
greater  than  75  lbs.  per  square  inch,  not  less 
thn  the  annual  sum  of  |36  per  hydrant  for  each 
and  every  fire  hydrant  within  said  corporate 
limits,   or 

Class  3.  Use  of  water  for  same  purpose,  un- 
der a  required  pressure  greater  than  75  and  not 
greater  than  100  lbs.  per  square  inch,  not  less 
than  the  annual  sum  of  $48  per  hydrant  for  each 
and  every  fire  hydrant  within  said  corporate 
limits,   or 

Class  4.  For  supplying  water  to  city  build- 
ings, parks,  fountains,  street  drinking  bubblers, 
public  or  semi-pubhc  places  without  income  or 
profit,  or  as  charity,  sprinkling  city  roads  and 
streets,  flushing  sewers  and  streets,  under  a  re- 
quired normal  pressure  not  exceeding  40  lbs. 
per  square  inch,  not  less  than  the  annual  sum 
of  $20  per  hydrant  for  each  and  every  fire  hy- 
drant within  said  corporate  limits,  or 

Class  5.     For  granting  permission  to,  or  allow- 


ance of,  any  person,  firm,  or  corporation  to  use 
fire  hydrants  (with  meter  attached)  not  less 
than  the  annual  sum  of  $3  per  hydrant  and  for 
supplying  water  to  contractors  (with  or  without 
meter)  for  public  construction  work  upon  build- 
ings, street  paving,  sidewalks  and  improve- 
ments, or  tamping  ditches,  not  less  than  the  an- 
nual sum  of  $5  per  hydrant  for  each  and  every 
fire  hydrant  within  said  corporate  limits. 

Section  3.  (Creating  Water  Works  Fund.)  All 
such  sums  as  provided  for  in  Sections  one  and 
two  shall,  together  with  all  sums  collected  as 
water  rents  or  rates  for  water,  and  incidental 
service  in  supplying  water  to  the  inhabitants, 
and  any  unexpended  balances  remaining  in  the 
"Operation-  and  Maintenance"  and  "Extraordi- 
nary Emergency"  funds  of  the  previous  year,  be 
paid  into,  and  credited  to,  a  special  fund  to  be 
kept  and  known  as  "The  Water  Works  Fund," 
and  the  money  so  paid  and  credited  to  such 
fund  shall  not  be  used,  reappropriated  or  dissi- 
pated for  any  purpose.  '  except  as  hereinafter 
provided. 

Section  4.  (Water  Works  Fund,  How  Used.) 
The  water  works  fund  so  constituted  as  provided 
by  Section  three  shall  furnish  the  funds,  by  re- 
appropriation;  1st,  for  and  from  which  shall  be 
paid  the  operating  and  maintenance  costs  and 
expenses  of  the  water  works,  sedimentation  and 
filtration  plant  each  year,  including  such  sum 
as  may  be  necessary  for  temporary  use  as  a  re- 
volving fund  for  the  purchase  and  re-sale  of 
meters  and  other  water  works  and  service  con- 
nection supplies;  2nd,  for  and  to  credit  of  a 
proper  and  adequate  depreciation  account  when- 
ever the  commissioner  in  charge  of  such  water 
works,  after  investigation  and  consultation  with 
the  city  engineer,  shall  determine  that  such  de- 
preciation account  can  be  reasonably  required 
as  hereinafter  provided;  3rd,  for  and  to  the 
credit  of  an  extraordinary  emergency  fund  to 
meet  any  unforeseen  and  extraordinary  casualty 
that  may  happen  to  and  disable  any  portion  of 
such  water  works,  sedimentation  and  filtration 
plant  or  distribution  system. 

Section  5.  (Depreciation  Fund.  Who  Decide 
and  How  Used.) 

(1)  The  city  engineer,  commissioner  of  water 
works,  superintendent  of  filtration  plant,  and 
chief  engineer  of  power  plant  of  the  water  works 
shall  constitute  a  board  to  ascertain  and  deter- 
mine what  are  the  proper  and  adequate  rates  of 
depreciation  of  the  several  classes  of  property 
of  such  water  works  utility.  The  rates  shall  be 
such  as  will  provide  the  amounts  required  over 
and  above  the  expenses  of  maintenance,  to  keep 
such  property  in  a  state  of  efficiency  corre- 
sponding to  the  progress  of  such  water  utilities 
generally.  The  auditor  of  the  city,  under  in- 
struction and  direction  of  the  commissioner  of 
water  works,  shall  conform  the  depreciation  ac- 
count to  such  rates  so  ascertained  and  deter- 
mined by  said  board.  Such  board  may  make 
changes  in  such  rates  of  depreciation  from  time 
to  time  as  it  may  find  to  be  necessary. 

(2)  Such  board  shall  also  prescribe  rules,  reg- 
ulations and  forms  of  accounts  regarding  such 
depreciation  which  the  commissioner  of  water 
works  shall  carry  into  effect. 

(3)  The  city  commission  shall  provide  for  such 
depreciation  in  fixing  the  rates,  tolls  and  charges 
to  be  paid  by  the  public. 

(4)  All  moneys  thus  provided  for  shall  be 
charged  to  and  set  aside  out  of  "the  water 
works  fund."  credited  to  and  carried  into  a  de- 
preciation fund  in  manner  hereinbefore  pro- 
vided. The  moneys  in  this  last  mentioned  fund 
may  be  expended  in  new  constructions,  exten- 
sions, or  additions  to  the  property  of  such  water 
works  utility  (the  distribution  system  provided 
for  by  special  improvement  taxes  excepted), 
provided  always,  such  sums  are  duly  charged  to 
the  construction  account  and  the  same  credit 
to  this  fund  is  maintained;  or  invested,  and  if 
Invested,  the  income  from  the  investment  shall 
be  credited  to  and  carried  in  the  depreciation 
fund.  This  fund  and  the  proceeds  thereof  shall 
be  used  for  no  other  purpose  than  as  provided 
in  this  section  and  for  depreciation. 

Section  6.  The  money  or  securities  represent- 
ing any  unexpended  or  unappropriated  balance 
in  the  water  works  fund  of  the  city  at  the  time 
of  the  adoption  of  this  ordinance  shall  be  im- 
mediately absorbed  by,  and   transferred   to   the 


credit  of,  such  accounts  as  are  described  in,  and 
in  the  manner  and  to  the  extent  provided  by  the 
second  and  third  provisions  of  Section  4  of  this 
ordinance  and  shall  be  proportioned,  estimated 
and  computed  back  for  the  period  when  the 
rates,  tolls  and  charges  contained  the  surplus 
which  by  this  section  is  contemplated,  and  to 
the  extent  of  the  credit  in  such  water  works 
fund  appearing. 


Water  Works  Publicity  Measures  Em- 
ployed at  Terre  Haute,  Indiana. 

(Staff  Abstract.) 
The  average  customer  of  the  water  depart- 
ment or  water  company  has  very  little  idea 
of  the  difficulties  which  water  works  men  must 
meet  in  supplying  water.  It  is  reasonably  cer- 
tain that  if  customers  knew  something  of 
such  problems  that  water  works  men  are  com- 
pelled to  solve  they  would  be  more  charitable 
m  their  criticism  and  would  pay  their  bills 
with  better  grace.  Here,  as  elsewhere,  it  is 
good  policy  to  take  the  public  into  your  confi- 
dence and  let  them  know  what  you  are  doing. 
The  present  article  describes,  ver\-  briefly,  the 
publicity  measures  employed  bv  the  Terre 
Haute  Water  Works  Company  of  Terre 
Haute,  Indiana,  as  given  by  Mr.  Dow  R. 
Gwinn,  president  and  manager. 

NEWSPAPER    ADVERTISING. 

The  best  publicity  medium  in  a  community 
is  the  newspaper.  While  I  would  not  confine 
my  publicity  work  to  newspapers,  I  believe 
that  the  major  part  of  the  money  spent  along 
this  line  should  be  used  for  newspaper  adver- 
tising. We  have  contracts  with  our  daily 
papers  for  a  1-in.  advertisement  for  every  day 
in  the  year,  so  that  the  company  is  always 
represented  in  every  issue  of  each  of  the  daily 
papers  published  in  the  city.  We  have  about 
40  different  ads  which  are  used  for  this  pur- 
pose, alternating  from  day  to  day,  and  when 
the  entire  lot  is  used  they  commence  over 
again.  Eight  examples  of  these  short  adver- 
tisements  follow : 

(1)  Give  Up  the  Back-Breaking  Pump — 
Use  Filtered  Water.  (2)  City  Water  in  Terre 
Haute  is  Purified  by  Scientific  Methods  in 
Charge  of  an  Expert.  It  Is  Tested  Every 
Day.  (3)  Filtered  Water  Kitchen  Sink— 
6-Room  House— 1%  Cts.  Per  Day.  (4)  Don't 
Be  Tied  to  the  Pump.  Get  City  Water  in 
the  Kitchen.  (.5)  Good  Morning!  Have  You 
Used  Filtered  Water  This  Morning?  (6)  Pure 
Filtered  Water  Bath  Room  in  6-Room  House, 
3  Cts.  Per  Day.  (7)  The  Good  Landlord  Puts 
City  Water  in  Kitchen  and  Keeps  His  Ten- 
ants. (8)  The  Public  Be  Pleased.  We  Strive 
to  Make  City  Water  Service  as  Xear  Perfec- 
tion as  Possible. 

Sometimes  we  use  a  half  page;  sometimes 
we  use  a  whole  page,  and  on  one  occasion  we 
used  a  double  page,  when  we  used  a  large  cut 
showing  how  well  water  is  contaminated  from 
privy  vaults.  We  pay  special  attention  to  the 
headlines,  some  of  which  are  as  follows:  "The 
Public  Be  Pleased."  Come  on  In.  the  Water's 
Fine.  Don't  Be  Tied  to  the  Pump.  Get  on 
the  Water  Wagon.  Fix  Up  the  Old  House. 
We  have  used  quite  a  number  of  cuts  and 
on  several  occasions  used  a  large  cut  running 
across  the  page,  showing  the  park  at  the 
pumping  station  and  a  portion  of  the  build- 
ings, with  the  headline:  "The  Home  of  Pure 
Filtered  Water." 

We  have  used  some  posters,  but.  as  stated, 
believe  that  the  best  results  can  be  obtained 
by  advertising  in  the  newspapers. 

CIRCULARIZING. 

About  four  years  ago  we  did  considerable 
circularizing.  First,  we  went  through  the 
street  index  in  the  local  directory  and  checked 
off  the  addresses  of  all  who  were  using  city 
water  and  found  that  there  were  over  4,000 
premises  along  the  lines  of  our  mains  that 
were  not  using  water  from  us.  We  then  pre- 
pared a  half  dozen  circular  letters,  which 
were  printed  on  the  mimeograph  and  the  ad- 
dresses were  put  on  with  the  typewriter.  The 
typewriter  ribbon  corresponded  very  closely 
in  shade  and  color  to  the  ink  used  by  the 
mimeograph  and  the  letters  had  the  appear- 
ance of  being  typewritten.     These  letters  were 
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mailed  to  more  than  4,000  people  and  were  ac- 
companied with  a  circular  on  colored  paper, 
with  attractive  type  and,  in  some  cases,  with 
cuts.  The  letters  were  sent  out  about  a  week 
or  ten  days  apart.  I  remember  that  one  man 
came  in  and  said  that  he  had  received  three 
of  our  letters  and  was  ready  to  put  in  city 
water.  He  was  the  head  of  a  large  institution 
which  uses  $2.!)0  to  $-300  worth  of  water  a  year. 
In  my  opinion,  one  of  the  best  things  that 
we  sent  out  in  connection  with  these  circular 
letters  was  a  pamphlet  entitled  "An  Impor- 
tant Trial,"  which  purported  to  be  the  trial 
of  Mr.  City  Well  and  Mr.  Privy  Vault.  It 
was  gotten  up  in  legal  style  and  attracted  a 
good  deal  of  attention. 

VISITS    TO    PUMPING    STATION. 

In  addition  to  the  publicity  work  already 
mentioned  we  believe  that  a  good  way  of  get- 
ting the  public  familiar  with  what  we  are 
doing  is  to  have  them  visit  our  pumping  sta- 
tion. Working  along  this  line,  we  engaged  a 
landscape  gardener,  spent  hundreds  of  dollars 
for  trees  and  shrubbery,  fixed  up  a  tennis 
court  for  the  use  of  the  public,  and  really 
have  a  very  beautiful  park  at  our  pumping  sta- 
tion. We  invite  the  public  to  use  our  tennis 
court  and  to  have  picnic  lunches  at  the  plant. 
On  several  occasions  we  have  invited  the  local 
medical  society  to  visit  the  plant  and  have 
served  supper.  We  have  also  had  the  Young 
Business  Men's  Club,  the  Manufacturers'  Club 
and  also  the  city  officials.     Some  of  the  teach- 


ers in  the  public  schools  have  taken  their 
classes  to  the  plant,  and  Prof.  Bruce,  who  has 
charge  of  the  Chemistry  Class  at  the  State 
Normal,  makes  a  point  of  taking  each  of  his 
classes  to  the  pumping  station  and  gives  them 
a  talk  on  the  purification  of  water. 

Accepting  an  invitation  from  the  Manufac- 
turers' Club,  I  gave  them  a  talk  on  the  Meth- 
ods of  Testing  Meters,  the  Purification  of 
Water  and  Results  Obtained.  I  had  a  number 
of  charts  showing  the  dail,\'  average  bacteria 
in  the  river  water  and  in  the  filtered  water, 
and  also  the  reduction  in  cost  of  water  to 
residence  consumers  who  were  on  meters. 

COMPETITION    WITH    SHALLOW    WELL    SUPPLIES. 

In  Terre  Haute,  where  water  can  be  secured 
from  the  ground  at  a  nominal  expense,  it  is 
necessary  to  educate  the  people  to  show  the 
advantages  of  using  water  under  pressure, 
and  also  the  danger  of  contamination  of  water 
taken  from  the  ground  on  account  of  the  large 
number  of  privy  vaults.  One  dav  a  man  came 
in  the  office  and  wanted  water  for  sprinkling 
purposes.  I  suggested  that  he  also  should  take 
the  water  for  domestic  use,  but  he  quickly  re- 
plied that  they  had  a  good  well,  the  best  one 
in  that  part  of  the  city,  that  people  came  from 
several  blocks  around  there  to  get  water  from 
his  well.  I  asked  him  if  he  had  ever  had  the 
water  analyzed,  and  he  said  no,  that  the  water 
was  all  right ;  it  was  clear  and  nice  and  cold 
and  it  was  not  necessary  to  have  it  analyzed. 
I  offered  to  furnish  him  with  a  barrel  of  salt. 


free  of  cost  to  him,  if  he  would  put  it  in  the 
privy  vault,  and  then  if  the  water  from  the 
well  became  salty  he  would  know  where  some 
of  it  was  coming  from.  He  refused  to  accept 
the  proposition,  and  when  I  pressed  him  for  a 
reason  he  said  it  might  spoil  his  well, 

PUBLICITY   WORK   PAYS. 

The  average  water  works  man  will  want  to 
know  if  advertising  the  water  works  business 
pays,  and  in  reply  will  say  that  when  I  came 
to  Terre  Haute,  14  years  ago,  the  company 
had  about  2,000  customers,  after  being  in  the 
business  for  27  years.  We  now  have  about 
7,000  customers  and  the  gross  earnings  are 
more  than  double  what  they  were  14  years 
ago.  Of  course,  all  of  this  increase  is  not 
due  to  advertising,  for  we  have  made  a  point 
of  serving  a  very  high-grade  filtered  water. 
We  have  an  unusually  good  plant  and  are 
getting  fine  results  in  the  way  of  bacterial 
reductions.  We  have  a  laboratory  and  make 
daily  examinations  of  the  filtered  and  un- 
filtered  water.  Good  water  and  good  service 
attract  business,  but  I  believe  that  advertising 
is  a  material  help  in  developing  business. 

ACK.VOWLEIGMENT. 

The  foregoing  matter  is  from  the  discussion 
by  Mr.  Gwinn  of  a  paper  entitled:  The  Prac- 
tical Value  of  Publicity  to  the  Water  Works 
Man.  read  before  the  recent  annual  meeting  of 
the  Illinois  Section  of  the  .American  Water 
Works  -Association  b'-  the  editor  of  this  sec- 
tion. 


Substructure    Features     of    a    Bridge 
Over  the  South  Canadian  River  in 
Oklahoma  and  .Erection   Pro- 
cedure Adopted. 

(Staff  .Article.) 

The  Chicago,  Rock  Island  &  Pacific  Ry.  has 
recently  started  the  replacement  of  a  long  pile- 
trestle  bridge  across  the  South  Candian  River, 
at  Geary,  Okla.,  which  involves  some  difficult 
substructure  work.  The  two  steel  spans  which 
are  included  in  the  present  contract  have 
lengths  of  200  ft.,  and  are  of  the  riveted 
through  Pratt-truss  type.  As  the  trestle  at 
the  western  end  of  the  bridge  is  not  to  be  re- 
placed at  this  time,  the  present  substructure 
work  includes  the  construction  of  two  piers 
and  one  abutment.  Figure  1  is  a  general  ele- 
vation of  the  structure  showing  profiles  of 
the  subsoil  strata.  It  will  be  noted  by  referring 
to  this  drawing  that  at  the  low  water  stage  the 
river  is  confined  to  a  comparatively  narrow 
channel,  but  at  times  of  high  water  it  occu- 
pies a  wide  area.  At  the  location  of  piers 
Nos.  2  and  3  the  river  bed  consists  of  quick- 
sand. To  secure  a  suitable  foundation  ma- 
terial it  was  necessary  to  extend  the  piers,  by 
means  of  caisson  foundations,  to  shale,  which 
was  encountered  at  a  considerable  depth  below 
the  river  bed.  The  bridge  was  designed  for 
Cooper's  E-.55  loading,  with  impact  as  required 
by  the  Rock  Island  Lines'  specifications.  The 
assumed  dead  loads  for  the  superstructure 
were :  Steel,  2,500  lbs.  per  linear  foot  of  span ; 
and  track,  500  lbs.  per  linear  foot  of  span. 

It  has  not  yet  been  decided  what  type  of  con- 
struction will  finally  be  used  to  complete  the 
bridge.  This  cannot  be  settled  until  the  effect 
has  been  observed  of  some  bank  protection 
work  which  is  being  put  in  about  three  miles 
up  the  river  for  the  purpose  of  changing  its 
course.  As  the  rock  stratum  dips  rapidly 
toward  the  west  end  of  the  bridge  the  con- 
struction of  piers  for  this  part  will  be  nuich 
more  expensive  than  for  the  two  spans  now 
being  constructed.  It  is  estimated  that  it  will 
ultimately  take  about  1,000  ft.  of  permanent 
construction  to  relieve  the  condition  existing  at 
this  site.  Taking  the  costs  and  present  rail- 
roading conditions  into  consideration,  doubt  is 
expressed  by  those  in  charge  of  this  work  as 
to  whether  it  will  be  a  paying  proposition  to 


put    in   more   permanent   work   than    is   to   be 
constructed  at  this  time. 

C.\ISS0NS    AND    PIERS. 

As  noted  in  Fig.  1  the  distance  from  the 
bed  of  the  stream  to  the  shale  stratum  at  pier 
No.  1  is  23  ft.,  while  at  pier  No.  2  this  dis- 
tance is  36  ft.  The  caissons  for  both  piers  ex- 
tend into  the  shale  a  distance  of  about  11  ft. 
The  tops  of  the  caissons  are  about  3.5  ft.  below 
low  water  level. 

Caissons. — The  same  type  of  construction  is 
used  for  both  caissons,  although  their  dimen- 


tion,  these  timbers  being  sheeted  w'ith  planks 
2%.x9%  ins.  in  section.  The  sloping  sides  of 
the  roof  are  formed  of  5%xll%-in.  timbers, 
the  corners  being  reinforced  with  18x5/16-in. 
bent  plates.  The  system  used  in  bracing  the 
caisson  consists  of  horizontal  frames  placed  at 
about  3-ft.  intervals,  the  details  of  these  frames 
l)eing  shown  in  Figs.  2  (a),  (b).  (c)  and  (f). 
Each  course  of  wall  timbers  is  fastened  to 
the  course  beneath  it  with  %-in.  x  20-in.  drift 
bolts,  spaced  about  5  ft.  on  centers  and  driven 
into   holes   1/16-in.   less   in   diameter   than   the 
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Fig.   1.    General    Elevation  of  South   Canadian    River     Bridge    Showing    Type    of    Structure 

and  Subsoil  Conditions. 


sions  differ  somewhat.  The  caisson  for  pier 
No.  1  has  a  total  width  of  14  ft.  6  ins.,  a 
length  of  37  ft.,  and  a  height  of  29  ft.;  wdiile 
that  for  pier  No.  2  has  a  width  of  15  ft.  6  ins., 
a  length  of  37  ft.,  and  a  height  of  44  ft.  The 
sides  of  the  caissons  consist  of  H4xliy2-in. 
sheeting,  braced  at  about  3-ft.  intervals  with 
longitudinal  and  transverse  girts  and  cross 
braces.  The  working  chamber  of  each  caisson 
has  a  height  of  7  ft.  3%  ins.,  the  cutting  edge 
being  heavily  reinforced  with  steel  plates. 
Each  caisson  is  equipped  with  two  air  locks. 
To  sink  the  caissons  and  to  form  a  suitable 
foundation  they  arc  to  be  filled  with  concrete. 
The  construction  details  of  the  caissons  arc 
fully  shown  in  l'"ig.  2.  The  manner  of  form- 
ing and  bracing  the  sides  and  ends  of  the 
caissons  is  shown  in  Figs.  2  (a),  (b),  (c),  (d) 
and  ( f ) .  These  drawings  also  show  the  arrange- 
ment of  the  tic  rods  and  of  the  bars  used  for 
concrete  reinforcement.  The  construction  fea- 
tures of  the  cutting  edge  and  of  the  roof  of 
the  working  chamber  are  shown  in  Figs.  2 
(a),  (c)  and  (e).  The  timbers  in  the  flat 
portion  of  the  roof  arc  llV4'xll%  ins.  in  scc- 


drilt  bolts,  the  holes  being  bored  to  the  full 
length  of  the  bolts.  The  roof  sheeting  is  fas- 
tened to  the  timber  with  7x%-in.  boat  spikes; 
all  strut  cleats  are  fastened  with  7.x%-in.  boat 
spikes;  while  the  exterior  sheeting  is  lield  in 
place  with  ()x5/UJ-in.  boat  spikes. 

Piers. — Each  pier,  the  footing  of  which  is 
centered  on  the  top  of  its  caisson,  has  a  total 
height  of  21  ft.  4  ins.  The  dimensions  of  the 
footings  are  1)  ft.  10  ins.  x  34  ft.  10  ins.  x  2  ft. 
thick.  The  pier  shafts  have  semi-circular  ends, 
as  shown  in  Fig.  2  (h).  The  various  draw- 
ings of  Fig.  2  give  complete  pier  details,  and 
indicate  the  arrangement  of  the  reinforcing 
bars  in  the  coping  and  in  tlie  pier  shafts.  .A 
1  :3:5  concrete  mixture  is  specified  for  all  parts 
of  tlie  piers  except  the  bridge  seats,  where  the 
proportions  are  1  :2  :4. 

The  total  volume  of  concrete  in  pier  No.  1 
and  its  caisson  is  about  709  cu.  yds.,  while 
that  in  pier  No.  2  is  about  1,055  cu.  yds.  The 
total  weight  of  the  reinforcing  steel  in  pier  No. 
1  and  its  caisson  is  7,255  lbs.,  and  in  pier  No. 
2,  9,581  lbs.  .\  bill  of  material  for  the  steel 
reinforcement  in  each  pier  is  given  in  Table  I. 
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Fig.   2.      Details  of    Piers     and     Caissons   for   South    Canadian    River    Bridge,    Geary,    Okla. 


TABLE 

I.— BILL,   OF   MATERIAL   OF    STEEL 

REINFORCEMENT    IN    PIERS    NOS.    1 

AND   2. 

Pier  No.  1. 

No.  01 

Size. 

Length, 

bars. 

ins.  sq 

ft.  ins.             Location. 

10 

% 

20     0             Bridge  seat. 

27 

1/^ 

6     6             Bridge  seat. 

144 

% 

19     0             (Vertical.) 

72 

% 

13     0             Top  of  caisson. 

54 

H 

19     0             Top  of  caisson. 

Total 

weight. 

7,255  lbs. 
Pier  No.   2. 

10 

% 

25     0             Bridge  seat. 

27 

% 

6     6            Bndge  seat. 

144 

% 

27     0             (Vertical.) 

72 

% 

14     0            Top  of  caisson. 

58 

% 

19     0             Top  of  caisson. 

Total  weight, 

9,581  lbs. 

Abutment. — The  concrete  abutment  is  to  be 
founded  on  shale,  which  outcrops  at  its  site. 
The  gravity  type  of  section  is  used  for  this 
abutment,  the  only  parts  reinforced  being  the 
bridge  seat  and  the  back-wall  Figure  3  (a) 
is  a  cross  section  of  the  abutment  at  the  cen- 
ter line  of  the  track,  and  Fig.  3  (b)  is  an 
elevation  of  the  abutment.  These  drawings 
give  the  principal  dimensions  and  show  the 
type  of  section  adopted.  The  abutment  proper 
has  a  width  at  the  top  of  footing  of  28  ft.  10% 
ins.,  and  a  width  at  the  coping  of  27  ft.  2% 
ins.  The  downstream  wing-wall,  which  makes 
an  angle  of  45°  with  the  face  of  the  wall,  has 
a  length  of  25  ft.  7%  ins. ;  while  the  upstream 
wing-wall  has  a  length  of  35  ft,  and  makes  an 
angle  of  30°  with  the  face  of  the  abutment. 
The  size  and  shape  of  the  back-wall,  together 
with  the  dimensions  and  arrangement  of  the 
reinforcement  in  the  bridge  seat  and  back- 
wall,  are  shown  in  Figs.  3  (a)  and  (b).  The 
abutment  contains  about  590  cu.  yds.  of  con- 
crete, including  the  old  footing.  The  total  area 
of  the  footing  is  963  sq.  ft.,  and  the  maximum 
pressure  on  the  foundation,  9,500  lbs.  per 
square  foot.  The  abutment  contains  430  lbs. 
of  reinforcing  bars.  A  1 :3  :5  concrete  mi.x- 
ture  is  specified  for  all  parts  of  the  abutment 
except  the  bridge  seat  and  back-wall,  where 
the  proportions  are   1 :2  :4. 

CONSTRUCTION    PLANS   AND   PROCEnURE. 

As  outlined  by  the  railway  company,  the 
construction  program  contemplates  the  use  of 
temporary  girder  spans  on  pile  bents  to  re- 
place portions  of  the  pile  trestle  at  the  pier 
and  abutment  sites,  these  spans  providing  suffi- 
cient clearance  to  permit  the  construction  of 
the  substructure  without  interference  with 
traffic.  Figure  4  illustrates  the  use  of  this 
temporary  construction  at  the  east  abutment 
and  at  piers  Nos.  1  and  2.  For  the  east  abut- 
ment a  28-ft.  1-in.  deck  plate-girder  span  is 
used;  for  pier  No.  1  a  49-ft.  3-in.  span  is  used; 
and  for  pier  No.  2  a  50-ft.  span  will  carry  the 
track  during  the  construction  of  the  bridge. 
These  girder  spans  are  old  bridges,  which  were 
formerly  in  use  on  other  parts  of  the  line. 

Figure  5  shows  side  and  end  elevations  of 
the  pile-bent  supports  for  the  temporary  girder 
spans  at  pier  No.  1,  and  cross  sections  of  the 
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Fig.  3.    Elevation   and  Cross  Section  of  Abutment   for  South  Canadian   River  Bridge. 
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track  construction  at  this  pier.  These  draw- 
ings give  all  the  details  for  this  part  of  the 
work.  The  bents  used  for  the  east  abutment 
are  duplicates  of  that  shown  in  Fig.  5.  The 
blocking  used  at  the  abutment  differs  slightly, 
however,  as  the  temporary  girders  are  spaced 
7  ft.  on  centers.  The  bents  and  blocking  used 
at  pier  No.  2  are  of  similar  construction  to 
that  shown  in  Fig.  5,  although  the  details  dififer 
somewhat ;  for  example,  the  temporary  girders 
at  pier  No.  2  are  spaced  5  ft.  6  ins.,  on  centers, 
the  pile  caps  are  12x12  ins.  x  12  ft.,  and  the 
spacing  of  the  piles,  directly  under  the  cap, 
is  3  ft.  on  centers. 

The  base  of  rail  in  the  new  bridge  is  to  be 
4.56  ft.  above  that  in  the  old  structure,  and  it 


ous,  the  nuisance,  to  a  great  extent,  has  been 
eliminated  by  constructing  a  copper  gutter 
along  the  abutment  under  the  bridge  seat. 

In  1907  there  was  built  on  the  Delaware, 
Lackawanna  &  Western  R.  R.  a  six-track  deck 
girder  bridge,  with  a  reinforced  concrete  floor 
84  ft.  wide  and  349  ft.  long.  The  bridge  is 
at  the  neck  of  a  yard  with  numerous  cross- 
overs and  slip  switches  on  the  bridge,  so  that 
the  floor  had  to  be  sufficiently  strong  to  per- 
mit the  maximum  loading  at  all  points.  A 
reinforced  concrete  deck,  1  ft.  thick,  was 
placed  directly  on  top  of  the  girders.  Drain- 
age outlets  through  this  floor  were  provided 
at  low  points  in  each  814  sq.  ft.  of  surface. 
As  the  bridge  was    rebuilt    under   traffic,  the 


202-6" 


;  Quicksand 


E\  7Z.0 


'^-^e-sUTsaoJ^TWshoie 


'■El  43.0 


PterNol 


EosfAbiifmenf 


Pier  No? 


Fig.    4. 


Elevation     Showing     Falsework    to     be  Used  During  Construction  of  Piers  and 
Abutment — South  Canadian  River  Bridge. 


is  specified  that  the  raising  of  the  present 
grade  is  to  be  completed  in  time  so  as  not  to 
interfere  with  the  construction  of  the  piers 
and  abutment. 

PERSONNEL. 

The  bridge  was  designed,  and  the  construc- 
tion details  shown  were  worked  out,  by  the 
Engineering  Department  of  the  Chicago,  Rock 
Island  &  Pacific  Ry.,  C.  A.  Morse,  chief  engi- 
neer, and  I.  L.  Simmons,  bridge  engineer.  \Ye 
are  indebted  to  Mr.  Simmons  for  the  data 
upon  which  this  article  is  based.  The  sub- 
structure is  to  be  constructed  by  the  Missouri 
Valley  Bridge  &  Iron  Co. 


Some   Data  on  the   Methods   Used  to 

Waterproof  Bridge   Floors. 

(Staff  Abstract.) 
In  our  issue  of  Jan.  27,  1915,  we  gave  a 
set  of  specifications  by  Samuel  Tobias  Wag- 
ner covering  essential  points  in  connection 
with  the  waterproofing  of  steel-floor  railroad 
bridge.  The  accompanying  data  are  a  part  of 
the  discussion  of  these  specifications. 

MF.THOns    USED    ON    D..    L.    &    \V.    R.    U. 

The  following  data  by  G.  J.  Ray,  chief  en- 
gineer, Delaware,  Lackawanna  &  Western  R. 
R.,  apply  mainly  to  the  methods  of  water- 
proofing bridge  floors,  used   on   that   railroad: 

The  first  of  the  solid  steel-floor  bridges  with 
which  the  writer  had  any  experience  was 
built  between  1903  and  1906.  The  floors  of 
the  deck  bridges  were  made  of  channels,  with 
the  flanges  up  and  riveted  together.  The  floors 
of  the  through  bridges  were  of  the  ordi- 
nary trough  type.  With  both  through  and 
deck  bridges  enough  concrete  was  placed  to 
provide  good  drainage.  In  most  cases,  the 
water  was  run  ofif  the  bridges  at  one  end,  as 
they  were  on  heavy  grades.  Plates  were 
turned  down  over  the  back-wall,  and,  although 
f.iirly  good  drainage  was  provided,  this  con- 
struction did  not  prevent  the  water  from 
finding  its  way  through  the  back-wall  and 
down  over  the  face  of  the  abutment.  No 
waterproofing  was  placed  on  the  deck,  and 
it  was  soon  found  that  the  ballast  would  have 
to  be  removed,  and  waterproofing  applied. 
The  water  found  its  way  down  through  nu- 
merous cracks  formed  in  the  concrete  on  top 
of  the   solid   steel   floor. 

Five-ply  felt,  with  brick  protection,  was 
used  later  when  these  structures  were  water- 
proofed. This  waterproofing  has  eliminated 
the  leakage  through  the  flour  system,  but 
there  is  still  some  trouble  with  seep- 
age through  the  back-wall  and  over 
the  abutment.     Where   this  trouble   was   seri- 


Hoor  could  be  built  for  only  two  tracks  at  a 
time.  .\  ridge  in  the  concrete  was  made  at 
the  construction  joints  to  prevent  leakage, 
but  no  waterproofing  was  applied.  .-Mthough 
this  floor  was  built  and  put  in  service  seven 
years  ago,  it  is  in  good  condition  today,  and 
no  leakage  has  occurred.  Other  bridges  have 
since  been  built  in  the  same  manner  and  with 
equally  good  results.  In  one  case,  in  1908, 
the  writer  built  a  deck  girder  bridge,  91  ft. 
wide,  with  a  clear  span  of  60  ft.,  over  a  city 
street,  with  a  reinforced  concrete  floor,  with- 
out the  application  of  waterproofing.  The 
floor  is  in  perfect  condition  today,  and  has 
never  leaked  a  drop;  neither  has  any  water 
found  its  way  over  the  back-wall  to  the  bridge 
seat.  The  floor  is  16  ins.  thick  at  the  center 
and  13  ins.  at  the  ends,  and  the  slab  extends 
past  the  back-wall,  with  a  groove  in  the  un- 
derside to  intercept  the  seepage. 

At  first,  the  writer  had  some  doubt  as  to  the 
success  of  the  last-mentioned  construction 
over  city  streets,  as  there  is  no  question  about 
the  destructive  tendency  of  water  in  passing 
through  concrete.  Therefore,  nearly  all  the 
solid-floor  bridges  on  this  road  have  been 
waterproofed,  regardless  of  the  type  of  con- 
struction. During  the  past  five  years,  this 
company  has  built  deck  girder  bridges  over 
city  streets  with  concrete  slab  floors,  similar  to 
those  described  in  the  paper ;  also  numerous 
through  girder  ballast-floor  bridges  with  re- 
inforced concrete  slabs  over  the  floor  system, 
and  also  with  the  entire  floor  system — or 
bridges  as  a  whole — encased  in  concrete.  As 
a  rule,  the  concrete  for  one  or  more  tracks  is 
poured  complete  in  one  operation,  thus  avoid- 
ing construction  cracks  at  points  where  leak- 
age is  likely  to  occur.  Where  construction 
joints  are  necessary,  copper  flashing  strips  can 
be  built  into  the  concrete  on  each  side  of  the 
joint,  thus  eliminating  the  leakage.  These 
bridges,  as  a  rule,  have  been  waterproofed 
with  five-ply  felt,  with  brick  protection,  or 
with  treated  burkip  and  asbestos  felt  with 
asphalt  mastic  protection.  There  have  been 
only  a  few  leaks  with  cither  method,  and  up 
to  date  no  trouble  lias  been  experienced  fmni 
leakage  through  the  sliding  joint  between  the 
floor  slab  and  the  back-wall.  A  double  layer 
of  treated  felt  or  cotton  drill  has  been  placed 
in  this  joint  with  good  results,  and  in  all 
cases  great  care  has  been  taken  to  extend 
the  waterproofing  at  least  18  ins.  down  over 
the  back-wall,  and  to  provide  a  good  drain- 
.ige  system   to  carry  oft  the  water. 

Tiic  only  indication  of  water  passmg 
through  the  floor  system  has  been  a  very  slight 
seepage  in  a  few  places  along  the  girders 
where  the  steel  was  painted  prior  to  the  con- 


struction of  the  concrete  floor.  The  writer 
believes  that  the  surest  way  to  prevent  this 
trouble  is  to  eliminate  painting  of  steelwork 
which  is  to  be  covered  with  concrete. 

With  long  structures,  Mr.  Wagner  s  method 
of  taking  care  of  the  drainage  should  produce 
good  results  where  the  drain  pipes  can  be 
connected  directly  to  the  sewer,  without  traps, 
so  that  the  pipe  Will  not  freeze  during  cold 
weather.  With  short  bridges  over  city  streets, 
it  is  difficult  to  maintain  longitudinal  drains 
under  bridge  floors,  and  down-spouts  at  abut- 
ments to  street  sewers.  With  a  temperature 
of  about  32°  P.,  ice  and  snow  will  melt  on 
the  bridge  floor  and  freeze  in  the  leaders  and 
drains  under  the  bridge.  This  difficulty  is  not 
so  great  where  columns  are  placed  on  the  curb 
line,  and  down-spouts  can  be  carried  directly 
to  the  sewer  by  vertical  pipes.  It  will  be 
found,  however,  that  in  cold  climates  such 
drains  are  constantly  freezing,  and  are  a 
source  of  expense  to  maintain. 

Where  columns  are  permissible  on  the  curb 
line,  the  writer  has  used  steel  construction 
encased  in  concrete  for  the  long  span  over 
the  paved  portion  of  the  street  and  reinforced 
concrete  slabs  over  the  sidewalks.  This  con- 
struction permits  of  a  perfect  job  of  water- 
proofing, and  eliminates  any  possibility  of 
water  getting  down  the  face  of  the  abutment 
from  seepage  through  the  back-wall.  In  such 
cases,  the  columns  have  been  constructed  of 
concrete;  the  depth  required  from  the  top  of 
'.he  rail  to  the  under  clearance  does  not  ex- 
ceed 4  ft.  7  ins.  for  spans  up  to  50-ft.  centers. 
This  type  of  construction,  as  a  whole,  is  not 
unreasonably  expensive.  The  encased  steel- 
work is  costly,  but  the  slabs  over  the  sidewalks 
are  economical,  on  account  of  the  short  spans, 
and  the  thickness  of  the  abutments  can  be  re- 
duced materially.  Standard  track  centers 
can  be  maintained  by  keeping  the  center  girder 
shallow.  Painting  is  entirely  eliminated,  and 
the  design  can  be  made  ornate  enough  to 
please  the  most  skeptical  critic. 

On  eight  through  girder  bridges  recently 
constructed,  the  cost  of  the  concrete  floor, 
including .  reinforcement  and  encasement  of 
I-beams,  averaged  35.6  cts.  per  square  foot 
of  floor  space.  These  bridges  varied  in 
length,  center  to  center  of  bearings,  from  53 
ft.  8  ins.  ot  120  ft.  7  ins.,  and  in  depth,  from 
top  of  rail  to  under  clearance  of  girders,  from 
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Half  Sect  A-A    HalfSectB-B  Side  Elevation 

Fig.  5.  Details  of  Pile  Bents  Blocking  and 
Falsework  Girder  to  be  Used  During  Con- 
struction of  Pier  No.  1  of  South  Canadian 
River  Bridge. 

.'!  ft.  8  ins.  to  4  ft.  -Ml  waterprooling  was 
done  with  three-ply  treated  burlap  and  as- 
bestos felt,  protected  with  asphalt  mastic.  1%- 
in.  thick.  The  average  cost  of  the  water- 
proofing was  28  cts.  per  .square  foot,  thus 
making  the  entire  cost  of  the  floor  system 
63.6  cts.  per  square  foot,  exclusive  of  the 
structural  steel. 

.As  regards  the  specifications  proposed  by 
Mr.  Wagner,  the  writer  believes  that — 

(1)  The  specifications  for  materials  and 
methods  of  applying  them,  as  set  forth,  should 
obtain  good  results. 

C2)  With  through  girder  construction  and 
a  depth  of  from  3  ft.  8  ins.  to  4  ft.,  from  top 
be  designed  which  will  permit  of  encasement 
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in  concrete,  thus  eliminating  painting,  and  in- 
suring a  water-tight  job  at  reasonable  cost. 

(3)  With  deck-plate  girder  bridges  a  water- 
tight reinforced  concrete  floor,  without  water- 
proofing, can  be  constructed  which  will  not 
exceed  12  ins.  in  thickness. 

(4)  Where  waterproofing  is  to  be  applied 
to  any  type  of  solid  floor  bridge,  the  kind  of 
materials  to  be  used  should  I>e  determined 
before  the  details  of  construction  are  fixed. 

DISCUSSION  BY  J.   B,    W.   GARDINER. 

The  question  of  a  proper  waterproofing 
niembrane,  in  the  writer's  opinion,  is  deserv- 
ing of  more  extended  discussion  tlian  Mr. 
Wagner  has  given  it.  Although  it  is  unques- 
tionably true  that  no  membrane  is  of  itself 
a  waterproofing  agent,  the  function  which  it 
performs  in  a  waterproofing  system  is  fully 
as  important  as  that  performed  bv  the  plying 
cement.  They  are  entirely  interdependent. 
The  membrane  is  a  binder— and  a  binder  only 
— and  as  such  its  function  is  to  hold  in  place 
the  asphalt  which  is  expected  to  shed  the 
water  and  carry  it  to  the  drains.  In  the 
course  of  application  the  membrane  and  the 
plying  cement  should  be  cemented  together 
so  that  they  are  practically  a  unit.  Conse- 
quently any  movement  of  one  part  of  the 
system  occurs  simultaneously  in  the  other. 
Therefore,  in  so  far  as  they  are  apphcable, 
the  specifications  for  the  membrane  should  de- 
mand the  same  qualities  as  those  for  the  ply- 
ing cement.  To  illustrate:  Mr.  Wagner's  as- 
phalt specification  renuires  ductility  through 
a  wide  range  of  temperatures,  which  means 
that  it  must  remain  firm  and  elastic  under 
extreme  changes  of  weather.  This  quality  in 
asphalt  is  essential,  first,  that  it  may  not  be 
shattered  by  the  shock  of  impact  when  a  mov- 
iiig  train  first  passes  on  the  bridge,  or  by  the 
vibration  of  the  entire  structure  due  to  the 
rnoving  load;  and  secondly,  the  asphalt  must 
yield  or  stretch  to  meet  both  the  slight  de- 
flection which  occurs  as  the  center  of  mass 
shifts  with  the  load  and  the  movement  in  the 
concrete  base  incident  to  temperature  changes. 
Expansion  joints,  it  is  true,  eventually  take 
care  of  this  movement,  but  they  do  not  do 
so  immediately.  By  this,  the  writer  means 
that  the  movement  is  taking  place  throughout 
the  entire  length  of  the  slab  and  is  merely 
summed  up  at  the  expansion  joints.  If,  then, 
we  encase  the  ductile  asphalt  between  binders 
of  a  rigid  inelastic  membrane,  we  have  sac- 
of  rail  to  under  clearance,  a  floor  svstem  can 
rificed  all  the  advantages  derived  from  this 
ductility.     To  be  logical,  therefore,  we  should 


insist  that  tlic  elasticity  of  the  membrane  be 
equal  to  the  ductility  of  the  asphalt. 

Another  point  to  be  considered  is  the  pres- 
ence of  oils  which  show  more  than  a  certain 
percentage  of  volatility  when  subjected  to  a 
temperature  of  32.5°  F.  for  a  specified  time. 
Far  fetched  as  it  may  seem  this  test  has  a 
distinct  bearing  on  membranes.  In  order  that 
the  membrane  may  have  the  maximum  pro- 
tection against  rotting  it  should  be  thoroughly 
saturated  with  a  stable  asphalt.  Under  no 
circumstances  should  bitumen  solvents  be  used 
in  this  process.  In  many  cases  waterproofing 
membranes  are  treated  by  immersing  them  in 
a  bath  of  asphalt  liquefied  by  the  addition  of 
petroleum  residue,  in  the  proportion  of  1  part 
asphalt  to  4  or  5  parts  residue.  This  applies 
principally  to  felts  and  burlaps.  The  result 
IS  saturation,  it  is  true,  but  saturation  largely 
vvith  the  petroleum  residue,  which,  being  a 
bitumen  solvent,  will  eventually  re-act  against 
the  plying  cement.  The  specifications  there- 
fore should  require  that  the  membrane  be 
saturated  with  an  asphalt  which  would  com- 
ply with  Mr.  Wagner's  specification.  As  is 
pointed  out,  flashing  effectively  against  the 
w-eb  of  a  half-through  girder  is  an  extremely 
difficult  problem,  largely  because  of  projecting 
.stiffeners,  gussets,  knee-braces,  etc.  This  dif- 
ficulty is  not  lessened  by  the  use  of  a  stiff 
non-flexible  membrane  which  cannot  be  made 
to  fit  snugly  against  the  web  at  all  points. 
Flexibility  would  seem,  therefore,  to  be  an 
important  quality  of  the  membrane.  This  fact 
is  largely  responsible  for  the  use,  first,  of  bur- 
lap, and,  later,  of  cotton  fabric  as  water- 
proofing membranes. 

A  few  words  as  to  the  relative  merits  of 
cotton  and  burlap,  which  is  a  jute  fiber,  are 
pertinent.  Jute  consists  of  the  chemical  com- 
pound of  cellulose  with  lignin,  to  which  some 
investigators  have  given  the  name,  baStose. 
It  is  much  more  readily  affected  by  the  action 
of  acids  and  alkalies  than  cotton  fiber,  which 
is  95  per  cent  pure  cellulose.  The  influence 
of  moisture,  and  even  of  air,  will  also  rot  the 
jute  fiber.  These  characteristics  go  far  to- 
ward fixing  the  cause  of  the  trouble  which 
so  many  engineers  have  experienced  with 
waterproofing  of  this  type. 

Two  other  points  in  connection  with  mem- 
branes deserve  passing  mention,  namely,  re- 
sistance to  puncture,  and  tensile  strength.  The 
desirable  resistance  to  puncture,  measured  in 
pounds  per  square  inch,  by  a  standard  paper- 
testing  machine,  should  be  determined  bv  the 
chief  engineer.  The  minimum  tensile  strength 
should    be    sufficient    to    stand     the     test    for 


elasticity,  without  fracture,  with  a  reasonable 
factor  of   safety. 

As  to  the  method  of  application,  there  is 
one  point  mentioned  by  Mr.  Wagner,  the 
reason  for  which  the  speaker  does  not  un- 
derstand, and  in  which,  so  far  as  his  knowl- 
edge of  the  subject  goes,  he  cannot  agree; 
that  is,  the  requirement  that  the  first  layer 
of  felt  should  not  be  cemented  to  the  floor'of 
the  bridge.  If  there  is  merit  in  it,  it  would 
seem  logical  to  lay  the  protecting  brick  course 
in  a  sand  cushion  instead  of  cement  mortar, 
so  as  to  keep  the  waterproofing  course  sep- 
arate and  distinct  from  either  the  base  or  the 
protection.  On  the  other  hand,  one  of  tlic 
cardinal  principles  of  good  application  is  the 
avoidance  of  bridges  or  spans,  so  that  when 
weight  is  placed  on  the  waterproofing  it  will 
not  break  because  of  lack  of  support.  This 
can  only  be  obviated  by  making  the  first  layer 
of  membrane  conform  absolutely  to  the  sur- 
face;_  and  this  is  possible  only  by  cementing 
the  first  layer  to  the  surface  thoroughly  at 
all  points.  The  possibilty  of  puncture  from 
other  causes  is  also  much  more  remote  if  this 
method  is  used. 

The  method  described  by  Mr.  Wagner  of 
finishing  the  waterproofing  against  the  girders 
or  concrete  is  decidedly  the  most  satisfactory 
of  any  in  the  writer's  experience.  However, 
he  can  see  no  other  object  in  painting  the  sur- 
face with  which  the  sealing  material  comes 
in  contact  before  putting  such  material  in 
place,  than  to  secure  satisfactory  cohesion. 
As  there  are  materials  on  the  market,  sold 
under  the  name  of  expansion  joint  cements, 
which  cohere  perfectly  without  a  primer,  it 
would  seem  cheaper  and  safer  to  use  them. 

As  to  methods  of  protecting  a  waterproof- 
ing course  on  a  solid-floor  bridge,  the  writer 
knows  of  no  more  satisfactory  method  than 
brick  laid  in  cement  grout,  being  careful  to 
fill  all  joints  in  the  brick  by  pouring  mortar 
over  its  surface  after  it  has  been  laid,  and 
sweeping  it  thoroughly  into  the  joints.  It 
does  little  good  to  fill  the  joints  of  the  brick 
with  asphalt,  as  even  the  best  hard  burnt 
bricks  are  porous  and  offer  little  obstruction 
to  the  passage  of  water.  The  use  of  asphalt 
mastic  for  a  protecting  coat  is  an  expensive 
luxury  and  by  no  means  a  necessity.  If  the 
waterproofing  is  efficient  there  is  no  need  of 
this  additional  precaution. 
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Comment  on  Cost  of  Philadelphia's  Re- 
inforced Concrete  Sewers. 

To  THE  Editors;  We  have  read  with  inter- 
est your  article  on  pages  245-246  in  the  issue 
of  March  17  wdiich  deals  with  the  first  con- 
crete pipe  that  was  laid  in  Philadelphia,  Pa. 

We  were  the  contractors  for  this  work  (al- 
though no  mention  is  made  of  this  fact),  and 
the  pipe  was  made  and  delivered  by  the  Lock 
Joint  Pipe  Co.  of  New  York. 

The  specifications  for  this  work  called  for 
the  pipe  to  be  laid  in  a  concrete  cradle  as  de- 
scribed on  page  246. 

This  construction  certainly  makes  a  substan- 
tial sewer,  but  we  wish  to  call  attention  to  the 
fact  that  the  prices  bid   should  not   be  taken 
as  a  criterion  of  costs  on  work  of  a  similar 
nature  as  our  actual  costs  were  very  consid- 
erably in  excess  of  the  prices  bid. 
Very  truly  yours, 
Cantrell    Construction    Co., 
Earl  M.   Seitz,   Chief  Engineer. 

Camden,  N.  J. 


St.  Louis  will  officially  open  its  mechanical 
filtration  plant,  the  largest  of  its  type  in  exist- 
ence, on  May  15. 


Design    Features    of    New    Sewerage 
Works  at  Edmonton,   Alberta. 

(Staff   Abstract.) 

The  construction  plant  and  methods  em- 
ployed in  building  the  new  system  of  tunnel 
sewers  at  Edmonton,  Alberta,  were  described 
in  this  section  of  April  21,  1915.  The  present 
article  illustrates  and  describes  some  of  the 
design  features. 

As  stated  in  the  previous  article,  the  ordi- 
nary variation  in  river  stage  is  15  ft.,  and 
this  corresponds  to  a  variation  in  stream 
width  from  400  ft.  at  low  water  to  650  ft.  at 
flood.  The  variation  in  stage  due  to  extreme 
floods  has  reached  30  ft.  on  two  occasions. 

storm   water  run-off. 

As  is  usual  in  designing  sewers  for  cities  in 
the  earlier  stages  of  their  growth,  very  meager 
data  were  available  with  regard  to  intensity 
of  rainfall.  Government  rainfall  records  only 
a  drainage  system  requires  the  intensity  of 
give  the  total  fall  on  any  day,  or  the  seasonal 
distribution,  whereas  the  engineer  designing 
rainfall  during  short  periods  of  time.  Such 
data    not    being    available,    the    best    use    was 


made    of    existing    figures    by    securing    addi- 
tional information   from  the  observers. 

The  Government  rainfall  records  extend 
back  to  1880.  They  show  that  during  the  pe- 
riod between  1880  and  1910  the  rainfall  aver- 
aged 13.53  ins.  and  the  snowfall  46.4  ins.  The 
melting  of  the  snow  does  not,  however,  pro- 
duce in  Edmonton  the  maximum  storm  run- 
off, because  the  water  from  the  melting  snow 
is  either  evaporated  by  the  dry  atmosphere,  or 
absorbed  and  held  by  the  ground,  which  is  left 
in  a  dry  condition  by  the  long,  dry  autumn. 
Even  on  impervious  ground,  such  as  paved 
streets,  the  snow  melts  but  gradually,  as  there 
is  little  rain  during  the  spring  season.  Maxi- 
mum storm  run-off  occurs  during  the  wet 
season  in  summer. 

From  the  Government  records  of  the  pre- 
vious 30  years  Mr.  Alexander  Potter,  the  con- 
culting  engineer,  plotted  curves  showing  all 
the  storms  during  that  period,  the  durations 
in  hours  being  shown  as  abscissae,  and  the  av- 
erage rate  of  rainfall  per  hour  as  ordinates. 
An  enveloping  curve  for  these  storms  was 
drawn,  and  from  this  curve  he  computed  the 
maximum  average  rate  of  rainfall  that  might 
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be    expected    in-  Edmonton,    for    a    storm    of 
given   duration,   as   follows ; 

Av.  intensity 
Dunration  of  storm.  of  rainfall. 

Hrs.     Min.  Ins  per  hour. 


U  30. 

1  00. 

2  00. 

3  00. 


0.8 
0.7 
0.61 
0.45 


The  level  was  transferred  down  the  shaft  by 
means  of  a  steel  tape,  the  point  so  obtained 
being  used  as  a  bench  mark  in  giving  grade. 
.\s  the  two  faces  approached  within  10  to  lo 
ft.  an  openmg  was  driven  through  to  allow 
the  meeting  of  grades  and  alignment  to  be 
checked.     No  adjustments  were  necessary,   as 
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Fig.  1.     Plan  and   Principal   Sections  of  New    Main    Sewer   Outfall    Structure   at    Edmonton, 

Alberta. 
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5  00 0.30 

6  00 0.25 
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Acting  on  the  accepted  principle  in  sewer 
design,  that  it  is  not  necessary  to  design  for 
the  usual  storm,  and  in  consideration  of  the 
number  and  frequency  of  storms  of  greater 
intensitv  than  Vi  in.  per  hour,  Mr.  Potter  de- 
cided to  design  the  sewers  for  a  flow  equiva- 
lent to  Vi  in.  per  hour,  or  one-half  the  rain- 
fall. 

OUTFALL    STRUCTURE. 

The  10-ft.  6-in.  sewer  ends  near  the  river 
in  an  open  rectangular  conduit,  the  latter 
being  intended  to  conduct  the  storm  overflow 
to  the  river.  The  dry  weather,  or  sanitary 
flow,  will  be  tapped  off  in  two  lines  of  cast 
iron  pipe  and  taken  to  the  disposal  plant  when 
the  latter  is  built.  The  bottom  of  the  open 
rectangular  conduit  is  in  the  form  of  steps. 
The  entire  outfall  structure  is  of  reinforced 
concrete.  As  part  of  this  structure  is  below 
high-water  mark,  it  would  be  liable  to  damage 
from  logs  or  other  floating  material  during 
high  stages  of  the  river,  and  to  damage  from 
ice, jams  in  the  spring.  The  details  of  a  pro- 
tection work  of  pile  on  the  upstream  side  of 
the  conduit  are  shown  in  Fig.  1. 

M.-\NHOLES    AND    DROP    CONNECTIONS. 

As  soon  as  the  sewer  on  each  side  of  a 
shaft  was  completed  the  manholes  and  drop 
connections  were  constructed.  The  drawing. 
Fig.  2,  shows  these  in  mass  concrete.  The 
contractors  preferred,  and  were  allowed  to 
use,  the  block  form  of  construction  in  the 
lower  half  of  the  sewer  passing  through  the 
manliole.  The  shaft  timbering  was  drawn  as 
the  work  of  building  the  chambers  leading  to 
the  surface  progressed.  Both  outside  and  in- 
side forms  were  required  in  building  manhole 
barrel  and  drop  connections.  I'Srt  of  the 
former  was  removed  as  tlic  work  progressed, 
and  before  the  back  fdling  was  placed.  The 
inside   forms  were  removed   from  below. 

GIVING    LINE    AND    GRADE. 

The  general  method  employed  in  setting  out 
line  was  to  suspend,  by  means  of  piano  wire, 
two  20-lb.  plumb  bobs  down  the  shaft,  these 
being  immersed  in  a  pail  of  oil.  The  two 
wires  were  brought  into  line  at  the  surface  by 
means  of  a  transit,  which  was  then  taken 
below  and  the  line  extended  into  the  tunnels. 


all    faces    met    both    in    alignment    and    grade 
with  almost  perfect  accuracy. 
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Design,  Construction  and  Operation  of 

Lethbridge,  Alberta,  Sewage 

Treatment  Works, 

(Staff  Abstract.) 
The  present  population  of  Lethbridge  is 
about  12,000.  The  water  pumped  averages 
about  1,300,000  gals,  per  day,  and  gravity 
sewers  carry  about  1,000,000  gals,  of  this  to 
the  new  sewage  disposal  plant  here  described. 
This  plant  is  one  of  the  first  of  its  kind  in 
America,  and  the  present  article  not  only  de- 
scribes the  features  of  design  and  construc- 
tion, but  also  offers  criticisms,  and  states  cer- 
tain conclusions  reached  since  the  plant  was 
placed  in  operation  for  the  guidance  of  design- 
ers of  similar  works  in  the  future.  The  de- 
sign provides  for  a  daily  flow  of  2,000,000 
Imp.  gals.,  reckoned  on  the  basis  of  20,000 
population  using  a  maximum  of  100  gals,  of 
water  per  day.  The  total  cost  of  engineering 
and  construction  amounted  to  $84,000.  .A 
diagrammatic  profile  of  the  plant  is  shown  in 
the   accompanying   cut. 

DESIGN. 

Detritus  Tanks. — The  detritus  tanks  which 
contain  the  screens  are  in  duplicate  and  have 
hopper  bottoms,  each  equipped  with  a  sludge 
valve.  The  screens  do  not  reach  to  the  bot- 
tom of  the  chambers.  They  are  of  %  in. 
wrought  iron  with  Vz  in.  openings,  .'\fter 
passing  through  the  screens  the  liquid  passes 
over  a  weir  into  a  collecting  channel,  and  is 
then  distributed  through  two  18  in.  pipes  con- 
trolled by  penstocks  into  the  distributing  chan- 
nels of  each  sedimentation  tank.  The  sludge 
or  detritus  in  the  compartment  of  the  detritus 
chambers  is  intended  to  be  disposed  of  through 


This  plane  to  have  a 
Z'granolitic  wear- 
ing surface. 
Expanded  metal  or^ 
wire  mesh  relnfo'r- 
cemenf  to  have  an 
area  ofOOSsq.inperi 

Note:-  '^■"'<^'"'' 
Eacti  segment 
to  beplacedat 
angle  of  90°in  plan 
with  the  segment 
immediately  under- 
neath. 


Plan  of  Surface  Sewer 
Connections  to  Drop  Manliole 


Section  B-B 

Fig.   2.     Details  of    Manhole   and    Drop   Con- 
nection   of    New    System    of    Tunnel 
Sewers   at    Edmonton,    Alberta. 


sludge  pipes  discharged  by  gravity  into  one 
of  tiie  sludge  beds.  Each  detritus  tank,  in 
volume,  contains  675  cu.  ft.  The  liquid  sur- 
face area  is  120  sq.  ft.  and  the  area  of  the 
screen,  including  openings,  is  52  sq.  ft. 

ScdimcnIalioH  Tanks.— The.  sedimentation 
tanks  arc  in  duplicate.  They  arc  covered  with 
a  concrete  roof  G  ins.  thick,  supported  by  24 
in.  I-Beanis,  excepting  over  channels,  which 
are  covered  witli  removable  crcosoted  planks. 
Throughout  tlic  length  of  each  are  two  dis- 
trilniting  weirs.  The  one  first  reached  tjy  the 
liquid   is   on   a   slope   of   about  2   ins.   in   the 
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length  of  100  ft.,  and  the  second  weir  is  level. 
This  latter  weir  is  intended  to  equalize  the 
flow  so  that  the  velocity  of  the  liquid  across 
any  portion  of  the  tank  will  be  uniform, 
thereby  causing  the  minimum  of  disturbance 
during  settlement.  Before  reaching  the  col- 
lecting weir  the  sewage  is  baffled  by  a  6  in. 
concrete  wall  with  4  in.  holes  near  the  bottom 
of  it  at  intervals  of  3  ft.  The  liquid  pajses 
through  these  apertures  into  the  collecting 
channel  over  the  weir.  This  channel  aver- 
ages 15  ins.  in  depth,  there  being  a  bottom 
slope  of  6  ins.  from  end  to  end.  The  par- 
ticles capable  of  settling  during  the  period  ol 
flow  in  the  tank  are  deposited  on  slopes  of 
wire  glass,  and  when  they  have  accumulated 
in  sufficient  mass  the  solids  slide  down  the 
slopes  and  under  the  glass  apron  into  the 
sludge  compartment.  This  apron  is  a  dis- 
tinctive feature  of  the  Lethbridge  tank,  and 
consists  of  Vi  in.  wire  glass  laid  on  4  in.  I- 
beams  spaced  5  ft.  on  centers.  The  apron  has 
a  slope  of  1  ft.  in  3.3  ft.,  and  completely 
covers  the  sludge  chamber.  The  correspond- 
ing fore-slope  at  the  collecting  side  of  the 
tank  is  formed  in  concrete  on  solid  founda- 
tions, in  which  the  wire  glass  is  imbedded  to 
form  a  smooth  surface.  The  slope  of  this 
portion  is  the  same  as  that  of  the  apron. 
Each  tank  is  100  ft.  long  and  .32  ft.  wide.  The 
period  of  flow  for  maximum  capacity  is  prac- 
tically 2%'  hours,  and  the  ma.ximum  average 
velocity  of  flow   is  at  a  rate  of   .037   ft.  per 


pipe  with  a  bellmouth  on  a  level  with  the  bot- 
tom of  the  channel.  The  sewage  in  entering 
this  bellmouth  is  subjected  to  a  natural  vortex 
motion  for  the  purpose  of  giving  the  liquid  a 
chance  to  draw  down  and  absorb  all  the  oxy- 
gen possible.  This  pipe,  which  is  21  ins.  in 
diameter,  discharges  into  a  distributing  cham- 
ber in  which  are  located  the  three  controlling 
valves  for  each  of  the  three  filter  units.  The 
liquid  passes  through  to  either  of  the  filters 
by  means  of  12  in.  cast  iron  pipes  laid  along 
the  bottom  of  the  filter  floors  to  the  riser 
pipes  at  the  centers  of  the  filters.  The  filter 
apparatus  is  of  the  standard  rotating  "Cres- 
set" type.  The  sprinkling  arms  cover  a  circle, 
having  a  diameter  of  108  ft.,  and  are  prob- 
ably the  largest  yet  installed  in  this  country. 

Fillers. — The  filters  are  three  in  number 
with  concrete  floors  and  have  their  surfaces 
e.xposed  to  the  weather.  They  are  placed  in 
juxtaposition  so  that  the  circular  walls  sur- 
rounding them  do  not  meet  at  the  point  of 
contact  of  each  filter.  The  walls  are  of  con- 
crete, and  the  filters  are  built  on  the  natural 
soil,  except  at  one  place,  where  it  was  found 
that  the  ground  was  not  sufficiently  high  to 
carry  the  floor.  At  this  point  the  outside 
walls  were  carried  down  to  the  proper  foun- 
dation, and  the  space  between  the  ground  level 
and  the  under  side  of  the  concrete  floor  was 
filled  with  gravel,  the  maximum  fill  being 
about  2  ft.  The  medium  is  composed  of  a 
mixture    of   broken   brick,    hard    furnace    slag 


.Measurements  of  each  humus  tank  are  as 
follows : 

Capacity,    cu.    ft 4,120 

Liquid  sui-face  urea,   sq.   ft 1,200 

Length  of  influent  and  effluent  weirs,  ft..  SO 
Distance    apart    of    influent    and    effluent 

weirs,   ft IS 

Difference    in    elevation    of    influent    and 

effluent  weirs,  ft .1 

The  design  of  tlie  chlorinating  plant  is  so 
arranged  that  there  is  an  automatic  regula- 
tion of  the  flow  of  chlorine  solution  into  the 
liquid.  This  is  done  by  the  rise  and  fall  of 
the  float  in  the  float  chamber,  which  operates 
a  lever,  which  in  turn  regulates  the,  supply. 
Thus  if  the  volume  of  liquid  coming  through 
the  humus  tank  is  increased,  the  level  rises  in 
the  baffle  race,  causing  a  consequent  increase 
of  chlorine  solution  to  be  applied.  The  baffle 
race  is-onlv  intended  to  give  a  thorough  mix- 
ing of  the  chlorine  solution  before  the  liquid 
is  discharged  into  the  main  outfall  sewer, 
which  carries  the  finally  purified  effiluent  to 
the  river  at  a  distance  of  about  1,000  ft. 

Sludge  Beds. — The  sludge  beds  are  in  dupli- 
cate and  are  simply  rectangular  excavations  in 
the  soil.  It  was  not  found  necessary  when 
the  plant  was  constructed  to  do  anything  to- 
wards putting  in  a  gravel  or  broken  stone  bot- 
tom to  these  beds,  as  there  are  strata  of  gravel 
in  the  excavation  which  carried  away  moisture 
from  the  deposited  sludge  in  a  most  effectual 
manner.  This  was  taken  advantage  of  in  the 
construction   of   the    sludge    beds.      .\   narrow 
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Diagrammatic   Profile   of  the    New   Sewage   Treatment    Plant    at    Lethbridge,    Alberta,    Canada. 


second.     The  total  contents  and  measurements 
of  the  various  compartments  are  as  follows: 

Cu.  ft. 

(a)  Total   capacity    34,000 

(b)  Sludge   capacity*    10,13S 

(c)  Capacity    above    apron 16,47j 

(d)  Capacity     between     sludge     line     and 

apron    8,000 

(e)  Liquid  surface  area 3,200 

•Sludge  capacity  is  taken  up  to  toe  of  fore- 
slope. 

The  capacity  of  the  sludge  compartments  of 
both  tanks  amounts  to  20,266  cu.  ft.  Storage 
is  provided  for  a  period  of  SVz  months,  based 
on  a  separation  of  3^'2  cu.  yds.  of  liquid  sludge 
to  each  l,iiuO,000  gals,  of  sewage.  Each  com- 
partment has  four  hopper-shaped  bottoms,  a 
separate  sludge  valve  being  provided  at  the 
junction  of  the  four  slopes  in  each  bottom. 
Two  slopes  of  each  hopper  have  a  pitch  of 
1  in  2  and  the  other  two  slopes  have  a  pitch 
of  1  in  3,  these  variations  being  caused  on  ac- 
count of  the  fact  that  the  hoppers  are  not 
square.  The  top  of  the  sludge  compartment 
is  formed  by  the  glass  apron,  and  this  apron 
has  sufficient  pitch  to  allow  gases  w-hich  col- 
lect on  the  under  side  to  pass  to  the  extreme 
upper  part  of  the  apron,  from  which  they  are 
removed  through  small  galvanized  iron  pipes. 
In  addition  there  are  two  0  in.  vitrified  pipes 
at  the  ends  of  each  tank,  which  also  serve  as 
outlets.  The  sludge  valves  open  on  a  6  in. 
cast  iron  pipe  line  running  lengthwise  with 
each  tank,  and  after  these  pipes  are  carried 
beyond  the  wall  of  the  tanks  they  meet  a  9 
in.  pipe  line  leading  from  the  detritus  tank 
sludge  chamber  directly  to  the  sludge  beds. 
The  stems  operating  the  sludge  valve  extend 
through  the  glass  apron  to  the  roof  and  are 
exposed  for  use  by  removing  small  cast  iron 
covers  set  in  the  concrete  roof.  One  inch 
water  services  direct  from  the  city  force  main 
are  connected  to  the  end  of  each  line  of  sludge 
pipes  for  the  purpose  of  flushing,  if  desired. 

The  collecting  channel  between  the  sedi- 
mentation   tanks    discharges   into   a    cast    iron 


and  gravel,  the  average  diameter  of  the  par- 
ticles being  about  2%'  to  3  ins.  Near  the  bot- 
tom of  the  filters  the  slag  was  put  in,  in  large 
pieces  to  protect  the  4  in.  collecting  pipes  of 
vitrified  and  field  tile  which  have  %  in.  open 
joints,  and  also  to  permit  the  quick  flow  of 
the  liquid  along  the  bottom.  The  central  arm 
or  standard  carrying  the  revolving  arms  was 
surrounded  by  a  pigeon-holed  brick  w-all,  about 
4  ft.  away  from  the  drum.  This  construction 
was  not  only  for  the  purpose  of  inspecting 
the  machinery,  but  also  to  provide  ample 
aeration  for  the  filter  beds  themselves.  The 
slope  of  the  floor  is  6  ins.  in  a  distance  of  54 
ft.  The  total  medium  area  of  all  three  filters 
is  0.62  acre,  the  average  depth  of  medium  7  ft.- 
and  the  minimum  capacity  of  the  sprinklers 
is  one-fifth  of  maximum,  or  133,300  gals,  to 
each   distributer. 

Humus  Tanks. — These  tanks,  for  the  pur- 
pose of  obtaining  further  settling  of  the  par- 
tially purified  liquid  after  passing  through  the 
filters,  are  constructed  in  duplicate,  and  are 
built  adjacent  to  the  filters,  and  at  a  depth 
sufficient  to  provide  a  good  fall  from  the  cen- 
tral collecting  channel  of  each  filter  to  the 
distributing  channels  of  the  tanks.  They  have 
each  a  capacity  of  4,120  cu.  ft.  The  bottom 
slopes  of  these  tanks  are  drained  to  one  cen- 
tral sludge  valve,  and  in  order  to  clean  out 
one  of  these  tanks  it  is  necessary  to  decant 
the  liquid  and  drain  off  humus  from  the  bot- 
tom with  the  aid  of  flushing.  These  tanks 
are  likewnse  constructed  of  concrete  and  are 
provided  with  a  roof  of  concrete  reinforced 
with  expanded  metal  and  steel  beams  in  the 
same  manner  as  the  sedimentation  tanks.  The 
liquid  is  drawn  off  from  the  tanks  into  the 
collecting  channel  over  weirs  12  ins.  wide,  and 
it  then  passes  into  a  baffle  race  at  the  upper 
end  of  which  is  inset  a  pipe  leading  to  the 
float  chamber  in  the  chlorinating  house.  There 
is  also  to  be  installed  a  small  oipe  carrying 
the   hypochlorite   solution. 


roadway  at  the  end  of  each  bed  gives  access 
for  carts  for  removing  the  dried  humus.  Each 
bed  has  a  surface  area  of  480  sq.  ft. 

COXSTRUCTIOX. 

The  excavation  work  was  started  in  Febru- 
ary, commencing  w-ith  the  sedimentation  tank. 
For  this  part  of  the  work  almost  6,000  cu.  yds. 
was  removed  from  the  toe  of  a  coulee,  the 
greatest  depth  being  43  ft.  The  surplus  dirt 
was  all  removed  with  dump  wagons  and 
slips,  piled  up  around  the  site  and  afterwards 
used  for  banking.  After  removing  the  top 
2  or  3  ft.  of  soil  the  excavation  was  all  hard 
shale,  making  the  work  somewhat  slow  and 
necessitating  blasting,  but  had  the  advantage 
of  requiring  no  shorting  or  timbering  of  any 
description. 

The  concrete  was  first  started  by  running 
the  footing  for  the  walls  and  erecting  on  them 
sectional  forms  of  dressed  boarding.  The 
forms  were  placed  the  required  distance  away 
from  the  face  of  the  shale  wall  and  braced 
from  the  parallel  wall  16  ft.  distant,  the  same 
bracing  thus  serving  for  two  walls.  The  con- 
crete was  poured  in  layers  of  from  2  to  3  ft., 
a  comnlete  circuit  being  made  each  day.  No 
reinforcement  or  joints  of  any  description 
were  introduced,  the  18  ft.  walls  being  3  ft. 
and  4  ft.  thick  at  the  bottom  and  tapering  to 
18  ins.  at  the  top.  The  5  ft.  walls  were  a 
uniform  thickness  of  18  ins.  For  a  small  por- 
tion of  s<jme  of  the  walls  near  the  top  2  ft. 
square  metal  forms  were  used.  These  were 
found  easily  and  quickly  handled,  left  a  good 
face,  but  were  awkward  when  the  length  of 
the  wall  was  not  a  multiple  of  the  size  of  the 
form,  or  when  the  intersecting  floors  were 
not  square  with  the  surface.  In  laying  the 
hopper  floors  a  runner  was  laid  down  each 
angle,  and  after  laying  the  concrete  side  these 
were  extracted  and  the  spaces  were  filled  in  a 
week  or  so  later.  This  was  found  satisfactory 
where  the  foundation  was  hard  shale.  The 
floors    were    12    ins.    thick    of    1 :2 :4    concrete 
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laid  in  one  layer,  screeded  and  finished  with 
a  steel  float.  The  aggregate  used  for  all  con- 
crete was  river  gravel  obtained  close  to  the 
site;  occasionally  sand  was  screened  out,  but 
usually  the  natural  gradings  with  slight  ad- 
justment were  found  to  be  sufficiently  accu- 
rate. The  6  in.  concrete  roof  was  reinforced 
with  No.  3  mesh  10-gage  expanded  metal.  The 
concrete  was  1  :2 :4  laid  in  one  layer  and  fin- 
ished with  light  tamper  and  wooden  float,  the 
cribbing  being  partly  supported  from  under- 
neath and  partly  hung  from  the  24  in.  beams 
carrying  the   roof. 

The  foreslope  was  composed  of  a  9  in.  con- 
crete base  with  Vi  in.  wire  rolled  glass  2  ft. 
square  laid  on  the  surface  and  embedded  in  a 
rich  mortar  of  cement :  no  clips  were  found 
necessary.  The  glass  apron  was  carried  on 
4  in.  I-beams  at  8  :.5  lbs.,  with  .5  ft.  centers  let 
into  the  wall  at  the  upper  end  and  supported 
on  concrete  piers  18  ins.  high  at  the  lower. 
On  the  top  flange  of  the  beam  creosoted  wood 
strips  were  fi.xed  with  small  iron  cleats  sunk 
flush  with  the  wood.  The  %  in.  wired  glass 
in  sheets  5  ft.  x  3  ft.  were,  laid  on  these 
strips,  embedded  with  a  mixture  of  litharge 
and  white  lead.  Each  sheet  was  secured  along 
the  lower  edge  with  two  copper  clips  3  ins. 
wide  secured  to  the  wood.  Thus  each  sheet 
was  supported  entirel_v  independent  of  the 
other. 

In  building  the  circular  walls  of  the  filters 
templates,  convex  and  concave,  cut  to  the 
proper  circle  were  placed  on  top  of  the  foun- 
dation, which  had  been  run  in  trencher.  The 
boxing  of  placed  boards  bent  horizontally  and 
attached  to  upright  studs  was  kept  in  position 
by  the  templates  at  the  bottom,  and  at  the  top 
by  distance  pieces,  and  securely  wired  through 
the  thickness  of  the  wall.  The  boxing  was 
braced  from  the  inside  only  by  means  of  per- 
pendicular pieces  of  2  in.  .x  6  in.  placed  at  a 
distance  of  about  7  ft.  from  the  cribbing  op- 
posite every  second  stud  and  tied  into  the 
studding  at  the  top  and  bottom,  and  one  diag- 
onal brace  to  each.  This  method  of  construc- 
tion fulfilled  the  double  duty  of  efficient  brac- 
ing and  also  of  providing  bents  for  the  gang- 
ways  from   which  to  pour  tlie  concrete  walls. 

The  machines  mixing  the  concrete  for  the 
filter  walls  and  floors  were  placed  on  a  stag- 
ing erected  on  the  same  level  as  the  top  of 
the  walls.  Three  mi.xers  were  worked,  one 
at  the  center  of  each  filter.  A  ganirwav  10  ft. 
wide  and  on  the  same  level  and  330  ft.  long 
ran  down  the  center  for  the  complete  length 
of  the  three  filters,  connecting  up  the  three 
machine  stagings  and  permitting  the  teams 
hauling  gravel  and  sand  to  enter  at  one  end 
and  drive  off  at  the  otiier.  From  the  mixing 
stage  radial  runways  were  placed  out  to  the 
edge  of  the  filters,  in  order  that  the  concrete 
hand  dump  carts  might  travel  in  a  circle.  The 
proportions  of  materials  composing  the  con- 
crete for  tlie  floors  and  walls  were  the  same 
as  for  the  tanks,  the  floor  being  lightly  tamped 
and  screeded  off.  In  each  filter  eight  lines  of 
4  in.  vitrified  open  jointed  branch  pipes  were 
embedded  half  their  depth  in  the  concrete. 
These  lines  ran  from  the  circumference  to 
the  center,  and  had  a  fall  of  (i  ins.  The  por- 
tion of  the  floor  lying  between  the  lines  of 
branches  was  built  with  a  slight  cross  fall  and 
drained  vvith  4  in.  butt-jointed  field  pipes. 

In  placing  the  medium,  the  overhead  gang- 
way, and  especially  constructed  wagons  were 
used.  The  medium  for  filters  No.  1  and  No.  2 
was  first  broken  to  the  required  sizes,  selected 


and  shaken  free  from  dust  and  small  particles 
by  means  of  coke  forks  and  carefully  placed 
in  the  wagons.  The  bottoms  of  the  wagons 
were  of  an  inverted  "V"  shape,  and  projected 
bevond  the  sides  and  over  the  wheels.  The 
sides  were  hinged  at  the  top  to  the  two  ends, 
allowing  the  cart  to  be  dumped  on  to  chutes  at 
each  side  of  the  gangway.  Each  chute  ter- 
minated on  a  portable  platform  from  which 
the  medium  was  taken  and  spread  by  means 
of  wheelbarrows.  Any  medium  smashed  in 
dumping  was  shoveled  off  the  platform  back 
to  the  gangway.  The  medium  for  filter  No.  3 
consisted  entirely  of  screened  gravel,  and  was 
carted  from  the  borrow  pit  directly  into  the 
filter. 

OPER.^TION     AND     M.MNTENANCE. 

Operation  of  the  plant  was  commenced  in 
the  month  of  October,  1912,  and  the  appara- 
tus was  given  a  fair  trial  before  heavy  frosts 
set  in.  Some  difficulty  was  encountered  in  ob- 
taining a  proper  seal  in  the  drums  of  the  ro- 
tating filters,  and  it  required  a  considerable 
length  of  time  to  find  out  the  exact  cause  of 
tlie  defect.  After  careful  examination  it  was 
found  that  the  upper  portion  of  the  drum  had 
developed  a  very  small  leak  which  allowed  the 
air  gradually  to  escape,  with  an  ultimate  loss 
of  the  seal.  This  was  easily  repaired  and 
continuous  running  of  the  filter  units  was 
then  possible. 

After  a  month  or  two,  however,  it  was 
noticed  that  a  very  considerable  amount  of 
colloidal  matter  was  accumulating  in  the  re- 
volving arms  of  the  filters,  and  it  was  found 
necessary  to  employ  a  man  for  a  large  por- 
tion of  the  day  to  keep  the  small  holes  in  the 
filter  arms  from  choking.  After  several  en- 
deavors to  find  the  cause  of  this  trouble  it 
was  observed,  that  when  the  accumulation  in 
the  detritus  tank  increased  the  accumulation 
in  the  filter  arms  became  more  objectionable. 
Since  no  adequate  means  were  provided  for 
removing  the  detritus  from  the  bottom  of  the 
tanks  it  was  decided  to  flush  the  accumulating 
sludge  out  into  one  of  the  sludge  beds.  This 
process  was  then  adopted  at  regular  intervals. 
It  appeared,  however,  that  if  the  detritus  tanks 
were  sufficiently  shallow  to  cause  practically 
all  the  matter  which  would  not  pass  througii 
the  screens  to  go  over  the  sedimentation  tanks 
and  there  be  deposited  as  sludge,  the  liquid 
reaching  the  tanks  would  be  more  uniform  in 
consistency,  and  the  process  of  treatment  im- 
proved. An  alteration  of  tlie  shape  of  the 
chambers  was  then  considered,  providing  for 
the  filling  up  of  the  lower  portion  of  the 
detritus  tanks  with  stone  or  gravel  and  the 
building  in  of  a  concrete  floor,  the  screens 
being  sloped  sufficiently  to  give  the  proper 
area  for  the  capacity  of  the  plant.  Bv  doing 
this  it  was  hoped  that  the  difficultv  in  con- 
nection with  the  clogging  of  tlie  filter  arms 
would  be  obviated,  and  the  nuisance  caused 
hv  the  flushing  of  the  fresh  sludge  into  tlie 
sludge  beds  eliminated.  The  particular  de- 
sign adopted  for  the  detritus  chamber  was 
felt  to  be  the  most  troublesome  feature  of  the 
plant. 

.After  the  plant  had  been  operating  for  a 
month  or  two  severe  frosts  were  experienced, 
which  caused  considerable  ice  to  form  on  the 
top  of  the  exposed  filter  beds,  and  on  one  oc- 
casion, after  a  snow  fall  of  some  (!  or  8  ins., 
one  of  the  filters  was  started  up  with  the  ex- 
pectation that  the  warm  scwa.ge  would  melt 
the  snow.  Unfortunatelv,  however,  tlie  weath- 
er suddenly  became  colder,  and  instead  of  the 


snow  disappearing  it  was  changed  into  ice, 
and  it  was  found  impossible  to  get  rid  of  this 
accumulation  until  it  was  removed  entirely 
from  the  filters.  This  was  the  only  time  that 
there  was  any  trouble  with  the  revolving  arms 
on  account  of  the  accumulations,  and  it  should 
never  recur,  as  the  operator  has  had  the  bene- 
fit of  past  experience.  Throughout  the  winter 
months  ice  appeared  on  the  surface  of  the 
filter  beds  during  cold  weather,  and  gradually 
built  up  into  circular  ridges  between  which 
were  narrow  openings,  the  openings,  of  course, 
appearing  directly  in  the  line  of  spray  from 
the  filter  arms.  No  attempt  was  made  to 
measure  the  efficiency  of  the  beds  under  such 
conditions,  but  it  is  hoped  that  a  proper  lab- 
oratory will  soon  be  installed  with  a  chemist 
in  charge,  and  analyses  made  of  the  effluent 
not  only  from  the  filters  but  also  after  pass- 
ing through  all  stages  of  purification.  After 
running  the  plant  throughout  the  winter 
months  it  was  found  possible  to  obtain  con- 
tinuous operation  of  the  filters  with  their 
machinery  and  surfaces  exposed  to  the  weath- 
er. In  the  following  summer  it  was  estab- 
lished that  the  fly  nuisance  was  not  a  serious 
factor  in  so  isolated  a  position.  The  con- 
struction of  costly  roofs  over  the  filter  units 
was  therefore  abandoned,  although  provision 
had  been  made  in  the  design  of  the  filter  ma- 
chinery for  the  support  of  roof  trusses  from 
the  central  posts. 

The  filters  are  all  thrown  into  use  by  the 
opening  of  penstocks  by  hand,  which  would 
appear  to  be  a  better  arrangement  than  auto- 
matic control,  for  the  reason  that  the  winter 
conditions  are  sufficientlv  severe  to  cause  freez- 
ing in  the  drums  of  filters  which  might  be 
thrown  out  of  commission  for  any  length  of 
time  unless  these  were  drained.  Every  time  a 
filter  is  shut  down,  therefore,  the  operator  pro- 
ceeds to  drain  out  the  drum  forming  the  air 
seal. 

The  difference  in  level  between  the  surface 
of  the  liquid  in  the  sedimentation  tanks  and 
the  top  of  the  riser  at  the  center  of  each  filter 
gave  considerable  trouble  when  a  large  volume 
of  sewage  was  delivered  to  the  plant.  There 
was  a  noticeable  surge  in  the  distributing 
chamber  at  the  entrance  to  the  filters,  and 
frequently  the  top  of  the  riser  would  over- 
flow, thus  discharging  unfiltered  sewage  into 
the  humus  tanks.  It  was  deemed  advisable 
to  make  an  overflow  from  the  distributing 
chamber,  and  this  was  accomplished  by  cut- 
ting through  one  of  the  walls  of  the  chamber 
and  inserting  a  12  in.  pipe  delivering  into  a 
trough  laid  on  the  top  of  the  filter  medium 
between  filters  Nos.  1  and  2  at  a  place  not 
reached  by  the  distributing  arms.  This  ar- 
rangement seems  to  give  satisfaction,  and 
once  or  twice  each  day  there  is  a  surge  which 
is  efficiently  taken  care  of  in  this  way. 
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Effect  of  Fineness  of  Sand  and  of  Clay 

and  Loam  on  the  Strength  of 

Mortar. 

Contributed  by  F.   L.   Roman,  Testing  Engineer, 
Illinois   Highw;iy    Commission, 

While  it  is  known  tliat  fine  sand  generally 
gives  a  weaker  mortar  than  coarse  sand,  the 
quantity  of  very   fine  material   in  sand  which 


will  seriously  impair  the  strength  of  the  mor- 
tar is  not  so  well  understood.  The  U.  S. 
Oflice  of  Public  Roads,  Circular  No.  100,  speci- 
fies that  sand  for  concrete  masonry  shall  con- 
tain not  more  than  20  per  cent  of  material 
passing  a  No.  .50  sieve,  and  the  National  Con- 
ference on  Concrete  Road  Building  held  in 
Chicago,  February  12-11,  1914,  recommended 
after  some  discussion,  that  sand  for  concrete 


roads  shall  contain  not  more  than  l-")  per  cent 
passing  a  sieve  having  "lO  meshes  to  the  linear 
inch,  and  not  more  than  2  per  cent  passing  a 
sieve  having  100  meshes  to  the  linear  inch. 
At  the  time  of  this  conference  in  Chicago,  a 
series  of  tests  were  in  progress  in  the  lab- 
oratory of  the  Illinois  Highway  Department, 
on  the  effect  of  various  percenta.ges  of  fine 
sand  below  .50  mesh  on  the  strength  of  mor- 
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tar.     A  description  of  the  tests  together  with 
the  data  obtained  is  given  below. 

Materials. — .An  ideal   graded   sand  was  pre- 
pared by  mi.xing  materials  of  various  sizes  by 


Chemical    te.sts: 

Sulphuric   anhydride    (SO3),    per  cent....  1.43 

Loss    on    ignition 2,10 

Insoluble  residue    0.44 


Tesls.- 


-For  the  purpose  of  determining  the 


The  curves  of  Fig.  1  show  the  tensile 
strength  of  these  briquettes  of  1  part  cement 
and  3  parts  sand  mixtures  at  various  ages. 

The  curves  of  Fig.  2  show  the  decrease  in 


Age  of  Briqueifes  in  Days 

Fig.   1.     Curves    Showing     Strength    of    Bri- 
quettes of  1   Part  Cement  and  3  Parts 
Sand    at    Various   Ages. 

weight  according  to  the  parabola  of  a  sand  of 
ma.ximum  density.  The  sand  was  composed 
mainly  of  silicious  materials  and  all  the  grains 
were  hard  and  clean.  .\11  the  sand  passed 
through  a  '/i-in.  sieve  and  was  retained  on  the 
No.  oO-mesh  sieve  and  was  graded  as  follows, 
the  per  cents  being  by  weight : 

Per  cent. 

Passing  1/4-in.  sieve ino 

1/4   to   1/8-in 38 

1/8   to   1/10-in 15 

1/10   to   1/20-in 26 

1/20   to  1/30-in 12 

1/30   to   1/40-in G 

1/40  to   lAiO-in 3 

Passing  50  mesh  sieve 0 

Clean  material  passing  a  50-mesh  sieve  and 
composed  mainly  of  quartz  dust  was  also 
selected.  The  sieve  analysis  of  this  material 
gave  the  following  results,  all  percentages  be- 
ing by  weight : 

Per  cent. 

Passing  50  mesh  sieve 100 

1/50   to   l/SO-in 52 

1/80    to  1/lOO-in 5 

Passing  100  mesh  sieve 43 

The  cement  used  was  a  Portland  cement  of 
good  quality,  meeting  the  standard  specifica- 
tions of  the  .American  Society  for  Testing 
Materials  and  showing  the  following  analysis : 

Specific   gravity    3.15 

Fineness: 

Retained  on  No.  100  sieve,  per  cent 4.5 

Retained  on  No.  200  sieve,  per  cent 24.3 

Time  of  setting  (Vicat  needle) : 

Initial    set    2  hrs.  30  min. 

Final    set    6  hrs. 

Water  required   for   paste   of   normal   con- 
sistency,  per  cent 21.5 

Soundness  tests: 

Accelerated    test    Good 

Normal  test  Good 
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effect  of  various  amounts  of  the  fine  material 
below  .5(5  mesh  on  the  strength  of  1  to  3  mor- 
tar,   mi.xtures   of   the   coarse   sand    (J4    in-   to 
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3  7  28 

Fig.  4.  Curves  Showing  Strength  of  Mortar 
of  1  Part  Cement  and  3  Parts  Sand  Con- 
taining Clay  or  Organic  Loam  Passing 
Through  a  50  Mesh  Sieve;  the  Organic 
Loam-  Contains  30  per  cent  of  Organic 
Matter. 

1/oO-mesh)  and  of  various  percentages  of 
fine  material  below  .50-mesh  were  prepared. 
Briquettes  of  1  part  cement  and  3  parts  sand 
mixtures   were   molded   and  tested   at   3   days, 


30  40  50  60  ^0  80  90  100 

Par  Cent  of  Aggregafe  Below  50  Mesh 
Fig.  2.     Curves   Showing   the    Decrease    in   the  Strength  of  Mortar  of  1   Part  Cement  and  3 
Parts  Sand,  When  the  Portion  of  the  Sand    Passing  Through  a  50   Mesh  Sieve   Increases. 

7  days,  28  days  and  90  days.  The  composi- 
tion of  the  sand  mixtures  and  the  average 
strength  of  the  resulting  briquettes  at  va- 
rious ages  are  given  in  Table  I.  In  the 
earliest  experiments,  five  briquettes  were  taken 
for  each  test.  Shortage  of  some  of  the  ma- 
terials used  made  it  necessary  to  decrease  later 
this  number  to  three  briquettes. 


Tensile  sti'ength: 

24  hours  neat,   lbs 395 

7  days  neat,   lbs 730 

28  days  neat,    lbs 877 

7  days,    1   per   cent   cement,   3   per   cent 

Ottawa   sand,    lbs 248 

28  days,    1   per  cent   cement,   3   per  cent 

Ottawa   sand,   lbs 294 

90  days,    1    per   cent    cement,    3    per   cent 

Ottawa  sand,  lbs 316 


strength  of  mortar  of  1  part  cement  and  3 
parts  sand  mi.xtures,  when  the  portion  of  the 
sand  passing  through  a  50-mesh  sieve  in- 
creases. 

The  curves  of  Fig,  3  show  the  per  cent  de- 
crease in  strength  of  mortar  of  1  part  cement 
and  3  parts  sand  mi.xtures,  w-hen  the  per  cent 
by  weight  of  the  sand  passing  through  a  .50- 
mesh  sieve  increases.  The  per  cent  decrease 
is  also  given   in  Table  II. 

TABLE   I. 


a- 
.~.SS    ..»;»; 

o  -,  aj    w        w  >.  >, 

1/4   to  1/50-in.   in                      S,g«  •=  ■a 

per  cent  by  weight               61J  >>  ^       ^  „  ^ 

—      -^     ^          c-  cl  in 

m  M-r    ai        o  0;  oj 

3  2  g    !^       ^  ^  ^ 

e..£S  <     <  <  < 

100 0     262     327  395  396 

95 5     389  ... 

90 10  236  316  388  398 

70 30  201  2.52  317  349 

50 50  165  215  263  322 

25 75  134  198  22;)  258 

0 100     107     123  168  216 

Standard   Ottawa   sand 183     248  294  316 

•Composition  of  sand  mixture. 

tTensile  strength  of  briquettes  of  1  part  ce- 
ment and  3  parts  sand  in  pounds  per  square 
inch. 


Age  of  Briqueffes  m  Days 
Fig.  5.  Curves  Showing  Strength  of  Mortar 
of  1  Part  Cement  and  3  Parts  Sand  Con- 
taining Clay  or  Organic  Loam  Passing 
Through  a  50  Mesh  Sieve;  the  Organic 
Loam  Contains  30  per  cent  Organic 
Matter. 

The  fine  material  in  sand  passing  through  a 
No.  .50-mesh  sieve  is  seldom  as  clean  as  the 
material    selected     for    the    above    tests,    and 
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series  of  tests  were  undertaken  to  determine 
the  effect  on  the  strength  of  mortar  of  fine 
material  in  sand  when  the  fine  material  con- 
tains clay  and  loam.  It  is  generally  under- 
stood  that   "dirt"    (meaning  clay,   humus   and 
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Fig. .6.  Curves  Showing  the  Effect  of  Clay 
and  Organic  Matter  in  Sand  on  the 
Strength  of  Mortar  Briquettes  of  1  Part 
Cement  and  3  Parts  Sand  Tested  When  3 
Days  Old;  the  Organic  Loam  Contains  30 
per  cent  of  Organic  Matter. 

organic  matter)  in  sand  is  harmful  to  the 
strength  of  mortar.  To  show  the  difiference 
in  their  effect  on  the  strength  of  mortar,  yel- 
low clay  and  loam  containing  30  per  cent  of 

TABLE  II,  —  PER  CENT  DECREASE  IN 
STRENGTH  OF  MORTAR  WHEN  THE  POR- 
TION OF  THE  SAND  PASSING  THROUGH 
A  50  MESH  SIEVE  INCREASES. 


Per  cent 

sand 

3 

7 

2S 

90 

below  50  mesh. 

days. 

days. 

days. 

days. 

U 

...      0 

u 

0 

0 

5 

1.5 

10.... 

...    10 

3 

2 

—0.5 

30.... 

...    23 

22 

20 

12 

50.... 

...    37 

34 

33 

19 

75.... 

...49 

39 

42 

35 

100.... 

...59 

61 

57 

45 

organic  matter  were  used  in  the  following 
tests.  Both  the  clay  and  the  loam  were  dried 
and  ground  to  pass  a  50-mesh  sieve.  On  igni- 
tion,  the   loam  was   found   to   contain  30   per 
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Fig.  7.  Curves  Showing  the  Effect  of  Clay 
and  Organic  Loam  in  Sand  on  the  Strength 
of  Mortar.  Briquettes  of  1  Part  Cement 
and  3  Parts  Sand  Tested  When  7  Days 
Old;  the  Organic  Loam  Contains  30  pi.- 
cent  of  Organic   Matter. 

cent  of  organic  material.  The  loam  was  kept 
in  water  for  3  days,  the  water  showing  no 
alkaline  or  acid  reaction  to  litmus.  Various 
percentages  of  clay  and  loam  \vrc  substituted 


in  the  sand  mixtures  for  the  material  passing 
50  mesh.  Briquettes  of .  1  part  cement  and  3 
parts  sand  mi.xtures  were  tested  at  the  age  of 
3  days,  T  days,  28  days  and  90  days. 

The  composition  of  the  sand  mixtures  and 
the  strength  of  the  resulting  briquettes  are 
given  in  Table  III. 

The  curves  of  Figs,  4  and  .5  show  the  ten- 
sile strength  of  briquettes  of  mortar  of  1  part 
cement  and  3  parts  sand  mixtures  containing 
clay  or  organic  loam.  The  strength  of  the 
mortar  increases  with  the  addition  of  small 
quantities  of  clay.  The  quantity  of  clay  which 
may  be  added  to  the  sand  without  causing  a 
uecrease  in  the  strength  of  its  mortar,  seems 
lo  vary  with  the  size  of  the  erains  and  the 
gradation  of  the  sand.  A  fine  sand  would  ap- 
parently permit  the  addition  of  more  clay 
before  showing  a  decrease  in  the  strength  of 
its  mortar  than  would  a  coarser  sand.  With 
a  sand  containing  10  per  cent  fine  material 
below  50  mesh,  it  would  appear  that  only  10 
per  cent  of  clay  could  be  added  without  caus- 
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of  fine  material  below  50  mesh  does  not  cause 
a  larger  decrease  in  the  strength  of  its  1  to  3 
mortar,  than  does  the  addition  of  2  per  cent 
of  organic  loam  or  0.6  per  cent  of  organic 
matter.     The  reverse  effects  of  clay  and  or- 
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Fig  8.  Curves  Showing  the  Effect  of  Clay 
and  Organic  Matter  in  Sand  on  the 
Strength  of  Mortar.  Briquettes  of  1  Part 
Cement  and  3  Parts  Sand  Tested  When 
28  Days  Old;  the  Organic  Loam  Contains 
30  per  cent   of  Organic   Matter. 

ing  a  decrease  in  the  strength  of  the  mortar, 
while  with  a  sand  containing  30  per  cent  of 
fine  material  below  50  mesh,  20  per  cent  of 
clay  could  be  added  without  decreasing  the 
strength  of  the  mortar. 

The  addition  of  organic  loam  causes  a  rapid 
decrease  in  the  strength  of  the  mortar.  The 
addition  of  only  5  per  cent  of  organic  loam  or 
1.0  per  cent  of  organic  matter  causes  a  de- 
crease in  the  strength  of  the  1  to  3  mortar  of 
15  to  20  per  cent.    The  addition  of  30  per  cent 
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•Composition  of  sand   mixtures. 
tTenslle   strensth   of  briiim-ttes  of   1  part  ce- 
ment, 3  parts  sand  In  pounds  per  square  Inch. 
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Fig.  9.  Curves  Showing  the  Effect  of  Clay 
and  Organic  Matter  in  Sand  on  the 
Strength  of  Mortar.  Briquettes  of  1  Part 
Cement  and  3  Parts  Sand  Tested  When 
90  Days  Old:  the  Organic  Loam  Contains 
30   per  cent   of  Organic   Matter. 

ganic  loam  in  sand  on  the  strength  of  mortar 
is  shown  better  by  the  curves  of  Figs.  6,  7,  8 
and   9.     Table  IV  and  the  curves  of   Fig.   10 

TABLE  IV.— PER  CENT   DECREASE  IN   THE 
STRENGTH    OF  MORTAR   OF   1    PART   CE- 
MENT   AND    3    PARTS    SAND    WHEN    OR- 
GANIC LOAM  IS  ADDED  TO  THE  SAND. 
10  Per  Cent  Below  50  Mesh. 
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Fig.  10.  Curves  Showing  per  cent  De- 
crease in  Strength  of  Mortar  of  1  Part 
Cement  and  3  Parts  Sand  When  Organic 
Matter  is  Added  to  the  Sand;  the  organic 
Loam  Contains  30  per  cent  of  Organic 
Matter. 

due  to  the  presence  of  various  proportions  of 
organic  loam. 
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CONCLUSIONS. 

(1)  In  a  well  graded  sand,  the  presence  of 
fine  material  passing  the  No.  oO  sieve  causes 
a  decrease  in  the  strength  of  its  1:3  mortar; 
the  strength  of  the  1 :3  mortar  obtained  from 
the  portion  of  the  same  sand  retained  on  the 
No.  50  sieve  being  taken  as  the  basis  of  com- 
parison. In  a  badly  graded  sand  the  presence 
of  a  small  proportion  of  clean  sand  passing 
the  No.  o(l  sieve  might  probably,  under  cer- 
tain conditions,  cause  a  slight  increase  in  the 
strength  of  the  mortar,  but  the  presence  of  a 
large  proportion  of  the  material  passing  a  50- 

•  mesh  sieve  will  cause  a  decrease  in  the 
strength  of  the  mortar.  The  effect  of  the 
fine  sand  passing  the  No.  50  sieve  may  be  ex- 
plained by  the  fact  that  the  sand  grains  are 
equal  in  size  or  only  slightly  coarser  than  the 
cement  particles  and  cause  a  dilution  of  the 
cement.  This  fine  material  acts  very  much  as 
if  inert  material  had  been  added  to  the  cement 
at  the  time  of  manufacture.  Fine  sand  can- 
not be  mi-xed  readily  with  cement,  and  it  re- 
quires a  great  deal  of  handling  to  obtain  a 
uniform  mixture.  As  it  is  generally  the  fact 
in  practice  that  mortar  and  concrete  are  not 
mixed  thoroughly,  it  is  probable  that  the  de- 
crease in  strength  of  the  mortar  when  the 
fineness  of  the  sand  increases  would  be  even 
larger  than  shown  by  the  above  tests. 

(2)  Small  amount  of  clay  in  sand  seem 
to  cause  a  small  increase  in  the  strength  of 
the  mortar.  The  tensile  strength  curve  of  1  ;3 
mortar  briquettes  in  which  the  sand  contains 
increasing  percentages  of  clay  rises  at  first 
with  small  quantities  of  clay.  With  larger 
quantities  of  clay,  however,  the  strength  of  the 
1  :3  mortar  briquettes  begins  to  drop.  The  ef- 
fect of  clay  is  not  well  understood,  as  the 
addition  of  clay  should  cause  a  dilution  of  the 
cement  and  should  apparently  cause  a  drop 
in  the  strength  of  the  mortar.  The  increase  in 
strength  might,  however  be  explained  by  as- 
suming that  the  clay  which  is  carried  by  the 
water  is  composed  of  extremely  fine  particles 
which  fill  the  voids  in  the  cement.  This  would 
cause  an  increase  in  both  density  and  strength. 

It  should  be  noted,  that  in  all  tests  given 
above  fairly  dry  mortars  were  prepared,  and 
in  the  wet  mortars  commonly  used  in  prac- 
tical work  even  small  quantities  of  clay  may 
cause  trouble.  In  wet  mortars,  clay  will  flush 
to  the  surface  with  the  water,  and  cases  have 
been  met  in  practice  in  which  layers  of  clay 
were  apparent  in  the  concrete,  and  each  batch 
of  concrete  was  separated  from  the  next  one 
by  a  laver  of  clay.  Even  in  small  quantities 
clay  is  also  harmful  when  it  appears  in  lumps 
and  when  it  coats  the  sand  grains.  Tests  in- 
variablv  show  that  small  quantities  of  clay 
which  would  cause  an  increase  in  the  strength 
of  the  mortar  when  present  as  dust  in  the  sand 
will  cause  a  large  decrease  in  strength  when 
the  clay  coats  the  sand  grains. 

(3)  Organic  loam  in  sand,  even  in  very 
small  quantities,  will  cause  a  decrease  in  the 
strength  of  the  mortar.  In  the  tests  above, 
l'/2  per  cent  of  organic  matter  in  sand  caused 
a  decrease  in  the  tensile  strength  of  1:3  mor- 
tar of  15  to  20  per  cent.  Often  1  per  cent 
and  sometimes  2  or  3  per  cent  of  organic  mat- 
ter in  sand  cannot  be  detected  in  the  general 
appearance  of  the  sand,  and  whenever  the 
sand  appears  dark  and  loamy,  it  is  a  sure  sign 
that  it  should  be  tested  before  using  in  con- 
crete work. 


A    Proposed    Construction    to    Reduce 
the  Cost  of  Brick  Roads. 

To  THE  Editors  :  The  following  are  com- 
ments on  the  paper  by  Prof.  James  I.  Tucker, 
University  of  Oklahoma. 

I  admit  that  at  the  time  of  passing  through 
the  die  there  is  a  vertical  fiber  in  brick,  but  T 
believe  that  the  distinctive  feature  of  a  vertical 
fiber  is  somewhat  interfered  with  by  the 
fusion  during  burning.  Whether  or  not  this 
is  true,  so  far  as  I  have  been  able  to  learn  the 
fact  remains  that  there  have  not  as  yet  been 
devised  any  physical  tests  that  can  demonstrate 
the  superiority  of  a  vertical  fiber  brick  over 
the  non-vertical  fiber.  Nor  is  it  necessary  that 
there  be  a  vertical  fiber  in  brick.  The  efficiency 
of  vitrified  brick  of  uniform  quality  in  resist- 


ing actions  of  abrasion,  impact,  etc.,  is  already 
so  high  that  scarcely  anything  more  need  be 
desired  until  some  o'ther  features  of  the  brick 
pavement  have  been  developed  to  a  higher 
stage.  I  consider  it  proper  that  the  idea  of 
there  being  a  vertical  fiber  in  brick  should  be 
given  the  benefit  of  the  doubt,  even  though  it 
is  not  apparent  that  any  economy  worth  con- 
sidering will  result.  In  extreme  cases  where 
the  haul  is  excessive,  such  as  was  experienced 
at  Panama  recently,  there  could  result  a  sub- 
stantial saving  due  to  reducing  the  freight  rate 
by  using  a  2%-in.  or  3-in.  brick  instead  of  the 
standard  4-in.  The  brick  used  by  the  Govern- 
ment at  Panama  were  ordinary  pavers,  but 
in  order  to  keep  down  the  freight  transporta- 
tion charges,  the  brick  that  were  used  were 
only  3  ins.  deep.  I  believe  that  from  the  manu- 
facturers' point  of  view,  the  idea  of  using 
vertical  fiber  brick  forestalls  the  opportunity 
for  using  the  cement  grout  filler,  inasmuch  as 
vertical  fiber  brick  cannot  be  manufactured 
with  the  necessary  lugs  to  provide  the  space 
for  the  filler. 

It  is  my  opinion  that  repressing  weakens 
brick,  but  in  seeking  an  alternative  we  need 
not  necessarily  resort  to  vertical  fiber  brick. 
The  wire-cut  lug  brick  has  a  legitimate  field  of 
usefulness  at  this  point. 

I  am  not  willing  to  admit  that  transverse 
joints  are  needed  at  all,  nor  is  it  necessary  to 
make  the  longitudinal  joints  near  the  curbs 
unsightly  poured  joints,  for  they  can  be  very 
easily  made  by  using  a  prepared  felt.  Scarcely 
anyone  will  deny  the  fact  that  we  do  have  con- 
traction cracks,  but  even  so,  a  contraction  crack 
cannot  possibly  be  as  bad  as  a  transverse  joint 
where  the  pavement  is  broken  down  for  three 
or  four  courses  of  brick  on  each  side  of  the 
joint,  as  so  frequently  occurs.  Except  for  very 
short  lengths,  I  very  much  question  whether 
there  is  a  longitudinal  creeping  in  a  brick 
pavement  due  to  expansion.  I  prefer  to  say 
that  there  is  a  tendency  to  creep.  For  a  very 
short  section  of  pavement,  it  is  probable  that 
the  brick  would  actually  creep,  and  the  section 
would  be  somewhat  longer  in  summer  than  in 
winter,  but  with  a  long  section  of  pavement, 
it  seems  to  me  that  there  exists  only  a  ten- 
dency to  creep  and  the  expansion  action  is 
taken  up  in  the  brick  and  in  the  grout  filler. 
Of  43,000  sq.  yds.  of  brick  pavement  con- 
tracted for  in  four  different  counties  in  Illi- 
nois in  1914,  64  cts.  per  square  yard  was  the 
contract  price  for  the  4^i-in.  concrete  base, 
or  say  about  15  cts.  per  inch  of  thickness. 
Reducing  the  thickness  of  this  base  to  2  ins. 
would  make  it  cost  about  30  cts.  per  square 
yard,  providing  the  cost  were  a  direct  function 
of  the  thickness,  but  it  is  not  such  a  function. 
The  same  expense  for  preparing  the  sub-grade 
must  be  incurred,  whether  the  pavement  is  2 
ins.  in  thickness  or  6  ins.  in  thickness.  There 
is  required  the  same  amount  of  labor  per 
square  yard  of  pavement  to  finish  the  pave- 
ment, whether  the  thickness  of  the  base  be  2 
ins.  or  6  ins.  The  cost  of  the  pipe  line  for 
furnishing  water  is  a  function  of  the  length 
of  the  line  rather  than  of  the  amount  of  water 
required ;  so  without  question  there  would 
need  to  be  added  at  least  5  cts.  per  square 
yard,  making  the  cost  about  35  cts.  per  square 
yard  for  a  2-in.  concrete  base. 

The  wire  reinforcing  at  27%  cts.  per  rod  of 
•36-in.  fence  would  be  about  5  cts.  per  square 
yard,  without  allowing  anything  for  delivering 
and  placing  the  wire.  In  order  to  use  a  2-in. 
concrete  base,  it  would  be  necessary  that  the 
shaping  of  the  sub-grade  be  done  with  almost 
absolute  perfection,  which  w-ould  cost  aboui 
10  cts.  per  square  yard  if  it  were  at  all  possible 
to  do  it.  For  shaping  the  sub-grade  for  a  4%- 
in.  concrete  base,  we  usually  figure  3  cts.  per 
square  yard.  Our  grout  filler  costs  the  tax- 
payer about  9  cts.  per  square  yard,  whereas,  a 
bituminous  filler  would  cost  20  cts.  per  square 
yard,  or  11  cts.  more  than  the  grou:  filler.  Let 
us  now  see  what  we  have :  cts.  per 

sq.  yd. 

Two-inch  concrete  base 35 

Reinforcing  material  and  labor 6 

Excessi^'e  worlt,  shaping  the  sub-grade  to 

perfection   7 

Bituminous  filler,  as  against  cement  grout 
filler   11 

Total    59 


Or  practically  as  much  as  we  are  now  paying 
for  a  4Vi-in.  concrete  base  without  any  rein- 
forcement. A  2-in.  concrete  base  requires  that 
the  sub-grade  be  shaped  to  a  degree  of  per- 
fection that  is  not  at  all  practicable  under 
actual  construction  conditions.  During  con- 
struction a  shower  will  come  up,  and  imme- 
diately after  the  shower  is  over,  even  though 
it  was  light,  the  work  must  be  resumed  with 
the  sub-grade  not  entirely  dry.  The  answer  is, 
that  the  sub-grade  becomes  more  or  less  cut 
up,  and  from  a  quarter  to  a  half  an  inch  of 
the  concrete  base  is  depended  upon  and  pro- 
vided for  to  take  care  of  just  such  conditions 
as  these.  Still  further,  the  aggregate  cannot 
always  be  dumped  along  the  sides,  and  even  if 
it  could,  the  wheelbarrows  would  cut  up  the 
sub-grade  in  getting  to  the  mixer.  The  water 
supply  does  not  always  work  satisfactorily, 
and  the  supply  tank  on  the  mi.xer  often  over- 
flows and  softens  the  sub-grade.  It  has  oc- 
curred that  the  best  of  soils  contained  so 
much  water  that  it  was  necessary  to  run  the 
mixer  on  boards  which  frequently  sank  2  ins. 
into  the  sub-grade,  leaving  corresponding 
ridges  which  had  to  be  taken  off.  In  order  to 
provide  for  such  occurrences  as  these,  it  is 
my  experience  that  on  the  whole,  it  is  more 
economical  to  provide  in  the  concrete  base  a 
thickness  that  is  half  an  inch  greater  than  is 
what  is  absolutely  necessary,  on  the  assump- 
tion that  the  half  inch  will  be  used  to  counter- 
act irregularities  that  invariably  arise. 

In  reinforced  concrete  girder  bridge  ci>n- 
struction,  we  provide  that  there  shall  be  l^ 
ins.  of  concrete  below  the  reinforcing  steel 
near  the  bottom  of  the  superstructure.  This 
is  entirely  practicable  because  ne  have  a 
lumber  form  on  which  to  place  the  concrete. 

In  constructing  the  concrete  base  for  a  brick 
pavement,  to  spread  out  only  1  in.  of  concrete 
and  then  place  the  reinforcing  requires  that 
the  shaping  of  the  sub-grade  be  done  with  such 
a  degree  of  perfection  as  is  not  warranted  by 
the  present  stage  of  the  science  and  art  of 
highway  engineering. 

I  agree  with  Professor  Tucker  that  we  aic 
extravagant  in  our  design  of  the  brick  pave- 
ment. For  rural  highway  construction  and 
conditions  having  similar  traffic  burdens,  it  is 
my  judgment  that  there  can  be  developed  a 
2%  or  3-in.  vitrified  brick  that  will  stand  a 
medium  rattler  test  and  provide  a  dependable 
wearing  surface  for  some  thirty  or  more 
years.  For  conditions  similar  to  those  in  Illi- 
nois, where  both  coarse  and  fine  aggregate  are 
e.xpensive.  economic  procedure  consists  in  de- 
signing so  as  to  use  the  least  total  volume  of 
such  aggregate,  and  consequently  the  4-in. 
concrete  base  is  more  satisfactory  than  would 
be  a  gravel  or  macadam  base  some  6  ins.  in 
thickness.  There  could  easily  be  conditions, 
however,  where  a  concrete  base  for  a  brick 
pavement  would  be  neither  necessary  nor  eco- 
nomical. I  believe  firmly  in  the  use  of  a 
cement  grout  filler.  This  being  the  case.  I 
consider  that  the  sand  cushion  is  wholly  a  mis- 
nomer, and  is  not  only  unnecessary  but  it  even 
undesirable. 

The  average  contract  price  of  our  brick 
pavements  is  about  $1.90  per  square  yard,  as 
against  $1.20  per  square  yard  for  concrete 
pavements. 

Professor  Tucker's  paper  has  been  of  con- 
siderable value  to  me  in  a  suggestive  way,  and 
I   trust   that   the   comments  that   I   have  made 
may  prove  equally  interesting  to  him. 
Very  truly  yaurs. 
H.  E.  BiLCER,  Road  Engineer. 
Illinois  Highway  Department. 

Springfield.  Ill,  April  3,  1915. 

(Copy  of  the  above  letter  was  submitted  to 
Professor  Tucker  whose  reply  is  apoended. 
-An  abstract  of  the  original  paper  which  is 
here  commented  on  was  published  in  our  issue 
of  April  28,  1915.— Editors.') 

To  THE  Editors:  Commenting  upon  Mr. 
Rilger's  review  of  my  paper  on  'Vertical  Fibre 
Brick.  I  thank  you  for  this  opportunity  to 
reply.  His  letter  illustrates  the  difficulty  when 
one  desires  a  discussion  upon  features  at  all 
novel.  If  the  attendant  circumstances  are  set 
out.  the  new  features  may  be  so  obscured  as  to 
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scarcely  receive  consideration:  if  they  are  not, 
the  casual  reader  finds  the  thesis  so  bald  as 
to  be  practically  meaningless.  The  paper  was 
aimed  to  set  out  four  things : 

(1)  That  it  was  reasonable  to  think  of  a 
structure  in  paving  brick  analogous  to  a 
grain  or  fibre,  and  that  it  was  rational  to  lay 
them  in  a  pavement  so   as  to  take  advantage 

of  it. 

(2)  That  the  grout-filled  pavement  was  m 
a  measure  designed  upside  down,  with  conse- 
quent waste  of  money  and  loss  of  service,  very 
great  in  the  aggregate. 

(3)  That  with  a  foundation  rationally  de- 
signed, a  soft  filler  had  all  the  advantages  of 
grout,  and  others  the  grout  did  not  have. 

(4)  That  so  long  as  Mc Adam's  funda- 
mental principle  is  not  consistently  recognized, 
to  the  effect  that  after  all,  it  is  the  subgrade 
wliich  really  carries  the  loads,  and  so  long  as 
we  adhere  to  thick  plain  concrete  bases,  then 
pavement  design  is  illogical  and  wasteful. 

He  does  not,  however,  discuss  any  of  these 
points  save  No.  1.  To  reply  to  certain  specific 
points:  . 

(a)  There  certainly  is  an  appreciable  dif- 
ference between  the  number  of  brick  required 
per  square  yard  when  laid  flat,  and  when  laid 
on  edge.  If  in  addition  the  thickness  of  the 
bricks  can  be  safely  reduced  to  3  ins.  or  less, 
then  it  seems  "an  economy  worth  considering 
will  result." 

(b)  There  seems  to  be  a  misconception 
about  forming  a  lug  on  the  vertical  fiber  brick 
It  is  simplv  and  adequately  done  by  rounded 
notches  in  the  die,  and  not  by  the  wire  cutting 
machine,  nor  by  re-pressing,  since  this  opera- 
tion is  especially  tabooed. 

(c)  I  cannot 'acquiesce  in  the  argument  that 
transverse  expansion  joints  are  not  needed; 
nor  that  the  distinction  between  creeping  or 
"onlv  the  tendency  to  creep"  is  here  a  valid 
one.  It  seems  to  be  saying  that  while  five  pen- 
nies make  a  nickel,  twenty  nickels  make  noth- 
ing!  Either  numerous  published  photographs 
or"  the  last  few  years  have  grossly  maligned 
good  pavements,  or  the  "tendency  to  creep" 
was  at  the  least  very  pronounced  !  Even  the 
famous  Indianapolis  Speed-way,  so  its  builder 
told  me.  bulged  up  so  extensively  that  two  or 
three  complele  courses  across  the  finish-stretch 
had  to  be  removed  to  let  the  brick  surface 
return  to  its  original  position. 

(d)  The  contention  is  not  made  for  a  2-in. 
reinforced  foundation  Jinless  the  sub-grade  is 
on  the  average  much  better  prepared  than  is 
now  usually  the  case.  It  is  insisted  it  would 
be  more  logical  .and  much  cheaper  to  secure 
extra  bearing-power  by  extra  work  on  the  sub- 
grade  than  bv  putting  the  money  into  more 
concrete.  The  argument  that  any  pavement 
base  acts  only  through  tension,  that  concrete 
is  notoriouslv  weak  in  tension,  that  supplying 
the  tension  member  in  it  is  therefore  rational 
is  not  discussed  bv  Mr.  Bilger. 

(e)  In  applying  the  reinforcement  it  cer- 
tainly is  not  intended  to  lay  2  ins.  of  concrete 
in  two  courses  with  the  reinforcement  between. 
The  practical  way  would  be  to  lay  the  wire 
in  advance  of  any  concrete,  fastening  it  down 
w^ith  wire  "hairpins"  if  necessary.  Then  the 
concrete  would  work  down  through  it  suffi- 
ciently. Nor  is  it  at  all  important  that  the 
wire  be  exactly  placed  in  the  center  of  the 
concrete  so  long  as  it  is  well  covered,  say  by 
a  half-inch  of  mortar.  Nor  is  it  objectionable 
if  part  of  the  wire  is  at  the  top  and  part  at  the 
bottom  of  the  slab,  since  if  there  is  downward 
deflection  under  a  load,  by  reason  of  a  S9ft 
.spot  in  the  subgrade,  calling  for  bottom  rein- 
forcement, there  is  assuredly  a  corresponding 
solid  portion  of  earth  supplying  the  reactions 
at  which  places  the  reinforcement  is  needed  on 
top. 

It  cannot  be  successfully  shown,  either,  why 
the  subgrade  should  be  sandpapered  to  a  per- 
fect contour.  The  essential  thing,  usually 
neglected,  is  that  it  be  sf>li<l  and  unyielding. 
If  rolled  with  genuine  thoroughness  it  will 
perform  its  function  with  complete  satisfac- 
tion, whether  or  not  there  are  areas  slightly 
flat,  or  extra-convex,  as  these  will  be  ahsolute- 
Iv  imperceptible  to  the  user.of  the  pavement. 

In  conclusion,  the  writer  has  no  desire  to 
appear  controversial.     Should   there   be  merit 


in  his  contentions,  and  similar  ones  have  been 
made  by  other  engineers  at  other  times,  he 
hopes  they  may  provoke  discussion  among 
those  dealing  with  this  problem.  He  desires 
to  see  valid  reasoning  which  will  prove  his 
positions  to  be  ill-taken,  and  not  merely  ex 
parte  statements. 

Jas.  I.  Tucker. 
Norman,   Oklahoma,  April  20,  191-5. 


Method    of    Determining    Spacing    of 

Joints  in  Concrete  Pavements 

or  Roads. 

Contributed  by  H.  J.  Fixmer,  Division  Engineer. 
Board   of  Local   Improvements,    Chicago. 

The  proper  spacing  of  joints  in  concrete 
construction  is  an  engineering  problem  and 
not  one  to  be  determined  by  guess. 

Such  reliable  information  as  we  are  able 
to  secure  indicates  that  joints  should  be 
provided  for  at  intervals  not  exceeding 
2.5  to  30  ft.  The  spacing  of  joints  depends 
on  many  factors,  and  these  should  be  given 
due  consideration  before  deciding  the  loca- 
tion or  spacing  of  such  joints.  It  is  custom- 
ary in  engineering  science  to  provide  for 
unforeseen  and  uncertain  contingencies  by  the 
employment  of  a  "factor  of  safety."  Were 
this  factor  judiciously  applied  to  the  spacing 
of  joints,  it  appears  that  the  spacing  should 
never  exceed  30  ft.  and  would  ordinarily  vary 
from  1.5  to  25  ft. 

In  order  to  determine  the  proper  spacing 
of  joints,  the  many  factors  are  considered 
and  values  assigned  to  them  and  an  effort  is 
made  to  combine  them  in  a  simple  formula. 
These  values  are,  of  course,  only  tentative, 
and  wdiile  justified  only  by  very  meager  data, 
at  least  give  us  the  assurance  of  being  better 
than  a  guess. 

(1)  The  coefficient  of  expansion  amounts 
to  about  .000006  per  degree  Fahrenheit  per 
unit  of  length.  This  rate  of  movement 
amounts  to  about  Vi  in.  per  100  ft.  of  length 
per  30°  range  of  temperature. 

Values  of  T  for  ranges  of  temperature,  to 
be  expected  at  time  work  is  being  built,  are 
assumed  as  follows: 

RANGE. 

(    30°  =  0 
J    60°=.lx 
T=  i    90°=.2x 
'  120°  =.3  X 

(2)  The  coefficient  of  "Shrinkage  and 
Swell"  depends  on  temperature  and  amount  of 
water  present  during  the  mixing  and  curing 
of  the  concrete.  When  setting  in  air,  con- 
crete contracts  from  .0008  to  .0005  per  unit 
of  length  ;  when  submerged  or  covered  «vith 
water,  it  expands  to  about  .0005  per  unit  of 
length.  Where  the  concrete  is  directly  ex- 
posed to  rapid  drying  out  it  tends  to  shrink 
about  1  in.  per  100  ft.  This  would  develop 
a  concentrated  tensile  strength  of  about  700 
lbs.  per  square  inch. 

Values  of  5  for  manner  of  curing  may  be 
assumed  as  follows : 

(  No   curing       .2  x 
S  =  ■)  Kept  moist      .1  x 
(  Kept    wet  0 

Concrete  after  curing  will  dry  out  and 
crack,  but  on  account  of  the  increased  strength 
due  to  lengthened  time  of  setting,  it  will  be 
more   able   to   resist   cracking. 

(3)  The  features  of  the  subgrade  have  an 
important  effect  on  the  cracking,  both  trans- 
verse and   longitudinal. 

The  coefficient  of  "friction"  will  vary,  de- 
pending upon  the  smoothness  and  porosity  of 
the  subgrade  material.  It  must  be  observed 
that  the  concrete  adheres  to  the  subgrade  and 
conforms  to  every   unevcnness. 

The  value  for  this  coefficient  of  friction  or 
"roughness"  is  termed  Y  and  may  be  assumed 
as  follows : 

Coef.  of 
Kind-Subgrade  Condition  Friction  Y 

Clay  Uniform  0  to 

Rough   or  "cut  up"  1.2 

Sand  I'ni  form  and  smooth        8  to 

Rough  and  coarse  1.4 

Stone  ITniform   and   filled        1.0  to 

Open  2.0 


Let  Z  equal  value  of  solidity. 

When   well   rolled Z  =  0 

When   poorly   rolled Z  ^.1 

When  not   rolled Z=.2to.4 

Let  M  equal  value  of  drainage.  Moisture 
and  frost  action  are  more  damaging  to  the 
formation  of  longitudinal  than  transverse 
cracks. 

When    well    drained M  =  0 

When    poorly    drained M  =.2 

When    partly    submerged M  =.4 

Let  A'^  equal  value  of  sliape  of  subgrade. 

When   subgrade   is   dished A^=    0 

When   subgrade   is   flat A/'=.05 

When  subgrade  is  crowned ....  A'^.IO 
Shape   of   subgrade   affects   the   longitudinal 
cracking  far  more  than  transverse.    The  effect 
is    slight    on    transverse   cracking,    and   might 
be  ignored. 

Let  G  =  longitudinal  grade  of  road.  G — .03 
multiplied  by  per  cent  of  grade. 

Let  L  =  loads  in  tons  carried  bv  heaviest 
vehicle.     L  =  tons  X  .02. 
Let  E  =  the  total  "Coefficient  of  Subgrade." 
Then  E  =  Y  +  Z  +  M  +  N  +  G  +  L. 

(4)  The  strength  of  the  concrete  mixture 
depends  on  many  factors  such  as  the  propor- 
tion of  aggregates,  amount  of  water  used, 
amount  or  duration  of  mixing  and  proper 
placing.     Let  x  equal     value  of  strength, 

X  equals 

Proper      Indifferent 
Mixing  and  Mixing  and 
Mixture.  Placing.      Placing. 

When  1-3-6      mix  is  used..  20  18 

When  1-2-5      mix  is  used..  30  25 

When  1-2-4      mix  is  used..  30  25 

When  l-V/z-d  mix  is  used..  40  30 

(5)  The  weight  of  the  slab  per  foot  of 
length  varies  directly  and  equally  with  the 
depth  of  concrete. 

Let  d  =  depth  of  slab  in  inches  (not  less 
than  6  in.). 

Let  /^length  of  slab  in  feet,  on  one  side 
of   joint,   under   stress. 

Concrete  weighs  144  lbs.  per  cu.  ft.  or  12  lbs. 
per  inch  in  depth  per  sq.  ft. 

Weight  of  slab  =  12d/  per   foot  of  width. 

Surface  in  contact  ^  12d  per  foot  of  width. 

Let  D  =  distance  between  joints  or  length 
of  slab. 

Let  D  =  21. 

Then  ]2dlE=:l2dx. 

X  2x 

1  =  —.      ThenZ3  = S—T  +  d. 

E  .      Ef 

(6)  It  is  good  practice  to  introduce  the 
"factor  of  safety"  as  is  customary  in  all  engi- 
neering design,  since  our  object  is  to  prevent 
cracks  except   where  we   provide   for  them. 

The  value  of  /  may  be  taken  at  1.5  or  pref- 
erably at  2.0. 

Taking  for  example  a  concrete  road  laid 
under  ordinary  good  practice,  values  can  be 
inserted  for  the  various  factors  directly  from 
the  foregoing  tables. 

£  =  1.0  -I-  .H-  .2  -f-  .05  +  .03  -f-  .08  =  1.46. 
2x30 

D= 3  — 3-f  T 

1.46x1.0 

Hence  D  =  28  ft.,  with  "factor  of  safety  of 
1.5. 

We  can  now  determine  proper  spacing  in 
a  logical  manner,  and  use  such  factors  as 
can  be  realized  by  rigid  inspection  or  as  we 
have  good  reason  to  know  will  be  secured  in 
practice. 


Street  Cleaning  in  Victoria,  B.  C. — Clean- 
ing with  hand  lirooms  has  been  found  cheaper 
in  Victoria  than  sweeping  with  horse  brooms. 
In  1913  the  cost  of  cleaning  with  horse  brooms 
and  disposal  of  sweepings  was  .33.9  cts.  per 
thousand  square  yards,  with  hand  brooms  26.9 
cts.  and  with  brooms  and  pick-up  cans  21.5 
cts.  In  1914  the  cost  with  hand  brooms  and 
pick-up  carts  and  cans  was  16.5  cts.  These 
costs  do  not  include  rental  or  overhead 
charges. 

The  International  Geodetic  Association  has 
given  notice  that,  owing  to  the  war  in  Europe, 
no  meeting  of 'the  association  will  be  held  in 
1915. 
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Automatic  Control  Apparatus  for  Hy- 
draulic  Gate   Valves. 

The  automatic  control  apparatus  illustrated 
herewith  can  be  attached  to  any  hydraulic  gate 
valve  for  automatically  controlling  its  opera- 
tion and  maintaining  a  uniform  stage  of  water 
in    tanks,    standpipes    or    reservoirs. 

The  automatic  features  are  as  follows: 
(1)  automatic  control;  (2)  electrically  op- 
erated from  distant  points  to  close  or  open 
gate  valve;  (3)  to  close  gate  valve  automat- 
ically by  increased  pressure  in  the  distribu- 
tion line,  such  as  for  fire  service;  (4)  auto- 
matic control  arranged  to  work  both  ways 
controlling  the  height  of  water  in  tanks,  stand- 
pipes  or  reservoirs,  and  to  automatically  open 


at  higli-pressure  inlet  (due  to  pipe  connection 
made  from  inlet  side  of  the  valve)  also  en- 
ters unrestricted  through  ports  3  and  4,  un- 
derneath the  piston  in  tlie  operating  cylinder, 
and  the  valve  has,  therefore,  been  opened,  as 
the  pressure  above  the  piston  has  exhausted 
through  port  L  to  the  atmosphere. 

When  the  pressure  in  the  tank  or  in  the 
main  on  the  outlet  side  of  the  valve  has 
reached  the  point  at  which  the  large  coil 
spring  has  been  adjusted  by  the  nuts  O,  this 
pressure  still  increasing  acts  on  diaphragm  R 
and  causes  the  spindle  P  to  move  downward 
and  operate  arm  D,  which  now  closes  exhaust 
valve  /  and  opens  high-pressure  valve  H: 
also  permits  exhaust  valve  /  to  open  and  high- 
pressure  valve  ^  to  close. 

The  initial  pressure  from  the  inlet  side  of 
the  valve  is  therefore  reverted  through  ports  ilf 
and  L  on  top  of  the  piston,  and  as  the  water 
underneath  same  is  allowed  to  exhaust  through 
port  4  to  the  atmosphere,  the  gate  valve  closes 
smoothly  and  positively. 

The  electric  solenoid  arrangement  being  at- 
tached as  shown  also  enables  the  valve  to  be 
opened  or  closed  electrically,  from  any  num- 
ber of  points.  It  will  be  observed  that  elec- 
tric current  is  only  on  the  solenoid  a  few  sec- 
onds in  the  operation  of  the  valve,  so  that 
there  is  no  waste  of  current. 


Connect  to 
dehvery  side 


or  tank . 


losed  or 
opened  by  hand 


Evhousf"   turn  cam  on  lOM 
4  or  h'igh  poin+ 


Essential    Features   of    Golden-Anderson     Automatic  Control   Appliance. 


the  gate  valve  to  allow  the  pressure  to  return 
through  the  gate  valve  to  the  distribution  lines 
wherever  the  pressure  is  less  on  the  inlet  side 
of  the  gate  valve.  This  automatic  control  can 
be  connected  to  any  make  of  hydraulic  gate 
valve. 

As  shown  by  the  large  section  illustration 
of  the  automatic  control  appliance,  the  gate 
valve  is  open,  which  is  due  to  the  fact  that 
the  pressure  above  the  diaphragm  R  from  the 
tank  or  outlet  side  of  the  valve  has  been  re- 
lieved, and  the  spindle  P  is  forced  upward 
by  the  large  coil  spring.  The  arm  D,  tliere- 
fore,  has  closed  exhaust  valve  /  and  opened 
high-pressure  valve  2;  also  allowed  exhaust 
valve  /  to  open  the  high-pi;essure  valve  H 
to  close. 

The   initial    pressure   of   the  mains  entering 


With  the  addition  of  an  extra  diaphragm  at- 
tachment, at  the  point  indicated  at  the  end  of 
the  arm  under  the  solenoid  in  the  illustra- 
tion, the  valve  can  be  hydraulically  closed  at 
any  time  by  putting  increased  pressure  on  the 
mains.  The  diaphram  is  adjusted  to  a  few- 
pounds  above  the  normal  supply,  and  the  in- 
creased pressure  acting  on  same  operates  the 
pilot  valve  as  described  above. 

This  device  is  manufactured  and  sold  by  the 
Golden-Anderson  Valve  Specialty  Co.,  Fulton 
Bldg.,  Pittsburgh,  Pa. 


A  Device  for  the  Protection  of  Public 
Water  Supplies  Against  Pollution 
Through  Connection  with  Industrial 
Supplies. 

The  tracing  of  a  number  of  typhoid  fever 
epidemics  in  various  parts  of  the  country,  at 
different  times,  to  leakage  through  defective 
check  valves  in  connections  between  city 
water  mains  and  industrial  systems  which  are 
normally  or  occasionally  supplied  with  pol- 
luted water,  appears  to  have  led  to  a  con- 
demnation of  all  such  connections.  Thus  L. 
H.  Van  Buskirk,  Assistant  Engineer.  Ohio 
State  Board  of  Health,  stated  in  Engineering 
AND  Contracting  of  March  10,  1915,  that 
"the  only  safe  policy  is  to  insist  on  a  com- 
plete separation  of  the  public  water  supply 
from  any  and  all  private  supplies."  Mr.  Wal- 
ter E.  Miller  of  Madison,  Wis.,  has  invented 
a  device,  here  described,  by  means  of  which 
he  claims  it  is  possible  fully  to  protect  the 
public  supplies  in  such  cases  without  eliminat- 
ing the  connections  to  the  industrial  systems. 
A  description  of  the  new  method  for  pro- 
tection follows : 

Mr.   Miller's   method,   illustrated   b>    Figure 


Asphalt  from  the  northern  section  of  Al- 
berta is  to  be  tried  on  the  streets  of  Edmon- 
ton. This  Canadian  asphalt  was  the  subject 
of  a  recent  report  by  the  Domi-iion  Depart- 
ment of  Mines. 


Fig.   1.     Diagrammatical   Elevation  of  Miller 

Device  for  Preventing  Backflow  in 

Water  Supply  Systems. 

1,  IS  one  which  provides  a  dead  section,  or 
section  of  practically  no  pressure,  in  the  pipe 
line  connecting  the  public  and  private  sys- 
tems. This  section  is  created  by,  and  lies  be- 
tween, an  ordinary  check  valve  and  an  ordi- 
nary hydraulic  cylinder  gate  valve  installed 
a  short  distance  apart  in  the  line,  the  gate 
valve  being  in  the  rear  of  the  check,  i.  e.,  on 
that   side  nearest   the   city   main. 

The  gate  valve  shown  in  section  in  Fig.  2, 
is  automatically  opened  and  closed  by  the  dif- 
ference between  the  pressures  in  the  two  sys- 
tems acting  through  a  separate  power  cylinder 
whose  piston  operates  the  cock  or  cocks  con- 
trolling the  hydraulic  cylinder  gate  valve.  .An- 
other cock  is  provided  which  opens  with  the 
closing,  and  closes  with  the  opening,  of  the 
gate  valve.     With  the  gate  valve  closed,  as  it 
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will  be.  automatically,  when  the  pressure  in 
the  private  system  is  the  greater,  this  addi- 
tional cock,  then  open,  provides  an  outlet  for 


w" 


r 


at  which  water  is  escaping  through  the  open 
vent  cock. 

Provision  is  also  made  in  the  design  for 
preventing  any  by-passing  of  polluted  water  by 
leakage  through  the  separate  power  cylinder 
and  into  the  city  mains  by  using  two  pistons 
in  it  on  the  same  piston  rod,  and  a  vent  at  the 
middle  of  the  length  of  the  cylinder  which  is 
always  open.  Neither  piston  can  pass  or  cover 
the  vent  in  this  cylinder. 

When  the  pressure  in  the  city  or  public  sys- 
tem is  greater  than  in  the  private  one  the 
gate  valve  will  be  automatically  opened  and 
the  vent  cock  simultaneously  closed,  allowing 
water  to  flow  into  the  private  systems  from 
the  city  mains  until  the  pressure  difference 
is  reversed. 

The  operation  is  entirely  automatic.  The 
sensitiveness  of  the  device  to  differences  in 
pressure  will  be  proportionate  to  the  area  of 
one  face  of  one  piston  in  the  separate  power 
cylinder.  With  this  cylinder  and  that  of  the 
gate  valve  lined  with  bronze  or  other  non- 
rusting  metal,  and  with  correctly  made  pistons, 
it  is  difficult  to  see  how  any  failure  of  opera- 
tion can  result. 

The  accompanying  drawing.  Fig.  1,  does  not 
show  such  tninor  auxiliary  parts  as  fastenings 
for  the  elements  which  require  them,  or  guides 
for  the  rack  bar  on  the  piston  rod  which  op- 
erates the  control  cocks.  These  are  omitted 
for  simplification  of  the  drawing.  The  device 
is  covered  by  U.  S.  Letters  Patent  No.  1,105,- 
991,  dated  Aug.  4,  1914. 


ing  jaw  of  the  crusher.  The  elevator  is  a 
vertical  single  chain  elevator,  with  T.\4%x 
.5'';!-in.  buckets,  malleable  chain  ^nd  steel  boot. 
The  elevator  has  a  folding  section  at  the  top, 
to  reduce  the  head-room  required.  The  stand- 
ard rig  is  equipped  with  a  chute  screen.  Per- 
forations are  made  to  suit.  If  preferred,  the 
rig  is  furnished  with  a  rotary  screen,  central 
shaft  type,  l(j  ins.  in  diameter  and  4  ft.  long. 
The  flat  bottom  portable  bin  has  four  bin 
gates  and  a  capacity  of  five  tons.  This  means 
that  one  can  shovel  five  tons  of  stone  out  of 
it — not  that  this  amount  of  stone  will  run  out 
by  gravity.  The  gravity  capacity  is  about 
three  tons. 

The  rig  is  mounted  on  an  all-steel  truck, 
witli  8-in.  channel  sills,  strongly  braced.  The 
front  a.xle  is  of  steel  channels,  with  cast  steel 
skeins.  The  rear  axle  is  of  cold  rolled  shaft- 
ing, 2  15/16  ins.  in  diameter.  The  front  wheels 
are  24x6  ins.  and  the  rear  wheels  are  30x6  ins. 
It  weighs  about  9,000  lbs.  .•\  rotary  screen  wilt 
add  about  400  lbs.  Two  horses  will  pull  it  on 
a  paved  street.  Four  horses  will  take  it  any- 
where one  can  drive  an  automobile  on  high 
gear. 

The  manufacturers  are  the  Smith  Engineer- 
ing Works,  Milwaukee,  Wis. 


Fig.  2.  Central  Vertical  Section  Taken  Lon- 
gitudinally Through  Main  Waterway  of 
Miller  Device  for  Preventing  Backflow — 
Shows  Hydraulically  Operated  Gate  Valve 
and   the    Drain   Valve. 

any    water    leaking   past    the   check.      In    this 
way  the  tightness  of  the  gate  and  check  valves 


Truck    Mounted    Crushing    Plant    for 
Scattered  Small  Concrete  Work. 

For  constructing  culverts  and  similar  scat- 
tered small  concrete  structures  in  country  dis- 
tricts away  from  crushed  stone  stations  and 
where  gravel  is  not  near  but  field  boulders 
cir  other  rock  are  available,  the  truck  mounted 
crushing  plant  illustrated  promises  great  use- 
fulness. The  illustration  shows  power  plant, 
crusher,  elevator,  screen  and  bins,  all  mounted 
on  a  truck.     The  specifications  follow  : 

The  crusher  is  driven  by  a  12-hp.  double- 
opposed  cylinder  engine,  guaranteed  to  pro- 
duce 12  hp.  on  brake  test.  A  double-opposed- 
cylinder  is  particularly  adapted  to  this  work 
because  of  its  reduced  weight  and  the  con- 
tinuous flow  of  power.  The  crusher  is  a 
standard  No.  7  Telsmith  Jaw  Crusher,  with 
7xlO-in.  opening,  manganese  steel  die  plates, 
cast  steel  frame,  direct  crushing  stroke  and 
enclosed  eccentric.  It  has  a  capacity  of  2-2% 
tons  per  hour  of  %-in.  size  or  %  tons  per 
hour   of   1%-in.   size.     A   reciprocating   feeder 


A  New  Motor-Propelled  Street  Flush- 
ing and  Sprinkling  Machine. 

The  new  machine  is  a  3%^ton  capacity 
motor  truck  of  conventional  design,  upon 
which  is  mounted  a  900-gal.  tank  with  devices 
that  allow  power  pressure  flushing,  power 
pressure  sprinkling,  or  gravity  sprinkling. 

For  propelling  the  truck  over  the  street  a 
four-cylinder  motor  is  used,  located  forward 
under  the  hood  as  on  any  motor  truck  Pres- 
sure for  flushing  and  sprinkling  is  produced 
by  a  second  four-cylinder  motor  mounted  at  the 
rear  with  separate  ignition  and  cooling  system, 
but  taking  its  gasoline  supply  from  a  common 
tank.  The  pump  for  pressure  is  of  centrifugal 
type,  giving  up  to  60  lbs.  pressure,  and  is  in 
no  wise  connected  with  the  vehicle-propelling 
mechanism,  thus  allowing  the  operator  to 
change  the  vehicle  speed  at  will  without  af- 
fecting the  water  pressure.  .-Ml  controlling 
devices  both  for  running  and  for  sprinkling 
and  flushing  are  convenient  to  the  operator's 
seat.  A  flexil)lc  coupling  is  provided  between 
the  pump  and  the  pump  motor. 

The  two  flushing  nozzles  are  provided  with 
universal  ball  and  socket  joints,  enabling  the 
operator  to  throw  two  streams  on  one  side  of 
the  street  or  at  anv  angle  desired.  The  noz- 
zles being  w-ell  to  the  front,  their  work  is  al- 


Truck    Mounted    Crushing    Plant    for    Small    Concrete   Work. 


Motor  Propelled   Street  Sprinkler  and    Flusher. 


can  at  any  time  be  very  readily  determined  by      conveys  the  stone  from  the  crusher  tci  the  elc-      ways  oliscrved.     The  sprinkling  nozzles,  wdiich 
external   inspection  by  sitnply  noting  tlie  rate      vator.     This  feeder  is  operated  by  the  swing-      arc   located  at   tlie   extreme   front,  can  be  op- 
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erated  by  pressure  or  gravity,  as  desired.  So 
successful  in  this  pressure  machine  in  opera- 
tion that  it  has  a  range  to  cover  the  widest 
streets  found  anywhere.  While  it  would  or- 
dinarily be  most  convenient  to  fill  the  machine 
from  hydrant  or  standpipe,  it  is  capable  of 
pumping  its  charge  from  rivers  or  cisterns. 

The  machine  is  manufactured  by  the  Tiffin 
Wagon   Co.,   Tiffin,   Ohio. 


Electric-Driven     Combination     Swing 
and  Rip  Saw. 

(Contributed.) 
The  Reliance  swing  saw  for  crosscut  work 
is  a  self-contained  unit  which  can  readily  be 
installed  by  bolting  with  four  bolts  to  any 
convenient  wall  or  post.  Two  wires  supply 
the    power,    doing    away    with    line    shafting 


Electric  Driven  Combination  Swing  and   Rip 
Saw. 

belting,  etc.  An  automatic  starting  bo.x  per- 
mits quick  starting  and  stopping  by  means 
of  a  knife  switch  placed  convenient  to  the 
ber  up  to  12  ins  thick. 

The  latest  addition  to  the  Reliance  line  of 
electric-driven  saws  consists  of  the  above 
swing  saw  in  combination  with  an  electric 
operator.  Current  is  consumed  only  when  the 
saw  is  being  used — another  saving  over  con- 
stant running  line  shafting.  The  outfits  are 
made  in  several  sizes  with  both  direct  and 
alternating  current  motors,  and  will  cut  lum- 
rip  saw.  A  double  throw  switch  controls  the 
operation  of  either  saw  and  assures  the  oper- 
ation of  only  one  saw  at  one  time.  An  at- 
tractive feature  of  this  combination  is  the  fact 
that  the  two  units  are  independent  of  each 
other,  it  being  possible  to  use  them  either  in 
combination  or  at  dififerent  parts  of  the  work. 
The  above  outfits  are  particularly  suited  for 
the  use  of  contractors  or  builders,  as  they  can 
be  readily  set  up  on  the  job  and  moved  to 
different  parts  of  the  work.  Either  of  these 
outfits  will  soon  pay  for  itself.  They  are 
made  by  The  Reno-Kaetker  Electric  Co.,  614 
Baymiller  St.,  Cincinnati,  O. 


Tool   for    Making   Lead    Flange    Joint 
Connections. 

The  tool  illustrated  in   Fig.   1   was  brought 
out    for    the   purpose    of    making   lead    flange 


Fig.   1.      General    View  of   Hatton    Lead    Pipe 
Flanging   Device. 

joint  connections  to  supplant  the  more  ex- 
pensive wiped-joint,  lead  goose-neck  w-ater 
main   connections. 

The  tool  and  its  parts  include  a  vise  ar- 
ranged for  holding  die?  and  swage  Mocks, 
with  bench  anvil  attached,   drilled   with  three 


0/16-in.  holes  ajid  furnished  with  three  '/4-in. 
bolts  SVz  ins.  long,  with  washers,  with  which 
the  vise  is  fastened  to  a  work  bench.  There 
are  four  sets  of  sectional  dies  which  grip  the 


Fig.   2.     View   of    Lead    Flange   Goose-Necks 
Made  by  Hatton  Device. 

lead  pipe  firmly  and  hold  it  in  position  for 
flanging.  These  dies  are  designed  for  the 
extra  heavy  lead  pipe  generally  used  for  cor- 
poration goose-necks,   and  are  %,   %,   %   and 

1  in.  in  size.  There  are  four  guide  pins  of 
the  same  size  to  protect  the  inside  diameter 
of  the  lead  pipe  while  the  lead  is  being 
formed  in  the  die.  After  the  flange  is  partly 
formed,  and  before  it  takes  proper  shape, 
this  pin  is  removed  and  the  fuller  mandrill 
is  applied  by  the  screw  press.  This  properly 
shapes  and  completes  the   flange. 

It  is  claimed  that  a  complete  lead  flange 
goose-neck  can  be  made  with  this  tool,  by 
unskilled  labor,  in  from  seven  to  ten  minutes. 
The    lead    flange-goose    necks    shown    in    Fig. 

2  were  made  by  one  of  these  tools  in  1% 
hours. 

This  device  is  made  and  sold  by  W.  J.  Hat- 
ton, Superintendent  of  the  North  Michigan 
Water  Co.,  Escanaba,  Mich. 


Use  of  Evinrude  Rowboat  Motor  for 

Operating  Special  Centrifugal 

Pump. 

This  motor  with  propeller  attached,  all  de- 
vised to  fasten  to  a  rowboat  or  other  light 
craft,  has  become  familiar  through  the  ex- 
tensive advertising  of  the  name  "Evinrude." 
Recently  its  use  has  been  extended  with  suc- 
cess to  the  propulsion  of  heavier  boats  like 
small  coal  scows  for  dredge  fuel  supply, 
flatboats  for  handling  men  and  supplies  in 
ditch   work,   contractors'   houseboats,    etc.      In 


Evinrude    Motor    and    Centrifugal    Pumping 
Outfit. 

the  accompanying  cut  is  shown  the  latest  use- 
ful application  of  particular  interest  to  con- 
tractors. The  motor  is  attached  to  a  special 
centrifugal  pump,  forming  an  outfit  for  un- 
watering  pits  and  trenches  or  any  other  place 
where    water    accumulates.      The    whole    ap- 


paratus is  compact  and  sturdy  and  can  be 
operated  set  on  staging  or  suspended  from 
cable;  the  pump  proper  must  be  submerged 
Under  10-ft.  head  the  pump  has  a  capacity 
of  5.5  gals,  per  minute.  The  outfit  is  made 
by  the  Evinrude  Motor  Co.,  99  Evinrude 
Block,  Milwaukee,  Wis. 


Portable  Compressed  Air  Plant. 

The  truck  mounted  compressed  air  plant 
illustrated  will  operate  up  to  three  stone- 
cutting  tools  at  pressures  from  30  to  100  lb;. 
.An  all-metal  truck  construction  is  used,  and 
mounted  the  total  weight  is  7.50  lbs.  The  out- 
side dimensions  are :  Length,  .5  ft. ;  width, 
2',:;  ft.;  height,  2%  ft.  The  engine -is  4-cycle, 
horizontal  water-cooled  gasoline  engine  with 
4x4-in.  cylinders ;  the  compressor  is  single 
acting,  water  cooled.  3%-in.  bore  and.  4-in. 
stroke.  The  speed  of  operation  is  250  to  500 
revolutions    per    minute.       The     air     tank     is 


Truck    Mounted    Compressed    Air    Plant. 

r2x3i>  ins.  The  outfit  can  be  hauled  by  hand. 
It  is  made  bv  Chris  D.  Schramm  &  Son,  318 
Xorth  Fourth  St.,  Philadelphia,  Pa. 


Improved   Adjustable   Valve   Box  and 

Box  Bases. 

The  illustration  shows  the  improved  form 
of  National  adjustable  valve  box  for  water 
or  gas  valves.     The  shaft  is  5%  ins.  in  inside 


Improved      Form     of      National      Adjustable 
Valve   Box. 

diameter  and  can  be  used  with  any  one  of  the 
variety  of  bases  manufactured  by  the  same 
company,  the  .A.merican  Foundry  and  Manu- 
facturing Co.  of  St.  Louis,  Mo.  Near  the  top 
of  the  bottom  section  of  the  shaft,  on  oppo- 
site   sides,    there    are    three     projecting     lugs 
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which  engage  the  spiral  grooves  in  the  top 
section  of  the  shaft.  This  provides  for  ad- 
justing the  height  of  the  shaft. 

In  setting  the  valve  box  in  place  the  base 
is  two  or  more  inches  above  the  flanged  joints 
of  the  valve  dome.  The  nut  of  the  valve  is 
about  on  a  line  with  the  hub  or  upper  part  of 
the  valve  box  base  where  bolted  to  the  shaft. 

Eight  forms  of  valve  box  ■  bases  are  made 
for   use   with   the   adjustable   valve   bo.x   illus- 


trated. These  bases  may  be  briefly  described 
as  follows:  (1)  A  round  base  for  6-in.  round 
valves  or  smaller  sizes.  Inside  diameter  at 
bottom,  14%  ins.;  height,  11  ins.  (2)  A  round 
base  for  4-in.  valves  or  smaller.  Inside  di- 
ameter at  bottom,  10%  ins. ;  height,  8  ins. 
(3)  Round  base  for  8-in.  round  valves  or 
smaller.  Bottom  diameter,  17%  ins. ;  height, 
11  ins.  (4)  Round  base  for  12  or  16-in.  round 
valves.      Bottom    diameter,    24    ins. ;    height. 


15%  ins.  (5)  Oval  base  for  6  and  8-in.  oval 
or  round  valves.  Bottom,  15x11%  ins.;  height, 
11  ins.  (6)  .\  round-dome  base,  with  flange, 
17  ins.  square.  This  base  is  adapted  for  use 
when  valves  are  set  near  surface  for  any  valve 
up  to  24  ins.  (7)  Oval  base  for  6-in.  valves 
or  smaller.  Bottom  dimensions,  21x12'/^  ins.; 
height,  9Vz  ins.  (8)  Oval  base  for  20-in. 
valves  or.  smaller.  Bottom  dimensions,  26x18 
ins. ;   height,  10  ins. 
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Combined    Turnout    and    Drop    for 
Irrigation  Canals. 

(Statt  Article.) 

The  turnout  and  the  drop  are  different 
structures  serving  quite  distinct  purposes  in 
irrigation  works.  Drops  are  built  in  irriga- 
tion canals  for  the  purpose  of  destroying  ex- 
cess grade :  by  introducing  a  drop,  or  vertical 
fall,  too  steep  grade  is  avoided  in  canals. 
Turnouts   are   structures    for    diverting   water 


concrete    pipe.      All    structural 
shown  by  the  drawings. 


details      are 


Methods  and  Costs  of  Lining  Irrigation 
Canal  with  Toncan  Metal. 

(Staff  Abstract.) 
Concrete  has  become  very  nearly  universal 
as  a  lining  for  irrigation  canals.  In  sections  of 
the  arid  west,  however,  good  materials  for 
concrete  are  not  locally  available  and  here 
when   concrete  lining  has  to  be   installed   raw 


improved  metallic  flume  of  No.  22  gage  (0.028) 
toncan  metal  selected  for  the  purpose  in  a 
similar  manner  as  in  the  erection  of  an  ordinary 
steel  flume,  and  correcting  for  alignment  and 
grade  as  back-filled  by  hand  with  shovels.  In 
constructing  a  metallic  flume,  it  is  ordinarily 
highly  essential  to  remove  all  grit  and  sand 
from  the  joints  before  placing  the  sheets  to- 
gether in  order  to  prevent  leaks.  Owing  to 
the  close  proximity  of  the  lining  to  the  ground 
surface  during  erection  in  this  case,  this  would 
have  been  difficult  to  perform,  and  the  condi- 
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from  a  larger  canal  into  one  smaller.  In  the 
accompanying  drawing  are  shown  the  essen- 
tial details  of  a  combined  drop  and  turnout. 
This  structure  is  one  to  be  built  on  the  Flat- 
head Project,  U.  S.  Reclamation  Service, 
Montana,  H.  N.  Savage,  supervising  engineer. 
Referring  to  the  main  plan  and  longitudinal 
section  on  the  drawing,  the  head  structure  in 
the  main  canal  is  at  the  right  hand;  the  arrow 
shows  the  direction  of  flow.  Across  canal 
is  a  check  wall  with  openings  closed  by  flash- 
boards.  Checked  by  this  wall  and  if  head  is 
wanted  by  closing  the  openings,  the  water  is 
diverted  through  the  turnout  openings  at  the 
left.  These  openings  are  two  circular  pipes 
which  drop  to  the  lower  canal  level  and 
terminate  in  a  box  or  chamber  with  one  open 
side  into  the  lower  canal.  .At  the  entrance  to 
the  pipes  and  also  at  the  opening  of  the  box 
are  provided  slots  for  flashboarcls.  .Ml  parts 
of  the  structure  except  parts  of  the  check  wall 
openings  are  concrete.  The  check  wall  and 
the  box  are  also  reinforced.  The  volume  of 
concrete  is  35  cu.  yds.  and  there  are  80  ft.  of 


'^ect,— ,  A-A 
Fig.    1.     Turnout    and    Drop   for    Irrigation   Canal. 

materials  must  be  shipped  in,  or,  as  has  been 
done  in  several  instances,  precast  lining  slabs 
have  to  be  transported  from  distant  places 
of  manufacture  and  set  in  place  in  the  canal. 
Shipping  in  concrete  materials  or  precast  lining 
slabs  raises  the  cost  of  lining  and  in  recent 
work  it  was  found  cheaper  to  substitute  semi- 
circular toncan  metal  sheets  such  as  are  used 
for  culverts  or  flumes.  The  following  is  a 
brief  account  of  the  metal  lining  work. 

The  work  described  was  for  tlie  Burbank 
project  in  Walla  Walla  County,  Washington. 
The  canal  was  located  on  a  steep,  sandy  side 
hill  and  lining  was  ab.solutely  necessary  to 
prevent  seepage  and  also  to  maintain  the  canal 
l)anks.  Concrete  materials  were  not  locally 
available.  The  work  needed  also  to  I)e  com- 
pleted in  as  short  a  time  as  possible.  To  meet 
these  conditions  selection  was  made  for  lining 
some  3,000  ft.  of  canal  with  G  ft.  4'^-in.  diam- 
eter semi-circular  sheets  of  toncan  metal. 

The  lining  was  constructed  by  excavating 
the  canal  bed  to  grade,  setting  line  and  grade 
stakes  25  ft.  apart,  erecting  the  No.  120  Hess 


tion   was   overcome   by   applying   a   heavy   as- 
phaltic  paint  to  the  joints. 

On  account  of  virtually  erecting  the  lining 
in  a  trench  and  the  consequent  inconvenience 
of  working  about  it,  it  was  not  possible  to 
make  the  same  speed  as  in  ordinary  steel  flume 
erection.  The  best  progress  made  in  this  work 
was  320  ft.  with  a  crew  of  1  foreman  and  7 
men  in  10  hours.  This  did  not  include  the  ex- 
cavation but  did  include  the  erection  and 
cinching  of  tlie  sheets,  the  assembling  of  ma- 
terial for  handv  use,  painting  the  joints,  boring 
the  holes  in  the  4x4  in.  x  8  ft.  fir  carriers 
employed,  and  backfilling  sufficiently  to  nermit 
of  the  flume  to  he  temporarily  sustained  on 
grade  and  line.  The  cost  of  the  steel  lining 
was  as  follows : 

Per  lin,  ft. 

Mecl  flume,   f.  o.  b.  Burbank $1.30 

Timi)or  c.irriers.  f.  o.  b.  Burbank 0.07 

H.iuliiiK:  Hume  and  carriers 0.03 

Kxcavatlon  and  back  filling 0.06 

Krectlon    0.13 

Knglneerlng  and  miscellaneous 0.03 

Total  'ost  per  foot $1.62 
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The  cost  of  labor  was  2-J  cts.  per  hour,  tlic 
foreman  40  cts.  per  hour,  and  team  and  driver 
$-4.6U  per  day.  The  material  was  liauled  six 
miles  over  heavy  roads. 

The  above  information  is  taken  from  a 
paper  by  E.  M.  Chandler,  Eurbank,  Wash.,  in 
Proceedings    Washington    Irrigation    Institute. 


Automatic   Check   Gate    Structure   for 

Turlock  Irrigation  District, 

California. 

(StafT  Abstract.) 
Checks  are  structures  used  in  flat  country 
to  check  up,  or  completely  to  stop  off  water  in 
an  irrigation  canal  and  thus  raise  the  head  to 
facilitate  diversion  into  a  lateral.  The  check 
is  located  just  below  the  mouth  of  the  lateral. 
In  the  accompanying  drawing  is  shown  an  au- 
tomatic check  which  holds  the  water  above  it 
to  constant  level  without  attendance  which  is 
necessary  for  the  operation  of  the  more  com- 
mon forms  of  checks.  This  check  is  being 
used  in  the  Turlock  Irrigation  District,  Cali- 
fornia, to  replace  worn  out  timber  checks. 


i.-i  lifted.  Water  passes  under  the  gate  until 
level  in  the  canal  above  is  restored  to  the 
level  of  the  inlet  pipe.  Then  this  surplus 
water  in  the  well  drains  out  through  the  out- 
let pipe,  the  float  tank  sinks,  the  counter- 
weight rises,  and  the  gate  closes.  It  takes 
about  8  ins.  head  of  water  on  the  gate  for 
it   to  adjust  automatically. 

The  particular  structure  shown  in  Fig.  1 
combines  both  an  automatic  check  and  a  drop 
located  on  a  lateral,  which  carries  about  2(Ml 
sec.-ft.  of  water.  The  height  of  the  open 
ends  of  both  inlet  and  outlet  pipes  may  be  ad- 
justed, as  they  can  be  swung  about  on  the 
threads  of  the  elbows.  About  two-thirds  of 
the  way  up  these  two  pipes  the  gage  rods  are 
attached.  The  slots  in  the  rods  are  slipped 
over  staples  set  in  the  concrete  walls  near 
(he  top  and  padlocks  through  the  staples  over 
the  bars  lock  the  device. 

The  bucket  or  tank  hanging  in  the  well  is 
made  of  No.  1(3  galvanized  iron,  and  is  44  ins. 
in  diameter  and  3  ft.  high ;  the  top  laps  ovet 
a  Va-in.  round  pipe  stiffener  and  is  riveted 
thereto.  Two  straps  of  %  x  1%-in.  iron  pass 
completely  around  the  bucket  at  right  angles 


What     An     Engineer     Should     Know 
About  Water  Rights. 

Contributed   by   Morris   Bien,   Supervising  Engi- 
neer and    Counsel,    U.    S.    Reclamation 
Service,    Washington,    D.    C. 

Engineers  in  the  East  are  not  infrequently 
required  to  consider  irrigation  schemes  in 
which  water  rights  are  involved,  while  engi- 
neers in  the  West  are  constantly  in  contact 
with  such  problems:  still  it  frequently  happens 
that  neither  may  be  well  posted  on  the  subject. 

There  are  two  basic  principles  regarding  the 
rights  of  irrigators  to  use  the  waters  of  nat- 
ural streams,  the  doctrine  of  appropriation 
ana  the  riparian  doctrine.  The  doctrine  of  ap- 
propriation is  that  under  which  one  desiring 
to  use  water  for  beneficial  purposes  may  se- 
cure such  a  right  by  complying  with  certain 
provisions  of  State  law  and  so  long  as  he  uses 
the  water  for  beneficial  purposes  his  right  will 
be  superior  to  any  other  claim  which  is  subse- 
quent in  time,  without  regard  to  any  claims 
based  solely  on  the  ownership  of  land  along 
the  stream. 

Rights  claimed  merely  by  reason  of  the  own- 


Automatic  Check   Drop  on    Lateral   of  Turlock   Irrigation   District. 


Referring  to  the  drawing  the  essential 
parts  of  the  structure  are  discerned  to  be,  (1) 
the  concrete  implacement  for  the  gate;  (2) 
the  radial  gate;  (-3)  the  float  well  and  (4)  the 
system  of  operating  levers.  Structural  details 
of  these  parts  are  shown  by  the  drawings.  It 
will  be  noted  that  there  are  two  levers  AB 
and  BC  fulcrumed  each  at  mid-length.  At 
lever  end  A,  directly  over  the  well,  is  hung  a 
tank  float  playing  up  and  down  inside  the 
well.  End  B  of  lever  .\B  projects  under  end 
B  of  lever  BC,  and  the  t»'0  levers  are  con- 
nected at  the  intersecting  ends  B.  From  this 
point  is  also  hung  a  counterweight.  End  C 
of  lever  BC  attaches  by  a  lifting  chain  to  the 
radial  gate  leaf.  The  system  is  "balanced" 
with  the  gate  closed  by  partly  filling  the  float 
well  with  water. 

The  manner  of  operation  is  as  follows : 
Assuming  that  there  is  no  water  in  the  canal 
and  that  the  gate  is  closed.  The  free  end  of 
the  well  until  pipe  is  placed  at  the  level  at 
which  it  is  desired  to  retain  the  canal  water. 
The  outlet  pipe  is  placed  at  a  lower  level  than 
the  inlet  pipe.  Now  as  the  water  comes 
down  the  canal  it  is  checked  or  dammed  back 
by  the  gate  and  its  level  rises  until  at  the 
level  of  the  inlet  pipe  when  water  begins  to 
enter  the  well.  As  the  water  in  the  well  rises 
it  raises  the  float  tank,  the  levers  arc  pulled 
down  by  the  counterweight  at  B  and  the  gate 


to  each  other  and  are  brought  together  2  ft. 
above  the  rim.  The  concrete  counterweight 
hung  below  the  intersection  of  the  lines  of 
the  two  levers  is  of  convenient  shape  and 
weighs  about  300  lbs.  more  than  that  portion 
of  the  gate  to  be  lifted  by  it.  The  automatic 
radial  gate  is  built  up  of  double  1-in.  Oregon 
pine.  Before  being  set  in  the  concrete  the 
ends  of  the  pipe  a.xle  are  bored  and  r2-in. 
pins  are  thrust  through  them,  which  prevent 
the  axle  turning  in  the  concrete. 

Where  the  concrete  is  mixed  by  hand  on 
structures  like  the  one  described,  the  Turlock 
district  finds  it  costs  $20  to  $22  per  cubic  yard, 
while  machine-mixed  concrete  on  large  struc- 
tures runs  about  $13  per  cubic  yard.  The  mix 
used  is  one  part  cement  to  three  parts  sand 
and  five  parts  broken  stone.  Cement  costs 
$2.7.3  per  barrel  f.  o.  b.  Turlock,  and  sand 
usually  is  close  at  hand.  Stone  costs  $1.7.5  per 
cubic  yard  and  the  hauling  17  cts.  per  mile 
per  yard  additional.  The  reinforcing  bars 
cost  3%  cts.  per  pound  at  San  Francisco.  The 
total  cost  of  a  structure  like  the  one  in  Fig. 
1  is  about  $300, 

The  data  for  this  description  has  been  se- 
cured and  the  illustration  redrawn  from  a 
bulletin  by  F.  C.  Scobey,  irrigation  engineer, 
Office  of  Experiment  Stations.  U.  S.  Depart- 
ment of  Agriculture. 


ership  of  land  along  a  stream  or  body  of  wa- 
ter (riparian  lands)  so  far  as  they  involve  the 
diversion  and  use  of  water  are  specifically  in- 
volved in  what  is  known  as  the  riparian  doc- 
trine. 

The  doctrine  of  riparian  rights  as  referred 
to  in  discussions  in  the  West  was  originally 
part  of  the  common  law  of  England  regarding 
the  rights  of  riparian  owners  and  in  its  orig- 
inal form  as  stated  and  discussed  by  Black- 
stone  was  the  right  of  the  owner  of  laud  ri- 
parian to  a  stream  or  other  body  of  water  to 
the  use  of  the  water  for  his  own  purposes  so 
far  as  might  be  possible  without  interfering 
with  the  equal  rights  of  other  riparian  owners, 
particularly  limited  by  the  rule  that  the  water 
was  not  to  be  diminished  in  quantity  nor  de- 
teriorated in  quality  in  any  way  except  pos- 
sibly a  decrease  by  domestic  uses  in  the  house- 
hold or  for  the  watering  of  such  animals  as 
may  be  found  upon  the  ordinary  farm. 

These  riparian  rights  were  at  one  time  rig- 
idly enforced  and  it  was  possible  for  a  riparian 
owner  to  prevent  any  diminuition  in  quantity 
of  water  flowing  by  his  land  because  of  uses 
developed  by  another  riparian  owner  located 
above  him  without  regard  to  the  question 
whether  actual  damage  was  suffered. 

The  later  doctrine  as  developed  in  England 
and  also  in  the  eastern  portion  of  the  United 
States   contemplates   a   reasonable   use   of   the 
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land  of  the  riparian  owner  for  domestic  pur- 
poses, for  cattle,  and  for  agricultural  pur- 
poses, to  (he  extent  at  any  rate  that  the  water 
must  not  be  so  diminished  as  to  interfere 
with  practically  equivalent  use  by  any  other 
riparian  owner. 

The  doctrine  of  appropriation  was  developed 
upon  the  basis  that  the  prior  use  of  water 
from  a  stream  gave  exclusive  right  to  such 
amount  as  is  applied  for  beneficial  purposes, 
as  expressed  in  Section  8  of  the  Reclamation 
Act  of  Congress  approved  June  17,  1902 — "ben- 
eficial use  shall  be  the  basis,  the  measure,  and 
the  limit  of  the  right." 

The  riparian  doctrine  doubtless  arose  in  the 
liumiil  countries  of  Northern  Europe  and  prob- 
,ilily  was  based  upon  the  rights  of  fishing  in 
streams,  the  use  of  water  for  domestic  pur- 
poses and  for  primitive  milling  uses.  All  of 
these  were  of  prime  importance  in  the  early 
.lays  in  England  whence  naturally  developed 
ihe  common  law  doctrine  that  the  stream  in 
Its  normal  state  must  be  preserved  for  the 
equal  benefit  of  all  those  wdio  own  lands  along 
Its  shores. 

In  those  days  the  development  of  power  in 
small  quantities  by  the  mills  of  the  period  was 
usually  possible  without  interfering  with  the 
flow  of  the  stream  along  the  neighboring  land 
and  even  where  there  was  interference  the 
amount  diverted  was  ordinarily  so  small  that 
it  did  not  affect  the  flow  sufficiently  to  involve 
much  difficulty  in  adjustment.  The  earlier  de- 
risions up  to  Blackstone's  time  had  settled  the 
law  that  due  compensation  must  be  made  for 
such  change  in  the  flow  of  a  stream. 

The  physical  conditions  in  England  that  the 
streams  carried  considerable  quantities  of  wa- 
ter in  proportion  to  their  drainage  area  and 
flowed  during  the  entire  year  caused  such  small 
local  diversions  to  be  of  little  importance.  The 
same  may  be  said  in  a  general  way  of  the  ear- 
lier development  in  the  eastern  portion  of  the 
United  States.  Some  cases  are  found  in  the 
courts  both  in  the  eastern  states  and  in  Eng- 
land establishing  the  right  to  divert  a  small 
proportion  of  the  water  for  application  to  the 
land  for  irrigation  purposes.  In  the  European 
countries  where  arid  conditions  prevail  to  a 
greater  or  less  extent  as  in  Italy,  Spain  and 
Southern  France,  the  law  of  waters  has  been 
governed  by  the  civil  law  which  is  similar  in 
principle  to  that  underlying  what  is  now 
known  as  the  doctrine  of  appropriation.  The 
same  law  was  carried  over  to  Mexico  where 
it  has  been  long  in  force,  and  similar  laws 
have  been  applied  to  the  portion  of  the  United 
States  which  was  formerly  under  the  juris- 
diction of  the  Mexican  Government,  as  in  Ari- 
zona and  New  Mexico. 

The  arid  and  semi-arid  regions  of  the  United 
States  where  these  doctrines  have  developed 
much  importance  comprise  in  a  general  way 
the  territory  west  of  the  100th  meridian.  There 
is  a  narrow  fringe  along  the  Pacific  Coast  and 
also  one  west  of  the  100th  meridian  that  may 
be  called  semi-arid,  where  in  some  years  the 
rainfall  is  sufficient  to  make  agriculture  profit- 
able without  the  artificial  application  of  water 
while  in  other  years  it  is  not. 

In  California  the  same  law  was  followed  in 
the  beginning  of  its  history  and  for  a  consid- 
erable period  after  it  became  a  part  of  the 
United  States.  Subsequently  the  agricultural 
industries  were  overshadowed  by  the  mining 
industry  following  the  discovery  of  gold  and 
the  great  influx  of  population  from  the  eastern 
part  of  the  United  States  in  1849  and  after- 
wards. 

This  mining  development  was  largely  by 
means  of  placer  mining  requiring  the  use  of 
great  quantities  of  water.  In  many  cases  it 
was  necessary  to  divert  water  from  the  stream 
and  carry  it  for  long  distances  to  the  point  of 
use.  causing  the  stream  to  be  dry  for  many 
miles  below  the  point  of  diversion  during  most 
of  the  year.  The  need  of  great  quantities  of 
water  under  pressure  also  involved  the  hold- 
ing of  water  in  reservoirs,  and  this  storage  of 
water  was  further  rendered  necessary  by  the 
large  fluctuations  in  the  streams  which,  in 
many  cases  in  their  original  condition  were 
dry  or  nearly  so  in  the  suinmer  season. 


These  requirements  of  the  miners  developed 
a  plan  of  recognizing  the  prior  use  for  bene- 
ficial purposes,  irrespective  of  the  amount  of 
water  taken  from  the  stream,  which  in  many 
cases  was  never  returned  to  it,  being  diverted 
to  an  entirely  different  drainage  area.  As 
with  many  other  matters  in  the  early  days  of 
California,  the  miners  developed  a  code  of 
law  for  themselves  regarding  the  use  of  the 
federal  public  lands  for  mining  purposes  and 
the  streams  of  the  public  land  in  connection 
therewith,  being  substantially  the  doctrine  of 
appropriation  as  we  now  know  it.  This  doc- 
trine was  confirmed  so  far  as  the  federal  lands 
are  concerned  by  Section  9  of  the  Act  of  July 
26,  186(1  (14  Stat.,  253)  now  incorporated  in 
the  Revised  Statutes  of  the  United  States  as 
Section  2-339,  which  provides  for  the  recogni- 
tion of  rights  to  the  use  of  water  which  have 
vested  and  accrued  by  priority  of  possession 
and  which  have  been  recognized  and  acknowl- 
edged by  the  local  customs,  laws  and  decisions 
of  the  courts  and  also  the  necessary  rights  of 
way  over  the  public  land  used  in  connection 
therewith. 

This  is  the  first  federal  legislation  upon  the 
subject  and  this  recognition  of  the  right  of 
prior  appropriation  in  connection  with  the  tak- 
ing of  water  from  the  streams  on  desert  lands 
of  the  United  States  was  confirmed  and  estab- 
lished by  the  Federal  Desert  Land  Act  of 
March  3,  1877  (19  Stat.,  377),  which  provides 
for  the  taking  of  public  lands  as  desert  land 
entries  upon  a  declaration  of  the  applicant 
"that  he  intends  to  reclaim  a  tract  of  desert 
land  *  *  *  by  conducting  water  upon  the 
same  within  the  period  of  three  years  there- 
after :  Provided,  however.  That  the  right  to 
the  use  of  water  by  the  person  so  conducting 
the  same,  on  or  to  any  tract  of  desert  land  * 
*  *  shall  depend  upon  bona  fide  prior  appro- 
priation; and  such  right  shall  not  exceed  the 
amount  of  water  actually  appropriated,  and 
necessarily  used  for  the  purpose  of  irrigation 
and  reclamation ;  and  all  surplus  water  aver 
and  above  such  actual  appropriation  and  use. 
toijcthcr  ivith  the  water  of  all  lakes,  rivers, 
and  other  sources  of  water  supply  upon  the 
public  lands,  and  not  naz'igable,  shall  remain 
and  be  held  free  for  the  appropriation  and  use 
of  the  public  for  irrigation,  mining,  and  manu- 
facturimi  purposes  subject  to  existing  rights." 

This  system  in  regard  to  the  use  of  water 
for  mining  purposes  in  California  has  re- 
mained in  force  with  the  possible  exception  of 
a  few  cases  in  the  southern  part  of  the  state 
where  the  mining  operations  may  have  con- 
flicted with  rights  claimed  by  riparian  owners. 

Tn  California  there  have  been  long  disputes 
in  regard  to  the  establishment  of  one  or  the 
other  of  the  two  doctrines  in  regard'  to  the 
use  of  water  for  irrigation.  This  dispute  it 
may  be  said  has  not  yet  been  settled,  as  the 
courts  of  the  state  have  attempted  to  apply  on 
the  same  streams  these  two  opposing  doctrines. 
The  doctrine  of  riparian  rights  has  been  rec- 
ognized in  many  instances  in  the  southern  part 
of  California  to  the  detriment  of  irrigation 
development. 

The  courts  of  the  state  of  Nevada  at  first 
followed  those  of  California  in  applying"  the 
riparian  doctrine  but  after  a  short  time  the 
Supreme  Court  of  Nevada  reversed  itself  and 
adopted  the  doctrine  of  prior  appropriation 
holding  the  common  law  doctrine  of  riparian 
rights  to  be  totally  inapplicable  to  the  physical 
and  climatic  conditions  of  the  state  and  there- 
fore as  never  having  formed  a  part  of  the 
common  law  of  the  state.  The  doctrine  of  ri- 
parian rights  has  never  gained  a  foothold  in 
any  of  the  western  states  that  are  wholly  arid, 
such  as  Utah,  Idaho,  Wyoming,  Colorado, 
New  Mexico  and  Arizona. 

In  Idaho  a  small  portion  of  the  northern 
end  is  humid  but  the  irrigation  interests  were 
so  overshadowing  in  importance  from  the  be- 
ginning that  the  doctrine  of  appropriation  was 
incorporated  in  the  constitution  in  the  early 
days  of  its  history. 

It  is  only  in  those  states  wdiere  the  country 
is  in  part  arid  and  in  part  humi<l  and  where 
the  humid  region  was  first  settled  and  became 
in   the  beginning  the   more  important   section. 


that  there  has  been  much  consideration  of  the 
application  of  the  riparian  doctrine  in  con- 
nection with  irrigation  development,  such  for 
instance  as  the  states  of  California,  Oregon, 
Washington  and  Montana. 

There  is  not  much  dispute  of  the  proposition 
that  the  doctrine  of  prior  appropriation  is  es- 
sential for  the  proper  development  of  an  arid 
or  semi-arid  region  where  irrigation  is  neces- 
sary for  agricultural  purposes  and  that  the 
more  the  riparian  doctrine  is  recognized  the 
greater  are  the  ditficulties  with  which  irriga- 
tion development  in  such  regions  must  meet, 
and  the  greater  will  be  the  expense  and  delay 
in  carrying  out  such  development. 

In  regions  where  there  is  not  sufficient  rain- 
fall to  provide  moisture  for  the  growth  of 
crops,  it  follows  that  the  flow  of  streams  is 
small  in  quantity  compared  with  the  area  that 
would  be  available  for  irrigation  purposes 
were  there  sufficient  rainfall;  also  that  the 
flow  of  such  streams  is  intermittent,  subject 
to  floods  when  the  snows  melt  and  during  oc- 
casional periods  of  brief  but  heavy  rainfall, 
being  dry  or  nearly  so  at  other  times. 

The  early  settlers  discovered  that  the  only 
way  to  raise  agricultural  crops  was  by  divert- 
ing the  water  from  the  stream  for  the  irriga- 
tion of  the  land.  This  process  was  usually 
begun  promptly  by  the  early  settlers  in  our 
western  territory  and  generally  consisted  of  a 
small  ditch  taken  out  of  a  stream,  leading  the 
water  to  a  small  tract  wdiich  is  cultivated  for 
hay,  grain,  vegetables,  etc.,  usually  in  connec- 
tion with  large  cattle  ranches. 

As  the  activities  of  the  settlers  developed, 
more  and  more  expensive  ditches  and  dams 
were  built  to  divert  the  water.  After  a  num- 
ber of  years  all  the  water  of  the  stream  that 
can  be  used  with  comparatively  small  expense 
has  been  diverted  and  applied  for  agricul- 
tural development.  If  at  this  period  a  riparian 
owner  lower  down  on  the  stream  who  has 
noticed  a  diminution  in  the  amount  of  water 
passing  his  land  brings  suit  to  prevent  these 
diversions,  be  would  under  the  riparian  doc- 
trine lie  entitled  to  a  decree  which  would  ab- 
solutely prevent  such  diminution  of  the  stream 
flow.  The  result  would  threaten  the  destruc- 
tion of  existing  development  on  thousands  of 
acres  which  have  been  made  productive  and 
which  on  account  of  the  increase  of  value  are 
an  important  asset  of  the  community,  not  only 
on  account  of  the  payment  of  taxes  but  also 
in  the  development  of  miscellaneous  business 
to  supply  the  wants  of  the  farmers,  causing 
the  growth  of  towns,  occasionally  of  much 
importance. 

In  such  cases  the  farmers  have  been  con- 
fronted with  the  necessity  of  purchasing  the 
riparian  rights  with  wdiich  their  operations 
have  interfered.  This  adds  a  serious  burden 
to  those  engaged  in  agricultural  development. 

The  establishment  of  larger  irrigation  enter- 
prises is  also  made  difficult  and  retarded  by 
the  necessity  of  dealing  with  the  riparian  own- 
ers to  avoid  interference  with  the  water 
needed  for  the  irrigation  development,  espe- 
cially where  large  storage  dams  or  important 
diversions  are  to  be  provided.  The  necessity 
for  such  development  must  become  very  urgent 
before  the  investor  is  willing  to  spend  the 
large  sums  required  to  protect  himself  against 
the  riparian  claims. 

The  law  has  always  been  that  no  person  has 
a  right  of  ownership  in  the  water  of  a  run- 
ning stream  but  most  illogically  the  law  has 
recognized  a  quasi  right  of  ownership  in  the 
riparian  landowner,  because  the  law  does  not 
base  his  rights  upon  use,  and  the  damages 
which  he  may  claim  in  court  do  not  depend 
upon  interference  with  any  use  to  which  he  is 
putting  the  water  or  to  which  he  may  desire  to 
put  the  water.  The  common  law  in  this  re- 
spect is  inconsistent  but  this  was  not  manifest 
m  the  early  days  in  England  and  in  the  east- 
ern states  because  of  the  abundance  of  the 
water  supply.  It  has  been  recognized  in  later 
years  to  some  Extent  in  both  countries  where 
larger  and  larger  uses  by  riparian  owners  are 
permitted  even  when  there  is  a  diminution  in 
the  quantity  of  water. 

It  is  interesting  to  note  that  there  is  more 
or   less    tendency    in    the    states    of   the    west 
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where  the  riparian  doctrine  is  recognized  to  Devices  for  Measuring  Irrigation 
apply  the  doctrine  of  appropriation.  For  in-  .., 
stance,  the  Supreme  Court  of  Oregon  has  de-  Water. 
cided  to  recognize  the  doctrine  of  appropria-  To  thk  Kditors:  I  was  interested  in  your 
lion  as  controlHng  in  the  use  of  water  for  editorial  of  March  17,  entitled  "The  Imme- 
benelicial  purposes.  The  state  of  Texas  has  diate  Problem  in  Irrigation  Water  Measure- 
recently  passed  an  act  which  proposes  to  estab-  ment,"  this  evidently  being  brought  out  by 
lish  the  doctrine  of  prior  appropriation  in-  the  pamphlet  recently  published  by  Mr.  Frank 
stead  of  the  riparian  doctrine  heretofore  rec-  .-^dams  of  the  University  of  California,  the 
ognized  by  its  law  and  its  courts.  same  being  illustrative  of  the  various  irriga- 

In  the  state  of  Washington  various  eflEorts  tion  devices  at  present  in  use. 
have  been  made  and  a  vigorous  campaign  is  your  last  paragraph  particularly  interests 
now  pending  for  the  adoption  of  a  code  of  me  in  that  I  am  inchned  to  think  that  instead 
water  laws  which  would  protect  rights  to  the  of  saying  "Invention  has  in  this  task  a  wide 
use  of  water  dependent  upon  prior  appropria-  opportunity,"  it  ought  to  be  "Invention  has 
tion  In  the  states  of  Montana  and  California  taken  advantage  of  the  opportunity  and  as  a 
similar  attempts  are  being  made  with  some  result  the  Venturi  meter  for  the  measure- 
promise  of  success.  ment  of  irrigation  water  has  been  perfected 
It  is  strange  that  in  these  states  where  the  and  meets  every  one  of  the  conditions 
possibilities  of  irrigation  development  form  so  brought  out  in  vour  editorial." 
large  an  element  of  their  resources,  that  the  Through  information  gained  first  hand  by 
sairie  attention  has  not  been  given  to  its  pro-  having  been  in  charge  of  the  operation  and 
tection  as  to  the  mining  industry  which  be-  maintenance  of  one  of  the  largest,  if  not 
comes  of  less  and  less  importance  each  year,  the  largest  single  irrigation  projects  in  the 
being  gradually  subordinated  to  the  agricul-  United  States,  I  hardly  subscribe  to  the  state- 
tura  development  Moreover  every  ounce  of  ment  that  the  most  important  consideration  in 
ore  taken  out  of  the  ground  decreases  this  re-  connection  with  this  feature  of  the  work 
source  while  every  crop  taken  from  the  irri-  should  be  extreme  cheapness,  as  one  can 
gated  land  is  merely  a  promise  of  greater  and  readily  see  that  in  localities  such  as  Califor- 
greater  yields,  because  the  practice  of  the  irn-  nia  at  the  present  time  where  water  is  at  its 
gators  IS  annually  becoming  more  economical  high  value,  even  as  much  of  an  error  as  5 
and  the  areas  of  irrigation  with  the  same  wa-  per  cent  would  be  productive  of  charges  that 
ter  supply  are  being  greatly  extended,  while  might  be  clearly  in  excess  of  what  the  most 
better  agricultural  methods  are  constantly  in-  expensive  irrigation  device  on  the  market 
creasing  the  crop  values.  would  cost. 

To  prodiice   results  which   irrigation   makes  j  enclose  herewith  copy  of  our  latest  bulletin 

possible    with   the  greatest  efficiency  and    the  on  the  Venturi  Irrigation  Meter,  and  your  at- 

least  delay  it   is  necessary  that  the   indefinite  tention  is  specifically  called  to  the  report  ap- 

claims   of   the   riparian   owner   which   are   not  pearing  in  the  last  part  of  the  bulletin,  of  the 

based  upon  use  or  any  benefit  to  the  community.  Government  Board  of  Engineers  which  carried 

be  eliminated   and  that  there  be  an  easy  and  on  a  very  comprehensive  test  on  one  of  these 

sure   method   of  acquiring  and  protecting  the  instruments   installed  under  actual  conditions, 

essential    right   upon    which   such   progress    is  and  the  table  illustrating  the  same  I  am  sure 

dependent,    namely    the    right    to    the    use    of  will   prove  very  interesting. 

■                 .  You  will  note  the  percentages  developed  in 

I  he  ownership  of  and  land  is  practically  of  those  tests.    The  Venturi  meter  was  treated  in 

httle  value  without  the  ownership  of  right  to  your  issue  of  January  20th  somewhat  briefly, 

use  the  water,  and  there  is  no  reason  why  a  but  the  main  features  were  brought  out. 

man  should  be  sustained  in  the  monopoly  of  a  These   instruments  are   at   the  present  time 

public  resource  when  no  labor  of  his  own  has  installed  on  the  Salt  River  project  in  the  vi- 

caused    It   to    become   available    for    use    and  cinitv  of   Phoenix,  Arizona;   the  Yuma  proj- 

when  his   right   is   of  no  benefit  to   the   com-  ect,  Yuma,  -\rizona;  the  Imperial  Valley,  Cal., 

munity  and  besides  stands  m  the  way  of  im-  California    Development    Co.;    Tucson   Farms 

portant  community  benefits.  Co.,  Tucson,  Arizona;  Greeley  Water  Works, 

There  can  be  no  stability  in  a  ngkt  to  tke  Greelev,  Colo. ;  and  a  contract  of  considerable 

uge  of  water  where  the  riparian  doctrine  is  in  moment  has  just  been  closed  with  the  Sunny- 

TABLE    I.— TESTS   ON   15    SECOND-FOOT   VENTURI  IRON    METER. 

Venturi                                    Current  Weir              Weir        Venturi  meter 
T^   .,.      ,„            meter,  sec-     Weir,  sec-     meter,  sec-        Ixiss         anfl  current    and  Venturi    and  current 

Date,    1914.          ond  feet.         ond  feet.         ond  feet.  of  head.            meter.              meter.                meter. 

Feb.    27 6.S0                   6.74                   6.69  .10'                 -(-0.74                —0.89                 4-1.62 

Feb.    27 12.75                12.12                 12.25  .24'                —1.07                —5.20                 +3.92 

Feb-    27 15.60                 15.93                 16.S6  .26'                — 5.S4                 -1-2.07                — S.08 

March    21 8.90                  8.20                  8.49  .11'                —3  34                —8  54                 -t-4  61* 

April  1^ 7.30                  7.13                   6.80  .10'                 -|-4.63                —2.38                 +6;85 

April  15 6.60                    6.64                    6.31  .05'                  -|-4.97                  -|-0.60                  4-4  40 

Apr;    16 12.70                 12.27                12.54  .21'                —2.20                —3.50                 4-1.26 

Apn    20 15.10                15.23                 14.57  .29'                 -t-4.33                 -1-0.85                 +3.51 

April  20 13.35                 13.44                 11.89  .25'               +n.ii3                 +0  67               -flO  93 

April  20 10.50                 10.34                  9.72  .14'                 +5.99                —1.55                 +7  43 

April  20 3.88                  3.80                t3.28  017'                                         —0  21 

April  20 3.40                  3.38                $2.96  ....                     ....'                —o'.06                     '.'.'.'. 

,_...,  Means    ....      +1.95                -1.51                 +3.64 

Note.— Above  is  taken  from  sheet  furnished  by  the  United.  States  Reclamation  Service  show- 
ing: results  of  tests  conducted  by  engineers  of  the  service  on  the  15  second-foot  Venturi  irrigation 
meter  installed  on  the  project.     These  results  are  plotted  in  the  curve  shown  below 

♦Venturi  not  set  at  zero. 

tVelooity  only  0.5'  per  sec. 

JVelocity  only  0.46'  per  sec. 


force,  until  settlement  has  been  made  with 
every  landowner  down  to  the  place  where  the 
water  passes  into  the  ocean  or  out  of  the  re- 
gion in  which  the  riparian  doctrine  is  in  force. 
A  clear  and  unquestioned  right  to  the  use  of 
water  is  a  necessity  for  proper  irrigation  de- 
velopment and  so  long  as  such  use  may  be  sub- 
ject to  interference  by  one  who  claims  merely 
a  right  to  have  things  remain  unchanged,  just 
so  long  will  there  be  difficulty  and  retardation 
in  such  development.  It  is  for  this  reason 
that  we  see  the  vigorous  efforts  now  being 
made  in  the  states  of  California,  Washington, 
and  elsewhere  for  the  enactment  of  a  code  of 
laws  that  will  eliminate  this  monopolistic 
claim  which  holds  back  the  development  of 
the  state  that  irrigation  will  make  possible. 


side  project,  U.  S.  Reclamation  Service,  North 
Yakima.  Washington. 

I  will  be  very  glad  to  furnish  you  any  fur- 
ther information  you  may  desire. 
Very  truly  yours. 

Builders'  Iron  Foundry, 
By  Ho\v.\RD  S.  Read. 
(The   tabulation    from    the    report    referred 
to  by  our  correspondent  is  given  in  Table  I. — 
Editors.) 
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A  press  dispatch  from  Panama,  April  15, 
says  that  up  to  April  1  tolls  on  the  canal 
amounted  to  $2,894,300 ;  and  that  the  total  cost 
of  operation  and  maintenance  during  the  same 
period  was  $3,020,000,  leaving  a  deficit  of 
$125,700. 


Assortment  of  Cargo  on  Panama  Canal 
Vessel. — Among  items  listed  in  the  cargo  of 
4,500  tons  carried  by  the  Pcler  H.  Crowell 
through  the  Panama  Canal  on  its  way  from 
New  York  to  the  west  coast  were :  battery 
cells,  caustic  soda,  olives,  chemicals,  earthen- 
ware, glassware,  lard,  liquors,  structural  steel, 
machinery,  refined  petroleum,  vegetable  oils, 
paint,  paper  and  paperware,  pianos,  rubber 
goods,  salt,  soap,  stamped  ware,  tobacco,  tex- 
tiles, wooden  ware,  marble,  starch  and  thread. 
"Balance  1,189  tons,  small  lots  of  various  ar- 
ticles.'' 
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There   has   been  no   spec- 
The  Doings     tacuhir      developments      the 
past  week  in  either  the  stock 
of  market  or  the  fields  of  busi- 

,  ...  ,  ness  and  finance.  Indus- 
trie WeeK.  jj-j^i  gj^(j  commercial  condi- 
tions continued  to  show  im- 
provement. Speculative  transactions  on  the 
stock  exchanges  reached  a  high  mark  and  the 
bond  market  showed  the  presence  of  a  large 
investment  demand.  Two  large  issues  of  rail- 
way securities  were  marketed.  A  $40,000,000 
issue  of  4%  per  cent  notes  by  the  Baltimore  & 
Ohio  was  over-subscribed.  The  stockholders 
of  the  New  York  Central  Lines  subscribed 
for  practically  all  of  the  $100,000,000  6  per 
cent  debentures  offered  recently  by  that  com- 
pany. Official  figures  for  ^Nlarch  exports  gave 
a  balance  of  $141,000,000.  making  a  new  high 
record  for  that  month.  It  is  now  estimated 
that  the  foreign  trade  balance  of  this  country 
will  exceed  $1,000,000,000  during  the  current 
fiscal  year.  In  the  construction  field  several 
large  contracts  have  been  placed  during  the 
past  week  and  a  number  of  exceptionally  large 
undertakings  reached  the  call  for  bids  stage.- 
An  interesting  development  of  the  Canadian 
construction  field  is  the  statement  that  the 
Alberta  Hydro-Electric  Power  Co.  will  shortlv 
proceed  with  the  building  of  a  series  of  six 
dams  and  power  houses  at  a  cost  of  $2,000,000. 
In  the  Southern  states  a  considerable  amount 
of  municipal  work  is  now  being  advertised. 
In  the  iron  and  steel  trade  the  feature  of  par- 
ticular interest  was  the  buying  of  basic  pig 
iron  in  nearly  all  districts  outside  of  the  East. 
Large  orders  for  war  munitions  were  placed 
during  the  past  week.  The  report  of  the  Steel 
Corporation  showed  March  earnin,gs  33  per 
cent  greater  than  the  total  for  the  two  pre- 
vious months.  February  earnings  were  prac- 
tically double  those  for  'January.  A  few 
rail  orders  have  been  placed  and  the  Pennsyl- 
vania R.  R.  has  formally  renewed  its  inquiry. 
The  Iron  Aqc  prices  for  finished  iron  and 
steel  and  for  sheets,  nails  and  wire  for  the 
week  ending  .\pril  28  were  as  follows : 
Finished    Iron   and   Steel.  Apr.  2.S.     Apr.  21. 

Per   lb.    to   laige   buyer.s.  Cts.  Cts. 

Bess,  rails,  heavy,  at  mill....     1.2,')  1.25 

Iron    bars,    Philadelphia 1.1.5  1.15 

Iron    bars.    Pittsburgh 1.20  1.20 

Iron  bars,   Chicago l.l.'i  1.15 

Steel  bars.   Pittsburgh 1.20  1.20 

Steel  bars.   New  York 1.36'.l  1.369 

Tank  plates,   Pittsburgh 1.15  1.15 

Tank   plates.    New   York 1.319  1.319 

Beams,    etc..    Pittsburgh 1.20  1.20 

Beams,    etc..    New   York 1.3fi9  1.369 

Skelp.  grooved  steel,  P'gh 1.12V4         1.121/, 

Skelp.   sheared  steel,  P'gh LITV;         l.lTVo 

Steel    hoops.    Pittsburgh 1.2."i  1.23 

Sheets,   Nails  and  Wire. 

Per  lb.  to  large  buyers. 

Sheets,  black.  No.  28,   P'gh...  l.SO  l.SO 

Galv.   sheets,  No.  28.  P'gh 3.25  3.25 

Wire  nails.  Pittsburgh 1.55  1.55 

Cut  nails,   Pittsburgh 1.55  1.55 

Fence  wire,  base,   P'gh 1.35  1.35 

Barb   wire,   galv.,   P'gh 2.10  2.10 

For  .structural  material  f.  o.  b.  Pittsburgh  The 
Iron  Ago  prices  were  as  follows :  I-beams, 
3  to  15  in. ;  channels,  3  to  15  in. :  angles,  3  to 
6  in.  on  one  or  both  legs,  %  in.  thick  and 
over,  and  tees,  3  in.  and  over,  1.15  to  1.20  cts. 

Railways. — Aside  from  new  financing  by 
the  Baltimore  &  Ohio  and  the  New  York  Cen- 
tral Lines  there  have  been  no  particularly  im- 
portant developments  in  the  railway  field.  Roth 
of  the  above  roads  have  large  construction  proj- 
ects in  view,  and  it  is  possible  that  their  suc- 
cess in  disposing  of  their  securities  will  enable 
them  to  take  up  these  developments  soon.  It 
is  likely  that  a  considerable  amount  of  track 
elevation  work  in  Ohio  and  Indiana  cities  will 
be  placed  under  contract  in  the  near  future. 
There  also  are  a  number  of  small  railroads 
that  are  planning  to  start  construction  this 
month  or  earlv  in  June.  The  Lehigh  Vallcv 
R.  R.  awarded'  a  $600,000  contract  to  Henry  J. 
Miller,  Inc.,  P.altimore,  Md.,  for  the  erection 
of  the  terminal  at  Buffalo,  N.  Y. 

Roads  and  Streets. — One  of  the  larger 
county    highway    undertakings     of      this    vear 


reached  the  call  for  bids  stage  last  w-eek.  Ver- 
million County,  111.,  is  asking  bids  for  the 
construction  of  174  miles  of  concrete  or  brick 
surfaced  roads.  On  the  Pacific  Coast  a  large 
amount  of  work  is  being  advertised  by  Coun- 
ty Commissioners  in  the  State  of  Washington. 
California  counties  also  are  showing  much 
activity  in  placing  work.  In  Oregon,  Mult- 
nomah County,  will  shortly  take  bids  on  about 
$1,250,000  worth  of  work.  Counties  and  road 
districts  in  Southern  states  are  preparing  to 
undertake  a  great  deal  of  construction  work 
this  season,  and  a  good  part  of  this  will  be 
ready  for  bids  this  month.  The  State  High- 
way Commission  of  Illmois  is  calling  for  bids 
on  another  letting  of  state  roads.  New  York 
is  advertising  20  to  30  contracts  for  highway 
repairs.  Other  states  have  lettings  of  con- 
siderable size  now  ready  for  bids.  The  Mary- 
land Roads  Commission  awarded  6  contracts: 
Idaho  State  Highway  Commission  let  three 
grading  contracts;  Beltrami  Count",  Minn., 
awarded  a  contract  at  $98,900  for  a  state  rural 
highway.  Charleston,  S.  C,  is  calling  for 
bids  on  65,000  sq.  yds.  of  street  paving  and 
Anderson,  S.  C,  opens  proposals  Mav  11  on 
75,000  sq.  yds. 

Bridges. — No  especially  lar,ge  bridge  jobs 
appears  to  have  come  up  for  advertising  dur- 
ing the  past  week.  A  fair  number  of  smaller 
structures,  however,  are  ready  for  bids.  It  is 
expected  that  proposals  will  be  asked  in  a  few 
days  for  a  number  of  good  sized  structures. 
Cincinnati,  O.,  probably  will  advertise  the 
Kemper  Lane  concrete  viaduct,  a  $165,000  job; 
and  Milwaukee  Wis.,  mav  take  bids  soon  on 
the  State  St.  Bridge.  The  contract  for  the 
Woodsdale  bridge  for  Hamilton  County,  O., 
was  let  to  Clearv-White  Construction  Co..  Chi- 
cago, at  $7ti,284." 

Drainage  and  Irrigation. — One  of  the 
larger  drainage  undertakings  that  has  come 
up  for  letting  so  far  this  year  is  now  being 
advertised.  The  work  is  to  be  done  for  the 
Peace  Creek  Drainage  District  of  Polk  Coun- 
ty, Florida.  It  calls  for  the  construction  cf 
142  miles  of  ditches,  requiring  2,432,743  cu. 
yds.  of  excavation.  The  National  Drain  Tile 
Co.,  Terre  Haute,  Ind.,  has  been  awarded  a 
$41,500  contract  by  the  Jamesburo-  Drainage 
District  of  Danville,  111.  The  Utah  Construc- 
tion Co.,  0.gden,  LItah,  secured  the  contract 
for  the  East  Canyon  Dam  for  the  Davis  & 
Weber  Counties  Canal  Co. 

Waterworks. — Several  good  sized  con- 
tracts in  the  waterwoiks  field  have  been 
awarded  during  the  past  week,  and  a  consid- 
erable amount  of  new  work,  including  several 
large  jobs,  came  up  for  advertising;  Salt 
Lake  City,  Utah,  awarded  a  $70,485  contract 
for  a  rubble  concrete  dam  at  Twin  Lake ;  Mil- 
waukee, Wis.,  let  a  $240,000  contract  for  a 
water  tunnel;  Reading,  Pa.,  opened  l)ids  on 
about  $175,000  worth  of  municipal  wurk,  in- 
cluding a  new  filter  plant.  Hartford,  Conn.,  is 
calling  for  bids  on  a  small  contract  in  connec- 
tion with  its  Nepaug  Reservoir  Development, 
but  early  in  June  will  take  proposals  on  two 
large  jobs;  Philadelphia,  Pa.,  opens  bids  May 
25,  for  furnishing  and  laying  17,000  ft.  of  48- 
in.  pipe,  and  several  thousand  feet  of  smaller 
size  mains;  Bluflton,  O.,  is  calling  for  pro- 
posals for  improving  its  waterworks,  and  New- 
ark, N.  J.,  is  taking  bids  for  furnishing  some 
5,000  tons  of  cast  iron  water  pipe. 

Sewerage. — Low  bid  for  trunk  sewers  for 
Kenosha,  Wis.,  amounted  to  $111,678;  Madi- 
son, Wis.,  awarded  a  $70,000  contract,  and 
District  No.  78,  Little  Rock,  Ark.,  let  a  $48,- 
000  job.  New  work  coming  up  for  advertis- 
ing include  a  trunk  sewer  for  South  Rend, 
Ind.,  sewage  disposal  works  for  Easton,  Md., 
and  addition  to   sewer   for  West  Chester,   Pa. 

Rivers  and  Harbors. — -The  largest  govern- 
ment Icvce  letting  so  far  this  year  is  now 
being  advertised  by  Maj.  E.  M.  Markham.  U. 
S.  Engineer,  Memphis,  Tenn.  The  undertak- 
ing calls  for  4,500,000  cu.  yds.  of  levee  work 
in  the  Upper  and  Lower  St.  Francis  and  White 
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River  l-evee  Districts  Marsch,  Cleary  & 
White  Co.,  Chicago,  111.,  was  awarded  the  con- 
tract at  ^.58,000  for  the  White  River  Flood 
Protection  work  for  the  city  of  Indianapolis, 
Ind.  The  Canadian  Government  has  let  a 
contract  for  2,500,000  bbls.  of  Portland  cement 
for  use  in  the  construction  of  the  Welland 
Canal.  The  River  and  Canal  Commission  of 
Augusta,  Ga.,  awarded  contract  for  1,018,000 
cu.  vds.  of  levee  work.  Jhe  Hercules  Stone 
Co.,'Tenino,  Wash.,  at  $310,000,  was  low  bid- 
der for  furnishing  200,000  tons  of  stone  for 
Lone  Tree  Jetty,  Washington.  Contract  for 
furnishing  and  installing  steel  rolling  doors, 
etc.,  for  cotton  warehouses  and  terminals  New- 
Orleans,  was  let  at  $86,430.  G.  T.  Fogle  &  Co.. 
St.  Albans,  W.  Va.,  at  $.34,308  was  low  bidder 
for  concrete  work  at  Dam  No.  2,  Muskingum 
River,  Ohio,  for  U.  S.  Government. 


Extremely  low  bids  have 
been  a  feature  at  many  let- 

Low  Bidding  ''"^^  ""-'  "P""S-     ^"  ^^^"^ 
p  .  °   numerous     contracts     have 

rrices.  been    taken    at    prices    that 

seemingly  allowed  a  danger- 
ously small  margin  between 
profit  and  loss.  When  the  successful  bidder 
on  a  $300,000  job  is  $75,i>00  under  the  en- 
gineer's estimate  and  $50,000  lower  than  his 
nearest  competitor  it  is  reasonable  to  con- 
clude that  some  one  has  made  a  mistake  in 
his  figures.  But  when  this  same  thing  hap- 
pens time  after  time  it  begins  to  look  as 
though  half  the  contracting  profession  was 
bidding  wild.  Mistakes  of  course  happen  fre- 
quently, but  all  the  extremely  low  bids  at  re- 
cent lettings  cannot  be  ascribed  to  errors  in 
the  estimates.  It  would  seem  rather,  the 
liidders  in  their  eagerness  to  secure  work  are 
w'illing  to  take  long  chances.  Neither  has  it 
lieen  the  inexperienced  contractors  that  have 
been  submitting  the  low  bids.  In  fact  some 
of  the  best  known  firms  in  the  country  have 
taken  jobs  at  prices  that  seemed  ridiculously 
low  as  compared  with  those  of  previous 
years.  Of  course  many  contractors  are  bid- 
ding on  work  at  the  present  time  with  the 
sole  purpose  of  keeping  their  organizations  in- 
tact and  their  outfits  busy  until  jobs  more  to 
their  liking  develop.  But  there  is  no  good 
reason  why  this  work  should  be  taken  at 
prices  that  mean  a  big  loss. 


There    has    been    consid- 
erable     agitation      in      late 
State    Owned    years   for   public   ownership 
Tj    .,  lit  railroads.    Recently  there 

Kailways.  ^^.^^  5,-,^^  talk  of  the  State 
of  California  purchasing 
the  Western  Pacific  Ry. 
Georgia  and  Texas  already  have  state  owned 
railways  and  wish  they  hadn't.  The  following 
quotation  describes  the  experience  of  Missis- 
sippi with  a  publicly  owned  railway: 

"The  Great  Southern,"  or  ".Tack.son  &  Mont- 
gomery road"  is  now  in  operation  14  miles,  that 
is  from  Jackson  to  Brandon,  and  is  gr.aded  3 
miles  further  eastward.  This  property  is  owned 
hy  the  state,  and  like  all  .st.ate  enterprises  is  a 
slow  coach.  Each  mile  of  the  road  has  cost 
the  state  treble  the  amount  it  would  have  cost 
a  private  company,  and  being  tired  of  the  job, 
the  present  legislature  has  offered  all  the  road 
completed,  all  the  cars,  locomotives,  depots, 
land.s,  utensils  and  75  negroes,  now  on  the 
road,  to  any  company  that  may  organize  by 
the  first  of  June  next  and  guarantee  to  com- 
plete the  road  within  a  given  number  of 
years,  constructing  5  miles  the  first  year,  10 
the  second,  etc.  It  is  apprehended  that  the 
citizens  of  Vicksburg  deeply  interested  as  they 
are  in  the  completion  .of  this  road  will  sub- 
scribe to  the  stock,  or  that  the  Vicksburg  & 
Jackson  R.  R.  Co.  will  take  over  the  work.  In 
which   case   it   is   sure    to   go   through. 

The  above  extract  is  reprinted  from  the 
March  25,  1852,  issue  of  the  Tiwrs-Picayuiw 
of  New  Orleans. 
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FEEDING  TH,E  MULTITUDE:  EXPERIENCES  IN  BOARDING  A  CONSTRUCTION   FORCE  OF   5,000    MEN. 


A  gentleman  who  is  more  or  less  of  an 
authority  says  that  if  you  touch  a  Scotchman's 
stomach'  you  wake  a  devil  in  him.  Speaking 
from  long  e.xperience  with  stomachs,  I  should 
say  that  the  Scotch  have  no  monopoly  of  this 
particular  evil  spirit.  If  the  gentleman  I  have 
quoted  had  ever  been  in  the  mess-contracting 
business  on  a  larg^e  scale  he  would  have 
stretched  that  statement  to  cover  all  nation- 
alities, with  e.xtra-special,  three-star  devils  al- 
lotted to  Bohunks,  hard-rock  miners  and 
teamsters. 

You  can  sell  a  workman  shoddy  clothes, 
shoes  with  pasteboard  soles  and  cigars  that 
are  mostly  Connecticut  cabbage,  and  he  may 
forgive  you;  but  when  you  attempt  to  ring  in 
a  substitute  for  beef  you  are  taking  long  and 
desperate   chances. 

I  claim  intimate  acquaintance  with  the  devil 
that  lives  in  the  stomach  of  the  male  of  the 
species.  Women  sympathize  with  the  cook 
and  make  allowances  for  the  commissary  de- 
partment. I  once  had  a  contract  which  called 
for  the  feeding  of  several  thousand  women 
daily.  They  made  less  trouble  for  me  than  a 
dozen  hard-rock   miners  would  have  done. 

Every  married  woman  who  does  her  own 
cooking  will  agree  that  a  man  has  a  devil 
which  lives  in  his  stomach.  There  is  nothing 
about  which  the  average  man  is  half  so  cranky 
as  the  food  he  eats.  Eighty  per  cent  of  the 
petty  domestic  quarrels  start  at  the  table ;  dis- 
prove the  statement  if  you  can. 

"What!  Chops  again?  Why  in  the  name 
of  all  that's  good  and  great  can't  we  have  a 
steak  once  m  a  while?" 

"Why,  John,  I  had  a  nice  steak  for  you 
Tuesday  night  and  you  waited  until  the  last 
minute  and  then  telephoned  that  you  wouldn't 
be  home  for  dinner;  Went  to  your  old  club,  I 
suppose!" 

"Well,  there's  one  thing  about  the  club — I 
can  get  what  I  want  there.  Now,  my  mother 
used  to  have  some  variety  to  her  cooking  I  I 
remember  " 

And  they  are  ofT.  to  a  fine  flying  start  with 
no  telling  where  they  will  finish ;  but  one 
thing  is  certain — the  demand  for  variety  was 
the  cause  of  the  trouble. 

Variety !  How  well  I  know  that  word  as 
applied  to  the  commissary  department!  Ever 
since  the  dawn  of  history  people  have  been 
complaining  about  the  lack  of  variety  in  their 
food.  Very  likely  Noah  had  trouble  with  the 
crew  of  the  ark — big  trouble,  for  his  sons 
brought  their  wives  along. 

Moses  is  one  Old  Testament  character  who 
has  always  had  my  sympathy.  He  led  the 
children  of  Israel  out  of  Egypt,  and  no  soon- 
er were  they  across  the  Red  Sea  than  thev  be- 
gan to  complain  about  a  shortage  of  food. 
Manna  was  sent  them  from  heaven — a  mir- 
acle; but  were  they  satisfied?  No;  they 
wanted  meat,  and  they  got  quail. 

The  next  we  hear  of  them  they  were  re- 
minding Moses  of  the  melons  and  the  onions 
and  the  leeks  they  used  to  have  when  they 
were  the  slaves  of  Pharaoh  !  And  they  wanted 
fish — on  a  desert !  What  do  vou  suppose  they 
would  have  done  to  Moses  if  they  had  been 
paving  their  board? 

The  purchase  of  a  meal  ticket  carries  with 
it  the  right  to  kick  about  everything  that 
comes  on  the  table;  and  sometimes  the  objec- 
tions have  nothing  whatever  to  do  with  the 
food  itself. 

For  instance,  I  remember  receiving  a  tele- 
phone call  from  a  erading  camn  where  T  was 
feeding  50  or  HO  Bohunks.  which  is  rather  a 
handy  name,  because  it  covers  the  entire  Sla- 
vonic group.  The  Slav  is  a  temperamental 
cuss  on  anv  subject  at  all — mu«b  or  music,  it 
makes  no  difference  to  him.  The  chief  cook 
was  on  the  wire. 

"Better  come  out  as  quick  as  you  can,  boss." 
said  he.  "And  bring  a  gun  along;  there's 
something  doing." 

When  I  got  there  it  was  don^.  The  mess 
house  was  a  total  wreck.  At  first  glance  I 
thought  mv  waiters  had  been  slaughtered,  for 
the   interior  was   smeared   to   the   ceiling  with 
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great  red  splotches.  The  cook  was  sitting 
on  the  overturned  range,  with  a  shotgun  across 
his  knees. 

"Is  anybody  hurt?"  said  I.  "There's  blood 
all  over  the  place !" 

"That  ain't  blood,"  said  he,  "that's  ketchup. 
The  Bohunks  found  a  case  of  it  in  the  kitchen 
and  bounced  the  bottles  off  the  ceiling.'' 

"But  what  started  'em  off?"  What  was 
wrong  with  the  food?" 

"Why,  nothing,  I  guess.  As  near  as  I  can 
make  out  them  huskies  got  sore  at  having  to 
eat  in  the  same  room  every  day,  so  they 
shuffled  up  the  scenery  some.  They  busted 
the  benches  and  tables,  smashed  all  the  win- 
dows, upset  my  range  and  called  it  a  dav. 
They  didn't  say  a  word  about  the-  grub." 

The  cook's  story  was  absolutely  correct.  In 
this  case  there  was  no  complaint  about  the 
food ;  the  trouble  was  with  the  surroundings. 
I  gave  those  Bohunks  a  new  mess  house, 
benches  and  tables,  new  knives  and  forks — 
and  cut  down  on  the  food  to  make  up  for  the 
added  expense.     It  worked  like  a  charm. 

So  much  for  the  personal  relation  between 
the  feeder  and  the  fed.  It  is  a  thing  that  fig- 
ures in  every  mess  contract.  The  saddest 
place  in  the  world  is  the  average  boarding 
house,  and  the  saddest  person  in  it  is  tlie 
woman  who  owns  it,  for  she  is  shouldering 
all  the  troubles  of  the  housewife,  multiplied 
as  many  times  as  there  are  boarders. 

Imagine,  then,  the  troubles  of  a  man  with 
5,000  ravenous  and  rough-necked  boarders  at 
his  tables,  100  cooks,  400  waiters  and  50  camps 
scattered  over  200  miles  of  mountain  and 
desert!  This  was  the  smashing  big  contract 
with  which  I  broke  into  the  feeding  game  in 
dead  earnest,  having  trifled  with  subsistence 
and  commissary  for  several  years  on  a  smaller 
scale. 

In  the  beginning  I  was  in  the  general  con- 
tracting line,  roughly  speaking,  prepared  to 
bid  on  any  job  involving  men  and  mules.  A 
great  deal  of  the  work  was  on  the  desert  and 
in  the  nioutains,  which  made  it  necessary  for 
me  to  feed  the  men  I  employed ;  and,  being 
an  amateur  in  the  subsistence  end  of  the  busi- 
ness, I  was  thankful  if  the  cook-house  and 
mess  tent  broke  anywhere  near  even. 

A  few  sharp  reverses  wiped  out  my  capital 
and  at  the  age  of  31  I  found  myself  where  I 
started,  except  that  I  had  a  big  warehouse 
full  of  camp  equipment  and  a  string  of  mules 
at  pasture.  In  the  contracting  game  the  mule 
is  the  real  standard  of  value — the  backbone 
of  the  enterprise.  A  mule  can  do  thincs  and 
go  into  places  where  a  gasoline  truck  will 
cough  and  quit.  The  mule  will  cough,  too, 
but  he  will  not  quit. 

One  day  I  met  a  friend  who  was  in  the 
subsistence  and  commissarial  line,  and  he  told 
me  he  was  figuring  on  a  bi.g  thing — a  contract 
covering  a  period  of  five  years,  involving  the 
feeding  and  housing  of  thousands  of  men  in 
all  sorts  of  inaccessible  places.  A  river  was 
to  be  coaxed  out  of  its  bed  and  taken  200 
miles  over  mountain  and  desert.  It  was  the 
first  I  had  heard  of  the  job,  but  I  spoke  up  at 
once.  "You'll  have  competition,  then.  I'm 
after   that   job   myself." 

It  was  reallv  a  tremendous  undertaking  and 
in  the  beginning  I  had  no  adequate  idea  of 
the  maenitude  of  the  job.  I  borrowed  an 
automobile  from  a  friend — mv  own  machine 
had  been  swept  away  in  the  general  smash  of 
my  fortunes — and  made  a  trip  over  the  pro- 
posed line  of  country,  studv'ne  it  with  an 
eve  to  establishing  central  stations  and  camps. 
Then  I  was  ready  to  figure,  and  I  wore  out 
several  pencils  making  estimates  and  calcu- 
lations of  all  sorts. 

To  cut  a  long  storv  short,  the  contract  was 
awarded  to  me — and  mv  troubles  began.  I 
had  no  monev,  but  I  manaeed  to  dig  up  suffi- 
cient capital  to  give  me  a  start.  The  contract 
itself  cfi'aranteed  mv  credit,  and  T  remembered 
a  remark  once  made  to  me  bv  the  wisest  man 
of  my  acquaintance.  "There  are  onlv  two 
wavs  to  owe  monev,"  sa'd  he.  "One  is  to 
owe  so  little  that  your  obligations  can  be  met 


at  a  moment's  notice.  The  other  is  to  owe  so 
darned  much  that  they  won't  dare  to  close 
you   up." 

As  I  was  beginning  on  the  proverbial  shoe 
string  there  was  no  chance  for  me  to  owe  a 
little  money  and  pay  it  on  demand.  My  only 
hope  was  to  owe  a  great  deal,  and  I  went  into 
the  debit  column  with   a  tremendous  splash. 

In  addition  to  foodstuffs  I  needed  a  stock 
of  general  supplies;  for,  according  to  the 
terms  of  my  contract.  I  was  to  maintain  a 
store  at  each  camp,  dispensing  the  necessaries 
of  life,  such  as  tooth  brushes,  bachelor  but- 
tons, playing  cards,  candy,  smoking  tobacco, 
shoes,  suspenders,  socks,  towels,  writing  paper, 
overalls,  razors,  gloves,  handkerchiefs,  knives, 
pipes,  soda  water,  shirts,  soap,  blankets,  combs, 
alarm  clocks — in  fact,  anything  and  everything 
for  which  there  might  be  a  call. 

The  merchants  received  me  with  open  arms 
and  loud  cheers ;  everybody  seemed  to  want 
my  account  and  I  tried  to  please  them  all.  I 
bought  like  a  drunken  sailor — bought  by  the 
gross,  by  the  ton,  by  the  carload.  I  bought  as 
though  I  were  preparing  for  a  siege — and  one 
was  headed  in  my  direction,  though  I  did  not 
know  it  at  the  time. 

You  Bee,  my  sense  of  proportion  was  warped. 
I  had  been  fooling  with  the  subsistence  game 
ofif  and  on  for  years,  feeding  by  twenties  and 
fifties,  and  sometimes  at  a  loss.  Now  I  was 
going  to  feed  by  thousands,  and  it  was  abso- 
lutely necessary  that  my  operations  show  a 
profit.  The  magnitude  of  the  undertaking,  the 
size  of  my  purchases,  the  ease  with  which 
they  were  made — all  these  things  helped  to  im- 
pair   my  sense   of  values. 

I  thought  by  the  ton  and  the  carload  when 
I  should  have  been  thinking  by  the  ounce  and 
the  pound.  I  could  not  see  any  amount  under 
five  figures  when  my  eyes  should  have  been 
glued  to  the  humble  copper  cent. 

I  am  a  hearty  eater  myself  and  a  full  meal 
appeals  to  me,  as  I  believe  it  does  to  the  aver- 
a.ge  man  who  leads  an  active  life.  The  main 
idea,  I  reasoned,  was  to  give  the  men  enough 
to  eat  three  times  a  day.  I  piled  my  camps 
with  the  newly-purchased  supplies  and  left  it 
to  the  cooks  to  see  that  the  men  had  plenty. 

They  saw  to  that  all  right  enough,  but  the 
profits  were  slow  in  appearing.  The  result 
was  an  accumulation  of  debt  that  staggered 
me.  Worse  than  that,  it  also  staggered  my 
creditors.     I  began  to  search  for  the  leak. 

I  found  it  where  vou  may  find  it  in  your 
own  houhehold — in  the  kitchen.  It  was  waste 
— pure,  simple  waste.  The  average  cook  is  a 
waster,  but  the  camp  cook  is  the  king  of 
wasters.  He  has  but  one  idea — and  I  cannot 
blame  him,  for  it  was  mine  in  the  beginning — 
that  idea  being  to  prepare  enough  food  to  go 
round ;  and  wdien  a  camp  cook  guesses  on 
quantity  there  is  nothing  of  the  oiker  about 
him,  for  he  is  thinking  of  the  boarder  and 
not  of  the  ooor  old  boss. 

During  that  first  year  100  cooks  were  work- 
ing by  guess,  and  what  mistakes  they  made 
were  never  on  the  short  end.  They  wanted 
to  be  quite  certain  of  having  enough  food  and 
as  a  result  thev  prepared  too  much.  The  sur- 
plus went  into  convenient  ravines,  where  the 
covotes  found  it  and  destroved  the  evidence. 
The  only  thing  a  coyote  will  not  eat  is  a  tin 
can;  but  he  will  chew  that  can  into  a  tinv 
lump  if  it  has  contained  meat.  I  suppose  I 
fattened  thousands  of  coyotes  that  first  year, 
but  mv  creditors  grew  lean  and  an.xious.  I 
grew  anxious  myself,  for  my  indebtedness 
was  well  into  six  figures. 

I  hired  a  man  who  had  made  a  scientific 
study  of  subsistence,  and  he  went  from  one 
end  of  the  line  to  the  other,  examining  into 
conditions  and  picking  up  pointers.  He  then 
came  back  to  the  general  field  headquarters 
and  made  a  report — short,  sweet  and  pointed 

"The  cook  is  at  the  bottom  of  this  deficit,"" 
said  he. 

"That  is  no  news,"  said  I. 

"The  cook  and  about  fortv  other  things."' 
continued  the  expert :  "but  he  is  the  bigeest 
leak.     I  propose  to  eliminate  him  as  factor  inr 
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profit  and  loss.  I  am  going  to  li.x  him  so  that 
he  can't  waste  anything  but  his  breath," 

The  subsistence  shark  locked  himself  up 
for  a  week  or  ten  days,  and  when  he  reap- 
peared he  brought  with  him  the  key  to  the 
situation  in  the  shape  of  a  formidable  docu- 
ment, which  he  christened  the  Subsistence 
List. 

This  list  was  about  4  ft.  long,  single-spaced 
on  a  typewriter.  It  began  with  allspice  and 
baking  powder,  and  ended  with  yeast  and  yel- 
low coloring.  It  inchided  every  possible  thing 
that  might  by  any  chance  find  its  way  to  a 
camp  table,  even  down  to  fly  paper.  The  to- 
tals were  computed  on  a  30-day  basis  to  cover 
camps  of  from  20  to  100  men. 

Tacked  to  this  list,  like  a  rider  on  an  in- 
surance policy,  was  the  coyotes'  death  knell, 
so  far  as  I  was  concerned,  though  the  head- 
ing did  not  so  state.  It  said:  "As  a  matter 
of  daily  check,  allow  in  quantities  not  to  ex- 
ceed   " 

That  second  list  was  the  real  thing,  because 
it  left  nothing  to  the  imagination.  For  in- 
stance : 

Beans  (white),  1.  lb.  to  each  7  men  per  day. 
Meat  (fresh),  IVs  lbs.  to  1  man  per  day. 
Coffee,  1  lb.  to  each  12  men  per  day. 
Fruit  (died),  1  lb.  to  each  12  men  per  daj'. 
Fruit  (canned),  1  gal.  to  each  4  men  per  weeli. 
Sugar,  1  lb.  to  each  2  men  per  day. 
Corn  meal,  IV2  lbs.  to  each  10  men  per  day. 
Flour,  1  lb.  to  1  man  per  day. 
Soap,  1  lb.  to  each  2.5  men  per  day. 
Potatoes,  1%  lbs.  to  each  1  man  per  day. 
Other  vegetables,  3/.5  lb.  to  1  man  per  day. 
Tripe,  1  lb.  to  each  19  men  per  day. 

I  give  only  a  few  items,  for  that  "allow  in 
quantities  not  to  exceed"  list  included  every- 
thing edible  and  also  some  things  which  were 
not. 

"But — you're  making  a  bookkeeper  out  of 
the  cook,"  was  my  objection.  "Supoose  old 
Whitey  Anderson  up  here  in  Blind  Horse 
Canon  has  37  men  on  his  hands  and  wants  to 
know  how  much  'other  vegetables'  to  allow 
'em.  He  can't  do  a  sum  in  straight  multiplica- 
tion, let  alone  your  ringing  in  fractions  on 
him.  He'll  do  what  he  thinks  is  right — by 
guess,   same   as   usual." 

"He  will  not,"'  said  the  expert.  "Do  you 
think  I'm  going  to  let  any  of  those  cooks  fool 
round  in  the  supply  room?  Not  on  your  life! 
The  cooks  are  going  to  stay  in  the  kitchen. 
I  propose  to  extend  the  powers  of  the  com- 
missary clerk." 

Well,  there  was  a  commissary  clerk  at  each 
camp,  of  course.  Up  to  this  time  he  had 
been  a  sort  of  storekeeper,  and  his  activities 
had  been  confined  to  ordering  more  stufif  from 
his  division  headquarters  and  roarinsj  to  the 
general  field  headquarters  when  he  did  not  tret 
it  on  time. 

Between  us  we  extended  the  powers  of  the 
commissary  clerk — extended  them  to  the  lim- 
it. We  make  him  a  camp  straw-boss,  a 
weigher  and  checker,  a  head  waiter,  a  kitchen 
inspector,  a  high  court  of  appeal,  and  a  few 
•ther  things;  but  the  first  order  we  issued 
contained  the  joker: 

1 — Commissarv  leik  must  go  into  kitchen 
have  the  cook  come  into  storeroom  at  a 
nated  time  each  dav  and,  under  the  heading 
Supplies  Required,  Form  53.A,  list  all  articles 
the  cook  requires  for  the  next  day's  work. 
Commissary  clerk  must  then  consult  the  Sub- 
sistence List  and  make  the  issues  in  accord- 
ance with  same.  Supplies  of  anv  kind  must 
never  be  issued  in  bulk,  but  must  be  issued 
only  in  sufficient  quantities  to  run  the  board- 
in"  bouse  one  day." 

,  When  we  were  throuch  we  had  things  tied 
un  so  that  tl'c  cook  could  not  get  an  cue  with- 
out signing  his  name  to  an  order:  and  for  the 
guidance  of  the  commissary  clerk  we  issued 
a  namphlet  of  General  Instructions.  We  re- 
quired of  him  weekly,  bi-monthly  and  month- 
ly reports  and  inventories;  and,  just  to  keen 
him  happy,  we  m.Tintained  a  traveling  auditor 
— the  sort  of  fellow  who  would  want  to  know- 
why  the  clerk  used  fiO  lbs.  of  codfish  when 
the  scale  called  for  li=!,  and  whv  he  was  short 
.")  lbs.  of  butter. 

The  result  of  the  new  system  was  a  reve- 
lation— an  eve  onener.  Having  eliminated  the 
waste,  profit  followed  immediately.  The 
ounces  of  beans  and  Iiutter,  the  pounds  of 
ham  and  hominy,  saved  in  the  kitchens,  turned 


the   scales  in  my   favor  and  changed  a  losing 
game  into  a  winning  one. 

I  held  a  mass  meeting  of  my  creditors  and 
they  listened  to  reason.  I  owed  them  so  much 
money  that  there  was  nothing  else  for  them  to 
listen  to.  Inside  of  one  year  from  that  date 
I  was  discounting  all  my  bills  and  steadily 
reducing  the  bulk  of  my  original  indebted- 
ness. After  that  I  bought  carefully  and  kept 
an  eye  out  for  the  tiny  leaks. 

The  efficiency  department  then  attacked  the 
old  question  of  variety.  I  do  not  claim  that 
we  solved  this  problem,  but  we  did  the  best 
we  could  under  the  circumstances.  To  prove 
this  I  quote  sample  menus,  served  at  all  our 
camps  during  one  dav  of  the  summer  season : 
BREAKFAST: 

Rolled  oats  and  milk. 

Steak — pan-fried. 

Pork  sausage  and  country  gravy. 

Cottage  fried  potatoes. 

Stewed  fruit  and  cake. 

Hot  wheat  cakes  and  syrup. 

Wheat  and  raisin  bread:   hot  biscuits. 

Coffee. 
DINNER: 

One  i-elish.     One  soup. 

STiort  ribs  of  beet — Spanish. 

Corned  beef  and  cabbage. 

Browned  potatoes. 

Bayo  beans  and  pork. 

Macaroni  and  cheese. 

Sago  pudding. 

Bread.     Crackers.     Coffee.     Iced  tea. 
SUPPER: 

One  relish. 

Roast  beef  with  brown  gravy. 

Breaded  tripe  or  cornedbeef  hash. 

Minced  potatoes — biowned. 

Baked  navy  beans  with  tomato  sauce. 

Stewed  fruit  and  sponge  cake. 

"Wheat   and   Graham   bread. 

Hot  lOlls.     Tea.     Coffee. 

Do  not  suppose  the  boarders  were  always 
pleased.  Remember  the  children  of  Israel, 
who  asked  for  fresh  fish  on  a  desert ;  so  did 
a  few  thousand  of  the  men  who  from  time 
to  time  sat  at  my  tables.  During  the  trout 
season  we  were  sometimes  able  to  oblige  them. 
They  asked  for  other  things,  too ;  and  the 
fact  that  some  of  the  camps  were  forty  miles 
from  the  railroad,  located  in  almost  inaccessi- 
ble canons,  made  not  the  slightest  difference 
to  them.     It  was  variety  they  wanted. 

I  gained  a  great  appreciation  of  Moses  in 
those  days ;  for,  if  I  remember  correctly,  he 
had  about  40  years  of  it  and  I  had  only  five. 
Moses  must  have  been  a  wonder ! 

One  of  my  greatest  troubles  was  with  labor. 
The  boarders  were  mostly  blanket-carrying 
nomads ;  and  I  have  noticed  that  once  a  man 
gets  the  feel  of  a  blanket  roll  on  his  shoul- 
ders it  is  hard  for  him  to  settle  down.  My 
cooks  and  waiters  caught  the  go-fever  from 
the  boarders  and,  like  the  boarders,  left  with- 
out giving  notice. 

I  found  it  advisable  to  maintain  a  reserve 
force  at  general  field  headquarters,  prepared 
to  start  at  a  momen't  notice — usually  just  after 
pay  day.  There  were  times  when  I  loaded 
cooks  and  waiters  into  an  automobile  and 
drove  all  night  in  order  that  soine  isolated 
camp  might  have  breakfast  in  the  morning. 

I  recall  one  tunnel  outfit  that  will  serve  as 
a  sample.  The  hard-rock  men  were  driving 
a  hole  through  a  mountain — thirty  of  them  in 
one  camp.  One  evening  a  man  turned  un  for 
supper — a  hard-rock  miner,  carrying  his  blank- 
ets. The  boss  offered  him  a  job,  but  he 
laughed. 

"Why,  in  South  .America,"  said  lie.  "hard- 
rock  men  get  $1.')  a  day — gold.  That's  where 
I'm  headed  for;  this  country  is  played  out." 

It  was  two  weeks  before  pay  day;  but  from 
that  time  on  there  was  only  one  topic  of  con- 
servation— South  .America,  where  a  hard-rock 
man  got  $15  a  day. 

The  result  was  inevitable.  When  pay  dav 
came  the  hard-rock  men  took  their  checks  and 
their  blankets,  cave  three  cheers  for  freedom 
antl  started  for  Soutli  America,  the  embark- 
ing point  being  the  railroad  station,  distant 
some  lo  miles  across  the  desert. 

Mv  cooks  and  waiters  asked  for  their  time 
and  joined  the  stampede.  I  do  not  know  wh-'t 
they  figured  to  do  in  South  .America  or  how 
they  expected  to  get  there,  but  thcv  started 
just  the  same.  The  commissary  clerk  re- 
mained faithful.  He  reached  me  bv  telcphoue 
and  I  hustled  my  reserves  into  an  automobile. 

Seven    miles    from    the    tunnel    camp,    and 


located  out  on  the  desert,  was  a  frame  shack, 
with  a  10-ft.  barbed-wire  corral  behind  it. 
The  man  who  lived  there  had  a  liquor  license 
and  sold  bottled  beer  and  squirrel  whisky. 
The  corral  had  no  gate  except  the  back  door 
of  the  shack,  which  was  a  very  clever  idea, 
because  it  kept  any  customers  from  escaping. 
When  they  wanted  to  sleep  the  proprietor 
escorted  them  into  the  bull  pen,  as  he  called 
it,  and  tossed  their  blankets  after  them.  Fist 
rights,  too,  usually  finished  out  there. 

Owen  Wister  once  wrote  a  story  in  wdiich 
he  described  such  a  place  accurately,  without 
waste  of  words,  as  "chronically  hilarious  after 
sundown;  a  dot  of  riot  in  the  dumb  .Arizona 
night."  The  road  from  the  tunnel  camp  to 
the  railroad  passed  this  frame  shack. 

I  landed  my  reserves  by  daylight,  had 
breakfast  and  then  went  farther  up  the  line 
to  look  in  on  some  other  camps.  Two  days 
later  I  returned,  traveling  the  desert  road.  I 
stopped  at  the  shack,  for  my  late  cook  was 
sitting  on   the  doorstep. 

"Thought  you'd  gone  to  South  America !" 
said  I. 

"Well,   I   didn't,"  said   he.     "I'm   still   here." 

"What  became  of  the  other  cook  and  the 
w'aiters?" 

He  jerked  his  thumb  over  his  shoulder. 

"Out  in  the  bull  pen,  sleepin'  it  off." 

".And  the  hard-rock  men?" 

"They're  there,  too.  You  see.  boss,  it  was 
awful  hot  walking,  so  we  stopped  to  get  a 
bottle  of  beer.  We  got  our  checks  cashed — and 
I  reckon  there  won't  be  no  South  .American 
tour — not  this  month,  anyway.  How  'bout  a 
job?"  '       ' 

Among  the  many  things  I  learned  in  those 
live  years  was  that  it  is  a  mistake  to  pay  any 
man  a  profit  on  a  product  if  you  can  possibly 
manufacture  that  product  yourself.  Soda 
water  was  one  of  our  best  sellers.  I  installed 
a  soda  water  plant.  I  manufactured  my  own 
tinware  and  cooking  utensils,  and  my  own 
portable  buildings.  I  built  a  pack  house,  with 
an  up-to-date  refrigerating  system,  and  slaugh- 
tered my  own  beef. 

-At  every  division  headquarters  there  w-as 
a  hog  camp.  The  hogs  were  fattened  on  the 
refuse  from  the  kitchen  and  tables,  and 
when  their  time  came  they  appeared  on  those 
same  tables,  completing  the  circle.  The  coy- 
otes gave  it  up  as  a  bad  job  and  moved  back 
into  the  mountains.  They  were  the  only  yic- 
tims   of  the  system. 

There  is  a  moral,  if  you  care  to  listen  to  it : 
Put  a  pair  of  scales  in  your  kitchen.  Weigh 
everything  that  comes  in  and  everything  that 
goes  out,  and  you  will  thus  beat  the  game  of 
subsistence  two  ways. 

The  difference  between  cooking  by  guess 
and  cooking  by  ounce  is  spelled  in  money. 


Building    Construction    for    City    and 
County  of  Denver,  Colo. 

Bond  issues  aggregating  $1,000,000  for  the 
Construction  of  public  buildings  are  to  be 
voted  on  at  an  election  to  be  held  May  18  by 
the  city  and  county  of  Denver.  Colo."  With 
the  proceeds  of  these  issues  it  is  proposed  to 
undertake  the  following  improvements: 

Criminal   Court   Building $125,000 

City  .Market  150,000 

,\ddition    to    hospital 500.000 

Police    Headtuuirters    175,000 

Women's  ]ndu.><trial   Home   50.000 

The  city  market  project  provides  for  ac- 
quiring lands  and  the  establishment  there- 
on of  improved  and  enlarged  market 
facilities.  These  will  include  market  stalls, 
slieds,  trackage,  salesrooms,  buildings,  etc. 
Tlie  facilities  will  lie  rented  to  trucksters. 
.gardeners,  commission  merchants,  wholesalers 
;iu(l  dealers.  Tlie  $-"iOO,000  bond  issue  for  hos- 
pit:d  purposes  is  to  provide  an  administration 
Imildiug  for  the  citv  and  county  hospital,  in- 
cluding small  wards,  oiieratin.g  and  dressing 
rooms,  X-ray  and  other  rooms,  and  additional 
buildings.  The  latter  will  include  quarters  for 
nurses,  internes  and  superintendent,  hospital 
wards,  new  kitchen  and  dining  room  and  re- 
pairs and  modifications  in  existing  buildings. 
It  also  is  proposed  to  install  a  refrigerating 
plnit  uad  to  erect  coutagiqus  diseases  deten- 
tion hospital. 
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PORT  DEVELOPMENTS  BY 
AMERICAN    CITIES. 

Notes   on   Work   Under   Way   or    Contem- 
plated. 


During  the  past  10  years  many  million  dol- 
lars have  hecn  expended  by  American  cities 
for  port  facilities.  Nearly  all  the  large  sea- 
board municipalities  have  work  of  this  kind 
under  way  or  are  contemplating  making  a 
start  on  harbor  developments.  The  following 
summary  of  the  current  appropriations  avail- 
able for  port  developments  and  the  improve- 
ments to  be  made  at  various  cities  in  this 
country  are  taken  from  the  Third  Annual  Pro- 
ceedings of  the  American  Association  of  Port 
Authorities.  The  information  was  collected 
early  this  year  by  the  secretary  of  the  asso- 
ciation. 

Astoria,  Ore.— The  Port  of  Astoria  has 
$100,000  available  per  year  from  taxation  for 
port  developments.  It  has  issued  $400,000  of 
bonds  and  has  the  right  to  issue  $600,000  more. 
It  proposes  to  erect  $50,000  coal  station,  cold 
storage  station  and  grain  elevator.  The  port 
is  considering  inaugurating  a  port  owned  and 
controlled  steamboat  line  from  Astoria  to  the 
head  waters  of  the  Columbia  and  Snake  Riv- 
ers. F.  J.  Walsh  is  Chief  Engineer  of  the 
Port. 

Baltimore,  Md. — The  current  appropriations 
available  are  as  follows:  Key  Highway,  Mc- 
Comas  St.,  Fort  McHenry  breakwater,"  $930,- 
224;  annual  harbor  dredging,  $5r),27T ;  Broad- 
vv-ay  pier,  $1.3,000 ;  deepening  main  channel, 
$250,000.  The  Harbor  Board  has  had  work 
started  on  a  municipal  belt  railroad.  Tracks 
have  been  laid  on  the  first  section  of  the  Key 
Higlnvay  and  the  contract  for  a  second  section 
was  to  be  let  shortly  (this  was  on  Feb.  4). 
This  belt  road  will  be  incorporated  in  the  third 
section  of  the  Key  Highway  and  McComas  St. 
Oscar  F.  Lackey  is  Harbor  Engineer. 

Beaumont,  Tex. — Extensive  plans  for  harbor 
developments  for  this  city  have  been  prepared 
by  H.  McL.  Harding,  consulting  engineer,  17 
Battery  PI.,  New  York  City,  and  the  question 
of  issuing  bonds  for  the  work  will  be  voted  on. 
Boston.  Mass.— On  Nov.  .30,  1914,  $3,699,942 
was  available  for  development  of  the  port.  - 
The  directors  are  preparing  the  site  for  the 
dry  dock  to  be  1,200  ft.  long  over  all,  120  ft. 
8  in.  wide  at  the  entrance  and  35  ft.  deep  over 
the  sill  at  mean  low  water.  In  connection  with 
the  dry  dock  a  channel  is  being  deepened  to 
30  ft.  depth  at  mean  low  water.  This  dredged 
material  is  being  used  for  reclaiming  35  acres 
of  land  from  the  harbor.  At  the  anchorage 
basin  in  the  upper  harbor  a  pile  tie  up  pier  is 
projected.  Edward  F.  McSweeney  40  Central 
St.,  Boston,  Mass.,  is  Chairman  of  the  Port 
Directors. 

Cleveland,  O. — Improvements  to  Cuyahoga 
River,  designed  and  approved  by  the  River 
and  Harbor  Commission,  will  extend  the  nav- 
igable portion  of  the  river  6  miles  from  the 
lake.  These  will  call  for  straightening  the 
channel.  For  work  in  the  lower  valley  $1,- 
000,000  has  been  voted  by  the  people.  For  the 
upper  valley  property  owners  have  been  .given 
authority  by  the  city  to  dig  a  new  channel  and 
take  for  their  remuneration  the  old  river  bed 
which  will  be  fdled  in  by  them.  Edgar  B. 
Thomas  is  Harbor  Engineer. 

Jacksonville,  Fla. — The  city  has  acquired 
about  5,000  ft.  of  water  frontage  and  there 
now  are  in  course  of  construction  two  piers 
206  by  1,000  ft.,  constructed  of  Lackawanna 
steel  piling  bulkheads,  with  a  wooden  fender 
wharf  30  ft.  wide.  The  superstructure  will  be 
constructed  on  filled  piers.  The  sum  of  $1,500,- 
000  has  been  appropriated,  of  which  only  a 
portion  had  been  expended  up  to  Jan.  29  last. 
P.  D.  Cassidy  is  Secretary  of  the  Port  Com- 
missioners. 

Los  Angeles,  Cal.— A  total  of  $5,500,000  in 
bonds  for  harbor  improvements  was  voted  in 
1910  and  1913.  Of  this  about  $3,500,000  has 
been  spent  for  dredging,  wharves,  freight 
sheds,  terminal,  paved  harbor  approaches  and 
right  of  way.  This  work  is  constantly  going 
forward,  the  latest  project  adopted  being  a 
fish  harbor  to  accommodate  the  rapidly  grow- 
ing  fishing   industry.      The   Harbor    Commis- 


sioners arc  now  working  on  a  project  to  mu- 
iiicipalize  all  harbor  terminals.  Homer  Ham- 
lin is  Harbor  Engineer. 

.Milwaukee,  Wis. — The  city  is  now  condemn- 
ing the  first  unit  of  land  necessary  to  the  cre- 
ation of  a  lake  terminal  near  the  harbor  en- 
trance. The  total  frontage  will  approximate 
6,000  ft.  The  inner  basin  will  be  of  the  same 
length  and  will  have  an  average  width  of 
nearly  500  ft.  and  a  depth  of  21  ft.  About 
$300,000  is  now  available  (Feb.  2,  1915)  and 
more  money  will  be  provided  as  the  work 
progresses.  Herman  IJIeyer  is  Secretary  of 
the  Harbor  Commission. 

Newark,  N.  J. — The  Department  of  Docks 
and  Meadows  had  expended  up  to  Feb.  11, 
1915.  approximately  $1,600,000  for  the  purchase 
of  meadowland  for  reclamation  for  factory 
sites,  for  excavation  of  a  deep  water  channel 
to  these  sites,  for  reclamation  of  the  lands, 
and  for  the  construction  of  a  dock.  Nearly  all 
of  this  amount  was  expended  in  1914.  The  de- 
velopment is  being  made  under  a  state  law 
authorizing  the  city  to  expend  $2,000,000.  The 
project  as  at  present  planned  covers  the  recla- 
mation of  about  1,150  acres  of  marsh  land, 
the  excavation  of  at  least  2  miles  of  channel 
700  ft.  wide  at  the  bottom  and  20  ft.  deep  at 
low  water,  the  construction  of  a  public  dock 
along  both  sides  of  this  channel,  and  also  the 
construction  of  several  1,200  ft.  piers  extend- 
ing into  Newark  Bay  beyond  the  area  to  be 
reclaimed.  The  partial  development  now  un- 
der contract  and  being  constructed  should 
make  available  by  the  end  of  1916  250  acres 
of  this  land  laid  out  in  city  blocks  with  deep 
wtater  along  the  4,500  ft.  of  dock  now  being 
constructed. 

New  London.  Conn. — Developments  at  New 
London  are  being  carried  out  under  a  state 
appropriation  of  $1,000,000.  Contracts  were 
let  in  1913  for  the  substructure  of  Pier  No.  1, 
estimated  to  cost  $500,000.  This  pier  will  have 
a  length  of  1,020  ft,  a  width  of  200  ft.,  and 
slips  265  ft.  wide.  The  contract  was  about 
65  per  cent  complete  on  Feb.  1.  It  is  planned 
to  eventually  cover  this  entire  section  with  a 
fireproof  warehouse,  built  in  sections  as  re- 
quired, and  equipped  with  elevators  and  other 
approved  appliances  for  handling  and  storing 
freight.  Superstructure  of  steel  sheds  and 
concrete  warehouse  are  under  consideration. 

Pensacola,  Fla.— A  $400,000  bond  issue  was 
voted  by  the  city  about  a  year  ago  for  the  con- 
struction of  public  docks  and  a  belt  railroad. 
It  is  expected  that  the  Ixmds  will  be  sold  in  the 
near  future  and  the  actual  work  of  construc- 
tion commenced.  L.  Earle  Thornton  is  City 
Engineer. 

Philadelphia,  Pa. — An  unexpended  amount 
of  $2,278,486  was  available  on  Jan.  30,  1915, 
for  the  development  of  the  port.  This  will 
be  used  in  the  continuation  of  the  present 
policy  of  the  construction  of  city  owned  piers 
along  the  undeveloped  portion  of  the  South 
Philadelphia  water  front:  the  continuation  of 
the  bulkhead  wall  along  the  Delaware  River; 
the  construction  of  bulkheads  on  the  Schuyl- 
kill River;  and  the  dredging  of  docks  along 
the  Delaware  water  front  and  of  the  channel 
of  the  Schuylkill  River.  George  W.  Norris  is 
Director  Department  of  Wharves,  Docks  and 
Ferries. 

Portland,  Ore. — The  total  amount  of  money 
voted  by  the  people  for  water  front  improve- 
ments within  the  limits  of  the  city  is  $2,-500,000. 
There  is  now  available  (Jan.  30,  1915)  a  bal- 
ance of  $300,000  for  future  improvements.  F. 
W.  Mulkey  is  Chairman  Commission  of  Pub- 
lic Docks. 

Providence,  R.  I. — The  State  Harbor  Im- 
provement Commission  is  in  charge  of  port 
developments  at  Providence,  East  Providence 
and  PaAvtucket.  One  public  pier  has  been  built 
in  Providence  and  is  now  in  use.  This  is 
known  as  State  Pier  No.  1;  it  is  600  ft.  long 
and  120  ft.  wide  and  has  a  2-story  steel  shed. 
.Adjoining  this  pier  the  state  owns  land  suffi- 
cient for  the  construction  of  two  more  piers 
of  equal  size.  In  Pawtucket  the  state  owns  a 
700-acre  tract  upon  which  is  now  (Feb.  17, 
1915)  being  built  a  quay  wall  700  ft.  long.  The 
city  of  Providence  has  built  a  quay  wall 
3,000  ft.  long  and  this  may  be  opened  to  public 
use  within  a  vear.     The  total  amount  now  au- 


thorized for  port  development  by  both  state 
and  city  is  about  $2,250,OU0.  This  sum  is  for 
the  completion  of  the  improvements  above 
mentioned.  Charles  C.  Remington  is  Secre- 
tary of  the  Commission. 

San  Diego,  Cal.— The  city  has  a  800  ft.  long 
municipal  pier  and  Vz  mile  bulkhead.  Other 
wharfage  available  will  approximate  10,000  ft. 
The  city  has  expended  for  public  improvement 
of  the  harbor  $1,000,000  and  is  now  expending 
an  additional  $400,000  reclaiming  lands  and 
creating  a  turning  basin. 

Tacoma,  Wash.— The  city  has  some  $130,000 
for  the  fiirtlier  use  on  the  municipal  dock  on 
which  about  $300,000  already  has  been  ex- 
pended. Work  may  be  started  in  September 
on  the  Hylebos  waterway.  This  v/ill  be  a 
canal  about  300  ft.  wide  and  IV2,  miles  long. 
It  will  be  an  industrial  waterway  for  the  low 
lands  of  the  harbor  and  will  be  built  by  a 
special  district. 

FOURTH  LOCK  AT  THE  SOO. 

Bids  Asked  on  Masonry  Construction. 

Involve   About   172,000  Cu.   Yds.   of  Concrete. 

One  of  the  largest  concrete  jobs  that  have 
come  up  for  bids  so  far  this  year  is  now  be- 
ing advertised  by  the  LI.  S.  Engineer  Office, 
Detroit,  Mich.  The  work  calls  for  the  con- 
struction of  the  concrete  masonry  for  the 
fourth  lock  at  Sault  Ste.  Marie,  Mich.  The 
improvement  is  located  on  the  north  side  of 
St.  Marys  Falls  Canal.  The  area  within  which 
the  concrete  is  to  be  placed  is  about  2,170  ft. 
in  length  and  from  130  to  150  ft.  in  width, 
and  the  a.xis  of  the  lock  pit  lies  approximately 
parallel  to  and  220  ft.  north  of  the  third  lock- 
axis.  The  approximate  quantities  of  mate- 
rials and  work  are  as  follows: 

(4  L.4J 

.2  c         K  _-  - 
*J  ri  w  C  m 

Excavation,   cu.   yds 4,000        75 

Drilling    rock     for    anchor    rods, 

lin.   ft 24,000         30 

♦Concrete,    Class   A,    in   lock   and 

canal  walls,   cu.   yds 135,000         25 

•Concrete,     Class     B,     elsewhere 

than  in  walls,   cu.   yds 37,000         25 

Portland   cement,    bbls 210,000         30 

Metal  delivered  and  placed: 
Square    cold    twisted    steel    bars, 

cwt S.OOO         30 

Anchor    rods    in    rock,    with    nuts 

and      square      plate      washers 

where  required,   cwt 4,000         25 

Wire   cloth,    cwt 1,000         50 

Steel  rails,   I-beams  and  founda- 
tion bolts,  with  nuts,  etc.,  cwt.  720         25 
Sheet  lead  stop  waters,   cwt 400        30 

•Exclusive  of  cement. 

The  site  of  the  work  is  surrounded  by  cof- 
ferdams within  which  the  lock  pit  has  been 
excavated  in  the  dry.  The  contractor  for  the 
work  now  advertised  must  maintain  these  cof- 
ferdams and  must  execute  all  work  in  the 
dry.  The  average  amount  of  pumping  neces- 
san,'  in  connection  with  the  excavation  of  the 
lock  pit  during  December,  1914,  was  about 
2,500,000  gals,  per  day.  The  main  excavation 
within  the  cofferdam  has  been  done  under  an- 
other contract.  The  contractor  for  the  ma- 
sonry, however,  will  have  to  do  any  additional 
excavation  that  may  be  required  if  the  rock 
is  not  found  suitable  for  foundations  or  for 
other  reasons.  The  material  is  believed  to  be 
mainly  Potsdam  sandstone  bed  rock.  The  ex- 
cavation, in  general,  will  be  hand  work,  and 
the  use  of  explosives  may  be  limited  to  such 
quantities  as  the  contracting  officer  may  con- 
sider safe  to  use  for  each  location.  All  ex- 
cavated material  will  be  deposited  within  % 
mile  of  the  work. 

Each  lock  wall  is  to  be  1,715  ft.  long.  Of 
this  length  about  1,200  ft.  is  26  ft.  wide  at 
the  base  and  about  50  ft.  high.  The  remainder 
of  the  wall  is  for  gate  abutments  and  recess- 
es. The  walls  are  to  be  founded  on  solid 
rock  and  are  to  be  built  in  sections  about  30 
ft.  in  length,  alternate  ones  being  built  first 
and  the  intermediate  sections  later. 

The   lock   floor   in   general   is   about    1%   ft. 
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thick,  covering  the  area  between  the  lock  walls. 
The  culverts  or  tunnels  are  about  9  by  10  ft. 
in  cross  section  and  extend  under  the  floor 
throughout  the  greater  part  of  the  length  of 
the  lock  and  are  separated  by  concrete  walls. 
The  miter  walls  extend  across  the  lock  to 
support  the  gate  sills,  and  are  from  5  to  20  ft. 
high  and  12  ft.  or  more  in  thickness.  The 
lock  floor,  where  it  does  not  form  culvert 
covers,  will  be  laid,  in  general,  in  sections  not 
exceeding  30  ft.  in  length.  The  culverts  will 
be  built  in  sections  the  entire  width,  includ- 
ing six  or  four  culverts.  In  general,  such 
sections  will  be  about  30  ft.  in  length.  The 
miter  walls,  bulkheads  and  other  cross  walls 
will  be  made  of  monolithic  blocks. 

The  contract  also  includes  building  on  the 
rock,  within  the  cofferdam  limits,  short  reach- 
es of  canal  wall  adjacent  to  the  lock.  It  like- 
wise calls  for  lining  about  48  lin.  ft.  of 
tunnel  in  rock,  estimated  to  require  about  125 
cu.  yds,  of  concrete,  and  the  building  of  about 
320  lin.  ft.  of  tunnel  in  trench,  in  addition  to 
the  tunnels,  shafts  and  passages  through  the 
masonry.  Four  coal  bins  and  four  ash  pits 
will  be  built  within  the  walls. 

The  contractor  will  furnish  such  iron  and 
steel  as  may  be  required  for  anchor  rods,  re- 
inforcement, foundation  bolts,  tee  rails,  etc., 
and  sheet  lead  for  stop  waters.  The  U.  S. 
government  will  furnish  about  450  tons  of 
machinery,  castings,  structural  steel,  piping 
and   ducts   for  electric  conducts,  etc. 

Two  classes  of  concrete  will  be  used  :  Class 
A  will  be  placed  in  lock  and  canal  walls,  and 
is  in  general  massive  work  with  comparatively 
little  reinforcement.  Class  B  concrete  will  be 
placed  in  floors,  culverts  and  miter  walls,  and, 
in  general,  will  be  in  smaller  masses  and  more 
heavily  reinforced.  The  contractor  will  be 
permitted  to  imbed  in  the  Class  A  concrete 
"plums"  of  limestone,  trap  or  other  sound 
rock.  These  "plums"  must  not  exceed  in  vol- 
ume 25  per  cent  of  the  section.  The  concrete 
will  be  of  such  proportions  as  may  be  directed 
l)y  the  contracting  officer.  The  mortar  ordi- 
narily will  be  made   from   1   part   cement   and 

2  to  3  parts  sand  by  weight.     Not  more  than 

3  per  cent  of  the  concrete  will  be  composed 
of  mortar  made  up  of  cement  and  sand,  and 
granolithic  containing  fine  broken   stone. 

The  broken  stone  for  concrete  will  be 
crushed  from  trap  or  other  equally  sound, 
hard  igneous  rock.  It  will  be  separated  into 
two  sizes,  one  passing  a  2%  in.  ring  and  be- 
ing retained  on  a  %  in.  ring:  the  other  size 
will  pass  1  in.  ring  and  will  contain  the  dust 
from  crushing.  Gravel  from  granite  or  other 
hard  rock,  if  screened,  may  be  used  for  the 
culverts  and  floors.  Bars  for  reinforcement 
will  be  square  cold  twisted,  low  carbon  bars, 
rolled  from  open  hearth  billets  only.  Other 
styles  of  deformed  bars  may  be  permitted  by 
the  contracting  officer.  The  forms  for  the 
main  faces  of  the  lock  walls  must  be  built  of 
steel. 

Bids  for  the  construction  of  the  concrete 
masonry  for  the  fourth  lock  will  be  received 
until  noon,  Mav  24,  by  Lt.-Col.  Mason  M. 
Patrick,  U.  S.  Kngineer,  337  Federal  Bldg., 
Detroit,   Mich. 


Road  and  Bridge  Construction  in   De 

Soto  County,  Florida. 

A  special  road  and  bridge  district  in  the 
northwest  part  of  De  Soto  County,  Florida, 
has  been  organized  and  has  authorized  a  $210.- 
'lOO  bond  issue.  The  district  covers  an  area 
of  approximately  248  square  miles.  The  con- 
templated improvements  under  this  bond  issue 
include  .35.5  miles  of  highway,  graded,  drained 
and  hard  surfaced  wi)th  marl,  rock,  sand, 
asphalt,  oil-sand,  etc.;  11.5  miles  of  highway, 
graded,  drained  and  hard  surfaced  with  brick, 
concrete,  asphalt,  etc.;  40  miles  of  road  cleared, 
graded  and  drained.  Tlicre  will  be  si.x  steel 
bridges  or  reinforced  concrete,  and  bids  will 
be  received  on  both  the  selection  to  be  made 
the  day  of  the  letting.  There  is  not  much  of 
anv  road  building  material  in  the  district, 
aside  from  phosphate  rock  and  clay.  All 
other  materials  will  have  to  be  shipped  in  by 
rail.  Waldo  M.  Francisco,  Zephvrhills,  Fla., 
is  Consulting  Engineer  for  the  district. 


HARBOR     OF      REFUGE,      LAKE 
HURON,  MICH. 

Bids  Asked  for  Improvements  at  Harbor 
Beach. 

Timber    Cribs — Concrete — Breal<water    Construc- 
tion. 

Two  fair  sized  contracts  for  work  in  con- 
nection with  the  government  harbor  of  ref- 
uge at  Harbor  Beach,  Lake  Huron,  Mich.,  are 
now  being  advertised.  One  of  these  calls  for 
crib  work  and  replacing  timber  superstructure 
of  breakwater  with  concrete.  The  other  con- 
tract provides  for  furnishing  and  placing  stone 
riprap  along  the  lake  face  of  the  main  break- 
water. 

The  work  under  the  first  mentioned  con- 
tract is  located  on  the  south  breakwater  and 
the  main  breakwater.  The  depth  of  water 
alongside  the  south  breakwater  varies  from 
15  ft.  at  its  north  end  to  about  6  ft.  at  its 
south  end.  It  is  exposed  to  storms  from  a 
northerly  to  southeasterly  direction.  The  har- 
bor affords  good  protection  for  a  contractor's 
plant.  The  site  is  not  accessible  except  by 
boat. 

The  work  consists  of  furnishing  all  labor, 
appliances  and  material  (except  fir  timber 
and  stone  for  crib  filling  and  riprap)  for  the 
removal  of  two  old  timber  cribs  and  their 
filling  stone,  building  two  new  cribs,  prepara- 
tion of  their  foundations,  placing  them  and 
replacing  by  concrete  superstructure,  the  ex- 
isting timber  superstructure  of  the  remainder 
of  the  breakwater  and  renewing  about  728  lin. 
ft.  of  oak  fender.  Soundings  over  the  two 
old  cribs  which  are  to  be  removed  show  from 
about  1%  ft.  to  about  8  ft.  of  water  below 
elevation  580.  The  timber  work  and  stone  in 
these  old  cribs  are  to  be  removed  to  a  depth 
of  about  15%  ft.  below  elevation  580,  and  a 
stone  foundation  prepared  for  the  new  crib. 
Stone  obtained  while  removing  the  old  cribs 
will  be  utilized  for  a  stone  foundation,  for 
crib  filling  and  for  riprap.  It  is  estimated 
that  about  1,500  cu.  yds.  of  old  material  will 
be  removed  in  these  two  old  cribs.  One  of 
the  new  cribs  will  be  C4  ft.  in  length ;  the 
other  will  be  66  ft.  Both  will  be  22  ft.  wide 
and  15%  ft.  deep.  Each  crib  will  contain 
about  45,000  ft.  b.  m.  .-\11  fir  timber  for  the 
crib  construction  and  for  repairs  of  old  tim- 
ber superstructure  will  be  furnished  by  the 
United  States.  The  cribs  will  be  filled  with 
stone  and  will  be  protected  on  both  sides  by 
riprap  carried  up  to  a  height  not  less  than  4 
ft.   above  the  bottom  of  the  cribs. 

The  old  superstructure  of  the  breakwater, 
consisting  of  a  timber  crib  work  filled  with 
stone,  will  be  removed  to  the  planes  shown  in 
the  plans.  The  center  wall  and  the  timber 
ties  of  that  part  of  the  breakwater  will  be 
22  ft.  in  width  and  the  timber  ties  of  the  18 
ft.  section  are  to  be  removed  to  about  2.5  ft. 
below  the  planes  of  the  outer  walls  and  two 
courses  of  steel  tie  rods  iVi  ins.  in  diameter. 
8  rods  to  each  crib,  provided.  About  1,630 
lin.  ft.  of  old  superstructure  is  to  be  removed. 
The  concrete  superstructure  will  be  built  in 
monolithic  sections.  In  general,  the  mix  will 
be  1  part  cement  (1%'  for  deposit  under 
water),  3  parts  sand  and  6  parts  gravel  or 
broken  stone. 

The  estimated  quantities  include  the  fol- 
lowing : 

Bolts,  tie  rods  and  washers,  lbs 35.000 

Concrete   sections   in   place,   cu.   yds 9.000 

Cement,    bbls 12,000 

NToorinj?  posts    7 

White  oak  fenders,  ft.  B.  M 7,280 

Rids  for  the  above  contract  will  be  received 
until  noon.  May  20,  by  Lt.-Col.  Mason  M. 
Patrick,  U.   S.   Engineer,  Detroit,   Mich. 

The  riprap  work,  as  previously  noted,  is  to 
be  done  along  portions  of  the  lake  face  of 
the  main  breakwater.  This  breakwater  con- 
sists of  stone  filled  timber  cribs  set  upon  stone 
foundations  and  capped  with  a  concrete  su- 
perstructure. Stone  riprap  has  been  placed 
along  the  lake  face  of  this  structure,  but  if 
has  been  spread  out  or  carried  away  until  the 
present  average  depth  over  it  is  about  14  ft. 
It  is  proposed  to  extend  this  stone  riprap  pro- 


tection up  to  about  4  ft.  above  mean  lake 
level  at  the  following  locations :  From  the 
upper  angle  at  block  13  to  about  block  79,  a 
distance  of  about  1,600  ft.  and  near  the  lower 
angle  from  block  161  to  about  block  185,  a 
distance  of  about  700  ft.  The  breakwater  is 
about  4,7(10  ft.  long  and  from  2,500  ft.  to  4,000 
ft.  distant  from  the  shore.  It  is  exposed  to 
heavy  seas  from  the  northwest  to  the  south- 
east. The  depth  of  water  about  75  ft.  out- 
side of  the  breakwater  varies  from  18  to  27  ft. 

The  construction  will  consist  of  a  footing 
of  large  stone,  with  a  base  of  about  20  ft., 
placed  to  form  the  toe  of  the  reinforcement. 
The  core  of  the  section  will  have  a  top  sur- 
face with  a  slope  of  1%  on  1.  Above  the  core 
and  forming  the  face  of  the  finished  slope 
will  be  two  or  more  courses  of  large  stone 
from  6  to  8  ft.  in  thickness  from  blocks  185 
to  56,  and  from  block  56  to  block  1,  one  or 
two  courses  of  large  stone  about  4  ft.  in 
thickness.  Minimum  weigliit  of  each  core 
stone  will  be  not  less  than  25  lbs.;  of  each 
large  stone  forming  exposed  slope  at  toe  it 
will  be  not  less  than  5  tons.  It  is  estimated 
that  15.000  short  tons  of  stone  will  be  re- 
quired to  form  the  core  of  the  reinforcement 
and  35,000  short  tons  will  be  needed  for  the 
toe  and  exposed  slope. 

Bids  for  furnishing  and  placing  the  riprap 
will  be  received  until  noon,  Mav  19,  by  Lt.- 
Col.  Mason  M.  Patrick,  U.  S.  Engineer,  De- 
troit,  Mich. 


SEWERAGE  FOR  HUNTINGTON, 
N.  Y. 


Bids  to  be  Opened  Mav  14  for  Sewer  and 
Disposal  Works. 


14.6    Miies    vitrified    Pipe — Settling    and    Storage 
Tanks. 


The  Sewer  District  of  Huntington,  N.  Y., 
a  place  of  about  5,000  population  in  1910.  is 
calling  for  bids  for  constructing  a  system  of 
sewers  and  sewerage  disposal  work.  The 
town  is  located  in  Suffolk  County  and  is  about 
25  miles  from  New  York  City.  The  improve- 
ment comprises  about  14.6  miles  of  vitrified 
pipe  sewers  rangin,g  in  size  from  8  in.  to  15 
in.  in  diameter,  a  14-in.  cast  iron  outfall  sewer 
to  the  disposal  works  and  a  15-in.  vitrified  pipe 
effluent  sewer  from  the  works  to  the  harbor. 
The  sewerage  disposal  works  will  be  located 
about  500  ft.  to  the  west  side  of  New  York 
Ave.,  and  will  comprise  a  settling  tank  hold- 
ing 100,000  gals.,  a  storage  tank  of  100,000 
gals,  capacity,  a  building  containin.g  sterilizing 
apparatus,  automatic  tide  gate  and  other  ap- 
purtenances, a  sludge  drying  bed  and  various 
connecting  pipes,  embankments  and  walkways. 
The  approximate  <|uantities  include  the  follow- 
ing: 

Size,  Depth  cut. 

Lin.  ft.  ins.  Ft.  to  Ft. 

4.400  S  0  6 

4S.37.'>  8  (5  8 

!i,S55  8  8         10 

2.84S  8  10         12 

1.040  S  12  14 

24S  8  14  Ifi 

50  8  16         IS 

.110  10  0  fi 

7.885  10  6  8 

SSn  10  8         10 

TiO  10  10  12 

080  12  0  0 

1.20r,  12  OS 

120  12  8         10 

.15  12  10         12 

75  12  12         14 

80  12  14         10 

50  12  10  18 

225  15  0  6 

-M  15  0  8 

610  15  8         10 

.50  ir.  10         12 

The  other  approximate  quantities  include: 
20.000  ft.    8-ln.    vit.    pipe   sewer   with    bituminous 
joints. 
4.000  ft.   10-ln.  vit.   pipe  sewer  with   bituminous 

loints. 
2  000  ft.   12-in.   vit.   pipe  sewer  with  bituminous 
joints. 
500  ft.   10-ln.   vit.  pipe  sewer  with  bituminous 
.loints. 
2.000  ft.    trenching  and   layini;   14-in.    c.    1.    pipe 

scwpv  0  to  6  ft.  cut. 
:i.015  Ti-in.    Y-branches. 
240  m.nnholcs. 
55  flush    tanks. 
90  tons  oast  Iron  pipe. 
4.000  sq.  vds.  of  bituminous  macadam  relaying. 
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Lump  sum  bids  will  be  received  for  the  con- 
struction of  (1)  settling  tank  and  appur- 
tenances, (2)  the  storage  tank,  (.3)  the  build- 
ing, sterilizing  devices,  and  (4)  sludge  drying 
beds.  The  settling  tank  will  be  of  the  Imhoff 
type.  The  walls,  hopper  bottoms,  walks  and 
supports  of  the  sedimentation  tank  will  be  of 
plain  concrete.  The  ])artition  walls  between  the 
sedimentation  chamber  and  the  sludge  chamber 
will  be  a  mortar  slab  2  ins.  thick,  reinforced 
with  4-rib  Hy-Rib,  No.  20  gage,  supported  on 
3  in.  by  3  in.  by  %  in.  angle  irons.  The  inlet 
and  outlet  channels  will  be  constructed  of  con- 
crete. The  swing  gates  will  be  of  cypress  and 
the  six  scum  boards  also  will  be  cypress.  The 
portable  sludge  pump  to  be  furnished  by  the 
contractor  will  be  of  the  self-contained  type 
and  will  consist  of  a  2-cylindcr  vertical  gaso- 
line engine  driving  a  centrifugal  pump.  It 
will  have  a  capacity  of  500  gals,  per  minute 
against  a  head  of  20  ft. 

The  storage  tank  will  be  of  concrete  con- 
struction and  will  be  erected  adjacent  to  the 
northeast  end  of  the  settling  tank.  The  ster- 
ilizing building  will  be  1-story,  of  brick  con- 
struction. The  chlorinating  device  for  apply- 
ing liquid  chlorine  to  the  sewage  will  be  of  the 
dry  type,  and  will  have  a  capacity  ranging 
from  5  to  50  lbs.  liquid  chlririne  per  day.  The 
two  sludge  drying  beds  will  have  an  area  of 
about  1,200  sq.  ft. 

Bids  for  constructing  the  sewers  and  sewage 
disposal  works  will  be  received  by  the  Sewer 
Commissioner  at  the  Town  Hall,  Huntington, 
until  2  p.  m.,  May  14.  George  W.  Fuller,  179 
Broadway,  New  York  City,  is  the  Engineer. 


DIKE  AND  REVETMENT  WORK 
ON  MISSOURI  RIVER. 


Bids  Asked  on  Six  Contracts  for  Bank  Pro- 
tection. 


18,850  Ft.  3- Row  Timber  Dike — 26,000  Ft.  Revet- 
ment. 


A  considerable  amount  of  standard  dike  and 
revetment  construction  is  now  being  advertised 
for  bids  by  the  U.  S.  Engineer  at  Kansas  City, 
Mo.  Bids  are  asked  on  six  contracts,  as 
follows : 


Location 
miles 
below 
Kan.  Cit.v.  Type. 

i2  and  20  Timber     dike 

24  Revetment 

.'iO  and  TiS  Tiniher  dil<e 

r  Timber  dike 
163  \ 

y  Revetment 
52  and  !1S  Timber   dike 

r  Timber  dike 
B8  \ 

I  Revetment 


Date  of 

Lin.  ft.  Opening. 

4,200  May  10 

9,000  May  10 

5,900  May  20 
2,2501 

^  May  20 
12.000  J 

5,500  May  24 
1,000  1 

}  May  24 
5,000  J 


The  work  under  the  first  contract  listed 
above  consists  of  the  construction  of  about 
1,000  lin.  ft.  of  standard  3-row  timber  dike  at 
Sissons  Bend  and  3,200  lin.  ft.  at  Blue  Mills 
Bend.  The  first  section  is  on  the  left  bank 
of  the  Missouri  River  about  %  mile  below 
Clement  City,  Mo.  The  two  dikes  in  Blue 
Mills  Bend  are  also  in  the  left  bank  about  2 
miles  from  South  Liberty,  Mo. 

The  9,000  lin.  ft.  of  revetment  is  to  be  con- 
stritcted  on  the  right  bank  of  the  Missouri 
River,  in  Jackson's  Bend,  extending  about  1% 
miles  down  stream  from  a  point  about  2  miles 
above  Atherton,  Mo.  The  third  contract  pro- 
vides for  the  construction  of  two  dikes  in  Na- 
poleon Bend  on  the  left  bank  of  the  Missouri 
River  about  1  mile  lielow  Napoleon,  Mo.,  and 
four  dikes  in  Upper  Camden  Bend  on  the  left 
bank  about  1  mile  above  Camden,  Mo.  The 
2,225  ft.  of  dike  and  the  12,000  ft.  of  revetment 
are  to  be  constructed  in  Euphrase  Bend  on  the 
left  bank  of  the  Missouri  River  about  9  miles 
below  Glasgow,  Mo.  Three  dikes  are  to  be 
built.  Under  the  fifth  contract  six  standard 
3-row  timber  dikes  of  an  aggregate  length  of 
5,.500  ft.  are  to  be  constructed.  One  of  these 
is  on  the  left  bank  of  the  Missouri  River,  op- 
posite Waverly,  Mo.,  two  are  on  the  right 
bank  in  the  upper  end  of  Bakers  Bend,  and 
three  are  on  the  left  hank  in  the  lower  end  of 
Bakers   Bend,   about   G  miles  below   Waverly, 


Mo.  L'nder  the  last  contract  three  standard 
3-row  timber  dikes  and  standard  revetment  are 
to  be  constructed  on  the  left  bank  of  the  Mis- 
souri River,  in  Bakers  Bend,  about  G  miles 
below  Waverly,  Mo. 

For  the  standard  3-row  timber  dike,  long 
leaf  yellow  pine  piling  will  be  used.  This  will 
be  not  less  than  14  in.  nor  more  than  18  in. 
in  diameter  at  a  point  3  ft.  from  the  butt,  nor 
less  than  8  in.  in  diameter.  Tlie  piles  will  be 
driven  to  a  least  penetration  of  25  ft.  m  the 
upper  row  and  20  ft.  in  the  other  two  rows. 
The  rows  will  be  10  ft.  apart  c  .to  c,  and  the 
piles  10  ft.  apart,  c  to  c  in  the  row.  The  piles 
will  be  sawed  off  to  a  level  grade  of  4  ft.  below 
the  top  of  the  adjacent  bank  unless  the  bank  is 
higher  than  G  ft.  above  standard  high  water. 
In  this  case  the  elevation  of  the  top  of  pile 
will  be  2  ft.  above  standard  high  water. 

The  bracing  lumber  will  be  long  leaf  yellow 
pine.  The  Wales  will  be  composed  alternately 
of  12  ft.  and  22  ft.  timber.  The  filling  blocks 
will  be  solid  pieces  8  in.  by  12  in.  by  2  ft.  A 
double  Vz  in.  galvanized  wire  strand  cable  will 
be  placed  on  every  other  bent  of  piles.  Cur- 
tain poles  will  be  cottonwood  or  willow  timber 
not  more  than  6  in.  nor  less  than  3  in.  in  diam- 
eter, and  will  be  placed  12  in.  centers  along  the 
middle  row  of  piles. 

The  foot  mattress  for  the  dike  will  be  ,12  in. 
thick  and  75  ft.  wide  and  will  extend  40  ft. 
beyond  the  head  of  dike.  The  mattress  w-ill 
be  woven  of  bar  growth  willow  brush  and 
strengthened  by  a  system  of  %  in.  galvanized 
strand.  The  bank  at  the  root  of  the  dike  will 
be  slope  1  vertical  to  3  horizontal  and  will  be 
paved  with  1-man  stone. 

For  the  standard  revetment  the  mattress  will 
be  12  in.  thick  and  80  ft.  wide,  and  the  shore 
edge  will  be  not  more  than  2  ft.  in  elevation 
above  standard  low  water.  The  mattress  will 
lie  made  of  bar  growth  willow  and  strength- 
ened with  a  system  of  galvanized  strand.  The 
slope  will  be  paved  w-ith  1-man  stone. 

Bids  for  the  above  dike  and  revetment  work 
will  be  received  by  Lt.  Col.  Herbert  Deakyne, 
LI.  S.  Engineer,  Kansas  City,  Mo. 


A  $25,000,000  Station  at  Philadelphia. 

The  Pennsylvania  R.  R.  is  reported  to  have 
engineering  plans  well  underwav  for  a  new 
$25,000,0(10"  station  at  15th  and  "Markets  Sts., 
Philadelphia.  The  main  features  of  the  de- 
velopment are  understood  to  include  the  fol- 
lowing : 

The  closing  of  Filbert  St.,  west  of  15th  St. ; 
abandonment  of  present  site  of  the  Broad  St. 
station ;  extension  of  the  Pennsylvania  ele- 
vated west  of  loth  St.  to  make  a  loop  for 
suburban  electric  trains:  erection  of  stores  on 
the  north  side  of  Market  St.  under  the  ele- 
vated west  of  16th   St. 

It  is  stated  that  coincident  with  the  erec- 
tion of  the  new  terminal  the  Pennsylvania 
will  make  extensive  improvements  at  the  West 
Philadelphia  station  for  the  handling  of  south- 
ern traffic.  Minor  changes  also  may  be  made 
at  the  North  Philadelphia  station  to  facilitate 
the  dispatch  of  through  trains  to  the  west. 
Practically  all  of  the  real  estate  necessary  for 
carrying  out  these  projects  is  said  to  have 
been   already   acquired  by  the  company. 


$12,000,000   Bond  Issue  for   California 

Highways. 

.^  bill  has  been  introduced  before  the  state 
legislature  of  California  providing  for  a 
bond  issue  of  $12,000,000  for  the  state 
highway  system.  This  amount  will  be 
in  addition  to  the  $18,000,000  bond  issue 
authorized  at  an  election  in  1010.  If 
the  present  bdl  is  favora1)lv  acted  upon  the 
proposition  will  be  submitted  to  the  people  at 
the  general  election  in  191G.  Of  the  original 
$18,000,000,  about  $8,600,000  already  has  been 
expended  and  contracts  aggregating  $3,700,000 
more  have  been  let.  It  is  stated  that  the  amount 
needed  to  complete  the  1.059  miles  of  trunk 
lines  of  the  system  is  $11,1.50.000,  while  to 
complete  the  1,162  miles  of  laterals  the  sum  of 
$6,208,000  is  needed. 


Construction    for   Water   Commission- 
ers of  Hartford,  Conn. 

Several  contracts  for  work  in  connection 
witli  the  Nepaug  reservoir  of  the  city  of  Hart- 
ford, Conn.,  will  be  advertised  for  bids  in  the 
near  future.  The  Board  of  Water  Commis- 
sioners is  now  asking  proposals  on  Contract 
8,  comprising  the  construction  of  a  gravel 
road  about  IV2  miles  long  through  new  coun- 
try. The  road  will  have  a  travel  path  14  ft. 
wide  with  8  ins.  of  gravel  surfacing,  together 
with  the  necessary  culverts  and  guard  fences. 
Bids  on  this  work  will  be  received  until  3 
p.  m..  May  17. 

It  is  expected  to  let  contracts  in  the  near 
future  for  the  following  work,  which  is  in 
'the  immediate  vicinity  of  this  location  and 
which  may  be  looked  over  by  prospective  bid- 
ders at  the  same  time  that  the  road  work  on 
Contract   8  is   examined : 

Contract  9 — Last  Dike.  Contract  probably 
will  be  advertised  about  June  1  and  calls  for 
the  construction  of  an  earth  dam  about  25  ft. 
high  and  600  ft.  long,  containing  about  28,000 
cu.  yds.  of  earth  embankment  and  1,500  cu. 
yds.  of  masonry  core  wall. 

Contract  10 — Richards  Corner  Dam.  Con- 
tract probably  will  be  advertised  about  June  15 
and  calls  for  the  construction  of  an  earth  dam 
70  ft.  high  and  800  ft.  long,  containing  about 
250,000  cu.  yds.  of  soil  and  gravel  filling,  13,000 
cu.  yds.  of  masonry  core  wall,  10,000  cu.  yds. 
of  rock  excavation  and  a  concrete  conduit 
and  stream  control  for  a  drainage  area  of  G2 
square  miles 

Later  in  the  year  a  contract  wnII  be  let  for 
clearing  the  entire  Nepaug  reservoir  area  of 
about  900  acres  and  grubbing  about  125  acres 
of  shore  line. 

Caleb  Mills  Saville,  Pilgard  Bldg.,  Hartford, 
Conn.,  is  Chief  Engineer  of  the  Board  of  Wa- 
ter   Commissioners. 


Panatna  Canal  Traffic. — The  six  principal 
commodities  passing  through  the  canal  were, 
in  order  of  their  tonnage:  Grain,  nitrates,, 
coal,  refined  petroleum  products,  lumber  and 
cotton,  and  these  si.x  commodities  together 
formed  approximately  one-third  of  the  total 
tonnage.  The  "'rain  shipments  amounted  to 
303,124  tons,  of  which  all  but  15,73  tons  were 
shipped  from  the  east  coast  of  the  United 
States  and  Canada.  Nitrates  shipped  from  the 
west  coast  of  South  America  to  various  ports 
in  the  United  States  and  Europe  amounted  to 
204,441  tons.  Coal,  all  moving  to  the  Pacific 
roast,  aggregated  151,745  tons,  of  which  83,- 
081  tons  were  shipped  from  the  Atlantic  sea- 
board pnd  68, G(j4  tons  from  the  United  King- 
dom. Shipments  of  lumber  amounted  to  50,- 
078  tons.  .W\  but  GOO  tons  were  from  the  west 
coast  of  North  .America.  Cotton  shipments 
amounted  to  -38.239  tons,  from  the  .Atlantic 
seaboard  of  the  LTnited  States  to  the  Far  East. 

Tlie  toll  levied  during  the  six  months  period 
amounted  to  $2,126,832. 


Increased  Taxing  Powers  for  Iowa  Cities. 

— The  last  session  of  the  State  Lcgisl.-ilure  of 
Iowa  enacted  several  laws  that  will  permit 
cities  and  towns  to  increase  their  taxing  pow- 
er for  public  improvements.  One  law  author- 
izes cities  to  increase  by  2  mills  the  levy  for 
the  construction  of  sewer  outlets :  another  au- 
thorizes the  levy  of  a  2-mill  tax  for  main- 
tenance of  street  sprinkling,  garbar"=  disposal 
and    the    like   districts. 


Highway  Construction  near  Portland, 
Ore. — It  is  probable  that  construction  will  iie 
started  before  June  1  on  road  improvements 
to  be  carried  out  for  Multnomah  County,  Ore- 
gon, under  the  $1,250,000  bond  issue  author- 
ized on  .\pril  14.  It  is  proposed  to  hard  sur- 
face eight  roads.  These  are  the  Columbia 
River  highway,  th?  Base  Line  Road,  the  Sandy 
Road.  Powell  Valley  Road.  Foster  Road,  Can- 
von  Road,  Capitol  Road  and  St.  Helen's  Road. 
It  is  intended  to  start  work  first  on  the  high- 
ways extendinc  into  the  several  sections  of 
the  country.  This  group  includes  all  of  the 
above  mentioned  roads,  except  the  Columbia 
River  highway,  and  comprises  about  41  miles 
in  all.  John  B.  Yeon,  Portland,  Ore.,  is 
Countv  Roadmaster. 
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NEWS  LETTERS 

St.  Louis  Items. 

P.  J.  Murphy  of  Moberly,  Mo.,  was  awarded 
the  contract  for  e.xtending  the  yards  of  the 
BurHngton  R.  R.  Co.  at  Brookheld,  Mo.  Mur- 
phy is  going  to  work  his  own  teams  on  this 
job.  In  addition  to  this  he  was  also  awarded 
a  small  job  of  bridge  filling  bv  the  Wabash 
R.  R.  at  Albia,  la. 

The  'Frisco  Railroad  soon  will  spend  ap- 
proximateh'  $-50,000  for  improvements  between 
Birmingham,  Ala.,  and  Memphis,  Tenn.,  in 
building  concrete  culverts  and  tilling  in  at  10 
bridges. 

The  plant  to  be  erected  by  the  Linde  -A.ir 
Products  Co.  of  New  York  on  Forest  Park 
boulevard,  adjoining  the  plant  of  the  Mutual 
Brewing  Co.,  will  cost  about  $100,000,  accord- 
ing to  the  Mercantile  Trust  Co.,  which  handled 
the  sale  of  the  g:round  to  the  Linde  concern. 
The  ground  which  was  sold  by  the  Haw- 
thorne Investment  Co.  has  a  frontage  of  135 
feet.  The  lot  backs  up  to  a  switch  running 
east  and  west  through  the  block,  and  connect- 
ing with  the  Wabash  tracks.  The  company 
will  employ  from  twenty  to  thirty  men.  Con- 
struction work  on  the  factory  is  to  begin  in 
May. 

Geo.  C.  Smith  &  Sons  have  finislied  their 
drag-line  work  at  Valmeyer,  111.,  and  are  in 
the  market  for  some  more  of  the  same  kind 
of  work.  They  have  two  crackerjack  drag 
lines  with  a  70-foot  boom  and  two-yard 
buckets. 

Construction  work  on  the  proposed  rail- 
road between  Springfield,  Mo.,  and  Mountain 
Home,  Ark.,  will  begin  in  si.x  weeks,  accord- 
ing to  K.  V.  Loba,  one  of  the  promoters,  who 
has  been  in  the  field  getting  the  right  of  way 
and  the  bonus  pledges  from  towns.  Spring- 
field capitalists  are  behind  the  project.  The 
road  will  tap  a  region  now  without  railroad 
facilities,  which  contains  millions  of  feet  of 
valuable  timber. 

List  &  Gifford  Construction  Co.,  Kansas 
City,  Mo.,  was  low  bidder  on  the  M.,  K.  &  T. 
R.  R.  work  in  Oklahoma  the  other  day. 

At  Lookout,  10  miles  northeast  of  Sedalia, 
Mo.,  $4,300  was  subscribed  for  the  construc- 
tion of  four  miles  of  rock  road  from  Lookout 
to  the  north  line  of  the  Sedalia  12-mile  special 
road  district.  The  Green  Ridge  neighborhood 
also  is  planning  for  an  extensive  rock  roads 
campaign,  and  the  Kautsman  and  Denny  roads 
will  he  rocked  early  this  spring. 

Louis  Rich  of  East  St.  Louis  has  moved  onto 
a  piece  of  team  work  near  Kirksville,  Mo. 

The  work  of  laying  the  pipe  line  to  supply 
city  water  to  the  new  industrial  school  at 
Bellcfnntaine  Farms  will  begin  Monday.  The 
pipe  line  will  be  eight  miles  in  length,  extend- 
ind  from  the  pumping  station  at  the  Chain  of 
Rocks  to  the  school  site.  Water  Commissioner 
Wall  estimates  that  its  construction  will  he 
completed  within  two  months. 

W.  D.  Webb  of  W.  D.  Webb  &  Sons,  212 
Marietta  Ave.,  Burlington,  la.,  was  in  town 
the  other  day  looking  up  work  for  their  ten 
teams  and  scraper  outfit,   which   is   idle. 

C.  W.  Watson  of  the  Hiram  Llovd  Building 
&  Construction  Co.,  404  Odd  Fellows  Bldg., 
St.  Louis,  Mo.,  was  in  the  other  day,  wanting 
bids  on  a  pile  driving  job  across  the  river. 

Wm.  Nuttal  of  M.  C.  Connors  &  Co.,  Chi- 
ca.go,  was  with  us  a  day  last  week.  Nuttal  is 
skirmishing  around  the  country  for  work. 

Mulvill  Bros,  of  .Alton,  III.,  at  the  present 
time  arc  working  on  the  following  contracts: 
38.0(10  yards  grading  streets  and  parkway  in 
Chessen  Addition  at  Wood  River,  111.  Fxca- 
vatin.g  9,000  yards  subway  and  channel  for 
the  New  York  Central  Lines  one  mile  north 
of  East  Alton,  111.  80,000  yards  levee  and 
railroad  embankment  work  for  the  Wood 
River  Levee  and  Drainage  District  3  miles 
south  of  Alton,  Til.  They  are  handling  all 
this  work  with  their  own  team  outfits. 

The  Callahnn  &  Walker  Const.  Co.,  .'\pex. 
Mo.,  has  l.'i.OOn  cu.  yds.  of  team  work  at  .Xpex, 
Mo.,  to  let.  This  work  is  in  places  where  tliey 
could  not  get  enough  material  on  the  south 
side  with  their  drag  lines  to  make  fills.  They 
now  have  got  borrow  pits  on  the  inside  which 
will  make  it  a  good  team  job.     It  is  gond  ma- 


terial, but  the  job  is  too  small  to  put  one  of 
their  drag  lines  on  it. 

A.  B.  Koenig  left  here  Monday  with  a  party 
of  friends  for  Poplar  Bluff,  Mo.,  to  spend  a 
wee  kor  ten  days  fishing  and  floating  down  the 
famous  Black  River.  .-Xmong  the  party  are 
Colonel  C.  G.  Gillespi,  assistant  chief  of  police 
of  St.  Louis;  Captain  Kiefer,  Lieutenant  Peter 
Anton,  and  a  half  dozen  local  railroad  and 
building  contractors. 

The  Bondurant  Construction  Co.  of  Hick- 
man, Ky.,  has  200,000  yards  of  new  levee  work 
opposite  Hickman,  Ky.,  to  let.  This  work  is 
in  medium  timber,  light  sandy  loam  mate- 
rial, under  government  specifications,  and  is 
to  be  completed  by  Dec.  31,  191.5.  They  will 
sublet  tliis  work  in  quantities  to  suit  outfits. 

.\.    1!.     KOENIG. 


PERSONALS 

Mr.  Harry  M.  Beardsley,  formerly  general 
manager  for  the  Elmira,  N.  Y.,  Water,  Light 
&  Railroad  Co.,  has  been  elected  general  man- 
ager of  the  municipal  water  system  which  was 
taken  over  by  the  city  on  May  1. 

Mr.  C.  D.  Shauver  of  Cheyenne,  Wyo.,  has 
been  appointed  assistant  state  engineer  of 
Wyoming.  Mr.  Shauver  was  formerly  in  the 
U.  S.  Reclamation  Service  for  three  years. 
For  one  year  he  was  assistant  city  engineer 
at  Sheridan,  Wyo.  Since  that  time  he  has 
been  in  private  practice,  specializing  in  irri- 
gation and  power  plant  construction. 

Mr.  H.  C.  Hawkins  has  been  appointed  city 
engineer  of  Oskaloosa,  Iowa,  succeeding  Mr. 
E.  F.  Bridges.  Mr.  Hawkins  was  formerly 
connected  with  the  South  Park  Commission 
at  Chicago,  and  from  1907  to  1911  was  super- 
intendent for  the  Oskaloosa  Water  Co.  In 
the  summer  of  1912  he  was  employed  by  the 
Ketchikan  Light  &  Power  Co.,  at  Ketchikan, 
Alaska.  He  was  assistant  city  and  county 
engineer  at  Oskaloosa  during  1913.  and  re- 
tained his  county  office  during  the  past  year. 
Mr.  Hawkins  is  a  member  of  the  Western 
Society  of  Engineers  and  conducts  a  private 
civil  and  hydraulic  engineering  practice  at 
Oskaloosa,  specializing  somewhat  in  drainage 
work. 

Mr.  D^vid  Harlowe  has  opened  an  office 
as  consulting  traffic  manager  at  35  Mack 
Block,  Milwaukee.  He  is  prepared  to  take 
charge  of  such  matters  as  the  routing  of  do- 
mestic and  foreign  shipments,  booking,  for- 
warding and  insuring  of  ocean  consignments, 
advising  as  to  transportation  of  heavy  or 
bulky  freight,  auditing  freight  bills,  claims 
for  overcharge,  loss  or  damage  claims,  con- 
ducting cases  before  railroad  commissions  and 
other  similar  railroad  problems.  Mr.  Har- 
lowe was  formerly  a  member  of  the  State 
Railroad  Commission,  and  at  one  time  was 
traffic  manager  for  the  AUis-Chalmers  Co.  He 
is  aljo  experienced  in  the  general  freight  de- 
partment of  the  Chicago,  Milwaukee  &  St. 
Paul  Railway. 

Mr.  Heinreich  Homberger,  consulting  engi- 
neer, specializing  in  hydraulics,  particularly 
hydraulic  power  and  irrigation,  has  removed 
his  headquarters  from  864  Pacific  Bldg.  to 
Mill  Valley,  Cal.  Mr.  Homberger  has  prac- 
ticed in  San  Francisco  since  June,  1909.  For 
seven  years  prior  to  that  date  he  was  assistant 
to  the  manager  and  chief  en.gincer  of  the 
Abncr  Doble  Co.,  which  was  amalgamated  with 
the  Pelton  Water  Wlieel  Co.  of  San  Francisco 
and  New  York  in  December,  1911.  Mr.  Hom- 
ber.ger  is  well  known  on  the  Pacific  coast, 
having  been  retained  by  many  of  the  most 
important  power  companies  of  that  section  as 
expert  consultant,  to  prepare  reports,  plans, 
specifications,  etc.  He  is  a  member  of  the 
American  Society  of  Civil  Engineers,  the 
French  Engineering  Society  and  the  German 
b'ngineering  Society. 

Mr.  Gaylord  C.  Cummins  has  been  chosen 
as  city  mana.eer  of  Jackson.  Mich.,  succeed- 
ing Mr.  Claude  Chappell.  Mr.  Cummins  is 
a  graduate  of  Cornell  University,  class  of 
1904.  Ilis  first  engineering  work  was  that 
of  instrumentman  and  locating  engineer  on 
the  Oregon  &  Washington  Railway.  In  Jan- 
uary, 1907,  he  was  appointed  construction  en- 
gineer   for     the    Lewiston-Clarkston     Co.     of 


Lewiston,  Idaho,  and  in  June  of  that  year  be- 
came locating  engineer  for  the  Washington 
-Northern  Railroad  at  Spirit  Lake,  Idaho.  For 
a  time  he  was  in  private  practice  and  in  1910 
was  with  the  Morgan  Engineering  Co.  of 
Memphis,  Tenn.  The  following  year  he  was 
employed  by  the  Medina  Irrigation  Co.  at  San 
Antonio,  Te.xas.  On  January,  1912,  Mr.  Cum- 
mins was  appointed  city  engineer  of  Dayton, 
Ohio,  and  retained  that  position  until  May, 
1913,  when  he  became  assistant  engineer  for 
the  Morgan  Engineering  Co.  on  Dayton  flood 
prevention  plans.  In  January,  1914,  he  was 
again  made  city  engineer  of  Dayton,  under 
Mr.  Waite,  the  well-known  city  manager  of 
that  place,  and  has  remained  in  that  office 
until  receiving  his  present  appointment.  Mr. 
Cummins  is  an  associate  member  of  the 
American   Society  of   Civil   Engineers. 

Mr.  Samuel  T.  Wagner  has  been  chosen 
as  chief  engineer  of  the  Philadelphia  &  Read- 
ing Railway,  succeeding  the  late  William 
Hunter.  Mr.  Wagner  graduated  from  the 
University  of  Pennsylvania  in  1881  with  the 
degree  of  B.  S.  and  received  his  C.  E.  degree 
in  1884.  He  entered  the  Phcenix  Iron  Com- 
pany's shops  at  Phcenixville,  Pa.,  in  1881  as 
draftsman,  and  remained  in  that  service  until 
1893,  holding  the  position  of  assistant  super- 
intendent and  superintendent  of  shops,  and  in 
1890,  of  resident  engineer  on  construction  of 
the  Louisville  and  Jefl^erson  bridges  over  the 
Ohio  River.  In  1893-94  he  was  in  the  Bridge 
Division.  Bureau  of  Surveys  at  Philadelphia. 
From  1894  to  19(10  he  was  assistant  engineer 
in  charge  of  grade  crossing  work  in  Phila- 
delphia for  the  city.  This  work  amounted 
to  $6,000,000.  From  1900  to  1902  i\Ir.  Wagner 
was  assistant  engineer  in  charge  of  improve- 
ments, extension,  and  filtration  of  the  water 
supply  for  Philadelphia.  He  entered  the  service 
of  the  Philadelphia  &  Reading  in  1902  as  as- 
sistant engineer  on  grade  crossing  elimination 
costing  $10,000,000,  and  has  held  that  position 
until  receiving  his  present  appointment.  Mr. 
Wagner  is  a  member  of  the  .American  Society 
of  Civil  Engineers  and  of  the  .American  As- 
sociation  for  the   .Advancement   of   Science. 

Mr.  Edwin  S.  Jarrett  is  president  and 
treasurer,  and  Mr.  Ralph  H.  Chambers  is 
vice-president  and  secretary  of  the  newly 
organized  Jarrett-Chambers  Company,  Inc., 
contractors,  30  East  42nd  street.  New  York 
City.  Both  are  members  of  the  .American 
Society  of  Civil  Engineers  and  both  were 
formerly  connected  with  The  Foundation 
Company.  The  new  firm  will  specialize  in 
substructure  work.  Mr.  Jarrett  is  a  graduate 
of  the  Rensselaer  Polytechnic  Institute,  class 
of  1889.  For  ten  years  he  was  with  Sooy- 
smith  &  Co.  as  engineer,  and  for  two  years 
following  was  in  private  consulting  practice, 
lie  was  one  of  the  organizers  of  The  Foun- 
dation Company  and  has  been  successively 
secretary,  treasurer  and  vice-president,  and  a 
director  until  resigning  on  Jannarv-  1.  Mr. 
Chambers,  also  a  civil  engineering  graduate 
of  Rensselaer,  class  of  1893,  was  for  five 
years  engineer  with  the  King  Bridge  Com- 
pany of  Cleveland.  From  1900  to  lOK.l  he  was 
a  member  of  the  consulting  engineering  firm, 
Chambers  &  House,  New  York.  In  1911  he 
joined  The  Foundation  Company  as  assistant 
engineer,  and  became  chief  engineer  in  1912. 
Since  1913  he  has  been  chief  engineer,  general 
manager  and  director.  He  resigned  on  Jan- 
uary 1  to  establish  an  office  as  engineer  and 
contractor,  and  in  .April,  with  Mr.  Jarrett, 
he  incorporated  the  present  lirm. 

Mr.  John  Meigs,  assistant  director  of  the 
I'hiladelphia  Department  of  Wharves,  Docks 
and  h'erries,  has  been  made  director  of  that 
dq)artmcnt.  An  extensive  program  of  port 
development  is  under  way,  involving  the 
eventual  expenditure  of  about  $20,000,000  of 
which  $2,fM)(),0(M)  is  at  present  under  contract 
or  available.  Mr.  Meigs  was  born  in  the  city 
of  Washington,  D.  C,  and  received  his  civil 
«>ngincering  education  at  the  Columbian  Uni- 
versity of  that  place.  His  first  practical  ex- 
perience was  that  of  draftsman  for  the  Union 
Bridge  Co.  in  1906.  He  then  entered  the 
service  of  the  Government  as  U.  S.  junior  en- 
gineer   on    river    and    harbor    improvements, 
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Wasliington,  D.  C,  district.  From  1898  to 
1900  he  was  inspector  on  pier  construction, 
hydrographic  surveys  and  dredging  for  the 
U.  S.  Navy  Department  at  Key  West  and 
Tortugas,  Fla.,  and  Washington,  D.  C.  For 
six  years  following  he  was  in  charge  of 
bridge  design  and  construction  in  the  VVash- 
ington  district.  In  1906  he  was  engaged  by 
the  Penn  Bridge  Co.  as  engineer  of  construc- 
tion in  charge  of  concrete  bridge  work.  Two 
years  later  he  was  made  principal  assistant 
and  engineer  of  the  U.  S.  Engineer  Depart- 
ment in  the  Baltimore  and  Philadelphia  dis- 
tricts in  general  field  charge  of  river  and  har- 
bor improvements  in  the  Patapsco  River  and 
Chesapeake  Bay,  and  later,  in  the  Delaware 
River  and  Bay.  Mr.  Meigs  was  appointed 
assistant  director  of  the  Department  of 
Wharves,  Docks  and  Ferries  of  Philadelphia 
in  1912.  He  is  a  member  of  the  American  So- 
ciety of  Civil  Engineers. 


OBITUARIES 

Morton  L.  Tower,  engineer  in  charge  of 
Government  jetty  reconstruction  work  at 
Htimboldt  Bay,  California,  died  April  17  from 
injuries  received  on  the  work,  when  a  track 
passenger  car  in  which  he  was  riding  leaped 
from  a  trestle.  Mr.  Tower  has  been  in  the 
Government  service  for  2.3  years,  and  has 
been  connected  with  much  of  the  harbor  and 
river  improvement  work  on  the  coast.  Among 
these  works  were  the  Suislaw  River  improve- 
ment in  Oregon,  the  Coos  Bay  jetty  project, 
the  .San  Francisco  Bay  improvement,  Colum- 
bia River  work,  and  the  fortifications  at  the 
Presidio  in  San  Francisco.  He  was  at  one 
time  lighthouse  inspector  and  was  also  on  the 
Debris  Commission.  In  1908  he  surveyed  and 
started  work  on  the  breakwater  in  Honolulu 
Harbor.  He  was  a  member  of  the  Technical 
Society  of  Engineers. 


CIVIL  SERVICE  NEWS 

The  Philadelphia  City  Civil  Service  Com- 
mission will  hold  an  examination  for  assistant 
engineer,  local  residence  waived,  June  4.  Sal- 
ary $4,000  per  annum.  Five  years'  experience 
in  highway  work  required. 

The  New  Jersey  State  Commission  will  hold 
examinations  at  Trenton  and  Camden  on 
Mav  10  for  the  position  of  road  inspector; 
$2.-''iO  to  $4.50  per  diem.  On  May  22.  superin- 
tendent of  bridges,  Hudson  county,  $3,000  per 
annum. 


NEW  CATALOGUES 

Exr.\Nsiox     Bolts. — Paper,     0x9     ins.:    4    pp. 

Steward  &  Romaine  Mfg.  Co.,  Philadelphia. 

Flagg  tapped  concrete  hangers  or  inserts, 
positive  brass  expansion  bolts,  etc.,  are  shown, 
with  prices. 

Street     Sweeper. — Paper.    9x9    ins. ;     12    pp. 

Baker  Manufacturing  Co.,  Springfield,  111. 

Describes  and  shows  views  of  Baker's  dust- 
less  pick-up  sweeper,  sprinkling  attachments, 
broom,  pan  and  driving  mechanism. 

Expansion  Bolts. — Paper,  6x9  ins.:  12  pp. 
A.  C.  Seaman,  124  N.  Sixth  St..  Philadel- 
phia, Pa. 

Revised  price  list  of  positive  expansion  bolts 
manufactured  by  the  above  company.  Illus- 
trated. 

Irrio.^tion  Meter. — Paper,  8%xll  ins. ;  20  pp. ; 

Builders'   Iron   Foundry,    Providence,    R.   I. 

Describes  the  Venturi  irrigation  meter,  its 
installation  and  operation,  materials,  recording 
device,  standard  sizes,  etc.  Shows  a  number 
of  installations  with  dia.grams  and  data. 

Motors. — Paper,   6x9   ins.;    64   pp.     Evinrude 

Motor  Co.,  Milwaukee,  Wis. 

Evinrude  canoe  and  rowboat  motors  and 
their  adaptations  to  various  household  or  in- 
dustrial uses  are  described  and  illustrated  in 
detail  in  the  191.5  catalogue.  These  motors  are 
furnished  with  a  centrifugal  pump  attachment 


and  a  pulley  power  attachment  which  makes 
them  adaptable  to  various  contractors'  or  small 
shop  uses. 

Expansion     Joint     Cushion — Paper,     3%x6 
ins. ;  4  pp.    The  Hydrex  Felt  &  Engineering 
Co.,    122   Liberty   Street,   New    York   City. 
Describes    Hydrex   expansion   joint   cushion 

strip   for   pavements  of  concrete,  brick,   wood 

or  granite  block.     Illustrated. 

Forms. — 3V4x6  ins. ;  24  pp.   Vulcanite  Portland 

Cement  Co.,  Philadelphia.  Pa. 

Shows  examples  of  typical  simple  forms  used 
by  the  farmer  for  building  farm  structures. 
Inchides  diagrams  of  and  instructions  for 
using  forms  for  walls,  tanks,  posts,  chimneys, 
slabs,  field  culverts,  etc. 

Tractors. — Paper,     circular.       Knox     Motors 

Co.,  Springfield,   Mass. 

Describes  the  new  model  Knox  tractor  and 
its  special  features  and  gives  some  capacity  and 
cost  data.  The  essentia!  feature  is  the  Knox 
patented   double  spring  suspension. 

Drill  Mounting — Paper,  6x9  ins. ;  Ingersoll- 
Rand  Co.,  11  Broadway,  New  York. 
Form  4032.  covering  drill  mounting,  espe- 
cially adapted  to  accommodate  the  "Jackham- 
er,"  with  or  without  water  feed,  for  work 
where  shallow  holes  are  required,  for  break- 
ing down  coal  and  driving  gangways  in  coal 
mines.     Illustrated. 

Pumps,  Centrifugal. — Paper,  8x10  ins.;  8 
pp.  Van  Wie  Pump  Co.,  Til  W.  Fayette  St., 
Syracuse.   N.  Y. 

Bulletin  No.  300,  describing  Van  Wie 
gasoline  motor  driven  water  and  dredge  cen- 
trifugal pumps.  Suggestions  for  using  and 
list  of  equipment  with  applications.  Illus- 
trated. 

Crushing  Machinery — Paper,    7x9    ins.;    16 
pp.      Chalmers    &   Williams.      1452      Arnold 
Street,   Chicago   Heights,   111. 
Section    T,    of    the    general    catalogue,    de- 
voted to  modern  crushing  machinery,  describ- 
ing   coarse    crushing    and    fine    grinding    ma- 
chines,  and    giving   data   on   costs,   etc.     Illus- 
trated. 

Bituminous    Surfacing. — Paper,    Sx.'i%    ins.; 

12  pp.     The  New  Way  Paving  Corporation, 

234  Broadway,  New  York  City. 

Describes  the  Finley  method  of  cleaning  the 
road  by  air  and  simultaneously  applying  a 
bituminous  surface,  thus  assuring  a  close  and 
permanent  bond.  Sliovvs  views  of  several 
roads   thus  treated. 

Floors. — Paper,   3%x6%    ins. ;    12    pp.     Pitts- 
burgh    Wood     Preserving     Co.,     Common- 
wealth Bldg.,  Pittsburgh,   Pa. 
Booklet    "B,"     entitled    "Floors,"     describes 
Century    creosoted    wood    blocks    for    interior 
use.     Shows   typical   installations   and   method 
of   laying.    This   type   of   floor   is   particularly 
adapted  to   factory  use. 

Clyde  Iron  Works. — Paper,  6x9  ins.;   38  pp. 

Clyde  Iron  Works,  Duluth,  Minn. 

The  April  number  of  The  Clyde  Diamond 
is  devoted  to  a  "condensed  chronicle  of  the 
Clyde  Iron  Works,  Its  Inception  and  Evolu- 
tion." Shows  photographs  of  the  various 
structures,  the  men  at  the  head  of  depart- 
ments, and  of  some  interiors  of  the  plants. 

Concrete  Molds. — Paper,  7%xl0%  ins. ;  82 
pp.  Raber  &  Lang  Mfg.  Co.,  Kendallville, 
Ind. 

Catalogue  No.  11.  describing  "Crescent" 
concrete  sewer  pipe  and  drain  tile  molds.  Ex- 
plains the  method  for  using  and  tlie  many 
applications.  Gives  table  of  costs  and  shows 
numerous  photographs  of  "Crescent"  plants. 

FoRU    Profit-Sh.\ring — Paper,     6x9     ins, ;     28 

pp.    Ford  Motor  Co.,  Detroit,  Mich. 

Consists    of    a    report    of    the    investigation 

made  by  the  Detroit  Evening  News,  into  the 

profit-sharing  plan  of  the   Ford   Motor   Com- 


pany, and  its  results  at  the  end  of  the  first 
year,  some  editorial  comments,  statements  by 
clergymen  and  police  officials  and  letters  from 
the  beneficiaries. 

Rust-Resisting  Paints — Paper,  4x9  ins.;  16 
pp.  Semet-Solvay  Company,  402  Milton 
Avenue,    Solvay,    N.    Y. 

Booklet  on  Solvay  rust-resisting  paints  for 
protecting  iron  and  steel.  Describes  the  dif- 
ferent kinds,  including  Crysolite,  Solvay  stack 
paint,  hydraulic  paint,  concrete  coating,  etc. 
Sliows  some  structures  on  which  these  paints 
were   used. 

Gravity   Spir.'^l   Conveyor. — Paper,   Cx'9   ins. ; 

56    pp.     Otis    Elevator    Co.,    11th   Ave.   and 

26th  St.,   New  York  City. 

Interfloor  movement  of  merchandise  by 
gravity  is  the  subject  of  this  book,  whicli 
amply  illustrates  and  describes  the  Otis  sys- 
tem of  delivery  by  spiral  gravity  conveyors. 
Single  and  double  spirals,  open  or  closed  type, 
typical  delivery  room  plans,  complementary 
horizontal  belt  conveyors,  and  typical  installa- 
tions are  shown. 

Power  Plant  Oil  Filter. — Paper,  8%xll  ins. 
32  pp.  The  Richardson-Phenix  Co.,  Mil- 
waukee, Wis. 

Engineering  Bulletin  No.  10,  describing  con- 
struction and  operation  of  the  new  Peterson 
Power  Plant  Oil  Filter  and  accessory  ap- 
paratus for  central  oiling  systems.  Curves 
showing  results  of  tests  are  reproduced,  and 
a  chapter  on  the  necessity  of  using  filters  in 
connection  with  steam  turbine  oiling  systems 
is  included.  Bulletin  contains  fifty  illustra- 
tions showing  installations. 


CATALOGUE  REVIEWS 

Motor  Trucks  of  America. — Paper,  7.xl0  ins. ; 

98  pp.     The  B.  F.  Goodrich  Co.,  Akron,  O. 

The  third  annual  edition  of  a  handbook 
published  by  the  B.  F.  Goodrich  Co.  in  1913 
for  the  benefit  of  prospective  purchasers  of 
motor  trucks.  The  book  purports  to  be  a 
complete  summary  of  truck  information,  in- 
cluding ilhistrations  aind  specifications  of 
nearly  a  hundred  leading  power  wagons.  In 
addition  it  contains  helpful  material  on  such 
subjects  as:  "Questions  Involved  in  Chang- 
ing from  Horse  to  Motor  Delivery,"  "The  Re- 
lation of  Tires  to  the  Cost  of  Maintenance 
of   Motor  Trucks,"   etc. 

The  chaif  aim  of  the  compilers  lias  been  to 
put  together  in  convenient  form  for  compari- 
son the  data  for  tlie  more  important  makes 
of  motor  trucks,  and  incidentally  to  show  the 
widespread  popularity  of  Goodrich  Wireless 
Truck  Tires.  The  book  is  attractive  in  ap- 
pearance, durably  bound,  and  is  arranged 
alphabetically  according  to  the  names  of 
truck  manufacturers. 

Clean   Streets. — Paper,     5x8     ins.;     80     pp. 

Studebaker,  South  Bend,  Ind. 

"How  to  Clean  Streets"  is  the  subject  of  a 
new  booklet  published  by  Studeliaker  of  Soutli 
Bend,  Ind.,  which  is  intended  for  the  use  of 
municipal  officials,  managers  of  country  clubs 
and  estates,  or  others  interested  in  the  sub- 
ject. 

Many  people  are  familiar  with  the  booklets 
which  this  company  has  sent  out  for  the  past 
fifty  years  to  farmers,  giving  information 
relative  to  stocks,  seeds,  soils,  etc.  The  new 
booklet  aims  to  serve  city  clerks,  municipal 
engineers,  etc.,  in  the  same  way. 

Street  sweeping,  sprinkling  and  oil  distri- 
bution are  worked  out  in  simple  formulas,  the 
number  of  square  yards  sprinkled  by  different 
types  and  sizes  of  sprinklers,  angles  at  which 
brushes  of  street  cleaners  should  be  set  and 
similar  subjects  are  discussed  at  length,  cost 
data  included,  and  a  number  of  reports  of 
street  cleaning  departments  are  given.  Dump 
wagons,  automatic  oil  distributors  and  grav- 
ity oilers  come  in  for  distinctive  treatment. 
Studebaker  is  distributing  the  hook  free  of 
charge  to  all  who  ask  for  it. 
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A  Spanish  Trautwine. 

Two  generations  of  American  civil  engi- 
neers have  been  brought  up  on  Trautwine.  In 
each  of  its  many  editions,  produced  succes- 
sively by  the  Trautvvines — father,  son  and 
grandson — this  manual  has  kept  in  the  first 
rank  of  publications  of  its  kind.  Probably  no 
engineering  book  ever  published  in  English 
is  so  well  known  by  so  many  engineers  or  has 
been  carried  to  so  many  far  places  of  the 
earth  to  give  service.  It  has  now  been  pre- 
pared for  greater  wanderings  and  to  make 
friends  of  another  people.  Trautwine  has  been 
translated  verbatim  into  Spanish.  Every  Eng- 
Hsh  term  has  been  put  into  Spanish  and  every 
English  measure  has  been  converted  to  metric 
measure.  The  book  is  Spanish  in  every  item 
and  detail  possible  of  change  from  English- 
One  wonders  that  so  tedious  and  expensive  a 
task  should  be  held  warranted,  but  the  transla- 
tor says  that:  "Trautwine  excels  our  Spanish 
handbooks  in  the  quantity  of  matter  which  it 
contains,  in  the  adequacy  of  its  formulas,  and 
in  its  sim.plicity  and  clearness  of  diction,  which 
makes  it  serviceable  alike  to  engineers  and  to 
laymen;  and  it  is  far  superior  to  the  French 
handbooks  which  are  consulted  by  Spanish- 
American  engineers."  The  editors  have  no 
knowledge  that  controverts  these  statements, 
and  with  other  engineers  to  whose  youth 
Trauntwine  and  Shunk  and  Searles  were  the 
only  pocketbooks  of  the  profession  can  only 
wish  success  to  the  new  Spanish  Trautwine. 


Engineers    and    the    New    New    York 
State  Constitution. 

The  administration  of  public  works  and 
the  regulation  of  public  utilities  by  engineers 
are  urged  as  essential  measures  of  the  new 
state  constitution  of  New  York.  Commit- 
tees of  seven  societies  of  engineers  have 
planned  the  changes  and  drafted  the  recom- 
mendations which  appear  in  another  column. 
The  occasion  for  this  action  is  the  meeting 
of  a  Constitutional  Convention  in  New  York 
to  amend  the  state  constitution.  The  action 
itself  is  one  of  the  most  significant  that  or- 
ganized engineering  has  ever  undertaken.  It 
materializes  the  greatest  function  of  the  engi- 
neering society.  It  sets  a  standard  in  state 
public  works  administration  and  state  public 
utilities  regulation  which  measures  the 
best  thought  and  practice  of  the  times.  The 
hope  of  all  engineers  should  be  that  its  suc- 
cess will  be  complete. 

The  state  engineer  of  New  York  is  an 
elected  official  holding  office  for  four  years. 
A  new  state  engineer  is  possible  with  every 
election  and  is  certain  with  every  change  of 
political  party  elected  to  power.  This  is  an 
objectionable  thing  in  itself,  but  in  New  York 
there  is  also  a  department  of  public  works 
with  a  superintendent,  and  between  him  and 
the  state  engineer  exists  an  involved  author- 
ity over  public  works.  It  is  recommended 
that  in  the  new  state  constitution  the  office 
of  state  engineer  shall  be  eliminated  and  that 
a  department  of  public  works  administered 
by  three  commissioners  be  substituted  to  have 
authority  over  and  direction  of  all  public 
works.  The  main  idea  is  essentially  sound. 
The  public  works  of  every  state  and,  as  this 
journal  is  inclined  to  believe,  the  public  works 
of  the  federal  government,  should  all  be  di- 
rected by  a  single  department.  It  is  a  ques- 
tion witii  us  v^'hether  it  will  not  prove  wise 
also  to  have  a  single  department  head  instead 


The  editors  solicit  short  descriptions  of 
novel  and  useful  methods  and  devices  em- 
ployed in  engineering  construction.  Arti- 
cles not  to  exceed  a  column  (about  seven 
hundred  ivords)  are  preferred.  Pho- 
tographs or  sketches  should  be  includ- 
ed if  they  add  interest  and  aid  explanation. 
Utility  and  not  careful  vwiting  will  be. 
the  chief  factor  in  determining  acceptabil- 
ity.    Accepted    articles    zvill    be    paid    for. 


head  of  all  work  involving  primarily  engi- 
neering knowledge  and  experience.  It  re- 
mains for  these  societies  to  project  their  in- 
fluence into  the  proceedings  of  the  New  York 
Constitutional  Convention  by  all  the  legitimate 
means  within  their  power  and  thus  not  only 
to  recommend  but  to  procure  the  improvements 
that  are  so  desirable. 


of    a    commission    head    as    is    suggested    for 
New   York  state. 

Passing  this  question,  attention  is  directed 
to  these  provisions  of  the  recommended  New 
^'ork  State  Department  of  Engineering  and 
Public  Works:  First,  a  tenure  of  office  of 
twelve  years  for  commissioners ;  second,  that 
one  commissioner  at  least  shall  be  an  engi- 
neer, and,  third,  that  each  bureau  of  the  de- 
partment charged  with  responsibility  for  en- 
gineering work  shall  be  headed  by  an  engi- 
neer. All  of  these  provisions  are  absolutely 
sound,  and  should  be  urged  by  all  the  power 
that  is  within  the  engineering  organizations 
represented  by  the  seven  committees  that 
have  inaugurated  the  action  so  far  taken. 
The  twelve-year  term  of  office  is  the  provi- 
sion most  likely  to  encounter  opposition,  per- 
haps, and  for  that  reason  needs  to  be  pressed 
the  most  persistently.  Long  tenure  of  ap- 
pointive office  is  a  thing  that  the  politician 
consents  to  only  with   a  wrench. 

As  all  public  works  administration  is  central- 
ized within  a  single  department,  so  it  is 
planned  that  a  single  Department  of  Public 
Utilities  shall  regulate  all  public  utilities,  both 
those  privately  owned  and  those  owned  by 
municipalities.  The  plan  eliminates  the  pres- 
ent public  service  commissions  and  extends 
regulation  to  municipal  utilities.  A  commis- 
sion of  five  members  directs  the  department 
work  and  two  at  least  of  the  commissioners 
are  to  be  engineers.  All  engineering  bureaus 
of  the  department  are  also  to  have  engineers 
as  heads.  The  plan  is  substantially  the  same 
as  that  for  the  department  of  public  works 
and  it  possesses  the  same  merits  and,  to  the 
mind  of  the  editors,  the  same  weak  feature 
of  a  multiple   head. 

The  remaining  five  recommendations  of 
the  engineering  committees  are  general  or 
conditional  and  no  comment  is  required. 
The  occasion  should  not  be  allowed  to  pass, 
liowever,  without  further  emphasis  of  the 
idea  involved  in  the  main  recouunendations 
for  single  departmental  administration  of 
public  works  and  single  departmental  regula- 
tion of  public  utilities.  The  great  defect  of 
all  state  public  works  administration  is  divi- 
siiin  of  authority  among  from  two  to  perhaps 
twenty  bureaus  or  commissions  or  depart- 
ments and  in  this  defect  the  federal  adminis- 
tration of  public  works  surpasses  any  state  ad- 
ministration that  one  calls  to  mind.  The  en- 
gineering societies  of  New  York  have  per- 
formed a  service  in  standing  publicly  for 
centralized  administration  and  centralized 
regulation  and  for  their  definite  expression  of 
the   engineer's    right   to   position    as    directing 
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Irregularity   of   Employment:    Its   Ef- 
fect on  the  Workman  and  on 
the  Contractor. 

Irregularity  of  employment  is  a  demoraliz- 
ing factor  with  which  both  the  "employee  and 
the  employer  are  now  contending.  In  certain 
kinds  of  work  it  is  reasonably  certain  that 
workmen  will  be  able  to  secure  fairly  steady 
employment,  while  in  other  lines  men  have 
become  accustomed  to  viewing  such  employ- 
ment as  temporary.  In  a  measure,  the  rate 
of  wage  is  based  on  the  duration-of-employ- 
ment  factor,  and  the  employer  attempts,  by 
wage  adjustments,  to  give  proper  weight  to  it. 
It  is  doubtful,  however,  if  contractors  realize 
the  extent  to  which  irregularity  of  employ- 
ment affects  the  efficiency  of  workmen.  In 
building  construction  it  is  such  an  important 
factor  that  contractors  are  beginning  to_  realize 
a  better  solution  of  it  is  necessary  if  they 
are  to  maintain  success  in  such  work.  As 
building  work  is  now  conducted  it  is  cus- 
tomary to  retain  the  services  of  workmen 
only  until  they  have  finished  their  work  on  a 
particular  building.  In  fact,  even  foremen, 
and  sometimes  superintendents,  are  employed 
only  for  a  certain  job.  In  general,  it  is  prac- 
tically impossible  to  enforce  such  corrective 
measures  as  the  employer  deems  necessary 
from  time  to  time,  because  the  employee  does 
not  fear  discharge,  realizing  that  at  best  his 
employment  is  only  temporary.  The  average 
employee  who  follows  building  work  reasons 
that  he  can  only  hope  to  secure  employment 
during  a  part  of  the  year,  and  he  often  reaches 
such  a  state  of  mind  that  he  does  not  even 
desire  steady  employment.  The  different  wage 
scales  adopted  as  standard  in  various  cities 
also  tend  to  increase  his  unrest.  Most  gen- 
eral contractors  endeavor  to  keep  throughout 
the  year  a  certain  part  of  their  working  or- 
ganization :  they  have  in  their  employ  certain 
superintendents  and  foremen  whom  they  en- 
deavor to  give  permanent  employment — many 
of  them,  however,  evidently  do  not  realize 
that  a  serious  attempt  should  be  made  to  re- 
tain the  most  efficient  workmen.  It  is  a  known 
fact  that  men  become  attached  to  certain  fore- 
men and  will  make  sacrifices  to  remain  under 
their  direction. Wc  have  known  foremen  whose 
greatest  asset  was  their  ability  to  assemble  and 
retain  an  efficient  force  of  workmen  personally 
known  to  them. 

In  an  attempt  to  solve  this  problem  the 
.^berthaw  Construction  Co.,  which  specializes 
in  reinforced  concrete  building  construction, 
has  issued  to  certain  of  its  more  efficient  work- 
men a  "Record  of  Service  Book."  The  holder 
of  such  a  book  is  guaranteed  a  certain  rate  of 
wage  so  long  as  he  remains  in  the  employ  of 
the  company — no  matter  in  what  section  of 
the  country  he  is  employed.  The  company 
also  agrees  to  give  the  holder  of  a  service 
book  employment  whenever  there  is  a  posi- 
tion open  which  he  is  qualified  to  fill ;  and  the 
man  is  kept  informed  of  new  work  as  it  comes 
up.  The  method  used  by  the  superintendents 
in  signing  workmen  "in"  and  "out"  on  a  job 
tends    to    spur    the    men    to    efficient    service. 
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When  a  man  presents  his  book  on  a  new  job 
the  superintendent  fills  in  the  left-hand  page, 
giving  the  date  on  which  work  is  started; 
when  the  job  is  completed  the  superintendent 
signs  a  statement  that  the  man  has  completed 
his  work  on  a  given  date.  The  book  is  then 
sent  to  the  main  office,  where  an  officer  of  the 
company  signs  a  "sticker"  attached  to  the 
right-hand  page,  which  indicates  that  the 
workman  is  in  good  standing.  The  service 
book  contains  a  definite  description  of  the 
man,  to  prevent  its  being  transferred,  a  carbon 
copy  of  this  description  being  kept  at  the 
main  office. 

It  has  been  found  that  the  use  of  this  sys- 
tem has  been  effective  in  retaining  good  men 
and  in  making  it  easier  to  handle  them  to 
the  best  advantage.  The  possession  of  a  serv- 
ice book  by  a  workman  is  a  recommendation 
of  proficiency,  and  it  can  be  used  as  such  in 
case  the  workman  is  not  given  steady  employ- 
ment by  the  company,  and  finds  it  necessary 
to  seek  work  elsewhere.  Activity  of  this  kind, 
which  tends  to  encourage  regularity  of  em- 
ployment, is  to  be  commended,  and  it  is  en- 
couraging to  note  that  more  attention  is  be- 
ing given  to  this  important   factor. 


A  Principle  of  Management:  "Credit  to 
Whom  Credit  is  Due." 

So  long  as  selfishness  is  characteristic  of 
men  it  will  be  difficult  to  prevent  department 
chiefs  from  claiming  credit  for  improvements 
effected  by  their  subordinates.  Nor  does  the 
difficulty  end  there.  Even  the  highest  offi- 
cials are  given  to  claiming,  or,  if  not  claiming, 
accepting  credit  for  things  accomplished  by 
their  superintendents  and  managers.  This  con- 
dition of  affairs  is  so  prevalent  and  so  re- 
strictive of  economic  progress  that  every  pos- 
sibility of  its  eradication  by  better  managerial 
methods  should  be  investigated. 

Recently  Mr.  C.  A.  Whelan,  president  of  the 
United  Cigar  Stores  Co.,  addressed  a  com- 
munication to  all  the  salesmen  of  the  company 
telling  them  not  to  hesitate  to  go  over  the 
heads  of  their  superior  officers  in  making  sug- 
gestions  for  improvements.     He  said  : 

Recently  an  official  of  this  company  received 
an  unsigned  letter  from  one  of  our  salesmen. 
The  reason  given  for  withholding  the  signature 
was,  the  writer  said,  that  he  'was  afraid  if  he 
were  known  it  might  cause  hard  feelings  on 
the  part  of  the  sales  manager.' 

I  believe  few  of  our  men  have  this  idea,  but 
in  case  ,vou  are  laboring  under  this  impression 
I  would  like  all  of  our  men  to  know  that  they 
have  the  privilege  of  addressing  by  letter  or 
communicating  in  person  on  any  subject,  with 
any  one  of  our  officials  or  heads  of  departments 
without  fear  of  consequences  due  to  the  atti- 
tude of  a  sales  manager  or  superior. 

I  believe  that  our  sales  managers  are  broad 
enough  not  to  take  offense  because  of  any  dif- 
ference of  opinion  between  them  and  their  men. 

"Should  there  be  occasional  instances  of  this 
kind,  however,  I  can  assure  you  that  no  harm 
will  come  to  any  of  our  salesmen  because  of 
the  nan-ow  view  of  a  sales  manager,  or  any- 
one else. 

Our  officials  and  heads  of  departments  are 
at  all  times  glad  to  get  criticisms  and  sugges- 
tions from  our  men  on  the  'firing  line.' 

Let  this  be  an  invitation  to  you  to  give  us 
your  ideas  freely  and  frankly. 

When  'ou  think  you  can  improve  the  busi- 
ness or  have  criticisms  which  are  either  your 
own  or  have  been  made  by  your  customers,  come 
to  us  with  them. 

Unfortunately  we  can  not  agree  with  Mr. 
Whelan  in  his  statement  that  a  sales  man- 
ager is  not  likely  to  take  offense  at  attempts 
by  salesmen  to  go  over  his  head.  The  stub- 
born fact  balks  in  the  face  of  Mr.  Whelan's 
optimism.  Men  are  not  so  free  from  pride 
and  selfishness  as  to  make  it  probable  that  the 
average  manager  will  be  pleased  with  any 
act  that  looks  to  him  like  insubordination.  If 
there  is  to  be  the  harmony  so  essential  where 
industrial  "team  play"  is  involved,  some  way 
must  be  devised  to  give  credit  where  credit  is 
due,  without  giving  offense  where  offense 
should  not  be  due. 


As  one  looks  over  the  periodic  reports  of 
superintendents,  managers  and  presidents  of 
organizations,  it  becomes  noticeable  how  scant 
is  the  recognition  given  to  those  below  them 
in  rank.  Investigation  shows  that  this  char- 
acteristic extends  even  below  the  written  re- 
port to  the  word-of-mouth  report.  Has  the 
gang  boss  utilized  a  good  hint  made  by  a 
workman?  Then  look  to  see  the  gang  boss 
placidly  accept  all  credit  for  it.  Has  the  fore- 
man of  several  gangs  successfully  applied  a 
suggestion  made  by  a  boss?  Look  to  sec  the 
foreman  tell  the  manager  about  it  without 
mention  of  the  boss.  .And  so  on  up  the  line, 
even  to  the  president  of  a  company  reporting 
to  its  directors  and  stockholders. 

There  are,  of  course,  some  happy  excep- 
tions to  this  rule,  for  men  are  not  all  selfish, 
or,  if  selfish  generally,  are  not  so  always. 

As  a  first  step  toward  proper  recognition 
of  each  man's  economic  achievements  it  may 
be  well  to  require  periodic  written  reports 
from  all  managers,  wherein  are  given  brief 
statements  of  all  suggestions  for  improve- 
ments together  with  the  name  of  the  origin- 
ator of  the  suggestion.  To  make  this  plan 
most  effective,  not  only  should  there  be  de- 
scribed the  accepted  suggestions  but  the  re- 
jected suggestions.  To  do  the  latter  would  be 
a  decided  innovation,  but  it  would  serve  to 
bring  to  the  attention  of  the  highest  officials 
many  ideas  of  real  merit  that  would  other- 
wise die  at  birth. 

Reports  of  managers  are  seldom  seen  by 
their  subordinates,  and  this  accounts  in  part 
for  the  failure  of  such  reports  to  give  credit 
where  credit  is  due.  Hence  it  is  desirable  to 
bulletin  or  otherwise  publish  reports  of  the 
character  above  outlined.  In  the  case  of  some 
companies,  it  might  be  wise  to  read  the  re- 
ports before  the  assembled  staff  of  employes. 

Managers  can  soon  be  made  to  see  that  they 
need  not  themselves  be  very  original  men  in 
order  to  be  very  valuable  managers.  The  fact 
is  that  originality  and  managerial  ability  are 
not  often  found  in  one  individual.  -\  manager 
to  be  capable  need  have  little  other  ability 
than  the  ability  either  to  find  capable  subor- 
dinates or  to  arouse  their  latent  powers.  Cou- 
ple this  capacity  with  good  judgment  and  you 
have  a  good  manager. 

A  few  establishments  encourage  employes 
to  send  in  written  suggestions,  and  for  accept- 
able suggestions  they  give  small  prizes.  The 
plan  is  good  as  far  as  it  goes.  It  can  be  made 
to  go  much  farther  by  incorporating  such  sug- 
gestions in  a  periodic  report,  and  by  subse- 
quently paying  the  suggestor  adequately  for 
his  idea.  A  petty  prize  of  a  fi.xed  amount  is 
some  stimulus,  but  a  real  reward  proportionate 
to  the  worth  of  a  new  idea  would  excite  vastly 
greater  activity  of  the  wits  of  employes. 

Most  large  industrial  companies  require 
their  salaried  employes  in  certain  departments 
to  sign  a  contract  under  which  the  employe 
is  constrained  to  assign  to  the  company  any 
invention  that  he  may  conceive  while  on  the 
company's  payroll.  Could  any  scheme  be  de- 
vised that  would  more  effectually  stifle  an  in- 
ventive man's  inventiveness?  Not  a  word  is 
said  in  such  a  contract  about  any  commensur- 
ate reward  for  an  invention.  Here  again  ap- 
pears the  same  old  selfishness  and  desire  to 
seize  all  the  credit  save  the  mere  paper  crown 
that  the  patent  office  may  place  upon  the  in- 
ventor's head. 

Can  we  not  all  work  more  strenuously  to- 
ward the  goal  of  "credit  to  whom  credit  is 
due"?  .'^nd  in  doing  so,  can  we  not  do  our 
share  toward  bringing  about  a  "credit"  sub- 
stantially  expressed   in   dollars? 


An  Interesting  Court  Decision  on  the 
Inviolability  of  Test  Boring  Records. 

The  inadequacy  of  earth  Ijorings  to  deter- 
mine the  resistance  to  excavation  of  the  ma- 
terials indicated  by  the  samples  extracted  is 
ancient  knowledge.  Perhaps  the  most  hotly 
contested  controversy  that  arose  between  en- 
gineers and  contractors  during  the  building  of 
the  Chicago  Drainage  Canal  occurred  21  years 
ago  this  summer,  and  occurred  because  of  the 
fact  that  the  wash  boring  records  of  the 
engineers    failed   to    indicate    the   difficulty   of 


excavating  the  materials  disclosed  by  the  sam- 
ples. It  is  not  supposed  that  this  was  the 
first  dispute  of  its  kind,  but  it  is  recalled  now 
not  only  because  it  was  in  connection  with  one 
of  the  greatest  construction  w^orks  of  its  time, 
but  also  because  it,  twenty  years  ago,  gave 
premonition  of  a  future  procedure  in  equity 
which  has  just  now  been  established  by  de- 
cision of  the  United  States  Supreme  Court. 
In  view  of  these  facts  and  others  to  be  men- 
tioned an  outline  of  the  Drainage  Canal  con- 
troversy is  perhaps  of  value,  and  we  quote  as 
follows  from  Hill's  "The  Chicago  Main 
Drainage  Channel,"  published  in  1896: 

This  section  (Section  P)  is  particularly  not- 
able as  involving  the  first  work  of  river  diver- 
sion, and  also  as  being  the  first  section  yet 
described  which  has  been  taken  from  the  orig- 
inal contractors  and  relet.  The  original  con- 
tract for  the  section  was  signed  by  Ricker,  Liee 
&  Co.,  of  Galveston,  Tex.,  Nov.  23,  1S92.  and 
called  for  the  removal  of  1,399,495  cu.  yds.  of 
glacial  drift,  and  45,900  cu.  yds.  of  solid  rock 
at  23?i  cts.  and  SO  cts.  per  cubic  yard,  re- 
spectively. Later  estimates  (Jan.  1,  1S95), 
based  on  more  accurate  data,  reduced  the  quan- 
tities on  the  section  to  1,251,887  cu.  yds.  of  gla- 
cial drift  and  16.724  cu.  yds.  of  solid  rock. 
About  70.000  cu.  yds.  of  the  glacial  drift  exca- 
vation was  on  the  river  diversion  channel. 

The  contractors  began  work  promptly  after 
signing  the  contract,  and  on  .Jan.  1,  1894,  were 
considerably  ahead  of  the  contract  require- 
ments in  the  amount  of  excavation  completed. 
On  April  3,  1894,  however,  they  notified  the 
Board  of  Trustees  that  a  very  hard  material 
had  been  encountered  in  the  glacial  drift  work, 
which  could  not  be  excavated  at  the  price  they 
were  receiving — viz.,  23%  cts.  per  cubic  yard — 
and  asked  that  a  readjustment  of  the  price 
be  made  for  this  hard  material.  The  argument 
made  by  the  contractors  in  support  of  their 
request  was  that  borings  made  by  the  engineers 
to  determine  the  character  of  the  material 
failed  to  indicate  in  any  way  the  presence  of 
this   hard    material,    and   were    thus    misleading. 

Similar  complaints  having  been  made  by  the 
contractors  working  the  succeeding  Sections  E, 
D  and  C,  the  Board  of  Trustees  appointed  a 
special  committee  of  adjustment  to  consider  the 
question  of  the  claim  for  hard  material  on  the 
four  sections  named.  As  the  investigations  and 
decisions  •  of  this  committee  apply  to  Sections 
E,  D  and  C,  which  will  be  described  in  future 
articles,  as  well  as  to  Section  P,  now  under 
consideration,  and  because  they  established 
the  policy  of  the  Board  of  Trustees  in  future 
disputes  of  similar  nature,  they  are  given  here 
in  some  detail.  It  should  be  stated  that  in  the 
very  beginning  the  claims  of  the  contractors  for 
Sections  D  and  C  were  set  ^aside,  so  that  in 
reality  the  following  discussion  refers  only  to 
Sections  P  and   E. 

The  investigations  of  the  committee  consist- 
ed in  sinking  a  series  of  6  x  6-ft.  test  pits  at 
intervals  along  the  sections  in  dispute;  the  in- 
vestigation and  report  of  a  commission  of  seven 
engineers  from  the  engineer  corps  of  the  Drain- 
age District,  and  the  testimony  of  a  number 
of  well-known  contractors.  The  test  pits  which 
were  sunk,  in  the  words  of  the  Chief  Engineer's 
report,  "disclosed  the  fact  that  the  material  to 
be  excavated  was  of  a  more  difficult  character 
ihar.  was  indicated  by  the  sample  borings." 
They  also  disclosed  the  existence  of  a  large 
amount  of  a  peculiar  quicksand  underlying  the 
hard  material.  The  commission  of  engineers 
was  divided  in  its  opinion.  Four  members,  in- 
cluding the  Chief  Engineer,  agreed  that  an  in- 
crease in  price  to  41  cts.  per  cubic  yard  for 
the  material  remaining  on  both  sections  would 
be  a  just  valuation  of  the  work,  and  two  mem- 
bers including  the  Assistant  Chief  Engineer 
held  that  there  should  be  no  increase  in  price 
for  Section  E,  but  considered  that  an  increase 
of  6U  cts.  per  cubic  yard  miglit  be  justly  al- 
lowed on  Section  F.  Some  of  the  engineers 
also  suggested  that  the  quicksand  which  had 
been  shown  by  the  test  pits  could  perhaps  be 
handled  by  hydraulic  dredges.  The  advice  of 
a  committee  of  contractors  w'as  secured  to 
consider  this  question  of  dredging,  and  its  opin- 
ion was  in  substance  that  dredging  would  not 
work  satisfactorily,  and  perhaps  not  at  all.  The 
question    of   handling    this    quicksand,    however. 
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assumed  no  importance,  as  the  contractors  on 
both  Section  F  and  Section  E  agreed  to  take 
their  chances  with  it.  providin*  the  prices  for 
hard  material  be  raised  to  50  ets.  and  53  cts. 
per  cubic   yard,    respectively,   on   these   sections. 

The  committee  of  adjustment  was  divided  in 
its  opinion  as  to  what  action  to  pursue  in  the 
face  of  the  testimony,  but  finally  presented  a 
majority  and  a  minority  report.  The  majority 
report  recommended  that  no  increase  in  price 
for  hard  material  be  allowed,  and  this  report 
was  adopted  and  acted  upon  by  the  Board  of 
Trustees.  The  argument  of  the  majority  re- 
port seems  to  have  been  that  any  action  grant- 
ing relief  would  be  a  precedent  which  would  in- 
volve serious  annoyance  from  other  contractors 
who  might  encounter  material  a  little  iiarder 
than  they  had  anticipated,  and  claim  an  ad- 
justment of  prices.  It  was  also  considered  rea- 
sonable to  suppose  that  the  contractors  should 
have  allowed  for  contingencies  of  this  charac- 
ter in  making  their  bids,  and  if  by  a  mistake 
in  judgment  they  had  not  made  sufficient  al- 
lowance, the  Drainage  District  should  not  be 
expected  to  stand  the  loss. 

The  minority  report,  on  the  other  hand,  held 
that  the  early  completion  of  the  canal  was 
paramount  to  questions  of  precedent,  and  that 
where  grievous  nardship  devolved  on  the  con- 
tractor on  account  of  errors  to  which  the  Board 
of  Trustees  was  a  party,  they  were  bound  to 
do  what  equity  might  require.  The  test  pits 
proved  that  the  small  borings  had  not  indicated 
the  true  character  of  the  material;  to  declare 
the  contract  forfeited  and  relet  the  .section  to 
new  contractors  would  take  at  least  six  months. 
For  these  reasons  the  minority  report  recom- 
mended that  relief  be  afforded  to  the  contrac- 
tors by  placing  the  price  of  the  hard  material 
at  .">li  cts.  per  cubic  yard,  so  that  work  might 
be    continued    without    interruption. 


The  two  facts  of  main  significance  in  the 
account  quoted  are,  first,  demonstration  of 
failure  of  wash  boring  samples  to  indicate 
the  resistance  to  excavation  of  the  strata 
sampled,  and,  second,  pronounced  opinion  ol' 
a  minority  of  the  investigating  committee  of 
engineers  that  the  employer  was  party  to  the 
error  and  in  equity  the  contractor  deserved 
not  to  bear  alone  the  burden  of  error.  To 
those  who  followed  the  discussion  at  the 
time  there  occurred  from  the  incident  an- 
other lesson.  Early  in  the  history  of  the 
Sanitary  District,  when  internal  dissensions 
were  rife  and  one  chief  engineer  was  suc- 
ceeding another  at  intervals  of  a  few  months, 
one  of  the  chief  engineers  had  condemned 
borings  and  demanded  the  sinking  of  test  pits 
along  the  portions  of  the  canal  in  earth.  This 
was  regarded  by  the  Trustees  as  a  technical 
requirement  unworthy  of  tolerance  by  practi- 
cal business  men  and  the  demand  was  vetoed. 
Because  of  this  and  similar  interference  in 
technical  procedure  the  chief  engineer  re- 
signed. That  chief  engineer  was  Lyman  E. 
Cooley,  and  the  fact  is  noted  now  because 
again,  after  a  score  of  years,  Mr.  Cooley  is 
confronted  with  loss  of  his  position  as  con- 
sulting engineer  of  the  Sanitary  District  of 
Chicago  because  again  also  of  refusal  to 
inodify  expert  opinion  unwelcome  to  the 
Trustees  on  certain  technical  questions  on 
which  his  opinion  was  asked. 

While  this  reminiscence  is  not  without  in- 
terest in  itself,  it  is,  as  hinted  above,  given 
particular  pertinence  by  the  Supreme  Court 
decision  recently  rendered  in  the  case  of 
Christie,  Lowe  &  Heyworth  vs.  The  LTnited 
States.  In  this  case  the  contention  turned  on 
the  following  paragraphs  of  the  specifications: 


The  material  to  be  excavated,  as  far  as  know'n, 
is  shown  by  borings,  drawings  of  which  may  be 
seen  at  this  office,  but  bidders  must  inform 
themselves  as  to  the  nature  of  the  material. 

In  the  hearing  evidence  was  presented  show- 
ing that  in  addition  to  sand,  clay  and  gravel 
indicated  by  the  records  of  borings  the  mate- 
rial included  buried  stumps  and  logs,  cemented 
gravel  and  sandstone  conglomerate,  and  that 
it  cost  some  $6,000  more  to  excavate  than 
it  would  have  cost  had  the  material  been  as 
recorded  by  the  borings.  The  facts  were 
also  brought  out :  that  time  was  not  given 
the  bidders  to  make  borings  to  check  those 
made  by  the  engineers ;  that  in  making  the 
original  borings  obstructions  were  met  "which 
from  the  particles  broken  off  and  floating  to 
the  surface  would  indicate  they  might  be 
logs" ;  that  "when  such  obstructions  were  met 
the  apparatus  was  moved  elsewhere  until  a 
place  was  found  where  the  drill  would  pene- 
trate, and  the  result  was  recorded  as  if  taken 
at  the  place  staked  out" ;  and  that  the  boring 
records  showed  no  material  impenetrable  to 
the  drill. 

On  this  evidence  the  court  reversed  the  de- 
cision previously  rendered  by  lower  court, 
w-hich  disallowed  damages  to  the  contractor. 
The  scope  of  the  decision  is  not  certain,  but 
in  general  it  indicates  that  specification 
clauses  such  as  is  quoted  above  are  not  im- 
mune to  successful  attack,  and  this  is  knowl- 
edge of  decided  value  to  contractors.  To  the 
engineer  a  bit  of  amusing  naivete  shows  in 
the  confession  that  when  the  drill  struck  ob- 
structions it  was  moved  about  until  a  place 
was  found  where  there  were  no  such  trouble- 
some obstacles.  It  is  but  fair  to  note  that  the 
court  "found"  that  in  this  act  the  engineers 
"did    not    have    sinister    purpose." 
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Methods  and  Cost  of  Levee  Enlarge- 
ment With  a  Tower  Dragline 
Excavator. 

(Staff  .Article.) 

This  article  describes  the  organization  and 
methods  employed  in  operating  a  newly  de- 
veloped type  of  excavator  on  a  240,000  cu.  yd. 
contract  for  levee  enlargement  on  the  Missis- 
sippi River  near  Waverly,  Ark.  The  camp  ar- 
rangement is  shown  and  a  history  of  the  exca- 
vator developed  by  C.  G.  Oglesby  is  given.  Ap- 
proximate costs  of  accomplishing  work  with 
the  Oglesby  excavator  are  stated  in  detail. 
geni;r-\l  condition  .■kkfecting  the  work. 

Waverly,  Ark.,  is  about  20  miles  below  Mem- 
phis, Tenn.,  and  one  mile  from  Womack's 
Landing  on  the  Mississippi  River.  Supplies  are 
generally  shipped  by  boat  from  Memphis.  Coal 
is  obtained  from  Newark,  Ark.,  and  is  handled 
by  rail  and  barge,  thence  by  train  to  the  leyee, 
where  it  is  placed  in  piles  spaced  at  convenient 
intervals  for  the  machine.  The  soil  is  alluvial 
Mississippi  bottom  land  varying  considerably 
in  type.  For  the  most  part  the  top  soil  for  a 
depth  of  about  2  ft.  is  of  a  sandy  nature,  below 
that  a  buckshot  clay.  Some  areas  are  made  up 
entirely  of  buckshot  clay  or  sand.  The  old 
levee  is  straight  for  the  most  part  there  being 
two  bends  in  a  distance  of  about  two  miles. 
The  country  around  Waverly  and  along  the 
line  of  the  levee  is  well  cultivated  and  little 
wooded  land  is  encountered.  The  roads  are 
poor,  being  ungraded  and  without  bridges.  No 
i)ayous  intersect  the  work.  Concealed  stumps 
;ire  frequently  encountered. 

The  work  involves  the  placing  of  240,000 
cu.  yds.  of  earth  along  the  face  of  an  existing 
levee,  the  approximate  cross  section  of  whicli 
is  shown  in  Fig.  4.  The  specifications  require 
the  earth  to  be  obtained  from  a  shallow  borrow 
])it  (m  the  river  side  of  the  levee.  The  borrow 
pit  must  be  left  with  a  bottom  slope  of  1  :.50. 
A  berni    I'l  ft.  wide  Iietw^een  the  edge  of  the 


borrow  pit  and  the  toe  of  the  completed  levee 
must  l)e  left.  The  surface  of  the  old  levee 
and  the  portion  of  the  old  berm  covered  by  the 
enlargement  must  be  plowed  prior  to  placing 
the  new  earth. 

On  this  job  the  average  height  of  the  crown 
of  the  enlargement  above  the  old  levee  top  is 
8  ft.  About  2,300  cu.  yds.  of  earth  are  required 
per  100  ft.  of  levee.  A  25  per  cent  allowance 
for  shrinkage  is  used,  making  about  2,900  cu. 


the  camp  and  directed  the  construction  and 
operation  of  the  machine  and  the  earth  ex- 
cavation. 

A  foreman  and  twelve  men  are  employed  in 
operating  the  excavator.  One  team  is  used  for 
plowing  and  odd  jobs.  At  the  camp  a  cook  at 
$40  a  month  and  a  commissary  clerk  and  camp 
flunky  at  $30  a  month  are  employed.  Board  is 
furnished  to  .day  laborers  at  75  cts.  a  day. 
Men  hired  bv  the  month  are  boarded  free.  The 
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Fig.    1.   Arrangement    of    Contractor's    Camp. 
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yds.  of  earth  to  be  placed  per  100  ft.  of  levee. 
Engineer's  construction  stakes  are  set  so  as  to 
allow  for  a  25  per  cent  shrinkage. 

contractors'  0RG.\NIZ.\TI0.M  .-XNn  C.\M1>. 
The  organization  employed  by  the  con- 
tractor is  quite  small  and  contrary  to  the 
ordinary  levee  building  organization  includes 
only  white  labor.  From  the  beginning  C.  G. 
Oglesby,  .the  originator  of  the  type  of  ex- 
cavator  employed   on   the   work,   has   lived   in 


fare  provided  is  plentiful  and  well  prepared. 
The  average  cost  to  the  contractor  for  food 
supplies  alone  for  a  period  of  several  months 
has  been  60  cts.  a  man  per  day.  Cooking  and 
incidental  camp  costs  amount  to  approximately 
15  cts.  a  man  per  day. 

The  men  have  breakfast  in  camp  and  work 
begins  about  6  a.  m.  At  noon  30  minutes  is 
allowed  for  dinner,  which  is  brought  out  to 
the  machine  in  a  wagon  and  served  on  trestle 
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tables.  Work  ends  at  6:30  p.  m.  and  supper  is 
served  in  camp  immediately  after  the  arrival 
of  the  men. 

The  arrangement  of  the  camp  is  shown  in 
Fig.  1.   The  camp  site  is  about  Vz  mile  from  the 


tween  which  a  bucket  controlled  by  a  slackline 
cable  is  dragged  back  and  forth,  the  propelling 
power  being  supplied  by  a  dragline  and  a  tail 
rope  attached  by  a  bridle  to  the  front  and  rear 
of  the  bucket  respectively  and  operated   from 
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Port  Long.Section  Part  End  View 

Fig.  2.  Details  of  Framing  for  a  14-ft.  by  30-ft.  Tent. 


post  office  of  Waverly  on  a  well  drained  spot 
well  away  from  timber  land  and  standing 
water  and  adjacent  to  the  land  side  of  the 
levee.   A  road  along  the  levee  passes  the  camp. 

.\\\  camp  structures  except  the  mule  stable 
and  tool  house  are  of  canvass.  Tents  are  of 
12-02.  mildew  proof  army  duck  and  are 
equipped  with  flys.  The  following  method  of 
tent  erection  was  used:  Sills  of  4x4-in.  pine 
were  laid  on  the  ground  and  covered  with  6-in. 
shiplap  flooring.  Posts  of  2x4-in.  stock  6  ft 
6  ins.  long  were  erected  upon  this  floor  at  the 
corners  and  half  way  between  the  corners  and 
capped  with  2x4-in.  pieces  dapped  into  the 
posts  to  make  a  flush  joint.  Knee  braces  3  ft. 
long  were  used  at  the  corners.  Center  posts 
to  support  the  ridge  were  of  2x4-in.  lumber 
erected  from  the  floor.  The  side  of  the  center 
post  was  used  for  one  side  of  the  door  frame 
for  a  2-ft.  6-in.  by  6-ft.  6-in.  wire  screen  door, 
another  2x4-in.  piece  6  ft.  6  ins.  long  being 
erected  and  capped  with  a  2x4-in.  piece  spiked 
to  the  center  post  to  complete  the  door  frame. 
The  sides  of  the  tent  frame  were  boarded  30 
ins.  from  the  floor  with  6-in.  shiplap.  For  the 
most  part  details  were  similar  to  those  shown 
in  Fig.  2,  which  gives  the  construction  of  the 
large  14x30-ft.  tent  used  by  the  contractor. 
Tent  ropes  were  fastened  to  a  cross  pole  sup- 
ported by  posts  securely  set  in  the  ground 
about  3  ft.  from  the  tent  sides. 

The  total  cost  of  the  camp  equipment  in- 
cluding tents,  lumber,  stoves,  dishes,  beds,  etc., 
was  approximately  $1,000.  The  canvas  alone 
cost  $466.  The  cost  of  the  14x30-ft.  tent.  Fig. 
2,  erected  in  place,  was  as  follows : 

Canvas   $100 

Lumber,    2.000   feet 25 

Labor    25 

Cost  erected   $150 

The  ice  pit  (see  Fig.  1)  consisted  of  a 
4x4x4-ft.  box  of  2-in.  lumber  set  in  the  ground 
and  covered  with  a  2-in.  plank  top  hinged  and 
counter    weighted    with    a    block    chain    and 


the  main  tower.  Figure  4  shows  the  general 
dimensions  and  the  method  of  operating  the 
plant. 


The  operators  platform  is  26  ft.  above  the 
tower  base.  Control  is  secured  through  seven 
levers  and  six  pedals  connected  with  the 
drums  by  pipes  to  the  platform.  The  dragline 
sheave  may  be  raised  and  lowered  to  suit 
varying  heights  and  slopes  of  levee.  The  slack 
cable  and  tail  rope  operate  over  sheaves  at  the 
top  of  the  tower.  The  cableway  is  attached 
within  the  tower  to  a  throw  wheel  double  block 
the  rope  from  which  leads  over  the  central 
drum.    Track  details  are  shown  in  Fig.  7. 

Tail  Tower. — The  tail  tower.  Fig.  6,  consists 
of  a  platform  20x20  ft.  laid  on  five  r2xl2-in. 
bv  20-ft.  timbers  supported  on  two  three-wheel 
trucks  spaced  16  ft.  The  gallows  frame  is 
24  ft.  high  and  the  counterweight  boom  24  ft. 
long.  Timber  seats  are  used  for  both  the 
gallows  frame  and  the  boom.  The  boom  seat  is 
slightly  rounded  to  the  segment  of  a  circle 
having  a  cord  of  about  6  ft.  and  a  middle 
ordinate  of  about  8  ins.  This  joint  is  unique 
and  bears  an  important  part  in  facilitating  the 
movement  of  the  tail  towers,  as  described 
later.  A  vertical  boiler  and  second-hand  hoist- 
ing engine  are  mounted  on  the  platform.  The 
counterweight  consists  of  a  timber  box  filled 
with  earth.  Track  details  are  shown  in  Fig.  7. 

This  tail  tower  is  a  loose  jointed  structure 
and  has  an  important  function  in  absorbing 
shocks  occasioned  by  sudden  stoppage  of  the 
bucket.  It  acts  as  a  safety  valve  in  the 
operation  of  the  machine. 

Cables. — American  Steel  and  Wire  Co.,  wire 
cables  are  used  throughout.    The  dragline  and 


Fig.   3.  The   Ogiesby   Tower    Dragline    Excavator    in    Operation. 


Main  Tower. — The  main  tower,  Fig.  5,  con- 
sists of  a  timber  tower  frame,  78  ft.  high  of 
10xl4-in.  timbers  on  a  24x27-ft.  base.  The 
tower  is  supported  on  a  platform  of  seven 
12xl6-in.  timbers  40  ft.  long  laid  on  wheel 
trucks  spaced  .32  ft.  The  wheel  trucks  are  each 
composed  of  four  20'/4-in.  double  flange,  iron 


slack  line  are  1%  in.  in  diameter  and  the  tail 
rope  is  %  in.  diameter.  These  cables  have 
handled    154,000   cu.   yds.   of   earth   up   to 


Sketch    Showing    Method    of    Operating    the      Excavator. 


weights   to    facilitate   opening.     The   box    was 
about  half  filled  with  shavings. 

THE  OGLESBY   TOWER   DR.\GLINE   EXCAVATOR. 

The  tower  dragline  excavator.  Fig.  3,  devel- 
oped by  C.  G.  Ogiesby  for  use  in  levee  con- 
struction consists  of  two  traveling  towers  he- 


wheels  running  between  two  12.xl6-in.  timbers 
24  ft.  long.  Upon  the  platform  are  mounted 
three  60-in.  drums  and  a  pony  drum  operated 
by  double  12%-in.  by  15-in.  Flory  engines  and 
a  1.50-hp.  locomotive  boiler  manufactur  d  by 
the  Casey-Hedges  Co.,  Chattanooga,  Tenn. 


present  time  and  very  little  wear  is  apparent. 
No  trouble  of  any  kind  has  been  experienced 
with  the  cables.  In  this  connection  the  sheave 
arrangement  is  worthy  of  note. 

Bucket. — The  bucket  used  was  designed  by 
C.  G.   Ogiesby  and  made  in  Memphis,  Tenn. 
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The  bucket  was  originally  designed  for  a  4- 
cu.  yd.  capacity  but  it  was  found  later  that  the 
machine  could  handle  a  larger  bucket  and 
sides    and    back    were    added,    increasing    the 


and   placing   tracks.     No   track    troubles   have 

been  encountered.    The  type  of  track  used  on 

the  tail  tower  is  considered  quite  satisfactory. 

Both  towers  are  moved  by  simple  block  and 


drum  controlled  by  the  dragline  operator.    On 

the  tail  tower  the  niggerhead  of  the  hoisting 

engine  furnished  sufficient  power  for  moving. 

In  moving  the  tail  tower  the  counterweight 


Fig.    5.   Head    Tower    of    Excavator. 

water  level  capacity  to  8  cu.  yds.  Figure  8 
shows  the  old  bucket  in  operation  and  Fig.  9 
gives  the  principal  dimensions  and  details  of 
the  bucket  as  at  present  used.  The  bucket  has 
operated  successfully  except  on  one  occasion 
in  very  wet  buckshot  clay  when  some  sticking 
occurred  and  it  was  necessary  to  clear  the 
bucket  occasionally  with  a  water  jet.  The 
present  bucket  is  believed  by  Mr.  Oglesby  to 
he  too  narrow  and  the  capacity  too  small;  'he 
machine  could  handle  a  10-cu.  yd.  bucket.  A 
12-ft.  bridle  is  used.  An  8-ft.  bridle  was  found 
to  be  too  short.  The  shoe  on  the  bottom  of  the 
bucket  facilitates  the  control  and  reduces  the 
wear  on  the  bucket  bottom. 

Trolley.— The  trolley  consists  of  two  28-in. 
wheels  between  triangular  steel  plates.  The 
tail  bridle  of  the  bucket  is  attached  to  a  clevis, 
the  load  being  transferred  to  a  pin  passing 
through  the  plates  as  sliown  in  Fig.  8.  The 
tailrope  is  attached  to  the  pull  bar  on  the 
trolley. 

IVater  Supply.— A  SVzx.^^xG^-in.  Marsh 
Simplex  pump  supplied  with  steam  by  a  6-hp. 
vertical  boiler  pumps  water  to  the  tanks  on 
the  head  and  tail  towers.  Water  is  at  present 
obtained  from  borrow  pits  filled  by  the  high- 
wafer  of  last  year.  The  pipe  line  consists  of  a 
main  of  1%-iii.  pipe  about  2,500  ft.  long  to  the 
main  tower  and  a  1-in.  branch  main  to  the  tail 
tower.    More  water  is  supplied  than  needed. 

COMSTRUCTION       METH0I1S      AND      0PER.\TI0N       OF 
EXCAV.MOR. 

Straight  furrows  following  the  engineer's 
stakes  marking  the  edges  of  the  borrow  pit 
and  the  toe  of  the  new  levee  are  plowed  a 
distance  of  1,500  ft.  or  more  ahead  of  the 
machine  with  a  2-horse  turn  plow.  The  ground 
between  the  toe  of  the  new  levee  and  the  top 
of  the  old  levee  is  thoroughly  plowed  for  a 
distance  of  500  to  1,000  ft.  ahead.  The  team 
also  smooths  little  inequalities  in  the  ground 
upon  which  the  tracks  for  the  tower  are  to  be 
placed  for  a  distance  of  150  ft.  ahead.  A 
Mormon — or  tongue  scraper  is  used  for  this 
work. 

Tall  poles  set  on  the  center  line  by  the 
engineer  with  their  tops  at  elevation  of  the 
top  of  the  new  levee  plus  allowance  for  shrink- 
age furnish  crown  grade.  F.ngineer's  toe  stakes 
are  plowed  out,  the  furrow  furnishing  a  more 
readily  distinguishable  mark. 

Track  is  snaked  ahead  by  the  team  on  the 
main  tower  and  by  a  block  and  tackle  working 
between  a  "dead-man"  about  500  ft.  ahead  and 
the  "niggerhead"  of  the  hoisting  engine  on  the 
tail  tower.  Three  men  are  employed  in  moving 


Fig.  6.  Tail  Tower  of  Excavator. 


tackle  rigging.   Deadman  consisting  of  a  single 
6  ft.  cross  tie  buried  about  4  ft.  with  a  Hi  ft. 
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Fig.  7.   Details  of  Track  Used  for  Head  and 
Tail   Towers. 

section   of   wire   rope   around   the   middle   are 
placed  in   front  and  behind  each   tower.    The 


remains  stationary  when  the  tower  is  moving. 
The  wooden  socket  joint  at  the  foot  of  the 
boom  before  described  permits  this  motion. 
After  the  tower  has  moved  the  distance  desired 
(as  much  as  15  ft.  without  lifting  the  counter- 
weight) the  counterweight  is  lifted  by  the 
hoisting  engine  and  it  swings  around  by  grav- 
ity until  in  line  with  the  cables,  when  it  is 
again  lowered  to  the  ground. 

The  method  of  digging,  handling  the  bucket 
and  placing  the  earth  are  illustrated  in  Fig.  10. 
In  digging  the  manipulation  of  the  dragline 
and  the  slack  cable  aided  by  the  shoe  which 
acts  as  a  pivot  permits  perfect  control  of  the 
bucket.  The  flexibility  and  ease  of  the  control 
with  thi.-^  machine  are  worthy  of  note. 

When  starting  a  new  runway  a  ridge  about 
6  ft.  wide  is  generally  left  in  the  borrow  pit 
on  the  first  run.  This  ridge  is  taken  out  after 
the  first  run  is  completed.    The  bucket  bcgms 


Fig.  8.  Trolley  and   Bucket  Before  Sides  and   Back  Were  Added. 

main    tower   is    moved    through    a   block    and       digging  on  the  near  side  of  the  pit  and  eats 
tackle  rigging  between  the  deadman  and  a  pony      back  in  sections  about  30  ft.  long. 


420 


Engineering   and    Contracting 


Vol.  XLIII.     No.  19. 


The  average  time  required  for  a  round  trip 
of  the  bucket  from  the  back  of  the  borrow  pit 
is  ;)  minutes.  As  a  rule  the  bucket  puslies 
about  1  cu.  yd.  of  earth  in  front,  some  ot 
which  falls  off  and  Iniilds  up  the  bcnn.  The 
amount  of  earth  moved  in  a  trip  varies  from 
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ing  the  machine  to  its  present  state.  The  costs 
given,  moreover,  do  not  include  accurate  re- 
pair or  construction  costs  on  the  machine  or 
the  contractors"  overhead  cost.  These  costs 
are,  however,  estimated  at  $25  a  day.  The 
operating  costs  it  is  believed  by  Mr.  Oglesby 
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Fig.   9.    Details   of   Bucket   as    Now    Used. 


5  to  9  cu.  \ds.  The  average  bucket  load  ot 
a  day's  run  is  probably  6  cu.  yds. 

For  dumping  the  elevation  of  the  dragline 
sheave  has  been  so  adjusted  that  the  teeth  ot 
the  dumped  bucket  follow  naturally  the  face 
of  the  1  ;3  levee  slope.  This  face  facilitates  the 
u.'C  of  the  bucket  in  dressing  the  levee  face. 
Th-;  bucket  is  dragged  over  the  eartli  already 
placed  in  the  levee  to  the  dumping  point.  The 
compaction  resulting  from  the  repeated  pas- 
sage of  the  loaded  bucket,  the  average  weight 
of  which  exceeds  l.j.OOO  lbs.,  is  an  important 
factor  in  securing  a  stable  levee. 

In  loading  the  bucket  frequently  takes  dirt 
throughout  tlie  length  of  the  pit  and  a  moi;e 
harmonious  levee  results  when  the  earth  is 
taken  from  one  spot  alone. 

It  is  believed  that  the  ridges  left  in  the 
borrow  pit,  shown  in  Fig.  10.  cause  deposits 
in  the  borrow  pits  in  high  water,  thei.-  action 
being  similar  to  that  of  riffle  boards,  .\fter  the 
last  high  water  a  marked  deposit  of  silt  was 
noticed. 

When  the  earth  is  wet  the  three  stage 
method  of  placing  is  employed  as  shown  m 
Fig.  11.  Ordinarily  the  earth  is  placed  the  full 
height  for  each  runway. 

Two  men  with  shovels  are  employed,  finish- 
ing and  smoothing  the  earth  placed  in  the 
levee.    If  the  earth  is  quite  w^et  when  placed 


could  be  materially  reduced  by  increasing  the 
l)oiler  capacity  and  therebv  reducing  the  coal 
loss  resulting  from  the  use  of  forced  draft  on 
the  present  boiler  and  by  using  a  10-cu.  yd. 
bucket.  The  amount  of  earth  to  be  moved  on 
the  job  does  not,  however,  justify  these 
changes.  Table  I  gives  the  daily  operating  cost 
of  the  excavator. 

The  machine  has  operated  up  to  Apr.  20, 
I(11."i,  a  total  of  1,914  hrs.  and  has  built  1.34,031 
cu.  yds.  of  compact  levee,  an  average  hourly 
output  for  the  whole  job  of  80  cu.  yds.  The 
be^t  day's  work  was  on  April  IS,  and  aiiKjuntcd 


TABl^E     I.     —     OPERATING     COST     OF  THE 

OGLESBY  EXCAVATOIt  FOR  A 

12-HOUK   DAY. 

Daily 

I.Kibor.  cost. 

i  foreman  at  $150  a  montn.  ;;0  days %  "..tO 

1  runner  at  $150  a  month,  20  days 7.50 

:f  trackmen  at  $2 6.30 

1  fireman    3.00 

1  tail  tower  engineer 3.00 

1  tail  tower  helper 2.00 

2  levee  trimmers  at  $2.50 5.00 

1  extra    man 2.00 

1  pump    engineer    2.50 

1   team  and  teamster 5.00 

1   night  wa  tchman   2.50 

Total  daily  labor  cost $  4G.00 

Fuel. 

7  tons  coal  (used  on  3  boilei's)  at  $7.75,  de- 
livered at  the  boiler 54.25 

Oil  and  waste 1.50 

Total  daily  labor  and  fuel  cost $101.75 

Repairs,    depreciation    and    overhead    ex- 
pense estimated  for  normal  conditions..  24.00 

Total    daily  operating   cost $125.75 

Output     April     11-20.     100     hrs.     operated, 

compacted  levee,  cu.  yds 8,754 

Compacted  levee  per  12-hr.  day.  cu.  >-ds. .  8,754 
Earth    actually    placed    in    levee,    allowing 

25    per    cent    shrinkage    per    12-hr.    day, 

cu.   yds 1,340 

Approximate   cost   per  cu.    yd.    compacted 

levee,   cts 11.7 

Approximate     cost     per     cu.     yds.     earth 

moved   (no  shrinkage),   cts 9 


pany  is  now  building  an  improved  type  of 
Oglesby  excavator  based  upon  the  machine 
now  in  use. 

PROGRESS  AND  PERSONNEL. 

The  machine  was  erected  early  in  1914  and 
after    numerous   delays   incidental    to   the    de 


Fig.     11.  Stage     Method    of    Building     Levee    When    Earth  is  Wet. 


to  1,610  cu.  yds.  of  compacted  levee,  a  length 
of  70  ft.  On  that  day  the  cost  of  building 
linished  levee  was  approximately  8  cts.  a  cubic 
yard. 

It  must  be  borne  in  mind  when  comparing 
the  costs  of  this  work  with  team  work  that  the 


velopment  of  a  pioneer  machine  was  well 
started  Sept.  1,  1914.  Work  was  interrupted  by 
high  water  on  the  Mississippi  for  a  month  in 
1915.  On  April  20,  1915,  a  total  of  154,000 
cu.  yds.  had  been  moved  and  it  is  estimated 
the  job  will  be  completed  by  Aug.  1,  1915. 

The  work  has  been  financed  by  R.  H.  and 
G.  A.  McWilliams,  drainage  contractors,  28  E. 
Jackson  Boulevard,  Chicago.  C.  G.  Oglesby  is 
the  contractor  and  originator  of  the  excavator 
used.  Work  is  proceeding  under  the  engineer- 
ing supervision  of  E.  M.  Markham,  Major, 
United  States  Corps  of  Engineers,  Memphis, 
Tenn. 


Fig.    10.   Method   of   Excavating    Earth   and    Building    Levee. 


and  drys  out  in  clods  a  Mormon  scraper  is 
used  to  advantage  in  smoothing. 

APPROXIMATE  COST  OF  LEVEE  UUILDINC  WITH   THa 
(X3LESBV   EXCAVATOR. 

The  costs  given  here  are  not  representative 
of  the  cost  of  handling  earth  with  the  Oglesby 
machine  since  they  include  the  cost  of  develop- 


average  haul  for  wheelers  would  be  not  less 
than  400  ft.  The  machine  is  essentially  long 
haul,  shallow  pit  type  of  excavator. 

Between  Cairo,  111.,  and  New  Orleans,  La., 
levee  work  approximating  240.000,000  cu.  yds. 
is  projected,  a  large  part  of  which  will  be 
shallow  borrow  pit  work.    The  Bucyrus  Corn- 


Relative  Area  Occupied  by  Diagonal  and 
Parallel  Roads.— W.  S.  Gearhart,  state  high- 
way engineer  of  Kansas,  in  an  article  in  the 
Kansas  Farmer,  stated  that  in  Western  Kansas, 
where  the  land  has  not  been  closely  fenced,  the 
roads  are  on  the  shortest  line  between  two 
places,  but  these  roads  are  rapidly  disappearing 
to  make  way  for  the  section  or  property-line 
roads.  This  policy  is  a  short-sighted  one,  in 
which  the  interest  of  the  public  is  being  sacri- 
ficed to  the  interest  of  the  individuals.  A  60-ft. 
road  on  two  sides  of  a  section  of  land  occupies 
14..55  acres,  while  a  road  CO  ft.  wide  in  a  diag- 
onal direction  through  the  section  occupies 
10.28  acres  of  land.  Thus  there  is  a  saving  in 
the  diagonal  road  of  4.27  acres  and  0.587  mile 
of  distance.  The  saving  in  the  cost  of  right 
of  way,  assuming  that  the  land  along  that 
section  is  as  valuable  as  on  the  diagonal  line, 
is  $85.40  if  the  land  is  worth  only  $20  an  acre. 
This  amount  in  most  cases  would  be  sufficient 
to  grade  the  1.413  miles  of  diagonal  line  in 
first-class  condition.  If  a  man  lives  four  miles 
north  and  four  miles  east  of  his  market-place 
he  is  5.G57  miles  on  the  diagonal  line  from  it; 
that  is,  on  the  section-line  road  he  must  travel 
4.(186  miles  farther  in  making  the  round  trip 
than  on  the  diagonal  line. 
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Engineering  Positions  in  Illinois  With 
State    Highway    Commission    and 
With    State    Utilities    Com- 
mission. 

(Staff  Abstract.) 
At  the  present  time  practically  all  of  the 
engineering  employees  in  the  service  of  the 
State  of  Illinois  are  selected  through  exam- 
inations conducted  by  the  State  Civil  Service 
Commission,  the  examinations  usually  being 
open  both  to  citizens  of  Illinois  and  to  non- 
residents. The  principal  positions  offered  in 
state  service  are  with  the  Highway  Commis- 
sion and  the  Utilities  Commission,  and  the 
following  data  apply  to  the  procedure  used  in 
conducting  examinations  and  to  the  salaries 
and  duties  of  these  positions.  The  data  w-ere 
abstracted  from  a  paper  by  W.  R.  Robinson, 
secretary,  State  Civil  Service  Commission  of 
Illinois,  presented  before  the  annual  meet- 
ing of  the  Illinois  Society  of  Engineers  & 
Surveyors. 

MANNER    OF    CONDUCTING    EXAMINATIONS. 

While  applications  are  being  received  for 
the  examination  to  be  held,  the  test  itself  is 
being  planned  and  the  questions  prepared.  In 
each  case  the  Commission  secures  some  one 
to  make  up  the  questions  and  grade  the  papers 
whose  reputation  as  an  engineer  is  sucli  that 
his  markings  would  be  accepted  without  ques- 
tion. Sometimes  engineers  in  the  Federal 
service  have  helped  in  this  work.  Frequently 
use  is  made  of  men  holding  similar  positions 
in  other  states  and  of  prominent  engineers  in 
private  practice.  The  candidates  are  notified 
to  take  the  examination  at  the  point  most 
convenient  for  them  to  reach  and  the  ques- 
tions are  sent  to  a  monitor  who  conducts  the 
test  at  that  place. 

These  examinations  are  so  planned  that  the 
candidate's  name  does  not  appear  on  any  sheet 
of   his   answers  to  the  questions.     All   sheets 
are  identified  by  a  number  which  has  been  as- 
signed  him.      Then    the     written     papers     are 
sent  in  to  the   Springfield  office  and  all  those 
on   each    subject   are   sorted   out    and    sent   to 
the   man   who   made   up   the   questions.     This 
man   grades  the  answers  without  having   any 
information  as  to  the  identity  of  the  writer. 
Then   the  averages  on   all   subjects   are  com- 
puted   and    the    final    weighted    average    ob- 
tained.     At    this    time    the    envelopes    which 
contain  the  candidate's  names  are  opened,  and 
a  list  is   made  of  those   who   have  secured  a 
grade  of  70  per  cent  or  hi.gher.     Letters  are 
then  sent  to  each  person  whom  the  candidate 
has  mentioned  as  a  previous  employer,  or  as 
one  who  is  acquainted  with  his  work  or  char- 
acter.   These  men  are  asked  specific  questions 
as    to    the   candidate    and    are    also    asked    to 
name   other    persons   who   are   in    position   to 
give   information.     In   this  way  the   Commis- 
sion checks  up  every  statement  as  to  training 
and    experience    and    often    uncovers    matters 
which  were  not  mentioned  in  the  examination 
hut  which  are  of  vital  interest  to  a  prospective 
employer.     If  a  candidate's  record  is  bad,  he 
will    be    disqualified    and    his    name    removed 
from  the  list,  even  though  he  received  a  pass- 
ing grade. 

When  this  work  is  completed  the  list  of  elig- 
iblcs  is  made  up  and  announced.  -'\s  fast  as 
vacancies  occur  the  eligibles  arc  consulted, 
in  direct  order  of  their  standing  on  the  list, 
as  to  their  willingness  to  accept  the  position. 
After  the  appointment  takes  place  the  employe 
is  on  probation  for  a  period  of  three  months. 
This  is  really  the  final  portion  of  his  examina- 
tion, and  he  may  be  discharged  summarily  at 
any  time  within'  that  period.  After  serving 
ihe  probation  period  it  is  presumed  that  his 
services  have  liccn  satisfactory,  and  he  cannot 
be  discharged  except  after  charges  are  pre- 
ferred and  an  investigation  made  by  the  Civil 
Service  Commission. 

POSITIONS   IN    HIGHWAY   DEPARTMENT. 

Most  of  the  men  enter  the  Highway  Dcpart- 
men  as  Junior  Engineers.  The  examination 
for  these  positions  inquire  into  the  applicant's 
education  and  experience,  his  knowledge  of 
plane  surveying,  the  use  and  adjustment  of  in- 
struments of   precision,   the   design   of   simple 


structures  of  plain  and  reinforced  concrete, 
analysis  of  simple  structures,  and  construc- 
tion and  maintenance  of  roads  and  pavements. 
During  the  past  three  years  162  persons  have 
applied  for  the  position  of  Junior  Engineer, 
which  pays  $7-5  a  m.onth  at  the  start ;  105  have 
appeared  for  examination;  and  71  have  passed 
and  have  been  placed  on  eligible  lists  at  dif- 
ferent times. 

The  next  higher  position  is  that  of  Assist- 
ant Highway  Engineer,  paying  a  starting  sal- 
ary of  $105  a  month.  'This  examination  has 
always  been  made  promotional  and  is  open 
onlyto  men  already  in  the  service  as  Junior 
Engineer.  The  examination  has  been  made 
promotional  because  tlie  Commission  feels 
that  persons  who  have  taken  the  trouble  to 
satisfy  the  requirements  for  entering  the  serv- 
ice and  have  given  satisfaction  in  their  posi- 
tion should  receive  the  preference  over  per- 
sons from  the  outside. 

Last  year  an  examination  was  held  for  the 
position  of  Road  Engineer,  with  a  starting 
salary  of  $175  a  month.  Because  of  the  fact 
that  there  would  be  very  few  applicants  with- 
in the  boundaries  of  the  State,  and  because 
qualified  persons  could  hardly  be  expected  to 
come  any  great  distance  to  take  an  examina- 
tion, the  questions  were  made  up  so  as  to 
cover  only  education  and  experience  along 
lines  tending  to  fit  the  applicant  for  the  posi- 
tion sought.  These  questions  were  sent  to  the 
candidates  at  their  homes,  and  they  made  out 
their  replies  and  sent  them  to  this  office,  ar- 
ranged in  such  a  way  that  the  identity  of  the 
person  who  wrote  the  answers  was  concealed 
until  after  the  candidates  had  all  been  judged 
bv  the  examiner.  Then  after  the  Commission 
had  determined  who  made  a  passing  grade,  all 
the  statements  made  concerning  education  and 
experience  were  carefully  checked  up.  This 
method  of  holding  what  is  called  an  "unas- 
sembled examination"  is  used  in  cases  where 
the  examination  is  thrown  open  to  non-resi- 
dents of  Illinois  and  where  there  is  strong 
probability  that  most  of  the  applicants  live 
at  some  distance. 

POSITIONS    WITH     ST.'^TE    UTILITIES    COMMISSION. 

A  line  of  work  which  has  been  developing 
recently,  and  which  offers  almost  unlimited 
opportunity  in  Illinois  for  competent  engin- 
eers, is  in  connection  with  the  various  activ- 
ities of  the  State  Utilities  Commission.  Start- 
ing with  the  position  of  Draftsman  and  In- 
vestigator of  Safety  Appliances  and  Crossing 
Accidents,  there  are  numerous  other  positions 
offering  a  wide  range  in  salary,  all  lying  with- 
in classified  civil  service.  Several  of  these 
positions  are  given  below  in  some  detail,  as 
most  of  them  are  new. 

Service  Inspectors  draw  from  $00  to  $125  a 
month,  and  they  make  routine  inspection  of 
gas  and  electric  properties  to  determine 
whether  prescribed  service  standards  are  ob- 
served. The  Assistant  Utilities  Engineer  com- 
mands the  same  salary  as  the  Service  Inspec- 
tor, and  he  performs  duties  involving  the 
checking  of  inventories  of  utilities  proper- 
ties, investigation  of  operating  methods  and 
cost  records  to  determine  fair  values  of  such 
properties. 

The  Assistant  Railroad  Engineer,  who  is 
paid  from  $160  to  $200  a  month,  makes  field 
inspections  of  railroad  properties,  interlock- 
ing plants  and  signal  apparatus.  The  Rail- 
road Engineer  is  paid  $250  a  month  at  the 
start,  and  he  has  entire  charge  of  the  inves- 
tigation of  railroad  accidents,  examination  of 
dangerous  crossings,  inspection  for  approval 
of  interlocking  plants  and  signal  circuits,  the 
investigation  of  railroad  service  complaints, 
and  the  preparation  of  all  orders  of  the  Com- 
mission in  connection  with  railroads. 

The  Gas  Engineer,  who  is  paid  a  starting 
salary  of  $250  a  month,  has  charge  of  the 
investigation  of  gas  properties,  with  regard 
to  valuations  for  rate-making  proceedings  and 
special  operating  problems,  and  the  prepara- 
tion of  the  orders  of  the  Commission  in  all 
gas-rate  cases. 

The  Mechanical  Engineer  is  paid  $lfiO  to 
$250  a  month.  He  has  charge  of  investiga- 
tions of  water  works  and  steam  heating  prop- 
erties, with  regard  to  valuations  for  rate- 
making     proceedings     and     special     operating 


problems ;  he  also  prepares  all  orders  in  water- 
rate  cases. 

The  Telephone  Engineer  is  paid  $200  a 
month  at  the  start,  and  he  has  charge  of  the 
investigation  of  telephone  properties,  with 
regard  to  rate-making  proceedings  and  special 
.iperating  problems ;  he  also  prepares  the  or- 
ders of  the  Commission  in  telephone-rate 
cases. 

The  Electrical  Engineer,  who  is  paid  the 
same  starting  salary  as  the  Telephone  En- 
gineer, has  charge  of  the  investigation  of  elec- 
trical properties  in  connection  with  rate-mak- 
ing proceedings  and  special  operating  prob- 
lems; he  also  prepares  the  orders  of  the  Com- 
mission in  electrical-rate  cases. 

The  Service  Engineer  is  paid  from  $200  to 
$300  a  month.  He  has  charge  of  all  the  serv- 
ice inspectors,  directing  routine  service  in- 
spection of  utilities  properties,  special  investi- 
gations as  to  servict,  and  preparation  of  or- 
ders in  such  cases. 

The  Assistant  Chief  Utilities  Engineer  is 
paid  $300  a  month  at  the  start,  and  he  has 
charge  of  special  case  work  investigations,  the 
preparing  of  orders  in  important  railroad  and 
rate  cases;  he  also  has  charge  of  the  entire 
engineering  department  of  the  Public  Utilities 
Commission  in  the  absence  of  the  Chief  En- 
gineer. 

For  most  of  these  positions  the  examination 
will  be  such  as  to  require  education  equiva- 
lent to  that  necessary  for  graduation  from 
an  engineering  school  of  recognized  standing, 
together  with  thorough  experience  in  the  par- 
ticular line  of  work  covered  by  the  position. 


Recommended     Alterations     Affecting 

Engineers    in    the    New    York 

State  Constitution. 

The  drafting  of  a  new  constitution  for  the 
State  Lpf  New  York  is  provided  for  by  a  Con- 
stitutional Convention  about  to  assemble.  To 
bring  favorably  before  the  convention  needed 
improvements  in  the  state  machinery  for  ad- 
ministering public  works  and  regulating  pub- 
lic utilities  committees  of  five  engineering 
socities  having  homes  in  the  state  have 
drafted  recommendations.  These  recom- 
mendations are  of  considerably  more  than 
local  interest  in  their  bearing  upon  the  pro- 
fession of  engineering  and  w-e  reprint  them 
here : 

RECOMMENDATIONS. 

1.  The  elective  office  of  the  state  engineer 
and  .surveyor  should  be  abolislied,  and  the  du- 
ties should  be  transferred  to  the  Department 
of  Engineering  and  Public  Works  hereinafter 
proposed. 

2.  A  Department  of  Engineering  and  Public 
Works  should  be  created  to  be  headed  by  three 
commissioners  appointed  by  the  governor,  each 
to  have  a  twelve-year  term  of  office  so  arranged 
that  a  vacancy  will  be  created  every  four  years 
immediately  after  the  inauguration  of  a  new 
governor.  Commissioners  should  be  eligible  for 
reappointment.  At  least  one  commissioner 
should  be  a  professional  engineer  in  good  stand- 
ins  in  his  profession,  and  each  should  have  had 
experience  that  would  fit  him  for  the  duties  of 
the  office.  At  least  one  and  not  more  than  two 
commissioners  should  be  residents  of  New  York 
City. 

This  department  should  have  charge  of  pub- 
lic lands  and  boundary  surveys;  of  buildings, 
parks,  highways,  canals  and  other  public 
works,  including  design,  construction,  mainte- 
nance and  operation;  and  of  the  conser\'atIon 
and  development  of  state  resources. 

This  department  should  be  divided  into  sult- 
.'iblc  bureaus.  Each  bureau  charged  with  re- 
sponsibility for  engineering  work  should  be 
headed  by  a  chief  engineer  selected  by  the 
commissioners  with  sole  regard  to  his  peculiar 
fitness  for  the  duties  of  the  bureau. 

3.  A  Department  of  Public  Utilities  should 
lie  created  to  be  headed  by  five  commissioners 
appointed  by  the  governor,  each  to  have  a  ten- 
year  term  of  office  so  arranged  that  a  vacancy 
will  be  created  every  two  years.  Commission- 
ers should  be  eligible  for  reappointment.  At 
least  two  commissioners  should  be  professional 
engineers    in    good    standing   in    the    profession. 
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Each  appointee  should  have  had  experience  in 
connection  with  public  utilities  which  would  tit 
him  for  the  duties  of  the  office.  At  least  two 
and  not  more  than  three  commissioners  should 
be  residents  of  New  York  City. 

This  department  should  regulate  and  super- 
vise all  common  carriers,  all  water  supply,  irri- 
gration,  drainage,  gas,  power,  lighting,  heating, 
intelligence-transmitting  and  other  public  util- 
ity corporations  operating  within  the  limits  of 
New  York  state,  including  similar  activities  on 
the  part  of  any  other  state  department  or 
political   subdivision  of   the  state. 

This  department  should  be  divided  into  such 
bureaus  as  may  be  essential.  Each  engineer- 
ing bureau  should  be  administered  by  a  chief 
engineer  selected  with  sole  regard  to  his  pecu- 
liar fitness  for  the  office,  and  he  should  have 
power,  subject  to  the  approval  of  the  com- 
missioners, to  select  and  appoint  such  division 
engineers  as  are  essential  to  the  proper  con- 
duct of  his  office. 

4.  In  case  provision  be  made  in  the  consti- 
tution for  the  creation  of  one  or  more  depart- 
ments or  commissions  charged  with  responsi- 
bility for  regulating,  supervising  and  inspect- 
ing buildings  and  the  equipment  thereof,  trades, 
mines,  industries  or  labor,  each  such  depart- 
ment or  commission  should  include  in  its  mem- 
bership at  least  one  professional  engineer  in 
good  standing  in  his  profession.  Commission- 
ers should  be  appointed  by  the  governor.  Each 
appointee  should  have  had  experience  and  should 
possess  qualifications  fitting  him  to  perform  the 
duties  essential  to  the  department  or  commis- 
sion. 

5.  In  case  provision  be  made  in  the  consti- 
tution tor  the  creation  of  a  Court  or  Board  of 
Claims  charged  with  responsibility  for  investi- 
gating claims  against  or  on  behalf  of  the  state, 
one- third  of  the  membership  of  such  court  or 
board  should  be  made  up  of  professional  engi- 
neers in  good  standing  in  the  profession,  each 
to  have  practiced  professional  engineering  for 
at  least  ten  years  and  for  at  least  five  years 
to  have  had  responsible  charge  of  important 
engineering  work  either  as  to  design  or  exe- 
cution. 

6.  Removal  by  the  governor  of  any  commis- 
sioner should  be  made  only  after  the  filing  of 
charges  and  after  affording  the  accused  an  op- 


portunity to  be  heard  in  the  matter,  provided, 
however,  that  at  any  time  within  the  first  six 
months  after  making  an  appointment  the  gov- 
ernor may  exercise  the  power  of  summary  re- 
moval. A  successor  to  a  commissioner  who  has 
been  removed  should  be  appointed  to  fill  the 
unexpired  term.  Vacancies  caused  by  removal 
or  otherwise  should  be  filled  under  conditions 
similar  to  those  governing  original  appointment. 

7.  There  should  be  no  direct  or  implied  pro- 
hibition against  legislation  which  would  permit 
the  reference  by  a  court  of  technical  matters 
made  the  subject  of,  or  incidental  to  litigation, 
to  a  referee  expert  in  such  technical  matters, 
for  the  purpose  of  securing  a  determination 
concerning  the  facts,  or  which  will  prevent  the 
court  from  selecting  independent  expert  wit- 
nesses or  advisers  in  matters  of  this  character. 

S.  In  order  to  make  possible  the  reasonable 
development  of  state  resources,  the  present 
constitutional  prohibition  against  the  use  or 
sale  of  land  and  cutting  of  trees  within  the  lim- 
its of  the  forest  preserve  should  be  removed  In 
so  far  as  such  use  or  sale  of  land  or  cutting  of 
trees  is  essential  to  such  development  (Article 
VII,  Section  7),  and  similarly  to  permit  the 
development  of  other  natural  resources  by  pri- 
vate enterprise,  provision  should  be  made  for 
the  condemnation  of  private  property  necessary 
to  the  construction  and  operation  of  works  for 
irrigation,  drainage,  sanitation,  water  supply, 
agriculture,  mining,  forestry  or  power  develop- 
ment, .through  the  declaration  of  such  project 
as  for  public  use,  subject,  however,  to  the  su- 
perior right  of  the  state  or  of  a  subdivision 
thereof  to  condemn  the  same  property  or  a 
portion  thereof  for  state  or  municipal  purposes 
(Article  I.   Section  7). 


Licensing  Engineers  in  Pennsylvania: 
Report   of   Committee. 

The  report  of  the  special  committee  of  the 
Engineers'  Society  of  Pennsylvania,  appointed 
to  consider  the  subject  of  licensing  engineers, 
is  printed  in  the  March  issue  of  the  Journal 
of  that  Society.  The  committee  was  composed 
of  Wm.  B.  McCaleb,  D.  E.  Tracey,  and  Willis 
Whited,  chairman.  A  summary  of  the  report 
follows : 

We    are    opposed    to    any    system    of   licensing 


engineers.  We  would  not  object  to  a  system  of 
licensing  land  and  mine  surveyors  whose  work 
forms  a  part  of  the  public  records  of  the  boun- 
daries of  real  estate.  We  would  not  object  to 
a  system  of  civil  service  certificates,  tending  to 
insure  the  competence  and  integrity  of  engi- 
neers responsible  for  the  design  and  construc- 
tion of  public  works,  but  this  subject  may  be 
considered  outside  the  province  of  this  com- 
mittee. If.  however,  it  is  decided  that  some 
form  of  licensing  engineers  is  necessary,  we 
would  recommend  that  examinations  be  held 
and  licenses  issued  under  the  authority  of  the 
state. 

The  principal  objections  to  a  system  of  li- 
censing are  as  follows: 

1.  Defective  engineering  is  caused  at  least  as 
often  by  the  parsimony  of  the  owner  or  the 
fraud  of  the  contractor  or  supply  man  as  by  the 
ignorance  of  the  engineer. 

2.  If  all  engineers  are  required  to  hold  license 
It  might  be  construed  that  any  wagon  maker 
who  built  a  new  pattern  of  wheelbarrow  or  any 
carpenter  who  replanked  a  bridge  floor  should 
be  punished  for  neglect  to  secure  a  license  as 
engineer. 

3.  It  hardly  seems  wise  for  the  state  to  at- 
tempt to  protect  strictly  private  interests  or  to 
intf-rfere  with  private  affairs,  except  in  the  ex- 
ercise of  ordinary  police  powers,  which  are  in- 
tended only  to  protect  human  life  and  health 
and  the  interests  of  the  public. 

4.  If  only  the  interests  of  the  public  are  to  be 
protected,  which  is  the  only  excuse  for  public 
intervention,  there  are  a  very  large  number  of 
cases  in  which  it  is  impossible  to  determine 
beforehand  whether  they  are  seriously  threat- 
ened or  not,  and  it  would  often  require  a  decis- 
ion of  the  Supreme  Court  to  decide  whether  an 
engineer  was  an  honored  citizen  or  a  criminal. 

5.  If  the  public  actually  suffers  there  is  no 
question  of  the  hazardous  character  of  the  worlc 
and  the  responsibility  of  the  engineer  can  best 
be  determined  by  the  extent  of  the  damage. 

6.  It  is  well  known  that  some  repair  work 
requires  a  higher  grade  of  engineering  skill  and 
responsibility  than  was  required  in  the  original 
design  of  the  structure,  while  other  repairs  re- 
quire only  ordinary  mechanical  skill.  It  would 
often  be  extremely  difficult  to  differentiate  be- 
tween the   cases. 


Some  Practical  Suggestions  and  Data 

on  the  Installation  and  Operation 

of  Air  Lift  Pumping  Systems. 

Contributed  by  C.  M.  WetherlU,  Chicago,  111. 
While  it  is  conceded  that  the  air  lift  is  not 
as  economical  as  other  systems  for  general 
pumping,  under  certain  conditions  it  has 
proven  economical  and  satisfactory;  especially 
where  the  water  is  taken  from  a  well  that 
is  less  than  12  ins.  in  diameter  and  the  pump- 
ing level  of  the  water  does  not  exceed  225  ft. 
above  the  lowest  water  level  in  the  well.  The 
advantage  of  the  system  is  that  the  machinery 
is  all  above  ground.  There  is  nothing  in  the 
well  to  get  out  of  order  and  so  call  for  "pull- 
ing the  well,"  which  so  often  occurs  with  the 
plunger  type  of  pump.  The  efficiency  of  the 
air  lift  after  years  of  service  remains  the 
same,  while  wear  of  plunger  pumps  often 
causes  a  drop  in  efficiency  of  from  40  to  oU 
per  cent,  particularly  if  the  water  contains 
fine   sand. 

The  air  lift  system  has  its  principal  use 
when  the  quantity  of  water  is  the  chief  con- 
cern, and  where  it  is  to  be  taken  from  small 
wells  widely  separated,  and  where  the  cost  of 
operation  is  not  a  large  consideration.  It  is 
the  best  system  of  pumping  for  taking  a  large 
amount  of  water  from  a  small  well. 

The  air  lift  is  a  desirable  system  in  small 
towns  securing  their  supply  from  deep  wells 
of  small  bore,  especially  when  electric  power 
is  used.  The  system  may  be  installed  to  op- 
erate   automatically,    and    the    plant    may    be 


taken  care  of  by  the  town  marshal.  In  water 
works  of  this  class  the  water  is  brought  to 
the  surface  reservoir  with  air.  Then  it  is 
taken  up  by  a  triplex  or  centrifugal  pump, 
operated  by  an  electric  motor,  and  elevated  to 
the  gravity  tank.  Both  of  these  machines  can 
be  operated  by  automatic  float  switches. 

SUBMERGENCE. 

In  piping  a  well  it  is  important  to  have 
the  proper  amount  of  submergence.  This 
should  be  between  -50  and  65  per  cent  of  the 
total  length  of  the  eduction  pipe;  about  60 
per  cent  seems  to  give  the  best  results  in  gen- 
eral. This  submergence  regulates  the  neces- 
sary running  air  pressure. 

Let  us  suppose  the  well  is  400  ft.  in  "depth. 
It  is  assumed  that  when  pumping  the  quantity 
of  water  wanted  the  water  level  in  the  well 
will  drop  75  ft.  below  the  surface  of  the 
ground.  The  elevation  above  the  surface  of 
the  ground  is  25  ft.,  making  the  total  lift 
above  the  water  level  in  the  well  when  pump- 
ing to  the  point  of  discharge  a  total  of  100  ft. 
Assuming  that  the  submergence  should  repre- 
sent 60  per  cent  of  the  entire  length  of  the 
water  discharge  pipe,  this  lift  represents  40 
per  cent.  Multiplying  this  total  lift  of  100  ft. 
by  1%  gives  150  ft.,  which  is  the  60  per 
cent  submergence  required.  Adding  the  150  ft. 
submergence  to  the  100  ft.  lift  gives  the  total 
length  of  250  ft.  of  water  discharge  pipe. 

EXTREME    LIFT    PR.\CTIC.'kBLE. 

It  must  be  borne  in  mind  that  the  limit  of 
practical    utility    to    which    the    water    can    be 


raised    bv    this    svstem 


225    ft.    above    the 


lowest  water  level  in  the  well.  This  covers 
the  majority  of  cases,  although  under  es- 
pecially favorable  conditions  water  has  been 
raised  as  high  as  200  ft.  above  the  level  of 
the  well.  It  is  not  safe,  however,  to  count  on 
a  higher  lift  than  225  ft.  except  under  very 
favorable  conditions. 

"slip"    and    HORIZONTAL    PUMPING. 

The  principle  on  which  the  air  lift  works 
is  that  the  mixture  of  air  and  water  in  the 
discharge  pipe  is  lighter  per  unit  volume  than 
the  same  volume  of  water  outside  the  educ- 
tion pipe.  Therefore  the  mi.xture  in  the  educ- 
tion pipe  will  be  forced  to  a  much  higher 
elevation  than  the  depth  of  submergence.  In 
the  upward  motion  of  the  mixture,  or  alter- 
nate pistons  of  air  and  water,  in  the  eduction 
pipe  the  air  has  a  tendency,  on  account  of  its 
lighter  weight,  to  come  to  the  surface  faster 
than  the  water.  This  causes  what  is  known 
as  "slip,"  and  is  one  of  the  principal  reasons 
for  the  low  efficiency  of  the  air  lift. 

The  air  lift  system  is  not  adapted  to  pump- 
ing horizontally  a  great  distance,  and  for  this 
reason  the  horizontal  discharge  should  always 
be  kept  as  short  as  possible.  When  the  reser- 
voir is  some  distance  from  the  wells  it  is 
better  to  discharge  into  a  small  elevated  tank 
and  then  allow  the  water  to  flow  to  the  reser- 
voir by  gravity. 

R-^TIO    OF    AIR   TO    WATER    VOLUME. 

When  60  per  cent  of  the  entire  length  of 
the    water    discharge    pipe    is    sumberged    the 
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following  ratio  of  air  to  water  should  be  ob- 
served : 

For  lifts   not   ex-  Volumes  of  air  to  1 

ceeding  of  water. 

25  ft.  2 

50  ft.  3 

75   ft.  4V4 

100   ft.  6 

125  ft.  ^y, 

150  ft.  9 

175   ft.  10  H 

200  ft.  12 

Thus  to  ascertain  the  volume  of  air  re- 
quired, quantity  of  water  and  lift  being  known : 
Divide  the  required  quantity  of  water  in  gal- 
lons by  7%  in  order  to  reduce  it  to  cubic  feet; 
then  multiply  the  quotient  by  the  figure  from 
above  tabulation,  representing  the  volume  of 
air  required  for  the  lift  necc-ssary  to  raise  the 
water.  Assume,  for  instance,  that  200  gals, 
of  water  are  to  be  raised  to  the  surface  in  a 
minute  and  that  the  water  level  will  fall  75  ft. 
below  the  surface  when  pumping.  200  -^  7% 
=  26.5  X  iVz  =  120  cu.  ft.  of  free  air  re- 
quired per  minute. 

REQUIRED     AIR     PRESSURE. 

The  required  air  pressure  is  determined  by 
the  head  of  water  outside  of  the  water  dis- 
charge pipe  from  the  level  in  the  well  to  the 
bottom  of  the  water  and  air  pipes,  .^ssume, 
for  instance,  that  the  water  level  in  the  well 
stands  even  with  the  surface  of  the  ground 
when  not  pumping,  but  that  when  it  is  pumped 
the  water  level  will  drop  50  ft.  below  the 
surface  of  the  ground.  This  would  make  it 
necessary  to  have  the  air  and  water  discharge 
pipes  125  ft.  long.  When  starting  pumping 
it  would,  of  course,  be  necessary  to  raise  a 
column  of  water  125  ft.  in  height,  and  allow- 
ing 0.434  pressure  for  each  foot  lift  the  start- 
ing air  pressure  required  would  be  125  X  0.434 
=  54  lbs.  As  it  has  been  assumed  that  the 
water  level  will  drop  50  ft.  after  the  well  is 
pumped,  there  would  then  be  a  head  of  water 
outside  of  the  water  discharge  pipe  75  ft.  in 
height  with  which  the  air  would  have  to 
contend,  making  the  running  air  pressure 
75  X  0.434  =  32.5  lbs. 

TABLE  I.— RELATIVE  LIFT,  SUBMERGENCE, 

AIR  VOLUME   AND   PRESSURE.   AND 

I.   H.   P.   OF  COMPRESSOR. 


£■5  °- 

-  3?  i" 

J  mS  <£ 

25 38               17 

50 75              33 

75 113               49 

too 150               65 

125 188               82 

150 225               98 

176 263  115 

200 300  130 


0.3 
0.4 
0.6 
0.8 
1.0 
1.2 
1.4 
1.6 


US 

^« 

X  23 
•  ."* 
.0156 
.036 
.07 
.0925 
.16 
.212 
.265 
.318 


Still  an  easier  method  of  obtaining  the  vol- 
umes of  free  air,  pressure,  submergence  and 
indicated  horsepower  is  given  in  Table  I.  For 
instance,  say  it  is  desired  to  raise  210  gals, 
of  water  per  minute  50  ft.  high.  This  will  re- 
quire 75  ft.  submergence,  33  lbs.  air  pressure, 
84  cu.  ft.  of  free  air  per  minute  and  the  com- 
pressor must  develop  7.5  I.  H.  P. 

Under  favorable  conditions  the  air  consump- 
tion in  Table  I  may  be  reduced  as  much  as  15 
or  20  per  cent. 

Efficiencies  as  high  as  33  per  cent  have  been 
obtained  under  favorable  conditions  when  a 
fair-sized,  first-class,  two-stage  compressor  is 
used.  This  is  the  I.  H.  P.  or  the  electric 
power  at  switchboard  figured  against  the  the- 
oretical horsepower  of  water  delivered. 

Table  II  gives  a  list  of  the  approximate 
size  and  capacity  of  side  inlet  devices  for  foot 
pieces  now  placed  on  the  market  by  several 
companies  and  the  size  of  wells  they  will  go 
into. 

Sometimes  the  size  of  the  well  does  not  per- 
mit the  use  of  the  side  inlet  piece;  then  the 
central  air  pipe  system  is  used.  If  the  well  is 
cased  far  enough  down  to  admit  of  80  per 
cent  submergence,  the  well  casing  is  used  as 
the  water  discharge  pipe  and  the  air  pipe  is 
put  down  into  it.    About  2  ft.  from  the  bottom 


of  the  air  pipe  a  number  of  holes  are  drilled 
for  the  air  to  escape  from.  The  size  of  the 
pipe  depends  a  great  deal  upon  the  size  of  the 
well  and  the  quantity  required,  but  the  follow- 
ing  figures   will   give    a   general   idea : 

Well  casing.  Use  air  pipe,  Capacity, 

ins.  ins.  gals,  per  min. 

3%  114  115 

4  1^  150 

5  2  240 

6  2  360 

In  estimating  the  quantity  of  water  that 
can  be  forced  through  a  given  size  discharge 
with  the  best  economy,  the  following  rules 
should  be  observed ; 

25  ft.  lifts  10  to  11  gals,  to  each  square  inch 
area  of  water  pipe. 

50  ft.  lifts  12  to  13  gals,  to  each  square  inch 
area  of  water  pipe. 

All  higher  lifts  14  to  15  gals,  to  each  square 
inch  area  of  water  pipe. 

Usually  this  can  be  exceeded,  but  only  at 
the  expense  of  economy  in  air  consumption. 
In  pumping  wells  of  12  ins.  or  more  in  di- 
ameter, unless  the  well  is  crooked,  the  air 
lift  does  not  give  as  good  results  as  the  deep 

TABLE  II  —DATA  ON  SIDE  INLET  DEVICES. 

Air  Maximum  ca- 

pipe,                  Water  pipe.  Size  well,     pacity,  gals, 

ins.                                 ins.  ins.              per  min. 

% l'/4  4                        25 

1      2  4%                    50 

1      21/4  5                        75 

Hi 3  B                      105 

IVi 3'/^  7                     145 

1V4 4  8                     190 

2     6  10                    -425 

2     5  9                     300 

well  centrifugal  pump  that  is  now  being  placed 
on  the  market  by  several  companies. 

The  data  here  given  have  been  gathered  dur- 
ing the  past  ten  years  by  the  author  both  from 
experience  and  observation.  Some  of  the  in- 
formation has  been  obtained  from  water  works 
superintendents  and  sales  engineers  who  have 
had  the  opportunity  of  testing  and  watching 
the  operations  of  this  system  of  trumping. 
For  general  use  the  above  figures  have  proven 
very  satisfactory. 

It  is  well  to  bear  in  mind,  as  pointed  out 
in  Engineering  and  Contracting  of  March  17. 
1915,  that  the  air  lift  should  not  be  installed 
without  the  advice  of  an  engineer  who  has 
made  a  special  study  of  the  subject,  and  only 
after  he  has  been  given  an  opportunity  to 
make  trials  with  various  lengths  of  air  pipe 
and  various  speeds  of  compressor  operation 
after  the  lift  has  been  installed.  The  latter 
consideration  is  important,  as  by  successive 
adjustments  of  submergence  and  compressor 
speeds  the  most  economical  operating  condi- 
tions may  be  found. 


New   Jersey   Supreme    Court   Upholds 
Decision  Awarding  Damages  for 
Illness  Contracted  from  Drink- 
ing Impure  Water  Supply. 

(Staff   Abstract.) 

The  New  Jersey  Supreme  Court  recently 
handed  down  a  decision  in  the  case  of  B.  Hen- 
ry Jones,  plaintiff,  vs.  Mount  Holly  Water 
Co.,  defendant,  sustaining  the  verdict  of  a 
lower  court  awarding  damages  to  Mr.  Jones 
on  account  of  the  illness  of  his  children, 
brought  on  by  drinking  water  supplied  by  the 
company.  The  following  facts  and  arguments 
are  based  upon  the  Supreme  Court  decision. 
The  nature  of  the  defense  is  indicated  in  the 
decision. 

The  Mount  Holly  Water  Co.  supplies  water 
for  domestic  consumption  to  the  inhabitants 
of  Mount  Holly,  including  the  Jones  family. 
Mr.  Jones  paid  the  company  $25.90,  in  ad- 
vance, for  a  year's  supply  of  water  from 
April  1,  1911,  to  April  1,  1912.  On  January  19 
three  of  the  Jones  children  became  ill  of 
typhoid  or  para  typhoid  fever.  Mr.  Jones 
claimed  the  illnesses  were  attributable  to  the 
drinking  water,  the  water  being  in  an  impure 
and  unwholesome  state,  in  that  it  was  per- 
meated with  filth  and  contained  para  typhoid 
germs  in  large  quantities,  which  the  defend- 
ant knew  or  ought  to  have  known  in  the  ex- 
ercise of  due  and  reasonable  care. 


The  plaintiff  sued  the  defendant  to  re- 
cover the  money  spent  for  medical  services, 
medicines  and  nursing  and  for  the  loss  of 
his  own  time.  He  recovered  a  verdict  for 
$750.  The  defendant  carried  the  case  to  the 
Supreme  Court  and  sought  to  have  the  ver- 
dict set  aside  for  the  reasons  here  referred 
to  and  considered.  No  claim  was  made  that 
the  verdict  was  excessive. 

The  first  reason  assigned  in  the  brief  of 
counsel  of  the  defendant  is  that  the  case  does 
not  show  any  contractual  relation  between  the 
plaintiff  and  defendant,  and  that  the  complaint 
is  one  founded  upon  contract  with  an  imperfect 
allegation  of  negligence.  But  no  point  is  sought 
to  be  made  of  this  and  we  cannot  very  well 
perceive  how  a  successful  attack  can  now  be 
made  on  the  nature  and  character  of  the  plead- 
ings, since  it  appears  that  the  parties  to  the 
controversy  treated  the  action  as  one  of  negli- 
gence, and  that  the  cause  was  tried  out  and 
submitted  to  the  jury  in   that  aspect. 

The  second  reason  relied  on  by  the  defendant 
for  a  new  trial  is  that  the  plaintiff  had  failed 
to  establish  any  negligence  of  the  defendant 
which  proximately  resulted  in  the  illnesses  of 
the  plaintiff's  children. 

There  was  plenary  testimony  from  which  a 
jury  might  have  reasonably  inferred  that  the 
water  furnished  by  the  defendant  company  was 
polluted  with  fecal  matter  and  other  filth  and 
contained  germs  indicating  the  presence  of  ty- 
phoid germs  in  the  water.  This  testimony 
came  from  witnesses,  who  spoke  of  the  polluted 
condition  of  the  water  along  the  sources  of  sup- 
ply of  the  defendant  company  in  the  month  of 
December.  1911,  and  before  that  time  and  prior 
to  the  breaking  out  of  a  typhoid  fever  epidemic 
in  Mount  Holly  in  the  months  of  January,  Feb- 
ruary and   March,   1912. 

From  the  testimony  it  is  also  apparent  that 
the  bad  condition  of  the  water  supply  and  the 
nature  and  character  of  the  sources  of  the  pol- 
lution were  matters  which  were  so  open  and 
above  the  surface  that  they  would  give  rise 
to  the  fair  inference  that  those  conditions  were 
known  to  the  defendant  company  or,  at  least, 
ought  to  have  been  known  by  it  before  Jan- 
uary.  1912. 

Besides  all  this  there  was  proof  of  actual 
knowledge  of  the  defendant  company  of  the 
pollution  of  the  water  and  the  sources  of  its 
pollution  extending  back  a  period  of  3V4  years 
prior  to  the  outbreak  of  the  typhoid  fever  epi- 
demic. The  letter  written  by  the  defendant 
company  under  date  of  March  12,  1912,  to  the 
State  Board  of  Health  is  evidence  of  tliat  fact. 

In  addition  there  were  23  cases  of  typhoid 
fever  in  a  population  of  6,000,  from  Dec.  1,  1911, 
to  Feb.  26,  1912,  a  majority  of  the  cases  occur- 
ring in  January,  and  all  of  which  persons  so 
atBicted  with  two  or  three  exceptions  had  been 
using  and  drinking  the  water  supplied  by  the 
defendant   company. 

The  testimony  relating  to  the  cases  of  typhoid 
fever  prevailing  after  the  plaintiff's  children 
were  taken  ill  was  objected  to  on  the  ground 
that  it  was  immaterial  and  irrelevant,  but  we 
thinli  that  it  was  material  and  relevant  on  the 
question  whether  or  not  the  water  supplied  by 
the  defendant  company,  which  was  drunk  by 
the  persons,  who  had  been  afflicted  with  the 
fever,  was  the  source  of  the  disease. 

It  must  be  borne  in  mind  that  the  defendant 
company  was  in  the  water  supply  business  for 
profit.  The  plaintiff  had  paid  for  the  supply 
which  he  was  to  receive  in  advance.  Hence  it 
became  the  duty  of  the  defendant  company  to 
give  to  the  plaintiff  water  fit  for  domestic  pur- 
poses,  including  fitness  for  drinking. 

Water  is  a  necessity  of  life  and  one  who  un- 
dertakes to  trade  in  it  and  supply  customers 
stands  in  no  different  position  to  those  with 
whom  he  deals  than  does  a  dealer  in  food- 
stuffs. Ho  is  bound  to  use  reasonable  care 
that  whatever  is  supplied  for  food  or  drink 
shall  be  ordinarily  and  reasonably  pure  and 
wholesome. 

The  case  of  Tomlinson  vs.  .-Xmiour  &  Co. 
(75  N.  J.  L.  748)  is  cited,  in  which  damages 
were  awarded  plaintiff  for  contracting  pto- 
maine poisoning  from  eating  unwholesome 
canned  ham. 

The  leg.al  principle  laid  down  in  that  case  Is 
only  applicable  to  the  facts  of  the  present  case  ■ 


424 


Engineering   and    Contracting 


Vol.  XLIIl.     No.  19. 


insofar  as  it  requires  the  exercise  of  reasonable 
care  that  the  water  furnished  shall  be  reason- 
ably pure  and  wholesome,  and  that  negligently 
furnishing  water  which  is  deleterious  to  the 
human  body  or  health,  will  furnish  a  valid 
cause  of  action  to  a  customer  injured  by  the 
use   of  the  water. 

Actual  notice  or  knowledge  of  the  unwhole- 
someness  of  the  water  of  the  defendant  com- 
pany was  not  an  essential  element  to  be  prov- 
en, in  order  to  establish  the  defendant's  lia- 
bility, it  was  sufficient  if  there  was  testimony 
tending  to  show  that  the  defendant  in  the  ex- 
ercise of  reasonable  care  might  have  discovered 
the  imwholesomeness  and  dangerous  condition 
of  the  water. 

And  the  case  sub  judice  differs  from  the  case 
cited  in  this  essential  particular,  that  the 
streams  from  which  the  water  supply  is  taken 
are  not  under  the  immediate  supervision  and 
care  of  the  water  company,  and  covering  many 
miles  in  area  may  be  easily  polluted  and  con- 
taminated without  the  knowledge  of  the  water 
company,  whereas  in  the  canning  of  the  ham, 
that  was  done  in  the  factory  of  the  .Armour  & 
Co.,   and   by  its   servants. 

We  think  that  the  plaintiff  properly  met  the 
burden  of  establishing  that  the  defendant  either 
knew,  or  in  the  exercise  of  due  and  rea.sonable 
care  would  have  ascertained  that  the  water  it 
was  furnishing  its  customers  in  Mount  Holly 
was  impure  and  contaminated  with  germs  de- 
leterious to  the  human  body  and   health. 

The  duty  resting  upon  the  water  company 
was  to  furnish  its  customers'  for  consumption 
pure   and  wholesome  water. 

In  Jersey  City  v.  Flynn,  (74  N.  J.  L,.,  E.  104, 
135-136)  the  contract  requirement  of  the  water 
company  was  "that  the  water  delivered  should 
be  pure  and  wholesome  and  free  from  pollu- 
tion deleterious  for  drinking  and  domestic  pur- 
poses." 

We  think  that  this  contract  stipulation  aptly 
states  what  a  public  water  supply   should   be. 

And  in  Peffer  v.  Penn.  Water  Co.  (221  Pa. 
578:  70  Atl.  Rep.,  870),  it  was  held  that  the 
obligation  of  a  water  company  to  its  customers 
is  to  furnish  water  that  is  ordinarily  pure  and 
wholesome:  that  pure  and  wholesome  water 
neces.sarily  means  such  as  is  reasonably  free 
from  bacteria  and  coli.  or  any  other  infection 
or  contamination  which  renders  the  water  unfit 
for  domestic  use  and  unsafe  and  dangerous  to 
individuals. 

Viewing  the  facts  of  the  present  case  in  the 
light  of  the  duty  resting  upon  the  defendant 
company,  the  plaintiff  met  the  burden  of  estab- 
lishing the  defendant's  liability,  by  the  intro- 
duction of  testimony  which  tended  to  prove 
open  and  notorious  pollution  and  contamination 
of  streams  connected  with  the  defendant's 
sources    of   water   supply. 

But  it  is  claimed  that  there  was  no  proof  of 
any  typhoid  germs  in  the  water  and  that, 
therefore,  there  is  no  tenable  ground  for  im- 
puting the  typhoid  fever  to  the  drinking  of  the 
water. 

This  argument  does  not  commend  itself  to 
us  as  sound.  There  was  proof  to  the  effect 
that  for  a  long  period  of  time  before  the  out- 
break of  the  typhoid  fever  epidemic  there  were 
discharged  into  the  source.s  of  the  defendant's 
water  supply  large  quantities  of  fecal  and  veg- 
etable matter,  which  the  scientific  experts  tes- 
tify are  indicative  of  the  presence  of  the  bacil- 
lus coli  and  whicli  in  turn  indicate  the  presence 
of  t>'phoid  fever  germs  but  not  necessarily  so. 
And  where  there  are  bacilli  coli  in  any  con- 
siderable quantity  there  is  a  probability  of  the 
presence  of  the  typhoid  fever  germ.  Further- 
more it  appears  that  the  president  of  the  de- 
fendant company  came  before  the  Ijoard  of 
health  in  response  to  a  communication  sent  to 
the  defendant  by  the  town  clerk  relating  to 
the  water  supply,  and  made  statements  relat- 
ing to  the  condition  of  the  water  before  the 
outbreak    of   the    fever.    ••»•»• 

From  his  statement  it  appears  that  bacilli  coli 
were  found  in  the  tests  made  of  the  water 
after  going  through  the  filtration  plant  of  the 
defendant    company. 

The  plaintiff  was  not  legally  required  to  prove 
by  positive  testimcn>'  and  with  absolute  cer- 
tainty that  the  drinking  of  the  water  was  the 
cause  of  the  typhoid  fever. 


The  plaintiff  satisfied  tile  burden  which  the 
law  imposed  upon  him  by  proving  such  facts 
and  circumstances  from  which  it  was  made  to 
reasonably  appear  that  the  drinking  of  water 
was  the  iirobable  efficient  cause  of  the  typhoid 
fever.  (Wilkins  v.  Standard  Oil  Co.,  7S  N.  J.  L. 
524.) 

It  is  only  where  it  appears  that  the  injuries 
were  occasioned  by  one  of  two  causes,  for  one 
of  which  the  defendant  is  responsible  but  not 
for  the  other,  the  plaintiff  must  prove  such 
facts  and  circumstances  as  will  exclude  the 
equal  probability  of  the  injury  having  resulted 
from  the  cause  for  which  the  defendant  is  not 
liable.  (Stumpf  v.  D.  L.  &  W.  E.  K.  Co.,  76 
N.   J.    L.,   153.) 

The  present  case  is  barren  of  any  testimony 
from  which  a  reasonable  inference  can  be 
drawn  that  the  illnesses  of  the  plaintiff's  chil- 
dren were  due  to  any  other  cause  than  that  of 
the   water  supplied   by  the   defendant. 


ceptions  taken  to  the  admission  or  rejection 
of  testimony  in  the  cause  which  would  warrant 
a   disturbance   of    the   verdict. 

The   rule   to  show  cause  will  be  discharged. 

..\CKNO\VLEDCMEXT. 

The  opinion  from  which  we  quote  was 
handed  down  bv  Judge  J.  KaHsch.  It  was 
tiled  for  record  by  Wm.  C.  Gebhardt,  Clerk 
of  the  New  Jersey  Supreme  Court,  on  April 
1.5,  191.".. 


View   of    Laying   of   Submerged    Water    Main 
Across    Little    Calumet     River,    in    Chi- 
cago,   by    Means    of    Floating    Oil 
Casks. 


The  defendant  makes  the  furtiier  contention 
that  the  plaintiff's  case  must  fail  because  the 
allegation  in  his  complaint  is  that  the  illness 
with  which  each  of  his  children  was  afflicted 
was  typhoid  fever,  whereas  it  appears  by  the 
testimony  that  it  was  not  true  typhoid,  but 
was  what  is  known  in  medical  learning,  para 
typhoid,  a  much  milder  form  of  disease. 

We  think  that  it  is  a  matter  of  no  conse- 
quence whether  or  not  the  illnesses  which  tlie 
plaintiff's  children  had  were  true  typhoid  fever, 
the  crucial  question  being,  whether  their  ill- 
nesses were  due  to  the  unwholesomeness  of 
the   water  supplied   by  the   defendant. 

We  do  not  find  anything  in  the  defendant's 
criticisms    of    the   Judge's   charge   or  in    the   ex- 


Method  of  Laying  Submerged  Water 

Pipe  Line  Across  Little  Calumet 

River  in  Chicago. 

(StaiY  .Vrticle.) 

When  it  became  necessary  to  lay  a  water 
main  across  the  Little  Calumet  River  at  134th 
St.  and  Indiana  Ave.,  in  Chicago,  the  depart- 
ment of  water  pipe  extension  decided  to  lay  a 
submerged  inain  of  Universal  cast  iron  pipe. 
This  type  of  pipe  was  selected  because  the 
city's  engineers  believed  that  the  joints  would 
be  sufficiently  flexible  to  permit  of  the  pipe 
line  adjusting  itself  to  the  slight  irregulari- 
ties in  tlic  stream  bed.  Another  reason  for  the 
choice  of  this  pipe  lay  in  the  belief  that  the 
bolted  joints  would  obviate  the  possibility  of 
having  the  pipe  pulled  apart  in  case  of  settle- 
ment. 

The  width  of  the  river  at  the  point  crossed 
is  about  160  ft.  and  the  average  depth  is  25  ft. 
The  stream  bed  was  prepared  to  receive  the 
pipe  l)y  means  of  a  water  jet  from  a  fire  hose. 
.\11  obstructions  were  removed  so  as  to  give 
the  pipe  line  a  firm  support. 

In  order  to  lay  this  pipe  in  the  bed  of  the 
river  barrels  were  provided  to  float  the  line 
at  the  surface  of  the  stream,  as  shown  in  the 
accompanying  view.  A  small  bay  or  channel 
\yas  dug  on  the  north  side  of  the  river  in 
line  with  the  proposed  location  of  the  main, 
and  in  this  bay  the  barrels,  with  the  pipe  be- 
tween tliem.  were  launched.  The  barrels  were 
air-tight  oil  casks  and  two  were  laslied  to  eacli 
li  ft.  length  of  the  pipe,  which  was  1"2  ins.  in 
diameter.  The  lashing  was  passed  around  tlie 
liarrels  and  pipe  in  such  a  way  as  to  securely 
fasten  them  together.  As  each  length  of  pipe 
was  added,  with  the  barrels  supporting  it,  the 
whole  line  was  pushed  farther  into  the  river 
until  finally  the  end  of  the  line  reached  the 
opposite   shore. 

After  the  pipe  line  had  been  floated  into  the 
desired  position  enough  barrels  were  removed 
to  allow  the  pipe  to  sink  slowly,  taking  the 
barrels  which  were  not  cut  loose  down  with  it. 
The  diver  then  went  down  to  cut  the  lashings 
of  the  balance  of  the  barrels  and  allowed  the 
barrels  to   rise  to  the  surface. 

Cofferdams  were  then  built  at  each  end  of 
the  pipe  and  connections  were  made  between 
tlie  submerged  pipe  and  the  city  mains  at  each 
.side  of  the  river.  The  stream  section  was 
laid  in  December.  In  February,  191."),  the  new 
line  was  subjected  to  a  test  pressure  of  100 
lbs.  to  the  square  inch.  All  joints  were*  shown 
to  be  tight  and  in  good  condition. 

This  pipe  line  was  laid  for  the  city  of  Chi- 
cago, under  the  supervision  of  the  city  engi- 
neer's office.  The  work  was  under  the  im- 
mediate charge  of  the  department  of  water 
pipe  extension,  of  which  Mr.  R.  S.  Spalding 
is  engineer.  The  Universal  pipe  used  was  fur- 
nished by  the  Central  Foundry  Co.  of  New 
York,  whose  interests  on  the  work  were  looked 
after  by  Mr.  W.  E.  Holland  of  the  Chicago 
office. 


Sanitation  in  Canada. — According  to  ad- 
vance notes  on  a  report  to  be  issued  by  the 
Commissioner  of  Conservation  on  the  Water 
Works  Systems  of  Canada  there  are  61  sew- 
age disposal  plants  in  operation  in  Canada. 
There  are  57  inland  river  systems  receiving 
raw  sewage  from  l.")9  municipalities.  Water 
supply  systems  for  111  tiiunicipalities  still  ob- 
tain water  from  streams  or  bodies  of  water 
into  which  raw  sewage  has  been  discharged 
above  the  intake  points. 
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Experiences   in    Metering    the   City   of 
Boston. 

(Staff   Abstract.) 

.-M  the  time  the  water  meter  law  went  inta 
effect  in  1908  the  city  of  Boston  had  about 
f)5,000  service  pipes,  of  which  only  5,000  were 
metered.  It  had  previously  been  the  practice 
to  meter  railroads,  whar\es,  large  business 
buildings,  hotels  and  large  apartment  houses; 
in  fact,  practically  every  business  building  had 
been  metered  for  a  number  of  years.  No 
attempt  had,  until  that  time,  been  made  to 
meter  premises  where  water  was  being  wasted 
continuously  and  carelessly.  The  present  ar- 
ticle describes  the  results  of  and  some  of  the 
experiences   in   metering   domestic   consumers. 

At  tirst  there  was  no  way  to  forecast  whether 
the  introduction  of  meters  would  increase  or 
decrease  the  revenue.  It  was  desired  to  re- 
strict waste  without  reducing  too  heavily  the 
income.  Finally  it  was  decided  to  meter  large 
tenement  houses  and  buildings  containing  sa- 
loons, because  it  was  thought  great  waste 
would  be  found  in  them.  This  was  true  in 
niany  cases.  It  is  also  true  that  great  waste 
was  later  found  in   small  houses. 

During  the  year  1908  only  a  few  meters 
were  set,  although  under  the  law  about  4,.50O 
old  service  pipes  and  all  new  services  should 
have  been  metered.  In  1909,  however,  the 
department  hastened  to  make  up  for  lost  time, 
because  of  the  penalty  which  the  Legislature 
of  1909  added  to  the  meter  act  for  failure  to 
comply  with  its  requirements.  A  force  of 
ten  plumbers  under  the  direction  of  a  fore- 
man was  engaged  in  setting  the  meters.  One 
or  two  plumbers  were  sent  into  each  district 
to  meter  the  buildings  selected.  Each  plumber 
had  a  helper  and  a  team  with  a  driver;  the 
team  carried  the  men  and  the  stock  from 
house  to  house,  the  houses  being  very  often 
widelv  separated.  This  method  was  used  in 
19n!i  and  1910.  In  190!l  0,-584  meters  were  in- 
stalled, and  6,61-5  in  1910. 

In  1911  the  Public  Works  Department  n-as 
created,  and  under  the  direction  of  the  Com- 
missioner of  Public  Works  the  installation  of 
meters  by.  districts  was  begun.  It  was  de- 
cided to  send  the  larger  part  of  the  plumbing 
force  into  one  district  and  meter  every  house. 
Each  district  was  divided  into  sections  and 
the  men  were  supplied  with  meters  and  fittitigs 
of  all  kinds  from  a  portable  storehouse,  which 
was  moved  with  the  men  from  section  to  sec- 
tion. P.y  this  method  the  work  was  done  more 
riuickly'and  economically,  and,  furthermore, 
important  data  were  obtained. 

The  tiist  district  metered  was  East  Boston, 
where  -5,000  meters  were  set  in  the  year  1911. 
In  1911  the  consumption  in  this  district  was 
9.5  gals,  .per  capita  per  day;  after  complete 
meterage  this  figure  fell  to  -58  gals,  in  191-3. 
This  district  went  under  meter  rates  in  1912. 
The  second  district  metered  was  Charlestown. 
where  4,000  meters  were  installed  in  1912. 
The  per  capita  consumption  in  1912  in  this 
district  was  108  gals.  In  1913.  when  fully 
metered,  this  figure  fell  to  107  gals.  This 
district  went  under  meter  rates  in  1913. 

GENERAL   EXPERIENCES. 

Caiiipoign  of  Education.— V,y  metering  every 
house  in  a  district,  the  co-operation  of  the 
owners  was  secured  and  a  canii)aign  of  edu- 
cation was  started  among  themselves.  Every- 
body wanted  to  know  sotnething  about  nicters. 
The  department  co-operated  with  the  residents 
in  every  way.  Before  a  district  was  placed 
under  iueter  rates  each  meter  was  read  at 
least  twice,  and  if  leaks  were  foiind  on  the 
premises  the  owners  were  notified  in  due  sea- 
son. If  very  bad  leaks  were  found,  for  some- 
times tile  waste  was  enorinous,  and  the  owner 
did  not  stop  the  leaks,  an  inspector  was  de- 
tained to  hunt  him  up  and  inform  him  of  the 
waste  and  to  advise  him  further  tliat  if  the 
waste  was  not  stopped  inimediately  the  wa- 
ter would  be  shut  off.  Circulars  were  distrib- 
uted throughout  the  district  advising  the  peo- 
ple that  meters  had  been  installed  in  every 
house  and  that  it  was  necessary  to  watch  the 
fixtures  in  order  that  the  water  bills  might  be 
satisfactory,   and   special   notices  were   printed 


in  the  local  papers  giving  the  same  general  in- 
formation. 

Early  Of  position. — Much  opposition  was  en- 
countere.d  when  the  district  installation  was 
begun,  because  of  the  many  wild  and  extrava- 
gant statements  of  individuals  in  regard  to 
the  meter  water  bills.  No  attention  had  been 
paid  by  these  dissatisfied  individuals  to  the 
notices  given  them  of  the  great  waste  on 
their  premises.  They  had  become  accustomed 
to  ignore  the  notices  of  the  waste  inspectors 
and,  therefore,  failed  to  heed  the  warning  that 
the  premises  were  under  meter  rates  and  that 
the  leaky  fi.xtures  would  cause  large  bills. 
When  they  received  their  first  meter  bill  they 
had  their  first  awakening  as  to  the  great 
(|uantity  of  water  that  was  being  wasted  on 
their  premises.  Even  after  they  had  received 
their  first  meter  bill  many  of  these  people 
failed  to  make  the  necessary  repairs,  and  re- 
ceived a  second  and  a  third  large  bill.  Finally 
they  began  to  realize  that  if  they  were  to  get 
normal  bills  it  would  be  necessary  for  them  to 
keep  their  fixtures  in  order.  In  each  district 
there  were  the  same  general  difficulties.  Some 
people  in  each  district  refused  to  admit  in- 
spectors or  offered  some  plausible  reason  for 
not  allowing  the  meter  to  be  set  inside;  this 
was  for  the  purpose  of  preventing  the  in- 
stallation of  the  meter.  But  when  they 
realized  that  every  house  must  be  metered 
thev  were  glad  to  have  the  meter  installed  on 
the  .inside  in  order  that  they  might  read  the 
meter  and  keep  control  of  their  consump- 
tion. 

Multiple  Scniccs. — One  of  the  greatest  diffi- 
culties to  overcome  was  where  one  service 
pipe  supplied  several  houses  which  were  built 
and  owned  bv  one  man.,  but  now  owned  by 
several  individuals.  To  install  one  meter 
and  render  one  bill  would  cause  no  end  of 
tropble.  Therefore  the  corporation  counsel 
was  appealed  to,  and  he  advised  the  depart- 
ment to  lay  a  separate  service  pipe  for  each 
house  and  meter  it,  without  cost  to  the  owner. 
Then,  again,  in  private  ways  two  or  more 
houses  were  supplied  from  one  private  main. 
Tn  following  the  practice  of  the  department  to 
control  underground  leaks  in  private  ways 
the  meter  should  have  been  installed  at  the 
head  of  the  place.  However,  this  would  not 
do,  as  the  department  would  be  unable  to  de- 
termine how  much  water  each  house  had 
used.  .'Vgain  the  advice  of  the  corporation 
counsel  was  sought,  and  he  suggested  that  the 
department  secure  a  right  of  way  in  these 
places  and  assume  control  over  the  nipe  and 
services  and  to  set  a  meter  in  each  house. 
This  was  done  to  the  satisfaction  of  the  de- 
partment, because  in  case  of  leaks  the  de- 
partment now  has  the  right  to  make  repairs 
or  replace  the  service  pipe  with  a  more  suit- 
able  one. 

Most  frequently,  ?nd  especiallv  in  the  old 
houses,  the  service  pipes  run  the  length  of  the 
house  to  the  rear  under  the  floor  and  the 
plumbing  is  very  complicated.  It  requires  the 
most  careful  examination  to  discover  where 
the  branches  are  loc-ited  in  order  that  the 
meter  will  measure  all  the  water  used  in  the 
house.  Very  often  the  branches  arc  taken 
off  close  to  the  w^ll,  and  if  a  careful  inspec- 
tion is  not  made  the  ineter  may  lie  apparently 
installed  in  the  nroper  position  and  yet  not 
cover  important  branches. 

Verv  often  two  and  sometimes  three  service 
pines  have  been  found  in  a  dwelling  house. 
Of  course,  several  service  pines  are  often 
found  in  a  large  bu'Uling  \\-here  formerly  there 
were  scveml  s\u;d!er  Iviildines.  Wherever 
several  service  nipes  are  found  the  department 
endeavors  to  eliminate  all  but  one.  Sometimes 
it  is  nccessarv  to  lav  one  large  pipe  and 
abandon  the  smaller  '^nes.  Tn  this  way  there 
is  but  one  nT^ter  to  install  and  repair  and  to 
read,  and  but  ore  account  to  open  for  the 
building.  Generally  the  department  does  not 
abandon  the  surplus  service  nipes  without  the 
consent  of  the  o"'ner.  ahhouuh  it  has  been 
done  without  his  knowledge  and  without  any 
inconvenience  to  tlie  occupants  of  the  Imild- 
ine.  Tlie  i-lumbe'-s  are  expected  to  make  a 
yerv  earefu'  nrel'iiiin^'rv  inspection  of  the 
premises  before  installinc  a  meter.  Needless 
to    sav,    however,    sometimes    their    inspections 


are  rather  faulty  and  some  of  the  fixtures  are 
overlooked. 

After  a  district  has  been  metered  an  inspec- 
tion of  each  house  is  made  by  special  in- 
spectors, to  make  sure  that  every  fixture  is 
covered  and  also  to  see  that  every  house  has 
been   metered. 

Iron  pipes,  and  a  great  many  of  them  are 
found,  are  causing  the  department  much 
trouble,  because  after  a  meter  has  been  in- 
stalled and  the  water  turned  on  the  owners 
complain  that  the  supply  is  insufficient.  Of 
course,  it  is  true  that  in  these  cases  the  sup- 
ply is  very  often  greatlj-  diminished ;  and  to 
improve  the  supply  the  pipes  must  be  cleaned 
as  thoroughly  as  it  is  possible  to  clean  iron 
pipes. 

Many  stopcocks  had  not  been  used  for  years 
until  operated  by  the  plumbers  when  setting 
the  meters,  and  whenever  an  owner  is  obliged 
to  use  one  and  fails  to  find  it  in  satisfactory 
condition  the  department  is  charged  with  poor 
workmanship.  There  was  a  wholesale  attempt 
at  one  time  to  have  the  department  install 
new  stopcocks  where  the  least  defect  was 
found  in  the  old  ones ;  but  this,  of  course,  the 
city  refused  to  do  because  the  department  had 
not  damaged  them.  In  many  .  instances  the 
plumbers  noticed  that  the  stopcocks  were  very 
defective,  and  instead  of  shutting  the  water 
off  in  the  cellars  went  outside  and  shut  the 
water  off  in  the  street.  This  did  not  prevent 
the  owners  from  asking  for  new  stopcocks ; 
but  when  they  were  convinced  that  the  depart- 
ment men  had  not  used  the  stopcocks  in  the 
cellars   they  withdrew   their  claims. 

Meter  Setting.— On  Jan.  1,  1914,  the  de- 
partment had  41,168  meters  in  service,  about 
30.000  having  been  installed  since  1909;  -5,000 
of  these  meters  are  set  in  outside  boxes  in  the 
sidewalk.  The  meters  are  generally  set  in  the 
cellar,  either  on  shelves  or  in  ground  boxes, 
where  the  meters  are  protected  by  wooden 
boxes  14  ins.  deep  with  a  light  iron  frame  and 
cover.  The  meters  set  on  the  outside  are 
4  ft.  from  the  surface  in  concrete  boxes  with 
iron  frame  and  cover;  these  boxes  are  large 
enough  to  allow  a  man  to  enter  and  remove 
or  change  the  meter  without  removing  the 
box. 

Meters  Affected-  by  Erost.—V)u.r\ng  the  year 
1912  about  900  meters  were  affected  by  the 
frost;  about  one-fourth  of  these  were  eventu- 
ally condemned  as  useless  and  the  others, 
after  repairs  of  one  kind  or  another,  were  re- 
deemed for  service.  In  1913  about  1,600 
meters  were  affected  by  frost;  some  were  but 
very  slightly  affected  and  others  were  removed 
when  the  pipes  in  the  houses  became  badly 
frozen,  even  though  the  meters  were  not  af- 
fected. In  1912  about  170  meters  in  outside 
boxes  were  affected,  mostly  in  East  Boston, 
where  there  were  about  1,200  outside  meters. 
In  1913  only  30  outside  meters  were  affected. 

The  city  has  installed  about  20  Hersey  De- 
tector meters,  ranging  from  4  ins.  to  10  ins. 
in  size,  on  lines  furnishing  water  for  both  fire 

TABLE     1.— RESULTS     OF     METEUAGE     IN 
BOSTON. 
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and  other  purposes.     No  other  type  of  meter 
would  be  allowed  by  the  fire  underwriters. 

.•Ml  meters  are  set  by  employes  of  the  de- 
liartment.  The  only  work  done  by  contractors 
is  the  trenching  and  backfilling,  and  the  haul- 
ing and  setting  of  boxes  for  outside  meters. 
In  addition  to  the  work  of  repairing  and  test- 
ing meters  which  have  been  in  service,  the 
department  tests  everv  new  meter  before  it 
is  installed.  During  1913  4,000  meters  were 
changed,  liOO  discontinued,  11,000  tested,  4.000 
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repaired   in   the  shop  and  GOO  in   service,  and 
7,400  meters  installed. 

Table  I  gives  the  number  of  services,  etc., 
and  shows  the  wonderful  results  obtained 
from  meters  in  the  past  six  years  in  Boston. 
In  Table  I  it  will  be  observed  that,  while  the 
city  is  only  40.7  per  cent  metered,  the  per 
capita  has  been  reduced  from  153  gals,  per 
day  in  1908  to  108  gals,  in  191.3. 

Many  complaints  are  received  about  large 
bills.  The  causes  are  generally  defective  fix- 
tures, underground  leaks,  carelessness  and 
cold  weather.  Underground  leaks  cause  much 
annoyance  to  the  city  and  the  consumer.  They 
are  very  difficult  to  find  at  times,  and  the  city 
sends  a  special  inspector  to  locate  them  as 
nearly  as  possible  for  the  owner.  When  these 
leaks  are  repaired  50  per  cent  of  the  excess 
consumption  is  allowed.  This  amount  is  allowed 
by  all  the  departments  in  the  country.  In  no 
other  cases  are  abatements  allowed,  although 
during  the  past  two  winters  the  commissioner 
has  made  small  abatements  on  excessive  bills 
caused  by  very  cold  weather,  and  his  ground 
for  doing  so  was  because  of  the  many  build- 
ings, still  unmetered,  where  great  winter 
wastage   occurs. 

On  the  introduction  of  meterage  in  Boston 
the  public  expected  large  bills  and  the  city 
expected  a  large  reduction  in  its  income  from 
the  sale  of  water.  It  now  appears  that  meters 
are  giving  satisfactory  bills  to  the  public  and, 
at  present,  are  providing  more  than  enough 
revenue  for  the  needs  of  the  water  depart- 
ment. 
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A    Comparison    of    Four   Methods    of 

Estimating  Future  Population 

of  a  City. 

(Staff   Abstract.) 

For  a  variety  of  reasons  municipal  and  sani- 
tary engineers  are  frequently  called  upon  to 
estimate  the  population  of  a  city,  or  of  a  sec- 
tion of  a  city,  at  some  future  time.  All  such 
estimates  are  based,  largely,  upon  the  past 
rate  of  growth.  Special  conditions  tending  to 
increase  or  decrease  this  rate  must  also  be 
considered.  It  is  not  always  safe  to  apply 
percentages  based  on  past  growth  in  determin- 
ing future  growth,  for  with  an  increasing 
population  the  percentage  growth  usually  de- 
creases although  the  yearly  increment  be  con- 
stantly increasing. 

The  present  article  considers  four  methods 
of  estimating  future  growth  and  compares 
their  application  to  a  given  case.  These  meth- 
ods are  as  follows:  Arithmetical  progression; 
comparative ;  incremental  increase ;  and  geo- 
metrical  progression. 

Arithmetical  Progression  Method.  —  This 
method  is  applicable  only  in  rare  cases  and 
almost  uniformly  produces  estimates  which 
are  too  low.  The  method,  as  its  name  implies, 
involves  the  assumption  that  the  future  rate 
of  increase  from  year  to  year  will  be  constant, 
and  the  same  as  has  obtained  in  the  past,  or 
for  some  period  which  may  be  selected  at  the 
choice  of  the  computer. 

Co»iparati''e  Method.  —  The  comparative 
method  involves  the  selection  of  cities,  simi- 
larly situated,  whose  population,  say  20  years 
ago,  was  practically  the  same  as  the  present 
population  of  the  town  under  study.  The  past 
growth  of  such  towns  is  then  taken  fairly  to 
represent  the  probable  future  growth  of  the 
one  in  question. 

Incremental  Increase  Method.— 'By  the  incre- 
mental increase  method,  the  population  of  a 
town  by  decades  is  ascertained  as  far  back  as 
records  have  been  kept.  The  actual  gross  in- 
crease in  population  from  decade  to  decade  is 
determined.  Then  the  increase  in  the  increase 
is  determined,  or  the  increment  of  increase 
for  each  decade.  The  actual  increase  as  deter- 
mined  for  each  decade  is  averaged,  and  also 


the  increment  of  increase.  In  making  the  esti- 
mates of  future  population,  the  population  at 
the  end  of  the  first  future  decade  is  obtained 
by  adding  to  the  present  population  the  aver- 
age increase  plus  the  average  increment  per 
decade  thus  found,  and  the  future  population 
at  the  end  of  the  second  decade  by 'adding 
to  the  estimated  population  at  the  end  of  the 
first  future  decade,  the  average  increase,  plus 
twice  the  average  increment,  and  so  on. 

Geometrical  Progression  Method. — The  geo- 
metrical progression  method  involves  the  de- 
termination of  the  compound  rate  at  which 
the  population  of  a  city  has  increased  in  the 
past,  then  applying  this  compound  rate  to  the 
present  population,  to  determine  the  future 
growth. 

COMPARISON    OF    METHODS. 

The  curves  on  Fig.  1  give  the  results  of 
applying  each  of  the  four  methods  outlined 
to  the  population  of  a  typical  city.  The  popu- 
lation between  1880  and  1910  as  expressed  by 
the  curve  is  that  returned  by  the  census.  The 
populations  from  1910  to  1930  are  those  com- 
puted by  the  four  methods. 

It  will  be  noted  that  the  incremental  increase 
method  is  about  a  mean  of  the  several  meth- 
ods, and  experience  has  shown  that  it  fre- 
quently falls  in  this  way  in  towns  of  normal 
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Fig.   1.   Diagram   Showing  the   Past,   Present 

and    Probable    Future    Population    of    a 

Typical  City  as  Determined  by  Four 

Methods. 

growtli.  No  single  method,  however,  is  ap- 
plicable to  all  conditions  and  judgment  must 
be  exercised  in  estimating  future  population. 
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State       Regulation       of       Municipally 
Owned  Water  Works  in  Wisconsin. 

(Staflf  Abstract.) 

The  propriety  of  regulation  of  municipally 
owned  plants  is  at  once  apparent  when  it  is 
borne  in  mind  that  the  question  of  service 
rendered  is  of  more  importance  than  the  rates 
charged.  The  following  discussion  of  the  sub- 
ject is  limited  to  the  regulation  of  municipally 
owned  water  works  in  Wisconsin.  On  June  30, 
1914,  there  were  26  privately  owned  and  163 
municipally  owned  water  works  in  Wisconsin. 

Local  managements  do  not,  as  a  rule,  under- 
stand the  principles  underlying  the  making  for 
fair  and  equitable  rate  schedules.  The  com- 
mission in  Wisconsin  requires  that  each  util- 
ity submit  schedules  of  rates  for  approval.  A 
great  many  so  submitted  are  based  on  er- 
roneous principles,  as  noted  in  the  following 
case.  In  January,  1913,  a  municipality  sub- 
mitted the  following  schedule  for  w-ater  rates : 

Per  1,000  gals. 

1,000  gals,  or  less  per  month $0.G0 

1.000  to  2,000  gals,  per  month 

2.000  to  3.000  gals,  per  month 

3,000  to  4,000  gals,  per  month 

Minimum  charge  $7.20  per  year. 

This  schedule  appears  to  be  based  on  equit- 
able principles;  apparently  there  is  a  fair  mini- 
mum charge  and  the  rates  to  the  consumer 
decrease  as  his  consumption  increases,  but  if 
these  rates  be  plotted  into  a  curve  there  at 
once  appears  a  woeful  amount  of  discrimina- 
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tion.  If  consumers  "A,"  "B"  and  "C"  use 
2,000,  2,500  and  3,325  gals,  respectively,  they 
each  pay  $1  per  month.  If  "A,"  who  pays  $1 
for  2,000  gals.,  uses  2,100  gals.,  he  falls  into 
the  second  group  and  pays  only  84  cts.  There- 
fore, by  consuming  2,100  gals.' instead  of  2,000 
gals,  his  bill  becomes  84  cts.  instead  of  $1. 

The  above  is  simply  an  illustration  recited 
as  a  type  of  what  the  smaller  plants,  whether 
private  or  municipal,  must  contend  with  large- 
ly because  of  inability  to  employ  e-xpert  advice. 

SERVICE. 

Efforts  have  been  made  to  prescribe  equit- 
able service  requirements  with  respect  to  the 
operation  of  water  plants  and  tentative  rules 
have  been  drawn,  but  thus  far  no  definite  in- 
structions have  been  issued.  High  standards 
of  service  have,  however,  been  insisted  upon. 
Briefly  these  requirements  are :  an  adequate 
supply  of  good,  pure  water,  accuracy  of  me- 
ters, and  adequate  provision  for  fire  protec- 
tion. 

In  one  instance  complaint  was  brought  be- 
fore the  commission  of  the  condition  of  the 
water  supplied  by  a  municipal  water  plant  in  a 
large  city.  After  investigation  the  commission 
decided  that  it  was  necessary  to  seek  an  en- 
tirely new  supply.  The  water  had  been  taken 
from  a  river  and  pumped  into  the  mains  with- 
out filtration.  The  commission  made  extensive 
investigations  and  discovered  that  a  very  satis- 
factory   supply    of    water    could    be    obtained 

TABLE    I.— NUMBER    OF    WATER     PLANTS 
IN     WISCONSIN    MAKING     GOOD,     FAIR 
AND  POOR  REPORTS  TO  THE  RAIL- 
ROAD  COMMISSION  ON  JUNE  30, 
1914. 

, Private ,        , — Municipal — . 

Class.  G.       F.       P.  Total.    G.       F.       P.  Tl 

A     7         1         1         9  5         6         2       13 

B     3         1         4         8  8         9       20       37 

C     2         0         0         2  8         8         8       24 

D     1         1         1         3  7       22       22       .")1 

Cond 2         Iv       1         4         15       14         9       38 

Total    15         4         7       26         43       59       61     163 

Per    cent... 58       15       27     100         27       36       37     100 

Tables  II  and  III  show  the  financial  data 
with  respect  to  the  municipal  plants  making 
the  reports  referred  to  in  Table  I. 

TABLE  II.— SUMMARY  OF  FIN.\NCIAL  DATA 
OF    MUNICIPAL    WATER    UTILITIES    IN 
FOURTH-CLASS   CITIES   AND   VIL- 
LAGES*  JUNE  30,   1914. 

Property      Operating  Operating 
and  plant.      revenues,  expenses. 

Good     reports $1,354,879         $147,881         $86,319 

Fair    reports 2,109,048  238,797  158,063 

Poor    reports 1,481,500  172.495  104.584 


Total    $4,945,427         $559,173         $348,965 

•Twenty-five  cities  are  omitted  because  ot  in- 
complete reports  or  unavailable  data. 

TABLE       III.— SUMMARY       OF       FINANCIAL 
DATA  OF  MUNICIPAL  WATER  UTIL- 
ITIES IN  CITIES  OF  10,000  POPU- 
LATION OF  OVER,  JUNE  30, 
1914. 
Property       Operating  Operating 
and  plant.       revenues,  expenses. • 
tOood   reports.. $9, 652,303         $1,171,884         $357,367 

Fair   reports 2,342,342  202.969  90.7i;4 

Poor    reports...       726,931  96,570  41.261 


Total   $12,721,776         $1,471,423         $489,392 

•Excludes  interest,  depreciation  and  taxes. 
tincludes  Milwaukee,  the  values  for  which  arp 
more  than  three-fourths  of  the  total. 

from  wells  driven  on  some  vacant  land  within 
a  short  distance  of  the  city.  The  city  was  re- 
quired to  purchase  this  land,  drive  the  wells 
and  install  a  new  pumping  system  with  the 
result  that  it  now  has  a  very  good  sanitary 
supply  of  water. 

UNIFORM    ACCOUNTING   SYSTEM. 

Proper  accounting  aids  in  the  understanding 
of  operation  conditions  which  is  essential  to 
the  making  of  fair  and  equitable  rates.  .Mi 
water  utilities  in  Wisconsin  are  required  to 
keep  accounts  according  to  certain  prescribed 
forms.  The  forms  required  vary  with  the  class 
of  utility  and  with  the  size  of  the  community 
served.  In  general,  class  A  reports  are  re- 
quired from  cities  of  10,000  population  or 
over;  class  B  reports  from  cities  with  a  popu- 
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lation  of  from  3,000  to  5,000;  class  C  reports 
from  cities  with  a  population  of  1,800  to  3,000; 
class  D  reports  from  cities  and  villages  with 
a  population  of  700  to  1,800;  and  a  report 
called  the  "condensed"  report  for  utilities  in 
towns  and  villages  having  a  population  less 
than  TOO. 

,'\  great  deal  of  objection  is  raised  by  mu- 
nicipalities in  Wisconsin  against  these  require- 
ments for  the  keeping  of  uniform  records,  due 
largely  to  a  lack  of  appreciation  of  their  value 
for  the  purpose  for  which  they  are  intended. 
Little  difficulty  has  been  experienced  by  the 
commission  in  persuading  the  private  utilities 
to  keep  such  records  properly,  but  some  of  the 
municipalities  have  been  hard  to  convince. 
Several  years  ago  one  city  in  Wisconsin,  hav- 
ing a  population  of  about  17,000  people,  took 
over  its  water  plant  from  a  private  concern 
as  permitted  under  the  provisions  of  the  public 
utilities  law.  The  commission  has  ever  since 
been  trying  to  induce  the  city  to  keep  accurate 
operating  records  as  well  as  construction  costs. 
Recently  a  complaint  on  rates  was  made 
against  the  city;  the  engineers  visited  the  place 
to  obtain  records  of  construction  costs  and 
found  the  bookkeeping  in  very  poor  condition. 
All  items  of  expense  of  the  city,  including 
water  works  and  construction,  operation,  etc., 
were  on  consecutively  numbered  vouchers.  In 
order  to  determine  what  had  been  spent  for 
construction  and  operation  of  the  water  plant 
it  was  necessary  for  the  engineer  to  look 
through  every -voucher  passed  by  the  city  in 
the  years  since  the  plant  was  taken  over.  The 
cities  do  not  appear  to  comprehend  the  fact 
that  accurate  records  of  the  financial  transac- 
tions of  the  utility  are  necessary  as  a  basis 
for  the  determination  of  equitable  rate  sched- 
ules. 

There  have  also  been  before  the  commission 
many  other  cases  of  a  similar  nature  which  it 
was  found  impossible  to  handle  in  a  satis- 
factory manner  because  of  lack  of  proper 
operating  statistics.  This  question  of  proper 
operating  data  is  in  a  sense  independent  of 
the  question  of  state  control,  but  without  some 
centralized  regulating  body  requiring  these  re- 
ports there  is  very  little  reason  to  think  that 
either  municipal  or  private  utilities  will  keep 
records  in  such  form  as  to  be  of  use  for  these 
purposes. 

The  reports  received  by  the  Railroad  Commis- 
sion of  Wisconsin  from  various  utilities  for 
the  year  ending  June  30,  1914,  have  been  di- 
vided into  three  classes — good  reports,  fair  re- 
ports, and  poor  reports.  These  are  given  in 
Table  I  for  water  plants,  separating  between 
private  and  municipally  owned  properties  and 
further  separating  as  between  the  various 
classes  of  utility  according  to  the  size  of  the 
city  served. 

l-"rom  Tables  T-III  it  is  shown  that  in  the 
municipally  owned  water  utilities  in  fourth 
class  cities  and  villages  74  per  cent  of  oper- 
ating revenues  are  in  plants  from  which  un- 
satisfactory reports  are  received;  and  in  the 
municipal  water  utilities  in  cities  of  10,000 
population  and  over,  21  per  cent  of  operating 
expenses  are  in  plants  from'  which  unsatis- 
factory reports  are  received.  This  latter  per 
cent  would  be  considerably  higher  were  it  not 


for  the  fact  that  the  city  of  Milwaukee  makes 
a  good  report  and  its  values  are  some  two- 
thirds  of  the  total  values  in  the  entire  group. 

Recently  the  commission's  accounting  depart- 
ment has  been  giving  a  great  deal  of  assistance 
to  municipalities  as  well  as  private  owners  of 
utilities  for  the  purpose  of  starting  them  out 
on  a  proper  accounting  basis.  It  is  found  that 
when  not  required  to  do  so  by  the  commission, 
municipal  utilities  seldom  keen  records  in  pro- 
per shape  for  adjustment  of  rates.  Construc- 
tion costs  are  confused  with  operating  ex- 
penses; in  many  cases  no  distinction  is  made 
between  repairs  and  replacements.  Many  times 
the  records  of  the  utilities  are  not  separated 
from  those  of  the  general  business  of  the  city 
as  was  illustrated  in  the  case  above  cited.  Not 
only  is  it  impossible  from  such  records  to 
'make  a  fair  determination  of  the  cost  of  the 
different  classes  of  service  but  even  the  total 
cost  of  the  service  cannot  be  obtained.  Such 
records  must  be  kept  properly  whether  rates 
are  to  be  controlled  by  the  central  commission 
or  by  the  municipality  itself.  Under  super- 
vision of  the  Railroad  Commission  of  Wiscon- 
sin uniform  accounting  is  insisted  upon  and 
is  being  obtained. 

In  order  to  illustrate  an  important  use  to 
be  made  of  operating  statistics  there  is  given 
Table    IV,    showing    the    total    operating   ex- 


of  each  particular  item  of  cost,  which  thus 
permits  the  matter  to  be  attacked  in  the  neces- 
sary detail.  In  the  accounting  required  by  the 
commission  the  accounts  are  still  further  sub- 
divided in  order  to  assist  in  detecting  the 
various  items  which  go  to  make  up  the  par- 
ticular cost  in  each  class. 

In  a  case  in  which  water  rates  were  under 
investigation  comparisons  with  other  utilities 
showed  that  the  cost  of  fuel  used  for  pump- 
ing was  considerably  above  normal.  In  that 
way  it  was  determined  that  a  reduction  of 
about  40  per  cent  should  be  made.  As  a  result 
this  reduction  was  actually  made  in  computing 
rates.  Since  that  time  the  expenses  for  fuel 
in  the  operation  of  this  plant  have  been  with- 
in 5  per  cent  of  the  amount  determined  upon 
by   the   commission. 

These  illustrations  of  course  are  applicable 
to  municipal  as  well  as  to  orivately  owned 
utilities  and  are  cited  for  the  purpose  of  em- 
phasizing the  necessity  of  accurate  accounting 
methods. 

The  commission  has  had  before  it  many 
cases  involving  rates  and  service  of  municipal 
plants.  An  investigation  of  the  various  re- 
ports and  files  of  the  commission  shows  that 
these  complaints  are  on  a  variety  of  subjects, 
such  for  instance  as  the  following :  Excessive 
and    unwarranted  rates,   unsatisfactory  water 


TABLE    IV.— WISCONSIN    MUNICIPAL,    WATER      UTILITIES— CLASS      A.— DETAILED      AND 
TOT.\L    OPERATING    EXPENSES    IN    DOLLARS    PER    MILLION    G.A.LLONS    PUMPED 

FOR   YEAR   ENDING   JUNE   30,    1912. 

Total 

Million  Total  Total  Total  Total  Total  un-  oper- 

Location  of  company.                 gallons  pump-  distrib-  commer-  gen-  distrib-  ating 

pumped.  ing.  ution.  cial.  eral.  uted.    expenses. 

Appleton     .--.IS  $16.58  $2.85  $0.62  $1.7S  $0.75  $22.15 

E.au     Claire 730  7,80  5.18  2.12  1.31  .55  16.96 

Kenosha     1,161  11.50  3.89  1.21  1.23  .17  18.00 

La   Crosse    1,025  15.91  5.05  .39  .84  .34  22.53 

Madison    688  38.21  6.86  4.50  2.14  .61  52.32 

Manitowoc     332  19.51  5.90  .38  1.88  .77  28.44 

Milwaukee 17,024  6.69  3. 66  3.32  1.34  .90  15.91 

Sheboygan     1,121  11.52  2.62  .33  2.54  1.17  18.18 

Watertown     304  25.25  6.99  2.23  4.35  .86  37.45 

Waukesha     264  54.59  27.47  .33  7.38  91.67 

Wausau     841  12.64  2.07  ....  1.18  .38  16.60 

Average    1.495         $20.94  $5.53  $1.85  $6.05  $0.89         $35.32 

penses  in  dollars  per  1,000,000  gals,  pumped  resulting  from  failure  to  flush  out  mains,  sand 
for  Class  A  municipal  water  utilities,  taken  and  dirt  in  the  mains,  unsanitary  supply,  inade- 
from  the  annual  reports  for  the  fiscal  year  quale  supply,  lack  of  pressure  for  fire  pro- 
ending  June  30,  1912.  tection,  entire  discontinuance  of  service,  dis- 
Table  IV  shows  the  total  cost  per  1.000,000  crimination  between  metered  and  flat  rate  cus- 
gals.  pumped  as  well  as  the  various  items  tomers,  unjustifiable  rates,  application  for  in- 
which  compose  this  total,  such  as  cost  of  crease  in  rates,  application  for  equalization 
pumping,  distribution,  etc.  This  has  been  de-  of  rates,  application  for  adjustment  of  in- 
termined  upon  a  uniform  basis  and  shows  the  dividual  rates,  installation  of  meters  and 
particular  plants  which  are  operating  at  a  cost  proper  manner  of  paying  for  same,  refusal  to 
far  above  the  average.  In  one  case  the  total  permit  use  of  certain  types  of  meters,  in- 
cost  per  1,000,000  gals,  pumped  is  $91.67  and  equitable  distribution  of  rates,  refusal  to  fur- 
in  another  $52.32.  The  normal  cost  exclusive  nish  rates,  refusal  to  extend  water  mains, 
of  these  two  plants  is  approximately  $25  per  classification  of  certain  services,  complaint 
1,000,000  gals,  pumped.  These  figures  are  of  against  council  for  changes  in  rates,  excessive 
course  not  conclusive  evidence  that  the  two  charges  due  to  leakages,  and  application  for 
plants  mentioned  are  being  inefficiently  oper-  valuation  for  purchase  of  works, 
ated,  but  it  opens  a  line  for  careful  investiga-  .^i-xTn,.T  i-n/-,.rv-x 
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tion  of  these  plants,  .^dd  to  the  above  a  def- 
inite knowledge  of  local  conditions  surround-  The  foregoing  matter  is  from  a  paper  be- 
ing each  situation  and  it  is  then  possible  to  fore  the  Illinois  Section  of  the  American 
make  a  proper  decision  in  each  case.  Such  Water  Works  .Association  by  C.  M.  Larson, 
methods  of  keeping  records  permit  an  inves-  Chief  Eni5,ineer,  W'isconsin  Railroad  Commis- 
tigation  not  only  of  the  total  actual  cost  but  sion. 


building: 


A  Mast  and  Boom  Concreting  Plant. 

Contributed    by    It.    C.    Il.-irdiiian,    Colorado 

Springs,  Colo. 
.\  unique  plant  for  mixing  and  placing  con- 
crete at  Fort  Crockett,  Galveston,  Tex.,  is 
illustrated  in  Fig.  1.  The  work  under  con- 
struction consisted  of  a  large  number  of  con- 
crete buildings,  placed  along  a  line  about  2,000 
ft.  long.  As  the  buildings  contain  no  mas- 
sive concrete,  but  consist  mainly  of  thin 
walls  and  floors,  a  portable  type  of  plant  was 
desired  in  preference  to  chuting  from  a  num- 
ber of  towers.  A  small  tower  and  plant,  sup- 
ported on  a  flat  car,  was  first  considered,  but 


it  was  fin.illy  decided  that  the  plant  shown  in 
Fig.  1  would  be  more  eflicient,  due  mainly  to 
the  elimination  of  chutes  and  the  consequent 
loss  of  time  which  would  necessarily  result 
in  changing  them. 

By  referring  to  the  illustration  it  will  be 
noted  that  the  plant  consists  essentially  of  a 
braced  mast  with  boom  attached.  The  mast, 
which  is  a  12xl2-in.  timber,  is  pivoted  at  both 
top  and  bottom  so  that  it  can  be  turned 
through  an  angle  of  about  300°,  or  until  it 
comes  in  contact  with  the  inclined  braces.  The 
boom,  which  also  is  12,\12  ins.,  in  section,  has 
a  length  of  about  60  ft.,  being  rigidly  connect- 


ed at  right  angles  to  the  mast,  at  a  height  of 
about  45  ft.  It  is  supported  from  the  top  of 
the  mast,  at  three  points  along  its  length,  by 
means  of  rods  equipped  with  turnbuckles. 
.'\long  the  top  of  the  boom  there  is  a  steel 
track  upon  which  the  trolley  runs  (see  Fig.  1). 
The  mast  is  mounted  at  the  apex  of  a  large 
triangular  frame,  the  inclined  braces  frorh  the 
top  of  the  mast  being  carried  to  the  other 
apices  of  the  triangle.  This  supporting  frame 
is  carried  on  three  wooden  trucks,  located  at 
the  apices  of  the  frame,  each  truck  being  fitted 
with  four  solid  wooden  wheels  of  very  wide 
tread. 
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Tile  equipment  on  the  frame  consists  of  a 
"Smith"  mixer,  mounted  near  the  ape.\  of  the 
triangle  at  the  hase  of  the  mast,  together  with 
a  hoisting  engine  and  boiler  and  a  crude  oil 
tank,  placed  at  the  base  of  the  triangular 
frame.  The  boiler  furnishes  steam  both  for 
the  mi.xer  and  for  the  hoist. 

In  operating,  the  bucket  is  placed  under  the 


piling,  in   lii-it.  lengths,   was   used  in  the  fol- 
lowing manner : 

After  sinking  the  outer  water-tight  con- 
crete foundation  walls  to  bed-rock  the  ma- 
terial over  the  entire  area  was  excavated  to 
a  depth  of  60  ft.  below  the  street  level.  From 
this  level  the  steel  sheet  piling  was  driven 
through   the   soft   soil   into   hardpan,   to   form 


the  system  of  timber  bracing  used  within  the 
excavated  area. 

The  piling  wall  shown  adjacent  to  the  con- 
crete pier  in  Fig.  1  encloses  an  area  5xlO-ft. 
in  plan,  and  was  driven  as  a  form  for  an  en- 
gine foundation  pier.  It  did  not  extend  to  bed- 
rock, and  no  wooden  form  was  used  in  con- 
structing this  pier.  A  total  of  seven  such 
piers  was  built  for  engine  foundations. 

In  some  cases  the  steel  sheet  piling  was 
driven,  pulled  and  redriven  five  times  with- 
out deforming  it.  -Although  boulders  were 
sometimes  encountered  no  difficulty  was  ex- 
perienced in  driving  the  piling,  and  an  even 
alignment  was  easily  maintained.  The  piling 
was  pulled  by  the  use  of  derricks. 


Fig.     1.      View     Showing     M^st    and     Boom    Concreting     Plant     in     Operation- 
rangement    of    Lines    and    Positions    of    Hoisting    Engine   and    Mixer. 


-Note     Ar- 


discharge  end  of  the  mixer.  After  being  filled, 
it  is  raised  to  a  height  just  sufficient  to  clear 
the  forms  and  other  obstructions,  and  the 
trolley  then  run  out  along  the  boom  the  de- 
sired distance.  The  bucket  is  then  lowered 
and  dumped,  after  which  it  is  brought  back  to 
the  mixer  by  reversing  the  operations.  It  was 
necessary  to  use  great  care  in  performing  these 
operations,  especially  when  the  bucket  was 
suspended  at  a  considerable  distance  from  the 
trolley  (as  in  Fig.  1).  If  the  horizontal  mo- 
tion of' the  trolley  was  started  or  stopped  too 
quickly  a  dangerous  swinging  of  the  bucket 
resulted. 

The  arrangement  of  the  cables,  by  which 
the  bucket  and  trollev  are  operated,  is  shown 
in  the  illustration.  The  boom  is  moved  later- 
ally by  a  modified  tag  line.  By  means  of  this 
arrangement  one  man  can  handle  tlie  boom 
with  ease,  by  holding  the  line  at  the  middle 
bight,  at  the  point  where  it  is  shown  tied  to 
the  stake  (at  A,  Fig.  1).  The  entire  plant  is 
moved  by  block  and  tackle  attached  to  a  dead 
man  and  to  the  nigger-head  of  the  hoist. 

The  plant  is  also  used  to  drive  piles,  a  pair 
of  leads  and  a  steam  hammer  being  suspended 
from  the  boom  for  this  purpose.  After  being 
placed  the  leads  are  held  in  position  by  spuds. 
With  this  arrangement  it  is  easy  to  spot  the 
hammer  in  position  for  driving  the  piles. 

The  equipment  described  was  designed  and 
,  used  bv  James  A.  McGonigle  &  Son,  contrac- 
tors, of  Leavenworth,  Kan. 


eight    piers,    the    average   size    of    which    was 
8  ft.  6  ins.  square. 

After  the  piling  was  driven  the  enclosed 
material  w'as  excavated,  down  to  the  surface 
of  the  hardpan.  the  piling  being  braced  as  the 
excavation   proceeded.      Upon   reaching   hard- 


Scientific  Methods  of  Management  and 
Their  Application  to  Construc- 
tion Work. 

(Staff  Abstract.) 

Altliough  managers  of  shops  and  factories 
have  for  some  time  given  considerable  atten- 
tion to  scientific  methods  of  management,  only 
a  comparatively  few  contractors  have  applied 
such  methods  to  construction  work.  There  is, 
however,  a  marked  tendency  on  the  part  of 
contractors  to  apply,  at  least  in  part,  scien- 
tific principles  of  management  to  their  con- 
struction operations,  as  it  is  being  realized  that 
economics  in  construction  methods  are  neces- 
sary to  meet  increases  in  the  wages  of  skilled 
and  unskilled  labor.  The  following  data, 
which  explain  the  details  of  a  system  of  scien- 
tific management  applicable  to  building  con- 
struction, will  be  found  of  value.  They  w'ere 
abstracted  from  a  paper  by  Sanford  E. 
Thompson  and  William  O.  Lichtner,  presented 
before  the  Western  Society  of  Engineers.  In 
our  abstract  we  have  omitted  much  of  the  dis- 
cussion of  principles,  hut  have  emphasized  the 
application  of  these  principles. 

Improvements  in  construction  methods  in- 
volve : 

(1)   Introduction     of     improved     machinery 
where  machinery  is  economical. 
(2)    Introduction    of    improved    methods    of 


Construction     of     Column     Piers     in 

Western  Union  Telegraph  Building, 

New  York. 

Contributed     by     \V.     P.     Schaphorst, 
New    York    City. 

In  constructing  the  piers  for  the  columns  in 
the  east  wing  of  the  Western  Union  Tele- 
graph Co.  building,  corner  Dey  St.  and  Broad- 
way, New  York,  the  contractor  departed 
somewhat  from  the  methods  used  in  con- 
structing the  foundations  for  the  other  two 
wings.  In  these  wings  air  caissons  were  used 
to  reach  bed-rock  in  every  case.  In  building 
many  (although  not  all)  of  the  piers  in  the 
east  wing,  however,  a  considerable  quantity  of 
7-in.    straight   web   "Lackawanna"    steel    sheet 


i 


Fig.    1.      View    Showing    Manner   of   Constructing     Piers     in     V/estern     Union     Tele- 
graph   Building,    New    York — Pier     Shown     Is    60     Ft.     Below    Level — 
Also   Note  Caissons  and   Bracing. 


pan  wooden  cofferdams  were  driven  to  bed- 
rock, the  material  being  excavated  and  the 
cofferdams  braced.  Wooden  forms  were  then 
built  within  the  cofferdam  walls,  and  the  con- 
crete piers  for  the  interior  columns  were 
poured.  Figure  1  is  a  view  of  a  portion  of 
the  excavated  area  showing  the  manner  of 
constructing  these  piers.  The  view  also  shows 
some  of  the  caissons  in  place  and  a  portion  of 


handling  labor  and  machinery  and  standardiz- 
ing these  methods. 

f:^)   Reduction  in  waste  of  material. 

(I)  Elimination  of  unnecessary  operations 
of  the  workmen. 

(•"))  Relieving  the  skilled  worker  of  duties 
which  the  unskilled  man  can  do. 

(H)  Increasing  the  productive  capacity  of 
each  man. 
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The  most  convincing  proof  of  the  value  of 
an\'  plan  is  the  fact  that  it  has  been  success- 
fiiily  carried  out.  As  a  result  of  actual  ex- 
perience in  construction  work  it  has  been 
proved  that  scientific  methods  of  construction 
give : 

(a)   Low  unit  costs. 

(h)   High  wages  to  the  workmen. 

(c)   Completion  of  work  in  a  minimum  time. 

fd)    Uniformly  high  quality  of   work. 

When  a  work  is  planned  out  and  handled 
systematically,  greater  skill  and  effort  is  re- 
quired on  the  part  of  the  management,  and  the 
question   naturally  arises   whether   the   results 


simply  the  making  of  the  form  work.  In  tak- 
ing this  special  case,  however,  it  is  recognized 
that  the  same  principles  have  been  found  by 
experience  to  apply  to  various  other  types  of 
engineering  construction  both  in  private  con- 
tract and  municipal  work.  As  a  matter  of  fact, 
the  fundamental  principles  are  identical  with 
the  principles  required  in  shop  work. 

In  discussing  in  this  paper  the  phases  of  the 
work,  emphasis  is  placed  on  methods  that  are 
in  whole  or  in  part  comparatively  new  rather 
than  those  which  are  basic  in  all  work  regard- 
less of  the  method  of  management  adopted. 
These  newer  methods  involve  special  construe- 
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First  Letter  Svmbol 
6  '-  Beam  Form 
C  ^  Column  Form 
G  '  Girder  Form 

Second  Letter  Symbol 
A  ■  A  Side 
B  •  Boffom 
C  -CSide 

D  "  Beam  or  Girder  Side 
E  -  Easf 
1  =  Infer/or 
N  -  Norfh 
0  •  Outside 
S "  South 
W-  West 

Third  Letter  Symbol 
C  •  Clement  St 
D'  Dartmouth  St 
F-  Fay  St 
G "  George  St 
S-  Sideof  Building 
E-  End  of  Building 

ESC 

Key    Plan   for   Form    Work   for   Reinforced    Concrete    Building    Showing    Notation 

Used. 


produced  are  simply  smoother  working  of  the 
labor  mechanism,  or  whether  it  actually  pays 
in  dollars  and  cents. 

METHODS. 

Cost  keeping  has  been  developed  recently  by 
contractors  to  a  marked  degree  and  the  ad- 
vantages of  knowing  what  each  part  of  the 
work  is  costing  from  day  to  day  is  apparent 
in  providing  an  opportunity  to  follnw  up  the 
heads  of  the  various  branches  where  costs  are 
running  high.  This,  however,  is  really  the 
limit  of  its  effectiveness  since  a  mere  record 
of  costs  does  not  in  any  way  show  how  to 
handle  the  work  in  a  less  expensive  manner. 

The  aim  of  scientific  management  is  to  find 
the  best  and  cheapest  way  to  accomplish  a 
piece  of  work  and  provide  means  for  doin.g 
it  in  this   fashion. 

Formerly  much  construction  and  even  shop 
work  were  carried  on  with  no  detail  structural 
drawings,  and  many  of  the  directions  were 
given  by  word  of  mouth.  Nowadays  a  ques- 
tion as  to  whether  or  not  the  making  of  de- 
signs or  construction  drawings  reduces  the 
cost  of  work,  would  be  considered  absurd  since 
the  economical  advantages  of  the  drafting 
room  are  obvious.  Yet  we  frequently  handle 
construction  work  in  a  most  haphazard  way 
with  no  definite  plan  and  no  definite  arrange- 
ment of  men  anci  materials  except  as  the  oc- 
casion requires  from  day  to  day  or  from  hour 
to  hour. 

To  handle  work  systematically  it  is  neces- 
sary to : 

(\)   Plan  the  work  in  advance. 

(2)  Determine  the  best  methods  to  employ 
in  construction. 

(':!)  Lay  out  individual  or  gang  work  for  the 
various  men. 

(4)  Train  the  men  to  accomplish  their 
duties  in   the  best  and   shortest  way. 

(') )  Provide  an  incentive  so  that  each  man 
will  be  glad  to  do  a  full  day's  work  without 
being  driven  to  it. 

Many  construction  companies  are  carrying 
out  a  part  of  these  princi|)les.  but  few  are 
developing  all  of  them  with  anything  like  the 
efifectiveness  possible. 

To  illustrate  in  detail  the  methods  that  Iiave 
proved  successful,  we  may  take  the  construc- 
tion of  a  reinforced  concrete  building.  To 
confine  still  further  the  description  and  give 
more   details   of   the   work,    wc   will    consider 


tion  designs,  planning  and  routing  the  work, 
standardizing  methods,  and  a  study  of  time  in 
which  each  small  element  of  the  work  should 
he  done. 

In  any  construction  company  the  duties  of 
the  engineer,  aside  from  his  relation  to  tlie 
financial   interests,  may  be  two-fold  : 

(a)  Duties  involving  the  structural  design 
and  engineering  features  of  the  construction. 

(b)  Engineering  which  relates  specifically 
to  the  construction  plant  and  the  methods  of 
handling  the  details  of  the  construction  work. 

Instead  of  both  of  these  functions  devolving 
on  one  man,  the  chief  engineer,  the  duties  in 
a  large  construction  company  can  best  lie  sep- 
arated, the  chief  engineer  handling  what  may 
be  termed  civil  engineering  while  the  treatment 
of  the  construction  organization  and  methods 
in  full  detail  requires  the  services  of  a  new 
man    termed    the    "production    engineer."      It 


other  case  a  member  of  the  construction  com- 
pany may  act  as  chief  engineer. 

Design. — Under  scientific  methods  of  man- 
agement the  work  of  the  designing  engineer  is 
increased  because  in  order  to  lay  out  properly 
the  work  he  must  prepare  detail  drawings  or 
sketches  for  the  concrete,  the  reinforcing 
steel,  and  the  form  work.  In  other  kinds  of 
construction  similar  detail  designs  have  been 
found  economical.  For  example,  in  house 
construction  complete  framing  plans  should  be 
made.  It  is  appreciated  that  many  construc- 
tion companies  follow-  such  methods  to  a  lim- 
ited extent,  but  it  is  the  object  of  this  paper 
to  show  how  these  may  be  extended  with 
economy  of  cost.  A  more  extended  discussion 
of  the  details  of  certain  features  of  this  work 
is  taken  up  further  on  in  this  paper. 

The  making  up  of  all  material  lists  follows 
the  making  of  these  detail  sketches,  the  lists 
being  worked  up  in  such  a  manner  that  they 
can  be  used  not  only  for  ordering  materials 
but  for  checking  their  receipt  upon  the  job. 
In  addition  to  this  work,  the  designing  en- 
gineer must,  with  the  advice  of  the  job  super- 
intendent, actually  design  on  paper  the  plant 
which  is  to  be  built  for  handling  the  con- 
struction. 

These  various  features  of  design,  that  is,  all 
of  those  that  relate  to  the  method  of  work, 
handling  of  materials,  and  listing  the  mater- 
ials, are  under  the  supervision  of  the  tiew  pro- 
duction engineer. 

Planning  and  Routing. — One  of  the  most  im- 
portant features  under  the  new  type  of  man- 
a.gement  is  what  is  termed  the  "routing"  of 
the  work,  which  is  also  under  the  supervision 
of  the  production  engineer.  This  involves 
plaiming  out  in  detail  and  in  writing  all  work 
connected  with  the  construction  of  the  building 
just  as  w-e  plan  the  structural  design  and  for 
a  similar  purpose,  usually  to  save  time  of  the 
workman  and  insure  a  higher  quality  of  work. 
This  means  planning  just  how  each  part  of 
the  work  is  to  be  done,  in  what  sequence  the 
various  parts  of  the  work  will  follow  each 
other,  the  size  of  gangs  of  different  trades 
required  from  day  to  day  to  get  the  work  done 
in  schedule  time,  and  the  schedules  for  order- 
ing materials  so  as  to  have  them  on  hand 
when  required.  -After  the  work  has  all  been 
planned,  graph  charts  are  made  for  the  home 
office  and  for  the  job,  designed  so  that  the 
home  office  and  the  superintendent  can  see 
at  a  glance  just  how  far  ahead  or  behind  a 
job  is  at  anv  time. 

It  takes  time  to  plan  out  the  work  in  detail, 
and  may  even  sliglitly  delay  starting  the  actual 
construction,  but  it  pays  in  the  long  run,  for 
wlien  the  work  does  start  it  will  go  along  far 
more  quickly  and  at  a  much  less  cost  than 
if  it  bad  been  done  bv  ordinary  methods.     Ex- 
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must  be  inider^ti>i)d  that  his  scr\ices  do  imt 
entail  an  extra  cost  to  the  job  because  his 
duties  actually  replace  the  work  usually  done 
by  men  less  competent  to  perform  the  high 
class  of  work  required,  and  result  in  improve- 
ments in  methods  and  cutting  down  the  num- 
ber of  employes  so  as  to  save  a  far  greater 
amount  than  the  salary  of  this  officer.  In  a 
company  handling  a  sm.all  amount  of  work 
one    man    may   serve   bipfli    functions.      In   an- 


perience  has  [inned  what  a  shi>rl-siglued  and 
costly  policy  is  that  sometimes  followed  by 
construction  companies,  which  requires  the 
superintendent  and  some  workmen  to  be  on  a 
job  l'1  hours  after  the  contract  is  signed  to 
indicate  their  good  will  to  finish  the  work  in 
the  mininnim  length  of  time. 

.\s  the  name  indicates,  the  route  man  directs 
the  movements  of  all  materials  of  which  the 
structure   is  to  be  made,   in  minute  detail,   so 


430 


Engineering    and    Contracting 


Vol.  XLIII.     No.  19. 


that  they  shall  be  delivered  at  the  rigln  place 
with  a  single  handling  and  at  the  minimum  of 
expense.  In  order  to  do  this  he  must  be  a 
practical  construction  man  of  experience,  who 
possesses  the  ability  to  visualize  the  job  from 
beginning  to  end  and  to  record  this  in  such 
a  manner  that  the  superintendent  and  field 
force  can  carry  out  the  details  as  planned. 
The  location  of  the  jobs  with  reference  to  the 
home  office  and  their  size  determines  whether 
all  the  routing  can  be  done  by  one  route  man 
at  the  home  office  or  whether  only  the  main  de- 


job  using  considerable  form  work,  because  of 
the  saving  in  time  and  lumber.  A  considera- 
tion of  such  matters  involves  also  the  best 
methods  of  operating. 

From  the  details  furnished  by  the  designing 
engineer,  the  route  man  plans  the  work  and 
has  the  necessary  material  issued,  and  the 
operation  tickets  made  out,  as  described  fur- 
ther on  in  this  paper.  In  this  way  the  material 
lists  gotten  out  by  the  designing  engineer  are 
all  checked  before  the  job  is  started.  The  route 
sheets  and  graphical  charts  ne.xt  made  up  are 


much  detail  which  can  better  be  handled  by 
the  route  man  in  the  oihce.  The  route  man." 
of  course,  must  keep  in  close  touch  with  the 
superintendent  and  avail  himself  of  his  e.x- 
perience  in  all  matters  while  the  plans  are 
maturing.  Having  planned  the  work,  it  is 
absolutely  necessary  for  the  job  superintend- 
ent to  follow  instructions  explicitly,  otherwise 
confusion  will  arise. 

It  is  evident  that  the  duties  of  the  job  super- 
intendent under  the  new  methods  are  some- 
what changed,   in   fact  the  title  "superintend- 
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tails  shall  be  handled  there  and  the  other  de- 
tails consigned  to  a  job  route  man.  In  the 
case  discussed  the  job  is  assumed  to  be  handled 
direct  by  the  route  man  at  the  home  office. 

The  route  man  first  visits  the  job  with  the 
job  superintendent,  assuming  that  the  produc- 
tion engineer  and  designing  engineer  are  al- 
ready familiar  with  the  project,  and  by  a  care- 
ful study  of  the  surroundings  decides  on  the 
location  of  the  job  office,  mill  saws,  stock  piles, 
tool  sheds,  track  sidings  for  railroad  cars,  lo- 
cation of  concrete  mixers,  and  any  other  nec- 
essary things  which  will  need  ground  space. 
He  then  works  up  a  ground  plan  on  a  fairly 
large  size  scale  showing  the  location  of  all 
features  of  the  plant.  This  preliminary  plan- 
ning saves  considerable  money  over  the  old 
plan  of  waiting  for  materials  to  arrive  on  the 
job  before  considering  the  placing  of  them. 

Take,  for  example,  the  locating  of  the  lum- 
ber piles.  The  route  man  receives  from  the 
designing  engineer  the  schedule  of  the  lumber 
to  be  used  in  the  form  work.  From  this  list 
he  lays  out  the  piles  of  lumber,  separatmg 
each  thickness,  width,  and  length,  and  desig- 
nates on  the  ground  plan  where  each  pile  is  to 
be  placed  so  that  when  the  lumber  arrives  on 
the  job  every  stick  of  lumber  is  carried  di- 
rect from  the  car  or  the  wagon  to  its  proper 
place  and  located  as  conveniently  to  the  saw- 
mill as  practicable.  When  a  stick  l%x8  ins.x 
12  ft.  long  is  wanted  it  will  be  found  in  a 
certain  pile.  This  saves  much  rehandling  of 
lumber  and  much  lost  time  hunting  for  a 
piece  of  a  certain  size,  to  say  nothing  of  the 
loss  of  material  and  time  cutting  up  large 
stock  because  suitable  small  stock  is  buried 
under  it. 

The  kind  and  quantity  of  equipment  on  any 
particular  job  is  generally  determined  by  the 
available  equipment  owned  by  the  company, 
but  it  often  pays  to  rent  or  buy  a  certain 
equipment  in  order  to  get  the  work' done  more 
quickly  or  at  a  cheaper  cost.  For  instance, 
it  is  usually  found  to  be  a  paying  proposition 
to  install  a  power-driven  circular  saw  on  any 


the  key  to  the  successful  carrying  on  of  the 
work  in  accordance  with  the  route  man's 
plans. 

The  route  man  sends  to  the  job  superin- 
tendent the  field  plan  showing  the  location  of 
the  job  office,  mill  saw,  stock  piles,  etc.,  so 
that  he  can  do  all  preliminary  work  while  the 
route  man  is  arranging  the  routing.  The  su- 
perintendent gets  together  his  organization  of 
foremen,  job-order-of-work  men,  office  and 
engineering    force.      The   plans,    route    sheets. 


ent"  might  well  be  changed.  He  is  not  given 
free  hand  as  when  he  was  allowed  to  run 
the  job  pretty  much  according  to  his  own  no- 
tions. Formerly,  so  long  as  his  costs  were 
within  the  original  estimate,  he  was  not  taken 
to  task.  This  practice  is  not  fair :  in  fact. 
one  may  cite  case  after  case  where  the  super- 
intendent has  been  commended  for  some  good 
costs  he  has  obtained  and  then  reprimanded 
for  high  costs  on  some  other  job  which  were 
not  due  to  his  methods  of  management  hut  to 
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Fig.  5.    Bulletin   Board  Ticket  for  Piece  M  40. 


graph  chart  and  tickets  are  sent  to  the  job  as 
soon  as  finished.  These  must  be  studied  care- 
fully by  the  job  superintendent,  and  he  must 
enforce  the  work  in  every  detail  according  to 
schedule.  This  does  not,  as  might  appear  at 
first  thought,  take  the  individuality  away  from 
the  superintendent,  But  simply  relieves  him  of 


the  estimator  figuring  the  cost  on  the  first  job 
too  high,  while  on  the  second  job  he  did  not 
allow  enough  for  the  special  construction  or 
difference  in  design.  Under  the  newer  meth- 
ods of  management  such  a  feature  as  the  de- 
sign of  the  form  work  is  standardized  and 
separated   into  units   so  that   the  cost   of  the 
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labor    on    one    job    is    accurately    comparable 
with  that  on  another  job. 

The  job  superintendent  is  responsible  for 
the  correctness  of  the  work.  He  is  the  con- 
struction company's  representative  who  deals 
with  the  owner  and  architect  and  settles  all 
small  differences  which  arise  on  every  job. 

DETAILS   OF   OPERATION. 

To  handle  properly  on  the  job  such  work  as 
form  making,  plans  showing  the  design  must 
be  given  to  the  individual  carpenter,  means 
must  be  arranged  for  providing  necessary  ma- 


that  the  position  of  the  letter  has  a  meaning, 
also  that  the  letter  B,  when  the  first  letter  in 
the  symbol,  stands  for  beam,  while  B  as  the 
second  letter  stands  for  bottom.  The  figure 
between  the  letter  generally  indicates  location. 
Take  the  symbol  G  D  F  .?  as  an  illustration. 
This  symbol  reads  as  follows :  First  letter  G 
for  girder;  second  letter  D  for  side;  third  let- 
ter F  for  Fay  St. ;  and  the  figure  2  for  No.  2 
girder. 

To  illustrate  how  each  form  is  detailed,  gir- 
der forms  G  D  F  2  and  G  D  G  2  are  shown  in 


board  of  a  certain  thickness,  width,  and 
length,  and  it  does  not  matter  where  this  cer- 
tain dimensioned  piece  goes  into  a  beam,  or 
girder,  or  column;  it  is  always  (on  this  job 
eiven  that  particular  number.  A  list  of  all 
the  M  numbers  is  kept,  and  in  this  way  a 
cross-index  is  made  up  between  the  M  num- 
bers and  the  dimensions. 

The  symbols  serve  not  only  as  instructions 
to  the  'workmen,  but  they  also  provide  a 
means  for  scheduling  readily  the  material  lists, 
in  some  cases  making  it  possible  to  order  the 
lumber    in    advance    to    e.xact    lengths.       The 
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Fig.  6.    Move  Ticket  for  Girder  Form  G  D  F  2. 


Fig.  7.    Time  Ticket  for  Girder  Form  G  D  F  2. 


terial,  and  the  quantity  of  work  done  by  each 
man  must  be  recorded. 

The  necessity  for  detail  form  designs  made 
up  under  the  direction  of  the  designing  en- 
gineer has  already  been  mentioned.  Although 
these  are  naturally  made  up  in  the  drafting  de- 
partment of  the  home  office,  they  affect  the 
actual  operation  of  the  job  so  intimately  that 
thev  are  best  described  at  this  point. 

Form  Design.— VnXtss  the  forms  are  de- 
signed so  as  to  use  the  smallest  amount  of 
material  in  the  best  possible  way,  economy  is, 
of  course,  impossible.  The  layout  must  take 
into  account  not  only  the  labor  cost  but  also 
the  quantity  of   lumber. 

The  customary  practice  of  most  construc- 
tion companies  has  been  to  leave  the  selec- 
tion of  type  of  forms  to  the  job  superintend- 
ent, who  in  turn  leaves  it  to  his  carpenter 
foreman  already  overburdened  with  executive 
work.  On  the  other  hand,  while  the  design 
should  always  be  discussed  with  the  job  fore- 
man, a  different  type  of  mind  from  that  or- 
dinarily possessed  even  by  a  first-class  foreman 
is  required  to  present  plans  or  sketches  in 
such  detail  that  they  can  be  read  by  an  or- 
dinary carpenter   without   trouble. 

To'  simplify  the  methods,  therefore,  it  is 
necessary  that  the  plans  for  the  forms  be 
made  in  the  drafting  room. 

Labeling  Forms.— To  locate  each  form  read- 
ily it  must  be  numbered  or  lettered  in  such 
a  way  that  it  will  not  get  mixed  up  with  other 
forms  or  parts  of  forms  of  different  dimen- 
sions. The  plan  used  is  shown  in  Fig,  1,  which 
is  a  key  plan  for  the  form  work.  All  forms 
of  a  given  dimension  should  be  marked  alike 
so  that  they  can  be  used  interchangeably. 

The  mnemonic  symbols  (i.  e..  memory  sym- 
bols) have  been  found  to  be  the  most  satis- 
factory way  of  designating  the  forms.  These 
symbols  arc  shown  in  Fig.  1.  The  notation 
at  the  bottom  of  the  figure  gives  the  key  to 
the  symbols,  and  it  will  be  noted  that  so  far  as 
possible  the  letter  used  in  the  symbol  is  the 
first  letter  in  the  word.     It  will  also  be  noted 


Fig.  2.  These  sketches  are  made  on  sheets 
6x12  ins.  and  are  only  penciled  on  white  draw- 
ing paper  which  can  be  readily  blue  printed. 
Each  drawing  is  made  complete  in  detail  to- 
gether with  the  material  list.  The  lines  for 
the  cleats  are  shown  dotted  as  the  cleats  are 
placed  on  the  "make  benches"  first,  and  the 
form  boards  are  then  thrown  on  top  of  them 
and,  after  being  clamped  in  position  to  draw 
the  boards  together,  are  nailed  to  the  cleats. 


plans  show  the  workman  exactly  what  he  is 
to  do,  so  that  he  can  go  ahead  with  the  actual 
work  of  carpentry  without  paying  attention  to 
the  way  the  form  is  to  be  built  and  withotit 
running  about  the  yard  after  lumber,  as  is 
frequently  the  case  on  a  concrete  job. 

Operation  Tickels.-The  next  operation  is 
to  convert  the  information  on  the  plans  to 
such  form  that  it  will  serve  as  a  guide,  in 
the  concrete  job  under  consideration,  for  the 
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Fig.  8.  Bulletin   Board  Ticket  for  Girder  Form   G  D  F  2. 


Figure  2  shows  also  that  each  board  is 
marked  with  a  number  preceded  by  M.  and 
each  cleat  is  marked  with  a  number  preceded 
by  C.  This  is  to  differentiate  between  the 
form  boards  and  cleats  so  that  the  move  men 
and  carpenters  looking  at  a  certain  number 
will  know  whether  to  look  for  a  cleat  or  a 
form  board.     An  M  number  is  assigned  to  a 


handling  of  the  materials,  the  sawing  of  the 
lumber,  and  the  layout  of  the  sequence  and 
times  of  work  for  each  carpenter  or  pair  of 
carpenters. 

From  the  plan,  therefore,  operation  tickets, 
are  made  out.  Figures  3,  4  and  5  show  three 
operation  tickets,  which  are  known  as  the 
move  ticket,  the  time  ticket,  and  the  bulletin 
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'board  ticket,  respectively.  The  tickets  are 
made  out  in  triplicate,  by  means  of  carbon 
paper.  For  convenience  in  spotting  these  va- 
rious tickets  a  color  scheme  is  used:  the  time 
tickets  are  yellow;  bulletin  board  tickets  pink; 
and  the  move  tickets  white.  By  making  them 
in  triplicate  with  carbon  paper,  time  is  saved 
and  the  clerical  errors  avoided.  These  tickets, 
all  made  out  at  once,  constitute  written  in- 
struction for  cutting  so  many  pieces  of  a  cer- 
tain _  size  of  lumber  and  calling  them  M — , 
moving  these  same  sticks,  and  making  them  up 
into  forms. 

The  method  of  procedure  to  accomplish  this 
is  substantially  as  follows: 

The  move  man,  that  is,  the  laborer  who  han- 
dles the  lumber,  goes  to  the  field  office  and 
receives  the  white  move  ticket  for,  say,  one 
board  from  pile  No.  16  in  the  yard,  which  is 
the  pile  for  H4  x  6  in.  x  18  ft.  lumber.  (In 
■most  cases,  of  course,  a  number  of  boards  are 
scheduled  and  handled  together.)  He  carried 
this  to  the  cross-cut  saw  No.  1.  The  move 
-man  marks  a  tag  with  M  40  in  large  figures 
and  takes  it  to  the  end  of  the  pile  of  lumber. 
As  soon  as  this  is  done  the  move  man  signs 
this  move  ticket  and  returns  it  to  the  office. 
This  is  equal  to  a  receipt  or  statement  that 
M  40  boards  of  the  required  number  have 
"been  delivered  to  the  saw.  The  cross-cut  saw 
man  next  calls  at  the  office  and  is  given  the 
time  ticket  which  corresponds  to  the  move 
ticket  just  returned,  and  goes  back  to  his  saw 
and  finds  the  pile  of  M  40  lumber  which  he 
saws  to  the  length  indicated  on  the  ticket. 
When  the  man  in  the  field  office  gives  this 
ticket  to  the  cross-cut  man  he  keeps  the  cor- 
responding pink  bulletin  board  ticket  in  front 
•of  him,  so  that  he  knows  what  job  the  cross- 
cut saw  man  is  working  on.  When  the  cross- 
cut saw  man  finishes  cutting  up  these  boards 
he  returns  the  yellow  time  ticket  to  the  office 
and  signs  it,  which  shows  that  he  has  sawed 
these  boards  to  the  correct  length.  The  in- 
spector examines  the  work  to  see  if  it  is  prop- 
erly done,  and  if  not  the  workman  is  required 
to  do  it  over  again.  By  stamping  on  the  ticket 
the  time  when  it  was  taken  out  and  again 
vvhen  it  is  returned,  the  time  for  doing  a  par- 
ticular job  is  accurately  kept,  which  makes 
the  cost-keeping  system  as  well  as  the  time-  . 
keeping    accurate    and    reliable. 

The  ticket  for  the  sawing  of  the  M  42  boards 
and  the  cleats  C  25  are  handled  in  the  same 
manner.  The  field-office  man  checks  ofT  his 
route  sheet  each  time  an  operation  is  done  so 
that  he  can  tell  as  soon  as  he  has  all  the 
lumber  required  to  make  up  that  girder  form. 
He  now  issues  a  move  ticket  to  the  move  man 
to  place  this  lumber  to  make-bench  No.  3 
(see  Fig.  0).  After  all  the  lumber  is  de- 
livered to  bench  No.  3  the  carpenter  from 
bench  No-  3  goes  to  the  field  office  and  gets 
his  time  ticket  to  make  girder  form  G  D  F  2 
(see  Fig.  7).  Figure  8  shows  the  bulletin 
■board  ticket  for  girder  G  D  F  2.  The  route 
sheet  is  again  checked  off  to  show  when  the 
girder  is  finished.  All  forms  which  are  alike 
are  made  at  the  same  time  with  one  operation 
ticket. 

Bulletin  Board. — For  convenience  in  han- 
dling the  time  tickets  and  displaying  them  so 
that  the  job  order-of-work  man  can  get  at 
them  quickly,  and  so  that  any  one  connected 
with  the  work  can  see  exactly  what  is  being 
done  by  the  different  workmen,  a  bulletin 
Tjoard  containing  three  lines  of  hooks  is  made. 


which  is  hung  on  the  wall  of  the  planning 
room  of  the  field  office.  The  top  line  is  labelled 
"work  in  progress''  ;  the  second  line,  "Work 
to  be  done,  ready,"  and  the  third  line,  "Work 
to  be  done,  not  ready."  Each  man  or  gang  of 
men,  if  more  than  one  is  to  work  on  a  par- 
ticular job — as  where  carpenters  work  in  pairs 
• — has  a  set  of  three  hooks  in  a  vertical  row 
to  receive  his  tickets. 

Task  and  Bonus  Based  on  Time  Study. — To 
obtain  complete  advantage  of  the  methods 
which  have  been  described,  the  work  should  be 
handled  with  some  definite  incentive,  such  as 
a  bonus  to  be  paid  when  a  man  accomplishes 
a  piece  of  work  laid  out  for  him  in  the  re- 
quired time  and  manner.  In  this  way  the 
workman  receives  a  fair  reward  for  doing  his 
work  well  and  faithfully. 

To  determine  the  time  required  to  do  a  job, 
detail  time  studies  are  necessary  to  find  the 
unit  time  required  for  each  individual  opera- 
tion, so  that  these  unit  times  may  be  added  up 
to  fit  any  piece  of  work. 

In  a  paper  of  this  kind  it  is  impossible  to 
go  into  the  details  of  the  methods  of  making 
the  studies  so  as  to  lay  out  in  advance  the 
work  of  each  man.  These  studies  have  been 
made  and  used  with  great  success  for  work 
of  almost  all  kinds  and  types. 

System  vs.  Red  Tape. — Perhaps  the  most 
radical  departure  from  ordinary  contractors' 
methods  is  the  introduction  of  the  "Operation 
Tickets"  described.  To  many,  especially  of 
the  older  school  of  engineers  and  contractors 
who  have  accomplished  such  excellent  work 
by  rule-of-thumb  methods,  the  practice  of  so 
much  detail  will  doubtless  savor  of  red  tape 
and  will  be  criticised  as  a  needless  overhead 
expense.  The  fact  is,  however,  that  you  can- 
not increase  output  to  a  large  extent,  you  can- 
not keep  all  the  men  busy  all  the  time,  unless 
you  have  some  such  system  as  this  to  indicate 
definitely  the  work  each  man  has  to  do,  to 
know  just  what  each  man  is  doing  at  all  times, 
and  to  insure  both  against  loafing  and  delays 
which,  although  usually  considered  unavoid- 
able, can  be  entirelv  prevented.  The  plan  of 
operation  tickets  described  is  the  simplest  and 
easiest  way  to  obtain  these  results. 

It  must  be  remembered,  furthermore,  that  if 
change  in  methods  of  handling  and  performing 
the  work  cuts,  say  2.5  per  cent  from  the  cost 
of  all  the  labor  and  an  equal  sum  from  the 
material  quantities — and  these  are  reductions 
that  have  been  made  over  and  over  again  and 
can  be  normally  expected — this  saving  pays  for 
any  extra  clerical  assistance  many  times  over. 
Moreover,  the  plan  is  subject  to  modification 
on  different  types  of  work,  and  is  readily 
adapted  without  changing  the  essential  fea- 
tures. 

The  advantages  in  the  use  of  operation  tick- 
ets are : 

(a)  They  are  written  instructions  to  the 
workmen  instead  of  verbal. 

(b")  Each  ticket  is  signed  by  a  workman, 
which  makes  it  possible  to  trace  back  errors 
and  determine  who  made  them. 

(c)  Every  minute's  time  of  every  workman 
is  charged  to  some  definite  operatiofi. 

(d)  Each  division  of  work  is  charged  with 
the  correct  amount  of  time  actually  spent 
on  it. 

(e)  The  workman,  knowing  that  the  time 
spent  on  each  job  is  recorded  accurately  and 
compared  with   similar  work   of   other   work- 


men, sees  to  it  that  the  ticket  is  returned  when 
the  job  is  finished  without  wasting  time. 

(f)  The  company  has  a  means  for  deter- 
mining the  best  methods  of  operating  and  the 
cheapest  type  of  construction,  such  as  in  the 
design  of  form  work. 

(gj  The  really  good  workman  is  distin- 
guished at  once  from  the  self-assertive  type 
who  frequently  receive  undue  credit. 

(h)  Bonuses  can  be  paid  dependent  upon 
output  of  each  workman  so  as  to  give  the 
workman  more  money,  while  the  companv  gets 
the  work  done  for  less  money,  quicker,  and  of 
better  quality,  than  by  any  other  means. 

Other  Types  of  Construction. — Although 
the  description  of  methods  applies  chiefly  to 
reinforced  concrete  building  construction,  the 
principles,  as  has  been  emphasized,  already, 
are  applicable  to  nearly  every  kind  of  con- 
struction work.  Sometimes,  although  this 
must  be  avoided  if  possible,  the  work  must  be 
distributed  to  gangs  instead  of  individuals 
or  pairs  of  men.  In  some  classes  of  work, 
such  as  earthwork,  the  routing  may  be  of  a 
very  simple  nature  and  stress  must  be  laid  on 
the  standardization  of  tools  or  the  measure- 
ment of  material  or  both.  In  other  cases, 
such  as  pipelaying,  the  training  of  the  men 
is  of  the  greatest  importance. 

Whatever  the  class  of  construction,  it  must 
be  recognized  at  the  start  that  results  cannot 
be  obtained  in  a  minute,  nor  can  they  be  ob- 
tained without  a  considerable  initial  expense. 
An  organization  must  be  developed,  men  must 
be  trained  to  handle  properly  the  work,  and 
the  management,  that  is,  the  members  of  the 
company,  the  superintendent  and  the  foremen, 
must  be  brought  to  realize  that  a  proportional- 
ly large  number  of  office  men,  "non-sweaters" 
as  they  have  been  called,  means  a  great 
diminution  in  unit  cost,  provided  these  office 
men  are  engaged  in  work  which  is  really  pro- 
ductive by  eliminating  labor  on  the  part  of 
the  skilled  and  unskilled  workmen. 


Use  of  an  Injector  as  an  Emergency 
Pump. 

Contributed   by   S.    K.    Eastwood,    Owego.    N.    T. 

After  the  excavation  had  been  completed 
for  the  basement  of  a  power  house,  and  the 
forms  for  the  basement  walls  had  been  set  in 
place,  a  sudden,  heavy  rainstorm  filled  the  ex- 
cavation to  a  depth  of  about  4  ft.  before  the 
contractor  was  able  to  place  the  concrete.  As 
there  was  no  pump  available  except  an  ordi- 
nary ditch  pump,  and  as  its  use  would  result 
in  idle  men  on  the  job,  an  injector  was  fitted 
up  in  the  following  manner  to  remove  the 
water : 

A  steam  line  was  run  out  from  the  power- 
house, and  connected  up  to  the  intake  pipe  of 
the  injector.  The  injector  was  then  lowered 
to  the  bottom  of  the  pit,  being  supported  only 
by  the  pipe  lines  connected  to  it.  The  outlet 
pipe  of  the  injector  was  run  along  the  ground 
to  a  nearby  catch  basin.  By  means  of  this 
equipment  the  water  was  quickly  lowered  to 
such  a  level  that  a  man  could  work  within 
the  excavation.  A  small  hole,  of  sufficient 
depth  to  permit  the  injector  to  drop  below 
the  basement  floor,  was  then  dug,  and  the 
water  removed  from  the  excavation  with  the 
injector  in  this  position.  The  injector  was 
left  in  the  pit  until  the  job  was  completed  and 
was  found  invaluable  in  taking  care  of  water 
from  subsequent   storms. 


A    Comparative    Study    of    Pavements 
Based  on  Chicago  Conditions. 

(Staff  Abstract.) 

There  are  many  types  of  wearing  surface, 
hut  they  fall  within  the  limits  of  the  nine 
kinds  enumerated  in  Table  I.  This  table  is  a 
condensed  summary  of  other  tables  based  on 
conditions  obtaining  in  Chicago.  Cost  figures 
are   based   on   the   average   prices   bid.     This 


table  is  based  on  the  character  of  streets  for 
which  the  type  of  pavement  is  most  suitable 
and  usually  specified. 

Referring  to  Table  I.  The  second  column  is 
derived  from  the  values  given  by  the  U.  S. 
Department  of  Agriculture  (Circular  141), 
which  are  based  on  the  pavement  qualities  of 
cheapness  or  first  cost,  durability,  ease  of 
maintenance,  ease  of  cleaning,  low  tractive 
resistance,  non-slipperiness,  favorableness  to 
travel,  acceptability,  and  the  most  important. 


sanitary  quality,  such  as  noiselessness  and 
healthfulness.  These  values  will  vary  depend- 
ing on  circumstances  and  are  interesting  in  a 
comparative  way  only. 

Column  five  gives  the  average  of  "expected" 
life  of  the  wearing  surface.  Column  nine 
gives  the  annual  cost  per  square  yard  to  pro- 
vide for  maintaining  the  road  through  proper 
and  timely  repairs,  interest  on  the  first  cost 
and  amount  to  be  set  aside,  which,  compound- 
ed  at   5  per  cent,   would   pay   for   rebuilding 
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TABLE  I. 


Type  of  pavement. 
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a" 


>  0) 


Granite    block 71 

Creosoted  wood  block SO 

Brick    75 

Sheet  aspha  It   76 

Asplialt.   concrete',  or  Type  8  asphalt 69 

Water-bound   macadam    56 

Tar  or  asphalt  macadam 64 

Plain    concrete    70 

•Average. 


Where  used  as  a  general  rule. 


Heavy  traffic  

Business  streets 

Alleys  and  car  line  streets 

Residence  streets 

Residence  streets  and  blvds. ... 

Not  used  since  1911 

Light    traffic 

Alleys  and  light  traffic  streets. 
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20 

.03 

.10 

.06 
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67 

1.70 

16 
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.08 

.06 

.18 

63 
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12 
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.03 

.07 

.07 

.17 
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108 

1.20 
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.06 
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.26 

90 

1.50 

6 

-10 

.07 

.08 

.10 

.24* 

85 

both  foundation  and  top  as  they  wore  out. 
Column  ten  shows  the  relative  annual  costs  in 
percentage,  with  granite  block  assumed  at  100 
per  cent. 

An  inspection  of  Table  I  reveals  many  inter- 
esting things.  Considering  the  traffic  it  is 
subjected  to,  granite  block  pavement  is  the 
most  "economic"  pavement.  Were  macadam 
used  where  the  granite  block  is  necessarily 
specified,  it  would  probably  cost  four  times  as 
much  as  the  granite  block.  A  macadam  pave- 
ment is  not  a  "cheap''  pavement,  because  of 
the  base  or  foundation. 

There  are  three  pavements :  brick,  asphalt 
and  asphaltic  concrete  that  cost  about  the 
same.  The  selection  of  the  proper  one  for  a 
given  street,  then,  will  depend  on  other  quali- 
ties, such  as  noiselessness,  sanitation,  good 
foothold,  ease  of  maintenance,  general  accept- 
ability,  and   local   conditions. 

The  data  quoted  are  taken  from  a  paper  on 
the  Design  of  Pavements,  by  H.  J.  Fi.xmer. 
before  the  Illinois  Society  of  Engineers  and 
Surveyors.  Mr.  Fixmer  is  division  engineer 
in  charge  of  paving,  Board  of  Local  Improve- 
ments, Chicago,  111. 


Organization  and  Equipment  of  Con- 
vict Camps  in  Georgia:    Methods 
and  Cost. 

Contributed  by  John  C.  Koch,  1332  N.  Broadway, 
Baltimore,  Md. 

PART    I. 
ORGANIZATION. 

As  each  county  maintains  a  separate,  inde- 
pendent organization  of  its  road  forces,  there 
will  be  found  wide  differences  in  the  details 
of  operation  of  its  convict  road  construction 
camps.  These  differences  arise,  not  only 
through  differences  in  the  personnel  of  the 
county  officers,  but  in  the  topography  and 
other  variations  that  are  local  and  require 
appropriate,  special  consideration.  However, 
the  details  and  costs  that  are  presented  in 
this  article  give,  with  reasonable  accuracy,  the 
essential  features  of  the  organization  and 
operation  of  a  typical  Georgia  county  convict 
camp. 

The  general  construction  program,  type  of 
road  construction  and  method  of  mainte- 
nance is  determined  by  the  Board  of  County 
Commissioners,  and  executed  by  the  County 
Superintendent  of  Roads.  The  superintend- 
ent has  immediate  charge  of  all  road  and 
bridge  construction  under  the  jurisdiction  of 
the  County  Board.  He  is  usually  also  ap- 
pointed county  warden  and  as  such  is  re- 
sponsible for  the  care  and  safe-guarding  of 
the  misdemeanor  convicts  of  the  county  as 
well  as  all  felony  convicts  transferred  to  the 
county,  upon  application,  by  the  State  Prison 
Commission.  Generally,  the  county  poor 
farm  is  also  placed  under  the  charge  of  the 
superintendent,  and  is  operated  by  convict 
labor.  The  principal  products  raised  on  the 
poor  farm  are  hay,  corn,  oats,  cotton  and 
garden  vegetables.  In  this  manner  the  cost 
of  maintaining  the  poor  farm  as  well  as 
feeding  the  convicts  and  the  live-stock  be- 
longing to  the  county  is  reduced  appreciably, 
and  that,  too,  without  detriment  to  the  road 
construction    work. 

The  superintendent  of  the  county  roads 
should  be  a  man  with  some  little  experience 
in  road  construction  and  the  handling  of 
men;  in  addition  to  which  he  must  be  pos- 
sessed   of   tact    and    executive    talent.     Upon 


his  judgment  and  efficiency  will  depend  the 
efficiency  of  the  entire  force  under  his  direc- 
tion ;  the  cost  of  work  done  and  the  success 
of  any  program  of  road  improvement  under- 
taken by  the  road  board  will  be  largely  de- 
pendent upon  the  superintendent.  The  more 
important  of  his  duties  are  to  direct  the  act- 
ual construction  of  roads,  culverts  and 
bridges ;  planning  ahead  the  work  in  order 
to  locate  at  the  most  favorable  places  the  tem- 
porary camps;  proper  supervision  of  the 
guarding  and  care  of  the  convicts,  and  the 
maintenance  of  discipline ;  obtaining  rights  of 
way  when  necessary  in  the  relocation  of  old 
roads;  and  purchasing  supplies  and  equip- 
ment as  approved  by  the  road  commissioners. 
With    so    many    duties    devolving   upon    the 


term  of  office  of  the  superintendent  is  largely 
determined  by  the  results  he  produces. 

The  salaries  paid  for  these  positions  de- 
pend on  the  amount  of  work  done  in  the 
county,  the  size  of  the  convict  force  em- 
ployed, etc..  so  that  the  salaries  vary  to  some 
extent.  Leaving  out  of  consideration  the 
counties  in  which  the  large  cities  are  located, 
average  salaries  are  as  follows :  Superin- 
tendent $75  to  $100  per  month,  with  subsist- 
ence when  in  camp ;  foremen,  $60  to  $T.5  per 
month,  with  quarters  and  subsistence:  guards^ 
$30  to  $40  per  month,  with  quarters  and  sub- 
sistence. 

PERMANENT   CAMPS. 

The  camps  are  of  two  kinds:  the  perma- 
nent,  or   headquarters  camp,   and  the   tempo- 


Sp/Ked  Connec:tion 


26  Gage  G  I  Corr  Roofing.  Sheets  8-0"(g 
G.I.  Roofing  Overlap  4"._ 


Fig.  1.    Details  of  Portable  Sleeping  Quarters. 


superintendent,  it  is  wise  to  have  a  capable 
foreman  in  direct  charge  of  the  convict  camp. 
The  foreman  should  also  be  skilled  in 
handling  labor,  live-stock  and  road  machin- 
ery. In  all  matters  connected  with  the  man- 
agement of  the  camp  as  well  as  the  construc- 
tion and  other  work  undertaken,  the  foreman 
should  be  in  full  charge,  acting  under  such 
instructions  as  may  be  issued  to  him  by  the 
superintendent.  It  is  almost  impossible  to 
operate  convicts  economically  if  there  is  di- 
vided authority  for  guarding  and  for  direct- 
ing the  labor ;  there  must  be  one  responsible 
head  in  full  control  of  the  guards  and  pris- 
oners, in  order  to  avoid  friction  in  the  de- 
tails of  camp  life.  The  foreman  and  guards 
are  appointed  by  the  superintendent  with  the 
approval  of  the  road  comiuissioncrs.  .Self- 
interest  will  usually  force  the  superintendent 
to  appoint  capable  men  as  his  assistants  in 
order  that  best  results  may  be  secured,  as  the 


rary  camp  which  is  shifted  from  place  to- 
place,  as  the  work  in  progress  and  weather 
and    other   conditons   may   require. 

The  permanent  camp  is  usually  placed  on- 
the  poor  farm,  which  is  nearly  always  sit- 
uated within  a  few  miles  of  the  principal 
town  or  city  of  the  county.  This  arrange- 
ment permits  of  using  the  convicts  during 
the  most  severe  part  of  the  year  on  con- 
struction work  in  the  principal  town,  on  the 
streets  of  which  a  large  amount  of  work  is 
done  by  the  county  forces  in  recognition  of 
the  large  proportion  of  county  revenue  de- 
rived from  the  taxation  of  city  property. 
When  the  weather  is  too  severe  for  outdoor 
work  or  too  wet,  the  convicts  are  employed 
indoors  at  the  camp  in  making  and  repairing 
harness,  clothing,  painting  wagons  and  over- 
hauling and  placing  in  good  repair  tools  and 
other  equipment,  making  bolts  for  bridge 
work,   repairing  camp   building  and   in  doing 
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such  work  as  can  be  done  to  any  advantage 
under  such  conditions.  In  this  manner  the 
amount  of  lost  time  is  kept  to  a  minimum  and 
the  rainy-day  work  is  probably  as  productive 
of  results  as  any  done  at  other  times. 

The  permanent  camp  is  arranged  so  as  to 
provide  safe,  clean,  sanitary  quarters  for  as 
large  a  convict  force  as  seems  likely  to  be 
used  by  the  county.  Pro.\iniity  to  a  good 
supply  of  pure  water  is  an  essential  to  eco- 
nomical  operation   of'  the   camp. 


A  kitchen  near  the  mess  hall  is  supplied  with 
all  necessary  equipment,  including  covered 
waste  cans  which  are  emptied,  cleaned  and 
disinfected    daily. 

The  hospital  is  made  large  enough  to  take 
care  of  four  persons,  or  not  less  than  10  per 
cent  of  the  convicts.  A  bath  house  of  proper 
size,  fitted  with  showers  or  tubs,  is  provided. 
Warm  water  is  supplied  in  cold  weather. 

Stables  large  enough  to  shelter  all  the  live- 
stock   and    provide    storage    for    forage,    are 


Fig.  2.     Temporary  Convict  Camp   in  a   Pine  Woods. 


In  some  cases  gasoline  pumping  engines, 
hot-air  engines  or  windmills  have  been  in- 
stalled in  such  camps  to  pump  water  from 
well  or  spring  into  elevated  tanks.  Such  im- 
provements, when  properly  selected  with  ref- 
erence to  the  local  conditions,  are  very  eco- 
nomical in  providing  sufficient  pressure  for 
distribution  to  all  parts  of  the  camp  for 
drinking,  bathing,  sewerage,  watering  live- 
stock and  even  for  fire  protection.  A  hot-air 
engine  with  a  pumping  capacity  of  1,200  to 
1,500  gals,  of  water  per  10-hr.  day,  raised  50 
ft.,  will  consume  about  3  gals,  of  kerosene 
per  day.  Gasoline  pumps  are  probably  a  lit- 
tle more  economical  in  operation,  but  require 
a  higher  degree  of  skill  to  operate  and  are 
somewhat   more   expensive   in   first   cost. 

Housing. — The  principal  building  in  the 
permanent  camp  is  that  for  the  accommoda- 
tion of  the  convicts.  The  floor  of  this  build- 
ing is  placed  4  ft.  above  the  ground,  in  order 
to  secure  ventilation  and  facilitate  the  re- 
moval of  night-soil.  Where  flush  water 
closets  are  not  used  this  building  is  equipped 
with  cast  iron  stools,  having  close-fitting  tops, 
and  emptying  through  the  floor  into  metal 
receptacles. 

In  winter  heat  is  supplied  by  stoves,  usual- 
ly one  at  each  end  of  the  building.  The  dis- 
tance from  the  floor  to  the  ceiling  is  made 
10  ft.  Windows  2x3  ft.,  with  sliding  sash  and 
iron  bars  over  the  opening,  are  placed  at  10- 


Fig.   3.     Type    of   Wooden    Car   for    Housing 
Convicts  When  Away   From 
Headquarters. 

ft.  intervals.  The  bunks  or  cots  are  made 
either  of  dressed  lumber  with  wooden  slats, 
or  of  iron  with  woven  wire  matresses ;  they 
are  at  least  3  ft.  wide  by  6V2  ft.  long.  A 
center  aisle  5  ft.  wide  is  maintained  from  end 
to  end  of  the  building  and  the  bunks  are  sep- 
arated from  each  other  by  a  space  of  of  2  ft. 
Other  Buildings. — A  mess  hall  of  sufficient 
size  to  comfortably  seat  all  the  convicts  at 
one  time  is  provided  with  tables  and  benches. 


placed  convenient  to  the  camp  and  to  some 
suitable  water   supply. 

A  stockade  12  ft.  high  surrounds  all  of  the 
buildings  except  the  guard  house,  which  is 
near  the  main  entrance  and  outside  of  the 
stockade.  The  guard  house  provides  suitable 
eating  and  sleeping  quarters  for  all  the 
guards,  and  office  quarters  for  the  foreman 
and    superintendent. 

Cost  of  Permanent  Camp  Equipment. — The 
cost  of  the  equipment  of  a  permanent  camp 
to  accommodate  30  convicts,  with  foreman, 
guards  and  live-stock,  based  on  the  experi- 
ences of  a  number  of  counties  in  Georgia,  is 
as   follows : 

Barracks,  with  guardroom  and  office,  20  ft. 

X  60  ft.   over  all $  225 

Guard  quarters,  16x20  ft 65 

Isolation    hospital,     16    ft.     x    20    ft.,    with 

equipment    85 

Mess  hall  with  benches  and  tabes,  18x20..  70 

Cookroon],  with  storeroom,  18x20  ft 5)0 

Stockade.    12    ft.    high 265 

Stables   for  20  animals 80 

Blankets,   bunks,   bedding,   etc 100 

Large  hotel  range  and  cooking  utensijs 150 

20  sets  convict  chains,  1  long  chain,  60  ft..  36 
Water  supply    (optional) — 

Hot-air  engine,    1,200   gals,   per  day 150 

50-ft.    steel   tower,   1,000-gal.   metal   tank, 

piping  and  fittings    350 

Bath  and   other  outhouses 50 

Total  cost  of  equipment $1,316 

All  the  buildings  are  built  of  rough  lum- 
ber with  galvanized  iron  roofs,  all  labor  re- 
quired being  furnished  by  the  convicts  under 
the  direction  of  one  or  two  competent  car- 
penters. The  mild  climate  does  not  require 
expensive  construction  of  stables,  hence  the 
low  cost  of  this  item.  The  price  of  rough 
lumber  will  vary  from  $8  to  $15  per  thou- 
sand, delivered.  The  price  of  lumber  in  the 
estimate  above  is  taken  at  $10  per  thousand. 

TEMP0R.\RY  CAMPS. 

The  selection  of  the  site  for  a  temporary 
camp  is  of  great  importance  and  should  be 
based  upon  accessiblity  to  the  work  to  be 
■carried  on  and  to  a  plentiful  supply  of  good 
water.  The  ground  should  be  nearly  level 
with  sufficient  slope  to  drain  well.  A  shady 
grove  furnishes  an  excellent  camp  site.  Ar- 
rangements can  often  be  made  for  the  use 
of  pasture  land  already  fenced  in,  for  the 
stock  to  graze  in  on  Sundays  and  other  days 
when  only  part  of  the  stock  can  be  used  to 
advantage.  A  5  or  6-strand  barbed  wire  stock- 
ade should  surround  the  prisoners'  quarters, 
the  guardhouse  and  foreman's  quarters 
should  be  placed  in  an  advantageous  position 
for  the  observation  of  the  prisoners'  quarters 
and   the   temporary   stables. 

Housing. — The     quarters    of    the    foreman 


and  guards  can  be  most  economically  provid- 
ed by  the  use  of  8x8  ft.  tents.  The  best  type 
of  quarters  for  the  prisoners  is  a  vexed  ques- 
tion. Wooden  cars  mounted  on  heavy  wagon 
wheels  have  been  used  with  some  success. 
Such  a  car  20  ft.  long  with  bunks  in  two  tiers 
will  accommodate  12  prisoners,  but  is  stuffy 
and  unsanitary  and  productive  of  much  com- 
plaint in  some  counties.  This  car  can  be 
hauled  from  place  to  place  with  from  6  to  10 
mules,  depending  upon  the  road  surface  and 
grades.  Another  type  is  a  kind  of  steel  cage, 
'Id  ft.  long,  mounted  on  wheels,  and  with 
bunks  in  three  tiers  will  provide  quartc-  for 
18  men.  This  is  more  sanitary,  bu'  very 
cramped.  Both  of  these  types  are  well- 
adapted  to  reduce  risk  of  escape  at  night, 
but  a  number  of  escapes  have  been  made 
from  the  wooden  cars  at  night. 

Tents  have  been  used  with  more  or  less 
satisfaction,  a  single  large  tent  being  used  to 
shelter  20  to  30  men.  To  enable  it  to  be 
guarded,  with  a  small  force  it  is  necessary  to 
fasten  each  prisoner  to  a  chain  passing 
through  the  middle  of  the  tent.  Lanterns 
are  hung  at  intervals  in  the  tent  so  that  a 
single  guard  can  have  all  of  the  prisoners  in 
view  all  the  time.  In  wet  weather  the 
tents  are  difficult  to  keep  sanitary,  although 
for  small  squads  of  about  15  men  on  well- 
drained  ground  they  are   very   satisfactory. 

Portable  Houses. — Portable  "take-down" 
houses  have  been  used  in  a  few  counties  and 
give  promise  of  being  the  most  economical 
type  of  housing  for  stays  of  6  weeks  or  more 
in  any  one  place.  A  house  of  this  type  has 
been  in  use  in  Hall  County  for  nearly  two 
years  with  excellent  results. 

A  brief  description  is  given  below  of  a 
house  of  this  type,  designed  by  the  writer 
for  temporary  camps,  as  well  as  for  storage 
purposes,  which  has  given  great  satisfaction 
during  a  period  of  more  than  two  years. 

The  sides  and  ends  are  composed  of  inter- 
changeable sections  4x8  ft.,  every  fourth  sec- 
tion having  a  2x2  ft.  iron-barred  window. 
These  sections  are  bolted  with  %-in.  dia. 
bolts  to  a  floor  sill  6  ins.  wide  made  up  of  a 
2x8-in.  piece  with  a  2x4-in.  piece  bolted  to 
each  side,  all  three  pieces  having  their  lower 
edges  in  one  plane,  as  shown  in  the  figure. 
These  sills  rest  on  wooden  blocks  spaced  8 
to  10  ft.  apart,  which  support  the  structure 
at  a  height  of  at  least  1  to  2  ft.  above  the 
ground,  the  sills  being  brought  to  a  level  all 
around.  The  roof  plate  is  joined  to  roof 
trusses  and  the  side  sections  as  indicated  in 
the  figures.  The  floor  sections  are  4  ft.  wide 
by  nearly  10  ft.  long.  The  unit  arrangement 
of  the  sections  of  floor  and  siding,  together 
with  roof  trusses,  permits  of  the  erection  of 
a  house  20  ft.  wide  and  varying  in  length  by 
4-ft.  intervals  up  to  any  desired  length.  The 
details  of  this  structure  are  illustrated. 

A  house  as  described  above,  2O.x60  ft., 
would  cost  about  $200  on  the  basis  of  rough 
lumber  at  $15  per  thousand.  This  is  about 
the  same  as  a  tent  of  much  smaller  size  would 


Fig.  4.     Type  of  Cheaply  Built  Portable 
Sleeping   Quarters. 

cost,  which  could  be  made  to  answer  the 
same  purpose.  The  life  of  the  tent  is  figured 
as  two  years  and  of  the  portable  house  from 
five  to  ten  years.  In  rainy  weather  the  tents 
furnish  very  poor  protection,  and  are  diffi- 
cult to  keep   in   sanitary  condition. 

Cars. — Wooden  cars  with  bunks  in  three 
tiers  accommodating  18  men  cost  about  $200. 
Steel  cars  of  similar  size  cost  about  $350. 
The  latter  are  constructed  of   flat   steel  bars 
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latticed  so  as  to  form  2%-in.  to  4-in.  square 
openings,  and  the  entire  car  is  formed  of 
this  latticing  except  the  floor,  which  is  made 
of  heavy  oak  planks.  Both  wooden  and  steel 
cars  are  mounted  on  wheels  so  as  to  be  easily 
moved  from  place  to  place.  The  ventilation 
in  the  steel  cars  can  be  regulated  without 
difficulty  by  the  use  of  the  canvas  roof  and 
sides  which  cover  the  steel  cage. 

Tents. — For  the  temporary  camp  quarters 
of  the  guards  and  foreman  the  most  satisfac- 
tory arrangement  is  to  use  8x8-ft.  tents.  For 
office  quarters  and  accommodation  for  three 
^ards  and  a  foreman,  three  such  tents  will 
be  ample. 

In  addition  to  the  foregoing  there  must  be 
provided  in  the  temporary  camp  a  mess  hall, 
kitchen,  bath  and  stables.  Tents  of  proper 
size  provide  satisfactorily  for  all  of  these  ex- 
cept the  stables.  The  latter  need  merely  be 
a  simple  shelter  having  a  roof  and  boarded 
up  on  the  two  sides  most  exposed  to  prevail- 
ing winds.  In  spring  and  summer  only  a 
roof  is  needed  as  a  shelter   for  the  animals. 

For  a  squad  of  30  convicts  the  following 
wall  tents  would  be  required:  For  mess 
hall,  12x20  ft.;  kitchen,  12x12  ft.,  and  bath 
room  8x8  ft.  Tables  and  benches  for  the 
mess  hall  are  easily  made  of  rough  or  dressed 
boards  supported  by  wooden  horses  of  suit- 
able height,  which  can  be  readily  transported. 

Cost  of  Equip)iient  of  Temporary  Camp. — 
The  temporary  camp  can  be  equipped  largely 
from  the  articles  m  the  permanent  head- 
quarters camp.  The  chief  items  that  must 
be  purchased  for  the  temporary  camp  are  the 
tents,  cars  or  portable  house,  water  barrels, 
camp  stove,  lanterns,  barb  wire  for  stockade, 
materials  for  tables,  benches,  etc.,  extra  cook- 
ing utensils,  and  a  number  of  other  supplies 
that  are  not  expensive  but  may  vary  with 
local  conditions. 

The  following  list  of  equipment,  in  addi- 
tion to  that  supplied  from  the  equipment  of 
the  permanent  camp,  would  be  required  for  a 
temporary  camp  of  30  convicts.  This  in- 
cludes quarters  for  guards  and  foreman. 
"Take    down"    house,    20x60    ft.     (as    above 

described)      $225 

Wall  tents — 

4,  size  SxS  ft.,  at  $14 56 

1,  size  12x20  ft.   (mess  hall) 60 

1,  size  12x12  ft.  (kitchen) 34 

Wooden   shelter  for  stock IB 

Large  camp  cook  stove,  $35;  extra  utensils, 

etc.,  $12    47 

10   water   barrels,   at  $1.50 15 

Stockade   fencing    25 

12    lanterns    9 

Miscellaneous  supplies  for   camp 24 

Total  cost  of  equipment $510 

(Part  II  of  this  article,  describing  methods 
of  furnishing  subsistence  and  supplies,  etc., 
will  apear  in  a  later  issue. — Editors.) 

Method  of  Applying  Oil  for  Dust  Pre- 
vention. 

(Staff  Abstract.) 

The  method  of  application  and  the  amount 
of  oil  that  should  be  applied  will  depend  upon 
the  kind  of  oil  used,  the  condition  of  the  sur- 
face of  the  road  on  which  it  is  to  be  used, 
and  other  local  conditions.  The  light  oils 
should  be  applied  more  frequently  and  in 
smaller  quantities  than  the  heavy  oils.  The 
crude  or  the  refined  oil  may  be  applied  either 
cold  or  hot,  according  to  its  quality.  Most 
crude  oils,  and  some  refined  oils,  have  been 
applied  cold  ;  but  it  is  necessary  to  heat  the 
heavier  oils  before  they  are  applied. 

The  oil  is  shipped  either  in  barrels  con- 
taining from  about  30  to  50  gals,  each,  or  in 
steel  tank  cars  containing  from  6,000  to  10,000 
gals.  each.  If  a  heavy  oil  is  used,  it  is  neces- 
sary that  the  car  tank  be  equipped  with  steam 
coils  in  order  to  heat  the  oil,  that  it  may  be 
drawn   or  pumped   from  the  tank. 

When  the  material  is  shipped  in  barrels  it 
is  customary  to  heat  it  on  the  roadside  in 
heating  kettles  holding  from  4  to  10  bbls., 
from  which  it  is  applied  to  the  road  surface 
by  the  use  of  hand  pouring  pots  of  about  4 
gals,  capacity.  It  is  important  that  these  pots 
be  provided  with  spouts  that  will  spread  the 
oil  in  such  a  way  as  to  produce  an  even  dis- 


tribution, as  in  this  lies  the  secret  of  the  suc- 
cess of  its  application.  The  ordinary  water 
sprinkling  spout  with  the  holes  punched  larger 
with  an  8  d.  or  20  d.  wire  nail,  depending 
upon  the  grade  of  material  being  used,  will 
usually  give  very  satisfactory  results. 

When  the  oil  is  shipped  in  tank  cars,  it  is 
usually  applied  to  the  road  from  tank  wagons, 
holding  from  400  to  800  gals.  Tank  wagons 
used  for  this  purpose  may  be  classified  under 
two  heads:  (1)  Gravity  tanks,  which  allow 
the  oil  to  flow  by  gravity  through  a  perforated 
pipe,  which  sprinkles  the  oil  onto  the  road. 
(2)  Pressure  tanks,  which  spray  the  oil  under 
pressure  onto  the  road  through  perforated 
pipes,  or  a  series  of  nozzles,  or  a  single  large 
hose  and  nozzle.  The  pressure  is  produced 
either  by  steam  or  compressed  air  in  the  tank 
itself,  or  by  pressure  in  the  distributing  pipes 
only,  induced  by  some  form  of  pump. 

When  the  oil  is  applied  to  the  road  surface 
in  tlie  form  of  a  tine  spray,  which  can  be 
done  with  the  pressure  tank  wagon,  a  more 
even  distribution  and  better  penetration  is  se- 
cured. The  pressure  tank  wagon  is  particu- 
larly valuable  when  it  is  desired  to  use  a  very 
light  application  of  oil.  By  the  use  of  such 
a  wagon,  so  light  an  application  as  %  gal. 
per  square  yard  can  be  evenly  spread,  while 
about  %  gal.  per-  square  yard  is  as  small  a 
quantity  as  can  be  uniformly  distributed  with 
a  gravity  tank.  The  use  of  the  pressure  tank 
has  an  additional  advantage ;  when  the  oil 
under  pressure  comes  into  contact  with  the 
stone  with  some  force,  it  blows  the  dust  from 
the  surface,  and  thus  by  cleaning  the  stone 
secures  a  better  adhesion  of  the  oil.  This  is 
very  beneficial  with  the  heavier  asphaltic  oils 
where  it  is  absolutely  essential  that  the  sur- 
face of  the  large  stones  be  exposed  and  clean 
in  order  to  insure  a  good  bond.  However,  if 
the  oils  are  not  too  heavy,  and  the  road  is 
gone  over  several  times  with  the  gravity  tank 
and  a  very  light  application  given  each  time, 
a  very  even  distribution  can  be  secured  and 
fairly  good  results  obtained.  The  tank  wagon 
is  sometimes  provided  with  a  heating  arrange- 
ment either  in  the  form  of  a  fire  box  under- 
neath, or  in  the  form  of  steam  coils  to  be 
attached  to  the  roller  boiler.  With  such  an 
equipped  tank,  the  heavier  grades  of  materials 
may  be  applied. 

In  general,  it  is  better  to  give  the  middle 
of  the  road  a  heavier  application  than  the 
sides.  This  is  especially  true  in  the  case  of 
the  lighter  oils  and  emulsions,  and  calcium 
chloride  solution,  owing  to  the  tendency  of 
these  materials  to  being  carried  to  the  sides 
of  the  road  by  gravitation  and  running  water. 
While  in  the  case  of  the  lighter  oils,  no  cover 
is  necessary  after  the  oil  is  applied,  yet  better 
results  are  usually  secured  by  covering  the  oil 
with  a  layer  of  coarse  sand.  When  the 
heavier  oils  that  require  heating  are  used,  it 
is  essential  that  they  be  covered  with  either 
screenings  or  coarse  sand.  Stone,  slag  or 
gravel  screenings  are  best  suited  for  this  pur- 
pose. The  screenings  should  be  dry  and  clean 
and  free  from  dust,  and  of  a  fairly  hard  ma- 
terial. A  size  that  will  pass  a  %-in.  circular 
mesh  and  be  retained  on  a  M,-in.  mesh  is 
usually  very  satisfactory.  A  size  that  will 
pass  a  %-in.  screen  and  even  a  1-in.  screen 
is  sometimes  used  with  perfect  satisfaction. 
The  heavier  the  grade  of  oil  that  is  being 
used,  the  coarser  the  screenings  may  be.  If 
the  surface  is  afterwards  rolled,  larger  screen- 
ings can  be  used  than  where  traffic,  alone 
compacts  them.  Unless  a  heavy  oil  that 
stiffens  quickly  upon  exposure  to  the  air  is 
being  used,  it  is  best  to  allow  the  oil  from 
.5  to  3()  hours'  time  to  be  absorbed  by  the  road 
surface  before  applying  the  screenings.  It 
often  happens,  however,  that  the  road  cannot 
be  closed  to  traffic  so  long,  in  which  case  the 
screenings  are  put  on  immediately  after  the 
oil  is  applied,  with  very  good  results.  If 
the  oil  stands  in  little  pools  on  the  surface 
after  it  is  applied,  it  should  be  gone  over 
with  hand  brooms  and  the  puddles  of  oil 
broomed  evenly  over  the  surface  before  the 
screenings  are  spread.  This  will  aid  in  pro- 
ducing a  more  uniform  surface,  and  uniform- 
ity of  surface  is   not  only  one  of  the   essen- 


tials in  building  a  road,  but  it  is  also  one  of 
the  essentials  in  maintaining  a  road. 

Dust  prevention  is  so  closely  associated 
with  road  preservation  that  the  two  should 
usually  be  considered  together,  for  any 
method  of  preservifig  the  surface  will  in- 
variably reduce  the  dust.  It  might  be  well 
to  state,  however,  that  such  surface  treat- 
ments of  oil  do  not  constitute  the  building  of 
a  road.  At  its  best,  it  constitutes  merely  a 
maintenance  proposition.  It  is  a  false  notion 
to  hold  that  an  old  wornout,  rough  road  sur- 
face can  be  made  good  by  the  application  of 
a  little  oil.  In  order  to  maintain  a  good  sur- 
face, it  is  essential  that  the  surface  be  put  in 
a  good  condition  previous  to  the  application 
of  the  oil.  Therefore,  unless  it  is  merely 
intended  to  temporarily  allay  the  dust,  the 
holes  and  ruts  should  be  eliminated  from  the 
surface  before  any  oil  is  applied.  The  depres- 
sions in  the  road  should  be  cleaned  of  all  dirt 
and  foreign  material,  the  edges  cut  vertical 
and  the  bottoms  loosened  by  picking.  The 
depressions  should  then  be  filled  with  stone, 
slag  or  gravel  of  the  same  quality  and  size  as 
the  remainder  of  the  road  surface,  and  this 
material  thoroughly  compacted  by  hand  ram- 
ming or  rolling. 

Poor  results  in  the  use  of  oil  treatments 
frequently  come  from  the  fact  that  the  sur- 
face had  not  been  previously  cleaned  in  a 
proper  manner.  The  practice  of  some  small 
villages  of  putting  oil  on  a  road  surface  al- 
ready covered  with  several  inches  of  dust  and 
filth,  cannot  be  too  severely  condemned.  When 
such  practice  is  followed,  the  street,  after 
every  rain,  will  be  covered  with  a  black,  oily 
mud,  which  may  be  as  objectionable  as  the 
dust  itself.  Before  the  lighter  oils,  such  as 
are  put  on  cold,  are  applied,  the  surface 
should  be  comparatively  free  of  all  loose 
dust  and  foreign  material.  Before  the  heavier 
materials,  such  as  require  heating,  are  applied, 
it  is  very  important  that  the  surface  be 
cleaned  of  all  matted  dirt,  dust  and  foreign 
material,  so  as  to  expose  the  large  stones  in 
the  surface  of  the  road.  If  possible,  the  sur- 
face should  be  swept  with  horse  sweepers, 
and  afterwards  with  hand  brooms  so  as  to 
remove  the  dust  from  between  the  stones  to 
a  depth  of  from  %-in.  to  %-in.  The  heavier 
the  grade  of  oil  used,  the  more  important  it 
is  to  have  a  clean  surface  on  which  to  apply 
it.  The  surface  should  be  dry  and  the  warm- 
er the  air  temperature  the  better. 

There  has  been  considerable  discussion  dur- 
ing the  past  year  concerning  sprinkling  of  the 
stone  with  water  before  applying  the  bitumens, 
it  being  claimed  by  some  that  better  results 
are  secured.  While  during  a  dry,  dusty  time, 
better  results  may  be  obtained  by  first  lightly 
sprinkling  the  stone  with  water  before  apply- 
ing the  bitumen,  this  information  is  likely 
to  be  misleading;  for  it  is  believed  that  it  is 
not  the  presence  of  water  that  might  cause 
the  better  results,  but  the  effect  the  water  has 
in  cleaning  the  dust  from  the  stone  which 
gives  a  better  adhesion  of  the  oil.  Hence,  we 
would  conclude  that  if  sprinkling  with  water 
before  applying  the  oil  is  done,  it  should  be  on 
only  hot,  dry  days,  and  then  sufficient  time 
given  after  the  sprinkling  for  the  water  prac- 
tically all  to  evaporate  before  the  oil  is  ap- 
plied. Therefore  we  are  still  warranted  in 
saying  that  bitumens  should  be  applied  only 
to  dry,  warm  surfaces.  During  June,  July 
and  August  is  the  best  time  of  the  year  to 
apply  such  materials  to  the  road  surface. 

The  amount  of  oil  that  should  be  applied 
to  the  road  at  any  one  time  will  depend  upon 
the  condition  of  the  road  surface,  the  quality 
of  the  oil  used,  and  the  nature  of  the  traffic 
In  general,  it  may  he  said  that  a  couple  of 
light  applications  during  the  year  will  give 
better  results  than  a  single  heavy  application 
for  the  same  amount  of  oil.  For  the  lighter 
oils,  on  a  comparatively  smooth  surface,  an 
application  of  not  to  exceed  %  gal.  per  square 
yard  may  be  all  that  should  be  applied  at  one 
time,  while  cm  a  rough,  pitted  surface  (with 
the  binder  swept  from  the  top  surface  of  the 
road  to  a  depth  of  from  Vi  in.  to  %  in.  as 
much  as  %  gal.  per  square  yard  of  the  heavier 
oils  might  give  more  satisfactory  results.  Pre- 
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caution  should  be  taken,  however,  that  there 
is  not  an  excess  of  oil  appHed,  as  too  heavy 
a  coat  of  the  lighter  oils  is  objectionable  be- 
cause of  the  formation  of  a  black,  frothy  mud 
after  a  rain,  while  an  excess  of  the  heavier 
oils  will  form  a  thick  mat  on  the  surface  which 
will  be  peeled  and  picked  up  by  the  horse- 
drawn  traffic.  The  heavier  the  automobile 
traffic,  the  greater  the  amount  of  oil  that  can 
be  applied  up  to  a  certain  limit.  The  aim 
should  be  to  put  on  just  sufficient  oil  (and 
screenings)  to  form  a  thin  mat  over  the  sur- 
face of  the  road.  This  mat  should  not  be  of 
any  appreciable  depth  over  the  surface  of  the 
larger  stones,  but  sufficient  to  well  seal  up 
the  voids  between  them.  This  will  hold  the 
binder  in  the  stones  and  make  the  road  sur- 
face  water  tight. 

The  cost  of  oils  varies  according  to  the 
quality  of  the  oil.  Also  the  price  of  the  same 
oil  fluctuates  from  time  to  time.  The  cost 
of  applying  the  cold  oil  varies  from  %  ct.  to 
1  ct.  per  gallon,  while  the  cost  of  applying  the 
hot  oil  will  vary  from  1%  ct.  to  3  cts.  per 
gallon. 

The  preceding  information  is  abstracted 
from  a  bulletin  on  Dust  Prevention,  issued 
by  the  Highway  Department,  State  of  Ohio. 

Cost  of  Concrete  Pavements  in  Twenty 
States  in  1914. 

(Staff  Abstract.) 
From  detailed  costs  kept  on  95  concrete  road 
contracts  by  the  inspectors  of  the  Association 
of  American  Portland  Cement  Manufacturers 
the  average  costs  of  work  in  20  states  in  1914 
were  computed  as  in  Table  I.    These  data  are 


sufficient  strengtli  to  avoid  cracking  longi- 
tudinally, regardless  of  the  condition  of  the 
foundation  or  the  action  of  frost  in  upheaving 
it  within  the  limits  of  all  known  movements 
due  to  such  action. 

The  case  of  the  Andover  Road  pavement 
19%  ft.  in  width  and  8  ins.  in  thickness  is 
then  cited.  A  portion  of  this  pavement  was 
constructed  having  a  well  prepared  earth  foun- 
dation, but  under  the  upheaving  action  of 
frost,  the  pavement  cracked  longitudinally 
near  the  center,  both  in  the  sections  where 
reinforcement  was  used  and  where  it  was  not 
used.  Under  a  portion  of  the  pavement,  a 
thick  gravel  foundation  was.  used,  costing 
from  70  to  80  cts.  per  lineal  foot.  It  is  not 
definitely  stated  that  no  longitudinal  cracks 
occurred  where  the  gravel  base  was  used,  but 
granting  such  was  the  case,  the  cost  is  suffi- 
cient to  have  added  a  thickness  of  at  least  2% 
ins.  of  concrete  to  the  pavement,  making  a 
total  thickness  of  10%  ins.,  which  may  be 
shown  both  by  example  and  computation  to  be 
a  thickness  sufficient  to  resist  rupture  by  the 
forces  of  frost  upheaval  in  any  amount.  As 
an  example,  the  State  Highway  at  LaSalle,  111., 
may  be  cited,  having  a  width  of  18  ft.  and  a 
thickness  of  11  ins.,  which  has  not  cracked 
longitudinally.  It  would  tlierefore  seem  to 
be  quite  as  efficient  and  economical  to  put  the 
extra  foundation  expense  info  the  superstruc- 
ture. But  as  against  either  of  the  above  meth- 
ods of  insuring  an  absence  of  cracks,  the  writ- 
er wishes  to  cite  the  case  of  High  St.  of  this 
city,  which  is  also  19  ft.  in  width,  only  6%  ins. 
in  thickness,  and  which  has  passed  through 
two  winters  without  developing  a  single  longi- 
tudinal crack.     The   foundation   was  prepared 


TABLE  I.— AVERAGE  COST  OF  CONCRETE 


State. 


Labor. 


Connecticut    'sn  isi 

Florida   *",nJ 

Indiana '...'. ^"'* 

Illinois     

Iowa    '' 

Kansas 

Kentucky    \] 

Maryland 

Massachusetts    .....'.'.' 

Michigan   .- 

Mississippi 

Missouri     !.'.'.*!.'."!!'*! 

New    Hampshire 

New  Jersey   

New    York 

Ohio     ; 

Pennsylvania    

Texas    

West    Virginia ..'. 

Wisconsin     


PAVEMENTS  (1914). 

Mechani- 

Team-        cal        Mate- 

ing.  equipment,  rials. 


134 
.136 
.213 
.396 
.146 
.111 
.195 
.222 
.261 
.209 
.126 
.179 
.156 
.181 
.279 
.316 
.098 
.188 


;0.142 
.028 
.130 
.101 
.084 

!2i4 

.127 
.104 
.032 
.085 
.133 
.097 
.089 
.085 
.091 
.091 
.117 

iiio 


1.046 
.003 
.044 
.033 
.028 
.026 
.020 
.065 
.039 
.021 
.150 
.027 
.032 
.016 
.055 
.067 
.031 
.007 
.060 
.045 


$0,752 
.838 
.777 
.528 
.789 
.819 
.477 
.716 
.600 
.655 
.642 
.656 
.907 
.797 
.666 
.642 
.742 
.668 
.912 
.682 


Miscel- 
laneous. 
10.010 
.014 
.022 
.016 
.036 
.007 
.018 
.057 

[050 
.004 
.059 


.050 
.009 


.016 
!623 


Total. 
$1,088 

.991 
1.017 

.814 
1.116 
1.248 

.875 
1.077 

.947 
1.02S 
1.232 
1.045 
1.152 
1.091 
1.027 

.946 
1.269 
1.123 
1.070 
1.033 


Number 

sq.  yds. 

200,056 

13,000 

89,794 

17,970 

90,364 

1,503 

4,144 

36.211 

26,200 

92,217 

12,031 

22,376 

6,066 

8,356 

730,782 

58,968 

10,072 

6,640 

10,045 

61,879 


Grand  average $0.1S3       $0,104 

"h-xclusive   of   profits  and   overhead    charge. 


$0,040       $0,717       $0,046       $1.05S«     1,498,883 


taken  from  a  paper  by  H.  E.  Hilts,  road  engi- 
neer for  the  Association  in  the  "Cornell  Civil 
Engineer"   for  March-April,  1915. 


Concrete  Roads  and  Frost  Action. 

To  THE  Editor:— The  paper  presented  by 
Mr.  Lovis  before  the  last  annual  convention 
of  the  American  Concrete  Institute  and  re- 
printed in  your  issue  .^pril  21  w^as  read  with 
much  interest.  The  writer,  however,  feels 
that  equally  good  and  safe  results  mav  be 
obtained  at  much  less  cost  by  other  methods, 
and  lest  the  conclusions  therein  given  may 
cause  some  to  incur  a  large  needless  expense 
in  the  construction  of  concrete  pavements,  the 
writer  hopes  to  be  allowed  to  question  the  wis- 
dom and  economy  of  the  method  suggested  by 
Mr.  Lovis  to  eliminate  the  usual  longitudinal 
crack  in  such  pavements. 

His  conclusion  may  be  summed  up  in  his 
statement  that  "We  must  TRY  and  make 
permanent  the  foundation."  And  to  accom- 
plish this  he  recommends  a  V-drain  of  gravel 
or  cobbles,  aggregating  in  amount  about  1/3 
cu.  yd.  per  lineal  foot  of  15-ft.  pavement.  This 
specification,  if  followed,  will  add,  in  most 
localities,  from  50  to  60  cts.  per  lineal  foot, 
including  the  extra  excavation,  which  amount 
is  equal  to  the  cost  of  two  additional  inches 
of  concrete.  It  may  be  shown  by  experience, 
experiment,  or  computation  that  the  2  ins.  of 
additional    thickness    will    give    the    pavement 


in  a  very  ordinary  manner  at  small  expense, 
and  a  protected  longitudinal  joint  was  con- 
structed down  the  center  of  the  pavement  at 
a  cost  of  about  10  cts.  per  lineal  foot.  This 
joint  is  in  good  condition,  showing  much  less 
wear  than  the  adjacent  transverse  joints,  dem- 
onstrating that  a  protected  longitudinal  joint 
will  stand  the  abrasion  of  traffic  much  better 
than  transverse  joints,  and  will  certainly  wear 
much  less  than  the  unprotected,  irregular  crack 
caused  by  rupture.  Such  a  protected  central 
joint  will  in  all  cases  eliminate  the  unsightly 
cracks,  and  obviate  the  necessity  of  expend- 
ing excessive  sums  on  the  foundation,  or  of 
increasing  the  pavement  thickness  beyond  the 
amount  needed  to  meet  the  requirements  of 
traffic  which  produces  shear,  wear  and  abra- 
sion. This  required  thickness  is  about  6  ins., 
and  any  thickness  in  excess  of  this  amount  is 
simply  useful  in  producing  a  continuous,  un- 
broken beam  across  the  roadway. 

A  comparison  of  the  cost  of  the  method  of 
eliminating  longitudinal  cracks  proposed  by 
Mr.  Lovis  and  the  cost  of  so  doing  by  the 
use  of  the  protected  longitudinal  joint  shows 
the  former  will  cost  $5,000  per  mile  more  than 
when  the  latter  method  is  adopted  in  the  con- 
struction of  a  19%-ft.  pavement.  Equal  free- 
dom from  cracks  is  secured  by  either  method, 
for  it  has  been  shown  by  a  multitude  of  ex- 
amples that  a  concrete  pavement  slab  10  ft. 
in  width  and  as  much  as  6  ins.  in  thickness 
will  not  crack  longitudinally  under  the  stresses 
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produced  by  foundation  movements.  It  would 
have  been  interesting,  had  Mr.  Lovis  given 
the  amounts  of  frost  upheaval  observed  in  his 
tests.  The  writer  has  measured  frost  upheav- 
als on  High  St.  pavement  amounting  to  %  in. 

S.  T.  Morse. 
Carlinville,  111.,  April  30,  1915. 


Although  tubing  and  pipes  of  American 
manufacture  are  well  and  favorably  known 
in  Italy  and  are  extensively  used,  .-American 
pipe  fittings  have  proved  unsatisfactory  and 
are  undersold  by  German  and  Swiss  goods  of 
better  quality.  According  to  a  consular  report 
there  is  a  promising  market  in  the  Florence 
district  for  American-made  fittings  of  a  high 
quality. 


mew: 


Had   it  not  been   for  the 

_,,      -pv    •  Lusitania   disaster   the   past 

I  he  JJoings        ^^.^^^.  ^^.^^^^  ^^^.^  ^^^^  ^^^ 

of  of    marked    betterment    in 

*u     \\r  olr  ''^^    fields   of   business    and 

tne   WeCK.  finance.      Aside    from    this 

unfortunate  occurrence 
many  favorable  developments  took  place.  The 
May  report  of  the  U.  S.  Department  of  Agri- 
<;ulture  indicated  that,  unless  adverse  weather 
conditions  intervene,  a  billion  bushel  wheat 
■crop,  the  largest  in  history,  will  be  harvested 
in  this  country.  Export  figures  showed  an 
unprecedented  total  for  the  month  of  April, 
The  report  of  the  Federal  Reserve  Board  on 
the  financial  and  banking  condition  of  the 
country  was  most  encouraging.  Bank  clear- 
ings for  the  week  ended  May  6  amounted  to 
■$4,196,715,000,  an  increase  of  over  29  per  cent 
over  last  week  and  nearly  22  per  cent  over 
the  corresponding  week  of  last  year.  The  fig- 
ures for  the  first  week  of  May  were  greater 
than  the  previous  high  totals  reported  in  Octo- 
ter,  1912,  and  January,  1910.  In  the  construc- 
tion field  the  past  week  has  been  one  of  con- 
siderable activity.  More  work  came  up  for 
advertising  for  bids  than  in  any  previous 
seven  days  so  far  this  year.  Numerous  large 
contracts  were  let  and  many  important  under- 
takings were  advanced  a  step  nearer  the  be- 
ginning of  active  construction.  In  the  Metro- 
politan District  of  New  York  an  actual  gain 
in  building  construction  of  20  per  cent  is  indi- 
cated for  the  first  four  months  of  1915  over 
the  sam.e  period  for  1914.  In  the  Iron  and 
Steel  markets  the  trade  began  May  with  more 
grounds  for  confidence  in  the  outlook  than 
■existed  one  month  ago.  Steel  plant  opera- 
tions continue  near  the  75  per  cent  mark.  Rail 
purchases  the  past  week  were  not  much  in 
excess  of  -30,000  tons  but  orders  aggregating 
over  150,000  tons  are  pending.  The  Pennsyl- 
vania R.  R.  alone,  it  is  stated,  will  soon  place 
an  order  for  138,000  tons.  Orders  for  several 
thousand  cars  were  placed  during  the  past 
week,  and  several  additional  special  contracts 
from  Europe  were  received.  The  Iron  Age 
prices  for  finished  iron  and  steel  and  for 
sheets,  nails  and  wire  for  the  week  ending 
May  5  were  as  follows : 

■Finished    Iron   and   Steel.  Maj-  .',     Apr.  2S. 

Per  lb.   to  large  buyers.  Cts.  Cts. 

Bess,  rails,  heavy,  at  mill....     1.2r,  1.25 

Iron  bars,  Philadelphia l.lTii         1.15 

Iron  bars,   Pittsburgh 1.20  1.20 

Iron   bars,  Chicaffo 1.1."  1.1.5 

Steel  bars,   Pittsburgh 1.2fl  1.20 

Steel  bars,  Xeiv  York l.nG!>  1.3G9 

Tank  plates,   Pittsburgh l.ir,  1.15 

Tank  plates.   New   York l.nif)  1..119 

Beams,    etc.,    Pittsburgh 1.2ii  1.20 

Reams,    etc..    New   York 1.3fin  1..3li9 

Skelp.  grooved  steel,  P'gh 1.12V4         1.12% 

Skelp.  sheared  steel,   P'gh....     l.lTVi         1.17</. 

Steel    hoops,    Pittsburgh 1.25  1.25 

Sheets,   Nails  and  Wire. 

Per  lb.    to   large   buvers. 

•    Sheets,  black,  No.  28,  P'gh l.SO  1.80 

'Galv.  sheets.  No.  28,  P'gh 3.40  3.25 

\A'ire  nails,  Pittsburgh 1.55  1.55 

Cut  nails,   Pittsburgh 1.55  1.55 

Fence  wire,  base,   P'gh t.35  1..35 

Barb  wire,  galv.,  P'gh 2.10,  2.10 

For  structural  material  f.  o.  b.  Pittsburgh 
the  Iron  Age  prices  were  as  follows :  I-Beams, 
3  to  15  in. ;  channels,  3  to  15  in. :  angles,  3  to 
fi  in.  nn  one  or  both  legs,  M  in.  thick  and 
over,  and  tees,  3  in.  and  over,  1.20  cts. 

Railways. — No  development  of  impor- 
tance hooking  to  the  taking  up  of  any  great 
amount  of  railway  construction  took  place  last 
week.  In  fact  the  carriers  displayed  no  espe- 
cial activity  in  either  purchasing  equipment  or 
makin.g  announcements  of  new  work.  The 
Chicago,  St.  Paul,  Minneapolis  &  Omaha  Ry. 
has  awarded  contracts  for  about  35,000  cu. 
yds.  of  concrete  for  substructure  of  new 
bridge  over  Mississippi  River.  The  Union 
Station  Co.  of  Chicago  awarded  a  contract 
to  Blome  Sinek  Co.,  Chicago,  for  the  founda- 
tions for  the  freight  house  at  the  new  union 
terminal  in  Chicago.  The  contract  for  trunk 
sewers,  concrete  retaining  walls  and  other 
work  in  connection  with  the  terminal  was  let 
to  W.  J.  Xcwman  Co..  Chicago.    The  St.  Paul 


Union  Depot  Co.  closes  bids  on  May  15  on  the 
dredging  and  concrete  work  in  connection  with 
the  river  change  for  the  new  $15,000,000  union 
terminal  at  St.  Paul,  Minn. 

Roads  and  Streets. — A  great  deal  of  state 
highway  construction  reached  the  call  for  bids 
stage  last  week.  California  opens  proposals 
May  24  on  four  contracts,  32.2  miles  in  all; 
New  York  is  calling  for  bids  on  22  contracts; 
Ohio  is  advertising  6  contracts  and  sev- 
eral good  sized  jobs  are  ready  for  bids  in 
Washington.  Illinois  likewise  has  asked  pro- 
posals on  several  contracts.  Maine  is  adver- 
tising its  first  letting  of  the  year,  the  contracts 
covering  some  27  miles  of  highway.  Bids  ai'e 
being  asked  on  a  considerable  amount  of 
county  work.  In  Milwaukee  County,  Wis., 
alone,  proposals  will  be  opened  May  14  on 
111,960  sq.  yds.  of  concrete  roads.  The  174 
mile  highway  letting  of  Vermillion  County, 
Illinois,  advertised  for  May  17,  has  been  post- 
poned. Baton  Rouge,  La.,  also,  has  extended 
the  date  for  receiving  bids  on  its  192,000  sq. 
yds.  letting.  New  York  opened  bids  on  20 
state  road  contracts,  several  of  which  ran  well 
over  $100,000  each. 

Bridges. — No  especially  large  contracts 
in  the  bridge  construction  field  appear  to  have 
been  advertised  during  the  past  week.  Cal- 
casieu Parish,  La.,  is  calling  for  bids  on  a 
reinforced  concrete  arch  bridge  with  double 
leaf  Strauss  trunnion  bascule  span;  California 
Highway  Commission  opens  bids  May  24  on 
plate  girder  bascule  of  80  ft.  clear  span.  Bids 
also  are  being,  asked  on  numerous  smaller 
structures  in  New  York,  Ohio,  Virginia,  and 
Illinois.  The  contracts  let  include  a  con- 
crete steel  and  arch  bridge  at  Canton,  N.  Y., 
to  cost  about  $25,500;  a  Strauss  bascule  lift 
bridge  for  Cape  May  County,  N.  J.,  to  cost 
about  $27,480.  and  seven  reinforced  concrete 
bridges  near  Elkins,  W.  Va. 

Drainage  and  Irrigation. — Few  big  jobs 
in  either  the  drainage  or  irrigation  fields 
appear  to  have  reached  the  call  for  bids  stage 
during  the  past  week.  Perhaps  the  largest 
undertaking  is  the  dredge  ditch  in  Monroe, 
Blue  Creek  and  St.  Marys  Townships,  Indi- 
ana.    The  estimated  cost  of  this   is  $74,000. 

Water  Works. — A  considerable  amount  of 
water  works  construction  for  smaller  munici- 
palities is  being  advertised.  Albion,  N.  Y.,  is 
calling  for  bids  on  water  works  improvements 
requiring  23,900  ft.  of  water  mains,  filtration 
plant,  etc. ;  Plant  City,  Fla.,  opens  proposals 
June  5  on  pumping  station  equipment;  Salem, 
Mass.,  is  asking  bids  on  10,000,000  gal.  covered 
concrete  reservoir;  Binghamton,  N.  Y.,  opens 
bids  May  24  for  standpipes;  Petersburg,  Va., 
is  taking  bids  on  two  water  tnaks  and  towers ; 
Cleveland,  O.,  is  advertising  several  contracts 
for  work  at  its  Division  Ave.  pumping  sta- 
tion ;  Bloomington,  Wis.,  is  asking  bids  for 
water  works  and  Cresco,  Neb.,  is  calling  for 
proposals  for  similar  work.  Durham,  N.  C, 
awarded    contracts    for   water   works. 

Sewerage — Limon,  Colo.,  is  calline  for 
bids  for  sewer  system  to  cost  $25,000 ;  Green- 
wich, Conn.,  is  asking  proposals  for  sewage 
disposal  works;  Baltimore,  Md.,  is  advertising 
two  fair  sized  contracts,  one  of  which  calls 
for  7,300  ft.  of  30  in.  to  60  in.  masonry  drain; 
Cleveland,  O.,  opens  bids  May  20  for  con- 
structing the  Dugwav  Brook  branch  sewer; 
Mt.  Ayr,  la.,  opens  bids  May  17  on  a  $30,000 
sewer  system ;  Ebensburg,  Pa.,  is  asking  bids 
for  sewage  disposal  plant. 


Many  public  officials  con- 
sider the  call   for  bids   no- 
Calls   for        ^^'^'^^  ''"^^  insert  in  the  local 

B'j     H.T   i-  papers     merclv     a     further 

ids  Notices.  ,„p  in  the  legal  proceed- 
ings  necessary  for  the  car- 
rying out  of  the  improve- 
ment. The  law  requires  that  the  work  he  ad- 
vertised and  therefore  they  comply  with  the 
statutes.  As  the  usual  thing  the  only  informa- 
tion in  these  advertisements  of  value  to  a  con- 
tractor is  the  statement  that  the  city  is  asking 
proposals   for   a  piece  of  work  and   that  bids 
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will  be  opened  at  a  certain  time.  Commonly 
no  details  are  given  as  to  the  size  of  the  job 
and  so  the  outside  contractor  must  investigate 
for  himself  to  find  out  whether  the  undertak- 
ing is  big  enough  or  small  enough  for  him  to 
figure  on.  In  a  season  when  little  work  is  be- 
ing ofifered  almost  any  bidding  opportunity 
will  be  followed  up ;  but  when  there  are  plenty 
of  contracts  in  sight  a  contractor  does  not 
have  much  time  to  look  into  the  uncertain  jobs. 
A  village  in  Ohio  is  now  asking  for  bids  on 
street  improvements.  No  one  would  guess 
from  the  official  advertisement  that  the  esti- 
mated cost  of  the  work  is  over  $165,000.  Had 
this  fact  been  stated  it  would  have  made  the 
notice  half  a  line  longer  but  it  would  have  in- 
creased its  effectiveness  in  securing  competi- 
tion from  contractors  a  hundred  fold. 


The   effect    of    the    Eu- 
ropean   war    on    the    labor 
Decrease  in     ^"PPly  oi  the  United  States 
•         .  .  is  shown  by  the  immigration 

Immigration,  figures  for  February  of  the 
Federal  Department  of  La- 
bor. During  this  month  the 
total  number  of  immigrants  admitted  to  this 
country  was  less  than  one-third  of  the  num- 
ber in  February,  1914,  the  figures  being  18,704 
and  57,119  respectively.  During  March  of  last 
year  108,907  immigrants  came  into  this  coun- 
try. As  is  to  be  expected,  the  greatest  falling 
off  is  from  the  countries  directly  engaged  in 
the  war.  In  February,  1914,  6,676  immigrants 
from  Hungary  were  admitted,  as  compared 
with  11  for  this  year.  Only  159  immigrants 
from  the  Russian  empire  and  Finland  were 
admitted  during  last  February.  The  num- 
ber for  the  corresponding  month  of  last  year 
was  9,687.  Italy,  which  has  been  hesitating 
on  the  verge  of  war  for  some  months,  con- 
tributed 2,7.32  of  its  citizens,  a  falling  off  of 
4,808  over  the  previous  February.  At  present 
in  most  localities  the  supply  of  foreign  labor 
is  greater  than  the  demand.  Should  there  be. 
however,  even  a  normal  season  in  the  railroad 
construction  field  there  is  liable  to  be  some 
difficulty  in  securing  unskilled  labor. 


Railroad  The  hard  heartedness  of 

Contrac-         railway    companies    in    cur- 
,  tailing  construction  is  serv- 

tors  and         j^ig    one     purpose:       It    is 
Other  teaching     contractors     who 

Work.  have    depended    almost    en- 

tirely on  the  carriers  for 
work  that  there  are  other  construction  oppor- 
tunities. .\  few  weeks  ago  one  contractor,  who 
heretofore  has  confined  himself  exclusively  to 
steam  shovel  work  for  railroads,  took  a  $120,- 
000  highway  job.  He  purchased  some  rollers 
and  light  grading  outfits  and  is  now  piling  up 
as  good  estimates  as  he  ever  did  in  the  old 
days.  Another  big  railroad  contractor  joined 
hands  with  a  firm  specializing  in  concrete  con- 
struction and  secured  a  $400,000  contract  for 
flood  protection  work.  All  of  which  goes 
to  show  that  if  there  is  no  particular  work  in 
your  own  line  it  is  possible  to  get  in  on  other 
jobs  nearly  as  good. 


Many    of    the    big    con- 
struction    undertakings     of 
T-)j.    p    o  the  past   10  years  were  di- 

p  ■  ■  ■  recfly  due  to  Dr.  F.  S. 
i'earson.  Pearson,  one  of  the  vic- 
tims of  the  Lusitania  dis- 
aster. He  was  interested 
in  numerous  projects  in  this  country,  in  Mexi- 
co, and  in  Spain.  One  of  the  lar.gest  private 
irrigation  developments  in  this  country  was 
financed  by  him,  and  at  the  time  of  his  death 
he  was  engaged  in  an  extensive  hydro-electric 
and  irrigation  project  in  Spain.  He  was 
president  of  the  Mexico  Northwestern  R.  R. 
and  much  of  this  line  was  built  while  he  was 
connected  with  the  company.  He  was  also 
president  of  the  Barcelona  Traction,  Light  & 
Power  Co.,  Ltd.,  of  Spain,  the  Mexico  Tram- 
ways Co.,  Mexican  Light  &  Power  Co.,  and 
the  Riode  Janeiro  Trmways  Co. 
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PORT  IMPROVEMENTS  FOR  CA- 
NADIAN CITIES. 


Work  Under  Construction  or  Contemplated. 
Breakwaters — Wharves — Dredging— Dry    Docks. 


Extensive  developments  for  Canadian  ports 
are  being  carried  on  or  are  in  contemplation 
by  the  Dominion  Department  of  Public 
Works,  Ottawa,  Ont.  The  following  outline 
of  the  improvements  in  hand  and  proposed 
at  several  cities  is  taken  from  the  Third  An- 
nual Proceedings  of  the  American  Associa- 
tion of  Port  Authorities.  The  information 
was  collected  early  this  year  by  the  secretary 
of  the   association: 

St.  John,  N.  B. — Courtenay  Bay  Improve- 
ments.— These  include  (1)  the  construction 
of  a  rubble  mound  breakwater,  4,570  ft.  in 
length;  (2)  the  dredging  of  a  channel  7,800 
ft.  long  by  500  ft.  wide  to  a  depth  of  32  ft. 
below  low  water;  (3)  the  dredging  of  a  basin 
to  a  depth  of  32  ft.  below  low  water  for  an 
area_of  100  acres;  (4)  the  construction  of 
4,780'  lin.  ft.  of  quay  wall  composed  of  tim- 
ber and  concrete;  (5)  the  filling  of  an  area 
of  about  28  acres.  The  total  amount  of  this 
contract  was  $7,500,000,  The  date  for  com- 
pletion is  March  30,  1917.  As  a  condition  to 
the  acceptance  of  the  tender  the  contractors 
agreed  to  construct  a  dry  dock  of  the  first 
class  in  Courtenay  Bay  on  a  site  approved  by 
the  Minister  of  Public  Works.  The  break- 
water is  completed.  The  site  for  the  dry 
dock  partly  excavated  and  dredging  opera- 
tions are  under  way. 

Beacon  Bar  Deep  Water  Wharves,  St. 
John  West.— -Wharfage  amounting  to  3,780 
lin.  ft.  at  Beacon  Bar,  St.  John  West,  is 
under  contract.  The  first  section  of  the  work 
is  1,960  ft.  long.  It  is  a  cribwork  structure 
on  a  stone  foundation  5  ft.  thick,  and  is  43  ft. 
high  and  48  ft.  wide  at  the  base.  The  outer 
faces  are  double  sheathed  and  sloped  at  the 
rate  of  6  in.  70   ft. 

On  this  cribwork  there  is  a  concrete  super- 
structure 27  ft.  high,  18  ft.  wide  at  the  base 
and  7  ft.  at  the  top.  The  total  height  of  the 
structure  is  75  ft.,  the  depth  of  water  along 
the  face  of  the  wharf  being  35  ft.  at  low  water 
level.  This  section  (early  in  the  year)  was 
practically  complete.  The  second  section  will 
be  1,770  ft.  long,  of  the  same  width  and  height 
as  the  first  section,  except  that  the  stone  foun- 
dation will  be  2  ft.  high.  The  total  cost  will 
be  $1,335,000. 

Considerable  filling  was  required  behind  the 
new  wharfs.  A  contract  was  let  to  provide 
about  1,500,000  cu.  yds.  of  this  material. 
About  half  the  work  was  to  be  completed  this 
spring  and  the  balance  next  season.  A  tem- 
porary freight  shed  505  ft.  long  by  80  ft.  wide 
was  erected  on  Berth  No.  15.  Plans  are  in 
hand  for  a  permanent  shed  of  structural  steel 
and  concrete  construction,  equipped  with  over- 
head passageways  for  handling  passengers. 
There  will  be  two  covered  loading  tracks  at 
back  of  shed.  The  shed  and  quay  space  is 
designed  to  enable  future  installation  of  seven 
1%  to  2-ton  electric  traveling,  luffing  jib, 
semi-portal  wharf  cranes,  gantry  spanning 
one  track.  The  dredging  for  the  sites  and 
berths  of  the  Beacon  Bar  wharves  to  a  depth 
of  35  ft.  has  been  completed.  The  remainder 
of  the  dredging  on  the  bar  was  to  be  com- 
pleted March  31,  e.xcept  the  removal  of  some 
ledge  rock. 

Quebec  Harbor  :  Lauzon  Drv  Dock. — The 
1914-15  appropriation  for  this 'is  $1,000,000. 
The  dry  dock  under  construction  will  be  1,150 
ft.  long,  120  ft.  wide  at  the  entrance,  with 
40  ft.  of  water  on  the  sill  at  high  water,  or- 
dinary spring  tides.  The  dock  will  be  divided 
into  two  compartments,  650  ft.  and  500  ft. 
long.  The  outer  entrance  will  be  closed  by 
a  rolling  caisson  and  a  floating  caisson  will 
close  the  middle  entrance.  The  walls  will  be 
of  concrete  with  granite  copings  and  granite 
altars.  Pumping  machinery  will  consist  of 
three  centrifugal  pumps,  each  capable  of  de- 
livering 60,000  gals,  per  minute  and  emptying 
the  dock  in  3  hours ;  two  auxiliary  drainage 
purnps  each  of  6,000  gals,  capacity  also  will 
be  installed.    The  pumps  will  be  run  by  elec- 


tric motors,  supplied  by  three  generators  con- 
nected to  steam  turbines.  Eight  boilers  of  a 
combined  capacity  of  3,600  hp.  will  furnish 
steam. 

Quebec  Harbor :  River  St.  Charles  Im- 
provement.— The  appropriation  for  1914-15  is 
$750,000.  The  improvements  consist  of  the 
construction  of  a  concrete  dam  1,600  ft.  long, 
20  ft.  in  average  height,  and  two  locks,  re- 
spectively 450  ft.  and  350  ft.  long  by  65  ft. 
at  the  entrance  walls.  Each  lock  will  have 
15  ft.  of  water  on  the  sill  at  low  water. 

Harbor  Improvements,  Toronto,  Ont. — Har- 
bor improvements  amounting;  to  $5,370,000 
were  under  contract  early  this  year.  These 
include  the  following :  17,295  lin.  ft.  of  sea- 
wall, pile  substructure,  concrete  superstruc- 
ture; breakwater,  18,600  ft.  long,  crib  sub- 
structure, concrete  superstructure;  ship  chan- 
nel and  turning  basin;  retaining  wall,  6,894  ft. 
long,  crib  substructure,  concrete  superstruc- 
ture. 

Harbor  Improvements,  Port  Arthur. — The 
following  improvements  are  under  construc- 
tion: Breakwater  to  protect  the  dock  of  the 
existing  and  proposed  industries  and  to  in- 
crease the  size  of  security  of  the  harbor. 
The  ultimate  length  is  20,800  ft.  About  5,700 
ft.  of  this  work  is  now  in  hand,  to  cost  $562,- 
000.  The  dredging  will  cost  $130,000  and  will 
provide  for  widening  of  main  harbor  and  ex- 
cavating of  channel  to  sundry  elevators  and 
slips. 

Improvements  at  Fort  William. — These  in- 
clude extension  of  revetment  wall  around 
G.  T.  P.  basin  into  slip  No.  2  and  outward 
into  entrance  channel  2,600  ft.,  at  a  cost  of 
$365,000.  The  dredging  improvement  of  Mc- 
Kellar.  Mission  and  Kaministiquia  Rivers  and 
widening  and  deepening  G.  T.  P.  basin  will 
involve  expenditure  of  $750,000.  The  De- 
partment of  Public  Works  contemplates,  in 
the  future,  the  extension  southwesterly  of 
Bare  Point  breakwater  to  the  present  break- 
water and  the  extension  of  the  new  break- 
water southwardly  towards  the  entrance  of 
the  Kaministiquia  River.  The  plan  of  devel- 
opment also  calls  for  further  dredging  in  the 
above  rivers  and  the  construction  of  about 
4,500  ft.  of  revetment  wall  in  the  Mission 
River. 

Harbor  Improvements,  Vancouver.  —  The 
1914-15  appropriation  is  $1,000,000.  This 
amount  was  to  carry  on  the  following  im- 
provements: (1)  Construction  of  combined 
concrete  and  timber  cribwork  800  ft.  long  by 
300  ft.  wide  between  Commercial  and  Salis- 
bury Drives;  (2)  completion  of  dredging  in 
False  Creek,  and  the  dredging  of  the  proposed 
turning  basin,  involving  the  removal  of  542,- 
000  cu.  yds.  at  21  cts. 

Harbor  Improvements,  Victoria.  —  The 
1914-15  appropriation  was  $1,100,000.  This 
was  to  be  used  in  carrying  on  the  following 
improvements:  (1)  Construction  of  a  rubble 
mound  breakwater  at  Ogden  Point,  about  2,500 
ft.  long,  consisting  of  rubble  rock  fill  with 
granite  blocks  and  concrete  superstructure ; 
(2)  construction  at  Ogden  Point  of  concrete 
piers  Nos.  2  and  3.  These  will  be  each  about 
800  ft.  long  and  250  ft.  wide,  with  a  clearance 
of  300  ft.  between  the  inside  faces.  They  will 
consist  of  reinforced  concrete  substructure  and 
mass    concrete    superstructure. 


is  to  lease  all  the  standard  gage  railroad  prop-  | 
erty  within  a  radius  of  15  miles  from  the 
State  House  and  pay  the  companies  owning  '• 
these  properties  a  rental  of  4V2  per  cdnt  of 
their  value.  The  terminal  company  is  au- 
thorized to  equip  the  roads  within  these  limits 
for  electric  operation,  and  it  also  has  power 
to  build  lines  and  tunnels  to  connect  the  vari- 
ous leased  properties. 


Merger  of  Freight  Terminals  at  Bos- 
ton, Mass. 

A  comprehensive  plan  for  state  and  mu- 
nicipal control  of  the  freight  terminals  of  Bos- 
ton, Mass.,  is  under  consideration.  The  scheme 
provides  for  the  formation  of  a  company  to 
be  known  as  the  Boston  Railroad  Terminal 
Co.,  under  a  statute  enacted  by  the  Massa- 
chusetts legislature.  The  directors  of  the  com- 
pany are  to  include  the  Governor  of  Massa- 
chusetts, and  the  Mayor  of  Boston.  The  cap- 
ital stock  of  the  company  is  fixed  at  $2.50,000, 
the  entire  amount  being  subscribed  for,  and 
the  title  standing  in  the  name  of  the  com- 
monwealth. 

The  freight  terminals  at  Boston  are  now 
controlled  by  three  private  corporations.  Ac- 
cording to  the  plan  the  new  terminal  company 


PUBLIC  WHARF  FOR  DUNKIRK, 
N.  Y. 

Bids  Asked   on  $100,000   Structure. 


Crib    Substructure — Concrete    Superstructure. 


The  city  of  Dunkirk,  N.  Y.,  is  calling  for 
bids  for  the  construction  of  a  public  wharf 
that  will  call  for  an  expenditure  of  abuut 
$100,000.  The  structure  will  be  located  at  the 
foot  of  Central  Ave.  and  its  construction  will 
involve  the  following  units:  (1)  excavation 
for  crib  foundation;  (2)  timber  cribs  built, 
sunk,  filled,  settled  and  leveled ;  (3)  sheet 
pile  bulkheads  at  circulation  openings,  and 
between  side  cribs,  including  walings,  tie 
rods  and  screw  bolts;  (4)  riprap  in  circula- 
tion openings;  (5)  concrete  superstructure 
over  cribs  and  at  circulation  openings;  (G) 
fender  streak;  (7)  mooring  posts;  (8)  back 
fill  to  subgrade  of  pavement.  The  approxi- 
mate bill  of  quantities  is  as  follows: 

Excavation    19,400  cu.  yds. 

Baclt    till    17,500  cu.  yds. 

Concrete    1,320  cu.  yds. 

Crib    filling    10,700  cu.  yds. 

Hemlocli    timber    696,800  ft.  B.  M. 

Oak    timber     9,330  ft.  B.  M. 

Steei  channels    22,500  lbs. 

Drift    bolts     65,800  lbs. 

Screw    bolts    12,300  lbs. 

Reinforcing    bars    9,350  lbs. 

Mooring    posts    23 

The  buildings  occupying  the  deck  of  the 
present  structure  will  be  removed  by  the  city. 
It  is  not  contemplated  that  any  further  clear- 
ing will  be  necessary,  as  preparation  for  the 
excavation  in  the  foundation.  The  founda- 
tion excavation  will  include  all  material  above 
bed  rock  in  the  areas  to  be  occupied  by  the 
cribs.  The  material  is  believed  to  be  a  stiff 
blue  clay  for  about  4  ft.  above  the  rock; 
above  the  clay  the  material  is  sedimentary. 

The  timber  "tribs  will  consist  of  tight  front 
and  end  walls  and  cob  house  back  walls  with 
tiers  of  cross  ties  and  plank  grillage.  They 
will  be  built  of  12  in.  by  12  in.  hemlock  timber 
and  3  in.  by  3  in.  grillage  plank,  fastened  to- 
gether with  screw  bolts,  drift  bolts  and  10  in. 
boat  spikes.  The  bulkheads  at  the  circulation 
openings  will  consist  of  built-up  wooden  sheet 
piling,  timber  waling,  tie  rods,  screw  bolts, 
concrete  superstructure  and  riprap.  For  the 
tongue  and  groove  sheet  piling  2  in.  by  12  in. 
yellow  pine  plank,  18  ft.  or  16  ft.  in  length 
will   be   used. 

The  concrete  superstructure  will  be  mould- 
ed in  monoliths  not  more  than  30  ft.  in  length, 
the  joints  between  sections  being  made  by  one 
layer  of  heavy  tar  paper.  The  concrete  will 
be  proportioned :  1  cement,  2  sand,  2  gravel 
and  4  broken  stone.  Alternate  bids  will  be 
received  on  a  natural  mixture  of  gravel  and 
sand  so  constituted  that  the  latter  will  bear 
the  relation  of  not  to  exceed  35  per  cent,  nor 
less  than  30  per  cent  of  the  volume  of  the 
total  aggregate,  and  1.17  bbls.  cement  to  the 
cubic  yard  of  concrete  in  place.  The  rein- 
forcing steel  will  be  of  a  deformed  pattern 
and  of  units  not  less  than  Vz  in.  square. 

The  fenders  will  consist  of  r2-in.  channels 
secured  in  the  concrete  of  the  superstructure 
by  countersunk  anchor  bolts  24  in.  long  and 
%  in.  diameter,  bent  at  the  end.  The  snub- 
bing post,  which  will  be  secured  in  the  super- 
structure concrete,  will  consist  of  6  lin.  ft.  of 
heavy  weight  wrought  iron  pipe  and  a  cast 
iron   pipe. 

Bids  for  constructing  the  wharf  will  be 
received  until  8  p.  m..  May  18,  bv  A.  D. 
Toomey,  City  Clerk  of  Dunkirk,  N.  Y.  Bids 
for  the  purchase  of  $100,000  of  bonds  for 
building  the  dock  were  opened  on  May  4. 
W.  H.  Shelton  is  City  Engineer  of  Dunkirk. 


May  12,  1915. 
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INTERCEPTING  SEWERS  AT 
MILWAUKEE,  WIS. 


First    Contract   for   New   $10,000,000 
Development. 


Brick    and    Concrete    Sewers    in    Open    Cut    and 
Tunnei. 


Sewer  construction  to  cost  about  $.500,000 
is  now  being  advertised  by  the  Sewerage 
Commission  of  Milwaukee,  Wis.  Bids  are 
asked  on  the  first  two  contracts  for  work  in 
connection  with  the  new  system  of  intercep- 
tors and  disposal  plant  of  the  city.  The  whole 
scheme  of  improvement  involves  the  building 
of  about  35  miles  of  sewer  and  disposal  works 
and  will  require  an  expenditure  of  about  $10,- 
000,000.  The  contracts  on  which  bids  are 
being  taken  call  for  the  construction  of  inter- 
cepting sewers  and  connections  or  both  sides 
of  the  Milwaukee  River.  Bids  on  these  par- 
ticular contracts  were  opened  on  Feb.  24  last, 
but  all  bids  were  rejected  and  the  improve- 
ment is  now  being  readvertised. 

The  work  to  be  done  may  be  divided  into 
two  separate  contracts,  numbered  9  and  10, 
or  it  may  be  further  subdivided  into  five  con- 
tracts numbered  11,  12,  13,  14  and  15.  Num- 
ber 9  embraces  the  construction  of  an  inter- 
cepting sewer  and  branches  on  the  east  side 
of  the  Milwaukee  River  from  a  point  below 
the  dam  to  the  intersection  of  Broadway  and 
Detroit  Sts.,  and  requires  the  construction  of 
approximately: 

7.927  ft.  brick  and  concrete  sewer,  30  in.  to  51 
in.   in   diameter,    in  open   cut. 

3,992  ft.  brick  and  concrete  sewer,  DO  in.  to  5 
in.   in   diameter,   in  tunnel. 

3,844  ft.  terra  cotta  pipe  sewer,  10  in.  to  24  in. 
in  diameter. 

1,762  ft.  of  manholes  and  pile  and  timber 
foundations. 

Contract  No.  9  may  be  subdivided  into  three 
contracts — Nos.  11,  12  and  13. 

Contract  No.  10  embraces  the  construction 
of  an  intercepting  sewer  and  branches  on  the 
west  side  of  the  Milwaukee  River  from  the 
Holton  St.  viaduct  to  the  intersection  of  West 
Water  and  Fowler  Sts.  It  requires  approxi- 
mately 

8,480  ft.  brick  and  concrete  sewer,  SO  in.  to  48 
in.   in   diameter,   in   open   cut. 

2,340  ft.  terra  cotta  pipe  sewer,  10  in.  to  IS  in. 
diameter. 

1,105  ft.  of  manholes  and  pile  and  timber 
foundations. 

Contract  No.  10  may  be  subdivided  into 
two  contracts — Nos.   14  and   15. 

At  the  first  letting  on  Feb.  24  bids  were 
taken  on  contracts  9  and  10  as  units.  The 
following  contractors  submitted  proposals,  the 
totals  being  for  the  bids  for  standard  section 
without  foundation :  Jones  &  Erbeck,  Pitts- 
burgh, Pa.,  No.  9,  $239,008,  No.  10,  $162,804; 
Jos.  Hanreddy,  Chicago,  111.,  No.  9,  $324,046; 
No.  10,  $208,292;  Oscar  Daniels  Co.,  Chicago, 
111.,  No.  9,  $366,490,  No.  10,  $242,823;  F.  H. 
Nakielski,  Milwaukee,  Wis.,  No.  9,  $366,490, 
No.  10,  $262,237.  The  unit  prices  of  these 
contractors  on  the  principal  items  are  given 
in  Table  I : 


Bids  are  invited  upon  two  separate  types  of 
sewers :  one  type  having  concrete  base  and 
brick  arches;  the  other  type  will  be  con- 
structed of  concrete  throughout.  The  latter 
design  may  beused  for  all  circular  sewers 
over  30  ins.  in  diameter,  except  in  tunnel. 
Proposals  also  are  invited  upon  two  separate 
types  of  sewer  in  tunnel,  egg  shaped  and  cir- 
cular. 

Bids  for  the  construction  of  the  intercept- 
ing sewers  will  be  received  until  2  p.  m.,  May 
14,  by  the  Sewerage  Commission  of  Milwau- 
kee. J.  H.  Fowles  is  Secretary  of  the  Com- 
mission and  T.  Chalkley  Hatton  is  Chief 
Engineer. 


NEW  SUBWAYS  FOR  PHILADEL- 
PHIA, PA. 


First  Contracts  to  Be  Let  in  a  Few  Weeks. 


500 


Miles    of    Road    Construction    in 

Arkansas. 

.\  large  amount  of  highway  construction  is 
proposed  for  the  present  season  by  counties 
in  .\rkansas.  The  new  Alexander  Road  Law, 
which  went  into  eflfect  recently,  is  responsible 
in  great  measure  for  the  large  increase  in  pros- 
pective highway  work  in  this  state.  Un- 
der this  law  a  majority  in  the  number  of  land- 
owners, of  land  value  or  acreage  can  file  pe- 
titions with  the  Countv  Court  for  the  forma- 
tion of  a  district.  It  also  is  provided  that  the 
County  Judge  or  10  land  owners  in  the  dis- 
trict may  request  the  State  Highway  Depart- 
ment to  prepare  preliminary  plans,  specifica- 
tions, estimates  and  reports  on  any  road  proj- 
ect, without  cost  to  the  netitioners. 

The  State  Highway  Department  now  has 
five  engineering  corps  in  the  field  engaged 
on  work  for  various  counties.  One  corps  is 
engaged  in  surveys  for  30  miles  of  road  in 
Perry  County.  Another  corps  is  at  De  Witt, 
Arkansas  County,  surveying  a  route  for  a  20- 
mile  road.  A  third  corps  is  in  Ouachita  Coun- 
ty working  on  a  40-mile  road :  another  is  en- 
gaged in  Boone  and  Newton  Counties  on  sur- 
veys for  a  30-mile  road  and  the  fifth  corps  is 
in  Woodruff  County,  where  40  miles  of  road 
improvement  are  contemplated. 

It  is  estimated  that  the  probable  road  con- 
struction that  will  be  undertaken  this  season 
will  amount  to  over  500  miles,  involving  an 
expenditure  of  nearly  $2,700,000.  This  estimate 
does  not  take  into  consideration  small  sections 
of  road  work  contemplated  in  several  counties. 
The  following  tabulation  shows  the  counties 
in  which  it  is  anticipated  road  improvements 
will  be  undertaken : 

County.  County  seat.        Miles.    Cost. 

.Arkansas    DeWitt    15     $70,000 

Boone     Harrison    12        60,000 

Columbia    Magnolia    20      110,000 

Grant    Sheridan     27       145,000 

Jefferson     Pine    Bluff 28       160,000 

Lafayette    Lewisville    '10         55,000 

Lonoke     Lonoke     20         98,000 

Miller    Texarkana     60       400,000 

Mississippi    Osceola     100      500,000 

Newton    Jasper     12         60,000 

Ouachita Camden    12         45,000 

Perry    Perry ville     30       150,000 

Poinsett     Harrisburg     20       200,000 

Pope    Russellville     25       100,000 

I-'ulaski     Little     Rock 25       125.000 

Randolph     Pocahontas     8         20,000 

Stone    Mountain    View.     7         50,000 

Washington     Fayetteville     ....35       180,000 

Woodruff    Augusta     40       175,000 

Hugh  R.  Carter,  Little  Rock,  Ark.,  is  State 
Highway  Engineer. 


TABLE  I. 
CONTRACT   NO. 


0)  0)  u  .-•  .^ 

C.2  C  C  .a 

o  »-  rt  c3  rt 

Standard  section;  ►dH        a           0         Z 
Combined  section,  36  in.  and  51  in.,  all  concrete  s  ewer,    in    open    cut,    804 

lin    ft $32.92  $34.00  $49.65  $50.00 

Combined  section,  36  in.  and  51  in.,  all  concrete  sewer,  in  tunnel,  982  lln. 

ft 38.12 

Brick  arch  and   concrete  invert  sewer,   36  in.,   in  open  cut,    4,427  lin.   ft...  13.70 

Brick  arch  and  concrete  Invert  sewer,  30  in.,  in  open  cut,  1.S92  lin.   ft 11.92 

Brick  arch  and   concrete  invert  sewer.   36  in.,   in  tunnel.    1,147    lin.    ft 18.32 

Brick  arch  and  concrete  Invert  sewer,   30  in.,   in  tunnel.    1.863    lln.    ft 16.82 

Alternative   hid: 

All  concrete  sewer,  in  open  cut,  36  in..   4,427  lin.    ft 13.70 

44  In.  and  66  In.  sewer,  in  tunnel,  3.010  lin.  ft 19.22 

CONTRACT  NO.   10. 

Standard  section: 

Brick  arch,  concrete  invert,  48  In.,  2.023  lin.  ft 

Brick  arch,  concrete  invert.  42  In.,  2,667  lln,  ft 

Brick  arch,  concrete  invert,  36  In.,  2.719  lln.   ft 14.70 

Brick  arch,  concrete  invert,  30  In..  1.071  lln.  ft 12.92 

Alternative  bid: 

All  concrete  sewer.   48  in.,   2,023  lin.   ft 19.22 

All  concrete  sewer.  42  In..  2.66?  lln.  ft 19.00 

All  concrete  sewer,   36  in..   2,719  lin,   ft 14.70 


$6,000,000   Provided   at   Election   In   April. 


19.22 
19.00 


36.20 
21.10 
14.00 
31.10 
26.90 

20.60 
23.10 


24.70 
22.20 
17.40 
16.10 

24.40 
21.80 
17.00 


49.80 
27.30 
12.00 
27.50 
27.00 

27.30 
32.00 


27.75 
27.00 
22.90 
17.75 

27.75 
27.00 
22.90 


40.00 
40.00 
24.00 
30.00 
24.00 

50.00 
40.00 


35.80 
28.00 

26.50 
20.00 

35.80 

26!56 


The  first  contracts  for  the  new  rapid  tran- 
sit system  at  Philadelphia  probably  will  be 
let  this  spring.  At  an  election  on  April  29  a 
$6,000,000  loan  was  authorized  for  com- 
mencing construction  on  a  development  that 
will  call  for  an  ultimate  expenditure  of  per- 
haps $60,000,000.  Preliminary  work,  such  as 
the  enlarging  and  lowering  of  sewers  in  the 
downtown  district  that  would  be  affected  by 
the  new  subways  is  being  carried  out  under 
a  $500,000  loan.  The  contemplated  improve- 
ments to  the  transportation  facilities  of  the 
city,  as  outlined  in  the  Jan.  14,  1914,  issue  of 
Engineering  &  Contracting,  provided  for 
the  construction  of  a  north  and  south  subway 
under  Broad  St.,  and  a  delivery  loop  subway 
in  Arch,  8th,  Walnut  and  1.5th  Sts.  In  addi- 
tion several  elevated  lines  were  to  be  built.  The 
$6,000,000  provided  at  the  recent  election  will 
be  expended  on  the  Broad  St.  line ;  the  work 
on  the  delivery  loop  will  be  taken  care  of  un- 
der future  bond  issues. 

With  the  exception  of  a  few  deep  locations, 
it  is  probable  that  all  of  the  subway  can  be 
excavated  by  the  open  cut  method.  In  the 
business  section  it  is  likely  that  the  construc- 
tion will  be  carried  out  by  the  methods  fol- 
lowed by  the  contractors  in  the  downtown 
section  of  the  subway  in  New  York.  In  this 
work  the  streets  were  planked  over  and  kept 
open  for  traffic.  Along  Broad  St.  it  is  pro- 
posed to  keep  one-half  the  street  open  to 
traffic  at  one  time.  Electric  power  for  hoist- 
ing, pumping,  etc.,  will  be  employed.  The 
work  probablv  will  be  divided  into  sections 
of  such  length  that  each  can  be  completed 
within  2%  to  3  years  from  the  awarding  of 
the   contract. 

In  the  central  business  section  of  the  city 
(Broad  and  Market  Sts.),  after  passing 
through  top  soil,  sand  and  clay,  good  gravel 
is  usually  encountered  15  ft.  to  20  ft.  below 
street  level.  This  continues  to  about  40  ft., 
where  it  becomes  cemented  gravel  of  great 
supporting  power  and  removable  only  with 
the  pick.  Pockets  of  quicksand  are  occasion- 
ally encountered  in  this  formation.  Rock  is 
met  a  few  feet  lower.  The  upper  stratum 
of  this,  especially  if  near  the  surface,  is  unu- 
ally  rotten  and  can  be  easily  loosened  with 
the  pick.  Below  the  few  feet  of  rotten  rock 
there  is  bed  rock  of  gneiss  or  schist  forma- 
tions to  great  depth. 

Disposal  of  the  surplus  excavation  will  prove 
one  of  the  important  items  in  the  construc- 
tion of  the  Broad  St.  subway.  It  has  been 
proposed  that  all  material  excavated  south  of 
Lehigh  Ave.  be  taken  to  the  low  ground 
south  of  Oregon  Ave.  and  used  in  bringing 
streets  and  parks  in  that  district  to  grade. 
.-Ml  material  excavated  above  Lehigh  Ave. 
could  be  used  filling  streets  in  the  northern 
end  of  the  city.  It  is  stated  that  a  fair 
average  value  of  this  spoil  to  the  city  in 
place  in  park  and  street  fills  is  about  20  cts. 
It  is  assumed  that  the  material  would  be 
hauled  for  these  fills  by  teams  and  dump  wag- 
ons and  liy  motor  trucks  with  or  without  trail- 
ers. .According  to  a  report  of  A.  Mcrrit  Tay- 
lor. Transit  Commissioner  of  Philadelphia,  the 
estimated  gross  cost  of  con.'itruotion  of  the 
North  Broad  St.  subway  to  Pike  St.  (4-track) 
was  $15,256,000.  The  estimated  cost  of  the 
South  Broad  St.  subway  to  Bigler  St.  and 
depressed  tracks  Bigler  St.  to  Government 
'\ve.  (2-track")  was  $5,080,000.  For  the 
2-track  delivery  subway  the  cost  was  esti- 
mated at  $10,592,000. 

The  total  subway  mileage  was  as  follows: 
North  Broad  St..  4.2  miles ;  delivery  loop,  2.1 
miles;  South  Broad  St..  2.3  miles.  The  gen- 
eral design  of  the  developments  according  to 
the  report  included  the  following  features : 
Minimum  radius  of  trac'k  curves,  165  ft.; 
maximum  ascending  grades,  5  per  cent;  12 
ft.  headroom  and  12  ft.  track  centers  for  sub- 
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ways ;  steel  frame  construction  for  sidewalks 
and  roofs  of  subways ;  subway  floor  finished 
with  concrete  and  track  laid  on  short  fixed 
ties  without  ballast. 


State   Highway   Construction   in   New 

York. 

The  third  road  construction  letting  of  the 
present  season  by  the  New  York  State  High- 
way Commission  was  held  on  May  5.  Bids 
were  received  on  20  contracts  covering  a  total 
of  about  99.34  miles  of  highway.  There  was 
considerable  competition  on  most  of  the  roads, 
and  the  bids  were  more  closely  bunched  than 
they  have  been  at  previous  lettings.  The 
work  included  several  good  sized  jobs,  four 
of  them  each  running  in  the  vicinity  of  $100,- 
000  or  over.  The  largest  contract  called  for 
the  construction  of  7.27  miles  of  the  I^hila- 
delphia-Antwerp  Road  in  Jefferson  County. 
On  this  there  were  18  bidders,  the  Pathfinder 
Construction  Co.,  of  Troy.  N.  Y.,  w'inning  out 
by  an  even  $1,000.  Some  close  figuring  was 
done  on  the  Belvidere-Transit  Bridge-Angelia 
Road  in  Allegany  County  (Road  No.  1260). 
There  was  a  difference  of  only  $74  between 
the  two  low  bids  on  this  work.  On  the  Rich- 
mondville-Summit  Road  in  Schoharie  County 
(Road  No.  12.34),  C.  S.  Mathusa,  of  Albany, 
bid  $40,267,  while  John  A.  Jova  of  Newburgh 
put  in  an  estimate  of  $46,315.  Several  out  of 
the  state  contractors  figured  on  the  work  and 
on  two  of  the  roads  were  low  bidders.  M. 
Bennett  &  Sons,  Indiana,  Pa.,  at  $49,829,  were 
low  on  Road  No.  881 :  and  the  Curren  Corp., 
of  Middletown,  Conn.,  at  $44,222,  was  low  on 
Road  No.  o54o.  The  following  tabulation 
shows  the  high  and  low  bids  and  the  number 
of  bidders  on  each  of  the  contracts: 


Length, 

Number 

Road  No. 

miles. 

High  bid. 

Low  bid. 

bidders. 

1259 

4.00 

$  39,705 

$  34,946 

10 

1260 

8.64 

101,084 

95,710 

10 

1254 

4.43 

57,428 

.02,694 

6 

1026 

3.99 

106,751 

96,461 

6 

1062 

1.59 

52,882 

47,671 

9 

5549 

.88  - 

59,490 

51,594 

8 

5552 

8.81 

96,538 

86,661 

14 

125S 

5.01 

78,508 

59,991 

7 

1257 

1.81 

23,890 

20,087 

4 

471 

3.60 

38,890 

31,530 

IS 

S31 

5.63 

61,616 

49.829 

10 

554S 

7.27 

163,683 

139,993 

IS 

1247 

3.51 

56,487 

47,561 

9 

124S 

3.20 

45,468 

43,608 

3 

1249 

2,18 

19,509 

17,539 

8 

1261 

5.66 

81,806 

68,690 

11 

1263 

10.85 

133,969 

116,760 

12 

1264 

9.09 

99.785 

85,400 

8 

5545 

5.62 

58,360 

44,222 

12 

1234 

4.99 

49,089 

46,267 

0 

The  bids  of  the  three  low  contractors  on 
each  of  the  above  contracts  will  be  found  un- 
der Roads  and  Streets  in  this  issue. 

The  ne.xt  highway  construction  letting  of 
the  Commission  will  be  held  on  May  21.  This 
covers  22  contracts  involving  the  improvement 
of  99.82  miles  of  road.  The  roads,  their  lo- 
cation and  length  are  as  follows : 

Length, 
Name.  miles. 

Union    Village 1.03 

Union    Village 28 

Binghamton   City 41 

Little  Valley  -  Cattar- 
augus,   Part   1 5.62 

Little  Valley  -  Cattar- 
augus,   Part    2. 3.9.0 

Hinsdale-Frankhnville, 

Part  2    6.SS 

Meridale-Delhi     7.69 

Rockrift-Colchester  ...11.40 
Colchester-Delancy  . . .  5.84 
Pavilion-Batavia,    Part 

2     4.49 

Hunters-Tannersville.     4.43 
Camden-Oswe?o  Coun- 
ty Line    5.73 

Clifton  Springs  Village  1.3S 

Victor    Village 1.23 

Phelps    Village 1.53 

Canandaigua-Orleans.  8.63 
Madrid    -    Waddington, 

Part  1   5.07 

De       Kalb       Junction- 

Hermon    3.09 

Duanesburg-Quaker 

St 3.34 

Qurque-South     Hamp- 
ton     10.50 

South  Argyle-Argyle..  3.3 J 
Battersville-Salem     ...   5.96 


County. 

Broome     

Broome     

Broome     .... 
Cattaraugus 

Road 
No. 
1238 
5412 
5440 
1269 

Cattaraugus 

1275 

Cattaraugus 

5544 

Delaware     . . . 
Delaware     . . . 
Delaware    . . . 
Genesee    

1270 
1271 
1272 
1268 

Greene     

Oneida    

1242 
5553 

Ontario    

Ontario    

Ontario   

Ontario   

St.    Lawrence 

1139 
1276 
1277 
1278 
1262 

St.    Lawrence 

1266 

Schenectady   . 

5551 

Suffolk    

1274 

Washington    . 
■Washington    . 

1081 
1223 

Concrete  Facing  for  Levees  in  Yazoo- 
Mississippi  Delta  District. 

The  Y'azoo-Mississippi  Delta  Levee  District 
will  face  a  considerable  mileage  of  its  levees 
with  concrete.  About  6  miles  of  levee  of  the 
district  are  exposed  in  high  water  to  the  ac- 
tion of  violent  storm  waves.  These  places 
heretofore  have  been  protected  by  plank  re- 
vetment. This  is  now  being  replaced  by  a 
3-in.  concrete  slab  on  the  river  side  slope  of 
the  levee,  reaching  up  over  the  edge  of  the 
embankment  crown  and  extending  to  a  line 
below  the  zone  of  wave  attack.  About  2 
miles  of  this  construction  has  been  placed  al- 
ready with  very  satisfactory  results. 

The  concrete  slab  will  be  3  ins.  thick,  will 
have  no  expansion  joints  and  will  not  be  re- 
inforced. The  capping  will  lap  2  ft.  over  the 
levee  crown.  There  will  be  a  footing  at  the 
lower  margin  of  the  slab  1  ft.  deep  vertical 
in  the  levee.  4  ins.  thick  and  made  continuous 
with  the  slab.  The  sand  and  gravel  for  the 
concrete  may  be  "river  run"  from  the  bed  of 
the  Mississippi  River.  The  proportion  of 
sand  will  be  not  less  than  35  per  cent  nor 
more  than  50  per  cent  of  the  mix.  The  pro- 
portion of  cement  to  the  whole  aggregate  will 
be  1  to  0. 

The  work  is  located  in  De  Soto  County, 
Miss.,  and  is  divided  into  five  sections,  as  fol- 
lows : 

Location.  Sq.  Yds. 

Near  Lake  View 43,000 

Near   Lake   Cormorant 42,000 

Sta.   663  to  Sta.    67S 10,000 

Sta.   690   to  Sta.   737 30,000 

Sta.   751  to   Sta.   774 13,000 

Bids  on  the  work  were  to  be  opened  at 
4  p.  m..  May,  12,  at  the  oflice  of  the  Levee 
Board,  Clarksdale,  Miss.  T.  G.  Dabney  is 
Chief  Engineer. 


LEVEE  WORK  FOR  MISSISSIPPI 
RIVER  COMMISSION. 


First  State  Road  Letting  in  Maine. 

The  first  road  letting  of  the  present  year  by 
the  State  Highway  Commission  of  Maine  is 
now  being  advertised.  Bids  are  asked  on 
27.07  miles  of  state  highway,  the  location  of 
the  work  being  as  follows : 

Towns.  Mile.-!. 

Bcarboro     5.47 

Thomaston    1.2S 

Manchester     2. OS 

Fairfield     2.29 

Searsport    2.53 

Prospect    0.32 

Edmunds    1-95 

Poland     3.65 

Oxford   3.77 

Cities. 

South    Portland    2.22 

Bath     0.89 

The  work  will  consist  of  building  gravel 
surface  roads,  with  the  following  exceptions  r 

Scarboro,  bituminous  macadam ;  South  Port- 
land, concrete  or  bituminous  macadam;  Man- 
chester, waterbound  macadam;  Oxford,  sand 
clay.  Bids  on  the  above  work  will  be  received 
until  11  a.  m..  May  19,  by  the  State  Highway 
Commission,  Augusta,  Me.  Paul  D.  Sargent 
is  Chief  Engineer  of  the  Commission. 


First    Contract    on    $15,000,000    Union 
Station,  St.  Paul,  Minn. 

Actual  construction  will  be  under  way  in  a 
few  days  on  the  first  work  in  connection  with 
the  new  $15,000,000  union  terminal  at  St.  Paul, 
Minn.,  described  in  our  issue  of  March  10, 
1915.  The  St.  Paul  Union  Depot  Co.,  repre- 
senting the  railways  that  will  use  the  terminal, 
has  asked  for  bids  on  the  first  contract.  This 
provides  for  the  dredging  connected  with  the 
change  in  harbor  lines,  the  extension  of  sew- 
ers, building  of  concrete  levee  wall  and  other 
concrete  work  directly  connected  with  the 
river  diversion.  This  work  will  occupy  prac- 
tically 2  years  and  is  preparatory  to  the  start- 
ing of  work  on  the  station  structures  proper. 

It  is  understood  that  18  contractors  were  in- 
vited to  bid  on  the  first  contract.  The  esti- 
mates are  to  be  in  May  15.  About  3,000,000 
cu.  yds.  of  excavation  are  involved  in  the  first 
contract.  W.  C.  Armstrong,  St.  Paul,  Minn., 
is  chief  engineer  of  the  St.  Paul  Union  Depot 
Co. 


Details  of  Letting  to  Be  Held  May  26  at 
Memphis,  Tenn. 

One  of  the  largest  government  levee  lettings- 
so  far  this  year  is  now  being  advertised  by 
the  U.  S.  Engineer's  Office  at  Memphis,  Tenn. 
This  work  calls  for  about  4,500,000  cu.  yds. 
of  levee  construction.  Of  this  3,886,300  cu. 
yds.  is  in  the  Upper  St.  Francis,  Lower  St. 
Francis  and  White  River  Levee  Districts. 

The  construction  in  the  L'pper  St.  Francis. 
District  is  all  new  work  and  banquette.  It 
comprises  about  8  miles  of  new  levee,  with  a 
standard  40-ft.  banquette,  known  as  the  Do- 
rena  extension,  beginning  at  Station  67/45, 
about  3  miles  below  the  Dorena  Ferry  Land- 
ing, Mo.,  which  is  across  the  Mississippi  River 
by  ferry  from  Hickman,  Ky.  This  work  caa 
best  be  seen  by  going  to  Hickman,  Ky.,  thence 
with  saddle  horse  across  ferry  to  the  locality 
of  the  work. 

The  following  tabulation  gives  some  details 
of  the  work  in  this  district: 

Cubic       Average 
Section.  Station.  yards,     height,  ft. 

1 67/45—68/21  170,000  18.0 

2 68/21—69/0  115,000  17.5 

?. 69/0—69/24  120,000  15.9 

4 69/24—70/0  120,000  15.9 

5 70/0—70/26  102,000  14.6 

6 70/26—71/0  102,000  14.5 

7 71/0—71/28     ■        100,000  14.0 

8 71/28—72/0  100,000  14.0 

9 72/0—72/26  158,000  17.0 

10 72/26—73/0  120,000  17.0 

11 73/0—73/27  110,000  14.8 

12 73/27—74/0  106,000  14.8 

13 74/0—74/26  112,000  14.7 

14 74/26—75/0  112.000  14.5 

15 75/0—75/27  142.000  17.0 

16 75/27—76/0  141,000  17.0 

All  the  above  is  riverside  borrow. 
The  work  in  the  Lower  St.  Francis  Levee 
District  is  divided  into  9  sections.  Sections  1 
to  4  form  a  continuous  stretch  of  enlargement 
laying  opposite  Wilson,  Ark.,  on  the  Frisco- 
Railroad.  It  begins  3  miles  above  Golden 
Lake  Ark.,  and  extends  1%  miles  below.  Sec- 
tions 5  to  7  lay  7  miles  above  Old  iNIound  City 
Store,  Ark.  Sections  8  and  9  begin  at  Old 
Mound  City  Store  and  extend  upstream  ? 
miles. 

It  is  presumed  that  mile  145/11-146/15  will 
have  to  be  done  with  steam  shovel  and  cars. 
The  United  States  will  remove  the  water  from- 
the  land  side  of  the  levee,  down  to  146/1-5, 
and  a  shovel  pit  will  be  provided  on  the  land 
side  opposite  146/15.  The  first  six  sections 
call  for  enlargement  and  the  last  three  pro- 
vide for  enlargement  and  banquette.  Details 
of    the    construction    in    this    district    are    as 

follows : 

Cubic      Average 
Section.  Station.  yards,     height,  ft. 

1 101/0  —102/0  73,000*  19. •; 

2 102/0—103/0  50,000*  17..". 

3 103/0—104/0  90,500*  16.  S 

4 104/0  —105/35  126,500*  20,  S 

5 139/20—140/0  110,600*  26.3 

6 140/0—140/29  100.000*  27.1 

7 140/29—141/0  124,000t  26.1 

S 145/6—146/15  440.000**         29.8 

9 146/15— 147/S  218,700t  26.5 

*Riverside  work.  tLandside  work  with  ban- 
quette. **Station  145/6—145/11  riverside  work 
without  banquette;  Station  145/11—146/15  land- 
side  work  with  banquette. 

The  work  in  the  White  River  Levee  Dis- 
trict begins  2  miles  below  Fair,  Ark.,  and  runs 
continuously  for  4  miles  to  a  point  1%  miles 
above  Dawson  Landing,  Ark.  The  improve- 
ment is  divided  into  four  sections,  all  calling' 
for  enlargement.  The  following  table  gives 
details  of  the  work : 

Cubic       Average 
Section.  Station,  yards,     height,  ft 

1 32/0—33  0  158,000*  5.0 

2 33/0—34,0  146,0001  5.1 

3 34/0—35/0  144,000t  5.3 

4 35/0—36/0  175,000**  5.7 

•  32/0-32/45  riverside  work,  32/45—33/0  land- 
side  work.  tAU  landside  work.  **35/0 — 35/S 
landslde  work.     35/6 — 36  0  riverside  work. 

Bids  will  be  received  on  individual  sections 
of  the  work  above  outlined  or  any  combina- 
tions of  sections,  and  will  be  canvassed  as  to- 
the  best  interest  of  the  United  States.  Work 
in  the  Upper  St.  Francis  District,  however, 
will  be  awarded  so  that  the  result  will  be  a 
continuous  levee   south   from   its   present  ter- 


May  12,  1915. 


Engineering   and    Contracting 


23 


minus.  In  other  words,  if  necessary,  sections 
will  be  dropped  from  the  lower  end  to  the 
«.xtent  required,  to  bring  the  total  work  award- 
ed within  available  funds. 

The  levee  will  be  put  up  to  grade  with  8- 
ft  crown  and  A  to  1  slopes.  One  foot  topping 
will  be  added  on  the  8-ft.  crown.  The  ban- 
quette will  have  40- ft.  crown,  20  to  1  crown 
slopes  and  a  4  to  1  back  slope. 

Bids  for  the  above  work  will  be  received 
until  May  26  by  Maj.  E.  M.  Markham,  U.  S. 
Engineer^   Memphis,  Tenn. 

PERSONALS 

Mr.  H.  McL.  Harding,  consulting  engineer 
announces  the  removal  of  his  office  from  17 
Battery  Place  to  52  Vanderbilt  Avenue,  at 
East  4'5th  street,  New  York  City.  Mr.  Hard- 
ing specializes  in  location,  design  and  plans 
fo'r  marine  and  railway  terminals,  terminal 
equipment  and  freight  handling  equipment. 

Mr.  O.  L.  Remington,  general  manager,  and 
Mr.  H.  P.  McColl,  engineer  for  Wm.  McLean 
&  Co,  merchants,  engineers,  manufacturers 
and  importers  of  Melbourne,  Australia,  are  in 
the  United  States  making  a  study  of  methods 
machinerv  and  new  developments.  They  will 
visit  all  of  the  important  industrial  centers  be- 
fore leaving  for  England. 

Professor  Ira  O.  Baker  has  resigned  as  the 
head  of  the  civil  engineering  department  of 
the  University  of  Illinois  after  a  service  of 
more  than  40  years.  A  brief  biography  and 
appreciation  of  Professor  Baker's  work  ap- 
peared with  a  photograph  in  our  issue  of 
March  2-5,  1914,  in  connection  with  the  ban- 
quet given  bv  the  Alumni  in  Chicago  celebrat- 
ing the  completion  of  his  fortieth  year  of  serv- 
ice on  the  faculty. 

Mr.  Daniel  S.  Hooker  has  been  appointed  by 
the  governor  of  Colorado  as  civil  engineer  of 
the  Public  Utilities  Commission  of  the  state. 
Mr.  Hooker  has  been  a  practicing  engineer 
for  30  years,  having  graduated  from  the  Uni- 
versitv  of  Colorado  in  1884.  For  ten  years 
he  was  locating  and  construction  engineer  for 
the  Colorado  &  Southern  railway.  For  the 
past  year  he  has  been  in  New  Mexico  as  high- 
way engineer  under  the  state  engineer. 

Mr.  L.  E.  Stevens  has  opened  an  office  in 
Sioux  Falls,  S.  D.,  for  a  general  engineering 
practice,  specializing  in  waterworks,  sewerage 
and  reinforced  concrete  construction.  Mr. 
Stevens  acquired  his  early  experience  in  rail- 
road work,  and  later  with  the  American 
Bridge  Co.  For  five  and  one-half  years  he 
has  been  in  the  employ  of  the  city  of  Grand 
Rapids,  Mich.,  for  the  last  thj-ee  as  city  engi- 
neer. Mr.  Stevens  is  an  associate  member  of 
the  American  Society  of  Civil  Engineers. 

Mr.  George  I.  Oakley  is  the  new  city  engi- 
neer of  Little  Falls,  N.  Y.,  succeeding  Mr.  O. 
J.  Dempster.  Mr.  Oakley  was  employed  on 
public  work  in  New  York  city  from  1904  to 
1905.  For  a  brief  period  following  he  was 
engaged  in  engineering  work  in  the  Borough 
of  Queens.  From  August,  1905,  to  September, 
1912,  he  was  assistant  engineer  and  from  that 
date  until  Januarv,  1915,  he  was  resident  engi- 
neer of  the  New  York  State  barge  canal,  hav- 
ing charge  of  preliminary  surveys  and  con- 
struction of  over  $3,000,000  of  construction. 
Since  January  last  Mr.  Oakley  has  been  en- 
gaged in  special  work  for  the  Acme  Engineer- 
ing and  Contracting  Co. 

Mr.  Adelbert  A.  Weiland,  consulting  engi- 
neer, 717  Thatcher  building.  Pueblo,  Colo.,  has 
been  appointed  state  engineer  of  Colorado. 
Mr.  Weiland  was  for  several  years  with  the 
U.  S.  Geological  Survey  in  the  water  resources 
branch.  From  1907  to  1910  he  was  hydraulic 
engineer  for  the  Colorado  Fuel  &•  Iron  Co.. 
and  for  the  past  five  years  he  has  been  chief 
engineer  of  the  Arkansas  Valley  Ditch  Asso- 
ciation, an  organization  of  20  large  canals  in 
the  Arkansas  Valley.  Since  1910  he  has  main- 
tained a  private  consulting  practice,  and  will 
retain  his  consulting  offices  at  above  address. 
Mr.  Weiland  is  a  member  of  the  American 
Society  of  Civil  Engineers. 


The  New  Professor  of  Civil  Engineer- 
ing at  Illinois. 

Frederick  Havnes  Newell,  consulting  engi- 
neer for  the  U'  S.  Reclamation  Service,  has 
been  appointed  Professor  of  Civil  Engineer- 
ing and  head  of  the  Department  of  Civil 
Engineering  of  the  University  of  Illinois,  suc- 
ceeding Prof.  Ira  O.  Baker,  and  entered  upon 
his  duties  on  May  1  in  order  to  be  fully  pre- 
pared for  active  work  at  the  beginning  of 
the  next  college  vear.  Prof.  Newell  has  been 
for  twenty-six  years  in  government  service, 
principally  as  chief  engineer  and  later  as  direc- 
tor of  the  U.  S.  Reclamation  Service. 

Professor  Newell  was  born  at  Bradford, 
Pa.,  where  his  father,  a  New  England  engi- 
neer was  then  engaged  in  the  construction  of 
a  brLnch  of  the  Erie  Railroad.  He  graduated 
at  the  Massachusetts  Institute  of  Technology 
in  1885  in  mining  engineering,  and  then  took 
post  graduate  work  in  geology  and  hydraulics. 
Later  he  found  employment  in  the  oil  regions 
of  Ohio  and  in  the  coal  areas  of  Virginia.    He 


was  designated  as  assistant  hydraulic  engi- 
neer of  the  United  States  Geological  Survey 
on  October  2,  1888,  this  being  the  date  of 
the  first  appropriation  by  Congress  of  funds 
to  investigate  the  extent  to  which  the  arid 
regions  of  the  United  States  might  be  re- 
claimed. Starting  as  the  first  person  appoint- 
ed under  this  act,  Professor  Newell  continued 
for  over  twenty-six  years  to  devote  his  ener- 
gies not  merely  to  the  ascertaining  of  the 
physical  conditions  of  the  country,  but  also  to 
the  building  up  of  a  larger  and  better  appre- 
ciation on  the  part  of  the  public  of  the  im- 
portance and  magnitude  of  the  problems  of 
water  supplies  and  of  their  conservation  and 
use,  thus  aiding  in  the  realization  of  the  ideals 
which  were  embodied  in  the  reclamation  act. 
This  act,  signed  by  President  Roosevelt  on 
June  17,  1902,  set  aside  the  proceeds  from  the 
disposal  of  public  lands  for  survery,  examina- 
tion, construction  and  operation  of  irrigation 
works.  The  bureau  having  charge  of  the 
expenditure  of  these  funds,  now  amounting  to 
over  .$80,000,000,  was  organized  by  or  under 
Professor  Newell,  as  it  was  in  effect  an  out- 
growth of  the  investigations  started  under  the 


U.  S.  Geological  Survey,  and  was  largely 
initialed  and  guided  by  him  from  the  period 
of  preliminary  study  to  that  of  final  comple- 
tion. He  was  chief  engineer  from  1902  to 
1909,  when  he  was  made  director,  which  office 
he  held  until  the  first  of  this  year.  He  has 
been  retained  as  consulting  engineer  to  the 
Service  since  that  time. 

The  Reclamation  Service  under  Professor 
Newell's  direction  has  constructed  some  of 
the  largest  dams  and  storage  reservoirs  in 
the  world  with  systems  of  canals  for  distrib- 
uting the  stored  water  to  about  three  million 
acres  of  agricultural  lands.  As  part  of  the 
construction  of  the  canals  and  reservoirs  there 
have  been  built  many  miles  of  tunnels,  also 
extensive  controlling  works,  hydro-electric  or 
steam  power  plants  and  hundreds  of  smaller 
structures  such  as  head-gates,  bridges,  flumes 
and  culverts;  also  scores  of  miles  of  wagon 
roads  and  of  telephone  and  electric  power 
lines,  several  short  railroads,  and  almost  in- 
numerable buildings  used  for  mills,  offices, 
store-houses,  or  shelters  for  men  and  equip- 
ment. The  work  has  been  exceedingly  varied 
in  character  and  in  location,  being  at  widely 
scattered  points  in  seventeen  western  states. 
The  engineering  operations  have  thus  em- 
braced not  only  civil  and  hydraulic,  but  also 
hydro-electric,  railway,  mechanical,  mining, 
structural,  sanitary,  and  other  problems. 

Growing  steadily  but  rapidly  from  a  single 
individual,  the  organization  expanded  until 
several  hundred  engineers,  technical  and  cleri- 
cal assistants  have  been  employed,  and  a  force 
of  upwards  of  eight  thousand  laborers.  The 
wide  distribution  of  the  work  necessitated  a 
quite  elaborate  and  yet  flexible  organization, 
and  the  problems  encountered  have  required 
the  exercise  of  engineerin.g  and  business  judg- 
ment to  a  high  degree.  Frequently  investi- 
gated by  Congressional  Committees  and  by 
special  boards  of  engineers  or  experts  the  re- 
sults have  been  commended  both  for  economy 
and  efficiency  and  no  shadow  of  distrust  has 
lieen  cast  upon  them.  The  devotion  of  the 
members  of  the  Service  to  the  public  welfare 
has  been  conspicuous  and  has  attracted  much 
favorable  comment  from  foreign  engineers 
and  well  informed  citizens.  Much  of  this 
has  been  due  to  Professor  Newell's  personal 
influence  and  to  his  careful  selection  of  men. 
His  attitude  has  been  to  encourage  and  push 
forward  the  men  of  high  character  and  initia- 
tive, laying  out  the  work  to  be  done,  leaving 
to  them  the  details  and  then  standing  behind 
each  man,  protecting  him  as  far  as  possible 
from  "red  tape"  or  petty  annoyance,  but  de- 
manding large  results. 

In  addition  to  his  regular  work  for  the  gov- 
ernment and  his  service  on  various  boards  and 
commissions,  Professor  Newell  h  as  given 
much  time  to  various  scientific  and  related 
organizations,  h,-iving  been  secretary  of  the 
Vational  Geographic  Society  and  of  the  Amer- 
ican Forestry  .\ssociation,  president  of  the 
Washington  Society  of  Engineers,  vice  presi- 
dent of  the  Cosmos  Club  of  Washington  and  a 
member  of  the  .\merican  Institute  of  Mining 
Engineers,  the  .\merican  Society  of  Civil  En- 
gineers, the  American  Society  of  Civil  Engi- 
neers, etc.  He  is  the  author  of  many  official 
reports  and  of  various  pamphlets  and  books, 
sonic  of  which  are  used  as  text-books.  Some 
of  the  better  known  of  these  publications  were 
entitled  ".Agriculture  by  Irrigation";  "Hy- 
drography of  the  .Arid  Regions";  "The  Public 
Lands  of  the  United  States" ;  and  "Hawaii : 
Its  Natural  Resources." 

Mr.  H.  S.  Collette,  secretary  of  J.  G.  White 
&  Co..  Inc.,  and  the  J.  G.  White  Engineering 
Corp.,  has  resigned  from  those  companies 
and  expects  to  reside  permanently  in  Cali- 
fornia. 

Mr.  E.  W.  Sheets,  recently  appointed  as 
deputy  commissioner  of  the  Missouri  State 
Highwav  Department,  has  also  been  appointed 
bv  Acting  Governor  Painter  as  delegate  from 
Missouri  to  the  Ozark  Trails  Convention  to 
he  held  at  Independence,  Kans.,  June  7-8.  Mr. 
Sheets  has  been  county  engineer  of  Marion 
County,  Missouri,  for  the  past  three  years.  He 
is  also  secretary  of  the  Missouri  Association 
of  Countv  Engiiicers.    Mr.  Sheets  was  former- 
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ly  connected  with  the  U.  S.  Office  of  Public 
Roads  and  with  the  State  Highway  Commis- 
sion of  Illinois. 

Mr.  L.  H.  Brady  has  been  appointed  city 
engineer  of  San  Bernardino,  Cal.,  succeeding 
Mr.  Frank  A.  Smith,  resigned.  Mr.  Brady  is  a 
graduate  of  the  Columbia  School  of  Mines,  class 
of  1904.  For  the  following  four  years  he  was 
mining  engineer  and  mine  superintendent  for 
the  Guggenheim  and  other  companies  in  Mexi- 
co. In  1909-1910  he  was  chief  draftsman  for 
the  board  of  education  of  Kansas  City,  Mo., 
on  mechanical  equipment.  The  following  year 
he  was  assistant  engineer  in  charge  of  tunnel 
construction  for  the  Utah  Copper  Co.,  and 
during  1912-13  was  employed  in  subdivision 
and  general  engineering  work  at  Los  Angeles. 
Mr.  Brady  became  assistant  city  engineer  of 
San  Bernardino  in  1913,  and  has  held  that  po- 
sition until  receiving  his  present  appointment. 

Mr.  John  Wilson,  civil  and  sanitary  engi- 
neer, announces  the  opening  of  an  office  at 
300  First  National  Bank  building,  Duluth, 
Minn.,  where  he  will  engage  in  the  general 
practice  of  civil  and  sanitary  engineering, 
water  supply,  sewerage,  sewage  disposal,  pav- 
ing, concrete  and  reinforced  concrete  con- 
struction, making  a  specialty  of  municipal 
problems.  Mr.  Wilson  received  the  degree  of 
bachelor  of  science  in  civil  engineering  from 
the  University  of  Wisconsin  in  1903,  having 
completed  both  the  civil  and  sanitary  engi- 
neering courses.  Previous  to  graduating  he 
spent  three  summers  with  the  topographical 
division  of  the  United  States  Geological  Sur- 
vey ;  after  completing  his  course  he  spent  four 
years  in  railway  location,  construction  and 
maintenance.  In  1908  he  received  the  degree 
of  master  of  science  from  the  University  of 
Minnesota,  having  taken  special  work  in  sew- 
age disposal.  From  1908  to  1911  he  was  city 
engineer  of  Mankato ;  from  1911  to  1912  spe- 
cial assistant  engineer  on  sewerage  designs 
for  Duluth ;  and  from  1912  to  present  date  has 
been  city  engineer  of  Duluth.  During  the 
past  eight  years  he  has  also  been  engaged  in 
considerable  pri-vate  practice,  and  has  de- 
signed a  number  of  sewage  disposal  plants 
and  water  works  systems. 

CONTRACTORS. 

The  Oregon  Engineering  &  Construction 
Co.  of  Oregon  City,  Ore.,  recently  awarded 
the  contract  for  the  construction  of  the  pipe 
line  to  bring  water  from  the  Clackamas  river 
to  Oregon  City,  has  been  in  business  on  the 
Pacific  coast  since  April,  1911,  when  the  firm 
was  incorporated  under  its  present  name.  Mr. 
J.  W.  Moffatt,  president  of  the  company,  was 
for  2-5  years  superintendent  of  construction  for 
the  Willamette  Pulp  &  Paper  Co.  Mr.  Charles 
T.  Parker,  secretary  and  manager,  is  a  grad- 
uate engineer,  who  for  seven  years  past  has 
followed  construction  work.  These  two  for- 
merly operated  under  the  firm  name  of  Mof- 
fatt &  Parker.  Since  its  organization  in  1911 
the  present  firm  has  handled  a  considerable 
amount  of  street,  sewer,  railroad  and  concrete 
construction  work.  Among  the  contracts 
noted  in  our  "News  Section,"  were  street  pav- 
ing in  Vancouver,  Wash.,  $60,000,  and  street 
paving  in  Oregon  City,  Ore.,  $8-5,000.  The 
firm  has  also  completed  about  $85,000  worth 
of  sewer  work  in  various  places,  and  railroad 
and  reinforced  concrete  work  amounting  to 
about  $200,000.  The  present  contract  calls  for 
26  miles  of  National  tube.  Matheson  joint, 
steel  pipe  line,  including  1,000  ft.  of  tunnels 
and  about  eight  miles  of  rock  work  in  the 
Clackamas  gorge.  The  contract  price  is 
$300,000. 


Third  National  Bank  bldg.;  Atlanta,  521 
Post  Office  Bldg.;  New  Orleans,  1020  Hi- 
bernia  Bank  Bldg.;  San  Francisco,  306-7  L. 
S.  Customhouse;  Seattle,  922  Alaska  Bldg. 
In  applying  for  addresses  reference  should 
be  made  to  the  file  numbers. 

Machinery,  Railway  Supplies. — Business  man 
in  West  Indies  wishes  names  and  addresses 
of  American  manufacturers  of  machinerj'  for 
sugar  mills,  railway  materials,  electrical  ma- 
chinery. No.  16642.  [For  address  see  first 
paragraph.] 

Road-Making  Machiner)-,  Etc. — Firm  in 
Australia  desires  to  represent  American  manu- 
facturers and  exporters  of  mining  machinery, 
road-making  machiner>%  and  kindred  lines; 
also  blasting  powder.  No.  16680.  [For  ad- 
dress see  first  paragraph.] 

Water  Works. — An  American  consular  offi- 
cer in  Russia  has  transmitted  plans,  specifica- 
tions, etc.,  for  the  construction  of  a  water 
works  in  his  district.  Further  information 
relative  to  this  work  may  be  had  on  applica- 
tion to  the  Bureau  of  Foreign  and  Domestic 
Commerce  or  its  branch  offices,  where  the 
plans  and  specifications  may  also  be  examined. 
No.  16737.     [For  address  see  first  paragraph.] 

Cement. — Business  man  in  South  America 
purchasing  about  1,000  bbls.  of  cement  per 
month  would  like  to  arrange  to  buy  direct 
from  dealers  in  the  United  States.  No.  16571. 
[For  address  see  first  paragraph.] 

Street  Cleaners. — Officials  of  Canadian  city 
contemplate  purchasing  a  street  vacuum 
cleaner.  No.  16624.  [For  address  see  first 
paragraph.] 

Railroad  Cranes. — Engineer  in  Russia  de- 
sires to  place  orders  for  from  three  to  seven 
locomotive  railroad  cranes,  suitable  for  a  5-ft. 
gage,  having  a  lifting  capacity  of  5  tons.  It 
is  stated  that  these  cranes  are  urgently  needed. 
No.  16716.     [For  address  see  first  paragraph.] 


CIVIL  SERVICE  NEWS 

The  United  States  Civil  Service  Commission 
announces  an  examination  for  the  following 
positions :  Examiner  of  accounts.  Interstate 
Commerce  Commission ;  Division  of  Valua- 
tion. Salary,  $2,220  to  $3,000  per  annum. 
June  8. 


FOREIGN  TRADE  NOTES 

The  following  foreign  trade  opportunities 
are  listed  by  the  Bureau  of  Foreign  and 
Domestic  Commerce.  Where  addresses  are 
omitted  in  the  items  they  may  be  obtained 
from  the  office  of  the  Bureau  at  Washing- 
ton, D.  C,  or  from  the  following  branch 
offices:  New  York,  Room  409  U.  S.  Cus- 
tomhouse; Boston,  752  Oliver  Bldg.;  Chi- 
cago,  629    Federal    Bldg.;     St.     Louis,    402 


INDUSTRIAL  NOTES 

The  Peerless  Form  Clamp  Co.,  St.  Louis, 
Mo.,  has  transferred  its  general  office  from 
the  Victoria  _Bldg.  to  the  factory,  which  is 
located  at  50 1 2  Delmar  Ave.,  St.  Louis. 

The  James  McKay  Co.,  Pittsburgh,  Pa., 
announces  that  its  new  forging  plant  at  Mc- 
Kees  Rocks,  Pa.,  is  now  in  operation  on  crank 
and  cam  shafts,  connecting  rods  and  other 
miscellaneous  forgings. 

The  Browning  Co.,  Cleveland,  O.,  has  re- 
ceived recently  a  contract  from  the  Alaska 
Railroad  Commission  for  a  $6,000  locomo- 
tive crane.  The  machine  will  be  made  up  at 
Cleveland  and  shipped  to  Seattle  overland,  and 
will  go  from  there  to  Alaska  by  boat  to  be 
used  on  the  government  railroad  to  be  con- 
structed there. 

The  Edgar  Allen  American  Manganese  Co., 
Chicago,  III.,  has  changed  its  name  to  the 
.-American  Manganese  Steel  Co.  No  change 
other  than  the  change  in  name  is  involved, 
and  the  same  personnel  and  management  un- 
der which  the  business  has  been  developed  will 
continue  to  conduct  it  under  the  policies  which 
have  heretofore  prevailed. 

The  Wright  Machine  Co.,  of  Owensboro, 
Ky.,  has  been  incorporated  with  a  capital 
of  $1.50,000  and  will  commence  business  May 
1.  This  company  succeeds  the  Gunther- 
Wright  Machine  Co.,  and  will  manufacture 
gas  engines,  also  excavating  machines  and  wet 
dredge  machines,  equipped  with  both  steam 
and  oil  engines.  John  S.  Wright  is  president 
of  the  company. 

The  Zahner  Metal  Sash  &  Door  Co.,  Can- 
ton,    O..     on     Mav     1     celebrated     the     first 


anniversary  of  the  removal  of  its  plant 
from  Kansas  City  to  Canton.  About  80 
men,  including  members  of  the  sales  force, 
contractors,  engineers  and  architects  attended 
the  banquet  and  celebration.  Announcement 
was  made  that  the  company  will  have  com- 
pleted within  a  year  a  new  office  building  and 
an  additional  shop  building,  the  size  of  the 
present  structure,  to  the  north  end  of  the 
5-acre  tract  of  land  owned  by  the  company 
near  Buck  Hill. 

The  Heltzel  Steel  Form  &  Iron  Works,  of 
Warren,  O.,  has  proceeded  with  the  construc- 
tion of  a  new  and  modern  addition  to  its 
present  plant  which  will  more  than  double  the 
capacity.  The  general  office  will  remain  at 
Warren  and  the  Qeveland  office  will  be  dis- 
continued after  1915.  Offices  will  be  opened 
in  New  York,  Pittsburgh,  and  Chicago.  Stock 
of  standard  form  equipment  will  be  carried 
in   New  York. 


NEW  CATALOGUES 

Slide  Rule. — Paper,  6x9  ins. ;   4  pp.     Keuflfel 

&  Esser  Co.,  New  York  City. 

Describes  the  K.  &  E.  Surveyor's  Duplex 
Slide  Rule,  recently  placed  on  the  market. 
Illustrated. 

Sidewalks  and  Curb  Forms. — Paper,   folder. 

Blaw  Steel  Construction  Co.,  Pittsburgh,  Pa. 

Describes  Blaw  steel  forms  for  sidewalk, 
curb  and  gutter  construction.  Shows  views 
of  actual  application  in  work  now  underway. 

Corporatio.\-s. — Paper,  3%x6  ins. ;  12  pp.    The 

Union  Water  Meter  Co.,  Worcester,   Mass. 

Catalogue    and    price    list   of    the   curb   and 

waste    stops,    hydrant    stops,    couplings,    etc., 

manufactured  by  the  Union  Water  Meter  Co. 

Floor  Hardener. — Paper,  folder.  Trus-Con 
Laboratories,  1223  Trus-Con  Building,  De- 
troit, Mich. 

Folder  describing  and  showing  view  of  the 
crowds  at  the  opening  of  the  "Yale  Bowl." 
Trus-Con  floor  hardener  was  used  in  the 
finishing  of  this  concrete  structure. 

Road  Building  Machinery. — Paper,  9x12 
ins.  J.  I.  Case  Threshing  Machinery  Co., 
Racine,  Wis. 

Describes  and  illustrates  Case  road  ma- 
chinery, and  shows  numerous  views  of  actual 
operations  on  road  work.  Also  briefly  de- 
scribes Case  Threshing  Machines  and  Case 
automobiles,   and   gives   price    list. 

Steam   Appliances. — Paper,   7x5   ins. ;   22   pp. 

Union  Water  Meter  Co.,  39  Herman  Street, 

Worcester,    Mass. 

Catalogue  of  steam  goods.  No.  47,  describ- 
ing the  chronometer  governor  and  regulator 
valves,  steam  fire  gongs,  steam  pressure  regu- 
lators, etc.,  of  the  company.  Gives  dimensions, 
capacities  and  weights  and  price  lists.  Illus- 
trated. 

Wall  Forms. — Paper,  6x9  ins. ;  32  pp.  Blaw 
Steel  Construction  Co.,  Pittsburgh,  Pa. 
Bulletin  66,  a  detailed  description  of  Blaw 
Light  Wall  Forms,  and  summary  of  the  ad- 
vantages of  steel  forms,  with  instructions  for 
using.  Illustrations  show  the  wide  range  of 
adaptabihty  by  picturing  some  of  the  struc- 
tures on  which  these  Blaw  forms  have  been 
used.  Lists  other  types  of  Blawforms  with 
catalogue    numbers. 

Rock.  Ore  and  Gravel  Handling  Machinery. 

— Paper,  6x9  ins. ;  48  pp.   Smith  Engineering 

Works,  32nd  and  Locust  Streets,  Milwaukee, 

Wis. 

Catalogue  2-54  showing  "Telsmith"  ore  and 
gravel  handling  machinery.  Describes  opera- 
tion and  special  features  and  gives  tables  of 
capacities,  sizes,  etc.  Line  includes  various 
types  of  "Telsmith"  breakers,  belt  conveyors, 
gravel  washing  screens,  settling  tanks,  quarry 
hoists,  reciprocating  feeders,  belt  and  chain 
elevators,  etc. 


,eCT]ni©©iriiinis 


'©Miracitiinii 


»-7 


H.  P.  Gillette 


Devoted     to     the     Economics     of    Civil     Engineering     Design 
and     to     Methods    and     Cost    of    Construction 


C.  S.  Hill 


C.  T.  Murray 


EDITORS 

S.  C.  Hadden 


C.  W.  Malcolm 


C.   R.   Thomas 


Volume  XLIII. 


CHICAGO,  ILL.,  MAY  19,  1915. 


Number  20. 


Public  Regulation  of  Farmers? 

A  Xew  York  State  legislator  has  intro- 
duced "an  act  to  amend  the  agricultural  law" 
which  is  a  clever  parody  on  the  public  service 
commission  law  of  the  state.  We  quote  a  few 
of  the  paragraphs : 

All  wagons,  and  all  poles  and  whifRetrees  shall 
be  provided  with  couplers,  coupling  by  impact, 
so  that  the  hired  man  need  not  go  between  the 
wheels  of  the  wagon  and  the  heels  of  the  horses. 

Every  hired  man  shall  work  eight  hours  only 
a  day,  not  including  the  Sabbath,  and  shall  not 
recommence  work  unless  he  has  completed  a 
period  of  not  less  than  eighteen  hours  absolute 
rest  and  quiet. 

E\'ery  farmer  shall  hire  one  more  hired  man 
than  his  work  requires. 

All  bulls,  when  moving  on  the  highway  or  in 
unfenced  areas,  shall  be  equipped  with  a  bell  of 
not  less  than  50  pounds  weight,  a  steam  whistle 
and  an  electric  headlight  of  at  least  1,000  candle 
power. 

If  a  calf  is  delayed  in  arriving  or  is  born  dead, 
the  farmer  shall  instantly  provide  another  cow 
whose  calf  shall  be  born  that  day. 

Only  one  price  for  a  given  commodity  shall 
be  lawful.  A  farmer  desiring  to  change  a  price 
shall  file  a  schedule  thereof  with  the  State  Ag- 
ricultural Department,  which  shall  go  into  effeci 
thirty  days  thereafter,  unless  suspended  by  the 
commission  at  the  instance  of  any  consumer. 

To  enforce  this  act  a  commission  of  five  per- 
sons shall  be  selected  by  the  Governor  with  a 
view  to  placating  as  many  shades  of  political 
opinion  as  possible.  No  commissioner  shall, 
however,  be  deemed  disqualified  by  lack  of  pre- 
vious political  or  other  experience. 

The  full  text  of  the  proposed  act  has  been 
circularized  by  the  Brooklyn  Rapid  Transit 
Co.  The  Transit  Company  disclaims  wishing 
any  ill  luck  to  farmers — '"that  sturdy  tribe  so 
often  hailed  by  the  orator  as  the  bulwark  of 
the  nation" — but  it  seems  anxious  to  have 
those  of  the  "bulwark"  join  those  of  the  "cow- 
catcher" under  the  banner  of  public  regulation. 
The  company  plaintively  remarks: 

We  can't  help  wondering  what  those  engaged 
in  some  other  callings  would  do  and  say  if  some 
of  the  conditions  that  we  are  obliged  to  meet 
came  their  way. 


Is  the  "Favored  Son  Idea"  in  the  Em- 
ployment of  Engineers  by  State 
Highway  Commissions 
Desirable? 

Many  state  highway  commissions  have 
shown  a  tendency  in  the  past  few  years  to 
favor  engineers  that  are  residents  of  the  state 
in  the  selection  of  assistant  engineers  and 
other  employes.  In  some  states  requirements 
of  this  nature  are  quite  stringent.  There  are 
both  advantages  and  disadvantages  in  the 
following  out  of  this  idea,  some  of  which  have 
not  received  proper  consideration. 

It  is  believed  that  in  no  other  class  of  en- 
gineering work  is  a  knowledge  of  local  soil 
and  climatic  conditions  and  labor  conditions 
of  greater  value  in  the  successful  prosecution 
of  construction  work  than  in  road  building. 
Yet  it  is  also  believed  that  no  class  of  public 
work  lends  itself  so  readily  to  the  building  up 
of  a  mighty  political  organization  as  a  state 
highway  department.  This  fact  was  demon- 
strated in  New  York  State  several  years  ago. 
Could  it  be  possible  that  in  many  cases  "fa- 
vored sons"  are  also  "political  sons"?     If  so, 


The  editors  solicit  short  descriptions  of 
novel  and  useful  methods  and  devices  em- 
ployed in  engineering  construction.  Arti- 
cles not  to  exceed  a  column  (about  seven 
hundred  words)  are  preferred.  Pho- 
tographs or  sketches  should  be  includ- 
ed if  they  add  interest  and  aid  explanation. 
Utility  and  not  careful  uniting  will  be, 
the  chief  factor  in  determining  acceptabil- 
ity.    Accepted    articles    will    be    paid    for. 


the  nucleus  of  a  widespreading  political  ma- 
chine is  formed,  most  effective  since  it  reaches 
into  all  sections  of  the  state.  Political  sons 
frequently  follow  in  the  way  of  the  father 
and  not  all  sons  are  as  much  devoted  to  the 
work  of  road  building  as  to  upholding  the 
hands  of  the   father. 

It  is  a  reasonable  proposition  that  efficient 
and  well-informed  engineers  that  are  natives 
of  a  state  can  be  found.  Also  it  is  desirable 
that  employes  of  a  state  as  far  as  possible 
be  natives  of  the  state.  But  what  are  the 
requirements  of  legal  nativity  ?  Are  they  that 
an  engineer  shall  have  been  engaged  in  work 
for  a  specified  length  of  time  within  the  con- 
fmes  of  the  state?  Yes.  But  legally  he  must 
have  lived  within  the  state  the  year,  or  other 
required  period,  just  prior  to  •  appointment. 
The  political  value  of  an  employe  that  has 
been  out  of  the  state  several  years  is  nil.  If 
lie  is  living  in  the  state  at  the  time  of  ap- 
pointment his  friendships  have  a  definite  po- 
litical value.  But  is  not  a  man  of  broader  ex- 
perience such  as  is  possessed  of  necessity  by 
one  who  has  worked  abroad,  frequently  of 
greater  value  than  one  whose  work  has  been 
confined  to  one  state? 

Moreover,  in  many  cases  it  is  desirable  that 
an  engineer  be  unhampered  by  a  too  broad 
acquaintanceship  in  the  neighborhood  of  his 
work.  In  this  way  any  suspicion  of  favorit- 
ism is  avoided  and  the  work  is  carried  out 
with  regard  alone  to  the  engineering  problems 
involved. 

The  most  efficient  highway  engineers  are 
those  of  broadest  experience.  Under  present 
civil  service  requirements  in  many  states  they 
become  ineligible  for  appointment  on  public 
works  regardless  of  their  length  of  residence 
in  the  state  unless  they  reside  there  just  prior 
to  appointment.  We  believe  that  the  states 
arc  losing  the  services  of  many  good  engineers 
by  this  ruling  and  that  the  danger  of  political 
domination  is  increased  many  fold  by  its  ob- 
servance. It  is  a  subject  that  state  societies 
of  engineers  would  do  well  to  consider. 


A  Country-Wide  Employment  Bureau 

Under  Federal  Direction. 

In  one  mail  there  come  to  us  two  announce- 
ments of  different  agency  means  for  provid- 
ing positions  for  laborers.  One  is  the  report 
of  the  Department  of  Public  Welfare  of  the 
city  of  Chicago.  It  outlines  the  work  and 
methods  of  "labor  agencies"  in  Chicago  and 
is  on  the  whole  a  sordid  talc  of  trickery  and 
petty  graft.  The  other  is  the  statement  by  the 
Federal  Department  of  Labor  that  its  organ- 
ization has  been  completed  of  a  country-wide 
employment    bureau    embracing    all    kinds    of 
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common  and  skilled  labor.  Because,  perhaps, 
of  the  refreshment  felt  in  its  clean  humani- 
tarianism  following  a  half  hour  in  the  fetid 
air  of  the  Chicago  report  on  private 
agency  methods,  this  announcement  of 
the  Federal  department  seems  exceptionally 
welcome.  It  has,  however,  more  than  this  to 
recommend  it  to  the  attention  of  the  engi- 
neering construction  field.  The  new  Federal 
bureau  is  country  wide ;  it  has  an  agency 
wherever  there  is  a  post  office;  it  makes  no 
charge  for  service;  it  makes  no  distinctions 
of  sex,  and  aliens  and  citizens  may  benefit 
from  it  alike. 

To  explain  briefly,  the  United  States  has 
been  divided  into  18  sections  or  Distribution 
Zones  and  in  each  of  these  zones  an  employ- 
ment office  has  been  opened.  These  zones  in 
nearly  every  case  have  been  subdivided  and 
branch  offices  opened  under  the  jurisdiction  of 
the  controlling  zone  office.  At  any  of  these 
offices  the  employer  who  needs  help  of  any 
kind,  skilled  or  unskilled,  can  secure  service 
without  expense  or  any  other  requirement 
than  a  statement  of  his  desires  in  person 
or  by  letter.  Neither  is  any  fee  required 
from  those  who  seek  employment.  The  serv- 
ice goes  even  farther. '  At  every  post  office 
in  the  United  States  will  be  found  on  applica- 
tion to  the  postmaster  blanks  for  the  use  of 
employers  in  need  of  help  and  of  unemployed 
persons  seeking  employment.  These  blanks, 
upon  being  handed  to  the  postmaster,  are 
transmitted  by  him,  free  of  charge,  to  the 
proper  zone  office,  where  both  blanks  are  prop- 
erly registered,  and  proper  help  selected  for 
the  employer  in  need  of  help,  either  from  ap- 
plicants residing  in  the  city  in  which  the  office 
IS  located,  or  from  the  applications  on  file. 
On  the  day  the  employer's  application  is  re- 
ceived by  the  Distribution  Office,  a  copy  is 
sent  to  the  Division  of  Information,  at  Wash- 
ington, D.  C.  At  frequent  intervals  these  ap- 
plicatons  are  assembled  and  published  in  the 
form  of  bulletins  and  distributed  to  all  distri- 
bution offices,  thereby  making  it  possible  for 
each  office  to  know  where  help  of  any  descrip- 
tion is  in  demand. 

The  assertion  is  emphasized  that  selections 
for  positions  are  made  entirely  on  the  basis 
of  fitness  of  the  applicants.  Only  upon  such 
a  basis  can  the  services  of  the  bureau  stand 
high.  Unfortunately,  the  job  just  now  is  not 
seeking  the  man,  but  we  urge  those  of  our 
readers  who  may  have  call  for  labor  to  seek 
the  service  of  the  Federal  Labor  Bureau  and 
learn  its  efficiency. 


Taking  Inventory. 

It  is  an  established  custom — brought  about 
by  necessity — for  merchants  to  take  inven- 
tories of  their  stocks  at  definite  periods.  The 
taking  of  these  inventories  is  not  a  mere  for- 
malitj',  but  the  work  is  done  with  thorough- 
ness and  care,  and  the  actual  values  of  stocks 
on  hand  arc  sought.  It  is  necessary  for  the 
merchant  to  determine  whether  or  not  his 
business  is  being  conducted  profitably,  both 
from  a  personal  standpoint  ami  in  order  that 
he  may  establish  credit  for  future  purchases. 
Some  contractors — not  all — realize  the  im- 
portance of  knowing  what  their  equipment  is 
worth  at  certain  times,  in  i.rder  to  determine 
the  depreciation  factor  and  thus  ascertain 
whether  their  profits  are  real  or  imaginary. 
.■Xs  a  rule,  the  tangible  ctiuipment  possessed 
by  the  engineer  is  small.  If  lie  is  in  consult- 
ing practice,  possibly  he  owns  a  desk  or  two,  a 
few   drafting   tables,   and   other   miscellaneous 
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equipment.  If  he  is  an  engineer  in  the  em- 
ploy of  ar;-ither,  his  equipment  probably  con- 
sists of  a  slide  rule,  some  drafting  instruments, 
and  a  few  books;  and  many  such  engineers 
value  and  use  these  possessions  in  about  the 
order  named. 

In  the  case  of  the  average  engineer,  taking 
inventory  appears  to  be  an  easy  task.  But  is 
it?  What  really  constitutes  the  chief  asset  of 
the  engineer?  Obviously  it  is  not  equipment 
— ordinarily  it  is  not  wealth.  His  main  asset 
is,  and  must  always  be,  his  ability  to  do  use- 
ful, constructive  engineering  work — either  de- 
sign or  construction,  or  both.  His  success  will 
depend :  first,  upon  whether  or  not  he  posses- 
ses brains  and  knowledge :  and  second,  upon 
his  ability  to  create  a  market  for  them.  Brains, 
he  possesses,  or  lacks,  at  the  outset;  but 
knowledge — and  the  ability  to  market  this 
knov.-ledge — must   be   acquired. 

Many  engineers  either  fail  completely  or 
achieve  only  mediocre  success  because  they 
are  unable  or  unwilling  to  take  careful  inven- 
tory of  themselves.  Every  engineer  should, 
occasionally,  seriously  debate  with  himself  the 
question  as  to  whether  or  not  he  is  advancing, 
in  knowledge,  in  influence,  and  in  compensa- 
tion. He  should  attempt  to  discover  in  what 
activities  he  is  merely  wasting  his  energy,  and 
to  what  extent  he  has  neglected  to  take  ad- 
vantage of  opportunities  and  of  natural  abil- 
ity. He  should  seriously  question  his  fitness 
for  the  work  he  is  doing,  and,  if  he  finds  him- 
self "out  of  place,"  he  should  face  the  fact 
honestly  and  courageously,  bearing  in  mind 
that  the  most  successful  men  have  always  been 
compelled  to  make  such  decisions.  He  should 
compare  himself  with  those  about  him,  and 
should  seek  to  discover  the  things  he  can  do 
better  than  they.  On  the  other  hand,  he  must 
he  honest  and  not  try  to  make  himself  be- 
lieve he  is  succeeding  if  "convincing  himself" 
appears  to  be  a  difficult  task.  Many  men  ap- 
parently convince  themselves  that  thev  are 
unselfish  and  praiseworthy  merely  because 
they  withdraw  from  competition  and  permit 
the  other  fellow  to  advance — they  are  unwill- 
ing to  acknowledge  that  laziness  is  their  chief 
motive  for  so  doing.  If  the  engineer  will  care- 
fully inventory  his  abilities  and  deficiencies  he 
will  by  so  doing  "know"  himself,  and  when 
this  knowledge  is  gained  he  will  find  that  his 
employer  also  knows  him,   favorably. 

The  accompanying  list  of   questions — taken 
from  an  article  by  Edward  Earle   Purington, 
in  The  Iiidefendent — may  well  be  given  care- 
ful consideration  by  engineers  and  contractors. 
Do  you   like   your  work? 

Have  you  learned  the  best,  quickest  an-3 
easiest  way  of  doing  it? 

Do  you  know  where  your  greatest  power 
lies? 

Have  you  a  fixed  goal,  in  line  with  your  su- 
preme  talent? 

Do  you  believe  absolutely  in  your  own  fu- 
ture? 

Have  you  learned  how  to  get  well  and  keep 
well? 

Have  you  made  an  inventory  of  your  mental 
and  moral  traits? 

Are  you  correcting  your  own  weaknesses; 
mental,  financial,  social  or  spiritual? 

■Have  you  discovered  which  foods,  baths  and 
exercises  increase  your  energy  and  heighten 
your  mentality? 

Are   you    independent,    fearless,   positive? 
Are  you  tactful,   cautious,   courteous? 
Have  you  secured  the  best  possible  advisers 
and   associates? 

Do  you  wish  your  rivals  well,  and  never 
speak  ill  of  them? 

Do  you  work  harder  than  anybody  else  in 
the   business? 

Have  you  learned  the  science  of  planning 
your  day  ahead? 

Can  you  relax  entirely  in  yoar  leisure  hours' 
Are  you  saving  money  systematically? 
Do  you   enjoy  art,   music.   literature  and  the 
presence  of  little  children? 

Does  your  highest,  ambition  include  some 
real  service  to  humanity?" 

In  giving  your  best  answers  to  these  ques- 
tions you  will,  no  doubt,  be  surprised  to  learn 
how  much  there  is  concerning  yourself  about 
which  you  are  not  certain,  or  at  least  are  not 
satisfied.  You  are  constantly  being  called  upon 
to  answer  some  of  these  questions,  idthough 
they  may  not  be  put  in  this  form,  and  you  may 
not  realize  that  answers  are  being  required. 
You  are  to  be  congratulated  that,  at  this  time, 
you  are  rot  compelled  to  show  your  answers 
to  your  competitors,  or  even  to  your  associates 
— although    you    are    fortunate    if    you    have 


some  trusted  friend  who  will  give  you  his 
frank  and  constructive  criticism.  It  may  be 
well  to  set  down  your  answers  in  writing,  and 
compare  them  with  answers  submitted  six 
months  and  a  year  from  date.  You  may 
"flunk"  on  your  first  examination,  although 
it  is  up  to  you  to  show  increasingly  better  re- 
sults at  subsequent  tests. 


Inaccurate  Municipal  Accounting  and 
Cost  Keeping. 

The  Wisconsin  Railroad  Commission  has 
frequently  criticised  the  accounting  of  city 
water  departments  and  other  city  departments 
having  charge  of  public  utilities.  More  pro- 
nounced and  far  more  sweeping  are  the  crit- 
icisms of  the  same  sort  made  by  the  U.  S. 
Census  Bureau  in  the  volume  entitled  "Finan- 
cial  Statistics  of  Cities."     To  quote: 

With  few  exceptions  cities  do  not  include 
depreciation  among  their  expenses,  nor  do  they 
make  adequate  provision  for  it  in  their  ac- 
counts. As  a  result,  the  reports  of  all  cities 
exaggerate  their  outlays  or  expenditures  for  ad- 
ditions to  their  permanent  properties  and  pub- 
lic improvements  and  understate  their  current 
expenses. 

This  misstatement  of  capital  costs  is  not  con- 
fined to  cities.  It  is  also  found  among  public 
utility  companies,  to  some  extent,  particularly 
where  the  companies  are  not  profitable.  The 
object  in  the  case  of  such  companies  is  to 
make  the  net  earnings  seem  higher  than  they 
really  are,  and  thus  to  make  easy  the  sale 
of  their  bonds.  In  the  case  of  cities  the  ob- 
ject is  to  show  a  lower  operating  cost  than 
really  exists,  and  thus  to  give  an  appearance 
of  profitable  operation.  New  plant  purchased 
to  replace  obsolete  or  inadequate  plant  is 
charged  to  plant  account  instead  of  to  main- 
tenance, and  thus  the  deception,  with  intent 
or  from  ignorance,  goes  on.  But  it  could  not 
go  on  if  there  were  a  periodic  appraisal  of 
the  property,  which  appraisal,  unfortunately 
for  the  public,  rarely  is  made. 

Quoting  again  from  the  Census  report: 

Inaccurate  statements  of  governmental  costs 
are  found  in  the  reports  of  all  cities  with  pub- 
lic service  enterprises,  such  as  water-supply 
and  gas-supply  systems,  in  which  no  account 
is  taken  of  the  value  of  the  public  utilities 
furnished   other   departments   by   such   systems. 

This  relates  to  the  income  from  operation. 
The  argument  is  quite  properly  made  that  each 
department  of  a  city  should  conduct  its  ac- 
counting as  if  it  were  a  separate  company,  and 
should  charge  every  other  department  at  least 
the   cost   of   services   rendered. 

In  a  certain  municipality  whose  electric 
lighting  department  is  generally  believed  to  be 
profitable  there  is,  in  fact,  not  even  a  bond 
interest  rate  earned  on  the  entire  investment. 
A  careful  analysis  of  investment  costs  and 
operating  expenses  made  bv  the  writer  dis- 
closed the  fact  that  $.500,000  had  been  bor- 
rowed from  the  "general  fund"  of  the  city 
and  invested  in  the  plant,  but  the  "general 
fund"  was  credited  with  no  interest  on  this 
sum.  Another  large  sum  had  been  raised  bv 
direct  tax  upon  the  abutting  property,  and 
this,_  too,  showed  no  interest  debit.  The  "de- 
preciation reserve"  annuity  of  .5  per  cent 
looked  sufficient,  until  it  was  seen  to  be  onlv 
5  per  cent  on  the  "depreciated  value"  of  the 
plant,  and  besides  was  made  to  carry  not  only 
true  depreciation  charges  but  current  repairs. 

There  are  countless  ways  in  which  an  ap- 
pearance of  profitable  operation  can  be  se- 
cured without  there  being  a  real  profit.  Hence 
the  crying  need  not  only  of  uniformity  in 
municipal  accounting  but  of  a  periodic  audit 
of  every  department  by  an  outside  depart- 
ment. In  addition,  it  seems  to  us,  there  should 
be  a  periodic  inventory  and  appraisal  of  the 
property  of  every  department  of  every  citv. 
Once  every  five  years,  say,  such  appraisals 
should  be  reviewed  by  engineers  not  connected 
permanently    with    the    city. 

The  Census  report  above  quoted  urges  unit 
cost  keeping,  for  all  cities,  the  sort  of  cost 
keeping  that  engineers  are  accustomed  to  make. 
Here  is  a  field  for  engineering  employment 
that   has  as  yet  been  occupied  only  in  slight 


Every  engineer  particularly  interested  in 
municipal  accounting  will  profit  by  reading  the 
report,  and  particularly  by  studying  the  34 
large  pages  relating  to  Municipal  Accounting 
Terminology.  Nearly  all  the  important  terms 
are  defined  and  accounting  methods  are  dis- 
cussed. 

In  this  connection  let  us  add  that  to  know 
the  principles  of  double  entry  book-keeping 
is  alone  not  sufficient  for  the  engineer  who 
aims  to  understand  the  business  and  manage- 
ment of  public  or  private  enterprises.  In  ad- 
dition, some  such  book  as  Hatfield's  "Modern 
Accounting"  should  be  thoroughly  mastered. 
Then  the  accounting  rules  prescribed,  by  pub- 
lic service  commissions  should  be  studied. 
Finally  the  detailed  processes  of  book-keeping 
and  accounting  of  some  well  organized  public 
utility  company  should  be  gone  into,  prefer- 
ably by  actual  employment  in  the  accounting 
department  of  such  a  company,  if  only  for  a 
few  months  in  a  minor  position. 

Engineers  in  general  have  been  rather  defi- 
cient in  knowledge  of  corporation  accounting. 
Certainly  all  who  aim  to  secure  managerial 
positions  should  hasten  to  qualify  themselves 
not  merely  to  understand  but  to  supervise  the 
installation  of  accounting  systems  as  well  as 
cost  keeping   systems. 


The   Legality  of   the   Chicago   Wheel 
Tax. 

Since  1908  the  city  of  Chicago  has  imposed 
tax  on  all  pleasure  and  commercial  vehicles 
using  the  city  streets.  The  proceeds  from  this 
tax  have  been  upward  of  $500,000  per  annum 
since  the  beginning  and  for  the  last  year,  1914, 
approximated  $700,000.  All  income  from 
wheel  taxes  has  been  by  law  expended  in  re- 
pair and  maintenance  of  pavements.  Early 
in  its  life  the  wheel  tax  law  was  attacked  anti 
its  repeal  sought.  By  vigorous  resistence  on 
the  part  of  the  city  the  repeal  was  defeated. 
The  law  was  general  and  applied  to  any  Illi- 
nois city,  and  several  other  cities  besides  Chi- 
cago enforced  wheel  taxes.  One  of  these 
other  cities  was  Lincoln  and  some  time  ago 
suit  was  brought  by  a  citizen  of  Lincoln  re- 
sisting the  imposicion  of  a  wheel  tax  against 
pleasure  vehicles  as  unlawful.  Chicago,  whose 
interest  was  great  in  the  decision,  joined  with 
Lincoln  and  we  believe  with  one  or  more  other 
communities,  in  the  defense  of  this  suit.  Re- 
cently the  Supreme  Court  has  handed  down  j 
its  decision  on  this  case,  holding  that  impo- 
sition of  a  wheel  tax  on  pleasure  vehicles  is 
unlawful.  No  decision  has  been  rendered  on 
the  legality  of  taxing  commercial  vehicles  and, 
we  believe,  action  is  bemg  taken  to  reopen 
the  case  to  determine  this  question  and  others. 
The  preceding  explanation  has  been  made 
without  any  attempt  at  legal  preciseness  in 
statement  because  Chicago's  wheel  tax  has 
aroused  interest  in  many  cities  and  has  been 
rather  widely  cited  by  city  street  officials  as  a 
possible  means  of  direct  taxation  for  street 
maintenance.  It  has  another  phase,  of  course, 
to  the  street  officials  of  Chicago.  Should  the 
taxing  of  all  vehicles  be  held  illegal  it  will  de- 
prive, at  one  stroke,  the  street  department  of 
Chicago  of  from  one-half  to  three-quarters 
of  a  million  dollars  heretofore  since  1909  de- 
voted to  street  repair  and  maintenance.  This 
would  be  a  matter  of  financial  moment  to  any 
city,  but  for  Chicago  with  its  increasing  short- 
age of  funds  for  works  of  public  service  it 
amounts  to  real  deprivation.  It  is  perhaps 
worth  while  in  these  circumstances  to  review 
broadly  the  work  that  has  been  done  during 
four  years  and  particularly  in  the  last  calendar 
year  of  record  with  the  funds  of  Chicago's 
wheel   tax. 

The  wheel  tax  law  was  passed  in  1908,  and 
the  first  collections  amounting  to  $.500,186, 
were  available  in  1909.  Expenditures  have 
approximately  equaled  collections,  averaging 
the  six  years  including  1914.  Comparisons 
for  1914  are  not  available,  but  those  for  1913 
are,  and  indicate  as  well  as  would  later  fig- 
ures the  character  and  cost  of  the  street  main- 
tenance work  done  with  wheel  tax  funds. 
We  quote  from  a  statement  by  J.  L.  French,  , 
efficiency  engineer,  Chicago  Civil  Service 
Commission : 

Since  the  city  began  to  repair  its  roads  and 
pavements  under  the  wheel  tax  in  1909,  the  cost  J| 
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of  doing  this  work  has  been  decreased  and  the 
areas  covered  proportionately  increased  each 
year.  The  annual  reports  of  the  bureau  of 
streets  indicate  the  quantities  and  cost  of  re- 
pair and  maintenance  worli.  The  comparison  of 
the  figures  of  1910  and  1913  are  interesting.  In 
1910  approximately  100,000  sq.  yds.  of  asphalt 
pavement  were  kept  in  good  condition  at  an 
average  cost  for  repair  of  ?1.15  per  yard  and 
at  an  average  cost  for  maintenance  of  6.9  cts. 
per  square  yard.  In  1913  the  average  cost  of 
repairing  approximately  150,000  sq.  yds.  of 
asphalt  pavement  is  shown  to  be  81  cts.  per 
sq.  yd.  for  repair  and  3.4  cts.  for  maintenance. 

The  average  cost  for  caring  for  approximately 
54,000  sq.  yds.  of  brick  pavements  in  1910  was 
$1.01  per  sq.  yd.  for  repair  and  6.9  cts.  per  sq. 
yd.  for  maintenance.  In  1913  a  similar  area  of 
brick  pavement  was  repaired  at  an  average  cost 
of  $1.17  per  yd.  for  repair  and  5.2  cts.  per  yd. 
for  maintenance. 

Approximately  65,000  sq.  yds.  of  granite  block 


pavement  were  maintained  in  1910  at  a  cost  of 
60  cts.  per  sq.  yd.  for  repair  and  11.5  cts.  per 
yd.  for  maintenance.  In  1913,  60,000  sq.  yds. 
of  granite  block  pavement  were  repaired  at  the 
cost  of  53  cts.  per  yd.  for  repair  and  4.3  cts. 
per  yd.   for  maintenance. 

During  the  years  1909  to  1914  an  average  of 
approximately  1,500,000  sq.  yds.  (85  miles)  of 
macadam  pavements  have  been  maintained 
each  year  at  a  cost  varying  from  12  to  16  cts. 
per  square  yard  for  maintenance.  In  addition  to 
this  macadam  repair  work,  5,000,000  to  6,000,000 
sq.  yds.  (280  to  350  miles)  of  macadam  pave- 
ments have  been  oiled  each  year  at  a  cost 
varying  from  6.4  cts.  to  2.15  cts.  per  square 
yard. 

Up  to  July  1,  1914,  $450,000  of  the  $650,000 
collected  in  1"'14  vehicle  license  fees  had  been 
expended  in  the  repairing  of  roads  and  pave- 
ments. The  greater  portion  of  this  work  was 
completed  early  in  the  season  so  that  the  traffic 
is  benefiting  by  the  repair  work  at  the  present 


time.     This    amount    has    been    distributed    as 
follows:  Miles. 

Asphalt,    approximately.. 100 

Brick,     approximately 35 

Granite,    approximately 10 

Macadam,    approximately 300 

Asphaltic    concrete,    approximately 5 

The  number  of  square  yards  of  each  of  the 
above,  with  the  total  and  average  costs,  as 
prepared  by  the  bureau  of  streets,  is  shown  to 
be  as  follows: 

Repaired.  Per 

Pavement.  Sq.  yds.     Total  cost.  sq.  yd. 

Asphalt     89,123         $84,.i35.00         $  .95 

Brick     30.440  32,368.00  1.06 

Granite    30,900  17.000.00  .55 

Macadam     376,960  75,392.00  .20 

These  statements  and  quantities  are  far 
from  a  final  enumeration  of  the  benefits  de- 
rived by  Chicago  from  its  wheel  tax  fund  but 
they  indicate  plainly  the  character  of  these 
benefits.  They  will  be  hard  to  do  without  and 
difficult  to  attain  by  any  other  means  no  more 
burdensome. 


Notes    on    the    Design    of    Drainage 
Ditches,  With  Diagrams. 

Contributed   by   W.    H.    Poe,    Warner   &   Poe, 
Engineers,    Benton,    Mo. 

The  writer  points  out  in  this  article  what 
he  considers  the  proper  method  of  design  of 
open  ditches,  and  presents  some  ideas,  which, 
so  far  as  he  knows,  have  never  before  ap- 
peared in  print.  It  may  be  well  first  to  con- 
sider the  status  of  an  engineer  retained  by 
a  drainage  district  to  design  and  superintend 
the  construction  of  its  system  of  drainage. 
He  is  a  quasi-public  official,  owing  his  best 
efforts  to  the  successful  discharge  of  the 
duties  imposed  upon  him  by  his  selection,  but 
he  should  look  upon  those  duties  in  an  ;m- 
passionate  manner,  neither  allowing  himself 
to  be  swayed  by  a  desire  to  make  low  esti- 
mates in  order  to  ensconce  himself  in  the 
good  graces  of  a  few  taxpayers  at  the  expense 
of  some  unfortunate  and  unsuspecting  con- 
tractor, or,  on  the  other  hand,  not  allowing 
any  act  or  suggestion  upon  the  part  of  the 
contractor  to  influence  him  to  commit  any  act 
or  arrive  at  any  decision  detrimental  to  his 
district.  His  position  usually  gives  him  a 
wide  discretion  in  the  adjustment  of  the  af- 
fairs between  his  district  and  the  contrac- 
tor, and  within  the  limits  of  that  discretion 
they  must  both  place  their  trust  in  him,  and 
he  should  not  allow  his  employment  by  the 
district  nor  his  friendship  or  ill-will  toward 
the  contractor  to  influence  him  in  the  least 
in  the  administration  of  their  respective 
rights  and  liabilities.  In  the  design  of  the 
system  proposed  he  should  use  his  best  ef- 
forts to  see  that  the  entire  layout  is  so  co- 
ordinated and  adjusted  that  the  contract 
price  should  be  a  minimum,  but  in  his  zeal, 
he  must  not  place  pitfalls  and  snares  for  in- 
experienced contractors.  At  nearly  every 
ditch  letting  there  are  one  or  more  bidders 
who  have  had  no  experience  in  this  fine,  and 
have  not  been  up  against  ambiguous  phrases 
in  specifications  or  cross-sections  reduced 
considerably  below  that  necessary  to  float  the 
dredge  boat  which  the  engineer  probably 
knows  will  be  used,  and  in  their  anxiety  lest 
some  other  man  may  get  the  job,  they  may 
name  prices  that  will  call  for  the  services 
of  a  referee  in  bankruptcy.  While  a  bond 
is  always  required  to  cover  sucli  cases,  and 
the  doctrine  of  caveat  emptor  applies,  forcing 
a  surety  to  complete  the  contract  is  not  an 
economical  proposition,  and  it  is  usually 
cheaper  for  a  district  to  pay  what  the  work 
is  worth  than  to  resort  to  such  methods,  to 
say  nothing  of   the  moral   question   involved. 

GENERAL  CONnlTIONS   TO   BE    MET. 

The  thing  of  most  importance  to  an  intel- 
ligent design  of  a  drainage  system,  and 
strange  to  say,  the  one  most  neglected  by 
drainage  engineers,  is  the  cost,  operation  and 
capacity    of    the    equipment    and    machinery 


that  must  be  used  in  constructing  the  work 
under  consideration.  It  should  be  remem- 
bered that  the  district  must  pay  for  the  er- 
rors and  bad  judgment  of  the  engineer  in 
laying  out  the  work,  and  if  the  contractors 
find  a  system  that  is  laid  out  so  as  to  call 
for  expensive  methods  of  construction  when 
by  a  different  arrangement  much  less  expense 
would  attach,  they  do  not  consider  it  their 
business  to  indicate  their  disapproval,  but 
merely  add  the  extra  cost  to  their  bids.  The 
contractor  is  in  business  to  make  money  and 
not  to  act  as  consulting  engineer,  and  no 
doubt  his  good  advice  would  be  resented.  The 
subject  of  excavating  machinery  is  a  large 
one,  and  the  reader  is  referred  to  some  of 
the  excellent  treatises  already  published.  In- 
formation as  to  the  maximum  and  minimum 
working  capacities  of  the  various  machines 
used  in  the  construction  of  drainage  ditches 
may  be  found  in  the  manufacturers'  cata- 
logues which  are  valuable  additions  to  the 
library  of  a  drainage  engineer.  The  manufac- 
turers will  usually  advise  an  engineer  as  to 
special  conditions  v^fhich  he  may  meet,  but 
this  is  usually  unnecessary.  Space  forbids 
anything  further  than  a  few  general  remarks 
and  suggestions  regarding  contractors  ennip- 
ment,  and  these  will  be  confined  to  the  most 
usual  type  used,  that  is,  the  dipper  dredge 
mounted  on  a  floating  hull.  As  a  general  rule 
the  cheaper  the  plant,  the  cheaper  will  be  the 
cost  of  construction.  This  is  not  always  the 
case,  however,  so  the  engineer  must  carefully 
consider  his  design  from  the  standpoint  of  the 
contractor  so  that  there  will  be  no  necessity 
of  an  unduly  expensive  plant,  and  at  the 
same  time  the  work  will  be  prosecuted  in  a 
rapid   and   efficient   manner. 

In  this  same  connection,  study  should  be 
given  the  dimensions  of  the  cross-section. 
Each  plant  has  its  limitations  of  minimum 
and  maximum  working  conditions,  and  if  the 
variation  between  the  largest  and  smallest 
section  of  ditch  to  be  constructed  by  the  same 
machine  is  greater  than  the  limitations  of  the 
plant,  the  cost  of  the  work  is  enhanced  by 
either  requiring  a  larger  plant  or  expensive 
work.  Very  often  slight  changes  of  the  grade 
line  may  be  made  that  will  meet  these  abjec- 
tions and  not  impair  the  efliciency  of  the 
ditch.  The  size  of  the  ditch  that  may  be 
constructed  with  a  given  macliine  depends 
upon  the  size  and  buoyancy  of  the  hull  and 
the  length  of  boom  and  dipper  handle.  .Since 
a  boom  of  any  length  may  not  be  indiscrimi- 
nately placed  upon  any  size  of  hull,  the  limi- 
tations mentioned  above  are  explained. 

It  is  useless  to  design  a  ditch  smaller  than 
the  machine  to  be  used  can  properly  dig.  The 
yardage  will  be  smaller,  it  is  true,  but  the  unit 
cost  will  be  proportionately  greater,  and  the 
contractor,  in  his  effort  to  get  his  boat  through 
with  the  least  amount  of  work,  may  not  take 
sufficient  pains  with  the  side  slopes,  and   de- 


fend himself  on  the  ground  that  he  is  al- 
ready doing  more  work  than  the  specifications 
call  for.  Since  there  is  no  reduction  in  cost, 
there  is  no  reason  for  risking  disputes  and 
probable  injury  to  the  ditch.  The  engineer 
should  therefore  differentiate  between  the 
cost  of  making  some  ditches  larger  than 
necessary,  and  adding  additional  small  ma- 
chines. There  are  two  reasons  for  this:  one, 
that  since  the  district  must  pay  the  bill  either 
way,  it  might  as  well  be  decided  by  the  en- 
gineer, and  second,  the  addition  of  another 
machine  may  make  a  change  of  grade  neces- 
sary on  account  of  a  different  method  of  con- 
struction, as   will   be   presently  explained. 

Another  subject  that  should  be  given  con- 
sideration is  the  manner  of  construction  and 
the  effect  that  it  will  have  upon  the  grades 
and  cost  of  the  component  structure  of  the 
system.  As  a  rule  the  most  economical 
method  of  construction  is  to  begin  at  the 
head  of  a  ditch  and  work  downstream.  But 
very  often  transportation  facilities  are  in- 
adequate and  it  becomes  more  economical  to 
begin  operations  at  the  intersection  of  the 
ditch  with  a  railroad  or  good  wagon  road, 
and  construct  part  of  the  system  upstream 
and  part  downstream.  Upstream  work  is 
almost  as  cheaply  done  as  downstream  if 
water  conditions  are  right.  Water  comes  to 
rest  on  a  level  plane  at  the  height  of  the 
natural  ground  at  the  terminus  of  a  ditch 
unless  there  is  a  considerable  inflow,  and 
does  not  take  the  inclination  of  the  grade  line. 
If  on  this  account  the  water  finally  becomes 
too  low  to  float  the  dredge,  the  contractor 
must  either  dig  deeper  than  the  specification 
calls  for  or  erect  dams  behind  him,  and  if  there 
is  no  source  of  supply  ahead,  he  must  also 
pump  sufficient  water  to  float  the  dredge. 
Either  of  these  methods  are  costly,  and  the 
former  is  open  to  the  further  objection  that 
the  flattening  of  the  grade  line  due  to  the 
excess  excavation  may  materially  disarrange 
the  calculations  of  velocity  and  discharge,  and 
the  capacity  of  the  ditch  may  be  materially 
reduced.  It  is  therefore  well  for  the  en- 
gineer to  carefully  consider  the  design  of  all 
of  the  work  that  it  may  be  expedient  to  con- 
struct  upstream. 

DESIGN    METIIOnS. 

The  subjects  of  runoff  coefficients  and  field 
location  are  covered  by  many  excellent  and 
widely  disseminated  papers  and  books,  and 
nothing  that  the  writer  could  say  would  add 
anything  to  the  information  already  at  the 
disposal  of  the  profession.  The  solution  of 
these  problems  depends  upon  the  judgment  of 
the  engineer  based  upon  the  conditions  to  be 
met. 

The  capacity  of  a  waterway  is  determined, 
accoriling  to  the  lore  of  famous  hydraulicians, 
according  to  the  area  of  cross-section;  slope 
of  the  water  plane:  the  hydraulic  mean  radius, 
and   the  degree  of   roughness  of  part  of  the 
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waterway  over  and  through  which  the  water 
must  find  its  way.  Many  excellent  formula 
have  been  devised  to  martial  these  many  con- 
ditions in  such  form  as  to  produce  values  for 
the  velocity  of  flow  agreeing  with  experimental 
results.  Among  the  best  of  these  is  the 
Chezy  formula  using  the  Kiitter  or  Bazin  co- 
efficient, but  on  account  of  the  many  con- 
stants and  variables  employed,  they  are  dif- 
ficult of  application.  The  writer  has  slightly 
modified  the  Kiitter-Chezy  formula  by  con- 
sidering the  slope  to  have  no  effect  upon  the 
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accompanying  this  article,  because  a  separate 
diagram  is  necessary   for  each  value  of  s. 

After  determining  the  velocity  by  means  of 
the  formula  or  diagram,  the  capacity  is  easily 
determined  by  multiplying  the  velocity  by  the 
area  of  cross-section. 

The  method  of  design  used  by  the  writer, 
after  determining  the  capacity  necessary  for 
each  ditch,  is  to  determine  tentatively  the  lay- 
out likely  to  be  used  in  construction.  This  is 
at  first  nothing  more  than  a  guess,  which  will 
be  confirmed  or  rejected  as  the  later  calcula- 
tions show  them  to  merit.  This  fixes  a  limit 
upon  the  width  of  the  ditch,  as  previously  ex- 
plained. A  profile  is  drawn  and  a  grade  line 
tentatively  fixed.  The  height  of  the  grade 
line  is  determined  by  the  machinery  employed 
and  the  topographical  conditions  of  the  water- 
shed of  the  particular  ditch  under  considera- 
tion. The  ditch  should  be  deep  enough  for 
sub-drains  to  be  efficiently  located.  Another 
rule  to  observe  is  that  the  bottom  width 
should  not  be  less  than  the  depth,  or  there 
is  danger  of  the  bank  caving  in  and  forming 
a  shoal  in  the  bottom  of  the  ditch.  These 
data  then,  fix  the  maximum  and  minimum 
dimensions  of  the  ditch.  The  effective  depth 
is  then  fixed  by  drawing  a  maximum  flow 
line  indicating  the  highest  point  that  it  is  de- 
sirable for  the  water  to  flow  during  flood 
stage.  By  assuming  values  for  the  bottom 
width  and  using  the  formulae  or  diagrams 
above  mentioned  it  can  be  determined  whether 
the  assumptions  first  made  were  correct.  It 
would  probably  be  better  to  make  these  pre- 
liminary calculations  for  all  of  the  ditches  in 


original  assumptions,  if  they  were  very  nearly 
correct.  Between  the  maximum  and  minimum 
cross-section  that  may  be  economically  ex- 
cavated with  a  given  size  and  type  of  ma- 
chine, the  cost  of  operating  will  be  about  pro- 
portional to  the  work  done,  but  since  the 
original  cost  of  the  plant  is  the  same,  the 
work  may  be  done  cheaper  per  cubic  yard 
when  working  under  maximum,  than  under 
minimum,  conditions.  Very  often  a  slight 
change  in  the  grade  line  will  meet  all  of  the 
requirements   of  economical  construction. 

The  velocity  of  flow  is  another  subject  that 
should  receive  the  attention  of  the  designer. 
It  should  be  great  enough  to  prevent  the  de- 
posit of  any  but  the  heaviest  silt  carried  and 
must  not  be  great  enough  to  cause  scouring. 
The  numerical  limits  to  be  set  depends  upon 
the  character  of  the  soil  and  the  dimensions 
of  the  ditch.  A  large  ditch  may  safely  stand 
a  greater  velocity  than  a  small  ditch.  The 
engineer  must  depend  upon  his  judgment  in 
fixing  these  limits.  The  velocity  in  the  com- 
ponent parts  of  the  system  should  be  so  regu- 
lated that,  working  downstream,  it  should  not 
decrease,  and  the  increment  between  suc- 
cessive sections  should  be  small.  The  reason 
for  this  is  that  a  decrease  in  the  velocity  dur- 
ing flood  stages,  when  the  water  carries  more 
or  less  silt,  will  cause  the  suspended  matter 
to  drop,  thus  causing  the  ditch  to  shoal.  A 
large  increase  in  velocity  will  cause  eddies, 
producing  the  same  result.  Another  frequent 
cause  of  eddies,  and  the  consequent  deposits 
of  silt,  is  allowing  laterals  and  sub-drains  to 
intersect  with  the  ditch  at  a  large  angle;  this 


5      6       7 
R 


10     II     12    13 


Hydraulic  Mean  Rodii 


Fig.    1.     Diagram    of    Hydraulic    Mean    Radii. 

(Ordinates  indicate  depth  of  flow;  abscissas  indie 
ate  mean  radii.     Curves  are  loci  of   the  equation 
(b-f  d)  d 

R  = for  several  values  of  b  and  d.) 

b  -f  2.828  d 


value  of  the  coefficient  of  velocity,  and  using 
a  value  of  0.025  for  the  coefficient  of  rough- 
ness, which  has  been  recommended  by  high 
authority  for  the  design  of  drainage  ditches: 
130  r 

v  =  —^ Vj    (1) 

Vr-H.44 
where  v  =  mean  velocity,  r  :=■  hydraulic  mean 
radius  and  j  =  the  sine  of  slope,  or  the  fall 
for  a  given  distance  divided  by  the  distance. 

It  will  be  found  that  this  formula  agrees 
within  about  2  per  cent,  with  values  computed 
with  the  Chezy  formula  for  the  values  of  r 
and  J  usually  encountered  in  drainage  prac- 
tice. For  values  of  r  between  6  and  16,  and  s 
between  0.00005  and  0.0005  the  following 
simple  formula  givej^  fairly  close  results; 
r=133  (V7— 1)  Vr (2) 

This  formula  is  wholly  empirical,  however, 
for  when  r  <  1,  it  gives  negative  results 
which  is  of  course  absurd. 

The  writer  has  constructed  diagrams  shown 
in  Figs.  1  and  2  to  facilitate  the  proper  de- 
sign of  drainage  systems.  Figure  1  gives  the 
hydraulic  radius  for  the  cross-sections  usually 
met  with  in  practice.  Figure  2  gives  the  ve- 
locity of  flow  in  channels  having  the  usual 
values  of  hydraulic  radii  and  slope.  Both  dia- 
grams are  self  explanatory,  and  values  not 
given  directly  may  be  easily  interpolated. 
Values  given  by  Fig.  2  were  obtained  by 
solving  formula  (1)  for  v,  after  substituting 
the  proper  values  of  r  and  .r.  It  might  be 
well  to  note  that  v  varies  directly  with  Vs, 
so  that  when  v  is  taken  from  the  diagram  for 
i  =  .0001,  its  value  for  anyjjther  value  for  s  is 
Vs' 

V   V 

.01 
where  v  ^=  velocity  as  taken  from  the  dia- 
gram; v'  =  velocity  sought,  and  /  =  the  sine 
of  the  slope  for  which  the  velocity  is  sought. 
For  the  purpose  of  further  facilitating  the 
comparison  of  the  hydraulic  properties  of  dif- 
ferent cross-sections  the  writer  has  prepared 
a  series  of  diagrams  which  indicate  the  ca- 
pacity of  ditches  of  different  bottom  widths 
and   slope,   but  lack   of   space   prevents   them 
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Fig.  2.   Diagram  of   Mean  Velocity, 
order,   no  weeds  < 

Vs;  V   =   mean   veloc- 


(In  earth  channels  in  fair  order,  no  weeds  or  sto 
130  r 


nes.   Formula  V^ — -— 

Vr  -I-  1.44 
Ity,   r  =  hydraulic  radius,  s  =  sine  of  slope. 


the  system  before  undertaking  to  change  the 
position  of  any  of  the  grade  lines  or  dimen- 
sions. In  this  manner  it  will  no  doubt  be 
possible  to  co-ordinate  the  entire  system  with- 
out  making   any   startling     changes     in     the 


should  never  be  done,  but  the  lateral  or  sub- 
drain  should  be  curved  so  that  the  directions 
of  flow  in  the  two  waterways  are  almost  the 
same. 

In    conclusion,    the    writer    wishes    to    state 
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that,  while  a  consideration  of  all  of  these 
points  will  take  time  and  much  study,  they 
are  all  based  upon  sound  engineering  prin- 
ciples, and  if  the  engineer  wishes  to  design 
a  system  that  will  at  once  be  economical  and 
efficient,  he  must  give  them  his  most  intelligent 
consideration. 


Methods  of  Plaster  Lining   Irrigation 

Canals    and    Laterals,    Okanogan 

Project,  U.  S.  Reclamation 

Service. 

(Staff   Abstract.) 

This  paper  will  only  take  into  consideration 
the  methods,  cost  and  efficiency  of  plaster  lin- 
ing, such  as  has  been  done  on  the  Okanogan 
Project.  This  lining  has  for  the  most  part 
been  put  in  the  canals  and  laterals  already  con- 
structed, and  is  one  and  a  half  inches  thick. 
Practically  all  concrete  has  been  mi.xed  with  a 
gasoline  power  concrete  mixer. 

DESIGN   OF  CROSS   SECTIONS. 

1.  The  cross  section  of  the  concrete  lining 
should  be  as  near  an  ideal  economic  section 
as  it  is  possible  to  make  for  new  ditches,  tak- 
ing into  account  the  cost  of  laying  as  well  as 
the  cost  of  the  material.  For  ditches  already 
constructed,  with  less  than  a  3-ft.  base  and 
3  ft.  in  depth,  an  economic  section  can  be  de- 
signed by  lowering  the  grade  and  backfilling 
on  the  sides  without  making  the  cost  e.xcessive, 
but  if  the  water  surface  is  fixed,  as  is  generally 
the  case  upon  ditches  that  have  been  con- 
structed and  in  operation,  it  may  be  neces- 
sary to  raise  the  sub-grade  which  will  make 
the  backfill  excessive,  and  the  cost  per  lineal 
foot  more  than  for  a  section  of  wider  base. 

2.  In  practice  it  is  not  economical  to  build 
an  economic  section  in  small  ditches,  as  the 
cost  of  preparing  the  base  and  laying  the  con- 
crete will  increase  the  cost  considerably  more 
than  the  saving  that  is  made  in  the  amount  of 
material  used,  as  the  bottom  width  is  made 
too  narrow  to  work  in  to  advantage.  This  par- 
ticularly applies  to  ditches  having  a  depth  of 
between  1  and  2  ft. 

3.  For  all  ditches  over  1  ft.  in  depth  it  is 
not  economical  to  plaster  them  without  work- 
ing in  the  bottom,  and  with  the  bottom  width 
made  so  narrow  that  the  plasterer  can  neither 
stand  nor  kneel,  without  danger  of  tearing 
down  the  side  slopes  when  he  moves,  and 
thereby  causing  extra  work  to  fix  them  up  as 
the  plastering  is  done,  which  will  increase  the 
cost  to  a  great  extent  either  by  additional  help 
necessary  or  by  delaying  the  concrete  mixer 
and  the  balance  of  the  crew. 

4.  The  side  slopes  for  plaster  lining  should 
not  be  steeper  than  IVz  to  1.  A  steeper  slope 
requires  the  concrete  to  be  mixed  too  dry  to 
spread  easily  and  to  obtain  an  impervious 
finish  without  extra  labor,  and  whenever  the 
concrete  is  mixed  a  little  too  wet  it  will  natur- 
ally run  if  laid  on  a  steeper  slope. 

"j.  A  berm  not  less  than  4  ins.  wide  should 
be  used  on  small  laterals  up  to  a  depth  of  1 
to  2  ft. ;  for  greater  depths  this  berm  should  be 
increased  to  5  or  G  ins.,  and  for  side  hills 
should  not  be  less  than  6  ins.  for  any  siz^ 
lateral,  and  may  often  need  to  be  wider. 

6.  This  berrn  not  only  serves  to  strengthen 
the  top  of  the  lining,  but  also  prevents  surface 
water  from  getting  under  the  lining,  when  it 
is  properly  covered  with  earth  after  being  laid. 
Ordinarily  no  harm  would  come  from  allow- 
ing any  surface  water  to  get  behind  or  under 
the  lining,  but  in  the  latter  part  of  the  winter, 
such  as  we  have  at  Okanogan,  when  the  snow 
is  going  off,  it  may  thaw  very  rapidly  for  one 
or  more  days  and  then  freeze  very  hard,  in 
which  case  if  the  water  is  allowed  to  get  un- 
•der  the  lining,  heaving  will  take  place  and  con- 
siderable harm  may  be  done. 

7.  When  a  ditch  is  all  in  a  fill  a  minimum 
berrn  of  4  ins.  may  be  used  with  safety,  but 
along  side-hills  where  there  is  considerable 
drainage  into  the  canal,  a  wider  berm  should 
be  used,  then  after  it  is  laid  it  should  be  well 
covered  with  earth.  Where  the  water  has  been 
flowing  info  the  canal  in  well-defined  drainage 
•channels,  these  should  be  taken  care  of  by  al- 


lowing the  water  to  get  into  the  lining  by 
lowermg  the  side  of  the  lining  from  4  to  (J 
ins.,  and  widening  the  berm  to  sometimes  as 
much  as  2  or  3  ft.,  which  will  prevent  the 
water  from  getting  under  and  damage  fol- 
lowing. 

GRADE  AND  ALIGNMENT. 

8.  I'or  small  canals  carrying  100  c.  f.  s.  or 
less,  the  stakes  should  be  set  so  that  they  can 
be  used  for  both  grade  and  center  line.  One 
stake  set  every  10  ft.  is  sufficient;  this  should 
be  set  on  the  sub-grade  of  the  back-fill  or  the 
bottom  of  the  lining,  so  that  a  template  can 
be  set  on  the  grade  hub,  and  the  back-fill  ma- 
terial placed  so  that  it  comes  flush  with  the 
top  of  the  hub.  By  setting  the  grades  in  this 
way  it  is  not  necessary  to  remove  them  when 
the  concrete  is  put  in  place. 

y.  The  grade  and  lines  should  be  checked 
after  the  back-fill  has  been  placed  and  flooded, 
and  before  the  final  finish  to  neat  lines,  which 
is  done  before  the  placing  of  the  concrete. 

EXCAVATION   FOR  BACK-FILL. 

10.  Where  a  new  ditch  is  constructed  with 
the  idea  of  lining  immediately,  it  is  constructed 
to  fit  the  cross  section  of  the  lining  which 
has  been  designed  and  which  should  be  an 
economic  section,  but  where  the  ditch  to  be 
lined  has  been  constructed  for  some  time  and 
has  been  in  use,  there  is  generally  some  sod 
to  be  removed  at  the  water  line.  Even  if  it  is 
economical  to  reduce  the  section  it  is  necessary 
to  slope  these  sod  berms  so  that  the  back-fill 
will  not  settle  away  from  any  part  that  might 
be  overhanging. 

11.  The  economical  crew  necessary  on  this 
work  has  been  found  to  consist  of  a  sub- 
foreman,  with  anywhere  from  10  to  20  men, 
depending  upon  the  size  of  the  ditch,  and  the 
amount  of  excavation  to  be  done.  The  ef- 
ficiency of  the  crew  is  cut  down  considerably 
if  they  are  strung  out  over  a  long  section  of 
the  ditch. 

12.  Two  men  go  ahead  with  a  template  to 
which  a  carpenter's  level  is  attached  so  that  it 
can  be  kept  level,  and  excavate  trenches  at 
each  grade  hub  on  the  sides,  and  bottom,  if 
necessary,  these  trencties  being  excavated  to 
the  neat  lines  of  the  section  as  it  is  to  be  be- 
fore the  back-hll  is  placed.  The  excess  ma- 
terial between  the  trenches  is  then  removed 
by  the  remainder  of  the  crew.  No  straight 
edge  is  used  on  this  work,  as  it  does  not  need 
to  be  any  more  accurate  than  can  be  done  with 
the  aid  of  the  eye.  It  is  perhaps  needless  to 
add  that  the  template  must  be  kept  centered  on 
the  grade  hub,  and  level  when  digging  these 
trenches. 

HAULING    AND    PLACING    BACK-FILL. 

13.  The  material  used  for  back-fill  may  be 
any  material  that  is  very  pervious  to  water, 
so  that  in  case  of  ground  water  getting  under 
the  lining  during  cold  weather,  it  has  a  chance 
to  seep  away  before  freezing  can  take  place. 

14.  In  places  where  holes  of  considerable 
size  are  to  be  filled,  boulders  and  large  rocks 
are  used  to  fill  in,  if  handy,  and  if  not,  sand 
or  gravel  is  hauled  for  this  purpose,  a  mini- 
mum thickness  of  three  inches  is  used. 

1.5.  The  back-fill  should  be  hauled,  and 
where  possible  dumped  on  both  sides  of  the 
canal ;  where  the  back-fill  is  heavy  it  will  pay 
to  bridge  the  canal.  All  bridges  built  for  haul- 
ing back-fill  should  be  built  high  enough  to  be 
out  of  the  way  of  the  lining  and  left  in  place 
until  the  lining  is  completed,  as  they  will  come 
in  handy  to  cross  when  stringing  out  the  run- 
ning boards,  and  also  may  be  located  so  as  to 
form  part  of  the  platform  for  the  set  up  of  the 
concrete  mixer. 

16.  The  amount  of  back-fill  should  be 
checked  at  each  grade  and  the  line  hub  with 
template,  to  see  that  the  required  amount  is 
being  placed. 

17.  Two  five-men  crews,  each  with  a  tem- 
plate, under  one  stib- foreman,  have  been  found 
to  be  the  most  efficient  sized  crew  to  employ  in 
placing  this  back-fill  in  the  canal.  Any  num- 
ber of  crews,  of  course,  can  be  used,  with  ad- 
ditional sub-foremen.  .-Ml  sub- foremen  used 
in  the  preparation  and  lining  must  work. 

18.  Back-filT  should  not  be  hauled  any  faster 
than  it  is  being  placed,  so  as  to  avoid  having 


an   excess,   or   an   insufficient   amount   in   any 
one  place. 

FLOODING  AND  FINISHING  BACK-FILL. 

19.  In  order  to  settle  the  back-fill  properly 
and  give  it  a  good  wetting  so  that  it  will  not 
draw  all  of  the  moisture  from  the  concrete,  it 
has  been  lound  necessary  that  it  should  be 
thoroughly  soaked  by  flooding,  before  giving 
it  the  final  finish.  Only  a  small  amount  of 
water  should  be  used  in  the  flooding,  and  this 
should  be  let  in  slowly  to  prevent  washing  the 
back-fill  off  from  the  slopes. 

20.  If  there  are  not  enough  permanent 
checks  in  the  canal  so  that  the  water  may  be 
checked  up  to  within  at  least  a  few  inches  of 
the  top  of  the  back-fill,  temporary  checks  should 
be  constructed  at  necessary  intervals.  For  small 
canals  and  laterals  a  sack  dam  has  been  found 
the  safest  and  cheapest  to  construct  and  to  re- 
move, and  serves  the  purpose  better  than  any 
other  temporary  structure. 

21.  The  dams  should,  of  course,  be  con- 
structed before  the  water  is  turned  in  and  then 
allowed  to  fill  up  and  run  over  the  top,  so 
that  the  upper  section  can  be  well  soaked, 
while  the  section  next  below  is  slowly  filling. 
After  all  sections  have  been  thoroughly  soaked 
the  water  should  be  let  out  slowly  in  order  not 
to  carry  away  any  back-fill,  or  cause  any  to 
sluff  down  from  the  slope;  there  is  a  tendency 
for  this  to  happen  if  the  water  is  lowered 
suddenly.  After  the  water  has  drained  out, 
the  finishing  of  the  back-fill  should  be  started 
as  soon  as  possible,  as  the  wet  back-fill  works 
better  than  after  it  has  been  allowed  to  dry 
out  to  any  great  e-xtent. 

22.  In  finishing,  the  greatest  care  should  be 
used  to  see  that  the  finished  section  is  as  near 
the  theoretical  section  as  it  is  possible  to  make 
it,  without  too  great  an  expense,  as  the  ca- 
pacity of  the  lined  section  may  be  considerably 
reduced  if  it  is  not  carefully  straight-edged, 
this  being  particularly  true  on  ditches  with  a 
steep  slope.  Particular  care  should  also  be 
taken  with  the  corners,  where  the  bottom  and 
the  side  slopes  meet,  as  a  rounding  corner  will 
hold  the  plasterer's  straight-edge  away  from 
the  slope,  and  will  not  only  make  a  kink  in 
the  alignment  of  the  side  slope  and  decrease 
the  capacity  of  the  ditch,  but  will  increase  the 
amount  of  concrete  for  the  lining. 

23.  The  crew  for  this  work  should  consist 
of  a  sub-foreman  with  from  16  to  20  men; 
there  should  be  three  men  with  a  template, 
who  go  ahead  and  set  the  template  on  the 
grade  hub,  and  after  it  has  been  centered  and 
leveled,  thin  strips  are  inserted  under  the  tem- 
plate on  the  side  slopes  for  the  straight  edge 
to  slide  upon. 

24.  The  upper  ends  of  these  strips  are  set 
just  even  with  the  top  of  the  template  and 
should  be  at  least  two  inches  longer  than  the 
side  slope  so  that  they  can  be  pressed  into 
the  back-fill  in  the  bottom  to  hold  them  in 
place  after  the  template  has  been  removed. 

25.  For  small  ditches,  whose  side  slopes  do 
not  exceed  4  ft.  in  length,  ordinary  plaster  lath 
has  been  used  with  very  satisfactory  results ; 
for  larger  ditches,  lx2-in.  material  serves  the 
purpose.  Four  men  are  employed  on  the 
straight  edges ;  these  straight  edges  are  made 
of  2x4-in.,  12  ft.  long,  planed  smooth  on  all 
four  sides.  One  man  works  on  each  end  of 
the  straight  edge.  The  first  time  it  is  stroked 
with  the  straight  edge  the  flat  way,  and  for 
finishing  it  is  run  on  edge  to  remove  any  ex- 
cess material  that  may  be  left,  on  account  of 
the  straight  edge  springing  when  flat,  a  straight 
edge  is  worked  on  each  slope.  Behind  the 
straight  edge  crew,  from  five  to  ten  men  are 
employed  in  shoveling  out  the  excess  material 
and  leveling  up  the  bottom.  Back  of  these, 
four  more  men  are  employed,  one  on  each 
berm  and  two  in  the  bottom.  The  two  men 
on  the  bank  are  employed  in  cutting  the  berm 
level  with  the  top  of  the  strips  which  have 
been  set  with  the  template.  The  men  running 
the  straight  edge  should  mark  the  top  of  the 
berm  with  the  straight  edge  by  pressing  it  back 
from  the  top  of  the  strips,  and  thus  making 
a  mark  that  these  shovelers  can  follow.  These 
shovelers  should  use  long-handled,  square- 
pointed  shovels,  and  the  berm  should  be  cut 
level  for  a  distance  of  not  less  than  10  ins. 
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The  two  shovelers  in  the  bottom  are  employed 
in  finishing  the  bottom  ready  for  concrete. 
They  also  use  square  pointed  shovels,  to  make 
the  square  corners  at  the  junction  of  the  bot- 
tom with  the  side  slopes. 

AGGREGATE. 

26.  The  Okanogan  Project  is  very  fortunate 
in  having  an  abundance  of  aggregate.  A  long 
haul  is  hardly  ever  required,  as  aggregate  of 
a  good  quality  can  generally  be  found  near 
the  work.    Seldom  is  a  haul  of  a  mile  required. 

27.  Pit  run  has  in  general  been  used,  and 
everything  has  been  screened  out  that  will  not 
pass  a  one-inch  screen.  This  leaves  generally 
a  preponderance  of  sand,  and  is  just  what  is 
wanted  for  plaster  lining.  Tests  as  to  the 
volume  of  voids  in  the  aggregate  are  often 
made,  and  the  amount  of  cement  necessary  has 
varied  from  1  'AVz  to  1  :oVz,  generally  running 
about  1  to  5. 

MIXING   AND   PLACING. 

28.  Hquipnient. — The  mixing  on  the  Okano- 
gan Project  has  been  done  with  a  Northwest- 
ern -"/i-yd.  power  mixer,  equipped  with  a  self- 
loading  bucket  and  a  rotary  pump  for  supply- 
ing water. 

29.  It  has  been  found  economy,  however, 
to  have  the  pump  run  by  a  small  engine  of 
1%  HP.,  separate  from  the  mixer.  The  pump 
and  engine  are  both  mounted  on  a  small  plat- 
form, which  could  be  moved  from  one  set  up 
to  another  by  hand,  unless  a  long  move  was 
made,  in  which  case  it  was  hauled  in  a  wagon. 

30.  The  pump  was  placed  at  the  upper  end 
of  the  section  to  be  lined,  where  the  water 
supply  is,  and  a  1%-in.  supply  pipe  run  from 
the  pump  to  the  mixer.  The  length  of  this 
pipe  varied  from  300  to  400  ft.,  depending  on 
the  length  of  the  set  up  and  location  of  the 
mixer,  the  mixer  being  set  up  as  near  the  cen- 
ter of  the  section  as  the  local  conditions  would 
permit. 

31.  This  method  of  furnishing  the  supply 
of  water  for  mixing  has  been  found  far  better 
than  the  old  plan  of  working  the  pump  with 
the  engine  on  the  mixer,  as  in  this  case  it  was 
necessary  to  run  the  supply  pipe  in  the  bottom 
of  the  ditch,  to  the  mixer,  because  it  was  im- 
possible to  get  the  joints  tight  enough  so  that 
the  pump  would  lift  the  water  from  the  ditch, 
at  a  distance  of  300  to  400  ft.  When  the  pipe 
was  laid  in  the  bottom  of  the  ditch  it  was 
considerable  of  a  handicap  for  the  plastering 
crew  working  on  that  end  of  the  section. 

.32.  The  platform  for  the  mixer  is  set  on 
solid  ground  whenever  possible,  and  in  a  good 
many  cases  where  the  lower  bank  was  narrow. 
a  temporary  bridge  was  built  across  the  canal 
and  the  mixer  set  on  this.  The  minimum  size 
for  a  mixer  platform  is  16x16  ft.,  and  in  most 
cases  this  was  increased  to  16  ft.  by  20  ft., 
with  the  mixer  set  cross-wise  on  one  end.  The 
platform  is  nailed  down  in  all  cases  to  make 
it  solid,  so  as  to  facilitate  the  movement  of 
the  wheelers  to  and  from  the  discharge  door 
of  the  mixer. 

33.  The  time  of  discharging  the  batch  of 
mixed  concrete  from  the  mixer  with  the  wheel- 
barrow is  one  of  the  limiting  conditions  to  the 
maximum  output,  and  special  effort  has  been 
made  to  eliminate  all  delays  at  this  point. 
There  should  be  an  incoming  and  an  outgo- 
ing runway  in  each  direction,  to  avoid  con- 
fusion at  the  mixer.  The  mLxing  and  placing 
is  handled  by  one  sub-foreman,  who  must  be 
a  very  energetic  fellow,  and  who  can  see  to 
the  details  which  aid  or  hinder  the  total  day's 
work  of  the  crew.  He  must  also  be  ready  at 
all  times  to  lend  a  hand  on  anything  that  may 
come  up  and  need  immediate  attention. 

34.  The  runways  used  for  the  wheelers 
were  l%xl2-in.  and  l%xlO-in.  planks.  16  ft. 
long;  the  latter  were  just  as  convenient  as 
the  former  and  seemed  to  last  longer  without 
splitting  at  the  ends,  besides  being  easier  to 
handle  and  cheaper  first  cost.  Two  complete 
sets  of  mixer  platforms  and  running  boards 
were  used,  the  set  not  in  use  being  moved 
ahead  for  the  next  set-up,  and  were  all  in 
place  when  the  mixer  was  ready  to  be  moved. 
Where  there  is  a  low  bank  and  the  concrete 
lining  comes  near  the  top,  the  running  boards 
should  be  set  out  at  least  three  feet  from  the 
edge  of  the  lining,  where  it  is  possible.     They 


can  be  set  closer  when  necessary,  but  when 
they  are  set  closer  the  wheelbarrows  bother 
the  plasterers  when  working  near  the  top  of 
the  lining,  and  this  should  be  avoided  if  pos- 
sible. Wherever  it  can  be  done,  the  bank 
should  be  leveled  off  for  the  full  length  of 
the  set-up  on  the  outside  of  the  running 
boards,  so  as  to  provide  a  return  runway  for 
the  empty  wheelbarrows.  If  it  is  not  eco- 
nomical to  do  this,  then  frequent  turnouts 
should  be  made  so  that  the  empty  wheelbar- 
rows can  avoid  the  loaded  ones  without  losing 
any  time. 

35.  The  platforms  for  dumping  the  concrtte 
on,  at  the  point  where  it  is  used,  are  6x6  ft.,  set 
on  trestles  2  ft.  high.  One-inch  boards  and  2- 
x4-in.  are  used  in  making  these  platforms  and 
trestles.  In  the  case  of  small  ditches,  the  plat- 
forms are  laid  across  the  ditch,  from  bank  to 
bank,  while  in  medium  sized  ditches,  of  the 
right  height,  one  trestle  is  used  in  line  with 
the  ditch,  and  the  other  end  of  the  platform  is 
put  on  the  bank.  These  platforms  are  moved 
ten  feet  at  a  time. 

.36.  Mixing. — The  cement  and  gravel  are 
placed  in  the  loading  bucket  together,  and  the 
water  is  started  running  with  the  mixing  drum, 
as  the  bucket  starts  up  to  discharge.  In  this 
way  all  the  batch  is  mixed  to  the  same  con- 
sistency. The  mixing  should  be  continued  for 
one  minute  and  enough  water  applied  to  make 
it  wet  enough  to  spread  easily.  The  man  who 
runs  the  engine  operates  the  loading  bucket 
and  the  water  supply.  The  operator  signals 
the  man  at  the  discharge  door  when  the  batch 
is  ready.  Two  or  three  men  are  required  to 
load  the  bucket  with  gravel,  and  one  to  handle 
the  cement.  It  takes  two  and  a  half  minutes 
to  mix  and  unload  a  batch. 

37.  Wheeling. — A  good  concrete  wheelbar- 
row is  needed  for  this  work,  having  a  guaran- 
teed capacity  of  3  cubic  feet  of  wet  concrete. 
The  number  of  wheelers  required  depends 
upon  the  length  of  the  set-up,  and  height  of 
runways  above  tables.  Under  average  condi- 
tions, with  a  700-ft.  set-up,  ten  wheelers  can 
keep  the  mixer  running  to  full  capacity. 

PLASTERING. 

38.  The  tables  or  platforms,  for  a  600-ft. 
set-up,  which  is  the  best  length  to  use  under 
average  conditions,  are  located  as  follows : 
Table  No.  1  is  located  at  upper  end  of  the 
section;  Table  No.  2,  140  ft.  below  No.  1; 
Table  No.  3,  300  ft.  below  No.  2 ;  Table  No. 
4,  460  ft.  below  No.  3.  All  four  crews  work 
in  the  same  direction,  which  keeps  the  total 
average  length  of  haul  the  same  until  the  sec- 
tion is  finished.  The  difference  in  the  length 
of  sections  for  the  two  middle  and  the  two 
end  crews  is  made  on  account  of  the  concrete 
being  harder  to  plaster  and  finish  after  it  has 
been  hauled  the  greater  distance.  When  con- 
crete is  hauled  from  400  to  500  ft.,  it  is  neces- 
sary to  remix  it  after  it  is  dumped  on  the 
tables,  on  account  of  its  settling  while  being 
hauled.  On  this  account  the  length  of  set-up 
should  not  exceed  700  ft.,  which  makes  the 
average  haul  350   ft. 

39.  A  placing  crew  consists  of  one  shoveler 
and  two  plasterers,  which  in  small  ditches  is 
reduced  to  a  shoveler  and  one  plasterer.  The 
shoveler  uses  a  No.  2  scoop,  and  the  plasterers 
have  a  wooden  float,  a  plasterer's  trowel,  a 
template  or  straight  edge  and  a  jointer.  The 
shoveler  nlaces  the  concrete  on  the  bottom  and 
slopes,  where  the  plasterers  can  spread  it  out 
evenly  with  their  float  and  then  finish  it  up 
with  their  trowels.  Every  10^  ft.  an  expansion 
joint  is  made;  several  kinds  of  joints  and 
jointers  have  been  tried.  The  easiest  and  most 
satisfactory  joint  was  made  with  a  common 
plaster  lath  sharpened  on  one  edge.  To  make 
the  joint,  this  lath  is  pressed  into  the  concrete 
to  a  depth  of  1  in.  and  then  removed,  and 
the  crease  made  is  stroked  lightly  with  a 
trowel  to  smooth  down  any  rough  edges  that 
might  be  made  when  the  lath  is  removed.  The 
plasterers  use  a  straight  edge  on  the  berm  and 
on  the  side  slopes  to  gage  the  thickness  of 
the  lining,  and  in  case  the  ditch  bank  is  so 
high  that  the  plasterers  can  not  work  from 
the  bottom,  a  ladder  is  used  which  is  laid  flat 
on  the  slope,  and  has  a  straisht  edge  on  one 
side  the  right  thickness,  to  which  he  lays  the 


concrete.  In  all  cases,  when  the  plasterer 
moves  his  ladder  or  template,  to  which  he  is 
laying  the  concrete,  he  strokes  the  edge  of  the 
finished  concrete  with  his  trowel  and  gives 
it  a  bevel.  If  this  is  not  done,  a  small  crack 
will  appear  where  the  union  is  made. 

40.  The  plasterers  work  opposite  each  other 
and  take  turns  in  finishing  the  bottom.  In 
some  cases  where  it  is  convenient,  the  wheelers 
dump  the  concrete  on  the  slope  to  the  plasterer 
on  the  side  next  to  the  runways;  this  saves 
shoveling  and  enables  the  shoveler  to  give 
more  time  to  placing  the  concrete  for  the  other 
plasterer.  Both  corners  where  the  side  slopes 
join  the  bottom  and  the  berm,  are  rounded 
slightly  which  gives  a  much  better  appearance. 
A  good  plasterer  on  this  work  should  plaster 
5  to  6  cu.  yds.  of  concrete  in  an  eight-hour 
day,  providing  he  is  furnished  material  all  the 
time,  making  1,080  to  1,290  sq.  ft.  Two  men 
have  done  16  cu.  yds.  in  one  day,  making  for 
one  man  1,628  sq.  ft. 

WATER  SUPPLY. 

41.  The  water  supply  is  kept  up  with  the 
mixer,  by  building  sack  dams  at  the  lower  end 
of  the  section  just  completed,  and  letting  the 
water  down  for  each  move,  as  it  is  made.  A 
sack  dam  was  found  most  convenient,  as  the 
water  could  be  easily  controlled  when  letting 
it  out.  On  account  of  the  concrete  being 
green,  it  is  necessary  to  let  it  in  slowly  at  first, 
until  it  has  reached  the  next  dam  and  started 
to  back  up,  when  the  flow  can  be  increased. 
As  the  dam  cannot  be  built  until  the  upper 
section  is  finished,  it  is  necessary  to  take  pre- 
caution to  have  everything  in  readiness  before- 
hand, as  for  average  moves  the  water  supply 
is  the  last  thing  ready,  and  with  a  pay-roll 
of  $10  to  $12  per  hour,  any  delay  of  the  whole 
crew  on  this  account,  may  increase  the  cost 
of  a  move  from  50  to  100  per  cent. 

42.  When  the  pump  was  attached  to  the 
mixer,  from  300  to  400  ft.  from  the  water  sup- 
ply, it  was  necessary  to  lay  the  pipe  in  the 
bottom  of  the  canal,  so  as  to  have  a  gravity 
flow  up  to  within  30  ft.  of  the  purnp,  as  a 
rotary  pump  would  not  deliver  a  sufficient  sup- 
ply, on  account  of  air  leaks  at  joints,  and^  it 
also  required  some  time  to  get  it  started,  which 
increased  the  cost  of  moving  considerably. 
With  a  separate  pump  and  engine,  the  pipe  can 
be  laid  on  the  bank  out  of  the  way  of  the  plas- 
terers, and  can  be  moved  in  about  half  of  the 
time,  without  damaging  any  lining  in  taking 
it  apart  at  the  union,  and  getting  it  up  on  the 
bank. 

The  supply  pipe  has  a  union  every  100  ft., 
so  that  it  can  be  uncoupled  for  moving  from 
one  set-up  to  the  next.  Where  the  canal  is 
comparatively  straight,  the  400  ft.  can  be 
moved  in  one  piece  by  placing  a  man  at  each 
20-ft.  joint.  This  is  much  quicker  and  cheaper 
when  It  can  be  done,  and  does  not  require  any 
more  men,  as  there  are  always  plenty  of  men 
available   for  this  work. 

43.  A  track  man  is  employed  whose  duty 
it  is  to  see  that  the  runways  are  kept  in  order, 
who  also  assists  the  placing  crew  when  mak- 
ing a  move  with  their  table.  The  runway 
board,  from  the  runway  to  the  table,  always 
comes  down  from  the  slide  away  from  the 
placing  crew,  so  that  the  wheelbarrow  load  is 
always  dumped  on  the  side  nearest  to  the 
shoveler.  Two  or  three  boys  ar;  employed  to 
keep  the  sides  and  bottom  of  the  ditches  well 
sprinkled,  with  a  sprinkling  can,  just  ahead 
of  the  plastering  crews,  as  the  surface  is  apt 
to  get  dry  before  the  concrete  is  laid. 

44.  A  roustabout  team  is  employed,  to 
haul  away  boards  and  platforms  ahead  to  the 
next  set-up,  and  also  as  one  of  the  teams  in 
moving  the  mixer.  One  of  the  teams  em- 
ployed in  hauling  aggregate  is  used  when 
needed  in  moving  the  mixer  from  one  set-up 
to  the  next.  One  man  is  employed  in  keeping 
the  concrete  wet  that  has  already  been  laid; 
this  is  wet  from  four  to  six  times  a  day  for  a 
week  after  it  has  been  laid.  The  cost  of  this 
work  is  lessened,  and  better  results  obtained, 
by  keeping  the  water  backed  up  in  these  sec- 
tions as  high  as  possible  with  sack  dams.  This 
should  not  be  done,  however,  for  at  least  24 
hours  after  the  lining  is  placed,  as  there  is 
danger  of  the  thin  lining  being  broken  up  if  a 
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high  head  of  water  is  backed  upon  it  before 
the  final  set  takes  place.  In  case  the  weather 
should  be  cold,  and  there  is  any  likeliliood  of 
frost,  it  is  well  to  cover  the  concrete  before 
the  day  is  finished  with  2  or  3  ins.  of  ea_rth, 
which  will,  under  ordinary  circumstances,  pro- 
tect it  until  it  can  withstand  the  frost. 

EFFICIEN'CV    OF    THE    LINING. 

45.  From  observation  of  what  lining  has 
been  done  on  the  Okanogan  Project,  we  have 
found  the  loss  in  these  lined  sections  to  be 
very  small.  In  one  ditch  on  which  we  have 
weir  measurements  at  the  head  and  for  all 
deliveries,  and  which  carries  about  10  c.  f.  s., 
we  have  not  been  able  to  detect  any  loss  in 
the  8,700  ft.  that  are  lined.    , 

COST    OF    LINING. 

46.  One  of  the  essential  factors  that  has  de- 
termined the  cost  of  the  lining  on  the  Okano- 
gan Project  is  the  cost  of  tlie  cement  on  the 
work,  which  until  last  spring  was  $(j  per  bar- 
rel, but  we  are  now  getting  it  for  $3  per  bar- 
rel. With  this  comparatively  cheap  cement, 
the  lining  has  been  done  for  about  ^I'J.oO  per 
cubic  yard,  as  against  $18  to  $22  when  the 
work  first  started.  The  cheapest  lining  cost 
$11  per  cubic  yard,  and  the  costliest  $13.00,  be- 
ing respectively  5.1  cts.  and  ii.i  cts.  per  square 
foot.  The  cheaper  lining  has  not  all  been  due 
to  price  of  cement.  A  constant  improvement 
in  the  methods  of  doing  the  work  has  aided 
greatly   in   reducing   this   cost. 

The  above  data  are  reprinted  from  a  paper 
by  Calvin  Casteel,  Okanogan,  Wash.,  in  Pro- 
ceedings, Washington  Irrigation  Institute. 


A  Simple  Method  of  Cross-Sectioning 
Employed  on  Ditch  Work. 

Contributed   by  Benj.   L.   Parker,   City  Engineer. 
Sikeston.  Mo. 

None  of  the  methods  of  cross-sectioning 
that  the  writer  has  examined,  eliminates  the 
mental  processes  of  addition  or  subtracticn 
that  must  be  performed  by  the  man  at  the  in- 
strument. .Some  time  ago  the  writer  had  oc- 
casion to  cross-section  a  ditch  on  somewhat 
irregular  ground,  made  more  so  because  ol 
a  smaller  excavation  of  very  irregular  section 
and  alignment  that  had  been  made  within  the 
limits  of  the  proposed  excavation.  To  avoid 
the  mental  arithmetic  involved  and  as  giving 
him  more  time  for  the  proper  direction  of  the 
men  who  were  new  at  the  work,  the  writer 
made  use  of  two  paper  scales  made  from 
Webb's  co-ordinate  paper  pasted  to  the  A  and 
B  scales  of  an  ordinary  10-in.  slide  rule.  Figure 
1  shows  the  arrangement  of  the  scales  and 
the  numbering.  This  method  is  easy  of  ap- 
plication, a  guarantee  against  errors  and  does 
not  in  any  way  conflict  with  the  use  of  tables, 
specially  graduated  tapes  or  other  devices  de- 
signed to  facilitate  the  work. 

In  the  work  in  question,  the  tape  man  was 
provided  with  an  ordinary  cross-section  table 
showing  the  distances  out  from  the  center 
for  the  various  cuts,  the  same  being  pasted  to 
a  wooden  paddle  for  convenience  in  handling. 
The  cuts  were  called  or  signalled  to  the  tape- 
man   and   the   positions   tried   until   in   agree- 


well  suited  for  the  purpose  of  keeping  cross- 
section  notes.  It  has  the  further  advantage 
that  all  the  notes  relating  to  any  particular 
work,  if  not  too  large,  may  be  kept  in  the  same 
book,  thus  avoiding  the  necessity  of  carrying 
two  or  three  books  into  the  field.  The  column* 
are  headed  as  shown  in  Fig.  2. 


Development  of  Sedimentation   Areas 

in  Connection  With  Bottom  Land 

Reclamation. 

(Staff  Abstract.) 
The  Big  Black  River  and  its  valley  in  Mis- 
sissippi are  typical  of  those  of  many  southern 
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In  using  the  standard  cross-section  books 
with  printed  headings,  the  levels  must  be  jot- 
ted down  in  the  back  of  the  book  or  elsewhere, 
while  in  the  method  above  indicated,  all  of 
the  information  needed  is  shown  on  the  page 
then  in  use  and  offers  a  further  check  against 
errors.  It  allows  the  accuracy  of  the  sta- 
tion constant  or  the  "grade  rod''  to  be  checked 
as  well  as  that  of  the  bench-marks  that  have 
been  previously  established. 

The  method  of  procedure  is  as  follows:  Fill 
in  column  of  grades  from  the  profile  before 
going  into  the  field.  If  not  already  recorded 
in  the  book  note  the  bench  marks  established 
in  the  back  of  the  book  or  other  point  of  con- 
venient reference.  Take  a  reading  on  the  most 
convenient  bench  mark  and  determine  the 
height  of  instrument  and  the  grade  rod  or 
station  constant  which  record  in  the  proper 
column.  Set  the  0.0  of  the  lower  scale  at  the 
value  of  the  grade  rod  or  station  constant  on 
the  upper  scale.  Set  the  indicator  on  the 
lower  scale  at  the  value  of  the  rod  actually 
read,  and  immediately  above  on  the  upper 
scale,  read  the  cut  at  that  point. 

In  all  cases  in  the  writer's  work  the  station 
constant  was  positive  and  the  indicator  was 
always  run  to  the  left  from  the  0.0  on  the 
lower  scale  to  obtain  the  cut.  Where  the 
station  constant  is  negative ;  that  is,  the  ele- 
vation of  the  instrument  being  less  than  that 
of  the  grade,  slide  the  indicator  to  the  right 
of  the  0.0  on  the  lower  scale  for  the  value 
of  the  fill  at  that  point.  By  numbering  the 
upper  scale  similarly  to  the  lower  scale,  both 
ways  from  0.0;  the  depth  of  fill  may  be  read 
off  when  the  station  constant  is  positive  and 
the   surface   rod   greater   numerically. 

In  the  scales  used  by  the  writer,  each  minor 
division  represented  0.1  ft.,  this  being  as  close 
as  desirable  or  necessary.  Other  levels  were 
carried  to  0.01.  ft. 

Inasmuch  as  the  slide  rule  is  to  be  found 
in  every  well  equipped  engineering  office  and 
as  pointing  out  the  road  to  correct  habits  to 
the  younger  members  of  the  profession,  the 
writer  has  been  led  to  give  a  more  e.xtended 
description  of  the  device  and  method  than 
would  seem  necessary,  and  it  is  with  this  aim 
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Fig.  1.     Scale  for  Cross  Sectioning. 


ment.  As  the  work  progressed  the  rod-man 
and  tape-man  grew  more  proficient  in  the 
work  and  were  able  to  save  a  considerable 
number  of  trials  for  the  position  of  the  slope 
stake  and  were  better  able  to  locate  breaks  in 
the  transverse  profile. 

The  note  book  used  by  the  writer  is  one  of 
the  standard  field  books  made  by  the  Eugene 
Dietzgen  Co.  and  listed  in  their  catalogue  as 
No.  403  T.  This  book  is  well  adapated  for 
use   as   a  transit  book   or  level   book   and  is 


and  with  the  hope  that  others  may  lessen  the 
mental  drudgery  attending  that  this  article  is 

presented. 


Street  railway  passenger  traffic  in  Winnipeg 
has  decreased  to  such  an  extent  since  the  ad- 
vent of  the  jitneys  that  the  Winnipeg  Electric 
Railway  Co.  has  been  forced  to  adopt  eco- 
nomic measures,  involving  the  reduction  in  the 
number  of  cars,  a  reorganization  of  routes, 
and  a  probable  reduction  in  staff. 
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streams.  The  river  is  tortuous  and  is  bor- 
dered on  both  sides  with  bottom  lands;  these 
lowlands  lie  between  ridges  on  the  two  sides 
of  the  river.  Small  tributary  streams  enter 
the  valley  through  the  ridges.  In  a  recent 
drainage  investigation  by  the  engineers  of  the 
Department  of  Agriculture  a  plan  of  bottom 
land  reclamation  is  proposed  for  the  Big  Black 
River,  which  is  applicable  in  many  other  places 
and  which  is  unusual  in  its  suggestions  that 
an  essential  part  of  the  reclamation  plan 
should  be  provision  of  sedimentation  areas  for 
apart  to  provide  way  for  the  heaviest  floods, 
branch  streams  entering  the  valley  through  the 
ridges.  Briefly,  the  main  plan  is  to  provide 
it  by  levees  on  the  two  banks  and  far  enough 
a  floodway  for  the  main  stream  by  enclosing 
Into  this  flood  way  the  branch  streams  are 
carried  by  channels  properly  designed  to  meet 
the  conditions.  Turning  now  to  the  sedimen- 
tation area  plan :  The  smaller  streams  and 
ravines  which  enter  the  valley  from  the  sur- 
rounding hills  usually  carry  a  large  amount 
of  sedim-ent  and  drift,  which  being  deposited 
is  continually  filling  up  the  lands  where  the 
.streams  enter  the  bottoms.  For  this  reason 
many  of  these  smaller  streams  have  not  es- 
tablished channels  for  themselves,  but  have 
filled  up  and  spread  over  the  bottom.  If 
ditches  are  constructed  to  connect  these  small 
streams  with  the  main  drainage  channels,  the 
same  process  of  sedimentation  will  continue 
and  the  ditches  will  soon  become  filled. 

To  overcome  this  difficulty  in  the  ditches 
that  are  to  be  constructed,  it  will  be  necessary 
to  provide  sedimentation  areas,  each  bounded 
liy  a  levee  on  the  lower  or  downstream  side 
that  will  serve  to  impound  the  water  and  de- 
crease its  velocity,  thus  causing  the  suspend- 
ed matter  to  be  deposited.  In  this  manner 
the  excess  sediment  and  drift  can  be  confined 
to  a  limited  area  and  damage  to  ditches  pre- 
vented. When  an  area  has  become  filled  to 
such  a  height  that  storage  is  no  longer  possi- 
ble, a  new  levee  can  be  constructed  a  little 
farther  upstream  or  downstream ;  thus  a  new 
sedimentation  area  is  formed,  leaving  the  old 
one,  filled  with  fertile  soil,  available  for  cul- 
tivation. 

These  areas  are  of  the  utmost  importance 
in  the  reclamation  of  a  river  valley  of  the 
character  of  that  of  the  Big  Black,  and  as 
they  make  it  possible  for  the  farmer  to  re- 
tain the  most  fertile  soil  on  his  farm,  they 
should  be  constructed  by  him  regardless  of 
whether  the  larger  drainage  work  is  carried 
out  or  not.  The  sediment  carried  by  these 
tributaries  originates  for  the  most  part  in  the 
erosion  of  the  surrounding  hills.  Too  much 
stress  can  not  be  laid  on  the  importance  of 
controlling  this  action  by  proper  terracing 
of  slopes.  It  should  be  realized  that  it  is  the 
most  fertile  particles  of  soil  that  are  thus 
carried  away,  not  only  to  the  detriment  of 
the  land,  but  to  the  great  damage  of  the 
draina.gc  channels  in  which  the  sediment  is 
deposited. 


In  Vancouver,  B.  C,  there  are  350  jitney 
buses  operating  on  the  city  streets  and  subur- 
lian  lines.     In  W'innipeg  there  are  572. 
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Some  Methods  and  Costs  of  Concrete 

Pavement  Construction  at  Des 

Plaines,  Illinois. 

Contributed    by    M.    P.    Taylor,    Engineer    on 
Construction,    Chicago,    111. 

A  concrete  pavement  was  built  last  year 
which  covers  practically  the  whole  south  side 
of  the  town  of  Des  Plaines,  Illinois,  and  com- 
prises 40,000  sq.  yds.  with  curb,  underdrainage 
system,  etc.  All  the  pavement  laid  was  on  a 
20  ft.  roadway  except  one  street  approxi- 
mately one-half  mile  long  where  it  was  22  ft. 
wide  and  another  street  in  the  business  district 
where  it  was  30  ft.  wide  for  a  distance  of  a 
few  hundred  feet. 

General  Description. — The  pavement  was 
given  a  3  in.  crown  on  the  20  and  22  ft.  road- 
ways, and  a  4  in.  crown  on  the  30  ft.  The  con- 
crete was  laid  5  ins.  thick  at  the  sides  of  the 
roadway,  and  7  ins.  thick  at  the  crown.  Longi- 
tudinal expansion  joints  %  in.  wide  were 
placed  along  t'le  curb,  and  transverse  expan- 
sion joints  Vi  i  \.  wide  were  placed  every  25  ft. 
The  transverse  joints  were  of  the  armored 
type,  Baker  steel  plates  %  in.  thick  being  used 
for  protection.  All  the  expansion  joints  were 
filled  with  tarred  felt.  Steel  wire  fabric  weigh- 
ing 4  lbs.  to  the  square  yard  was  placed  in  the 
concrete  as  reinforcement.  This  is  much 
heavier  reinforcement  than  that  generally  used 
in  this  type  of  pavement.  The  wire  fabric 
came  in  50-in.  widths,  which  were  lapped  2 
ins.  in  laying. 

The  pavement  laid  is  of  the  one  course 
type  which,  while  inferior  to  the  two  course  in 
some  particulars,  has  fewer  difficulties  of  con- 
struction than  the  latter.  The  concrete  through- 
out was  mixed  in  a  1:1%  :3  proportion. 
Washed  gravel  and  torpedo  sand  were  used 
for  the  coarse  and  fine  aggregates  respectively. 
Both  materials  were  excellent,  being  clean  and 
well  graded ;  the  gravel  was  hard  and  durable, 
and  the  sand  coarse  and  sharp.  The  gravel 
used  ranged  in  size  from  %  in.  to  1%  ins. 
Both  fine  and  coarse  aggregates  were  supplied 
from  two  separate  sources,  the  pits  being  lo- 
cated at  Algonquin,  111..,  and  at  Waukesha. 
Wis. 

Under  Drainage. — The  underdrainage  was 
taken  care  of  by  4  in.  vitrified  drain  tile,  laid 
1%  ft.  beneath  the  base  of  the  curb.  This  pipe 
was  of  the  hub  and  spigot  variety  and  was  laid 
with  open  joints  around  which  were  placed 
coarse  cinders.  The  ditch  was  then  back 
filled  with  cinders  up  to  the  elevation  of  the 
bottom  of  the  curb,  forming  a  foundation  for 
the  latter.  The  drains  were  connected  to  the 
sewer  system  through  catch  basins  where  con- 
venient or  direct.  It  is  thought  that  this  sys- 
tem will  effectually  protect  the  pavement 
against  frost,  which  has  proven  itself  to  be 
one  of  the  worst  enemies  of  a  concrete  pave- 
ment. 

Subgrade. — The  subgrade  was  black  loam 
and  heavy  clay,  and  as  a  whole  seemed  to 
make  a  quite  desirable  base  for  the  pavement. 
The  main  trouble  with  the  subgrade  was  its 
tendency  to  retain  water,  so  that  after  a  rain 
it  was  usually  some  time  before  the  laying  of 
the  concrete  could  be  resumed.  After  the  ex- 
cavating was  finished,  the  subgrade  was 
brought  to  its  final  place  by  rolling  with  a 
three-wheel  steam  road  roller  weighing  10 
tons.  The  subgrade  was  given  a  crown  of  1 
in.  Most  of  the  excavation,  which  totaled  16.- 
000  cu.  yds.,  was  done  with  wheeled  scrapers. 

Laying  Pavement. — The  work  of  laying  the 
pavement  proper  was  started  Sept.  1,  and  fin- 
ished Nov.  30.  Various  delays  were  incurred 
in  the  course  of  construction  due  to  bad 
weather,  plant  break  downs,  and  delays  in  re- 
ceiving material.  It  was  attempted  to  elim- 
inate the  latter  difficulty  by  procuring  the 
aggregates  from  two  separate  sources  over 
two  different  railroads,  but,  while  this  proved 
advantageous  for  other  reasons,  it  failed  to 
some  extent  in  accomplishing  the  desired  end. 


One  paving  gang  started  work  Sept.  1,  and  on 
Sept.  17  a  second  gang  was  started ;  both  these 
gangs  were  retained  until  the  end  of  the  work, 
and  when  one  was  unable  to  pave  for  some 
reason  or  other,  it  was  employed  on  some 
other  branch  of  the  work.  Two  entirely  dif- 
ferent styles  of  concrete  mixers  were  em- 
ployed by  the  two  gangs,  and  this  gives  a 
chance  for  some  very  interesting  comparisons 
in  both  method  of  construction  and  results. 
Both  machines  were  traction  mixers  of  a  type 
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Figs.   1    and  2 — Diagrams  Showing   Apportion 
ment  of   Costs  of   Reinforced   Concrete   Pave- 
ment at  Des  Plaines,   III. 

specially  designed  for  paving  work.  One  was 
a  gasoline  mixer  which  deposited  the  concrete 
in  place  by  means  of  a  chute,  while  the  other 
was  a  steam  mi.xer  with  boom  and  bucket. 
The  steam  mixer  seemed  the  more  reliable  of 
the  two,  as  more  or  less  trouble  was  expe- 
rienced with  the  mechanism  of  the  gasoline 
mixer,  though  this  may  have  been  due  to  the 
unfamiliarity  of  it  to  the  operator.  The  boom 
and  bucket  method  proved  to  be  the  more  sat- 
isfactory method  of  handling  the  concrete  from 
the  mixer,  for  the  following  reasons:  (1) 
Less  moving  of  the  machine  was  required ; 
(2)  the  concrete  could  be  deposited  more 
readily  in  the  exact  spot  in  which  it  was  re- 
quired; (3)  a  mixture  of  dryer  consistency, 
which  would  have  to  be  shoveled  from  a  chute, 
could  be  handled  readily.  This  last  is  an  im- 
portant point,  as  it  is  almost  always  a  difficult 
matter  to  get  the  contractor  to  use  as  dry  a 
mixture  as  desired,  the  wet  mixture  being 
more  easily  handled.     On  wide  roadbeds  espe- 


cially  the  advantage  of  the  boom  and  bucket 
is  apparent.   As  a  rule  the  gang  with  the  steam 
mixer  laid  at  least  25  per  cent  more  pavement 
in  a  day  than  the  other  gang.     This  was  due 
probably  to  the  reasons  given  above  which  al- 
lowed the  concrete  to  be  handled  more  rapidly. 
The  steam  mixer  was  2  cu.  ft.  larger  than  the 
other  in  drum  capacity,  but  this  had  no  effect,     ' 
as  both  machines  used  a  two  sack  batch,  which 
they  both  handled  readily.     The  actual  work-     I 
ing  time  on  the  paving  was  55  days.     Of  this    i 
time  two  gangs  worked  26  days,  and  the  re-     | 
mainder   of  the  time   only   one   worked.     The    , 
average  work  accomplished  in  a  day  was  714 
sq.  yds.,  and  the  average  day's  work  per  ma- 
chine was  491  sq.  yds.   The  greatest  amount  of 
pavement  laid  in  one  day  was  1,538  sq.  yds.  by 
both  gangs,  818  sq.  yds.  by  one  gang,  and  720 
sq.   yds.   by   the   other.     This   is   a   very   good 
day's  work,  but  not  remarkable.     The  average 
day's  work  of  the  gang  using  the  steam  mixer 
was  557  sq.  yds.,  and  that  of  the  other  gang 
was  417  sq.  yds. 

The  materials  were  measured  by  the  conven- 
tional methods  employed  in  such  work ;  that 
is,  the  cement  was  measured  in  sacks  and  the 
aggregates  in  wheelbarrows,  the  capacities  of 
which  were  first  determined.  Quite  accurate 
results  were  obtained  by  these  methods,  the 
average  variation  from  standard  in  the 
amount  of  cement  used  in  the  25  ft.  sections 
being  about  5  per  cent.  This  variation  was  I 
probably  due  in  some  extent  to  slight  uneven-  | 
ness  in  the  subgrade.  ' 

On  a  large  part  of  the  work  the  grades  were 
very  flat  and,  in  order  to  allow  the  surface 
water  to  run  off  more  freely,  additional  pitch 
was  given  in  the  gutters,  which  varied  in 
depths  from  3  ins.  at  the  summits  to  7  ins.  at 
the  inlets.  This  means  that  between  the  sum- 
mit and  the  inlet  the  amount  of  crown  of  the 
pavement  was  constantly  changing.  This 
change  was  effected  in  the  3  ft.  of  pavement 
nearest  the  curb  on  both  sides  of  the  street, 
the  middle  part  remaining  unchanged.  Where 
it  was  necessary  to  do  this  the  steel  plates  for 
the  expansion  joints  were  secured  in  three 
pieces,  a  14  ft.  piece  (if  on  a  20  ft.  roadway) 
for  the  middle  and  a  3  ft.  piece  for  each  side. 
The  14  ft.  piece  had  the  same  crown  as  the 
middle  14  ft.  of  an  ordinary  plate,  and  the  3  ft. 
pieces  were  straight. 

In  most  concrete  paving  work  the  surface 
is  given  its  final  form  by  means  of  a  strike 
board,  or  template  reaching  from  curb  to  curb. 
On  this  work  it  was  impracticable  in  many 
places  to  use  a  strike  board  of  the  ordinary 
type  on  account  of  the  construction  described 
above  that  is  where  the  cross  section  of  the 
pavement  was  constantly  changing  in  shape. 
Therefore  a  strike  board  was  not  used  at  all, 
and  the  concrete  was  struck  off  with  a  lute  or 
float  about  8  ft.  long.  This  implement  was 
made  of  1  in.  lumber  and  was  about  4  ins. 
wide  at  one  end,  and  2%  ins.  at  the  other.  At 
the  wide  end  it  was  provided  with  hand  grips 
about  2  ft.  apart.  Two  men  each  using  one 
of  these  lutes  worked  behind  each  machine 
and  brought  the  concrete  to  surface.  Although 
very  good  results  were  obtained  by  this 
method,  it  is  not  to  be  recommended  for  the 
work  as  a  general  thing.  It  involves  too  much 
of  the  personal  equation  of  the  workmen ;  that 
is,  the  results  depend  entirely  upon  the  ability 
and  care  shown  by  the  men  who  do  the  strik- 
ing off.  It  requires  men  skilled  in  the  work, 
and  capable  of  detecting  any  slight  unevenness 
in  the  surface  by  the  eye  alone :  whereas  a 
strike  board  shows  up  the  imperfections  me- 
chanically and  can  be  operated  by  laboring 
men  of  the  lowest  class.  .After  the  concrete 
was  brought  to  its  final  surface  it  was  finished 
by  means  of  a  small  wooden  float.  This  pro- 
duced the  ordinary  "floated"  finish.  The  finish- 
ing was  done  from  a  bridge  in  order  not  to 
disturb  the  surface. 

Curing. — To  prevent  the  concrete  from  dry- 
ing out  and  hardening  too  rapidly,  it  was  sub- 
iected   to  a   curing  process   as   follows:   After 
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the  pavement  was  laid  and  had  become  so  hard 
that  the  surface  would  not  be  damaged,  it  was 
covered  with  a  layer  of  dirt  about  2  ins.  in 
thickness  which  was  kept  thoroughly  wet  for 
a  period  of  eight  days.  This  covering  re- 
mained on  the  pavement  for  a  period  of  15 
days,  during  which  time  all  traffic  was  kept 
off  the  pavement.  During  the  latter  part  of 
October  and  the  first  of  November  the  weather 
was  quite  cool  (although  not  frosty)  and  the 
covering  was  dispensed  with,  although  the 
pavement  was  sprinkled  daily  for  the  period 
of  eight  days.  A  proper  curing  process  is  re- 
j  garded  as  second  to  nothing  in  importance  in 
the  effect  it  has  of  developing  the  full  strength 
of  the  concrete. 

Costs. — No  minutely  exact  record  of  the  cost 
of  the  work  was  kept,  but  the  data  given  in 
the  following  table  is  available  and  is  very 
nearly  correct.  The  itemized  average  cost  of 
the  labor  per  square  yard  of  pavement  is 
given.'  This  is  for  the  pavement  proper,  the 
subgrade  being  already  prepared. 

Unloading  material   $0.02 

Hauling  material    0.058 

Charging   mixer    0.034 

Mixing  concrete    0.025 

Placing  concrete,  reinforcement  and  joints  0.03S 

Bringing  surface  to  final  grade 0.015 

Finisliing   surface    0.013 

Curing  pavement  0.015 

Superintendence    0.013 


Total    $0,221 

In  the  item  Mixing  Concrete  is  included 
the  cost  of  fuel,  oil,  etc.,  for  the  mixer.  All 
the  other  items  given  are  labor  only.  The  cost 
given  for  superintendence  is  for  superintend- 
ence of  construction  alone.  Of  course  there 
are  overhead  expenses  which  should  be 
charged  to  superintendence,  but  it  is  only  at- 
tempted here  to  show  the  field  costs. 

The  accompanying  diagrams  have  been 
worked  out  and  show  the  costs  of  the  work  on 
a  percentage  basis.  Figure  1  shows  the  cost 
of  the  pavement  proper,  and  Fig.  2  shows  the 
cost  complete,  including  excavation,  under- 
drainage  and  curb.  These  take  into  consider- 
ation all  costs  except  overhead  office  expense 
and  depreciation. 

The  work  was  contracted  for  and  construct- 
ed by  the  Jensen-Jensen  Company,  of  Chicago. 
Ewing  &  Allen,  of  Chicago,  were  the  en- 
gineers. 


Experience  in  Paving  by  Day  Labor  at 
Duluth,  Minn. 

Contributed  by  John  Wilson,  City  Engineer, 
Duluth,  Minn. 

In  1914  the  city  commission  of  Duluth  de- 
cided to  do  considerable  paving  by  day  labor 
instead  of  by  contract  as  was  the  former 
practice.  The  city  does  not  own  a  plant  or 
any  equipment,  and  has  no  special  organiza- 
tion for  handling  such  work,  but  in  spite  of 
these  handicaps  the  results  so  far  have  been 
satisfactory;  however,  'to  get  good  results 
under  such  conditions  requires  the  expenditure 
of  much  energy,  overtime  and  constant  vigi- 
lence  on  the  part  of  the  engineers   in  charge. 

The  most  important  undertaking  was  the 
paving  of  West  Superior  St.,  which  amounted 
to  54,367  sq.  yds.,  a  stretch  of  18  blocks.  This 
pavement  was  laid  at  a  total  cost  of  $128,- 
139.47,  which  cost  included  the  necessary  exca- 
vations, sewer  connections,  relining  of  curbs, 
etc. 

The  first  13  blocks  had  been  paved  a  few 
years  ago  with  a  2-in.  tar  macadam  surface  on 
a  6-in.  broken  stone  base.  Because  of  the 
high  annual  cost  of  maintenance  on  this  pave- 
ment, which  from  the  first  amounted  to  about 
20  per  cent  of  the  first  cost,  it  was  decided  to 
repave,  using  brick  on  a  concrete  base. 

The  surface  of  the  street  was  raised  as 
much  as  the  height  of  the  curbs  would  per- 
mit, and  in  this  way  some  of  the  old  maca<lam 
base  was  utilized.  A  double  track  car  line 
occupied  the  center  of  the  street  and  the 
street  railway  company's  franchise  requires 
them  to  pay  only  the  extra  cost  of  pavement 
due  to  the  presence  of  tlicir  tracks.  It  was 
agreed  between  the  company  and  the  city  that 
in  lieu  of  this  extra  cost  they  would  remove 
with  their  cars  the  greater  portion  of  the 
excavation,  provided  the  material  was  broken 


up  and  piled  near  the  tracks  to  permit  it  being 
hauled  during  the  night.  The  cost  of  this 
hauling  is  not  included  in  the  total  cost  of 
the  work. 

The  old  tar  macadam  surface  was  broken 
up  with  a  scarifier  and  what  could  not  be 
utilized  in  filling  depressions  on  adjoining 
earth  streets  was  removed  by  the  street  rail- 
way company. 

The  remaining  five  blocks  had  previously 
been  paved  with  cedar  blocks,  all  visible  evi- 
dence of  its  presence  having  disappeared  sev- 
eral years  ago ;  however,  upon  excavation 
much  of  the  old  plank  foundation  was  found 
to  be  in  a  fair  state  of  preservation. 

The  new  pavement  consisted  of  a  5-in.  con- 
crete base,  1%-in.  sand  cushion  and  vitrified 
paving  block  with  grout  filler,  except  6,039 
sq.  yds.  where  sandstone  was  used.  The  base 
consisted  of  1-3-6  mixture  using  gravel  for 
the  coarse  aggregate ;  the  grout  was  one  part 
cement  to  one  of  sand. 

The  cost  of  the  brick  pavement,  exclusive  of 
grading,  was  a  trifie  over  $2.06  per  square 
yard.  The  sandstone  blocks  were  of  Kettle 
River  Sandstone,  6-in.  deep  and  laid  with  a 
;%'  grout  filler.  The  cost  of  the  sandstone 
section  exclusive  of  grading  was  $2.86  per 
square  yard. 

Unit  prices  of  material  delivered  f.  o.  b. 
Duluth  were  as  follows ;  Brick  per  square 
yard  street  measurements.  $1.10;  sandstone, 
$1.65;  cement,  $1.93  per  barrel,  less  40  cts. 
for  return  of  sacks;  gravel,  $1.10  per  cubic 
yard ;  concrete  sand,  80  cts  per  cubic  yard  and 
cushion  sand  60  cts.  per  cubic  yard.  Common 
labor  was  paid  22.5  cts.  per  hour  for  a  ten- 
hour  day  and  teams  55  cts.  per  hour  for  a  ten- 
hour  day.  The  dock  and  warehouse  from 
which  most  of  the  material  was  hauled  were 
centrally  located  and  but  one  block  from  the 
work. 

.■\  decided  weakness  of  our  organization  was 
the  accounting  system  which  rendered  the  de- 
termination of  unit  costs  impossible.  As  near 
as  it  is  possible  to  ascertain  the  cost  was 
about  20  cts.  less,  per  square  yard,  than  similar 
work,  only  of  less  magnitude,  let  by  contract 
during  the   same  season. 

The  principal  reason  that  prompted  the  com- 
mission to  depart  from  the  contract  system 
was  the  general  dissatisfaction  with  the  work 
of  local  contractors  for  some  years.  It  can- 
not be  denied,  however,  that  this  condition 
was  largely  an  outgrowth  of  a  policy  of  dis- 
criminating against  outside  contractors,  which 
resulted  in  a  generally  demoralized  state  of 
affairs  among  local  contractors.  They  neither 
qualified  nor  equipped  themselves  to  properly 
construct  modern  types  of  pavement,  inasmuch 
as  each  one  felt  certain  of  landing  a  number 
of  jobs  each  season,  since  competition  was 
purely  local. 

To  my  mind  it  is  doubtful  if  the  day  labor 
system  of  making  public  improvements  will 
prove  a  great  success  in  cities  the  size  of 
Duluth  or  smaller.  The  financial  investment 
necessary  for  the  proper  equipment  necessary 
to  economically  build  the  widely  varying  types 
of  pavement  now  dem,indcd  by  property  own- 
ers is  very  great ;  skilled  foremen  and  labor- 
ers almost  impossible  to  obtain  for  the  short 
period  of  street  construction;  and  as  long  as 
the  workmen  are  selected  by  city  councils  or 
commissioners  control  of  the  work  by  the 
engineer  is  very  difficult. 

It  has  been  argued  that  by  the  day  labor 
system  the  contractor's  profits  are  retained  by 
the  property  owners,  also  that  the  cost  of  in- 
spection is  eliminated.  That  thorough  inspec- 
tion is  as  necessary  on  city  work  as  on  con- 
tract work  I  am  wholly  convinced. 

If  it  is  possible  to  arrange  to  award  con- 
tracts of  sufficient  magnitude  to  interest  com- 
petent contractors  with  complete  equipments 
and  trained  workmen,  and  give  them  a  square 
deal  regardless  of  their  place  of  residence, 
then  I  am  inclined  to  think  the  contractor's 
profits  is  money  well  spent. 

I  would  not  have  it  understood  that  I  have 
arrived  at  the  above  conclusions  as  a  result  of 
last  year's  experiences  only,  but  from  observa- 
tions during  the  past  seven  years  in  municipal 
work. 


Methods   of   Applying   Tars   for    Dust 
Prevention. 

(Staff  Abstract.) 

The  use  of  tars  for  surface  treatment  has 
been  confined  chiefly  to  macadam  roads.  Tars 
may  be  applied  either  cold  or  hot  depending 
upon  their  fluidity  or  consistency.  When 
available,  crude  water  gas  tar  has  been  used 
to  advantage  for  a  temporary  dust  preventive. 
This  is  applied  from  an  ordinary  sprinkling 
cart  at  the  rate  of  about  1/3  gal.  per  square 
yard.  For  more  lasting  results,  mixtures  of 
crude  water  gas  tar  and  crude  coal  tar  may 
be  used.  A  refined  water  gas  tar  from  which 
all  of  the  water  and  part  of  the  light  oils 
have  been  removed,  or  a  partially  refined 
coal  tar  to  which  light  oils  have  been  added 
until  sufficiently  fluid,  is  to  be  preferred  to 
the  crude  tars. 

In  the  application  of  heavier  tars  the  most 
costly  method  is  the  application  by  hand,  al- 
though with  small  jobs  this  may  yet  be  the  most 
economical  method  to  use.  A  large  number 
of  tar  spraying  machines  are  now  on  the  mar- 
ket, some  of  which  give  excellent  results.  A 
very  common  type  of  pressure  tank  consists 
of  a  steel  tank  mounted  on  wheels  equipped 
with  an  air  pressure  tank  and  a  fire  box.  The 
heated  tar  is  forced  by  the  pressure  within  the 
tank  through  a  hose  and  nozzle  by  means  of 
which  it  is  sprayed  upon  the  surface  of  the 
road. 

If  dust  and  other  fine  materials  are  pres- 
ent, the  tar  will  not  properly  grip  to  the  road 
surface,  and  owing  to  lack  of  bond,  will  soon 
peel  and  be  removed  by  traffic.  The  surface 
of  the  road  should  have  comparatively  little 
dampness  in  it  when  the  tar  is  applied.  The 
warmer  the  road  surface,  the  better  are  the 
results  secured.  Hence  the  tar  is  best  applied 
during  hot,  sunny  weather.  Therefore,  June, 
July  and  August  are  the  most  desirable  months 
for  the  application  of  tars. 

Before  applying  the  tar,  the  surface  should 
be  swept  clean  so  as  to  expose  the  larger 
stones.  Best  results  will  be  secured  when  the 
voids  are  swept  clean  of  the  filler  (stone  dust, 
sand  or  dirt)  to  a  depth  of  %  to  %  in.  Also 
better  results  will  likely  be  secured  where  a 
fairly  good  sized  stone  has  been  used  in  the 
surface  of  the  road. 

The  amount  of  tar  required  to  treat  a  road 
will  depend  upon  the  fluidity  of  the  material 
when  applied,  the  condition  of  the  road  sur- 
face, and  the  degree  of  permanency  expected. 
If  the  surface  of  a  macadam  road  made  of 
comparatively  large  stone,  say  2  to  4  ins.  in 
size,  is  swept  clean  of  its  natural  binder,  as 
described  above,  the  surface  may  be  such  that 
as  much  as  1  gal.  per  square  yard  can  be 
used  at  a  single  application  as  a  surface  treat- 
ment when  a  fairly  heavy  tar  is  used.  Tf  the 
surface  is  smooth,  1/3  gal.  per  square  yard 
may  be  as  much  as  should  be  used  at  a  single 
application.  Also  the  lighter  the  grade  of  tar. 
the  less  there  should  be  applied  at  any  one 
time.  Care  should  be  taken  not  to  apply  an 
excess  of  the  tar. 

It  is  absolutely  imperative  (except  possibly 
with  the  lighter  water  gas  tars)  that  screen- 
ings be  applied,  for  otherwise  thi  adhesion 
of  the  tar  to  the  wheels  of  vehicles,  would 
destroy  the  surface,  as  well  as  be  a  nuisance 
to  traffic.  The  amount  of  screenings  that 
should  be  applied  will  depend  upon  the  amount 
and  grade  of  tar  used.  Where  tar  is  used  at 
the  rate  of  about  %  gal.  per  square  yard  of 
surface,  a  cubic  yard  of  the  screenings  will 
cover  from  75  to  120  sq.  yds. 

vVith  the  ligliter  grade  of  tars  that  do  not 
thicken  quickly  upon  exposure  to  the  air,  it 
will  be  well  to  let  the  ruad  stand  several  hours 
after  putting  on  the  tar  before  adding  the 
screenings;  but  with  the  heavier  tars  this  will 
be  of  no  value.  In  fact  with  the  latter  grade 
of  material  it  may  be  necessary  to  add  the 
screenings  immediately,  for  they  should  be  ap- 
plied to  the  surface  before  the  tar  stiffens 
enough  to  prevent  them  from  being  absorbed 
by  it.  Quite  often  it  will  be  necessary  to 
apply  additional  screenings,  from  three  to  ten 
weeks  after  traffic  is  allowed  on  the  road, 
depending  upon  the  amount  of  traffic  and  the 
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air  temperature  during  that  time.  Tar  ap- 
plied to  the  road  surface  in  the  fall  (which 
is  not  the  best  practice)  and  after  being 
used  all  winter,  will  frequently  have  to  be 
coated  with  screenings  the  following  spring 
during  hot  weather  to  prevent  it  from  stick- 
ing to  the  wheels  of  vehicles.  It  is  very 
essential,  for  the  preservation  of  the  road, 
tnat  these  screenings  be  applied  when  the  sur- 
face will  absorb  them.  When  an  excess  of  tar 
has  been  used,  the  tar  will  continue  to  ab- 
sorb screenings  for  a  couple  of  years,  and 
when  such  is  the  case  the  screenings  should 
be  applied. 

The  grade  and  quality  of  the  tar  will  very 
largely  determine  its  cost.  This  will  vary 
from  4  cts.  per  gallon  for  the  lighter  water 
gas  tars  to  9  cts.  per  gallon  for  the  heavier 
refined  coal  tars.  f.  o.  b.  cars  at  the  plant. 
To  this  must  be  added  the  cost  of  freight  and 
the  cost  of  application.  The  cost  of  applica- 
tion will  depend  upon  the  amount  to  be  applied 
and  the  method  used.  It  will  vary  from  Vz  to 
3  cts.  per  gallon. 

The  above  data  are  condensed  from  a 
report  on  Dust  Prevention  by  the  Ohio  High- 
way Department,  Columbus,  O. 


carefully  set.     The  cost  of  each  fence  is  item- 
ized  under  the  drawing  of  that   fence. 


Costs  of  Three  Types  of  Board  Fences. 

(Stafif   Article.) 

The  illustrations,  Figs.  1  to  3,  show  three 
types  of  board  fences  built  under  the  super- 
vision of  John  H.  Gardinier  of  Lake  Charles, 
La.  Fairly  close  cost  records  were  kept  ex- 
cepting for  gates,  the  labor  cost  for  which  was 
included  in  the  placing  of  boards.  In  the 
corral  fence  there  were  two  8-ft.  gates  and 
in  the  town  fence  two  12-ft.  and  two  8-ft. 
and  one  4-ft.  gates. 

The  holes  for  the  posts  were  dug  with  a  6- 
in.   post  hole   digger,   the   ground   was   moist 
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Fig.    1.     Corral    Fence. 


360  posts,  4-in.  x  6-in.  x  8-ft.,  5.760  ft.  B 
M.  at  $14.75 

Lumber,  1-in.  x  6-in.  x  14-ft.  plank,  6,300 
ft.  B.  M.  at  $15.50 

160  lbs.  nails  at  $2.20 

labor  setting  posts    

Labor  placing   boards 

Two  per  cent  use  of  tools  on  labor... 

Distributing  material    


$  S4.96 

97.65 

3.52 

54.00 

50.54 

2.09 

8.50 


Total  cost    .$301.26 

Cost  per  lineal  foot,  labor $0.04148 

Cost  per  lineal  foot,  material 07806 


Total  cost  per  lineal  foot $0.11954 

Posts  set  by  contract  at  15c  each. 
Boards    placed    by    dav    labor;     One    man,    at 
$2.50;  2  men  at  $2.00  each. 


and  would  have  been  fairly  easy  digging  if  it 
had  not  been  for  the  numerous  small  roots 
encountered  for  the  first  foot  under  the  sur- 
face, as  these  fences  were  built  in  the  pine 
woods.  The  posts  for  the  corral  fence  were 
set  by  contract  at  15  cts.  apiece,  costing  the 
same  as  for  the  town  fence  by  day  labor.  But 
the  three  men  by  contract  made  $3  a  day.  The 
only  difference  in  price  of  having  the  posts 
set  by  contract  and  day  labor  was  that  the 
posts  set  by  the  day  men  were  a  little  more 


Fig.   2.     Town    Fence. 

570  posts,  4-in.  x  6-in.  x  S-ft.,  9,120  ft.  B. 

M.    at    $14.75 $134.52 

Lumber,  1-in.  x  6-in.  x  14-ft.,  11,466  ft.  B. 

M.  at  $15.50 177.72 

248  lbs.  nails  at  $2.20 5.46 

Labor    setting    posts 85.50 

Labor    placing    boards 119.81 

Distributing  material  31.50 

Use  of  tools   4.11 


Total  cost    $558.62 

Posts   set    by   da.v   labor;     One    man.    at   $2.50; 

2  men,  at  $1.75  each. 

Boards    placed    bv    dav    labor;      One    man,    at 

$2.50;   2  men,  at  $2.00  each. 

Cost  per  lin.   ft.  for  labor $0.05371 

Cost  per  lin.   it.   for  material 09244 

Total  cost  per  lin.  ft $0.14615 

Cost  setting  posts,  15c  each. 


Method   of   Estimating  the   Cost  of  a 
Concrete  Road. 

(Staff   Abstract.) 

The  question,  "What  is  the  cost  per  square 
yard  or  per  mile  of  concrete  road?"  is  as  easily 
answered  as  "What  is  the  cost  of  a  house?" 
One  is  as  definite  as  the  other,  for  there  are 
almost  as  many  kinds  of  concrete  roads  as 
there  are  houses,  and  for  each  kind  there  is  a 
different  answer.  Even  after  the  quality  and 
thickness  of  concrete  to  be  built  has  been  de- 
termined, there  are  naturally  many  local  con- 
ditions that  will  have  a  marked  bearing  on 
the  results ;  such  as  lengths  and  kind  of  roads 
available  to  haul  material  over,  facilities  for 
unloading  and  hauling  aggregates  and  cement ; 
amount  of  labor  available ;  the  necessity  of 
camps ;  the  distance  and  elevation  that  water 
must  be  carried  and  also  its  source;  the  avail- 
ability of  suitable  aggregates,  whether  they 
must  be  washed,  or  crushed  or  shipped  by  rail ; 
the  weather  conditions  that  are  liable  to  e.xist. 
Any  or  several  of  these  conditions  may  have  a 
marked  effect  on  the  cost  of  construction. 
Given  answers  to  these  questions  or  conditions, 
the  problem  of  figuring  the  cost  becomes  much 
simplified. 

Assuming  the  standard  Wisconsin  State 
Specifications,  which  call  for  a  1 :2 :3%  mix, 
and  assuming  a  pavement  with  an  average 
thickness  of  7  ins.,  we  will  attempt  to  show 
how  we  arrive  at  our  estimates  of  costs.  Some 
of  the  statements  may  seem  like  the  A.  B.  C. 
of  engineering,  but  will,  perhaps,  be  of  as- 
sistance to  laymen. 

With  an  average  thickness  of  7  ins.  we  al- 
low only  5  sq.  yds.  per  cubic  yard  of  concrete, 
allowing  the  extra  inch  as  a  factor  of  safety. 

With  a  1  ;'2  :3%  mix  we  know  we  need  ap- 
pro-ximately  %  cu.  yd.  of  sand  and  about  0.84 
cu.  yd.  of  aggregate,  or  a  total  in  all  of  about 
1%  cu.  yds.  of  material  for  a  cubic  yard  of 
concrete.  No  suitable  material  is  available 
without  shipping  in  by  rail  and  we  find  that 
washed  sand  and  gravel  can  be  laid  down  at 
almost  any  siding  in  the  county  for  $1  per 
cubic  yard  of  sand  or  gravel,  the  sand  to  weigh 
3.000  lbs.  per  cubic  yard  and  the  aggregate  a 
little  less,  depending  upon  the  idea  of  the 
dealer. 

This  brings  our  sand  and  gravel  for  a  cubic 
yard  of  concrete  to  about  $1.33  or  about  27  cts. 
per  square  yard  of  road. 

The  next  problem  encountered  is  unloading 


this  material  on  to  the  hauling  vehicle.  In  our 
case,  nearly  all  has  been  done  by  hand.  Al- 
lowing for  lost  time  due  to  rain,  switching  of 
cars  and  waiting  for  teams,  and  figuring  labor 
at  from  $2.26  to  $2.50  per  day  of  ten  hours,  we 
have  a  cost  of  5  cts.  per  square  yard  for  un- 
loading. This  may  be  reduced  a  little,  but  we 
have  found  it  safer  to  not  expect  too  much 
from  shovelers,  especially  in  hot  weather. 

The  next  item  is  the  most  variable  of  any, 
perhaps,  in  the  entire  cost,  that  of  hauling. 
The  length  of  haul,  the  method  of  hauling,  and 
the  kind  of  roads  to  haul  over,  all  have  a 
marked  bearing  on  the  result;  here  also  pos- 
sible weather  conditions  must  be  taken  into 
account,  for  after  a  rain  the  size  of  load  and 
number  of  trips  must  be  materially  reduced. 
Where  steep  grades  are  encountered,  extra 
teams  must  be  figured  upon.  Assuming  an 
average  haul  of  2%  miles,  a  team  would  aver- 
age about  3%  trips  per  day  under  our  condi- 
tions or  about  17  miles  per  ten-hour  day  during 
the  various  kinds  of  weather.  At  $6  per  day. 
which  we  often  are  forced  to  pay,  and  assum- 
ing an  average  of  1%  cu.  yds.  per  load,  we 
arrive  at  a  cost  of  $1.35  per  cubic  yard  of 
concrete  or  27  cts.  per  square  yard  of  pave- 
ment. 

The  mixing  and  placing,  under  which  we  in- 
clude all  labor  connected  with  the  job,  such 
as  watchmen,  pumpmen,  smoothing  grade,  etc., 
will  with  our  labor  conditions  and  allowing  fpr 
lost  time  and  overhead  expenses  come  to  about 
$1  per  cubic  yard  or  20  cts.  per  square  yard. 

In  case  steel  joints  are  placed,  these  will 
come  to  about  2y2  cts.  for  the  steel  and  1% 
cts.  for  the  felt,  when  placed  50  ft.  apart  and 
%  in.  in  thickness  of  felt. 

The  cost  of  furnishing  water  is  rather  un- 
certain, for  the  amount  of  pipe  necessary  may 
vary  from  one  to  three  or  even  more  miles  per 
job.  Assuming  two  miles  of  pipe  at  a  rental 
of  2  cts.  per  foot  for  use  in  placing  a  road  one 
mile  long,  we  have  a  water  cost  of  about  2  cts. 
per  square  yard. 


■7-0 


Fig.    3.     Parl<    Fence. 

173  posts,  4-in.  x  4-in.  x  5-tt..  1,153  ft.  B. 

M.    at   $15.25 $17.58 

Lumber,    1-in.    x    4-in.,    809    tt.    B.    M.    at 

$15.00    12.13 

Nails.  30  lbs 66 

Labor  setting  posts  and  placing  boards...  40.00 

Distributing   material    2.50 

Use  of  tools  on  labor SO 


Total  cost    $73.67 

Labor:     One   man,   at   $2.50;    2    men,    at   $1.75 
each. 

Labor  cost  per  lin.  ft $0.03252 

Material  cost  per  lin.  ft 02737 


Total  cost    $0.05989 

For  carrying  liability  insurance,  a  contractor 
must  add  about  1%  cts.  in  our  state. 

The  depreciation  on  machinery  we  have 
found  to  be  about  1%  cts.  per  square  yard. 

Trimming  up  the  shoulders  will  require  an 
additional  expenditure  of  about  1  ct. 

The  items  as  enumerated  bring  us  to  a  total 
of  87%  cts.,  to  which  we  add  a  reasonable 
profit  when  figuring  what  a  contractor  should 
bid. 

Since  we  furnish  cement  in  all  cases,  we  add 
our  cement  cost  only  after  the  profit  percent- 
age has  been  included.  With  cement  at  $1.14 
per  barrel  on  cars  and  20  cts.  per  barrel  for 
cartage,  we  arrive  at  a  cost  of  about  $2.25  per 
cubic  yard  of  concrete  for  cement  or  45  cts. 
per  square  yard. 

This  gives  us  a  total  of  $1.32  without  a  con- 
tractor's  profit,   under  the  conditions   we  met 
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in  1913.  Work  done  in  1P13  by  force  account 
varied  from  $1.30  to  $1.61,  and  that  done  by 
contract  varied  from  $1.24  to  $1.72,  the  varia- 
tions depending  entirely  upon  the  local  condi- 
tions. 

In  1914,  with  cement  slightly  higher  but  with 
labor  and  teams  considerably  cheaper,  but 
other  conditions  about  as  1913,  the  costs  in  Mil- 
waukee County  varied  from  $1.10  to  $1.45. 

An  engineer  should  thus  be  able  to  compute 
the  cost  of  the  various  items  in  his  community 
and  separate  the  labor  and  material  into  fairlv 
definite  per  cents  for  each  job.  He  will  find 
that  cement  will  vary  the  least,  while  hauling 
labor  will  vary  the  most. 

These  facts  are_  extracted  from  the  report 
of  the  County  Highway  Commisisoner,  Mil- 
waukee County,  Wisconsin,  H.  J.  Kuelling, 
Milwaukee,  Wis.  Articles  by  Mr.  Kuelling  on 
concrete  road  construction  methods  and  costs 
were  published  in  our  issues  o£  May  13  and 
June  10,  1914. 


Table  for  Making  Assessments  for  Pav- 
ing. 

Contributed  by  D.   B.  Davis,   Civil  Engineer, 
Richmond,  Ind. 

The  legislature  has  given  the  Board  of 
Works  in  Indiana  the  privilege  of  assessing 
back  1.50  ft.  from  the  line  of  the  improve- 
ment on  street  work.  This  opportunity  some 
boards  have  taken  advantage  of,  but  the  prac- 
tice oftentimes  involves  some  complicated 
problems  in  order  to  arrive  at  a  fair  and 
proper  assessment  for  lots  which  are  of  dif- 
ferent size  and  are  varying  distances  from 
the  improvement,  since  it  is  essential  that 
about  the  same  per  cents  be  attained  for  simi- 
lar cases  in  order  to  keep  peace  with  the 
property    owners.      To    arrive    at    these    same 


per  cents  in  all  cases  is  almost  an  impossibil- 
ity without  some  formula  by  which  to  treat 
each  case  alike. 

Table  I  was  worked  out  by  the  writer  when 
he  was  assistant  city  engineer  of  Richmond, 
Ind.,  and  has  proven  of  great  value  in  ascer- 
taining the  assessments  on  properties  lying 
at  different  distances  from  the  improvement. 
When  the  per  cents  in  the  table  are  platted  a 
curve  is  obtained  which  resembles  a  parabalo, 
but  is  arranged  in  such  a  manner  that  there 
is  no  direct  ratio  between  any  2  ft.  of  dis- 
tance. 

This  table  can  easily  be  applied  when  the 
lots  are  tapering,  the  average  length  of  the 
two  unequal  sides  being  used  for  the  distance 
back    from   the   improvement.     Take,    for  ex- 


ample, three  lots,  the  one  next  the  street  40 
ft.  wide,  the  next  one  60  ft.  wide  and  the 
other  50  ft.  wide,  to  find  the  per  cent  of  assess- 
ment for  each  lot.  In  the  table  to  get  the 
assessment  for  a  lot  you  subtract  the  per 
cents  of  the  near  and  far  side  of  the  lot;  so 
from  the  table  opposite  40  in  column  marked 
"depth  in  feet"  we  get  61.25  per  cent,  which 
is  for  the  first  lot,  and  opposite  100  we  get 
93.00,  which  with  61.25  subtracted,  makes  31.75 
per  cent  for  the  second  lot ;  while  for  the  last 
we  subtract  93.00  from  100  and  get  7  per  cent 
for   the  last   lot. 

This  table  has  proven  to  be  a  quick  and 
satisfactory  way  of  arriving  at  the  proper 
amount  to  assess  when  the  distance  of  150  ft. 
extends  over  more  than  one  lot. 


TABIiE    I. 

For   Determining    Per  Cent    of 

Deptli     Per  Depth     Per  Depth 

in  feet.  cent,  in  feet.  cent,  in  feet. 

n n.OC  22 3S.73  44 

1 2.01         23 40.20         45 

2 4.00  24.... 41.65         46 

3 5.97  25. ...43.07  47.... 

4 7.91         26 44.47         48 

5 9.83         27 45.84         49 

6 11.72         28 47.18         50 

7 13.58         29 48. .10         51 

S 15.42         30 49.80         52 

9.... 17. 24         31 51.07  53.... 

10.... 19.05  32.... 52.31  54.... 

11 20.82         33 53.52         55 

12 22.58         34 54.70         56 

13 24.30         35 55.86         57 

14 26.00         36 56.99  58 

15 27.68  37 58.10         59 

16 29.33         38 59.18         60 

17.... 30. 96         39 60.23  61.... 

18 32.56         40 61.25         62 

19 34.15         41 62.25         63 

20 35.70         42 63.22         64 

21 37.23         43 64.16  65 

The  difference  between  the  pe 
assessment  for  that  lot.     Compiled 


-STREET  IMPROVEMENT  TABLE. 

Assessments    for   Properties   Lying   Within    liO   Feet  of   the 
Improvement. 


Per 
cent. 
65.07 
65.96 
66.82 
67.66 
68.47 
69.25 
70.00 
70.63 
71.25 
71.86 
72.47 
73.07 
73.66 
74.25 
74.84 
75.43 
76.00 
76.57 
77.14 
77.71 
78.26 
78.82 
cents  of 


Depth     Per 
in  feet.  cent. 

66 79.37 

67 79.91 

6S .80.45 


Depth 
in  feet. 


69. 

70.. 

71.. 

72., 

73.. 

74.. 


.80.99 
.81.52 
.82.04 
..82.56 
.83.07 
.83.57 
.  .54.07 
,.84.56 
,.85.04 
,.85.52 
..85.98 
..86.44 
.86.89 
.87.33 


88 

89 

90. 

31. 

92. 

93. 

94. 

95. 

'.'6. 

97. 


Per 
cent. 


99. 
100. 
101. 
102. 
in.T. 
101. 
10." . 
lOT. 
107. 
lOS. 
109. 


,89.69 
..90.04 
.  .90.38 
.  .90.68 
..90.97 
,..91.25 
,..91.53 
..91.79 
..92.05 
,..92.30 
..92.54 
.  .92.78 
, ..93,00 
,.  .93,19 
. . .93.38 
,..93.^6 
, .  .93.74 
...93.93 
,..94.10 
,..34.28 
-.94.47 
.94.63 


Depth 
in  feet. 

110... 

111... 

112... 

113... 

114. 


Per 

cent. 
94.80 
94.97 
95.14 
95.30 
95.46 


115.... 95.63 


79 
SO 
81 
82 

83 87  75 

84..    .88.17 

85 88.57 

S6 88.95 

87 89.33 

the    near   and   far   side   of   the   lot   is 


116. 

117.. 

118.  . 

119.. 

120.. 

121.. 

122.. 

123 .  . 

124., 

125., 

126., 

12 


95.78 
95.94 
96.10 
96.25 
96.40 
96.55 
96.70 
,96.84 
,96.98 
97.13 
97.26 
..97.40 


Depth 
in  feet, 

132... 

133 

134 

135 

136 

137 

138 

139 

140 

141 

142 

143 

144 

145 

146 

14 


Per 
cent. 
..98.06 
..98.18 
..98.30 
.  .98.43 
..98.54 
..98.66 
..98.78 
..98.89 
..99.00 
..99.11 
..99.22 
..99.32 
..99.42 
..99.53 
..99.62 
99.72 


128 97.54 

:?9 97.67 

]?0 97.80 

131 97.93 


148 99.82 

149 99.91 

150... 100.00 


by  the  City  Civil  Eng^ineering  Department,  Jan. 


the   per 
20.  1912. 


cent  of 


WATER  WOlRi 


Method   of   Assessing    Cost   of   Water 
Main   Extensions  by   the   Munici- 
pally Owned  Water  Works  of 
Duluth,  Minn. 

(Stafif  Abstract.) 

Few  subjects  are  of  more  general  interest 
to  the  officials  of  water  departments  than  the 
methods  employed  by  various  municipalities  in 
the  assessing  of  costs  of  water  main  extension. 
The  procedure  at  Duluth,  Minn.,  is  here  de- 
scribed. The  method  is  simple  and  rational 
and  is  easily  applied. 

An  improvement  of  any  kind  which  is 
largely  local  in  nature,  that  is,  which  from 
the  nature  of  its  construction  is  largely  an 
accommodation  to  the  abutting  property  only, 
is  found  in  lateral  sewers  and  water  mains  of 
minimum  capacities  supplying  or  serving  local 
properties  only,  and  which  do  not  provide 
capacities  in  excess  of  local  requirements,  and 
which  are  not  indispensable  for  serving  more 
distant  territory. 

A  city  owned  utility  usually  has  the  power 
to  assess  certain  benefits,  whether  the  party 
interested  chooses  to  be  a  consumer  or  not. 
Applying  this  fact  to  sewers  and  water  mains 
the  proper  method  would  be  to  assess  the  costs 
of  construction,  or  in  other  words  the  capital 
investment,  against  the  property  that  it  is 
possible  to  serve.  The  costs  of  operation,  how- 
ever, should  be  levied  against  the  parties  pur- 
chasing the  output  or  using  the  service. 

In  the  case  of  a  municipal  water  supply, 
these  matters  seem  to  be  much  easier  of  solu- 
tion and  it  seems  quite  practicable  to  assess 
costs  of  construction  directly  upon  the  prop- 
erty susceptible  of  being  served,  and  to  assess 
the  operating  costs  directly  upon  the  customers 
or  patrons  of  the  utility,  in  proportion  to  the 
quantity  of  water  consumed.  This  condition, 
it  must  be  observed,  is  not  met  entirely  by  a 
rate  charged  upon  a  demand  and  output  basis 
such  as  is  in  effect  in  New  Orleans,  for  the 
reason  that  the  demand  charge  docs  not  extend 
to  vacant  property. 


To  those  who  believe  that  vacant  property 
should  not  escape  taxation  for  any  improve- 
ment that  directly  enhances  its  value,  this 
fact  will  appeal.  It  would  also  seem  to  be  a 
fair  check  or  restraint  upon  interests  that  in- ' 
vest  in  idle  property  with  a  view  of  gain  which 
results  largely  from  the  activities  of  others 
and  in  which  its  existence  directly  increases 
the  cost  of  every  utility  that  passes  the  prem- 
ises. 

It  is  assumed  that  a  municipal  water  plant 
should  be  self-sustaining  in  every  sense  of  the 
word.  It  should  neither  give  or  receive  any 
benefit  or  consideration  of  any  kind  from  the 
taxpayer,  the  city  or  the  individual. 

A  water  main  in  which  the  size  is  in  excess 
of  the  minimum  may  be  classified  as  serving 
two  purposes,  the  service  to  the  property  di- 
rectly abutting  and  the  service  to  properties 
located  more  distantly  from  the  source  of  sup- 
ply. In  the  first  instance,  for  the  purpose  of 
this  discussion,  a  6-in.  service  may  be  consid- 
ered as  sufficient,  and  for  all  sizes  in  excess  of 
6  ins.,  for  the  additional  service  to  those  more 
distant.  Assessments  against  abutting  prop- 
erty for  the  6-in.  main  are  easily  applied.  For 
costs  of  main  in  excess  of  this  size  the  only 
practicable  way  appears  to  consider  the  addi- 
tional cost  as  a  part  of  the  general  distribution 
system,  the  expense  of  which  has  to  be  ab- 
sorlied  by  the  utility  and  include<l  in  the  con- 
sumer's rates  chargeable  as  operating  costs. 
The  direct  assessment  to  the  abutting  prop- 
erty for  the  6-in  main  (this  size  being  used 
as  a  matter  of  convenience),  may  be  assessed 
against  the  abutting  property  by  means  of 
either  of  two  methods.  First,  in  the  total,  on  the 
completion  of  the  work,  which  is  paid  by  one 
assessment.  Second,  the  principal  being  fur- 
nished from  the  funds  of  the  utility  a  percent- 
age may  be  assessed  anniially  against  the  prop- 
erty to  cover  interest  and  sinking  fund  upon 
the  investment.  After  a  term  of  years  the  per- 
centage assessment  will  have  returned  enough 
money  to  the  utility  to  cover  the  principal  as 
well  as  interest  upon  the  investment.  Ordi- 
narily the  vacant  property  thus  assessed  should 


continue  to  pay  the  assessment  for  the  full 
term  of  years  necessary  to  wipe  out  the  orig- 
inal costs.  Improved  property,  using  water 
and  paying  for  it  upon  meter  rates  would  be 
entitled  to  some  credit  or  rebate  on  account 
of  these  rates,  especially  if  the  rates  are  based 
upon  capital  investment  expense  as  well  as 
operating  costs  upon  the  entire  plant.  As- 
suming for  the  purpose  of  illustration  that 
one-half  of  the  water  rates  are  to  cover  inter- 
est and  sinking  fund  expense,  and  that  the 
balance  is  to  cover  operating  costs,  including 
depreciation,  it  will  be  found  necessary  to 
credit  one-half  of  the  customer's  water  rates 
against  his  assessment.  This  credit  will  ordi- 
narily retire  the  annual  percentage  assessment 
upon  improved  property,  unless  the  cost  of 
constructing  the  extension  was  large  and  the 
consumers  consumption  was  low.  If  his  con- 
sumption is  considerably  more  than  necessary 
to  wipe  out  his  individual  assessment,  the  sur- 
plus, of  course,  should  be  applied  pro  rata  to 
lessen  the  tax  upon  the  vacant  property.  It  is 
quite  possible  for  the  consumption  on  an  ex- 
tension to  increase  to  such  an  extent  that  the 
overplus  of  credits  will  be  sufficient  to  retire 
all  the  assessment  against  the  vacant  property 
upon  that  particular  extension,  in  which  case, 
having  reached  that  point,  all  assessments 
should  be  discontinued,  as  the  customers  are 
carrying  the  entire  expense  of  the  extension, 
including  capital  investment  as  well  as  oper- 
ating costs.  This  even  may  be  accomplished 
at  the  end  of  one  year  or  two  years  or  possi- 
bly ten  or  fifteen  years,  depending  upon  the 
rate  of  the  percentage  assessment  against  the 
property,  the  interest  and  sinking  fund  factor 
in  the  rates  charged  for  the  water,  and  the 
amount  of  the  consumption  upon  the  exten- 
sion. 

It  is  also  quite  possible  an  extension  may  be 
made  where  there  is  no  consumption  for  the 
first  year.  In  this  case  all  the  property  pays 
the  percentage  assessment  with  no  credits  and 
the  utility  receives  the  exact  amount  necessary 
to  pay  interest  and  sinking  fund  charges. 

The  method  employed  at  Duluth,"  Minn.,  in 
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which  a  gas  utility  is  also  operated  in  connec- 
tion with  the  water  system,  the  pipes  being 
laid  in  the  same  trench,  has  been  to  assess 
annually  against  the  abutting  property  8  per 
cent  of  the  total  cost  of  each  e.xtension  as  rep- 
resented by  a  4-in.  gas  and  a  6-in.  water  main, 
it  having  been  established  that  sizes  in  excess 
of  these  dimensions  would  be  more  or  less  of 
a  general  benefit  to  all  customers  and  property 
and  for  the  strengthening  of  the  system  to 
benefit  other  customers  outside  of  those  served 
by  that  particular  e.xtension.  The  proportion 
of  charges  against  the  abutting  property  has 
been  based  upon  5  per  cent  for  interest  and 
3  per  cent  for  sinking  fund  assessed  annually 
for  a  period  of  fifteen  years,  3  per  cent  contri- 
bution to  a  -t  per  cent  sinking  fund,  however, 
will  not  retire  the  principal  short  of  22  years, 
but  for  various  reasons  it  has  been  considered 
advisable  to  limit  the  duration  of  annual  as- 
sessments to  a  fifteen-year  term.  A  special 
discount  of  2-5  per  cent  is  allowed  to  those 
paying  the  total  amount  in  one  payment.  These 
assessments  are  made  according  to  the  front- 
age of  the  lot,  without  reference  to  its  depth. 
However,  the  frontage  of  the  lot  is  not  con- 
sidered necessarily  as  being  the  side  abutting 
the  street  upon  which  the  extension  is  made. 
It  may  lie  parallel  to  the  mains  and  front  on 
another  street.  It  is  assessed  the  same  as 
other  lots  of  the  samt  frontage  dimension. 
Subsequently  if  mains  are  laid  in  front  of  the 
short  side  no  assessment  is  made  therefor  on 
this  particular  lot,  which  can,  of  course,  re- 
ceive no  benefit  from  a  second  extension. 
Against  this  assessment  is  credited  one-half 
of  the  water  and  one-third  of  the  gas  rates 
paid  by  the  occupant  of  the  premises,  it  being 
estimated  that  these  proportions  are  necessary 
factors  in  a  rate  that  will  yield  the  proper 
amount  of  revenues  for  maintaining  and  oper- 
ating the  plant. 

The  principles  and  results  involved  in  the 
methods  as  outlined  above  seem  to  be  as 
follows : 

1.  All  charges  whether  of  installation  or  of 
operation  against  property  or  a  customer  are 
based  upon  actual  cost. 

2.  Costs  of  distributing  systems  are  ordi- 
narily borne  by  abutting  property  except  when 
the  consumption  is  sufficiently  large  to  assume 
the  whole  or  part  of  this  expense  when  the 
charge  is  gradually  transferred  to  the  cus- 
tomer. 

3  The  customer  bears  operating  costs  and 
such  installation  charges  as  cover  reservoirs, 
pumping  machinery,  stations,  intakes  and  the 
larger  distributing  mains. 

4.  As  the  municipal  plant  increases  in  size 
and  in  the  amount  of  its  revenues,  its  percentage 
of  indebtedness  will  gradually  decrease,  the 
proportion  of  interest  and  sinking  fund  in  the 
rates  charged  for  water,  will  decrease  until 
eventually,  when  no  indebtedness  exists,  this 
factor  will  become  zero  and  there  will  be  no 
credits  against  the  assessments.  They  will 
have  to  be  met  in  full  cash  payments  or  the 
consumer  may  discount  the  entire  amoimt  of 
his  individual  assessment  by  paying  cash,  tak- 
ing advantage  of  the  25  per  cent  discount. 

5.  The  percentage  plan  enables  the  small 
property  owner  who  is  a  consumer  to  obtain 
extensions  on  very  easy  terms,  with  practically 
no  additional  expense  over  and  above  the 
regular  water  rates. 

6-  It  seems  to  be  a  practicable  way  for  real 
estate  owners  to  secure  extensions  of  gas  and 
water  service  in  newly  platted  additions  with- 
out throwing  any  of  the  burden  upon  the  util- 
ity or  its  customers. 

7.  It  furnishes  a  profitable  investment  at  8 
per  cent  net  for  the  sinking  fund  of  the  depart- 
ment until  the  time  arrives  when  it  will  be 
needed  to  retire  bonds,  at  which  time,  if  the 
money  or  any  portion  of  it  cannot  be  with- 
drawn, refunding  bonds  or  new  bonds  in 
whole  or  in  part  may  be  issued.  Eventually 
if  the  rates  for  service  have  been  correctly 
established,  the  time  will  be  reached  when  its 
entire  indebtedness  will  be  retired.  This  will 
be  true  if  depreciation  and  maintenance  has 
been  provided  for  in  the  operating  expenses 
as  well  as  interest  and  sinking  fund  on  the 
indebtedness. 
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The  Manufacture  of  Alum  at  the  Co- 
lumbus Water  Softening  and 
Purification  Works. 

(Staff  Abstract.) 
The  process  now  in  general  use  for  coagu- 
lating water  consists  of  an  application  of  a 
solution  of  aluminum  sulphate,  prepared  by 
dissolving  in  water  alum  in  crystal  form.  By  a 
new  process  recently  perfected  at  Columbus, 
Ohio,  and  here  described,  the  syrup  of  alum  is 
fed  direct  from  the  alum  boiler,  through  the 
dilution  tanks,  to  the  water.  This  Columbus 
syrup-of-alum  plant  was  placed  in  operation 
in  January  of  this  year,  and  has  been  an 
economic  and  scientific  success.  The  requisite 
installation  cost  $12,000  and  the  annual  saving 
to  the  city  has  been  estimated,  conservatively, 
at  $6,000.  Between  800  and  1,000  tons  of  alum 
will  be  made  at  Columbus  this  year  at  an  ap- 
proximate cost  of  $10.50  per  ton.  This  develop- 
ment marks  a  distinct  forward  step  in  water 
filtration. 

C0MP.\RIS0N  OF  OLD  AND  NEW  PROCESSES. 

To  show  the  advantage  of  the  new  process, 
as  used  in  Columbus,  and  to  point  out  the 
advantage  of  making  alum  at  the  point  where 
if  is  to  be  used,  a  brief  e.xplanation  of  the  old 
process  of  making  alum  for  water  purification 
purposes  is  appended. 

Lump  alum  is  combination  of  bauxite  (a 
clay  containing  from  58  to  60  per  cent  alumina, 
the  aluminum  being  present  as  AUOsH,)  with 
sulphuric  acid.  By  mi.xing  the  two  in  lead- 
lined  tanks  and  boiling  for  a  period  of  from 
six  to  eight  hours,  the  first  step  in  making  the 
alum  is  taken.  The  following  reaction  takes 
place : 

AhO=H,  +  3  U,SO,  =  AUSO,)z  +  5  H.O. 

The  resultant  solution  is  a  mixture  of  alum- 
inum sulphate  and  silica,  and  must  be  filtered 
to  obtain  the  clear  aluminum  solution.  The 
filtering  process  is  perhaps  the  most  costly, 
tedious,  and  annoying  step  in  the  whole  pro- 
cedure of  alum  making,  because  the  finely  di- 
vided particles  of  silica  present  in  crude  sul- 
phate solution  quickly  clog  the  pores  of  the 
filtering  medium  to  such  an  extent  that  it  is 
often  necessary  to  force  the  material  through 
the  presses  under  considerable  pressure.  After 
being  filtered  the  alum  solution  is  boiled  to 
expel  the  excess  water.  The  expense  of  con- 
centrating the  syrup  must  be  taken  into  con- 
sideration, because  the  density  is  increased 
from  between  25  and  30°  Be.  to  a  density  of 
between  58  and  60°  Be.  The  solution  is  then 
discharged  into  trays,  and  on  cooling  crystal- 
lizes to  the  alum  cake.  Then  crushed  or  pulver- 
ized cake  is  shipped  either  in  bulk,  in  barrels 
or  in  sacks. 

In  the  new  process  bauxite  and  sulphuric 
acid  are  boiled  in  lead-lined  tanks  until  a  basic 
solution  of  aluminum  sulphate  is  obtained.  The 
solution  is  then  diluted  with  water  (usually 
enough  water  is  added  to  make  500  gal.  of  the 
solution,  equivalent  to  1  ton  of  17  per  cent 
AI.O3  alum),  and  measured  as  needed  into 
alum  solution  tanks,  where  it  is  diluted  with 
sufficient  water  to  make  a  standard  solution, 
which  is  then  applied  to  the  water  under 
treatment.  By  this  process  five  distinct  steps 
in  alum  making  are  eliminated — filtering,  con- 
centrating, crystallizing,  grinding,  and  redis- 
solving. 

The  plant  comprises  two  lead-lined  boiling 
tanks,  two  alum-measuring  tanks,  one  acid- 
measuring  tank,  one  sludge  tank,  one  storage 
tank  for  sulphuric  acid,  one  crusher  and  one 
pulverizer  for  the  bauxite,  conveying,  elevating 
and  transmission  machinery,  bauxite  storage 
bins  and  weighing  device,  piping,  valves  and 
fittings.  This  plant,  some  features  of  which 
have  been  made  the  basis  of  patent  application, 
has  been  in  continuous  operation  since  the  mid- 
dle of  January.   The  plant  was  finished  and  the 


first  alum  made  Dec.  25,  1914,  but  experiments 
had  been  carried  on  for  two  years. 

The  crude  alum  solution  containing  silica  or 
other  inert  material  from  the  bauxite,  probably 
better  defined  as  chemical  mud,  is  applied  to 
the  water  under  treatment,  the  chemical  mud 
mi.xes  with  the  suspended  particles  present  in 
the  water  and  finally  becomes  entrained  or 
coagulated  by  the  precipitated  aluminum  hy- 
drate and  settles  out  in  the  settling  basins. 
The  crude  solution,  containing  the  chemical 
mud  in  suspension  until  the  metallic  sulphate 
has  been  converted  into  hydroxide,  has  a  func- 
tion not  possessed  by  alum  solution  prepared 
by  the  old  process,  namely,  forming  a  matrix 
or  nucleus  for  starting  the  coagulation.  This 
feature  produces  not  only  more  efficient  results 
with  less  coagulant,  but  also  affords  the  process 
universal  applicability  irrespective  of  any  lack 
of  natural  turbidity. 

SOURCES    OF    BAUXITE. 

At  present  the  known  workable  deposits  of 
bauxite  are  limited  to  a  few  localities.  Its 
occurrence  in  the  United  States  is  in  Georgia, 
Alabama,  Arkansas  and  New  Mexico.  The 
mining  of  bauxite  in  the  southern  states  has 
shown  a  great  growth  during  the  last  few 
years,  the  annual  production  passing  the  150,- 
000  long  ton  mark  in  1911. 

As  a  rule  bauxite  is  easily  mined  because  of 
its  comparative  softness  beneath  the  surface. 
In  most  cases  it  may  be  dug  up  with  a  pick, 
although  black  powder  is  sometimes  used  to 
loosen  it  from  its  position.  The  bauxite  is 
usually  removed  in  steps  or  benches,  and  load- 
ed into  small  mine  cars.  The  ore  contains  a 
large  percentage  of  uncombined  water,  which, 
unless  expelled  or  driven  off  before  shipment, 
makes  it  an  important  factor  in  the  freight 
cost.  After  being  crushed  the  ore  is  passed 
through  long  rotary  kiln  dryers,  similar  to 
rotary  cement  kilns.  Three  grades  of  ore  are 
mined,  first,  that  used  in  the  manufacture  of 
metallic  aluminum ;  second,  that  used  in  the 
manufacture  of  alundum,  and  third,  that  used 
in  the  manufacture  of  aluminum  salts. 

On  account  of  the  strict  specifications  drawn 
for  sulphate  of  alumina  by  those  in  charge  of 
water  purification  plants  and  paper  mills,  only 
the  ore  containing  less  than  2  per  cent  of 
ferric  oxide  (Fe^Oj)  is  used  in  making  alum- 
inum sulphate.  The  more  ferruginous  ore  is 
used  in  the  manufacture  of  metallic  aluminum, 
and  the  very  purest  grade  of  ore  is  used  for 
the  manufacture  of  alundum. 

The  possible  yield  of  bauxite,  according  to 
Bulletin  2,  Georgia  Geological  Survey,  is  great- 
ly limited  by  the  fact  that  nearly  all  but  the  first 
grade  material  is  discarded,  thereby  neces- 
sitating the  exclusion  of  a  vast  quantity  of  ore, 
which  should,  by  proper  skill  and  manipulation, 
find  ready  utilization  at  good  prices.  This 
condition  was,  perhaps,  made  necessary  in  the 
beginning,  when  markets  had  to  be  established, 
in  order  that  home  material  might  compete 
with  the  cheap  and  less  pure  foreign  bauxites 
of  long  standing  and  reputation.  The  principle 
has  been  so  rigidly  adhered  to  by  both  operator 
and  consumer,  during  the  period  of  working  in 
the  .'American  fields,  that  it  has  resulted  in 
creating  a  demand  for  the  first  grade  ore  only, 
with  practically  no  sales  for  the  lower  grade 
bauxite. 

It  is  not  thought  necessary  to  demand  baux- 
ite of  highest  purity  for  making  aluminum 
sulphate  to  be  used  for  water  purification 
purposes.  It  seems  entirely  possible  that  much 
of  the  cheaper  grade  bauxite  could  be  used  to 
advantage  in  making  alum  for  water  purifica- 
tion purposes. 

BAUXITE    SPECIFICATIONS   AT   COLUMBUS. 

The  specifications  for  bauxite  now  used  at 
the  Columbus  plant  are  as  follows :  The  baux- 
ite is  to  be  crushed  and  dried  so  as  to  contain 
not  over  3  per  cent  moisture.  By  analysis  there 
shall  not  be  less  than  52  per  cent  of  AUOs  and 
not  more  than  3  per  cent  of  Fe^Oa. 

The  contract  for  furnishing  the  supply 
needed  for  the  period  ending  July  1,  1915,  was 
awarded  to  the  Aluminum  Company  of  Amer- 
ica, Pittsburgh,  at  $5.50  per  long  ton,  f.  o.  b. 
Bauxite,  Ark.  The  freight  rate  to  Columbus 
is  $4.40  per  long  ton,  therefore  a  ton  of  2,000 
lbs.  delivered  at  Columbus  costs  $8.84. 
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Bauxite  contains  from  58  to  60  per  cent 
AliOa,  whereas  ordinarily  filter  alum  usually 
contains  17  per  cent  AliOs ;  therefore  1  ton  of 
bauxite  will  make  a  little  more  than  3  tons  of 
alum  (Al,(SO03l4H=O). 

The  Georgia  Bulletin  published  in  1904  lists 
the  following  companies  as  either  owning  or 
working  bauxite  deposits  in  Georgia :  The 
Republic  Mining  &  Manufacturing  Co.,  the 
Georgia  Bauxite  &  Mining  Co.,  the  Dixie 
Bauxite  Co.,  and  the  Southern  Bauxite  Mining 
&  Manufacturing  Co.  Dealers  known  to  be  in 
position  to  quote  prices  on  bauxite  are:  Alum- 
inum Co.  of  America,  Pittsburgh,  Pa.;  Win- 
throp  C.  Neilson  Harrison  Building,  Philadel- 
phia ;  National  Bauxite  Co.,  Philadelphia,  and 
Globe  Bauxite  Co.,  Joliet,  111. 

HALLOYSITE — A   SUBSTITUTE  FOR  BAUXITE. 

Good  filter  alum  may  also  be  made  from 
halloysite,  the  approximate  chemical  analysis 
of  which  is  as  follows:  Soluble  alumina,  38  per 
cent;  insoluble  material  (silica,  etc.),  40  per 
■cent,  and  water,  22  per  cent.  Attempts  to  make 
crystallized  alum  from  halloysite  have  failed 
because  it  has  been  found  almost  impossible  to 
filter  or  separate  the  insoluble  portions  of  the 
halloysite  from  the  aluminum  sulphate  syrup. 
At  the  Columbus  water  purification  plant,  one 
tank,  equivalent  to  about  6  tons  of  alum,  has 
been  made  successfully  and  used.  Several  car- 
loads of  this  material  have  been  purchased, 
and  further  experiments  with  the  use  of  hal- 
loysite as  a  base  for  making  alum  solution  will 
be  made. 

The  North  American  Chemical  Co.,  Urbana, 
Ohio,  has  a  very  large  deposit  of  this  ore 
(estimated  to  be  15,000,000  tons)  located  near 
Rome,  Ga.  If  a  market  can  be  created  for 
halloysite,  the  material  can  be  furnished  f.  o.  b. 
cars  Rome,  at  approximately  $2  a  ton. 

Sulphuric  acid  used  for  making  alum  is 
contracted  for  at  the  Columbus  water  purifica- 
tion works  under  the  following  specifications: 
The  sulphuric  acid  shall  be  that  known  as  66° 
Be.  contact  process  acid,  and  shall  contain  not 
less  than  92  per  cent  HiSOi.  The  material  shrll 
be  delivered  at  a  uniform  rate  of  not  less  than 
30  tons  per  month,  or  at  such  increased  rate 
as  shall  be  directed. 

The  sulphuric  acid  shall  be  shipped  in  acid 
tank  cars,  provided  with  all  necessary  con- 
nections for  removing  the  acid  from  the  car 
by  air  pressure. 

ESTIMATED   COST   OF    OPERATION. 

Table  I  gives  an  estimate  of  the  cost  of 
producing  100  tons  of  17  per  cent  AljOs  alum 
solution. 

TABLE   I.— ESTIMATED    COST   OF  PRODUC- 
ING   100    TONS    OF    17    PER    CENT    ALiOj 
ALUM  SOLUTION. 
AGS   tons   66  deg.    Be.    sulphuric   acid    @ 

$12.50     $  5,850.00 

265  gross  tons  bauxite  @   $9.90 2,623.50 

Lubricating-   oil    20.00 

Steam     100.00 

Electric  current,  10,000  kw.  hr.  @  2  cts.        200.00 

Repairs    to    plant 500.00 

Depreciation    600.00 

Interest   on   investment 600.00 

Total     $10,493.50 

At  the  Columbus  plant  it  is  hardly  fair  to 
make  any  charge  for  labor  because  no  addi- 
tional labor  is  required  to  operate  the  new 
alum  plant,  consequently  the  labor  item  has 
been  omitted  in  the  above  estimate.  When 
lump  alum  was  being  used. here  it  was  neces- 
sary to  unload  it  from  the  cars,  sack  and  weigh 
it,  store  it  in  the  storage  house,  elevate  it  to 
the  third  floor  of  the  head  house,  stack  it  up 
there  and  finally  dissolve  it  in  solution  tanks 
as  needed.  In  addition  to  all  this  handling 
there  was  three  times  as  much  material  to 
move  and  three  times  as  much  storage  space 
required,  because,  as  has  already  been  ex- 
plained, 1  ton  of  bauxite  will  make  3  tons  of 
alum. 
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An  Ornamental  Well  House  at  Water- 
loo, Iowa. 

(Staff  Article.) 

The  accompanying  illustration  shows  the  re- 
cently constructed  ornamental  well  house  over 
well  No.  4,  of  the  Waterloo,  Iowa,  water 
works  in  Cedar  River  park.  The  design  of  the 
structure,  and  its  surroundings,  add  to  the  at- 
tractiveness of  the  park. 

Well  No.  4  is  of  the  artesian  type.  It  has  a 
total  depth  of  1,378  ft.  It  is  15  ins.  in  diameter 
to  a  depth  of  200  ft.,  and  the  balance  of  the 
well  is  6  ins.  in  diameter.  The  well  was  drilled 
by  the  Miller  Artesian  Well  Co.  between  Nov. 
4,  1913,  and  April  1,  1914.  The  water  bearing 
St.  Peter  sandstone  was  encountered  at  a  depth 
of  800  ft.  in  a  stratum  40  ft.  thick.  The  water 
bearing  Jordan  sand  was  struck  at  a  depth  of 
1,300  ft.  in  a  thickness  of  75  ft.  As  soon  as 
this  formation  was  reached  the  well  started  to 
flow  and  continued  until  the  pump  was  in- 
stalled. This  well  alone  will  provide  1,400,000 
gals,  daily,  enough  to  supply  the  city. 

The  portion  of  the  park  in  which  the  well 
house  is  located  is   subject   to  overflow   from 


added  to  increase  the  attractiveness  of  the 
water  station.  Shrubs  are  planted  in  the  ter- 
races. 

The  pump  house  was  erected  and  the  sur- 
roundings laid  out  under  the  direction  of  Mr. 
John  P.  Berry,  superintendent  of  water  works, 
to  whom  we  are  indebted  for  this  information. 


Experiences  at  Delaware,  Ohio,  in  De- 
riving Water  Supply  from  Wells 
in  Gravel. 

(Staff  Abstract.) 

The  water  supply  of  the  Dalaware  Water 
Co.  of  Delaware,  Ohio,  is  obtained  from  rock 
and  gravel  wells.  The  gathering  ground 
covers  an  area  of  about  25  acres,  and  lies  in 
a  bend  of  the  Olentangv  River.  In  1909  an 
additional  supply  was  obtained  by  running  a 
suction  line  about  75  to  100  ft.  from  the  river, 
following  its  contour  for  a  distance  of  about 
1,400  ft.  On  this  line  was  constructed  three 
deep  rock  wells,  and  13  gravel  wells ;  the  lat- 
ter being  4-in,,  with  3  to  4-ft.  strainers,  at  an 
average  depth  of  28  ft.     During  the  dry  sum- 


New  Well   House  of  Waterloo  Water  Works  in  Cedar  River  Park. 


the  flood  waters  of  the  Cedar  River.  For  this 
reason  it  was  necessary  to  place  the  floor  line 
of  the  pumphouse  about  9  ft.  above  the  street 
grade.  This  was  accomplished  by  building  a 
foundation  8  ft.  high  and  filling  in,  placing 
concrete  retaining  walls,  or  terraces,  to  hold 
the  fill.  The  first  terrace  wall  is  29  ins.  high, 
1  ft.  thick,  and  is  50  ft.  square.  The  second 
terrace  is  28  ins.  high  and  is  set  back  3  ft. 
from  the  first.  It  is  carried  on  20  concrete 
posts.  The  third  terrace  is  also  set  back  3  ft. 
and  is  carried  on  posts.  On  top  of  the  third 
terrace  is  a  cement  walk,  8  ft.  wide,  extending 
around  the  building. 

The  building  is  unique  and  was  designed  by 
the  water  department.  Work  on  the  plans  was 
done  by  Howard  Burr,  and  the  buikfing  was 
erected  by  the  H.  A.  Maine  Co.  The  structure 
is  21  ft.  square  and  is  12  ft.  to  the  eaves.  The 
outside  is  of  pressed  brick,  two  colors,  with 
panel  effect.  The  inside  is  of  glazed  tile,  mot- 
tled with  green  to  a  height  of  5  ft.,  and  white 
from  that  point  to  the  ceiling.  The  ceiling  is 
of  steel,  painted  white.  The  first  roof  has 
long,  drooping  caves,  covered  with  tile;  the 
second  is  of  the  same  construction  and  is  3  ft. 
above  the  first,  making  the  building  resemble 
a  Japanese  pagoda.  It  is  surmounted  by  a  So- 
ft, iron  tower  for  handling  machinery. 

A  novel  concrete  rustic  seat,  shown  at  the 
left  of  the  pump  house,  has  been  provided. 
This  seat  is  covered  by  a  grape  vine,  carried 
up  through  a  4  in.  water  pipe  and  spread  over 
the  top  of  the  arches,  in  umbrella  form.  A 
public  hydrant  and  drinking  fountain  are 
shown  at  the  right.  Numerous  flower  beds 
and  a  large  amount  of  shrubbery  have  been 


mer  of  1914  an  additional  supply  was  thought 
necessary  and  plans  were  made  for  additional 
wells. 

A  new  suction  line  was  laid  at  right  angles 
to  the  old  one,  and  connected  to  it  with  a  10- 
in.  cast  iron  pipe,  and  six  new  wells  were 
drilled  in  the  open  field  some  400  ft.  from 
the  old  line  of  wells. 

In  this  location  was  found  2  or  3  ft.  of  soil, 
12  ft.  of  sand,  mixed  with  some  gravel  and 
small  boulders,  and  12  ft.  of  coarse  water- 
bearing gravel.  It  was  evident  that  at  some 
time  this  bend  in  the  river  had  been  its  bed. 

With  a  well  drilling  outfit  the  new  6-in. 
galvanized  casings  were  sunk  to  the  rock  at 
an  average  depth  of  28  ft.  Then  the  casing 
was  withdrawn  about  3  ft.  and  a  small  charge 
of  dynamite  was  exploded  at  the  bottom,  after 
which  the  gravel  was  taken  out  and  the  casing 
carried  down  to  rock  again.  .'\  6-ft.  strainer 
was  placed  inside  the  casing  at  the  bottom, 
;md  held  in  place  while  the  casing  was  with- 
drawn to  near  the  top  of  the  strainer,  and  a 
lead  seal  swcdgcd  to  the  top  of  the  strainer. 

With  a  gasoline  engine  and  small  pump,  the 
wells  were  pumped  for  24  to  48  hours,  until 
all  sediment  was  taken  out  and  the  water  ran 
clear.  These  wells  with  the  small  pump  showed 
a  discharge  of  over  100,000  gals,  in  24  hours 
each. 

In  order  to  reach  the  same  level  as  the 
original  suction  line,  it  was  necessary  to  place 
the  suction  line  for  these  wells  12  to  14  ft. 
deep,  this  being  just  above  the  water  line,  at  a 
time  when  the  ground  water  was  the  lowest 
known  in  years.  This  gave  promise  of  an 
abundant  supply.    These  wells  were  then  con- 
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nected  to  the  suction  line,  with  a  gate  valve 
to  each  well  to  facilitate  cleaning  when  neces- 
sary. 

During  the  low  period  of  ground  water  it 
was  found  that  air  was  being  taken  into  the 
suction,  and  some  trouble  was  experienced 
with  the  pumps,  and  there  was  considerable 
inquiry  by  water  consumers  as  to  what  was 
put  in  the  water  that  made  it  look  like  milk. 

A  test  of  the  main  suction  line  was  made 
by  shutting  off  all  wells,  and  an  air  pressure 
of  90  lbs.  was  placed  on  it,  without  any  loss 
for  several  hours,  showing  that  the  air  must 
come  from  some  of  the  old  wells,  p\it  in  in 
1909. 

All  these  wells  on  being  uncapped  showed 
from  2  to  6  ft.  of  water  above  the  strainers; 


Data  on  the  Use  of  Screw  Spikes  on 

the  Delaware,  Lackawanna  & 

Western  R.  R. 

(Staiif  Abstract.) 

The  general  use  of  screw  spikes  in  both 
new  construction  and  maintenance  on  the 
Delaware,  Lackawanna  &  Western  R.  R.  was 
started  at  the  beginning  of  1910,  and  during 
the  past  five  seasons  there  have  been  placed 
in  new  tracks  and  in  maintenance  of  old  tracks 
5,120,000  flat-bottom  tie  plates  and  approxi- 
mately 12.272,000  screw  spikes. 

As  would  be  expected  some  mistakes  were 
at  first  made,  and  no  doubt  later  developments 
win  change  some  of  the  present  practice.  As 
a  whole,  however,  the  screw  spike  installation 
has  proven  very  satisfactory,  and  no  condi- 
tions have  developed  such  as  to  cause  any 
doubt  about  the  ultimate  success  of  the  under- 
taking. Many  minor  difficulties  which  had 
been  anticipated  have  not  developed.  It  was 
fully  expected  that  no  small  amount  of  trouble 
would  be  experienced  from  derailments, 
changing  out  broken  rails,  difliculty  in  gaging 
track  on  sharp  curves,  etc.  It  is  a  pleasure 
to  state  that,  to  the  writer's  knowledge,  we 
have  never  had  a  derailment  where  the  screw 
spikes  have  not  been  very  much  less  damaged 
than  the  cut  spikes  in  the  same  locality,  and 
very  seldom  has  a  derailment  broken  off  any 
screw  spikes  or  damaged  them  to  such  an  ex- 
tent that  they  did  not  continue  to  firmly  hold 
the  rail  in  place.  There  have  been  many  cases 
of  derailment  where  it  was  not  necessary  to 
remove  a  screw  spike,  whereas  nearly  every 
cut  spike  on  the  damaged  side  of  the  rail  was 
destroyed.  Again,  there  have  been  some  de- 
railments where  it  is  reasonably  certain  that 
bad  accidents  were  prevented  by  screw  spikes 
in  some  of  the  ties  holding  the  rails  in  posi- 
tion, whereas  the  cut  spikes  in  the  other  ties 
were  destroyed.  As  to  relaying  rails,  or  re- 
moving broken  rails,  it  is  to  be  expected  that 
the  use  of  screw  spikes  will  require  more  time 
to  do  the  work.  It  is  stated  that  it  is  not  the 
intention  of  the  report  to  convey  the  impres- 
sion that  positive  conclusions  can  be  reached 
from  the  experience  thus  far  gained.  The 
author  relies  more  upon  his  presentation  of 
facts  to  show  the  value  of  screw  spikes. 

TIES    IN    USE. 

The  Lackawanna  Railroad  first  commenced 
to  creosote  cross-ties  on  an  extensive  scale 
in  1910.  During  1910  and  since  that  time  all 
main  and  sidetrack  renewals  have  been  mad.^ 
with  creosoted  ties,  excepting  such  chestnut 
ties  as  were  available.  These  chestnut  ties 
were  used  in  sidetracks  and  on  branch  lines, 
where  the  service  is  light. 

From  190'>  to  1909  a  good  many  bridge-tie 
renewals  were  made  with  longleaf  yellow  pine, 
treated  with  12  lbs.  of  creosote  oil  per  cubic 
foot.  These  ties  were  steamed  at  a  25-lb.  pres- 
sure for  an  average  of  eight  hours  before 
treatment.  "Wolhaupter''  flange  tie  plates  f6x 
S%x%-!n.)  were  placed  on  all  the  bridge  ties, 
with  the  idea  of  protecting  them.  The  dimen- 
sions of  the  ties  varied  with  the  bridge  struc- 


Ihc  only  iimbablc  solution  of  the  air  trouble 
foiuid  was  that  when  the  wells  were  in  use 
under  suction  the  water  level  in  the  wells 
was  drawn  down  below  the  top  of  the  strain- 
ers, at  times,  admitting  air.  This  must  have 
been  caused  by  the  partial  stoppage  of  the 
strainers,  or  a  general  low  condition  of  water 
in  the  surrounding  gravel.  It  was  found  upon 
test  that  no  air  came  from  the  new  wells,  the 
water  level  in  these  being  0  to  8  ft.  above 
the  top  of  the  strainers. 

Some  engineers  having  experience  with  this 
system  of  wells  have  suggested  that  the  4-in. 
wells  are  entirely  too  small,  and,  that  all  such 
wells  should  be  not  not  less  than  6  ins.  in 
diameter,  but  rather  should  be  8  to  10  ins., 
with    no    strainers    when     in     water     bearing 
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gravel.  They  should  have  perforations  or 
holes  in  the  bottom  of  the  casing  equal  to  PA 
times  the  area  of  the  pipe.  Then,  instead  of 
drawing  the  water  from  the  body  of  the  well, 
a  smaller  suction  should  be  dropped  inside 
the  outer  casing  well  to  the  bottom,  and  con- 
nected to  the  suction. 

This  would  obviate  the  trouble  of  air  find- 
ing its  way  through  the  top  part  of  the 
strainer,  and  allow  the  well  to  operate  until 
nearly  exhausted. 
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ture  and  were  from  8x8  ins.  to  10x10  ins.  and 
8x10  ins. 

On  the  main-line  bridges  none  of  the  treat- 
ed bridge  ties  have  lasted  to  exceed  eight 
years.  Many  of  them  were  renewed  in  six 
and  seven  years.  In  no  case  was  the  timber 
decayed,  but  the  failure  was  due  to  the  shat- 
tering of  the  wood  fibers  under  the  rail  seat 
and  tie  plates.  As  stated  above,  these  were 
all  longleaf  yellow  pine  ties,  with  a  very  small 
percentage  of  sap.  This  failure  has  been  at- 
tributed (1)  to  the  fiber  being  injured  by  the 
steaming  process  before  treatment;  and  (2) 
to  the  destructive  action  of  the  flanges  on  the 
tie  plates.  A  total  of  535  of  these  ties  (8x12 
ins.)  were  placed  on  the  eastbound  track  of  a 
deck  plate  girder  bridge  on  the  Buffalo  Di- 
vision in  1906,  and  had  to  be  renewed  in  1914. 
Untreated  ties  of  the  same  size,  and  purchased 
under  same  specifications,  were  placed  on 
westbound  track  of  the  same  bridge  in  1905 
and  are  still  in  service  and  in  fairly  good  con- 
dition. The  old  flange  tie  plates  were  removed 
from  the  deck  of  both  tracks  in  1910  and  re- 
placed with  flat-bottom  plates  and  screw  pikes. 

For  several  years  past  there  have  been 
placed  very  few  chestnut  ties  in  main-line 
tracks.  It  was  found  that  they  did  not  last 
to  e.xceed  five  or  six  years,  on  account  of  rail 
and  tie  plates  cutting  through  them  very  rap- 
idly. These  same  ties  give  excellent  service 
and  last  rnany  years  in  yard  tracks  or  on 
branch  lines  where  the  traffic  is  light. 

As  far  as  possible,  hardwood  ties  are  used 
on  curved  track.  Longleaf  yellow  pine  ties 
are  generally  used  throughout  on  straight 
track.  They  are  used  not  because  they  are 
preferable  to  hard  woods,  but  on  account  of 
the  difficulty  in  getting  a  suflficient  supply  of 
hard  woods.  A  considerable  number  of  lob- 
lolly and  wide-ringed  shortleaf  pine  ties  were 
treated  and  placed  in  various  services.  How- 
ever, unless  otherwise  stated,  sap  longleaf  pine 
ties  are  referred  to  where  pine  ties  are  men- 
tioned throughout  this  report.  A  good  many 
gum,  beech  and  maple  ties  were  treated  and 
placed  in  1910.  These  ties  were  used  in  many 
sharp  curves  and  their  present  condition  will 
appear  later  on. 

TIE   PLATES. 

For  several  years  it  was  the  practice  to  use 
flanged  tie  plates.  It  was  found,  after  some 
years'  experience,  that  much  damage  was  done 
to  the  ties  by  the  use  of  flange  plates.  It  was, 
therefore,  concluded  that  their  use  should  not 
be  further  considered,  either  in  connection 
with  treated  or  untreated  timber. 

A  good  flange  plate,  or  something  equivalent 
thereto  in  actual  holding-power,  is  absolutely 
necessary  to  hold  gage  on  many  of  the  sharp 
curves.  After  a  careful  investigation  of  all 
available  data  on  screw  spikes,  it  was  con- 
cluded to  adopt  them  as  a  means  of  holding 
track  to  gage,  and  thus  permit  the  use  of  a 
flat-bottom  tie  plate  which  would  not  destroy 
the  fibers  of  the  tie.  Hence,  since  the  spring 
of  1910,  screw  spikes  and  flat-bottom  plates 
have  been  used  generally  in  all  ties  placed  in 
main  tracks,  heavy-running  yard  tracks  and 
leads,    but   not   in    light-yard   tracks.      In    no 


case  have  screw  spikes  been  used  without  tie 
plates. 

It  is  necessary  to  have  a  tie  plate  of  suffi- 
cient size  to  provide  a  sale  bearing  area  for 
the  weakest  kind  of  wood  used.  As  the  main- 
track  ties  are  7x9  ins.  x  8  ft.  6  ins.,  it  was 
considered  not  advisable  to  make  the  tie  plates 
wider  than  7  ins. 

The  first  tie  plates  which  were  rolled  for 
our  screw-spike  construction  were  7x10%  ins. 
xV^  in.,  with  raised  lugs  to  support  the  heads 
of  two  screw  spikes  and  with  an  intermediate 
shoulder  on  the  outside  of  the  rail.  The  plates 
were  smooth  on  the  bottom,  and  did  not  have 
a  shoulder  or  raised  lug  for  the  screw-spike 
head  on  the  inside  of  the  rail.  The  follow- 
ing season  the  plates  were  lengthened  to  10% 
ins.  and  made  %  in.  thick,  with  lugs  for  the 
inside  screw  spikes.  Two  holes  were  also 
punched  for  lag  screws,  one  at  either  end. 
The  first  plates  rolled  were  V2  in.  thick;  they 
were  at  once  increased  to  %  in.  and  about  a 
year  ago  they  were  again  increased  to  %  in. 
in  thickness. 

SCREW    SPIKES. 

The  first  change  from  the  standard  cut  spike 
fastening  occurred  in  February,  1909.  The 
heads  of  the  screw  spikes  have  been  some- 
what increased  from  those  first  used,  on  ac- 
count of  the  great  deterioration  from  rust 
caused  by  brine  dripping  at  certain  points  on 
the  line.  The  standard  screw  spike  now  in 
use  is  shown  in  Fig.  1. 

HOLES    FOR    SCREW    SPIKES. 

The  first  year  that  screw  spikes  were  used 
an  "Ajax"  hand  machine  was  used  for  boring 
all  ties  in  the  field,  a  template  being  used  to 
spot  the  holes.  Creosote  oil  was  poured  into 
all  the  holes  as  soon  as  bored.  In  1911  a 
boring  and  adzing  machine,  manufactured  by 
Greenlee  Brothers,  of  Rockford,  111.,  was  in- 
stalled at  the  creosoting  plant.  This  machine 
operated  more  or  less  successfully,  but  was 
not  of  sufficient  capacity  nor  heavy  enough  in 
construction  to  successfully  handle  heavy  hard- 
wood ties,  .^ccordingly.  two  new  and  larger 
machines,  manufactured  by  the  same  com- 
pany, were  installed  the  fore  part  of  1913. 
These  two  machines  have  operated  success- 
fully, and  have,  without  difficulty,  adzed  and 
bored  5,000  ties  per  day. 

During  the  year  1914.  523,935  ties  were 
adzed  and  bored,  the  following  data  applying 
to  this  work : 

Highest  number  of  ties  adzed  and  bored 
in  one  day  by  one  macliine S.^Lt 

Highest   number   of   ties   adzed   and   bored 

in  one   day  by  two  machines 5,6S2' 

Average  number  of  ties  per  day  per  ma- 
chine while  operating    • . .  3,011 

Average  number  of  holes  bored  per  bit 
per  sharpening   'X2n 

Average   number  of  holes  bored   per  bit... 11,000 

It  would  not  be  safe  to  figure  over  2,500' 
ties  per  day  per  machine,  or  62.500  ties  per 
month,  working  single  shift. 

Eight  men  are  required  to  operate  one  ma- 
chine. In  addition  to  this  it  is  necessary  to 
have  a  foreman,  who  is  also  a  machinist,  to 
keep    the    machines    in    repair    and    keep    the 
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knives  and  bits  sharpened  and  ready  to  put  on 
the  machine  when  required. 

The  cost  per  tie  for  adzing  and  boring,  in- 
cluding the  interest  on  the  investment,  depre- 
ciation, operation,  running  repairs,  electrical 
current  for  operating  the  machines  and  trams, 
while  the  latter  are  taking  ties  to  and  from 
the  fnachine,  does  not  exceed   1V4  ct.  per  tie. 

The  ties  are  carried  to  the  machine  on 
trams,  which  are  dumped  mechanically.  The 
machine  is  fed  by  a  conveyor.  Two  laborers 
place  the  ties  on  the  conveyors.  Two  surfaces 
are  adzed  at  the  rail  seat,  exactly  in  the  same 
plane,  regardless  of  the  shape  of  the  tie.  The 
depth  of  cut  can  be  regulated  as  desired  for 
perfect  ties.  The  depth  required  to  get  all  ties 
adzed  perfectly  for  the  full  length  of  tie 
plates  depends  upon  the  irregularity  of  the 
ties.  After  passing  the  adzing  heads,  the  tie 
is  centered  at  each  adzed  surface  by  an  over- 
head device  to  insure  that  the  boring  is  done 
in  the  center  of  the  adzed  surfaces.  The  ties 
then  pass  by  conveyor  to  trams  and  are  ready 
for  treatment. 

These  machines  are  automatic,  and  it  is, 
therefore,  imperative  that  all  parts  continue  to 
work  properly  while  the  machines  are  running. 
Trouble  with  any  one  part  puts  the  entire  ma- 
chine out   of  commission. 

COST  DATA. 

The  following  data  are  a  summation  of  the 
labor  cost  in  connection  with  the  construction 
of  the  Lackawanna   Railroad  of   New  Jersey. 


not  believed,  however,  that  loblolly  pine,  or 
similar  ties,  can  be  economically  used  with 
good  results  on  heavy  curves,  regardless  of  the 
style  of  fastenings. 

(3)  .As  a  rule,  with  woods  which  it  will  pay 
to  treat,  the  poorer  the  quality  of  the  timber 
the  more  elaborate  and  expensive  the  fastening 
must  be  if  the  mechanical  life  of  the  tie  is 
made  to  approach  the  life  of  the  treated  tim- 
ber. 

(4)  The  hardest  track  to  maintain,  from  a 
tie  standpoint,  is  on  sharp  curves,  elevated 
for  high-speed  trains,  where  the  speed  of 
freight  trains  is  restricted  on  account  of  grade 
conditions.  Where  traffic  is  especially  heavy, 
such  curves  should  be  provided  wth  the  best 
of  hardwood  ties. 

Tie  Plates. —  (1)  Tie  plates  should  be  used 
on  all  ties  where  screw  spikes  are  used. 

(2)  The  tie  plates  should  project  well  be- 
yond the  base  of  the  rail  on  the  outside  and 
less  on  the  inside  to  counteract  the  tendency  of 
rail  to  roll  out. 

(3)  .'Xs  a  rule,  the  required  thickness  of  the 
tie  plates  will  depend  upon  their  projection 
beyond  the  base  of  the  rail,  and  the  traffic. 

(4)  Four  holes  should  be  provided  for  screw 
spikes,  so  that  two  extra  holes  will  be  avail- 
able if  needed. 

(.5)  .All  holes  should  be  punched  from  the 
top  down  and  be  as  neat  a  fit  for  screw  spikes 
as  consistent,  so  as  to  make  all  screw  spikes 
act  together  in  resisting  lateral  pressure.  The 


Fig.    1.     Standard    Screw    Spike    in    Use    on     D.,   L.   &   W.    R.    R. 


These  figures  cover  the  entire  line,  amount- 
ing to  approximately  60  miles  of  main  track: 

Per  mile 
Cost   of   boring  bv   hand     in     the    field, 

2,880    ties    at    $0.0S5 $    100.80 

Co-st  of  applying  11,520   screw  spikes   at 

$0,019     21S.S8 

Cost   of  laying   track,     less    boring    and 

placing   of   screw    spikes   at   $0,085    per 

foot     44S.S0 

Cost    of    surfacing     5,280     ft.      track     at 

$0.17    per   foot 897.60 

Average     cost     of     labor     per     mile     of 
main   track    $1,666.08 

The  above  figures  include  the  entire  labor 
cost  for  putting  the  track  in  finished  condition, 
but  do  not  include  any  labor  cost  for  the  dis- 
tribution of  materials.  It  will  also  be  noted 
that  the  cost  of  boring  ties  in  the  field  on  the 
above  work  amounted  to  'Wz  cts.  per  tie, 
whereas  the  boring  and  adzing  of  ties,  which 
is  now  done  before  treatment,  has  not  cost  to 
exceed  1%  ct.  per  tie. 

CONCLUSIONS     AFTER     MORE    THAN     FOUR     YEARS' 
USE    OF    SCREW    SPIKES. 

Ties. — (1)  Treated  beech,  birch,  gum,  hard 
maple,  elm  and  probably  otlier  similar  woods 
may  be  safely  used  with  oak  on  sharp  curves 
where  the  traffic  is  especially  heavy. 

(2)  From  an  economic  standpoint,  soft- 
wood ties,  such  as  loblolly  pine,  .should  not  be 
used  on  tracks  of  excessive  traffic,  nor  is  it 
advisable  to  use  them  on  sharp  curves  with 
moderately  heavy  traffic.  An  expensive  fasten- 
ing device,  such  as  an  extra  large  and  heavy 
tie  plate  or  chair,  secnrcly  fastened  to  the  tie 
by  fastenings  independent  of  the  spikes  se- 
curing the  rail,  with  sufficient  room  for  rail 
movement  on  the  tie  plate,  thus  reducing  the 
movement  between  plate  and  tie  to  a  mini- 
mum, would  probably  make  it  practicable  to 
use  softwood  ties  on  straight  track  and  light 
curves    with    moderately   heavy    traffic.      It   is 


outside  screw  spikes  should  be  so  protected 
by  the  shoulder  on  the  plate  as  to  prevent  the 
rail  base  from  cutting  into  the  screw  spike 
neck;  otherwise,  in  case  of  derailment  and 
slued  ties,  it  will  be  found  impossible  to  re- 
move the  spikes  without  first  straightening  the 
ties. 

(6)  A  raised  lug,  or  shoulder,  both  inside 
and  outside  of  the  rail  base,  should  be  pro- 
vided to  give  support  to  the  screw  spike  heads. 
This  shoulder  assists  in  holding  gage  and  ma- 
terially reduces  the  breakage  of  spikes  and 
damage  to  track  in  case  of  derailment. 

Sfikes. —  (1)  The  size  of  screw  spikes  and 
the  design  of  the  thread  should  be  carefully 
considered  before  a  screw  spike  is  adopted. 
Tliereafter  no  changes  should  be  made;  other- 
wise the  new  screw  spikes  cannot  be  used  in 
old  holes  without  damaging  the  wood  fiber. 

(2)  Where  salt  brine  drippings  are  exces- 
sive, screw-spike  heads  must  be  made  suffi- 
ciently large;  otherwise  there  may  be  difficulty 
in  the  future  in  removing  the  screw  spikes 
from  the  track,  due  to  corrosion.  During 
nearly  five  years'  service  no  screw  spikes  have 
been  found  that  were  rusted  within  the  tie, 
and  there  was  no  rust  to  speak  of  below  the 
head,  although  some  spike  heads  were  rusted 
so  badly  that  they  could  not  be  removed  with 
the  standard  tool. 

(3)  The  screw  spike  head  should  have  ta- 
pering sides  to  prevent  turning  in  the  wrench 
socket  after  the  size  of  the  head  has  been  di- 
minished by  rust. 

(4)  Any  mechanical  device  for  setting  down 
screw  spikes  must  automatically  release  when 
the  screw  spike  is  seated;  otherwise  the  screw 
spike  is  apt  to  be  damaged  in  case  of  hard- 
wood or  the  wood  fibers  destroyed  in  case  of 
softwood. 

(5)  Very    little    trouble    is    experienced    by 


screw  spike  heads  breaking  off,  either  on  ac- 
count of  track  movement  or  derailed  equip- 
ment. The  heads  are,  at  times,  damaged  to 
considerable  extent  by  derailments,  but  as  a 
rule  the  spikes  are  not  broken,  nor  is  their 
holding-power  affected.  Where  screw  spikes 
are  broken  oft,  a  device  for  extracting  the 
broken  portion  from  the  old  hole  without  in- 
jury to  the  wood  threads  would  be  a  valuable 
appliance. 

(6)  When  screw  spikes  are  fully  seated,  no 
further  strain  should  be  put  on  them,  as  this 
will  tend  to  destroy  the  threads  in  the  wood 
or  injure  the  spikes. 

Holes  for  Screw  Spikes. —  (1)  All  ties  should 
be  bored  at  the  treating  plant  before  treat- 
ment. This  can  be  done  while  the  ties  are  be- 
ing adzed,  and  not  only  insures  that  the  holes 
are  bored  sufficiently  deep,  but  provides  for 
good  treatment  of  all  wood  adjacent  to  the 
spike  holes. 

(2)  Where  the  ties  are  bored  before  treat- 
ment, the  track  must  be  to  proper  gage  before 
the   ties   can   be   placed. 

(3)  The  holes  for  screw  spikes  should  be  of 
proper  dimensions  for  the  class  of  wood  used, 
with  due  regard  to  the  size  of  screw  spike 
used. 

(4)  A  limited  number  of  holes  can  be  bored 
with  one  bit,  after  which  its  size  will  dimin- 
ish so  as  to  make  it  unfit  for  a  hole  of  given 
size. 

(5)  Holes  should  be  bored  somewhat  deep- 
er than  the  length  of  the  screw  spike.  There 
is  no  serious  objection  to  boring  the  holes 
clear  through  the  ties. 

Gage. —  (1)  With  oak,  birch,  hard  maple, 
gum  or  longleaf  yellow  pine  ties,  gage  can 
be  maintained  with  a  flat-bottom  plate,  using 
two  screw  spikes  on  straight  line  and  two  or 
three  on  curves. 

(2)  Heavy  curves  elevated  for  high  speed, 
where  heavy  freight  trains  move  at  a  slow 
rate  of  speed,  are  the  hardest  track  to  keep 
to  gage. 

C3)  Double  spiking  should  be  done  on  the 
inside  of  the  rail. 

(4)  Not  only  is  the  lateral  and  vertical  re- 
sistance of  a  screw  spike  greater  than  that  of 
a  cut  spike  when  both  are  first  applied,  but 
the  lateral  and  vertical  resistance  of  a  loose 
screw  spike  is  considerably  greater  than  the 
lateral  and  vertical  resistance  of  a  loose  cut 
spike. 

(5)  When  the  threads  in  the  tie  are  entirely 
destroyed,  a  screw  lining  (any  one  of  several 
different  varieties)  may  be  used  with  good  re- 
sults. 

General. —  (11  All  ties  should  be  bored  and 
adzed  before  treatment.  This  insures  good 
gage,  a  perfect  bearing  for  the  tie  plates  and 
good  treatment  under  the  rail  seat  and  around 
the  screw  spike  holes. 

(2)  In  placing  screw  spikes,  they  should  be 
driven  by  hammer  only  sufficient  to  make  the 
threads  take  hold.  If  rigid  instructions  are 
not  carried  out,  laborers  will  continually  over- 
drive spikes  and  thus  destroy  the  wood  fibers 
near  the  top  of  the  holes. 

(3)  Screw  spikes  with  flat-bottom  plates  on 
hardwood  ties  will  hold  track  to  gage  on  sharp 
curves  under  heavy  traffic.  The  holding  power 
of  screw  spikes  in  hardwood  ties,  after  more 
than  four  years'  service,  is  not  materially  re- 
duced. 

(4)  No  screw  spikes  have  ever  been  found 
so  loose  that  they  could  be  easily  pulled  out 
of  the  holes,  and  but  few  have  been  discov- 
ered which  could  be  as  easily  extracted  as  a 
newly-driven  cut  spike.  In  no  case,  except 
with  loblolly  pine  tics,  have  the  threads  in  the 
wood  been  found  weakened. 

(5)  Screw  spikes  in  maintenance  work  can 
be  most  economically  used  wdiere  all  rail  is 
of  a  standard  pattern,  so  that  regaging  of 
track  is  not  necessary  in  relaying  rail, 

(6)  Slight  irregularities  of  track  when 
frozen  are  liable  to  throw  an  excessive  strain 
on  screw  spikes  where  there  are  but  a  few 
mixed  with  cut  spikes, 

(?■)  The  best  results  with  the  .screw  spikes 
can  be  expected  in  new  construction,  and 
where  the  number  of  screw  spikes  in  tie  re- 
newals predominate  over  cut  spikes. 

(8)  In  relaying  rail,  cut  spikes  should  never 
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be  driven  in  old  screw  spike  holes,  if  the  holes 
are  to  be  again  used  for  screw  spikes. 

(9)  No  effort  should  be  made  to  draw  up 
a  low  tie  with  screw  spikes  when  the  road- 
bed and  ballast  are   frozen  solidly. 

(10)  Screw  spikes  do  not  have  to  be  con- 
tinually set  down,  as  do  cut  spikes,  but  should 
be  gone  over  and  set  down  properly  after  the 
plates  are  seated  in  the  tie. 

(11)  Flat-bottom  plates  with  raised  shoul- 
ders or  lugs  for  the  screw  spike  head  make 
but  little  noise  and  do  not  rattle  at  all  where 
ties  are  adzed  before  treatment. 

(12)  It  cannot  be  expected  that  the  full  life 
of  all  creosoted  softwood  ties,  such  as  lob- 
lolly pine,  will  be  realized  without  providing 
expensive  fastenings  from  the  start,  and  then 
it  will  probably  be  necessary  to  add  some 
further  device  at  a  later  date.  Probably  the 
most  practical  and  least  expensive  device  will 
prove  to  be  one  or  the  other  of  the  lining  de- 
vices to  be  placed  in  worn-out  spike  holes. 

(13)  The  use  of  screw  spikes  for  the  past 
five  years  has  not  made  it  necessary  to  in- 
crease the  number  of  section  rnen  per  mile 
of  track. 

(14)  Whether  or  not  it  will  pay  to  use  screw 
spikes  will  depend  upon  the  cost  of  ties,  their 
probable  life  and  the  amount  of  traffic. 
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Some  Data  on  the  Design  and  Cost  of 
Concrete  Piles  Used  on  Rail- 
road Work. 

(Staflf  Abstract.) 
The   following  data   apply  to   the   construc- 
tion, cost  and  use  of  concrete  piles  by  various 
railway  companies : 

GENERAL     DATA. 

The  concrete  piles  generally  used  are  of  the 
reinforced  type,  although  in  several  cases  plain 
concrete  piles  have  been  used. 

The  piles  are  usually  of  16-in.  short  di- 
ameter, whether  square  or  octagonal.  The 
Santa  Fe  Ry.  varies  the  short  diameter,  using 
the  formula  D  ^  1  ins.  +  Vi  in.  X  L,  where 
L  equals   length  of  pile  expressed  in  feet. 

Concrete  piles  are  used  both  tapered  and 
straight  section,  the  latter  type  being  more 
commonly  used. 

A  large  variance  is  shown  in  the  amount  of 
steel  reinforcement  used,  both  longitudinal 
and  transverse.  The  greater  portion  of  the 
piles  have  ^/4-in.  rods  for  transverse  rein- 
forcement, whether  spiralled  or  hooped.  Steel 
mesh  is  used  in  a  few  cases,  and  in  one  case 
additional  steel  reinforcement  is  used  in  the 
head  of  the  pile. 

The  Chicago,  Burlington  &  Quincy  R.  R.  is 
one  of  the  roads  that  uses  steel  mesh  for  re- 
inforcement. 

The  cost  of  the  concrete  piles  at  point  of 
manufacture  varies  considerably;  this  is  prob- 
ably due  in  a  large  measure  to  the  method  of 
bookkeeping,  or  as  to  what  is  considered  a 
proper  charge  against  the  actual  cost  of  the 
piling;  the  number  of  piles  manufactured  and 
the  available  plant  and  labor  for  manufactur- 
ing the  piles  are  also  factors  that  may  in- 
fluence the  cost. 

The  variation  in  the  cost  per  linear  foot  of 
pile  as  given  in  Table  I  is  also  due  to  the 
use  of  different  quantities  of  steel  reinforce- 
ment, some  roads  using  a  design  providing 
considerably  more  steel  than  others.  For  in- 
stance, the  cross  sectional  area  of  steel  used 
by  the  Burlington  runs  4.25  lbs.  per  linear 
foot,  by  the  Illinois  Central  12.5  lbs.  per  linear 
foot,  and  by  the  Milwaukee  17.5  lbs.  per  linear 
foot. 

The  cost  of  driving  the  piles  also  varies 
considerably,  but  this  should  be  expected,  as 
the  nature  of  the  soil,  the  accessibility  of  the 
work,  the  traffic  conditions,  and  the  number 
of  piles  driven  at  a  given  structure  affect  the 
cost  of  driving  to  a  certain  extent.  Thirty- 
five  cents  per  linear  foot,  however,  seems  to 
be  a  fair  average  cost  under  ordinary  condi- 
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tions.  This  cost  includes  handling  costs, 
which  vary  from  10  to  12  cts.  per  linear  foot. 

Several  of  the  answers  received  show  that 
it  costs  little  more  to  drive  concrete  than 
wooden  piling. 

The  general  opinion  seems  to  be  that  in 
cases  where  there  is  permanent  moisture  and 
there  is  no  danger  of  future  drying  out, 
wooden  piling  is  the  cheaper;  where  the  line 
of  permanent  moisture  is  low,  concrete  piling 
is  the  most   economical. 

No  Eastern  railroad  seems  to  have  used 
concrete   piling   for  bridge  bents.     Several  of 


as  aggregate  in  one  and  crushed  limestone  in 
same  in  both  beams.  Some  6-in.  cubes  were 
also  poured,  using  the  same  concrete  as  for 
the  beams.  The  materials  were  mi.xed  in  the 
proportions  1:2:4  by  volume. 

The  beams  were  10  ins.  wide,  20  ins.  deep, 
and  10  ft.  long,  reinforced  1  in.  above  the 
bottom  with  four  %-in.  square  corrugated 
bars,  two  of  the  bars  being  bent  up  18  ins. 
from  each  end.  Two  vertical  stirrups  were 
also  used  near  each  end.  The  beams  were 
designed  to  develop  the  strength  of  the  con- 
crete. They  were  tested  at  the  age  of  28  days, 


Unit    Costs    of    and    Organization    for 
Building    Site    Excavation. 

ContributeJ  by  Wm.   Wren   Hay,   Calgary, 

Alberta.  Canada. 
The  following  details  of  the  costs  of  ex- 
cavating over  27,000  cu.  yds.  of  earth  from  a 
building  site  in  Western  Canada  were  com- 
piled by  the  author  during  1914.  The  exca- 
vation was  "subbed"  to  a  contractor  with  a 
grading  outfit  near  at  hand,  and  this  outfit 
was  set  to  work  shortly  after  the  work  was 
awarded.     The  conditions  were  such  that  the 


:Hoop5  to  be  made  of  '7  B.W&  wire  and  welded 

Long.  Bars  Vs'.to  I' depending  on  length  and  railroad 
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Fig.  1.     Typical   Designs  of  Reinforced    Concrete   Piles   Used    on    Various    Railroads. 


the  Western  railroads  have  used  concrete  pil- 
ing to  a  considerable  extent  and  have  found 
it  to  be  good  and  permanent  construction. 

In  many  cases  concrete  piling  has  been  used 
to  support  small  abutments,  where  placed  on 
embankments,  as  this  type  of  construction  is 
more  economical  on  account  of  the  saving  in 
the  cost  of  expensive  high  abutments. 

TYPICAL  DESIGNS   OF  REINFORCED   CONCRETE   PILES. 

The  four  tynes  of  reinforced  concrete  piles 
most  used  by  railroads  are:  (a)  Octagonal 
piles;  (b)  tapered  octagonal  piles;  (c)  square 
piles;  and  (d)  tapered  square  piles.  Figure  1 
gives  typical  details  of  each  of  these  types. 

COST    DATA    ON    CONCRETE    PILES. 

Table  I  gives  cost  data  submitted  by  a  num- 
ber of  railroads  covering  the  cost  of  manu- 
facture, cost  of  handling  and  driving,  total 
cost  per  linear  foot,  and  general  data  ex- 
planatory of  the  costs. 
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Burnt  Clay  as  Concrete  Aggregate. 

(Staff   Abstract.) 

Tile  following  d-nta  gave  the  results  of  jome 
tests  made  at  the  Engineering  Experiment 
Station  of  Iowa  State  College,  and  reported  in 
The  Iowa  Engineer : 

In   .^pril,   1014,   some  interesting  tests  were 


on  supports  9  ft.  apart,  under  center  loading, 
supports  9  ft.  apart,  under  center  loading. 
Both  beams  failed  by  crushing  near  the  point 
of  application  of  the  load  and  by  diagonal 
tension  in  the  center  half  of  the  length  (see 
Eigs.  1  and  2).  The  beam  containing  burnt 
clay  aggregate  failed  under  a  center  load  of 
05,000  lbs.,  while  that  containing  crushed  stone 
aggregate  failed  under  a  center  load  of  47,- 
.")I)U   lbs. 

The  average  strength  of  the  6-in.  cubes  was 

as    follows : 

Compressive 
strength 
Kind  of  at  28  days, 

aggregate.  lbs.  per  sq.  in. 

Burnt    clay    aggregate..   1,250 
Crushed  stone  aggregate      860 

The  results  of  tests  to  determine  the  weight 
and  absorption  of  the  burnt  clay  and  crushed 
stime  were  as  follows: 

Weight 
in  lbs,  per 
Material.  cu.  ft. 

Rurnt  Clay   71.0 

Crushed    stone    93.0 

Tlie  results  of  the  sieve  analysis  were  as 
follows : 

Material.  Percentage  passing  sieve  No. 

1  2         4         8        30      "" 

Burnt   clay   63.10  10.57  0.33  0.10 

Broken   stone    ..83.86  33.82  9.72  3.60 

.Mthough  the  scope  of  the  tests  was  no; 
sufficient  to  warrant  stating  any  .-.onclusion, 
they  indicate  a  possible  use  of  burnt  clav 
w:iste   products. 


Compressive 

strength 
at  38  weeks, 
lbs.  per  sq.  in. 
3,680 
2,300 


Absorption 

in  lbs.  per 

cu.  ft. 

5.50 

2.83 


50     100 
3.60  1.39  l^oi  O.oG 


grading  outfit  could  not  work  to  advantage 
to  complete  the  job,  and  a  small  revolving 
steam  shovel  was  cut  in  at  the  end  of  ten 
days.  This  small  shovel  was  not  able  to  com- 
plete the  excavation  in  the  time  demanded  by 
the  general  contractors,  and  a  large  shovel 
which  had  been  working  in  a  railroad  cut 
nearby  was  rented  for  ten  days  to  maintain 
the  schedule.  Conditions  were  such  that  not 
one  of  these  equipments  was  able  to  work  to 
the  best  advantage,  and  it  is  believed  that  the 
costs  for  this  work  were  as  low  as  could  be, 
all  things  considered.  The  costs  for  the  ele- 
vating grader  were  exceptionally  low,  as  both 
horses  and  men  were  in  excellent  condition, 
and  worked  together  without  a  hitch. 

The  excavated  ground  had  a  maximum 
length  of  about  400  ft.  and  a  width  of  200  ft. 
About  half  of  the  site  was  taken  out  to  a 
fiepth  of  6  ft.  lower  than  the  other  half,  the 
maximum  side  cut  being  22  ft.,  the  minimum 
cut,  about  6  ft.  The  hole  was  close  against 
a  high  railroad  embankment  at  one  end  and 
there  was  a  shallow  swamp  at  the  lower  end. 
There  was  a  large  amount  of  ground  water 
running  through  the  site,  but  continual  pump- 
ing enabled  the  contractors  to  keep  the  water 
level  to  the  lowest  grade.  A  sump  pit  was 
excavated  at  the  lower  end  after  the  swamp 
was  well  drained,  the  level  of  the  water  in 
the  sump  during  pumping  being  1  ft.  lower 
than  the  water  level  in  a  river  distant  about 
I, .500  ft.  The  top  soil  was  in  general  a  clay 
loam,  easily  removed,  and  the  balance  of  the 
excavation   was  entirely  in   compacted  gravel. 


^ 

flHHHj^lHnHBJlHI 


Fig.   1.     Beam   Containing    Burnt  Clay   Aggregate  Tested  to 
Failure. 


Fig.   2.     Beam    Containing    Broken    Stone    Aggregate    Tested   to 

Failure. 


made  to  determine  the  value  of  refuse  burnt 
material  from  an  Iowa  clay-produots  plant  as 
aggregate  in  concrete.  Two  reinforced  con- 
crete beams  were  made,  burnt  clay  being  used 


American  motor  trucks  have  been  purchased 
by  the  Greek  government  for  army  use.  These 
trucks  are  equipped  with  "army"  bodies  and 
are  of  two  sizes,  1%  and  2%  tons. 


There  was  a  very  small  proportion  of  sand  in 
this  gravel,  so  that  when  once  it  was  loosened, 
it  was  very  easily  handled.  It  is  interesting 
to  note  that  there  was  a  friction  head  in  this 
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gravel  amounting  to  1  ft.  in  100  ft.,  as  the 
water  200  ft.  from  the  pumps  stood  2  ft.  high- 
er in  the  soil,  though  the  flow  from  that  side 
was  towards  the  pump  at  all  times.  It  must 
be  understood  that  the  costs  given  below  are 
the  direct  charges  against  the  earth  excavated, 
and  do  not  include  any  expenses  other  than 
those  given  in  detail.  Practically  the  entire 
amount  of  earth  removed  was  used  to  fill  on 
one  side  of  the  site,  embankment  being  formed 
for  three  tracks  at  the  end  and  two  tracks 
through  the  middle  of  the  structure. 

Elevating  Grader  Outfit. — Maximum  run, 
450  ft. ;  haul,  200-1,000  ft. ;  material,  clay  over- 
soil  and  porous  gravel ;  rate,  900  cu.  yds.  per 
10-hour  day ;  amount  removed,  8,500  cu.  yds. ; 
cost  of  operating  outfit  ner  day,  $91.00;  cost 
per  cubic  yard,  place  measure,  10  cts.  Organ- 
ization of  Outfit: 

Elevating  grader — 

14   horses  at  $1  per  day $14.00 

4  men  at  $2.50  per  day 10.00 

Scrapers — 

4   horses    4.00 

2   men    5.00 

Transportation — 

12  horses    12.00 

G    men    15.00 

Trimming' — 
2   horses   2.00 

2  men    5.00 

Foreman,  1  man  at  $5.00  per  day 5.00 

Equipment    (rent)  — 

Grader,   $10  per  day 10.00 

6  dump  wagons,  $1  per  day (i.OO 

3  scrapers,  $1  per  day 3.00 

Total  cost  per  day $91.00 

Model  20  Revolving  Steam  Shovel,  (%-cu. 
yd.  Dipper). — Average  length  of  move,  4  ft.; 
haul,  200-1,000  ft.;  material,  compacted,  porous 
gravel ;  rate,  400  cu.  yds.  per  10-hour  day ; 
amount  removed,  12,200  cu.  yds ;  cost  of  oper- 
ating, per  day,  $105;  cost  per  cubic  yard,  place 
measure,  26%    cts.     Organization   of   Outfit: 

Shovel   (see  below) $42.60 

Transportation,  9  teams  at  $5.50  per  day..   49.50 

Trimmin:i,  2  teams  at  $4.50  per  day 9.00 

Foreman     5.00 

Tolal  cost  per  day $105.00 

Model  60  Marion  Steam  Shovel.  (2%  cu. 
yd.  Dipper). — Maximum  length  of  cut,  260  ft.; 
maximum  face  of  cut,  10  ft.;  haul,  1,500-2,000 


ft.;  material,  compacted  gravel;  rate,  750-1,000 
cu.  yds.  per  10-hour  day  ;  amount  removed,  6,600 
cu.  yds.;  cost  of  operating  per  day,  $170.75; 
cost  per  cubic  yard,  place  measure,  21  cts.  Or- 
ganization of  Outfit: 

Shovel   (see  below) $  62.60 

Transportation,   2   dinltey  trains    (see   be- 
low)      63.25 

Trimminii,    2   crews 40.00 

Foreman     5.00 

Total  cost  per  day $170.75 

The  detailed  items  entering  into  the  cost 
per  day  charged  against  the  large  shovel  are 
as  follows : 

Shovel    rent    $20.00 

Craneman,  $5  per  day 5.00 

Shovelman,   $3.50  per  day 3.50 

Fireman,    $2.50    per   dav 2.50 

Pit  crew,  4  men  at  $2.50  per  day 10.00 

Coal— 

3  tons  at  $4.50  per  ton 13.50 

Mi  team  at  $5  per  day 2.50 

Water,  V.  team  at  $5  per  day 2.50 

Oils,   etc 1.00 

Repairs   2.00 

Total  cost  per  day $62.50 

From  time  studies  conducted  by  the  author, 
it  was  determined  that  the  actual  time  of  this 
shovel  chargeable  to  loading  was  slightly  less 
than  50  per  cent  of  the  gross  time  of  any  sin- 
gle day's  run.  This  is  rather  a  low  percentage 
for  such  a  large  shovel  and  was  largely  due 
to  the  unfavorable  conditions.  The  concrete 
plant  was  in  course  of  erection  during  the 
time  that  this  shovel  was  operating,  and  it 
was  necessary  to  operate  the  dinkey  trains 
parallel  to  the  fill  and  switch  back  along  the 
embankment  to  the  dumping  point.  The  shal- 
low fill  necessitated  constant  shifting  of  the 
dinkey  tracks,  so  that  in  addition  to  train  de- 
lays, there  were  many  delays  from  derail- 
ments. The  time  charged  to  changing  trains 
amounted  to  from  25  to  35  per  cent  of  the 
gross  operating  time,  and  delays  due  to  de- 
railments and  casual  delays,  from  30  to  20 
per  cent.  Practically  no  delay  was  caused 
while  moving  the  shovel.  The  transportation 
equipment  consisted  of  17  four  cubic  yard, 
side  dump,  contractors'  cars,  made  up  into  two 
trains  of  eight  and  nine  cars  each,  and  hauled 


by   14-ton  dinkey  engines.     The  cost  of  these 
trains  per  day  is  tabulated  below : 

Kent  of  equipment $25.00 

Engineers,  2  men  at  $3.50  per  day ".no 

Dump  crew,  4  men  at  $2.50  per  day 10.00 

Track    crew,    2   men 5  OO 

Coal,  21,4  tons  at  $4.50  per  ton 11.25 

Oils,    etc 1.00 

Water     2. 00 

Repairs    2. 00 

Total  cost  per  day $63. 25 

It  was  observ£d  that  single  cars  were  loaded 
in  an  average  time  of  0.875  minute,  2y2  to 
2%'  cu.  yds.,  place  measure,  per  car  being 
loaded  with  an  average  of  three  dipper  swings. 
Working  m  a  railroad  cut,  against  a  35-ft. 
clay  face,  this  shovel  and  crew  were  several 
times  observed  loading  a  train  of  nine  4-cu.  yd. 
cars  in  4  minutes. 

Similar  studies  were  made  on  the  work  of 
the  small  revolving  shovel.  The  percentage  of 
the  total  operating  time  charged  to  loading 
averaged  60  per  cent ;  moving,  30  per  cent ; 
and  ordinary  delays,  10  per  cent.  Under  or- 
dinary working  conditions,  loading  into  W2 
cu.  yd.  dump  wagons,  the  outfit  averaged  1 
cu.  yd.  per  minute,  net,  loading  1.4  cu.  yds.  of 
loose  earth  with  3%  dipper  swings  per  load. 
The  average  move  was  4  ft.,  accomplished  in 
an  average  time  of  5.4  minutes.  The  detail 
cost  per  day  for  this  shovel  was  as  follows: 

Shovel   rent    $10.00 

Craneman.  $5  per  day 5.00 

Shovelman,   $3.50  per  day 3.50 

Fireman,    $2.50   per  day 2.50 

Fit  crew,  2  men  at  $2.50  per  day 5.00 

Coal— 

2  tons  at  $4.50  per  day 9.00 

%   team  at  $5  per  day 2.50 

Water,    1^    team 2.50 

Oils,    etc 0.75 

Repairs     2.00 

Total  cost  per  day $42.50 

Repairs  for  this  shovel  amounted  to  prac- 
tically the  same  as  for  the  large  shovel,  be- 
cause this  shovel  had  been  out  of  commission 
for  some  time  orevious  and  was  also  doing 
heavy  duty,  whereas  the  big  shovel  had  been 
in  good  running  shape  previous  to  being  cut 
into  this  work,  and  the  same  time  was  doing 
light  work.  For  the  same  reason,  the  coal 
consumption  of  the  small  shovel  was  high  as 
compared   with  that  of  the  large  shovel. 


The  Designing  of  Reinforced  Concrete 

Slabs  Subjecteci  to  Bending  and 

Compression. 

Contributed  by  Anders  Bull,  Public  Service  Com- 
mission  for  the  First  District,   New  Yorl\. 

In  this  article  a  study  will  be  made  of  the 
conditions  arising  when  a  reinforced  con- 
crete slab,  stressed  for  plain  bending  is  sub- 
jected to  an  additional  compressive  force  act- 
ing in  the  direction  of  the  steel  reinforce- 
ment, and  a  simple  method  will  be  explained 
for  determining  accurately  the  stresses  in  such 
cases. 

RESULTANT   FORCE. 

Consider  a  slab  of  an  effective  depth  rf  (Fig. 
1),  stressed  by  the  moment  M  and  the  com- 
pressive force  P,  applied  at  a  distance  a  from 
the  center  of  steel  reinforcement.  Let  xd  be 
the  distance  of  the  neutral  axis  from  the  ex- 
treme compressed   fiber. 

According     to     well     known     theory,     the 

moment    and    the    compressive    force    may    be 

substitu'ed   by   a    single  force  P'^P,  applied 

at  a  distance  B   from  the  neutral  axis,  where 

Total  moment 

B  =  . 

Compressive  force 

If    the    line    of    action    of    the    compressive 

force  does  not  coincide  with  the  neutral  axis 

it  will   contribute  to  the  total   moment  by  an 

amount  equal  to  P   [a — d   (1 — x)'\,  therefore, 

M  +  P[a—d    (1—x)] 

B   =  — ■ . 

P 
Substituting  for  B  the  quantity  A — d  (1 — .r), 


we  have   tor  the   distance  of  the   resultant  P' 
from    the   center  of   steel   reinforcement, 
M 
A  =  —  +  a.  (1) 

P 

LOCATION    OF    NEUTRAL    AXIS. 

Substituting  for  the  concrete  stresses  a 
single  force  acting  through  the  center  of 
gravity  of  the  stress  triangle,  we  have  equa- 
tions (2)  and  (3),  in  which  b  =  width  of 
slab,  p  =  ratio  of  steel  area  to  concrete  area, 
fa  =  stress  in  steel,  /c  =  extreme  fiber  stress 
in  concrete,  and  e  ^=  ratio  of  the  modulus  of 
elasticity  of  steel  to  that  of  concrete  (assumed 
to  be  15). 

For  rotation  about  point  C  (Fig,  2)  : 

bdpf,d(l )=P'[A—d{l )]        (2) 

3  3 

For  rotation  about  point  ^.^ 

bxd  —  d(l )=P'A  (3) 

2  3 

Further,  assuming  the  stress  at  any  point 
to  be  proportional  to  its  distance  from  the 
neutral  axis,  and  allowing  for  the  different 
straining  of   concrete  and   steel,  we  have, 

/. 
fc:xd---~:d(l—.r)  (4) 

e 
Eliminating  the  quantities  fs,  /c  and  P'  from 
equations    (2)    to    (4)    gives: 
d  d 

;tr'  — -fS.v'd )  +Qxep  —  Qep  =  (i.      (5) 

A  A 

Equation    (5)    shows    that    x   may    be    con- 


sidered as  a  function  of  only  two  variables, 
d 

—  and  p,  the  value  of  e  having  been  fixed; 
A 

and  it  is  therefore  possible  to  tabulate  values 
of  X  as  shown  in  Table  I.  •  By  means  of  this 
table  the  location  of  the  neutral  axis  for  any 

d 
set  of  values  of  —  and  p  may  be  easily  and 

A 
quickly   determined. 

DESIGNING    THE    SECTION. 

Solving  for  p  in  equation   (5)   gives, 
d  X 

ZxHl (1 )] 

A  3 

p  = (6) 

6(?  (1—^) 
Substituting  this  value  of  p  in  equation   (2), 
and  reducing,  we  have, 

P'A  FA 

bd'  = = .         (7) 

?,x-  —  x^  K, 

f. 

6e  (l—x) 

Equation  (3)  may  be  written  in  the  fol- 
lowing form : 

P'A                    P'A 
bd-  — =  .        (8) 

XX  /fc 

/c-(l ) 

2  3 

In  equations  (7)  and  (8)  A',  and  /Co  stand 
for  the   respective  denominator  expressions. 

Formulas  (7)  and  (8)  are  similar  to  the 
standard    formulas   used   for     plain     bending, 
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the  only  difference  being  that  P' A  has  been 
substituted   for  the  bending  moment. 

Kt  and  Kc,  being  functions  of  the  single 
variable  .r,  may  be  tabulated,  as  shown  in 
Table  II.  Two  sets  of  values  have  been  given, 
corresponding  to  the  stresses  specified  by  the 
Public  Service  Commission  and  the  New 
York  Building  Code,  respectively,  the  under- 
scored figures  being  those  that  are  governing 
for  the  design  of  the  slab  section. 

Where  other  stresses  are  used,  the  cor- 
responding values  of  A's  and  Kr  may  be  ob- 
tained by  multiplying  the  specified  /»  and  /c 
by  the  quantities  S  and  C,  as  given  in  the  sec- 
ond  and   third   columns. 

In     determining     the     shearing     and     bond 
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Fig.  1.    Nomenclature   Used  in   Locating   Re- 
sultant  Force — Reinforced   Concrete  Slab. 

stresses   the   standard    formulas   may  be   used, 
viz., 

R 
Shearing  stress  = , (9) 


Bond   stress  = 


b  /i 
R 

u  j  d 


.(lO) 


where  /   represents   the   quantity    (1 ),   R 

3 
the  transverse  shearing  force,  and  n  the  per- 
imeter of  the  steel  reinforcement. 

It  should  be  noted,  however,  that  in  a  com- 
pressed slab  the  neutral  axis  changes  with  the 
bending  moment,  and  its  position  may  thus  be 
different  at  the  point  of  maximum  moment 
and  point  of  maximum  shear. 

For  a  given  shearing  force  the  shearing  and 
bond  stresses  will  reach  their  highest  value 
when  the  resultant  is  acting  through  the  middle 

d 
third    point    of    the    slab    section,  when  —  = 

A 
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Fig.  3.    Curves  Showing  Economic  values  of 

d 
p   as   Functions  of  —  and   n. 
A 


1.5,  .r  =  1.0  and  ; 


With  the   resultant 


inside   of   the   middle   third,   the   slab   may   be 
considered  as  of  practically  uniform  material. 


therefore    the    distance    between      centers      of 

2 
flange  strains   {jd)   becomes  — {d  +  t),  where 

3 
/  =  thickness  of  concrete  outside  of  the  steel 
reinforcement.  This  gives  a  slightly  lower 
value  for  the  shearing  stress,  while  the  bond 
stress  may  in  this  case  be  neglected,  both  the 
steel  and  concrete  being  in  compression,  for 
resisting  which  the  steel  is  not  being  relied 
upon. 

ECONOMIC   SECTION. 

The  cost  F  of  a  reinforced  concrete  slab 
may  be  expressed  as  follows : 

V  =  Lb[{d  +  t)  c  +  dps'[,  (11) 

where  L  =  length  of  span,  c  and  s  =  cost  per 
unit  volume  of  concrete  and  steel,  respectively, 
including  erection;  c  is  also  supposed  to  cover 
any  additional  item  the  amount  of  which  is 
proportional  to  the  depth  of  the  slab,  such  as 
excavation,   acquirement   of   property,   etc. 

As  a  rule  all  the  quantities  on  the  right  side 
of  equation  (11),  with  the  exception  of  d  and 
p,  are  fixed  beforehand-  ]'  may  therefore  be 
considered  as  a  function  of  d  and  />,  but  since 
/>  is  a  function  of  x  and  d  (see  equation  6), 
while  rf  is  a  function  of  x  (see  equation  8),  V 
may  also  be  expressed  as  a  function  of  x.  By 
differentiating  the  latter  function,  the  value  of 
X  may  be  found  for  which  the  cost  of  the  slab 
will  be  a  minimum. 

Carrying  out  the  computations  we  find  that 
the  following  equation  will  have  to  be  satis- 
fied: 

d  d  c 

x'  2 x'  (12  —   +   12f 15)    + 

A  A  s 

d  c  c 

.r=  (18  —  -h  42? 27)  —  x  \ic — 

As  s 

-H    iSe  _  =  0 (12) 

s 
From  this  equation  the  economic  value  of  x 

d  c 

for    any   given    set   of    values    of   —    and    — 

A  s 

may  be  determined.  (By  combining  equations 
(6)  and  (7)  an  equation  similar  to  (12)  may 
be  obtained;  but,  as  the  values  of  x  found 
from  this  equation  will  all  be  above  those 
.r-values  at  which  equation  (7)  is  governing 
for  the  design  of  the  slab  section  (see  Table 
II),  the  latter  equation  is  without  practical 
significance.) 

In  Fig.  3  the  corresponding  values  of  p  have 
been    plotted,    showing    the      economic      steel 

d  c 

proportion   for  different  values  of  —  and  — , 

A  s 

the  latter  ratio  having  been  substituted  by 
the  more  convenient  quantity  n,  representing 
the  ratio 

Gross  cost  per  cubic  yard  of  concrete 

Gross  cost  per  ton  of  steel  rods 

the   volume   of   one   ton   of   steel   having   been 

assumed    as    0.15    cubic    yard.      These    curves 

show    that   the   economic    steel   proportion   de- 

d 

creases  with   increasing  — ,  becoming  zero  for 

A 

d 

—  =  about   1.25,  which  means  that  theoretic- 

■■'       ,     . 

ally  it  is  not  economical  to  use  reinforcement 

when   .•/  is  less  than  0.8  d. 

Where  equation  (12)  gives  a  lower  value 
for  p  than  the  one  for  which  the  concrete  and 
steel  arc  stressed  to  the  same  proportion  of 
their  respective  allowable  limits,  the  latter 
value  should  be  substituted  as  the  more  eco- 
nomic.    This   value   is  governed  bv   the  quan- 

d 
titles  /•,  /c  and  — ,  and  is  represented  in  Fig.  3 

A 
by     the     broken     lines     marked     P.S.C.     and 
N.Y.B.C,    corresponding   to   the   standards   of 
the   Public   Service  Commission   and  the  New 
York    Building    Code,    respectively. 

The  above  results  have  also  been  incor- 
porated in  TabI  I,  the  underscored  figures 
indicating  those  values  of  x  which  will,  under 
ordinary    conditions,   give   the    most    economic 


sections,  with  the  proviso  that  the  correspond- 
ing value  of  Ka  should  never  be  lower  than 
that  of  Kc. 

REMARKS. 

The  tables  will  also  be  found  of  value  in 
computing  the  stresses  in  reinforced  concrete 
arches.  In  this  case  the  location  and  amount 
of  the  resultant  P'  and  the  shearing  force  R 
may  be  obtained  directly  from  the  pressure 
line. 

While  the  tables  have  been  computed  on  the 
basis  oi  e  ^  15,  they  may  still  be  used  for 
other  values  of  e.  Substituting,  for  example, 
the  value  14  is  equivalent  to  the  relative 
elastic  efficiency  of  the  steel  being  reduced 
in  the  proportion  15:14.     The  values  given  for 


Fig.  2.    Nomenclature  Used  in  Locating  Neu- 
tral  Axis — Reinforced   Concrete   Slab. 

p  in  Table  I  are  therefore  to  be  multiplied  bv 

15 
the  factor  — ,  as  are  those  given  for  5  and  Kt 

14 
in  Table   II. 

Example. — It  is  required  to  design  the  side- 
wall  slab  of  a  subway  section  of  the  di- 
mensions given  in  Fig.  4.  The  section  is  sup- 
posed to  be  in  earth  with  rock  as  foundation 
and  to  be  located  under  private  property.  Pro- 
vision shall  be  made  for  future  building  loads 
to  the  amount  of  3,000  lbs.  per  square  foot 
on  top  of  the  roof.  The  allowable  stresses 
are  those  specified  in  the  New  York  Building 
Code. 

Assume  first  that  rf  ^  13  ins.  .Mlowing  2 
ins.    for   t,   and   400   lbs.   per   square    foot    for 

.'Surface  of  Ground 
1 • 


Fig. 


Rock 

4.     Subway    Section    Assumed    to    Illus- 
trate   Design    Procedure. 


the  weight  of  the  roof  slab,  the  compressive 
force  will  be, 

(13.8  + 2  X  1.25)  X  3,400 

P  = =  27,700  lbs.  per 

2 
foot. 

Considering    the    wall    slab    as    simply    sup- 
ported at  the  top  and  bottom,  and  taking  the 
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span  as  the  clear  width  plus  the  depth  of  the 
slab    and    the    average    intensity    of    the    side 
pressure  as  550  lbs.  per  square  foot,  we  have 
for    the    bending    moment, 
14.2=  X  550  X  12 

M  =  =  166,000   in.-lb.s.   per 

8 
foot. 

If  we  assume  that  P  is  applied  at  the  center 
of  the   slab  we  have: 

d  +  t                  13  +  2 
a  = t  ^^ 2  ^  0.5 ; 


3,260  X  56.5 


R 


4,050 


M 


A 


+  o  = 


166,000 


+  5.5 


11.5; 


27,700 
d  13 

A         11.5 
and  the  required  value  of 

P'A           27,700X11.5 
K  =  =  =  157, 


bd' 


12  X  18' 


of  K  is 


91,  the  section  is  not 


12  X  13" 

strong   enough   for  the   reduced   load. 

As  a  larger  proportion  of  steel  is   required 
the    effective    depth    d-   is    reduced    to    12    ins., 
giving,  for  full  roof  load: 
166.000 

A= +  5.0  =  11.0; 

27,700 
d  12 

A        11.0 

27,700  X  11.0 

K  = =  176; 

12  X  12= 
A- =  0.71;  and  p  =  0.0097;   for  which   %-in. 
rods,  spaced  5  ins.  on  centers,  mav  be  used. 

If   the   roof   is   left   exposed    we   have,    for 
the  latter  section : 

166,000  d         12 

A  = +  6.0  =  56 ;  —  =  —  =  0.21 ; 

3,260  A         56 


=  70  lbs.  per 

2  2 

u  —  d  7.2  X  —  X  12 

3  3 
square    inch. 

As  the  allowable  shearing  and  bond  stresses 
are  40  and  80  lbs.  per  square  inch,  respectively, 
these  values  are  on  the  safe  side. 

The  desirability  of  determining  accurately 
the  effects  of  a  compressive  force  is  evidenced 
in  the  above  example  by  the  fact  that,  for 
d  =  13  ins.,  the  compression  tends  to  increase 
the  resistance  of  the  slab  against  bending, 
while,  for  d  =  12  ins.,  its  effect  is  just  the 
opposite. 

Why  Not  a  Rational  Specification  for 
a  Wooden  Pile? 

To  THE  Editors  : — The  typical  specification 
for  a  wooden  pile,  as  used  by  most  railroads, 
municipalities,  etc.,  and  as  advocated  by  most 
producers,  reads  about  as  follows: 

The   pile    shall   be   so   straight   that    a   line 


TABLE  I.— VALUES  OF  x  AS  FUNCTIONS  OF 
d 

—  and  p,  for  e  =  15. 
A 


TABLE  31.— VALUES   OF  Ks  AND   Kc  AS 
FUNCTIONS   OF  x. 
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According  to  Table  II  this  value  of  K  cor- 

d 
responds  to  x  ^  0.605 ;  while  Table  I,  for  — 

A 
=  1.13  and  ;ir  =  0.605,  gives  />  =  0.0030. 

While  the  above  section  is  satisfactory  for 
the  loads  considered,  its  strength  in  the  event 
of  the  roof  being  left  exposed  has  also  to  be 
investigated.     In  the  latter  case  we  have : 
16.3  X  400 

P  = =  3,260 ; 

2 
166,000 

A  = +  5.5  =  56.5 ;  and 

3,260 
d  13 

—  = =  0.23. 

A        56.5 

d 
This  value  of  —  gives,  with  the  above  steel 
A 
proportion,  x  =  0.285   (Table  I),  and  /f  =  55 
(Table  II).     As,  however,  the  required  value 


.1-  =  0.444 ;  and  K  ^  123,  while  the  required 

3,260  X  56 

value  is  only  =  106.     This  section 

12  X  12= 

is,  therefore,   safe  for  both  assumptions. 

The  shearing  force  R  is  greatest  at  the  foot 
of  the  wall,  being  about  4,0.50  lbs.  per  foot. 
.As  the  moment  at  the  support  is  zero,  we 
have: 

Shearing  stress  = 

R                       4,050 
=^ =     36     lbs.     per 

2  2 
b—(d  +  t)       12X  — X14 

3  3 
square   inch. 

While  the  bond  stress  at  the  foot  of  the 
wall  is  negligible,  it  can,  at  no  other  point, 
exceed : 

Limit   of   bond   stress  = 


stretched  from  center  of  butt  to  center  of 
point  will  not  leave  the  pile  more  than  1/lOOth 
(for  example)  of  the  length  of  the  pile. 

Several  criticisms  instantly  arise  in  one's 
mind  as  to  this  specification,  among  which  are : 

(1)  It  is  obviously  impossible  to  stretch  a 
line  from  center  of  butt  to  center  of  point ; 
and  therefore  a  substitute  method  has  to  be 
employed,  which  latter  should  logically  also- 
be  substituted  in  the  specification.  Obviously 
the  pile  will  naturally  lie  on  a  flat  surface  so 
that  its  greatest  curvature  is  horizontal.  A 
line  is  then  stretched  from  the  butt  to  the 
point  over  the  centers  of  each ;  and,  by  sight- 
ing down  vertically  along  the  string,  the  dis- 
tance between  the  projection  of  the  string  and 
the  side  of  pile  is  noted. 

(2)  What  relation  should  exist,  if  any,  be- 
tween the  crookedness  of  a  pile  and  its  length? 
Obviously,  again,  the  pile  must  be  straight 
enough  to  be  placed  in  the  pile-driver.  It 
also  must  not  be  so  crooked  that  a  blow  of 
the  hammer  will  bend  it  so  as  to  damage  it; 
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and  it  must  not  be  so  crooked  that  its  final 
load  will  produce  a  bending  moment  in  the 
pile  large  enough  to  produce  stresses  exceeding 
a  safe  maximum.  This  load  condition  and  the 
phenomena  during  driving  are  practically 
identical  in  nature,  except  that  one  is  static 
and  the  other  dynamic.  Now  the  theory  of 
bent  columns  (or,  what  is  the  same  thing,  of 
eccentrically  loaded  columns,  or  of  arches), 
must  of  necessity  apply  to  piles. 

Moreover,  it  is  obvious  that,  for  members  of 
the  general  size  and  shape  of  piles,  the  length 
has  no  effect  upon  the  stresses  due  to  eccen- 

J- 


tricity  of  loading  at  any  section,  the  latter  be- 
ing due  only  to  the  eccentricity  and  to  the 
area  of  the  corresponding  section  (see  Fig.  1). 

(3)  What  should  be  the  maximum  permis- 
sible crookedness?  It  would  seem  that  it 
should  depend  upon  the  permissible  maximum 
bending  stress  for  the  material  composing  the 
pile  and  upon  the  area  of  the  latter.  Most  en- 
gineers would  doubtless  concede  a  relatively 
high  unit  stress  as  permissible  for  the  condition 
of  combined  direct  and  bending  stress  in  a 
pile.  From  this,  it  is  seen  that  when  all  piles 
are  designed  to  be  uniformly  loaded  when 
finally  in  place,  a  greater  bend  is  permissible 
in  a  pile  of  large  diameter  than  in  a  smaller 
one,  because  a  less  unit  direct  stress  will  exist 
in  the  large  pile.  Such  a  specification  may  not 
make  inspection  easy  and  it  may  possibly  be 
considered  impracticable  for  other  reasons,  but 
its  logical  possibility  is  evident. 

Of  course  difTerent  kinds  of  wood  must 
have  different  permissible  bends.  Furthermore, 
the  designer's  load  per  pile  will  influence  the 
allowable  bend,  if  the  limit  placed  on  the  total 
maximum  unit  stress  is  constant. 

Assume,  for  example,  a  12-in.  round  pile, 
with  an  area,  where  its  bearing  on  the  soil 
commences,  of  100  sq.  ins.,  designed  for  a 
loading  of  30,000  lbs.  For  such  a  pile  the 
direct  stress  is  300  lbs.  per  square  inch.  If 
a  safe  unit  stress,  due  to  combined  compres- 
sion and  bending,  of  2,400  lbs.  is  assumed, 
then  2,100  lbs.  may  roughly  be  assumed  as  the 
maximum  permissible  unit  bending  stress  due 
to  eccentricity  of  load  at  the  section.  (The 
unit  stresses  recommended  by  the  Committee 
on  Wooden  Bridges  and  Trestles  of  the 
American  Railway  Engineering  Association, 
Vol  10,  p.  564,  for  long-leaf  pine  are:  .3,800 
lbs.,  ultimate;  1,300  lbs.,  safe  and  1,300 
(\-l/60D),  for  long  columns;  6,500  lbs.,  ulti- 
mate extreme  bending,  and  1,.300  lbs.,  safe.) 
Since  the  moment  of  inertia  is  about  1,010 
and  the  section  modulus  is  169.4,  the  maximum 
permissible  eccentricity  of  stress  at  the  ground 
level  would  be  11.9  ins.  At  a  section  approxi- 
mately 8  ins.  in  diameter,  with  an  area  of 
about  50  sq.  ins.,  where  the  total  direct  stress 
may  have  been  reduced  by  half,  the  permissible 
unit  bending  stress  may  be  assumed  at  2,25(1 
lbs.  The  moment  of  inertia  is  196.7,  the  sec- 
tion modulus  49.2,  and  the  permissible  ec- 
centricity 7.4. 

Examples  might  be  multiplied;  but  it  would 
seem  evident  from  the  two  given  that  a  modi- 
fication of  the  type  of  specification  now  in  use 
might  be  advantageous.  It  seems  obvious  that 
the  permissible  bend  should  not  be  measured 
in  terms  of  the  length  of  the  pile  but  rather 
in  terms  of  its  diameter  at  each  point  along 
its  length.  With  this  in  view,  the  followinc 
wording  with  reference  to  yellow  pine  piles  is 
submitted   for  criticism  : 

"The  pile  shall  be  so  straight  that  a  lino 
held  in  contact  with  any  two  points  selected 
so  as  to  give  the  maximum  deviation  shall  not 
be  distant  from  the  surface  of  the  pile  at  anv 
point  more  than  the  diameter  of  the  pile  op- 
posite   that    point." 

Very  truly  yours, 

E.    P.    GnODRICH. 


Consulting    Engineer,    Department    of    Public 
Works,  Borough  of  Manhattan,   New  York 
City,  April  27,  1915. 
(Discussion  based  on  this  letter  is  solicited. 

The  subject  is  one  upon  which  many  engineers 

should    have    data    and    opinions    of    value. — 

Editors.) 


Concerning  the  Relative  Costs  of  Plain 
and  Reinforced  Concrete  Retain- 
ing Walls. 

To  THE  Editor  :  The  bids  received  for  con- 
structing retaining  walls  along  the  banks  of 
the  .Sandusky  River,  Tiffin,  O.,  are  of  more 
than  ordinary  interest,  as  they  show  the 
relative  costs  of  constructing  plain  and  re- 
inforced concrete  walls. 

The  city  asked  for  bids  on  both  types  of 
wall  shown  in  section  in  Fig.  1,  the  total 
length  of  wall  being  2.600  ft.  There  were  23 
bids  submitted.  The  lowest  complete  bid  on 
the  plain  concrete  design  made  the  cost  of  this 
type  of  wall  $5.75  per  cubic  yard,  the  total  bid 
being  $46,718.75;  while  the  lowest  bid  received 
for  constructing  the  reinforced  concrete  wall 
was  $6.12  per  cubic  yard,  plus  2%  cts.  per 
pound  for  the  steel  reinforcement,  or  a  total 
of  $31,476.00.  The  contract  was  awarded  for 
reinforced  walls.  The  total  bid  for  construct- 
ing the  plain  concrete  wall  was  thus  48  per 
cent  more  than  for  the  reinforced  wall. 

Considering  17  of  the  bids  received  for  both 
types  of  wall,  the  average  price  for  plain  con- 
crete was  $6,117  per  cubic  yard,  while  the 
average  prices  for  the  reinforced  type  were 
$7,456  per  cubic  yard  for  concrete  and  2.77 
cts,  per  pound  for  reinforced  steel.    The  aver- 


A  Summary  of  Bridge  Work  Done  by 

Wisconsin  Highway  Commission 

During  Period  July  1,  1911- 

Jan.   1,   1915. 

(Stafif  Abstract.) 
The  Wisconsin  Highway  Commission  was 
created  in  1911,  and  since  that  time  its  func- 
tion, as  regards  bridge  work,  has  been:  (1) 
To  prepare  plans  and  specifications  for  all 
bridges  built  with  state  and  county  aid ;  (2) 
when  requested,  to  give  engineering  advice  re- 
garding bridge  work  to  township,  village  and 
county  officers,  and  (3)  to  examine  the  plans 
of  bridges  built  under  the  county  aid  law  and 
approve  same  when  found  satisfactory.  The 
following  data  from  the  second  biennial  report 
cover  the  bridge  work  done  by  the  commis- 
sion during  the  period  July  1,  1911-Jan.  1,  1915. 

STATE  AID  BRIDGES. 

The  work  done  during  the  fiscal  year  1911- 
12  on  state  aid  bridges  included  the  surveying 
of  the  sites  for  148  bridges,  and  preparing  the 
plans  and  specifications  for  91  bridges.  Dur- 
ing the  year  1912-13  the  sites  of  298  bridges 
were  surveyed,  and  the  plans  and  specifications 
prepared  for  243  structures.  During  1913-14 
the  sites  of  308  bridges  were  surveyed,  and 
the  plans  and  specifications  for  339  bridges 
prepared. 

During  the  biennial  period  covering  the 
years  1911-12  and  1912-13  the  sum  of  $389,- 
177.60  w-as  provided  by  towns,  counties  and 
state  for  bridge  work  under  the  state  aid  law. 
The  work  actually  completed  and  accepted  cost 
$231,359.10.  On  Dec.  31,  1913,  work  costing 
$105,398.07   was   under   construction,   much   of 
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age  bid  for  constructing  the  plain  concrete 
wall  was  thus  about  32  per  cent  more  than  for 
the  reinforced  wall,  although  the  reinforced 
wall  (it!,  indicated  in  Fig.  1)  is  theoretically 
more  stalilc,  both  as  to  overturning  and  as  to 
sliding.  Moreover,  a  higher  grade  of  concrete 
is  used  in  the  reinforced  wall,  and  if  the  pro- 
portion of  cement  had  been  the  same  in  both 
walls  the  difference  in  cost  in  favor  of  the 
reinforced  concrete  type  would  have  been  at 
least  7  per  cent  greater. 
Very  truly  yours, 

J.   I.   Oberijvnder,     City  Engineer. 
Tiffin,  Ohio,  May  7,  lOlS. 


it  complete  except  for  minor  details,  which 
prevented  acceptance.  In  some  townships  the 
amounts  raised  were  not  sufficient  for  the 
work  done,  thus  incurring  deficits  aggregating 
$20,711.76,  while  in  other  townships  there  was 
a  surplus  of  $72,802,81, 

COUNTY    AID    liRinCES, 

Advantage  was  taken  by  the  various  town- 
ship, county  and  village  officers  of  the  engi- 
neering service  offered  bv  the  commission, 
Althnugh  the  commission  was  organized  in 
July.  1911.  no  state  aid  work  could  be  done 
until    1912,   although   requests   for  engineering 
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advice  on  county  aid  bridge  work  were  so 
numerous  from  the  start  that  the  resources  of 
the  commission  were  taxed  to  the  utmost. 

During  the  fiscal  year  1911-12  the  commis- 
sion's engineers  surveyed  225  bridge  sites  and 
prepared  and  sent  out  plans  and  specifications 
for  84  bridges.  During  1912-13,  2.54  bridge 
sites  were  surveyed,  and  plans  and  specifica- 
tions prepared  and  mailed  out  for  258  bridges. 
During  191.3-14,  336  bridge  sites  were  sur- 
veyed and  362  sets  of  plans  and  specifications 
sent  out. 

This  work  was  done  in  response  to  purely 
voluntary  requests,  in  connection  with  bridges 
in  which  no  part  of  the  cost  was  paid  by  the 
state.  From  reports  received,  it  is  estimated 
that  at  least  90  per  cent  of  the  plans  sub- 
mitted have  resulted  in  construction.  The  es- 
timated value  of  county  aid  bridge  work  con- 
structed from  the  commission's  plans  during 
the  last  si.x  months  of  1911  and  during  1912 
was  $300,440;  during  the  year  1913  the  esti- 
mated value  was  $292,876 ;  and  during  1914  it 
was  $401,284. 

APPROVAL    OF    BRIDGE    PLANS. 

The  county  aid  bridge  law  requires  that 
bridges  built  under  its  provisions  be  approved 
by  the  commission.  In  accordance  with  this 
law  the  plans  of  129  bridges  have  been  sub- 
mitted for  approval  up  to  Jan.  1,  1915.  Ob- 
viously, it  was  impossible  for  the  commission 
to  make  full  examinations  of  the  sites  of  these 
proposed  structures.  Moreover,  the  commis- 
sion did  not  consider  that  it  was  the  intent  of 
the  law  to  remove  all  discretion  from  local 
officials.  It  was  therefore  decided  not  to  with- 
hold approval  unless  the  design  submitted 
would  provide  a  structure  of  less  load  capac- 
ity than  that  required  by  law.  Where  designs 
of  inadequate  capacity  were  submitted,  these 
were  returned  with  the  necessary  revisions  in- 
dicated, so  that  they  might  be  resubmitted, 
with  corrections. 

SPECIAL  BRIDGES. 

In  addition  to  the  duties  imposed  upon  the 
commission  by  the  state  highway  law,  the 
legislature  of  1913  imposed  additional  respon- 
sibilities as  follows:  The  law  was  amended 
to  provide  state  aid  for  bridges  built  undet 
unusual  conditions.  It  provided  that  any  vil- 
lage, town,  city  or  county  might  raise  fund.' 
for  the  construction  of  a  bridge  across  any 
navigable  or  meandered  stream,  and  petition 
the  State  Highway  Commission  for  state  and 
county  aid.  Upon  receipt  of  the  petition  it 
became  the  duty  of  the  commission  to  decide 
whether  or  not  the  proposed  bridge  was  a 
necessity  and  to  ascertain  its  probable  cost. 
If  the  bridge  was  found  to  be  a  necessity,  and 
it  was  determined  that  it  must,  of  necessity,  be 
more  than  300  ft.  long,  the  commission  was 
required  to  certify  this  fact  and  also  the 
amount  required  to  be  paid  by  the  county. 
The  proportion  to  be  paid  by  the  town,  village 
or  city  was  40  per  cent,  that  by  the  county  40 
per  cent  and  that  by  the  state  20  per  cent. 
The  law  also  provided  that  the  total  annual 
expenditure  by  the  state  should  not  be  more 
than  $30,000,  and  that  state  aid  should  not  be 
extended  to  more  than  six  bridges  in  any  one 
year. 

The  commission  received  three  petitions  for 
state  aid  under  this  law;  two  of  these  were 
declared  to  be  a  necessity,  while  the  third  was 
declared  unnecessary. 

STAND.^RD   BRIDGE   PLANS. 

The  commission  has  prepared  standard 
bridge  plans,  w-hich  are  recommended  for  gen- 
era! use  under  Wisconsin  conditions,  as  fol- 
lows: 

Spans,  6  to  12  ft.,  reinforced  concrete  slab 
bridges.  .    ,  , 

Spans.  12  to  35  ft..  eitJier  remforced  concrete 
slab  bridses,  or  steel  I-beam  bridges  with  rein- 
forced  concrete   floors. 

Spans.  25  to  36  ft.,  either  through  reinforced 
concrete  girder  bridges  or  steel  I-beam  spans 
with  reinforced  concrete  floors. 

Spans.  36  to  80  ft.,  either  through  Warren  gir- 
der bridges  with  reinforced  concrete  floors  or 
through  plate  girder  spans  with  reinforced  con- 
crete  floors.  _ 

Spans.  SO  to  150  ft.,  through  Pratt  truss 
bridges    with    reinforced    concrete    floors. 

The  commission  believes  that  each  bridge 
requires    individual    treatment,    and,    although 


adhering  as  closely  as  possible  to  its  stand- 
ards, prepares  separate  designs  for  the  sub- 
structure of  each  bridge.  The  commission 
firmly  believes  in  the  use  of  reinforced  con- 
crete bridge  construction  to  the  fullest  extent 
practicable.  Where  spans  longer  than  40  ft. 
are  used,  or  where  it  is  necessary  to  use  a 
roadway  of  unusual  width,  arches  are  recom- 
mended. No  attempt  has  been  made  to  stand- 
ardize arch  design,  as  such  designs  vary  so 
greatly. 

GENERAL    SUMMARY. 

During  the  period  July  1,  1911-Jan.  1,  1915, 
the  commission  has  designed  1,521  bridges, 
estimated  to  cost  $1,6.53,764.  Its  engineers 
have  been  consulted  voluntarily  by  about  600 
municipalities  in  70  counties,  exclusive  of  state 
bridge  work.  The  total  cost  of  the  bridge  de- 
partment during  this  period  was  $38,903.20,  or 
2.35  per  cent  of  the  estimated  cost  of  the 
work  supervised;  this  includes  the  cost  of 
surveys,  plans,  letting  and  inspection.  About 
16,000  plans,  covering  bridge  superstructure 
and  substructures,  have  been  mailed  from  the 
commission's  office  up  to  Jan.  1,  1915. 

The  stated  weakness  of  the  commission's 
bridge  work  has  been  in  the  inspection  of  con- 
struction. The  demand  for  plans  and  specifi- 
cations has  been  so  great  that  practically  the 
entire  time  of  the  bridge  department  has  been 
devoted  to  supplying  this  demand.  It  is  felt 
that  this  branch  of  the  service  should  be  sub- 
stantially  strengthened. 

A  set  of  accounting  forms  for  bridge  work 
has  been  prepared,  and  these  forms  are  fur- 
nished free  to  the  counties  to  enable  them  to 
keep  accurate  records. 
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Wire-Drag  Surveys  at  Key  West,  Fla. — 

So  valuable  are  the  results  of  the  wire-drag 
work  done  by  the  United  States  Coast  and 
Geodetic  Survey  in  the  vicinity  of  Key  West 
that  the  Navy  Department  has  requested  the 
extension  ot  the  work  in  the  region  farther 
to  the  westward.  As  Key  West  is  a  naval 
base,  besides  being  a  railway  terminus,  and  an 
important  commercial  port,  the  necessity  of 
having  the  whole  region  systematically  exam- 
ined with  the  drag  is  apparent.  The  prin- 
cipal work  of  the  past  season  was  a  very  close 
examination  of  the  West  Channel  from  a 
point  west  of  Man  Key  for  a  distance  of  10 
miles  to  a  point  south  of  the  eastern  side  of 
Marquesas  Key.  and  an  examination  of  the 
doubtful  portions  of  the  channel  from  Key 
West  to  Dry  Tortugas.  A  depth  of  28  ft.  is 
indicated  on  the  charts,  but  many  shoals  and 
coral  heads  with  only  22  ft.  were  found.  The 
coral  formation  in  that  region  abounds  in 
abrupt  pinnacles,  which  it  is  impossible  to  de- 
tect with  certainty  with  the  sounding  lead,  as 
they  are  of  very  small  area  and  project  irregu- 
larly from  the  general  contour  of  the  bottom. 
The  United  States  Engineers  are  improving 
the  principal  channels  by  blasting  and  dredg- 
ing. 

In  all  about  100  shoal  spots  were  found 
with  the  drag  during  the  season,  and  of  these 
13  were  discovered  in  a  single  day.  So  numer- 
ous and  so  irregularly  located  were  these  shoal 
spots  that  they  could  not  be  described  ade- 
quately by  positions  and  bearings,  and  in  order 
to  show  them  it  was  necessary  to  publish  sec- 
tions of  the  chart  with  corrected  soundings 
in  the  Notices  to  Mariners. 


North   and   South    Railway   for   Idaho. — 

Governor  Moses  Alexander  of  Idaho  has  an- 
nounced that  he  would  appoint  a  commission 
of  three  men  to  consider  routes  for  a  rail- 
way connecting  the  northern  and  southern 
portions  of  the  state.  It  stated  that  if  private 
capital    cannot    be    interested    in    building   the 

Building — Name,   number,   description 

and   location.  Cost. 

Repair    and    storage    building    for    fire 

department     $14,151 

Alterations    and    addition    to    Birney 

School     48,105 

Alterations    and    addition    to    Congress 

Heights    School    33,347 

Shelter    sheds     for     farmers'     produce 

market    ■        11.769 

Alterations      for      accommodation      of 

boilers    and    coal    vault    for    District 

of  Columbia   jail 4,419 
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Costs  of  Buildings  in  District  of  Co- 
lumbia.— The  cubic  cost  of  buildings  erected 
during  the  past  fiscal  year,  all  of  which  were 
designed  by  the  municipal  architect  at  Wash- 
ington, D.  C,  is  as  follows : 
Cost  per 
Cubic  cubic  Heating   plan, 

contents.         foot. 
Feet.  Cents. 

151,533  9.33     Steam,    direct. 

332,820        14.45     Steam,  direct,  and  fan  system. 

238,399        13.98     Steam,   direct,  and  fan  system. 

98,000         12.00 


31.762 


15.47 


General       business        and 
The    Doings     financial    conditions    during 
the  past  week  sustained  the 
of  advances     of      previous 

,  \A7  1r  weeks  and  in  some  direc- 
trie  WeeK.  tions  even  manifested 
slight  gains.  The  invest- 
ment market  showed  its  soundness  in  the 
prompt  purchasing  of  large  bond  issues.  The 
Pennsylvania  R.  R.  $65,000,000  general  mort- 
gage, the  Argentine  Government  loan  of  $'2.j,- 
000,000,  the  State  of  Tennessee  $12,000,000 
loan,  and  the  Province  of  Alberta  $4,000,000 
issues  were  among  the  loans  completed  last 
week.  The  export  trade  showed  gains  over 
previous  weeks ;  additional  orders  were  placed 
for  rails  and  cars ;  and  large  tonnages  of  steel 
and  iron  material  were  reported  under  negotia- 
tion. The  grave  international  crisis  that  has 
prevailed  during  the  past  week  seemingly  has 
had  little  appreciable  effect  on  business.  In 
the  construction  field,  the  past  week  showed 
a  slight  falling  off  in  the  number  of  projects 
coming  up  for  bids.  But  this  has  been  the 
case  all  through  the  season.  One  week  would 
bring  out  numerous  undertakings  and  the 
next  week  would  show  a  decrease.  On  the 
whole,  however,  a  fair  average  showing  was 
made  during  the  past  seven  days.  Several  big 
jobs  came  up  for  advertising  and  a  number 
of  good-sized  contracts  were  let.  Plans  also 
are  well  advanced  on  several  big  projects  that 
will  be  offered  for  liids  shortly.  One  feature 
of  the  week  was  the  appearance  of  calls  for 
bids  for  a  considerable  amount  of  work  for 
cities  in  Canada  and  for  Government  depart- 
ments. In  the  iron  and  steel  trade  plant 
operations  continue  at  about  75  per  cent  ca- 
pacity. Russia  probably  will  place  orders 
shortly  in  this  country  for  about  100,000  tons  of 
rails  and  larger  amounts  even  are  under  consid- 
eration for  the  Trans-Siberian  railroad.  Large 
orders  for  cars  also  have  been  placed  in  this 
country  bv  Russia.  The  Pennsvlvania  R.  R. 
l.S8,000  ton  rail  inquiry  includes  30,000  tons 
of  r25-lb.  sections.  The  National  Tube  Co. 
has  obtained  an  order  for  177  miles  of  12-in. 
pipe  from  Louisiana  oil  interests.  The  Iron 
Age  prices  for  finished  iron  and  steel  and  for 
sheets,  nails  and  wire  for  the  week  ending 
May  12  were  as  follows : 

Finished  Iron  and  Steel.  May  12.       May  5. 

Per    lb.    to    large    buyers.  Cts.  Cts. 

Bess,   rnils,   heavy,  at  mill..,.     1.25  1.25 

Iron  bais.    Philadelphia \.llV->         l.lTi^ 

Iron  bars,    Pittsburgh 1.20  1.20 

Iron  bars.  Chicago 1.15  1.15 

.Steel  bars,   Pittsburgh 1.2n  1.20 

.steel  bars.  New  York 1.369  1.36D 

Tank  plates,    Pittsburgh 1.15  1.15 

Tank  plates.  New  York 1.319  1.319 

P.eams,    etc.,    Pittsburgh 1.20  1.20 

Reams,    etc..    New   York 1.369  1.369 

.Skelp.  grooved  .steel,  P'gh 1.121/2         1.12y2 

Skelp.  sheared  steel,   P'gh 1.17'/o         l.lTVo 

Steel  hoops,  Pittsburgh 1.25  1.25 

Sheets,   Naiis  and   Wire. 
Per  lb.  to  large  buyers. 
Sheets,  black.   No.  28,  P'gh...     1.80  1.R0 

ilnlv.  sheets.  No.   28.  P'gh 3.40  3.40 

Wire  nails,  Pittsburgh 1.55  1.55 

Cut  nails,   Pittsburgh 1.55  1.55 

Fence  wire,  base,  P'gh 1.35  1.35 

Barb  wire,  galv.,  P'gh 2.10  2.10 

For  structural  material  f.  o.  b.  Pittsburgh 
the  Iron  Age  prices  were  as  follows :  I-beams, 
3  to  15  in. ;  channels.  3  to  15  in. :  angles,  3  to 
<1  in.  on  one  or  both  legs,  %  in.  thick  and  over, 
and  tecs,  3  in.  and  over,  1.20  cts. 

Railways. — Railway  construction  is  still  in 
the  dolflrums.  No  developments  looking  to 
the  taking  up  of  any  important  projects  oc- 
curred during  the  past  week.  The  Union 
Station  Co.  of  Chicago  began  calUng  for  bids 
on  the  bascule  bridge  at  West  Monroe  St., 
which  will  be  a  part  of  the  new  Union  ter- 
minal development.  The  Wisconsin  &  North- 
ern Rv.  awarded  a  contract  for  a  10-mile 
extension  in  Wisconsin,  John  Duffv.  Motin- 
tain,  Wis.,  securing  the  job.  The  Norfolk  & 
Western  Ry.  awarded  a  100.000  cu.  yds.  con- 
tract. 

Roads  and  Streets. — State,  county  and 
district  highway  construction  continues  to  offer 
many  opportunities  to  contractors.     California 


is  calling  for  bids  on  four  contracts,  about 
20.3  miles  in  all;  Illinois  opens  bids  May  26 
on  three  contracts;  New  Hampshire  is  asking 
proposals  on  two  jobs;  New  York  is  calling 
for  bids  on  a  number  of  repair  contracts.  One 
of  the  larger  road  jobs  of  counties  is  that  of 
-Allegheny  County,  Pa.  This  county  will  open 
bids  May  29  on  highway  improvements  to  cost 
about  $500,000.  Baltimore  County,  Maryland, 
is  calling  for  bids  on  4  miles  of  concrete 
paving.  Corpus  Christi,  Tex.,  is  asking  pro- 
posals on  about  86,000  sq.  yds.  of  paving, 
./^mong  the  contracts  let  recently  were  the 
following:  5  miles  of  brick  road  near  Wayne, 
W.  Va.,  to  cost  $53,480 ;  system  of  roads  and 
bridges  near  Forney,  Tex.,  for  which  $200,- 
000  is  avadable;  paving  Admiral  Way  at 
Seattle,  Wash.,  to  cost  about  $230,000;  $70,000 
road  job  for  Wood  and  Ottawa  counties, 
Ohio.  The  County  Commissioners  at  Tavares, 
Fla.,  open  bids  June  7  on  112,000  sq.  yds.  mod- 
ified asohalt. 

Bridges. — Some  very  good-sized  bridge 
imdertakings  reached  the  call  for  bids  stage 
during  the  past  week.  Cincinnati,  O.,  opens 
bids  June  1  on  the  Park  Ave.  bridge  over 
Kemper  Lane,  a  reinforced  concrete  arch  esti- 
mated to  cost  $165,000.  County  Commission- 
ers at  Hamilton,  O.,  are  asking  bids  on  a 
$120,000  concrete  bridge  over  Miami  River; 
the  Grade  Crossing  Commissioners  at  Buf- 
falo. N.  Y.,  open  bids  May  22  on  subways  and 
incidental  work  estimated  to  cost  over  $210,- 
000.  The  Union  Station  Co.,  Chicago,  is  ask- 
ing bids  on  a  trunnion  bascule  bridge  to  be 
erected  at  West  Monroe  St.  The  contracts  let 
last  week  include  a  considerable  number  of 
fair-sized    jobs. 

Drainage  and  Irrigation. — No  important 
developments  in  either  the  drainage  or  irriga- 
tion fields  appear  to  have  come  up  for  adver- 
tising during  the  past  week.  Several  small 
drainage  jobs  involving  excavation  running 
around  100,000  cu.  yds.  are  ready  for  bids. 
The  contract  for  the  660,000  cu.  yds.  of  ditch 
excavation  for  the  Reed's  Creek  Drainage 
District  of  Dyer  County,  Tenn.,  was  awarded 
to  R.  H.  &  G.  A.  McWilliams,  Chicago  and 
Meinphis. 

Waterworks. — A  fair  amount  of  work  in 
this  field  is  being  advertised  for  bids,  although 
no  especially  large  undertakings  appear  to 
have  come  up.  Hartford,  Conn.,  opens  pro- 
posals June  2  on  the  east  dike  of  the  Nepaug 
Reservoir  development.  Caruthersville  is  call- 
ing for  bids  on  waterworks  improvements 
and  sewerage;  Area,  111.,  asks  proposals  on 
18.700  ft.  6-in.  water  mains;  Philadelphia, 
Pa.,  is  calling  for  bids  for  laying  41,000  ft.  of 
water  pipe ;  Montrose,  Colo.,  awarded  contracts 
amounting  to  over  $89,000. 

Sewerage. — Philadelphia,  Pa.,  awarded 
sewer  contracts  aggregating  about  $218,000; 
.Siloam  Springs,  Ark.,  let  a  sanitary  sewer  job 
amounting  to  $43,711;  Cleburne,  Tex.,  is 
asking  bids  for  sanitary  sewers  and  sewage 
disposal  plant;  Wausau,  Wis.,  and  Kenosha, 
Wis.,  are  asking  proposals  on  sewer  construc- 
tion ;  Downingtown,  Pa.,  is  calling  for  bids 
on  sewers  and  sewage  disposal  works.  Sacra- 
mento, Cal,  opened  bids  on  sewer  construction 
to  cost  about  $12,.j000.  and  also  began  adver- 
tising a  new  section  of  its  trunk  line  system. 

Buildings  and  Rivers  and  Harbors. — The 
Supervising  .'\rchitcct.  Treasury  Department. 
Washington,  D.  C,  has  commenced  calling  for 
I)i(ls  on  the  building  for  the  Interior  Depart- 
ment offices  at  Washington.  This  will  be 
680,000  sq.  ft.  occupying  a  site  400  by_  600  ft., 
and  will  be  7-story  and  basement,  with  face 
brick  and  limestone  facing.  The  Quebec 
Streams  Commission  has  asked  tenders  for 
the  construction  of  the  proposed  storage  dam 
at  La  Loutre  on  the  St.  Maurice  River,  Can- 
ada. Check  for  $150,000  is  required  with  the 
bid  for  this  work.  West  Palm  Reach,  Fla., 
opened  bids  on  a  reinforced  concrete  .sea  wall 
and  other  work,  lones  &  Garr^tson,  at  $70,- 
682,  being  low  bidder.  "'^  ."...-..L.toj    . 
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It  is  a  rather  curious  co- 
Railway         incidence   that  three   of  the 
.  biggest   construction    under- 

Terminal        takings   started    recently   by 
^  .  railways    are    for    terminal 

l^onstruction.  developments.  At  Buffalo, 
N.  Y.,  the  Lehigh  Valley 
has  work  under  way  on  improvements  that 
will  call  for  an  expenditure  of  about  $5,000,- 
000.  The  St.  Paul  Union  Depot  Co.  is  about 
to  award  the  contract  for  the  first  construction 
in  connection  with  its  $15,000,000  project  at 
St.  Paul.  Minn.  At  Chicago,  the  Union  Station 
Co.,  which  is  in  charge  of  building  the 
$65,000,000  terminal  for  the  Pennsylvanra  and 
other  railroads,  already  has  let  several  good 
sized  contracts,  has  advertised  others,  and  has 
plans  well  advanced  for  additional  develop- 
ments. Here  is  a  probable  expenditure  of  $8.5,- 
000,000  for  the  betterment  of  terminal  facili- 
ties in  three  cities.  It  is  not  a  bad  showing 
for  an  off  year.  If  the  railways  can  finance 
improvements  like  these,  that  are  not  direct 
revenue  producers,  it  would  seem  that  pres- 
ently they  will  be  able  to  find  the  funds  to 
build  new  line  extensions  and  branches  that 
will  give  them  returns  on  their  investments. 


Up 

and 

Down. 


A  couple  of  weeks  ago 
everything  was  looking  fine. 
Bank  clearings  established  a 
record ;  export  trade  was 
booming;  business  and 
finance  were  nearly  in  old- 
time  shape.  Old  liian  Pes- 
simism had  crawled  into  his  hole,  and  young 
man  Optimism  had  emerged  from  his.  '  And 
then  the  Lusitania  \vent  down.  So  did  stocks, 
premiums  on  municipal  bond  issues  and  three 
or  four  big  construction  contracts  that  were 
about  to  be  let.  But  this  did  not  last  long.  Stock- 
prices  are  commencing  to  rise  again,  rates  for 
money  remain  unchanged,  and  the  banks  are 
vigorously  encouraging  business  and  credits. 
It  was  a  very  pretty  little  scare  while  it 
lasted.  That  the  trying  situation  of  the  past 
10  days  caused  practiclly  no  disturbance  in 
business  nor  in  the  larger  matter  of  finannc 
proves  conclusively  the  strength  of  this  coun- 
try's financial  and   industrial  position. 


An  interesting  method  of 
Bids   on         taking  bids  on  street  paving 
is    outlined    in    a    proposed 
Street  advertisement  of  the  street 

Do    ir^rv  ^""^    sewer    department    of 

leaving.  Wilmington,  Del.  The  bids 
are  to  be  received  in  either 
one  or  two  forms  or  both.  One  form  calls  for 
furnishing  the  labor  and  materials  for  grading, 
curbing,  and  constructing  concrete  foundation ; 
the  other  form  provides  for  tliis  work  and  also 
for  laying  the  pavement.  Prices  may  be  sub- 
mitted on  eight  vardages  ranging  from  not  less 
than  5,000  sq.  yds.  to  not  less  than  100,000 
.sq.  yds.  A  list  of  the  streets  to  be  improved 
is  published  with  the  instructions  to  bidders 
and  the  specifications,  and  the  prices  bid  are 
to  apply  to  work  on  one  or  more  streets  to 
be  selected  by  the  street  and  sewer  depart- 
ment from  the  list. 


Dam 


The  greatest  inventions  of 
tlic      European      cataclysm 
.  seemingly    have   been    made 

Construction    Iiy     the     newspaper     eorre- 
o-  spondents     and     their     col- 

in  oltU.  leagues,  the  headline  writers. 

A  few  weeks  ago  a  gun 
with  a  range  of  28  miles  was  discovered,  and 
now  comes  a  report  of  a  new  method  of  build- 
ing dams,  .•\ccording  to  the  press  dispatch 
the  Germans  propose  buying  a  steamer  and 
loading  her  with  thousands  of  tons  of  broken 
stone  and  cement.  The  boat  is  then  to  be 
taken  to  the  narrowest  part  of  the  St,  Law- 
rence River  and  sunk,  in  the  hope  that  the 
"cement  and  stone  will  form  a  massive  ma- 
sonrv  dam."  and  thus  prevent  the  transporting 
of  Canadian  troops  and  supplies  by  boat.  The 
experiment  will  be  watched  with  much  interest. 
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PORT    DEVELOPMENTS    qF_ 
BEAUMONT,  TEX. 


Plans     for     Marine     Terminals     to     Cost 
$3,000,000. 


Concrete     Quay     Wall  —  Piers  —  Sheds  —  Ware- 
houses— Handling    Equipment. 


Extensive  marine  terminal  developments  are 
proposed  by  Beaumont,  Tex.  On  May  25  this 
city  votes  on  a  $100,000  bond  issue  for  the 
first  unit  of  the  improvement.  This  issue  pro- 
vides for  walls,  terminal  buildings  and  the 
installation  of  the  necessary  cranes  and  other 
machinery.  . 

The  citv  has  acquired  land  at  Kirby  Pomt, 
on  the  Na'tches  River.  With  the  land  and  water 
areas  there  are  now  available  about  55  acres 
for  an  industrial  terminal.  On  the  other  side 
of  the  river  bordering  partially  on  the  basm 
is  another  area  of  sufficient  size  for  the  largest 
commercial  or  through  freight  marine  ter- 
minal for  all  of  Texas.  It  is  proposed  to  es- 
tablish here  a  large  railway  service  yard,  in- 
cluding receiving,  classifying  and  transfer 
tracks,   a   transfer   station    with   large   cotton, 


ufacturing  lofts,  sheds,  railway  approaches 
and  storage  tracks,  will  approximate  $3,000,- 
000.  It  is  planned  to  construct  the  unitts  to 
meet  the  demands  of  traffic. 

The  freight  will  be  transferred  by  traveling 
jib  gantry  cranes  and  will  be  assorted  by  over- 
head traveling  hoists.  Other  cranes  in  the 
rear  of  the  shed  will  transfer  the  freight  to 
any  story  of  the  warehouse.  The  terminal 
railwav  tracks  and  the  present  Belt  Line  R. 
R.  will  permit  the  switching  of  cars  from 
any  of  the  railroads  entering  Beaumont.  At 
first  along  the  river  banks  of  the  terminal 
there  will  be  constructed  only  the  concrete 
quav  walls.  The  projecting  piers  will  be  put 
in  later.  The  complete  development  provides 
for  seven  transfer  sheds  and  five  trans-ship- 
ment sheds.  All  of  these  will  be  of  steel  and 
will  have  a  total  holding  or  short-time  storage 
capacity  of  114,500  tons.  The  warehouses  will 
be  of  concrete  and  will  have  a  long  storage 
capacity  of  114,500  tons.  The  open  storage 
plans  for  outside  freight  will  have  an  area  ot 
about  300,000  sq.  ft.  The  manufacturing  lofts 
will  be  constructed  of  concrete  and  will  have 
a  combined  floor  area  of  about  620,000  sq.  ft. 

The   traveling  gantry  cranes   will   have  the 


WHARr  AND  DOCK  COMMISSION 
CENUtAL  PLAN  -  KIBBY  POINT  PfiOJECT 


General    Pla 


n    and   Sectional    Elevation   of   Marine  Terminals  for   Beaumont. 


GRADE  CROSSING  ELIMINA- 
TION AT  BUFFALO,  N.  Y. 


rice  and  other  warehouses,  as  well  as  'arge 
open  spaces  for  the  storage  of  coarse  and  bulk 
freight  not  affected  by  climatic  conditions. 
There  also  are  excellent  dry  dock  locations. 

The  accompanying  illustration  shows  the 
plan  and  sectional  elevation  of  the  complete 
industrial  terminal  development.  This  ter- 
minal is  designed  for  construction  on  the  unit 
system.  A  unit  length  of  quay  is  equal  to  oOO 
ft.  the  length  of  a  large  freighter.  This  unu 
would  be  provided  with  a  proportional  length 
of  shed,  warehouse,  necessary  railway  tracks, 
and  also  the  transferring  and  handling  ma- 
chinery. It  is  estimated  that  each  unit  com- 
plete, with  the  filling  and  paving  will  rep- 
resent a  total  investment,  without  the  land,  ot 
about  $300,000.  The  total  cost  of  the  seven 
units  with  the  fish  and  farm  markets  and  cold 
storage  and  administration  buildings,  the  man- 


following  characteristics:  Normal  load,  3 
tons;  over-reach,  45  ft.;  horizontal  distance 
between  crane  tracks,  32  ft. ;  maximum  height 
of  Hft,  70  ft.;  Hfting  speed  (3  tons),  150  ft. 
per  minute;  lifting  speed  (iy2  tons),  200  ft. 
per  minute;  motive  power,  electricity,  either 
550  or  220  volts  D.  C.  There  will  be  two  types 
of  cranes:  the  half  arch  and  the  full  arch. 

The  plans  for  the  first  development  provide 
for  a  bulkhead  wall,  transfer  shed  and  ware- 
house, and  necessary  equipment.  The  wall 
will  be  of  concrete  above  the  low  water  ele- 
vation and  will  be  supported  on  piling.  The 
transfer  shed  will  be  400  ft.  long  by  60  ft. 
wide  and  30  ft.  high.  The  warehouse  will  be 
400  ft.  by  80  ft.  by  60  ft. 

The  marine  terminals  for  Beaumont,  Tex., 
were  designed  by  H.  McL.  Harding,  Consult- 
ing Engineer,  New  York  City. 


Bids   Asked   on   $300,000   Contract. 


Reinforced      Concrete — Excavation — Fill — Paving 
— Structural   Steel. 

Some  good-sized  contracts  will  be  let  this 
year  in  connection  with  the  elimination  of 
grade  crossings  at  Buffalo,  N.  Y.  Several  proj- 
ects involving  considerable  amounts  of  rein- 
forced concrete,  excavation  and  structural  steel 
will  come  up  for  letting.  One  of  the  ferger  of 
these  provides  for  work  at  Bailey  Ave.  The 
improvement  at  this  point  will  include  a  via- 
duct over  the  Pennsylvania  R.  R.  and  a  subway 
under  the  Lehigh  Valley  R.  R.  In  addition  the 
bridge  and  abutments  of  the  Delaware,  Lack- 
awanna &  Western  R.  R.  will  be  raised. 

The  improvement  will  begin  in  the  center  of 
Bailey  Ave.  and  will  extend  south  about  635 
ft.  on  center  of  street  on  an  ascending  grade 
of  4  per  cent.  It  will  then  run  along  the  cen- 
ter of  diverted  Bailey  Ave.  southwest,  over 
the  Pennsylvania  R.  R.  about  203  ft.  on  a  level 
grade  with  a  minimum  clearance  of  20  ft.  from 
underside  of  bridge  to  base  of  rail.  .A.fter 
crossing  this  railroad  it  will  extend  southwest 
about  460  ft.  on  a  descending  grade  of  4  per 
cent,  thence  west  and  southwest  about  142  ft. 
on  a  descending  grade  of  2.6  per  cent,  and 
southerly  about  202  ft.  on  a  descending  grade 
of  2  per  cent.  It  will  then  pass  under  the 
Lehigh  Valley  R.  R.  in  a  subway  of  minimum 
clearance  of  14  ft.  and  will  extend  southerly 
about  380  ft.  to  Seneca  St.  At  Seneca  St.  thi- 
bridge  of  the  Delaware,  Lackawanna  &  West- 
ern R.  R.  will  be  raised  about  AVz  ft.  The  via- 
duct, subw-av,  structure  between  same,  and  ap- 
proaches will  be  66  ft.  in  width.  There  will 
be  retaining  walls  on  the  north  approach,  on 
part  or  all  of  the  south  approach  and  between 
the  Pennsylvania  and  Lehigh  Valley  Railroad. 
Bids  will  be  opened  May  22  by  the  Grade 
Crossing  Commissioners  for  work  in  connec- 
tion with  the  Bailey  Ave.  undertaking.  This 
will  include  substructural  work  and  approach- 
es. The  abutments  will  contain  1,650  cu.  yds. 
of  monolithic  concrete.  There  will  be  two  of 
them,  each  28  ft.  high  and  95  ft.  long.  The 
foundations  will  be  in  earth  5  ft.  deep.  The 
work  for  the  viaduct  approaches  to  the  bridge 
will  contain  44,000  cu.  yds.  of  filling,  5,000  cu. 
yds.  reinforced  concrete  retaining  walls,  10,000 
sq.  yds.  block  stone  paving,  2,500  cu.  yds.  brick 
pavement,  42,000  sq.  yds.  concrete  walks.  10,000 
en.  yds.  earth  excavation,  1,400  cu.  yds.  rein- 
forced concrete,  6,000  lin.  ft.  concrete  piling, 
sewers,  etc.  The  estimated  cost  of  the  sub- 
structure, including  approaches  and  all  sub- 
structural  work  is  $210,000.  Other  work  in 
connection  with  the  Bailey  Ave.  improvement 
not  included  in  the  advertisement  by  the 
Grade  Crossing  Commissioners  are  the  two 
bridges.  The  substructures  of  these  will  re- 
quire 1,300  cu.  yds.  concrete  and  the  abut- 
ments will  be  25  ft.  high  by  115  ft.  long.  One 
bridge  will  have  a  span  of  160  ft.;  the  other 
103  ft.  The  estimated  cost  of  the  superstruc- 
ture of  the  two  bridges  is  $90,00. 

The  Grade  Crossing  Commission  opened 
bids  May  15  on  the  subway  to  be  built  under 
the  Pennsylvania  R.  R.  at  Lord  and  South  Sts., 
two  structures  being  involved  in  the  improve- 
ment. The  estimated  cost  of  the  substructure 
w^ork  for  both  streets,  including  subway  and 
approaches,  was  $78,000.  The  substructure, 
abutments  and  retaining  walls  required  4,2nii 
cu  yds.  of  monolithic  concrete.  The  subwax 
approaches  to  these  bridges  required  21,000  cu, 
vds  earth  excavation,  700  cu.  yds.  reinforced 
"concrete  in  retaining  wall,  3.200  sq.  yds.  block 
stone  pavement  .14,000  sq.  ft.  concrete  walk--, 
sewers  etc.  The  bridges  will  be  of  steel,  each 
57  ft  span,  and  91  ft.  wide  for  7-track.  Their 
estimated  cost  is  $75,000.  The  bridges  ^vere 
not  included  in  the  letting  by  the  Commission- 
ers. 

Edward  B.  Guthrie,  436  Ellicott  Square, 
Buffalo.  N.  Y.,  is  chief  engineer  of  the  Grade 
Crossing  Commission. 


May  19,  1915. 
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A    2,400,000-YD.    DRAINAGE    LET- 
TING. 


Work  to  Be  Done  in  Polk  County,  Florida. 


Mostly    Floating    Dredge   and    Dry    Land    Dredge 
Work. 


(Jiie  of  the  largest  drainage  lettings  of  the 
past  two  months  is  now  being  advertised  for 
hids.  The  work  is  to  be  done  for  the  Peace 
Creek  Drainage  District  of  Polk  County,  Flor- 
ida. This  district  includes  approximately  48,- 
(lOl)  acres  in  the  Valley  of  Peace  Creek,  a 
tributary  of  Peace  River.  A  branch  of  the 
.\tlantic  Coast  Line  R.  R.  passes  along  the 
eastern  border  with  stations  at  Dundee,  Wa- 
verly  and  Lake  Wales,  from  which  the  east- 
ern and  northerly  parts  of  the  district  are 
easily  accessible.  The  Lake  Wales  extension 
of  the  Seaboard  Air  Line  Ry.  crosses  the 
southern  part  of  the  district  and  has  stations 
at  Alturas  and  Peace  Valley.  The  western 
boundary  of  the  district  at  its  north  and  south 
extremities  is  4  miles  from  Bartow  and  Win- 
ter Haven,  respectively,  towns  on  the  Atlantic 
Coast  Line  R.  R.  A  spur  of  this  railroad 
reaches  the  extreme  northern  part  of  this  dis- 
trict, and  has  a  sidetrack  called  Lucerne. 

The  land  to  be  reclaimed  is  largely  swamp, 
its    wet    condition    being    due    to    the    seepage 
from  the  surrounding  country  and  lakes.     The 
watershed  of  the  district  proper  includes  about 
110,000   acres,    15   per   cent   of    which   is   lake 
surface.     The   larger   part  of   the   lakes   have 
no   surface  outlet,  their  level  being  regulated 
bv    evaporation     and     seepage,    a    portion     of 
which  finally  reaches  Peace  Creek  Valley.    No 
water  is  discharged  into  the  valley  by  streams, 
but  there  are  occasional  overflows  from  lakes 
which   he   on  the   outer   edge   of   the   district. 
These  will  be  controlled  by  weirs  and  levees. 
The  plan  of  drainage  involves  the  construc- 
tion of  a  main  canal,  22  miles  long,  through 
the   central   part   of   the   district.     This,   with 
the  upper  extensions,  will  make  a  continuous 
.  ditch  24%  miles  long,  beginning  with  an  8-ft. 
bottom  and  ending  with  a  50-ft.  bottom.    The 
fall  is  fairly  uniform,  amounting  to  27   ft.  in 
that    distance.      One    large    branch,    9.8    miles 
long,  with  slope  of  1  ft.  to  the  mile,  will  pass 
through  the  southern  lobe  of  the  district.   Ex- 
tending  out    from     the     main     canal    will     be 
branches  leading  from  some  lakes  whose  seep- 
age and  overflow  have  made  swampy  several 
lielts  of  fertile  land.     These  branches  have  a 
fall  of  3  ft.  to  4   ft.  per  mile.     .A.nother  fea- 
ture of  the  plan  is  the  system  of  lateral  ditches 
which  extend  in  different  directions  along  80 
rod   subdivisions,  with   the  object  of   furnish- 
ing each  40-acre  lot  of  wet  land  with  an  out- 
let.     These    are    to     discharge     into     arterial 
ditches  through  large  covered  sewer  pipes. 

.'\bout  52  per  cent  of  the  district  is  swamp, 
and  the  larger  part  of  the  balance  is  suffi- 
ciently wet  to  be  greatly  improved  by  the  pro- 
posed plan  of  drainage.  In  the  district  there 
are  25  residents,  200  acres  in  cultivation  and 
about  8,000  acres  in  scattering  pine  timber. 
The  rainfall  from  May  to  September  is  large, 
in  some  months  being  as  high  as  14.5  ins.,  and 
occasionallv  reaches  27  ins.  in  two  months. 
The  maximum  annual  precipitation  between 
1887  and  1912  was  C9.9  ins.,  and  the  mean  an- 
nual for  that  period  was  52.3.  The  rain  dur- 
ing the  fall  and  winter  seasons  never  exceeds 
5  or  6  ins.  per  month,  and  averages  2.5  to 
3.5  ins. 

The  Peace  Creek  Drainage  District  is  or- 
ganized under  the  laws  of  the  State  of  Florida 
A  uniform  tax  of  25  cts.  per  acre  was  levied 
to  meet  the  expense  of  organization  and  sur- 
veys. The  estimated  cost  of  the  work  is  $258,- 
877  and  the  amount  of  assessed  benefits  is 
'<2.251.321.  Bonds  of  the  district  in  the  amount 
of  $250,000,  bearing  G  per  cent  interest,  are 
offered   for  sale. 

The  land  through  which  the  ditches  pass  is 
kept  constantly  wet  and  marshy  by  rainfall 
and  by  seepage  from  the  surrniinding  higher 
lands  and  lakes.  The  soil  of  the  marsh  is 
muck  of  various  kinds  underlaid  in  some  local- 
ities with  clay,  but  more  frequently  with  sand. 
The  subsoil  base  is  universally  sand. 


The  22-mile  main  canal  passes  through  open 
land.  It  will  have  a  bottom  width  of  14  ft.  to 
50  ft.  and  a  depth  of  7  ft.  to  12  ft.  The  es- 
timated excavation  is  1,360.221  cu.  yds.  The 
Gordon  ditch  will  pass  through  land  generally 
open,  will  be  9.8  miles  long  with  bottom  widths 
of  S  to  20  ft.  and  depth  of  7  to  10  ft.  The 
estimated  excavation  is  379,777  cu.  yds.  There 
also  will  be  15  branch  ditches  7  to  10  ft.  wide 
and  7  to  8  ft.  deep.  A  considerable  part  of 
these  ditches  pass  through  swamp  bog  and 
scattering  woods.  The  estimated  excavation 
for  these  ditches  is  394,098  cu.  yds.  The  lateral 
ditches  designed  to  furnish  outlets  to  40-acre 
farms,  in  general,  will  be  5  ft.  wide  on  top, 
4  ft.  wide  on  the  bottom  and  4  ft.  deep.  Their 
aggregate  length  is  80  miles.  A  part  of  them 
will  pass  through  bog  swamp  land.  Their  es- 
timated excavation  is  292,647  cu.  yds.  The 
total  length  of  all  ditches  is  142  miles,  and  the 
total  estimated  excavation  is  2,432,743  cu.  yds. 
There  will  be  12  highway  bridges  having  an 
aggregate  length  of  432  ft.  and  including  a 
60-ft.,  three  50-ft.,  two  40-ft.  and  six  24-ft. 
bridges.  All  bridges  will  be  wooden  trusses, 
16  ft.  wide,  supported  by  cypress  pile  bents 
or  abutments.  There  will  be  seven  lake  over- 
flow weirs  varying  from  10  ft.  to  30  ft.  in 
length,  and  one  sluice  with  gates  for  the  con- 
trol of  Lake  Hamilton. 

The    work    is    divided    into     six     contracts. 
Contract   No.   1   covers   11   miles  of   the  main 
canal    beginning   at    Clarks   Crossing   and    ex- 
tending  to   the   outlet.     The   ditch   will   be  30 
ft.  to  50   ft.  wide  on  the  bottom  and  7  _ft.  to 
12   ft.  deep.     Estimated   excavation   is   678,00<l 
cu.  yds.     Contract  No.  2  also  covers  11  miles 
of  the  main  canal,  beginning  at  the  upper  end 
and    extending   to    Contract   No.    1.     Bottom 
width  will  be  14  ft.  to  30  ft.  and  depth  7  ft. 
to  9  ft. ;  yardage,  688,000.     Contract  No.  3  in- 
cludes the  excavation  of   Gordon  Ditch   from 
Sta.   456   and  extending  to   the   junction   with 
the      main      canal      ditch.      Bottom       widths. 
14  to  20  ft.:  depth,  IV2  ft.  to  liy2  ft.;  length, 
8    miles;    yardage,    359,000.      Contract    No.    4 
covers   the   excavation  of   Lake   Jane   Branch, 
Simmons  Ditch  and  Gordon  Ditch,  from  Sta. 
456    to    Sta.   520,    the   upper   terminus    of   the 
Gordon   Ditch.     Bottom   width   of  all  will  be 
8  ft.;  depth,  6%  ft.  to  7%  ft.;  combined  length, 
3.3  miles ;  estimated  excavation,  .53,000  cu.  yds. 
Contract  No.  5  includes  the  excavation  of  all 
other    branch    ditches    which    have    a    bottom 
width  of  7  ft.  to  10  ft.     Contract  No.  6  will 
consist  of  the  excavation  of  all  lateral  ditches 
which  have  a  bottom  width  of  4  ft.,  with  side 
slopes  of  .5  in.  7  ft.  and  general  depth  of  4  ft. 
Contracts  Nos.  1,  2  and  3  will  be  excavated 
by  floating  dredges  which  will  begin  work  at 
the  upper  end  of  the  sections  and  work  down 
stream.     The  side   slopes  will   be   V2    ft.   hori- 
zontal  to   1    ft.   vertical.     A  clear  berm  of   10 
ft.  will  be  left  between  the  edge  of  the  ditch 
and   the  toe  of  the  waste  bank.     The  branch 
ditch  covered  by  Contracts  4  and  5  will  have 
side  slopes  of  V2  ft.  horizontal  to  1  ft.  vertical 
and  a  clear  berm  6  ft.  wide.     The  work  ma> 
be  done  by  either  a  floating  dredge  or  a  dry- 
land dredge.     The  lateral  ditches  constituting 
Contract  No.  6  may   be  made  by  machine  or 
by  hand  labor.     The  clear  berm  will  be  3  ft 
Bids   for   the  construction  of  the   142  miles 
of   ditches  will   be   received   until    1  :30   p.   m.. 
Tune  1,  at  the  office  of  the  Peace  Creek  Drain- 
age Di-strict,  77  Main  St.,  Bartow,  Fla.     Benj. 
Getzoff  is  Assistant  Secretary  of  District,  and 

C.  G.   Elliott,   McLachlen    Bldg.,   Washington, 

D.  C.,  is  Chief  Engineer. 
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Earlier    Projects    and    Work    Now    Under 
Way. 


Contributed   by   R.  W.    Hebard,    New   York   City 
and  Panama. 


Christiania  Port  Extension. — The  harbor 
authorities  of  Christiania,  Norway,  have  is- 
sued particulars  of  an  international  competi- 
tion for  designs  for  the  extension  of  the  port 
there.  Prizes  ranging  from  $800  to  $2,500  are 
to  be  awarded.  The  designs  must  include 
plans  for  coal,  timber,  and  ore-bandling  facili- 
ties, quays  for  goods  and  passenger  traffic, 
railway  junction  and  tracks,  fish  port  and  mar- 
ket h.ill.  etc.  Copies  of  program  and  maps 
mav  be  olitained  from  the  Harbor  h^nginecring 
Board  of  Christiania  at  a  cost  of  $6.70.  which 
will  he  refunded  upon  their  return.  The  com- 
petition ends  Nov.  1.  1915. 


The  Isthmus  of  Panama  had  one  of  the  first 
steam  railroads  ever  built,  the  Panama  R.  R., 
completed  in  1855,  and  outside  of  United  Fruit 
Co.  construction  on  its  banana  plantation,  it 
never  has  had  another  since  that  date. 

From  1893,  atwhich  time  Col.  Wm.  F.  Shunk 
made  a  reconnaissance  for  the  then  called  Pan- 
American  through  rail  route  from  New  York 
to  Buenos  Ayres,  every  project  considered  by 
the  Government  of  Panama  has  been  that  of  a 
longitudinal  railway  extending  from  the  City 
of  David,  in  the  Province  of  Chiriqui,  to  the 
City  of  Panama,  a  distance  of  300  miles.  Col- 
onel Shunk's  reconnaissance  took  him  over  this 
route  in  1893  and  he  reported  the  route  en- 
tirely feasible  and  estimated  the  cost  of  a 
standard  gage  line  at  about  $5,000,000. 

With  the  birth  of  the  Republic  of  Panama 
in  1903,  the  attention,  of  the  then  administra- 
tion of  Dor  Amador,  first  President  of  the 
Republic,  was  turned  toward  the  construction 
nf  this  line,  but  it  was  not  until  the  adminis- 
tration of  his  successor,  Don  Domingo  Obal- 
dia,  that  actual  surveys  were  inaugurated  to 
determine  the  cost  and  practicability  of  the 
route.  The  Government  entered  into  contract 
with  the  Panama  R.  R.  Co.  to  make  complete 
survey  for  a  standard  gage  line  from  Panama 
to  the  City  of  David,  with  a  branch  to  the 
Province  of  Los  Santos.  The  Panama  R.  R. 
placed  five  parties  of  engineers  in  the  field  and 
after  some  eight  months  of  arduous  field  work, 
a  projected  location  was  made  and  estimates 
prepared.  The  estimated  cost  of  the  standard 
gage  was  given  in  the  official  report  of  the 
Panama  R.  R.  Co.  at  $18,000,000  without  rolling 
stock,  and  a  narrow  gage  line  was  also  esti- 
mated to  cost,  over  the  same  route,  the  sum  of 
$10,000,000  U.  S.  currency.  The  report  submit- 
ted was  purely  a  technical  one  and  probable 
estimated  earnings  or  the  advisability  of  the 
Government  of  Panama's  constructing  the  line 
were  not  touched  upon. 

The  National  Assamblea  of  Panama  in  ses- 
sion, during  1911,  passed  a  law  authorizing  the 
President  of  the  Republic  to  negotiate  a  loan 
of  $10,000,000  upon  the  best  possible  terms  and 
to  offer  the  construction  of  the  entire  proj- 
ect, as  located  by  the  Panama  R.  R.  Co..  at 
public  licitation.  In  conformity  with  this  law 
the  Government  advertised  in  the  principal  Eu- 
ropean and  American  papers  in  March  and 
.'Kpril  of  1911  for  tenders  for  the  construction 
of  this  work  and  the  bids  were  publicly  opened 
by  the  Secretario  de  Fomento  in  September 
of  the  same  year.  Three  bids  onlv  were  re- 
ceived, as  follows:  R.  W.  Hebard  &  Co.,  $9,- 
875.000;  L.  Meyers  &  Co.,  cost  plus  10  per 
cent ;  W.  H.  Knowlton,  cost  plus  5  per  cent. 

The  Government  not  being  able  to  agree 
upon  the  next  step  to  take  or  as  to  what  dispo- 
sition to  make  of  the  proposals  received,  the 
National  -'\ssamblea  was  called  into  extraor- 
dinary session  and  the  entire  matter  was  sub- 
mitted to  it  by  the  President  for  consideration 
and  action.  .'\t  this  physiological  period  in  the 
consummation  of  the  project,  the  Executive 
found  an  Assamblea  not  in  harmony  with  him- 
self and  tlie  .Assamblea  adjourned  without  tak- 
ing any  action  whatever. 

On  Oct.  1,  1912,  Dr.  Belisario  Porras  took 
office  as  President  of  the  Republic  and  as  the 
consummation  of  the  railway  program  had 
been  one  of  the  principal  campaign  issues  Dr. 
Porras  early  in  his  administration  made  it 
plain  that  his  Government  proposed  to  take  up 
railroad  construction,  but  along  different  lines 
than  those  contemplated  by  previous  admin- 
istrations. 

The  Republic  of  Panama  was  fortunate  in 
having  at  thi';  time  a  Chief  Executive,  and  Sec- 
retary of  Public  Works,  Don  Ramon  Acevedo, 
who  thorougblv  knew  the  interior  provinces 
of  the  Republic  and  their  necessities.  Instead 
of  the  longitudinal   railwav,  closely  following 
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the  sea  coast  for  300  miles,  the  Government 
of  Dr.  Porras  took  the  position  that  the  devel- 
opment of  these  interior  regions  could  be  best 
attained  by  building  sectional  railways  from 
certain  points  back  into  the  interior  and  using 
the  sea  as  means  of  transportation  from  these 
ports  to  the  City  of  Panama.  It  was  main- 
tained that  the  longitudinal  railroad  could  at 
best  only  develop  a  narrow  strip  of  country 
lying  between  the  Pacific  and  the  Cordillera, 
and  that  the  heavy  construction  cost  and  main- 
tenance could  never  bfe  offset  by  the  develop- 
ment that  could  possibly  follow. 

The  President  was  amply  authorized  by  the 
National  Assamblea  of  1013  to  make  the  neces- 
sary studies,  negotiate  a  loan  and  undertake 
the  work  that  might  be  considered  advisable. 
In  conformity  with  this  law,  the  Government 
entered  into  contract  in  March  of  1913  with 
R.  W.  Hebard  &  Co.,  Inc.,  to  make  thorough 
and  complete  studies  of  three  separate  projects, 
giving  special  investigation  to  the  development 
of  hydro-electric  power  and  port  improve- 
ment. A  complete  report  was  to  be  submitted 
to  the  Government  giving  estimated  costs  of 
the  various  projects,  together  with  definite  rec- 
ommendations as  to  the  advisability  of  con- 
structing the  lines  studied. 

Two  parties  of  engineers  were  therefore 
placed  in  the  field  in  April  and  the  field  work 
was  concluded  in  November.  Three  distinct 
projects  were  studied.  A  line  in  the  Province 
of  Code,  using  the  port  of  Aguadulce  as  the 
base  and  extending  to  the  town  of  Penonome 
and  Santiago;  a  line  from  port  of  Mensabe 
in  Province  of  Los  Santos  and  extending  to 
the  town  of  Las  Minas ;  a  line  in  Province  of 
Chiriqui  from  port  of  Pedregal  and  extending 
through  city  of  David  to  Boquete,  the  heart 
of  the  coffee  growing  district  of  the  Republic 
and  which  lies  at  an  elevation  of  4,000  ft. 
above  sea  level.  A  branch  line  extending  from 
David  to  La  Conception  also  was  located.  The 
total  length  of  the  three  projects  studied  ag- 
gregate some  17.5  miles.  Water  power  devel- 
opment was  studied  in  detail  in  the  Rio  Los 
Santos  in  the  Province  of  Los  Santos  and  in 
the  Rio  Caldera  in  the  Province  of  Chiriqui. 
It  is  considered  unlikely,  however,  that  this 
development  would  pay  as,  of  necessity,  the 
fixed  charges  incidental  to  its  development 
must  be  spread  over  a  relatively  small  train 
movement. 

In  the  consideration  of  the  gage  to  be  adopt- 
ed, it  was  decided  to  recommend  a  36-in.  gage 
as  best  meeting  the  actual  conditions.  The 
Costa  Rico  railroads  are  of  42  in.  gage  and  the 
United  Fruit  Co.  lines  in  Bocas  del  Toro  are 
of  36  in.  gage.  It  was  considered  extremely 
unlikely  that  the  proposed  Chiriqui  line  will 
ever  make  a  connection  with  either  of  its  two 
neighbors. 

Upon  the  conclusion  of  the  field  studies  the 
data  secured  were  presented  to  the  Govern- 
ment of  Panama,  which,  in  turn,  submitted 
the  entire  matter  to  a  Board  of  Engineers 
composed  of  Captain  R.  E.  Wood,  U.  S.  A.. 
Captain  W.  H.  Rose,  U.  S.  A.,  and  A.  S.  Zinn, 
member  of  American  Society  of  Civil  Engi- 
neers. 

The  Board  of  Engineers  after  careful  study 
of  the  data  submitted,  recommended  the  con- 
struction of  a  steam  36-in.  gage  railroad  in 
the  Province  of  Chiriqui;  the  remaining  proj- 
ects studied  having,  for  the  time  being,  been 
abandoned. 

In  February  of  1914  the  Government  of  Pan- 
ama entered  into  contract  with  R.  W.  Hebard 
&  Co.,  Inc.,  New  York  City  and  Panama,  R.  P., 
for  the  complete  construction  of  the  entire 
project,  ready  to  operate;  the  contract  calling 
for  completion  by  May,  1916. 

Work  was  inaugurated  by  the  contractors  in 
March  nf  1914  and  the  construction  operations 
gradually  increased  until  at  the  end  of  the 
year  over  1,200  men  were  engaged  on  the 
work. 

The  road  under  construction  extends  from 
the  port  of  Pedregal,  passing  through  the  City 
of  David  to  Boquete,  at  an  elevation  of  4,000 
ft.  above  sea-level ;  the  length  of  this  line  being 
S.';  miles.  From  the  City  of  David  a  branch 
line  of  20  miles  in  length  is  being  built  a?  a 
part  of  the  project,  the  terminal  of  this  line 
being  La  Coticepcion. 


The  road  is  being  substantially  constructed 
throughout.  Over  certain  sections  of  the  line 
70-lb.  A.  S.  C.  E.  section  of  rail  is  being  used 
and  56-lb.  on  the  remaining  portions.  The  ties 
are  of  native  hard  wood  insofar  as  is  possible, 
the  others  being  of  creosoted  pine  brought 
from  United  States.  The  road  is  to  be  bal- 
lasted throughout  by  crushed  rock  and  river 
gravel. 

For  the  smaller  drainage  openings  corru- 
gated culvert  pipe  is  used.  On  the  larger  open- 
ings steel  bridges,  designed  to  conform  to 
Cooper's  E-30  loading,  furnished  by  the  Amer- 
ican Bridge  Co.,  are  used  in  all  cases. 

The  construction  of  the  Chiriqui  Ry.  offers 
no  special  difficulties.  The  work  is,  on  the 
whole,  of  a  light  character;  the  bridging  of 
some  ten  mountain  streams  subject  to  frequent 
and  sudden  rises  being  the  principal  problem 
to  contend  with.  The  bridges  are  practically 
all  of  one  design,  through  riveted  truss  spans. 
There  are  several  crossings  having  150-ft. 
spans  resting  on  river  concrete  piers,  with 
shore  spans  on  either  side. 

The  country  traversed  by  the  railroad  is  a 
broad  open  table  land,  sloping  from  the  foot 
of  the  Cordillera — at  an  elevation  of  some 
4,000  ft. — to  the  coast ;  the  continental  divide 
lying  from  50  to  60  miles  from  the  sea.  The 
entire  region  is  of  a  fertile  soil  and  abundantly 
watered  by  the  many  streams  originating  in 
the  mountain  district  and  all  emptying  into 
the  Pacific  Ocean. 

The  northern  terminal  of  the  road — Bo- 
quete— has  long  been  famous  as  producing 
some  of  the  highest  grade  coffee  in  Central 
America.  The  Cordillera  reaches  an  average 
elevation  in  this  district  of  some  8,000  ft.  above 
sea  and  the  Chiriqui  volcano,  now  e.xtinct,  has 
an  elevation  of  close  to  11,00€  ft. 

A  note-worthy  feature  of  the  Chiriqui  Ry. 
is  its  long,  continuous  heavy  grade  extending 
from  Dolega  to  Boquete,  a  distance  of  15 
miles;  the  grade  on  this  district  varying  from 
4  per  cent  to  5  per  cent  for  the  entire  dis- 
tance. 

The  locomotives  in  use  on  this  section  of 
the  road  are  a  consolidation  type  2-4-0  with 
56  tons  on  drivers,  manufactured  by  the  Amer- 
ican Locomotive  Co. 

The  Chiriqui  Ry.  is  being  financed  by  the 
Government  of  Panama  through  a  sale  to  the 
National  City  Bank  of  New  York  of  an  issue 
of  5  per  cent  30-year  Government  bonds.  The 
total  estimated  cost  of  the  project,  ready  to 
operate,  is  $1,750,000. 

The  Chiriqui  Ry.  is  being  undertaken  by 
the  Government  of  Panama  as  a  development 
project.  The  port  of  Pedregal  is  only  30 
hours  from  the  City  of  Panama  by  steamer, 
and  it  is  confidently  expected  that  the  con- 
struction of  the  railroad  will  foment  coloniza- 
tion and  cultivation  in  a  large  measure,  simi- 
lar to  that  which  has  occurred  with  other  Cen- 
tral and  South  American  railroad  projects. 


Progress    on   the   $65,000,000    Railway 

Terminal  at  Chicago. 

Several  good-sized  contracts  for  work  in  con- 
nection with  the  new  $65,000,000  terminal  to  be 
built  at  Chicago  for  the  Pennsylvania  and 
other  railroads  have  been  let  in  the  last  two 
or  three  weeks.  The  contracts  for  the  founda- 
tions for  the  new  freight  houses  were  let  a 
short  time  ago  to  the  Blome-Sinek  Co.  of  Chi- 
cago. This  work  involves  approximately  45,- 
000  cu.  yds.  of  concrete,  20,000  lin.  ft.  of  pilin.g 
and  50,000  cu.  yds.  of  excavation.  On  May  10 
a  contract  was  awarded  to  the  W.  J.  Newman 
Co..  Cliicago,  for  building  reinforced  concrete 
and  brick  trunk  sewers  in  Canal,  Monroe  and 
Clinton  Sts.,  a  concrete  retaining  w-all  and 
curb  w'all  in  Canal  St.,  and  curb  walls  in  Mon- 
roe St.  Bids  are  now  being  asked  for  the 
construction  of  the  substructure  and  super- 
structure of  the  West  Monroe  St.  bridge, 
and  for  furnishing  and  installing  its  elevator 
e(iuipment.  This  bridge  will  be  a  trunnion  bas- 
cule and  will  be  erected  over  the  south  branch  of 
the  Chicago  River.  The  bid?  will  be  received 
by  the  Union  Depot  Co.,  521  West  Adams  St., 
until  noon.  June  1.  Thos.  Rodd  is  Chief 
Rngineer. 


A  50,000  to  100,000  Cu.  Yd.  Tail  Race 
Excavation  Job. 

A  good-sized  rock  job  is  being  advertised 
by  the  U.  S.  Engineer's  Office  at  Detroit,  Mich. 
The  work  provides  for  deepening  the  present 
tail  race  of  the  U.  S.  Powerplant  at  Sault  Ste. 
Marie,  Mich.,  between  the  power  house  and 
the  deep  water  at  foot  of  St.  Marys  Rapids, 
a  distance  of  about  2,250.  It  involves  the  con- 
struction of  dikes  and  the  removal  of  from 
50,000  to  100.000  cu.  yds.  of  material,  mostly 
rock  in  situ,  the  amount  depending  upon  tlie 
plan  adopted  for  doing  the  work. 

The  work  is  located  between  the  rtew  lock 
under  construction  at  the  rapids  of  St.  Marys 
River.  The  L'nited  States  has  the  use  ot  a 
railroad  side  track  extending  from  the  rail- 
road bridge  to  within  200  ft.  of  the  site  of  the 
work.  By  constructing  a  spur  the  contractor 
can  make  the  site  accessible  by  rail.  Only 
shallow  deck  scows  can  reach  the  embank- 
ments adjacent  to  the  work.  The  current  in 
the  present  tail  race  is  swift  and  dredging 
operations  will  increase  the  velocity.  The  pres- 
ent depth  of  water  varies  from  2  ft.  at  the 
crest  to  4  ft.  or  more  near  the  east  end. 

Bidders  may  submit  proposals  for  doing  the 
work  under  any  one  or  more  of  the  following 
plans:  Plan  I-OO  provides  for  the  dredging  of 
the  main  cut  60  ft.  wide  and  10  ft.  to  12  ft. 
deep  through  the  present  tail  race  and  the  con- 
struction of  Dike  A.  Plan  1-70  provides  for 
a  similar  cut  70  ft.  wide  and  10  ft.  to  12  ft. 
deep  and  the  construction  of  Dike  A.  Plan 
11-60  provides  for  making  the  major  portion 
of  the  main  cut  60  ft.  wide  in  the  dry.  and  the 
minor  portion  by  dredging  as  in  Plan  1-60; 
it  also  requires  the  excavation  of  a  shallow 
auxiliary  cut  50  ft.  wide,  principally  in  the 
dry,  and  the  construction  of  Dikes  A  and  B. 
Plan  11-70  is  the  same  as  11-60,  except  that 
the  main  cut  is  to  be  70  ft.  wide.  Plan  111-40 
provides  for  the  dredgin.g  of  a  main  cut  40  ft. 
wide  and  14  ft.  to  16  ft.  deep  through  the  pres- 
ent tail  race,  and  the  construction  of  Dike  A. 

The  material  east  of  4140  is  believed  to 
consist  of  bowlders,  cemented  gravel,  quick- 
sand and  hardpan  overlying  Potsdam  sand- 
stone ledge  rock.  The  amount  of  the  latter 
to  be  removed  depends  upon  the  grade  to  be 
made  according  to  the  plan  adopted.  Some  of 
the  bowlders  in  the  overburden  probably  are 
too  large  to  be  handled  with  a  dredge  dipper. 
The  material  west  of  4140  in  the  main  cut  is 
mainly  Potsdam  sandstone  ledge  rock,  which 
usually  requires  drilling  and  blasting  for  its 
removal.  Portions  of  the  area  are  covered 
with  overburden  consisting  of  bowlders,  ce- 
mented gravel,  quicksand  and  hardpan.  The 
material  west  of  4140  in  the  auxiliary  cut 
(Plan  II)  is  of  the  same  general  character  as 
that  in  the  main  cut,  but  with  a  larger  propor- 
tion of  overburden,  including  large  bowlders 
and  driftwood  or  timbers. 

Bids  for  the  work  will  be  received  until 
noon.  June  15,  by  Lt.  Col.  Mason  M.  Patrick. 
U.  S.  Engineer,  337  Federal  Bldg.,  Detroit, 
Mich. 


The  $50,000,000  Lake  Erie-Ohio  River 
Canal. 

The  State  Legislature  of  Pennsylvania  has 
passed  the  bills  authorizing  the  submission  of 
bond  issues  to  popular  vote  in  several  wetsern 
counties  for  financing  the  projected  canal  from 
Lake  Erie  to  the  Ohio  River.  As  previously 
noted  in  these  columns  the  estimated  cost  of 
the  project  is  about  $50,000,000.  Engineering 
work  has  been  under  way  for  some  time  under 
the  direction  of  a  special  commission  of  which 
William  A.  Magee,  Pittsburgh,  Pa.,  is  Chair- 
man. It  is  proposed  to  finance  the  construc- 
tion by  bond  issues  voted  by  counties  in  Penn- 
sylvania and  Ohio  that  would  be  benefited  by 
the  building  of  the  water  way.  The  contri- 
bution of  Allegheny  County  would  be  about 
$20,000,000.  Governor  Willis,  of  Ohio,  vetoed 
the  legislation  enacted  by  the  Ohio  Legislature 
that  would  enable  the  public  to  vote  on  the 
proposed  bond  issue  in  that  state. 
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Road  Repair  Lettings  in  New  York. 

Bids  were  opened  May  11  by  the  State 
Highway  Commission  of  New  Yorlc  on  17  con- 
tracts for  the  repair  of  highways  by  state  aid. 
There  was  less  competition  at  this  repair  let- 
ting than  was  secured  at  the  previous  one  on 
April  20.  The  figuring,  however,  appeared  to 
be  close,  and  on  some  of  the  contracts  there 
was  only  a  small  margin  between  the  high  and 
low  bids.  On  repair  contract  No.  744  the 
Dale  Engineering  Co.,  Utica,  N.  Y.,  was  low 
at  a  price  $9.3  below  that  of  its  nearest  com- 
petitor. The  Headley  Good  Roads  Co.,  Phila- 
delphia, won  out  on  contract  No.  646,  its  bid 
being  $82  less  than  the  next  low  bidder.  On 
contract  737  there  was  a  difference  of  only  $9 
between  the  two  low  bids.  On  all  of  the  con- 
tracts the  work  called  for  surface  treatments 
only.  The  following  tabulation  shows  the  high 
and  low  bids  and  the  number  of  bidders  on 
each  contract.  The  names  of  the  three  low 
bidders  and  their  bidding  prices  will  be  found 
under  roads  and  streets  in  this  section: 
Repair 

Contract  Number 

No.  Miles.     HigVi  bid.    Low  bid.  bidders. 

744 33.3S         $17,113         $15,932  6 

742 11.24  18,1.52  17.481  3 

712 11.22  5,051  4,350  9 

725 11.07  10,S5S  8,725         10 

743 22.79  11,562  10,861  4 

739 15.77  9.695  7,482         10 

737 22.33  3,888  3,598  5 

735 19.94  4.248  3,948  7 

736 21.47  6,215  5,710  7 

722 2S.43  13,697  13,341  4 

528 24.14  10,723  10,316  6 

646 18.42  4,561  4,196  4 

738 20.54  0,028  5,393  5 

778 14.91  7,675  7,125  5 

720 4.14  5,726  4,487  4 

740 4.49  5,780  4,888  6 

728 25.01  19,212  15,246         11 

The  next  letting  of  repair  contracts  will  be 
held  on  June  1.  ,\t  this  time  bids  will  be 
opened  on  27  contracts.  About  2-5  of  these 
contracts  call   for  surface  treatment. 


$500,000  for  Road  Construction  in  Alle- 
gheny City,  Pa. 

A  road  building  and  improvement  program 
calling  for  an  expenditure  of  more  than  $500,- 
000  is  to  be  carried  out  this  season  by  .''Alle- 
gheny County,  Pennsylvania.  The  Grand  Jury 
on  May  14  approved  the  following  pieces  of 
work,  on  which  bids  will  be  opened  May  29; 

Est. 
Miles.      cost. 

Bethel  road  extension 3.92     $  92,182 

Brownsville  e.xtension   road 5.74       106,190 

Hope  Hollow  road 0.82         20,301 

New  Town  and  Rodi  road 4.50       133,712 

McCov  road  extension 1.25         31,330 

Round  Hill  road 2.37         48,494 

Noblestown    road    0.10  2,407 

Braddock  and  Ardmore  connecting 

road    0.33  9,687 

Sankey  road   0.10  2,676 

John  Gillespie,  Pittsburgh,  Pa.,  is  Road  Com- 
missioner of  ."Mlegheny  County. 

Annual   Meeting   of   American   Water 

Works  Association. 

The  thirty-fifth  annual  convention  of  the 
American  Water  Works  Association  was  held 
at  Cincinnati  on  May  10-14,  1915.  The  follow- 
ing officers  for  the  coming  year  were  elect- 
ed :  President,  Nicholas  S.  Hill,  Jr.,  of 
New  York  City ;  Vice  President,  Leonard 
Metcalf  of  Boston;  Treasurer,  James  M. 
Caird  of  Troy,  N.  Y. ;  Trustees,  Carleton 
E.  Davis  of  Philadelphia  and  C.  H,  Rust 
of  Victoria,  B.  C.  .Since  the  new  consti- 
tution was  adopted,  two  years  ago,  the  officers 
have  been  nominated  and  elected  by  letter  bal- 
lots. This  form  of  election  has  proved  unsat- 
isfactory to  many  members,  who  feel  that  the 
delegates  who  attend  the  convention  should 
elect  the  officers  by  a  vote  on  the  floor  of  the 
convention.  This  group  of  members  also  feels 
that  the  election  at  the  convention  was  one 
of  the  interesting  features  of  the  convention 
in  past  years  and  should  be  restored.  A  con- 
stitutional amendment  was  adopted,  after  long 
discussion,  providing  for  a  nominating  com- 
mittee whose  function  it  will  be  to  nominate 
candidates  for  the  various  offices.  Under  this 
amendment  a  letter  ballot  will  he  used  in  vot- 


ing on  the  nominees  suggested  by  the  nomi- 
nating committee.  The  members  of  the  nomi- 
nating committee  represent  five  sections  of  the 
country.  The  following  men  were  selected  to 
form  the  first  nominatmg  committee:  Robert 
J.  Thomas  of  Lowell.  Mass.,  for  New  Eng- 
land; Morris  R.  Sherrerd  of  Newark  for  the 
iMiddle  Atlantic  States;  John  Caulfield  of  St. 
Paul  for  the  Central  States;  M.  L.  Worrell  of 
Meridian,  Miss.,  for  the  Southern  States ;  and 
H.  Hymmen  of  Berlin,  Ont.,  for  Canada  and 
the  Western  States. 

The  selection  of  the  ne.xt  meeting  place  was, 
as  usual,  the  most  interesting  feature  of  the 
entire  proceedings  to  the  majority  of  the  dele- 
gates. A  total  of  273  votes  were  cast,  of 
which  New  York  City  received  142,  St.  Louis 
94,  Detroit  33,  Richmond  3  and  Erie  1.  Ac- 
cordingly the  1916  convention  will  be  held  in 
New  York  City.  An  important  feature  of 
that  convention  will  doubtless  be  a  trip  along 
the  Catskill  aqueduct. 

The  water  supply  and  purification  works  of 
the  city  of  Cincinnati  were  inspected  by  the 
delegates.  These  works  are  impressive  to 
everyone.  Unquestionably  Cincinnati  has  one 
of  the  very  finest  water  works  systems  in  the 
world.  The  new  $15,000,000  works  have  been 
in  operation  for  seven  years  and  show  every 
evidence  of  very  expert  maintenance  and  op- 
eration. This  inspection  alone  justified  at- 
tendance at  the  convention.  Motion  pictures 
were  taken  of  the  delegates  as  they  inspected 
this  plant,  and  as  they  landed  at  the  plant 
from  a  steamer  on  the  Ohio  River.  These 
pictures  will  be  shown  in  the  10,000  theaters 
feasuring  Pathe's  weekly.  By  this  means  the 
association  will  be  given  wide  publicity. 

The  affairs  of  the  Association,  generally, 
seem  to  be  in  a  flourishing  condition.  There 
are  now  1147  active  members.  The  Treasurer 
reported  a  substantial  balance  in  the  treasury. 
An  Iowa  section  has  been  formed  and  its 
constitution  has  been  approved  by  the  parent 
body.    A  California  section  is  being  formed. 

The  committee  work  of  the  Association  is 
progressing. 

There  was  the  usual  program  of  papers  pre- 
sented- Many  of  these  had  been  published  in 
the  March  journal  of  the  Association  and 
drew  out  but  scant  discussion.  The  paper  by 
Charles  P.  Hoover  of  Columbus,  Ohio,  de- 
scribing the  manufacture  of  alum  at  the  Co- 
lumbus Water  Softening  and  Purification 
Works  was  received  with  well  merited  inter- 
est, as  it  records  a  distinct  forward  step  in 
water  purification.  The  paper  is  published  in 
this  issue  of  Engineering  and  Contracting. 
Mr.  Philip  Burgess  of  Columbus,  Ohio,  read 
a  very  important  and  constructive  paper  on 
the  Mechanical  Analysis  of  Sand.  It  will  be 
published  in  a  later  issue  of  this  journal.  The 
paper  by  D.  A.  Reed  of  Duluth  on  Assessing 
Cost  of  Extensions  in  a  Municipally  Owned 
Plant  was  a  valuable  contribution  to  the  litera- 
ture of  municipal  taxation  for  public  improve- 
ments.    It  is  published  in  this  issue. 


NEWS  LETTERS 

St.  Louis  Items. 

Mulvill  Bros,  of  Alton,  111.,  were  awarded 
the  contract  for  constructing  14  miles  of  road 
work  at  Potosi,  Mo.,  by  the  Commissioners  of 
the  Potosi  special  road  district.  They  are 
shipping  25  of  their  own  teams  on  to  this 
work. 

Daniel  Slavin,  who  was  for  45  years  section 
boss  of  the  Bluff  Line  Railroad,  between  .Al- 
ton and  Jerseyvillc,  111.,  died  at  his  home  in 
Alton  Saturday  night,  aged  69  years.  Slavin 
had  a  record  of  never  having  failed  to  report 
for  duty.  He  was  born  in  Ireland  and  came 
to  Alton  45  years  ago. 

N.  E.  Craig  secured  15,000  yards  of  team 
work  from  the  Callahan-Walker  Const.  Co. 
on  the  levee  at  Apex,  Mo. 

Work  was  begun  on  the  grading  of  the 
southeastern  section  of  the  Ranken  tract,  for 
use  of  which  for  switching  purposes  the  Ter- 
minal Railroad  Association  recently  received 
a  permit  from  the  Board  of  Public  Service. 
The  use  of  about  one-third  of  the  tract  was 
granted  by  the  permit  which  is  contingent  on  a 


final  settlement  of  the  ten-year-old  controver- 
sy between  the  city  and  the  Terminal,  accord- 
ing to  a  tentative  agreement  made  between  the 
Board  of  Public  Service  and  the  Terminal 
officials.  The  agreement  is  that  the  Terminal 
turn  over  its  levee  tracks  to  the  city  at  the 
expiration  of  the  franchises  for  them  next  De- 
cember, and  also  build  a  double  track  connec- 
tion between  the  free  bridge  and  its  tracks 
leading  to  Union  Station.  In  return  the  city 
is  to  grant  it  permission  to  use  the  entire 
Ranken  track. 

Major  E.  M.  Markham,  U.  S.  Eng.,  Mem- 
phis, Tenn.,  will  let  about  4,500,000  cubic  thou- 
sand yards  of  levee  work  in  the  Upper  and 
Lower  St.  Francis  and  White  River  Levee 
districts  on  May  26th. 

Big  Riley  of  Clapp,  Norstrom  &  Riley,  took 
a  run  down  from  Chicago  the  other  day  to 
look  over  a  couple  of  team  outfits  that  are  for 
sale  in  this  neighborhood. 

Hummer  Kahl  and  Brother  William  came 
in  from  Cleveland,  bought  a  couple  of  car- 
loads of  big  mules  at  the  stock  yards,  which 
they  added  to  their  outfit  in  Cleveland. 

Wm.  List  of  the  List  &  Gifford  Const.  Co. 
was  at  the  M.,  K.  &  T.  headquarters  last 
Wednesday  and  signed  contract  for  the  new 
work  that  was  awarded  them  by  this  com- 
pany in  Oklahoma  at  the  recent  letting. 

T.  P.  Newland  is  with  Mulvill  Bros,  on  the 
Potosi,  Mo.,  road  work. 

L.  B.  Davis  of  the  Davis  Commissary  & 
Supply  Co.  left  here  for  Cape  Girardeau,  Mo., 
to  look  over  the  boarding  camps  that  his 
company  have  on  the  Little  River  drainage 
work. 

A.  W.  Jones,  formerly  engineer  of  the  Mis- 
souri-Pacific Railroad,  has  been  appointed  gen- 
eral manager  in  charge  of  the  contract  work 
being  done  for  the  Little  River  drainage  dis- 
trict near  Cape  Girardeau,  Mo.  A  new  com- 
pany is  being  formed  to  take  over  the  contract 
and  interests  of  the  late  D.  C.  Stephens,  who 
died  in  New  York  several  weeks  ago.  There 
is  approximately  9,500,000  yards  of  drainage 
ditches  to  be  constructed  in  this  district. 

Elmer  Gant  has  17,000  yards  of  team  work 
to  let  near  Jacobs,  111.  Chester  or  Jacobs,  111., 
will  catch  him. 

J.  F.  Deppe.  57  years  old,  senior  engineer  of 
the  Mississippi  River  Commission,  died  at  his 
home,  7501  Reilly  Ave.,  on  May  10th.  Deppe, 
who  succeeded  Thomas  Middleton  of  Webster 
Groves  as  senior  engineer  of  the  commission 
on  the  latter's  death  about  a  month  ago,  de- 
signed and  built  the  harbor  boat  Erastus  Wells. 
Deppe  suffered  a  stroke  of  paralysis  a  week 
ago  and  declined  steadily  until  his  death.  He 
is  survived  by  his  widow,  Mrs.  Catherine 
Deppe,  a  son,  Fred  W.  Deppe,  a  daughter, 
.Miss  Minnie  K.  Deppe,  and  a  brother,  Henry 
L.   Deppe.  A.   B.   Koenig. 


PERSONALS 

Mr.  Robert  S.  Brown  has  opened  a  civil 
engineering  office  in  Asheville,  N.  C. 

Mr.  J.  P.  Shumaker  has  been  appointed  city 
engineer  of  Xenia.  Ohio.  Mr.  Shumaker 
graduated  from  Purdue  University  in  1912 
and  for  the  past  .three  years  has  been  an  as- 
sistant in  the  Engineering  Corps  of  the  Penn- 
sylvania Railroad. 

Mr.  C.  J.  Donaldson  has  been  appointed 
county  sun/oyor  of  Mountrail  County,  Nortli 
Dakota,  with  headquarters  at  Stanley,  N.  D. 
Mr.  Donald.son  has  been  in  the  City  Engineer's 
office  at  Great  h'alls,  Mont.,  for  some  time 
past.  He  states  that  he  would  be  glad  to  re- 
ceive catalogues  pertaining  to  general  engi- 
neering work  and  county  work  as  a  whole 

Mr.  Wilbert  R.  Rosche  announces  the  open- 
ing of  an  oftice  for  the  practice  of  practical 
and  consulting  civil  and  mechanical  engineer- 
ing, with  offices  at  329  Thatcher  Bldg.,  Pueblo. 
Colo.  Mr.  Rosche  will  specialize  in  the  de- 
sign of  water  and  sewer  systems,  hydraulics 
and  irrigation,  steel  structures,  power-plant 
design  and  equipment,  valuations  and  reports. 

Mr.  Lionel  .Ayrcs  has  been  appointed  city 
engineer  of  Duluth,  Minn.,  succeeding  Mr. 
John  Wilson.  Mr.  .Vyres  was  with  the  North- 
ern   Pacific    Railway    in   the    maintenance   de- 
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partment  from  1883  to  1886.  For  thirteen 
years  following  he  was  in  the  engineering  de- 
partment of  -.he  city  of  Duluth.  Since  1809 
he  has  carried  on  a  private  general  practice, 
specializiiig  in  municipal  engineering. 

Mr.  Charles  Capper,  for  the  past  two  years 
assistant  engineer  of  Dallas  county,  Iowa,  has 
established  the  Capper  Engineering  Co.,  Adel, 
Iowa.  The  company  will  have  charge  of  the 
citv  engineering  of  Adel,  the  county  drainage 
work  of  Dallas  county,  the  engineering  work 
of  the  Iowa  State  Farm  at  Woodward,  and  is 
also  prepared  to  handle  all  general  engineering 
work  and  contracting  along  the  lines  of  hol- 
low tile  construction.  Mr.  Capper  was  for- 
merly employed  on  government  land  surveys 
in  Wyoming. 

Mr.  Bertram  D.  Dean  has  opened  an  office 
as  consulting  engineer  at  2110  L.  C.  Smith 
Building,  Seattle,  specializing  in  engineermg 
reports,  cost  reduction,  and  quantity  estimat- 
ing. He  is  a  graduate  of  McGill  University, 
class  of  1898,  and  during  the  following  six 
vears  held  various  positions  with  different 
steel  companies.  In  1904  he  accepted  the  po- 
sition of  engineer  for  Puget  Sound  Bridge 
and  Dredging  Co.,  Seattle,  remaining  with 
them  for  eight  years.  In  1912  he  went  East 
to  take  charge  of  the  reorganization  of  a  con- 
struction company  along  the  line  of  cost  re- 
duction, a  line  in' which  he  has  had  particular 
success.  Mr.  Dean  has  been  a  member  of 
the  .American  Society  of  Civil  Engineers  since 
1909. 

Columbia  University  has  appointed  the  fol- 
lowing nonresident  lecturers  for  the  1915-1916 
session  of  the  graduate  course  in  highway  en- 
gineering; Charles  J.  Bennett,  state  highway 
commissioner  of  Connecticut;  John  A.  Bensel, 
consulting  engineer;  Will  P.  Blair,  secretary, 
National  Paving  Brick  Manufacturers'  Asso- 
ciation: Sumner  R.  Church,  manager,  re- 
search department,  Barrett  Manufacturing 
Company;  Frederick  A.  Cleveland,  director, 
Bureati  of  Municipal  Research,  New  York ; 
William  H.  Connell,  chief.  Bureau  of  High- 
ways and  Street  Cleaning,  Philadelphia;  Mor- 
ris Llewellyn  Cooke,  director,  Department  of 
Public  Works,  Philadelphia;  W.  W.  Crosby, 
chief  engineer,  Maryland  Geological  and 
Economic  Survey  and  consulting  engineer ; 
Charles  Henry  Davis,  president.  National 
Highways  Association;  A.  W.  Dow,  chemical 
and  consulting  paving  engineer;  Edwin  Duffey. 
commissioner  of  highways.  New  York  state; 
Lewis  R.  Ferguson,  assistant  secretary,  Asso- 
ciation of  American  Portland  Cement  Manu- 
facturers; C.  N.  Forrest,  chief  chemist,  Barber 
Asphalt  Paving  Company;  Wilson  P.  Foss, 
Sr..  President,  New  York  Trap  Rock  Com- 
pany; Walter  H.  Fulweiler,  chief  chemist, 
LTnited  Gas  Improvement  Company;  E.  P. 
Goodrich,  consulting  engineer;  D.  L.  Hough, 
president,  Cuban  Engineering  &  Contracting 
Company;  William  A.  Howell,  engineer  of 
streets  and  highways,  Newark;  Nelson  P. 
Lewis,  chief  engineer,  Board  of  Estimate  and 
•Apportionment.  New  York ;  Walter  R.  Mar- 
den,  vice-president  and  chief  engineer.  United 
Construction  Company ;  H.  B.  Pullar,  general 
manager.  Pioneer  Asphalt  Company;  Philip  P, 
Sharpies,  manager,  general  Tarvia  department. 
Barrett  Manufacturing  Company;  Francis  P. 
Smith,  chemical  and  consulting  paving  engi- 
neer; Albert  Sommer,  consulting  chemical  en- 
gineer ;  George  W.  Tillson,  consulting  engi- 
neer to  the  president  of  the  Borough  of 
Brooklyn,  New  York ;  John  Cassan  Wait,  at- 
torney at  law ;  George  C.  Warren,  president, 
Warren   Brothers  Company. 

INDUSTRIAL  NOTES 

The  Modern  Iron  Works  of  Quincy.  III. 
manufacturer  of  meter  boxes  and  other  water- 
works appliances,  has  completed  and  placed  in 
operation  its  new  foundry  buildings,  replacing 
those  recently  destroyed  by  fire. 

The  White  Oak  Crushed  Stone  Co.,  Plain- 
ville.  Conn.,  is  installing  a  36-in.  Symons  disc 
crusher. 


The  Chicago  Pneumatic  Tool  Co.  has  moved 
its  Eastern  sales  offices  in  New  York  City 
from  the  Hudson  Terminal  Bldg.  to  52  Van- 
derbilt  Ave. 


CIVIL  SERVICE  NEWS 

Irrigation  Division  Engineers ;  A.  A.  Wei- 
land,  State  Engineer  of  Colorado,  announces 
that  an  examination  will  be  held  on  June  5 
at  Denver  for  the  purpose  of  establishing  an 
eligible  list  from  which  will  be  selected  the 
engineer  for  Division  1.  Must  be  residents  of 
the  Division.  Application  must  be  filed  with 
the  State  Engineer. 

The  Cleveland,  Ohio,  Civil  Service  Commis- 
sion announces  examinations  as   follows : 

Inspectors  of  Street  Openings;  $0.50  per 
hour;    May  27. 

Chainman ;  $540  to  $660  per  annum,  June  3. 

Paving  Foreman ;  $4.00  per  day ;  June  8. 

Applications  and  information  may  be  ob- 
tained from  the  office  of  the  Commission 
Must  be  filed  in  person  not  later  than  noon 
of  the  second  day  preceding  date  of  examina- 
tion. 

Within  the  next  few  months  examinations 
will  be  held  by  the  Illinois  State  Civil  Service 
Commission  for  the  following  positions,  the 
examination  being  open  only  to  residents  of 
Illinois. 

Position.  Salary  per  month. 

Assistant   chief  utilities   engineer. $300  to  $375.00 

Gas   engineer   250  to     333.33 

Railroad   engineer    250  to     333.33 

Electrical    engineer    200  to     300.00 

Telephone    engineer    200  to     300.00 

Service    engineer    200  to    300.00 

Mechanical    engineer    160  to     250.00 

These  will  not  be  examinations  of  the  usual 
written  type,  but  will  be  unassembled.  Ques- 
tions covering  education  and  practical  experi- 
ence will  be  mailed  direct  to  each  applicant, 
who  will  write  out  his  replies  and  send  them 
to  the  commission.  They  will  be  checked  over 
by  competent  examiners  and  all  statements 
verified.  Those  qualifying  in  this  part  of  the 
test  will  be  orally  interviewed  later. 

Application  blanks  may  be  secured  by  ad- 
dressing the  State  Civil  Service  Commission  at 
Springfield,  Illinois,  or  at  Room  904,  130  N. 
Fifth  Ave.,  Chicago. 

Some  details  relative  to  these  positions  and 
their  requirements  appeared  on  page  421  in 
our  issue  of  May  12. 


NEW  CATALOGUES 

Indcstri.al  Locomotives. — Paper,  9.x6  ins.;  52 
pp.  J.  D.  Fate  Co.,  Plymouth,  Ohio. 
Catalogue  No.  2,  describing  the  "Plymouth" 
gasoline  industrial  locomotives,  shows  a  num- 
ber of  types  and  views  of  typical  operations  in 
mines,  clay  plants  and  other  industrial  plants. 

Oil  Burners. — Paper,  6x9  ins.;  8  pp.  Hauck 
Manufacturing  Co.,  140  Livingston  Street, 
Brooklyn,   N.   Y. 

Bulletin  No.  58,  describing  Hauck  patent 
kerosene  burners,  heaters  and  torches  for 
pipe  lines,  asphalt  roads  and  shop  work.  Il- 
lustrated. 

W.-^GON  Lo.-\DERS. — Paper,     6x9     ins.;     48     pp. 

Link-Belt  Co.,   Chicago. 

Catalogue  No.  210  describing  Link-Belt 
portable  wagon  and  truck  loaders.  Gives  il- 
lustrations, specifications  and  net  prices  of  the 
standard  types  and  shows  some  of  the  special 
machines  built  to  meet  individual  require- 
ments. 

Ro.siD  Machinery. — Paper,  folder.  The  Gallon 
Iron  Works  &  Mfg.  Co.,  102  East  Main  St., 
Gallon,  Ohio. 

Briefly  describes  Gallon  road  making  ma- 
chines and  shows  in  tri-color  engravings  the 
construction  or  special  features.  Line  includes 
graders,  scarifiers,  plows,  drags,  scrapers, 
crushers,  portable  unloaders,  culvert  pipes,  etc. 

Concrete  H.^ndling  Equipment. — Paper.  6x9 
ins. ;  24  pp.  The  Wylie  Co.,  Fisher  Building. 
Chicago. 

Describes  "Wyliechute"  equipment  for  han- 
dling concrete  and  concrete  construction   ma- 


terials.   Shows  views  of  a  number  of  Wylie-        I 
chute    plants,    and    of    the    various    styles    of       |, 
chutes,    elevator    buckets,    receiving    hoppers, 
concrete  carts,  spouts,  tower  sheave  sets,  etc. 
Gives  dimensional  data  and  diagrams. 

Turbo-Gear. — Paper,  11x8  ins.,  6  pp.  Turbo- 
Gear  Company,  Industrial  Building,  Balti- 
more, Md. 

Catalogue  "A,"  giving  detailed  illustrated 
description  of  the  "Turbo-Gear,"  which  can  be 
used  either  as  a  speed  reducing  or  speed  in- 
creasing gear  and  will  run  either  right  or  left 
hand  with  equal  efficiency.  Made  in  seven 
standard  speed  ratios. 

Tractors. — Paper,  7x10  ins. ;  32  pp.    The  Holt 

Manufacturing  Co.,  Stockton,  Cal. 

Bulletin  A-69-108,  describing  the  Caterpillar 
"45,"  a  tractor  for  work  on  soft  ground,  loose 
sand  and  slippery  roads,  particularly  for  use  on 
small  farms,  and  in  orchard  and  vineyard  cul- 
tivation. Shows  the  caterpillars  in  various 
kinds  of  work,  describes  parts,  and  gives 
dimensions  and  specifications. 

Concrete  on  the  Farm. — Paper,  6x9  ins. ;  80 
pp.  Universal  Portland  Cement  Co.,  Chi- 
cago. 

"Concrete  for  the  Farmer''  is  the  title  of  a 
booklet  containing  useful  information,  illustra- 
tions and  data  on  the  use  of  concrete  on  the 
farm.  Gives  detailed  instructions  as  to  the 
building  of  numerous  farm  structures  such  as 
silos,  stock  tanks,  barns,  ice  houses,  fences, 
culverts,  etc. 

Valves. — Paper,  6x9  ins. ;  140  pp.  Golden- An- 
derson Valve  Specialty  Co.,  Fulton  Building. 
Pittsburgh,    Pa. 

Catalogue  No.  18  showing  the  Golden-An- 
derson line  of  automatic  cushioned  valves.  An 
elaborately  compiled  and  comprehensive  pres- 
entation of  the  construction,  operation,  adap- 
tations and  merits  of  these  appliances.  Nu- 
merous drawings,  photographs  and  tables  sup- 
plement the  descriptive  matter. 

Rail    Steel    Reinforcing    B.^rs. — Paper,    6x9 
ins.;  64  pp.    Calumet  Steel  Co.,  Continental- 
Commercial  Bank  Building,  Chicago. 
The   process    of   manufacturing    reinforcing 
bars  rolled  from  standard  section  tee  rails  is 
briefly  explained,  and  also  the  qualifications  of 
these  bars  for  their  work.    Specifications  and 
reports  of  tests  are  included.   The  greater  part 
of  the  book  consists  of  illustrations  of  modern 
buildings  which  are  reinforced  with   Calumet 
Rail  Steel  Bars. 


CATALOGUE  REVIEWS 

Steel  Bridges. — Paper,  llVi!x8%  ins.;  104  pp. 
Dominion  Bridge  Co.,  Ltd.,  Montreal, 
Canada. 

One  of  the  most  interesting  trade  publica- 
tions from  the  general  reader's  point  of  view, 
which  has  recently  come  to  our  notice,  is  that 
of  the  Dominion  Bridge  Co.  (Catalogue  S.  I.). 
It  consists  of  cuts  taken  from  actual  photo- 
graphs of  numerous  structures  erected  by  the 
company.  These  are  accompanied  by  brief 
descriptions  of  the  work,  giving  data  as  to  the 
length,  type,  conditions  under  which  the  work 
was  done,  special  structural  features,  etc.  The 
photographs  are  exceptionallv  good  and  serve 
well  to  illustrate  the  scope  of  the  company's 
work. 

A  brief  introductory  description  of  the  or- 
ganization, growth  and  plants  of  the  company 
precedes  the  illustrations  and  includes  a  list 
of  the  larger  structures  erected,  with  date, 
weights,  length  of  span,  etc.  The  illustrations 
show  varied  work,  including  arch,  bascule,  can- 
tilever, fixed  and  swing  bridges,  subways,  ferry 
landing,  vertical  lift  bridges,  viaducts,  steel 
frame  buildings,  coal  handling  plants,  cranes, 
hydraulic  gates,  lift  locks,  water  tanks,  etc. 

-Among  the  notable  bridges  shown  are  the 
St.  John,  N.  B.,  cantilever  bridge,  the  Lachine 
liridge.  near  Montreal,  the  Coteau  bridge,  the 
Bout  de  L'Isle.  at  Montreal,  the  .Alexandra 
bridge  at  Ottawa  and  the  Eraser  River  bridge 
at  New  Westminster,  B.  C. 
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The  New  Austin,  Texas,   Dam. 

Fifteen  years  ago  at  this  time  engineers 
were  discussing  the  failure  of  the  Colorado 
River  dam  at  Austin,  Texas.  A  new  structure 
replacing  the  dam  which  failed  has  just  been 
completed  on  the  same  site  and  in  this  issue 
we  publish  the  first  of  three  articles  which 
will  describe  and  illustrate  this  important 
work.  In  this  article  our  readers  will  find  the 
history  of  the  project  and  all  the  dates  essen- 
tial to  a  clear  understanding  of  its  antecedents 
and  development.  There  is  given  between  the 
lines  even  a  vision  of  the  wrangle  that  pre- 
ceded construction  and  of  the  dispute  that 
followed  failure  of  the  first  Austin  Dam.  Few 
engineering  works  exhibit  a  more  checkered 
career  and  few  dam  failures,  and  there  have 
been  too  many  that  are  notorious,  have  re- 
mained so  long  and  so  prominently  in  the 
memory  of  civil  engineers. 

It  is  not  with  reminiscence,  however,  that 
we  are  chiefly  concerned  at  the  present  mo- 
ment. The  feature  that  stands  out  is  that 
the  new  Austin  Dam  compared  with  the 
Austin  Dam  that  failed  is  an  example  of  new 
engineering  in  dam  construction.  The  new 
Austin  Dam  is  of  a  construction  that  was  un- 
known to  engineers  in  1893.  If  our  recollec- 
tion serves  even  the  first  little  reinforced  con- 
crete slab  and  buttress  dams  that  we  now 
know  prophesied  the  hollow  reinforced  con- 
crete dam  in  its  several  forms  and  great  mag- 
mitudes  of  recent  years  had  not  been  built 
and  perhaps  had  not  been  imagined.  In  less 
than  a  score  of  years — in  much  less  than  that 
time  in  fact — engineers  have  had  placed  in 
their  hands  a  construction  that  is  entirely  new 
of  one  of  the  oldest  kinds  of  engineering 
structures. 

Herein  is,  it  seems  to  one,  the  great  feature 
of  the  new  Austin  Dam  work  as  compared 
with  that  which  went  to  disaster  on  April  7, 
IflOO.  Herein  too  should  be  the  great  pride  of 
the  engineer  in  his  profession.  There  is  no 
finality  in  the  form  of  engineering  structures 
and  no  end  to  the  change  in  structural  ma- 
terials and  methods  that  the  years  bring  to  the 
service  of  the  engineer. 


Combining  Utility  and  Good  Appear- 
ance in  Designing  Water  Works 
Structures. 

The  desirability  of  combining  utility  and 
attractiveness  in  the  design  of  engineering 
structures  has  been  commented  upon  many 
times.  Most  of  the  discussion  along  this  line 
has  had  to  do,  perhaps,  with  artistic  bridge 
design.  We  desire  at  this  time  to  call  at- 
tention to  the  opportunity  frequently  pre- 
sented to  the  water  works  engineer  to  design 
structures   of   good   appearance. 

Many  handsome  water  works  structures 
have  been  built  in  various  parts  of  the  coun- 
try. There  are  numerous  water  towers  which 
have  been  designed  to  combine  beauty  with 
utility.  There  are  many  more,  in  conspicuous 
locations,  which  are  simply  ugly.  Many  of 
the  latter  could  have  been  greatly  improved 
in  appearance  by  a  not  undue  increase  in  first 
cost.  The  engineer  will  do  well  to  bear  in 
mind  that  he  sees  beauty  in  purely  mathe- 
matical and  economical  lines,  which  does  not 
appeal  at  all  to  the  average  person.  Thus,  an 
irate  resident  of  an  Omaha  suburb  recently 
spoke  in  the  following  disrespectful  terms  of 
an  equalizing  reservoir  structure:  "Shall  we 
leave   this    weed-covered,   corrugated   wart   of 


The  editors  solicit  short  descriptions  of 
novel  and  useful  methods  and  devices  em- 
ployed in  engineering  construction.  Arti- 
cles not  to  exceed  a  column  (about  seven 
hundred  words)  are  preferred.  Pho- 
tographs or  sketches  should  be  includ- 
ed if  they  add  interest  and  aid  explanation. 
Utility  and  not  careful  writing  will  be. 
the  chief  factor  in  determining  acceptabil- 
ity.    Accepted    articles    will    be    paid    for. 


a  thing  standing  up  at  the  city's  highest  point 
to   be  a  continual  eyesore?" 

The  experience  of  many  engineers  in  cities 
of  all  sizes  in  all  parts  of  the  country  is  that 
the  costly  improvement  is  not  the  one  which  is 
most  criticised  in  the  long  run.  The  citizen 
wants  public  improvements  "to  look  right 
and  to  act  right,"  and  unless  these  ends  are  at- 
tained low  first  cost  of  the  unsatisfactory  im- 
provement cannot  later  be  brought  forward 
successfully  to  counterbalance  shortcomings 
in  these  particulars.  High  first  cost  produces 
a  form  of  dissatisfaction,  among  taxpayers, 
which  endures  for  but  a  short  season  if  the 
improvement  obtained  is  otherwise  pleasing 
and  serviceable.  It  is  not  our  purpose  to 
encourage  undue  extravagance  in  the  expendi- 
ture of  public  funds,  but  we  desire  to  record 
the  conviction  that  first  cost  can  be,  and  usual- 
ly is,  given  altogether  too  much  weight  in  de- 
signing certain  classes  of  engineering  struc- 
tures. 

Last  week  we  published  a  view  of  a  well 
house  situated  in  a  park  in  an  Iowa  city. 
This  week  we  publish  several  views  of  small 
pumping  stations,  some  good  looking,  others 
not.  This  type  of  structure  readily  lends  it- 
self to  aesthetic  treatment  at  slight  increase  in 
first  cost.  We  believe  additional  expenditure 
of  public  funds,  within  reason  of  course,  to 
increase  the  attractiveness  of  such  structures 
as  well  houses,  pumping  stations  and  water 
towers,  will  give  permanent  satisfaction  to  all 
concerned. 

We  shall  be  glad  to  publish,  in  our  water 
works  section,  short  descriptions  and  views 
of  water  works  structures  which  have  been 
designed  with  a  view  to  combining  utility  and 
attractiveness. 


dye  upon  .'\nopheles  mosquitoes  breeding  in  a 
swamp  one  mile  from  sleeping  quarters  and 
later  found  mosquitoes  dyed  purple  within  the 
quarters — a  practical  demonstration  that  estab- 
lished incidentally  the  necessity  of  extensive 
land  drainage  operations  to  insure  success  in 
mosquito  eradication. 

However,  with  lands  thoroughly  drained  and 
breeding  places  eradicated  it  is  still  possible  to 
have  epidemics  of  malaria.  Yet  such  epidemics 
are  frequently  traceable  to  a  single  source  and 
may  be  dealt  with  in  much  the  same  manner 
that  typhoid  epidemics  are  handled ;  the  all 
prevailing  and  widespread  source  has  been 
eradicated.  For  instance,  one  malarial  epidemic 
in  a  southern  mill  village  was  traced  directly 
to  the  importation  of  infected  mosquitoes  from 
other  districts  in  box  cars.  Lumber  was  fre- 
quently loaded  at  night,  when  mosquitoes  are 
abroad,  at  mills  located  in  an  infected  district 
and  was  transported  in  closed  box  cars  to  the 
village,  immediately  unloaded  and  used  in  the 
construction  of  buildings.  It  was  found  that 
laborers  upon  entering  the  loaded  cars  were 
bitten  by  mosquitoes  and  that  these  laborers 
later  developed  malaria.  The  epidemic  sub- 
sided after  the  shipments  ceased. 

The  policy  of  the  Mosquito  Commission  of 
New  Jersey  in  developing  a  comprehensive 
ditch  system  for  the  drainage  of  marsh  land  is 
a  result  of  long  experience  with  other  methods 
of  mosquito  eradication.  In  general  the  plan 
followed  by  that  commission  involves  the  dig- 
ging of  a  network  of  small  V-shaped  ditches 
that  dry  the  land.  These  ditches  are  construct- 
ed for  the  sole  purpose  of  mosquito  eradica- 
tion. 

While  it  is  believed  by  many  experts  that 
the  22  varieties  of  Anopheles  mosquitoes  of 
which  20  varieties  are  capable  of  transmitting 
malaria  after  biting  a  person  infected  with 
malaria  will  breed  in  running  water,  many 
other  types  of  mosquitoes  will  not  breed  ex- 
cept in  stagnant  water,  and  the  eradication  of 
these  pests  is  an  economic  work  of  importance. 
Recent  studies  of  the  mosquito  and  his  habitat 
have  resulted  in  strengthening  the  belief  that 
thorough  drainage  is  the  most  effective  method 
of  mosquito  eradication. 

On  most  drainage  projects  the  elimination 
of  mosquitoes  is  frequently  considered  of 
minor  importance.  Yet  we  believe  the  preva- 
lence of  mosquitoes  has  a  bearing  upon  the 
sale  value  of  reclaimed  land  and  that  the  con- 
struction of  supplementary  drainage  works 
with  a  view  to  complete  mosquito  eradication 
is  worthy  of  careful  consideration. 


Land  Drainage  and  Mosquito  Preven- 
tion. 

A  result  of  extensive  land  drainage  work 
has  invariably  been  the  reduction  in  the  prev- 
alence of  mosquitoes  and  to  a  large  extent  the 
eradication  of  malaria.  Figured  on  a  basis  of 
the  increased  productive  ability  of  the  people 
formerly  infected  with  this  disease  the  benefit 
of  land  drainage  to  the  community  from  that 
fact  alone  is  sufficiently  great  to  account  for 
a  large  portion  of  the  cost  of  such  work. 

In  this  connection  the  work  of  Le  Prince, 
formerly  sanitary  engineer  of  the  Panama 
Canal  Zone,  who  is  not  a  physician  but  a  sani- 
tary engineer,  is  of  interest,  Le  Prince  having 
loss  regard  for  theories  and  diagnoses  than 
actual  conditions  established  the  fact  that  the 
.\nnpheles,  or  malarial  mns(|uito  would  travel 
beyond  200  yards  from  its  breeding  place.  Pro- 
ceeding in  spite  of  criticism  he  spraved  purple 
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A  New  Printing  Telegraph. 

Enumeratin.g  the  advantage  of  the  telephone 
over  the  telegraph,  one  of  Bell's  earliest  re- 
ports speaks  of  the  ability  to  convey  messages 
directly  and  without  the  employment  of  a 
skilled  operator  such  as  is  required  in  tele- 
graphing. Recently  there  has  been  developed 
a  printing  telegraph  of  such  design  and  rela- 
tive simplicity  as  to  make  it  seem  likely  that 
many  messages  will  be  sent  directly  from  of- 
fice to  office,  the  sender  havin.g  call  for  no 
more  skill  than  is  involved  in  operating  a 
typewriter. 

Without  going  into  any  detailed  description 
of  the  apparatus,  such  as  appears  in  the  "Elec- 
trical World"  of  April  3,  we  may  give  some 
general  idea  of  the  design  and  usefulness  of 
the  new  printing  telegraph  system  which 
"marks  an  epoch  in  the  history  of  the  tele- 
graph." 

There  is  a  "perforator"  having  a  keyboard 
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like  that  of  a  standard  typewriter.  The  sym- 
bol of  each  letter  is  punched  in  a  paper  ribbon, 
which  is  fed  automatically  into  a  transmitter. 
The  particular  combination  of  five  holes 
punched  in  the  tape,  for  each  letter,  deter- 
mines the  combination  of  positive  and  negative 
currents  sent  througli  the  wire  to  the  receiver 
or  printer.  The  printer  records  the  message 
on  a  sheet  of  paper,  in  the  same  form  it  would 
appear  if  written  by  an  ordinary  typewriter. 

The  "perforator"  has  been  operated  at  as 
high  a  speed  as  92  words  per  minute.  The 
normal  speed  of  operation  is  45  words  per 
minute  per  "channel."  By  the  quadruplex- 
duplex  method  180  words  in  each  direction,  or 
360  words  for  both  directions,  can  be  sent  each 
minute  over  one  pair  of  wires  or  circuit.  It 
was  primarily  to  accomplish  this  result,  name- 
ly, great  capacity  for  words  over  a  single  wire, 
that  the  Western  Electric  Co.  and  the  Western 
Union  Telegraph  Co.  collaborated  in  develop- 
ing this  remarkable  device. 

A  noteworthy  feature  of  this  invention  is 
the  fact  that  it  is  the  product  of  what  may 
be  termed  a  composite  genius — a  group  of 
skilled  minds  co-ordinating  in  producing  a 
desired  result.  To  quote  from  "Electrical 
World" : 

The  success  achieved  is  the  result  of  the  con- 
centration on  a  single  problem  of  a  number  of 
minds,  each  particularly  well  equipped  with 
knowledge  and  experience  for  the  consideration 
of  some  important  phase  of  the  problem. 

The  "multiplex  principle"  and  the  "five-unit 
code"  devised  35  years  ago  by  Baudot  form 
the  foundation  of  this  new  printing  telegraph. 
Mr.  Donald  Murray  incorporated  the  Baudot 
multiplex  principle  with  machine-sending  and 
column-printing. 

One  of  the  unique  features  of  the  printing 
part  of  the  mechanism  is  its  "unit  construc- 
tion." The  printer,  although  but  a  small,  com- 
pact device,  consists  of  12  distinct  units,  each 
of  which  has  a  separate  function  to  perform. 
For  example,  one  unit  is  the  mechanism  that 
moves  the  paper  carriage  and  the  paper  across 
the  type  wheel.  This  unit,  if  out  of  order, 
can  be  removed  in  a  few  minutes  without  dis- 
turbing the  adjustments  of  the  other  units. 
This  is  a  feature  that  can  well  be  adopted 
for  many  kinds  of  mechanism,  particularly 
when  electricity  is  the  operating  power. 

We  recently  heard  of  a  new  device  that  can 
be  attached  to  any  typewriter,  and  can  be 
adjusted  to  print  letters  in  any  one  of  in- 
numerable codes.  The  typist  strikes  the  keys, 
as  in  ordinary  work,  yet  produces  a  letter 
written  in  code.  Doubtless  such  an  attach- 
ment could  be  provided  for  the  printing  tele- 
graph, which  might  considerably  facilitate  the 
sending  of  messages  whose  contents  are  to  be 
kept  secret. 


Co-operation    of    Engineers    and    Con- 
tractors  Desired  to  Increase  Our 
General   Knowledge    of    Soils 
and  of  the  Bearing  Power 
of  Soils. 

Although  numerous  tests  have  been  made  in 
various  parts  of  the  country  to  determine  the 
bearing  power  of  particular  softs,  and  notwith- 
standing the  fact  that  the  results  of  such  tests 
have  been  leported  from  time  to  time,  the 
average  engineer's  knowledge  of  soils  and  of 
proper  bearing  values  is  exceedingly  limited. 
Only  a  few  of  the  tests  made  have  been  re- 
ported, and  in  general  full  information  has 
not  been  given  on  those  reported.  Often  the 
tests  have  been  made  by  engineers  just  prior 
to  deciding  upon  the  type  of  foundation  to  be 
used,  and  in  order  not  to  delay  the  progress 
of  the  design  the  tests  have  been  both  hurried 
and  poorly  conceived.  In  other  cases  the 
tests  have  been  made  by  contractors  mainly 
because  of  specification  requirements,  after 
the  structure  has  been  designed  and  just  prior 
to  its  construction.  Mainly  because  of  these 
facts  full  information  on  the  character  of  the 
subsoil,  subsoil  conditions,  and  manner  of 
conducting  tests  has  not  been  made  available. 
Although  in  a  few  cases  engineers  have  shown 
that   they  realized   the   importance   of   assem- 


bling data  from  every  source,  and  of  sys- 
tematically studying  the  character  and  bear- 
ing power  of  soils,  the  engineering  profession 
as  a  whole  has  done  little  to  increase  our  gen- 
eral knowledge  of  this  subject. 

It  is  gratifying  to  note  that  a  movement  is 
now  gaining  impetus  to  give  to  this  subject 
the  attention  that  its  importance  merits.  The 
American  Society  of  Civil  Engineers  has  ap- 
pointed a  committee,  whose  object  is  "To 
Codify  Present  Practice  on  the  Bearing  Value 
of  Soils  for  Foundations,  and  to  Report  Upon 
the  Physical  Characteristics  of  Soils  in  Their 
Relation  to  Engineering  Structures."  The 
committee  has  already  completed  a  partial 
bibliography  of  published  articles  treating  of 
the  physical  properties  and  bearing  values  of 
soils,  and  has  done  some  preliminary  work 
on  the  classification  of  soils.  Realizing  that 
the  co-operation  of  all  engineers,  contractors, 
and  others  possessing  information  on  this  sub- 
ject is  essential  to  the  success  of  its  work, 
the  committee  has  issued  a  circular  requesting 
replies  to  a  list  of  questions  submitted.  We 
are  publishing,  in  this  issue,  this  list  of  ques- 
tions, together  with  other  pertinent  informa- 
tion, with  the  request  that  the  readers  of 
Engineering  and  Contracting  co-operate 
with  the  committee  by  sending  direct  to  its 
chairman  any  data  in  their  possession.  Com- 
pliance with  the  committee's  suggestions  as  to 
the  form  in  which  the  data  should  be  reported 
will   greatly   aid  progress. 


The  Philadelphia  Sewerage  Report. 

On  May  20  the  final  report  of  the  Philadel- 
phia Bureau  of  Surveys  on  the  collection  and 
treatment  of  the  sewage  of  the  city  was  pre- 
sented to  the  city  councils.  The  report  rec- 
ommends a  comprehensive  plan,  the  chief  fea- 
tures of  which  are  summarized,  with  the  esti- 
mated costs,  in  an  article  published  in  our 
Current  News  section  this  week.  Briefly,  the 
sewage  will  be  intercepted  and  conveyed  to 
three  disposal  sites.  Two  of  the  disposal 
plants  will  at  first  consist  of  coarse  screens, 
grit  chambers  and  Imhofif  tanks.  The  treat- 
ment so  secured  may  later  be  supplemented  by 
o.xidation  works  as  the  flow  of  sewage  in- 
creases. At  the  third  disposal  plant  the  works 
will  consist  of  coarse  screens,  grit  chambers 
and  fine  screens.  Effluents  from  the  plants 
will  be  discharged  through  submerged  outfalls, 
with  multiple  outlets,  into  the  Delaware  River. 
The  estimated  cost  of  collecting  and  treating 
the  dry  weather  sewage  flow  and  the  first  flush 
of  rainfall  is  $22,400,000. 

The  report  consists  largely  of  matter  which 
has  previously  been  made  available  to  engi- 
neers. It  has  been  the  policy  of  the  engi- 
neers in  charge  of  the  sewage  disposal  studies 
at  Philadelphia  to  make  public  the  results  of 
these  studies  as  early  as  possible,  for  the  bene- 
fit of  the  engineering  profession.  Thus  nu- 
merous papers  before  engineering  societies 
and  articles  in  technical  journals  have  antici- 
pated the  conclusions  and  recommendations 
made  in  the  final  report,  and  have  also  made 
public  the  results  of  various  auxiliary  studies. 
Owing  to  this  fact  readers  of  this  journal  are 
already  familiar  with  the  Philadelphia  studies 
in   considerable  detail. 

The  principal  articles  published  in  this  jour- 
nal relating  to  the  Philadelphia  work  are  as 
follows : 

Examination  of  River  Bottom  in  Connection 
with  Sewage  Disposal  Studies,  Oct.  29,  1913. 
Population  Studies  and  Sewer  Gagings  at 
Philadelphia,  May  13,  1914.  Collection  and 
Treatment  of  Sewage  in  Philadelphia,  .'\ug.  26, 
1914.  There  have  been  several  other  shorter 
articles. 

We  commend  the  course  taken  by  the  Phila- 
delphia engineers  in  making  public  the  results 
of  their  studies  at  the  earliest  possible  mo- 
ment. This  procedure  is  by  no  means  as  com- 
mon as  it  should  be.  The  majority  of  engi- 
neering organizations  carrying  on  special  stu- 
dies usually  communicate  their  findings 
promptly,  by  means  of  correspondence,  to 
other  organizations  carrying  on  similar  work. 
This  form  of  co-operation  is  efifective  as  far 
as  it  goes,  but  by  using  the  vehicles  adopted 
by  the  Philadelphia  engineers  more  timely  in- 


formation can  be  given  out  to  a  greater  num- 
ber of  interested  people,  with  less  effort  than 
by  direct  personal   correspondence. 

The  final  report  brings  together  all  the 
previously  published  data  and,  of  course,  gives 
additional  data.  The  work  has  been  carried 
on  with  care  and  with  freedom  from  bias. 
The  prominence  accorded  coarse  and  fine 
screening  in  the  recommended  works  is  a 
forward  step  in  sewage  disposal  practice  in 
this  country.  Although  a  world-wide  study 
was  made  of  sewage  disposal  processes,  the 
simplest  of  all  methods  has  been  selected  in 
the  light  of  the  local  condition  afforded  by  the 
high  o.xidizing  capacity  of  the  Delaw'are  River,      j 


The  Use  of  Large  Stone  Chips  in  the 

Maintenance  of  Bituminous  Roads. 

The  Maryland  Highway  Commission  of 
which  Henry  G.  Shirley  is  chief  engineer  after 
an  experience  with  the  maintenance  of  bitu- 
minous roads  extending  over  several  years 
has  adopted  the  practice  of  using  stone  chips 
at  least  one  inch  in  size.  The  chips  are  spread 
over  the  surface  of  the  road,  at  seasons  of  the 
year  when  the  bitumen  is  soft,  in  an  even 
layer  one  stone  thick  and  rolled.  The  roll- 
ing forces  the  stones  into  the  surface  of  the 
road  until  they  are  flush  with  the  pavement. 
When  completed  the  surface  has  somewhat  the 
appearance  of  a  mosaic.  Hard  blue  limestone 
is  used  and  has  been  found  to  be  quite  sat- 
isfactory  for  this  purpose. 

The  reason  for  the  method  of  maintenance 
adopted  by  Mr.  Shirley  is  obvious.  It  has 
been  universally  found  in  practice  that  small 
stone  chips  are  either  quickly  ground  to  a 
powder  by  iron-shod  traffic  or  are  in  a  large 
measure  swept  from  the  road  surface  by  auto- 
mobile traffic.  The  use  of  sand  is  now  quite 
generally  avoided  by  maintenance  engineers 
on  the  ground  that  it  tends  to  build  a  mat  or 
pad  that  becomes  unmanageable  when  thick  and 
also  greatly  increases  the  danger  of  waves  in 
the  pavement  due  to  the  pushing  of  the  bitu- 
minous surface  occasioned  by  the  continual 
passage  of  automobiles,  usually  traveling  in 
a  single  direction  on  one  side  of  the  road. 

While  this  method  of  surface  maintenance, 
or  more  properly  termed  surface  improvement, 
is  not  new  from  an  experimental  standpoint 
— similar  work  having  been  done  by  Mr.  Cros- 
by, the  former  engineer  for  the  commission — 
its  application  to  road  maintenance  work  on 
a  large  scale  such  as  is  in  progress  in  Mary- 
land is  an  innovation.  From  the  standpoint 
of  the  road  user  it  possesses  advantages.  The 
exposed  stones  roughen  the  surface  and  re- 
duce the  slipperiness  of  the  pavement.  Slipperi- 
ness  has  always  been  a  fault  of  bituminous 
treated  country  roads  esuecially  since  many  of 
the  horses  that  travel  them  are  not  sharp 
shod.  The  danger  of  automobiles  skidding 
is  also  reduced.  From  the  standpoint  of  in- 
creasing the  life  of  the  road  the  reduction  in 
slipperiness  permits  the  use  of  a  relatively  high- 
er crown  thereby  insuring  thorough  drainage 
of  the  surface  and  increasing  the  durability  of 
the  road,  the  practice  of  most  road  engineers 
being  to  use  as  much  crown  as  limiting  con- 
ditions will  permit.  In  this  connection  it  may 
be  said  that  experience  has  demonstrated  in 
the  city  of  Washington  that  asphalt  streets  and 
roads  built  with  a  high  crown  have  usually  a 
longer  life  than  those  streets  or  roads  on 
which  less  crown  is  used. 

While  the  labor  cost  of  applying  large  stone 
chips  in  this  manner  is  necessarily  increased 
somewhat  the  road  surface  is  improved  by 
the  thorough  ironing  out  it  is  given  by  the 
roller.  The  greater  availability  of  the  supply 
of  larger  stone  is  also  a  factor  worthy  of 
consideration  in  many  sections  of  the  country. 
It  is  frequently  difficult  to  secure  an  adequate 
supply  of  %-in.  and  %-in.  stone. 

It  is  believed  that  the  incorporation  of  large 
stone  chips  into  the  surface  of  the  road  is 
worthy  of  the  consideration  of  engineers  en- 
gaged in  both  maintenance  and  construction 
work.  While  difficulties  are  encountered  and 
careful  workmanship  is  required  the  results 
obtained  are  of  sufficient  value  to  warrant  the 
additional  cost. 
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Data  on  the  Cost  of  Installing  Small 
Water  Works  Systems  in  Massa- 
chusetts. 

Contrihuted  by  Harry  R.  Crohurst,  Silver  Creek, 
New  York. 

It  is  the  writer's  hope,  in  presenting  this 
article,  that  it  will  be  of  value  to  newly  ap- 
pointed water  supply  committees  and  to  oth- 
ers interested  in  the  cost  of  constructing 
small  systems  for  supplying  water.  To  those 
who  have  not  yet  reached  that  point  where 
the  services  of  an  expert  engineer  can  be  re- 
tained, and  to  those  who  lack  available  funds 
with  which  to  make  an  extended  inspection  of 
existing  systems,  it  is  hoped  this  article,  will 
be  of  special  value. 

In  Massachusetts  during  the  year  1904  180 
of  the  3J3  cities  and  towns  were  supplied  with 
water  from  public  supplies.  Of  the  cities  and 
towns  supplied  106  derived  their  supply  from 
surface  sources,  67  from  ground-water  sources, 
and  7  from  combinations  of  the  two  sources. 
In  1012  the  total  number  of  cities  and  towns 
supplied  with  w^ater  was  20i,  of  which  llu 
were  supplied  from  surface  sources,  87  from 
ground-water  sources,  and  10  from  combina- 
tions of  ground-water  and  surface-water  sup- 
plies. 

The  tendency  during  these  eight  years  in  the 
State  of  Massachusetts  was,  therefore,  toward 
the  development  of  ground  waters  as  sources 
of  supply,  and,  as  it  seems  probable  that 
future  development  will  be  in  this  direction, 
the  following  discussion  will  deal  principally 
with  systems  which  have  either  driven  wells 
or  large  collecting  wells  as  the  source  of 
supply. 

In  the  following  pages  will  be  found  the  de- 
scription of  several  small  water  works  sys- 
tems installed  within  the  last  few  years  in 
Massachusetts,  a  statement  of  the  cost  of 
construction  and,  where  such  data  are  avail- 
able, the  cost  of  operating  the  works  after 
construction.  The  data  submitted  were  col- 
lected from  a  personal  inspection  of  the  sys- 
tems, from  the  reports  of  engineers  super- 
intending the  construction,  and  from  the  re- 
ports of  water  supply  committees.  The  data 
are  as  reliable  as  can  be  expected  from  su- 
perintendents' reports,  and  the  reports  of  water 
committees  which  do  not  always  group  the 
expenditures   under   the   proper   heading. 


struction  of  such  works.  Nevertheless,  it  is 
believed  that  the  figures  derived  will  serve 
in  a  general  way  in  inaking  the  preliminary 
estimate  of  the  cost. 

.\SHL.\N'I1     \V.\TER     WORKS. 

The  town  of  Ashland  is  located  in  the  val- 
ley of  the  Sudbury  River,  the  main  portion 
lying  on  a  flat  plain  bordering  the  river,  the 
northerly  and  southerly  portions  lying  on  the 
higher  sides  of  the  valley.  The  esbmated 
population  of  the  town  in  101.3  was  1,700. 


Fig.     1.     View     of     Ashland,    Mass.,    Water 
Works     Pumping     Station. 

From  these  data,  average  cost  data  for  the 
various  parts  of  the  works  have  been  obtained 
which  will  serve,  it  is  hoped,  as  an  approxi- 
mate figure  in  the  estimation  of  similar  pro- 
posed systems.  As  the  conditions  are  never 
exactly  similar  in  the  construction  of  any 
two  systems,  as  the  market  price  of  materials 
is  always  fluctuating,  and  as  the  cost  of  labor 
has  increased  during  the  past  few  years,  too 
much  reliance  can  not  be  placed  on  average 
figures.  The  final  estimate  of  the  cost  of 
constructing  any  system  should  always  be 
left  with  an  engineer  experienced  in  the  con- 


Fig.    2.     View    of    Littleton,     Mass.,     Water 
Works     Pumping     Station. 

The  svstem  was  constructed  in  1911  under 
the  supervision  of  William  S.  Johnson,  civil 
engineer,  of  Boston.  The  source  of  supply 
is  located  on  the  northerly  bank  of  the  Sud- 
bury River  about  a  quarter  of  a  mile  from 
the  center  of  the  village.  The  water  is  taken 
from  a  coarse  water-bearing  stratum  bor- 
dering the  river. 

The  system  consists  of  twelve  2%-in.  driven 
wells  varying  in  depth  from  2-'J  to  32  ft.  with 
an  average  depth  of  30  ft.,  a  small  field  stone 
pumping  station  25x.33  ft.  in  plan  with  a  red 
asbestos  shingled  roof,  shown  in  Fig.  L  and 
a  pumping  plant  consisting  of  two  17-HP. 
oil  engines  and  two  7x8-in.  Smith-Vaile  triplex 
pumps. 

The  distribution  system  consists_  of  a  cov- 
ered, reinforced  concrete  standpipe  40  ft. 
in  diameter  and  32  ft.  high  with  a  capacity  of 
300,0(10  gals.,  and  6y2  miles  of  cast-iron  mains 
varying  from  12  to  6  ins.  in  diameter.  On 
the  system  there  are  66  gates  and  .52  hydrants, 
and  the  number  of  services  connected  at  the 
end  of  the  year  1013  was  2.50.  all  of  which 
were  metered. 

In  laying  out  the  system  no  unusual  condi 
tions  were  encountered,  and  no  large  amount 
of  rock  was  found  with  the  exception  of  the 
main  leading  to  the  standpipe. 

The  cost  of  constructing  the  system  to  the 
end  of  the  year  1913,  not  including  service 
connections,  as  given  in  the  1913  report  of  the 
Board  of  Water  Commissioners  was  as  fol- 
lows : 

Bond  issue   ?        55.22 

I^ind    ^-llHi 

T,eK:il   expenses    ^^^'S? 

I  ifflce   e-vpenses    .''*-'5 

Well.s 1,266.S0 

Pumpins  station   2,122.95 

Pumps  xnil  engines 4,358.20 

Standpipe    5,812.00 

Mains: 

Pipe    $1.5,116.38 

Gates,   hydrants,   specials 2,579.32 

LayinK   pipe    9,369.86 

FrelBht.C'xpress   and   miscel- 
laneous           1,160.62  28,226.18 

Engineering    2,28a.20 

J46.034.34 

During  the  year  1913  the  average  daily  con- 
sumption of  water  was  20,000  gals.,  or  about 
12  gals,  per  capita,  one  of  the  lowest  con- 
sumption figures  in  the  state. 

From  the  report  of  the  Committee  the  cost 


of   operating   the   works    during    1913   was   as 
follows : 

Pumping  plant  i  Xl'^^ 

Service  repairs  nio  1 7 

Pipe  repairs   ^„  -il 

Fuel 198.73 

Wages    865.00 

Office  expense  .§?-?i 

Interest  on  bonds '  SS"?? 

Miscellaneous    27.37 

$3,521.87 
From   the   above   consumption    and   cost   of 
operation  the  cost  of  supplying  1,000  gals,  of 
water  was  48  cts. 

E.VST    EROOKFIELD    \V.\TER    SUPPLV. 

East  Brookfield  is  a  village  in  the  town  of 
Brookfield  and  is  located  on  the  Quaboag 
River  about  midway  between  Worcester  and 
Springfield.  The  population  of  the  entire 
town  In   1910  was  2,204. 

The  source  of  supply  is  from  the  shore  of 
Lake  Lashaway,  or  Furnace  Pond,  just  north 
of  the  village.  The  wells  are  located  on  the 
w-esterly  shore  and  the  water  which  is  taken 
from  a  stratum  of  coarse  water-bearing 
gravel  is  pumped  through  1,32.5  ft.  of  6-in. 
main  to  the  standpipe  from  which  it  is  dis- 
triliuted   by   gravity. 

The  system  was  installed  in  the  fall  of  1908 
under  the  supervision  of  William  S.  John- 
son, civil  engineer,  of  Boston.  The  works 
consist  of  twelve  2%-in.  tubular  wells  vary- 
ing in  depth  from  19  to  24  ft.,  a  small  brick 
pumping  station  24x.30  ft.  in  plan  with  a  slate 
roof,  and  a  pumping  plant  consisting  of  two 
8-HP.  oil  engines  and  two  .5%x8-in.  triplex 
pumps  each  having  a  capacity  of  100  gals,  per 
minute. 

The  distribution  system  consists  of  a  cov- 
ered wrought-iron  standpipe  25  ft.  in  diameter 
and  50  ft.  high  with  a  capacity  of  185,000  gals., 
and  about  2.6  miles  of  cast-iron  mains  12  to 
6  ins.  in  diameter.     On  the  system  at  the  time 


Fig.  3.    View  of  Covered  Steel  Standpipe  of 

Littleton,    Mass.,   Water   Works.    Height, 

40  ft.;    Diameter,  30  ft. 

of    examination    there    were    80    services    and 
32  hydrants. 

The    cost   of   constructing   this   system,    not 
incluciing  service  connections,  was  as  follows: 

Wells    J      5«7.72 

Pumping  station    i'X  nI2 

Pumping  plant  3,050.00 

Standpipe    3,150.00 

Mains: 

Pipe   $8,480.40 

Hydrant,  gates,  specials 1.357.60 

T^'vlng  pipe  3,009.90  12.847.90 

Engineering  and  Inspection 1,584.07 

Bills  payable  1,300.00 

$23,927.39 
Figures   for  the  quantity  of  water  pumped 
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or    for   the   cost   of   operating   the   works  are 
not  available. 

LITTLETON    WATER    WORKS. 

The  town  of  Littleton  is  located  on  the  flat 
plain  bordering  Beaver  Brook.  The  central 
part  of  the  town  is  comparatively  flat  while 
the  westerly  portion  rises  abruptly.  The 
source  of  supply  is  from  the  ground  near 
Beaver  Brook  a  few  hundred  feet  south  of 
the  town.  The  population  of  the  town  is 
1,229. 

The  works  were  constructed  in  1911  under 
the  supervision  of  Lewis  D.  Thorpe,  civil  en- 
gineer, of   Boston. 

The   system  consists   of   nine  2%-in.   driven 


Fig.    4.      View    of     Water    Worl<s    Pumping 
Station    at    Medway,    IVIass. 

wells  varying  in  depth  from  17  to  27  ft.,  a 
brick  pumping  station  with  a  slate  roof  35x25- 
ft  in  plan,  shown  in  Fig.  2,  and  a  pumping 
plant  consisting  of  a  25-HP.  oil  engine,  a  25- 
HP.  motor  and  a  7%xl0-in.  triplex  pump. 

The  distribution  system  consists  of  a  cov- 
ered steel  standpipe  40  ft.  high  and  30  ft.  in 
diameter  having  a  capacity  of  275,000  gals., 
shown  in  Fig.  3,  and  5.7  miles  of  12  to  6-in. 
cast-iron  mains.  On  the  system  are  17  gates, 
37  hydrants,  and  130  metered  services. 

The  cost  of  installing  the  system,  not  in- 
cluding the  cost  of  service  connections,  is  given 
in  the  1912  report  of  the  Board  of  Water  Com- 
missioners as   follows: 

Wells  $      431.31 

Pumping  station   2,929.00 

Pumping  plant 3,735.00 

Standpipe    3,938.00 

Land  and  right  of  way 1,575.83 

Mains: 

Pipe  $19,036.88 

Gates  and  hydrants "1.175.00 

Express  and  freight 93.42 

Laying  pipe 8,728.04 

Setting  hydrants  74.00 

Rock  excavation  1,225.00 

Miscellaneous   954.47  31,286.81 

Engineering   2,000.00 

$45,895.95 


1 

Fig.     5.  View   of   Standpipe     (30x80    ft.)     of 
IVIedway,   IVIass.,   Water   Works. 

Records  of  the  pumping  have  been  kept 
since  June  1,  1912.  During  the  period  from 
June  1,  1912,  to  March  1,  1913,  a  total  of  9,- 
144,000  gals,  were  pumped  which  is  equiva- 
lent to  an  average  daily  consumption  of  34,- 
000  gals. 


The  cost  of  operating  the  Littleton  works 
for  the  year  ending  March  1,  1913,  was  as 
follows ; 

Salaries    $    580.00 

Supplies    116. 6G 

Fuel  oil  219.77 

Expenses    8.15 

Freight   39.15 

Repairs  25.38 

Miscellaneous    42.85 

Rent  36.00 

$1,067.96 
MEDWAY     WATER    WORKS. 

The  town  of  Medway  is  located  on  the 
rising  ground  just  north  of  the  Charles  River. 
The  population  in  1910  was  2,696.  The  prin- 
cipal part  of  the  population  is  contained  in 
two  villages,  Medway  and  West  Medway, 
which  are  about  a  mile  and  a  half  apart. 
These  two  villages,  containing  about  12  miles 
of  streets,  are  the  only  portions  of  the  town 
which  require  a  water  supply. 

The  source  of  supply  is  from  the  ground 
in  sand  and  gravel  stratas  lying  near  the 
Charles   River  south  of  the  town. 

The  works  were  constructed  under  the  su- 
pervision of  E.  Worthington,  civil  engineer, 
of  Dedham  in   1911  and   1912. 

The  system  consists  of  30  2%-in.  wells  vary- 
ing in  depth  from  32  to  75  ft.,  each  provided 
with  a  3-ft.  strainer  point,  a  pumping  sta- 
tion 40x20  ft.  in  plan  of  terra  cotta  blocks 
with  cement  plastering  inside  and  out  and 
having  a  wooden  truss  roof  covered  with 
slate,  shown  in  Fig.  4,  and  a  pumping  plant 
consisting  of  two  32-HP.  oil  engines  and  two 
triple.x   single  acting  pumps.     This   plant  was 


Fig.  6.    View  of  Oxford,  Mass.,  Water  Works 
Pumping    Station. 

tested  Sept.  11,  1911,  by  running  both  engines 
together  for  11  hours  successively.  The 
economy  test  showed  nearly  8,000  gals,  pumped 
to  1  gal.  of  oil.  The  cost  of  oil  taken  at  6 
cts.  per  gallon  at  the  station  shows  a  full  cost 
of  %  ct.  per  1,000  gals,  pumped  into  the  stand- 
pipe. 

The  distribution  system  consists  of  a  steel 
standpipe  30  ft.  in  diameter  and  80  ft.  high 
with  a  capacity  of  437,000  gals.,  see  Fig.  5, 
and  12.35  miles  of  cast-iron  mains  12  to  4  ins. 
in  diameter.  On  the  system  there  are  87 
gates.  111  hydrants  and  338  service  connec- 
tions which  are  only  a  part  of  the  final  num- 
ber. 

The  cost  of  these  works  up  to  Feb.  1,  1913, 
not  including  service  connections,  was  as  fol- 
lows: 

Preliminary  examination  $    2,750.00 

Legal  bond  issue 944.95 

Land    1,303.65 

Wells  and  connections 4,050.00 

Pumping  station   3,632.00 

Pumps  .nnd   engines 7.5HO.0O 

Standpioe    8,800.00 

Standpipe  foundations   2,325.00 

Mains: 

Pipe  and   laying $52,142.85 

Gates    1,454.00 

Hydrants  3,885.00 

Freight    92.12 

Rock  excavation  5,000.00 

River  crossing  1,000.00 

Repairs  to  roads 1.500.00     6.'i.073.n7 

Engineering    3.002.40 

$100,031.97 
The  above  figures  were  taken  from  the  en- 
gineer's final  estimate  of  the  cost  of  all  of  the 
works. 

At  the  present  time  record  of  the  quantity  of 
water  supplied  can  not  be  obtained.     The  cost 
of   operating   the   works   during   1912   was   as 
follows : 
Administration     $    631,98 


General   expense    71.17 

Interest  on   bonds 4,325.40 

Pumping  station — 

Fuel  oil    379.43 

Cyhnder    oil    37.8) 

Labor    818.90 

Coal     56.55 

Supplies     94.49 

$6,415.73 
PEPPERELL    WATER    WORKS. 

The  water  works  system  of  Pepperell  were 
constructed  during  the  summer  of  1910  un- 
der the  supervision  of  William  S.  Johnson, 
civil  engineer,  of  Boston.  The  population  of 
the  town  in  1910  was  2,953. 


Fig.    8.     View    of    Wrentham,    Mass.,    Water 
Works    Pumping    Station. 


The  source  of  supply  is  from  wells  located 
near  Gulf  Brook  just  south  of  the  Massa- 
chusetts and  New  Hampshire  State  line  about 
three  miles  north  of   the  town. 

The  works  consist  of  34  2Vi-in.  wells  having 
an  average  depth  of  25  ft.,  a  brick  pumping 
station  30x20  ft.  in  plan  with  a  slate  roof, 
and  a  pumping  plant  consisting  of  two  25-HP. 
oil  engines  and  two  8xl0-in.  triple.x  pumps 
each  having  a  capacity  of  250  gals,  per  minute. 

The  distribution  system  consists  of  a  cov- 
ered steel  standpipe  45  ft.  in  diameter  and 
40  ft.  high  having  a  capacity  of  about  475,000 
gals.,  and  16.42  miles  of  12  to  6-in.  cast-iron 
mains.     On  the  system  are  130  hydrants. 

The  cost  of  these  works,  not  including 
service  work,  taken  from  the  special  1910  re- 
port of  the  water  commissioners,  was  as  fol- 
lows : 

Bond  issue  $        154.35 

Wells    2.544.37 

Pumping  station  2,852.38 

Land   for  station   and  wells 750.00 

Standpipe    6,728.98 

Land    for   standpipe 600.00 

Engines  and  pumps 6,062.52 


Fig.  7.    View  of  Oxford,  Mass.,  Waterworks 
Standpipe    (27x50  ft.) 


Mains — 

Pipe   and    fittings $49,069.34 

L.aying    24.877.13 

Hydraiits    3,033.80 

Valves,  gates,  specials 2,288.69 

Freight    1,099.65 

Inspection   of  pipe 270.86 

Miscellaneous    1,188.44     81,757.91 

Engineering  4,000.00 

$105,450.51 


May  26,  1915. 
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The  total  consumption  of  water  for  the 
year  1912  was  40,282,000  gals.,  which  is  equiva- 
lent to  an  average  daily  consumption  of  110,- 
000  gals,  or  37  gals,   per  capita. 

The  cost  of  operating  the  system  for  1912 
is  given  as   follows: 

Maintenance    ?2,72S.3G 

Services     657.84 

Piping  system    341.15 

Meters    65.73 

Interest    5,080.00 

$8,873.08 
O.XFORD     W.aiTER     WORKS. 

The  town  of  Oxford  is  located  south  of 
Worcester  on  the  flat  valley  bordering  the 
French  River.  The  population,  which  was 
3,361   in   1910,  is   located  in  two  villages,   Ox- 


w 

Fig.   9. 


View    of    Wrentham    Water    Worl<s 
Stand  pipe   (30x50  ft.) 


ford  and  North  Oxford.  The  source  of  sup- 
ply is  from  driven  wells  near  a  small  brook 
flowing  into  the  French  River  near  North 
Oxford. 

The  water  works  system  was  constructed  in 
190G  under  the  direction  of  Parker  and  Bate- 
man,  Civil  Engineers,  of   Clinton. 

The  system  consists  of  8  2%-in.  wells  vary- 
ing in  depth  from  23  to  28  ft.,  a  brick  pump- 
ing station  25x25  ft.  in  plan,  shown  in  Fig. 
6,  and  a  pumping  plant  consisting  of  two  oil 
engines  and  two  triplex  pumps. 

The  distribution  system  consists  of  a  steel 
standpipe  27  ft.  in  diameter  and  50  ft.  high 
having  a  capacity  of  220,000  gals.,  shown  in 
Fig.  7,  and  9.7  miles  of  cast-iron  mains  10  to 
2  ins.  in  diameter.  On  the  system  are  60 
hydrants  and  405  service  connections. 

These  works  are  privately  owned  and  the 
following  cost  figures  are  taken  from  the  19<J6 
report  of  the  company: 

Preliminary  engineering    $      250.00 

Wells    581.25 

Station  1,720.00 


Engineering     1,769.59 

Miscellaneous    1,000.00 

$57,539.28 
The  cost  of  operating  the  Oxford  plant  for 
the  year   1912  was  as  follows : 

Labor    $    884.34 

Oil  and  gasoline 710.32 

Interest   on   notes 913.63 

Coupons  on   bonds 1.250.00 

Dividends    1,717.50 

Salaries    200.00 

Repairs    164.37 

Miscellaneous    268.07 

$6,108.03 
The  records  of  the  quantity  of  water  pumped 
are  not  available. 

WRENTH.^M    WATER   WORKS. 

The  Wrentham  water  works  were  construct- 
ed in  1907  under  the  direction  of  Edmund  M. 
Blake  of  Boston.  The  population  of  the  town 
in  1910  was  1,743,  located  principally  in  one 
main   village. 

The  source  of  supply  is  from  driven  wells 
near  the  "Trout  Ponds,"  so-called,  about  a 
mile  south  of   the  village. 


COLLECTING    SYSTEMS. 

Driven  Welts. — Driven  wells  used  in  col- 
lecting ground  water  consist  of  a  wrought- 
iron  tube  from  1  to  4  ins.  in  diameter,  usually 
2%  ins.,  closed  and  pointed  at  one  end  and 
perforated   for  some  distance  therefrom.  The 

TABLE    I.— COST   DATA   ON    SMALL.  WATER 

WORKS   IN   MASS. 

Cost 
Totzil  Miles      per  mile 

Place.  cost.        of  mains,  of  main. 

Ashland    $  46,034  6.5  $7,082 

East    Brookfield 23,927  2.6  9.200 

Littleton    45.896  5.7  8,052 

Medway    100,032  12.4  8.067 

Pepperell    105,451  16.4  6,430 

Oxford    57,539  9.7  5,930 

Wrentham     50,683  5.6  9,050 

tube  thus  prepared  is  driven  into  the  ground 
until  it  penetrates  the  water-bearing  stratum. 
The  upper  end  is  then  connected  to  a  main 
suction  line  running  to  the  pumps.  Small 
wells  are  usually  arranged  in  one  or  two  rows 
alongside  the  suction  pipe  and  are  connected 
to    it    bv   short   branches.     Each    well   should 


Fig.     11.      View    of    One   of    Twin     Concrete    Reservoirs  at  Brockton,  Mass.    (160x26'/2  ft.). 


The  system  consists  of  9  2%-in.  tubular  wells 
having  an  average  depth  of  29  ft.  The  pump- 
ing station  is  a  brick  structure  with  a  slate 
roof,  25x36  ft.  in  plan,  shown  in  Fig.  8,  con- 
taining two  25-HP.  oil  engines  and  two  S.xlO- 
in.  triplex  pumps  each  having  a  capacity  of 
2.50  gals,   per  minute. 

The  distribution  system  consists  of  a  steel 
standpipe  30  ft.  in  diameter  and  50  ft.  high 
having  a  capacity  of  265,000  gals.,  shown  in 
Fig.  9,  and  5.6  miles  of  cast-iron  mains  10 
to  2  ins.  in  diameter. 

The  cost  of  the  system,  not  including  ser- 
vice   connections    was    as    follows : 

Wells     $  1,048.22 

Pumping  station  above  foundation I,646.a7 

Engines  and  pumps 5,933.55 

Standpipe  above   foundation 5,204.63 

Foundations  (station  and  standpipe)...      1,556.50 
Mains — 

Pipe    $21,002.62 

Hydrants    969.68 

Specials 1,216.57 

Laying 9,410.39 

Bridge  crossing   195.18  32,793.44 

Engineering    2,500.00 


$50,683.31 

The   above    figures    are    compiled    from    the 
1907  report  of  the  water  commissioners. 


have  a  gate  valve  on  the  branch  so  that  it 
can  be  shut  ofT  at  any  time  from  the  system. 
In  spite  of  most  careful  construction  air  will 
usually  accumulate  to  some  extent  in  the  sys- 
tem, and  to  eliminate  this  air  many  plants  are 
provided  with  an  air  separator  placed  on  the 
suction  main  near  the  pump.  The  separator 
consists  of  a  large  drum  through  which  the 
water  passes  at  a  slow  velocity,  the  air  ac- 
cumulating at  the  top  from  which  it  is  ex- 
pelled by  a  vacuum  pump.  Where  sand  is 
drawn  up  with  the  water  a  sand  chamber 
should  be  provided  to  prevent  wear  in  the 
pumps. 

In  the  installation  of  wells  at  Ashland  the 
bid  for  driving  and  connecting  was  as  follows: 

Per  ft. 

Driving    $  1.67 

Connecting    28.40 

Laying  suction   37 

Pipe  to  be  furnished  by  the  town. 

At  Pepperell  the  bids  were  as  follows : 

Driving,  per  ft 1.65 

Connecting,   per   well 32.00 

For  small  systems  the  cost  of  wells  and 
connections  under  favorable  conditions  will 
average  about  $^3.25  per  foot.  This  includes 
driving  the  wells,  connecting,  and  piping  to 
the  station.  Assuming  a  system  to  consist 
of  a  group  of  10  wells  with  an  average  depth 
of  30  ft.,  the  cost  of  installation  would  be 
approximately  $1,000. 

Large  Dug  IVells. — Large  wells  for  the  col- 
lection of  ground  water  are  constructed  with 
diameters  varying  from  10  ft.  to  100  ft.,  the 


Fig.  10.    View  of   Well  and   Pumping   Station  at  Webster,   Mass. 

Pumping  machinery   3,200.00  Cener.\l    COSTS. 

Standpipe    4.564.95 

Foundations    500.00  In  Table  I  is  given  a  summary  of  the  total 

'^Pipe"                                         $28,424.60  cost,  the  miles  of  mains,  and  the  cost  per  mile 

Hydrants,  valves,' specials!!!     5!o98!o7  of    the    systems    which    have    been    described. 

^o?k"?.xcavaiion- !!!!!!!!!!!!     '•9r7!95  42,528.49  J"  ^  general  way  this  will  give  some  idea  of 

Land    1,425.00  the  cost  of  installing  an  entire  system. 


Fig. 


12.      View    of   Concrete     Water     Works 
Reservoir    at    Weston,    Mass. 


most  commonly  selected  being  30  to  50  ft. 
The  depth  is  dependent  on  several  factors, — 
the  distance  to  the  water-bearing  strata  with 
an  allowance  for  the  lowering  of  the  water 
level  during  dry  periods,  an  allowance  for 
storage    to    permit    of    such    lowering    of    the 
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water  level  as  is  estimated  will  be  the  most 
economical  with  the  form  of  pumps  employed 
or  such  as  will  be  necessary  to  secure  the 
desired  amount  of  water.  Tlie  yield  of  large 
wells  varies  between  100,000  to  3,000,000  or 
4,000,000  gals,  per  day.  Under  ordinary  con- 
ditions the  yield  of  large  circular  wells  will 
be  somewhat  less  than  1,000,000  gals,  per 
day. 

The  large  well  possesses  several  advantages 
over  the  driven  well.  On  account  of  its  stor- 
a.ge  capacity  the  pumps  can  be  run  at  a  variable 
rate    and    this    serves   to    increase   greatly   the 
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Fig.   13.     View    of    Waltham,   Mass.,    Water 
Works  Reservoir   (100x43  ft.). 

real  yield  of  the  large  well  over  that  of  the 
smaller  driven  well.  In  pumping  from  a 
single  large  well  there  is  the  advantage  of  liav- 
ing  short  lines  of  suction  pipe.  Trouble  is 
often  experienced  in  small  wells  due  to  clog- 
ging and  to  the  entrance  of  fine  sand.  In 
the  large  well  this  is  eliminated  as  the  water 
enters  the  well  at  a  low  velocity  and  such 
fine  material  as  does  enter  is  eliminated  by 
sedimentation. 

The  chief  disadvantage  of  the  large  well  is 
the  large  initial  cost  as  compared  to  the  driven 
well.  The  cost  increases  very  rapidly  with 
the  depth  and  also  very  quickly  where  large 
quantities  of  water  are  encountered.  Except 
where  used  as  a-  pump  pit  it  will  seldom  be 
economical  to  construct  a  large  well  deeper 
than  30  or  40  ft. 

Large  wells,  therefore,  will  be  suitable  for 
places  where  the  water-bearing  strata  can  be ' 
reached  at  moderate  depths,  where  the  ex- 
cavation is  not  difficult  and  where  the  pump- 
ing plant  is  to  be  operated  only  a  few  hours 
of  the  day  at  a  relatively  high  rate.  The 
tubular  well  is  best  adapted  for  localities 
where  the  supply  is  to  be  derived  from  a  large 
area  and  from  strata  irregular  in  character, 
and  for  penetrating  deep  strata. 

Large  wells  usually  have  a  rubble  masonry 
foundation  laid  dry,  through  which  the  water 

T.ABLE   II.— COST  OP   DUG  WELLS   IN 
MASSACHUSETTS. 

Date  of  Diam- 

con-  Depth,  eter. 

City  or  town.           struction.  ft.        ft.  Cost. 

Attleborough    1S04         25         40  $14,400* 

Avon    1S90        20         20  2,650 

Canton    1S99         25         40  5,0541 

Mansfleld    188S         20         25  6,270 

Marblehead    1S90         30         30  7,200 

Monson    1895         24         70  6,763 

Needham    1S90         24         22  4,615 

North    Attleborough     1884         26         30  3,872 

Ware    1S87         25         25  4,725 

Webster    1894         30         25  13.344 

Wlnchendon    1895         26         29  6,035 

•Part  of  this  cost  was  for  new  conduit  con- 
necting r.ew  well  with  the  old  one. 

tThe  contractor  claims  the  cost  of  this  well 
was  $8,000. 

rises  into  the  well,  and  side  walls  either  of 
brick  laid  in  cement  or  of  reinforced  con- 
crete. All  such  wells  are  covered  to  prevent 
pollution  and  to  exclude  light. 

Large  wells  have  recently  been  constructed 
in  the  towns  of  Franklin,  Wlnchendon,  and 
Leicester. 

The  town  of  Franklin  constructed  a  well 
20  ft.  in  diameter  and  28  ft.  deep  in  1911. 
The  cost  of  the  well  was  $3,621,79,  and  the  cost 
of  suction  pipe  and  fittings  $1,548.44,  making 
a  total  cost  of  $-5,170.23. 

The  well  at  Winchendon  constructed  in 
1911  is  38  ft.  in  diameter  and  25  ft.  deep.  The 


cost  was  $8,830.52,  of  which  $1,021.40  was  for 
the  14-in.  suction  and  fittings. 

The  source  of  supply  of  the  Cherry  Valley 
Water  District  in  the  town  of  Leicester  is 
from  two  dug  wells  30  ft.  in  diameter  and 
15  ft.  deep.  The  wells  are  of  rubble  masonry, 
the  upper  few  feet  being  laid  in  cement  and 
the  remainder  laid  dry.  The  bids  submitted 
for  two  wells,  30  ft.  in  diameter  and  in  ft. 
deep,   were  as   follows: 

Additional  per  ft.  of 
Bids.  depth  below  10  ft. 

?4,3T9  ?190 

6,445  300 

6.500  400 

6,958  400 

The  total  cost  of  the  two  wells  was  $5,698. 

In  Table  II  is  given  the  cost  of  some  of  the 
older   dug   wells   in   Massachusetts. 

A  view  of  the  Webster  well  and  pumping 
station  is  shown  in  Fig.  10. 

PUMPING     STATIONS. 

The  cost  of  constructing  the  pumping  sta- 
tions in  the  various  towns  described  has  been 
as   follows : 

Ashland    $2,120         25x33  ft. 

East  Brool<  field    1,638         24x30  ft. 

Littleton    2,929         25x35  ft, 

.Medwav   3,632         20x40  ft. 

Pepperijll     2,852         20x30  ft. 

(  ixfoTd    1,720         25x25  ft. 

Wrentham    2,200         25x26  ft. 

The  average  cost  of  single  story  brick  or 
field  stone  stations  with  a  slate  roof  sup- 
ported on  a  wooden  frame  will  be  about  $3.25 


Fig.  14.    View  of  Lexington,  Mass.,  Concrete 
Water   Works   Standpipe    (30x105   ft.). 

per  square  foot  of  floor  surface.  For  a  sta- 
tion 25x30  ft.  in  plan,  giving  floor  space 
large  enough  for  two  units  consisting  of  an 
engine  and  pump,  the  cost  will  be  about  $2,500. 

PUMPING    MACHINERY. 

Recent  installations  of  pumping  machinery 
in  small  works  have  shown  a  tendency  toward 
oil  engines  and  vertical  triplex  pumps  direct 
connected  so  that  either  engine  can  operate 
either  pump.  A  very  common  combination 
is  a  25-HP.  Mietz- Weiss  or  Hornsby-Ackroyd 
oil  engine  and  an  8xl0-in.  Smith-Vaile  triple.x 
pump,  which  will  discharge  about  250  gals, 
per  minute  against  a  ma.ximum  pressure  of 
130  lbs.  at  40  revolutions  per  minute.  The 
cost  of  a  plant  consisting  of  two  such  engines 
and  pumps  will  be  about  $6,000  erected  and 
connected.  The  cost  of  two  8xlO-in.  triplex 
pumps  and  two  25-HP.  motors  at  North 
Cliclmsford  was  appro.ximately  $3,500.  At 
Uxbridge  the  cost  of  two  8%xlO-in.  triplex 
pumps  and  two  35-HP.  motors  was  also  about 
$3,500. 

DISTRIBUTION    SYSTEM. 

The  cost  of  the  distribution  system,  which 
is  the  biggest  item  in  the  cost  of  the  works, 
will  vary  with  the  current  prices  of  cast-iron 
pipe.  The  price  of  pipe  may  be  anywhere 
from  $35  to  $18  per  ton,  a  fair  average  being 


$25  per  ton  of  2,000  lbs.  The  price  of  pipe  in 
the  Pepperell  system  was  $23.40  per  ton  for 
straight  pipe  and  $50  for  special  castings.  At 
.Ashland  tlie  price  was  $22.40  for  straight  pipe 
and  $50  for  specials.  Special  castings,  which 
include  bends,  tees  and  crosses,  will  constitute 
about  3  per  cent  of  the  weight  of  the  straight 
pipe  in  the  system. 

The  cost  of  laying  pipe  is  usually  figured  on 
a  foot  basis  for  all  ordinary  work  with  an 
addition  for  all  rock  encountered  in  the 
trenches. 

The  contract  prices  for  laying  pipe  in  the 
towns    above    were   as    follows : 

12-in.  10-in.  8-in.  6-in.  Rock. 

Ashland    0.40         0.28  0  22  2  50 

Littleton    0.40  0.31  0.25  0.23  3.50 

Pepperell    0.37  0.32  0.24  0  22  2  51 

Wrentham    0.29  0.27  0.25  3  7, 

Average   0.39  0.31  0.26  0.23  s'.O'i 

Assuming  Class  C  pipe.  New  England  Water 
Works  Specifications,  to  cost  $25  per  ton  and 
using  the  above  average  as  the  cost  of  lay- 
ing, the  following  tabulation  gives  the  cost 
of  laying  pipe  per  foot  and  per  mile  : 

Size,  ins.  Cost  per  ft.        Cost  per  mile. 

12  $1.35  $7,075 

10  1.06  5,595 

8  0.90  4,805 

6  0.60  3,168 

To  the  above  cost  should  be  added  the  cost 
of  special  castings  which  will  be  about  2y2 
to  3  per  cent  of  the  weight  of  the  straight 
pipe  in  rural  work.  At  3  per  cent  the  addi- 
tional cost  for  specials  will  be  $330  per  mile 
of  12-in.  pipe,  $264  per  mile  of  10-in.  pipe, 
$198  per  mile  of  8-in.  pipe,  and  $1.32  per  mile 
of  6-in.  pipe;  specials  taken  at  $-55  per  ton. 

The  rock  excavation  in  the  trenches  will 
have  to  be  paid  for  separately  and  can  not  be 
estimated  but  it  will  usually  average  from 
3  to  10  per  cent. 

Gate  valves  used  in  the  system  will  cost, 
including   the   setting,   as   follows : 

&ize-  Cost. 

12-in $40.00 

10-in 30.00 

S-in 25.00 

6-in 15.00 

4-in 10.00 

Gate  boxes    3.50 

Hydrants  set    30.00 

In  the  statement  of  the  costs  given  in  the 
first   part   of   this   article,   the   cost   of   service 


Fig.    15.    View   of   Elevated     Steel    Tank    at 
B,rockton,    Mass. 

connections  was  omitted.  In  new  systems 
where  service  connections  are  made  the  water 
department  usually  lays  the  service  pipe  from 
the  main  to  the  foundation  wall  of  the  build- 
ing, but  the  cost  from  the  property  line  to  the 
foundation  is  paid  for  by  the  taker.  There 
is,  therefore,  an  uncertainty  as  to  how  much 
of  the  total  cost  the  town  has  had  returned 
to  it,  and  for  this  reason  it  has  seemed  best 
to  omit  it  from  the  cost  of  the  works. 

Service    pipes    are    usually    %    to    1    in.    in 
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diameter  and  are  either  of  wrought-iron,  ce- 
ment-lined wrought-iron,  or  lead.  In  mak- 
ing the  connection  the  main  is  tapped  and  a 
brass  "corporation  cock"  screwed  in.  The  cock 
is  then  usually  connected  to  the  service  pipe 
by  means  of  a  lead  goose-neck  to  allow  for 
settlement  in  the  main.  At  the  curb  is  usually 
placed  a  curb  cock  and  valve  bo.\  at  which 
point  the  supply  to  the  consumer  is  controlled. 
The  cost  of  the  service  connection  from  the 
main  to  the  property  line  will  ordinarily  be 
from  $10  to  $15. 

ST.\NDPIPES. 

The  standpipe  in  the  system  serves  to  store 
the  water  pumped  during  the  day  to  be  used 
for  night  consumption  and,  also,  as  an  aux- 
iliary supply  to  be  drawn  upon  in  case  of  fire. 
During  the  last  few  years  the  tendency  has 
been  to  construct  standpipes  of  reinforced 
concrete  instead  of  steel.  The  first  cost  is 
nearly  the  same,  and  the  cost  of  maintenance 
of  the  concrete  structure  is  not  nearly  as 
great  as  in  the  steel  tank.  In  Table  HI  is 
given  the  cost  of  standpipes  constructed  both 
of   steel  and  concrete. 

TABLE    III.— COST    OF    STEEL    AND  CON- 
CRETE  STANDPIPE   IN  MASSACHUSETTS. 

Place.                                               Capacity.  Cost. 
Steel   Standpipes. 

East  Erookfield   185,000  $3,150 

Littleton     275,000  3,9as 

Medway    437,000  11,12.3 

Pepperell    475,000  f!,72a 

0.\ford     214,000  5,0(i5 

VVrentham  465,000  6,000 

Concrete  Standpipes. 

Brockton    4,000,000  41,000 

Leicester    200,000  5,000 

Lexington    550,000  20.000 

Waltham    2,000,000  2;(,700 

Weston    441,000  9,000 

An  example  of  a  large  installation  is  shown 
in  the  Twin  Reservoirs  at  Brockton,  con- 
structed in  1910,  one  of  which  is  shewn  in 
Fig.  11.  Each  tank  is  IGO  ft.  in  diameter  and 
26'/^  ft.  high  and  has  a  capacity  of  4,000,000 
gals.     The  cost  of  both  tanks  was  $82,000. 

The  Weston  concrete  standpipe  is  shown  in 
Fig.  11. 

The  Waltham  tank,  see  Fig.  13,  has  a  ca- 
pacity of  2,000,000  gals.,  and  is  100  ft.  in 
diameter  and  43  ft.  high. 

The  Lexington  standpipe,  see  Fig.  14,  is  10-j 
ft.  high  and  30  ft.  in  diameter, — an  example 
of  a  high  standpipe. 

The  cost  of  the  standpipe  will  vary  with 
the  height  and,  of  course,  with  the  capacity. 
A  suitable  covered  standpipe  of  about  300,00ii 
gals,  capacity  can  be  constructed  either  of 
steel  or  concrete  for  about  $6,000  or  one  of 
500,000  gals,  capacity  for  about  $10,500. 

In  some  places  where  the  consumption  is 
small  and  a  large  storage  capacity  is  not 
required  elevated  tanks  are  constructed  instead 
of  steel  or  concrete  standpipes.  In  1908  the 
city  of  Brockton  constructed  two  high-service 
systems  to  supply  high  points  in  the  city.  In 
these  systems  two  elevated  tanks  100  ft.  high 
and  holding  50,000  gals,  were  constructed. 
These  tanks  cost  approximately  $3,100  each. 
One  of  the  tanks  is  shown  in  Fig.   15. 

The  South  Walpole  water  tower  of  the 
Walpole  Water  Works  consists  of  a  tank 
20  ft.  in  diameter  and  35  ft.  high  with  a 
capacity  of  about  80,000  gals.,  supported  on  a 
steel  frame  45  ft.  high  consisting  of  eight 
uprights  with  lateral  supports.  This  tower  was 
constructed  in  1896  and  cost  $4,370. 

GENERAL. 

The  items  which  can  not  be  readily  esti- 
mated arc  the  cost  of  land,  rights  of  way 
and  water  rights,  cost  of  preliminary  engineer- 
ing, legal  services,  and  engineering  super- 
vision. In  making  estimates  10  per  cent  is 
usually  added  to  the  estimated  cost  to  cover 
engineering  supervision  and  contingent  costs. 
In  14  small  systems  iti  Massachusetts  the  av- 
erage cost  of  engineering  supervision  was  4 
per  cent  of  the  total  cost  of  constriiction. 
The  maximum  cost  was  6  per  cent  and  the 
minimum  2  per  cent  of  the  total  cost.  The 
cost  of  land  and  rights  of  way  varies  ordinar- 
ily from  1  to  4  per  cent  of  the  total  cost,  but 
in  some  cases  may  reach  as  high  as  20  per 
cent  of  the  total.  A  fair  allowance  would  be 
3  to  4  per  cent  for  land  and  rights  of  way. 


From  such  data  as  are  available  the  cost  of 
preliminary  examinations  amounts  to  about 
3  or  4  per  cent  of  the  total  cost. 

Under  ordinary  conditions  an  allowance  of 
10  to  15  per  cent  should  be  sufficient  to  cover 
the  cost  of  preliminary  engineering,  adminis- 
tration, cost  of  lands  and  engineering  super- 
vision. 

In  closing  it  is  well  to  repeat  that  caution 
should  be  used  in  applying  average  data  to 
specific   problems. 

The  foregoing  article  was  submitted  by  the 
writer,  about  a  year  ago,  as  a  part  of  his  ex- 
amination in  applying  for  a  position  in  the 
United  States  Public  Health  Service.  The 
data  given  were  collected  while  the  writer  was 
in  the  employ  of  the  Massachusetts  State 
Board  of  Health.  The  data  are  here  submit- 
ted by  the  writer  in  the  hope  that  they  will 
be  of  some  use  to  the  readers  of  Engineering 
and  Contracting. 


The    New    Austin    Dam    and    Power 
Plant. 

Contributed    by   Frank   S.    Taylor,    Resident   and 
Directing    Engineer,    Austin,    Texas. 

I. 
This  development  just  completed  after 
nearly  three  and  one-half  years  of  work,  pre- 
sents several  new  and  extraordinary  features 
of  design  and  construction.  The  principal, 
original  and  note-worthy  departure  from  gen- 
eral practice  are;  the  two  sections  of  dam 
having  crests  at  different  elevations ;  the  auto- 
matic crest  gates ;  the  arrangement  of  the 
sluice  gates;  and  the  reinforced  concrete  tur- 


down  stream,  and,  in  fact,  practically  all  the 
underlying  rock  of  the  county,  is  limestone, 
varying  from  so-called  "dobe,"  which  is  a  dis- 
integrated limestone,  up  to  the  hardest  va- 
riety. The  river  bed  is  seamed  with  fissures, 
and  there  are  small  cavities  of  frequent  re- 
currence, ranging  from  a  few  inches  to  sev- 
eral feet  in  the  largest  dimension,  and  these 
cavities  are  encountered  sometimes  as  far  as 
20  ft.  below  the  surface  of  the  river  bed. 

Shortly  after  the  work  of  construction  of 
the  first  dam  was  begun,  foundation  difficul- 
ties began  to  manifest  themselves,  and  these 
were  followed  by  other  difficulties  produced 
by  the  personnel  of  the  city  government.  The 
engineers  in  charge  could  not  get  their  in- 
structions followed,  their  plans  executed  or 
specifications  fulfilled.  They  resigned,  one 
after  the  other,  and  their  places  were  filled  by 
other  engineers  who  also,  successively,  re- 
signed. In  spite  of  these  difficulties,  some  60O 
ft.  of  the  western  end  of  the  dam  were  placed 
on  good,  firm  rock.  The  rest  of  the  work 
was  done  more  with  a  view  to  completing  the 
dam  than  to  finding  a  foundation  to  support 
it.  The  draft  tubes  from  the  old  power  sta- 
tion were  so  located  that  they  discharged 
against  the  down-stream  toe.  and  the  waters 
from  these  draft  tubes  eroded  the  soft  strata 
underneath  the  toe,  so  that  the  dam  did  not 
rest  on  a  supporting  foundation  from  up- 
stream to  down-stream  side,  but  merely  from 
the  up-stream  side  down  to  the  point  where 
erosion  had  ceased.  This  condition  continued 
for  seven  years,  when  the  inevitable  end  was 
reached. 


Fig.    1.     The    Austin    Dam    Under   Flood   of  April    25,   1915. 


bine  chambers,  all  of  which  will  be  hereafter 
described   in   their   proper  places. 

HI.ST0RIC.\L. 

In  May,  1893,  the  first  dam  across  the 
Colorado  River  near  Austin,  Texas,  was  com- 
pleted, and  the  electrical  power  and  pumping 
plant,  which  were  driven  by  Ihe  water  power 
derived  from  the  impounded  waters  of  the 
dam,  put  into  operation.  -At  that  time,  the 
development  attracted  world-wide  attention, 
due  to  the  fact  that  it  was  then  the  greatest 
dam  in  the  world,  when  both  height  and 
length  were  considered,  and  the  lake  formed 
by  it  was  one  of  the  largest  artificial  bodies  of 
water  ever  inii)oundcd.  The  dam  was  a  grav- 
ity section  made  of  cyclo[)ean  concrete  ma- 
sonry, and  overlaid  on  both  the  upstream  and 
downstream  sides  with  cut  red  granite  blocks. 
Its  height  was  60  ft.  above  low  water,  and  the 
total  length  was  1,235  ft.,  of  which,  prac- 
tically, 1,100  ft.  were  spillway,  110  ft.  bulkhead 
on  the  eastern  end,  and  25  ft.  bulkhead  on  the 
western  end.  The  whole  development  was  a 
numicip.il  undertaking,  the  money  being  raised 
on  bonds  of  the  city  of  Austin,  of  which 
$1,400,000  were  issued. 

The  entire  river  bed  for  many  miles  up  and 


On  April  T,  1900,  under  a  flood  of  133,000 
cu.  ft.  per  second,  which  gave  a  thickness  of 
water  of  nearly  11  ft.  over  the  crest,  a  section 
of  about  200  ft.  long,  tilted  backwards  under 
the  stress,  slid  down  stream,  righting  itself  as 
it  moved,  and  finally  came  to  rest  about  100  ft. 
below  the  axis  of  the  dam.  The  impounded 
waters,  rushing  through  the  opening  thus 
formed,  eroded  the  remaining  portions  of  the 
dam,  thereby  widening  the  .gap  until  some  450 
ft.  of  the  total  length  of  the  dam  was  thus 
removed.  The  power  house  was  wrecked,  and 
several  people  who  were  in  it  at  the  time, 
were  drowned. 

This  failure  was  another  factor  which 
brought  the  Austin  dam  again  prominently 
before  the  engineering  profession,  and  the 
peculiar  conditions  of  its  failure,  together  with 
the  other  features  first  mentioned,  have  made 
it  the  most  widely  known  of  any  modern  ex- 
ample of  dam  construction.  This  catastrophe 
deterred  the  municipality  from  undertaking 
the  reconstruction  of  the  dam,  although  for 
several  years  it  was  agitated  from  time  to  time 
by  citizens.  Engineers  were  employed  to  re- 
port on  the  location  of  the  dam,  and  several 
difTerent  reports  appeared,  the  general  opinion 
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being  that  the  character  of  the  river  bed,  the 
limestone  and  arrangement  of  the  strata  made 
it  impossible  to  construct  a  safe  and  water- 
tight dam  at  the  point  where  the  old  structure 
had   been  built. 

About  six  years  ago,  the  municipality,  at 
a  considerable  expense,  had  a  series  of  rock 
borings  made,  some  passing  through  the  crest 
of  those  portions  of  the  dam  still  remaining, 
the  others  made  in  the  gap  which  was  caused 
by  the  breaking  out  of  that  section  on  de- 
fective foundation,  with  the  result  that  it 
was  found  that  the  underlying  rock  was  good, 
hard,  and  compact  after  a  certain  depth  below 
the  river  bed,  and  below  the  footing  of  the 
old  dam,  was  reached.  This  encouraged  the 
citizens  and  municipality  to  undertake  some 
means  whereby  the  dam  could  be  rebuilt. 

After  many  proposals  from  the  city  to  pri- 
vate companies,  and  from  companies  to  the 
municipality,  a  franchise  was  granted  to  Wm. 
D.  Johnson  of  Hartford,  Conn.,  on  Sept.  11, 
1911,  which  provided  that  the  dam  and  power 
plant  would  be  constructed  by  Johnson  or  his 
assigns,  and  on  completion,  turned  over  to 
the  city,  Johnson  to  receive  $100,000  in  cash 
on  completion  and  acceptance,  and  $64,800  per 
annum  in  semi-annual  payments  for  2.5  years, 
making  a  total  payment  of  $1,720,000,  the  cash 
value  of  which  is  approximately  $1,000,000. 
In  order  to  carry  out  the  terms  of  the  fran- 
chise and  to  do  the  construction  work,  a  cor- 


be  made  best  and  most  cheaply  on  the  same 
site  as  that  of  the  original  dam.  While  the 
foundation  work  for  the  new  dam  was  more 
costly  than  it  would  have  been  if  the  loca- 
tion were  changed  upstream  some  800  or  900 
yards,  this  expense  was  more  than  counter- 
balanced by  the  ability  to  use  the  existing  sec- 
tion, which  comprised  .520  ft.  length  of  dam, 
in  good  condition  and  on  satisfactory  founda- 
tion, together  with  all  the  bulkhead  masonry, 
which  was  thoroughly  good,  though  not  on 
proper  foundation.  Also,  the  larger  portion 
of  the  old  power  house,  still  standing,  could 
be  utilized.  The  most  suitable  character  of 
structure  with  which  to  fill  the  gap  is  a  hol- 
low dam,  having  an  inclined  deck,  thus  neut- 
ralizing the  overturning  moment,  having  but- 
tress walls  sunk  well  into  the  rock  to  resist 
sliding,  and  with  a  cut-off  wall  on  the  up- 
stream side  going  down  into  a  trench  cut  in 
the  rock  to  such  a  depth  that  all  waters  would 
be  definitely  stopped  from  following  any  per- 
meable seams. 

There  was,  however,  one  difficult  condition 
to  be  met,  which  was  that  in  order  to  get 
the  proper  amount  of  power  and  lake  storage, 
the  height  of  the  water  level  would  have  to 
be  raised  from  the  old  elevation  of  60  ft.,  to 
65  ft.,  above  low  water,  which  meant  that 
with  11  ft.  of  water  over  the  crest,  during 
times  of  flood,  the  maximum  water  level  would 
be  76   ft.   above  low   water  instead  of   71    ft. 


the  elevation  of  the  lake  level  will  make  the 
crest  gates  automatically  overturn,  letting  the 
water  flow  out  over  the  crest  of  the  dam. 
When  the  level  has  fallen  12  to  15  ins.,  or 
about  down  to  the  64-ft.  elevation,  the  crest 
gates  automatically  close.  During  periods  of 
flood,  the  crest  gates  are  open,  and  the  greater 
portion  of  the  flood  water  is  taken  over  the 
crest  of  the  new  section.  It  is  estimated  that 
with  a  discharge  200,000  cu.  ft.  per  second,  the 
thickness  of  the  water  over  the  crest  of  the 
new  section,  will  be  18  ft.,  the  thickness  of 
the  water  over  the  crest  of  the  old  section  be- 
ing 9  ft.  This  means  that  the  present  dam 
will  pass  50  per  cent  more  water  than  passed 
over  its  crest  when  the  old  dam  failed,  but 
the  elevation  of  the  water  is  only  9  ft.  above 
the  crest  of  the  old  dam,  while  it  was  11  ft. 
above  the  crest  when  the  weak  section  went 
out  in  1900.  Since  the  overturning  moment 
varies  as  the  cube  of  the  head  of  water  against 
the  dam,  and  the  sliding  force  varies  as  its 
square,  the  stresses  to  which  the  old  section 
will  be  subjected  can  never  equal  those  which 
it  has  already  resisted.  The  depth  of  the  water 
below  the  low  water  elevation  varies  from  5 
to  20  ft.,  so  that  the  total  depth  of  water  be- 
hind the  dam  varies  from  70  to  85  ft. 

FOUNDATION. 

As  has  been  pointed  out,  the  river  bed  and 
the    whole    surrounding   country   is    underlaid 


Fig.    2.     Boring    Record    on    Site   of  Austin  Dam. 


poration  was  formed  called  the  City  Water 
Power  Co.,  which  issued  $750,000  face  value 
of  five  per  cent,  gold,  sinking  fund  bonds,  and 
these  bonds  were  underwritten  by  Lawrence 
Barnum  &  Co.,  bankers,  of  New  York. 

NEW   PLANS. 

The  designs  for  the  new  development  were 
begun  early  in  1910,  and  work  finally  begun 
on  Sept.  22,  1911.  This  work  was  prosecuted 
on  force  account  from  this  latter  date  until 
June,  1912,  when  a  contract  was  entered  into 
with  the  Wm.  P.  Carmichael  Co.  of  St.  Louis 
to  take  over  the  work  and  bring  it  to  com- 
pletion. Work  progressed  until  April,  191.3, 
after  which,  practically,  nothing  was  done  un- 
til Jan.  10,  1914,  the  entire  period  between 
these  latter  dates  being  lost  by  reason  of  an 
unprecedented  series  of  heavy  floods  culmin- 
ating in  the  flood  of  Dec.  3,  which  was  the 
highest  ever  recorded  in  the  history  of  the 
river,  or  memory  of  any  person  acquainted 
with  it.  It  is  estimated  that  the  quantity  of 
water  passing  down  the  river  on  that  date 
was  between  220,000  and  230,000  cu.  ft.  per 
second. 

After  a  considerable  study  of  the  situation, 
it  was  decided  that  the  new  development  could 


That  portion  of  the  old  section  which  had 
given  way,  failed  under  a  71  ft.  elevation  of 
the  water  level,  and  it  was  imperative  that 
that  portion  of  the  old  section  remaining  and 
which  would  form  a  part  of  the  new  dam, 
should  not  be  again  subjected  to  as  great 
stresses  as  it  had  previously  withstood.  This 
required  that,  the  maximum  water  level  should 
never  rise  even  as  high  as  71  ft.  above  low 
water.  It  appeared  as  if  these  two  conflicting 
conditions  could  not  be  reconciled.  However, 
after  considerable  study,  the  arrangement  of 
crest  gates,  later  to  be  described,  was  adopted. 
With  this  arrangement,  the  new  section  of 
dam  was  built  only  51  ft. 'high  from  low  water 
to  crest,  or  9  ft.  lower  than  the  old  section. 
Piers  were  built  20  ft.  apart  on  both  the  old 
and  new  sections,  the  upper  levels  of  the  piers 
being  the  same  over  the  whole  length  of  the 
structure.  Crest  gates  were  placed  between 
the  piers,  the  gates  on  the  old  section  being  6 
ft.  high,  and  those  on  the  new  section,  15  ft. 
high,  so  that  the  upper  edges  of  the  crest 
gates  are  all  at  the  same  level,  which  is  66  ft. 
above  low  water.  When  the  water  level  is 
at  an  elevation  of  65  ft.,  or  less,  the  crest  gates 
are  tightly  closed.     An  increase  of  6  ins.  in 


with     limestone,     which     has     many     crevices, 
seams  and  cavities  in  it,  and  these  are  to  be 
found    at    varying   depths   below    the    surface. 
About   twelve   years   ago,    two   United    States 
government  engineers  made  a  short  report  for 
the  city  of  Austin,  in  which  they  gave  an  ad- 
verse opinion  concerning  the  character  of  the 
river  bottom  for  supporting  a  dam.    Of  course, 
at  that  date,  the  only  type  of  dam  that  these 
engineers  considered  was  the  ordinary  gravity  j 
section.     About  six  years  ago.  the  city  had  a] 
number  of  borings  made  by  the  Sullivan  Ma-  ( 
chinery  Co.,  definitely  to  determine  the  char- 
acter of  the  river  bed.     There  were  consider- 
able amounts  of  broken  limestone,  soft  lime- 
stone, cavities,  seams  and  fissures  encountered,! 
and   the  records  obtained   from   these  boringsJ 
prove,   conclusively,   that   in  order   to  build  al 
dam   across    the    river   at   this   point,    the   de-' 
fects   in   the   strata   underlying  it   would   have 
to  be  corrected.     It  was  decided  to  fill  all  the 
underlying  seams  and  cavities  with  grout,  and. 
on  the  reconstructed  river  bed,  to  build  a  hol- 
low dam  of  reinforced  concrete,  of  such  form 
that   there   could   be   no   uplifting   force    from 
any  leakage  of  water  under  it.     Furthermore, 
as  a  portion  of  this  new  section,  a  cutoff  wall 
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would  be  sunk  in  a  trench  cut  in  the  rock  on 
the  upstream  side  and  carried  to  such  a  depth 
that  its  lower  edge  would  be  below  all  per- 
meable strata. 

After  the  excavations  were  made,  it  was 
found  necessary,  in  many  places,  to  go  even 
deeper  than  indicated  by  the  borings,  before  a 
proper  quality  of  rock  could  be  reached.  With 
the  type  of  dam  adopted  for  the  new  section, 
it  is  only  necessary  that  the  underlying  rock 
be  able  to  carry  the  superimposed  weight, 
there   being  no  uplift. 

The  unit  pressure  adopted  for  the  wall  foot- 
ings was  166  lbs.  per  square  inch  with  a  few 
walls  where  this  pressure  was  carried  up  to 
200  lbs.  per  square  inch.  Wherever  the  rock 
was  hard  and  firm  for  a  depth  of  4  ft.,  it  was 
considered  satisfactory  to  resist  these  bear- 
ing pressures.  Trenches  were  cut  in  the  rock 
to  receive  the  footings,  and  in  the  bottoms  of 
these  trenches,  at  intervals,  drill  holes  were 
made  4  ft.  in  depth.  Wherever  these  drill 
holes  passed  continuously  through  solid  rock. 
the  trench  was  accepted  as  suitable  to  receive 
the  footing.  Wherever  the  rock  was  hard  but 
a  cavity  encountered,  grout  was  forced  into 
the  cavity  and  allowed  to  harden  before  the 
footings  was  built  upon  it.  Wherever  soft 
and  defective  stone  was  found  below  the  bot- 
toms of  the  building  trenches,  the  excavation 
of  these  trenches  was  continued  until  some 
point  was  reached  below  which  the  thickness 
of  the  good  rock  was  at  least  4  ft.  This 
practice  applied  to  the  trenches  in  which  the 
buttress  and  supporting  walls  were  built.  The 
cutoff  wall  was  carried  down,  in  many  in- 
stances, a  considerable  depth  below  the  foot- 
ings of  the  buttresses.  This  wall,  which  runs 
transversely  across  the  river  on  the  upstream 
side  of  the  dam,  was  poured  in  a  trench  which 
had  previously  been  tested  by  numerous  drill 
holes  made  in  the  bottom  of  the  trench,  and. 
where  defects  were  found,  they  were  remedied 
by  grouting.  These  test  holes  were  first  made 
12  ft.  apart  in  the  bottom  of  the  trench.  Com- 
pressed air  was  turned  into  them,  one  by  one, 
to  discover  whether  or  not  there  was  any  un- 


derground connection  between  adjacent  holes. 
Wherever  the  compressed  air  in  entering  one 
hole,  would  blow  out  of  one  or  more  of  the 
other  holes,  it  was  considered  that  the  entire 
seams  or  crevices  between  the  two  holes,  were 
reached  by  the  drill  holes  then  made.  Grout 
would  then  be  forced  into  one  of  the  holes 
until  it  began  to  blow  out  of  the  others.  It 
was  then  considered  that  the  rock  lying  be- 
low the  cutoff  wall  trench  and  extending  be- 
tween the  holes  that  the  grout  had  entered 
through,  and  those  it  had  begun  to  blow  out 
of,  had  been  made  tight  and  impervious  to 
water.  Wherever  no  connection  could  be 
established  between  the  holes  12  ft.  apart,  in- 
termediate holes  were  drilled,  thus  making  the 
drill  holes  only  6  ft.  apart  along  certain  por- 
tions of  the  cutoff  wall  trench.  If,  after  this 
was  done,  no  connection  could  be  established 
between  adjacent  holes,  additional  holes  inter- 
mediate to  those  6  ft.  apart  were  then  drilled, 
bringing  the  distance  apart  of  the  holes  to  6  ft. 

In  nearly  every  instance,  where  these  holes 
were  made,  water  flowed  freely  through  them, 
sometimes  spouting  up  3  or  4  ft.,  thus  proving, 
conclusively,  connection  between  the  holes 
made  inside  the  cofferdam  and  the  surround- 
ing body  of  water.  As  grout  would  be  forced 
into  the  holes,  the  velocity  of  water  flowing 
out  of  them  would  gradually  diminish,  until 
it  would  entirely  stop.  In  many  cases,  where 
grout  was  forced  into  a  hole,  the  flow  of 
water  through  other  grout  holes,  sometimes  as 
far  distant  as  50  ft.,  would  be  stopped  and 
the  grout  would  finally  show,  rising  out  of  ad- 
jacent holes,  proving  that  the  underground 
seams  between  these  two  holes  had  been 
thoroughly  filled  with  grout. 

The  grout  used  consisted  of  1  part  Port- 
land cement  to  2  parts  of  sand  mixed  with 
sufficient  water  to  form  a  practically  liquid 
mixture.  The  apparatus  used  to  force  the 
grout  into  the  holes  comprises  a  cylinder  of 
steel  plate,  20  ins.  in  diameter  by  3  ft.  long, 
supported  vertically  on  three  legs,  the  bottom 
being  conically  shaped,  tapering  from  the  di- 
ameter  of   the   cylinder   down   to   a   2-in.   dis- 


charge opening.  The  upper  end  of  the  cylin- 
der was  provided  with  an  interior  cover,  held 
tight  by  the  air  pressure  from  within.  En- 
tering the  cylinder  near  its  upper  end  is  a 
connection  for  a  1-in.  air  pipe.  The  grout 
constituents  were  poured  into  the  cylinder  and 
compressed  air  admitted  to  the  lower  end  of 
the  cylinder,  causing  the  mixture  to  boil  and 
mix  thoroughly.  This  operation  usually  re- 
quired about  one  minute.  After  thoroughly 
mixing,  the  cover  was  lifted  into  place  and 
the  air  pressure  turned  into  the  cylinder  near 
the  upper  end,  forcing  the  grout  out  of  the 
lower  end  and  into  the  grout  holes.  In  order 
to  make  a  proper  connection  between  the  dis- 
charge end  of  the  pressure  grouting  cylinder 
and  the  holes  in  the  rock,  short  sections  of 
wrought  iron  pipe  were  sunk  into  each  hole 
and  cement  poured  around  them  and  allowed 
to  set,  so  that  the  upper  end  of  the  pipe  pro- 
vided a  screw  joint  by  which  connection  was 
made  between  the  pressure  hose  leading  from 
the  grouting  cylinder  and  the  hole  to  be  grout- 
ed. Usually,  a  light  air  pressure  would  be 
applied  under  which  the  grout  would  flow 
easily,  and,  as  the  hole  began  to  be  filled  to 
a  greater  extent,  the  air  pressure  would  be 
increased  until  when  the  hole  was  finally  filled, 
the  pressure  woulC  be  raised  to  80  lbs.  per 
square  inch. 

By  this  method  and  using  great  care  in 
locating  and  filling  the  holes,  a  good  founda- 
tion was  secured  and  through  material  of 
such  a  character  that  certain  engineers  had 
reported  that  it  would  be  impossible  success- 
fully to  construct  the  dam  across  the  river 
at  this  locality. 

Subsequent  to  the  completion  of  the  work, 
a  cofferdam  was  built  on  the  downstream  side 
of  the  river  and  pumped  out,  and  all  leakage 
observed.  There  was  practically  no  leakage 
through  the  foundation,  or  through  the  strata 
below  the  cutoff  wall,  and  the  entire  work 
showed  to  be  one  of  the  most  water  tight 
dams  that  has  ever  been  constructed. 

A  succeeding  article  in  our  issue  of  June  2 
will  describe  the  dam  and  its  appurtenances. 
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Study  of  a  Water  Supply  by  Pumping 
for  Concrete  Road  Construction. 

(Contributed.) 

Frequently  road  builders  are  confronted 
with  the  difficulty  of  obtaining  suitable  water 
supply  in  connection  with  concrete  construc- 
tion. In  highway  work  the  contractor  can- 
not always  arrange  for  an  unfailing  suppply  of 
water  such  as  his  brother  contractor  in  the 
city  may  obtain,  simply  by  entering  into  a 
contract  with  the  municipality  to  pay  a  stated 
sum  of  money  for  such  quantities  of  water 
as  he  may  need,  at  the  same  time  feeling  sure 
that  the  supply  required  will  always  be  avail- 
able when  needed.  In  country  highway  work 
the  contractor  must,  in  nearly  all  cases,  de- 
pend upon  streams,  ponds,  lakes  or  wells  for 
water  supply,  and  not  infrequently  must  pump 
water  several  miles  to  the  point  where  con- 
crete is  being  mi.xed  and  placed.  This  has 
been  the  experience  in  concrete  pavement  con- 
struction on  that  portion  of  the  old  National 
Pike  between  Zanesville  and  Hebron,  Ohio. 
Toward  the  end  of  the  summer  many  of  the 
streams  from  which  water  had  been  obtained, 
ran  very  low  or  nearly  dry,  and  water  had 
to  be  pumped  a  distance  of  2Vi  miles,  in  some 
cases  over  grades  as  great  as  l*i  per  cent  for 
a  distance  of  1,000  ft.  Such  problems  as  this 
require  that  careful  layout  of  pipe  lines  and 
pumping  plant  facilities  be  planned  and  in- 
stalled so  that  the  cost  of  obtaining  water  may 
be  kept  at  a  minimum. 

For  purpose  of  illustrating  possible  con- 
tingencies to  be  provided  for  in  work  of  this 
kind,  the  accompanying  sketch  of  pipe  line  re- 
quirements for  water  supply  between  the 
towns  X  and  Y,  shown  by  Fig.  1,  has  been 
prepared.     Eight  and  one-half  miles  of  16-ft. 


concrete  pavement  containing  approximately 
80,000  sq.  yds.,  and  lying  between  the  towns 
mentioned,  is  presumed  to  be  the  piece  of 
work  that  must  be  served  by  the  pipe  and 
pumping  system  to  be  used.  Common  labor  is 
estimated  at  22%  cts.  per  hour;  pipefitter,  30 


the  rate  of  about  500  sq.  yds.  a  day,  the  job 
will  require  213  calendar  days  for  completion. 
This  is  based  on  the  experience  that  not  more 
than  T5  per  cent  of  calendar  days  can  be 
counted  as  working  days,  owing  to  holidays, 
Sundays,   and   interruptions   caused  by   unfav- 
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Fig.    1.     Plan    Showing    Water    Supply   for   Concrete    Road    Construction. 


cts.  per  hour;  pumping  engineer,  $3  per  day. 
In  the  progress  of  construction  all  pipe  will 
be  hauled  a  distance  of  8%  miles,  as  it  will  be 
taken  off  the  cars  at  town  A'  and  after  com- 
pletion of  the  work,  shipped  from  town  )'. 
Presuming    that    concrete    will    be    laid    at 

TABLE   I.  —  SHOWING  TOTAL,  HEAD 

AGAINST  WHICH  WATER  MUST  BE 

PUMPED. 

Length  of    Friction  Static  Total 

Line.              pipe,  ft.       head.  ft.  head.  ft.  head.  ft. 

A 12, .'560                189  100                2S9 

B 12,.'i60                1S9  150                339 

C 9,920                149  ."lO                199 

•D 13,840               208  120               328 

•The  highest  elevation  of  the  line  determines 
the  st.atic  head  regardless  of  its  location  with 
respect  to  the  ends  of  the  line.  Syphon  action 
Is  not  to  be  considered  In  determining  the  static 
head. 


orable  weather.  On  the  accompanying  sketch, 
points  P— 1  and  P — 2  indicate  consecutive 
positions  of  pump  location.  Table  1  shows 
the  heads  against  which  the  water  must  be 
pumped. 

From  Table  I,  one  pump  working  against  a 
head  of  346  ft.  or  150  lbs.  is  shown  to  be  suf- 
ficient to  deliver  15,000  gals,  per  10-hour  day. 
Fifteen  thousand  feet  of  2-in.  pipe  will  be  suf- 
ficient to  supply  water  for  the  entire  job. 
Taking  up  and  relaying  this  pipe  as  the  work 
progresses  will  involve  the  laying  of  47,000  ft. 
of  pipe.  A  con.servative  estimate  of  time  re- 
quired to  move  the  pump,  set  it  up,  and  place 
in  running  order,  and  to  take  up  the  pipe  line 
A  and  place  it  in  position  to  pipe  line  C,  will 
be  two  days'  time. 

Two-inch  Butt  Weld  pipe  weighing  3.6  lbs. 
per   lineal    foot   will   cost   new,   about   10   cts. 
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per  foot  net,  f.  o.  b.  at  place  of  purchase; 
2-in.  pipe  with  connections  can  be  rented  for 
3  cts.  per  foot  for  the  construction  season  the 
contractor  paying  the  freight  both  ways.  Har- 
ris Brothers  Co.,  3.5th  &  Iron  Sts.,  Chicago, 
supply  pipe  at  the  above  terms  and  also  sell 
second  hand  pipe.  McDowell  &  Company, 
Galveston  &  Western  Ave.,  N.  S.,  Pittsburgh, 
Pa.,  and  Foster-Songer  Company,  Park  Bldg., 
Pittsburgh,  Pa.,  also  supply  pipe  on  about  the 
same  terms.  Two-inch  gate  valves  cost  $3.00, 
1-in.  globe  valves  cost  75  cts.,  and  T's  from  '2 
to  1  in.  cost  20  cts.  each.  Only  gate  valves 
should  l)e  used  in  the  main  2-in.  line. 

."Vn  efficient  pump  would  be  a  3'-!x4-in. 
Detning,  single-acting  triplex  plunger  pump 
outside  guided  and  outside  packed,  delivering 
25  gals,  per  minute  when  operating  at  50  rev- 
olutions per  minute,  when  fitted  with  16x4-in. 
tight  and  loose  pulleys.  Approximate  ship- 
ping weight  for  this  pump  is  1,100  lbs.;  cost 
$125.  To  operate  this  pump  against  the  max- 
imum head  equivalent  to  a  pressure  of  150  lbs. 
will  require  not  less  than  a  5  H.  P.  gasoline 
engine.  A  gasoline  engine  of  suitable  type 
for  this  purpose  can  be  bought  for  from  $10i) 
to  $125.  Belting,  relief  valve  and  such  con- 
nections as  necessary  would  cost  about  $15. 

This  equipment  will  supply  25  gals,  per  min- 
ute working  against  a  head  not  exceeding  340 
ft.  (To  the  actual  vertical  head,  1.5  ft.  must 
be  added  to  each  100  ft.  of  pipe,  to  compen- 
sate for  friction.)  The  estimate  of  pumping 
costs  follows : 

Cost   of   equipment   to   be   credited    to 
the     job: 

10  2-in.  gate  valves,  at  $3 t  30.00 

50  1-in.  globe  valves,  at  75c 37.30 

50  T's,   2  ins.  to  1  in.,  at  20c 10. OO 

400  ft.   of  hose,  at   15c 50.00 

Deming   sin.gle-acting  triplex    pump 125.00 

4-hp.   gasoline  engine 125.00 

Belting   relief   valve,    etc 15.00 

Incidental   accessories    50.00 

$    452.50 
Charge  0.17  per  cent   of  equipment   cost 
per      day   for  depreciation  and  upkeep 

for    213    days $    163.85 

15,000  ft.  of  2-in.  pipe,  rental  and  freight, 

at  $0,314  pel'  ft 437.50 

Labor    for   placing  and   removing  pipe 
line  and  equipment: 
Hauling  15,000  ft.  of  pipe  pumping  equip- 
ment and  accessories  SV^  miles,  30  tons 

at  50c  per  ton-mile "'  127.50 

Laving  and    removing    47,000   ft.   of   pipe 

at  50c  per  100  ft 235.00 

Setting   of   pump   and    engine   twice 20.00 

Cost  of  pumping,   including  fuel  and  la- 
bor, say.   160  working  days  at  $5 800.00 

$1,833.55 
Add  10  per  cent  for  contingencies 183,39 

Net   cost   of  water   for   SO.OOO   sq.   yds. 

of   concrete    pavement $2,017.21 

Net   cost   of   water    per    square    yard    of 
concrete   pavement    $0.0252 


Organization  of  Road  Work  Under  the 
Illinois  Highway  Commission. 

(Staff  Article.) 
On  July  1,  1915,  there  will  become  by  legis- 
lative enactment,  as  noted  in  Current  News 
of  this  issue,  a  fund  of  $2,750,000  available  for 
state-aid  road  construction  in  Illinois  for  two 
years  succeeding  this  date.  The  appropriation 
for  the  preceding  two  years'  work  was  $1,100,- 
000.  The  state-aid  roads  under  the  law  com- 
prise 15  per  cent  of  the  mileage  in  counties 
of  the  first  class,  20  per  cent  of  the  mileage 
in  counties  of  the  second  class  and  25  per  cent 
of  the  mileage  in  counties  of  the  third  class, 
or  approximately  15.000  miles  of  road  in  all. 
If  all  of  the  new  $2,750,000  is  utilized  accord- 
ing to  law,  the  next  two  years  will  witness 
the  expenditure  of  $5,500,000  in  road  construc- 
tion under  state  direction.  It  will  be  useful, 
therefore,  to  review  briefly  the  organization 
of  the  directin.g  body  and  also  to  study  the 
work,  so  far  as  records  appear,  of  this  body 
in  handling  the  previous  expenditure  of  some 
$2,200,000,  Incidentally  an  outline  of  the 
origin  and  development,  to  the  time  of  the 
present  organization,  of  state  participation  in 
road  work,  will  be  of  value. 

WORK    OF    ORIGINAL    COMMISSION. 

The  first  official  action  to  be  taken  by  the 
state  of  Illinois  for  the  improvement  of  pub- 
lic highways  was  that  of  the  year  1905,  when 


the  Legislature  created  a  State  Highway  Com- 
mission consisting  of  three  unsalaried  mem- 
I)crs.  Under  this  act.  there  was  also  created 
the  position  of  State  Highway  Engineer,  with 
provision  for  such  technical  and  clerical  assist- 
ance as  was  found  necessary  to  carry  on  the 
|)roposed  work.  The  primary  functions  of 
this  commission  were  not  to  accomplish  any 
considerable  mileage  in  road  construction,  but 
rather  to  make  an  economic  investigation  into 
all  phases  of  the  rural  highway  problems  of 
the  state.  With  this  purpose  in  mind,  steps 
were  taken  towards  the  construction  of  hard 
roads  of  various  types  and  under  as  varied 
conditions  as  it  was  practicable  to  arrange  for 
the  work  to  be  done. 

During  the  years  from  1906  to  1912,  some  30 
or  40  miles  of  gravel  or  macadam  road  con- 
struction per  year  was  carried  out  under  state 
supervision.  During  the  construction  of  these 
roads  accurate  cost  data  were  taken  in  order 
that  the  public  in  general  might  become  fa- 
miliarized     with      the     probable     expenditure 
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Fig.   1.    Sketch     Map    Showing    Seven    Geo- 
graphical   Divisions   for    Road    Work. 

necessary  in  case  it  saw  fit  to  carry  on  hard 
road   construction  on  a  more  extensive   scale. 

These  construction  cost  data  have  been  pub- 
lished by  the  commission  from  time  to  time 
in  bulletin  form  as  well  as  in  the  regular  an- 
nual report.  There  was  no  provision  made, 
however,  for  the  maintenance  of  these  roads 
after  construction,  with  the  result  that  in 
many  cases  they  have  been  permitted  to  reach 
such  a  condition  as  to  necessitate  expenditures 
of  considerable  magnitude  in  order  to  restore 
their  original  serviceableness.  These  restora- 
tion expenditures  have  been  considerably 
heavier  than  the  expenditures  that  would  have 
been  necessary  to  maintain  the  .roads  in  proper 
condition  had  the  maintenance  work  been 
looked  after  promptly  upon  the  detection  of 
weaknesses  in  the  road. 

In  the  construction  of  these  roads,  many 
different  kinds  of  road  binders  have  been 
used  and  their  behavior,  as  well  as  that  of 
the  road  itself,  has  been  the  constant  study 
of  the  commission  with  a  view  of  ascertain- 
ing the  most  economical  materials  and  meth- 
ods for  procedure  in  rural  road  construction 
on  an  extensive  plan.  In  addition  to  this  ex- 
perimental road  work,  there  has  been  carried 
on  continuously  a  vigorous  campaign  in  favor 
of    the    more    modern    types    of    culvert    and 


bridge  construction.  For  normal  conditions, 
the  use  of  concrete  for  culverts  and  small 
bridges  has  been  strongly  recommended  and 
for  the  larger  bridges  great  modifications 
have  been  brought  about  from  past  practice 
in  the  way  of  the  substitution  of  concrete  sub- 
structure for  wood  or  steel  tubes  and  of  con- 
crete and  creQsoted  block  floors  in  the  place 
of  untreated  oak  floors.  Generally,  over  the 
state,  there  has  been  constructed  under  the 
supervision  of  this  commission  firstclass  con- 
crete bridges  and  culverts  to  the  end  that 
structures  of  this  type  and  quality  have  been 
adopted  in  many  of  the  counties  of  the  state 
to  the  exclusion  of  all  other  types  of  con- 
struction for  similar  structures.  In  all  this 
work  engineering  services  have  been  rendered 
to  the  local  township  or  county  concerned  ab- 
solutely free  of  any  charges  whatever.  In 
addition  to  the  free  engineering  services,  the 
local  communities  have  been  favored  with  the 
free  use  of  state  machinery  in  the  construc- 
tion of  hard  roads. 

The  law  creating  the  State  Highway  Com- 
mission provided  also  for  the  preparation  of 
crushed  rock  for  road  construction.  At  each 
of  the  two  state  penitentiaries  rock  quarrying 
and  crushing  machinery  has  been  installed 
and  rock  for  road  construction  has  been  fur- 
nished the  people  f.o.b.  cars  at  the  quarry.  For 
the  shipment  of  this  rock  for  road  construc- 
tion practically  all  railroads  of  the  state  grant- 
ed the  special  rate  of  half  a  cent  per  ton  per 
mile,  which  freight  charges  were  in  all  cases 
paid  by  the  local  community  receiving  the 
rock. 

ORCANIZ.^TION     OF    PRESENT    COMMISSION. 

On  July  1,  1913,  the  State  Highway  Com- 
mission in  question  was  abolished  and  there 
went  into  effect  a  law  providing  for  another 
State  Highway  Commission  consisting  of  three 
salaried  members  appointed  by  the  Governor. 
The  new  law  provided  for  the  creation  of  a 
State  Highway  Department  and  also  for  the 
offices  of  Chief  State  Highway  Engineer  and 
.Assistant  State  Highway  Engineer,  to  be  filled 
by  appointment  by  the  Governor.  Aside  from 
these  appointive  positions,  all  positions  in  the 
Illinois  State  Highway  Department  are  filled 
from  the  eligible  list  of  the  State  Civil  Serv- 
ice Commission,  which  list  is  maintained  by 
competitive  examinations  held  from  time  to 
time,  as  the  occasion  requires. 

Ne.xt  in  line  under  the  Assistant  State  High- 
way Engineer  is  the  Road  Engineer,  imme- 
diately under  whom  there  is  an  assistant.  The 
state  of  Illinois  is  divided  up  into  seven  geo- 
graphical divisions.  Fig.  1,  each  division  be- 
ing in  charge  of  a  division  engineer  who  has 
practically  absolute  control  and  authority  over 
construction  work  going  on  within  his  terri- 
tory. The  division  engineer  reports  directly 
to  the  offices  of  the  department  at  Springfield. 
On  each  job  under  construction  there  is  a 
resident  engineer  who  reports  directly  to  his 
division  engineer. 

At  the  head  of  the  Bridge  Department  is 
the  bridge  engineer,  immediately  under  whom 
is  an  assistant.  The  office  work  in  connection 
with  both  road  and  bridge  matters  are  car- 
ried on  under  the  immediate  direction  of 
either  the  road  engineer  or  the  bridge  engi- 
neer, or  their  respective  assistants. 

WORK   OF   PRESENT  COMMISSION. 

On  July  1,  1913,  there  became  available  by 
state  appropriation,  as  previously  stated,  the 
sum  of  $1,100,000  for  state-aid  road  construc- 
tion to  be  expended  over  the  two  years  fol- 
lowing. In  order  for  a  county  to  receive  its 
proportional  part  of  the  state  allotment  it  was 
obliged  to  first  provide  itself  with  a  county 
superintendent  of  highways  and  then  to  meet 
the  state  allotment  with  an  equal  appropria- 
tion. The  office  of  County  Superintendent  of 
Highways  having  been  provided  for  in  the 
statute  there  is  at  present  in  practically  every 
county  of  the  state  a  qualified  and  experienced 
person  whose  sole  aim  it  is  to  teach  tlie  eco- 
nomics with  respect  to  materials,  methods  and 
management  in  connection  with  both  roads 
and  bridges.  After  having  first  been  certi- 
fied by  the  County  Board  of  Supervisors  the 
candidate  for  the  office  of  County  Superin- 
tendent must  pass  the  state  civil  service  exam- 
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Figs.  2  and  3.    Ten-foot  Concrete   Roads  with    Macadam   Shoulders. 

(Excavation    for    macadam    sliouldeis    and  lateral  drains  is  shown  (OniplctHd  in  Fig;. 


Figs.  4  and  5.    Brick   Roads  with   Concrete   Curbs    and  Grouted  Gutters. 


Figs.   6   and   7.     Typical    10-ft.   Brick    Roads. 


Fig.  8.    Four-span  Concrete  Arch    Bridge;    65-ft.    Spans    and    20-ft. 

Roadway. 


Fig.    9.     Steel    Bridge    Floor    of   3-in.    Creosoted     Plank      Treated 
with   Asphalt. 


lie  is  a  dc|iiity  of  the  .Stale   I  liuliway   Depart-       iiig  to  question  the  constitutionality  of  the  so- 
nient   and   is  "required   by  law   to   render   such      called  Tice  law,  contracts_  for  the  constructiori 


ination  and  then  must  receive  his  aiipointnieul 

from  the  Hoard  of  Supervisors  of  the  county       .,,^...   ^..v v....... j    —    .-   —  -  -■,■■,  i.  i  i       ,■      i 

to    whom    he    reports    thereafter.      While    his  services   as   the   department   requires.  of    state-aid    roads    could    not    be    advertised 

salary   is   paid   out   of   the   county    funds,   yet  Because    of    the    legal   proceedings   attempt-  until  July  1,  UU4.     Beginning  on  July  1,  how- 
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ever,  and  ever  since,  the  force  has  been  active- 
ly engaged  in  the  supervision  of  state-aid 
roads  in  the  vast  majority  of  the  counties  of 
the  state. 

All  state-aid  roads  thus  far  designed  or 
built  are  of  either  concrete  or  brick  type  and 
the  widths  are  almost  invariably  either  10  or 
18  ft.  The  10-ft.  widths  may  or  may  not  be 
constructed  with  macadam  or  gravel  shoul- 
ders, depending  largely  upon  the  will  of  the 
County  Board  of  Supervisors  as  well  as  upon 
the  traffic  conditions  that  must  be  satisfied. 
All  state-aid  roads  are  built  by  lump-sum  con- 
tract, but  the  cement  required  is  furnished 
the  contractor  f.o.b.  cars  destination  by  the 
State  Highway  Department,  who  having  re- 
ceived competitive  bids  for  furnishing  all 
cement  for  state-aid  roads  for  a  given  period, 
awarded  the  contract  for  the  furnishing  of 
such  cement  at  a  specified  price,  regardless 
of  future  fluctuations  in  the  market.  In  Table 
I  are  the  contract  prices  that  have  been  re- 
ceived on  practically  all  the  state-aid  roads 
that  have  been  awarded  since  July  1,  1914. 
As  being  explanatory  of  the  several  headings, 
attention  is  called  to  the  note  at  the  bottom 
of  the  table.  In  connection  with  10-ft.  con- 
crete roads,  note  that  the  contract  price  of 
the  pavement  proper,  per  square  yard,  is  $1.23, 
whereas  the  corresponding  price  for  the  18-ft. 
road  is  $1.1-1,  even  though  the  18-ft.  road  is 
thicker  than  the  10-ft.  road.  This  matter  is 
largely  accounted  for  by  the  fact  that  the  18- 
ft.  roads  in  Cook  County,  as  well  as  in  some 
other  counties,  made  the  job  of  considerable 
size  and  thereby  sharper  competition  was  ob- 
tained than  where  short  10-ft.  roads  were 
built.  Correspondingly,  note  that  in  the  10- 
ft.  brick  roads  the  contract  price  of  the  pave- 
ment proper  is  $2.01  per  square  yard,  while 
in  the  18-ft.  brick  road  the  corresponding 
price  is  $1.99  per  square  yard.  As  before  men- 
tioned, bids  for  the  construction  of  these  roads 
were  received  at  a  lump-sum  figure  exclusive 
of  the  value  of  the  cement  in  the  job.  In 
order  to  work  up  the  tabulation  on  this  sheet, 
the  value  of  the  several  items  entering  into 
the  construction  of  the  road  are  prorated  so 
as  to  total  up  an  amount  equivalent  to  the 
contract  price,  this  prorating  having  been  done 
in  accordance  with  unit  estimating  data.  The 
idea  of  the  state  furnishing  to  the  contractor 
all  of  the  cement  to  be  used  in  the  construc- 
tion of  the  job,  presents  a  feature  in  the  con- 
struction of  concrete  and  brick  roads  that 
well  merits  consideration. 

GENER.^L   POLICY  OF   R0.\D  CONSTRUCTION. 

This  state  system  of  roads  comprises  a  lit- 
tle more  than  15,000  miles  of  the  highways  of 
the  state.  They  are  to  be  known  as  state-aid 
roads.  It  has  been  determined  to  make  this 
system  of  roads  of  as  permanent  materials  as 
can  be  used  in  the  construction  of  highways. 
When  once  improved  the  state  is  forever  to 
maintain  the  roads  at  its  expense. 

For  improving  the  roads  the  legislature 
makes  an  appropriation  from  time  to  time. 
These  appropriations  are  apportioned  to  the 
various  counties  in  proportion  as  the  counties 
paid  money  into  the  road  fund  the  previous 
year.  One  exception  to  this  rule  is  made,  viz.: 
that  if  any  county  pays  40  per  cent  or  more 
of  the  taxes  of  the  state  it  receives  back  25 
per  cent  of  what  it  pays  in  to  be  used  for 
road  purposes.  The  money  is  apportioned  to 
the  various  counties  by  the  State  Highway 
Commission.  The  fund  being  once  appro- 
priated by  the  legislature  it  is  held  in  the  state 
treasury  subject  only  to  the  order  of  the  State 
Highway   Commission, 

All  of  the  automobile  license  fees  go  into 
the  road  fund  and  will  be  appropriated  from 
time  to  time  by  the  legislature,  together  with 
such  an  amount  as  the  legislature  shall  deter- 
mine upon  from  the  general  fund  each  ses- 
sion. , 

The  various  counties  are  required  to  meet 
the  apportionments  allotted  to  them  with  a 
like  sum  of  money.  If  any  of  the 
counties  fail  to  provide  a  sum  equal  to 
the  amount  apportioned  to  them  in  a  given 
length  of  time,  it  is  then  reapportioned  to 
those   counties   that   have   met   the  amount   of 
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the    apportionment    with     a     like    amount    of 
means. 

Under  such  an  arrangement  the  practical 
benefits  to   be  obtained   are  considered  to  be : 

(1)  All  the  state-aid  funds  are  expended 
on  one  general  system  of  roads  reaching  into 
every  community  in  the  state. 

(2)  This  state-aid  system  can  all  be  con- 
structed  of  concrete  or  brick  within  20  years 


without  injuring  any  citizen  in  the  matter  of 
a  tax  burden. 

(3)  The  state  will  never  be  called  on  to 
assist  in  the  construction  or  maintenance  of 
any  other  highway,  the  rest  of  the  roads  be- 
ing left  to  the  township  authorities  to  im- 
prove and  maintain. 

(4)  The  work  once  begun,  it  will  ultimately 
Ije    completed    and    then    there    will    not    be   a 


home  in  the  state  further  than  4Vi:  miles  from 
a  state-aid  road. 

CONCLUSION. 

The  information  given  above  is  based  on 
data  supplied  by  the  engineers  of  the  Illinois 
Highway  Commission.  It  is  only  an  outline 
of  the  organization  and  of  its  work,  a  full 
account  of  which  in  detail  would  necessitate 
a  volume  to  accommodate  it. 
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Design  and  Construction  Features  of 

the  Palmer  Memorial  Stadium, 

Princeton,  N.  J. 

(Staff    Article.) 

The  Palmer  Memorial  Stadium,  at  Prince- 
ton University,  Princeton,  N.  J.,  which  was 
completed  during  the  latter  part  of  lf)14  at  a 
cost   of   about   $300,000,   is   a    reinforced   con- 


seating  capacity  is  greater.  The  e.xterior  of 
the  structure  has  been  developed  as  a  colon- 
nade consisting  of  a  series  of  large  columns 
surmounted  by  intervening  arches,  while  the 
center  of  the  curved  end  contains  two  large 
towers   and  an  archway. 

In  plan  the  Princeton  stadium  is  horseshoe- 
shaped,  with  two  straight  parallel  sides,  each 
about  454  ft.  long,  connected  at  one  end  by 
a  three-centered  curved  portion   (see  Fig.  1). 


lower,  or  inside,  face  of  the  stadium  there 
is  a  3-ft.  passageway  around  the  entire  struc- 
ture. The  clear  playing  field  is  about  250 
ft.  wide  by  510  ft.  long.  The  structure  is 
surrounded  by  a  high  iron  picket  fence  form- 
ing an  enclosure  into  which  the  spectators  are 
admitted  through  turnstiles  located  opposite 
to  the  main  entrance  at  the  curved  end.  From 
this  enclosure  the  people  enter  the  stadium 
through   26   runways   located   at   uniform   dis- 


i^:£^-U-^s:£WUS£Us:i-^'S. 
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e) Typical  Step  and  Riser 
Fig.  2.    Cross  Section   of  Palmer  Memorial   Stadium    Showing   Typical   Girder,   Floor  and   Column    Details. 
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H 


Crete  structure  with  a  seating  capacity  of  The  total  length  of  the  structure  is  about  652  fauces  around  the  structure.  These  runways 
41,527  persons.  It  is  similar  in  general  shape  ft.,  its  width,  center  to  center  of  outside  are  inclines  and  extend  from  the  exterior 
and  _  arrangement  to  the  reinforced  concrete  columns,  is  520  ft.,  and  its  height,  to  the  top  of  ground  level  to  openings  located  at  about  mid- 
stadium   at   Harvard  University,   although   its  the   main   entrance   towers,   is   72    ft.     At   the  height  of  the  stadium. 


May  26,  1915. 


Engineering   and    Contracting 


473 


— ■  .0-092- 


a. 
>. 
H 
«> 
E 
o 

<0 

■a 

c 


c 

i 


J- 


,._jj 


S2-,0II- 


DESIGN    FEATURES. 

The  Structure  consists  essentially  of  a  slop- 
ing deck  containing  48  tiers  of  seats,  this  deck 
being  supported  on  girders  and  columns,  the 
latter  having  spread  footings.  Throughout 
the  straight  portion  of  the  stadium  the  col- 
umns are  spaced  16  ft.  10  ins.  on  centers  longi- 
tudinally and  19  ft.  0  in.  on  centers  trans- 
versely, with  the  exception  of  those  in  the 
upper  bent.  In  the  curved  end  section  the 
same  transverse  spacing  of  columns  is  main- 
tained. The  same  longitudinal  spacing  is 
also  maintained  for  the  rear  tier  of  columns  in 
this  section,  but  for  each  succeeding  tier  the 
spacing  varies,  the  columns  being  spaced  along 
radial  lines,  as  shown  in  Fig.  1. 

Columns. — The  typical  intermediate  columns 
in  rows  B,  C,  D,  E  and  F  (see  Fig.  1)  are 
16  ins.  square,  reinforced  with  four  %-in. 
round  longitudinal  rods  and  with  %-in.  wire 
ties  spaced  12  ins.  on  centers.  The  line  of 
columns  at  the  outside,  or  upper,  edge  of  the 
stadium  has  a  section  4x5  ft.,  to  give  the  de- 
sired architectural  effect,  while  the  two  lower 
lines  of  columns  are  essentially  piers.  At  the 
tops  of  the  columns  heavy  brackets  give  the  de- 
sired stiffness  and  provide  for  bending  stresses. 
The  footings  for  the  typical  columns  are  4  ft. 
square  at  the  base  and  1  ft.  thick ;  above  the 
footings  there  is  a  pedestal  2  ft.  10  ins.  square 
in  plan  and  of  variable  height  (1  ft.  3  ins. 
minimum). 

Figure  1  (b)  shows  a  typical  elevation  and 
plan  of  the  column  footings,  and  Figs.  2  (f) 
and  (g),  which  are  cross  sections  of  a  typical 
column,   show   reinforcing  details. 

Deck. — As  has  been  noted,  the  reinforced 
concrete  deck  contains  4)S  tiers  of  seats.  The 
upper  tier,  at  the  elevation  of  the  top  landing 
and  just  inside  of  the  railing,  has  a  width  of 
1  ft.  6  ins.  and  a  rise  of  17  ins.:  the  next 
twelve  tiers  have  a  width  of  2  ft.  5  ins.  and 
a  rise  of  17  ins.;  the  succeeding  fifteen  tiers 
have  a  width  of  2  ft.  6  ins.  and  a  rise  of  16 
ins.;  while  for  the  lower  twenty  tiers  the 
width  is  2  ft.  7  ins.  and  the  rise  1.5  ins.  It  is 
thus  seen  that  the  deck  is  slightly  concave; 
the  changes  in  rise  occurring  at  column  lines. 
Figure  2  shows  typical  details  of  the  rein- 
forced concrete  deck,  girders  and  columns.  As 
shown  in  Figs.  2  (a)  and  (b)  each  transverse 
line  of  columns  supports  an  inclined  girder, 
the  top  of  which  is  cast  with  notches  cor- 
responding to  the  various  tiers  of  seats.  These 
girders  have  a  uniform  width  of  10  ins.  and 
a  depth  of  2  ft.  10  ins.,  from  bottom  of  beam 
to  bottom  of  riser,  (except  in  the  upper  and 
lower  panels").  Figures  2  (a),  (b)  and  (c) 
show  the  details  of  these  girders  and  indicate 
the  type  of  reinforcement  used.  As  shown  in 
Fig.  2  (a)  the  upper  panel  is  cast  in  the  form 
of  an  arch  having  a  clear  span  18  ft.  4  ins. 
These  arches  carry  four  tiers  of  seats  and  a 
10-ft.  walk,  which  serves  as  a  promenade 
around  the  entire  structure.  The  promenade 
is  enclosed  by  the  reinforced  concrete  back 
wall  and  by  an  interior  railing,  as  shown  in 
Fig.  2    (a). 

Each  riser  beam  is  4  ins.  thick,  and  is  rein- 
forced both  top  and  bottom  with  one  %-in. 
square  rod.  The  riser  beams  are  anchored  to 
the  seat  beams  and  to  the  girders  with  %-in. 
square  dowels  '^  ft.  long.  The  seat  beams 
also  have  a  thickness  of  4  ins.,  these  beams 
being  poured  monolithic  with  the  risers.  Both 
the  risers  and  the  seat  beams  are  reinforced 
with  "Clinton"  electrically  welded  wire  cloth 
having  a  4xl2-in.  mesh  and  containing  No.  10 
gage  wires  in  each  direction.  The  wire  mesh 
was  sent  to  the  work  in  long  rolls,  and  was 
laid  in  continuous  sheets  extending  from  the 
top  to  the  bottom  of  the  stadium.  As  shown 
in  Fig.  2  (e),  the  wire  mesh  is  located  1  in. 
from  the  lower  surface  of  the  seat  beam,  be- 
ing curved  under  the  lower  reinforcing  rod 
and  over  the  upper  one ;  the  wires  which  have 
a  4-in,  spacing  thus  extend  up  the  slope  in  a 
direction  parallel  to  the  supporting  girders, 
and  in  this  way  serve  as  the  principal  rein- 
forcement for  the  seat  beams. 

A'loi-TOV.f.— In  the  straight  portions  of  the 
stadium  the  10-ft.  runways  are  placed  in  every 
third  panel;  while  in  the  curved  portion  there 
are    eight    runways,    spaced    at    irregular    in- 
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tervals.     These  runways  consist     of     inclined      slabs  are  carried  on  transverse  beams  placed      umn  centers  the  height  and  thickness  of  this 

slabs,  sloping  up  from  the  concourse,  which  is      between  the   adjacent  columns.  wall  are  increased  to  form  pilasters. 

directly   inside  of  the   exterior   colonnade,  to  Figure  3  is  a  typical  section  at    a    runway.  The    reinforced   concrete   railing   along   the 


ff^. 


Fig.  4.    View  Showing  Concreting  of  Ends  of  Palmer  Memorial  Stadium,  Princeton,  N.  J.    Note  Duplication    of    Concreting     Plant — Playing 

Field  Is  Being  Brought  to  Grade. 


the  interior  of  the  stadium  and  terminating 
in  openings  which  are  in  line  with  the  tops  of 
columns  E  (see  Fig.  1).  As  the  elevation  of 
the  concourse  varies,  while  that  of  all  runway 
openings   at  columns  E   is  constant,     it     was 


.At  the  location  where  this  section  was  taken 
no  steps  were  required  in  the  runway. 

Bracing  Between  Columns. — The  transverse 
bracing  between  columns  consists  of  12x14- 
in.  struts  reinforced  with  four  %-in.  round 
rods,  these  rods  being  anchored  into  the  col- 
umns. The  struts  are  omitted  between  the 
short  columns  near  the  front  of  the  struc- 
ture (see  Fig.  3).  The  knee-brace  construc- 
tion at  the  top  of  the  columns  also  serves  to 
give  rigidity  to  the  structure. 

The  longitudinal  bracing  consists  of  10.xl2- 
in.  and  16.xl6-in.  struts  reinforced  with  %-in. 
round  rods  and  No.  6  wire  ties  spaced  12  ins. 
on  centers,  the  16xl6-in.  struts  being  used  only 
in  those  panels  where  diagonal  bracing  is 
used. 


inner  face  of  the  promenade  has  a  height  of 
3  ft.  6  ins.  and  a  thickness  of  4  ins.  A  cross 
section  of  this  wall  is  shown  in  Fig.  2  (a). 

The  field-wall  extends  4  ft.  9  ins.  above 
the  grade  of  the  playing  field  and  2  ft.  above 
the  stadium  walk  which  extends  along  it.  This 


Fig.   5. 


Rear  View  at   One    End   of  Stadium    Showing    Location    of    160-ft.    Steel    Tower- 
Note   Location  of  Material   Pile  and  Cement  Shed. 


necessary  to  vary  the  slope  of  these  runways 
from  1%  in.  to  2%  ins,  per  foot.  For  several 
of   the   runways,   steps   were  provided   in   the 


Back  and  Field  Walls  and  Railing. — Figure 
2  (h)  shows  a  panel  of  the  back-wall,  and 
Fig.  2  (a)   shows  a  cross  section  of  it.     This 


Fig.  3.    Typical   Cross   Section    of     Stadium 
Showing   Position  of   Runway. 

wall  has  a  thickness  of  8  ins.  and  is  reinforced 
as  shown  in  Fig.  2  (i). 

CONSTRUCTION    FEATURES. 

In  leveling  the  field  steam  shovels  and 
carts  were  used,  about  40,000  cu.  yds.  of  earth 
being  moved  in  this  way.  After  the  area 
was  excavated  to  the  proper  level,  the  playing 
field  was  covered  with  a  30-in.  fill  consisting 
of  successive  layers  of  broken  stone  and 
cinders,  with  open-joint  drain  tiles  along  the 
bottom.  This  base  was  then  surfaced  with 
new  turf.  Figure  4  is  a  view  of  the  site  show- 
ing the  work  of  bringing  the  field  to  grade  in 
progress.  The  view  also  shows  concreting 
work  in  progress  at  the  open  ends  of  the 
stadium. 

The  concreting  work  was  carried  on  by  two 


Fig.  6.   Rear  View  of  Wing  of  Palmer  Memorial  Stadium  Showing  Architectural  Treatment — Note  Ornamental   Towers  at  Main    Entrance. 


space  between  columns  B   and  C  to  keep  the       wall  has  a  thickness  of  8  ins.  and  extends  3       separate   gangs,    each    having   an   organization 
slopes  within  the   above  limits.     The   runway       ft.  9  ins.  abo\'fe  the  rear  promenade.     At  col-      complete  in  itself.     The  work  was  started  at 


May  26,  1915. 
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the  open  end  of  the  stand,  one  gang  operat- 
ing on  each  wing.  The  keen  competition 
which  developed  between  the  two  gangs  re- 
sulted in  exceedingly   rapid   progress. 

The  concrete  was  hoisted  in  160-ft.  steel 
towers  and  was  chuted  into  place  through 
long  flexible  chutes  suspended  from  a  cable- 
way.  These  towers  were  placed  back  of  the 
stand,  being  so  located  that  it  was  possible 
to  pour  about  two-thirds  of  one  straight  side 
in  these  positions.  They  were  then  moved 
to  points  near  the  curved  end,  and  the  struc- 
ture completed.  Figure  5  is  a  view  of  one 
of  the  steel  towers  and  its  spouting  equip- 
ment in  place  for  pouring  the  straight  portion 
of  a  side  of  the  stadium.  The  view  also  shows 
the   form  work  for  the  rear  portion. 

The  hoisting  bucket  in  each  tower  was 
charged  from  a  %-cu.  yd.  motor-driven  mixer, 
the  materials  being  delivered  to  the  mixer  in 
wheelbarrows,  from  storage  piles  located  near 
by  (see  Fig.  .5).  With  the  use  of  a  double 
set  of  three-bay  forms  for  each  wing  the 
concreting  operations  were  made  continuous, 
the  first  set  of  forms  being  moved  and  re- 
erected  while  the  concrete  in  the  second  set 
was  being  poured. 

The  first  concrete  was  poured  on  June  29, 
1914,  and  the  two  wings  were  joined  together 
on  Oct.  3,  1914,  the  best  day's  run  being  227 
cu.  yds.  of  concrete  poured  by  one  gang  in 
10  hours.  The  entire  structure  was  completed 
in  178  working  days.  Figure  6  is  a  rear  view 
of  one-half  of  the  completed  structure  show- 
ing the  architectural   treatment. 

There  were  used  in  the  construction  of  the 
stadium  78,(100  bags  of  cement,  (1,000  cu.  yds. 
of  sand,  11,000  cu.  yds.  of  stone,  4-JO  tons  of 
reinforcing  rods,  375,000  sq.  ft.  of  "Clinton" 
wire  mesh,  and  1,670,000  ft.  B.  M.  of  lumber. 

PERSONNEL. 

The  architectural  design  was  executed  by 
H.  J.  Hardenhergh.  New  York,  and  the  struc- 
tural design  by  Purdy  &  Henderson,  New 
York.  The  George  A.  Fuller  Construction 
Co.,   of   New  York,  built  the  structure. 


Data  Requested  on  the  Bearing  Value 

of  Soils. 

The  American  Society  of  Civil  Engineers 
has  appointed  a  special  committee,  the  object 
of  which  is  "To  Codify  Present  Practice  on 
the  Bearing  Value  of  Soils  for  Foundations, 
and  to  Report  upon  the  Physical  Character- 
istics of  Soils  in  Their  Relations  to  Engineer- 
ing Structures."  This  committee,  which  con- 
sists of  Robert  A.  Cummins,  chairman;  \V.  J. 
Douglas,  Edwin  Duryea,  Jr.,  Frank  M.  Kerr. 
J.  C.  ]\leem.  E.  C.  Shankland,  and  Samuel 
Tobias  Wagner,  has  issued  a  circular  request- 
ing co-operation  in  its  work,  and  asking  for 
specific  data  on  soils  and  on  their  bearing 
power.     The  accompanying  list  of  questions  is 


submitted,  and  it  is  hoped  that  anyone  pos- 
sessmg  data  on  this  important  subject  will 
send  in  such  data  to  the  chairman  of  the  com- 
mittee, whose  address  is  221  Fourth  Ave., 
Pittsburgh,  Pa.  The  questions  are  numbered 
serially,  and  in  submitting  data  it  is  requested 
that  the  numbers  be  referred  to  (without  re- 
peating the  questions).  The  committee  is  de- 
sirous of  securing  as  full  replies  as  possible, 
especially  as  to  practice  and  question  No.  -53. 
Samples  of  soils  (in  air  and  water-tight  con- 
tainers) are  also  desired  to  assist  in  the  classi- 
fication of  soils.  The  questions  are  submit- 
ted under  three  headings ;  Questions  1-15  re- 
fer to  tests  for  the  bearing  value  of  soils; 
questions  ltl-47  refer  to  data  as  to  the  bearing 
value  of  soils,  from  existing  structures ;  and 
questions  48-59  to  local  practice  as  to  the 
bearing  value  of  soils. 

TE.STS  FOR  BEARING  VALUE  OF  SOILS. 

1.  Ple.ise  give  name  and  address  (if  possible) 
of  party  furnishing  information  regarding  this 
test. 

2.  Who   conducted   the   test   of   the   soil? 

3.  Wlien  was  the  test  made? 

4.  Wliere  was  the  test  made,  and  what  was 
its  particular  purpose? 

5.  State  proximity  to  any  body  of  water. 

6.  Give  a  short  description  of  the  character 
of  the  structure  for  whicli  this  test  was  made. 

7.  Give  a  vertical  section  of  the  soil  below 
the  ground  line,  and  thickness  of  next  stratum 
of  soil  below  tested  foundations. 

S.  Was  the  soil  dry,  moist,  or  wet?  What 
was  its  color  when  air  dried,  and  when  in 
natural   state? 

9.  Describe  the  physical  character  of  the  soil, 
and  whether  porous  or  impervious,  loose  or  com- 
pact, laminated  or  homogeneous,  and  such  other 
characteristics  as    may    occur   to   you. 

10.  Describe  method  of  testing  in  detail. 

11.  Was  static  or  dynamic  loading  used  in 
making  the  test? 

12.  Please  state  the  rate  of  settlement  under 
test,  and  the  corresponding  load. 

13.  Were  any  observations  made  of  the  influ- 
ence of  the  test  load  on  adjacent  soil?  If  so, 
describe  as  fully  as  possible. 

14.  What  was  the  actual  frictional  or  peri- 
pheral resistance,  if  this  was  determined? 

15.  What  were  the  conclusions  from  the  test 
as  to  ultimate  and  safe  loads  for  the  bearing 
value  of  soil?  Give  frictional  resistance  of  the 
sides  or  yny  other  results  possessing  useful  in- 
formation. 

DATA     AS     TO     THE     BEARING    VALUE     OF 
SOILS   FROM   EXISTING  STRUCTURES. 

16.  Please  give  name  and  address  of  party 
furnishing   information. 

17.  Wlio   designed   the    structure? 
l.*!.     Who  built  the  structure? 

19.  Who  made  the  observations  and  compiled 
the  data? 

20.  When  was  the  structure  built?  Give  its 
history  briefly. 

21.  Give  date  when  observations  were  made. 

22.  Give  location  of  structure  and  its  pur- 
pose. 

23.  State  proximity  to  any  body  of  water  and 
influence  of  vibrations. 

24.  Describe  class  of  structure.  Whether  tem- 
porary or  permanent? 

25.  Can  you  furnish  drawings  or  sketches  giv- 
ing full  dimensions  of  the  structure?  If  not, 
give  the  following: 

26.  Cross-section  of  the  structure. 

27.  Area   of  base. 


2S.  Peripheral  area  of  the  sides  in  contact 
with  the  soil. 

29.  Depth  below  ground  line  of  bed  of  river. 

30.  Depth  below  high  and  low  water. 

31.  Were  the  sides  of  the  structure  in  contact 
with  the  original  undisturbed  soil  or  filled 
ground? 

32.  Were  the  sides  of  the  structure  vertical 
or  inclined?     If  the  latter,  how  much? 

33.  Describe  method  used  in  building  the 
foundation  of  the  structure. 

34.  What  kinds  of  materials  were  used  in  the 
structure? 

35.  Give  vertical  sections  of  the  soil  below 
ground  line  and  thickness  of  next  stratum  of 
soil   below   the  foundation. 

36.  Was  the  structure  subjected  to  static  or 
dynamic  loads? 

37.  What  was  the  assumed  live  or  moving 
load? 

38.  Gi\'e  maximum  live  or  moving  load  per 
square  foot  on  the  base. 

39.  Give  maximum  dead  load  per  square  foot 
on  the  base.  (Neglecting  atmospheric  pressure, 
buoyant  effect,  and  friction.) 

40.  In  answer  to  Questions  38  and  39,  what 
consideration,  if  any,  was  given  to  buoyancy  of 
water  or  peripheral  friction? 

41.  Was  the  moving  or  live  load  assumed  or 
actual? 

42.  Was  the  pressure  uniformly  distributed? 
It  not,  describe  the  distribution. 

43.  What  was  the  relation  between  the  total 
proportion  of  the  loads  borne  by  the  bearing 
area  and  the  frictional  area? 

44.  Please  state  the  rate  and  total  settle- 
ment of  the  foundations. 

45.  How  long  was  the  settlement  continued 
before  reaching  a  state  of  rest?  Give  time  rec- 
ords,  if  possible. 

46.  What  evidences  of  settlement  exist?  If 
any,  describe  condition,  nature,  size,  and  ex- 
tent of  cracks.  (All  information  furnished  will 
be  treated  as  confidential,  if  the  paper  is  so 
marked;  especially  is  information  solicited  re- 
garding failures  or  partial  failures,  settlements 
or  cracks.) 

47.  Does  the  structure  indicate  that  the  as- 
sumed safe  loading  per  square  foot  was  too 
high?  If  so,  state  your  conclusion  and  give 
any  additional  information  as  to  ultimate  and 
safe  load  for  the  bearing  value  of  soil.  etc. 

LOCAL    PRACTICE    AS    TO    THE    BEARING 
VALUE    OF   SOILS. 

48.  Give  name,  address,  and  title  of  party 
furnishing   the    following   information: 

49-  How  long  has  the  present  practice  in  your 
locality   been   followed? 

50.  Give  the  locality  to  which  the  practice 
refers. 

51.  What  distinction,  if  any,  is  made  in  al- 
lowable pressures  for  different  classes  of  struc- 
tures, or  for  dynamic  or  static  loading? 

52.  Are  there  any  peculiarities  in  the  foun- 
dation soils  in  your  district?  If  so,  please  de- 
scribe. 

53.  Assuming  a  given  bearing  value  for 
gravel  or  other  uniform  soil  at  the  surface  of 
the  ground,  what,  if  any,  increase  is  made  in 
this  value  as  the  depth  increases? 

54.  Is  it  assumed  that  the  entire  live  load 
will  reach  the  bearing  area?  If  not.  what  as- 
sumptions are  made? 

55.  What  are  the  allowable  bearing  pressures 
for  different  soils,  as  given  in  the  local  build- 
ing code  or  other  laws? 

56.  When  were  the  building  laws  enacted? 

57.  If  there  are  no  laws,  what  is  your  local 
practice? 

58.  Please  give  any  additional  information, 
not  covered  by  the  foi-egoing,  that  would  be  of 
use   to    the   committee. 

59.  If  possible,  give  information  as  to  per- 
missible settlement  for  structures  of  various 
types  resting  on   compressible   soils. 
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A  New  Machine  for  Making  and  Sharp- 
ening Rock  Drill  Bits. 

(Contributed.) 

The  accompanying  photographs  illustrate  the 
new  drill  making  and  sharpening  machine, 
which  is  being  introduced  by  the  Sullivan  Ma- 
chinery Co.,  and  which  is  manufactured  at 
its  Chicago  works.  This  new  machine  has 
been  designed  on  the  lines  of  the  Imperial 
Sharpener,  for  a  number  of  years  built  by 
Mr.  T.  H.  Proskc,  of  Denver,  who  has  grant- 
ed the  Sullivan  iVlachinery  Co.  exclusive  man- 
ufacturing and  sales  privileges.  The  Sullivan 
machine,  however,  bears  only  a  family  re- 
semblance to  its  Denver  prototype.  The  new 
machine  is  larger,  more  heavily  built,  more 
powerful.  All  its  working  parts  are  much 
larger   and   more   substantial   and    with   more 


generous  bearing  surfaces.  The  new  machine 
is   about   double  the  weight  of  the  old. 

The  Sullivan  sharpener  consists  of  two 
members,  one  horizontal,  the  other  vertical, 
both  mounted  on  a  substantial  box  shaped 
frame.  These  members  consist  of  Sullivan 
2%-in.  rock  drill  cylinders,  with  standard 
"Litcweight"  or  ditfcrcntial  air  thrown 
valve  motion.  The  horizontal  drill  or  ham- 
mer is  used  for  upsetting  the  steel  into  the 
shape  of  the  bit  or  shank,  by  means  of  suit- 
able steel  dollies,  loosely  mounted  on  the  end 
of  the  shank  or  piston  rod.  In  this  hammer, 
the  piston  is  a  floating  one,  as  in  a  hammer 
drill,  ;md  delivers  its  blows  on  the  upset  anvil 
blnck-head  of  the  projecting  piston  rod. 

The  vertical  member  furnishes  power  for 
shaping  the  wings  of  the  bit,  etc.,  and  for 
drawing  out  and  finishing  the  corners.  This 
work  is  done  by  steel  dies,  one  acting  as  an 


anvil,  and  the  other,  attached  to  the  piston 
rod  above,  as  a  swage  or  hammer.  The  verti- 
cal hammer  is  operated  by  a  foot  lever,  which 
is  ordinarily  held  up  by  a  coil  spring.  This 
spring  also  serves  to  hold  up  a  release  pin, 
running  through  the  lower  valve  bushing,  and 
in  liirn  holding  the  valve  away  from  the 
lower  seat,  so  that  the  piston  is  always  held 
at  the  upper  or  rear  end  of  the  cylinder,  by 
live  air.  when  the  hammer  is  idle.  When  the 
foot  treadle  is  depressed,  the  pin  drops,  allow- 
ing the  valve  to  seat,  and  the  hammer  to  start. 
The  steel  is  held  in  position  while  being 
upset  by  steel  gripping  dies  set  in  a  heavy 
vise,  which  is  operated  by  air  power.  This 
vise  simply  grips  the  steel,  the  forming  being 
done  altogether  by  the  upsetting  dolly  and 
hammer.  The  vise  consists  of  a  heavy  steel 
yoke,  through  each  end  of  w'hich  runs  a  mas- 
sive  steel   post   or   column.     These   posts   are 
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joined  at  the  foot  hy  ;i  second  yoke,  into 
which  fits  the  lower  end  of  a  snhstantial  block 
or  toggle  link.  The  upper  end  of  this  link  is 
pinned  to  a  cross  head  block,  running  hori- 
zontally in  guides  in  the  frame.  The  cross 
head  and  link  are  actuated  by  a  piston  rod 
connected  to  a  piston  12  ins.  in  diameter,  run- 
ning in  an  air  cylinder  at  the  rear  end  of 
the  frame.  (.See  sectional  view.)  When  air 
is  admitted  behind  this  piston,  the  cross  head 
is  forced  forward  and  the  link  forward  and 
down,  carrying  the  yoke  with  it,  and  closing 
the  vise  witli  tremendous  force.  AW  at  100 
lbs.  pressure  is  recommended  as  motive  power. 
The  power  provided  by  the  air  is  multiplied 
many  times  just  at  the  end  of  the  ravel,  when 
the  cross  head  and  link  form  a  knuckle  like 
lever.  The  i>ull  thus  exerted  is  estimated  at 
not  less  than   100,000  lbs.  per  square  inch. 

One  of  the  steel  gripping  dies  is  pinned  into 
a  socket  in  the  top  yoke  of  the  vise,  while  the 
other  fits  a  similar  socket  in  the  frame  or 
base  below. 

The  vise  and  the  upsetting  hammer  are  oper- 
ated by  one  hand  lever,  the  valve  motion  be- 
ing so  controlled  that  as  the  handle  is  de- 
pressed, the  vise  is  closed  before  air  is  ad- 
mitted to  the  upsetting  cylinder.  Further  de- 
pression starts  the  hammer  reciprocating.  The 
vise  valve  rod  contains  a  link  and  coil  spring 
which  holds  the  valve  in  position  to  keep  the 
inlet  port  to  the  upsetting  cylinder  closed  when 
the  machine  is  idle.  In  stopping  the  machine, 
the  lever  is  raised,  first  shutting  off  air  from 
the  upsetting  hammer  and,  when  this  has 
stopped,  opening  the  vise. 

Air  enters  the  machine  at  the  rear  by  stand- 
ard pipe  connections.  No  hose  is  employed, 
except  a  short  length  for  cleaning  purposes. 
One  arm  of  the  inlet  pipe  enters  the  valve 
chest  of  the  vise  or  clamping  cylinder,  while 
a   second    supplies   the    vertical    hammer.     An 


of  the  dies  and  clamp.  A  similar  arrangement 
is  used  in  the  vertical  member  to  keep  the 
dies  clean. 

As  stated  above,  the  operator  cannot  start 
the  upsetting  hammer  until  the  clamp,  or  vise, 
is  in  operation.  A  further  protection  con- 
sists in  a  pin  which  rises  through  the  frame 
when  the  vise  opens,  and  drops  out  of  sight 
when  the  vise  is  closed  fully.  A  stop  is 
clamped  to  the  valve  reach-rod  in  position 
to  strike  the  pin  and  prevent  the  action  of 
the  hammer  cylinder,  unless  the  pin  is  down 
completely  (i.  e.  unless  the  vise  is  closed). 

As  a  positive  guard  against  operating  the 
vertical  hammer  while  the  horizontal  one  is 
at  work,  (a)  A  loose  pin  is  provided,  which 
may  be  inserted  in  holes  in  the  guide  and  guide 
weight,  (b)  Figure  W13T7  shows  a  rod  at- 
tached to  the  handle  or  lever  operating  the 
vise  and  upsetting  hammer,  in  such  a  way 
that  its  lower  end  passes  through  a  stop  and 
in  front  of  an  arm  provided  for  the  purpose 
on  the  foot  treadle.  If  the  operator  should 
inadvertently  step  on  this  treadle  while  using 
the  horizontal  members,  this  rod  and  stop 
render  the  treadle  inactive,  (c)  A  hinged  dis- 
tance piece  fitting  over  the  piston  rod  of  the 
upsetting  hammer,  prevents  the  dolly  from  fol- 
lowing the  rod  back,  away  from  its  position, 
with  consequent  danger  of  breakage. 

The  operating  levers  are  so  placed  that  the 
smith  uses  them  conveniently  with  his  left 
hand  and  left  foot,  bringing  his  right  hand  at 
a  proper  point  to  handle  the  steel  readily.  The 
absence  of  a  long  carriage  and  tail  block  to 
hold  the  steel  in  position  is  a  saving  in  floor 
space  and  in  labor. 

In  sharpening  new  steel,  the  operator  clamps 
the  stock  in  the  vise,  upsets  it  slightly  with  a 
few  blows  from  the  horizontal  hammer,  then 
releases  it.  and  begins  to  draw  out  the  wings 
under   the   vertical    hammer.      This   is   so   ar- 
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Fig.    1.     Machine   for    IVIaking    and    Sharpening    Drills. 


outside  connection  leads  .nir  from  the  side  of 
the  clamping  cylinder  chest  to  the  valve  chest 
of  the  upsetting  hammer. 

The  e.xhaust  from  this  cylinder  is  led  di- 
rectly into  the  frame.  Exhaust  air  is  led 
from  the  clamp  valve  chest,  by  a  pipe  and 
cored  passages,  to  the  vise  rod  guides. 
Whenever  the  vise  is  opened,  this  exhaust  air 
escapes,  effectively  blowing  dirt  and  scale  out 


ranged  that  slow,  heavy  blows,  or  light  rapid 
ones  can  be  struck.  The  steel  is  thus  alter- 
nated until  sufficiently  upset  and  proper  gauge 
and  angle  given  the  cutting  edges,  when  the 
corners  are  finished  by  the  vertical  dies.  It  is 
customary  to  make  complete  perfect  bits  from 
blank,  raw  bar  steel  in  one  heat  in  the  Sul- 
livan sharpener,  and  while  daily  or  monthly 
records  are  dependent  on  other  things  besides 


the  machine,  a  blacksmith  can  finish  new  bits, 
with  a  little  practice,  in  50  seconds  to  one 
minute  each. 

Bits  of  any  form  and  gage  may  be  made  on 
this  machine,  on  steel  of  any  shape,  solid  or 
hollow;  and  shanks  also  may  be  formed  to 
order,  providing  proper  dollies  and  dies  are 
furnished.  The  collared  shanks  on  hollow 
steel  for  rotators  or  hand  feed  hammer  drills, 


Fig.  2.    Swages    and     Dies    for    Sharpening 
Drills. 

and  the  lugged  shanks  for  mounted  water  jet 
hammer  drills  are  two  forms  that  are  made 
economically  and  rapidly  on  this  machine. 

The  sharpener  occupies  a  floor  space  of  5x 
21/2  ft.  and  is  6  ft.  high.  It  weighs  4,000  lbs. 
Lubrication  is  by  means  of  a  rock  drill  type 
oiler  placed  in  the  air  inlet  pipe.  The  cross 
head,  guides,  etc.,  are  oiled  through  a  pro- 
tected oil  hole  in  the  top  of  the  frame.  The 
hammer  cylinders  are  provided  with  the  stand- 
ard Sullivan  automatic  differential  pressure  oil 
chambers,  cast  in  the  cylinder. 

It  is  an  accepted  fact  that  no  improvement 
on  or  even  satisfactory  substitute  has  been 
found  for  the  making  and  sharpening  of  drill 
bits  by  the  hand  work  of  a  skillful  black- 
smith, in  so  far  as  the  character  of  the  steel 
is  concerned.  The  drill  sharpening  machine 
makes  bits  faster  and  more  uniformly,  as  to 
shape  and  gage,  than  can  the  most  expert 
hand  smith.  But  the  qualities  given  the  steel 
l)y  the  constant  hammering  of  the  bit  on  the 
an\'il  are  not  secured  by  mechanical  means 
such  as  squeezing  or  molding,  sometimes  used 
as  a  sulistitute.  Practical  drillmen  know  that 
the  footage  drilled  by  a  new  bit  is  not  as 
great  as  it  will  be  after  the  bit  has  been 
under  the  blacksmith's  hannner  a  few  times. 
In  other  words,  the  hammering  refines, 
toughens  and  aligns  the  structure  of  the  steel 
in  the  direction  that  gives  greatest  resistance 
to  wear  and  shock.  This  is  the  effect  secured 
by  the  Sullivan  sharpener,  in  which  all  work, 
from  first  to  last,  is  done  by  hammering,  so 
that  to  the  uniformity  of  gage  and  perfec- 
tion of  shape  attained  in  other  sharpeners  as 
well,  are  added  the  qualities  of  increased 
durability,  toughness  and  strength,  which 
means  that  bits  made  in  the  Sullivan  sharp- 
ener will  cut  faster,  last  longer  and  cost  less 
for  wear  and  breakage  than  bits  sharpened  by 
other  means. 

-Another  element  in  the  efficiency  of  the  "all- 
hammer"  sharpener  is  that  hammer  sharpened 
bits  lose  heat  less  rapidly  than  steel  that  is 
squeezed  or  molded  into  shape.  This  is  an 
important  time  factor,  when  many  bits  are 
to  be  made  in  a  day. 


A  Notable  Floating  Sand  and  Gravel 
Plant. 

(Contributed.) 

The  largest  floating  sand  and  gravel  plant 
in  the  country  has  recently  been  put  into 
commission.  It  is  owned  by  the  E.  T.  Slider 
Co.  of  New  Albany,  Ind.  The  plant  has  a 
capacity  of  3,000  yards  per  day  of  ten  hours. 
The  equipment  is  mounted  on  a  dredge  boat 
22.5  ft.  long  having  a  beam  of  3fi  ft.  and  a 
depth  of  6V2  ft.  The  boat  draws  27  ins.  of 
water  running  light  and  32  ins.  when  coaled 
and   loaded   for   service. 

On  the  forward  end  of  the  boat  is  mounted 
an  automatic  swinging  A-frame  derrick  with 
a  .50  ft.  boom.  A  3-yard  Hayward  clam  shell, 
manganese  fitted,  is  operated  by  the  derrick 
which  delivers  the  material  into  a  dewatering 
hopper  which  overhangs  the  bow  of  the  boat. 
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This  hopper  is  11  ft.  wide  and  1!)  ft.  long 
and  is  constructed  to  drain  ofif  the  water  which 
is  discharged  by  the  bucket  and  delivers  only 
the  material  onto  the  conveyor  belt.  A  trap 
gate  is  also  provided  at  the  bottom  of  the 
hopper  which  automatically  closes  when  there 
is  a  small  amount  of  material  in  the  hopper. 
This  sea's  the  flow  of  water  through  the  gate 
until  a  sufficient  quantity  of  material  gives 
sufficient  weight  and  ;)ressure  to  open  the  gate. 
As  the  bottom  of  the  hopper  is  always  filled 
with  material  the  water  at  the  top  of  the  hop- 
per is  not  allowed  to  discharge  through  the 
gate   but   flows   out   through   louvers  near   top 


different  scows,  alongside  the  dredge.  The 
spouting  system  from  the  screens  is  novel  in 
that  it  permits  of  several  combinations  of  ma- 
trrial  to  be  loaded,  together  or  separately  as 
the  market  requires.  The  sand  is  loaded  on 
sand  SCOW'S  on  the  opposite  of  the  dredge. 

.■\  double  10.\14-in.  engine  drives  the  screens 
and  belt  conveyors  by  means  of  a  rope  drive 
to  a  centralized  jack  shaft  and  the  screens 
are  driven  from  the  jack  shaft  by  heavy  all- 
steel  bar  link  roller  chains  6-in.  pitch. 

The  over-size  stone  is  taken  out  by  the  inner 
jacket  of  the  triple  jacked  screen  and  is 
spouted  into  a  36-in.  Symons  disc  crusher.  The 
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of  hopper  provided  for  that  purpose.  This 
construction  overcomes  difficulties  which  have 
always  been  exceedingly  troublesome. 

The  clam  shell  is  operated  by  a  double  13.x 
18-in.  Hayward  excavator  engine.  This  en- 
gine was  especially  designed  for  this  service 
and  has  a  long  drum  countershaft  extending 
the  full  width  of  the  boat,  which  locates  the 
drums  at  each  side  of  the  boat  and  gives  a 
direct  load  to  the  bucket  operating  chains 
from  the  chain  idlers  on  the  A-frame.  These 
chains  are  1  in.  dredge  chains.  The  operat- 
ing levers  for  this  engine  are  banked  in  the 
operator's  cage  in  the  fork  of  the  .\-frame 
where   the   operator   can   observe   everything. 

The  material  from  the  loading  hopper  is  de- 
livered onto  a  3tj-in.  troughed  belt  conveyor 
which  goes  horizontally  rearward  underneath 
the  derrick,  then  upward  to  a  sufficient  eleva- 
tion to  deliver  into  the  washing  screens.  The 
screens  consist  of  two  sets  of  triple  jacketed 
hook-bolt  type  washing  screens  for  gravel 
and  two  single  jacketed  hook  bolt  screens  for 
separating  the  fine  gravel  from  the  sand.  The 
single  jacketed  screens  are  mounted  directly 
beneath  the  triple  jacketed  screens. 

The  loading  belt  conveyors  running  ath- 
wart    ship     deliver     the     washed     material     to 


crusher  has  an  independent  drive  run  Ijy  a 
single  10.xl4-in.  engine.  If  the  dredge  is  dig- 
ging in  a  sand  bar  the  crushing  plant  is  not 
operated. 

The  fresh  water  is  supplied  by  a  7-in.  Amer- 
ican Well  Works  centrifugal  pump  operated 
by  another  l(l.xl4-in.  single  engine.  The  speed 
of  this  engine  can  be  varied  in  order  to  meet 
the  washing  requirements  of  the  screens. 

.■\  pair  of  7xl0-in.  direct  connected  engines 
are  geared  to  a  long  shaft  athwart  the  boat 
for  operating  friction  drums  for  moving 
barges.  This  enables  the  operators  to  load 
scows  with  little  loss  of  time  to  the  main 
dredge. 

A  complete  electric  lighting  system  is  in- 
stalled in  the  dredge  operated  by  a  single  Tx 
10-in.  engine.  The  dredge  is  provided  with 
four  24  X  24-in.  x  40-ft.  spuds  with  heavy 
steel  shoes.  These  spuds  have  four  sets  of 
6.x6-in.  direct  connected  spud  engines  geared 
to  rocks  on  the  spuds.  The  boiler  equipment 
consists  of  two  66-in.  x  Ifi-ft.  100-H.  P.  boil- 
ers built  to  operate  at  100  lbs.  pressure  and 
so  arranged  that  each  is  a  separate  independ- 
ent unit.  In  front  of  each  boiler  is  an  ash 
well  through  the  bottom  of  the  boat.  The 
boat    has    complete    accommodations    for    crew 


such  as  kitchen,  dining  room  and  bunk-rooms.' 
The  coal  is  unloaded  from  barges  by  the 
clam  shell  and  spouted  from  the  conveyor  di- 
rect to  coal  bunkers  in  front  of  the  boilers. 

The  plant  was  planned  by  Mr;  Slider,  the 
owner,  and  designed  and  equipped  by  The 
Raymond  W.  Dull  Co.  of  Chicago.  111. 


A  Portable  Circle  Swing  Derrick. 

Figure  1  illustrates  the  new  "Sasgen"  Steel 
Champion  portable  circle  swing  builder's  der- 
rick. The  boom  of  this  derrick  can  be  re- 
moved by  loosening  a  single  nut  and  raising 
the  boom  about  2   ins.     The  bottom  sills  and 


Fig.  1. 


mast  fold  together,  the  derrick  thus  being  in 
two  parts  to  facilitate  shipment.  The  derrick 
has  a  height  of  7%  ft.  and  the  boom  extends 
.5  ft.  It  weighs  20U  lbs.  and  has  a  capacity  of 
1,000   lbs. 

Figure  2  shows  the  latest  improvement  in 
"Sasgen"  single  shaft  geared  winches.  This 
winch  can  be  operated  direct  or  in  gear,  with- 
out changing  the  motion  of  the  crank.     It  can 
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Fig.  2. 

be  changed  from  direct  to  compound  by  oper- 
ating a  lever.  The  winch  has  a  capacity  of 
3,000  lbs.,  three  lines,  the  drum  being  4x8 
ins. 

The  derrick  and  winch  shown  are  manu- 
factured by  the  Sasgen  Brothers  Derrick  Co., 
North   Racine  Ave.,  Chicago. 
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Design  and  Operation  of  Small  Munici- 
pal Refuse  Incinerator  at  Inter- 
national Falls,  Minn. 

(  SlaH'  Abstract. ) 
The  disposal  of  numicipal  refuse  in  small 
cities  and  villages  is  usually  carried  on  in  a 
haphazard  method  which  is  Ixjth  uneconomical 
and  unsanitary.  The  village  is  proportionate- 
ly less  able  to  make  a  thorough  study  of  con- 
ditions than  is  the  big  city.  In  the  village  a 
systematic  plan  of  refuse  sorting  is  out  of 
the  (lucstion,  from  an  economic  standpoint, 
for  the  recoverable  quantity  of  high  value  is 
not  great  enou.gh  to  be  valuable  for  fuel  or 
other  purposes.  The  method  selected  should 
be,  therefore,  above  all  sanitary,  and  shouUl 
permit  of  the  disposal  of  mixed  refuse  with- 
out the  necessity  of  sorting  and  at  the  mimi- 
mum  expense.  Refuse  cullcction  and  hauling 
must  l)e  handled  according  to  the  local  con- 
ditions     The  present  article  describes  the  de- 


sign and  operation  ol  the  twin  refuse  incin- 
erators at  International  halls,  Minn.,  where 
mixed  refuse  has  been  disposed  of  by  burn- 
ing in  a  sanitary  and  economical  manner.  The 
population  served  is  4,(inil.  The  same  method 
could  doubtless  be  employed  with  equal  suc- 
cess in  other  small  cities  and  villages. 

OLD    METHOD    OF    DISPO.S.\L. 

L'ntil  about  two  years  ago  it  was  the  cus- 
tom in  International  Falls,  during  the  summer 
months,  to  gather  up  such  refuse  as  could 
easily  be  collected  and  to  dispose  of  this  ref- 
use by  (hunping  it  into  the  Rainy  River  at  a 
point  about  two  miles  from  town.  The  refuse 
was  hauled  to  the  river  bank  in  wagons  and 
there  dumped.  In  many  cases  the  refuse  was 
left  on  the  shore  where  it  created  a  nuisance. 
Objection  by  nearby  property  owners  to  this 
procedure  led  to  a  consideration,  by  the  City 
Council,  of  better  methods.  Several  sites 
were  considered  for  the  disposal  of  all  classes 
of  refuse,  including  dead  animals,  by  burying. 


Again  those  living  near  these  sites  objected 
and  at  length  the  council  accepted  the  propo- 
sition of  one  of  their  number,  Mr.  G.  .'\.  Ove- 
son,  to  build  an  incinerator  which  he  thought 
would   dispose  of  all  the  city's  mixed   refuse. 

The  accompanying  figure  shows  the  con- 
struction and  dimensions  of  the  incinerator 
al  International  halls.  The  materials  einployed 
are  ordinary  brick,   fire  brick  and  sheet  steel. 

In  type  it  is  vertical,  the  receiving  chamber 
being  directly  above  the  firebox  so  that  the 
refuse  comes  in  direct  contact  with  the  lire. 
Cwin.g  to  the  i)eculiar  egg-shape  of  the  cham- 
ber, which  is  narrower  at  the  lop  than  at  the 
center,  all  garbage  has  a  tendency  to  fall  to- 
wards the  center  without  an  opportunity  of 
clinging  to  the  walls.  This  gives  ample  op- 
portunity for  a  draft  around  the  outer  edge 
of  the  mass  when  the  burner  is  full.  In  size 
it  is  smaller  than  would  at  first  seem  reason- 
able, the  inside  measurements  being  as  fol- 
lows:   height    from   to|)   of   firebox   to   top   of 
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brick  work,  11  ft.;  inside  width  of  chamber 
at  widest  part  is  6  ft.,  sloping  to  form  an  oval 
shape  to  a  final  width  at  top  of  4^  ft.  On 
top  is  placed  a  dome  and  smoke  stack.  It  is 
15  ft.  from  the  top  of  the  dome  to  tlie  top  of 
the  hood  on  the  smoke  stack.  The  dome  is  C 
ft.  high  and  contains  two  doors  which  make 
an  opening  4  ft.  8  ins.  by  4  ft.  8  ins.  into 
which  all  refuse  is  dumped.  The  fire  bo.x  is 
built  in  a  triangular  shape,  30  ins.  wide  at 
bottom,  30  ins.  high  with  an  opening  at  the 
top  into  the  receiving  chamber  9  ins.  by  3  ft. 
2  ins.  This  construction  obviates  the  necessity 
of  grates  which  would  be  almost  out  of  the 
question  with  a  fire  both  above  and  below,  and 
which  would  soon  become  clogged  with  molten 
glass  and  tin  cans.  .At  the  same  time  this 
construction  affords  a  place  for  ashes,  clinkers, 
etc.,  to  fall  through  so  that  they  can  easily  be 


No  accurate  record  of  the  amount  burned 
during  one  season  has  been  kept  but  the  city 
has  been  able  to  dispose  of  all  its  refuse 
hauled  away  from  its  streets  and  alleys.  If 
care  is  taken  in  hauling  and  mixing  a  still 
higher  eflficiency  could  be  obtained,  but  as  in 
all  other  small  cities  this  is  not  attempted  at 
International  Falls,  and  everything  has  to  be 
taken  as  it  comes.  Fuel  is  seldom  necessary 
except  for  starting  the  fire  in  the  morning. 
When  a  good  fire  has  once  been  started  the 
garbage  burns  of  itself;  the  inside  of  the 
burner  is  in  fact  so  hot  in  the  morning,  after 
a  continued  use  of  the  burner  the  day  before, 
that  the  first  load,  if  fairly  dry,  will  catch 
and  burn  for  the  remainder  of  the  day  with- 
out additional   fuel  in  the  fire  box. 

During  three  months  in  the  spring  of  1914, 
when  most  of  the  cleaning  up  and  hauling  was 


Brick 
work 


.  -^iu ^9i 

'^■g^i-Cost  Iron  Clean  out  Door 
.'7' yiS'xie- Outside  I' thick 


.3-9\^_Jj:j6:U'^_ 


7-8-     ^;l.'Z'j;}' 


Design  Details  of  Twin  Refuse  Incinerators, 

of    Oveson    Type,    at    International 

Falls,   Minn. 

taken  out  through  the  fire  box.  For  all  residue 
which  can  not  be  taken  out  in  this  way  there 
is  an  opening  directly  above  the  firebox,  18 
ins.  square,  through  which  the  remaining  ma- 
terial can  be  taken,  except  in  the  case  when  a 
large  amount  of  glass  is  thrown  in.  Large 
amounts  of  molten  glass  have  a  tendency  to 
so  cement  the  tin  cans  together  that  it  is 
sometimes  necessary  to  break  up  this  mass  and 
take  it  out  through  the  opening  at  the  top. 
All  of  the  residue  taken  out  by  any  of  the 
above  methods  must  of  course  be  hauled  away 
and  used  for  filling  or  for  roads.  The  fire- 
box and  chamber  are  lined  with  firebrick 
which,  in  case  of  partial  destruction,  can 
easily  be  replaced  with  new  brick.  It  now 
appears  that  this  expense  will  be  very  small, 
the  maintainance  and  depreciation  charges  de- 
pending entirely  upon  the  character  of  work- 
manship and  quality  of  material  used. 

Owing  to  the  manner  in  which  the  refuse 
is  dumped  into  the  receiving  chamber  it  is 
best  to  build  on  a  side  hill  or  gulley  in  order 
to  eliminate  the  construction  of  a  timber  or 
other  approach. 
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being  done,  there  were  on  an  average  of 
about  12  loads  of  mixed  refuse  burned  each 
day;  the  greatest  record  for  any  one  day 
being  35  loads  which  were  burned  in  24  hours 
with  less  than  one  cord  of  wood  for  fuel.  At 
another  time  when  the  burner  was  about  one- 
quarter  full  of  red  hot  tin  cans,  giving  ample 
opportunity  for  a  draft,  two  horses,  twelve 
pigs  and  several  dogs  were  all  put  in  as  fast 
as  possible  and  were  all  burned  in  about  4 
hours  with  less  than  one-quarter  of  a  cord 
of  wood.  Under  the  same  conditions  at  an- 
other time  eight  barrels  of  frozen  night  soil 
were  burned.  These  are,  of  course,  the  best 
records  made  and  do  not  show  the  constant 
capacity  of  the  burner.  A  good  e.xample  can 
be  taken  from  the  city  of  Grand  Forks,  N.  D., 
however,  where  three  units  of  this  type  have 
been  recently  installed.  One  unit  was  built 
and  a  careful  record  was  kept  for  43  days 
during  which  time  it  consumed  311  loads  of 
refuse,  averaging  more  than  four  loads  of 
wet  and  three  loads  of  dry  refuse  per  day. 
It  was  found  that  whenever  the  chamber  was 
full  at  night,  at  the  time  the  caretaker  left, 
all  that  remained  in  the  morning  was  a  wheel- 
barrow or  two  full  of  tin  cans  and  ashes. 

The  initial  cost  of  the  burner,  as  now  built 
by  Mr.  G.  A.  Oveson,  who  has  recently  ob- 
tained a  patent,  is  $1,000,  including  the  neces- 
sary attached  buildings  and  an  enclosure  for 
teams.  For  this  first  cost  a  population  of  5,000 
can  be  served,  using  the  burner  during  the 
summer  months  and  only  occasionally  during 
winter.  One  caretaker  at  about  $60  per  month 
will  easily  take  care  of  all  work  necessary 
around  the  burner  except  in  the  case  of  re- 
pairs. Twenty-five  cords  of  wood,  at  $4  per 
cord,  the  amount  bought  during  the  last  year 
by  the  city  of  International  Falls,  was  all  the 
fuel  necessary.     The  burner  has   not  been  in 


use  quite  long  enough  to  obtain  reliable  charges 
for  depreciation  but  $75  to  $100  a  year  will 
easily  cover  this,  since  a  new  lining  of  fire 
brick  can  be  installed  for  about  $100. 

The  only  nuisance  arising  in  connection  with 
the  operation  of  the  incinerator  here  described 
is  due  to  the  foul  gases  which  at  times  escape 
through  the  smoke  stack.  This  nuisance  is 
slight,  and  occurs  only  when  the  fire  is  started 
in  the  morning,  and  at  times  when  the  burner 
becomes  congested  and  the  draft  is  so  poor 
that  considerable  time  is  required  before  the 
fire  can  eat  its  way  through  the  mass  to  burn 
the  foul  air. 

From  the  experience  with  this  type  of  in- 
cinerator at  International  Falls  it  appears  that 
the  following  essential  conditions  have  been 
at  least  partially  met:  (1)  The  first  cost  is 
within  the  reach  of  any  small  village  or  city; 
(2)  few  repairs  are  necessary  and  these  are 
inexpensive;  (3)  labor  charges  incurred  in 
operation  are  low;  (4)  the  meth6d  is  sanitary. 
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Ninth  and  Final  Reports  of  the  Royal 
Commission  on  Sewage  Disposal. 

(Staff  Abstract.) 

On  March  31  of  this  year  the  ninth  ami 
final  reports  of  the  Royal  Commission  on 
Sewage  Disposal  of  Great  Britain  were  is- 
sued. This  terminates  the  work  of  the  com- 
mission, which  has  extended  over  the  past 
1(3  years.  The  ninth  report  relates  to  two 
topics:  the  discharge  of  manufacturing  wastes 
that  cannot  be  removed  through  sewerage  sys- 
tems, and  the  disposal  of  house  sewage  in 
rural  districts.  The  final  report  is  a  sum- 
maiy  of  the  conclusions  reached  in  all  the 
earlier  reports. 

A  brief  review  of  the  first  eight  reports  of 
the  commission  is  of  interest  at  this  time. 
They  are  here  taken  up  in  order:  (1)  Tenta- 
tive conclusions  pertaining  to  effluents  from 
sewage  treatment  plants  and  to  crude  sew- 
age. (2)  The  purification  of  house  sewage 
ultimately  discharged  into  streams.  (3)  The 
discharge  of  trade  waste  waters  and  the  rela- 
tions between  manufacturers  and  city  authori- 
ties. (4)  Pollution  of  tidal  waters  with  ref- 
erence to  contamination  of  shellfish  layings. 
(5')  Purification  of  domestic  sewage,  dealing 
mainly  with  the  relative  merits  of  the  avail- 
able methods  for  disposing  of  city  sewage. 
The  recommendations  of  this  report  have  been 
put  into  effect  in  many  localities.  (0)  Purifi- 
cation of  distillery  wastes.  (7)  Related  to 
nuisance  from  green  sea-weeds  in  sewage  pol- 
luted estuaries.  (8)  Standards  applied  to 
sewage  discharging  into  streams  and  deter- 
mination of  these  standards  by  tests,  also 
provisions  for  fi.xing  special  standards  to 
cover  special  conditions.  The  standards  aimed 
to  keep  expenditure  for  sewage  treatment  as 
low  as  possible  consistent  with  the  prevention 
of   nuisance. 

THE    NINTH    REPORT. 

As  previously  stated,  the  ninth  report  deals 
with  the  disposal  of  trade  waste  waters  which, 
for  any  reason,  cannot  be  discharged  into 
sewerage  systems,  and  the  disposal  of  house 
sewage  in  rural  communities.  The  report  gives 
a  detailed  account  of  the  trade  processes  lead- 
ing to  the  production  of  waste  liquors  re- 
quiring treatment,  the  character  of  these 
liquors  and  processes  available  for  treating 
them.  Examples  of  good  purification  plants 
are  given,  suitable  for  the  various  types  of 
industries.  Experimental  data  on  trade  waste 
disposal  are  given. 

The  studies  indicate  that  for  many  wastes, 
in  which  the  impurities  are  chiefly  in  solution, 
clarification  will  produce  considerable  im- 
provement, but  they  cannot  be  thoroughly 
purified  by  present  known  processes  at  con- 
sistent cost.  Efficient  and  economical  proces- 
ses of  purification  are  available  for  sorne  trade 
wastes,  but  not  for  all.     The  commission  rec- 
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ornmends  that  a  standard  of  purity  for  trade 
efHuents  be  prescribed  to  guide  manufacturers 
•  and  city  officials  as  to  the  extent  of  their  ob- 
i  hgation.  Trade  wastes  are  so  variable  in 
j  character  that  a  classification  was  found  nec- 
I  essary  and  a  standard  of  purity  was  suggested 
I     for  each.     The  classification   follows : 

I  CLASSIFICATION    OF    TRADE     \V.\STES. 

(A)  Waste  liquors  resulting  from  (1)  coal 
washing,  tin  mining,  lead  and  zinc  mining, 
china-clay  works,  stone  quarrying,  stone  polish- 
ing, wood  pulp  paper  works:  (2;  brewing,  malt- 
ing, distilling,  tin  plating,  galvanizing,  wire 
drawing,  shale  oil  distillation,  wool  scouring, 
t:innins,  leather  dressing,  fellmongering,  dairy- 
ing. 

In  the  cases  listed  under  (1;  adequate  reduc- 
tion of  solids  in  suspension  may  be  regarded  as 
(.-(flcient  purification.  In  those  under  (2;  dis- 
.^olved  impurities  should  be  removed. 

(B)  Waste  liquors  resulting  from  (1)  bleach- 
ing, waste  bleaching,  paper  works  (except  whei'e 
paper  is  made  from  wood  pulp  only;,  cotton 
dyeing,  cotton  printing,  woolen  dyeing,  woolen 
piece  and  yarn  scouring  with  dye  liquor:  (2) 
.sulphite  cellulose  manufacture,  gas  and  coke 
production. 

No  practicable  means  are  known  for  ren- 
dering completely  harmless  the  liquors  in- 
cluded in  Class  B,  but  nearly  all  of  them  can 
be  considerably  improved  by  clarification. 
Briefly,  the  classification  indicates  that  there 
are  known  practicable  methods  of  efficient 
purification  for  the  wastes  listed  under  A,  but 
not  for  B,  under  the  present  state  of  knowl- 
edge. The  suggested  standards  of  purity  are 
as   follows : 

SUGGESTED   STANDARDS   OF    PURITY. 

Coal  washing:  Effluent  should  not  contain 
more  than  4  parts  of  suspended  solids  per 
100,000. 

Tin,  lead  and  zinc  mines,  china-clay  works 
stone  quarries  and  stone  polishing  works:  Pro- 
visional standard  of  maximum  of  6  parts  sus- 
pended  solids  per  100,000. 

Wood  pulp  paper  mills:  Effluent  should  con- 
tain not  more  than  4  parts  per  100,000. 

Breweries  and  mailings:  Not  more  than  4 
parts  per  100,000,  and  not  more  than  4  parts  per 
100,000  dissolved  in  oxygen  taken  up  in  five 
days. 

Distilleries:  Three  parts  suspended  and  2 
parts  dissolved  oxygen  absorption  in  five  days. 

Tin  plating,  galvanizing  and  wire  drawing: 
Six  parts  suspended  solids  per  100,000. 

Shale  oil  installation:  Four  parts  suspended 
solids  and  4  parts  dissolved  oxygen  absorption 
In  five  days. 

Wool  scouring  liquor:  Pending  experiments 
under  way  for  this  type  of  precipitation,  the 
report  advises  liquor  clarification  down  to  6 
parts  of  suspended  solids  per  100,000. 

Tanning,  leather  dressing  and  fellmongering: 
Four  parts  suspended  solids  and  4  parts  dis- 
solved oxygen  absorbed  in  five  days. 

Dairy  waste:    Same. 

Bleaching:  Suspended  solids  should  be  re- 
duced to  not  more  than  6  parts  per  100,000. 

Waste  bleaching:    Same. 

Paper  works  (other  than  wood  pulpl:    Same. 

Cotton  dyeing  and  cotton  printing:  Four 
parts  suspended  solids  for  the  former  and  6 
parts   for  the   latter. 

Woolen  dyeing,  piece  and  yarn  scouring:  Four 
parts  .suspended  solids  per  100,000. 

Sulphite  cellulose  manufacture:  No  standard 
suggested. 

Gas   liquor:     No   standard   suggested. 

Under  no  circumstances  should  the  two  last 
named  liquors  be  discharged  untreated  into 
a  water  course.  Evaporation  appears  to  be 
the  only  practicable  present  method  of  dis- 
posal for  these  two  wastes. 

In  the  case  of  some  trade  wastes  additional 
standards  may  have  to  be  imposed,  for  exam- 
ple, standards  of  hardness  and  caustic  akalin- 
ity  or  acidity,  or  a  requirement  of  neutrality 
for  the  effluents  from  various  branches  of  the 
cotton,  woolen  and  paper  trades  and  from 
metal  works;  a  standard  for  arsenic  or  other 
poisonous  metal  for  trades  in  which  these 
substances   are    used   or    mined;    and   an   oil- 


film    standard    for   the    wastes    from   oil,   gas, 
grease  or  soap  works. 

In  taking  up  the  disposal  of  solid  and  liquid 
house  refuse  in  rural  districts  the  report  ad- 
vocates public  sewerage  and  sewage  disposal 
in  towns.  In  sparsely  settled  regions  these 
public  improvements  are  economically  im- 
practicable and  alternative  methods  are  re- 
viewed. 


The   Degree   of  Purification   Desirable 
and  Practicable  in  Sewage  Treat- 
ment Plants  in  Iowa. 

(Staff  Abstract.) 
Complete  purification  of  sewage  is  always 
desirable,  but  for  economic  reasons  it  is  rarely 
possible  to  reach  this  ideal  condition.  The 
present  discussion  has  to  do  with  the  degree 
of  purification  desirable  and  practicable  in 
sewage  treatment  plants  in  Iowa.  It  may  be 
added  that  conditions  as  to  sewage  disposal 
in  all  the  agricultural  states  are  substantially 
the  same  as  in  Iowa.  In  all  these  states  there 
are  many  small  cities  and  villages  composed 
largely  of  retired  farmers  and  their  families 
and  trades-people.  Probably  the  great  ma- 
jority of  these  small  municipalities  are  situat- 
ed on  or  near  a  natural  watercourse  which 
goes  dry  during  the  hot  summer  months.  This 
turnishes  the  controlling  condition  with  ref- 
erence to  sewage  disposal  in  such  localities. 
The  e.xtent  of  litigation  instituted  by  offended 
property  owners  and  the  apparent  readiness 
of  the  courts  to  enjoin  the  discharge  of  un- 
purified  sewage  may  later  lead  to  the  re- 
quirement of  a  higher  standard  of  purifica- 
tion, but  until  such  requirement  is  demanded 
by  the  courts  there  is  no  better  standard  than 
that   of    nonputrescibility. 

The  natural  inquiry  to  follow  is,  what  is 
the  meaning  of  nonputrescibility?  .^Xn  English 
requirement  is  that  the  effluent  shall  not  con- 
tain per  1,000,000  parts  more  than  1.4  albu- 
minoid ammonia,  14.3  parts  oxygen  absorbed 
in  4  hours  at  (jii°  F.,  -S.ti  parts  o.xygen  absorbed 
in  3  minutes  at  (30'  P.,  and  43  parts  solids  in 
suspension,  and  that  it  shall  be  nonputrescible 
by  incubator  test  for  3  to  -5  days  at  7.5°  F. 

Another  requirement  considers  the  efficiency 
as  unsatisfactory  if  the  albuminoid  ammonia 
ranges  between  1.5  parts  and  2  p. p.m.,  and 
bad  if  the  albuminoid  ammonia  is  over  2  parts, 
and  that  the  suspended  matter  shall  not  ex- 
ceed 30  p. p.m.  To  the  uninformed  person 
these  requirements  have  little  interest. 

The  following  requirement  is  also  made: 

In  the  United  States  the  usual  requirement  is 
that  the  effluent  must  be  non-putrescible.  or 
must  contain  only  that  amount  of  organic  mat- 
ter which,  when  the  effluent  is  emptied  into  a 
stream,  can  be  oxidized  by  the  oxygen  con- 
tained in  the  water  at  the  time  of  minimum 
flow.  In  certain  cases,  as  when  the  efiluent 
is  emptied  into  a  stream  in  the  near  neighbor- 
hood of  a  point  at  which  water  is  taken  for  do- 
mestic use,  or  is  emptied  into  salt  water  in 
the  neighborhood  of  shellfish  layings,  the  ef- 
fiiient  must  be  free  from  pathogenic  bacteria. 

The  most  important  points,  therefore,  to  be 
determined  regarding  a  sewage  effluent  ;s 
whether  or  not  the  effluent  is  putrescible, 
whether  it  will  Improve  or  deteriorate  when 
emptied  into  a  given  water  course,  and  whether 
or  not  It  contains  Intestinal  or  typical  sewage 
bacteria. 

As  a  general  statement  a  sewage  effluent  is 
not  putrescible  when  it  contains  sufficient  oxy- 
gen, either  as  free  oxygen  or  combined  oxygen 
in  the  form  of  nitrates,  for  the  complete  oxida- 
tion of  the  nitrogenous  organic  matter  and  the 
.sulphur  compounds  contained  in  the  effluent, 
though  a  complete  statement  should  also  take 
into  account  the  carljohydrates  and  fats. 

These  references  indicate  to  the  average 
reader  that  it  is  difficult  to  define  the  term 
nonputrescibility.  There  are  several  supposed- 
ly practical  tests  for  nonputrescibility.  When 
we  talk  about  the  number  of  parts  per  million 
of  any  substance  or  compound  we  have  stated 
a  test  that  requires  laboratory  facilities.  The 
term  "notputrescrible,"  physically  defined, 
means   an   effluent    that   is   inoffensive   to   the 


sense  of  smell,  will  not  discolor  when  exposed 
to  temperatures  as  high  as  98°  P.,  and  there- 
fore will  undergo  no  offensive  putrefactive 
decomposition. 

A  very  simple  practical  test  of  nonputresci- 
bility is  to  collect  a  sample  of  the  effluent  in 
a  clean  glass  bottle,  preferably  a  pint  or  more 
of  such  effluent,  filling  the  bottle  as  nearly 
full  as  will  be  convenient  in  corking  the  same, 
then  place  this  bottle  in  a  convenient  place  in 
a  room  at  ordinary  temperature  and  watch  its 
behavior  from  time  to  time.  An  effluent 
which  is  notputrescible  will  show  no  definite 
change,  while  a  putrescible  effluent  will  quick- 
ly change  and  will  frequently  pass  through 
varying  conditions  for  many  hours,  and  some- 
times lor  many  days. 

The  scientific  testing  of  an  effluent  involv- 
ing the  use  of  dissolved  o.xygen,  or  necessary 
oxygen  furnished  in  any  manner,  furnishes 
the  accurate  determinative  test.  This  leads 
us  to  the  exact  problem  to  be  determined  in 
any  case.  It  does  not  require  a  scientist  to 
determine  that  the  effluent  from  a  sewage 
treatment  plant  is  putrescible  if  such  effluent 
comes  from  the  treatment  plant  in  a  cloudy, 
condition,  blackening  rapidly  within  a  few 
minutes  after  such  discharge,  and  depositing 
along  the  banks  of  such  sewage  stream  the 
black  deposit  so  common  in  such  cases.  But 
if  these  conditions  are  absent  the  question  still 
arises,  how  soon  and  how  completely  will,  the 
purification  of  the  effluent  be  accomplished 
when  such  effluent  issues  from  the  treatment 
plant    in   a    nonputrescible   condition. 

It  would  be  impossible  to  state  exactly  what 
we  mean  chemically  or  bacteriologically  when 
we  state  that  the  effliuent  shall  be  nonputres- 
cible, except  to  say  that  such  effluent  will  com- 
plete its  purification  by  means  of  dissolved 
oxygen. 

This  statement  then  leads  to  inquiries  rela- 
tive to  the  availability  of  dissolved  oxygen. 
Evidently  the  trickling  filter  or  sprinkling 
filter  gives  opportunity  for  the  maximum  of 
included  oxygen,  which  in  obedience  to  bac- 
teriological agency  becomes  useful  dissolved 
oxygen,  and  the  result  reached  in  the  trickling 
filter  when  properly  operated  is  a  satisfactory 
effluent,  even  though  the  actual  degree  of 
purification  attained  at  the  moment  the  efflu- 
ent leaves  the  filter  is  far  below  the  degree  of 
purification  obtained  in  slow  sand  filtration. 

The  inquiry  is  naturally  made  whether  a 
nonputrescible  effluent  may  not  safely  be  dis- 
charged into  the  open  depressions  or  barren 
watercourses  where  it  is  impossible  to  so  lo- 
cate the  treatment  plant  that  the  effluent  may 
be  discharged  into  a  running  stream.  It  is 
true  that  such  an  effluent  might  be  so  dis- 
charged without  creating  a  nuisance,  and  ordi- 
narily such  an  effluent  will  not  become  a 
menace  to  health.  Where  such  effluent  may 
be  discharged  into  a  small  stream,  possibly  of 
equal  flow,  or  into  a  stream  not  many  times  the 
flow  of  the  effluent,  the  purification  should 
be  satisfactorily  accomplished  without  creat- 
ing a  nuisance  or  menace  to  health.  The  only 
exception  that  need  be  made  to  this  conclu- 
sion is  that  pathogenic  germs,  or  the  germs 
of  epidemic  diseases  which  are  water-borne, 
are  not  completely  destroyed  or  eliminated  by 
the  sewage  treatment.  A  small  per  cent  of 
such  germs,  or  a  small  fraction  of  1  per  cent 
of  such,  will  survive  sewage  treatment,  and 
we  have  in  this  condition  of  affairs  what  is 
spoken  of  as  a  resistant  minority,  which  may 
perpetuate  water-borne  diseases.  A  careful 
oversight  of  the  sewage  treatment  throughout 
the  different  seasons  of  the  year,  with  the 
treatment  plant  under  laboratory  control 
where  such  control  can  be  provided,  will 
determine  the  necessity  and  extent  of 
disinfection  necessary  to  be  employed. 
It  is  evident  also  that  each  local- 
ity presents  its  own  peculiar  conditions,  and 
that  the  treatment  of  sewage  for  each  local- 
ity must  be  studied  as  a  local  problem. 

It  is  therefore  true  that  we  ma'-  consistently 
provide  that  the  standard  of  purification  shall 
be  that  degree  of  purification  known  as  non- 
putrescibility. but  that  we  must  also  under- 
stand that  the  :idditional  work  of  purification 
that  shall  close  the  gap  between  nonputrescibil- 
ity    and     complete     purification    is    variable, 
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thereby  rendering  a  nonputrescible  effluent  in 
one  case  more  difficult  of  complete  purification 
than  in  another. 

The  effect  of  the  di.scharge  of  a  nonputresci- 
ble sewage  effluent  into  the  waters  of  a  run- 
ning stream  has  not  been  fully  worked  out 
by  laboratory  methods.  .'\  great  deal  of  in- 
vestigation has  been  carried  on  through  vari- 
ous means  for  determining  the  effect  of  the 
discharge  of  untreated  sewage  into  streams. 
The  conclusions  of  these  investigations  are 
vague  and  indefinite.  The  idea  prevailin.g  in 
earlier  years  seemed  to  be  that  there  could  be 
designated  some  definite  distance  in  which  a 
stream  would  purify  itself  from  the  pollution 
of  sewage  discharged  into  it.  All  of  the  inves- 
tigations indicate  that  distance  has  very  little 
to  do  with  the  extent  of  the  purification.  The 
extent  of  the  dilution  of  the  discharged  sew- 
age by  the  water  of  the  stream,  the  amount  of 
dissolved  oxygen  contained  in  the  water  of 
the  stream,  the  variable  amount  of  the  sew- 
age through  different  hours  of  the  day,  and 
different  days  of  the  week,  and  dift'erent 
months  of  the  year,  the  varying  composition 
of  such  sewage,  all  of  these  items  enter  into 
the  consideration  of  tlie  problem  of  stream 
purification. 

The  effort  has  been  made  to  determine  the 
amount  of  water  fiow  necessary  for  disposing 
of  untreated  sewage  from  each  1,000  persons. 
The  best  conclusion  that  the  writer  can  se- 
lect indicates  that  there  should  be  8  cu.  ft. 
per  second  of  water  flow  for  each  1.000  per- 
sons. This  conclusion  is  on  the  assumption 
that  both  the  sewage  and  the  stream  are  of 
average  composition,  and  such  a  dilution 
would  mean  0.4  part  free  ammonia  per  1,000,- 
000  additional  in  the  streatn  water.  Such  di- 
lution, however,  will  not  prevent  some 
nuisance  near  the  point  of  discharge,  and  gives 
no  indication  of  the  distance  required  for  the 
purification  of  the  stream.  Evidently  such  a 
stream  of  water  should  not  be  used  as  a 
source  of  domestic  water  supply  unless  ef- 
fective methods  of  water  filtration  and  sterili- 
zation be  employed.  It  is  claimed,  however, 
that  in  general  a  nuisance  may  be  avoided  by 
such  dilution.  With  proper  sewage  treat- 
ment it  is  evidently  true  that  the  nonputresci- 
ble effluent  of  a  sewage  treatment  plant  will 
contain  less  of  active  impurities  than  the  water 
of  the  average  inland  stream,  and  where  such 
result  can  be  obtained  there  should  be  no  ob- 
jection to  the  discharge  of  such  effluent  into 
any  such  running  stream,  except  that  such 
effluent  should  be  disinfected  when  necessary 
to  do  so  for  the  destruction  of  pathogenic 
bacteria. 

An  additional  problem  enters  into  the  dis- 
charge of  the  effljuent  from  sewage  treatment 
plants  in  Iowa  in  the  fact  that  many  of  the 
small  running  streams  which  must  be  utilized 
for  such  discharge,  cease  their  natural  flow 
during  the  summer  months,  and  the  only  reg- 
ular flow  continued  through  the  summer  is 
the  flow  from  the  sewage  treatment  plant.  In 
such  cases,  if  the  effluent  is  nonputrescible 
there  would  seem  to  be  no  reason  why  such 
effluent  might  not  be  safely  used  for  such 
purposes  as  the  small  running  stream  itself 
may  be  used,  except  that  such  effliient  may 
contain  the  germs  of  transmissible  diseases. 
The  water  of  running  streams  should  not  be 
used  by  human  beings  as  a  water  supply  un- 
less properly  purified,  neither  should  the  ef- 
fluent from  the  treatment  plant  be  so  used 
until  its  purification  is  complete. 

There  seems,  therefore,  to  be  common 
ground  in  the  statement  that  an  effluent  from 
a  treatment  plant  should  be  no  more  polluted 
than  is  the  water  of  the  stream  into  which  it 
discharges,  but  this  statement  should  be  quali- 
fied by  the  provision  that  the  water  of  the 
running  stream  should  be  at  least  of  the  aver- 
age purity  of  such  streams. 

It  would  be  indefensible  to  say  that  the  ef- 
fluent from  a  treatment  plant  is  just  as  good 
as  the  water  of  the  stream  into  which  it  dis- 
charges when  such  stream  is  grossly  polluted 
by  other  means  than  direct  sewage  disposal, 
which  condition  is  found  in  many  Iowa 
streams. 

The  chemical  definition  of  nonputrescibility 


given  earlier  in  this  article  suggests  that  there 
shall  not  be  more  than  1.4  p.p.m.  of  albuminoid 
ammonia  present  in  the  nonputrescible  ef- 
fluent of  a  sewage  treatment  plant.  This  is 
practically  8  times  the  albuminoid  ammonia 
supposed  to  be  allowable  ii;  potable  water. 
This  would  indicate  that  there  should  be  con- 
siderable delay  between  the  discharge  of  such 
an  effluent  into  a  watercourse  and  the  use 
of  such  effluent  as  a  part  of  a  water  suppy. 

The  most  reasonable  conclusion  from  a  bac- 
teriological   standpoint   is   as    follows: 

It  seems  wisest,  at  the  present  time,  to  avoid 
fixing'  any  general  standards  of  purity  for  sew- 
age effiiieiits.  Eacii  case  should  be  judged  intel- 
ligently on  its  own  merits.  In  general,  however, 
where  bacterial  purification  is  indicated  at  all, 
it  seems  fair  to  demand  that  the  effluent  should 
be  of  such  a  quality  as  not  to  increase  mate- 
rially the  bacterial  content  of  the  body  of  water 
into  which  it  is  dischai'ged. 

This  conclusion  is  likewise  evasive  in  the 
fact  that  it  would  not  require  a  high  degree 
of  bacterial  purification,  if  the  effkient  was 
discharged  into  a  stream  already  foul  from 
drainage  sources.  Neither  does  this  conclu- 
sion help  solve  the  problem  of  the  inland  lo- 
cation where  the  sewage  effluent  must  dis- 
charge into  natural  drainage  channels  which 
do  not  carry  water  for  a  considerable  portioti 
of  the  year. 

In  conclusion  it  must  be  said  that  we  can- 
not adopt  any  better  standard  at  the  present 
time  for  the  degree  of  purification  of  sewage 
treatment  plants  than  that  of  nonputrescibility 
with  the  understanding  that  each  local  prob- 
lem must  be  studied  by  itself  atid  that  any 
treatment  plant  should  be  under  proper  con- 
trol and  regulation.  A  few  years  of  careful 
oversight  and  intelligent  direction  of  the  sew- 
age treatment  plants  of  Iowa  will  determine 
the  essential  facts  of  their  effective  opera- 
tion. Such  oversight  would  determine  the  ex- 
tent of  pollution  of  the  streams  or  bodies  of 
water  into  which  the  effluent  of  such  treat- 
ment plants  are  discharged,  and  the  extent  of 
time  or  amount  of  dilution  required  for  proper 
o.xygenating  of  the  effluent.  Likewise,  such 
oversight  would  determine  the  behavior  of 
nonputrescible  effluents  discharged  into  bar- 
ren water  courses  and  the  length  of  time  re- 
quired under  varying  atmospheric  or  sea- 
sonal conditions  necessary  for  the  completion 
of  the  purification  of  such  nonputrescible  ef- 
fluents. 
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Pan-American  Road  Congress.  —  Col. 
Charles  P.  Light,  field  secretary  of  the  -Ameri- 
can Highway  Association,  has  been  loaned  by 
the  directors  of  that  organization  to  the  Pan- 
American  Road  Congress  until  the  close  of 
the  big  meeting  which  is  to  be  held  in  Oak- 
land, California,  during  the  week  of  Sep- 
tember 13.  It  is  expected  that  the  Congress 
which  is  held  under  the  auspices  of  the  two 
leading  road  organizations  of  America,  the 
American  Highway  Association  and  the 
American  Road  Builders'  Association,  will 
bring  together  representatives  of  the  organized 
road  movement  throughout  the  entire  United 
States  and  that  it  will  have  a  large  official 
representation  from  Canada  and  the  Central 
and   South  American  countries. 

Col.  Light  will  confer  with  city  and  county 
officials,  cotnmercial  and  road  organizations 
and  others  interested  in  the  road  movement 
for  the  purpose  of  making  known  the  charac- 
ter and  scope  of  the  annual  road  congress  and 
to  urge  that  strong  delegations  be  named.  He 
will  also  be  connected  with  the  sub-committtee 
on  finance. 
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Officers   of   Cement   Products   Exhibition 

Co. — -At  the  annual  meeting  of  the  Cement 
Products  Exhibition  Co.,  held  May  11,  the  fol- 
lowin.g  officers  were  elected :  B.  F.  .Affleck, 
president;  .A.  Y.  Gowen,  vice-president;  Robt. 
F.  Hall,  secretary ;  J.  U.  C.  McDaniel,  treas- 
urer. The  directors  elected  were  the  follow- 
ing: B.  F.  Affleck,  J.  P.  Beck,  W.  E.  Cobean, 
Wm.  Dickinson,  .A.  Y.  Gowen,  Edward  M. 
Hagar,  Robt.  F.  Hall,  D.  McCool,  J.  U.  C. 
McDaniel. 


Worcester  Polytechnic  Institute  to  Cele- 
brate Fiftieth  Anniversary. — The  celebra- 
tion of  the  fiftieth  anniversary  of  the  found- 
ing of  Worcester  Polytechnic  Institute  will 
be  held  June  6-10,  at  Worcester,  Mass.  Presi- 
dent Wilson  and  General  Goethals  will  prob- 
ably attend.  The  cornerstone  of  the  new  gym- 
nasium will  be  laid,  and  the  Alumni  Field 
dedicated  during  the  celebration. 


All-steel  passenger  coaches  are  to  be  intro- 
duced into  South  Africa,  owing  to  increasing 
cost  of  timber.  The  chief  mechanical  engineer 
of  the  Union  of  South  -Africa  Railways  has 
been  authorized  to  order  two  trains  of  steel 
coaches  for  trial. 
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Industry   and    Commerce, 
The  Doings     despite  the  uncertainty  pre- 
vailing regarding  the  reply 
of  of  Germany     to     President 

Wilson's  note,  showed  con- 
tinued improvement  and 
progress  during  the  past 
week  Financial  circles  were  more  or  less  af- 
fected and  as  a  result  trading  in  stocks  fell  off 
to  an  average  daily  output  of  200.000  to  300,000 
shares.  The  unsettled  foreign  issue  also  had  a 
tendency  to  hold  up  certain  speculative  proj- 
ects. It  is  now  generally  believed  that  the  Ger- 
man reply  will  lead  to  a  peaceful  settlement 
of  -the  question  at  issue.  Italy's  entrance  into 
the  war  brings  the  number  of  nations  now  en- 
gaged in  the  conflict  up  to  11,  with  e.xcellent 
prospects  of  three  more — Bulgaria,  Greece  and 
Roumania.  soon  joining  the  struggle.  The 
United  States  is  about  the  only  shop  now  open 
for  business.  In  tlie  construction  field  an  excel- 
lent sliowing  has  been  made  during  the  past 
week.  Many  big  jobs  were  placed  under  con- 
tract while  other  large  undertakings  were  ad- 
vanced a  step  nearer  the  call  for  bids  stage. 
Municipal  activities  were  particularly  well 
marked  and  a  great  variety  and  amount  of 
work  in  this  line  was  offered  for  bids.  State 
and  county  highway  improvements  and  city 
paving  jobs  were  numerous.  In  the  railway 
field,  even,  three  small  projects  were  advertised. 
More  government  river  and  harbor  work  is 
now  being  advertised  than  in  any  previous 
week  of  the  year.  In  the  Iron  and  Steel  trade 
one  prominent  feature  of  the  week  was  the 
larger  buying  by  the  railroads.  With  plants 
now  working  aroimd  T-5  per  cent  capacity  it 
needs  only  the  entrance  of  the  rail- 
ways into  the  equipment  and  supply 
markets  to  bring  many  plants  up  to 
full  time  outputs.  Mill  operations  of 
several  companies  were  increased  during 
the  past  week,  and  numerous  inquiries  are  now 
lieing  received.  Fabricating  contracts  for  Apvi] 
represented  62%  per  cent  of  capacity  as  com- 
pared with  64  per  cent  in  March.  The  Iron 
Age  prices  for  finished  iron  and  steel  and  for 
sheets,  nails  and  wire  for  the  week  ending 
Mav   1!'  were  as   follows: 


Finished    Iron   and   Steel.  May  19. 

Per  111.   to  large  bu.vers.  Cts. 

Besis.   rails,  heav.v,  at  mill....  1.25 

Iron  bars,  Philadelphia 1.17V^ 

Iron  bars.  Pittsburgh 1.20 

Iron  b.ivs,  Chicago 1.15 

Steel  bars,   Pittsbur.ijh 1.20 

Steel   bars,    New   York 1.369 

Tank  plates,   Pittsburgh l.l.j 

T.ank  plates.  New  York l..'!19 

Beams,  etc.,  Pittsburgh 1.20 

Beams,  etc..   New  York 1.369 


Mav  12. 
Cts. 
1.25 
1.17V' 
1.20 
1.15 
1.20 
1.369 
1.15 
1.319 
1.20 
1.369 
1.12V' 
l.lTy. 
1.25 


Skelp,   grooved  steel,   P'gh....  l.l.i 

Skelp,   theared  steel,   P'gh 1.20 

Steel    hoops,    Pittsburgh 1.25 

Sheets,  Nails  and  Wire. 

F'er  lb-   to  large  buvers. 

Sheets,  Ijlack,  No.  2s,  P'g-h l.SO  1.S0 

Galv.  sheets.  No.  2.S.   P'gh 3.60  3.40 

Wire  nails,  Pittsburgh 1.55  l..''i5 

Cut  nails.   Pittsburgh 1.55  1.55 

Fence  wire,  base,  P'gh 1.35  1.35 

Barb  v.-ire,  galv..  P'gh 2.10  2.10 

For  structural  material  f.  o.  b.  Pittsburgh 
the  Iron  Age  prices  were  as  follows :  I-beams, 
3  to  1-5  in.:  channels,  -3  to  1-')  in.:  angles,  3  to 
()  in.  on  one  or  both  legs,  %  in.  thick  and  over, 
and  tecs,  3  in.  and  over,  1.20  cts. 

Railways. — An  interesting  development 
of  the  week  is  the  advertising  of  three  rail- 
way construction  jobs.  One  of  these  calls  for 
38  miles  of  line  for  the  Tucson,  Cornelia  S: 
Gila  Bend  R.  R.  Co.,  reccntlv  incorporated 
with  a  capital  stock  of  $.3,600,000.  The  line 
probably  is  to  be  liuilt  primarily  for  hauling 
copper  and  may  be  a  subsidiary  of  the  EI 
Paso  &  Southwestern  System.  At  any  rate 
Walter  Douglas,  vice-president  of  the  latter 
concern,  is  an  incorporator.  The  New  York 
Connecting  R.  R.,  a  subsidiary  of  the  Penn- 
sylvania R.  R.,  is  calling  for  bids  for  grading 
and  masonry  of  a  portion  of  Section  2, 
covering  4.21  miles  of  line  in  Queens  Borough, 
New  York  City.  The  Public  Service  Com- 
mission of  the  First  District.  New  York  City, 
is  asking  bids  for  supjily  of  track  materials 
for    use   in    conslructing    the    dual    svstem   of 


rapid  transit  railroads  in  that  cuy.  The  con- 
tracts let  include  the  following;  M.  Cassidy, 
Oklahoma  City,  grading  work  in  oil  fields  of 
Oklahoma  for  Santa  Fe  System ;  E.  P.  Maule, 
West  Palm  Beach,  Ma.,  first  22  miles  of  Palm 
Beach   &   Everglades   R.   R. 

Roads  and  Streets. — Highway  construc- 
tion and  street  paving  continues  to  offer  many 
construction  opportunities.  State  aid  work, 
as  far  as  new  calls  for  bids  go,  shows  a  falling 
oft'  this  week.  New  York  is  asking  proposals 
on  1!)  contracts  covering  96  miles  of  road,  and 
on  10  repair  contracts;  Idaho  is  calling  for 
bids  on  some  state  road  improveiuents  ;  as  is 
Massachusetts,  Illinois,  and  one  or  two 
other  states.  New  York  opened  bids 
last  week  on  repair  contracts  aggre- 
gating about  $2-50,000  and  on  22  con- 
struction contracts.  Maine  opened  (  bids 
on  its  first  letting  of  the  year,  the  work  cov- 
ering about  26  miles  of  highway.  St.  Mary 
Parish,  Louisiana,  awarded  contracts  for  50 
miles  of  gravel  or  shell  roads :  Charleston. 
S.  C.  let  a  contract  for  6-5,000  sq.  vds.  of  pav- 
ing: Rockwell  City,  la.,  awarded"  a  $1-50,000 
asphalt  pavement  job;  Walla  Walla,  Wash., 
let  paving  contracts  amounting  to  $90,000  ;  An- 
derson, S.  C,  awarded  paving  johs  to  cost 
abou  $148,000;  Greenville,  S.  C,  let  contracts 
for  70.000  sq.  yds.  of  pavement  and  2<>,000  sq. 
yds.  of  sidewalk. 

Bridges. — Bids  are  asked  on  several  fair 
sized  brid'je  undertakings  and  also  on  numer- 
ous smaller  structures.  The  County  Free- 
holders at  Atlantic  City,  N.  J.,  open  bids  June 
9  on  a  T42-ft.  bridge.  The  Commissioners  of 
Wyandotte  County,  Kansas,  approved  plans 
for  rebuilding  the  Central  Ave.  bridge  over 
the  Kaw  River  at  a  cost  of  $500,000.  Seattle, 
Wash.,  will  ask  bids  at  once  on  two  steel 
bridges  to  cost  about  $810,000.  Bridges  will 
be  of  double  leaf  trunnion  bascule  type  and 
will  span  Lake  Washington  Canal  at  Ballard 
and  Fremont  Sts.  The  Grade  Crossing  Com- 
mission, Buffalo,  N.  Y.,  opened  bids  for  sub- 
structure of  subway  at  Lord  and  Smith  Sts., 
the  low  bid  amounting  to  $71,989.  Omaha 
Structural  Steel  Works.  Omaha,  Neb.,  was 
awarded  contract  at  $29,2-50  for  wagon  bridge 
at    North   Platte.   Neb. 

Drainage  and  Irrigation. — No  particularly 
large  contracts  in  either  the  drainage  or 
irrigation  fields  appear  to  have  been  let  last 
week.  Drainage  District  No.  2  of  Gibson 
County,  Tenn.,  is  calling  for  bids  on  1,1.58..3S6 
cu.  yds.  of  dredge  work.  The  U.  S.  Recla- 
mation Service,  Provo,  Utah,  opens  bids  June 
16  on  25,000  cu.  yds.  of  canal  excavation  and 
2.600  cu.  yds.  of  reinforced  concrete  near 
Payson    City,    Utah. 

Waterworks. — No  developments  of  par- 
ticukir  impurtance  in  the  waterworks  field  ap- 
pear to  have  reached  the  call  for  bids  stage 
last  week.  Lock  Haven,  Pa.,  is  asking  bids 
for  continuation  of  construction  of  storage 
dam,  the  work  involving  excavation  and  560 
cu.  yds.  of  concrete.  Kenosha,  Wis.,  opens 
bids  June  14,  for  10,000  ft.  42-in.  cast-iron  in- 
take, crib  and  intake  well. 

Sewerage. — One  of  the  larger  sewerage 
jobs  on  which  bids  were  opened  last  week 
covers  the  two  large  intercepting  sewers  at 
Milwaukee.  John  F.  Casev  Co.,  Cleveland, 
O.,  at  $4,98,727  was  low  bidder.  Palisades 
Park,  N.  J.,  awarded  contracts  for  sewers  and 
disposal  works  to  cost  $60,429.  James  Ken- 
nedy Construction  Co.,  Los  Angeles,  Cal.,  at 
$109,000  was  low  bidder  on' a  sewer  jot)  for 
Los  .Angeles;  Hans  C.  Hanson  at  $80,000  was 
low  bidder  for  the  21st  st.  sewer  at  Racine, 
Wis.  Oswego,  N.  Y.,  is  asking  bids  on  a  fair 
sized  sewer  contract ;  Beaver  Falls,  Pa.,  opens 
propo';aIs  June  8  on  a  sewage  disposal  plant. 

Rivers  and  Harbors. — Work  advertised 
for  bids  by  U.  S.  Engineers  includes  900,000 
cu.  yds.  dredging  at  Philadelphia  Harbor,  Pa.; 
175,000  cu.  yds.  of  levee  work  in  East  Side 
Levee  and  Sanitary  District,  111. ;  furnishing 
84,000  cords  brush  and  poles  for  revetment 
work,   and  060,000  cu.  vds.  of   levee  enlarge- 
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ment  in  Third  Mississippi  River  District.  The 
U.  S.  Engineer  at  Kansas  City  awarded  con- 
tracts for  9,000  lin.  ft.  revetment  work  at  $9 
per  foot,  and  4,200  lin.  ft  standard  3-row'  tim- 
ber  dike  at  $14.25   per   foot. 


Numerous    contracts    for 
the    construction    of    large 
Large  mills  and  factories  and  ex- 

Industrial        tensions   to   existing   plants 
T-,        ,  ^      have     been     an     important 

Developments.  fg.,t^,re  ^f  the  building  field 
of  the  past  few  weeks. 
In  one  week  contracts  were  let  for  eight  im- 
portant developments  in  the  east.  These  in- 
cluded a  $500,000  factory  at  Eddystone,  Pa., 
for  the  Baldwin  Locomotive  Works;  a  $400,- 
000  plant  at  Buffalo,  N.  Y.,  for  the  Ford  Mo- 
tor Co. :  a  3-story,  200  ft.  by  200  ft.  factory  at 
Waterbury,  Conn.,  for  the  Scovill  Mfg.  Co.;  a 
factory  at  Bridgeport,  Conn.,  consisting  of  a 
1-story  main  building  100  by  400  ft.,  a  2-story 
forge  shop,  60  by  5-50  ft.,  a  power  plant  (iO  by 
150  ft.,  and  one  other  building  50  by  100  ft., 
for  the  Bridgeport  Projectile  Co.:  a  $2-50,000 
factory  at  Camden,  N.  J.,  for  the  Victor  Talk- 
ing Machine  Co. ;  six  factorv  buildings  at 
Harrisburg.  Pa.,  to  cost  $20(3,000,  for  the 
Hickock  Mfg.  Co.;  a  2.35  ft.  by265  ft.  manu- 
facturing building  at  Long  Island  City,  N.  Y., 
and  si.x  manufacturing  buildings  at  Bayonne, 
N.  J.,  for  the  Vacuum  Oil  Co.  One  or  two 
of  these  developments  are  probably  the  direct 
result  of  the  demand  for  war  munitions  by 
the  European  countries.  The  others,  however, 
are  undoubtedly  being  undertaken  at  this  time 
l)ecause  of  a  present  or  prospective  expansion 
of  the  business  represented.  The  construction 
on  an  extended  scale  of  new  factories  and 
mills  or  extensions  to  existing  plants  is  a 
pretty  good  indication  of  improved  conditions 
in  the  industrial  situation. 


Every  now  and  then  some 
well  meaning  gentleman 
Rail'way         rises    to    remark    that    this 
p,       .  country'  is  on  the  eve  of  the 

rsuying.  greatest  period  of   prosper- 

ity tliat  it  ever  has  known. 
Everybody  listens  attentive- 
Iv  and  forehanded  persons  go  out  and  buy 
large  pocketbooks.  But  somehow  this  golden 
era  is  a  long  time  in  arriving.  It's  easy  enough 
to  prophesy,  but  it's  the  action  that  counts.  The 
large  equipment  orders  placed  last  week  by  the 
Pennsylvania  R.  R.  will  do  more  toward  bring- 
ing about  a  revival  in  certain  lines  of  business 
tlian  the  platitudes  of  a  thousand  prominent 
bankers.  The  expenditure  of  $17,000,000  for 
cars  and  locomotives  and  the  prospective 
placing  of  additional  orders  amounting  to  $11,- 
000,000  by  this  one  railroad  is  one  of  the  most 
encouraging  dexelopments  of  the  year.  The 
Pennsylvania  R.  R.  not  only  is  setting  a  good 
example  in  purchasing  supplies  and  equipment, 
but  it  also  is  one  of  the  few  railroads  under- 
taking any  considerable  amount  of  construc- 
tion work.  If  other  railroads  would  do  their 
share  as  well,  it  would  not  be  long  before  there 
would  lie  some  real  prosperity  in  the  railway 
equipment   and    construction    fields. 


It    is    sonicw'hat    unusual 
for  railways  to  publicly  ad- 
Rail'way  ''""  f<^''  '''''s  ""  construc- 

p,  linu     undertakings.      This 

L-OntractS.  week,  however,  three  proj- 
ects are  being  advertised. 
One  of  these  calls  for 
38  miles  of  railroad  in  Arizona,  another 
provides  for  a  short  spur  for  the  gov- 
ernment railway  in  Canada,  and  the  third 
involves  the  building  of  4'/4  miles  of  line 
in  Queens  Borough.  New  York  City,  for  the 
New  York  Connecting  Ry.,  a  subsidiary  of  the 
Pennsylvania  R.  R.  In  these  days  of  dullness 
in  the  railway  construction  field  it  is  worthy  of 
note  when  three  jobs  are  advertised  in  one 
week.  If  contractors  are  as  eager  for  work 
as  they  claim  to  be  the  railway  people  will  get 
conclusive  proof  that  it  pays  to  advertise. 
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SEWERAGE  DEVELOPMENTS 
AT  PHILADELPHIA,  PA. 


Plan   Recommended   for   Collection,  Treat- 
ment and  Disposal  of  Sewage. 

Proposes  Expenditure  of  $22,400,000  for  Construc- 
tJon  of  Interceptors  and  Treatment  Works. 


A  comprehensive  plan  for  the  collection, 
treatment  and  disposal  of  the  sewage  of  Phil- 
adelphia, Pa.,  has  been  recommended  bv  the 
Bureau  of  Surveys  in  a  report  submitted  to 
the  City  Council  on  May  20.  The  scheme  calls 
for  an  expenditure  of  $22,400,000  and  provides 
for  the  interception  of  the  sewage  gathered 
by  the  various  sewer  systems  and  its  convey- 
ance by  transverse  collecting  sewers  to  treat- 
ment works  located  in  three  sections  of  the 
city. 

The  plan  recommended  is  only  general  in 
character,  and  details  have  been  developed 
only  sufficiently  to  determine  the  economical 
location  of  sewers,  types  of  works,  and  for 
the  purpose  of  estimating  costs.  Under  the 
plan  the  city  is  divided  into  three  divisions 
as  follows :  The  Northeast  Division  com- 
prises that  part  of  the  city  northeast  of  a 
line  beginning  on  the  Delaware  River  at  Port 
Richmond  and  extending  to  and  along  the 
Wissahickon  Creek.  The  Southwest  Division 
is  that  part  of  the  city  included  in  the  water- 
shed of  the  Schuylkill  River  and  the  south- 
west side  of  Wissal  ickon  Creek.  The  south- 
west division  covers  the  northeast  side 
of  Cobbs  Creek,  and  that  part  of  the  Dela- 
ware River  watershed  between  Market  St.  and 
the  Philadelphia  Navy  Yard.  The  sewage  of 
each  of  these  divisions  will  be  brought  to  a 
treatment  works  to  be  located  within  the  di- 
vision at  a  point  where  the  efHuent  can  be  dis- 
charged  into   the   Delaware   River. 

In  the  Northeast  Division  a  high  level  col- 
lector is  to  be  constructed  along  the  south 
bank  of  Frank  ford  Creek  between  the  county 
line  and  the  vicinity  of  O  and  Luzerne  Sts. 
This  will  gather  the  sewage  discharged  into 
that  creek.  Another  high  level  interceptor 
will  have  its  upper  terminus  at  24th  and  West- 
moreland Sts.,  where  it  would  divert  the  sew- 
age collected  by  the  separate  systems  for  that 
part  of  Germantown  on  the  northeast  water- 
shed of  Wissahicken  Creek.  This  collector 
would  carry  the  sewage  along  Westmoreland 
St.  and  Allegheny  Ave.  to  2d  St.,  where  the 
sewage  from  Gunners  River  main  sewer  would 
be  added  by  a  short  spur  and  all  carried  in  a 
northeasterly  direction  to  the  vicinity  of  N 
and  Luzerne  Sts.,  where  it  would  join  the 
Frankford  Creek  high  level  interceptor.  An- 
other high  level  collector  would  have  its  upper 
terminus  at  Pratt  and  Leiper  Sts..  where  it 
would  collect  sewage  from  the  Wakeling  St. 
sewer  system  and  other  sewers  above  its  line. 
The  three  high  level  collectors  will  join  in 
(he  vicinity  of  O  and  Luzerne  Sts.,  and  at  this 
point  will  be  located  coarse  screens,  a  grit 
chamber  and  an  overflow  to  the  creek  for  ex- 
cess rain  water.  After  the  large  floating  mat- 
ter and  grit  have  been  removed  the  sewage 
will  be  carried  by  an  inverted  siphon  consist- 
ing of  three  tubes,  66,  78  and  90  ins.  in  diam- 
eter to  the  site  of  the  northeast  treatment 
works.  It  is  estimated  that  these  three  sew- 
ers would  collect  in  the  year  19o0  the  sewage 
of  740,000  people  amounting  to  130,000.000 
gals,  per  day.  and  the  siphons  would  discharge 
it  at  a  sufficient  elevation  so  that  it  would  flow 
through  the  treatment  works  without  pump- 
ing. 

A  separate  system  of  sewers  would  be  con- 
structed upon  the  watershed  of  Pennypack 
Creek  between  Frankford  Ave.  and  the  coun- 
ty line  and  an  interceptor  built  along  the 
creek  from  State  Road  to  the  county  line.  A 
separate  system  of  sewers  also  would  be  pro- 
vided for  the  drainage  area  tributory  to  the 
Delaware  River  between  the  mouth  of  Po- 
quessing  Creek  and  Princeton  St.  in  Tacony, 
and  connections  made  between  the  storm 
water  conduits  and  the  collector.  The  sewage 
and  first  flush  of  rain  water  from  this  area 
would  be  carried  by  the  collectors  to  the  pres- 
ent Pennypack  Creek  pumping  station,  which 
with   some  enlargements,  will  lift  it  into  the 


collector  from  the  Pennypack  Creek  drainage 
area  and  the  combined  flow  carried  in  a  low 
level  interceptor  parallel  to  the  Delaware. 
This  will  carry  the  flow  to  the  northeast 
works,  where  it  will  be  pumped  to  an  elevation 
required  to  carry  the  sewage  through  these 
works.  There  also  would  be  several  other  low 
level  collectors  for  gathering  sewage  from 
sections  too  low  to  reach  the  works  by  grav- 
ity. 

The  northeast  treatment  works  would  be  lo- 
cated south  of  Bridesburg  in  the  vicinity  of 
Wheat  Sheaf  Lane  and  the  Delaware  River. 
At  this  site  the  sewage  collected  by  the  Upper 
Delaware  low  level  collectors  would  be  passed 
through  coarse  screens  and  grit  chambers  and 
pumped  to  the  same  elevation  that  the  high 
level  sewage  will  be  delivered  by  siphons.  The 
combined  flow  will  then  pass  through  the 
Emscher  tanks  for  the  sedimentation  of  the 
sewage  and  digestion  of  the  resultant  sludge. 
Adjacent  to  the  tanks  would  be  the  sludge 
drying  beds. 

The  main  gravity  collector  for  the  South- 
west Division  would  start  at  Front  and  Hunt- 
ingdon Sts.  and  would  run  in  a  southerly  di- 
rection, passing  over  the  proposed  Broad  St. 
subway  at  Callowhill  St.  It  would  then  follow 
out  this  street  to  21st  St.  and  thence  run  ap- 
proximately parallel  to  the  Schuylkill  River 
to  Reed  St.,  where  the  sewage  would  be  car- 
ried under  the  river  in  an  inverted  siphon. 
Two  spurs  would  collect  most  of  the  sewage 
of  West  Philadelphia.  The  main  gravity  col- 
lector would  be  carried  to  the  vicinity  of  the 
west  end  of  Penrose  Ferry  bridge,  where 
coarse  screens  and  grit  chambers  would  re- 
move the  large  floating  matter  and  the  sand, 
after  which  the  sewage  will  flow  by  gravity  to 
the  site  of  the  Southwest  Treatment  Works. 
It  is  estimated  that  in  1950  this  collector  will 
deliver  without  pumping  the  sewage  of  651,- 
000  people,  amounting  to  159,000,000  gals,  per 
day. 

For  the  collection  of  sewage  from  those 
parts  of  the  Southwest  Division  of  the  city 
at  too  low  elevations  to  be  gathered  directly 
by  the  main  gravity  collector  low  level  col- 
lectors would  be  constructed  parallel  to  the 
Delaware  River  between  the  outlet  of  the 
.\ramingo  system  at  Dyott  St.  and  the  sewer 
on  the  north  side  of  Market  St.  Then  col- 
lectors would  deliver  to  a  pumping  station  at 
Front  and  Green  Sts.,  where  the  sewage  would 
be  raised  through  a  short  force  main  to  the 
niain  gravity  collector.  This  low  level  system, 
it  is  estimated,  would  in  19-50  serve  about  189,- 
000  people.  The  other  feature  of  the  system 
for  the  Southwest  Division  includes  pump- 
ing stations  on  the  east  bank  of  the  Schuyl- 
kill River  near  Callowhill  St.,  on  the  east 
bank  of  the  river  at  Reed  St.,  at  the  present 
outlet  of  the  existing  Cobbs  Creek  collector, 
and  in  the  vicinity  of  Penrose  Ferry.  In  addi- 
tion there  would  be  various  inverted  siphons 
and  low   level  collectors. 

The  southwest  treatment  works  will  be  lo- 
cated in  the  lower  part  of  the  40th  Ward  on 
the  Cannon  Ball  farm,  where  the  city  owns 
400  acres.  On  the  eastern  side  of  th'is  tract 
there  will  be  located  2-story  sedimentation 
tanks  of  the  Emscher  type  and  sludge  dry- 
ing beds.  The  remainder  of  the  tract  will  be 
utilized  for  works  for  the  oxidation  of  the 
settled  sewage,  when  that  refinement  is  need- 
ed. It  is  estimated  that  the  treatment  works 
at  this  site  will  receive  in  1950  the  sewage 
of  1,663,000  persons. 

For  the  Southeast  Division  low  level  col- 
lectors will  be  constructed  to  gather  sewage 
from  the  sewers  discharging  into  the  Dela- 
ware River  between  Market  St.  and  the  pro- 
posed railroad  freight  terminal  yards.  They 
would  join  near  Greenwich  Point  in  the  vi- 
cinity of  Curtis  St.  and  the  Delaware  River. 
At  this  point  a  pumping  station  and  fine 
screening  works  would  be  constructed.  After 
the  sewage  has  passed  through  the  fine 
screens  it  will  be  raised  by  a  low  lift  pumping 
station  so  that  it  can  be  discharged  through 
submerged  outfalls  to  the  channel  of  the  Del- 
aware River.  It  is  estimated  that  these  works 
will  receive  in  1950  the  sewage  of  390,000  peo- 
ple. 
In  its  report  the  Bureau  of  Surveys  recom- 


mended that  $5,000,000  be  appropriated  at 
once  for  the  following  purposes :  Purchase 
of  land  at  the  sites  of  the  three  proposed 
treatment  works ;  construction  of  collecting 
sewers  to  intercept  sewage  tributarv  to  Frank- 
ford and  Pennypack  Creeks  and  to  the  Dela- 
ware River  between  the  treatment  works  to 
be  located  near  Bridesburg  and  the  mouth  of 
Poquessing  Creek;  construction  of  sewage 
treatment  works  at  the  northeast  site. 

The  Bureau  recommends  that  subsequent 
appropriations  be  made  as  rapidly  as  possible 
for  the  construction  of  the  collecting  sewers, 
pumping  stations,  treatment  works  and  ap- 
purtenances, generally  in  the  following  order: 

Collecting  sewer  and  treatment  works 
for  thicl<I.v  populated  districts  of 
\\est  Philadelphia   $5, 700. hud 

CoUectins  sewers,  pumping  stations, 
extensions  to  treatment  works  for 
sewage  tributary  to  Schuylkill  River.   4,800,000 

Collecting    sewers    for    part    of    sewage 

tributary  to  Delaware  River 3  400  000 

Low  level  collecting  sewers  along  Dela- 
ware River,  pumping  station,  south- 
east clarification  works,  and  enlarge- 
ments of  existing  treatment  works..   3,500,000 


$2,500,000  for  State  Highways  in  Mas- 
sachusetts. 

State  highway  construction  for  the  western 
sections  of  Massachusetts  involving  an  ex- 
penditure of  $2,500,000,  has  been  provided  for 
by  a  recent  act  of  the  legislature.  The  law 
authorizes  the  expenditure  of  this  sum  by  the 
State  Highway  Commission  on  17  routes  in 
Berkshire,  Franklin,  Hampden,  Hampshire 
and  Worcester  counties  within  the  vears  1915 
to  1918  inclusive.  The  roads  to  be'  improved 
under  the  provisions  of  the  bill  are  as  follows: 

Great  Barrington,  south  through  Sheffield 
and  Ashlev  Falls  to  the  Connecticut  line. 

Pittsfield  to  Northampton,  through  Hins- 
dale, Windsor,  Cummington,  Goshen  and  Wil- 
liamsburg. 

From  the  village  of  New  Boston,  in  Sandis- 
field,  up  the  Farmington  River  valley  through 
Otis  and  West  Becket  to  connect  with  the 
main  highway  known  as  Jacob's  Ladder  Road. 

From  Bonnyrigg  Four  Corners  in  Becket 
through  Washington  to  the  State  highway  in 
Hinsdale. 

H^untington  northerly  through  Worthington 
to  Cummington,  to  connect  with  the  highway 
between   Dalton  and   Northampton. 

Hinsdale  easterly  through  Peru  to  Worth- 
ington, to  connect  with  the  road  from  Hunt- 
ington to  Cummington. 

Plainfield  to  Cummington,  to  connect  with 
highway  between  Pittsfield  and  Northampton. 

Belchertown  through  Enfield  to  Ware, 
thence  to  Palmer. 

Granville  Corners  through  Southwick  to 
Feeding  Hills,  the  town  of  .'\gawam. 

Ashfield,  through  Spruce  Corners  to  Lithia 
in  the  town  of  Goshen,  to  connect  with  the 
Pittsfield-Northampton    Highway. 

Gill  to  Turners  Falls,  to  connect  w-ith  the 
Boston-North  .Adams   highway. 

Athol,  through  Petersham,  Barre.  Oakham, 
Rutland  and  Holden  to  Worcester,  connecting 
the  Boston-North  .Adams  highway  with  the 
Boston-Springfield  highway. 

Worcester,  through  Grafton  and  Upton  to 
Milford,  to  connect  with  the  main  highway  to 
Cape  Cod. 

Warwick  to  Orange. 

Amendments  to  the  bill  added  the  follow- 
ing highways : 

South  Deerfield  to  .Ashfield. 

Northampton,  over  Mains'  Hill  to  Chester- 
field. 

A  highway  in  Worcester  county. 


Rapid   Transit    System    for    Cincinnati. — 

The  governor  of  Ohio  has  signed  the  bills  pro- 
viding for  improved  rapid  transit  facilities  for 
the  city  of  Cincinnati.  -At  the  November  elec- 
tion it  is  probable  that  the  citizens  will  vote 
on  a  $6,000,000  bond  issue  for  developments  to 
be  carried  out  under  the  direction  of  the  city 
Board  of  Rapid  Transit  Commission.  The 
members  of  the  commission  will  be  appointed 
by  the  mayor.  E.  W.  Edwards  will  probably 
be  the  chairman. 


May  26,  1915. 
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HARBOR  DEVELOPMENTS  AT 
TORONTO,  ONT. 


$1,000,000    to    $2,000,000    to    Be    Expended 
This  Year. 


Breakwater  —  Dredging  —  Docks  —  Park     and 
I  Boulevard    Improvements. 


The  most  extensive  harbor  developments 
now  under  construction  on  the  Great  Lakes 
are  probably  those  at  Toronto,  Ont.  Although 
u(irk  on  this  improvement  was  started  only 
a  little  over  two  years  ago  contracts  aggre- 
gating about  $11,000,000  already  have  been  let. 
Last  year  about  $1,500,000  was  expended  on 
this  work,  and  it  is  estimated  that  between 
$1,(100,000  and  $2,000,000  will  be  spent  this 
year. 

The  Toronto  plans  provide  for  develop- 
ments along  three  lines:  (1)  Industrial  devel- 
opment in  the  Ashbridge  Bav  District  and  on 
a  17-acre  area  at  the  foot  of  Bathurst  St.  (2) 
Commercial  and  dock  development  at  both 
these  points  and  on  the  central  water  front. 
(3)  Park  and  boulevard  improvements  along 
the  12-miles  of  outer  waterfront  from  Wood- 
bine Ave.  to  the  Humber  River,  with  a  pro- 
tected waterway  from  the  Humber  on  the 
west  to  Victoria  Park  on  the  east.  The  pre- 
liminary estimates  placed  the  total  cost  of  the 
entire  project  at  $19,142,000.  This  expendi- 
ture will  be  borne  by  the  Dominion  Govern- 
ment, the  city  of  Toronto,  and  the  Toronto 
Harbor  Commission. 

In  carrying  out  the  development  the  water- 
front has  been  divided  into  three  sections: 
The  eastern  section  includes  all  the  district 
lying  east  of  a  line  drawn  from  Parliament  St. 
to  the  eastern  entrance  to  the  harbor  and  ex- 
tending east  to  the  east  city  limit.  The  cen- 
tral section  takes  in  the  district  between  Par- 
liament St.  and  Bathurst  St.  and  includes  the 
waterfront  of  the  inner  harbor  and  the  bay 
shore  of  the  Island.  The  western  section  deals 
with  all  the  property  from  Bathurst  St.  to  the 
Humber  River. 

The  principal  work  in  the  eastern  section 
will  be  the  reclamation  of  the  Ashbridge  Bay 
District.  In  connection  with  this  a  break- 
water will  be  constructed  along  the  entire 
front,  a  distance  of  4%  miles,  at  an  average  of 
distance  of  700  ft.  south  from  the  present 
shore  line.  The  eastern  section,  with  the  ex- 
ception of  the  part  lying  east  of  Woodbine 
Ave.,  will  be  filled  to  an  elevation  of  8  ft. 
above  mean  water  level.  This  will  require 
27,000,000  cu.  yds.  of  material,  all  of  which 
will  be  secured  from  the  bed  of  the  inner  har- 
bor and  from  the  bottom  of  the  lake  outside 
the  seawall.  The  industrial  area  proper  will 
be  north  of  a  line  drawn  east  and  west  and 
l.Ono  ft.  back  from  the  breakwater.  This  line 
will  be  marked  by  a  street  66  ft.  wide,  which 
will  divide  the  industrial  area  from  the  park 
area  to  the  south.  Immediatelv  south  of  this 
street  there  will  be  a  tier  of  lots  100  ft.  in 
depth  and  extendinsr  for  over  .3  miles  along 
the  north  face  of  the  park  area.  These  lots 
will  be  reserved  as  locations  for  summer 
homes.  In  front  of  the  cottage  reservations 
will  be  a  park  district  and  a  bathing  beach 
fronting  on  a  lagoon.  This  latter  will  he 
crossed  by  numerous  foot  bridges.  A  boule- 
vard driveway  and  promenade  will  be  con- 
structed immediatelv  behind  the  breakwater. 
The  driveway  will  be  .50  ft.  in  width,  and  in 
addition  there  will  be  a  bridle  path,  concrete 
walks  and  boulevard  areas  to  make  up  a  total 
width  of  200  ft. 

In  the  industrial  district  it  is  planned  to 
have  016  acres  of  land  available  for  factory 
sites,  23.')  acres  occunied  by  streets  and  rail- 
road reservations  and  130  acres  of  waterwavs. 
The  30  miles  of  roadways  will  have  a  mini- 
mum width  of  7.5  ft.  and  a  maximum  w-iflth  of 
175  ft.  The  district  will  be  served  bv  30  miles 
of  railwav  tracks  connecting  wdth  all  the  rail- 
roads which  at  present  enter  Toronto.  A  ship 
channel  will  be  constructed  into  the  district 
for  n  distance  of  6,800  ft.,  torminatine  in  a 
turning  basin  l.OOfl  ft.  square.  The  sides  of 
both  the  channel  and  turninf  basin  will  be  so 
constructed  as  to  form  over  3%  miles  of  dock- 


age acconmiodations.  This  channel  will  be  400 
ft.  wide  and  will  have  a  depth  conforming  to 
the  deptli  of  the  new  Welland  canal.  The 
western  or  bay  face  of  this  eastern  section  will 
be  developed  for  dock  purposes  as  the  district 
grows  and  ultimately  will  add  two  additional 
miles  to  the  dock  frontage. 

In  the  central  section  the  work  consists  al- 
most entirely  of  commercial  and  park  devel- 
opment, with  one  area  covering  17  acres  at 
the  foot  of  Bathurst  St.,  suitable  for  indus- 
trial development.  Central  dockage  facilities 
are  to  be  developed  by  the  construction  of 
docks  in  the  area  from  Bay  St.  to  York  St., 
with  an  adequate  equipment  of  freight  sheds 
and  storage  warehouses.  It  is  proposed  to 
expend  $1,785,000  on  these  features.  The  other 
work  planned  for  the  central  section  consists 
of  the  reclamation  of  352  acres  of  additional 
park  lands  on  the  Island.  A  portion  of  this 
will  serve  as  a  location  for  the  boulevard 
drive.  This  will  be  carried  over  the  eastern 
harbor  entrance  on  a  double-leaf  rolling  lift 
bridge.  The  w-estern  harbor  entrance  also  will 
be  spanned  with  a  similar  structure.  The 
lagoons  will  be  crossed  on  concrete  arch 
bridges. 

In  the  western  section  from  Bathurst  St. 
west  to  the  Humber  the  treatment  is  almost 
entirely  shore  protection  and  park  reclama- 
tion work.  A  breakwater  will  be  constructed 
from  a  point  200  ft.  west  of  the  north  pier  of 
the  western  channel  to  a  point  at  the  mouth 
of  the  Humber  River,  the  avera"^e  distance 
south  from  the  existing  shore  line  being  900 
ft.  The  old  western  harbor  entrance  will  be 
filled  up  and  the  boulevard  driveway  after 
crossing  the  new  western  entrance  will  be 
carried  north  to  this  newly  filled  land  and  will 
there  divide  into  two  branches.  A  recreation 
and  passenger  dock,  300  ft.  long,  double  deck, 
will  be  constructed  at  the  exhibition  grounds. 

The  harbor  improvements  at  Toronto  now 
under  contract  include  17,295  lin.  ft;  of  sea- 
wall with  pile  substructure  and  concrete  super- 
structure ;  18,000  lin.  ft.  of  breakwater  consist- 
ing of  crib  substructure  and  concrete  super- 
structure; the  ship  channel  and  turning  basin; 
and  a  retaining  wall  6,894  ft.  long  of  crib  sub- 
structure  and   concrete   superstructure. 

The  Toronto  Harbor  developments  are 
being  carried  out  under  the  direction  of  a 
commission  of  five  members,  three  of  which 
are  appointed  by  the  city  council,  and  the  re- 
mainder by  the  Dominion  Government.  E.  L. 
Cousins  is  chief  engineer,  and  Alex.  C.  Lewis 
is  secretary. 


Railways    Return    to    Equipment    and 
Supply  Markets. 

One  of  the  most  encouraging  developments 
of  the  past  few  days  from  an  industrial  stand- 
point is  the  activity  of  the  railways  in  the 
purchase  of  equipment,  materials  and  supplies. 
Many  large  orders  have  been  given  out  in  the 
past  two  weeks  and  numerous  inquiries  are 
now  being  figured  on.  The  Pennsylvania  R. 
R.  announced  early  this  spring  that  it  would 
expend  $28,000,000  for  new  equipment  and 
materials.  Last  week  it  placed  orders  amount- 
ing to  $17,000,000.  These  called  for  3,500  box 
cars,  324  refrigerator  cars,  3,000  gondola  cars, 
7,219  hopper  cars  and  50  locomotives.  This 
is  the  first  big  buying  by  this  company  for 
more  than  a  year.  The  total  steel  rail  require- 
ments for  the  Pennsylvania  for  1915  will  be 
in  the  neighbrhood  of  170,00(1  tons.  Orders 
for  12,000  tons  have  been  placed,  and  138,000 
tons  will  be  let  in  the  near  future.  The  re- 
maining 20,000  tons  probably  will  be  held  over 
until  later  in  the  year.  The  Chicago  &  North- 
western Ry.  has  placed  an  order  for  2,000 
steel  box  cars,  50  steel  under- frame  caboose 
cars  and  50  steel  passenger  cars. 

The  giving  out  of  such  large  orders  by  the 
Pennsylvania  R.  R.  at  this  particular  time  is 
of  especial  interest.  Only  a  short  time  ago 
it  was  reported  that  because  of  the  uncertainty 
in  financial  conditions  that  it  was  felt  might 
arise  from  the  Lusitania  disaster  the  company 
had  canceled  its  entire  equipment  program 
for  this  year.  The  placing  of  the  $17,000,000 
worth  of  contracts  last  week,  is  an  effective 
rebuttal  of   this   rep.irt. 


Highway  Repair  Lettings  in  New 

York. 

Bids  were  opened  May  18  by  the  New  York 
State  Highway  Commission  on  28  contracts 
for  the  repair  of  highways  by  state  aid.  There 
was  good  competition  for  the  larger  resurfac- 
ing jobs  and  on  some  of  the  contracts  the  fig- 
uring was  quite  close.  Repair  Contract  746, 
providing  for  the  resurfacing  of  7.96  miles  of 
road  in  Cayuga  county  was  the  most  attractive 
offering,  there  being  12  bidders  on  this  work. 
On  three  contracts  there  was  only  one  bidder. 
The  Dale  Engineering  Co.,  Utica,  N.  Y.,  was 
low  bidder  on  four  contracts ;  The  Kennedy 
Construction  Co.  of  .Albany,  was  low  on  three; 
Harry  W.  Roberts  Co.,  Utica,  N.  Y.,  was  low 
on  three,  and  Thos.  Huckwell  &  Co.,  Albion, 
N.  Y.,  also  was  low  bidder  on  three  contracts. 
The  following  tabulation  shows  the  high  and 
low  bids  and  the  number  of  bidders  on  each 
contract : 

contract  Low    Number 

No.  Miles.  High  bid.  bid.     bidders. 

(590 11.30  $10,043  $8,950  4 

TIST 4.00  12,699  11,268  3 

746 7.96  49,194  38,322  12 

749 8.58  4,070  3.465  5 

7.^4 2.07  9,938  9.938  1 

762 19.86  9,307  7,482  7 

757 41.10  7,608  6,670  9 

732 14.49  6,935  5.152  9 

745 15.69  4,358  4,055  3 

752 17.75  3.870  3,551  5 

734 29.71  13,615  10,871  8 

729 25.27  11,247  8,771  8 

763 32.44  15,406  12.280  4 

731 131.91  13,878  10.947  7 

730 30.30  14,506  12.008  8 

765 3.74  15,102  13,395  4 

755 2.20  11.978  11.483  2 

759 6.83  6,845  5,343  4 

641 23.63  6,022  4.694  9 

751 7.00  2,813  2,251  6 

747 10.75  4.720  3,767  6 

721 41  3,231  2.821  5 

713 7.05  2,890  2,890  1 

75S 3.94  25,975  22.000  4 

541 3.04  20,417  15,081  8 

753 1.85  13.326  11,332  6 

723 13.42  4.355  4,355  1 

748 2.00  1,618  1.410  6 

The  next  letting  of  repair  contracts  will  be 
held  on  June  4.  This  covers  10  contracts,  four 
of  which  are  for  resurfacing  with  3  ins.  of 
bituminous  macadam,  two  for  resurfacing 
with  waterbound  macadam  and  one  for  recon- 
structing with  bituminous  macadam  top.  The 
State  Highway  Commission  also  will  hold  a 
road  construction  letting  at  the  same  time. 
This  letting  includes  19  contracts  covering 
over  95  miles  of  highway. 


Large  Public  Building  Contracts  to  be 

Let  Soon. 

Several  notably  large  public  and  educational 
buildings  are  now  being  advertised  for  bids. 
These  include  buildings  for  the  University  of 
Illinois  at  Urbana,  111.,  a  municipal  court 
building  at  Detroit,  Mich.,  and  the  office  build- 
ing for  the  Department  of  the  Interior  at 
Washington,   D.  C. 

This  latter  structure  will  occupy  a  site  ap- 
proximately 100  by  400  ft.,  will  have  seven 
stories  and  l)asement  and  will  have  a  face 
brick  and  limestone  facing.  Drawings  and 
specifications  will  be  ready  June  1.  and  bids 
will  be  received  until  3  p.  m.,  July  13,  by  Jas. 
A.  Wetmore.  acting  supervising  architect, 
Treasury  Department.  Washington,  D.  C.  Con- 
tractors may  estimate  on  the  construction  in- 
cluding the  mechanical  equipment  (except  ele- 
vators), on  the  construction  except  the  me- 
chanical equipment  and  elevators,  on  the  me- 
chanical cqtuptnent  only  (except  elevators), 
or  on  the  elevators  alone. 

The  structures  at  the  University  of  Illinois 
will  include  a  building  for  the  School  of  Edu- 
cation and  the  ceramics  and  vivarium  build- 
ings. Bids  for  their  construction  w'll  be  re- 
ceived at  the  office  of  James  B.  Dibelka,  state 
architect,  130  N.  5th  Ave.,  Chicago,  111.,  until 
2  p.  m..  June  1. 

The  municipal  court  building  at  Detroit  will 
be  a  6-storv  and  basement  structure.  100  by 
200  ft.  in  size  and  will  cost  about  $6)00,000. 
Smith  Hincbman  &•  Grvll.s,  Detroit,  are  the 
architects.  The  bids  will  be  received  imtil  10 
a.  m.,  June  9.  by  Geo.  H.  Fcnkell,  Commis- 
sioner of  Public  Works. 
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CONSTRUCTION    PROJECTS    AT 
PHILADELPHIA,  PA. 


Large  Expenditures  to  be   Made  for   Pub- 
lic   Improvements. 


Subways, 


Bridges,      Sewers, 
Elimination. 


Grade      Crossing 


Pliiladelphia,  Pa.,  will  be  one  of  the  greatest 
construction  centers  in  the  country  during  the 
next  three  or  four  years.  A  great  variety  and 
amount  of  work  will  be  started  in  the  near 
future  by  this  city.  Rapid  transit  developments, 
including  the  building  of  subways  and  elevated 
lines  and  improvements  to  sewerage  facilities 
will  require  the  expenditure  of  many  millions 
of  dollars.  Bridge  building,  paving,  grade 
crossing  elimination  and  the  continuation  of 
the  development  of  harbor  facilities  will  pro- 
vide many  construction  opportunities.  In  addi- 
tion large  developments  are  to  be  undertaken 
by  the  Pennsylvania  and  other  railroads. 

The  Bureau  of  Surveys,  as  noted  elsewhere 
in  this  section,  has  just  submitted  its  report 
on  a  plan  for  the  collection,  treatment  and  dis- 
posal of  sewage.  The  recommended  scheme 
calls  for  appropriations  aggregating  $'22,400,- 
000  extended  over  a  period  of  -5  years.  For 
the  commencement  of  work  on  the  rapid  tran- 
sit improvements  a  loan  of  $6,000,000  was  au- 
thorized by  the  citizens  at  an  election  last 
month.  The  bill  providing  for  the  appropria- 
tion of  this  sum  was  reported  to  the  city  coun- 
cil on  May  20  and  if  the  expected  favorable 
action  is  taken  it  is  probable  funds  will  be 
available  so  that  actual  work  can  be  started 
within  two  or  three  months. 

The  $6,000,000  will  be  expended  for  the  con- 
struction of  the  Broad  St.  subway,  and  the  re- 
mainder of  the  rapid  transit  project  will  be 
financed  by  other  loans.  At  the  general  elec- 
tion ne.xt  November  the  citizens  of  Pennsyl- 
vania will  vote  on  several  amendments  to  the 
State  Constitution.  One  of  these  provides  for 
increasing  the  borrowing  capacity  of  Philadel- 
phia from  7  to  10  per  centum  of  the  assessed 
property  valuation.  It  is  expected  that  about 
$60,000,000  will  be  provided  for  the  develop- 
ment of  transit  and  harbor  conditions  in  this 
city. 

Action  was  taken  last  week  by  the  City 
Councils  that  will  result  in  the  immediate  un- 
dertaking of  a  considerable  amount  of  con- 
struction work.  The  ordinance  appropriating 
the  councilmanic  loan  of  $4,32-J,00O  for  perma- 
nent improvement  was  passed  and  plans  of  the 
Bureau  of  Surveys  for  the  following  bridges 
were  approved  and  their  construction  author- 
ized : 

Bensalom   Pike    $iOU,000 

54th  St.  over  P.  B.  &  W.  R.  R 25,000 

Front    St ■     12,000 

Orthodox   St.   over  Franktord  Circle 2n.00il 

13th  St.  over  Reading  Ry 43,000 

Torre-sdale  Ave.   over  Franktord  Ave 45,000 

An  allotment  of  $2,000  was  made  for  the 
preparation  of  plans  for  a  bridge  on  Henry 
St.  to  span  the  Wissahicken.  This  probably 
will  be  one  of  the  longest  bridges  in  the  city. 
The  Council's  committee  last  week  also  re- 
ported bills  for  the  construction  of  extensions 
of  12  main  sewers.  These  include  the  exten- 
sion of  the  Rock  Run  sewer  to  drain  Oak 
Lane;  completion  of  Gunner's  Run  relief  sew- 
ers from  3d  St.  to  r2th  St,  $70,000,  and  the 
extension  of  Cobb's  Creek  intercepting  sewer, 
$70,000.  These  sewer  and  bridge  improve- 
ments will  be  financed  from  the  $4,.325,000  loan. 

Other  construction  undertakings  now  before 
the  Councils  include  an  ordinance  for  a  loan 
of  $5,000,000  to  pay  the  city's  share  of  elim- 
inating grade  crossings  on  the  Pennsylvania 
R.  R.  in  the  northeastern  and  central  parts  of 
the  city:  The  expense  of  this  improvement 
will  be  divided  equally  between  the  city  and 
the  railroad  and  if  the  bill  is  passed  an  early 
start  will  be  made  on  the  work.  Ordinances 
also  were  before  the  Councils  authorizing  a 
contract  between  the  city  and  the  Philadelphia 
&  Reading  Ry.  for  abolishing  the  grade  cross- 
ing at  Green  Lane,  the  opening  of  Godfrey 
Ave.  and  the  construction  of  a  bridge  under 
the  tracks  of  the  North  Penn  R.  R     Another 


ordinance  authorizes  the  execution  of  a  con- 
tract between  the  city  and  the  Pennsylvania 
R.  R.  for  the  abolishment  of  grade  crossings 
at  Highland,  Seminole,  llartwell  and  Chilten 
Aves.,  on  the  line  of  the  connecting  railroad. 

A  bill  is  before  the  Steam  Railway  Commit- 
tee of  the  Councils,  and  favorable  report  is 
expected  soon,  for  the  establishment  of  the 
classilication  and  distributing  yard  between 
o4th  St.  and  Malvern  Ave.,  Overbrook,  by  the 
Pennsylvania  R.  R.  This  bill  practically  re- 
quires the  entire  electrification  of  the  new 
yard  and  also  of  the  tunnel  proposed  to  be 
built  on  the  line  of  Malvern  ."kve.  for  a  new 
branch  line. 

A.  Merritt  Taylor  is  Director  of  Transit; 
Morris  L.  Cooke  is  Director  of  Public  Works, 
and  George  S.  Webster  is  Chief  of  Bureau  of 
.Survevs. 


Dredging  in  Delaware  River  at  Phila- 
delphia, Pa. 

A  good  sized  government  dredging  contract 
is  now  being  advertise^!.  The  area  to  be 
dredged  is  located  near  the  upper  end  of 
Philadelphia  Harbor,  opposite  the  Point  Rich- 
mond coal  piers  of  the  Philadelphia  &  Read- 
ing Ry.  It  covers  a  distance  of  2,000  ft.,  as 
measured  along  the  center  line  of  the  channel 
of   the   Delaware   River. 

The  area  to  be  dredged  has  a  present  depth 
of  from  21  to  30  ft.  at  mean  low  water.  The 
mean  range  of  tide  at  this  locality  is  about  o.-J 
ft.,  and  the  ma.ximum  velocity  of  the  normal 
tidal  current  is  about  2.3  miles  per  hour.  The 
usual  working  season  extends  from  March  l"i 
to  Dec.  31.  The  work  to  be  done  consists  in 
the  excavation  of  a  channel  having  a  bottom 
width  of  1,000  ft.  (except  immediately  in  front 
of  the  piers)  a  least  depth  of  35  ft.  at  mean, 
low  water  and  a  length  of  2,000  ft.  No  dredg- 
ing will  be  done  within  50  ft.  of  any  pier. 

The  estimated  quantity  of  material  to  be 
removed  is  800.000  cu.  yds.,  scow-  measure- 
ment. The  over  depth  allovvance  between  the 
planes  of  35  ft.  and  36.5  ft.  is  estimated  at 
120,000  cu.  yds.,  scow  measurement.  The  ma- 
terial to  be  removed  is  believed  to  be  firm  mud, 
with  an  admixture  of  sand,  clay,  gravel  and 
cobbles  and,  possibly,  boulders.  It  is  under- 
stood that  the  city  of  Philadelphia,  when  dredg- 
ing in  this  locality,  found  the  material  to  be 
very  hard  and  difficult  of  excavation  and  dis- 
position. The  material  excavated  must  be 
transported  and  deposited  above  high  water, 
ur  in  inclosed  basins,  at  places  provided  by  the 
contractor  and  approved  by  the  contracting 
officers.  The  metbod  which  has  generally  been 
used  for  disposing  of  material  dredged  from 
the  Delaware  River  is  to  dump  the  material 
from  scows  into  rehandling  basins,  from  which 
it  is  pumped  ashore  above  high  tide  by  hy- 
draulic pipe  line  dredges. 

Bids  for  dredging  in  the  Delaware  River,  in 
Philadelphia  Harbor,  will  be  received  until 
noon,  June  21,  by  Col.  Geo.  .\,  Zinn,  U.  S. 
Engineer.  815  Witherspoon  Bldg.,  Philadel- 
phia.  Pa. 


Current    Constructional    Activities    in 
Cincinnati. 

The  following  notes  pertain  to  the  contem- 
plated  constructional   activities   in   Cincinnati ; 

Water  Department. — .\11  water  mains  are 
laid  by  contract  in  Cincinnati.  There  will  be 
considerable  w-ork  this  year  on  the  new  high 
pressure  fire  system.  The  installation  of  this 
system  was  begun  in  1914  and  will  be  finished 
in  1916.  This  year  the  36-in.  low  pressure  loop 
around  the  high  pressure  district  will  be  fin- 
ished. This  will  involve  the  laying  of  about 
five  miles  of  36-in.  pipe,  part  of  which  is  yet 
to  he  placed  under  contract. 

At  Kennedy,  a  recently  annexed  subdivision, 
a  group  of  five  water  storage  tanks,  aggregat- 
ing a  cost  of  $100,000,  will  be  placed  under 
contract  this  summer.  These  tanks  will  be 
constructed  of  a  steel  shell  lining  surrounded 
by  6  ins.  of  concrete.  The  design  has  not  yet 
been  adopted  but  is  rapidly  taking  form  to 
combine  utility  and  good  appearance.  Mr.  J. 
A.  Hiller  is  General  Superintendent  of  Water 


Works,  and  Mr.  Philip  Fosdick  is  Director  of 
Public  Service. 

City  Engineer's  Department. — The  Duck  and 
^lill  Creek  interceptors,  of  the  new  sewage 
collection  works,  are  partially  under  contract. 
The  city  is  now  asking  bids  for  $1,000,00U 
worth  of  sewer  bonds  to  provide  funds  for 
the  work  on  the  Mill  Creek  interceptor.  This 
money  will  be  used  to  close  an  18,000-ft.  gap 
between  the  portion  now  under  contract  and 
the  Ohio  River.  Nothing  new  is  immediately 
contemplated  on  the  Duck   Creek  interceptor. 

Awards  of  contracts  for  relief  sewers  are 
being  let  dailv,  at  this  time,  in  amounts  rang- 
ing from  $5,000  to  $40,0nO.  Street  work  is 
Iieing  held  up  on  account  of  a  shortage  of 
funds. 

Bids  will  be  received  until  noon  of  June  1 
for  constructing  the  proposed  Park  .Avenue 
bridge.  This  is  to  be  a  reinforced -concrete 
structure  The  estimated  cost  is  $165,000. 
Mr.  F.  S.  Krug  is  city  engineer. 


Highway  Construction  in  Illinois. 

Larger  expenditures  will  be  made  this  year 
in  Illinois  for  highway  construction  than  ever 
before.  The  state  aid  bills  now  before  the 
legislature  carry  an  appropriation  of  $2.7-50,000 
for  road  purposes.  This  legislation  has  re- 
ceived the  approval  of  the  governor  and  legis- 
lative committee  chairmen  and  is  practically 
assured  of  passage.  The  funds  made  avail- 
able by  the  previous  legislature  amounted  to 
$1,100,000,  so  that  the  present  appropriation 
will  be  an  increase  of  $1,650,000.  This  fund 
becomes  available  July  1  and  will  provide  for 
the  work  for  the  ensuing  two  years.  The 
counties  pay  one-half  the  cost  of  the  state  aid 
roads. 

In  addition  to  the  work  to  be  done  by  the 
state  large  construction  programs  will  be  car- 
ried out  by  counties,  towmships  and  road  dis- 
tricts under  bond  issues.  Two  counties  alone. 
Cook  and  Vermillion,  have  voted  $3,500,000  of 
bonds  for  highway  improvements,  and  this 
work  will  be  started  in  the  near  future.  Ver- 
million county,  in  fact,  began  advertising  for 
bids  for  the  construction  of  174  miles  of  hard 
surfaced  roads,  but  the  letting  was  post- 
poned because  of  a  suit  brought  against  the 
county.  The  preliminary  work,  however,  is 
being  proceeded  with  and  evervthing  made 
ready  for  the  new  letting  which  will  be  held 
in  the  near  future  The  work  in  Vermillion 
county,  on  which  the  bids  were  asked,  pro- 
vided for  the  construction  of  concrete  and  brick- 
surface  roads,  or  part  concrete  and  part  brick 
roads  with  gravel  or  broken  stone  shoulders. 
The  system  was  divided  into  18  sections.  In 
Cook  county,  a  $2,000,000  bond  issue  is  avail- 
able and  preliminary  work  looking  to  the  be- 
ginning of  actual  construction  in  the  near 
future  is  now-   well   advanced. 


PERSONALS 

Mr.  Le  Rov  Grccnalch  is  city  engineer  of 
Rensselaer,  N.  Y.  It  has  been  erroneously 
stated  in  several  papers  that  Mr.  Greenalcb 
had  succeeded  Alfred  Kaufman,  who  recently 
resigned  as  city  engineer  of  Albany,  N.  Y. 

Mr.  W.  S.  Moore  has  been  appointed  city 
engineer  of  Grand  Rapids,  Mich.  Mr.  Moort 
was  assistant  city  engineer  of  South  Bend, 
Ind.,  from  1898  to  1904.  For  six  years  fol- 
lowing he  w-as  city  engineer  of  Alishawaka, 
Ind.,  and  for  the  past  five  years  he  has  been 
city  engineer  of  South  Bend.  Mr.  Moore  has 
also  been  retained  as  consulting  engineer  on 
numerous  works,  and  has  designed  several 
large  concrete  bridges  for  St.  Joseph  and 
Elkhart  counties. 

Mr.  E.  F.  .Ayres  has  been  appointed  resident 
engineer  of  the  Ore,gon  State  Highway  Com- 
mission, at  Sherwood,  Ore.  He  is  in  charge 
of  the  Rex-Tigardville  section  of  the  Capitol 
Highway,  Washington  County.  Oregon,  which 
comprises  six  miles  of  w-ater  boimd  macadam. 
Mr.  Ayres  was  in  general  engineering  prac- 
tice from  1895  to  1903.  Since  that  time  he  has 
specialized  in  highway  engineering,  and  has 
been  employed  on  such  work  in  Massa- 
chusetts, New  York,  Texas,  Oklahoma,  Wash- 
ington   and    Oregon.      He    is    the    author    of 
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"'Earth  Roads  and  Culverts,"  published  as  a 
bulletin  by  the  Oregon  Agricultural  College  in 
1012. 

Dr.    George    .\.    Soper,   ex-president   of   the 

-Metropolitan    Sanitary    Commission    of    New 

^  iirk,  and  chairman  of  the  Board  of  Experts, 

invited  by  the  Real  Estate  Board  of  Chicago, 

report  upon  the   sanitary  problem  of   Chi- 

j'S  will  address  the  Ways  and  Means  Com- 
mittee of  the  Chicago  Association  of  Com- 
merce, Hotel  La  Salle.  Wednesday,  May  26th, 
!_'  o'clock  noon.  Subdivision  03 — engineers, 
viill  have  a  special  table  at  this  luncheon  and 
invites  all  the  engineers  of  Chicago  to  be  pres- 
ent to  hear  Dr.  Soper's  address  on  the  future 
^.mitary  policy  of  Chicago,  the  most  important 
riinineering  and  health  question  that  confronts 
iiiis  city. 

Mr.  F.  O.  Eichelberger  has  been  appointed 
city  engineer  of  Dayton,  Ohio,  succeeding  G. 
C.  Cummin,  who  resigned  to  become  city  man- 
ager of  Jackson,  Mich.  Mr.  Eichelberger  was 
with  ¥.  J.  Cellarius,  civil  engineer,  in  1901- 
1903,  engaged  on  an  atlas  of  the  city  of 
Dayton.  The  year  following,  he  was  bridge 
inspector  for  the  San  Pedro,  Los  Angeles  & 
Salt  Lake  Railroad,  and  in  1904-0."i,  engaged 
in  macadam  road  building  in  Montgomery 
County,  Ohio.  In  lOO-")  Mr.  Eichelberger  en- 
tered the  service  of  the  city  of  Dayton,  as 
second  assistant  engineer.  From  1907  to  1911 
he  was  special  engineer  in  charge  of  sewers. 
.Since  1911  he  has  been  first  assistant  city  en- 
gineer. 

Mr.  William  J.  Orchard  has  resigned  as 
assistant  sanitary  engineer  of  the  New  Jersey 
State  Board  of  Health,  to  become  associated 
with  Wallace  &  Tiernan  &  Co.,  Inc.,  136  Lib- 
erty street,  New  York  City,  engaged  in  the 
construction  and  installation  of  chlorine  con- 
trol apparatus  for  water  and  sewage  disin- 
fection. Mr.  Orchard  is  a  graduate  from  the 
Massachusetts  Institute  of  Technology,  in 
sanitary  engineering.  In  1908  he  was  em- 
ployed by  the  Charles  River  Basin  Commis- 
sion and  in  19<"I9  by  the  engineering  depart- 
ment of  the  Massachusetts  State  Board  of 
Health.  During  1010  and  1911  he  was  in  the 
engineering  department  of  the  Metropolitan 
Water  &  Sewage  Board,  and  in  1912  was 
again  a  member  of  the  engineering  depart- 
ment of  the  Massachusetts  State  Board  of 
Health.  He  has  been  assistant  sanitary  en- 
gineer for  the  New  Jersey  State  Board  of 
Health. 

Mr.  J.  X.  Cohen  has  been  appointed  de- 
signing engineer  for  the  Sewage  Disposal 
Works  of  Syracuse,  N.  Y.  This  work  will  in- 
volve the  design  of  a  50,000,000-gal.  sewage 
pumping  station,  a  force  main  about  22,000  ft. 
long  and  a  sewage  treatment  plant,  of  50,000,- 
OOO  gals,  daily  capacity.  Mr.  Cohen  has  been 
in  the  sanitary  engineering  field  for  the  past 
eight  years.  He  has  been  with  Hering  & 
Fuller,  later  with  Hering  &  Gre.uory  since  1007. 
During  this  time  he  has  assisted  in  the  prepara- 
tion of  reports,  plans  and  specifications  for  10 
refuse  disposal  projects,  over  30  water  supply 
and  purification  works  and  more  than  tiO 
sewerage  systems  or  disposal  works.  He  has 
also  been  in  active  charge  of  the  construction 
of  a  number  of  sewage  disposal  plants  for 
small  municipalities  and  institutions.  Mr. 
Cohen  is  a  graduate  of  Cooper  Union,  attain- 
ing his  C.  E.  degree  in  1914.  He  is  a  Junior 
in  the.  .\merican   Suciety  of  Civil   Engineers. 


New    President    of    American    Waterworks 
Association. 

Nicholas  S.  Hill,  Jr.,  consulting  hydraulic 
and  sanitary  engineer,  was  elected  president 
of  the  American  Waterworks  .\ssociation  for 
the  coming  year,  on  a  letter  ballot  by  the 
members.  His  election  was  announced  at  the 
annual  convention  held  at  Cincinnati,  May  10- 
14. 

Mr.  Hill  graduated  from  the  Stevens  In- 
stitute of  Technology  in  1892.  His  first  en- 
gineering work  was  done  for  the  South  Side 
Elevated  Railroad  Co.  of  Chicago,  whose  ser- 
vice he  entered  as  a  mechanical  engineer  and 
rose  to  the  position  of  chief  mechanical  en- 
gineer. In  1893  he  was  appointed  engmeer- 
secretary  of  the  Sewerage  Commission  of 
Baltimore.  The  following  year  he  was  ap- 
pointed engineer  to  electrical  commission  of 
that  city,  and  in  1897-98  he  was  chief  en- 
gineer of  the  Baltimore  Water  Department. 
In    1903   he   was   appointed   chief    engineer   of 


water  supply.  Iiydraulic  power  developments 
and  sewage  disposal.  He  is  a  member  of  a 
number  of  other  technical  and  scientific  so- 
cieties, including  the  American  Institute  of 
Consulting  Engineers,  the  .\merican  Society 
of  Mechanical  Engineers,  the  New  England 
Water  Works  Association  and  the  .\merican 
Society    for    Testing    Materials. 


CIVIL  SERVICE  NEWS 

The  U.  S.  Civil  Service  Commission  an- 
nounces the  following  examination  : 

Marine  engine  draftsman  for  sulimarines; 
$1.00  to  $.1.04  per  diem.     June  23-24. 


$50,000,000  Road  Loan  for  Pennsylvania. 

— B(ith  branches  of  the  I'ennsylvani.i  Legis- 
lature have  passed  the  resolution  proposing  a 
constitutional  amendment  to  permit  the  state 
to  issue  $.')0,000.000  of  bonds  for  highway  im- 
provements. This  resolution  must  be  passed 
by  the  next  Legislature  to  enable  it  to  be  sub- 
mitted to  the  voters.  In  the  event  of  passage 
liy  the  General  .'\ssembly  of  1917  it  could  be 
sidimittcd  to  popular  vote  in   November,  1918. 


the  New  York  City  water  department.  His 
work  for  both  cities  is  well  known,  and  upon 
his  entering  private  practice  in  1904,  his  ser- 
vices as  consulting  engineer  were  in  demand 
by  a  number  of  cities  and  water  companies  in 
various  parts  of  the  country,  on  matters  re- 
lating to  construction,  operation  and  im- 
provement of  water  supplies.  He  has  been 
retained  on  valuation  of  a  number  of  water 
works  properties  and  in  connection  with  sew- 
ers and  sewage  disposal  projects. 

In  1913  Mr.  Hill  was  chairman  of  the  .\d- 
visory  Commission  of  Engineers  on  the  Jerome 
Park  Filters.  He  was  a  member  of  the 
Board  of  Appraisers  appointed  by  the  New 
Jersey  State  Water  Supply  Commission,  to 
ai>praise  the  pro[)erties  of  the  East  Jersey 
Water  Co.  He  was  also  a  member  of  the 
conunittee  appointed  by  the  State  of  New 
V'ork  to  report  upon  the  pollution  of  harbors 
along  the  Atlantic  Seaboard  in  connection 
witli  litigation  between  the  State  of  New  York 
and  the  St.ite  of  New  Jersey  in  re  the  Passaic 
Valley  Trunk  Sewer  Project.  He  was  expert 
in  charge  for  Jersey  City  in  the  now  cele- 
brated case  of  the  Mayor  and  Alderman  of 
lersev  Citv  vs.  the  Jersey  City  Water  Supplv 
Co. 

At  the  present  time  Mr.  Hill  is  President  of 
llic  Water  Board  of  East  Orange,  N.  J. 

Mr.  Hill  is  a  member  of  the  firm  of  Hill 
&  h'erguson,  considting  engineers,  100  William 
street.    New    York.      The    firm    specializes    in 


C0NTR.\CT0RS. 

The  Marsch-Cleary-White  Construction  Co., 
which  was  recently  awarded  the  contract  for 
•500,000  cu.  yds.  of  grading  and  oo.OOO  cu.  yds. 
of  concrete  in  connection  with  flood  protec- 
tion work  along  the  White  River  at  Indian- 
apolis, is  composed  of  John  Marsch,  and  the 
Cleary-White  Construction  Co.,  both  well 
known  Chicago  contractors.  The  Chicago 
office  of  the  combined  company  is  at  Room 
1307,  10.")  W.  Monroe  St.,  in  charge  of  Mr. 
G.  H.  Hailey. 

The  Schaw-Batcher  Company  Pipe  Works, 
211-219  J.  Street,  Sacramento,  Cal.,  has  taken 
the  contract  for  the  extension  of  the  water 
main  system  of  the  citv  of  Sacramento,  ag- 
gregating approximately  $600,000.  The  type 
of  pipe  to  be  supplied  will  be  partially  '  of 
riveted  steel,  which  will  be  manufactured  by 
the  company  at  their  South  San  Francisco 
works,  and  the  balance  of  cast  iron,  which 
will  be  supplied  by  the  United  States  Pipe 
and  Foundry  Co.  The  Schaw-Batcher  Com- 
pany has  successfully  handled  in  the  past 
many  large  contracts,  the  most  notable  ones 
in  recent  years  having  been  the  duplication  of 
the  Bull  Run  pipe  line,  supplying  water  to 
the  city  of  Portland,  at  a  cost  of  $l,2o0,000. 
and  the  fabrication  of  the  riveted  pipe  used 
in  the  power  plant  of  the  Pacific  Gas  &  Elec- 
tric Co.  at  the  Lake  Spaulding  project  in  Cali- 
fornia. The  officers  of  the  company  are: 
William  Schaw,  president:  J.  H.  Batcher, 
vice-president;  A.  H.  Heilbron,  secretary;  F. 
H.  Kiefer,  treasurer.  The  company  has  an 
extended  experience,  running  over  many  years 
in  contracts  of  this  nature  and  are  fully 
equipped  for  handling  contingencies  that  may- 
arise   on   tlie   Sacramento   work. 

The  Eureka  Paving  Co.  of  Houston,  Texas, 
recently  awarded  large  contracts  on  street 
work  in  that  city,  last  year  laid  70,000  yds.  of 
pavement  in  San  Antonio,  98,000  yds.  asphaltic 
concrete,  1-5,000  yds.  wood  block,  and  10,000 
yds.  of  brick  paving  in  Houston.  In  1913  the 
company  laid  60,000  yds.  of  sheet  asphalt  in 
Houston  and  in  Port  Arthur.  The  present 
contracts  call  for  59,911  sq.  yds.  of  asphaltic 
concrete.  48,680  cu.  yds,  e.x'cavation ;  23,083 
lin.  ft.  of  standard  18-in.  curb;  24,340  ft.  con- 
crete curb  and  gutter:  59,911  sq.  vds.  of  4-in. 
concrete  base.  The  total  bid  was'  $143,726.40. 
The  companv  also  has  a  contract  for  one  con- 
crete bridge,  $11,574.  Mr.  H.  J.  Cullinan, 
forrnerly  in  charge  of  the  Paving  &  Roads 
Divisfon  of  the  Texas  Company,  is  president 
of  the  Eureka  Paving  Co.  Mr.  J.  .A.  Handy, 
formerly  with  the  Barber  .-\sphalt  Co.,  and 
later  superintendent  of  the  municipal  plant  at 
New  Orleans,  is  vice-president  and  manager. 
Mr.  E.  E.  Clancy,  secretary  and  treasurer, 
was  connected  with  large  railroad  contractors 
for  12  years.  » 


OBITUARIES 

Edmund  K.  Turner,  formerly  chief  engineer 
of  the  old  Fitchburg  Railroad,  died  in  Brook- 
line,  Mass.,   May  6,  aged  07. 

In  1891  he  resignetl  and  the  next  year  es- 
tablished himself  as  a  consulting  engineer. 

Philip  Mirtz.  assistant  chief  engineer  of  the 
New  York  Central  Railroad,  died  in  New 
York  City  May  11,  aged  31. 

Mr.  Turner  graduated  from  the  Massa- 
chusetts Institute  of  Tecluiology  in  1870  with 
high  honors,  and  two  years  later  became  chief 
engineer  of  the  old  Nashua,  .'\cton  &  Boston 
Railroad.  Within  two  years  he  accepted  a 
similar  position  on  the  Fitchburg,  making  a 
splendid  record  for  eflicient  service,  .^fter  10 
years  he  was  made  assistant  superintendent 
of  the  road,  acting  in  the  dual  capacity  for 
seven  years.  At  various  times  during  this 
period  he  acted  as  chief  engineer  of  other  New 
b'ngland  roads. 
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NEW  CATALOGUES 

Couplings.— Paper,  3%x6  ins.;  t!  pp.  The 
Chapman  Valve  Manufacturing  Co.,  Indian 
Orchard,   Mass. 

Describes  .'\nderson  patented  couplings  and 
gives  price  lists,  with  sizes  and  weights.  Illus- 
trated. 

Railway  Standpipes. — Paper,  6x9  ins. ;  8  pp. 

American    Valve    &    Meter    Co.,    Cincinnati, 

Ohio. 

Describes  the  Poage  Automatic  Water  Col- 
umn, its  flexible,  non-freezable  drop-spout,  spe- 
cial valve  mechanism,  and  gravity  turning 
device.     Illustrated. 

Meter  St.atistics.— Paper,  3V^x6  ins.;   12  pp. 

Pittsburgh   Meter  Co.,  East  Pittsburgh,   Pa. 

A  little  pamphlet  containing  data  on  water 
consumption  and  the  use  of  meters  in  over 
three  hundred  representative  cities  and  towns 
in  the  United  States. 

Drills.— Paper,  Gx9  ins.;  12  pp.  Sullivan  Ma- 
chinery Co.,  122  S.  Michigan  ave.,  Chicago. 
Bulletin  No.  66  G,  describing  Sullivan  air- 
feed  stoping  drills,  "DF-21,"  "DA-21,"  and 
"DG-21."  As  in  all  Sullivan  publications,  the 
rnachines  are  described  in  detail,  with  instruc- 
tions for  operation  and  illustrations  showing 
typical  work. 

Permutit. — Paper,  6x9  ins.;  20  pp.  The  Per- 
mutit  Co.,  30  East  42nd  street.  New  York 
City. 

Describes  Permutit,  the  Permutit  process  of 
softening  water  and  the  Permutit  apparatus. 
Illustrated  with  half-tones  and  diagrams  and 
gives  data  as  to  application  in  various  indus- 
tries  and   costs. 

Meter  Testing  Machine. — Paper,  6x9  ins.; 
16  pp.  The  Ford  Meter  Box  Co.,  Wabash, 
Ind. 

Describes  the  Ford  Meter  testing  machine, 
a  practical  and  comparatively  inexpensive 
device  for  rapidly  and  accurately  testing  water 
meters.  Explains  the  methods  used  in  test- 
ing and  gives   tables. 

Water  Meters.— Paper,  6x9  ins.;  8  pp.  Na- 
tional Meter  Co.,  224  E.  Fourth  street,  Cin- 
cinnati,  Ohio. 

Describes  Type  K  Nash  meters,  giving  de- 
tails of  design,  specifications  and  illustrations. 
These  are  disc-type  meters  with  bronze  cas- 
ing, and  breakable  flange  washer,  made  in 
%,  %   and  1-in.  sizes. 

Enameled  Tanks. — Paper,  6x9  ins.;  14  pp. 
The  Dover  Boiler  Works,  50  Church  street, 
New   York   City. 

Dover  rust-proof  enamaled  tanks,  and  bitu- 
mastic  enamel  and  its  application  to  steel 
tanks  and  other  structures  are  described  in 
this  book.  Shows  some  of  the  structures  and 
gives  data  on  durability,  maintenance  costs, 
etc. 

Air  Compressors.— Paper,  oy2x3%.  ins. ;  32  pp. 
Sullivan  Machinery  Co.,  122  S.  Michigan 
ave.,    Chicago. 

"Blue  Booklet"  No.  .J15,  showing  stvles  and 
capacities  of  Sullivan  air  compressors.  The 
descriptive  matter  is  confined  to  compre- 
hensive captions,  and  tables  of  dimensions  and 
power  requirements.  Arranged  for  easy  refer- 
ence. 

Meters.— Paper,  6x9  ins.;  48  pp.  Henry  R. 
Worthington,  115  Broadwav,  New  York 
City. 

Illustrates  and  describes  Worthington  meters 
of  the  piston,  disc  and  turbine  types.  Gives 
tables  of  sizes  and  capacities,  diagrams  show- 
ing construction  and  parts,  and  ten  pages  of 
useful  general  information  and  tables  relat- 
ing to  meterage. 

Concrete    Mixers.— Paper,    6x9    ins.;    40    pp. 

The   Standard    Scale   and    Supply   Co.,    1345 

Wabash  ave.,  Chicago. 

Catalogue  Y-125,  describing  the  "Standard" 
low-charging  concrete  mixer.  Shows  improved 
features  of  the  1915  type  and  views  of  typical 
operations.  The  "Standard"  special  'street 
paving   mixer   with    skip-loader,    sectional    de- 


livery spout  and  forward  and  reverse  traction 
is   particularly   described. 


CATALOGUE  REVIEWS 

Steam    Shovels.— Paper,   6x8%    ins.;    48    pp. 

Marion  Steam  Shovel  Co.,  Marion,  Ohio. 

"Marion  Reliability  and  Your  Profits,"  is 
the  suggestive  title  of  the  latest  catalogue 
(No.  93)  of  the  Marion  Steam  Shovel  Co. 
It  is  an  attractive  little  booklet,  written  in  an 
entertaining  style  and  illustrated  with  numer- 
ous half-tone  reproductions  of  actual  pho- 
tographs of  Marion  shovels  on  the  job.  Vari- 
ous kinds  of  work  are  shown,  in  widely  sep- 
arated places  and  di fleering  conditions.  The 
efficiency  and  economy  of  the  shovels  are  ar- 
gued from  the  facts  shown  in  these  cuts. 
Construction  and  operation  are  described,  and 
specifications  for  several  models  are  included. 

Trenching  Machines.— Paper,   9x12  ins.;   32 
pp.     F.  C.  Austin  Drainage   Excavator  Co., 
Railway   Exchange   Bldg.,   Chicago. 
Catalogue    109A,    describing    Austin    trench- 
ing machines,  is  a  well  illustrated  publication 
containing    considerable    data    on    the    design, 
construction  and  operation  of  these  machines. 
The  photographs  showing  the  possibilities   of 
the  trench  excavator  are  gathered  from  many 
sources,    and    illustrate    some    unique     onera- 
tions.    Abbreviated  scecifications  are  given  for 
several  types  and  upkeep  costs  are  given. 

INDUSTRIAL  NOTES 

The  Burd  High  Compression  Ring  Co., 
Rockford.  111.,  has  secured  the  contract  from 
the  Packard  Motor  Car  Co.  of  Detroit,  Mich., 
to  supply  the  entire  1916  requirements  of  the 
Packard  Co.,  with  the  patented  Burd  high 
compression  rings. 

Mac.Arthur  Concrete  Pile  &  Foundation 
Co.,  11  Pine  St..  New  York,  recentlv  has  been 
awarded  the  following :  Two  contracts  for 
pedestal  concrete  piles  at  the  Eagle  Works  of 
the  Standard  Oil  Company,  Claremont.  N.  J. ; 
foundation  of  the  new  Boston  National 
League  Baseball  Co.  grandstand:  foundations 
of  the  new  fountain  in  Grant  Park,  Chicago ; 
foundation  for  addition  to  Malleable  Iron 
Fittings  Co.,  Branford,  Conn. 

The  Raymond  Concrete  Pile  Co.,  New 
York  and  Chicago,  recently  has  been  awarded 
a  contract  by  the  Crucible 'Steel  Co.  of  Amer- 
ica, Pittsburgh,  Pa.,  for  the  design  and  con- 
struction of  the  foundations,  tunnels,  etc.,  for 
tlie  new  ordnance  department  buildings  at 
their  .\tha  plant,  Harrison,  X.  J.  The"  con- 
tract includes  several  thousand  concrete  and 
wooden  piles  as  well  as  a  large  amount  of 
excavation  and  reinforced  concrete  construc- 
tion. The  Raymond  Concrete  Pile  Co.  also 
has  been  awarded  contract  for  placine  con- 
crete piles  in  foundations  for  the  following 
buildings:  Church  of  St.  George.  Brooklvn, 
X.  Y. :  New  Syria  Temnle,  Pittsburgh ;  new 
reinforced  concrete  warehoiise  for  P.  H.  Butler 
Co.,  Pittsbursh:  Connelly  Bldg.,  .Atlanta,  Ga. : 
warehouse,  Baltimore,  Md. ;  "  warehouse  for 
Eagle  Pencil  Co..  New  York  City;  Christv 
paint  works  of  National  Tube  Co.  at  Mc- 
Kcesport. 


FOREIGN  TRADE  NOTES 

The  following  foreign  trade  opportunities 
are  listed  by  the  Bureau  of  Foreign  and 
Domestic  Commerce.  Where  addresses  are 
omitted  in  the  items  they  may  be  obtained 
from  the  office  of  the  Bureau  at  Washing- 
ton, D.  C,  or  from  the  following  branch 
offices:  New  York,  Room  409  U.  S.  Cus- 
tomhouse; Boston,  752  Oliver  Bldg.;  Chi- 
cago, 629  Federal  Bldg.;  St.  Louis,  402 
Third  National  Bank  bldg.;  Atlanta.  521 
Post  Office  Bldg.;  Newr  Orleans,  1020  Hi- 
bernia  Bank  Bldg.;  San  Francisco,  306-7  L. 
S.  Customhouse;  Seattle,  922  Alaska  Bldg. 
In  applying  for  addresses  reference  should 
be  made  to  the  file  numbers. 

Technical  Supplies  and  Machinery. — .Asso- 
ciation in  Russia  wishes  to  get  in  communi- 
cation with  American  manufacturers  and  ex- 
porters  who  may   desire  to   build   up   a   trade 


m  that  country,  especially  in  technical  suppHes 
and  machinerv'  No.  16811.  [For  address  see 
first  paragraph.] 

Hoists. — .American  consular  officer  reports 
a  possible  market  for  sale  of  hoists  in  Italy. 
No.  16808.     [For  address  see  first  paragraph.] 

Pumps. — Commission  merchant  in  Russia 
desires  to  establish  commercial  relations  with 
American  manufacturers  and  exporters  of 
centrifugal  and  elastic  pumps.  No.  16821. 
[For  address   see   first  paragraph.] 

Steam  Cranes. — Foreign  chamber  of  com- 
merce wishes  offers  for  2-ton  capacity  steam 
cranes  with  reach  of  29.37  ft.  No.  16828. 
[For  address  see  first  paragraph.] 

Pipe. — An  American  consular  officer  in 
South  America  reports  an  opportunity  for  the 
sale  of  3,  4  and  5-inch  pipe  for  use  at  pumping 
stations  in  his  district.  No.  16831.  [For  ad- 
dress see  first  paragraph.] 

Hoists — An  American  consular  officer  in 
South  .America  transmits  a  detailed  report 
relative  to  a  possible  opportunity  for  the  sale 
of  steel  hoists  in  his  district.  No.  16832.  [For 
address  see  first  paragraph.] 

Railway  Material. — .A  consular  officer  in  one 
of  the  neutral  European  countries  transmits 
a  number  of  blue  prints,  specifications,  etc., 
relative  to  an  opportunity  for  the  sale  of  rail- 
way material.  Cable  quotations  are  desired. 
No.  16829.     [For  address  see  first  paragraph.] 

Construction  Material. — Business  man  in 
France  wishes  to  enter  into  commercial  rela- 
tions with  American  manufacturers  and  ex- 
porters of  dressed  and  rough  lumber  for 
building  contractors,  structural  iron  and  steel 
for  buildings  and  railroads,  wood-working 
machinery,  metal  and  wooden  bridges,  hoist- 
ing machinerv-  such  as  cranes,  mining  and 
excavating  machinery,  stone  crushers,  cement 
mixers,  and  transportation  devices,  such  as 
cars,  portable  railway  lines,  locomotives,  auto- 
mobiles, wheelbarrows,  etc.  No.  16862.  [For 
address  see  first  paragraph.] 

Water  Turbines. — A  firm  in  Honduras 
wishes  to  secure  prices  and  descriptive  cata- 
logues for  small  water  turbines  for  electric 
plants.  Prices  and  weights  should  be  stated 
f.  o.  b.  New  York  anil  New  Orleans.  No. 
16893.     [For  address  see  first  paragraph.] 

Road  Rollers. — Firm  in  Russia  wishes  to 
receive  quotations  and  full  information  on 
12-ton  road  rollers,  to  be  run  by  gasoline  or 
kerosene.  No.  16870.  [For  address  see  first 
paragraph.] 

Pipe. — Firm  in  Honduras  wishes  catalogues 
and  prices  on  riveted  steel  and  iron  pipe  for 
turbine  conduits.  No.  16877.  [For  address 
see  first  paragraph.] 

Ties. — .An  American  consular  officer  in  Eu- 
rope transmits  specifications,  etc..  relative  to 
an  opportunity  for  the  sale  of  railroad  ties. 
The  specifications,  etc.,  may  be  examined  at 
the  Bureau  of  Foreign  and  Domestic  Com- 
merce or  its  branch  offices.     No.  16885. 

Pipe,  Nails,  Etc. — Business  man  in  Canada 
desires  to  receive  prices  and  full  information 
relative  to  pipe,  wire  nails,  etc.,  f.  o.  b.  Amer- 
ican ports,  including  freight  rates  to  Madras 
and  Bombay,  India.  No.  16,817.  [For  address 
see  first  paragraph.] 

Wire  and  Cables. — English  firm  desires  to 
secure  an  agency  for  the  sale  of  .American 
wire  and  cables.  No.  16,816.  [For  address 
see  first  paragraph.] 

Ice  Plant  Machinery. — Company  in  Hon- 
duras wishes  to  secure  catalogues  and  price 
lists  and  full  information  relative  to  the  cost 
of  installation,  cost  of  production  of  ice,  ap- 
proimate  shipping  weight,  crated  for  export, 
and  prices  f.  o.  b.  New  York  or  New  Orleans 
for  ice  plant  machinery.  Plans  of  1-ton  ca- 
pacity and  less,  for  gasoline  engine  or  electric 
power,  are  in  demand.  No.  16.889.  [For  ad- 
dress see  first  paragraph.] 

Steel  Plates  for  Boilers. — A  firm  of  copper- 
smiths and  plumbers  in  England  desires  quota- 
tions from  .American  manufacturers  of  steel 
plates  for  boiler  making  .3/16  to  5/16  ins.  in 
thickness.  No.  16,852.  [For  address  see  first 
paragraph.]  ' 
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Can    Anything    New    Be    Said    About 
Depreciation? 

To  one  at  all  acquainted  with  the  scores  of 
articles  on  depreciation  it  might  seem  that  "the 
last  word"  must  have  been  said  some  time  ago. 
The  reading  of  an  article  by  H.  P.  Gillette  in 
the  water  works  section  of  this  issue  will  tend, 
we  believe,  to  shake  belief  in  the  finished  state 
of  our  knowledge,  even  as  to  the  fundamental 
principles  of  estimating  depreciation. 

In  our  issue  of  Oct.  30,  1912,  the  same 
author  published  an  extended  discussion  of 
depreciation,  but  in  that  article  minor  atten- 
tion was  given  to  accrued  depreciation  and 
major  attention  was  focused  on  depreciation 
annuities  and  maintenance  expense.  Deprecia- 
tion annuities  and  current  repairs  are  so  in- 
terrelated that  neither  can  properly  and  fully 
be  considered  without  consideration  of  the 
other,  yet  this  important  fact  has  scarcely  re- 
ceived more  than  mention  in  the  numberless 
discussions  on  the  subject  of  "upkeep." 

.Mr.  Gillette,  in  the  article  in  this  issue,  calls 
attention  to  a  matter  that  has  not  been  dis- 
cussed hitherto.  We  refer  to  the  "identical 
plant  theory  of  reproduction  cost,"  the  advo- 
cates of  which  assert  that  thev  do  not  attempt 
to  "re-engineer"  the  plant  that  they  appraise. 
Mr.  Gillette  says  that  although  this  is  their 
avowed  position  they  fail  to  adhere  to  it,  for 
they  deduct  functional  depreciation,  and  in  so 
doing  they  set  up  as  their  standard  of  value 
the  most  economic  plant  that  can  be  designed. 

We  suggest  the  advisability  of  reading  the 
article  to  which  reference  is  made,  even  if  the 
reader  is  not  particularly  concerned  in  ap- 
praisals. The  logic  involved  in  an  analysis  of 
depreciation  causes  and  formulas  is  beset  with 
many  concealed  pitfalls.  A  study  of  the  fal- 
lacies that  have  been  associated  with  the  treat- 
ment of  depreciation  is  itself  no  mean  training 
in  the  art  of  correct  reasoning. 


Computing  Run-Off  in  Draining   Irri- 
gated Lands. 

The  irrigated  land  drainage  problem  differs 
in  two  important  particulars  from  the  problem 
of  draining  ordinary  wet  lands;  the  water  does 
not  come  directly  from  precipitation  and  rid- 
dance of  the  soil  from  injurious  salts  (alkali) 
as  well  as  from  excess  water  is  essential. 
Both  of  these  factors  influence  design  and 
capacity  of  irrigation  land  drainage  systems, 
but  capacity  is  chiefly  determined  by  condi- 
tions of  source  and  movement  of  water  much 
more  complicated  than  exist  in  wet  land  drain- 
age. Precipitation  records  and  run-off 
formulas  and  factors  do  not  enter  into  irri- 
gated land  drainage  or  at  least  they  arc  not 
direct  influences  on  design.  There  is  no  di- 
rect precipitation;  run-off  in  the  ordinary 
sense  of  the  term  does  not  exist. 

The  water  to  be  removed  in  draining  irri- 
gated land  is  usually  percolating  irrigation 
water.  It  may  come  from  excess  application 
of  irrigation  water  to  the  tract  itself  or  from 
seepage  from  ditches  traversing  the  tract;  in 
both  cases  the  movement  of  the  water  is  down- 
ward. In  another  case  over  watering  of,  or 
-eepage  from  canals  on,  an  adjacent  tract  will 
he  the  source;  then  the  movement  of  the  water 
to  the  injured  tract  is  laterally  through 
porous  strata  from  the  tract  being  over- 
watered  or  having  leaky  canals.  It  may  be 
also  that  the  water  necessitating  removal  by 
drainage  conies  from  distant  higher  reservoirs, 
canals,  etc.,  by  passage  through  deep  porous 
strata;    in    such    case    the    movement    of    the 
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water  is  upward  into  the  injured  tract.  Count- 
ing possible  combinations  of  sources  it  is  evi- 
dent that  estimating  the  quantity  of  water  that 
a  drainage  system  must  handle  is  a  somewhat 
intricate  task. 

As  might  be  expected  practice  is  neither 
standard  nor  consistent.  l"or  small  areas  of  a 
few  hundred  acres  it  is  common  to  determine 
the  irrigation  supply  and  provide  drain  ca- 
pacity for  a  certain  fraction  of  this  supply. 
The  assumed  fraction  ranges  from  one-fifth 
when  the  subsoil  is  clay  to  one-third  when 
average  subsoil  exists  to  one-half  when  the 
subsoil  is  sand.  If  the  subsoil  underlying  the 
tract  is  gravel  the  irrigated  area  assumed  is 
not  the  injured  area  but  the  area  directly  con- 
tributing and  the  fraction  taken  is  one-third 
or  one-half  the  amount  of  water  supplied  to 
this  contributing  area.  These  are  rule  of 
thumb  methods  and  stand  scrutiny  only  be- 
cause thev  have  in  most  cases  proved  re- 
liable. 

When  one  regards  the  extensive  and  in- 
tensive study  given  in  wet  land  drainage  to  all 
the  factors  that  enter  into  the  determination 
of  capacity  of  ditch  and  canal  systems  the 
rough  approximations  used  in  irrigated  land 
drainage  appear  odd.  It  is  true  doubtless  that 
analysis  of  percolation  and  ground  water 
movement  is  a  comparatively  intricate  task. 
Also  drainage  of  irrigated  lands  until  recently 
has  been  a  problem  infrequently  presented  for 
solution.  Nevertheless  the  fact  that  an  em- 
pirical guess  is  the  basis  on  which  most  irri- 
gated land  drainage  systems  are  designed  is 
not  creditable.  This  journal  would  be  pleased 
to  have  discussion  of  the  subject. 


For  Better  Methods  of  Making  Sand 
Analyses. 

In  this  issue  we  publish  an  article  wliich 
calls  attention  to  the  desirability  of  standard- 
izing apparatus  and  methods  for  making  analy- 
ses of  sand  anil  gravel.  The  article  emphasizes 
the  importance  of  this  subject  to  the  water 
works  interests  and  we  arc,  therefore,  publish- 
ing it  in  our  water  works  section.  The  subject 
is  of  general  interest,  bow-ever,  and  the  bet- 
terments in  procedure  advocated  are  of  direct 
interest  to  all  engaged  in  street  paving  work 
and  in  general  concrete  construction. 

The  subject  is  one  of  economic  importance 
in  connection  with  water  filtration,  particularly. 
.\s  Mr.  Burgess  points  out  the  terms  "effective 
size"  and  "uniformity  coefficient,"  now  used  in 
s|)ecifying  filter  sands,  have  little  or  no  sig- 
nificance to  an  ordinary  contractor  or  to  the 
dealer  who  is  in  the  business  of  screening  and 
sizing  sands.  The  attempt  to  specify  the  size 
of   sand   grains,   rather  than    the   sizes  of  the 
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openings  in  screens,  is  confusing  to  men  of 
the  classes  named.  The  problem  of  obtaining 
satisfactory  filter  sand  would  doubtless  be 
greatly  simplified  if  specifications  were  drawn 
to  stipulate  that  the  sand,  to  be  satisfactory, 
must  contain  certain  definite  quantities  as  sep- 
arated by  certain  standard  sieves.  Such  stand- 
ard sieves  would  of  course  be  readily  available 
to  contractor  and  engineer  alike. 

The  practical  importance  of  this  matter  to 
water  works  interests  was  forcefully  brought 
out  by  Mr.  F.  C.  Leopold,  general  manager 
of  the  Pittsburgh  Filter  Co.,  in  his  discussion 
of  Mr.  Burgess'  paper.  Mr.  Leopold  stated 
that  beyond  question  the  present  unsatisfac- 
tory method  of  specifying  filter  sand  sizes  is 
unnecessarily  adding  to  the  expense  of  obtain- 
ing such  sand  in  many  localities.  At  present 
there  are  a  great  many  localities  where  per- 
fectly acceptable  sand  can  be  secured  for  fil- 
tration purposes  and  where  fairlv  satisfactory 
screening  plants  are  established.  The  only 
necessary  addition  to  such  existing  screening 
plants  would  be  inexpensive  screens  to  secure 
the  grade  of  sand  necessary  for  filtration 
plants.  Often  whea  the  present  sand  analysis 
requirements  are  put  up  to  the  local  dealer  he 
is  literally  scared  away  from  the  job  and  re- 
fuses to  name  a  figure  for  furnishing  the  sand. 
Consequently  many  cities  have  paid  anywhere 
from  $2  to  $10  a  ton  for  freight  on  sand  when 
equally  acceptable  filter  sand  could  have  been 
obtained  elsewhere  at  $1..50  a  ton.  or  less,  for 
freight.  Mr.  Leopold  has  had  charge  of  the 
installation  of  many  water  filtration  plants 
throughout  the  country,  in  small  cities  as  well 
as  in  large  ones,  and  certaintly  is  thoroughly 
in  touch  with  conditions  as  they  exist  today. 
He  feels  that  there  is  no  justification  for  the 
use  of  methods  and  terms  of  sand  analysis 
which  add  nothing  to  the  final  efificiency  of  the 
filtration  plant,  but  which  prevent  a  local  dealer 
who  could  do  so  from  furnishing  material 
that  would  adequately  fulfill  the  requirements. 

In  a  word,  the  mechanical  analysis  of  sand, 
which  ought  to  be  a  very  simple  process,  has 
been  rendered  somewhat  mysterious  by  the 
methods  now  in  vogue  in  specifying  filter 
sands.  This  element  of  mystery  is  also  a  con- 
siderable element  of  needless  expense  for  the 
reasons  stated.  A  committee  of  the  .American 
Water  Works  .Association  has  been  appointed 
to  consider  the  revision  of  present  methods  of 
making  sand  analyses,  and  will  rejiort  at  the 
next  annual  convention. 


A  Comprehensive  Investigation  of  En- 
gineering  Education. 

Many  engineers  have  written  their  views  on 
the  subject  of  engineering  education,  some 
have  orally  expressed  their  ideas,  while  others 
who  have  not  been  able  to  obtain  a  hearing 
have  felt  that  proper  attention  to  their  views, 
on  the  part  of  those  in  charge  of  our  en- 
gineering schools,  would  sjiccdily  have  re- 
sulted in  a  happy  solution  of  the  problem. 
That  the  subject  is  one  of  vital  concern  to 
engineers  is  evident,  and  it  is  just  as  evident 
to  those  who  have  given  the  subject  study 
that  our  engineering  schools  are  at  variance 
as  to  what  constitute  proper  courses  of  study. 
.Some  schools  have  given  undue  attention  to 
the  demand  that  its  graduates  be  immediately 
capable  of  doing  eflicient  work  along  certain 
lines,  while  others  have  taken  the  position  that 
a  thorough  grounding  in  the  fundamentals  of 
engineering  is  of  greatest  value.  It  is  un- 
doubtedly true  that  a  broad  study  of  the  sub- 
ject should  result   in  the   formulation  of  prin- 
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ciples  which  may  serve  as  a  guide  to  those 
who  have  in  charge  the  laying  out  and  ad- 
ministering of  engineering  courses.  It  is  of 
interest  to  note  that  the  Carnegie  Foundation 
for  the  .A.dvancement  of  Teaching,  in  conjunc- 
tion with  seven  engineering  societies  and  the 
General  Education  Board,  has  undertaken  a 
comprehensive  study  of  engineering  education 
in  this  country.  A  list  of  questions  has  been 
sent  to  members  in  an  effort  to  secure  a  wide 
and  representative  expression  of  opinions  and 
ideas.  As  there  are  many  practicing  engineers 
who  are  not  members  of  these  societies  wc 
are  here  reprinting  the  list  of  questions  sub- 
mitted. It  is  requested  that  the  answer  to 
each  question  shall  not  exceed  75  words.  Re- 
plies should  be  sent  direct  to  The  Carnegie 
Foundation  for  the  Advancement  of  Teach- 
ing, 576  Fifth  Ave.,  New  York. 

1.  What  are  the  particular  points  at  whicii 
the  worlv  of  the  engineering  schools  is  eitective 
and  successful? 

2.  What  are  the  particular  points  at  which 
the  work  of  the  engineering  schools  is  least 
effective  and  successful? 

3.  What  specific  experiences  illustrate  the 
conclusions  expressed  in  your  answers  to  ques- 
iions  1  and  2? 

4.  What  are  the  most  important  factors  in 
determining-  probable  success  or  failure  in  en- 
gineering? 

5.  When  examining  a  candidate  for  a  pros- 
pective .iob,  what  sort  of  information  is  best 
calculated  to  assist  in  judging  his  fitness  and 
probable  success?    Give  samples. 

6.  What  sort  of  work,  what  specific  jobs, 
what  kind  of  experiences  are  most  effective  in 
testing  a  man  for  fitness  and  probable  success 
in  engineering?     Give   samples. 

7.  Have  you  ever  found  a  knowledge  of  either 
French,  Geiman  or  Spanish  essential  to  your 
professional  career? 

8.  Should  a  reading  knowledge  of  one  of  the 
modern  languages  be  required  of  every  engi- 
neer?   Why? 

9.  Make  specific  suggestions  for  the  improve- 
ment and  strengthening  of  engineering  schools. 

In  addition  to  requesting  information  from 
engineers  in  active  practice  the  Foundation 
is  submitting  another  list  of  questions  to 
teachers  in  engineering  schools,  and  is  mak- 
ing a  direct  study  of  the  methods  used  in 
various  engineering  schools  and  of  results  se- 
cured. It  is  hoped,  as  a  result  of  this  com- 
prehensive investigation,  that  definite  con- 
clusions can  be  drawn  which  will  aid  engineer- 
ing schools  in  giving  more  eliFicient  training 
under  the  conditions  with  which  each  must 
contend. 


Mathematics  and  Logic. 

Mathematicians  have  frequently  contended 
that  deductive  logic  finds  its  highest  and  best 
exemplilication  in  the  science  of  mathe- 
matics. Engineers  have  often  gone  a  step 
farther,  urging  that  applied  mathematics 
gives  the  most  useful  training  in  the  art  of 
deductive  reasoning.  Without  bclitth'ng  the 
merits  of  either  pure  or  applied  mathematics 
as  disciplinary  in  logic,  we  wish  to  urge  the 
necessity  of  other  sorts  of  training  in  reason- 
ing from   premises  to  conclusions. 

One  of  the  grave  defects  of  mathematics  as 
a  training  in  logic  is  the  very  fixity  of  its 
symbols.  Its  fundamental  terms  are  care- 
fully defined  and  universally  accepted.  A 
circle  is  a  circle  the  world  over.  But  witli 
the  ordinary  symbols  of  ideas — the  common 
words  of  every  day  usage — there  is  no  such 
fixity  or  universality  of  acceptance.  Conse- 
quently deductive  reasoning  that  is  not  mathe- 
matical is  subject  to  errors  of  a  kind  that 
rarely  occur  either  in  pure  or  applied  mathe- 
matics. 

To  take  a  simple  illustration,  there  are 
words  "cost"  and  "value,"  often  used  as  if 
they  were  perfectly  interchangeable,  yet  they 
are  perfectly  interchangeable  only  at  the  in- 
stant that  a  purchase  in  a  free  market  is 
made  and  then  only  as  related  to  one  party 
to  the  transaction.  At  that  instant  of  ex- 
change the  "cost"  to  the  purchaser  is  the 
market  "value"  for  the  thing  exchanged.    Yet 


even    at    that    instant    the    market    "value"    is 
not   the  "cost"  to  the   seller. 

Recently  a  public  service  commission  re- 
fused to  recognize  "brokerage"  on  bonds  as 
a  part  of  tlie  "cost  of  reproducing"  a  plant. 
Upon  examination  of  the  reasoning  leading  to 
this  conclusion,  we  find  that  the  commission 
made  its  mistaken  inference  because  it  used 
the  terms  "value"  and  "cost"  interchangeably. 
Briefly  the  reasoning  was  as  follows: 

If  A  builds  a  house  with  his  own  money, 
and  B  builds  the  same  sort  of  house  with 
borrowed  money  on  which  he  pays  a  broker- 
age, B's  house  will  command  no  greater 
price  or  rental  than  A's.  Therefore  broker- 
age adds  nothing  to  the  value  of  a  house, 
and,  by  parity  of  reasoning,  adds  nothing  to 
the  rate-making  value  of  a  public  utility  plant. 
The  subtle  sophistry  here  lies  in  the  fact 
that  "cost  of  reproduction"  was  the  assumed 
"rate-making  value,"  and  the  two  things — 
one  a  "cost"  and  the  other  a  "value" — were 
regarded  as  identical!  Of  course  "brokerage" 
adds  nothing  to  commercial  "value,"  but  it 
certainly  does  add  to  "cost." 

Commercially  the  value  of  a  plant  is  greater 
the  less  it  costs,  so  long  as  its  product  sells 
at  a  fixed  price. 

By  the  same  reasoning  used  to  reject  brok- 
erage as  a  part  of  cost  of  reproduction,  other 
items  of  actual  cost  could  be  rejected. 

The  decisions  of  courts,  as  well  as  of  pub- 
lic service  commissions,  again  and  again  fur- 
nish us  examples  of  false  reasoning  due  to 
lack  of  clear  and  full  understanding  of  the 
two  common  words  "cost"  and  "value."  Un- 
fortunately, also,  the  testimony  and  writings 
of  engineers  often  give  examples  of  similar 
sophistry,  indicating  that  mathematical  train- 
ing alone  does  not  afford  sufficient  protection 
against  this   sort   of   false   deduction. 

A  careful  study  of  language  is  absolutely 
essential  to  correct  deductive  reasoning,  save 
where  mathematical  symbols  and  terms  are 
involved.  Since  most  reasoning  is  not  quan- 
titative, and  therefore  not  mathematical,  it 
follows  that  no  man  can  hope  to  become  a 
thoroughly  good  logician  until  he  has  ac- 
quired the  habit  of  using  words  with  extreme 
precision.  In  this  respect  the  average  lawyer 
is   likely  to   excell   the  average  engineer. 

A  study  of  language  has  often  been  urged 
upon  engineers  as  a  means  of  gaining  the  re- 
spect of  well  educated  men,  as  well  as  a 
means  of  conveying  ideas  clearly  and  force- 
fully. But  we  recall  no  reference  to  language 
study  as  a  means  of  training  engineers  to  be 
better  logicians.  Of  course  when  this  is  the 
end  in  view,  language  must  be  studied  pri- 
marily as  a  reasoning  tool.  The  ordinary 
rhetoric  has  nothing  to  say  about  words  as 
symbols  of  ratiocination.  It  deals  with  them 
only  as  devices  to  convey  ideas  lucidly  and 
with   elegance. 

It  may  be  helpful  to  other  engineers,  as  it 
was  to  the  writer,  to  regard  words  as  sym- 
bols that  indicate  a  force  or  group  of  forces 
— kinetic  or  static.  A  single  word  may  indi- 
cate a  force-group,  or  it  may  require  a  full 
sentence  or  even  several  sentences,  to  sym- 
bolize a  given  force-group.  All  reasoning  re- 
lates to  force-groups  that  have  recorded 
themselves  upon  the  mind,  much  as  sound 
waves  have  produced  a  phonographic  record. 
And  the  rise  of  ideas  in  the  brain  is  much 
like  the  reproduction  of  a  phonographic  rec- 
ord. 

Reasoning  is  the  combination  of  ideas — the 
reproduction  of  parts  of  sense-records  in  se- 
quence. Words  are  the  symbols  of  these 
sense-records,  and,  where  the  sense-record  is 
at  all  complex,  words  are  as  essential  in  gen- 
eral reasoning  as  are  symbols  in  mathematical 
analysis.  Once  let  this  conception  of  the 
reasoning  process  be  clearly  formed  and  there 
will  inevitably  arise  a  great  respect  for  lan- 
guage as  a  reasoning  instrument.  Instead  of 
being  regarded,  as  it  now  is,  merely  as  a  de- 
vice for  conveying  thought — or  for  concealing 
thought,  as  a  satirical  Frenchman  had  it- 
language  will  be  held  worthy  of  most  careful 
study  because  it  is  part  of  the  essential 
mechanism  of  all  profound,  and  of  nearly  all 
ordinary,   thinking. 


"Men   are   such   stuff   as    dreams    are   made  ■ 

on,"   but   language  gives   the  dreamers  power  n 

to  apprehend   reality.  I 

Word   study   is   as  essential   to  the  logician  ' 
as  study  of  the  properties  of  materials  is  to 
the  engineer. 


The    Growing    Tendency    in    Concrete 
Road  Construction  Toward  Re- 
finement  in   Quality   of 
Materials. 

The  successful  future  of  concrete  roads  de- 
pends upon  firm  adherence  to  superior  quality 
concrete.  Subgrading  and  drainage  may  be 
good  and,  of  course,  must  be  good  for  any 
road  that  is  to  endure,  but  the  final  criterion 
of  a  concrete  road  as  distinguished  from  other 
constructions  is  the  integrity  and  durability  of 
the  material  itself — the  quality  of  the  concrete. 
The  service  to  be  given  by  concrete  in  no  other 
structure  calls  for  such  perfect  quality  of  ma- 
terial as  is  demanded  in  a  road.  This  truth  is 
not  a  new  discovery.  It  has  long  been  known 
to  the  few  best  students  of  concrete  roads. 
The  new  feature  is  that  whereas  formerly  the 
few  observed  the  truth  and  the  many  neglected 
it.  now  the  many  observe  the  truth  and  only 
the  few  neglect  it.  One  is  very  strongly  im- 
pressed with  this  change  who  reviews  the  last 
season's  reports  of  municipalities  that  have 
been  building  concrete  roads  for  a  few  years. 
The  quality  of  concrete  is  determined  by  the 
quality  of  the  raw  materials,  by  the  propor- 
tioning and  incorporation  of  these  materials, 
and  by  the  curing  of  the  deposited  mixtures. 
To  the  perfection  of  all  of  these  things  experi- 
enced concrete  road  builders  are  paying  now 
much  more  strict  attention  than  a  year  ago 
was  considered  at  all  essential  and  are  urging 
even  stricter  attention  in  future  work.  Prac- 
tice has  reached  a  point  where  demand  exists 
for  refinement  in  materials  for  and  processes 
of  concrete  production  for  roads.  This  stage 
of  attainment  in  the  development  of  the  con- 
crete road  is  to  our  mind  the  finest  promise 
that  we  have  that  the  concrete  road  has 
arrived. 

First,  in  the  attention  being  given  to  insure 
better  concrete  materials,  is  cement.  Verj'  few 
communities  having  much  experience  in  con- 
crete road  building  fail  to  provide  for  the 
thorough  testing  of  all  cement.  This  is  essen- 
tial. Few  materials  as  widely  manufactured  as 
is  Portland  cement  rank  more  uniformly  of 
high  average  quality,  but  all  cement  is  not  test 
proof  any  more  than  are  every  brick  and  every 
steel  bar.  No  road  job  of  size  fails  to  receive 
an  occasional  shipment  of  cement  that  has  to 
be  rejected.  The  safeguard  is  testing.  To 
make  testing  practicable  and  to  provide  direct 
control,  commissions  having  concrete  road 
work  in  charge  are  adopting  the  plan  of  fur- 
nishing all  cement.  Besides  securing  control 
of  the  testing,  the  road  authorities  by  this  plan 
avoid  any  tendency  of  the  contractor  to  reduce 
the  cement  content  of  his  concrete.  Excessive 
use  is  prevented  by  holding  the  contractor  re- 
sponsible for  any  over  run  of  cement  and  for 
loss  of  cement  bags.  j 

Aggregates  for  concrete  for  road  work  need  | 
and  are  receiving  increased  scrutiny  as  to  qual- 
ity. Pit  run  gravel  is  not  accepted  by  many. 
Stone  and  screened  gravel  are  required  to  be 
graded  and  to  be  kept  within  narrow  size  lim- 
its. In  some  work  the  coarse  aggregate  is  re- 
quired to  conform  to  a  set  co-efficient  of 
wear.  Inspection  of  sand  is  rigid.  The  dirt 
content  and  the  proportion  of  flat  flakes  are 
being  strictly  limited  and  demand  is  usual  that 
the  grading  of  particles  be  fairly  perfect. 
Altogether  concrete  road  practice  in  the  re- 
quirements for  quality  of  concrete  aggregates 
is  superior  to  that  in  almost  all  other  kinds  of 
concrete  construction. 

The  best  road  construction  sets  a  high 
standard  of  perfection  in  the  proportioning 
and  mi.xing  of  concrete.  Set  proportions  are 
commonly  abjured.  The  aggregate  is  studied 
to  determine  proportion  of  voids,  sizes,  form 
and  gradation  of  particles  and  the  concrete 
content  is  varied  to  conform,  and  as  frequently 
as  need  be,  with  the  purpose  of  securing  density 
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of  mixture.  Duration  and  speed  of  mi.xing  are 
strictly  governed.  One  road  commissioner  has 
conducted  careful  tests  to  determine  the  quality 
of  mixture  produced  by  different  numbers  of 
revolutions  and  diiferent  speeds  of  rotation  of 
the  mixer  used  and  on  the  results  has  set  rigid 
requirements  for  mixing  time  and  mixer  speed. 
Here  it  may  be  noted  that  individual  tests  are 
positively  necessary  on  each  work  where  difTer- 
ent  mixers  are  used;  for  the  speed  of  rotation 
and  number  of  turns  which  give  the  best  con- 
crete with  one  mixer  are  no  criterion  of  what 
another  mi.xer  will  do. 

Methods  of  curing  are  numerous  and  the  dif- 
ference in  efificiency  between  the  better  methods 
is  not  great.  The  advance  in  curing  methods 
indicated  by  recent  practice  is  shown  rather  in 


the  care  with  which  all  methods  are  carried 
out  than  in  devising  unique  methods.  The 
curing  period  is  lengthened  wherever  possible; 
water  is  supplied  liberally  and  the  road  slab 
is  kept  continuously  wet ;  protection  from  wind 
and  sun  is  sought. 

The  preceding  summary  of  increased  refine- 
ment in  conducting  concrete  road  work  can  be 
materially  lengthened  by  adding  minor  de- 
tails. The  fact  that  concrete  road  building  is 
becoming  a  very  particular  task  of  concrete 
construction  has,  however,  been  clearly  indi- 
cated and  that  is  all  that  it  was  proposed  to 
do.  The  contractor,  all  of  whose  experience 
has  been  in  general  concrete  construction, 
must  be  prepared  to  accept  new  standards  of 
refinement    in    concrete    production    when    he 


enters  the  field  of  road  work.  It  is  more 
important  to  emphasize  this  fact  than  most 
of  the  other  changed  conditions  that  concrete 
road  construction  brings,  because  it  is  less 
obvious  than  most  of  the  others.  Coincident- 
ally  it  should  be  noted  that  the  tendency  for 
increased  refinement  is  bringing  an  increase 
in  concrete  pavement  costs.  The  old  "dollar 
a  yard"  slogan  of  the  concrete  road  enthu- 
siast is  ceasing  to  have  much  of  the  truth 
that  it  once  had.  Dollar  a  yard  concrete  roads 
will  be  built  in  occasional  places  but  the  con- 
crete road  of  the  future  will  most  certainly 
exceed  materially  the  cost  of  most  of  the  con- 
crete roads  of  the  past  and  it  should  do  so, 
for  unless  all  indications  fail  it  will  be  a  much 
better  road. 


\j\j  Aii^  ii  JliJCvs. 


The   Use,    Design,   Construction,    Cost 

and  Du^bility  of  Wooden  Stave 

Pipe. 
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V. 


Construction    Organization    and    Methods. 

Contributed     by    Andrew     .Swickard.     Hydraulic 
Engineer,    Palo   Alto.    Calif. 

ORG.'iNIZATION    OF    FORCES. 

The  number  of  men  required  in  construct- 
ing wooden  stave  pipe  lines,  and  their  organi- 
zation into  working  crews,  will  depend  en- 
tirely on  the  magnitude  of  the  work.  The 
simplest  case  would  be  that  of  a  proposition 
requiring  only  one  crew  to  carry  the  work 
to  completion  within  a  reasonable  time ;  the 
work  being  so  located  that  a  camp  is  un- 
necessary. If  the  proposition  is  a  large  one, 
and  the  time  limit  comparatively  short,  work 
might  be  carried  on  at  a  number  of  points, 
so  widely  separated  that  more,  than  one  camp 
would  be  necessary  to  provide  accommoda- 
tions for  the  workmen.  In  the  first  case  the 
work  would  be  done  under  the  direction  of 
a  skilled  foreman  working  under  directions 
from  the  home  ofiice,  and  using  such  labor  as 
the  immediate  locality  could  furnish.  In  the 
second  case,  the  work  would  be  under  the 
direction  of  a  general  superintendent  work- 
ing through  the  camp  superintendents.  Each 
camp  superintendent  would  direct  the  affairs 
of  the  camp  and  the  construction,  through 
the  store-keeper  and  foremen  of  each  con- 
struction crew. 

The  number  of  the  general  superintendent's 
assistants  would  be  governed  by  the  amount 
of  work  necessary  to  keep  the  material  ar- 
riving in  proper  proportions,  and  in  quantities 
necessary  to  keep  the  construction  camps  sup- 
plied, to  make  the  analysis  of  reports  and 
cost  data,  and  to  keep  the  entire  project  in 
proper  working  order. 

The  Camp  Superintendent. — The  camp  su- 
perintendent   would    keep    the    general    office 


will  depend  entirely  on  circumstances,  as  will 
also  the  number  of   construction   crews. 

The  Construction  Crew. — A  construction 
crew  will  consist  of  the  men  distributing  ma- 
terial from  the  points  where  it  has  been  left 
by  the  teams,   usually  in   quantities   at   points 
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Fig.  2.    Sketch  of  Wooden  Centering  in  Posi- 
tion— Removal  of  Wedges  Releases  Form. 

as  near  '!nO  ft.  apart  as  circumstances  will 
permit,  the  band  benders,  the  band  painters, 
those  assembling  the  staves,  those  assembling 
and  spacing  the  bands,  and  those  back-cinch- 
ing bands.  It  is  usual  to  repaint  the  bands 
after   thcv    have    been    hammered   during   the 


ditions  that  affect  the  rate  at  which  the  staves 
are  assembled ;  usually  there  will  not  be  more 
than  one  band  bender.  One  man  can  dip 
the  bands  in  paint  as  fast  as  one  man  can 
bend  them,  provided  they  are  placed  so  con- 
veniently at  the  dipping  vat  that  not  more 
than  a  step  or  two  is  necessary  to  reach 
them ;  it  requires  another  man  to  so  pl^ce 
the  bands  and  to  remove  them  from  the  drip- 
ping board.  The  bending  and  painting  of 
the  bands  is  sometimes  done  at  a  stationary 
plant  and  they  are  then  hauled  to  the  pipe 
hne.  This  is  necessary  if  the  coating  is  to 
be  an  application  of  hot  asphaltum  or  other 
substance;  but  more  or  less  injury  is  done 
to  the  coating  during  transportation. 

From  one  to  three  men  can  distribute  the 
bands  and  from  one  to  two  men  can  dis- 
tribute the  staves,  if  the  maximum  distance 
of  carrying  is  not  greater  than  200  ft.  It  is 
necessary  to  sort  the  staves  into  piles  of 
equal  lengths;  that  is  lengths  varrying  by  only 
a  few  inches.  This  sorting  can  ordinarily  be 
done    by    the    distributers. 

The  assembling  of  the  staves  will  require 
from  three  to  seven  men,  depending  on  the 
size  of  the  pipe.  Three  men  will  answer  very 
well  up  to  4-ft.  pipe,  then  additions  are  neces- 
sary  in   order  to   keep   the   party   efficient. 

Putting  on  bands  and  spacing  them  requires 
two  men  or  some  multiple  of  two,  depending 
on  the  space  between  bands,  and  also  on  the 
size  of  the  pipe.  Where  thespacing  is  wide, 
it  will  not  take  all  of  the  time  of  two  men 
to  put  on  bands,  and  they  woidd  also  assist 
in  the  distributing  of  the  bands  and  possibly 
of  the  lumber.  One  man  can  put  on  bands 
on  very  small  pipe  say  up  to  20  ins.  in  di- 
ameter, or  on  the  sizes  that  he  can  stand 
astride  of  and  work. 

The  back  cinching  is  best  done  by  men 
working  in  pairs,  except  for  the  smaller  sizes 


E.&C 
Fig.  1.     Form  and  Centering  Used  in  Laying  Wooden   Stave   Pipe. 

(Shows  outside  form  with  det;ichable  brace.s  to  hold  the  form  in  place 
until  a  Kiitticient  number  of  the  lower  .-itaves  are  In  place  to  hold  the 
form  in  an  upright  position;  al.so  .shows  wooden  centering  in  position.) 
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Fig.  3.      Sketch   Showintj   Inside   Form   Made  of   Gas    Pipe — Suitable 
for   Smaller    Sizes     of  Wooden   Stave   Pipe. 


informed  of  his  needs  in  material  and  sup- 
plies, receive  and  check  them  at  his  camp,  re- 
distribute to  the  working  crews,  see  that  the 
trench  or  bed  for  the  pipe  is  properly  pro- 
vided, and  make  and  render  reports  cover- 
ing all  features  of  the  work.  I  lis  number  of 
assistants    outside    of    the   construction   crews 


process  of  back-cinching.  Where  the  pipe 
is  laid  on  sills,  these  are  usually  set  by  the 
agency  that  is  preparing  the  trench  or  bed  for 
the  pipe. 

The  number  of  men  bending  bands  per 
crew  will  depend  on  how  closely  the  bands 
are  spaced  on  the  pipe,  and  also  on  the  con- 


of  pipe.  The  number  of  pairs  of  men  will  de- 
pend on  the  spacing  of  the  bands  and  also 
on  the  size  of  the  pipe. 

The  general  forces  on  large  projects  would 
be  so  varied  in  make-up  by  conditions  and 
circumstances  that  an  illustration  would  not 
be   apt.     The   construction    crews    would    not 
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vary  much  in  make-up,  be  the  project  large  or 
small,  only  in  the  nimiber  of  crews.  As  il- 
lustrations of  the  make-up  of  a  crew  we  will 
use  one  on  a  30-in.  pipe  and  one  on  a  (iO-in. 
pipe. 
30-In.  pipe,  with  four  bands  per  foot: 

Per  day.     Men. 

Bendinq:  bands    61)0  1 

Painting    bands    GUU  1 

Distributing  bands   600  3 

Putting    on    pipe    600  2 

Back-cinching     600  8 

Assembling  staves,    ft 150  S 

Distributing  staves,   ft 150  1 

Tlie  total  number  of  men  in  a  crew  buiUI- 
ing  150  ft.  of  30-in.  pipe  per  day  is  U).  .(M- 
lowing  one  man  $3.00  per  day  and  the  others 
$2.50  the  total  cost  is  $48  or' 32  cts.  per  foot 
of  pipe.  If  only  two  bands  per  foot  were 
being  used  the  crew  would  consist  of  only 
12  men  at  a  total  cost  of  $30.50  per  day  or 
20%  cts.  per  foot  of  pipe. 
60-in.  pipe,  witli  4  bands  per  foot: 

Per  day.     Men. 

Bending  bands   250  1 

Painting    bands    250  2 

Distributing  bands    250  3 

Puttin.g  on  pipe   250  2 

Bacli-cinching     250  6 

Assembling  staves,  ft 62  V^         4 

Distributing  staves,   ft 62y2         2 

The  total  number  of  men  in  a  crew  build- 
ing 62%  ft.  of  60-in.  pipe  per  day  is  thus  seen 
to  be  20,  at  a  total  cost  of  $50.50  per  day  or 
81  cts.  per  foot  of  pipe.  If  only  one-half  as 
many  bands  per  foot  were  being  used  then 
only  13  men  would  be  needed  at  a  total  cost 
of  $.33  per  day  or  approximately  53  cts.  per 
foot. 

In  these  illustrations  conditions  were  as- 
sumed that  would  allow  the  banding  of  the 
pipe  to  keep  pace  with  the  assembling  of  the 
staves.  In  actual  practice,  the  bending,  paint- 
ing, and  distributing  of  the  bands  would  be 
carried  ahead  of  the  distribution  and  as- 
sembling of  the  staves.  Assembling  the  bands 
on  the  pipe  would  follow  behind  the  assemb- 
ling of  the  staves  a  varying  distance  due  to 
the  change  in  band  spacing.  The  back  cinch- 
ing would  follow  in  an  erratic  manner  due 
to  the  sudden  impulse  of  individuals  to  travel 
to  greener  fields.  The  back-cinching  crew 
would  be  frequently  drawn  upon  to  fill 
vacancies  at  the  front,  and  would  thus  become 
an  unreliable  quantity  as  far  as  numbers  are 
concerned. 

METHODS     OF    CONSTRUCTION. 

Points  of  Beginning  and  Closure. — If  the 
project  is  small  and  only  one  crew  is  used, 
the  work  would  be  started  at  one  end  and 
carried  on  continuously  until  completed,  but 
if  two  crews  are  necessary  then  one  of  two 
methods  can  be  followed:  commencing  at  a 
point  near  the  middle  and  working  in  op- 
posite directions  toward  the  ends,  or  starting 
a  crew  at  each  end  and  working  toward  the 
middle  point.  The  completion  of  the  pipe 
by  joining  the  two  ends,  where  two  crews 
are  building  toward  each  other,  would  be  ac- 
complished by  cutting  staves  to  fit  the  remain- 
ing gap.  then  bending  them  until  the  slots  in 
the    ends    of    the    staves    would    engage    the 
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Fig.  4.     Details  of  Long  Driving  Bar  for  Use 
in  Constructing  Continuous  Stave  Wooden 
Pipe  Lines. 

metal  tongues,  then  allowing  them  to  or  forc- 
ing them  to  straighten  out :  this  forces  the 
stave  onto  the  tongue  and  into  the  proper  po- 
sition. The  only  difficulty  in  connection  with 
this  method  is  "rounding  out"  the  pipe,  and 
this  is  easy  if  the  pipe  is  large  enough  so 
that  a  man  can  be  left  inside  to  assist  in 
bringing  the  staves  to  a  position  that  will 
make     a     smooth     surface.       Otherwise     the 


"rounding  out"  is  more  difficult  but  prac- 
ticable. If  a  man  is  left  inside,  the  size  of 
tlie  pipe  and  the  distance  to  the  end  must  be 
such  that  he  can  crawl  out  conveniently;  if 
this  is  not  practicable  a  man-hole  must  be 
cut  into  the  pipe  to  be  covered  with  a  metal 
plate.  Where  a  number  of  crews  are  em- 
ployed from  one  camp  two  crews  would  be 
started    from    selected   points   building   in   op- 
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Fig.  5.     Detail  of  Brace  Wrench  for  Rapidly 
Turning    Down    the      Nuts     on     Bands    of 
Wooden   Stave   Pipe. 

posite  directions  toward  approaching  crews. 
The  work  can  often  be  expedited  by  engender- 
ing a  rivalry  between  approaching  crews;  a 
flag  at  the  half-way  point  being  the  goal. 

Band  Bending. — The  bending  of  the  bands 
can  be  done  by  running  them  through  a  ma- 
chine containing  three  driven  rollers,  but  the 
fact  that  each  rod  would  have  heads  or  nuts 
at  the  ends,  would  interfer  with  the  efficiency 
of  this  sort  of  a  device.  A  table  built  of  any 
lumber  that  might  be  available  with  a  raised 
circle  or  half  circle  built  on  top  works  very 
nicely.  The  table  should  be  of  a  height 
equivalent  to  that  of  a  man's  waist  band,  and 
should  be  heavy  enough  so  that  the  force 
applied  to  bend  the  band  will  not  move  the 
table.  The  circle  on  the  top  of  the  table 
should  have  a  radius  less  than  that  of  the 
pipe  for  which  the  bands  are  intended;  the 
exact  radius  can  be  determined  only  by  trial 
for  a  given  case. 

Band  Dipping. — The  dipping  vat  need  not 
be  more  than  an  ordinary  wooden  trough  1  ft. 
deep  and  1  ft.  wide  and  of  a  length  such 
that  a  band  bent  to  the  proper  form  will, 
when  standing  vertically,  rest  on  the  ends  of 
the  vat  but  not  quite  reach  the  bottom.  Tlie 
band  can  then  be  rolled  around  sliding  on 
the  ends  of  the  vat  until  the  band  is  covered, 
and  then  out  onto  the  drain  board  at  either 
end.  A  contrivance  of  this  sort  is  efficient 
and  is  easily  and  quickly  moved  to  any  desired 
place.  The  bands,  for  a  small  pipe,  which 
are  light  in  weight  and  can  be  handled  very 
readily  arc  more  economically  coated  by  dip- 
ping them  bodily  into  a  vat,  of  paint,  of  a 
form  that  will  permit  this. 

Assembling  the  Staves. — The  assembling  of 
the  staves  of  a  pipe  requires  comparatively 
few  and  only  simple  tools.  The  first  and 
very  essential  appliances  are  the  forms,  for 
both  the  outside  and  inside.  The  outside 
form  is  necessary  for  only  the  lower  half  of 
the  pipe,  and  therefore  need  be  only  a  half 
circle,  and  is  best  when  made  from  gas 
pipe;  a  stiff  form  with  a  minimum  of  weight 
is  thus  obtained.  The  inside  form  for  the 
smaller  sizes  of  pipe  is  best  made  from  gas 
pipe,  and  for  the  larger  sizes  of  wood.  See 
Figs.  1,  2  and  3. 


Opening  to  fir  nut- 


Fig.  6.     Detail  of  Ratchet  Wrench  and  Socket 
Attachment    for    Turning    Down    Nuts    on 
Bands  of  Wooden   Stave   Pipe   Lines  Over 
48   ins.   In   Diameter. 

driven  endwise  into  the  slot  formed  by  the 
two  abutting  ends,  or  is  inserted  in  the  end 
of  the  stave  in  the  old  section,  before  the 
new  stave  is  slid  in,  and  is  driven  into  the 
slot  and  then  downward  slightly  into  the 
stave  previously  put  into  place.  Then  the 
new  stave  is  put  in  place  and  tapped  home. 
Then  a  stave  on  each  side  corresponding  to  a 
shorter    stave    in    the    old    section    is    placed. 


After  a  pipe  is  started  a  crew  requires  one 
inside  and  one  outside  form,  but  in  order  to 
set  up  the  first  section  two  of  each  is  neces- 
sary, unless  the  pipe  is  started  from  a  cast- 
iron  or  riveted  steel  special,  then  only  one  out- 
side form  is  necessary. 

In  starting  a  section  in  a  case  where  it  is 
intended  to  extend  the  pipe  in  both  directions 
the  two  outside  forms  are  set  up,  the  staves 
are  laid  in  position  against  the  forms,  keep- 
ing the  two  sides  balanced  to  prevent  the 
tendency  to  roll  until  the  lower  half  of  the 
staves  are  placed.  The  inside  forms  are  then 
placed  and  the  upper  half  of  the  staves  are 
put  in  position.  A  few  bands  are  then  put  on 
the  section ;  enough  to  hold  the  staves  rigid, 
say  2%  or  3  ft.  apart.  The  forms  are  then 
removed  and  the  outside  one  is  set  for  the 
new  sections.  While  the  forms  are  being 
removed  and  set  up  ahead,  two  men,  usually 
the  head  man  of  the  crew  and  an  assistant, 
put  in  the  metal  tongues  in  the  slots  in  the 
ends  of  the  shorter  staves  of  the  section 
already  set  up,  those  in  the  longer  staves 
being  driven  in  while  the  new  section  is  be- 
ing assembled.  The  tongues  being  longer 
than  the  slots  it  is  necessary  to  pry  the 
longer  staves  apart  sufficiently  to  allow  the 
tongue  to  be  started  then  a  blow  or  two  from 
a  light  hammer  seats  it  properly  in  the  slot. 
Before  allowing  the  staves  that  have  been 
pried  apart  to  be  released  it  should  be  no- 
ticed whether  or  not  they  will  assume  a  po- 
sition that  will  make  a  smooth  inside  or  out- 
side surface.  If  an  uneven  surface  is  formed 
the  staves  at  that  point  cannot  be  hammered 
out  into  place  because  the  projecting  tongue 
will   hold   them. 

With  the  tongues  inserted  in  the  shorter 
staves  of  the  section  already  in  place  and 
the  outside  form,  for  the  new  section,  in  place, 
a  bottom  stave  of  the  new  section  is  put  in, 
one  that  will  form  the  continuation  of  one  of 
the  shorter  staves  of  the  old  section,  one  hav- 
ing a  metal  tongue  already  in  place.  This 
stave  should  be  driven  lightly  with  a  hammer 
until  it  covers  the  metal  tongue.  Then  the 
two  adjoining  staves  are  slid  into  place, 
butting  against  their  corresponding  staves  in 
the   old   section ;    the   metal   tongue     is     then 
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This  process  is  carried  on  until  half  the 
circle  is  complete  and  then  the  inside  form 
is  set  up  and  the  staves  are  carried  up  until 
the   circle   is    complete. 

Placing  Temporary  Bands. — A  number  of 
bands  must  be  put  on,  enough  to  hold  the 
section  rigid,  and  over  the  dove-tailed  joint 
enough  bands  must  be  put  and  cinched  tight 
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Fig.  7.     Detail  of  Connection  Between  Wood- 
en   Pipe    and    Steel    Pipe. 

enough  to  prevent  the  joints  from  opening 
subsequently,  and  tight  enough  to  prevent  the 
staves  from  rebounding  when  being  driven 
snugly  home  with  an  8  or  10-lb.  sledge. 

Driving  the  Staves. — If  the  assembled  sec- 
tion is  on  a  tangent,  the  next  stage  of  the 
process  is  to  drive  the  staves  endwise  so  as  to 
secure  actual  contact  between  the  ends  of  the 
staves  and  a  proper  seating  of  the  tongues  in 
the  bottom  of  the  slots.  This  is  done  by 
holding  a  driving  bar  against  the  end  of  a 
stave  and  striking  the  bar  with  about  a  10- 
I  lb.  sledge.  If  the  staves  rebound  when 
driven  hard  it  will  be  necessary  to  cinch  the 
bands  over  the  joint  tighter  or  put  on  more 
bands.  A  driving  bar  consists  of  a  piece  of 
oak  timber  about  2  ins.  thick  and  of  a  width 
a  little  less  than  the  width  of  the  staves.  The 
details  of  such  a  bar  are  shown  in  Fig.  4. 
Two  bars  are  necessary,  a  long  one  and  a 
short  one ;  the  long  one  for  the  short  staves 
in  the  section  and  the  short  one  for  the 
projecting  staves.  On  a  tangent  the  driving 
of  the  staves  is  an  easy  matter,  but  on 
curves  it  becomes  more  laborious,  because 
the  bend  thrown  into  the  staves  makes  them 
drive  harder,  and  as  the  bending  of  the  pipe 
opens  the  joints  on  the  convex  side  it  is 
necessary  to  drive  the  staves  two  or  three 
times. 

Making  Curves  in  Alignment. — On  curves, 
horizontal  or  vertical,  tlie  next  step  in  the 
process  after  the  temporary  bands  have  been 
put  on  a  new  section  and  the  staves  driven 
snug,  is  to  put  the  necessary  bend  in  the  sec- 
tion. The  method  of  doing  this  dpends  on 
the  size  of  pipe  and  conditions  along  the  pipe. 
For  small  pipe  the  bend  can  be  made  with  a 
lever,  but  for  large  pipe  a  jack-screw  or  a 
chain-block  is  necessary.  If  there  is  a  bank 
against  which  the  jack-screw  can  work  it  is 
the  most  convenient.  On  vertical  curves  the 
weight  of  the  pipe  with  the  added  weight  of 
three  or  four  men  will  usually  make  the  de- 
sired bend  unless  it  is  a  very  large  pipe,  and 
then  a  number  of  men  jumping  in  unison  will 
usually   make    the   bend. 

During  the  process  of  making  a  bend  in 
the  pipe  the  driving  of  the  staves  can  l)e  con- 
tinued. Care  should  be  taken  that  the  bend- 
ing is  not  carried  so  far  that  the  joints  on 
the  convex  side  pull  so  far  apart  that  the 
tongue  comes  from  the  slots.  It  would  be  a 
difficult  matter  to  get  them  back  without  in- 
juring the  end  of  the  stave. 

On  sharp  curves  stave  joints  tliree  or  tour 
sections  back  are  sometimes  pulled  apart  to 
some  extent.  Tliree  or  four  lengths  of  staves 
cannot  be  driven  with  a  sledge  hammer.  A 
ram,  consisting  of  a  heavy  timber  to  which 
are  nailed  cross  pieces  for  the  men  to  handle 
it  with,  has  been  used  by  the  writer,  to  drive 
as  much  as  60  ft.  of  staves.  Guides  must 
be  provided  for  the  ram  to  slide  on  other- 
wise it  would  be  difficult  to  hit  tlic  end  of 
the  driving  bar.  By  being  careful  to  put  on 
enough  extra  bands  over  the  joints  on  curves, 
the  use  of  a  ram  can  usually  l)e  avoided. 

The  assembling  of  the  staves  is  but  a  con- 
tinual repetition  of  the  process  that  has  been 
described,  unless  some  special  form  of  con- 
struction becomes  necessary  to  ineet  some  spe- 
cial need.     This  might  likely  occur  in  the  re- 


duction or  increase  in  the  size  of  the  pipe. 
The  staves  in  the  larger  pipe  that  are  in  ex- 
cess of  the  number  in  the  smaller  pipe  must 
be  tapered  to  a  point,  and  if  the  width  of  the 
staves  for  the  two  sizes  is  not  the  same 
the  widest  must  be  trimmed  down  enough, 
starting  2  or  3  ft.  back,  to  make  the  ends 
correspond.  Occasionally  the  intake  end  of 
a  pipe  is  required  to  be  enlarged.  This  is 
done  by   the   introduction   of   tapered  staves. 

Assembling  and  Spacing  Bands. — Assembling 
and  spacing  the  bands  on  the  pipe  is  best 
done  by  men  working  in  pairs.  If  the  pipe 
is  small  enough  so  that  a  man  can  stand 
astride  it  and  work,  only  one  man  is  neces- 
sary. In  cases  where  the  band  is  in  one 
piece,  it  has  been  bent  into  a  circle  with  the 
ends  meeting  or  lapping  over  a  little,  and  is 
put  on  the  pipe  by  pulling  the  ends  apart  suf- 
ficiently to  let  them  pass  over  the  pipe.  The 
band  will  spring  back  only  part  way,  to  the 
original  shape,  but  the  ends  are  easily  sprung 
together  and  coupled  with  the  shoe.  A  few 
turns  of  the  nut  renders  the  coupling  secure. 
The  shoes  or  couplings  are  placed  along  the 
sides  of  the  pipe  and  are  made  to  alternate, 
so  that  the  shoes  of  adjacent  bands  are  al- 
ways on  opposite  sides  of  the  pipe,  and  along 
the  sides  of  the  pipe  they  are  arranged  uni- 
formly in  rows  as  shown  in  the  illustration 
in  Article   I   of  this   series.     The  purpose   of 
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Fig.  8.     Detail  of  Flanged  Cast   Iron   Saddle 

for    Connecting     Air    Valves,    Standpipes, 

Blow-off     Valves     and     Branch     Pipes     to 

Wooden   Stave   Pipe. 

putting  the  shoes  along  the  side  of  the  pipe 
is  to  take  advantage  of  the  fact  that  the 
initial  tension  in  the  band  is  greater  at  the 
coupling  than  in  other  parts  of  the  band,  and 
that  the  consequent  pressure  against  the  pipe 
is  greater  under  the  shoe,  than  at  other 
points  under  the  band,  and  tends  to  prevent 
the  pipe  assuming  an  oval  form  due  to  the 
weight  of  the  material.  Bands  should  al- 
ways be  put  on  so  that  the  threaded  ends 
point  upvi'ard,  otherwise  the  nut  would  be 
below  the  shoe  and  inconvenient  to  tighten. 
Where  the  bands  are  in  two  parts  and  are 
bent  so  as  to  fit  the  pipe  accurately  they  are 
easily  assembled.  The  piece  headed  at  both 
ends  is  placed  over  the  top  of  the  pipe  and 
the  shoes  are  hung  on  the  heads,  then  the 
threaded  piece  is  passed  under  the  pipe  and 
the  ends  are  slipped  into  the  shoes.  For 
tightening  nuts  a  brace  wrench,  see  Fig.  5,  is 
the  most  efficient  form  to  use.  It  is  rapid  and 
can  even  be  used  for  final  cinching  on  pipe 
up  to  21  ins.  in  diameter.  The  brace  wrench, 
however,  cannot  be  used  on  sizes  of  pipe  that 
raises  the  handles  so  high  that  they  cannot 
be  worked  conveniently.  The  limit  is  about 
a  48-in.  pipe.  For  sizes  greater  than  this  a 
ratchet-wrench  is  the  most  convenient,  and 
efficient.  The  ratchet  is  a  standard  tool  car- 
ried l)y  most  large  dealers,  but  for  pipe  work 
it  is  used  on  a  socket  made  to  fit  the  nut, 
see  Fig.  C. 

Pipe  that  is  intended  to  lie  on  the  ground 
and  be  backfilled  must  be  kept  a  couple  of 
inches  above  the  ground  by  means  of  blocks 
until  the  bands  are  put  on.  The  blocks  can 
be  removed  by  raising  the  smaller  sizes  of 
pipe  slightly  with  two  levers,  and  larger 
sizes  of  pipe  with  two  short  jack-screws,  one 
on   each   side  of   the   pipe. 

The  spacing  of  the  liands  is  accomplished 
either  by  marking  the  position  of  each  band 
on  the  pipe  by  means  of  a  pair  of  dividers 
properly  set,  or  by  means  of  a  gage  to  set 
each  succeeding  band  with,  in  reference  to 
the    preceding    one. 

The  back-cinching  is  best  done  with  a 
straight    wrench    that    connects    directly    with 


the  nut.  The  nuts  are  turned  on  until  the 
bands  fit  snugly,  by  those  assembling  and 
spacing  bands.  In  the  process  of  cinching  the 
nuts  are  not  moved  any  great  distance,  so  that 
speed  in  turning  is  no  object,  and  the  straight 
wrench  thus  answ-ers,  and  stands  the  strain 
best. 

In  cinching  it  is  desirable  to  seat  the  bands 
in  the  wood  so  that  the  width  of  the  indenta- 
tion is  not  greater  than  the  radius  of  the  rod, 
or  the  depth  of  the  indentation  is  approxi- 
mately Vi  of  the  diameter  of  the  rod.  This 
cannot  be  accomplished  by  cinching  alone, 
so  it  is  necessary  to  hammer  the  band,  using 
about   a  2  or  3-lb.   hammer   for   the   purpose. 

In  cinching  it  is  not  desirable  to  compress 
the  staves  to  greater  than  200  lbs.  per  square 
inch.  This  can  be  done  approximately  only 
by  judging  the  pull,  in  pounds,  an  average 
man  applies  to  the  wrench,  and  then  making 
the  length  of  the  wrench  in  accordance  with 
this  rule.  For  a  wrench,  in  length,  16  times 
the  diameter  of  the  bolt,  the  strain  produced 
in  the  bolt  is  4-5  times  the  pull  exerted.  This 
rule  is  applicable  only  to  pressed  nuts  turning 
on  rolled  threads,  such  as  are  generally  used 
on  pipe,  and  means  that  a  30-lb.  pull  with  a 
12-inch,  wrench  will  strain  a  %-in.  rod  up  to 
1,3.50  lbs.  In  order  to  get  a  leverage  of  12 
ins.  a   14-in.  wrench  would  be  necessary. 

SPECI.\L    CON'.N'ECTIONS. 

We  have  covered  all  the  essentials  of  con- 
struction in  considerable  detail.  There  re- 
mains the  matter  of  special  connections,  such 
as  connecting  wooden  pipe  with  iron  pipe, 
connecting  branch  lines  to  the  main,  putting 
gate-valves  in  a  line  of  pipe,  and  connecting 
air  valves,  stand  pipes,  and  blow-off  valves  to 
the  main  line. 

The  connection  between  wood  and  iron 
pipe  can  be  made  by  means  of  a  special  cast- 
iron  or  riveted  steel  bell.  The  cast-iron  spe- 
cial bell  should  be  made  in  general  as  in  the 
case  of  standard  cast-iron  pipe  excepting  that 
the  depth  should  be  greater.  A  riveted  steel 
bell    is   shown   in   Fig.   7. 

If  the  branch  from  a  wooden  pipe  is  large, 
say  equal  to  %  the  diameter  of  the  main  or 
larger,  a  special  cast-iron  or  riveted  steel  "Y" 
set  in  the  main  is  necessary.  If  the  branch 
is  small  a  cast-iron  saddle  bolted  to  the  pipe 
to  make  a  watertight  junction,  and  securely 
held  in  place  by  the  pipe  bands,  can  be  used. 
.'^  saddle  of  this  sort  is  shown  in  Fig.  8. 
This  type  of  connection  is  suitable  for  blow- 
off  valves,  air-valves,  stand  pipes,  or  any 
other  connection   desired. 

Figure  9  shows  a  number  of  iron  specials 
used   in  a  wooden   pipe  line,   in   a   very   small 


Fig.  9.     View  of  a  By-Pass  in  a  Wooden  Pipe 
Line    Showing   a    Number  of   Special   Con- 
nections. 

(.Shown    by    courtesy    of    the    Pacific    Taiili    and 
Pipe    Co.    of    San    Francisco.) 

space.  Besides  the  specials  that  have  been 
mentioned  is  shown  the  method  of  making 
sharp  bends ;  in  this  case  by  a  cast-iron  elbow. 

MINIMUM     RADIUS    OF    CURV.\TURE. 

The  minimum  radius  of  curvature  allow- 
able in  wooden  pipe  depends  on  the  character 
of  the  lumber,  diameter  of  the  pipe,  width 
of  staves,  and  to  some  extent  on  the  thick- 
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ness  of  the  staves.  It  is  practical  to  make  a 
curve  so  sharp  that  staves  in  either  the  top 
or  bottom  of  the  pipe  are  hable  to  be  broken. 
On  a  very  sharp  curve  a  stave  is  hable  to 
break  after  the  curve  has  been  finished.  The 
removal  of  a  stave  and  putting  in  another 
on  a  curve  is  a  difficult  task,  but  can  be  done. 
The  minimum  radius  of  curvature  varies  di- 
rectly as  the  diameter  of  the  pipe  and  also  as 
the  width  of  the  staves,  the  thickness  being 
neglected.  An  approximate  rule  would  there- 
fore  read   as   follows : 

R  =  kW D.   where 
R  '=  Radius  of  curvature  in   feet, 
D  =  Diameter  of  pipe  in   inches, 
IV  =  Width   of   staves   in  inches,   and 
^  ^  A  constant,  varying  with  the  character 
of  the   wood   used. 

For  redwood  a  safe  value  of  k  is  l.dO  and 
for    Douglas    fir    0.80. 

For  example  a  redwood  pipe  24  ins.  in  di- 
ameter, with  staves  5%  ins.  wide  can  be  bent 
to  a  radius  of  1X.5%X24^138  ft.;  with  staves 
3%  ins.  wide  can  be  bent  to  a  radius  of  IX 
3%X24=90  ft.  A  pipe  72  ins.  in  diameter 
with  staves  5%  ins.  wide,  1X5%X72!=414  ft.; 
with  staves  7%   ins.  wide   1X7%X72=,558  ft. 

LIST     OF     TOOLS     FOR     ONE     CONSTRUCTION     CREW. 

The    following    is    a    list   of   the   necessary 
tools  required  by  one  construction  crew : 
1  benfling  table. 
1  dipping-  vat. 
1  outside   form. 

1  inside  form. 

2  driving  bars. 
1  10-Ib.  sledge. 

1  cross-cut  saw. 

1  rip   saw. 

1  keyhole   saw. 

1  carpenter's  hammer. 

1  adze. 

1  brace    and    bits. 

2  wood  chisels,  l'/4-in. 

1  jack  plane. 

12  straight  wrenches. 

6  brace  or  ratchet  wrenches. 
12  3-lb.  hammers. 

2  wooden   mallets  with   rounded  faces. 
1  metallic  tape,  50  ft. 

1  tri-square. 
1  2-ft.  rule. 
1  pick. 

1  shovel. 

2  jack    screws. 
1  chain  block. 

1  crowbar. 

This  article  concludes  the  series  on  Wooden 
Stave  Pipe. 


The  Valuation  of  Water  Works  Prop- 
erties. 

II.     Estimating   Accrued   Depreciation;   In- 
spection and  Tests  vs.  Life  Formulas. 


BY    HALBERT    P.    GILLETTE. 

The  United  States  Supreme  Court  has  re- 
peatedly held  that  accrued  depreciation  must 
be  deducted  from  the  "new  value"  of  prop- 
erty in  arriving  at  an  appraisal  either  for  rate 
making  or  condemnation.  In  this  article  I 
will  not  attempt  to  show  that  rates  properly 
made  are  entirely  independent  of  the  accrued 
depreciation,  nor  will  I  discuss  the  fact  that 
accrued  depreciation  increases  the  "develop- 
ment cost"  of  a  property.  These  are  matters 
to  be  treated  in  subsequent  articles  of  this 
series. 

Accrued  Depreciation  is  the  loss  in  value 
that  has  accrued  in  a  plant  by  virtue  of  the 
action  of  natural  and  social  forces.  De- 
preciation, then,  may  be  classed,  according  to 
its  two  great  causes,  as  (1)  Natural,  and 
(2)  Functional,  that  is  Social.  The  term 
''Commercial"  is  sometimes  used  instead  of 
"Functional." 

The  forces  that  commonly  cause  Natural 
Depreciation  are:  (1)  Chemical  action,  (2) 
electrical  action,  (3)  mechanical  action,  and 
(4)  vital  action.  Rust  is  an  example  of 
chemical  action;  electrolysis  is  an  example  of 
electrical  action ;  abrasion  or  wear  is  an  ex- 
ample of  mechanical  action ;  rotting  of  wood 
is  an  example  of  vital  action,  as  is  also  the 
progress  of  senility  of  animals  resulting  final- 
ly in  death. 

The  forces  that  commonly  cause  Functional 
Depreciation  are:  (1)  Invention,  (2)  growth 
of  business  that  renders  a  plant  unit  in- 
adequate   economically,    (8)    public   enactment 


that  causes  either  loss  of  part  or  all  of  the 
economic  use  of  a  plant  unit,  (4)  competi- 
tion that  results  in  a  reduction  in  unit  prices. 

It  needs  but  to  make  these  classifications 
of  the  causes  of  depreciation  to  give  us  pause 
when  we  undertake  to  say  that  any  single 
simple  method  of  estimating  accrued  depre- 
ciation can  be  applicable  to  all  these  sorts  of 
depreciation.  Inspection,  for  example,  may 
disclose  appro.ximately  the  amount  of  wear 
that  has  occurred  in  the  piston  and  cylinder 
of  an  old  pump,  but  mere  inspection  may  not 
disclose  whether  an  old  pump  is  as  economic 
in  the  use  of  fuel  as  a  new  one.  Testing 
alone  will  demonstrate  the  fuel  efficiency  of 
pumps.  Testing  alone,  however,  will  not  show 
the  depreciated  value  of  a  pump  or  of  any 
other  apparatus  that  is  to  be  compared  with 
some  apparatus  of  standard  value.  To  make 
such  a  comparison  accurately  we  must  apply 
mathematics,  even  though  it  be  of  a  very 
sim.ple    sort,    as    will   be    shown    later. 

Prospective  Depreciation  is  the  prospective 
cost  of  replacing  plant  units  when  their 
natural  or  functional  lives  come  to  an  end. 
It  is  very  important  to  distinguish  between 
"accrued  depreciation"  and  "prospective  de- 
preciation." Accrued  depreciation  can  usual- 
ly be  estimated  with  considerable  accuracy, 
even  in  individual  cases:  but  prospective  de- 
preciation is  more  problematical  and  often 
can  not  be  estimated  at  all  accurately  for  in- 
dividual plant  units,  even  when  it  can  be  es- 
timated with  considerable  accuracy  for  a  large 
group   of   similar   plant   units. 

Average  Lives. — There  are  many  published 
tables  of  the  average  prospective  lives  of  dif- 
ferent kinds  of  plant  units.  Engineers  have 
almost  universally  misused  these  tables,  for 
they  have  considered  that  an  average  pros- 
pective life  could  be  used  in  calculating  the 
individual  accrued  loss  of  value  of  a  given 
plant  unit.  Under  fbut  one  condition,  or 
rather  set  of  conditions,  is  it  correct  to  use 
"life  tables"  in  estimating  accrued  deprecia- 
tion, namely;  CI)  The  life  of  the  particular 
plant  unit  under  investigation  must  corre- 
spond to  the  life  of  the  average  life  given 
in  the  table.  This  is  never  true,  save  by 
chance,  where  functional  depreciation  is  in- 
volved. (2)  There  must  be  no  appreciable 
difference  in  the  lives  of  the  parts  that  go  to 
make  up  the  whole  of  each  plant  unit.  This  is 
seldom  true  save  where  there  are  no  parts 
that  are  renewed  before  the  renewal  of  the 
whole  plant   unit. 

To  put  these  statements  in  concrete  form, 
it  may  be  appro.ximately  correct  to  say  that 
a  given  wooden  pole,  or  a  railway  tie,  or  a 
horse  will  have  a  life  the  same  as  that  given 
in  a  table  of  average  lives  of  such  things. 
But  it  may  be,  and  usually  is,  wholly  erro- 
neous to  assume  that  a  given  pump  or  a  given 
water  main  will  have  a  life  the  same  as  that 
given  in  an  average  prospective  life  table.  The 
natural  life  of  a  wooden  pole,  or  cross-tie. 
or  horse,  ordinarily  does  not  differ  very  ma- 
terially even  in  different  parts  of  the  coun- 
try ;  whereas  the  functional  life  of  an  in- 
dividual pump  or  a  given  water  pipe  may,  and 
usually  does,  depart  greatly  from  the  aver- 
ages given  in  life  tables. 

In  this  connection  attention  should  be  called 
to  the  fact  that  the  lives  of  water  works 
units,  as  given  in  published  life  tables,  are 
nearly  all  functional  lives.  Thus,  reservoirs 
are  assigned  a  life  of  50  to  100  years.  What 
does  this  mean?  That  a  reservoir  will  be 
rusted,  decayed  or  abraded  to  such  an  extent 
at  the  end  of  -50  to  100  years  that  it  will  be 
no  longer  serviceable?  Not  at  all.  It  means 
that  some  engineer  has  come  to  the  con- 
clusion that  the  average  reservoir  has  been 
outgrown  and  abandoned  at  the  end  of  50  to 
100  years,  and  that  he  infers  that  the  average 
existing  reservoirs  will,  in  the  future,  be  re- 
placed in  50  to  100  years.  Now  he  may  be 
entirely  right,  and,  if  so,  the  owner  of  every 
reservoir  may  wisely  provide  enough  out  of 
earnings  to  amortize  the  investment  in  his 
reservoir  within  50  to  100  years.  But  this  is 
not  tantamount  to  saying  that  a  given  25-year 
old  reservoir  has  lost  one-half  to  one-quar- 
ter its  life,  as  many  engineers  have  erro- 
neously  inferred. 


In  logic  one  of  the  fundamental  principles 
is  this:  Conclusions  of  fact  respecting  av- 
erages of  many  individual  cases  are  correctly 
appl. cable  only  where  many  cases  of  the  same 
sort  are  involved. 

Thus,  it  may  be  a  fact  that  the  average  child 
has  an  expectancy  of  35  years  life  at  birth. 
It  may  also  be  a  fact  that  the  average  mati 
35  years  old  has  an  expectancy  of  25  years 
remaining  life.  But  neither  of  these  facts 
may  be  at  all  applicable  in  a  given  individual 
case,  unless  that  individual  is  to  be  treated  as 
one  of  a  large  group  of  similar  individuals, 
as  is  done  by  insurance  companies. 

There  are  reservoirs  hundreds  of  years  old 
and  in  service.  The  same  is  true  of  aque- 
ducts, pipes,  buildings,  etc.  The  natural  life 
of  such  things  is  often  so  great  as  to  be  be- 
yond determination.  Even  machinery  of  the 
heavier  sorts  often  has  a  natural  life  much 
greater  than  is  given  in  life  tables  relating  to 
machinery.  Thus,  pumps  are  commonly  as- 
signed a  life  of  20  to  30  years,  but  that  this 
is  assumed  to  be  an  average  functional  life 
and  not  a  natural  life  is  evidenced  by  such 
facts  as  the  existence  of  pumps  50  years  old 
and  still  in  active  service.  I  have  frequently 
referred  to  Stevenson's  second  locomotive, 
still  in  use  in  an  English  colliery  after  a 
century  of  service. 

In  the  recent  case  of  the  Denver  Union 
Water  Co.  versus  City  of  Denver,  an  eminent 
engineer  testified  that  the  pumps  m  use  by 
the  company  have  an  average  age  of  27  years, 
and  he  assigned  a  total  probable  life  of  41 
years  to  the  pumps  in  spite  of  the  fact  that  no 
published  life  table  gives  more  than  30  years 
life  for  pumps.  In  the  same  case  he  assigned 
a  probable  life  of  41  to  47  years  to  the  wooden 
pipe  in  Denver,  although  the  actual  age  of 
some  of  the  pipe  was  nearly  as  old  as  the  30 
years  extreme  life  given  in  published  life 
tables.  To  this  I  may  add  my  own  observa- 
tion in  two  water  works  appraisal  cases  where 
much  of  the  wooden  stave  pipe  was  nearly  a 
quarter  of  a  century  old.  Some  of  it,  in  fact, 
had  been  originally  laid  under  my  own  eyes. 
Practically  all  of  it  was  still  in  perfect  con- 
dition as  to  the  wood,  and  the  bands  were  but 
slightly  rusted. 

In  the  Denver  case  a  life  of  23  years  was 
assigned  to  boilers  by  an  engineer  represent- 
ing the  company,  and  it  was  stated  that  many 
of  the  boilers  were  more  than  16  years  old, 
doing  good  service  and  approved  by  boiler  in- 
surance companies. 

The  same  engineer  in  the  Denver  case  as- 
signed to  cast  iron  pipe  the  following  lives: 

16-in.  and    larger 94  years 

10  to  15-in 72  years 

C  to     S-in 56  years 

3  to     4-in 41  years 

In  this  connection  it  is  of  interest  to  cite 
the  fact  that  6-in.  cast  iron  pipe  laid  on  Locust 
from  7th  to  8th  streets,  Philadelphia,  was  re- 
cently removed  after  having  been  in  service 
88  years.  The  pipe  had  been  cast  on  its  side, 
for  it  varied  from  %  to  5-16  in.  thick.  Its 
interior  was  tuberculated,  but  the  iron  showed 
no  deterioration.  The  pipe  might  have  re- 
mained in  use  indefinitely  had  it  not  been 
necessary  to  make  way  for  a  sewer.  This 
and  other  examples  show  that  the  natural  life 
of  cast  iron  pipe  is  so  great  as  never  to  have 
been  recorded. 

I  have  said  enough  to  caution  the  reader 
against  being  persuaded  to  use  published  ''av- 
erage lives"  or  "extreme  lives"  of  water- 
works plant  units  in  calculating  accrued  de- 
preciation. Very  few  of  such  lives  are  either 
averages  or  extremes  to  begin  with.  So- 
called  "average  lives"  are  mostly  estimates 
based  on  data  insufficient  to  be  properly  called 
averages. 

Since  most  of  such  lives  depend  upon  the 
rate  of  growth  of  the  towns  or  cities,  it  fol- 
lows that  an  average  life  for  England  would 
not  be  an  average  life  for  America.  An  av- 
erage for  Maine  would  not  be  an  average  for 
California.  An  average  for  villages  would 
not  be  an  average  for  cities.  And  so  on  in- 
definitely. A  halt  should  be  called  on  the  in- 
discriminate use  of  "average  lives,"  gathered 
nobody  says  how  and  often  by  whom  nobody 
says,  nor  where  nor  when.  Such  data  have 
been  passed  from  author  to  author,  until  fre- 
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quently  their  age  seems  to  entitle  them  to  the 
veneration  that  naturally  associates  itself  with 
antiquity.  But,  when  we  question  most  of 
these  ancient  data  on  their  reason  for  ex- 
istence, their  only  answer  is:  "We  are." 

For  calculating  depreciation  annuities,  I  re- 
peat that  average  functional  lives,  even  though 
rough  guesses  in  some  cases,  may  often  suf- 
I  fice  until  we  can  secure  something  more  re- 
I  liable.  But  for  calculating  accrued  deprecia- 
tion no  average  functional  life  can  be  used 
rationally  in  a  "straight  line"  or  "sinking 
fund"  formula. 

There  are  very  few  classes  of  plant  units  in 
a  water  works  to  which  can  be  assigned  a 
ilcfinite  average  natural  life,  to  say  nothing 
nf  the  much  greater  difficulty  as  to  functional 
life  estimates.  Steel  and  wrought  iron  (un- 
less almost  pure  iron)  pipes  undoubtedly  rust 
out,  and  thus  have  a  more  or  less  definite 
natural  life.  The  same  is  true  of  the  bands 
of  wooden  pipe  but  to  a  less  degree,  and, 
under  certain  adverse  conditions,  the  wood  in 
a  water  pipe  may  decay.  Ten  years  ago  most 
water  works  engineers  assigned  a  prospective 
life  of  about  20  years  to  wooden  stave  pipe, 
but,  as  above  stated,  the  tendency  now  is  to 
double  that  estimate.  Personally,  I  think  we 
know  so  little  about  the  natural  life  of  wood- 
en stave  pipe  that  we  are  quite  as  well  qual- 
ified to  guess  at  60  as  at  40  years.  This  be- 
ing so,  accrued  depreciation  of  wooden  pipe 
can  only  be  determined  after  inspection. 

In  this  connection  I  would  suggest  that 
every  water  works  company  will  do  well  to 
begin  the  practice  of  keeping  samples  of  all 
kinds  and  sizes  of  pipe  removed  in  the  process 
of  tapping.  Also  it  would  be  wise  to  have 
some  local  civil  engineer,  not  connected  with 
the  company,  inspect  the  pipe  that  is  uncov- 
ered at  different  points,  in  the  course  of  the 
company's  routine  work  of  tapping,  stopping 
leaks,  etc.  The  engineer's  testimony  will  be 
available  in  a  rate  making  or  condemnation 
case,  and  should  prove  valuable.  This  same 
advice  holds  as  to  any  other  classes  of  plant 
units  that  are  buried  and  only  occasionally 
uncovered.  Incidentally,  note  may  be  made 
of  the  character  of  the  excavation  encountered 
in  making  temporary  openings. 

Recovery  Value,  or  "recoverable  value,"  is 
the  net  value  remaining  in  a  plant  unit  upon 
the  expiration  of  its  natural  or  functional  life. 
Of  course,  it  is  understood  that  we  are  now 
speaking  of  its  life  in  its  particular  place  in 
the  plant  under  consideration.  Recovery  value 
is  salvage  value  minus  cost  of  removal. 

Wearing  Value,  or  "service  value"  is  the 
difference  between  the  cost  new  and  the  re- 
covery value  of  a  plant  unit.  Therefore 
"wearing  value"  is  the  only  part  of  the  value 
that  depreciates. 

Sciap  Value  is  the  selling  price  of  an  old 
plant  unit  that  has  so  depreciated  as  to  be 
worthless  for  further  service  in  any  part  of 
any  plant  until  it  has  been  re-manufactured. 
The  term  applies  to  many  metals  that  can  be 
used  again  after  re-melting,  re-rolling,  and 
the  like. 

Salvage  Value  is  the  selling  price  of  an  old 
plant  unit  r.fter  its  removal.  It  can  never  be 
less  than  its  scrap  value,  and  may  be  consid- 
erably more  if  the  plant  unit  can  be  used 
again  in  a  plant  without  being  entirely  re- 
manufactured.  ^ 

Recovery  value  may  be  less  than  salvage 
value  or  even  less  than  scrap  value,  as  hap- 
pens when  the  cost  of  removing  a  plant  unit 
is  greater  than  the  price  for  which  it  will  sell 
as  scrap.  This  is  illustrated  in  the  case  of  a 
small  pipe,  the  cost  of  excavating  which  may 
exceed  its  scrap  value.  In  paved  streets,  even 
fairly  large  pipes  may  at  times  have  little  or 
no  recovery  value,  because  the  cost  of  taking 
up  and  relaying  the  pavement  alone  exceeds 
the  salvage  value.  Of  course  where  a  trench 
for  a  new  pipe  is  to  be  dug  at  the  time  of 
the  abandonment  of  the  old  pipe,  the  same 
trench  may  serve  to  rescue  the  old  pipe  and 
then  its  recovery  value  and  salvage  value 
may  be  almost  identical.  This  is  particularly 
true  where  trenches  are  in  rock,  for  it  then 
is  usually  wise  to  re-use  the  old  trench  for 
the  new  pipe. 

In  this  connection  attention  should  be  called 


to  the  advisability  of  pricing  out  the  pipe  and 
pipe  laying  separately  from  the  trench  dig- 
ging and  back  filling.  Otherwise  it  may  be 
difficult  to  estimate  the  accrued  depreciation 
of  the  pipe.  Thus,  if  the  pipe  is  laid  in  a  rock 
trench  priced  at  $3  per  cubic  yard  in  excess  of 
earth  excavation,  it  is  evident  that  the  rock 
trench  may  not  have  depreciated  at  all,  al- 
though the  pipe  in  it  may  have  depreciated. 
Another  point  to  remember  is  this:  A  good 
:Tiany  owners  and  managers  of  water  com- 
panies make  a  practice  of  using  wrought  iron 
mains,  particularly  in  outlying  sections  of  the 
town.  They  estimate  that  within  a  few  years 
— long  before  any  sort  of  pipe  will  have 
reached  the  end  of  its  natural  life — it  will  be 
necessary  to  lay  a  larger  pipe,  because  of  the 
growth  of  the  town.  When  a  larger  pipe  be- 
comes necessary,  they  dig  up  the  small 
wrought  iron  pipe,  scrape 'and  "tar''  it  again 
by  dipping,  as  described  in  Engineering  and 
Contracting  of  Dec.  13,  1911.  Since  the  nat- 
ural life  of  such  pipe  is  largely  dependent  on 
the  life  of  its  "tar"  coat,  it  is  apparent  that 
this  method  results  in  a  very  long  life  for 
the  pipe — a  fact  often  overlooked  by  ap- 
praisers who  put  their  entire  faith  in  pub- 
lished tables  of  average  lives. 

A    R.-^TIONAL    DEPRECIATION    FORMULA. 

We  come  now  to  a  part  of  this  subject 
that  is  even  yet  little  understood  by  many  per- 
sons. Some  there  are  who  stoutly  assert  that 
estimating  accrued  depreciation  is  entirely  a 
matter  of  inspection  and  the  application  of 
judgment.  Others  there  are  who  put  little 
faith  in  what  they  are  pleased  to  term  "the 
hunch  method  of  guessing  at  depreciated  val- 
ue," and  they  insist  upon  using  either  the 
"straight  line  formula"  or  the  "sinking  fund 
formula"  in  determining  accrued  depreciation. 
Each  of  these  extremists  sees  the  weak  points 
in  his  opponent's  method,  but  is  almost  blind 
to  the  weak  points  in  his  own  method.  My 
belief  is  that  there  should  be  a  combination 
of  inspection  and  test  with  mathematical  cal- 
culation in  arriving  at  depreciated  value. 

Were  there  a  general  market  for  water 
pipes  in  all  stages  of  depreciation,  as  there  is 
for  second-hand  furniture,  it  might  be  possi- 
ble for  an  experienced  dealer  in  second-hand 
pipe  to  look  at  a  given  pipe  and  guess  its  de- 
preciated value  quite  closely.  But  no  such 
condition  exists.  The  engineer  called  upon  to 
estimate  the  accrued  depreciation  of  plant 
units  must  apply  mathematical  and  economic 
principles  if  he  is  to  arrive  at  results  that  are 
rational  and  reliable.  When  it  is  said  that 
values  are  independent  of  mathematics,  the 
statement  is  really  meaningless.  Value  itself 
is  a  numerical  expression,  and  the  instant  the 
idea  of  number  becomes  involved  in  any  prob- 
lem, that  instant  mathematics  enters  the  prob- 
lem. 

There  is  a  great  class  of  valuation  problems 
that  involve  the  conception  of  "capitalizing" 
an  income  to  arrive  at  commercial  value. 
Thus,  if  the  prospective  net  ground  rental  of 
a  city  lot  is  $(500  a  year,  and  if  money  in- 
vested in  such  property  commonly  commands 
6  per  cent,  the  value  of  the  lot  is  $600  di- 
vided by  0.00,  or  $10,000.  This  process  of 
dividing  a  prospective  annual  net  income  (or 
expense)  by  a  rate  of  interest  is  called  cap- 
italizing. I  need  not  here  go  into  the  com- 
plexities of  such  problems,  as  illustrated  in 
cases  where  incomes  are  rising  or  falling,  or 
where  operating  expenses  fluctuate,  or  where 
functional  depreciation  is  not  provided  for  in 
the  operating  expenses,  etc.  But  I  will  pres- 
ently indicate,  in  a  very  general  way,  how 
the  rale  used  in  "capitalizing"  should  be  de- 
termined. 

In  considering  the  value  of  a  given  thing, 
some  other  thing  of  known  value  must  be 
used  as  a  standard  for  comparison.  In  esti- 
mating the  depreciated  value  of  an  old  thing, 
of  course  the  value  of  a  new  thing  of  the 
.■;ame  general  class  is  the  standard  of  value. 
Now  the  value  of  a  new  plant  unit  can  be 
ascertained  by  securing  quotations  from  man- 
ufacturers and  contractors,  or  from  the  rec- 
ords of  a  company's  recent  costs.  Hence  the 
"cost  of  re-production"  becomes  a  standard  of 
value  for  plant  units.  But  this  standard 
should  not  necessarily  be  a  new  thing  precise- 


ly like  the  old  thing,  for  there  may  be  a  new- 
thing  that  is  more  economic  than  the  old 
thing.     Therefore  we  reach  this  conclusion : 

If  annual  output  and  gross  earnings  are 
not  affected  by  substituting  a  new  plant  unit 
for  an  old  plant  unit,  the  total  average  aiinual 
cost  of  production  with  a  new  plant  unit  of 
most  economic  design  for  the  given  service 
is  the  standard  of  value  by  which  the  old 
plant  unit  is  determinable. 

For  "plant  unit"  in  the  above  statement 
there  may  be  substituted  "group  of  plant 
units."  For  "total  average  annual  cost"  there 
may  be  substituted  "total  capitalized  cost." 

If  /?  is  the  rate  of  normal  return  on  the 
investment,  say  10  per  cent;  and  if  C  is  the 
first  cost  of  a  new  plant  unit  of  most  economic 
design,  say  $10,000;  and  if  £  is  the  average 
(equated)  annual  operating  expense  inclusive 
of  depreciation  and  taxes,  say  $2,000;  then 
the  total  annual  cost  \s  R  C  +  E-.  or  (10%  X 
$10,000)  +  .$2,000,  which  is  $3,000. 

Let  V  be  the  unknown  depreciated  value  of 
the  old  plant  unit,  which  is  to  be  measured  by 
the  standard  of  value  furnished  by  the  new 
plant  unit.  Let  e  be  the  average  annual  oper- 
ating expense  with  the  old  plant  unit,  say 
$2,.500. 

Then  the  value,  v,  of  the  old  plant  unit 
must  be  such  that  when  multiplied  by  the 
rate  of  fair  return  (10  per  cent  assumed  for 
illustration)  and  added  to  its  $2,500  operating 
expense,  the  total  will  be  the  same  as  the  total 
with  the  new  plant  unit,  or  $3,000.  At  once 
it  is  seen  that  the  depreciated  value  of  the  old 
plant  unit  is  $5,000,  for  10  per  cent  of  $5,000 
added  to  $2,500  makes  $3,000.  Expressed  as 
a  formula,  we  have : 

Rv  +  e  =  RC  +  E 
whence 

e  —  E 

V  =  C . 

R 

This  rational  depreciation  formula,  when 
expressed  in  words,  state  precisely  what  the 
common  sense  of  every  business  man  will  in- 
dicate to  him  as  a  fact,  namely : 

The  depreciated  value  of  an  old  plant  unit 
is  equal  to  the  cost  of  a  new  plant  unit  of 
most  economic  design  minus  the  capitalized 
difference  in  their  respective  average  annual 
operating  expenses.  The  proviso  being,  of 
course,  that  the  output  and  the  gross  earnings 
shall  be  the  same  with  the  new  as  with  the 
old  plant  unit. 

Put  concretely,  let  it  be  shown  that  a  new 
pump  costing  $10,000  will  save  $200  a  year 
in  fuel  and  repairs,  as  an  average,  compared 
with  the  existing  old  pump ;  then  let  it  be 
shown  that  all  the  other  operating  expenses 
remain  unchanged,  and  that  a  fair  return  rate 
on  money  invested  in  the  given  business  is  10 
per  cent.  Then  $200  capitalized  at  10  per  cent 
is  $2,000.  Hence  the  old  pump  is  worth 
$2,000  less  than  the  new  pump,  or  $8,000. 

Observe,  now,  the  very  important  conclu- 
sion that  this  rational  method  of  estimating 
depreciation  leads  to: 

//  it  cannot  be  shown  that  the  substitution 
of  a  nezv  plant  unit  (or  group  of  plant  units) 
will  decrease  average  operating  expenses,  then 
the  value  of  the  old  plant  unit  is  as  great  as 
the  value  of  a  nciu  plant  unit. 

Recently  I  had  occasion  to  apply  this  gen- 
eralization in  the  case  of  a  water  works 
reservoir  that  was  30  years  old.  It  had  suf- 
fered no  natural  depreciation  except  a  small 
leak  which  could  be  repaired  for  about  $100 
The  reservoir  was  of  permanent  construction, 
and  it  was  adequate  in  capacity  not  only  for 
present  but  for  future  needs.  No  larger  reser- 
voir would  be  built  if  a  new  one  were  built 
today. 

.\  stand  pipe  could  not  be  economically  sub- 
stituted for  it,  and  no  other  suitable  reser- 
voir site  existed  nearer  to  the  city  or  more 
desirable  because  of  greater  pressure.  I  held 
that  its  age  of  30  years  had  not  the  slightest 
bearing  upon  its  depreciated  value.  My  judg- 
ment as  to  its  value  would  be  unaffected  were 
it  300  years  old  or  3  years  old.  My  criterion 
of  its  value  was  entirely  independent  of  its 
age.  The  criterion  was  the  total  annual  cost 
of  the  most  economical  substitute  for  it,  and 
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by  this  test  the  30-year-old  reservoir,  instead 
of  being  worth  less  than  a  new  alternative 
reservoir  was  worth  more.  This  added  value 
I  regarded  as  the  value  of  the  reservoir — 
a  matter  that  will  be  discussed  in  the  next 
article  of  this  series. 

Identical  Plant  Theory. — Most  engineers 
seem  to  think  that  "cost  of  reproduction"  im- 
plies the  reproduction  of  an  identical  plant, 
but  then  when  they  come  to  consideration  of 
depreciated  value  they  "cross  their  wires,"  for 
they  deduct  therefrom  estimated  accrued  de- 
preciation due  to  "inadequacy,"  "obsolescence 
resulting  from  invention,"  etc.  When  they  do 
that  they  fail  to  see  that  no  longer  are  they 
sticking  to  their  "identical  plant"  theory,  but 
are  actually  setting  up  as  a  criterion  another 
plant — the  most  economic  substitute  plant. 
Personally  I  see  no  method  of  rationally  esti- 
mating accrued  depreciation  of  all  kinds  save 
by  comparison  with  the  most  economic  sub- 
stitute. But  I  also  see  that  in  appraising  an 
entire  property  this  method  carries  us  logical- 
ly into  a  consideration  of  the  cost  of  build- 
ing up  the  attached  business  m  the  face  of 
competition  %uith  the  existing  plant,  and  not 
upon  the  hypothesis  that  the  existing  plant 
does  not  exist.  This  is  a  phase  of  the  sub- 
ject of  appraisal  that  I  will  discuss  at  length 
in  the  fifth  article  of  this  series. 

The  identical  plant  theory  of  estimating  "re- 
production cost"  absolutely  excludes  all  con- 
sideration of  functional  depreciation,  if  logic 
is  to  be  applied.  At  most  only  natural  de- 
preciation can  be  associated  with  tlie  identical 
plant  theory. 

Normal  Return  i?a/£'.— Obviously  the  nor- 
mal return  rate  used  in  estimating  reason- 
able aniiual  return  on  invested  capital,  or  in 
capitalizing  annual  expenses  or  incomes,  is 
deserving  of  careful  consideration.  This  sub- 
ject, too,  is  reserved  for  a  separate  article 
so  it  will  be  barely  touched  upon  now. 

.^  normal  return  on  capital  is  the  sum  of 
normal  interest  and  normal  profit.  Normal 
interest  rate  may  be  designated  as  a  bond  or 
mortgage  interest  rate  on  property  similar  to 
that  in  question,  where  there  is  a  substantial 
equity  above  the  bond. 

Normal  profit  covers  both  a  normal  return 
for  proprietary  supervision  and  for  insurance 
against  all  risks  not  provided  for  in  the  oper- 
ating expenses.  .Xmong  these  risks  are  loss 
of  income  arising  from  general  or  local  busi- 
ness depressions,  loss  of  income  from  public 
enactments,  and  loss  of  income  from  direct 
and  indirect  competition.  Functional  depre- 
ciation may  also  be  regarded  as  one  of  the 
forms  of  risk,  and  should  be  provided  for  in 
the  profit  rate  if  not  already  provided  for  as 
an  operating  expense.  Totaling  up  we  may 
have  some  such  statement  as  this: 

Per  cent. 

Normal    interest    rate 5 

Normal  profit  rate — 

Proprietary  supervision   2 

Functional  depreciation    2 

Insurance  on  permanency  of  income i 

Total  normal  return  rate 10 

These  percentages  are  here  given  merely 
for  illustration.  \t  a  later  time  I  will  show 
to  what  extent  and  why  they  vary,  and  I  will 
also  show  that  an  interest  rate,  such  as  .5 
per  cent,  contains  elements  of  proprietary 
supervision  and   insurance. 

Mistakes  in  the  use  of  rates  for  capitaliz- 
ing expenses  or  incomes  are  so  common  as  to 
be  almost  universal.  Let  two  things  be  re- 
membered and  many  of  these  mistakes  will 
cease :  First,  that  the  normal  return  rate 
and  not  a  bare  interest  rate  must  be  used  in 
capitalizing,  Second,  that  the  normal  return 
rate  depends  in  part  upon  what  exists  in  the 
operating  expenses  in  the  form  of  proprietary 
supervision,  and   functional  depreciation. 

A  normal  return  rate  is  what  public  service 
commissions  usually  aim  to  allow  a  company 
to  earn,  and  they  commonly  call  it  a  "fair  re- 
turn rate."  But,  as  I  view  it,  a  fair  return 
should  be  permitted  to  exceed  a  normal  re- 
turn. If  not,  there  is  lack  of  sufficient  in- 
ducement to  effect  economies  in  construction 
and  operation. 

Age — Life  Depreciation  Formulas. — There 
are  two  depreciation  formulas  in  common  use, 


each  of  which  involves  two  factors:  (1)  Age 
of  the  plant  unit  and  (2)  its  probable  total 
life.  These  formulas  are  commonly  known 
as  the  "straight  line  formula,"  and  the  "sink- 
ing fund  formula."  My  "rational  deprecia- 
tion formula,"  above  given,  does  not  contain 
the  age  factor  directly,  although  it  is  involved 
where  natural  depreciation  occurs.  I  have 
written  an  elaborate  discussion  of  this  "ra- 
tional depreciation  formula,"  and  expect  to 
see  it  published  soon.  The  formula  above 
given  is  a  simplification  of  a  more  complex, 
general  rational  depreciation  formula,  but  it 
will  serve  all  ordinary  purposes'. 

I  have  proved  that  the  "sinking  fund  de- 
preciation formula"  is  a  special  case  of  the 
"rational  depreciation  formula,"  and  applies 
only  where  natural  depreciation  is  involved 
and  where  average  annual  repairs  are  no 
greater  starting  with  new  plant  unit  than  with 
an  old  one. 

The  "straight  line  formula"  is  defensible 
only  as  a  rough  approximation  of  the  "sink- 
ing  fund   formula." 

There  are  several  books — such  as  my 
"Handbook  of  Cost  Data,"  Fish's  "Engineer- 
ing Economics"  and  various  books  on  ap- 
praisals— in  which  the  "sinking  fund"  and  the 
"straight  line"  depreciation  formulas  are  ex- 
plained. But  in  none  of  these  books  will  be 
found  a  full  exposition  of  the  logical  limita- 
tions of  those  formulas  as  aids  in  estimating 
accrued  depre-iation. 

Inspections  and  Tests. — In  order  to  apply 
the  "rational  depreciation  formula"  above 
given,  it  is  usually  necessary  to  inspect  the 
plant  units  and  it  is  often  necessary  to  test 
some  classes  of  them.  These  steps  are  taken 
in  order  to  estimate  the  prospective  operating 
expenses. 

Studies  of  the  accounting  records  may  be 
of  considerable  aid  in  determining  what  the 
prospective  costs  of  repairs  will  be  by  show- 
ing the  amount,  character,  expense  and  dates 
of  past  repairs.  Thus,  a  boiler  whose  flues 
have  been  recently  renewed  will  obviously 
cause  less  prospective  operating  expense  than 
one  whose  flues  are  old ;  therefore  it  will  have 
a  higher  depreciated  value. 

Tests  of  the  efficiency  of  a  pump  will  indi- 
cate its  fuel  consumption  as  contrasted  with 
a  new  pump.  Inspection  of  the  pump  will 
disclose  what  parts  are  worn,  and  what  the 
probable  date  of  their  renewal  will  be.  With 
these  factors  known,  and  with  a  knowledge  of 
efficiency  and  maintenance  costs  of  modern 
pumps,  the  "rational  depreciation  formula" 
can  be  applied  with  considerable  accuracy. 
Whereas  merely  to  guess  at  the  depreciated 
value  after  an  inspection  is  likely  to  yield  re- 
sults far  from  the  truth.  To  apply  an  "age- 
life  formula"  is  likely  to  result  in  even  great- 
er error.  This  is  notably  so  in  the  case  of 
buildings,  reservoirs  and  other  structures  that 
are  practically  everlasting  if  properly  main- 
tained. 

CONCLUSION. 

In  no  other  part  of  an  appraisal  of  physical 
property  can  so  much  value  be  thrown  away 
as  in  the  appraisal  of  accrued  depreciation. 
Here  it  is  that  logic  has  usually  been  cast  to 
the  winds.  Water  pipe  and  reservoirs  in  per- 
fectly good  condition,  and  economically  ade- 
quate, have,  time  upon  time,  been  assigned 
1.5  or  more  per  cent  accrued  depreciation. 
Buildings  that  likewise  were  adequate  have 
been  written  down  in  value  to  a  degree  many 
fold  the  cost  of  repairing  every  defect. 

As  aids  in  estimating  accrued  depreciation, 
published  life  tables  for  water  works  are 
practically  worthless.  For  the  most  part  the 
lives  of  plant  units  given  in  such  tables  are 
functional  and  not  natural.  And,  almost  with- 
out exception,  such  lives  are  determined  by 
the  grozvth  of  the  towns  and  cities ;  that  is, 
the  depreciation  is  functional  depreciation  due 
to  economic  inadequacy,  in  estimating  which 
the  curve  of  growth  of  the  giz'en  community 
is  a  much  better  criterion  than  any  record 
of  average  growth  of  communities.  Carry- 
ing the  reasoning  farther,  the  growth  of  each 
section  of  a  city  is  a  better  criterion  to  use 
in  estimating  functional  depreciation  than  the 
growth  of  the  city  as  a  whole. 


Desirability  of  Standardizing  Appara- 
tus and  Methods  for  Making  An- 
alyses of  Sand  and  Gravel. 

(Staff  Abstract.) 

Early  investigation  by  the  Massachusetts 
State  Board  of  Health  indicated  that  the  ef- 
ficiency of  a  sand  filter  depends  much  upon 
the  size,  or  range  of  sizes,  of  the  sand  grains 
composing  the  filtering  material.  Consequent- 
ly, it  was  necessary  to  devise  some  efficient 
method  of  analyzing  the  filter  sands  for  com- 
parative purposes,  and  the  method  described 
by  Mr.  Allen  Hazen  in  the  report  of  the 
Massachusetts  Board  for  the  year  1892  was 
developed  to  meet  the  requirements  which  ex- 
isted at  that  time.  This  method  proved  so 
satisfactory  that  it  has  been  generally  used 
by  the  sanitary  engineering  and  chemical  pro- 
I'cssions  up  to  the  present  time. 

Within  recent  years,  however,  the  engi- 
neering field  requiring  accurate  analyses  of 
sands  and  gravels,  has  broadened  very  great- 
ly. -A  comparatively  new  type  of  filter,  called 
the  .American  or  rapid  sand  filter,  has  been 
developed  and  has  been  found  to  meet  the 
average  requirements  in  the  United  States, 
outside  of  the  eastern  states,  more  efficiently 
than  does  the  English,  or  slow  sand  filters, 
l^xperience  indicates  that  the  size  of  the  sand 
required  for  a  rapid  sand  filter  differs  mate- 
rially from  that  generally  used  in  the  con- 
struction of  a  slow  sand  filter.  While  the 
methods  of  analysis  employed  for  sand  used 
in  the  slow  sand  filter  may  readily  be  adapted 
to  the  analysis  of  sand  required  in  the  rapid 
sand  filter,  the  usual  method  of  expressing  re- 
sults in  terms  of  effective  size  is  not  entirely 
satisfactory,  because  the  range  of  size  of 
sand  permitted  in  rapid  sand  filters  frequently 
is  very  much  less  than  is  commonly  used  in 
the   filtering  material   of   slow   sand   filters. 

Another  important  use  for  mechanical  an- 
alysis of  sands  and  gravels  arises  in  the  se- 
lection of  materials  required  for  concrete  mix- 
tures. It  is  recognized  that  arbitrary  Stand- 
ards or  proportions  for  mixing  the  aggre- 
gates required  to  form  waterproof  or  dense 
concrete  are  no  longer  satisfactory  nor  are 
they  to  be  recommended  because  of  local  dif- 
ferences, especially  in  the  size  and  ranges  of 
sizes  of  grains  or  particles  composing  the 
large  and  small  aggregates. 

A  still  further  use  of  mechanical  analyses 
of  sands  is  in  the  preparation  of  asphalt  mix- 
tures such  as  are  required  for  certain  types 
of   street  pavements. 

The  matter  of  standardizing  methods  of 
making  analyses  of  sands  is  of  importance  to 
all  water  works  men  who  have  to  do  with 
water  purification  problems.  If  contractors 
and  water  works  superintendents  understood 
more  about  the  matter,  it  would  frequently  be 
possible  to  construct  and  maintain  filtration 
plants  at  much  less  expense  than  is  now  re- 
quired. The  matter  of  obtaining  satisfactory 
filtering  material  frequently  is  extremely  sim- 
ple, but  has  been  made  difficult  by  the  meth- 
ods of  analysis  commonly  employed,  and  hv 
the  requirements  as  to  size  described  in  engi- 
neering specifications.  There  is  no  probabilits 
that  the  engineering  profession  as  a  whole 
will  adopt  the  terms  now  used  in  the  mechan- 
ical analyses  of  filter  sands  for  the  analysts 
of  sands  and  gravels  used  for  other  purposes, 
such  as  proportioning  concrete,  paving  mix- 
tures, etc.,  so  that  uniformity  and  standardi.-.i- 
tion  of  the  results  of  such  analyses  can  In- 
obtained  only  by  a  revision  of  present  meth- 
ods. 

On  account  of  the  lack  of  suitable  standards 
it  is  not  surprising  to  note  that  specifications 
covering  the  use  of  such  materials  frequently 
are  extremely  weak  and  ambiguous.  Such 
weaknesses,  of  course,  tend  to  increase  the 
cost  of  work  and  frequently  result  in  a  very 
unsatisfactory  quality  of  material. 

Manufacturers  of  apparatus  required  to  sep- 
arate materials  into  specified  sizes,  or  range  of 
sizes,  now  find  it  extremely  difficult  to  sat- 
isfy the  specifications  and  requirements  of 
engineers  in  this  respect.  This  is  particularly 
true  in  regard  to  the  preparation  of  sands  re- 
quired for  filtering  material.    It  is  seldom  that 
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a  local  community  does  not  have  available, 
within  reasonable  distances,  satisfactory  ma- 
terial as  required  for  the  preparation  of  a  fil- 
ter sand,  but,  on  account  of  lack  of  knowledge 
on  the  part  of  the  local  contractors  or  on  the 
part  of  the  engineers  in  charge  of  a  particular 
piece  of  work,  such  local  sands  seldom  are 
used  and  filter  sand  is  nearly  always  imported, 
perhaps  from  considerable  distances  and  at 
large   expense. 

It  is  believed  that  some  of  the  confusion 
which  has  resulted  in  the  matter  has  been 
from  the  adoption  in  specifications  of  such 
terms  as  "Effective  Size"  and  "Uniformity 
Co-efficient,"  which  are  applied  to  sands  used 
for  filtering  material.  These  terms,  of  course, 
have  little  or  no  signficanuce  to  an  ordinary 
contractor  or  to  the  dealer  who  is  in  the  busi- 
ness of  screening  and  sizing  sands  and  grav- 
els. 

A  further  confusion  has  arisen  from  the 
endeavor  to  use  the  actual  size  of  the  sand 
grains  rather  than  the  sizes  of  the  openings 
in  the  screens.  Because  few  engineers  have 
available  the  equipment  required  to  standard- 
ize sieves,  the  results  of  analyses  have  often 
been  reported  in  terms  of  numbers  of  meshes, 
or  wires,  per  inch.  This  method  of  expressing 
results,  of  course,  is  indefinite  and  inaccurate, 
because  wire  cloth  used  in  the  manufacture  of 
sieves  frequently  varies  both  as  regards  sizes 
of  wires  and  the  number  of  meshes  per  inch. 

Within  recent  years  this  difficulty  has  been 
appreciated  by  manufacturers  who  in  some 
instances  have  endeavored  to  clear  up  the 
matter  by  producing  standard  testing  sieves 
made  in  accordance  with  recent  standard 
specifications  and  with  certain  arbitrary  inter- 
vals of  spacings  between  the  individual  units. 
By  such  means  it  is  hoped  to  fix  definitely  the 
diameter  of  the  openings  in  testing  sieves. 
Recently,  moreover,  the  Bureau  of  Standards 
of  the  Department  of  Labor  and  Commerce 
at  Washington  has  adopted  standard  specifica- 
tions covering  the  manufacture  of  certain 
testing  sieves;  also,  when  solicited,  this  de- 
partment stands  ready  to  rate  and  standardize 
testing  sieves  at  a  nominal  cost  with  a  view 
of  determining  the  actual  average  diameters 
of  the  openings. 

Possibly  that  feature  which  would  tend 
most  to  clear  up  the  situation  would  be  to 
change  the  standard  of  measurement  from  the 
size  of  the  sand  grains  to  the  size  of  open- 
ing in  a  sieve.  In  view  of  the  fact  that  the 
coarser    testing    sieves    such    as    are    required 


for  sand  analyses  can  now  be  obtained  with 
wires  of  very  nearly  uniform  sizes  and  ac- 
curate spacings,  in  both  directions,  it  follows 
that  such  sieves  will,  within  reasonable  and 
sufficient  accuracy,  contain  openings  of  cer- 
tain definite  sizes.  Testing  sieves  which  do 
not  come  within  such  requirements  as  are 
contained  in  the  specifications  of  the  Bureau 
of   Standards  should  he  rejected. 

Table  I  shows  ratings  of  different  nests  of 
sieves  with  which  the  speaker  has  from  time 
to  time  been  familiar. 


TABLE  I.— SIZES  OF  SEPAR.4TION  OF  REP- 
RESENTATIVE    TESTING     SIEVES     FOR 
SAND  ANALYSIS. 

Meslies  , Sizes  of  separations  in  millimeters . 

per  in.     A-1.       A-2.         B.  C.  D  E 

4  5.6  5.77 

10  2.00         2.00         2.19         2.15         2  09 

14  1.45         1.45         

15  1.04         1.05         1.07         

24  0.79         O.Sl         0.81         0.S6         0.78 

30  0.5S         0.60         0.61         0.57         0.58         0.57 

40  0.45         0.46         0.48         0.46         0.40         0.45 

50  0.31         0.33         0.34         0.37        0.30         0.34 

60  0.24         0.30         0.30         0.23         0.27    •     0.39 

80  0.1S7       0.197       0.190      0.195       0.195       0.193 

100  0.153       0.161       0.168       0.160       0.150       0.156 

140  0.121       0.117       0.126       0.115       0.120       

200  0.085       0.087       0.104       


The  sieves  indicated  in  column  "A-l"  and 
"A-2"  were  used  in  the  office  of  Hering  & 
Fuller  of  New  York.  The  ratings  in  column 
"A-l"  were  obtained  by  counting  and  weigh- 
ing the  sand  grains.  The  ratings  in  column 
"A-2"  are  of  the  same  set  of  sieves  and  were 
made  subsequently  by  the  speaker  by  meas- 
uring the  diameters  of  the  openings  in  the 
screens  and  applying  the  factor  1.10  to  the 
sieves  Nos.  ( 10-100 )  and  1.18  to  the  sieves 
Nos.  140  and  200.  The  ratings  in  column  "B" 
were  made  by  Mr.  A.  E.  Kimberly  at  the 
Sewage  Testing  Station  of  the  city  of  Colum- 
bus, Ohio.  The  sieves  of  columns  "A"  and 
"B"  were  made  by  the  same  manufacturer  at 
the  same  time,  under  the  same  specifications. 
The  ratings  in  columns  "C"  and  "D"  were  ob- 
tained by  the  speaker  for  two  nests  of  sieves 
used  at  Philadelphia.  The  ratings  in  column 
"E"  were  determined  by  Mr.  J.  W.  EUms  for 
the  sieves  used  in  testing  the  sand  required 
for  the  Cincinnati  Water  Purification  Plant. 
Mr.  Ellms  rated  these  sieves  by  measuring  the 
diameters  of  the  openings  and  applying  the 
above  mentioned  factors  to  determine  the  sizes 
of   separations. 

Table    I    serves    to    illustrate    some    of    the 


reasons  why  it  is  believed  that  the  subject  of 
standard  apparatus  and  standard  methods  for 
analysis  of  sands  and  gravels  is  of  great  im- 
portance to  the  engineering  profession  at  this 
time. 

Attention  is  drawn  also  to  the  marked  dif- 
ferences in  engineering  specifications  and  re- 
quirements for  the  preparation  of  sands  used 
for  filtration  purposes.  Frequently  such  speci- 
fications are  limited  to  an  expression  of  the 
maximum  and  minimum  effective  size  and 
maximum  and  minimum  uniformity  coefficient. 
These  terms  mean  nothing  to  the  ordinary 
contractor  who  must  furnish  the  material.  It 
is  obvious  that  the  whole  question  of  obtain- 
ing satisfactory  material  would  be  very  much 
simplified  if  the  specifications  would  read  that 
a  satisfactory  sand  would  be  one  which  con- 
tains not  more  or  not  less  than  certain  speci- 
fied quantities  as  separated  by  certain  stand- 
ard sieves.  Such  standard  sieves  would  be 
available  for  the  contractor,  or  manufacturer 
of  the  material,  as  well  as  for  the  engineer  in 
charge  of  the  work  who,  under  present  cir- 
cumstances and  conditions,  has  the  matter  al- 
most entirely  in  his  own  hands.  This  is  true 
in  regard  to  specifications  for  sand  required 
not  only  for  filtering  material,  but  also  for 
any  other  purpose. 

It  is  believed  that  the  adoption  of  a  stand- 
ard nest  of  sieves  by  the  engineering  profes- 
sion would  help  very  materially  in  securing 
uniformity  in  the  expression  of  results  of 
mechanical   analysis   of   sands. 

It  is  also  believed  that  there  would  be  a 
great  advantage  in  simplicity  of  expression 
of  results  of  analysis  or  in  the  form  of  speci- 
fications covering  the  preparation  of  filter 
sands  to  the  eflfect  that  10  per  cent  of  the 
sand  passes,  or  shall  pass,  say,  a  standard 
sieve  No.  35.  or  a  standard  sieve  having  an 
opening  of  0.417  millimeter  diameter,  as  com- 
pared with  the  usual  statement  that  a  sand 
has,  or  shall  have,  an  "Effective  Size"  of  0.46 
millimeter.  Moreover,  the  term  "Effective 
Size"  has  no  significance  whatever  outside  of 
its  application  to  a  filter  sand,  and,  of  itself 
alone,  the  term  is  of  doubtful  value  as  applied 
to  sands  such  as  are  frequently  used  for  rapid 
sand  filters.  The  range  of  sizes  is  believed 
to  be  much  more  significant. 
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Methods  and  Cost  of  Lining  an  Irriga- 
tion Canal  With  Concrete. 

(Staff  Abstract.) 

The  canal  lined  was  a  used  canal  of  the 
Burbank  Power  &  Water  Co.,  Burbank, 
Wash.  Construction  methods  were  carefully 
planned  in  advance  and  followed  without 
variation.  The  canal  bed  was  settled  with 
water  for  two  weeks,  the  canal  being  divided 
into  short  compartments,  and  water  permitted 
to  run  from  the  upper  compartments  to  the 
lower  for  filling. 

After  canal  settlement,  line  and  grade  stakes 
were  set  every  five  feet,  each  stake  being  a 
hub  with  center  marked  and  its  lop  set  to 
the  final  concrete  grade.  The  pre-determined 
width  of  the  strips  was  5  ft.  The  pre-de- 
termined thickness  of  concrete  of  lining  was 
0.2  ft.,  the  base  6  ft.,  depth  of  canal  3  ft.  and 
side  slopes  1V4  to  1 — the  carrying  capacity 
being  CO  sec.  ft. 

With  the  line  and  grade  set  once  and  for 
all,  templates  were  constructed  having  the 
exact  thickness  of  the  proposed  lining  and  the 
exact  shape  of  the  finished  canals.  With 
the  line  and  grade  stakes  and  a  carpenter's 
level,  it  was  possible  for  the  workmen  to 
trim  the  sub-grade  precisely  as  it  should  be. 
This  work  was  carried  on  a  few  hundred  feet 


in  advance  of  the  canal  lining.  Accurate  work 
at  this  point  was  very  essential  to  secure  uni- 
form  thickness   of   lining. 

Sand  and  gravel,  after  being  run  through 
a  1%-in.  rotary  screen,  was  found  in  natural 
proportions  'about  one  mile  from  the  center 
of  the  work.  This  was  hauled  by  contract  at 
$1.75  per  cubic  yard  measured  in  the  finished 
lining  and  placed  in  piles  above  the  canal  150 
ft.  apart  and  15  ft.  back  from  the  slope  of  the 
canal,  the  slope  of  the  ground  above  the  canal 
not  being  very  great.  Experience  subsequent- 
ly proved  that  the  piles  of  gravel  might  better 
have  been  200  ft.  apart. 

Two  steam  driven  concrete  batch  mi.xcrs 
mounted  on  trucks  and  equipped  with  side 
loaders  were  started  at  the  center  of  the  canal 
to  be  lined  (8,25il  ft.)  each  working  away 
from  the  other  and  endeavoring  to  obtain  its 
end  of  the  lining  first.  The  mixers  were 
moved  from  pile  to  pile  on  plank  runways  and 
pushed  by  the  men — the  mixers  being  on  the 
upper  side  of  the  canal  at  all  times  and  passing 
between  the  canal  and  the  line  of  piles  of 
gravel.  For  each  mixer  outfit,  a  movable 
trough  or  chute  was  provided  for  taking  the 
discharge  of  the  mixer  and  depositing  it  in 
the  concrete  carts  in  the  bottom  of  the  canal. 
The  lining  was  laid  at  two  points  for  each 
mixer,  starting  7.5  ft.  on  each  side  and  work- 
ing toward  the  mixer.     Plank  runways  in  the 


canal  bed  were  provided  and  one  concrete  cart 
for  each   layin.g  gang  was   employed. 

The  mixture  was  made  on  the  basis  of  1 
bbl.  of  cement  to  I  cu.  yd.  of  finished  concrete, 
or  about  1  to  7,  and  made  as  wet  as  the  side 
slopes  would  permit.  Two  men  in  each  laying 
gang  placed  the  concrete  roughly  with  square 
pointed  shovels,  one  man  helped  dump  the 
concrete  carts  in  the  bottom  of  the  five- foot- 
strip  being  lined,  and  between  times  made 
ready  the  next  strip  and  dampened  the  sub- 
grade,  wdiile  a  fourth  man  in  each  laying 
gang  trowelled  the  rough  concrete  into  the  fin- 
ished shape. 

Three  men  were  required  for  each  mixer  to 
supply  the  raw  materials  to  the  machine,  one 
man  for  fireman  and  engineer,  one  man  to 
dump  the  mixer,  and  one  man  to  hoe  the  con- 
crete down  the  chute.  .Xn  additional  man 
covered  the  linishcd  lining  with  wet  burlap 
strips  and  kept  moving  them   forward. 

The  water  was  hauled  1%  miles  on  the 
average  by  three  four-horse  teams  hauling 
400-gal.  tanks  on  wagon  trucks.  The  exact 
amount  of  coal  required  at  each  setting  was 
pre-determined  and  left  there  in  advance  in 
sacks.  The  laying  of  this  8,250  ft.  of  concrete 
lining  was  completed  in  14  working  days.  As 
much  as  S)00  ft.  in  one  day  were  accomplished. 
The  men  became  very  skillful  in  moving  the 
machines  and   were  able  to  lose  not  over   15 
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mimnes   time   at   each   moving.     The   cost   of 
the  actual  concrete  was  as   follows : 

Per 
cvi.  yd. 

Sand  and  gravel $1.73 

Cement  delivered  2.6."> 

Water    U5 

Coal    10 

Labor  mixing  concrete 65 

I-*abor  laying  concrete -SS 

Superintindence    31 

Total  per  cubic  yard $6.59 

In  addition  to  the  above,  the  cost  of  equip- 
ment less  its  salvage  value,  was  32  cts.  per 
cubic  yard,  the  cost  of  trimming  the  canal 
bed  was  72  cts.  per  cubic  yard  and  the  en- 
gineering was  32  cts.  per  cubic  yard.  This 
made  a  grand  total  of  $7.9.5  per  cubic  yard 
or  $1.10  per  linear  foot  of  canal. 

The  cost  of  cement  was  $2.25  per  barrel 
f.  o.  b.  Burbank,  common  labor  was  paid 
25  cts.  per  hour  with  a  bonus  of  2V4  cts.  for 
staying  until  the  job  was  finished,  and  the 
finishers  and  firemen  were  paid  27%  cts.  per 
hour  with  a  bonus  of  2%  cts.  under  the  same 
(conditions.  Wjth  but  few  exceptions,  we 
were  required  to  pay  the  bonus,  and  it  was  a 
good  investment,  as  it  overcame  the  great 
demoralizer  of  day  labor  work  of  this  kind — 
constant  changing  of  personnel.  The  incentive 
to  do  fast  work  was  created  by  the  two  mixer 
gangs  racing  for  the  finish. 

The  preceding  account  is  extracted  from  a 
paper  by  E.  M.  Chandler,  Burbank,  Wash., 
before  the   Washington   Irrigation   Institute. 


Plans  for  a  Typical  Condition  of  Mis- 
sissippi Bottom  Land  Drainage. 

(Staff  Abstract.) 

The  plans  presented  indicate  the  manner  of 
handling  the  overflow  and  the  interior  drain- 
age for  an  area  of  some  466  square  miles  in 
the  -Arkansas  bottoms  bordering  the  Arkansas 
and  the  ^lississippi  rivers.  This  example  is 
selected  because  it  is  typical  of  the  problem 
encountered  in  many  places  in  the  southern 
states  bordering  the  Mississippi  and  its  large 
tributaries.  Briefly  the  land  along  the  main 
streams  is  higher  and  the  slope  is  descending 
from  these  streams  toward  the  inland  hills. 
Also  the  interior  creeks  and  bayous,  which 
divide  the  bottoms  into  irregular  plots,  have 
banks  higher  than  the  main  areas  of  these 
plots.  Roughly  then  the  topography  of  a  "bot- 
tom" is  a  basin  bordered  by  inland  hills  and 
high  land  along  the  main  boundary  rivers  and 
this  basin  bottom  is  composed  of  many  saucer- 
like depressions  formed  by  highlands  along 
dividing  creeks  and  bayous.  These  conditions 
are  obviously  admirable  for  ponding  flood 
waters  and  preventing  ready  run  off  after 
outside  flood  conditions  have  ceased  to  exist 
and  when  combined  with  another  condition 
almost  universal  they  constitute  the  charac- 
teristic drainage  problem  of  the  Mississippi 
bottom.  This  other  condition  is  this:  While 
the  levees  along  the  main  rivers  prevent  broad 
overflowing  of  the  bottom,  they  do  not  pre- 
vent backwater  flooding  due  to  water  from 
the  rivers  entering  the  streams  which  cut  the 
levees  to  discharge  into  the  rivers.  The  pre- 
cise conditions  can  be  comprehended  more  ex- 
actly by  detailed  description  of  the  specific 
example  illustrated. 

PRESENT    DR.^INAGE   CONDITIONS. 

Referring  to  the  map.  Fig.  1,  it  is  seen  that 
a  levee  along  the  Arkansas  River  and  an- 
other along  the  Mississippi  bound  the  basin 
on  the  north  and  east.  The  two  levees  do  not 
join;  there  is  a  necessary  gap  where  Cypress 
Creek  passes  through  into  the  Mississippi. 
This  gap  is  about  two  miles  wide.  While 
the  levees  are  full  protection  where  they  ex- 
ist, the  gap  at  Cypress  Creek  permits  back 
water  to  flood  the  basin.  Here  then  is  one  of 
the  typical  conditions  cited  above.  The  others 
are   described    as    follows: 

The  small  degree  ot  interior  drainage  now  ex- 
isting is  secured  through  the  numerous  bayous 
and  creeks  which  meander  through  the  dis- 
trict. 

The  bayous  are  of  the  usual  type  encountered 


in  the  Delta  section,  being  tortuous,  frequent- 
ly 111  defined,  and  of  irregular  width.  They 
often  widen  out  into  lake-like  bodies  of  prac- 
tically dead  water  and  again  contract  into 
narrow  channels.  They  are  usually  encum- 
bered with  drift  and  debris  of  all  sorts,  and 
particularly  in  their  wider  portions  often  con- 
tain growths  of  standing  timber  and  various 
forms  of  water-loving  vegetation.  As  these 
bayous    approach     the     Mississippi     River     they 


bayous,  as  of  the  river  itself.  Is  especially 
marked  along  Amos  and  Macon  Bayous  (see  Fig. 
1),  whose  banks  are  frequently  as  much  as  6  to 
10  ft.  aoove  the  general  elevation  of  the  sur- 
rounding area. 

The  existing  outlets  are  not  sufficient  to  care 
for  the  run-off  tributary  to  them.  A  moder- 
ate winter  rain,  even  when  the  Mississippi  is 
at  normal  stage,  causes  the  flooding  of  large 
areas.      The    high    banks    of    the    bayous    pre- 
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Fig.    1.     Drainage    Plan    for    Cypress    Creek      District,     Desha     County,    Arkansas. 


usually  undergo  a  marked  contraction  in  cross 
section.  This  peculiarity  is  probably  due  to 
the  backing  up  of  river  water  in  these  bayous 
before  the  levees  were  constructed,  the  re- 
sulting obstruction  to  the  current  causing  the 
deposition  of  suspended  matter  brought  down 
from  above.  The  land  immediately  adjoining 
the  bayous  Is  usually  higher  than  that  a  short 
distance  back  from  the  streams.  This  con- 
dition,      characteristic       of      Mississippi      Delta 


vent  a  quick  return  of  this  water  to  the  chan- 
nels, and  thus  the  lowlands  remain  covered 
with  water  for  long  periods  after  the  streams 
themselves  have  returned  to  a  normal  stage.  A 
similar  condition  occurs  when  the  land  is 
flooded  by  backwater  coming  through  the  levee 
gap  from  the  river.  The  land  being  lower  than 
the  banks  of  the  streams,  a  large  area  is  left 
covered  with  water,  wihich  disappears  very 
slowly. 


June  2,  1915. 
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DRAINAGE     PROBLEM. 

The  water  from  which  the  district  must  be 
protected  comes  from  two  sources:  First, 
direct  precipitation  upon  the  watershed  in 
which  tlie  district  lies,  and,  second,  overflow 
from  the  Mississippi  River  whose  backwater 
enters  the  district  through  the  gap  in  the 
levees  at  the  mouth  of  Cypress  Creek,  damag- 
ing not  only  the  district  itself,  but  a  large  area 
in  Chicot  County,  Arkansas,  and  northern 
Louisiana,  since  such  water,  once  behind  the 
Mississippi  River  levee,  must  flow  south  to  the 
Red    River.     The   drainage   problem,   then,   is 


sec.  ft.  per  square  mile);  from  25  square  miles, 
%,  in.  in  24  hours  (20.20  sec.  ft.  per  square 
mile);  from  400  square  miles.  %  in.  in  24  hours 
(13.44    sec.    ft.    per   square   mile). 

It  was  found  that  Fanning's  formula  could 
be  converted  into  an  expression  whose  curve 
fulfilled  these  assumptions.  The  conversion  of 
this   formula   Is   as    follows: 

Fanning's  formula  is:  Q  =  200M3/6. 

Where  Q  =  run-off  from  whole  area,  in  sec- 
ond-feet, and  M  =  are.a  of  watershed,  in  square 
miles. 

.^Substituting  K  for  200,  and  R  JI  for  Q  (where 


First   Cost   and   Cost  of   Operation   of 
Irrigation  Pumping  Plants. 

(Stat^    Abstract.) 

PLANT    COSTS. 

.\s  a  basis  for  the  figures,  the  representative 
of  a  well-known  manufacturer  was  asked  to 
give  prices,  efficiency  and  other  data  on  both 
centrifugal  and  triplex  power  pumps,  ranging 
in  capacity  by  the  hundred  gallons,  from  100 
to  500,  inclusive,  a  minute,  and  for  heads  of 
2o,  50,  100  and  200  ft.  Taking  these  prices  as 
a  basis,  and  adding  the  cost  of  motor,  fittings. 
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not  only  to  provide  the  necessary  outlets  and 
laterals  to  care  for  the  run-off  from  the  058 
square  miles  tributary  to  the  district,  but  so  to 
design  and  locate  these  outlets  that  the  drain- 
age water  now  entering  the  Mississippi  River 
through  the  levee  gap  will  be  diverted,  thus 
making  it  possible  to  close  this  gap.  With 
the  construction  of  these  outlets  and  the  clos- 
ing of  the  levee  gap  the  reclamation  of  the  dis- 
trict  will   be   assured. 

The  plan  provides  for  closing  the  levee  gap 
by  constructing  main  ditches  Nos.  13,  18.  19, 
43  and  81  as  shown  on  Fig.  1.  These  main 
ditches  aggregate  nearly  185  miles  and  are 
estimated  to  cost  $1,603,102.  The  laterals 
shown  can  be  constructed  at  an  addition  of 
some  38  per  cent  to  the  cost  if  constructed 
with  the  main  ditches  and  this  will  bring 
the  total  cost  of  drainage  to  $7.49  per  acre. 

HETEKMINATION     OF     RUN-OFF     COEFFICIENTS. 

Of  the  technical  questions  discussed  in  con- 
nection with  the  report  on  this  work  the  most 
important  is  that  of  determination  of  run- 
off coefficients  and  this  discussion  follows: 

In  deciding  upon  the  run-off  coefficients  to 
be  used  for  the  Cypress  Creeli  drainage  district 
the  following  method  was  pursued:  A  trial  co- 
efficient was  selected  for  a  small  area,  one  for 
a  medium  area,  and  one  for  a  large  area,  and 
an  algebraic  expression  was  then  sought  whose 
curve  would  approximately  fit  these  platted  co- 
efficients. The  run-offs  for  intermediate  areas 
were  then  calculated  and  plotted  and  the  curve 
thus  obtained  was  compared  with  all  the  data 
derived  from  the  gagings.  The  formula  was 
changed  and  the  investigations  continued  until 
a    satisfactory    curve    was    obtained. 

After  an  examination  of  the  results  of  the 
gagings,  taking  into  consideration  the  prob- 
able effect  that  the  reclamation  of  the  district 
will  have  on  the  rate  of  run-oft,  and  after  a 
study  of  some  of  the  larger  drainage  districts 
in  the  immediate  vicinity  of  the  Cypress  Creek 
drainage  district,  the  following  tentative  as- 
sumptions  were   made   as   to   run-oft: 

From   5  square  miles,   1  in.    in   24  hours   (26.88 


R  =  the  run-off  in  second-feet  per  square  mile), 
we    have: 

K  M  3/6         K 
R  M  =  K  .M  .5/G  or  R  = =  — —  (1) 

M     _    «\''JI 
whence   K  =  R'VM 
Substituting   the   three   assumed   values   of   R 
and   M,   we   have: 
For  R  =  26.88,  K  =  35 
For  R  =  20.2,     K  =  34.5 
For  R  =  13.44,  K  =  36.4 

Replacing  the  constant,  K,  by  35  in  formula 
(1),  we  have; 

35 

R  = 

"VM" 
This  expression,  which  has  been  used  for 
calculating  run-off  in  this  project,  is  represent- 
ed by  the  curve  in  Fig.  2.  It  was  found  to 
agree  fairly  closely  with  what  gagings  have 
been  made,  giving  in  most  cases  values  some- 
what greater  than  the  gagings  showed.  As 
has  been  pointed  out,  however,  overflow  and 
backwater  affected  some  of  the  gagings  and 
tended  to  give  discharges  less  than  the  actual 
ones.  Allowance  has  also  been  made  for  in- 
creased   run-off   to   be    expected    after    drainage. 

The  preceding  information  is  partly  re- 
written and  partly  quoted  from  the  report  by 
.S.  H.  McCrory,  O.  G.  Baxter,  D.  L.  Yarnell, 
L.  A.  Jones  and  W.  J.  Schlick,  drainage  en- 
gineers,   Department   of   Agriculture. 


Exploitation    of    Borneo's  Timber.  —  The 

Government  of  Britisli  .Xortli  I'.orneo  is  tak- 
ing steps  for  a  general  survey  of  the  timber 
possibilities  of  the  country,  estimating  the 
amount  available  and  classifying  it  into  the 
various  kinds  suitable  for  export.  Mr.  D.  M. 
Matthews,  an  .Xmerican  forestry  expert,  for- 
merly in  the  Forestry  Service  of  the  Philip- 
pines, has  been  employed  for  this  work.  It  has 
been  found  that  vahi;djle  hardwoods  can  be 
obtained  there,  the  more  important  of  which 
is  billian  or  ironwood,  an  extremely  hard  and 
antproof  timber. 


erection  and   building,   we  have  tlie   fuUowing 

schedule  of  plant  costs: 

DIltECT    CONNECTED    CENTRIFUGAL, 

PUMPS. 

Capacitv 

G.  P.  M.      Head.  Size.  Cost  of  plant. 

100              25  2"4-in.  %    407.00 

100               50  2-in.  369.00 

100             100  2-in.  479.00 

100             200  2-in.  2  S  715.00 

200              25  3-in.  a.'lO.OO 

200               50  3-in.  550.00 

200             100  21/i-in.  600.00 

200            200  2%-in.  2  S  S75.00 

300               25  4-in.  644.00 

300              50  3-in.  644.00 

300              100  3-in.  715.00 

300            200  3-in.  2  S  1,034.00 

400              25  5-in.  732.00 

400               50  4-in.  69S.00 

400             100  3-in.  748.00 

400             200  4-in.  2  S  1,249.00 

500              25  5-in.  7S7.00 

500              50  4-in.  765.00 

500             100  4-in.  831.00 

500            200  5-in.  2  S  1.524.00 

BELT   DlllVEX    TRlPLJilX  PUMPS. 


Capacity 

G.  P.  M.  Head. 

100       50 

100  loo 

100  200 
200      .50 

200  1 00 

200  200 
300      50 

300  100 

:;oo  200 

400  50 

400  100 

400  200 
500  50 

500  100 

500  200 


Size.  Cost  of  plant. 

5V4x  S-ln.  $    741.00 

5>4x  S-in.  764.00 

5%x  S-in.  821.00 

7>4x  S-in.  1,216.00 

7^4x  S-in.  1,261.00 

7Hx  8-ln.  1,319.00 

8%xl0-in.  1,437.00 

S>^xl0-ln.  1.517.00 

S^ixlO-ln.  1,600.00 

lOxlO-in.  1.877.00 

lOxlO-in.  1.979.00 

lOxlO-ln.  2.065.00 

10xl2-ln.  2,403.00 

10xl2-in.  2,310.00 

10xl2-ln.  2,792.00 


In  comparing  the  schedule  note  that  in  a 
number  of  instances  the  cost  of  plant  for  a 
given  head  is  less  than  that  of  the  preceding 
lower  head,  and  that  smaller  sizes  are  used. — 
these  are  not  errors.  In  centrifugal  pumps, 
the  capacity  within  a  certain  range  is  gov- 
erned by  the  design  of  the  impeller  and  the 
speed,  and  not  by  the  diameter  of  tlie  dis- 
charge nozzle.  Also  in  the  triplex  pumps, 
exactly  the  same  pump  is  offered  for  more 
than  one  head.  The  total  plant  costs  are 
also  affected  by  the  cost  of  motor  used,  which 
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varies  according  to  the  speed,  the  slow  speed 
motors  costing  considerably  more  than  those 
of  higli  speed.  The  sizes  and  types  of  pumps 
and  motor  speeds  are  those  selected  by  a 
man  of  large  experience  in  irrigation  work; 
and  while  better  selections  might  be  made  in 
some  cases,  the  list  represents  probable  av- 
erage practice,  and  as  used  here,  is  a  fair 
basis. 


meter  basis,  and  on  tlie  schedule  in  use  in  the 
Yakima   Valley. 

(6)  That   interest   on   investment   in    plant 
be  figured  at  7  per  cent. 

(7)  That   depreciation    and      renewals     be 
figured  at  7  per  cent. 

(8)  That   cost   of   supplies   be    taken   at    I 
per  cent  of  cost  of  plant. 


JOO  ^00  coo 

Cost  of  Pumping  One  Acre  Foot 
Fig.    1.    Cost  Per  Acre   Foot  of  Pumping  for   irrigation. 


OPER.ATING    COSTS. 

In  arriving  at  a  basis  of  operating  costs 
for  each  year,  the  following  assumptions  were 
made : 

(1)  That  the  irrigation  season  covers  the 
period  from  May  1st  to  September  30th,  in- 
clusive. 

(2)  That  the  pumps  would  operate  24 
hours  a  day  for  26  days  each  month,  or  a 
total  of  130  days. 

(3)  That  the  pumps  would  operate  624 
hours   each  month. 

(4)  That  the  capacity  of  the  several  sizes 
of  pumps  operating  on  the  above  schedule 
would   be   as    follows   for  the   season : 

Size.  Acre  ft. 

100  gallons  per   minute 57.5 

200  gallons  per  minute 115.0 

300  gallons   per  minute 172.0 

400  gallons   per  minute 230.0 

500  gallons  per  minute 287.5 

(5)  That  power  would  be  paid   for  on  the 


(9)  That  insurance  be  figured  at  1  per 
cent. 

The  total  for  the  last  four  items  is  16  per 
cent. 

In  determiiiing  final  costs  for  any  particu- 
lar location,  it  will  be  necessary  to  add  the 
charges  upon  whatever  pipe  line  is  required 
to  deliver  the  water  to  the  desired  point,  also 
tlie  yearly  cost  of  water  right,  if  water  is 
purchased  from  a  ditch.  Estimated  costs  of 
pumping   follow : 

DIRECT  CONNECTED   CENTRIFUGAL 
PUMPS.  , 

Capacity,  in  Head,  Cost  per  acre- 
gals,  per  min.  in  ft.  foot  pumped. 
100  25  $2.24 
100  50  3.00 
100  100  4.93 
100  200  8.17 
200  25  1.6S 
200  50  2.24 
200  100  3.6S 
200  200  6.59 
300                          25  1.37 


300 

50 

1.93 

300 

100 

3.10 

300 

200 

5.57 

400 

35 

1.25 

400 

50 

1.74 

400 

100 

2.90 

400 

200 

4.99 

500 

25 

1.11 

500 

50 

1.59 

500 

100 

2.65 

500 

200 

4.82 

BELT-DRIVEN    TRIPLEX    PUMPS. 

Capacity,  in  Head,  Cost  per  acre- 

cals.  per  min.  in.  ft.  foot  pumped. 

100                          50  $4.08 

100  lOO  4.80 

100  200  6.65 

200                          50  3.47 

200  100  4.25  - 

200  200  5.89 

300                          50  2.83 

300  100  3.64 

300  200  5.23 

400                          50  2.76 

400  100  3.54 

400  200  5.02 

.500                          50  2.77 

500  100  3.46 

500  200  5,00 

By  platting  these  figures  on  paper,  we  have. 
Fig.  1,  a  diagram  from  which  it  is  possible  to 
ascertain  the  approximate  cost  per  acre  foot  for 
pumping  to  any  head  between  2.5  ft.  and  200 
ft.  for  the  centrifugal  pumps  of  the  respective 
capacities,  and  for  heads  between  .50  ft.  and 
200  ft.  for  the  triplex  pumps.  On  the  ac- 
companying diagram.  Fig.  1,  the  centrifugal 
pumps  are  represented  by  full  lines,  and  the 
triple.x  pumps  by  dotted  lines.  The  point  at 
which  the  full  and  dotted  lines  of  the  same 
capacity  cross,  indicates  the  appro.ximate  head 
at  which  the  types  will  operate  with  equal 
economv.  This  is  110  ft.  for  the  pumps  of 
100  G.  P.  M.  capacity,  1.50  ft.  for  the  200 
G.  P.  M.,  and  16.5  ft.  for  the  300  G.  P.  M.  Above 
these  heads,  the  diagram  indicates  that  the 
triplex  pumps  will  be  the  more  economical. 
It  also  shows  that  for  the  400  G.  P.  M.  ca- 
jacity  the  types  balance  at  200  ft.  head ;  and 
"that  for  the  -500  G.  P.  M.,  the  centrifugal  is 
the  more  economical  pump  within  the  range 
of   head   considered. 

The  figures  and  diagram  clearly  show  the 
lower  cost  per  acre  foot  as  the  size  and  ca- 
pacity are  increased.  This  leads  to  the  sug- 
gestion that  where  conditions  are  favorable 
for  serving  two  or  more  tracts  from  one  point, 
that  it  will  be  economy  for  the  owners  to 
join  in  building  one  plant  that  will  give  the 
best  results,  rather  than  to  construct  two  or 
more  plants  of  lower  efficiency  and  higher 
cost  and  maintenance. 

The  preceding  data  are  condensed  from  a 
paper  by  H.  D.  Hanford,  Seattle,  Wash.,  in 
the  proceedings  of  the  Washington  Irriga- 
tion Institute. 


The     New     Austin     Dam    and    Power 
Plant. 

Contributed   by  Franlc   S.   Taylor,   Resident   and 
Directing  Engineer,  Austin,  Texas. 

II. 

DAM. 

The  total  length  of  dam  and  corewall  is 
1,53.5  ft.,  of  which  1,091  ft.  are  spillway,  124 
ft.  bulkheads,  and  300  ft.  corewall. 

A  typical  section  of  the  new  portion  of  the 
dam  is  shown  in  Fig.  1.  As  indicated,  it  is  a 
reinforced  concrete  structure,  having  an  in- 
clined upstream  wall,  making  an  angle  of  42° 
to  the  horizontal.  At  a  point  about  2%  ft. 
above  low  water  level,  this  slope  of  the  wall 
ends,  intersecting  a  narrow  horizontal  bench 
and  from  the  upstream  edge  of  this  hori- 
zontal bench  a  vertical  wall  goes  straight 
down  into  the  rock.  This  vertical  wall  forms 
both  the  lower  portion  of  the  deck  and  the 
cutofY  wall,  and  in  the  designation  used  on 
the  work  is  termed  the  "cutofif  wall." 

The  object  of  the  bench  is  to  allow  flow 
of  water  through  any  completed  section  of  the 
dam  during  construction,  the  flat  horizontal 
slab,  which  runs  the  entire  length  of  the  dam. 


and  covers  the  upper  part  of  the  bench,  be- 
ing omitted  until  the  completion  of  the  work. 
This  top  slab  covers  a  space  4  ft.  wide,  meas- 
ured horizontally  from  the  upper  edge  of  the 
cutofl^  wall  to  the  lower  edge  of  the  inclined 
deck  slab.  Since  the  upper  edge  of  the  cut- 
off wall  is  only  about  2  ft.  above  mean  low 
water,  a  rise  of  2  ft.  will  pass  water  over 
the  cutofT  wall  through  the  opening  and 
through  the  dam  and  a  rise  of  4  ft.  would 
give  a  thickness  of  water  of  2  ft.  over  the 
edge  of  the  cutoflf  wall,  which  means  that 
as  much  water  would  be  passed  through  and 
under  the  dam  as  would  flow  over  the  crest 
of  an  ordinary  weir,  the  entire  length  of  the 
dam,  and  2  ft.  in  depth  over  it.  Normally, 
the  total  flow  of  the  river  was  taken  through 
the  sluice  gates  in  the  bottom  of  the  dam, 
later  to  be  described,  but,  in  the  case  of  floods, 
the  openings  through  the  horizontal  bench,  to- 
gether with  the  area  afforded  by  the  sluice 
gates,  would  usually  take  care  of  the  whole 
river  flow  at  such  times,  without  an  eleva- 
tion in  the  water  level  o£  more  than  4  to  6  ft. 
The  supporting  walls  are  both  longitudinal 
and  transverse.  The  transverse  walls  are  set 
parallel  to  the  flow  of  the  stream  and  are  20 


ft.  apart,  measured  from  center  to  center. 
The  longitudinal  walls  are  also  spaced  20  ft. 
apart,  measured  from  center  to  center  in  a 
direction  at  right  angles  to  them.  These  latter 
walls  are  not  vertical  but  are  inclined,  so  that 
they  form  an  angle  of  nearly  90°  with  the 
upstream  deck.  The  slope  of  these  walls  is 
such  that  the  resultant  of  the  forces  which 
they  resist,  made  up  of  the  water  pressure 
acting  against  the  surface  of  the  deck  and 
the  gravity  component  of  the  deck  and  the 
walls  themselves,  has  the  same  direction  as 
that  of  the  longitudinal  walls.  The  longi- 
tudinal and  transverse  supporting  walls  in- 
tersect at  right  angles  and  form  a  series  of 
square  openings  when  viewed  in  a  direction 
normal  to  the  deck.  The  deck  panels,  are 
exact  squares  and  hence,  may  be  reinforced 
in  two  directions.  The  reinforcing  steel  is, 
therefore,  placed  both  longitudinally  across 
the  length  of  the  dam  and  transversely  up  and 
down  the  deck.  The  spacing  of  the  steel  is 
logarithmic,  the  bars  being  laid  closer  to- 
gether as  they  get  nearer  and  nearer  the 
middle  of  the  panel. 

The  stresses  allowed  in  the  steel  are  16,500 
lbs.   per   square   inch    maximum.     AH   of   the 
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steel  used  was  re-rolled  twisted  bars,  having 
an  elastic  limit  above  55,000  lbs.  The  en- 
gineers considered  the  high  elastic  limit  pre- 
ferable to  a  high  ultimate  tensile  strength, 
it  being  assumed  that  if  stresses  were  im- 
posed   on    the    steel    which    would    extend    it 


walkway,  with  iron  railings  on  either  side,  so 
that  it  is  possible  to  walk  through  the  new 
portion  of  the  daui  from  end  to  end.  Ac- 
cess is  provided  to  the  interior  by  means  of 
spiral  stairways,  one  placed  at  either  end. 
These   pass   down   through   a   stair-well,   each 
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Fig.  1.     Section  of  New  Austin   Dam    Showing  Crest  Gates. 


Elev  Looking  Up  Stream 


past  its  elastic  limit,  the  surrounding  con- 
crete would  be  probably  crushed  to  such  an 
extent  that  the  structure  would  fail,  and  the 
only  value  that  the  steel  could  have  lies  in 
iiS  resistance  to  distortion  within  its  elastic 
limit. 

Owing  to  the  difficult  character  of  the  foun- 
dation, as  has  previously  been  stated,  it  was 
desirable  to  make  the  distance  through  the 
bottom  of  the  dam,  measured  from  upstream 
to  downstream  side,  as  short  as  possible.  In 
the  usual  form  of  design,  the  inclined  deck 
goes  up  to  the  elevation  of  the  crest  of  the 
dam,  where  it  joins  with  the  spillway.  The 
fonn  of  the  spillway  is  determined  by  the 
application  of  the  ordinary  parabolic  formula, 
and  this  gives  a  certain  distance,  measured 
horizontally,  from  the  crest  of  the  spillway 
down  to  its  toe.  As  shown  in  the  typical 
section.  Fig.  1,  the  spillway  was  designed  in 
accordance  with  the  usual  method,  and  the 
sloping  deck  made  to  intersect  it  at  some  25 
ft.  further  downstream  and  6  ft.  lower  ver- 
tically than  in  the  customary  design.  By  this 
method  a  proper  length  of  theoretically  de- 
signed spillway  was  made  available,  as  well 
as  an  inclined  deck  of  substantially  the  total 
height  up  to  the  spillway,  and,  at  the  same 
time,  the  length  through  the  dam  from  front 
to  back  was  reduced  about  25  ft.,  diminish- 
ing in  a  like  proportion  the  length  of  the 
transverse  walls,  the  length  of  each  transverse 
wall  foundation,  and  eliminating  one  longi- 
tudinal wall.  While  the  saving  in  material 
and  labor,  due  to  this  form  of  design  for  a 
given  factor  of  safety,  was  greatly  reduced 
by  the  adoption  of  this  design,  the  cost  of 
the  form  work  was  increased  so  that  the  net 
saving  effected  though  considerable,  was  not 
so  great  as  would,  at  first,  appear. 

As  indicated  in  Fig.  1,  the  vertical,  trans- 
verse walls  intersect  the  deck  and  the  spill- 
way, continuing  on  up  above  tliem  in  the 
form  of  piers,  on  the  top  of  which  are  placed 
reinforced  concrete  girders  that  carry  a  rail- 
way track.  Between  these  piers  are  placed  the 
automatic  crest  gates,  which  have,  before, 
been    mentioned. 

The  vetrical  buttress,  or  diaphram  walls, 
have  four  large  openings  made  in  each,  as 
indicated  in  the  section.  Through  the  top- 
most   series    of    these    openings    is    placed    a 


well  being  formed  in  a  pier,  which  is  of  suffi- 
cient  width   to  accommodate   it. 

All  the  concrete  used  for  making  the  deck 
and  cutoff  wall  was  rendered  waterproof  by 
an   admixture   of   hydrated   lime,   in   the   pro- 


The  concrete  mixture  was  approximately 
1-2-4.  but  no  definite  proportion  of  ingredients 
was  used  at  any  time.  The  proportions  were 
fixed  always,  by  making  tests  of  the  voids  in 
the  sand,  stone  and  gravel.  The  proportions 
would  be  changed  whenever  the  percentage 
of  voids  in  these  materials  would  show  any 
change.  Void  tests  were  made  every  hour 
or  oftener  if  indicated  as  mixing  proceeded. 
The  cement  used  was  made  by  the  Texas 
Portland  Cement  Co.  and  tested  for  the  re- 
quirements of  the  engineers  by  the  Pittsburgh 
Testing  Laboratory.  River  sand  and  some 
river  gravel  were  used  for  the  other  consti- 
tuent parts.  Most  of  the  aggregate,  how- 
ever,   was    broken    hard    limestone. 

EXPANSION     JOINTS. 

An  ample  number  of  expansion  joints  is 
provided  in  the  new  concrete  dam,  every 
fifth  panel  being  an  expansion  panel.  There 
are  28  panels  in  all.  The  first  five  panels,  be- 
ginning on  the  east  side,  are  monolithic,  then 
comes  an  expansion  panel,  then  five  mono- 
lithic panels,  and  an  expansion  panel,  and  so 
on,  until  the  west  side  is  reached.  These 
expansion  panels  have  both  the  upstream  deck 
and  the  spillway,  entirely  separated  from  the 
adjacent  portions  of  deck  and  spillway  on 
either  side  of  it.  .A  joint  is  made  between 
the  two  abutting  edges  of  the  concrete  slabs, 
which  is  water  tight,  but  which  permits  lateral 
movement  of  the  dififerent  sections  of  the 
dam  without  diminishing  the  tightness  of  the 
joint  or  rupturing  any  of  the  masonry.  This 
joint  is  made  of  "Ingot"  iron  plate,  ^x8  ins. 
One-half  the  width  of  the  strip,  that  is  4 
ins.,  is  cast  into  the  concrete  of  the  abutting 
edge  of  a  standard  panel.  This  leaves  4  ins. 
of  metal  projecting  out  from  the  surface 
of  the  end  of  the  panel.  The  end  of  the  slab, 
together  with  the  projecting  iron,  is  painted 
over  with  a  heavy  coat  of  asphalt.  The  ex- 
pansion panel  is  then  cast  so  that  its  edge 
abuts  against  the  edge  of  the  slab  of  the 
standard  panel.  Due  to  the  asphalt  coating, 
the  concrete  cannot  adhere  to  the  metal  of 
the  expansion  strip,  nor  to  the  adjacent  con- 


Fig.  2.     View  of  New  Austin   Dam 

(.\t  extreme  rlKhl  hand  appears  end  of  old  maso 

portion  of  8  to  10  per  cent  (by  weight),  of 
the  cement,  the  proportion  being  varied  with 
variations  in  the  voids  in  the  aggregate.  This 
has  proved  to  be  thoroughly  satisfactory,  as 
were  also  the  tests  made  of  it  prior  to  adopt- 
ing this  as  standard  construction  on  the  work. 


Showing  All  Crest  Gates  Closed. 

nry    dam.    a    portion    of    which    failed    in     HUlO.) 

Crete,  while  that  portion  of  the  iron  strip 
cast  into  the  standard  panel  and  adjacent  to 
the  expansion  panel,  does  firmly  grip  the 
metal.  In  this  way,  a  watertight,  sliding  joint 
is  formed.  Since  its  construction,  the  dam 
has    been    subjected   to    temperatures    varying 
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from  32°  to  90°  and  these  expansion  joints 
have  proven  thoroughly  satisfactory.  Before 
construction  was  quite  completed  and  when 
the  whole  of  the  dam  was  still  exposed  to  the 
sun  and  atmospheric  conditions,  it  was  pos- 
sible to  see  the  space  between  the  abutting 
ends  of  the  panels  at  expansion  joints  change 
more  than  M  in.  in  a  few  hours. 

COREWALL. 

Owing  to  the  permeable  condition  of  the 
limestone  that  forms  the  blufT  on  the  east  side 
of  the  river,  a  corewall  joins  the  end  of 
the  bulkhead  and  passes  eastward  some  300 
ft.,  forming,  practically,  a-  continuation  of 
the  dam  into  the  rock.  The  depth  of  the 
corewall  is  somewhat  lower  than  that  of  the 
foundation  of  the  dam,  var>'ing  from  75  to  90 
ft.  Without  this  impermeable,  intercepting 
wall,  there  would  be  considerable  leakage 
around  the  end  of  the  dam,  through  the  lime- 
stone that  forms  the  eastern  bluff. 

PIERS. 

The  piers  which  are  Iniilt  on  both  the  old 
and  new  sections  are  of  the  dimensions  in- 
dicated in  Figs.  1  and  2.  Those  on  the  crest 
of  the  low  section,  which  are  the  taller  and 
broader  ones,  are  22  ins.  in  thickness,  while 
those  on  high  section  are  18  ins.  thick.  The 
large  piers  are  continuations  of  the  diaphram 
walls,  which  support  the  hollow  dam  sec- 
tion, and  the  reinforcing  steel  passes,  con- 
tinuously,  from  the   foundation  up  to  the  top 


the  tackle  of  the  derrick  car  in  case  it  is  de- 
sired to  move  any  portion  of  the  gates  for 
repairs,  or  lift  out  heavy  trees  coming  down 
as  driftwood,  that  might  be  too  large  to  pass 
through  the  openings. 

CREST    GATES. 

The  crest  gates,  which  arc  placed  between 
the  piers  that  project  upward  beyond  the  crest 
of  the  dam,  on  both  the  high  and  low  sections, 
are  made  up  of  a  structural  steel  frame 
work,  of  which  the  lower  portion  is  filled 
with  concrete,  while  the  upper  part  is  covered 
with  creosoted  yellow  pine.  There  are  28 
large  gates  and  20  small  ones,  making  a  total 
of  1,091  ft.  of  spillway.  These  gates  turn 
about  rockers  or  bascules,  whicli  are  fastened 
into  the  piers  at  either  end  of  the  gate.  The 
large  gates,  which  are  placed  on  the  low  sec- 
tion of  the  dam,  have,  in  addition,  a  middle 
bascule  to  support  the  middle  and  take  the 
heavy  water  pressure,  due  to  the  great  size 
of  the  individual  gates.  These  large  gates  are, 
of  course,  continuous  from  pier  to  pier,  and 
the  middle  bascule  is  placed  on  a  low  pier 
built  entirely  in  the  rear  of  the  gate,  the 
bascule  projecting  forward  so  that  a  portion 
of  the  rear  surface  of  the  gate  rests  against 
it.  When  the  gates  are  vertical  and  the  water 
is  at  normal  height,  the  center  of  pressure 
coincides  in  elevation  with  the  point  of  sup- 
port on  the  bascule  curve.  When  the  water 
rises   above   the   normal   level,   the   center   of 
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Plan  of  Section  A-A 
Fig.  3.      Sections  of   New  Austin   Dam   Showintj   Sluice  Gate. 


of  these  piers,  so  that  they  are  amply  strong 
to  withstand  the  stresses  produced  by  the 
pressure  of  the  crest  gates  which  they  sup- 
port. 

The  small  piers  were  cast  in  place  on  top 
of  the  granite  crest  of  the  old  dam,  and,  in 
order  to  reinforce  them  properly  and  to  hold 
them  in  place,  the  vertical  reinforcement  bars 
were  sunk  into  drill  holes  made  into  the 
granite  and  grouted  into  place,  so  that  these 
piers  likewise  are  firmly  anchored  into  posi- 
tion. 

BRIDGE. 

As  shown  in  Figs.  1  and  2,  a  bridge  is 
built  across  the  top  of  the  dam,  being  sup- 
ported on  the  piers.  This  bridge  comprises 
two  reinforced  concrete  beams,  each  1  ft. 
thick  and  2  ft.  6  ins.  deep,  spaced  4  ft.  apart, 
center  to  center,  and  covered  with  a  concrete 
slab  8  ins.  in  thickness.  On  top  of  this  slab 
are  placed  standard  6x8-in.  cross  ties.  8  ft. 
long,  and  a  standard  gage,  railway  track  is 
laid  on  these,  the  rails  coming,  approximately, 
over  the  beams.  The  ties  are  floored  over 
and  a  pipe  railing  is  put  on  the  downstream 
side  of  the  walkway  thus  formed.  The 
railway  track  serves  to  carry  a  heavy,  steel 
derrick  car  across  the  bridge,  and  a  railing 
on  the  upstream  side  is  omitted  so  that  there 
is   nothing   to   interfer  with   the   operation   of 


pressure  likewise  rises,  and  there  then  exists 
a  net  moment  to  cause  the  gate  to  overturn.  .\s 
overturning  begins,  the  moment  to  cause  it 
increases,  due  to  the  increase  in  pressure  on 
the  upper  portion  of  the  gate,  and  the  diminu- 
tion in  pressure  on  the  lower  part.  This  in- 
crease in  overturning  moment  is  compensated 
for  by  the  fact  that  the  gate  turning  around 
the  bascule  is  continuously  changing  its  point 
of  support,  this  point  moving  from  a  position 
at  one-third  the  height  of  the  gate  to  one  very 
near  the  middle  of  the  gate  when  it  is,  finally, 
in  a  horizontal  position.  In  order  to  prevent 
the  gates  from  leaving  the  bascules  and  being 
pushed  downstream,  guide  pins  are  placed  at 
either  end  of  the  gate,  which  pins  operate 
in  curved  channels  of  cast-iron,  set  into  the 
concrete  faces  of  the  piers.  Obviously,  when 
the  gates  are  turned  to  a  horizontal  position, 
the  impounded  water  flows  over  the  spillway 
crest,  the  gate  being  simply  a  vane  in  the 
current.  In  the  case  of  the  large  gates,  the 
water  reaches  an  elevation  of  6-5  ft.  9  ins.  be- 
fore overturning  takes  place.  When  the  gates 
are  in  horizontal  position,  after  overturning, 
the  depth  of  water  from  the  crest  to  the  under 
side  of  the  gate  is  5  ft.  4  ins.,  while  the 
depth  of  water  from  the  upper  surface  to  the 
surface  of  the  water  is  8  ft.  5  ins.,  the  thick- 
ness of  the  gate  itself  being  1   ft. 


The  small  gates,  which  are  6  ft.  in  height, 
overturn  when  the  depth  of  water  is  65  ft. 
4  ins.,  or  when  the  water  is  5  ft.  4  ins.  in 
depth  over  the  crest.  These  small  gates,  there- 
fore, overturn  before  the  large  ones  do,  and, 
usually,  the  operation  of  the  small  gates  gives 
more  than  ample  discharge  over  the  spillway 
to  take  care  of  normal  river  flow.  Only  in 
case  of  flood  will  the  large  gates  open. 

When  the  level  of  the  water  in  the  lake 
sinks  sufficiently,  these  gates  automatically 
close.  This  is  effected  by  the  counterweight- 
ing  provided  by  the  concrete  filling  in  the 
bottom  of  the  gates,  so  that  the  center  of 
gravity  of  the  gates  is  near  the  bottom,  and 
there  is  a  continual  tendency  for  gravity  to 
restore  them  to  their  normal,  vertical  posi- 
tion. The  small  gates  close  when  the  water 
has  sunk  down  63  ft.  10  ins.  or  when  the 
level  of  the  lake  has  dropped  some  14  ins.  be- 
low normal.  The  large  gates  close  at  a  water 
elevation  of  64  ft.  8  ins.,  or  when  the  level 
of  the  lake  has  fallen  to  4  ins.  below  its 
normal    level. 

These  gates  have  not  only  operated  in  a 
thoroughly  satisfactory  manner,  but  have 
passed  one  heavy  flood,  together  with  some 
50  or  60  acres  of  driftwood  that  came  down 
the  river  and  accumulated  in  the  lake  prior 
to  the  full  opening  of  the  gates.  In  this 
latter  respect,  their  performance  is  remark- 
able, when  one  of  the  large  gates  opens 
and  14  ft.  thickness  of  water  begins  to  pass 
over  the  crest,  the  volume  and  velocity  of  dis- 
charge carry  large  trees  through  the  space 
between  the  piers,  and  over  the  upper  sur- 
face of  the  gates,  and  when  the  spread  of  the 
branches  of  these  trees  is  greater  than  the 
openings  between  the  piers,  the  force  of  the 
water  breaks  up  the  limbs  and  carries  the 
broken  trees  through  without  difficulty. 

The  advantage  of  these  gates  under  these 
particular  conditions  is  obvious,  and.  by  their 
use,  the  greater  amount  of  the  flood  waters 
is  discharged  over  the  low  section  of  the  dam, 
preventing  any  considerable  thickness  of  water 
over  the  crest  of  the  higher  section,  and,  in 
addition,  the  lake  level  undergoes  no  sub- 
stantial change  between  tlie  lowest  and  high- 
est river  stages,  the  minimum  level  being 
about  14  ins.  below  the  normal  and  the  maxi- 
mum level  for  heavy  floods  is  not  more  than 
31   ins.  above  the  normal  level. 

Obviously,  the  construction  of  these  gates 
is  strong  and  massive,  due  to  the  great  press- 
ures that  they  have  to  withstand.  The  pressure 
against  each  of  the  large  gates,  with  normal 
elevation  of  lake  level  is  about  64  tons,  while 
the  pressure  against  each  of  the  small  gates 
is   about  8  tons. 

SLUICE    GATES. 

There  are  eight  sluice  gates,  which  are  lo- 
cated as  shown  in  Figs.  3  and  4.  These 
sluice  gates  are  set  in  pairs,  as  shown,  each 
discharging  into  its  own  opening;  the  two 
individual  channels  merging  into  one  large 
tunnel,  which  passes  through  the  dam.  The 
gates  are  each  5.x6  ft.  and  are  operated  by 
pistons  working  in  cylinders,  the  working 
fluid  being  oil  under  a  pressure  of  750  lbs. 
per  square  inch.  The  cylinders  are  12%  ins. 
inside  diameter  and  the  pistons  have  a  T8-in. 
stroke.  It  will  be  observed  that  the  direc- 
tion of  the  water  is  changed  on  entering  the 
throat  of  the  sluice  gate  passageway  through 
a  gradual  curve  until  the  direction  of  flow 
liccomes  horizontal,  and  also,  that  the  chan- 
nels increase  in  area  gradually  so  that  prac- 
tically no  eddy  currents  are  formed  until 
after  the  two  individual  channels  merge  into 
the  single  large  one,  which  passes  through 
the  bottom  of  the  dam.  Since  this  angle  chan- 
nel is  18  ft.  wide,  and  approximately  14  ft. 
high,  the  total  area  is  250  sq.  ft.,  while  the 
area  of  the  openings  of  the  two  sluice  gates  is 
only  30  sq.  ft.  each,  or  GO  sq.  ft.  for  the 
two.  The  velocity  of  efflux  through  the  sluice 
gates  will  be  about  60  ft.  per  second,  while 
the  velocity  through  the  main  channel  will 
be  less  than   15   ft.  per  second. 

It  is  to  be  noted  that  the  oil  pressure  cyl- 
inders which  operate  the  gates  are  placed  on 
the  outside  of  the  deck  of  the  dam  instead  of 
inside  the  dam,  as  is  usually  customary.  In 
this  way  the  cylinders  could  be  placed  much- 
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nearer  to  the  sluice  gates  than  is  possible 
when  the  cyhnder  is  inside  the  dam,  and  the 
sluice  gates  outside,  with  the  thickness  of  the 
inset  of  the  deck  wall  between  the  two.  This, 
of  course,  shortens  the  piston  rod,  which, 
when  the  gate  is  being  closed,  acts  as  a  long 
column,  and  for  a  given  diameter  of  rod,  it 
is  stiffer,  or  for  a  given  pressure,  a  smaller 
rod  may  be  used.  This  means  that  the  size 
of  the  cylinder  may  be  somewhat  reduced. 
Furthermore,  the  saving  in  concrete  and  form 
work,  effected  bv  mounting  these  cylinders  on 
the  outside  instead  of  the  inside,  amounted 
to  some  $5,000.  Not  having  any  inset  made 
in  it,  the  dam  is  stronger  at  the  bottom  than 
it  would  be  with  one.  It  is  true  that  this 
method  of  installation  lias  the  apparent  ob- 
jection that  the  cylinders  cannot  be  inspected 
or  repaired,  as  they  are  normally  under  60 
ft.  of  water.  This  objection,  however,  is  a 
purely  academic  one.  The  amount  of  opera- 
tion of  these  gates  will  never  be  sufficient,  in 
many  years,  for  the  element  of  wear,  to  have 
any  bearing  on  the  subject.  .\n  ordinary 
Corliss  engine,  in  two  hours,  will  make  more 
strokes  than  these  cylinders  will  in  fifty 
years.  Metallic  packing  is  provided  so  that 
it  is  permanent  and  not  subject  to  deteriora- 
tion with  time,  as  most  organic  substances 
would  be.   The  pisons  are  of  bronze,   so  that 


which  comprises  a  section  of  %-in.  copper 
wire  cable  attached  to  the  gate,  passing  a 
short  distance  up  the  deck,  then  through  the 
deck  into  the  inside  of  the  dam.  In  the  hole 
through  the  deck  is  placed  a  piece  of  1-in. 
pipe,  which  extends  several  feet  into  the  in- 
side of  the  dam,  and  it  is  through  this  pipe 
that  the  copper  wire  cable  passes.  .\  stuffing 
bo.x  is  provided  at  the  inner  end  of  the  pipe, 
so  that  there  is  no  leakage  through  it,  and 
on  the  inside  end  of  the  cable  is  hung  a 
weight  of  concrete,  of  about  75  lbs.  Where  a 
change  in  the  direction  of  the  cable  is  made, 
it  is  properly  guided  on  a  pulley.  Obviously, 
any  motion  of  the  gate  produces  a  corre- 
sponding vertical  motion  of  the  weight  at 
the  end  of  the  wire  cable.  .Adjacent  to  the 
vertical  path  of  this  weight  is  placed  a  gage 
having  the  gate  positions  marked  on  it,  cor- 
responding to  given  vertical  positions  of  the 
weight.  In  this  way,  a  simple,  positive  and 
reliable   gate   indicator   is   produced. 

The  gates  themselves  are  heavy  slabs  of 
cast-iron,  about  1%  ins.  tliick,  5  ft.  8  ins.  wide 
by  6  ft.  8  ins.  long,  the  smaller  dimension 
being  the  transverse  one.  Heavy  ribs  are  cast 
at  intervals  on  the  outer  surface  of  this  gate, 
tapering  from  4  ins.  high  at  the  end  to  "M 
ins.  high  at  the  middle,  the  thickness  of  the 
ribs  being   1%   ins.     The   spacing  of   the   ribs 


Fig.   4.      Rear  View   of   New   Austin    Dam   During  Construction  Showing  Sluice  Gates. 


there  is  no  question  of  them  sticking  or 
rusting  to  the  interior  of  the  cylinders,  and 
this  is  further  prevented  by  the  fact  that  the 
cylinders  are  continuously  filled  with  oil. 

A  Deane,  triplex,  pressure  pump,  having  a 
capacity  of  40  gals,  per  minute,  under  a  press- 
ure of  850  lbs.  per  square  inch,  is  installed 
in  the  power  station  and  driven  by  a  West- 
ern Electric,  induction  motor,  which  is  belted 
to  the  pump.  A  pressure  bypass  is  provided 
so  that  the  pump  can  work  continuously  when 
the  gates  are  being  operated  and  any  e.xcess 
pumpage  will  pass  from  the  discharge  to  the 
suction  pipe,  the  bypass  valve  between  the 
two  opening  when  the  pre-determincd  pres- 
sure for  which  it  is  set,  has  been  reached. 
The  high  pressure  service  pipe,  and  the  low 
pressure  pipe  for  return  of  oil  to  the  suction 
side  of  the  pump,  run  from  the  power  house 
into  the  dam  and  pass  along  the  side  of  the 
walkway  through  the  dam,  these  two  pipes 
forming  two  of  the  three  railings  on  one 
side  of  the  walkway.  At  each  of  the  branch 
pipe  connections  to  the  gate  cylinders,  is  placed 
a  specially  designed,  high-pressure  four-way 
valve  and  the  movement  of  a  valve,  in  one 
direction  or  the  other,  admits  the  oil,  under 
pressure,  to  one  end  or  the  other  of  the  op- 
erating cylinder  it  controls,  thereby  causing 
opening  or  closing  of  the  gate. 

In  order  to  determine  the  position  of  the 
gates,  an  indicatior  is  provided  on  each  one, 


is  12  ins.  These  gates  slide  on  heavy,  cast- 
iron  frame  works,  which  are  sunk  into  the 
concrete.  The  upper  side  of  the  gate  frame 
and  the  under  face  of  the  gate  are  both 
fined  with  bronze  strips  2  itis.  wide  by  %  in. 
thick.  These  gates  have  been  operated  a 
number  of  times  mider  varying  depths  of 
water,  and  have  proven  themselves  satisfac- 
tory in  every  particular.  The  sluice  gates 
and  frames  were  built  by  the  Alamo  Iron 
Works  of  San  .Antonio,  Texas,  while  the 
cylinders  with  their  pisttms,  and  the  operat- 
ing, four-way  pressure  valves  were  made  from 
special  designs  by  the  Tips  Foundry  &  Ma- 
chine   Works   of    .Austin,   Texas. 

HEAD    WORKS. 

The  head  works  are  located  in  the  masonry 
bulkhead  on  the  east  side  of  the  river.  These, 
comprise  three  openings  to  penstocks,  each 
opening  and  penstock  being  ft  ft.  in  diameter. 
F.ach  penstock  opening  is  divided  into  two. 
cacli  having  one-half  the  area  of  the  single, 
9  ft.  opening.  This  is  effected  by  the  use 
of  an  H-column  running,  vertically,  across 
the  face  of  the  flange,  at  the  inner  end  of  the 
penstock.  There  are,  therefore,  two  head- 
gates  to  each  penstock,  each  hcadgate  being 
5  ft.  wide  by  10  ft.  in  height.  The  gates 
themselves  are  made  of  1-in.  creosoted,  yellow 
pine,  boiled  together,  and  braced  by  sections 
of  angle  iron,  which  are  fastened  to  the  wood 


by  means  of  lag  screws.  One  of  each  pair  of 
gates  is  provided  with  a  filler  gate,  which 
was  specially  designed  and  made  unusually 
heavy,  owing  to  the  depth  of  water  over  the 
headgates.  in  times  of  drought,  the  water 
m  the  lake  may  be  lowered  15  ft.,  and,  at 
this  elevation,  the  water  will  be  3  ft.  above 
the  top  of  the  penstocks.  At  its  normal  ele- 
vation, therefore,  the  water  is  28  ft.  above  the 
bottom  of  the  headgates. 

A  hand  operated,  worm  gear  headgate  hoist, 
made  by  the  Piatt  Iron  Works  Co.,  is  pro- 
vided for  each  of  the  six  headgates.  The  rack 
is  made  of  steel  bars  %  in.  in  thickness  by 
2  ins.  wide,  these  bars  being  held  together 
by  Vz  in.  rods  passing  through  them.  The 
length  of  the  bars  is  31  ft.,  of  which  29  ft.  js 
submerged.  The  spacing  of  the  bars  is  % 
in.,  center  to  center,  which  gives  a  %  in.  clear 
space  between  each  pair  of  bars.  The  total 
length  of  the  rack  is  36  ft.  The  rack  bars 
have  a  slope  of  appro.ximately  15°.  Racks  of 
a  very  different  kind  and  spacing  were  de- 
signed by  the  engineers,  but  this  particular 
form  of  rack,  with  the  spacing  as  given,  was 
demanded  by  the  City  of  .Austin,  and,  as  the 
municipality  will  take  over  the  plant  and  con- 
duct its  operation,  this  demand  was  acceded 
to.  The  engineers  of  the  City  Water  Power 
Co.,  who  designed  and  constructed  the  dam 
and  the  plant,  hold  the  opinion  that,  owing 
to  the  extraordinary  length  of  the  submerged 
bars  as  compared  with  the  usual  standard 
racks,  the  ordinary  form  would  not  be  suitable 
here,  and  further,  that  the  bars  are  placed  so 
close  together  that  it  will  be  difficult  to  keep 
them  raked  clear  during  the  autumn  when 
leaves  and  light  trash  come  down  the  river  in 
considerable  quantities. 

PENSTOCKS. 

There  are  three  penstocks,  each  being  9  ft. 
in  diameter,  and  made  of  steel  plate,  Vi  in. 
thick,  which  is  covered  on  the  outside  with 
concrete.  The  exterior  of  this  concrete  is 
hexagonal  in  form,  and  it  is  8  ins.  thick  at  its 
thinnest  section.  The  concrete  is  reinforced 
with  steel  wire  mesh,  and,  by  this  construc- 
tion, strong  and  permanent  conduits  have 
been  provided.  As  a  precaution  against  water 
hammer,  surge  pipes  are  connected  with  the 
penstocks,  there  being  one  to  each  penstock 
and  joined  to  it  at  the  point  nearest  to  the 
turbine  casing  that  is  available.  These  surge 
pipes  leave  the  penstocks  horizontally,  pass 
through  the  wall  of  the  power  house  on  the 
stream  side  of  the  building  and  then  turn  ver- 
tically upward,  being  anchored  to  the  wall 
of   the   building. 

Just  after  passing  through  the  power  house 
wall,  each  penstock  is  turned  downward  to 
the  opening  in  the  turbine  casing,  and  this 
condition  is  one  which  is  liable  to  produce 
collapse  of  a  penstock,  if  the  water  wheel 
gates  are  rapidly  opened,  unless  some  pro- 
vision against  this  is  arranged.  To  prevent 
this,  a  vertical  vent  pipe  is  placed  on  each 
penstock,  just  outside  the  power  house  wall. 
Two  of  these  are  Ci)  ins.  in  diameter  each 
and  one  48  ins.  in  diameter,  and  the  height 
of  these  vent  pipes  is  such  that  the  water 
normally  stands  in  them  about  4  ft.  from  the 
top.  It  has  been  found,  in  practice,  that  these 
vent  pipes  not  only  act  to  prevent  collapse  of 
the  penstocks,  but  act  also  as  surge  pipes. 
Wlien  the  water  wheel  gates  are  rapidly 
closed,  water  is  ejected  from  the  surge  pipes 
before  described,  and  also  from  the  vent  pipes. 


Clean  Town  Contest.— The  Utah  State 
Board  of  Health  is  conducting  a  clean  town 
contest  similar  to  that  so  successfully  carried 
out  last  year.  .All  incorporated  towns  in  the 
state  will  be  scored,  in  six  classes  according 
to  population.  Scoring  will  begin  .August  I, 
and  the  awards  will  be  based  on  sewage  dis- 
posal, stables  and  corrals,  garbage  collection 
and  disposal,  water  supply,  sanitation  of 
school  houses  and  public  buildings,  sanitary 
marketing  of  foods,  presence  of  flies,  sani- 
tation, cleanliness,  and  ventilation  of  the 
home,  condition  of  streets,  parks  and  alleys i 
general  appearance  of  homes,  barns  and 
barnyards,  law-ns  and  flower  gardens,  vacant 
lots   and    fences. 
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Design   Features   of  the   East   Kansas 

Ave.    Bridge   Over   the   Kansas 

River  at  Kansas  City,  Kan. 

(Staff  .Article.) 
Construction  work  has  started  on  an  im- 
portant highway  bridge  over  the  Kansas 
(Kaw)  River  at  East  Kansas  Ave.,  Kansas 
City,  Kan.,  the  design  of  which  presents  a 
number  of  interesting  and  unusual  features. 
The  requirements  of  the  Government,  and 
those  due  to  the  conditions  existing  at  the 
site,  made  it  difficult  to  meet  these  require- 
ments and  still  keep  the  cost  within  reasonable 
limits.  The  total  length  of  the  structure  is 
1,63.5  ft.  Beginning  at  the  west  end  of  the 
bridge  this  length  is  made  up  as  follows : 
Concrete  retaining  walls  and  sand  fill,  .%8  ft. ; 
steel  viaduct,  401  ft. ;  main  deck-triiss  river 
spans,  727  ft. ;  and  steel  viaduct,  149  ft.  The 
contract  price  for  the  bridge  is  $479,700,  which 
includes  the  removal  of  the  present  structure. 

GENERAL   REQUIREMENTS. 

Following  the  disastrous  flood  of  1903  the 
Kaw  Valley  Drainage  District  was  formed  for 
the  purpose  of  carrying  out  measures  to  pre- 
vent damage  from  future  floods.  After  much 
litigation  and  negotiations  between  the  inter- 
ests affected  the  Drainage  Board,  working  in 
conjunction  with  the  War  Department,  estab- 
lished harbor  lines,  which,  for  a  distance  of 
about  three  miles  above  the  mouth  of  the 
river,  are  parallel  and  724  ft.  apart.  Levees 
have  been  constructed  on  each  bank,  with  a 
slope  of  2  to  1  on  the  river  side.  After  the 
construction  of  these  levees  the  Drainage 
Board  ordered  the  reconstruction  of  all  bridges 
over  this  part  of  the  river,  subject  to  the  fol- 
lowing  general   requirements : 

(1)  There  shall  be  only  two  piers  in  the 
river  between  harbor  lines,  the  upstream  and 
downstream  axes  of  which  shall  be  approxi- 
mately parallel  to  the  current. 

(2)  The  shafts,  or  "neat-work"  of  the  piers 
shall  extend  "as  clean  masonry"  (with  no  off- 
sets)  to  at  least  4.5  ft.  below  the  levee  grade. 


structed  by  Wyandotte  County,  Kansas,  except 
tlie  part  whicli  extends  beyond  the  Kansas 
state  line;  that  part  will  be  paid  for  by  the 
city  of  Kansas  City,  Mo. 

From  the  foregoing  description  it  will  be 
noted  that  the  structure  being  built  by  Wyan- 
dotte County  will  end  "up  in  the  air,"  at  the 
east  side  of  tlie  Rock  Island  right-of-way. 
From  this  point  the  bridge  will  ultimately  be 
continued  by  the  city  of  Kansas  City.  Mo., 
across  a  number  of  railway  tracks  to  the  bluff 
at  23rd  St.,  a  distance  of  about  1,7.50  ft.  The 
present  Allen  Ave.  viaduct  over  these  tracks 
near  the  site  of  the  new  bridge  will  be  torn 
down  after  the  completion  of  the  new  struc- 
ture. As  there  are  no  funds  available  for  the 
construction  of  the  Missouri  portion  of  tlie 
bridge,  it  is  planned  to  build  a  temporary 
wooden  structure  on  piling  to  connect  with  the 
Allen  Ave.  viaduct,  a  distance  of  about  1,000 
ft.,  at  an  estimated  cost  of  $40,000. 

The  combined  viaduct  in  Kansas  and  Mis- 
souri was  so  located  as  to  afford  the  most 
direct  route  practicable  between  the  Kansas 
side  and  the  new  Union  Station.  For  that 
reason  the  Kansas  River  bridge  crosses  the 
river  at  an  angle  of  10°  26'  with  the  perpen- 
dicular between  harbor  lines.  This  arrange- 
ment gives  the  further  advantage  that  the 
heavy  traffic  across  the  river  can  be  provided 
for  by  the  present  bridge  until  the  completion 
of  the  new  structure  and  of  the  temporary 
structure  on  the  Missouri  side. 

'    GENERAL   DESIGN   FEATURES. 

As  the  piers  are  set  at  an  angle  of  10°  26' 
with  the  longitudinal  axis  of  the  bridge,  and 
because  of  the  requirement  that  they  be  placed 
opposite  the  piers  of  the  Rock  Island  bridge, 
a  very  awkward  and  unsymmetrical  arrange- 
ment of  spans  resulted,  there  being  two  spans 
of  about  317  ft.  G  ins.  each  on  the  west  side  of 
the  river,  thus  leaving  a  distance  to  the  east 
harbor  line  of  only  about  120  ft.  Figure  1 
is  a  general  elevation  of  the  bridge.  This 
drawing  shows  the  types  of  structure  used, 
and  gives  a  profile  of  the  site ;  it  also  shows 
the  subsoil  conditions. 


the  available  truss  depth  being  30  ft.,  center  to 
center  of  chords. 

If  simple  truss  spans  had  been  adopted  the 
length  of  the  two  main  spans  would  have  been 
about  814  ft.,  and  the  trusses  would  have  been 
less  than  one-tenth  of  the  span,  thus  necessi- 
tating very  heavy  chord  sections.  For  this 
reason  it  was  decided  to  adopt  a  cantilever 
design.  t 

The  anchor  span,  which  has  a  lefigth  of 
317  ft.  6  ins.,  rests  on  the  two  river  piers,  and 
has  a  cantilever  arm  projecting  from  it  at  each 
end  to  receive  the  ends  of  the  simple  spans 
(see  Fig.  1).  The  west  cantilever  arm  has  a 
length  of  58  ft.  for  the  north  truss  and  48 
ft.  for  the  south  truss.  The  east  cantilever 
arm  is  95  ft.  long  for  the  north  truss  and  88 
ft.  long  for  the  south  truss.  The  north  truss 
of  the  west  simple  span  has  a  length  of  262 
ft.  6%  ins.,  while  the  south  truss  has  a  length 
of  267  ft.  4%  ins.  The  east  suspended  span 
is  a  plate  girder  type,  the  north  girder  hav- 
ing a  length  of  88  ft.  6%  ins.  and  the  south 
girder  a  length  of  100  ft.  8%  ins. 

The  lengths  of  the  cantilever  arms  were  so 
chosen  as  to  make  the  negative  moments  over 
the  supports  and  the  positive  moments  at  the 
center  of  the  anchor  span  approximately  equal. 
Another  advantage  of  the  cantilever  design  is 
that  no  pier  is  required  at  the  east  harbor  line, 
the  suspended  plate  girder  span  extending 
over  the  right-of-way  of  the  A.,  T.  &  S.  F.  Ry. 
and  that  of  the  C,  B.  &  Q.  Ry.  and  resting  on 
columns  supported  on  small  piers  having  pile 
foundations.  A  further  advantage  is  secured 
by  the  use  of  a  cantilever  system,  namely,  the 
required  width  of  piers  is  less  than  would  be 
required  with  simple  spans,  as  only  one  shoe 
is  required  under  each  truss. 

The  bridge  carries  two  street  railway  tracks, 
one  of  which  is  bracketed  from  the  north 
trusses,  while  the  other  is  located  at  an  equal 
distance  inside  of  these  trusses;  it  also  pro- 
vides a  36-ft.  clear  roadway  (10  ft.  2  ins., 
of  which  cantilevers  beyond  the  south  truss- 
es), and  a  6-ft.  sidewalk  along  the  south  side 
of  the   structure.     The   sidewalk  does  not  ex- 
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Fig.    1.      General    Elevation    of    East    Kansas  Ave.    Bridge,     Kansas    City,     Kan., 


(3)  The  lowest  point  of  the  superstructure 
(except  shoes)  shall  be  at  or  above  the  levee 
grade. 

A  further  restriction  imposed  by  the  War 
Department  was  that  the  two  river  piers  must 
be  opposite  the  two  piers  of  the  Rock  Island 
bridge,  which  is  a  short  distance  downstream. 
i.  e.,  they  must  be  at  the  same  distance  from 
the  harbor  lines.  The  present  bridge  is  to  be 
removed  as  soon  as  the  new  structure  is  com- 
pleted. 

The  state  line  between  Kansas  and  Missouri 
is  about  90  ft.  east  of  the  east  harbor  line. 
The  St.  Louis  &  San  Francisco  Railway  Co. 
has  a  50-ft.  right-of-way  along  and  parallel 
to  the  state  line,  28.35  ft.  of  which  is  on  the 
Kansas  side  and  21.05  ft.  on  the  Missouri  side. 
It  was  necessary  to  span  this  right-of-way, 
and  consequently  a  portion  of  the  new  bridge 
will  be  in  Missouri.    The  bridge  is  being  con- 


The  west  approach  begins  near  the  inter- 
section of  Kansas  Ave.  and  Berger  Ave.,  about 
800  ft.  west  of  the  west  harbor  line,  at  which 
location  the  Union  Pacific  Ry.  tracks  are 
crossed  at  grade,  it  being  found  practicable  to 
raise  the  grade  of  these  tracks  about  2  ft. 
.\long  the  west  harbor  line  the  approach  spans 
the  right-of-way  of  the  Kansas  City  South- 
ern Ry.,  giving  a  minimum  clearance  of  21  ft. 
The  span  used  here  was  made  very  shallow  to 
reduce  the  approach  grade  as  much  as  prac- 
ticable— to  4.25  per  cent.  The  grade  thus  fixed 
left  available  space  for  a  depth  of  only  25  ft. 
9  ins.,  center  to  center  of  chords,  at  the  west 
end  of  the  west  river  span.  As  this  depth  was 
much  too  shallow  for  the  long  span  required, 
the  ascending  grade  was  continued  to  a  point 
191..58  ft.  east  of  the  west  harbor  line,  the 
grade  being  broken  at  three  points,  so  as  to 
'approximate  a  vertical  curve  (see  Fig.  1). 
From   this  point   eastward  the  grade   is   level. 


tend  throughout  the  west  approach,  but  is  car- 
ried to  the  street  level  in  front  of  the  Cudahy 
Packing  Co.'s  plant  by  means  of  a  stairway 
(see  Fig.  1). 

The  trusses  and  the  east  approach  girders 
are  spaced  38  ft.  on  centers  to  secure  economy 
in  the  cross  girders  and  piers.  The  trusses 
are  so  located  that  the  total  load  on  each  is 
approximately  the  same.  Due  to  the  unsym- 
metrical cross  section  the  dead  load  on  the 
south,  or  highway,  truss  is  much  greater  than 
that  on  the  north,  or  street  railway,  truss ;  the 
reverse  is  true  of  the  live  loads. 

On  account  of  the  long  cantilever  braokets 
at  each  side  the  deck  is  loaded  differently  for 
each  truss.  The  deflections  of  tlie  trusses, 
which  are  considerable  (due  to  the  shallow 
trusses  and  to  the  cantilever  construction),  are 
quite  different;  and  it  was  therefore  deemed 
advisable  to  omit  sway  bracing  e.xcept  at  the 
piers.     The  trusses  are  of  the  cantilever  type, 
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.and  are  riveted  throughout.  The  chords  are 
spliced  for  110  per  cent  of  the  strength  of  the 
sections,  with  the  e.xception  of  the  top  chord 
splices  in  the  west  suspended  span,  which  are 
spliced  for  the  live  and  impact  loads  only. 

The  roadway  will  be  paved  with  creosoted 
wood  blocks,  the  pavement  on  the  steel  spans 
resting  on  a  reinforced  concrete  base.  The 
sidewalk  also  will  be  of  reinforced  concrete 
construction.  The  street  railway  tracks  on  the 
steel  portion  of  the  structure  will  have  open 
decks  of  creosoted  timber.  There  will  be  two 
lines  of  heavy  gas  pipe  railing  throughout  the 
structure  and  on  both  sides  of  the  stairway. 
Since  the  roadway  slab  is  of  reinforced  con- 
crete it  was  necessary  to  provide  a  number  of 
■expansion  joints  in  the  floor  for  each  span. 

SUBSOIL    CONDITIONS     AND    FOUNDATIONS. 

The  subsoil  under  the  retaining  walls  of  the 
west  approach,  as  shown  by  borings,  consists 
mainly  of  successive  strata  of:  silt  deposit; 
sand  mixed  with  clay,  fairly  well  packed ; 
black  mud  containing  some  sand ;  and  white 
^and,  packed  hard,  the  latter  being  encoun- 
tered at  a  depth  of  from  20  to  2.5  ft.  Near 
pier  No.  1  (see  Fig.  1)  the  top  surface  consists 
■of  a  thin  layer  of  sand,  followed  by  successive 
strata  of  partial  fill,  with  mud  and  sand ;  soft 
yellow  clay,  changing  to  mud  and  gumbo : 
gumbo  mixed  with  sand;  and  white  sand,  the 
latter  being  found  at  a  depth  of  about  •'^0  ft. 
The  depth  to  rock  at  pier  No.  1  is  about  00  ft. 
At  pier  No.  2  rock  lies  at  a  depth  of  about 
48  ft.  below  the  bed  of  the  river.  At  the 
location  of  this  pier,  mud  and  silt  are  found  to 
a  depth  of  about  .5  ft.;  from  this  level  to  the 
rock  surface  the  material  consists  of  medium 
to  very  coarse  sand  and  fine  gravel,  with  occa- 
sional thin  strata  of  gumbo.  At  pier  No.  3  the 
depth  to  rock  is  about  62  ft.  At  this  pier, 
mud  and  silt  are  found  to  a  depth  of  about 
14  ft.,  followed  by  medium  to  coarse  sand 
to  a  depth  of  about  .52  ft. ;  below  this  level 
there  is  a  comparatively  thin  layer  of  fine 
gravel  and  quicksand,  between  which  and  "-he 
rock  there  is  a  stratum  of  gumbo. 

The  pedestals  and  retaining  walls  of  the 
"west  approach  are  to  be  founded  on  concrete 
piles,  while  the  four  pedestals  at  the  east  end 
will  liave  timber  pile  foundations.  Pier  No.  1 
will  be  founded  on  timber  piles  and  piers  Nos. 
2  and  .3  (see  Fig.  1)  are  to  be  sunk  to  bed- 
rock by  the  pneumatic  process. 


stresses),    the    latter    being    expressed    by    the 
formula, 

79,200 

K'l  ^ 

720  +  L 
where  uh  =  uniform  load  per  square  foot,  and 

L  =  span  in  feet. 

The  road  roller  has  16,000  lbs.  concentrated 
on  the  front  drum,  which  is  4  ft.  wide,  and 
24,000  lbs.  on  the  two  rear  wheels,  the  latter 
having  a  width  of  20  ins.  and  a  capacity  of 
■J   ft.  on  centers. 


of   gross   area   df   web     as     effective 

flange  area)    16,000 

Reinforcing'  bars  16,000 

Compressive  stresses: 

Chord   sections    16,000  —  70  — 

r 
1 

Vertical  posts  of  trusses 14,000  —  60  — 

r 

Compre&sion   in   extreme  tiber  of  rein- 


forced concrete  members. 


650 

Shearing  stresses: 

Webs  of  plate  girders,  gross  section 10,000 

Shop  rivets  10,000 

-    -  ■     •  "  000 


u----r/(^ -J  '-'--i°'">'-:^,„^. 

(b)  (c)  (d)  (e)  Abutment 

Fig.     2.      Cross   Sections    Showing    Types    of   Retaining  Walls  and  Abutment  Used  in  West 
Approach  of   East   Kansas  Ave.   Bridge. 
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In  designing  the  floor  system  of  the  side- 
walk the  assumed  uniform  load  was  iCi,  given 
above.  For  computing  the  stresses  in  girders, 
trusses  and  colunms,  the  sidewalk  load  used 
is  expressed  bv  the  formula, 
68,400 ' 

w=  = , 

720  -f  L 
where  w-  ^  uniform  load  per  square  foot,  and 
L  =  span   in    feet. 

The   impact   increment   is   expressed   by   the 
formula, 

300 
/  = , 


800  +  L  +  . 


U 
10 


Bending  stresses; 

Extreme  fiber  for  rolled  sections  of  me- 
dium steel   16,000 

Extreme  fiber  of  pins 24,000 

Extreme  fiber  of  creosoted  timber 1,600 

Bearing  stresses; 

Shop  rivets   20,000 

Field  rivets 16,000 

Pins    20,000 

In  considering  reversals  of  stress,  the  fol- 
lowing procedure  was  specified :  Compute 
the  required  area  for  both  tension  and  com- 
pression and  add  one-half  of  the  lesser  area 
to  the  greater,  except  for  web  members  of 
trusses,  for  wliich  use  three-fourths  instead 
of  one-half.  The  rivets  for  end  construc- 
tions and  splices  are  to  be  computed  in  a 
similar    manner. 
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Showing  Types  of  Structure  and  Subsoil  Conditions. 


LOADS    AND    ALLOW.\BLE    STRESSES. 

Loads. — The  assumed  live  load  on  the  two 
street  car  tracks  consisted  of  two  SO-ton  cars 
■on  each  track,  or  a  continuous  line  of  40-ton 
cars  on  each  track.  In  the  50-ton  cars  the 
axles  of  the  front  and  also  of  the  rear  trucks 
are  spaced  6  ft.  6  ins.  on  centers,  the  trucks 
of  each  car  being  spaced  31  ft.  6  ins.  on  cen- 
ters, while  distance  between  the  center  of  the 
rear  truck  and  the  center  of  the  front  truck 
of  the  car  following  is  22  ft.  6  ins.  In  the 
40-ton  cars  the  axles  of  both  trucks  are  spaced 
6  ft.  on  centers,  the  distance  between  the  cen- 
ters of  trucks  on  the  same  car  is  26  ft.  and 
that  between  the  centers  of  front  and  rear 
trucks  of  adjacent  cars  20  ft.  The  axle  loads 
of  each  car  of  each  class  are  equal. 

For  the  roadway  floor  system  the  assumed 
live  load  was  either  a  20-ton  road  roller  or  a 
uniform  load   (the  one  which  gave  the  larger 


where  /^impact  increment,  and 

L  =  loaded  length  in  feet. 

No  impact  was  considered  for  the  roller 
loading. 

The  dead  load  used  was  the  actual  weight 
of  the  materials  in  the  structure. 

The  wind  load  was  taken  at  30  lbs.  per 
square  foot  of  exposed  vertical  area  plus  300 
lbs.  per  linear  foot  on  the  upper  deck,  the 
entire  wind  load  being  treated  as  a  moving 
load. 

Allowable  Stresses. — The  following  allow- 
able stresses  were  used  in  designing  the  sec- 
tions : 

Lbs.  per 
sq.  In. 
Tensile  stresses: 

Bottom     chords     and     main     diagonals, 
built  sections  16,000 

Floorbeam  hangers,  built  sections 12,000 

Laterals    17.000 

Flanges    of    floorheams.    stringers    and 
plate  girders  (considering  one-eighth 


For    compression    members    of    trusses    the 
1 
maximum   value  of  —  was  taken  as  100,  ex- 

r 
cept    for   laterals    and    members   wliose   main 
function  is  to  resist  tensile  stresses ;   in  such 

1 
members  —  was   taken   as    l.-IO. 
r 

RETAINING    WALL    DETAILS. 

The  reinforced  concrete  cantilever  type  of 
retaining  wall  was  adopted,  the  heights  of 
which  vary  from  5  ft.  6  ins.  at  the  west  end  to 
21  ft.  G  ins.  at  the  beginning  of  the  steel  via- 
duct (see  Fig.  1).  These  w'alls  are  to  be 
founded  on  reinforced  concrete  piles.  Figs. 
2  (a),  (b),  (c)  and  (d)  arc  cross  sections 
of  the  retaining  walls  taken  at  various  points. 
Fig.  2  (a)  shows  the  type  of  retaining  wall 
used  at  the  west  end  of  the  approach ;  Fig.  2 
(d)    is   a  cross   section  of  the   wall  near  the 
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abutment  at  the  east  end  of  the  retaining 
wall  approach,  and  Fig.  2  (e)  is  a  cross  sec- 
tion of  the  abutment.  The  concrete  specified 
for  all  retaining  walls  consists  of  1  part  ce- 
ment. 3  parts  sand  and  5  parts  broken  stone. 


f-^  Lower  Chord  El.  343.697 
T  Jt-Sl" 


ESC. 


la)  Plan 
Fig.  3.     Plan  and   End  Elevation  of  Pier  No. 
(at   West    Harbor    Line)    of   East 
Kansas  Ave.  Bridge. 

SUBSTRUCTURE     DETAILS. 

Piers  for  Steel  Viaduct. — The  concrete  piers 
for  the  steel  viaduct  of  the  west  approach  are 
to  be  founded  on  24-ft.  reinforced  concrete 
piles,  the   number  of  piles  in  each  pier  being 


Where  12  piles  are  used,  the  footings  are 
9X  12  ft.  X  3  ft.  thick,  the  top  and  bottom  di- 
mensions of  the  pier  shaft  being  the  same  as 
for  the  9-pile  piers.  For  the  16-pile  piers  the 
footings  are  12  X  12  ft.  X  3  ft.  9  ins.  thick, 
while  the  pier  shafts  are  6  ft.  8%  ins.  square 
at  the  bottom,  3  ft.  square  at  the  top  and 
12  ft.  3  ins.  high.  Tlie  piers  are  to  be  con- 
structed of  1  ;3  :5  concrete,  with  the  exception 
of  the  top  1  ft.  of  the  pier  shafts,  where  a 
1:2:4  mix  is  to  be  used. 

The  two  piers  at  the  east  end  of  the  bridge 
(see  Fig.  1)  are  each  to  be  founded  on  twenty- 
five  40-ft.  timber  piles.  The  footings  of  these 
piers  are  1.5  ft.  X  15  ft.  X  6  ft.  thick,  while 
the  pier  shafts  are  10  ft.  9  ins.  square  at  the 
bottom,  4  ft.  square  at  the  top,  and  have  a 
height  of  27  ft.  With  the  exception  of  the 
upper  1  ft.  of  these  piers  (where  a  1:2:4  mix 
is  to  be  used),  the  concrete  proportions  are 
to  be  1  part  cement.  3  parts  sand  and  5  parts 
broken  stone. 

The  two  pier  shafts  between  those  at  the 
east  end  of  the  structure  and  pier  No.  3  (see 
Fig.  1)  are  each  to  be  supported  on  30  tim- 
ber piles.  Their  footings  are  1.5  X  16  ft.  X  1(5 
ft.  high,  while  the  pier  shafts  are  10  ft.  3  ins. 
X  11  ft.  3  ins.  at  the  base,  4  ft.  6  ins.  X  8  ft. 
6  ins.  at  the  top,  and  27  ft.  high. 

Piers  for  Truss  Spans. — Pier  No.  1,  which 
is  located  at  the  west  harbor  line  (see  Fig.  1), 
is  to  be  founded  on  216  40-ft.  timber  piles.  The 
footing  of  this  pier  is  22  X  72  ft.  X  12  ft. 
6  ins.  thick,  while  the  pier  shaft,  which  is 
18  X  58  ft.  at  the  base  and  8  X  48  ft.  at  the 
top.  is  24  ft.  high.  An  18-in.  parapet  wall 
extends  5  ft.  1  3/16  ins.  above  the  pier  shaft. 
The  parapet  wall  and  the  upper  2  ft.  of  the 
pier  shaft  are  to  be  composed  of  1:2:4  con- 
crete, while  a  1:3:5  mix  is  to  be  used  for  the 
remainder  of  the  pier.  Fig.  3  shows  a  plan 
and  an  end  elevation  of  this  pier. 

The  two  river  piers  (Nos.  2  and  3,  see 
Fig.  1)  are  to  have  pneumatic  caisson  and 
crib  foundations,  the  tops  of  which  are  to  be 
about  2  ft.  below  the  scour  line  of  the  river 
bed.  For  pier  No.  2  the  caisson  and  crib  is 
20  X  60  ft.  X  4.3  ft.  4  ins.  high,  while  for 
pier  No.  3  the  caisson  has  the  same  section 
but  is  42  ft.  0  ins.  high.  The  caissons  are  to 
be  founded  on  solid  rock,  into  which  they  are 
to  project  about  18  ins.  The  pier  shafts  of 
these  piers  have  semi-circular  ends,  while  the 
sides  and  ends  of  the  shafts  have  a  batter  of 
%  in.  in  1  ft.  Fig.  4  shows  a  plan  and  end 
elevation  of  these  piers  and  their  caissons. 

SUPERSTRUCTURE    DETAILS. 

West  Approach. — Starting  at  the  east  end 
of  the  retaining  wall  construction,  the  west 
approach  consists  of  a  series  of  ten  28-ft. 
6-in.  spans,  followed  by  four  spans  of  irregu- 
lar lengths  (see  Fig.  1).  The  floorbeams  of 
these  28-ft.  6-in.  spans  are  supported  directly 
on  steel  columns,  the  24-in.  I-beam  stringers 
spanning  the  spaces  between  the  floor  beams. 
The  columns  are  braced  together  in  pairs,  to 
form  bents,  and  are  anchored  to  the  concrete 
piers  with  four  anchor  bolts,  each  2  ins.  in 
diameter  and  8   ft.  long. 

East    .Approach. — The    east    approach     con- 


70-0' Rightof  Waff- 


concrete  piers.  The  girders  in  the  longer  span 
are  of  unequal  lengths,  one  having  a  length 
of  99  ft.  10%'  ins.  and  the  other  87  ft.  8%  ins., 
center  to  center  of  bearings.     The  girders  in 
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(a)  Plan 

Fig.    4. 

Plan 

and     End     Elevation     of 

Piers 

Nos. 

2   and   3    (River    Piers) 

of 

East 

Kansas  Ave.  Bridge. 

the  east  span  have  a  length  of  52  ft.  2%  ins., 
center  to  center  of  bearings.  Figure  6  is  a 
cross    section    of    the    floor    systeiu    of    these 
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Fig.   5.      Cross   Section   of   Floor   System   for    Girder    Spans     in      East     Approach    of    East    Kansas  Ave.  Bridge. 


either,  9,  12  or  16.  Where  9  piles  are  used 
the  pier  footings  are  9  ft.  square  by  3  ft. 
thick;  while  the  pier  shafts  are  7  ft.  9%  ins. 
square  at  the  base  and  3  ft.  square  at  the  top, 
their     height     varying     from     10     to     16       ft. 


sists  of  two  deck  plate  girder  spans,  as  shown 
in  Fig.  1.  One  end  of  the  longer  of  these 
two  spans  rests  on  the  cantilever  arm  of  the 
adjacent  truss  span,  while  the  other  end  rests 
on  a  steel  bent,  which  in  turn  is  supported  on 


girder  spans.  This  drawing  gives  the  details  of 
the  floor  system  and  shows  the  relative  posi- 
tions of  the  sidewalk,  roadway  and  street  car 
tracks. 

Truss    Spans. — The    types    of    riveted    truss 
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spans  used  are  shown  in  Fig.  1.  It  will  be 
noted  tliat  the  anchor  span,  which  rests  on 
piers  Xos.  2  and  3,  cantilevers  beyond  both 
piers.  The  trusses  of  this  span  have  a  depth, 
center  to  center  of  chords,  of  30  ft.,  the  spacing 
of  trusses  being  .38  ft.,  center  to  center. 

The  floorbeanis  and  cantilever  brackets, 
which  support  that  part  of  the  floor  system  ex- 
tending outside  of  the  trusses,  have  their  tops 


Crown  of  PoaiiMay-f 


The    Use   and   Care   of   Lifting   Jacks. 

The  following  instructions  in  the  use  and 
care  of  lifting  jacks  were  issued  by  the  en- 
gineering and  inspection  division  of  The  Trav- 
elers Insurance  Co.  of  Hartford,  Conn.: 

The  demands  of  modern  construction  and 
transportation  for  portable  mechanical  ap- 
pliances    for    raising    and    supporting    heavy 
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Fig 


6       (a)    Detail    of   Connection    Between   East  Cantilever  Arm  of  North  Truss  Span  and 
Approach    Girder;     (b)     Detail    of    Lower  Chord  Joint  at  Pier  No.  2  of  North  Truss  of 
East  Kansas  Ave.  Bridge. 


at  the  elevation  of  the  top  chords  of  the 
trusses.  The  stringers  frame  into  the  floor- 
beams,  projecting  above  tlie  tops  of  the  latter 
from  V2  in.  to  5%  ins.,  depending  on  their  po- 
sition in  the  floor  system.  This  position  of  the 
stringers  requires  a  different  detail  for  sup- 
porting the  sidewalk  from  that  used  on  the 
girder  spans.  With  the  exception  of_  these 
points  the  floor  system  for  the  trusses  is  sim- 
ilar to  that  shown  in  Fig.  5. 

Figure  6  (a)  is  a  detail  of  the  lower  chord 
joint  over  the  bearing  at  pier  No.  2;  and 
Fig.  6  (b)  is  a  detail  of  the  connection  be- 
tween the  east  cantilever  arm  of  the  anchor 
span  and  the  adjacent  girder  span. 

Figure  7  is  a  detail  of  one  of  the  shoes  at 
the  expansion  end  of  the  anchor  span,  these 
shoes  resting  on  pier  Xo.  3  (see  Fig.  1).  The 
drawing  also  shows  details  of  the  10-in.  seg- 
mental rollers. 

The  details  of  the  floor  system  and  shoes 
of  the  simple  span  between  piers  Nos.  1  and  2 
are  similar  to  those  shown  for  the  anchor 
span.  The  feature  of  the  simple  span  is  that 
the  trusses  have  different  depths  at  the  two 
ends,  due  to  changes  in  grade. 

PERSONNEL. 

The  plans  and  specifications  for  the  bridge 
were  prepared  by  Iledrick  &  Cochrane,  con- 
sulting engineers.  Kansas  City,  Mo.,  to  whom 
we  are  indebted  for  the  data  upon  which  this 
article  is  based.  The  work  is  being  done  un- 
der the  direction  of  R.  L.  Mc.Mpino,  county 
engineer  of  Wyandotte  County,  Kan.  The 
Kansas  City  Structural  Steel  Co.  has  the  gen- 
eral contract  for  the  structure.  The  construc- 
tion of  the  three  main  piers  has  been  sub- 
let to  the  Missouri  Valley  Bridge  &  Iron  Co., 
and  the  remainder  of  the  substructure  to  the 
Horton  Construction  Co. 


weights  are  adequately  supplied  by  the  lifting 
jacks  of  various  types  that  are  now  so  com- 
monly employed.  Screw  jacks  and  reduction- 
gear  jacks  are  capable  of  lifting  loads  up  to  20 
tons  or  so,  while  pneumatic  jacks,  and  those 
operated  by  hydraulic  power,  range  in  capacity 
from  a  few  hundred  pounds  up  to  500  tons. 
Because  of  the  enormous  weights  sustained 


work  so  that  by  his  advice  and  under  his 
direction  the  safety  of  the  workmen  may  re- 
ceive due  consideration. 

The  first  procedure  toward  safety  in  the  use 
of  jacks  is  frequent  and  thorough  inspection 
of  the  mechanical  parts.  Particular  attention 
should  be  given  to  the  racks  and  reduction 
gears,  in  jacks  of  this  type,  for  a  defect  in  one 
of  these  parts  is  apt  to  cause  an  accident.  A 
broken,  excessively  worn,  or  otherwise  de- 
fective gear  or  rack  tooth  may  give  way  as 
pressure  is  applied  on  the  handle,  thus  causing 
the  operator  to  fall  headlong.  A  broken  or 
defective  tooth,  when  it  gives  way,  permits  the 
total  weight  being  lifted  to  fall  until  the  ne.xt 
firm  tooth  is  engaged,  and  the  shock  or  pound- 
ing effect  on  this  tooth  may  be  sufficient  to 
fracture  it  also.  The  remaining  teeth  are  then 
apt  to  give  way  in  a  similar  manner,  thus  per- 
mitting the  load  to  fall  to  its  original  resting 
place.  When  such  a  break  occurs  during  the 
raising  of  a  railway  coach  or  trolley  car,  the 
short  interval  of  time  that  elapses  between  the 
breaking  of  the  first  tooth  and  the  fall  of  the 
car  affords  little  opportunity  for  the  workmen 
to  reach  a  safe  place. 

The  top  of  the  jack  and  the  rack  column 
should  be  frequently  inspected  and  tested,  for 
a  defect  in  one  of  these  sections  would  pre- 
cipitate the  whole  load  without  any  warning. 
Some  jacks  are  equipped  with  a  swivel  claw 
attached  to  the  jack  by  a  ball-and-socket  joint. 
This  permits  the  use  of  the  jack  in  close  quar- 
ters, and  low  headroom.  It  is  important  that 
both  the  joint  and  the  claw  be  in  first  class 
condition,  as  they  are  both  likely  to  be  sub- 
jected to  extra  stresses  by  reason  of  the  fact 
that  the  claw  can  swing  in  a  vertical  angle  of 
80  to  40°  from  the  frame.  A  claw  that  has  a 
safe  lifting  capacity  of  20  tons  in  a  vertical 
plane,  is  very  apt  to  be  stressed  beyond  the 
safe  limit  if  the  same  weight  is  applied  at  a 
30°  angle,  and  for  this  reason  the  manufactur- 
ers generally  will  not  guarantee  the  full  ca- 
pacity of  the  jack  when  the  load  is  applied  on 
the  claw  at  a  vertical  angle  greater  than  15°. 
Notwithstanding  this  fact  jacks  are  often 
abused  in  this  way,  so  that  accidents  frequently 
occur. 

Even  when  this  caution  is  kept  in  mind,  it  is 
very  important  to  see  that  the  base  of  the  jack 
has  a  firm  bearing  surface.     This  is  best  ac- 
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The  city  treasury  of  Vancouver,  B.  C,  will 
feel  the  effect  of  the  reduction  of  travel  over 
the  street  car  lines,  resulting  from  the  growth 
of  the  jitney  bus  traffic.  It  is  said  that  the 
city's  revenue  from  the  street  car  lines  will 
be   decreased   this   vear   about   $.30,000. 


by  lifting  jacks,  it  is  essential  that  all  possible 
precautions  be  taken  to  insure  their  proper  use 
and  maintenance,  so  that  accidents  may  be 
avoided. 

In  some  operations,  and  notably  in  track 
repair,  unskilled  labor  is  employed,  and  work- 
men of  this  class  cannot  be  depended  upon  to 
exercise  the  best  judgment  in  tlie  use  of  jacks. 
A  competent  man  should  I)c  in  charge  of  the 


complished  by  inserting  a  wedge  between  the 
ground  and  the  bottom  of  the  jack.  If  the 
workmen  are  thoroughly  impressed  with  the 
importance  of  a  full  hearing  surface  on  the 
bottom  of  the  jack,  and  a  wedge  is  provided 
which  will  not  give  a  full  bearing  surface  when 
the  claw  is  swung  more  than  15°  from  the 
frame,  reasonably  safe  practice  may  be  ex- 
pected. 
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A  solid,  full  bearing  surface  for  the  base  of 
a  jack  is  a  prime  requisite.  If  the  bottom  of 
the  jack  is  placed  on  a  soft,  yielding  surface 
it  is  almost  sure  to  tilt  to  one  side,  or  subside, 
thus  permitting  the  load  to  fall.  Even  if  two 
or  three  jacks  are  used,  and  one  of  them  gives 
way,  the  increased  downward  and  lateral  pres- 
sure thus  caused  is  quite  apt  to  tip  the  remain- 
ing jacks.  A  similar  dangerous  condition  is 
brought  about  when  the  jacks  under  one  side 
of  a  load  are  raised  faster  than  those  at  the 
other  side.  This  will  produce  a  lateral  pres- 
sure at  the  point  where  the  load  is  raised  least, 
and  will  tend  to  tip  the  whole  set  of  jacks. 

As  a  precaution  against  the  occurrence  of 
such  accidents,  it  is  advisable  to  have  at  hand 
blocks  of  different  sizes.  These  blocks  should 
be  graded  in  1  or  2-in.  steps,  and  as  the  load  is 
raised,  inch  by  inch,  blocks  of  increasing  thick- 
ness should  be  placed  beneath,  so  that  at  no 
time  will  there  be  more  than  1  or  2  ins.  be- 
tween the  bottom  of  the  load  and  a  substantial 
block.  In  case  of  a  jack  failure  these  tem- 
porary blocks  will  tend  to  minimize  or  entirely 
eliminate  the  chance  of  an  accident.  After  the 
load  has  been  raised  to  the  required  height,  no 
further  work  should  be  allowed  until  perman- 
ent blocks,  horses,  trestles,  or  other  substantial 
supports  have  been  put  in  place,  to  relieve  the 
jacks  of  the  load.  Some  workmen,  depending 
entirely  on  the  jacks,  especially  in  car-repair 
work,  will  crawl  under  the  car  without  wait- 
ing for  the  horses  to  be  put  in  place.  The 
failure  of  the  jack  in  such  cases  is  almost  sure 
to  result  in  instant  death  to  the  workmen  un- 
der the  car;  and  since  the  precaution  against 
such  an  accident  is  so  simple,  ordinary  pru- 
dence would  demand  its  use. 

With  some  jacks  of  earlier  types  that  are 
still  used  in  track  repairing,  there  is  no  pro- 
vision for  lowering  the  rack  gradually.  The 
release  of  a  pawl  or  dog  causes  the  rack  to 
drop  suddenly,  with  its  load,  and  unless  the 
workmen  stand  at  a  safe  distance,  they  are 
likely  to  be  severely  injured  by  the  descending 
load. 

Most  of  the  remarks  which  have  been  made 
concerning  the  reduction-gear  jack  apply  with 
equal  force  to  the  hydraulic  and  hydro-pneu- 
matic jack.  The  care  to  be  exercised  in  secur- 
ing a  firm  footing  for  the  jack,  the  sim- 
ultaneous raising  of  the  load  at  all  points,  and 
the  blocking  of  the  raised  load  are  just  as  im- 
portant in  the  use  of  one  type  of  jack  as  an- 
other. The  lifting  force  of  the  hydraulic  jack 
is  dependent  on  an  entirely  different  action 
from  that  of  the  gear  jack.  The  fine  adjust- 
ment of  the  valves,  and  the  consequent  neces- 
sity for  using  water  free  from  grit  particles, 
calls  for  special  care,  and  when  filling  the  head. 
a  chamois  skin,  or  other  equally  effective 
strainer,  should  be  used. 

Hydraulic-jack  failures  are  commonly  due  to 
defective  packing.  Such  defects  are  first  evi- 
denced by  the  failure  of  the  jack  to  raise  or 
hold  the  load,  and  when  this  is  noted  the  jack 
should  be  examined  to  find  out  just  where  the 
packing  fails  to  hold.  This  is  usually  indicated 
by  leakage  at  the  defective  point.     Obviously, 


repairs  should  be  made  before  the  jack  is  put 
back  in  service,  for  even  a  very  small  leak 
will  permit  the  ram  of  the  jack  to  settle 
gradually,  and  unless  blocks  have  been  used 
the  entire  load  may  topple  over. 

A  well-known  manufacturer  of  hydraulic 
jacks  makes  the  following  recommendations 
with  regard  to  the  valves  and  their  seats:  If 
the  packings  are  in  good  order  and  the  ram 
does  not  rise  in  pumping,,  the  suction  valves 
are  not  working  properly.  If  the  lever  rises 
when  the  hand  is  removed,  the  pressure  valve 
is  not  working  properly.  If  the  valves  or  their 
seats  become  worn  or  scratched,  grind  them  to 
a  fit  with  oil  and  a  little  Hour  of  emery.  Be 
careful  not  to  grind  them  too  much,  and  be 
sure  to  wash  the  valves  and  their  seats  per- 
fectly free  from  emery  before  putting  the  jack 
into  service  again.  If  the  valves  are  deeply 
scored  or  have  become  too  much  worn,  re- 
place them  with  new  ones,  and  grind  the  new 
ones  lightly  to  their  seats,  as  described.  If 
the  seats  are  deeply  cut  they  should  be  reset, 
and  if  very  deeply  cut  they  should  be  both 
reamed  and   reset. 


Methods    of    Repairing    and    Patching 

Concrete. 

(Staff  Abstract.) 
The  following  data  on  the  various  methods 
used  in  repairing  and  patching  concrete  struc- 
tures were  collected  by  the  Committee  on  Ma- 
sonry of  the  American  Railway  Engineering 
Association : 

WET    METHOD. 

The  surface  of  the  old  concrete  is  thoroughly 
roughened,  cleaned,  and  drenched  with  water, 
and  covered  with  a  cement  grout.  Then  the 
new  concrete  is  mixed  to  a  sloppy  consistency 
and  applied,  being  held  in  place  till  set  by 
forms,  as  required. 

From  the  reports  received,  it  appears  that 
many  successes  and  many  failures  have  fol- 
lowed this  method.  Where  it  has  been  suc- 
cessful, that  result  probably  has  been  due  to 
painstaking  care  and  expense  being  employed 
in  the  preliminary  cleaning  and  thorough  wet- 
ting of  the  old  concrete  surfaces  before  the 
new  concrete  is  applied. 

MnriER.\TELY    DRY    METHOD. 

The  surface  of  the  old  concrete  is  thoroughly 
roughened,  cleaned,  and  drenched  with  water, 
and  powdered  with  cement  or  painted  with 
cement  grout,  after  which  the  new  concrete  is 
applied  and  thoroughly  tamped  against  the  old 
surface.  Generally,  such  patches  are  kept  moist 
by  sprinkling  them  with  water  for  several 
days. 

The  same  comment  applies  here  as  to  the 
wet  method. 

DOWEL    METHOD. 

This  is  a  modification  of  the  two  preceding 
methods,  and  is  generally  used  for  other  than 
horizontal  surfaces,  although  it  may  be  applied 
to  the  latter.  The  new  concrete  may  have  any 
consistency  to  meet   the  particular   conditions 


or  the  ideas  of  the  engineer  in  charge;  but 
usually  a  fairly  wet  concrete  is  used.  This 
method  includes  drilling  holes  and  setting 
dowels  into  the  old  concrete,  with  projecting 
ends  to  engage  into  the  new  concrete.  Some- 
times steel  bars  or  metal  fabric  are  connected 
to  these  dowels  to  further  ensure  permanency 
of  the  pitch. 

This  method  can  be  made  uniformly  success- 
ful, but  cannot  always  be  applied.  Where  any 
considerable  mass  of  new  concrete  is  to  be 
connected  to  old  concrete,  this  is  the  only  safe 
method  to  pursue. 

WEDGE    METHOD. 

This  method  includes  the  cutting,  out  of 
defective  concrete  in  such  a  manner  as  to 
under-cut  the  surrounding  good  concrete  so 
that  the  new  concrete  will  be  held  in  place, 
when  set,  by  the  shape  of  the  binding  edges  of 
the  old  concrete. 

The  difficulty  of  under-cutting  concrete  so 
as  to  secure  such  edges  is  too  great  to  make 
this  method  applicable  in  ordinary  cases;  and, 
except  where  a  considerable  depth  of  new  con- 
crete is  to  be  put  in,  such  under-cutting  could 
not  be  successfully  done,  as  concrete  cannot 
be  cut  so  as  to  leave  sharp,  clean  edges. 

CLEANING  WITH   STEAM. 

This  is  a  method  of  cleaning  surfaces  of 
old  concrete,  preparatory  to  putting  on  a  patch 
of  new,  or  of  cleaning  the  top  of  a  rough  con- 
crete floor  before  applying  the  "finish  coat." 
The  surface  of  the  old  concrete  is  brushed  as 
clean  as  possible  with  stiff  brushes,  and  then 
gone  over  at  least  twice  with  a  steam  jet.  An 
ordinary  piece  of  %-in.  gas  pipe  makes  a  very 
satisfactory  jet  nozzle.  This  short  length  of 
pipe  is  connected  to  a  steam  hose  so  that  it  can 
be  readily  moved  about.  The  steam  is  supplied 
by  the  boilers  of  the  mixer  or  hoisting  engines. 
The  steam  will  clean  and  heat  the  concrete 
surface,  leaving  it  perfectly  dry;  so  it  is  im- 
portant to  drench  the  surface  tfioroughly  with 
water  after  cleaning  with  steam.  In  cold 
weather  it  is  found  advantageous  to  use  hot 
water.  Immediately  after  the  surface  is  thor- 
oughly cleaned  and  drenched,  the  new  con- 
crete is  applied. 

Excellent  results  have  followed  the  use  of 
this  method  of  cleaning;  but  it  is  essential 
that  the  surface  of  the  old  concrete  be  thor- 
steam  jet,  otherwise  the  new  concrete  will  not 
oughly  drenched  with  water  after  using  the 
adhere  to  the  old. 

CLEANING  WITH  ACID. 

This  method  includes  washing  of  the  surface 
of  the  old  concrete  w-ith  a  solution  of  hydro- 
chloric (muriatic)  acid  (one  part  acid  to  two 
parts  water),  after  which  the  surface  must  be 
carefully  and  thoroughly  washed  to  remove 
any  free  acid. 

This  is  a  very  commonly  applied  method  of 
cleaning  old  concrete  surfaces  preparatory  to 
placing  new  concrete  against  them,  and,  by 
many,  is  considered  the  only  safe  treatment  to 
use,  especially  in  cases  where  a  "finish  coat"  is 
to  be  put  on  after  the  concrete  base  is  set. 
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II. 


SUBSISTENCE. 

One  of  the  most  important  features  of  the 
operation  of  a  convict  camp  is  supplying  suit- 
able food  in  an  economical  manner.  Good 
substantial  food,  well  cooked  and  in  proper 
quantity  must  be  supplied  if  the  best  results 
are  to  be  obtained.  In  some  camps  10  per 
cent  of  the  men  may  be  sick  most  of  the 
time,  and  yet,  in  others  operating  under  sim- 
ilar working  conditions,  but  with  better  atten- 
tion to  food  and  sanitation,  there  will  be 
scarcely   any  sickness. 


The  cooking  and  washing  for  the  whole 
camp  is  performed  by  trusty  convicts  who 
are  experienced  in  such  work.  Every  day 
the  foreman  issues  to  the  camp  cook  the  food 
supplies  to  be  used  that  day.  Often  all  the 
foodstuffs  except  spices,  baking  powder  and 
salt,  are  carefully  weighed  out  the  evening 
before  they  are  to  be  issued.  Records  are 
carefully  kept  showing  the  amounts  of  the 
various  foods  used  daily,  and  in  this  manner 
it  is  possible  to  eliminate  waste,  as  well  as 
to   keep    accurate   cost   data. 

The  Convict  Ration. — A  ration  is  the  quan- 
tity of  food  estimated  to  subsist  one  man 
one  day.  It  is  customary  to  use  100  rations 
as  the  basis  of  presenting  the  quantities  of 
the  various  foods  required — from  such  a  list 
by  simple  proportion  it  is  easy  to  compute 
the  amounts  required  for  any  force  for  any 
length  of  time. 


The  following  ration  list,  prescribed  by  the 
Prison  Commission  of  Georgia,  is  given  as 
the  minimum  food  allowances  authorized.  In 
many  counties  the  allowances  are  somewhat 
more  liberal  in  some  of  the  items.  The  quan- 
tities are  given  for  100  rations  and  are  close- 
ly estimated  from  the  writer's  experience 
where  exact  quantities  are  not  officially 
stated. 

FOOD    ALLOWANCE    PER    CONVICT    PER 
DAY. 

Quantity      Cost  of 
Item.  per  100.      rations. 

%  lbs.  salt  pork  per  day 75  lbs.         J13.50 

1  lb.  fresh  pork,  beef,  mutton 
or  kid,   twice  each   week,   or 

1%    lbs.    fresh   beef 28  lbs.  4.20 

Corn  bread  w;thout  stint  at 
all  meals  except  when  wheat 
bread  is  furnished  ■ —  Corn 
meal     60  lbs.  1.35 
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\A'heat     bread     without     stint 
three      meals      per      weeli — 

Wheat    flour    15  lbs.  .50 

Baking   powder    ." lib.  .uU 

Syrup   three  times  per  week..   1V4  gals.  .60 

Vegetables    three    meals    each 

week     42  lbs.  1.6S 

One  cup  of  coffee  at  breakfast       2  lbs.  .45 

Salt,  pepper  and  vinegar  with- 
out stint — 

Salt     libs.  .05 

Pepper     2  ozs.  .05 

Vinegar     1  qt.  .10 

Cost  at    retail   prices   of   100   rations $22.78 

Less  15  per  cent  to  approximate  cost  at 
wholesale  prices  and  to  cover  cost  of 
handling,    etc 3.42 

Total  net  cost  of  100  rations $19.36 


Guard  Ration. — While  there  are  no  definite 
regulations  regarding  the  details  of  subsist- 
ing foremen  and  guards,  the  following  ration 
list,  based  on  practice  in  a  number  of  Georgia 
counties,  is  a  fair  example  of  the  food  al- 
lowances actually  provided   for  these  officers : 

Quantity      Cost  of 
Item.  per  100.      rations. 

Fresh  meat,   including  fish....     50  lbs.         $  7.50 

Salt   pork    60  lbs.  10.80 

Lard     10  lbs.  1.50 

Corn  meal    40  lbs.  .90 

Wheat  flour   40  lbs.  1.33 

Baking   powder    3  lbs.  .90 

Sugar     15  lbs.  .75 

Molasses  or  cane  syrup 2  gals.  .80 

Coffee    8  lbs.  1.80 

Milk,   evaporated,   ^-pt.   cans.     10  cans  .80 
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Fig.    1.      Plowing    Hard    Earth. 


Note    Method    of    Hitching    Teams   to 

the    Ditches. 


Permit    Plowing    in 


The  following  ration  is  representative  of 
general  practice  in  Georgia  convict  camps, 
and  will  be  found  to  compare  well  in  point 
of  quantity  and  being  well  balanced,  with 
the  ration  issued  to  the  soldiers  of  any  coun- 
try. It  is  probable  more  varied  and  more 
liberal  than   the    fare   of   most   penitentiaries: 

Quantity      Cost  of 
Item.  per  100.      rations. 
Fresh  beef,  pork,   kid  or  mut- 
ton          30  lbs.         $4.50 

Salt  pork,   clear  sides 75  lbs.  13.50 

Corn   meal    60  lbs.  1.35 

Wheat  flour    15  lbs.  .50 

Molasses   or  syrup 1'^  gals.  .60 

Dried  field  peas  or  navy  beans     25  lbs.  1.50 

Potatoes,   white  or  sweet,  and 

other   fresh   vegetables 40  lbs.  .SO 

Baking  powder   lib.  .30 

Coffee    2  lbs.  .45 

Salt    4  lbs.  .05 

Pepper  and  other  spices 4  uzs.  .10 

Vinegar    1  qt.  .10 

Total   cost  at   retail  prices $23.75 

Less    15    per    cent    approximate    cost    at 
wholesale   prices    2  57 

Total  net  cost  of  100  rations $21.18 

Each  convict  is  provided  with  *  covered 
quart  tin  bucket,  pint  cup,  large  plate  and 
spoon.  Breakfast  and  supper  are  invariably 
served  in  camp  in  the  mess  hall.  At  meal 
time  the  convicts  file  past  the  cook  and  help- 
ers and  received  their  portions,  after  which 
they  pass  to  the  tables  where  they  eat  their 
meals. 

An  analysis  of  the  above  list,  on  the  basis 
of  nutritive  food  values,  by  the  .Xtwater  ta- 
bles (which  make  proper  allowance  for  ref- 
use, etc.),  indicates  that  each  ration  provides 
83  grams  of  protein  and  has  a  total  fuel  value 
of  5,0.50  calories  of  energy.  Atwater's  studies 
lead  him  to  believe  that  for  a  man  at  hard 
muscular  labor  1.50  grams  of  protein  and  a 
total  fuel  value  of  4,1.')0  calorics  of  energy 
per  man  per  day  should  be  provided.  From 
this  it  would  appear  that  in  this  ration  there 
is  an  excess  of  about  2.")  per  cent  in  fuel 
value  and  a  deficiency  of  4.'j  per  cent  in  the 
amount  of  protein  regarded  as  necessary  by 
Atwater.  However,  the  convicts  practically 
without  exception  seem  to  thrive  on  this  fare 
under  heavy  work,  and  it  seetns  likely  that 
the  protein  supplied  is  sufficient  for  their 
needs.  The  diet  is  undoubtedly  better  both 
in  quantity  and  (|uality  than  90  per  cent  of 
the  convicts  have  been  accustomed  to  in  free- 
dom. 


Butter    8  lbs.  2.00 

F.'ice,      field      peas,      beans      oi 

other  dried   vegetables 25  lbs.  1.75 

Potatoes  and  other  fresh  veg- 
etables       60  lbs.  1.05 

Salt     4  lbs.  .05 

Pepper  and  other  spices 6  ozs.  .30 

Vinegar     1  qt.  .10 

Total  cost  at  retail  prices $32.33 

Less   15   per  cent  to   reduce   to  wholesale 
prices     4.85 

Total  net  cost  of  100  rations $27.48 

The  above  ration,  though  fairly  liberal,  is 
really  very  economical  and  satisfactory.  In 
practically  all  cases  the  same  quality  of  food 
is  supplied  in  both  convict  and  guard  rations, 
the  only  difference  being  that  the  latter  is 
more    liberal    and    has    a    greater    variety    of 


subject  to  considerable  variation  depending 
on  whether  locally-grown  feed  is  used.  Feed 
shipped  in  from  other  places  is  10  to  'JO  per 
cent  higher  than  local  feed.  The  following 
are  the  quantities  of  forage  constituting  100 
rations  for  horses  or  mules  of  1,200  to  1,400 
lbs.  weight,  equivalent  to  the  amounts  re- 
quired to   feed  one  animal   100  days. 

Item.  Quantity.  Cost. 

Hay    1,500  lbs.  $22.50 

Oats     31  bu.  17. U5 

Cost  per  100  rations $39.55 

In  place  of  oats  corn  may  be  substituted,  20 
bus.  of  corn  being  equivalent  to  31  bus.  of 
oats.  The  cost  of  the  ration  will  be  practical- 
ly  the   same   in   both   cases. 

OTHER     ALLOWANCES     FOR     CON\aCTS. 

Clothing. — There  are  two  classes  of  con- 
victs :  Misdemanor  convicts,  whose  term  is 
one  year  or  less ;  and  felony  convicts  whose 
term  is  longer  than  one  year.  There  are 
three  grades  of  felony  convicts,  the  grading 
being  based  on  good  conduct  and  faithful 
work,  each  grade  is  supplied  with  distinctive 
clothing.  The  highest  or  first  class  are 
clothed  in  dark  gray  cloth  :  the  second  grade 
in  brown,  and  the  third  grade  in  ordinary 
prison  stripes.  The  misdemeanor  convicts  are 
all  clothed   in  ordinary  prison   stripes. 

Each  convict  is  supplied  with  three  suits  of 
clothing ;  of  cotton  cloth  in  warm  weather 
and  of  woolen  cloth  in  cold  weather;  of  dark 
gray,  brown  or  stripes  according  to  his 
grade.  The  allowance  of  white  or  gray  un- 
derwear is  made  sufficient  to  afford  proper 
protection  from  the  weather  from  Oct.  1  to 
May  1.  Garments  worn  during  the  day  must 
be  removed  and  replaced  by  clean,  dry  gar- 
ments for  sleeping  purposes.  Each  convict 
is  numbered  and  all  his  clothing  is  marked 
to  correspond  so  that  each  man's  clothing 
may  be  identified  and  kept  solely  for  his  use. 
Hats,  caps,  shoes  and  socks  are  furnished 
as  required.  In  rainy  and  threatening  weath- 
er each  convict  working  away  from  shelter 
is   provided   with   a   slicker. 

The  following  is  an  average  of  the  quan- 
tities of  clothing  worn  out  by  one  convict 
in   one  year : 

Item.  Quantity.  Cost. 

Underwear,    suits 3  $  1.89 

Woolen  suits    2  7.00 

Cotton  suits   3  6.00 

Socks,   pairs    24  1.50 

Shoes,    pairs    3  4.50 

Hats    1  .50 

Belt     1  .25 

Total   cost  of  clothing  for   1   man $21.55 
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Fig.  2.  Loading  Wagons.  Note  Stations      of   Guards.     Seven   Guards  for    Eighty  Prisoners. 


food.  In  a  number  of  camps  the  guards  and 
foremen  have  the  same  ration  as  the  con- 
victs. 

All  food  is  purchased  at  wholesale,  and 
these  prices  have  been  approximated  by  de- 
ducting 15  per  cent  from  the  retail  prices, 
which  also  includes  an  allowance  for  depre- 
ciation. 

Stock  Ration. — .Average  figures  based  on 
actual  working  conditions  for  the  feeding  of 
stock  are  given  below.     The  prices  quoted  are 


Bedding. — Each  cot  or  bunk  is  supplied 
with  one  tick,  'SxGyi  ft.,  well  filled  with  ex- 
celsior or  clean  fresh  straw ;  one  slip  of  un- 
bleached cotton  fitting  the  mattress  like  a 
pillow  slip:  one  sheet  of  unbleached  cotton; 
one  pillow  filled  like  the  mattress  and  covered 
with  a  pillow  slip  of  unbleached  cotton  and 
blankets  or  other  covering  necessary  for  com- 
fort. Slips  and  sheets  are  changed  at  least 
once  a  week. 

The  following  is  an  average  of  the  bedding 
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material  worn  out  by  one  convict  in  one  year: 

Item.                                           Quantity.  Cost. 

Mattress  slip    1  i     .35 

Pillowslip    1  .16 

Blanket    1  .80 

Unbleached  cotton  cloth,  yds...       5  .35 

Straw,   80  lbs .30 

Total    i  1.95 

Tobacco. — Each  convict  using  tobacco  is 
supplied  with  one  plug  of  sound  plug  tobacco, 
or  its  equivalent,  each  week.  The  average 
amount  issued  per  convict  per  year  is  as  fol- 
lows : 
6   lbs.   Plug   tobacco $1.80 

MEDIC.VL   .\TTENTI0N. 

While  strictly  speaking,  medical  attention 
is  not  an  allowance,  it  is  convenient  to  regard 
it  as  such  on  account  of  the  special  food  and 
medicines  included  under  this  head.  The 
compensation  of  county  physicians  for  all 
services  rendered  a  gang  of  30  men  will  vary 
from  $100  to  $200  per  year.  Transportation 
is  usually  furnished  by  the  physician.  The 
average  annual  cost  of  medical  attention  for 
a  gang  of  30  men  is  as   follows: 

County  physician,  salary $150 

Medicines    30 

Special  foods 36 

Total    $216 

SL  M.M.VRV. 

Based  on  a  year  of  300  working  days  (ex- 
penses for  365  days  being  distributed  over 
300   days),  the  average  cost  per  day  of  con- 


stccl  links  is  passed  through  all  the  -!',i!-in.  di- 
ameter rings  of  the  individual  chains  and 
both  ends  securely  locked.  This  is  a  very  ef- 
fective way  to  prevent  night  escapes  by  the 
more  desperate  convicts  and  yet  does  not 
interfere  with  their  sleep  or  rest.  These  pre- 
cautions make  it  possible  for  such  small 
guard  forces  to  handle  these  desperate  char- 
in  handling  many  small  squads  of  convicts 
scattered  all  over  the  state. 

The  number  of  escapes  per  year  averages 
about  1  per  cent,  one-half  of  whom  are  re- 
captured. Most  of  the  escapes  are  effected 
during  working  hours  when  the  men  are 
scattered  and  more  difficult  to  keep  under 
continuous    observation. 

The  hours  of  labor  prescribed  are  from 
sunrise  to  sunset,  w-ith  1  hr.  for  dinner  and 
rest  during  the  period  from  November  to 
February,  inclusive;  iy2  hrs.  during  March, 
April.  September  and  October ;  and  2  hrs. 
during  the  period  from  May  to  August.  Con- 
victs are  not  taken  from  camp  before  sun- 
rise and  must  be  back  in  camp  by  sunset. 
Sundays,  the  Fourth  of  July,  Thanksgiving 
and  Christmas  are  observed  strictly  as  days 
of  rest  on  which  only  absolutely  necessary 
work  is  performed  about  the  camp. 

Punishment  for  disobedience,  laziness,  etc., 
is  administered  by  the  withdrawal  of  the  to- 
bacco allowance,  demerits  which  affect  the 
prisoner's  chances  for  release  under  the  parole 
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Fig.   3.     Large  Concrete  Arch   Bridge   Built   Entirely  with   Convict   Labor. 


vict  labor  according  to  the  data  presented  in 
the   foregoing  is  as   follows : 

Item.  Cost. 

Food     $0.2573 

Clothing    ." 0718 

Bedding     0063 

Tobacco    0060 

Medical    0240 

Guards    1275 

Miscellaneous     0150 

Total     $0.5079 

This  is  for  a  gang  of  30  men  with  three 
guards  at  $30  each  per  month,  with  subsist- 
ence furnished.  The  item  miscellaneous 
covers  court  costs,  transportation  to  and 
from    penitentiary,    etc. 

DISCIPLINE. 

General. — Misdemeanor  prisoners  are  not 
usually  put  in  chains  unless  they  are  known 
to  be  dangerous  characters,  or  men  with  bad 
records.  Many  of  the  felony  or  long-term 
convicts  are  put  in  chains  until  thev  have 
demonstrated  by  good  conduct  that  they  may 
be  trusted  to  a  reasonable  degree.  These 
chains  though  not  much  of  an  impediment  to 
ordinary  working  operations,  render  attempts 
at  escape  much  more  difficult.  These  chains 
consist  of  two  4-ft.  lengths  of  %  or  3/lfi-in. 
chain,  one  end  of  each  being  fastened  to  a 
shackle  around  the  ankle.  These  two  chains 
pre  fastened  to  a  third  4-ft.  length  by  a  2-in. 
.  diameter  ring,  forming  a  Y.  The  free  end 
of  the  third  chain  ends  in  a  2V2-m.  ring. 
When  at  work  the  chains  are  supported  from 
the  belt  so  that  there  is  perfect  freedom  of 
motion  for  the  entire  bodv.  .^t  night  if  it 
is  deemed  necessary,  a  long  chain  of  V2-in. 
acters.   and  largely  account;  for  the  economy 


law,  reduction  in  grades,  placing  in  chains, 
etc.  Corporal  punishment  is  seldom  inflicted 
and  then  only  after  all  other  less  drastic  pun- 
ishment has  failed.  The  strap  is  the  only 
form  of  corporal  punishment  allowed  and  it 
is  never  applied  to  the  bare  skin,  nor  can  the 
number  of  blows  exceed  ten.  A  complete 
record  is  made  of  the  punishment  inflicted 
upon  each  convict,  with  name,  date,  char- 
acter of  punishment,  and  a  copy  of  this  record 
under  oath  is  sent  to  the  Prison  Commission 
monthly.  The  grading  of  convicts  is  based 
upon  their  records  for  good  behavior  and  the 
distinctive  clothing  is  prescribed  as  detailed 
under   the   head   of   "Other    .Allowances." 

Guarding. — Each  guard  is  equipped  with  a 
repeating  shotgun  and  a  heavy  revolver. 
While  the  prisoners  are  being  marched  to 
and  from  camp  all  the  guards  are  on  duty : 
the  prisoners  in  front  with  the  guards  on  the 
sides  and  in  the  rear.  If  the  distance  to  work 
is  long  the  prisoners  are  carried  in  the  wag- 
ons. .Attempts  to  escape  rarely  occur  on  the 
way  to  or  from  camp.  One  or  more  blood- 
hounds are  kept  isolated  in  camp  so  as  to  pro- 
vide promptly  for  aid  in  capturing  escaped 
prisoners.  The  moral  effect  of  the  presence 
of  these  dogs  is  considerable.  At  night  suffi- 
"ient  light  is  maintained  in  the  buildings, 
tents  or  cars  so  that  at  all  times  the  gtiard 
can  see  what  is  going  on  inside. 

SANIT.\TI0N. 

The  convicts  are  required  to  bathe  the  en- 
tire person  twice  a  week  and  at  these  times 
make  an  entire  change  of  clothing.  Their 
hands  and  faces  must  he  bathed  before  every 
meal.      .Ml     beds     and     bedding    are    sunned 


twice  a  week  and  moderate  use  of  any  re- 
liable "bug  killer"  adds  much  to  the  comfort 
of  the  men.  All  quarters  are  swept  daily  and 
scoured  weekly.  Kitchen  waste  cans  and 
night-soil  cans  are  emptied,  cleaned  and  dis- 
infected daily.  The  grounds  about  the  camps 
are  kept  in  a  sanitary  condition,  and  a  week- 
ly report  is  made  to  the  Prison  Commission 
by  the  county  physician  on  the  sanitation  of 
the  camp.  The  disposal  of  all  wastes  is  ac- 
complished by  the  use  of  open  pits  placed  so 
as  not  to  pollute  the  water  supply.  The  ma- 
terial in  the  pit  is  kept  covered  with  earth 
or  a  layer  of  air-slacked  lime,  and  when 
filled  they  are  covered  with  a  2-ft.  layer  of 
earth. 

Medical. — As  only  sound  male  convicts  are 
used  in  the  road  construction  camps,  the 
health  of  these  men  is  usually  very  good. 
.All  cases  of  sickness  are  promptly  attended 
to  and  when  the  nature  of  the  sickness  re- 
quires the  patient  is  removed  to  the  hospital 
at   the   headquarters'   camp. 

ROADWORKING  EQUIPMENT. 

For  economical  operation  the  roadmaking 
equipment  should  be  selected  with  reference 
to  the  size  of  the  force,  the  character  of  the 
work  to  be  done,  the  topography  and  soil 
conditions  to  be  encountered  and  the  class  of 
surfacing  to  be  used.  For  sand-clay  or  ordi- 
nary earth  road  construction  it  is  believed 
that  the  list  of  equipment  that  follows  will 
be  found  highly  satisfactory  under  the  gen- 
eral conditons  that  prevail  through  the  South- 
eastern States.  This  list  is  based  on  the  ex- 
perience of  a  number  of  Georgia  road  super- 
intendents who  have  been  in  charge  of  such 
construction  for  the  past  10  years  or  more. 
It  is  intended  as  a  suggestive  list  to  be  modi- 
fied as  local  conditions  may  require.  The 
following  is  a  list  of  the  equipment  required 
for  a  unit  gang  of  30  men : 

Item.  Cost. 

Heavy   6-horse   road  grader $    250 

Light  2-horse   grader 120 

Heavy    road    plow 30 

Rooter  plow    20 

12  large  mules  at  $250 3,000 

4  2-horse  wagons   at  $70 280 

«  sets   double    harness   at   $20 121) 

".  drag  scrapers  at   $8 -10 

.".    wheel    scrapers   at   560 300 

2.".    shovels,    25   picks,    10   axes,    12   assorted 

rock   drills,    6   sledge   hammers.   4   heavy 

cross-cut  saws   150 

Total-  $4,310 

Except  for  the  mules,  the  depreciation  of 
the  above  equipment  will  average  10  to  lo 
per  cent  per  annum,  depending  upon  the  care 
taken  of  it  and  the  character  of  service.  The 
investment  in  mules  represents  a  very  large 
part  of  the  initial  expense  and  with  care  in 
selecting  live-stock,  proper  care  afterwards 
and  selling  the  animals  as  they  get  old  and 
while  still  in  good  condition,  and  buying 
younger  ones  to  replace  them,  the  loss  or  de- 
preciatiop  in  value  of  the  stock  can  be  re- 
duced  to   almost  nothing. 

Part  I  on  organization  and  on  permanent 
and  temporary  camps  was  pulilished  in  our 
i'c.-ie  of  May'l2,   191-5. 

An  Interesting  Example  of  Traffic 
Census. 

(Staff  Abstract.") 

The  traffic  census  described  is  interesting 
for  the  data  of  weights  of  vehicles,  the  dia- 
gram showing  hourly  fluctuation  of  traffic  each 
dav  and  the  hi.gh  density  of  traffic  for  a  resi- 
dence street.  The  point  of  observation  was 
on  Euclid  .-\ve..  Cleveland,  O.,  and  is  known 
as  University  Circle.  The  classification  wa-; 
as    follows : 

Motor  Driven — Motor  cycles;  small  two- 
passenger;  two-passenger  roadster;  four-pas- 
senger touring  cars;  five-passenger  touring 
cars:  seven-passenger  touring  cars;  limou- 
sines :  ;  electric  runabouts ;  empty  heavy 
trucks;  loaded  heavy  trucks;  light  delivery 
trucks. 

Horse  Drawn — One-horse  light;  one-horse 
heavy;  two-horses  light;  two-horses  heavy; 
three-horses  light;  three-horses  heavy;  four- 
horses  heavy ;  unclassified. 
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The  observations  lasted  each  day  from  tj 
a.  m.  to  12  midnight. 

A  total  of  121  hours  of  observation  showed 
25,062  vehicles  of  all  classes  passing  east  and 
west.  Of  this  number  20,233  or  80.8  per  cent 
were  motor  driven  and  4,696  or  18.7  per  cent 
horse  drawn.  The  remainder,  183,  were  un- 
classified and  amounted  to  .5  per  cent.  These 
were  principally  horsemen,  having  little  weight 
as  compared  with  the  others. 

The  following  table  shows  the  analysis  of 
the   motor   driven   traffic: 

Per  cent 
Pleasure  vehicles —  of  M.  D. 

Seven-passenger    touring 21.4 

Electric   runabouts    20.9 

Five-passenger   touring    16.9 

Limousines    10.3 

Roadsters,   two-passenger   6.5 

Two-passenger,    light    .. ... . ...       4.9 

Four-passenger  touring   4.8 

Business  vehicles — 

Light    delivery    trucks 5.3 

Loaded  heavy  trucks ,.     1.9 

Empty  heavy   trucks 1.1 
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Curve    Showing    Variation    in    Traffic. 

A  similar  analysis  for  horse  drawn  traffic 
shows  the  following  results : 

Per  cent 
of  H.  D. 
1  horse,  light   54.0 

1  horse,  heavy 10.4 

2  horses,  light   18.3 

2  horses,    heavy    16.5 

3  horses,  light 5 

3  horses,   heavy 25 

The  primary  object  of  this  census  was  to 
arrive  at  an  estimate  of  the  tonnage  being 
carried  by  the  pavement  on  the  basis  of  a 
yard  width  of  traveled  way.  In  order  to  esti- 
mate the  weight  of  the  motor-driven  traffic 
queries  were  sent  to  the  various  automobile 
manufacturers  and  distributors  in  Cleveland. 
The  weights  of  the  different  machines  of  the 
same  class  were  so  at  variance  that  it  was 
necessary  to  use  the  mean  of  all  the  weights 
found  in  this  way.  The  following  table  of 
estimated  weights  was  decided  upon.  These 
combined  with  the  total  number  of  the  various 
classes  of  traffic  give  the  tonnage  during  the 

time  of  the  census  : 

Unltwts.     Total 

Motor   driven —  in  tons,  tonnage. 

Motorcycles    125  23.0 

Small  two-passenger   1.0  999.0 

Two-passenger    roadster 1.5  1,914.0 

Four-passenger    touring    1.5  ].43.">.5 

Five-passenger   touring    1.75  5,960.0 

Seven-passenger  touring   2.0  8,61.S.O 

Limousines    2.5  8,177.5 

Electric   runabouts    1.5  6.309.0 

Empty  heavv  trucks 5.0  1,070.0 

Loaded    heavy    trucks 10.0  3.650.0 

Light   delivery  trucks 3.0  3.138.0 

Horse  drawn — 

1  horse,    light    1.0  2.527.0 

1  horse,   heavy    1.5  i32.o 

2  horses,  light 2.0  1.724.0 

2  horses,   heavy    2.75  2.1»6.0 

3  horses,    light    3.0  69.0 

3  horses,   heavy    4.0  48. 0 

ITnclassifled    ii  ^S-'' 

Total    ~7-  48.616.5 

These  figures  give  us  an  estimate  of  4.50,000 
tons  per  yard  width  of  traveled  way  per 
annum. 

University  Circle  was  paved  in  1012  with 
cement  grouted  brick  laid  on  an  old  macadam 
base  and  a  2-in.  sand  cushion.  Repairs 
amounting  to  about  15  sq.  yds.  have  been  nec- 
essary in  two  places  on  account  of  foundation 


failure.  With  the  exception  of  these  two  cases 
the  paving  is  in  uniformly  good  condition, 
having  worn  to  a  smooth  surface  without  the 
failure  of  the  grout. 

A  few  points  in  connection  with  the  fre- 
quency of  traffic  are  worthy  of  attention.  The 
tiuctuations  in  the  curve  of  Figure  1  are  a  true 
inde.x  to  the  habits  of  the  residents  of  the  sec- 
lion  of  the  city  tapped  by  Euclid  Avenue.  The 
rise  in  the  curve  marked  A  is  caused  mainly 
by  inbound  morning  traffic  and  deliveries.  The 
slight  increase  indicated  by  the  rise  at  B  is 
caused  by  afternoon  shoppers.  The  high  point 
on  the  curve  represents  the  home-bound  traf- 
fic in  the  early  evening,  followed  later  by  a 
slight  increase  at  C  and  D  for  the  theater. 

The  average  number  of  vehicles  per  minute 
over  the  whole  time  of  the  census  was  3.45 
During  the  evening  rush  hours  the  average 
number  of  vehicles  per  minute  increased  to  8. 

These  records  and  data  are  from  an  article 
by  M.  B.  Grenough,  Instructor  in  Highway 
Engineering  Case  School  of  Applied  Science, 
Cleveland,   O. 


Determining   Voids   in   Fills   by   Pud- 
dling. 

(Staff  Abstract.) 
Do  not  place  too  much  trust  in  a  fill  which 
was  partially  made  a  generation  or  two  ago. 
The  older  portion  may  be  the  more  treacher- 
ous. Perhaps  trees  and  brush  were  used  in 
making  the  original  fill.  If  they  have  de- 
cayed, the  fill  is  in  a  honeycoinbed  condition 
and  likely  to  give  way.  The  best  method  of 
locating  voids  is  by  puddling.  Enclose  your 
sub-grade  with  temporary  earth  dikes  2  ft. 
higher  than  the  sub-grade  and  divide  it  into 
compartments  by  similar  cross  dikes.  Fill  the 
compartments  with  water,  one  at  a  time,  and 
weakness,  if  any,  will  shortly  appear.  The 
usual  method  of  relying  on  a  roller  for  com- 
pacting a  fill  is  not  nearly  so  efficacious.  In 
my  experience,  not  more  than  10  per  cent  of 
the  fills  can  be  properly  compacted  with  a 
roller  alone. — Extract  from  a  paper  before  the 
Northwestern  Road  Congress  by  James  M. 
McCleary. 


Digest  Road  Laws,  State  of  Washington. — 

State  laws  enacted  in  1907  created  a  state  de- 
partment known  as  the  State  Highway  Board, 
composed  of  the  Governor,  the  State  Treas- 
urer. State  Auditor,  a  State  Highway  Com- 
missioner, and  a  member  of  the  State  Railroad 
Commission,   designated   by  the   Governor. 

The  State  Highway  Commissioner  is  the 
chief  executive  officer  and  secretary  of  the 
Board.  He  is  appointed  by  the  Governor  for 
a  term  of  four  years  at  an  annual  salary  of 
$5,000.00.  The  term  of  the  present  Commis- 
sioner began  Dec.  11,  1913.  His  duties  are 
to  compile  statistics  relative  to  public  high- 
ways throughout  the  state,  advise  county  offi- 
cials and  supervise  the  expenditure  of  all  ap- 
propriations from  the  Public  Highway  Fund. 
He  may  employ  engineers  and  other  assist- 
ants, and  has  general  direction  of  all  contract 
and  force  account  work  on  state  highways,  and 
must  approve  plans,  specifications,  contracts, 
atid  make  final  inspection  of  all  perinanent 
highways,  done  under  the  supervision  of  the 
county  authorities. 

Two  classes  of  roads  come  under  direct 
supervision  of  the  State  Highway  Board 
through  the  State  Highway  Commissioner; 
state  roads  which  are  built  and  maintained  en- 
tirely at  the  expense  of  the  state,  and  perma- 
nent highways  which  are  built  and  maintained 
from  the  Permanent  Highway  Fund.  This 
fund  is  created  by  1%  mill  levy,  and  each 
county  is  entitled  to  expend  its  portion  of 
the  taxes  collected. 

Unless  the  county  is  under  township  organi- 
zation the  county  commissioners  divide  the 
county  into  districts  and  appoint  a  road  su- 
pervisor in  each  district,  to  serve  at  the  pleas- 
ure of  the  county  commissioners.  The  duties 
of  the  road  supervisors  are  to  keep  the  roads 
and  bridges  in  thcir^  several  districts  in  re- 
pair, and  supervise  the  highways  generally  un- 
der the  direction  of  the  county  commissioners. 

A  county  engineer  is  elected  by  the  people 


of  each  county  for  a  term  of  two  years.  His 
election  takes  place  in  November  of  even 
years.  His  duties  are  to  make  plans  and  pro- 
files of  all  roads  to  be  improved  and  to  make 
recommendations  as  to  the  character  of  pro- 
posed improvement.  All  county  commission- 
ers and  engineers  take  office  on  the  second 
Monday  in  January   following  election. 


Anchor  Block  for  Asphalt  Block  Pave- 
ments. 

(Staff  Abstract.) 
Asphalt  paving  blocks  are  made  12  ins.  long, 
5  ins.  wide  and  2  ins.,  2%  ins.  and  3  ins.  thick. 
They  are  a  mixture  of  trap  rock,  limestone 
dust  and  asphaltic  cement  molded  under  a 
pressure  of  240  tons.  In  reinforcing  macadam 
roads  the  old  surface  is  brought  to  grade  by 
scarifying  and  through  rolling;  soft  spots  are 
filled  with  concrete  and  over  all  is  spread  abcmt 
1  in.  of  Portland  cement  mortar,  1 :4  mixture, 
just  wet  enough  to  be  readily  struck  true  to 
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Anchor    Block    for    Asphalt    Pavement. 


line.  The  blocks  are  bedded  in  the  fresh  mor- 
tar, the  layers  standing  upon  the  blocks  al- 
ready laid.  If  the  pavement  does  not  extend 
from  curb  to  curb,  the  edge  of  the  pavement 
is  secured  by  concrete  edging  or  a  border  of 
anchor  blocks.  By  thus  adapting  an  old-tried 
and  proven  material  to  a  new  use,  many  miles 
of  heavily-traveled  macadam  highways  can 
be  converted  at  moderate  cost  into  permanent 
highways  which  otlierwise  would  be  a  source 
of  endless  expense  and  annoyance. 

Where  firm  old  macadam  foundation  is  not 
available  or  where  the  macadam  is  too  thin 
to  be  serviceable,  a  foundation  of  Portland 
cement  concrete  is  laid  ranging  from  4  ins. 
to  6  ins.  thick.  When  blocks  are  laid  upon  a 
concrete  foundation  they  are  bedded  in  fresh 
mortar  about  %  in.  thick  and  the  surface  of 
the  finished  pavement  is  covered  with  a  thin 
layer  of  clean  sharp  sand.  The  sand  is 
broomed  into  the  joints  as  thoroughly  as  pos- 
sible and  the  surplus  left  upon  the  surface  for 
3(1  days  iluring  wliich  time  trafiic  works  the 
sand  into  the  joints.  .Asphalt  blocks  are 
mallealile,  and  the  action  of  traffic  irons  the 
top  edges  of  the  joints  together  so  that  in  a 
few  weeks  the  joints  have  almost  disappeared 
and  the  surface  is  smooth  and  water-tight. 

.'\s  motor  truck  traffic  increased,  it  w-as 
found  that  the  severe  vibrations  and  pushing 
action  of  these  vehicles  Iiad  a  tendency  to 
crowd  the  asphalt  blocks  out  of  line  and  in 
extreme  cases  to  distort  the  blocks.  To  rem- 
edy this  trouble,  an  anchor  block  was  devised 
as  illustrated  in  Fig.  1.  A  steel  strip  1  in. 
wi<lc.  shaped  like  an  elongated  letter  o,  is 
forced  %  in.  into  the  block  and  projects  %  in. 
into  tlie  mortar.  The  anchor  blocks  arc  pre- 
pared at  the  plant  and  a,  row  of  them  is  laid 
across  the  street  at  intervals  as  required.  This 
has  efTectually  stopped  movement  of  the 
blocks.  The  anchor  blocks  have  been  success- 
fully used  as  borders,  thus  dispensing  with 
•  expensive  concrete  edging. 

This  description  is  abstracted  from  a  paper 
on  .\sphalt  Block  Pavement  in  "Cornell  Civil 
Engineer,",  March-.-Xpril,  1915.  by  Geo.  P. 
Hemstrect. 
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Road  Construction  in  Solid  Rock  Side 
Hill,  New  Mexico. 

(Staff  Abstract.) 
The  sketch  shows  a  road  section  employed 
at  Picacho  Hill  on  the  Roswell-Carrizozo  high- 
way in  New  Mexico.  The  roadbed  was  made 
14  ft.  wide  in  the  clear  between  the  outside 
retaining  wall  and  the  gutter  which  was 
blasted  out  of  the  solid  rock  on  the  side  next 
the  hill,  with  turn  outs  wherever  necessary  18 
ft.  wide.  The  road  was  built  in  the  solid 
rock,  a  gutter  2  ft.  wide  by  1  ft.  deep  being 
blasted  out  on  the  upper  side  and  a  retain- 
ing wall  from  3  to  18  ft.  in  height  con- 
structed on  the  lower  side.  The  retaining  wall 
was  formed  of  heavy  stones  from  the  gutter 
and  the  adjoining  hill  and  with  a  face  of  l 
on  1.  The  roadbed  was  constructed  as  fol- 
lows :  First  stones  of  all  sizes  were  brouglit 
by  hand  and  wheelbarrows  from  the  gutter 
and  hillside  and  used  for  the  bottom  of  the 
fill,  the  surface  being  carefully  leveled  by  hand. 
Next  coarse  gravel  and  earth  mixed  was 
brought  from  the  hillside  and  a  layer  about 
■9  ins.  in  thickness  carefully  spread  over  the 
•roadbed  and  on  this  was  placed  a  layer  of 
earth,  entirely  free  from  coarse  gravel,  3  ins. 
in  thickness.  The  road  was  then  thoroughly 
wetted  and  packed  by  running  over  with  load- 
ed wagons,  no  roller  being  available.  The 
wearing  surface  was  formed  by  spreading 
gravel  over  the  surface.  This  was  carefully 
leveled,  well  sprinkled  and  well  packed  by 
running  over  with  heavily  loaded  wagons  pro- 
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l)e  excavated  3  ins.  below  the  sub-grade  on 
the  shoulder;  the  refill  must  be  made  as  com- 
pact as  possible.  The  old  concrete  must  then 
be  cut  as  a  skew  back  on  each  side  so  that 
the  opening  is  4  ins.  wider  at  the  top  than  at 
the  bottom.  Number  ten  expanded  metal  or 
its  equivalent  of  %.  in.  steel  bars  are  to  be 
placed  2  ins.  above  the  newly  prepared  sub- 
grade  ;  the  space  is  then  to  be  tilled  with 
concrete  while  the  sides  of  the  old  pavement 
are  fresh  cut  and  clean.  After  setting  a  suffi- 
cient time,  absolutely  guarded  against  traffic, 
it   is   to   be   recoated  with   bitumen. 

Expansion  joints  will  be  repaired  with  a 
suitable  brand  of  hot  paving  pitch,  being 
poured  into  the  joint  after  it  has  been  cleaned 
of  loose  foreign  material,  and  the  edges 
cleaned  by  chisel  or  other  suitable  tool  after 
which  it  will  be  filled  with  %-in.  gravel  and 
then   allowed  to   set. 


Cost  of  Trench  Work  Through  Brick 
Pavement  for  Wire  Conduit. 

Contributed  by  F.   L.    Shidler,   Contractor, 
Kankakee,   111. 

The  trench  was  as  near  as  possible 
to  the  curb  and  crossed  under  two  sets  of 
street  car  tracks  and  two  street  intersec- 
tions. The  costs  given  are  for  tearing  up 
brick  pavement  down  to  grout  base,  trenching 
sand  cushion  and  replacing  same,  relaying 
brick  pavement  and  slushing  with  cement  filler 
for  laying  a  wire  conduit  for  ornamental  street 
lights.  They  also  include  the  cost  of  sixteen 
1  ft.  4  in.  square  holes  about  Ui  ins.  deep,  cut 


.Gutter  vjith  concrete  culverts 
across  road  where  needed. 


-Concrete  gutter  curb  to  prevent  water 
from  working  into  road  bed  and  washing 
it  out 
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1.     Section    of    New    Mexico    Road    in   Solid    Rock    Side    Hill. 


ducing  a  surface  on  which  the  heaviest  loads 
made  little  if  any  impression.  As  a  protec- 
tion for  teams  and  vehicles  a  guard  wall,  2 
ft.  in  height  and  2  ft.  thick,  was  built  along 
the  outside  of  the  road.  In  order  to  pre- 
vent leakage  from  the  gutter  the  side  next 
the  road  was  given  a  4-in.  coating  of  concrete 
and  as  a  protection  to  this  concrete  as  well 
as  to  the  gutter,  a  row  of  heavy  stones,  1  ft. 
wide  and  1  ft.  high,  was  laid  along  the  side 
of  the  road  adjoining.  This  information  is 
taken  from  the  biennial  report  of  the  state 
engineer  of  New  Mexico. 


through  cement  and  stone  sidewalks,  filling 
these  holes  with  concrete  and  setting  four 
base  bolts  in  each  hole.  The  cost  for  the 
post  holes,  etc.,  was  as  follows : 

Item.                                                     Total.    Per  hole. 
Labor  cutting.  25  hrs.  at  50  cts.. $12.50         $0.78 
L,abor  concreting    5.00  0.31 

Total  labor $17.50  $1.09 

12  wood  templets  for  base  bolts.     3.00  0.19 

2  cu.  yds.  concrete  at  $3.60 7.20  0.45 

Miscellaneous    1.12  0.07 


Total   materials,    etc $11.32 


$0.71 


A  Method  of  Carrying  Concrete  Road 
Over  Trenches  With  Soft  Backfill. 

(Staff  Abstract.)  . 
In  constructing  concrete  pavement  at 
Elizabeth,  N.  J.,  soft  filling  of  old  gas,  sewer 
and  water  trenches  in  several  places  proved 
impossible  to  compact  by  roller  to  the  solidity 
of  the  approach  subgrade.  To  excavate  and 
refill  would  cost  excessively  and  recourse  was 
taken  by  the  engineer,  W.  H.  Hunter  Jr.,  to 
a  method  of  bridging.  He  excavated  the 
whole  intersection  3  ins.  in  excess  of  the  con- 
tract requirements,  rammed  broken  stone  in 
the  trenches  and  when  sufficiently  dry  applied 
9  ins.  of  concrete  over  the  whole  surface  thus 
prepared.  By  so  doing  the  specifications  were 
not  exactly  followed  but  the  subgrade  was 
prepared  in  such  a  manner  that  the  extra  con- 
crete would  bridge  the  trenches  in  a  satisfac- 
tory manner.  To  make  repairs  to  the  road 
when  cut  through  for  future  trenches  a  some- 
what similar  construction  is  planned  as  fol- 
lows; The  concrete  will  be  cut  6  ins.  wider  on 
.each  side  than  the  excavated  trench,  and  will 


Grand  total    $28.82  $1.80 

The    cost    of    the    trench    1%    ft.    wide    and 
1,130  ft.  long  was  as  follows: 

Item.                                                      Total.  Lin.  ft. 

Tearing  up  and  cleaning  brick. .  .$21.37  $0,019 

Relaying    brick    27.95  0.025 

Teaming    4.00  0.004 


Total    labor    $53.32  $0,048 

2   cu.   yds.   cushion  sand 3.00  

4  bbls.  cement  6.00  

300  new  brick 4.00  

Miscellaneous     5.00  


Total  materials  $18.00        $0,016 


Grand  total    $71.32 


$0,064 
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Comparative  Cost  of  Asphalt  and  Brick 
Pavement. 

To  THE  Editors  :  In  your  issue  of  May  12, 
page  433,  under  the  article  "A  comparative 
study  of  pavements  based  on  Chicago  condi- 
tions" there  is  the  following  statement: 

"There  are  three  pavements — brick,  asphalt, 
and  asphaltic  concrete — that  cost  about  the 
.same." 

I  beg  to  challenge  this  statement  as  prices 
last  year,  and  numerous  biddings  this  year 
wiiuld  indicate  that  brick  on  a  concrete  base  is 
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from   30  to  60  cts.   higher  than  sheet  asphalt 
or  asphaltic  concrete  on  a  concrete  base. 
Yours  truly, 

J.    R.    Draney, 
Sales  Manager, 
The   United   States   Asphalt   Refining  Co. 
New  York,  N.  Y.,  May  13,  lOl-'i. 


American  Highway  Association.- — A  new 

project  which  holds  great  possibilities  as  an 
educational  medium  will  involve  the  prepara- 
tion of  a  series  of  educational  papers  dealing 
with  road  building,  maintenance  and  manage- 
ment and  the  publication  of  such  papers  local- 
ly to  co-operate  with  county  papers.  It  is 
expected  that  this  series  of  papers  will  deal 
with  the  subject  in  an  elementary  yet  funda- 
mental manner  and  will  add  powerfully  in 
making  known  in  local  communities  the  prop- 
er methods  of  road  building,  maintenance  and 
management.  During  1915  it  is  estimated  by 
the  .American  Highway  Association  that  near- 
ly $200,000,000  will  be  spent  locally  for  the 
building  and  maintenance  of  roads.  The  time 
has  come  therefore  for  the  greatest  care  to  be 
exercised  in  the  expenditure  of  local  road 
funds  rather  than  in  urging  increased  expendi- 
ture. 
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Business     and     finance 
The  Doings     showed  no   advance   during 
the  past  week.     On  the  oth- 
of  er  hand  there  was  little  re- 

,  \A7  t  cession.  Uncertainty  as  to 
tne  WeeK.  Germany's  reply  to  Presi- 
dent Wilson's  note  caused 
more  or  less  hesitancy  in  general  business. 
Bank  clearings  for  the  week  ending  May  27 
were  $3,002,200,000,  as  compared  with  $3,269.- 
:914,000  for  the  preceding  week  and  $2,894,259,- 
000  for  the  corresponding  week  of  the  pre- 
vious year.  The  security  market  showed  a 
net  decline  of  a  little  more  than  one  point  in 
the  general  level  of  prices  for  the  week.  This 
in  itself  is  a  pretty  good  indication  of  confi- 
dence in  the  economic  position  of  the  country. 
There  were  some  optimistic  features  during 
the  week.  E.  H.  Gary,  chairman  of  the  board 
of  directors  of  the  U.  S.  Steel  Corporation, 
in  an  address  last  week  before  the  American 
Steel  Institute,  stated  that  "the  outlook  for  im- 
provement in  our  lines  of  activity  is  better 
than  it  has  been  for  more  than  a  year."  Mr. 
King  of  the  Jones  &  Laughlin  Co.  went  even 
further.  In  his  opinion  the  turn  for  the  better 
has  come  and  with  all  the  world  tiow  at  the 
feet  of  the  American  manufacturer,  trade  re- 
vival in  the  United  States  may  now  be  confi- 
dently looked  for.  The  steel  industry  is  now 
working  around  80  per  cent  capacity  and  only 
a  small  increase  in  domestic  business  is  neces- 
sary to  bring  about  full  operation.  In  the 
construction  field  the  activities,  judged  from 
the  amount  of  new  work  coming  up  for  bids, 
was  well  up  to  the  average  of  previous  weeks 
of  this  year.  Highway  construction  and  street 
paving,  and  bridge  building  are  offering  many 
bidding  opportunities.  Few  large  municipal 
water  works  and  sewerage  undertakings,  how- 
ever, made  their  appearance  last  week.  Bids 
were  opened  on  several  good  sized  jobs  and 
a  number  of  big  improvements  were  placed 
under  contract.  In  the  iron  and  steel  industry 
rail  and  bar  orders  were  an  important  feature 
of  the  w'eek.  Rail  contracts  amounting  to 
about  75,000  tons  were  placed.  These  included 
2.3,000  tons  for  the  Southern  Pacific,  15.600 
tons  for  the  New  York  Central  lines  and 
8.000  tons  for  the  Chicago  &  Alton.  Orders 
for  bars,  plates,  sheets  and  shapes  amounting 
to  perhaps  100,000  tons  were  placed  by  car 
shops,  and  fully  as  much  more  tonnage  is 
pending.  The  Iron  Age  prices  for  finished 
iron  and  steel  and  for  sheets,  nails  and  wire 
for  the  week  ending  May  26  were  as  follows ; 
Finished   Iron  and  Steel.  May  26.     May  W. 

Per  lb.   to  large  buyers.  Cts.  Cts. 

Bess,  i-ails,   heavy,  at  uiill....     1.2i>  1.25 

Iron  bars.    Philadelphia 1.17V4         1.17'/4 

Iron  bars,  Pittsburgh 1.20  1.20 

Iron  bars.  Chicago 1.1,5  1.15 

Steel  bars,    Pittsburgh 1.20  1.20 

Steel  bars,  New  York 1.369  1.369 

Tank  plates  Pittsburgh 1.15  1.15 

Tank  plates  New  York 1.319  1.319 

Beams,  etc.,  Pittsburgh 1.20  1.20 

Beams,  etc..  New  York 1.369  1.369 

Skelp,   grooved  steel.  P'gh....     1.15  1.15 

Skelp.  sheared  steel.  P'gh 1.20  1.20 

Steel  hoops.  Pittsburgh 1.25  1.23 

Sheets,   Nails  and  Wire. 

Per  lb.  to  large  buyers. 

.Sheets,  black.  No.  2S.  P'gh 1.75  l.,S0 

Galv.  sheets.   No.  28,  P'gh 3.75  3.60 

Wire  nails,  Pittstiurgh 1.55  1.55 

Cut  nails.   Pittsburgh 1.55  1.55 

Pence  wire,  base,  P'gh 1.35  1.35 

Barb  wire,  galv.,  P'gh 2.10  2.10 

For  structural  material  f.  o.  b.  Pittsburgh  the 
Iron  Age  prices  were  as  follows:  I-beams, 
3  to  15  in. :  channels,  3  to  15  in. ;  angles,  3  to 
6  in.  on  one  or  both  legs,  Vi  in.  thick  and  over, 
and  tees,  3  in.  and  over,  1.20  cts. 

Railways. — No  developments  looking  to 
the  undertaking  of  any  ini])ortant  new  work 
by  the  railways  occurred  last  week.  Some  of 
the  western  newspapers  were  busy  building 
railroads,  but  none  of  these  projects  appear 
to  be  anywhere  near  the  construction  stage. 
Two  or  three  new  sViort  lines  awarded  con- 
struction contracts  during  the  past  week.  The 
Lulu-Homer  R.  R.  of  I.ula,  Ga.,  aw-arded  the 
contract  for  construction  and  equipment  of 
its  line  to  William  J.  Redmond,  .'\tlanta,  Ga. 
The    Roby    &    Nortliern    R.    R.    let    the    con- 


tract for  4.1  nnles  of  Ime,  the  work 
involving  only  about  34,000  cu.  yds.  of  exca- 
vation and  embankment.  The  Oscar  Daniels 
Co.,  New  York  City,  was  awarded  contract  at 
$863,775  for  Section  2  of  Route  49  of  the 
New  York  rapid  transit  system. 

Roads  and  Streets. — Several  notably  large 
,  road  and  street  improvements  reached  the 
calls  for  bids  stage  during  the  past  week. 
Multnomah  County,  Oregan,  began  calling 
for  proposals  on  work  that  will  cost  about 
$1,250,000.  Philadelphia,  Pa.,  commenced  ad- 
vertising the  Northeast  Blvd.  improvement 
this  week,  involving  232,000  cu.  yds.  of  grad- 
ing, 58,457  sq.  yds.  bituminous  pavement  and 
much  miscellaneous  construction.  New  York 
is  calling  for  bids  on  21  state  highway  con- 
tracts aggregating  about  70  miles ;  Illinois 
opens  proposals  June  9  on  several  state  aid 
road  jobs ;  Maryland  opens  bids  June  15  for  a 
4.4  section  of  concrete  paved  highway. 
Philadelphia,  Pa.,  opened  bids  on  $500,000  of 
new  street  paving  work ;  Washington,  D.  C, 
received  bids  on  about  $200,000  worth  of  street 
asphalt;  State  of  Washington  awarded  sev- 
eral large  contracts  and  Pierce  County,  Wash- 
ington, awarded  an  $111,000  job.  Illinois  also 
awarded  several  road  and  bridge  contracts. 

Bridges.  —  A  considerable  amount  of 
bridge  construction,  mostly  for  small  struc- 
tures, is  being  advertised.  The  State  Roads 
Commission  of  Maryland,  is  asking  bids  on  a 
reinforced  concrete  bridge  of  two  98  ft.  arches. 
The  Pennsylvania  R.  R.  has  taken  bids  on  a 
reinforced  concrete  bridge  of  seven  arches, 
93  ft.  each,  to  be  erected  on  the  Schuylkill 
Division.  The  McKinnon  Construction  Co., 
Fast  Providence,  R.  I.,  was  awarded  contract 
at  about  $55,000  for  bridge  for  Central  Falls. 

Drainage  and  Irrigation. — Several  fair- 
sized  jobs  in  the  drainage  field  are  now  being 
advertised.  Burleson  County  Improvement 
District  No.  1  of  Caldwell,  Tex.,  is  asking 
bids  on  about  360,000  cu.  yds.  of  earth  work ; 
bids  will  be  opened  June  5  at  La  Grange,  Ind., 
on  the  Faton  ditch,  requiring  99,727  ft.  of 
tile  and  45,500  ft.  of  dredge  work.  The  Wis- 
consin Drainage  Co.,  Elkhorn.  Wis.,  was 
awarded  contract  for  20  miles  of  town  ditches 
in  Outagamie  Countv,  Wisconson. 

Water  Works. — A  fair  amount  of  water 
works  construction  came  up  for  advertising 
during  the  past  week.  Napoleon,  O.,  is  ask- 
ing bids  on  a  1,500,000  gal.  softening  and  filter 
plant ;  Temple,  Tex.,  opens  proposals  June  8 
for  a  gravity  dam;  Steubenville,  O.,  is  calling 
for  bids  for  reconstruction  and  covering  of 
low  pressure  reservoir;  Salem,  Mass.,  opens 
proposals  June  21  on  two  10,000,000  gal. 
pumps;  Butler,  Mo.,  is  calling  for  bids  on 
filter  plant  and  other  water  works  improve- 
ments; Philadelphia,  Pa.,  awarded  a  $400,000 
contract  for  new  water  distribution  mains  in 
South  Philadelphia. 

Sewerage. — Board  Local  Improveirients  of 
Chicago  has  commenced  advertising  for  bids 
on  system  of  brick  sewers  for  Norwood 
Park,  111. ;  assessment  for  this  improve- 
ment is  $683,000.  Oklahoma,  Miss.,  is  ask- 
ing bids  on  a  sewer  system  requiring  about 
39,000  ft.  8  in.  to  12  in.  pipe;  New  Glarus,  Wis., 
is  calling  for  proposals  on  sewerage  construc- 
tion ;  Oswego,  N.  Y.,  is  asking  bids  on  a  con- 
siderable amount  of  pipe  sewers ;  Mt.  .'Xyr, 
Ta.,  has  about  $40,000  worth  of  sewer  work 
under  advertisement. 

Rivers  and  Harbors  and  Miscellaneous. — 

Bids  wire  o[)cneiI  May  26  on  the  largest  gov- 
ernment levee  letting  so  far  tliis  year.  The 
Oglesbv  Construction  Co.,  Memphis,  Tenn., 
was  low  bidder  on  1,9.30,000  cu.  yds.;  S.  M. 
Bush,  Memphis,  Tenn.,  was  low  on  1,.3.']3,000 
cu.  yds.,  and  Rodgers  Bros.,  Memphis,  were 
low  on  630,000  cu.  yds.  Bids  also  were  opened 
last  week  on  a  very  large  concrete  job  for  the 
government.  This  called  for  the  masonry 
for  the  fourth  lock  at  Sault  Ste.  Marie,  Mich. 
Oscar  Daniels  Co.,  Chicago,  at  $1,010,480  was 
low  bidder.  New  York  City  is  calling  for 
bids  for  building  a  pier  at  the  foot  of  29th 
street,   Brooklyn  ;  Stone  Harbor,  N.  J.,  is  ask- 
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ing  proposals  for  stone  protection  work.  A 
considerable  amount  of  work  also  is  being  ad- 
vertised by  the  U.  S.  Engineering  Corps.  A 
notably  large  tunnel  contract  is  being  adver- 
tised by  the  Commissioners  of  Allegheny 
County,  Pennsylvania.  This  calls  for  a  traffic 
bore  several  thousand  feet  long  and  involves 
an  expenditure  of  nearly  $1,000,000. 

The     entrance     of     Italy 

War   and        '"to  the  European  war  will 

cause    a    reduction    in    the 

Labor  number  of  foreign  laborers 

o         1  in    this    country.     Whether 

bupply.  p^  ^Qj  jj^ig  movement  will 

result  in  serious  inconveni- 
ence to  contractors  depends  upon  construction 
developments.  At  the  present  time  there  are 
more  men  than  jobs.  If  the  railroads  had  un- 
dertaken a  normal  amount  of  work  this  year 
it  is  probable  that  even  now  contractors  would 
be  hard  put  to  fill  out  their  gangs.  During 
the  past  two  or  three  years,  owing  to  the  dull- 
ness in  the  field  of  heavy  construction,  there 
has  been  a  considerable  exodus  of  the  aliens 
who  gained  their  livelihood  from  this  kind 
of  work.  This  loss  has  not  been  made  up  by 
the  new  immigration.  Many  Austrians  and 
Russians  also  have  returned  to  their  native 
countries  since  the  outbreak  of  hostilities. 
Nevertheless,  in  the  Middle  West,  at  least, 
there  are  plenty  of  idle  Austrians,  Italians  and 
other  foreign  laborers  just  now,  but  this  is  due 
in  great  measure  to  the  quietness  in  certain 
lines  of  construction.  Italy's  taking  part  in 
the  struggle  will  mean  that  many  of  its  citi- 
zens will  return  home.  Canadian  military  au- 
thorities estimate  that  7,000  to  8.000  Italians 
will  go  from  Canada  and  100,000  from  the 
United  States.  The  latter  figure  is  open  to 
question.  There  are,  to  be  sure,  100,000  re- 
servists in  this  country,  but  it  is  by  no  means 
certain  that  all  of  these  will  respond.  In  fact, 
no  call  for  these  men  has  been  issued  as  yet. 
Many  other  Italians  also  will  leave  this  coun- 
try. It  is  believed,  how^ever,  that  not  more 
than  33  per  cent  of  the  Italians  that  furnish 
the  labor  supply  for  contractors  will  go  back. 
And  this  number  would  be  reduced  greatly  if 
there  was  plenty  of  work  at  the  present  time. 
To  the  man  out  of  a  job  free  transportation 
home  makes  an  especial  appeal. 


Again. 


The  irresponsible  bidder 
Irresponsible  '^  ever  with  us.  Even  in 
these  days  when  real  con- 
Bidder  tractors  go  down  to  bed 
rock  prices  to  secure  work, 
the  man  with  his  office  and 
equipment  under  his  hat 
carries  off  a  fat  contract  every  now  and  then. 
Public  officials  in  their  eagerness  to  save  a 
penny  too  often  consider  only  the  bidding 
prices  in  awarding  a  construction  undertaking. 
The  advice  of  their  engineer  is  unheeded ;  the 
precautions  of  even  an  ordinary  business 
transaction  are  not  taken.  They  only  see  that 
the  bid  is  several  hundred  or  thousand  dol- 
lars lower  than  those  of  the  other  bidders. 
The  qualifications,  equipment  and  financial 
standing  of  the  bidder  are  secondary  consid- 
erations. A  short  time  ago  a  Western  city 
held  a  letting  for  the  construction  of  water 
works.  Some  exceedingly  low'  bids  were  se- 
cured from  responsible  contractors.  The 
Mayor  thinking  that  he  could  scale  down 
even  these  prices  readvertised  the  work.  At 
llie  second  opening  of  bids,  a  proposal  was 
received  that  was  far  below  the  estimated 
cost.  It  was  so  low,  in  fact,  that  the  other 
contractors  accused  the  bidder  of  having  for- 
gotten to  allow  for  the  cost  of  the  material. 
The  city  officials  were  delighted  and  promptly 
awarded  the  contract  to  the  "unknown."  At 
tlie  expiration  of  the  time  for  signing  the 
contract  the  low  man  was  not  to  be  found. 
The  officials  consoled  themselves  with  the  fact 
that  they  held  the  certified  check.  But  their 
joy  was  short  lived,  for  it  came  back  from  the 
bank  with  the  notice  "no  funds."  Even  the 
certification  had  been   forged. 


The  Lighter  Side  of  Engineering  and  Contracting 


THE  foreman  was  breaking  in  a  new  sec- 
tion gang.  He  called  the  sons  of  sunny 
Italy  around  him.  "Now,  ye  tarriers,"  said  he, 
"kape  your  eyes  open.  Whin  ye  see  a  train 
comin',  get  out  of  the  way.  Jump  as  though 
the  divil  was  after  you  and  run  like  blazes." 
The  Italians  began  to  use  the  tamping  bars. 
In  a  few  minutes  the  limited 
came  rushing  around  the 
curve.  Michael  Angelo  threw 
down  his  bar  and  started  up 
the  track  as  fast  as  he  could 
run,  yelling  to  the  saints 
at  every  jump.  The  train 
overtook  him  and  brushed 
him  into  the  ditch.  Somewhat  shaken  up  and 
badly  frightened,  the  Italian  climbed  up  on 
the  bank  and  sat  down.  "Ye  damn  fool."  said 
the  foreman,  much  relieved  to  find  that  a 
coroner's  inquest  was  not  necessary,  "why 
didn't  ye  get  out  of  the  way?  Why  didn't 
ye  run  up  the  side  of  the  cut?"  Michael  An- 
gelo smiled  feebly.  "Why,  I  not  run  uppa 
da  side  hill;  me  no  fool.  If  can't  beata  her 
ona  da  level  how  can  beata  her  upa  da  hill?" 

® 

DEATH  is  a  serious  matter,  and  yet  even 
the  death  certificates  that  round  out  our 
earthly  career  often  contain  unconscious 
touches  of  humor.  For  instance,  the  Michigan 
Monthly  Bulletin  of  Vital  Statistics  claims 
that  the  following  "causes  of  death"  were 
given  by  country  physicians  in  the  final  papers 
for  their  clients : 
Went  to  bed  feeling  well,  but  woke  up  dead. 
Died  suddenly  at  the  age  of  103. 
To  this  time  he  bid  fair  to  reach  a 
ripe  old  age. 

Do  not  know  cause  of  death,  but 
patient  fully  recovered  from  last 
illness. 

Deceased  had  never  been  fatally 
sick. 

A  mother,  died  in  infancy. 
Died  suddenly,  nothing  serious. 
Pulmonary         hemorrhage — sudden       death. 
(Duration  four  years.) 
Kick  by  horse  shod  on  left  kidney. 
Don't  know.     Died  without  the  aid  of  a  phy- 
sician. 

Deceased  died  from  blood  poison,  caused  by 
a  broken  ankle,  which  is  remarkable,  as  his 
automobile  struck  him  between  the  lamp  and 
the  radiator. 

Blow  on  head  with  ax.  Contributory  cause — ■ 
another    man's   wife. 


® 

JEROME  DOWNING,  the  great  httle  dirt 
mover  of  the  Pan  Handle  District,  is 
noted  for  his  thoughtfulness  and  considera- 
tion for  other  people.  The  other  day  while 
he  was  standing  in  front  of  his  construction 
office  he  noticed  a  colored  woman  holding  a 
baby  and  waiting  patiently  on  the  street  cor- 
ner. It  was  a  hot  day,  so  Mr.  Downing  placed 
a  chair  in  the  shade  of  his  shack  and  invited 
the  woman  to  sit  down.  As  soon  as  she  had 
seated  herself  she  proceeded  to  feed  the 
picaninny  in  the  way  the  Lord  intended  babies 
to  be  fed.  The  little  fellow,  however,  was 
peevish    nnd    fretful    ,ind    did    not    cat    as    hr- 


The   Bohunk. 

Who  would  a  merry  Bohunk  be, 

On  a  dollar  and  a  half  a  day. 
With  a  blanket  roll  and  a  roving  soul. 

And  a  thirst  like  the  flowers  in  May? 

He  pounds  on  a  rail  spike  all  day  long, 
With  a  blist'ring  sun  o'erhead, 

Gets  soaked  at  night  in  a  bar-room  fight. 
And   then  sleeps   four  in  a  bed. 

Or    he    juggles    a    spade    in     an      iceberg's 
shade 
And  wears  all  his  clothes  to  bed. 
And  the  frost  fiends  eat  all  the  toes  from 
his  feet, 
.\nd   he  eats  canned  beans  and  bread. 

Till  one  fine  day  he  grabs  his  pay. 
And   hikes    for  the   nearest   booze,. 

Goes  on  a  spree  and  a  jamboree. 
And   lands   in   the  calaboose. 

When  his  time  is  done  he  mushes  on 
To  the  next  big  job  on  the  trail. 

He    chucks    his    junk    in    a     double-decked 
tunk, 
.■\nd   digs  in  a   ditch   for  his  kale. 

He   hears   of  big  pay   on   a  job   far  away. 

And  takes  his  roll  and  treks. 
So  he   works   and   swears   and   drinks   and 
dares, 

Till   he  cashes   in  his  checks. 

Oh,  who  would  a  merry  Bohunk  be, 

On  a  dollar  and  a  half  a  day, 
With  a  roving  soul  and  a  blanket  roll 

And  a  thirst  like  the  flowers  in  May? 


should.  After  fussing  around  with  him  for 
some  time  the  woman  lost  patience  and  ex- 
claimed: "See  here,  you  fool  chile,  if  you 
doan  eat  yo  dinna  I'll  done  gib  it  all  to  Mars 
Downing." 

® 

ANDY  KOENIG,  the  labor  king,  is  an 
ardent  disciple  of  the  gentle  art  of 
trap  shooting.  As  a  mighty  smasher  of  the 
wily  clay  pigeon  he  has  few  equals  in  the  St. 
Louis  Gun  Club,  of  which  he  is  a  member. 
Some  weeks  ago  an  eastern  friend  dropped 
into  Koenig's  office  and  made  some  deroga- 
tory remarks  about  the  latter's  skill  as  a 
marksman.  .Andy  promptly  challenged  and 
arrangements  were  made  for  a  contest. 
Koenig  went  down  in  inglorious  defeat.  In 
fact  his  shooting  was  so  bad  that  in  disgust 
he  had  the  man  at  the  trap  throw  up  a  hat 
in  place  of  a  target.  When  he  made  a  clean 
miss  of  this  he  gave  up  in  despair.  That 
evening  at  a  little  dinner  the  friend  confessed 
that  he  had  removed  the  shot  from  Koenig's 
shells,  and  as  a  consequence  Andy  had  been 
shooting  felt  wads  in  place  of  lead.  Last 
week  the  man  from  Boston  was  again  in  St. 
Louis  and  at  once  proceeded  to  make  life 
miserable  for  the  labor  king.  Finally,  Andy 
proposed  that  they  try  their  skill  again.  The 
man  from  the  east,  really  a  clever  marksman, 
accepted.     The  next  day  they  repaired  to  the 


ran.m-.  Koenig  watched  his  shells  with  an 
eagle  eye  and  rolled  up  a  fair  score,  while  his 
friend  failed  to  break  even  one  blue  rock. 
The  man  from  Boston  could  not  understand 
it.  He  examined  his  shells  and  found  the 
chilled  shot  in  place.  Finally  he  walked  over 
to  the  trap  and  picked  up  one  of  the  "clays" 
at  which  he  had  been  shooting.  It  was  cast 
iron.  Andy  had  got  even  by  ringing  in  an 
unbreakable  pigeon  for  his  competitor  to 
shoot   at. 

® 

Almost  Any  Camp. 
BO :      Rottenest   chuck   here   I    ever 


said    something     then; 


FIRST 
eat. 
Second    Bo :      You 
'taint  fit  for  hogs. 

First  Bo:  If  that  dish  washer  they've  got 
for  cook  should  lose  his  frying  pan  we'd  starve 
to  death. 

Second  Bo  :     It's  fierce :  that  guy  fries  every- 
thing.    I  haint  had  a  square  meal  for  a  week. 
First   Bo :     This   here   camp   has   the   worse 
grub  on  the  whole  line.     They  live  high  over 
to  Mulcarney's.     He's  a  right  boss. 

Second  Bo :  Last  year  I  was  with  Doolin's 
outfit.  We  all  got  fat.  Nothin'  was 
too  good  for  us.  Meat  three  times 
a  day,  an'  fish  an'  melons  an'  bis- 
cuits. Some  cook  with  that  outfit 
I'd  work  for  Doolin  any  time ;  he 
feeds  his  men  right. 

First  Bo:  How'd  they  expect  a 
man  to  work  with  the  grub  they 
give  him  here?  That  coffee  we  had  this  morn- 
ing was  nothin'  but  slop  and  the  biscuits- 
Second  Bo :  Them  wasn't  biscuits :  they 
were  pebbles ;  they  grind  'em  up  an'  use  'em 
in  th'  concrete.  Somethin'  ought  to  be  done  or 
I'll  hike. 

First  Bo:  I'd  like  some  meat;  a  big  steak 
would  hit  me  right ;  and  some  fish — fresh  fish 
that  didn't  stink. 

Second  Bo:  Fish,  that's  ray  first  name. 
There's  lot  of  them  in  these  here  brooks,  but 
the  boss  is  too  stingy  to  send  out  a  man  to 
catch  them. 

The  Cook :  Surprise  tomorrow,  boys.  Boss 
just  got  back  from  a  fishin'  trip.  He  caught 
mor'n  20  lbs.  of  speckled  trout.  Brook  trout 
fried  for  dinner  for  you  fellows.  Couldn't  get 
a  better  meal  at  the  Waldor  Astor. 

First  Bo  :  Git  that ;  brook  trout !  The  cheap 
skate;  won't  have  to  buy  anythin' ;  fill  us  uy 
on  fish. 

Second   Bo:      Yea!     Caught   them   himself; 

what  do  you  know  about  that  ?     The 

tight  wad. 

— ® 

Skinner  Mulvey 
says:  "Mi  c  l<  e  y 
Dooly  got  his  fin- 
al estimate  last 
weel<  on  his  grad. 
ing  job  and  he 
spent  the  whole 
durn  amount  for 
a  seegar.  Pat 
Rourke  just  took 
a  contract  for 
d  i  g  g  i  n'  tunnels 
fur  a  settlement 
o'    prairie   dogs." 


June 
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$2,500,000  FOR  STATE  HIGHWAYS 
IN  MASSACHUSETTS. 


17  Routes  in  Western  Counties  to  Be  Ir 
proved. 


Work  to   Be   Done  During    Next   Four   Years. 


I  The  legislature  of  Massachusetts,  as  noted 
in  our  last  issue,  has  authorized  an  expendi- 
ture of  $2,o00.000  during  the  ne.xt  four  years 
for  the  construction  of  state  highways.  This 
sum  will  be  expended  by  the  State  Highway 
Commission  principally  for  building  roads  in 
the  western  counties  of  the  state.  Under  the 
legislative  act  17  routes  in  Berkshire,  Franklin, 
Hampden,  Hampshire  and  Worcester  counties 
are  to  be  improved.  A  general  idea  of  the 
location  of  these  routes  is  shown  by  the  ac- 
companying map.  The  new  highways  will 
link  up  many  of  the  main  state  roads  already 
laid  out  in  this  section  of  the  commonwealth. 


The  work  consists  in  removing  the  old  tim- 
ber superstructure  for  540  lin.  ft.  on  the  nortli 
pier  to  a  depth  of  2  ft.  below  mean  lake  level 
and  replacing  it  by  a  concrete  superstructure 
resting  on  the  cribs.  The  old  superstructure 
consists  of  crib  work  of  pine  timber  12  ins. 
square,  filled  with  stone  and  decked  over  with 
y-in.  plank.  It  is  8  ft.  high  by  30  ft.  wide. 
The  L  at  the  easterly  end  is  7  ft.  high  by  30 
ft.  square.  The  inner  edges  of  the  concrete 
face  wall  and  middle  wall  blocks  will  be 
supported  on  new  hemlock  timber  which  will 
be  fitted  to  the  crib  timber.  Timber  filler 
blocks  will  be  placed  under  each  of  the  crib 
cross  ties  where  the  middle  wall  sills  will  rst. 

The  superstructure  will  consist  of  con- 
crete about  3  ft.  thick  molded  in  place  and 
founded  on  concrete  blocks  and  on  storie 
filling.  It  will  be  6%  ft.  high  at  the  center, 
6  ft.  high  at  the  sides  above  water  level,  and 
30  ft.  wide.  The  concrete  blocks  for  the 
channel  wall  and  lake  wall  will  be  10  ft.  long 
bv  4  ft.  wide  by  4  ft.  high.     Cross  wall  blocks 
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General  Location  of  17  New  State    Highway   Routes  in   Massachusetts. 


The   routes  in  general   and  their  appro.viraate 

lengths  are  as  follows : 

Miles. 

Great    Barrington    south 7% 

Hinsdale   to   Cummington 13 

New   Boston    toward   Becket 14 

Becl^et  northwest  to  Hinsdale 121.4 

Huntington    northerly    15 

Hinsdale   to  Worthington 11 

Cummington  to  Plainfield 4 

Belchertown  via  Enfield  and  Ware  to  Palmer  20 

Granville  Corners  to  Feeding  Hill 9 

South    Deerfield    to   Llthia 16 

Northfield    to    Turner's    Falls 6 

Athol   through  Petersham.   Barre,   and  Rut- 
land       25 

Hope  through   Grafton  and  Upton 8 

Warwick    to    Orange 5 

Blandford    to    Woronoco 3 

Wales  to  Connecticut  line 4 

West  Chesterfield  to  Williamsburg 13 

The  nature  of  construction  of  these  roads  will 
vary  greatly.  In  some  instances,  the  work  will 
consist  of  grading  and  surfacing  with  the  best 
Incal  material  available,  while  in  other  instances 
the  work  will  consist  of  first  class  state  high- 
way construction.  .At  the  present  time  it  is 
impossible  to  state  just  where  the  ditferent 
types  of  construction  will  be  used  as  the  roads 
have  not  yet  been  surveyed.  The  construc- 
tion work  will  be  carried  out  under  the  di- 
rection of  the  Massachusetts  Highway  Com- 
mission, of  which  .Arthur  \V.  Dean,  Boston. 
Mass.,  is  Chief  Engineer. 


will  be  10  ft.  by  3  ft.  by  3  ft.  and  middle 
blocks  will  be  10  ft.  by  2  ft.  by  21/^  ft.  The 
mix  will  be  1  :2%  :5.  The  mass  concrete  will 
be  a  1:3:6  mix.  The  approximate  estimate  of 
quantities  is  as  follows: 

Old  superstructure  to  be  removed,  lin.  ft..      540 

New  hemlock  timber,  ft.  B.  M 20,000 

Timber  filler   blocks GO 

Concrete    blocks,    set   in    place,    186    blocks, 

cu.  yds 810 

Mass  concrete  in  place,  cu.  yds 2.100 

Bids  for  the  above  work  will  be  received 
until  11  a.  m.  June  19  by  Capt.  L.  V.  Frazier. 
U.  S.  Engineer,  540  Federal  Bldg.,  Buffalo, 
N.   Y.  ■ 


STATE  HIGHWAYS  IN  MAINE. 


First  Letting  Held  on  May  19. 


Bids  Opened   on   28   Miles.   Concrete.    Bituminous, 
Gravel   and    Sand-Clay   Construction. 


Concrete  Work  at  Eiie  Harbor,  Pa. 

.\  2.!liiO-cu.  yd.  concrete  job  is  being  adver- 
tised by  the  it.  S.  Engineer  ;tt  Buffalo,  N.  Y. 
The  work  calls  for  the  construction  of  the 
concrete  superstructure  on  the  pier  at  the 
nortli  side  of  the  entrance  to  Erie  Harbor, 
Pa.  The  pier  is  located  1%  miles  from  the 
State  St.  public  dock  in  Erie  Harbor.  The 
pier  is  exposed  to  wave  action  on  Lake  Erie, 
but  is  more  or  less  protected  from  this  by 
Presque  Isle  Peninsula. 


The  first  road  letting  of  the  year  by  the 
State  Highway  Commission  of  Maine  was 
held  on  May  19.  At  this  time  bids  were 
opened  on  11  contracts  covering  a  total  of  28 
miles  of  state  highway.  In  all  21  different 
contractors  submitted  bids  on  the  work.  A 
majority  of  the  bidders  were  from  outside  the 
state,  Massachusetts  and  Connecticut  being 
well  represented.  On  none  of  the  jobs  was 
there  more  than  8  bidders  and  on  the  largest 
contract,  Route  A  in  Scarboro.  only  four  con- 
tractors submitted  bids.  Several  of  the  con- 
tractors figured  on  five  or  more  contracts.  The 
Ahem  Construction  Co.,  Willimantic,  Conn., 
bid  on  eight  contracts;  A.  D.  Bridge's  Sons, 
Meriden,  Conn.,  bid  on  six  contracts  and  A. 
Williams  Co.  also  bid  on  six.     The  following 


tabulation  shows   the   high  and  low  bids   and 
the  number  of  bidders  on  each  contract: 


1-  Town.  ^  .=  3  .'H 

I  -^  M  fe  ■^ 

o  —  —  o  o 

«  ^        X         2       z 

A       Scarboro     5.47  $73,578  $bo,55G  4 

.\       S.    Portland 2.22>  24.174  17,193  8 

A       S.    Portland 2.22=  27,841  22,917  8 

C       Bath    83  6,308  4,594  2 

D       Thomaston    . . .     1.28  6.136  5,934  4 

E       Manchester    . . .     2.68  23,355  IS. 308*  7 

H       Fairfield    2.29  19,075  9,7S9»  7 

L.       Prospect 34  .3,129  1.764  6 

L.       Searsport    2.53  14,569  9,718  5 

N       Edmunds    1.95  13,673  9.66G»  3 

S       Oxford     3.77  28.137  15,9SS*  5 

S       Poland    3.65  20,017  10,916t  8 

•Awarded  at  this  price.  tAwarded  at  $14,089. 

'On    bituminous    macadam.  =On    concrete;    con- 
tract let  on  concrete  at  $25,440. 

The  5.47  miles  of  road  at  Scarboro  is  to  be 
of  the  bituminous  macadam  type,  and  bids 
also  were  received  May  19  for  furnishing  bi- 
tuminous material  for  its  construction.  The 
Barber  Asphalt  Co.  was  the  only  bidder  on 
fluxed  native  asphalt,  its  figures  being  $12,947 
in  barrels  and  $11,817  in  tank  cars.  For  fur- 
nishing asphalt  John  Baker,  Jr.,  at  $5,898  was 
low  bidder  on  this  material  in  barrels  and  the 
Atlantic  Refining  Co.,  at  $4,408,  was  low  bid- 
der for  this  material  delivered  in  tank  cars. 
For_supplying  refined  tar  the  Barrett  Mfg.  Co., 
at  $1,059.  was  low  bidder  on  supply  delivered 
in  tank  cars,  while  the  Independent  Coal  Tar 
Co.,  at  $9,248,  was  low  bidder  for  delivering  in 
barrels.  On  the  2.2  miles  of  state  highway 
in  South  Portland,  alternate  bids  were  asked 
un  Portland  cement  concrete  or  bituminous 
macadam.  The  contract  was  awarded  to  the 
Hassam  Paving  Co.,  Worcester,  Mass.,  at 
$25,440  on  concrete.  On  both  of  the  above 
sections  the  pavement  will  be  16  ft.  in  width, 
and  6  in.  in  thickness,  with  2%  ft.  gravel 
shoulders   on   each    side. 

The  work  in  Bath.  Thomaston,  Fairfield, 
Searsport,  Prospect,  Edmunds  and  Poland  pro- 
vides for  gravel  surfaced  roads.  .-Ml  of  these 
contracts  call  for  a  16  ft.  gravel  surface,  the 
depth  varying  with  the  location  from  6  in.  to 
8  in.  of  compacted  gravel.  The  shoulders  will 
be  2'/^  ft.  wide  and  constructed  of  the  best 
material  obtainable  in  the  vicinity. 

The  2.68  miles  of  highway  at  Manchester 
will  be  waterbound  macadam,  6  in.  in  depth  and 
16  ft.  wide  with  the  customary  shoulders.  It 
is  planned  to  surface  treat  this  macadam  as 
soon  as  conditions  are  right.  The  3.77  miles 
of  road  at  Oxford  is  to  be  of  the  sand  clay 
type.  .  The  surface  will  be  16  ft.  wide  and  at 
least  8  in.  thick  after  thorough  mixing  and 
compacting. 

In  general  the  above  types  follow  the  stand- 
ards prescribed  in  the  specifications  of  the 
Highway  Commission  for  last  year.  About  the 
only  exception  is  that  the  gravel  surface  is 
being  thinned  on  one  or  two  places  where 
the  traffic  is  less  heavy  than  on  some  of  the 
other  sections. 

The  Highway  Commission  will  tdvertise 
other  jobs  in  the  near  future  as  soon  as  it  has 
finally  settled  upon  a  few  locations  which  are 
now  undecided.  Paul  D.  Sargent,  .Xugusta, 
Me.,  is  Chief  Engineer  of  the  State  Highway 
Commission. 


Engineers'  Club  of  Baltimore. — The  an- 
nual meeting  of  the  Engineers'  Club  of  Balti- 
more will  be  held  at  the  club  rooms,  6  W. 
Eager  street,  June  3,  at  8  p.  m.  Officers  will 
be  elected,  the  following  candidates  to  be 
voted  on : 

For  President — J.  Fletcher  Apsey,  Oscar  F. 
Lackey,   W.  W.  Pagon. 

For  Ch.airman  of  House  Committee — R.  M. 
Cooksey,  John  N.  Mackall,  W.  W.  Varney. 

For  Board  of  Directors  (to  elect  three) — K.  B. 
Clapp,  R.  K.  Compton,  O.  C.  Cromwell.  W.  W. 
Crosby,  .1.  C.  Uttle.  .7.  H.  Sutton,  C.  .7.  Tilden. 
II.  A.  Warren.  Albert  H.  Weer,  Ezra  B.  Whit- 
man. H.  D.  Willlar,  .Ir. 

The  Engineers'  Club  of  Baltimore  is  now 
in  a  flourishing  condition,  having  a  member- 
ship close  to  300. 
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Bids   Asked   on   4   State    Buildings   in 
West  Virginia. 

A  considerable  expenditure  will  be  made  by 
,  the  State  of  West  Virginia  for  building  con- 
struction at  various  state  institutions.  Struc- 
tures are  to  be  erected  for  the  University  of 
West  Virginia  at  Morgantown,  W.  Va.,  for  the 
State  Normal  School  at  Glenville,  W.  Va.,  and 
for  Marshall  College  at  Huntington,  W.  Va. 
At  the  latter  institution  a  building  to  serve  as 
a  science  hall  will  be  constructed.  This  will 
be  14?i  by  79  ft.  in  size  and  will  have  three 
stories.  It  will  have  a  brick  and  terra  cotta 
exterior.  The  first  floor  will  be  reinforced 
coicrete  with  composition  top  finish.  The 
second  and  third  floors  w-ill  be  joist  construc- 
tion and  there  will  be  a  composition  roof. 

The  work  at  the  University  of  West  Vir- 
ginia is  an  addition  to  Mechanical  Hall  and  a 
building  for  the  School  of  Medicine.  The 
latter  structure  will  be  To  by  55  ft.  in  size, 
will  have  brick  walls  and  will  be  of  wood 
joist  construction  and  composition  roof.  It 
will  be  three  stories  high.  The  addition  to 
Mechanical  Hall  will  be  141  by  44  ft.  in  size, 
with  one  wing  67  by  44  ft.,  and  one  wing  55 
by  43  ft.  It  will  be  of  slow  burning  type  of 
construction,  three  stories  high.  Brick  and 
terra  cotta  will  be  the  principal  materials  used. 
It  will  have  a  slate  and  composition  roof.  The 
structure  at  the  Glenville  Normal  School  will 
serve  as  a  dormitory  building.  It  will  have 
three  stories  and  basement  and  will  be  169  by 
50  ft.  in  size.  It  will  be  of  ordinary  con- 
struction, brick  and  stone  being  used,  and  will 
have  a  slate  roof. 

The  architect  for  the  buildings  is  H.  Rus 
Fame,  Charleston,  W.  Va.  Bids  for  their 
construction  will  be  received  until  2  p.  m., 
June  29,  by  the  State  Board  of  Control, 
Charleston,  W.  Va. 


A    172,000    Cu.    Yd.    Concrete    Job    at 

Sault  Ste.  Marie. 

Bids  were  opened  last  week  on  one  of  the 
largest  concrete  jobs  that  has  come  up  for 
letting  so  far  this  year.  The  work  called  for 
the  construction  of  the  concrete  masonry  for 
the  fourth  lock  at  Sault  Ste.  Marie,  Mich.,  for 
the  U.  S.  Government.  It  involved  the  placing 
of  about  172,000  cu.  yds.  of  concrete,  the  fur- 
nishing and  delivering  of  210,000  bbls.  of  Port- 
land cement  and  considerable  miscellaneous 
work.  There  were  13  bidders  and  the  figuring 
was  quite  close  as  is  indicated  by  the  fact  that 
there  was  a  difference  of  only  about  40  per 
cent  between  the  amounts  of  the  high  and 
low  bids.  The  totals  of  the  three  low  bidders 
were  as  follows :  Oscar  Daniels  Co.,  Chicago, 
111.,  $1,010,480:  Maryland  Dredging  &  Con- 
tracting Co.,  Baltimore.  Md.,  $1,028,880; 
Greiling  Bros.  Co.,  Green  Bay,  Wis.,  $1,048,180. 
The  principal  items  in  the  contract  were  the 
concrete  masonry  and  furnishing  and  deliver- 
ing the  cement.  On  the  latter  item  the  unit 
prices  ranged  from  $1.15  to  $2  per  barrel.  The 
Daniels  Co.  submitted  a  figure  of  $1.30  per 
barrel  and  the  Maryland  Dredging  &  Con- 
tracting Co.  bid  $1.40.  This  difference  in  price, 
by  the  way,  was  enough  to  change  the  stand- 
ing of  these  two  bidders.  Bids  were  taken  on 
two  classes  of  concrete  masonry :  Class  A  and 
Class  B.  Class  A  amounting  to  about  135,000 
cu.  yds.  will  be  placed  in  lock  and  canal  walls 
and  is  in  general  massive  work  with  little  re- 
inforcement. Class  B,  37,000  cu.  yds.,  will  be 
placed  in  floors,  culverts  and  miter  walls.  It 
will  in  general  be  in  smaller  masses  and  more 
heavily  reinforced.  The  bids  on  the  concrete 
ranged  from  $3.85  per  cu.  yd.  to  $5.25  on  Class 
A,  and  from  $3.85  per  cu.  yd.  to  $7.25  per  cu. 
yd.  on  Class  B. 

The  lock  is  located  on  the  north  side  of  the 
St.  Mary's  Canal.  The  concrete  is  to  be  placed 
in  an  area  about  2,170  ft.  in  length  and  from 
130  ft.  to  1.50  ft.  in  width.  Each  lock  wall 
will  be  1.715  ft.  long.  Of  this  length  about 
1,200  ft.  will  be  26  ft.  wide  at  the  base  and 
about  50  ft.  high.  The  remaining  515  ft.  will 
be  occupied  by  gate  abutments  and  recesses. 
The  lock  floor  in  general  will  be  about  1%  ft. 
thick. 


Rapid    Transit    Construction    in    New  Concrete    Bridge    Construction    in 

York  City.  Illinois. 

The  contract  for  the  construction  of  a  part  Bridge  construction  in  Illinois  is  offering 
of  the  Gravesend  Ave.  elevated  railroad,  on  many  opportunities  to  contractors  specializing 
which  bids  were  opened  May  20,  has  been  in  smaller  undertakings  of  this  kind.  During 
awarded  to  the  Oscar  Daniels  Co.,  New  York  the  past  week  the  State-Highway  Commission 
City,  at  $863,775.  The  Gravesend  Ave.  line  is  began  advertising  for  bids  on  concrete  bridges 
to  connect  the  4th  Ave.,  Brooklyn,  subway  calling  for  a  total  of  1  204  cu.  yds.  of  con- 
with  Coney  Island.  It  will  be  a  three-track  crete.  The  County  Superintendent  of  High- 
elevated  railroad.  The  bids  were  for  Sec-  ways  of  Woodford  County  is  asking  proposals 
tion  No.  2,  which  covers  the  southern  portion  on  15  small  structures  requiring  170  cu.  yds.  of 
of  the  line,  extending  from  Bay  Parkway  concrete  and  20,000  lbs.  of  reinforcing  steel. 
(22nd  Ave.)  to  Avenue  X.  Bids  will  be  op-  Bids  will  be  opened  June  12  at  Mt.  Sterling, 
ened  June  15  on  Section  1  of  Route  No.  29,  HI.,  on  two  reinforced  concrete  bridges  esti- 
being  a  part  of  the  Eastern  Parkway  Rapid  mated  to  cost  $1,970,  and  on  another  bridge 
Transit  R.  R.  (Nostrand  Ave.  branch).  This  estimated  to  cost  $3,660  for  a  reinforced  con- 
will  be  a  2-track  underground  railroad  in  the  crete  structure  and  $2,855  for  a  steel  struc- 
Borough  of  Brooklyn,  beginning  at  a  point  un-  ture. 

der  Eastern  Parkway  about  192  ft.  west  of  The  state  work  is  located  in  the  following 
Nostrand  .Ave.  and  running  thence  under  counties:  Pulaski,  277  cu.  yds.;  Jasper,  583.7 
Eastern  Parkway  and  Nostrand  Ave.  to  a  cu.  yds. ;  Scott,  322.5  cu.  yds.  The  two  rein- 
point  about  220  ft.  south  of  Church  Ave.  forced  concrete  bridges  advertised  for  letting 
The  Public  Service  Commission  for  the  ^'  ^^^-  Sterling  will  be  built  between  Coopers- 
First  District  also  will  open  bids  June  11  for  '°'^'"  ^"/  R'Pley  Townships.  They  will  have 
the  supply  of  5,000.000  lbs.  of  steel  rails  and  ^P^"^  of  .30  ft.  and  36  ft.,  and  a  roadway  of 
corresponding  quantities  of  ties,  spikes  and  1*^  .";  height  over  all  will  be  11  ft.  and  10  ft. : 
other  materials  needed  for  track  equipment.  estimated  total  concrete,  73.8  cu.  yds.  and  81.8 
The  Commission  has  directed  its  Chief  En-  ^or J  .k  '  ^^nfccing  steel,  10,.576  lbs.  and 
gineer  to  prepare  plans  for  the  construction  1>5,660  lbs.  The  nearest  station  is  Mt.  Sterling, 
of  Utica  Ave.  subway  in  Brooklyn.  This  sub-  ^  '"''f^  distant  from  the  work.  Gravel  is  re- 
way  will  be  a  branch  of  the  Eastern  Parkway  1°!'^^'^  available  in  creek  within  200  ft.  of 
subwav.  which  will  be  operated  by  the  Inter-  bridge  sites  and  may  be  obtained  free  of 
borough  Rapid  Transit  Company.  It  will  be  charge.  Green  timber  for  falsework  may  be 
a  2-track  underground  railroad,  extending  F"',"^^''  D"dge  sites.  Low  water  flow,  dry; 
from  Eastern  Parkway  down  Utica  Ave.  to  "'8"  water,  7  ft.  and  6  ft.;  average  depth  of 
Flatbush  Ave.  The  Utica  Ave.  route  was  not  e.xcavation  is  6  ft.  and  7  ft.,  and  is  to  extend 
included  in  the  Dual  System  contracts  and  about  2  ft  below  stream  bed  to  gravel  and 
the  citv   has   not   appropriated   monev    for   its  '^°^,       m  ^?a  °"'  • 

construction.  Propertv  owners  in  the  vicinity  ^,"?^  $-3,660  reinforced  concrete  or  $2,855 
have  petitioned  the  Commission  to  have  it  !!^^'  bridge  is  to  be  constructed  in  Pea  Ridge 
built  upon  the  assessment  plan,  the  cost  tn  be  Township.  It  will  have  a  span  of  60  ft.,  18-ft. 
assessed  against  the  property  benefited.  This  roadway  and  height  over  all  of  16  ft.  The 
method  of  construction  is  permitted  by  the  estimated  total  concrete  in  reinforced  concrete 
Rapid  Transit  Act  but  has  never  before  been  |'''"5'"I_'^  '^  ^14,6  cu.  yds.;  reinforcing  steel, 
used.  d3,844  ros.  For  the  steel  bridge  the  estimated 
.A  new  route  for  a  connection  between  the  concrete  for  abutments  is  103.9  cu.  yds..  rein- 
Bronx  Park  branch  of  the  existing  subwav  at  forcing  steel  6,150  lbs.  The  nearest  railroad 
Simpson  St.  and  the  proposed  Pelham  Bay  station  is  Mt.  Sterling,  SVz  miles.  Gravel  is 
Park  branch  of  the  Lexington  Ave.  subwav  reported  f.  o.  b.  station  at  $1  per  ton.  Low 
in  The  Bronx  has  been  adopted  by  the  Pub-  ^"^^'^^  "°^v  '^  3  ft.  deep ;  high  water,  8  ft.  deep. 

lie  Service  Commission  for  the  First  District, 

and  sent  to  the  Board  of  Estimate.     The  new  Foreign    Orders      for      Railway   Equip- 

route   orovides   for  an   elevated   railroad   run-  . 

ning  through  Westchester  Ave.  so  as  to  join  .                    menl. 

the  two  lines.  The  railway  supply  and   equipment  market, 

after  nearly  two  years   of  dullness,   is  begin- 

Bidding  Prices  on  Macadam  in  Ken-  "'"S  '°  show  signs  of  activity.     Orders   for 

.      ,        rj,  cars   especiallv   have   shown   marked   improve- 

tUCKy    lown.  rnent.      During   the   first   three   weeks   of   this 

The    following    data    relate    to    some    con-  month  something  like  25,000  cars  were  ordered 

tracts  that  were   let   recently   in   the  town   of  by  American  railways.     During  May,  1914,  the 

Jackson,   Ky.     The  bidding  prices  in  view  of  number    was   7,.500.      Export   sales,   the    direct 

the    large    amount    of    macadam    construction  result    of    the    war,    have    been    an    important 

projected  by  various  counties  in  Kentucky,  are  factor  in  the  betterment.     One  of  the  largest 

of  interest.    The  bids  were  taken  on  two  types  car   orders   ever  placed   in   this   country   by   a 

of  surfacing.     One  of  these  was  known  local-  foreign  government  was  given  out  by  Russia 

ly  as  second  class  telford.    The  base  course  of  a   short   time   ago.     This   provided    for   22,000 

this   consists   of  native   sand   stone   and   is   to  freight    cars    and    was    divided    among    seven 

be   6   ins.   to   9  ins.   thick.     The   stone   is   not  companies.     Russia  also,  is  understood  to  have 

crushed  to  uniform  size  and  rolled:  neither  is  negotiations   now   underway    for   the   building 

comparable  with  a  true  telford.     The  second  of  40,000  additional  freight  cars  in  the  United 

course   is   3   ins.   thick,   consisting   of   crushed  States.     This  order  will  call   for  an  expendi- 

limestone  1%  ins.  down  to  %   in.     The  third  ture   of   about   $25,000,000.     In   addition    Rus- 

course  is  composed  of  screenings  from  %  in.  sians  are  reported  to  have  ordered  30  locomn- 

down.     The   macadam   had   a  base  course   of  fives,  40,000  tons  of   light   rails   and   are   said 

5  ins.  crushed  limestone  sized   from  3  ins.  to  to   be   negotiating   for   20,000   tons   additional, 

1%  ins.     The  bidding  prices  on  the  work  are  and   for  a   large  tonnage  of  bridge  steel   and 

shown  in  Table  I. 

TABLE  I. 

Est.  quantities.  fl)            (2)            (3)            (4)            (5)            (6) 

Excavation,    earth    l,.50n  cu.  yds.  $0.40         $0.40         $0.40         $0.38         $0.35         $0.40 

Excavation,    loose   rocl^ 625  cu.  yds.  .40             .40             .40            ...             .45              »!5 

Excavation,  solid   roclv 375  cu.  yds.  .40            .70             .40            .70              70           125 

Macadam     11,870  sq.  vds.  1.00          1.40           1.20           1.20           147           132 

Second    CI.    Telford 11.870  sq.  yds.  .99             .98           1.23           1.10           119 

Scarifying     1,185  sq.  yds.  .06%         ...  .19  .02 

Resurfacingr      fwith      second      and 

third    course)    1,185  sq.  yds.  .52            ...             .595           .80*           .77*           .50 

*Includes  scarifying. 

The  contract  was  awarded  to  bidder  No.  1,  track   supplies.     The   French   government   has 

John  W.  Dean.  Jackson,  Ky.,  on  second  class  placed    orders    in    the   United    States    for    107 

telford.     Limestone  is  not  available  in  the  im-  locomotives  and  has  taken  bids  on   100  more, 

mediate    vicinity    of   Jackson    and    has    to    be  It  also  is  reported  that  the  French  have  placed 

shipped  in.     The  freight  rate  is  3  cts.  per  100  orders    for   12,000  tons  of   nortable   track  and 

lbs.  for  8,000  tons  of  girder  rails. 
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A  $900,000  Irrigation  Project  in 
Oregon. 

Steps  are  being  taken  to  secure  funds  for 
the  construction  of  the  development  of  the 
Teel  Irrigation  District  in  Umatilla  County, 
Oregon.  On  July  ti  the  Board  of  Directors  of 
the  District  will  receive  bids  for  the  sale  of 
$800,000  of  the  20-year  6  per  cent  first  mort- 
gage bonds  of  the  district.  With  the  proceeds 
of  this  sale  it  is  planned  to  begin  work  on 
the  project.  The  district  was  organized  in 
August,  1912,  under  the  irrigation  district  laws 
of  Oregon.  In  June,  1913,  a  $1,200,000  bond 
issue  was  voted.  This  was  approved  by  the 
state  engineer  on  Feb.  17,  1914,  and  by  decree 
of  court  on  Feb.  28,  1914.  The  water  rights 
are  owned  by  the  district,  and  it  also  possesses 
power  permit  obtained   from  the  state. 

The  constructional  features  of  the  develop- 
ment include  a  reservoir  with  a  capacity  of 
31,300  acre  feet  of  water,  a  tunnel  2.34  miles 
in  length,  and  79.57  miles  of  main  canal, 
feeders  and  distributors.  The  dam  for  the 
reservoir  will  be  105  ft.  high  and  will  have  a 
bottom  width  of  200  ft.  and  a  top  width  of 
650  ft.  The  tunnel  will  have  a  cross-sectional 
area  of  49.47  sq.  ft.  and  a  fall  of  2(;.4  ft.  per 
mile.  The  main  canal  will  have  a  capacity  of 
350  cu.  ft.  per  second,  and  will  have  a  length 
above  the  tunnel  of  18.7  miles. 

The  Teel  Irrigation  District  contains  about 
20,000  acres.  J.  Frank  Spinning,  Echo,  Ore., 
is  Secretary  of  the  District,  and  W.  B.  Hinkle 
is  Chief  Engineer. 

Bill  Passed  for  Illinois  8-ft.  Waterway. 

There  are  some  prospects  that  construction 
may  he  started  in  August  on  the  proposed  8- 
ft.  waterway  for  the  state  of  Illinois.  The  bill 
authorizing  this  improvement  has  been  passed 
by  both  branches  of  the  legislature  and  prob- 
ably will  be  signed  this  week  by  the  Gover- 
nor. The  law  goes  into  effect  on  July  1,  and 
it  is  expected  by  that  time  the  Waterway 
Commission  which  will  be  in  charge  of  the 
work,  will  have  effected  its  organization 

The  estimated  cost  of  the  development  un- 
der  the   project   recommended  by  a   board   of 
engineers   is  $3,075,000,   itemized  as   follows : 
Work  on  I.  &  M.  Canal,  Joliet  to  Dres- 
den     *    509,480 

Locks    and    river    connections    at    Mar- 
seilles           682,1S0 

Dam,  locks,  etc.,  at  Starved  Rock 1,583,000 

New    locks   at    .Sanitary   Di-strict   power 
house,  Dockport 300,000 

The  project  was  outlined  in  our  issue  of 
March  3,  1915.  It  involves  the  deepening  of 
the  Illinois  River  from  La  Salle  to  Starved 
Rock;  the  construction  of  a  lock  and  dam  in 
the  Illinois  River  at  Starved  Rock ;  the  con- 
struction of  a  connecting  channel  and  lock  be- 
tween the  Illinois  River  and  the  Illinois 
and  Michigan  Canal  at  Walbridge  Creek;  the 
construction  of  a  crib  dam  in  the  Illinois 
River  just  above  Marseilles,  and  a  connect- 
ing channel  and  lock  between  the  Illinois  and 
Michigan  Canal  and  the  Illinois  River  at  this 
point.  The  other  features  of  the  plan  in- 
volve the  construction  of  a  connecting  chan- 
nel and  lock  between  the  Illinois  River  and 
the  Illinois  and  Michigan  Canal  at  a  point  just 
below  Dresden  ;  the  improvement  of  the  canal 
by  deepening  the  bed  and  constructing  locks 
from  Dresden  to  the  Southern  terminus  of  the 
drainage  canal  at  Joliet;  and  the  construction 
of  a  new  lock  at  the  Sanitary  District  power 
house  at  Lockport. 

A  10-Mile  Earth  Embankment  at  New 
Orleans. 

The  city  of  New  Orleans,  La.,  will  advertise 
for  bids  within  the  next  30  days  for  the  con- 
struction of  an  earthen  embankment  across 
the  marshes  of  Southern  Louisiana.  The  struc- 
ture will  be  appro.ximatcly  10  ft.  in  height,  with 
a  crown  width  of  30  ft.  and  a  base  width  of 
fiO  ft.  It  will  be  appro.ximately  .11,000  lin.  ft. 
in  lengtli  and  will  be  constructed  for  the  pur- 
pose of  creating  a  foundation  above  storm 
Gulf  of  Mexico  level  for  use  in  connection 
with  the  building  of  a  trans-continental  high- 
way leading  out  of  New  Orleans  in  an  easter- 
ly direction. 


The  embankment  naturally  will  have  to  be 
constructed  with  dipper  or  similar  type 
dredges.  The  requirement  will  be  that  two 
dredges  shall  be  operated,  one  at  each  end 
of  the  work,  to  a  point  of  meeting.  The  entire 
embankment  will  contain  about  600,000  cu  yds. 
of  earth  and  must  be  completed  within  one 
year  after  date  of  commencement.  W.  J.  Har- 
dee is  City  Engineer  of   New   Orleans. 


Classification    of   Technical    Literature. — 

Delegates  from  about  twenty  national  techni- 
cal and  scientific  societies  met  in  the  United 
Engineering  Society  Building.  29  West  39th 
Street,  New  York  City,  on  May  21,  1915,  to 
perfect  a  permanent  organization,  the  pur- 
pose being  to  prepare  a  classification  of  the 
literature  of  applied  science  which  might  be 
generally  accepted  and  adopted  by  these  and 
other   organizations. 

There  was  a  generally  expressed  opinion 
that  such  a  classification,  if  properly  pre- 
pared, might  well  serve  as  a  basis  for  the 
filing  of  clippings,  for  cards  in  a  card  index, 
and  for  printed  indexes;  and  that  the  pub- 
lishers of  technical  periodicals  might  be  in- 
duced to  print  against  each  important  article 
the  symbol  of  the  appropriate  class  in  this 
system,  so  that  by  clipping  these  articles  a 
file  might  be  easily  made  which  would  com- 
bine in  one  system  these  clippings,  together 
with  trade  catalogues,  maps,  drawings,  blue 
prints,  photographs,  pamphlets  and  letters 
classified  by  the  same  system. 

Permanent  organization  was  effected  by 
the  election  of  the  following  officers:  Chair- 
man, Fred  R.  Low;  Secretary,  W.  P.  Cutter; 
Executive  Committee,  the  above,  with  Edgar 
Marburg,   H.   W.   Peck,   Samuel   Sheldon. 

It  was  agreed  that  a  special  invitation  to 
participate  by  the  appointment  of  a  delegate 
be  sent  to  other  national  societies  which 
might  be  interested  in  the  general  plan. 

The  name  adopted  for  this  organization  is 
"Joint  Committee  on  Classification  of  Tech- 
nical Literature,"  and  the  temporary  address 
of  the  Secretary,  Mr.  W.  P.  Cutter,  is  29 
West  39th   street.   New   York  City. 


NEWS  LETTERS 
St.  Louis  Items. 

The  Bondurant  Construction  Co.  of  Hick- 
man, Ky..  has  200,000  yds.  of  levee  work  op- 
posite Hickman,  Ky.,  suitable  for  wheeler  out- 
fits to  sublet. 

Fire  was  kindled  last  week  under  the  ovens 
of  St.  Louis'  new  $2,000,000  coke  and  gas 
plant  in  Carondelet,  preparatory  to  the  open- 
ing and  actual  operation  which  is  scheduled 
for  June  15.  It  will  require  several  weeks  for 
the  ovens  to  become  thoroughly  heated.  The 
plant  was  erected  by  the  Laclede  Gas  Co.  and 
will  have  a  capacity  of  750  tons  of  coke  a  day. 
The  nine  buildings  occupy  the  larger  part  of 
180  acres  and  stand  on  the  site  of  the  Old 
Vulcan  Iron  Works. 

Construction  of  the  state  and  highway  east 
of  Alton  is  being  delayed  by  tests  of  20  car- 
loads of  brick  received  for  use. 

Hickey  Bros.,  Railway  Exchange  Bldg.,  St. 
Louis,  secured  the  contract  for  constructing 
4  earth  dams,  a  diversion  channel,  an  intake 
and  a  wet  well  at   Paris,  111. 

Attorneys  for  the  East  Levee  and  Sanitary 
District  filed  a  petition  for  condemnation 
proceedings  in  the  Circuit  Court  in  Belleville 
against  the  Southern  Railway,  the  Venice  & 
Carondelet,  the  Mobile  and  Ohio,  the  Alton  & 
Southern.  Julius  Pitzmann,  Edward  C.  Kehr, 
.'\ngust  A.  Busch  and  Clementine  Schunzel. 
The  levee  District  is  trying  to  get  a  right  of 
way  for  its  levee  in  the  southern  part  of  East 
.St.  Louis,  but  is  unable  to  reach  an  agreement 
with  the  defendants  as  to  the  price  for  the 
land  to  be  taken.  The  case  was  docketed  for 
the  September  term. 

Ed  Peterson.  1402  W.  O.  W.  Bldg..  Omaha. 
Neb.,  can  use  some  small  team  outfits  in  South 
Dakota. 

List  &  GifTord  Construction  Co.  of  Kansas 
City,  Mo.,  have  sublet  the  concrete  work  on 
their  M.  K.  &  T.  contract  near  Eufaula,  Okla., 
to  the  Gould   Const.   Co. 

J.  J.   Mclnerney  expects  to  finish  his  levee 


work  at  Ape.x.  Mo.,  within  a  few  weeks.  Is  in 
the  market  for  any  kind  of  grading. 

Mulvill  Bros,  have  several  outfits  on  road 
work  in  Washington  County,  Mo.  They  have 
teams  at  work  on  every  road  in  this  county. 

Ed  Harris  has  finished  his  work  at  West 
Frank,   111. 

M.  L.  Windham  was  with  us  a  dav  last 
week.  Windham  is  looking  for  team  work. 
West  Frankfort.  111.,  will  catch  him. 

Chester  H.  Krum,  as  special  master  in  the 
Wabash  case,  has  announced  the  sale  of  the 
entire  property  at  the  Franklin  Avenue  freight 
station  on  Wednesday,  June  23.  The  master 
takes  this  action  pursuant  to  the  decree  of  fore- 
closures of  the  first  refunding  and  extension 
mortgage  entered  in  the  Federal  Court  Janu- 
ary 30,  1914,  and  is  a  step  further  in  the  early 
reorganization  of  the  Wabash  Co. 

Hickey  Bros,  have  104,000  yds.  of  earth 
work  at  Paris,  III.,  to  sublet.  The  majority 
of  this  work  is  suitable  for  teams  or  drag 
lines. 

Excavation  work  was  begun  last  Monday 
on  the  site  of  a  three-story  warehouse  and 
elevator  to  be  erected  by  the  Valier  and  Spies 
Milling  Company  at  2511-19  East  Marcus 
Ave.,  at  a  cost  of  about  $100,000.  The  ware- 
house which  will  have  a  ground  area  60x90  ft., 
will  be  fireproof,  of  brick  and  reinforced  con- 
crete construction.  It  will  be  used  for  the  stor- 
age of  flour  milled  in  the  new  plant  of  the 
company  adjoining.  The  elevator  will  be  112 
ft.  high  and  a  duplicate  of  the  elevator  stand- 
ing near.  Lichter  &  Sons,  engineers,  drew  the 
plans  and  are  superintending  the  erection  of 
the  structures.  The  contract  has  been  award- 
ed to  the  Fruin-Colnon  Contracting  Co. 

Geo.  King  of  Alt.  Vernon.  111.,  w^as  awarded 
the  contract  for  supplying  60,000  ties  on  the 
Cairo  Division  of  the  Big  Four  R.  R. 

The  Woodriver,  Illinois,  refinery  of  the 
Standard  Oil  Co.  is  planning  to  build  a  new 
power  house  to  include  eight  boilers  of  500- 
HP.  each,  and  of  the  water  tubular  type. 

J.  W.  McMurray  Contracting  Co.,  Sharp 
Bldg.,  Kansas  City,  Mo.,  were  low  bidders 
for  constructing  about  4,200  ft.  of  standard 
three-row  timber  dike  on  Missouri  river  about 
a  half  mile  below  Cement  City,  Mo. 

Rust  &  Swift  have  made  a  running  start 
on  their  Government  revetment  job  near  St. 
Genevieve.  Mo. 

Lawrence  Kjerulff  of  Kansas  City,  Mo.,  was 
elected  president  of  the  Missouri  State  Con- 
vention of  the  National  Association  of  En- 
gineers at  the  Final  session  here  last  week. 
Other  officers  elected  were ;  Charles  T.  Park- 
inson, St.  Louis,  vice-president;  Rice  Nance. 
Kansas  City,  secretary,  and  F.  Middleton, 
Sedalia.   conductor. 

The  St.  Louis  Smelting  &  Refining  Co.  is 
going  to  build  a  1,700-ft.  spur  from  the  Van- 
dalia  R.  R.  into  their  plant  at  CoUinsville.  III. 
There  is  approximately  15,000  yds.  of  grad- 
ing to  be  done  on  this  job.  Richard  Watson 
is  Engineer  for  the  St.  Louis  Smelting  & 
Refining  Co.  at  CoUinsville,  III. 

The  Kremer-Voirol  Construction  Co.  of 
this  city  were  awarded  the  contract  to  install 
new  plumbing  at  the  Marine  Hospital  in  the 
southern  part  of  the  city.  Its  bid  was  $5,444. 
Work  will  start  immediatclv. 

A  circular  issued  May  27th  by  E.  A.  Hadley, 
chief  engineer  of  the  Missouri  Pacific-Iron 
Mountain  .System,  announces  the  appointment, 
effective  June  1st,  of  H.  R.  Carpenter  to  be 
assistant  chief  engineer,  with  headquarters  at 
St.  Louis,  vice  C.  E.  Smith,  resi.gned ;  and 
A.  F.  Dorley  as  engineer  of  Maintenance  of 
Way  of  the  Eastern  district,  with  headquarters 
at  .St.  Louis.  Mr.  Carpenter,  who  was 
graduated  from  the  engineering  department  of 
Yale,  entered  the  railroad  service  as  a  rod- 
man  on  the  ITnion  Pacific  in  1884.  Later  he 
worked  on  the  Denver  &  Rio  Grande  and 
served  four  years  as  chief  engineer  of  the 
Colorado  Springs  and  Cripple  Creek  Railway. 
He  has  been  with   the  Missouri    Pacific   since 

1905.  Dorley  was  made  an  assistant  engineer 
of    the    Missouri    Pacific-Iron      Mountain      in 

1906.  He  has  been  division  engineer  at  vari- 
oirs  points  on  the  Missouri  Pacific  proper  and 
was  brought  to  St.  Louis  on  December  10. 
1910,  as  engineer  of  water  service.     On  .April 
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1st,    1914,    he    was    promoted    to    be    principal 
assistant   engineer. 

Hicls  amounting  to  $1,1)00,000  for  levee  con- 
struction work  were  opened  Wednesday  by 
Maj.  Markham,  U.  S.  Engineer  at  Memphis, 
Tenn.,  and  contracts  will  lie  awarded  later. 
The  bids  were  for  the  construction  and  re- 
pair of  levees  in  the  upper  and  lower  St. 
I'Vancis  levee  districts  and  in  the  White  River 
districts.  The  following  submitted  bids:  S. 
R.  Mughes,  Roper  Bros.,  A.  H.  Carey,  Ogles- 
by  Construction  Co.,  Walter  H.  Dennison, 
11.  13.  Blank';  Levee  Construction  Co.,  M.  C. 
Conners  &  Co.,  Jackson  Construction  Co. 
Sessions,  Walker  &■  Hill,  Bonder,  Clark  &  Co., 
Bondurant  Construction  Co.,  R.  L.  Leonard. 
Rogers  Bros.,  M.  Tansey,  Fred  M.  Grain  & 
Co.,  Uunivan  &  Daily,  W.  T.  Lowrence  &  Co., 
George  F.  Ramsey,  J.  A.  Burke,  Bond  &  Mc- 
Murray,  Campbell,  Joyce  &  Co.,  Grant  Smith 
&  Locker,  Roach  &  Stansell,  LaLann  Bros., 
J.  M.  Sullivan,  Claude  Cummins,  E.  William- 
son, Yale  Reagan  &  Co.,  Hercules  Companv, 
J.  E.  Scott  and  S.  M.  Bush. 

The  two  weeks  of  continuous  rain  we  had 
in  this  part  of  the  country  has  put  quite  a 
number  of  our  contractors,  especially  those 
working  on  the  river,  out  of  business  tem- 
porarily. At  this  writing  the  river  is  coming 
up  at  a  rapid  gait  and  the  weather  bureau 
predicts  flood  stages  ajong  the  Missouri  and 
Mississippi  rivers  during  next  week.  The 
crops  in  this  part  of  the  country  have  not 
been  damaged  to  any  extent,  owing  to  the  ex- 
tremely dry  spring.  The  grouiid  is  absorb- 
ing most  of  the  rain  which  is  more  beneficial 
than  detrimental  to  the  farmers. 

The  Mississippi  River  Commission  here 
will  receive  bids  until  11  A.  M.,  June  17th, 
for  constructing  about  175,000  cu.  yds.  of 
earth  work  in  the  East  Side  Levee  and  Sani- 
tary  district. 

H.  H.  Hall  Construction  Co.  of  East  St. 
Louis  were  awarded  the  contract  for  building 
two  miles  of  state  road  in  St.  Clair  County, 
111.  The  road  bed  will  be  10  ft.  of  concrete 
with  4  ft.  of  macadam  on  each  side,  making 
the  road  18  ft.  wide.  The  cost  will  be  borne 
in  equal  parts  by  the  County  and  the  State. 
The  Hall  Construction  Co.'s  bid  was  $16,900. 
The  next  nearest  bid  was  $17.3.33  per  mile. 

The  Burlington  R.  R.  Co.  are  going  to  re- 
place the  old  Hannibal  Bridge  at  Kansas  City 
with  a  new  double  deck  structure.  The  Union 
Bridge  and  Construction  Co.  of  Kansas  City 
secured  the  contract  for  the  substructure.  The 
building  of  the  steel  superstructure  will  be 
done  by  engineers  of  the  railroad.  The  total 
cost  will  be  slightly  over  a  million  dollars. 
The  new  bridge  will  be  1,55.5  ft.  in  length. 
The  substructure  will  consist  of  one  47-ft. 
octagonal  pier,  four  rectangular  piers,  each 
measuring  27x7'2  ft.,  two  abutments  and  sev- 
eral smaller  piers.  All  the  piers  will  be  sunk 
by  the  pneumatic  system  to  bed  rock,  at  an 
average  depth  of  6fi  ft.  below  the  water  level. 
The  superstructures,  which  will  be  all  steel, 
will  be  built  on  two  levels,  the  lower  for  a 
double  railway  track  and  the  upper  for  a 
traffic  way.  There  will  be  a  draw  span  of  450 
ft.,  two  fixed  truss  spans  of  .330  ft.  each,  with 
girder  spans  on  the  approaches. 

Owsley  &  Mann  secured  the  contract  for 
clearing  right  of  way  on  the  Little  River 
Drainage  Ditch  near  Kirk^  Mo. 

The  4  miles  of  streets  in  which  all  wires 
must  be  placed  underground  in  the  next  year 
and  the  poles  eliminated  was  fixed  by  an  order 
of  the  Board  of  Public  Service.  The  districts 
named  were :  Kings  Highway  from  Arsenal 
St.  to  Scott  ave. ;  Arsenal  st.  from  Kings  High- 
way to  Spring  ave. :  Washington  blvd.  from 
Kings  Highway  to  Taylor  Ave.  The  wire  us- 
ing companies  were  required  by  the  board  to 
sign  written  agreements  that  at  any  time 
LTnion  boulevard,  from  Lindell  to  Easton  aves.. 
is  reconstructed  they  will  place  their  wires 
in  conduits  and  take  down  their  poles  on  that 
highway.  An  ordinance  enacted  three  years 
ago  requires  all  wires  in  St.  Louis  to  be  placed 
underground.  The  WM>es  on  two  miles  of 
streets  was  to  be  placed  in  conduits  the  first 


year,   three   miles   the   second   and    four   miles 
each  year   thereafter. 

The  Board  of  Public  Service  last  Wednes- 
day agreed  to  recommend  to  the  Board  of 
Aldermen  drafts  of  ordinances  establishing 
lienelit  or  taxing  districts,  that  is  showing 
those  whose  property  will  be  assessed  for  the 
cost  of  the  following  street  improvements  and 
reconstructions : 

Reconstruction  of  Page  blvd.  from  Whittier 
St.  to  Newstead  ave.;  improvements  of  West 
Park  ave.  from  the  east  line  of  Forest  Park 
Home  place  to  McCaysland  ave.:  improvement 
of  Marine  ave.  from  the  center  line  of  Keokuk 
St.  ruiuiing  east  of  Marine  ave.  to  Broadway: 
improvement  of  Compton  ave.  from  Chippewa 
St.  to  Winnebago  St.;  reconstruction  of  Gane 
ave.  from  Penrose  st.  to  Florissant  ave. ;  im- 
provement of  Forest  ave.  from  Dale  ave.  to 
Clayton  ave.;  improvement  of  Crittenden  st. 
from  Indiana  ave.  to  Gravois  ave.;  improve- 
ment of  West  Park  ave.  from  McCausland 
ave.  to  City  limit  of  1876;  improvement  of 
Cherokee  st.  from  Gravois  ave.  to  Grand  ave.; 
improvement  of  Crittenden  st.  from  Lemp 
ave.  to  Indiana  ave.:  improvement  of  Ashby 
ave.  from  Euclid  ave.  to  Kings  Highway;  im- 
provement of  Ohio  ave.  from  Sidnev  st.  to 
Shenandoah  ave.;  improvement  of  Thurman 
blvd.   from  McRee  ave.  to  Folsom  ave. 

The  Oglesby  Construction  Co.  of  Memphis, 
Tenn.,  were  low  bidders  on  1,9.30,000  cubic 
yards  of  levee  work  in  the  upper  St.  Francis 
Levee  District,  bids  for  which  were  opened 
by  Major  Markham,  U.  S.  Engineer  in  Mem- 
phis, Tenn.,  on  May  26th. 

S.  ^L  Bush  of  Memphis,  Tenn.,  put  in  the 
lowest  bid  for  1,.333,300  cubic  yards  of  levee 
and  banquetting  in  the  lower  St.  Francis  Dis- 
trict. 

Rodgers  Bros,  of  Memphis,  Tenn.,  were  low 
for  630,000  yards  of  levee  work  in  the  White 
River  District. 

Vale  &  Reagan  of  Chicago,  III,  were  the 
only  firm  outside  of  Memphis  contractors  that 
were  in  the  money  at  the  big  Government 
levee  letting  in   Memphis  on  May  26th. 

A.    B.    KOENIG. 


PERSONALS 

Mr.  John  W.  Moran  has  been  elected  super- 
intendent of  the  Fall  River  Water  Department, 
Fall  River,  Mass.,  after  an  open  competitive 
examination.  Mr.  Moran  was  master  me- 
chanic and  chief  engineer  for  the  Kerr  Manu- 
facturing Co.  from  1906  to  1909.  Since  1909 
he  has  been  chief  engineer  of  the  Fall  River 
Water   Department. 

Mr.  F.  M.  Rutter  has  been  appointed  assist- 
ant superintendent  on  the  Ontario  division, 
Canadian  Pacific  Railway.  Mr.  Rutter  has  been 
in  the  engineering  department  of  that  railway 
for  the  past  thirteen  years  and  has  held  the 
positions  successively  of  chainman,  rodman, 
transitman  and  resident  engineer  on  location 
and  construction;  rodman.  transitman  and  res- 
ident engineer  and  assistant  division  engineer 
in  the  maintenance  of  way  department. 

Mr.  Frederick  J.  Anderson  has  been  ap- 
pomted  city  engineer  of  South  Bend.,  Ind., 
succeeding  Mr.  W.  S.  Moore,  who  resigned  to 
accept  a  similar  position  in  Grand  Rapids, 
Mich.  Mr.  Anderson  graduated  from  Purdue 
in  1900.  He  was  assistant  engineer,  mainten- 
ance of  way,  for  the  Big  Four  from  1900  to 
1901.  and  for  seven  years  thereafter  was  with 
Mr.  A.  J,  Hammond,  consulting  engineer. 
During  the  year  1908  he  was  resident  engineer 
on  construction  for  the  Chicago.  South  Bend 
&  Northern  Indiana  (Electric)  Railway,  and 
m  1909  was  engineer  for  that  companv. "  From 
'909  to  1915  he  was  assistant  citv  engineer  of 
South  Bend. 

Mr.  Howard  W.  Holmes  has  been  appointed 
-Assistant  State  Highway  Engineer  of  Oregon, 
and  as  such  will  have  charge  of  the  design  and 
construction  of  bridges,  structures  and  "hard- 
surface"  pavement  construction,  specifications 
and  "standards."  etc.  Mr.  Holmes  has  been 
actively  engaged  in  the  design  and  construc- 
tion of  bridges  and  highways  during  the  past 


11  years.  He  was  assistant  engineer  for  the 
Associated  Oil  Co.  in  Kern  county,  California, 
in  1905-06.  For  four  years  following  he  was 
employed  as  designing  and  construction  en- 
gineer on  bridge  and  highway  work,  and  in 
1910  was  made  designing  engineer  of  bridges 
and  structures  for  the  city  of  Portland,  Ore. 
In  1912-13  he  was  superintendent  of  construc- 
tion for  the  city  of  Portland,  and  during  the 
latter  part  of  1913  and  until  October,  1914,  he 
was  Chief  of  the  Bureau  of  Highways  and 
Bridges  of  Portland.  Since  October,  1914,  Mr. 
Holmes  has  been  engineer  in  charge  of  grade 
crossing  elimination  plans  for  the  city. 

Mr.  Don  H.  Bark  has  been  appointed  by  the 
Canadian  Pacific  Railway  as  irrigation  advisor 
to  settlers  and  management  of  the  railroad's 
irrigation  system,  with  headquarters  at  Cal- 
gary. The  system  consists  of  approximately 
one  million  acres  of  irrigible  land  lying  east 
of  Calgary  in  Alberta.  Mr.  Bark  will  inaugur- 
ate a  department  of  skilled  irrigation  agricul- 
turalists to  aid  and  advise  the  settlers  and 
management.  Mr.  Bark  is  well  trained  for  this 
work.  He  was  irrigation  expert  for  the  Twin 
Falls  Land  &  Water  Co.,  Twin  Falls,  Idaho, 
in  1905  and  1906,  and  held  the  same  position 
with  the  Wyoming  Central  Irrigation  Co.  at 
Riverton.  Wyo.,  during  1907.  He  was  in  charge 
of  irrigation  investigations  for  the  U.  S.  De- 
partment of  Agriculture  in  the  state  of  Kan- 
sas in  1908,  and  was  irrigation  engineer  in 
charge  of  U.  S.  irrigation  investigations  in 
Idaho  from  May  1,  1909,  to  May  8,  1915.  While 
in  Idaho,  Mr.  Bark  planned  and  carried  out 
a  broad  and  comprehensive  duty  of  water  in- 
vestigation, the  results  of  which  were  pub- 
lished in  bulletin  form  by  the  Idaho  state  en- 
gineer's office  in  1913  and  again  in  January. 
1915. 

CONTRACTORS. 

William  Flick,  contractor  of  Cascade,  Colo., 
was  recently  awarded  the  contract  for  18  miles 
of  automohile  highw.ay  from  Cascade  to  the 
top  of  Pike's  Peak,  including  the  grading, 
bridges  and  culverts.  Mr.  Flick  has  "handled 
numerous  other  construction  projects  along 
that  line.  Among  the  contracts  noted  by 
Engineering  and  Contracting  were  the  Ox 
Bow  tunnel  in  Idaho,  Colorado  &  Southern 
Railroad  construction,  and  Union  Pacific  rail- 
road work.  Mr.  Flick's  office  is  located  at  1-556 
William  street,  Denver,  Colo. 


OBITUARIES 

John  McKechney,  a  retired  contractor,  died 
at  hi^s  home  in  Chicago,  Ma-  25,  aged  70.  Mr. 
McKechney  was  born  in  Quebec,  and  came  to 
Chicago  in  1864.  The  firm  of  Hill,  McKech- 
ney &  Co.  was  identified  with  the  construction 
of  the  Illinois  Central  and  other  roads  through 
the  south  and  of  the  Baltimore  &  Ohio 
through  Indiana.  Later  the  firm  of  Weir,  Mc- 
Kechney &  Co.,  general  contractors,  built  a 
section  of  the  sanitary  canal  and  the  northwest 
land  tunnel.  Mr.  McKechnev  retired  eight 
years  ago. 

Richard  R.  Parkin,  organizer  of  the  Elgin 
Water  Works  and  superintendent  since  its 
installation  in  1888.  died  at  Hume,  N.  D.,  May 
13,  aged  66.  Mr.  Parkin  lived  in  or  near  El- 
gin nearly  all  of  his  life.  After  the  Civil  War, 
through  which  he  served,  he  became  a  mem- 
ber of  the  city  volunteer  fire  department  and 
served  as  chief  from  1878  to  1881.  In  1882, 
when  several  hose  companies  were  formed, 
Mr.  Parkin  organized  the  R.  R.  Parkin  Hose 
Co.,  and  was  its  foreman.  In  1885  he  was 
elected  alderman,  and  resigned  that  office  to 
assume  the  superintendency  of  the  municipal 
water  works  in  1888. 

Colonel  Samuel  D.  Lehr  died  at  his  home 
in  Allentown,  Pa.,  May  18,  aged  77.  Mr.  Lehr 
was  born  in  Allentown,  and  began  engineering 
work  in  the  service  of  the  Allentown  & 
Auburn  Railroad  in  1853.  Prior  to  the  civil 
war  he  was  for  several  years  in  the  office  of 
the  -A.llentown  city  engineer.  After  the  war, 
through  which  he  served,  rising  to  the  rank 
of^  colonel,  he  returned  to  Allentown  and 
joined  G.  A.  Aschbach  in  civil  engineering 
practice.  In  1868  with  Richard  R.  Emery  he  es- 
tablished a  practice  which  was  maintained  un- 
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til  the  death  of  Mr.  Emery  in  1872.  In  1869  he 
became  citv  engineer  and  filled  that  office  for 
20  years.  He  then  took  up  private  practice 
once  more  with  J.  Howard  ISIirtz  as  a  part- 
ner. The  association  continued  until  1897. 
In  1890  Col.  Lehr  was  elected  mayor  of  Allen- 
town  and  held  that  office  for  several  terms. 
.A.t  the  time  of  his  death  he  was  superintendent 
of  streets  and  public  works. 

James  Barr,  engineer  in  charge  of  the  Vic- 
toria Park  water  supply  project  at  Toronto, 
was  one  of  the  victims  of  the  Lusitania  dis- 
aster. Mr.  Barr  was  on  leave  of  absence  from 
the  city  engineering  department  of  Toronto, 
and  with  his  wife  was  on  his  way  to  a  visit 
with  his  father,  Mr.  John  Barr,  managing 
director  for  Messrs.  Glenfield  &  Kennedy, 
hydraulic  engineers  of  Kilmarnock.  Scotland. 
Mr.  Barr  was  30  years  old  and  had  received 
his  engineering  education  at  the  University  of 
Glasgow,  .\fter  being  employed  in  engineering 
work  first  by  a  German  firm  and  later  by  the 
firm  with  which  his  father  is  associated,  Mr. 
Barr  came  to  Canada  in  1910  and  entered  the 
employ  of  the  John  Englis  Co.,  Ltd.,  of  To- 
ronto. Later  in  that  year  he  joined  the  staff 
of  the  city  works  department,  Toronto,  as 
assistant  engineer.  He  rapidly  gained  promo- 
tion and  soon  became  chief  assistant  to  Mr. 
Milne,  mechanical  and  electrical  engineer  for 
the  city.  In  1913,  still  retaining  his  position, 
he  was  also  placed  in  charge  of  the  Victoria 
Park  scheme.  He  was  a  member  of  the  .Amer- 
ican Waterworks  Association. 

.\mong  the  passengers  on  the  Lusitania 
when  it  was  torpedoed  off  Kinsale  was  James 
Blaine  Miller,  a  member  of  the  field  force  of 
the  United  States  Coast  and  Geodetic  Survey. 
The  list  of  survivors  does  not  contain  his 
name,  and  it  is  practically  certain  that  he  went 
down  with  the  vessel.  For  several  years  Mr. 
Miller  had  been  in  command  of  the  Survey 
steamer  Patterson,  engaged  in  surveying  work 
in  the  Hawaiian  Islands  and  on  the  coast  of 
Alaska,  but  in  March  of  this  year^  he  was 
detached  from  that  command  and  given  sev- 
eral months'  leave  to  enjoy  a  vacation  in 
Europe.  Mr.  Miller  was  born  in  1883,  was 
graduated  from  Oberlin  in  1903,  and  entered 
the  Survey  shortly  after.  His  12  years  of 
service  were  devoted  chiefly  to  hydrographic 
and  leveling  work.  In  1914,  while  in  commajid 
of  the  Patterson,  he  made  a  remarkable  cruise 
of  1,600  miles  to  rescue  the  crew  of  the  Ta- 
homa.  wrecked  on  a  reef  in  Bering  Sea.  For 
this  service  he  was  presented  with  a  medal  by 
the  rescued  officers  and  crew  of  the  Tahoma. 


CIVIL  SERVICE  NEWS 

The  New  York  State  Civil  Service  Com- 
mission announces  the  following  examinations 
to  be  held  on  June  26 : 

Junior  .Assistant,  Engineering  Departments; 
$901  to  $1,200  per  annum. 

Special  .Assistant  in  Chemistry;  $1,200  per 
annum. 

Landscape  Draftsman,  Bronx  Parkway  Com- 
mission; $1.-500  to  $1,800  per  annuni. 

The  U.  S.  Civil  Service  Commission  an- 
nounces   the    following    e.xamination : 

Junior  Railway  Civil  Enginer ;  $720  to 
$1,680  per   annum;   June  23. 


NEW  CATALOGUES 

Water     Meters. — Paper,    3%x6    ins. ;    16    pp. 

Thomson  Meter  Co.,  Brooklyn,  N.  Y. 

The  191")  illustrated  price  list  of  the  Lam- 
bert Meter,  showing  sectional  view  of  meter 
and  cuts  of  component  parts. 

Valves.— Paper,  3%x0  ins. ;  4  pp.    Birch  Valve 
and    Manufacturing    Co.,   970   Montana    St., 
Chicago. 
Describes    Birch    pump    va'ves,    and   .shows 

views  of  top,  lower  side  and   cross-section. 

Lioum  Chlorine.— Paper.  4%x9V2  ins.;  24  pp. 

Electro  Bleaching  Gas  Co.,  25  Madison  Ave., 

New  York  City. 

"Perfect  Sterlization"  is  the  subject  of  this 
booklet  which  describes  the  many  uses  and  the 
different  types  of  liquid  chlorine  equipment. 
Illustrated. 


PiSTo.N  Rings. — Paper,  3x6  ins. ;  8  pp.  Uurd 
High  Compression  Ring  Co.,  Rockford,  111. 
Describes  "Burd"  high  compression  piston 
rings,  their  construction  and  application,  to- 
gether with  data  on  sizes  and  prices.  Illus- 
trated. 

Valves. — Paper  folder.    Iowa  Valve  Co.,  Os- 

kaloosa,  Iowa. 

Shows  the  Iowa  patent  fire  hydrant  and 
Iowa  gate  valves,  indicator  posts  and  valve 
boxes.  List  of  sizes  and  prices  of  standard 
types. 

Oil-Drh'en  Co.mpressors. — Paper,  6x9  ins. ;  24 
pp.  Chicago  Pneumatic  Tool  Co.,  Fisher 
Bldg.,  Chicago. 

Bulletin  No.  34-U,  giving  instructions  for 
installing  and  operating  "Chicago  Pneumatic" 
class  N-SO  fuel  oil  driven  compressors.  Illus- 
trated. 

Building    Construction. — Paper,    3%x6    ins. ; 

12  pp.    H.  Edsil  Barr,  Mechanical  Engineer, 

907  Palace  Bldg.,  Erie,  Pa. 

The  Barr  economic  system  of  construction 
for  industrial  buildings,  warehouses,  etc.,  is 
briefly  but  explicitly  described.  Views  of  a 
number  of  structures  of  different  types  are 
shown. 

Steel  Fabric. — Paper,  7x9%  ins. :  26  pp.  Clin- 
ton Wire  Cloth  Co.,  Clinton,  Mass. 
The  April  number  of  "Steel  Fabric,"  the 
company's  journal  of  fireproof  construction 
and  concrete  reinforcement.  Contains  articles 
on  Red  River  Levees,  Waterproofing  Steel- 
Floor  Bridges,  and  a  Cinder  Concrete  Floor 
Test.     Illustrated. 

Cast   Iron    Pipe. — Paper,  81^x6   ins.;   60   pp. 

.American  Cast  Iron  Pipe  Co.,  Birmingham, 

Ala. 

American  Pipe  Manual  for  users  of  cast 
iron  pipe,  giving  standard  specifications  for 
cast  iron  pipe  and  fittings,  and  a  number  of 
other  tables  for  use  in  making  estimates  on 
water  and  gas  works  construction. 

Slip  Joints. — Paper,  4%x6%  ins.;  .36  pp.  Mul- 
tiplex Manufacturing  Co.,  Berwick,  Penn. 
Describes  Crispin  Slip  Joints  to  be  used 
wherever  it  is  necessary  to  remove  and  replace 
a  piece  of  pipe  or  any  water  works  fixture, 
and  in  connection  with  pumping  station  and 
filtration  plant  piping.  Gives  dimensions,  price 
list  and  directions  for  installation.     Illustrated. 

Feed  Water  Filters. — Paper,  6%x3%  ins.;  12 
pp.  Ross  Valve  Manufacturing  Co.,  Oak- 
wood  .Ave.,  Troy,  N.  Y. 

Description  of  feed-water  filter  or  oil  sep- 
arator, used  in  stationary  plants  or  on  steam- 
ers for  removing  oil  from  feed-water,  when 
a  condenser  is  used.  Shows  photograph  and 
sections  and  gives  directions  for  operating, 
price  list  and  table  of  dimensions. 

Steel  Tanks. — Paper,  3%x6  ins.;  32  pp.  Pitts- 
burgh-Des    Moines    Steel    Co.,    316    Rialto 
Bldg.,  San  Francisco,  Cal. 
Describes  the  exhibit  of  the  company  at  the 
Panama-Pacific  Exposition,  shows  views  of  a 
number   of   municipal,    industrial     or     railway 
tanks,   and   gives   some   data   on   construction. 
.Also  gives  a  list  of  water  towers  and   stand- 
pipes   built  by   the  company,   with   height   and 
capacities. 

Filter  Equipment. — Paper,  6x9  ins.  Pitts- 
burgh Filter  Manufacturing  Co.,  Pittsburgh, 
Pa. 

Bulletin  F.  E.  .5,  illustrating  the  various 
devices  for  use  in  filtration  plants,  which  have 
been  designed  bv  the  company.  Includes  oper- 
atint.'  and  sample  tables,  loss  of  head  and  re- 
cording gages,  effluent  controllers,  strainer  and 
manifold,  valve  stands,  wash  troughs,  balanced 
and  shutter  valves,  water  level  controller  and 
water  motors. 

Water  Meters. — Paper,  6x9  ins. ;  48  pp.  Pitts- 
burgh Meter  Company,  East  Pittsburgh,  Pa. 
Catalogue  of  the  Keystone  and  Eureka 
water  meters,  showing  by  duo-tone  engrav- 
ings all  of  the  details  of  disc  chambers,  rein- 
forced   discs,   bronze   cases,   and    other   parts. 


Describes  special  meters  for  various  uses, 
shows  application  of  Keystone  portable  test 
meter,  Eureka  water-cart  or  standpipe  meter, 
etc.,  and  gives  directions  for  reading,  proving, 
setting,  etc. 

Mechanical  Filtration. — Paper,  6x9  ins. ;  16 
pp.     Pittsburgh    Filter    Manufacturing    Co., 
Pittsburgh,  Pa. 
Bulletin  M.  F.  7,  illustrating  and  explaining 

the  company's  methods  and  means  of  producing 

pure    water    and    showing    a    number    of    the 

municipal  plants  installed. 

Concrete  M.^chinery. — Paper,  9x11  ins.;  36 
pp.  Lansing  Co.,  2818  West  St.,  New  York 
City. 

Catalogue  No.  12-C,  describing  construction 
and  operation  and  showing  the  various  models 
and  equipment  of  Lansing  concrete  batch  mix- 
ers, advance  continuous  mixers,  Lansing  mor- 
tar mixers,  gasoline  hoists,  concrete  barrows, 
etc.  Gives  tables  of  sizes,  capacities,  general 
specifications,  etc. 


CATALOGUE  REVIEWS 

Asphalt. — Paper,  6x9  ins.;  30  pp.   The  Barber 

Asphalt  Paving  Co.,   Philadelphia,   Pa. 

"Trinidad  and  Bermudez  Asphalts  and  Their 
Use  in  Highway  Construction,"  by  Clifford 
Richardson.  The  pamphlet  is  illustrated  with 
views  of  the  asphalt  lakes  from  which  these 
materials  are  obtained,  their  transportation 
and  application  to  road  work.  The  deposits 
and  their  exploitation  are  described  and  the 
composition  of  the  crude  and  refined  products 
e.xplained.  Some  data  as  to  quantities  of  ma- 
terials shipped,  etc..  the  uses  of  asphalt  in  the 
construction  of  pavements,  service  tests,  and 
types  of  pavement  are  given. 
Chlorine    Control   .Apparatus.— Paper,    9x12 

ins. ;   36   pp.    Wallace  &  Tiernan   Co.,   Inc., 

136  Liberty  St.,  New  York  City. 

Chlorine  control  apparatus  for  water  and 
sewage  purification  is  the  subject  of  a  com- 
prehensive and  interesting  booklet  being  sent 
out  by  Wallace  &  Tiernan,  manufacturers  of 
chlorine  apparatus.  The  history,  theory  and 
practice  of  utilizing  chlorine  for  water  puri- 
fication are  fully  discussed,  and  the  different 
types  of  Wallace  &  Tiernan  apparatus  de- 
scribed in  detail,  with  views  of  typical  installa- 
tions and  diagrams  showing  design.  .A  chart 
of  operation  with  explanation,  description  of 
efficiency  test  with  diagrams,  reports  of  ex- 
perience of  several  water  companies  and  mis- 
cellaneous chlorine  data  are  included. 


INDUSTRIAL  NOTES 

The  United  States  Cast  Iron  Pipe  &  Foun- 
dry Co.  will  open  a  new  office  in  Kansas  City, 
Mo.,  at  1404  R.  -A.  Long  Building,  about  June 
1st.  The  new  office  will  be  under  the  charge 
of  R.  C.  Clifford,  formerly  of  the  St.  Louis 
office  of  this  company. 

The  Terry  Steam  Turbine  Co.,  of  Hartford, 
Conn.,  has  appointed  .Mr.  Merton  .A.  Pocock 
as  District  Sales  Manager  for  the  territory 
included  in  the  States  of  Minnesota,  North 
Dakota  and  South  Dakota.  His  office  is  400 
Endicott  Bldg.,  St.  Paul.  This  arrangement 
supersedes  the  previous  selling  agreement  with 
Robinson,  Cary  &•  Sands  Co.  of  St.  Paul.-  The 
Terrv  Steam  Turbine  Co.  also  has  appointed 
the  ilawkins-Hamilton  Co.,  Peoples  National 
Bank  Bldg.,  Lynchburg.  Va.,  as  its  representa- 
tive for  the  State  of  Virginia. 

The  Hyman-Michaels  Co.,  122  S.  Michigan 
.Ave.,  Chicago,  which  succeeded  to  the  scrap 
iron  and  rail  business  of  the  Block-PoUak  Iron 
Co.  several  years  ago,  has  established  a 
well  equipped  plant  at  .Adelaide  and  Bulwer 
.Aves.  in  the  St.  Louis  district.  The  installa- 
tion includes  a  number  of  shears,  acetylene 
cutting  apparatus,  and  contrivance  lor  sorting, 
cutting  and  testing  materials.  The  Hyman- 
Micbaels  Co.  also  have  installed  at  St.  Louis, 
a  rail  plant  for  the  handling  of  new  and  re- 
laying rails.  Some  time  ago  the  company 
inaugurated  a  standard  inspection  bureau  in 
connection  with  its  rail  department,  the  result 
(if  which  has  been  highly  gratifying. 


34 


Engineering   and    Contracting 


\'ol.  XLIII.     No.  22. 


RAILWAYS 

BIDS  ASKED. 

Arizona: 

Warren,  Ariz.— Tucson,  Cornelia  &  Gila 
Bend  R.  R.,  as  noted  in  our  last  issue,  is  call- 
ing for  bids  until  June  10  for  constructing  42 
miles  of  line  from  Gila,  .•\riz.,  to  Ajo,  Ariz. 
Bridge  contractors  can  submit  bids  direct  to 
railroad  company  on  trestle  and  culvert  por- 
tions of  the  work.  R.  H.  Jones,  Gila  Bend, 
.Ariz.,  is  Chief  Engineer. 
Washington : 

Seattle.  Wash.— Until  11  a.  m.,  June  10,  by 
C.  E.  Dole,  Purchasing  .Agent,  Alaskan  Engi- 
neering Commission,  Seattle,  for  furnishing 
88it  tons  relay  rail,  angle  bars,  turnouts,  track 
bolts  and  track  spikes. 

PROSPECTIVE  WORK. 

California : 

Highland,    Cal. — Pacific    Electric    Ry.,    Los 
Angeles,   is  reported   contemplating  extending 
its  Highland  line  from  San  Bernardino  to  East 
Highland  and  Del  Rosa. 
Connecticut: 

Xew  Britain,   Conn. — Connecticut  Co.,   New 
Haven,   Conn.,   has   completed   plans    for   new 
line  through  Myrtle  and  other  streets. 
Idaho : 

Lewiston,  Idaho. — Lewiston,  Nez  Perce  & 
Eastern  Ry.,  incorporated  early  in  April,  has 
taken  steps  for  financing  its  project  and  it  is 
probable  the  first  block  of  $2.50,000  of  stock  will 
be  placed  on  market  soon.  Company  proposes 
line  east  from  Lewiston  into  Central  Idaho. 
Z.  A.  Johnson,  Lewiston,  President  Xez  Perce 
&  Idaho  R.  R.,  is  interested. 
Kentucky : 

Barbourville,  Ky.— Cumberland  R.  R.,  T.  H. 
Hayden,  General  Manager,  Barbourville,  is 
considering  building  line  from  Warren  to  Jel- 
lico,   Tenn.,   18  miles. 

Manchester,  Ky. — Cumberland  &  Manchester 
R.  R.  Co.  has  been  incorporated  with  $50,000 
capital  stock  and  proposes  railroad  from  Man- 
chester to  Barbourville,  a  distance  of  24  miles. 
The  incorporators  include  F.  M.  Heidrick  of 
Brooksville,  Pa.,  R.  E.  Heidrick  of  Clarion, 
Pa.,  W.  D.  Clark  of  Franklin,  Tenn.,  and  C. 
B.  Lytle  of  Manchester,  Ky. 
New  York: 

Mew  York,  X.  Y. — The  Governor  has  signed 
bill  authorizing  construction  of  marginal  rail- 
way in  Brooklyn  by  Xew  York  City.  Railway 
will  be  operated  by  company  of  trunk  line  rail- 
ways centering  in  Brooklyn. 

Dolgeville,  N.  Y.— Jerseyfield  R.  R.  Co.,  Sal- 
isbury Center,  will  construct  7  miles  of  line  to 
tap  timber  tract.     Work   will  be   done   under 
supervision  of  P.  D.  Mang  of  Dolgeville. 
North  Carolina: 

Sanford,  N.  C.—Atlantic  &  Western  R.  R., 
H.  P.  Edwards,  General  Superintendent.  San- 
ford, has  surveys  under  way  for  line  between 
Benson  and  Mt.  Olive,  and  also  proposes  line 
from  Lillington  to  Benson. 

Utah: 

Salt  Lake  City,  Utah. — Southwestern  &  Pa- 
cific R.  R.  Co.,  proposing  new  line  traversing 
southern  portion  of  state,  is  reported  planning 
expenditure  of  about  $100,000  for  surveys. 
Rollo  E.  Clapp,  Salt  Lake  City,  is  Consulting 
Engineer.  D.  C.  Collier,  San  Diego,  Cal..  is 
President. 

Wisconsin : 

Berlin.  Wis. — Central  Wisconsin  Railway  & 
Utility  Co.  has  been  granted  certificate  autho- 
rizing construction  of  railroad  from  Berlin. 
Green  Lake  County,  through  the  villages  of 
Redgranite  and  Lohrville,  Waushara  County, 
to  the  Badger  Granite  Quarry  Co.'s  plant  in 
Waushara  County,  10  miles  long. 

BIDS  OPENED; CONTRACTS  LET 

Indiana : 

Fort  Wayne,  Ind. — Rust  Engineering  Co., 
Pittsburgh,  Pa.,  has  been  awarded  contract  by 
Pennsylvania  R.  R.  for  grading  and  masonrj' 
for  track  elevation  at   Wayne  Trace  crossing. 


New  York: 

Xew  York,  N.  Y. — Oscar  Daniels  Co.,  Xew 
York  City,  at  $86.'}.T7,5,  was  awarded  contract 
for  Section  2  of  Gravesend  -Ave.  elevated  rail- 
road. 


ROADB 
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BIDS    ASKED. 

Alabama : 

Selnia,  .Ala. — LIntil  June  21,  by  County 
Board  of  Roads,  for  grading  and  graveling 
Barkersville  Road  10  miles,  also  for  grading 
and  graveling  3%  miles  in  Blalock  and  Union- 
town  road. 
District  of  Columbia: 

Washington,  D.  C. — Until  11   a.  m.,  June  5, 
by  Depot  Quartermaster,  U.  S.  .A.,  for  resur- 
facing the  Fort  Myer  Military  roadway. 
Colorado: 

Fort  Collins,  Colo. — Until  11  a.  m.,  June  8, 
by  Nanny  S.  Murchison,  County  Clerk,  for 
2,400  ft.  of  road  in  Big  Thompson  Canyon, 
requiring  1,060  cu.  yds.  rock  excavation,  1,875 
cu.  yds.  earth  excavation.  Bids  are  also  asked 
for  distributing  about  10,000  tons  of  gravel  on 
state  road  No.  2. 
Illinois : 

Springfield,  111. — Until  11  a.  m..  June  9,  by 
State  Highway  Commission,  Wm.  W.  Marr. 
Chief  State  Highway  Engineer,  for  state  aid 
work  as  follows :  2,200  ft.  macadam  in  Union 
county ;  600  ft.  brick  road  in  Bond  county ; 
2,800  ft.  brick  road  in  Livingston  county ;  2,700 
ft.  concrete  road  in  Kane  county ;  and  con- 
crete bridges  in  Pulaski,  Jasper  and  Scott 
counties.     Advertisement  in  this  issue. 

Cicero,  III. — Until  8  p.  m.,  June  7,  by  Board 
of  Local  Improvements,  Chas.  Stoffel,  Town 
Clerk,  for  paving  South  60th  Court  and  West 
23rd  St. 

Chicago,  III. — Until  11  a.  m.,  June  9,  by 
Board  of  Local  Improvements,  for  22  con- 
tracts for  street  improvements. 

Chicago,  111. — Until  noon,  June  9,  by  Com- 
missioners of  Lincoln  Park,  Geo.  D.  Crowley, 
Secretary,  for  repaving  Diversey  Parkway. 
Work  includes  about  2,-520  sq.  yds.  of  brick 
pavement. 
Indiana: 

Crown  Point,  Ind. — Until  1  p.  m..  June  9, 
by  E.  Simon,  County  Auditor,  for  several 
gravel  roads. 

Gary,   Ind.— Until   June  8,     bv     Board     of 
Works,  for  improving  Massachusetts  St.,  19th 
to  20th  aves. 
Iowa: 

Marshalltown,  la.— Until  9  a.  m.,  June  15, 
by  J.  J.  Wilson,  City  Gerk,  for  paving  2.5 
blocks  of  streets  with  concrete.  W.  H.  Stein- 
er,   City   Engineer. 

Sheldon,  la.— Until  8  p.  m.,  June  9.  bv 
Scott  Martin.  City  Clerk,  for  13,-500  sq.  yds.  of 
paving  with  brick,  asphaltic  concrete  or  Port- 
land cement  concrete.  K.  C.  Gaynor.  En- 
gineer, Sioux  City. 
Kentucky : 

Maysville,  Ky.— Until  8  p.  m.,  June  7,  bv 
Mayor  J.  Wesley  Lee,  for  38,000  sq.  yds.  brick- 
paving  and  19,500  ft.  6-in.  concrete  curb.  W.  L. 
Glazier,  Engineer,  Newport,  Ky. 

Covington.  Ky.— L'ntil  10  a.  m.,  June  8,  bv 
J.  B.  Dillon,  County  Clerk,  for  3  miles  of  18-ft. 
wide  concrete  road. 

Pineville,  Ky.— Until  June  5,  by  Bell  Countv 
Fiscal  Court,  for  the  construction  of  about 
20  miles  of  the  main  line  of  pike  through  the 
county  from  Middlesboro  to  the  Knox  Coun- 
ty line :  estimated  cost,  $70,000. 
Maryland : 

Rockville,  Md. — Until  noon,  June  1.5,  by  B. 
F.  Clark,  Clerk  County  Commission,  for  1.38 
miles  of  state  aid  road. 

Baltimore,    Md. — Until    noon,    June    1-5,    by 
State  Road  Commission,  Wm.  L.  Marcy,  secre- 
tary, for  4.4-mile  section  of  state  highway,  to 
be   constructed   of   concrete. 
Massachusetts : 

Holyoke,  Mass. — Until  2  p.  m.,  June  4,  by 
Board  of  Public  Works,   for  furnishing  vitri- 


fied  paving  Ijrick   for  -3,200   sq.  yds.  of  pave-' 

ment. 

Minnesota : 

Blue  Earth,  Minn. — Until  8  p.  m.,  June  7,  by 
City  Clerk  for  paving  work  to  cost  about 
$.50,000.  Bids  will  be  received  on  brick,  creo- 
soted  blocks,  asphaltic  concrete,  sheet  asphalt, 
concrete,  etc.  E.  T.  Abbott,  Engineer,  425 
Kasota  Block,  Minneapolis. 
Missouri: 

St.  Louis,  ]\Io. — Until  noon,  June  7,  by  Jos. 
B.  Thomas,  Supply  Commissioner,  for  fur- 
nishing  creosoted    wood    paving   blocks. 

Kansas  City,  Mo. — Until  2  p.  m.,  June  4,  for 
concrete  pavement  on  75th  St. 

St.  Louis  Mo. — Until  noon,  June  11,  by 
Board  of  Public  Service,  Wm.  T.  Findly,  Sec- 
retary, for  paving  portions  of  Dalton  Ave., 
Marcus  Ave.,  Grand  View  PI.  and  other  streets 
with  brick. 

Kansas  City,  Mo. — Until  2  p.  m.,  June  4,  by 
Board  of  Public  Works,  for  grading  portions 
of  .JOth.  52d  and  Wyoming  Sts. 
Montana: 

Hamilton,  Mont. — Until  June  7  by  County 
Clerk  for  grading  about  a  mile  of  road  re- 
quiring about  5,000  cu.  yds.  of  excavation. 

Great  Falls,  Mont.— Until  8  p.  m.,  June  8, 
by  W.  H.  Harrison,  City  Clerk,  for  concrete 
pavement  in  alley. 

Helena,   Mont. — Until  noon,  June  10,  by  P. 
B.  Snelson,  Secretary  Montana  State  Fair,'  for 
constructing  driveway  on   fair  grounds. 
New  York: 

Binghamton,  N.  Y.— Until  June  23  bv  Qerk 
Board  of  Contract  &  Supply  for  paving  Glen- 
wood  Ave. 

Albany.  N.  Y.— Until  June  6  by  Roscoe  Ir- 
win, collector  of  internal  revenue  for  this 
district,  for  laying  concrete  sidewalks  along 
the  Broadway,  State  and  Dean  St.  sides  of 
the  postoflSce  building. 

Albany,    N.   Y.— L'ntil   1   p.   m.,  June   16.  by 
State  Commissioner  of  Highways,  I.  J.   Mor- 
ris, Secretary,  for  21  contracts  for  improving 
roads  covering  about  70  miles. 
North  Carolina:  ' 

Bolivia,   N.   C. — Until  noon,  June  9,  by   Dr. 
E.  G.  Goodman.  Chairman  Road  Commission- 
ers,   for  7   miles   of   sand-clav    road.      W.    H. 
Banck,   Engineer.   Wilmington,   N.   C. 
Ohio: 

Columbus.  O.— Until  noon,  June  15,  bv  Geo. 
A.  Borden,  Director  Public  Service,  for  relo- 
cation of  Grand  Drive,  in  Franklin  Park  and 
grading  and  paving  the  same. 

Grand  View  Heights,  O.— Until  noon.  June 
29.  by  Thos.  G.  Constable,  Village  Clerk.  -  for 
uTiproving  Wyandotte  Lane,  Bluff  .Ave.  to 
Fifth  Ave.,  by  grading  and  paving  roadway 
with  macadam  and  constructing  curbs  and 
gutters  of  concrete  and  sidewalks  of  con- 
crete on  both  sides.  Burgess  &  Long.  Cols. 
Savings  and  Trust  Bldg.,  Columbus,  Engi- 
neers. 

Grand  View  Heights,  O. — Until  noon,  June 
29.  by  Thos.  G.  Constable,  Village  Clerk,  for 
grading,  paving  with  macadam,  constructing 
concrete  curbs  and  gutters  and  concrete  side- 
walks on  Lincoln  Road,  First  to  Third  .Aves. 
Burgess  &  Long.  Engineers,  Cols.  Savings  and 
Trust   Bldg..   Columbus. 

Kenton,  O. — Until  noon,  June  8,  by  G.  S. 
Binckley,  Clerk  Public  Service,  for  paving  E. 
Franklin  St.  with  asphaltum  or  other  material. 

Jefferson,  O. — Until  1  p.  m.,  June  7,  by  A. 
y.  Hillyer,  Qerk  County  Commissioners,  for 
oiling  (crude  oil  application)  roads  in  Orwell 
Township. 

Hamden,  O. — Until  noon,  Tune  12.  for  pav- 
ing 680  ft.  of  Railroad  St.  w'ith  brick. 
^Radnor,  O.— Until  noon.  June  26,  by  Dr.  T. 
K.  Jones,  Secretary  Board  of  Education,  for 
township  high  school  building.  W.  R.  Powell, 
architect,  1106  Hippodrome  Bldg.,  Cleveland, 
O. 

Cincinnati.  O. — Lentil  noon.  June  7,  by  Philip 
Fosdick,  Director  Public  Service,  for  paving 
Sycamore  St.  with  wood  block  and  granite 
pavement. 

Tiffin.  O.— Until  July  2-5,  by  Director  of 
Public  Service,  for  25,800  sq.  yds.  brick  pave- 
ment on  crushed  stone  or  concrete  base,  15,600 
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Road     Maintenance     and     the     Road 

Engineer. 

A  road  maintenance  engineer  is  born  not 
made  and  no  ordinary  amount  of  training  will 
enable  a  man  not  endowed  with  a  liking  for 
detail  and  the  ability  to  get  along  with  men  to 
succeed  in  competition  with  engineers  so  en- 
dowed. Conversely,  a  man  lacking  somewhat 
m  engineering  knowledge  but  endowed  with 
these  qualities  and  a  love  of  his  work  will 
succeed  in  maintenance  work.  In  substance 
this  is  the  opinion  of  a  road  engineer  of  20 
years'  experience  in  maintenance  work  and 
noted  for  the  excellent  condition  of  the  roads 
under  his  care. 

There  are  many  elements  of  truth  in  the 
above  statement.  It  must  be  remembered  that 
successful  road  maintenance  involves  the  ef- 
ficient working  of  single  men  or  isolated  gangs 
that  must  not  only  be  trained  in  the  details  of 
repair  work  but  must  be  inspired  to  a  love  of 
such  work  by  their  superior  tliat  will  lead  to 
the  close  attention  to  small  matters  that  is  the 
fundamental  principle  of  successful  road  main- 
tenance. To  that  end  it  is  essential  that  the 
road  engineer  have  the  good  will  of  his  men. 
To  secure  this  no  better  policy  can  be  pursued 
than  impartiality  as  to  the  task  to  perform 
coupled  with  a  personal  knowledge  of  the 
character  of  each  man  that  may  be  obtained 
best  by  cheerful  personal  contact.  This  knowl- 
edge gained,  a  respect  and  proper  appreciation 
of  the  failings  and  good  points  of  each  man 
will  lead  to  the  good  will  of  the  men,  without 
which  successful  maintenance  work  is  ham- 
pered. 

The  failure  of  many  engineers  to  recognize 
the  qualities  of  human  fellowship  that  foremen 
have  developed  through  close  contact  with  their 
men  often  loses  for  the  engineer  assistance  of 
value.  A  road  superintendent  and  a  road  eng;i- 
neer  unless  each  has  had  much  experience  in 
the  work  of  the  other  frequently  make  but  one 
man.  Each  makes  up  for  what  the  other  lacks. 
Those  counties  in  which  this  fact  is  recognized 
invariably  have  the  most  smooth  running 
maintenance  organization. 

The  distinction  between  road  construction 
and  road  maintenance  is  well  marked.  The  one 
deals  with  large  works,  the  handling  of  many 
men  and  much  material ;  the  other  has  to  do 
with  numerous  men  isolated  and  each  perforrn- 
ing  many  varied  tasks  and  with  small  quanti- 
ties of  material  delivered  and  used  at  widely 
separated  points.  Construction  works  are  con- 
ducted on  a  large  scale  at  one  point,  mainte- 
nance works  are  conducted  on  a  very  small 
scale  at  many  points. 

.^voiding  details  for  fear  of  obscuring  the 
point  to  be  emphasized  we  desire  to  call  to  the 
attention  of  engineers  the  importance  of  se- 
lecting for  road  maintenance  work  men  fitted 
hv  natural  endowment  for  the  prosecution  of 
such  work.  These  are  not  necessarily  men  of 
great  ability  or  wide  training  but  men  who 
love  to  complete  a  job  in  every  detail  and  who 
have  the  gift  of  good  fellowship. 

Concerning   Our   Usage    of   the   Term 
Capacity. 

The  word  "capacity"  is  one  of  those  seem- 
ingly magic  terms  which  often  appear  to  con- 
vey a  meaning  which  they  do  not.  Either  the 
reader  is  misled,  unknowingly,  or  he  has  sus- 
picions that  an  attempt  is  being  made  to  mis- 
lead him  when  such  is  not  the  case.  Our  pres- 
ent careless  and  often  misuse  of  the  term  is 
such  that  considerable  care  must  be  exercised  by 
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cut  condition  of  equipment,  and  facilities  for 
handling  and  storing  the  finished  product. 

Examples  of  the  uncertain  use  of  the  term 
"capacity"  might  be  multiplied,  but  we  believe 
those  mentioned  are  sufficient  to  call  attention 
to  the  need  for  a  more  accurate  use  of  it.  At 
least  it  is  desirable  that  the  conditions  govern- 
ing the  determination  of  capacity  be  stated 
whenever  the  term  is  used  in  order  that  it 
may  have  some  definite  meaning,  .^t  the  pres- 
ent time  our  loose  usage  of  the  term  makes 
it  exceedingly  easy  to  create  false  impressions. 


one  who   desires  to  give  a  definite  meaning  to  it. 
In   trade   catalogs,   and   in   articles   describing 
construction  plant  and  performance,  the  term 
"capacity"    has    been    used    so    loosely    in   the 
past  that  the  average  reader  is  apt  to  question 
the  truth  of  any  statement  in  which  it  appears, 
or  at  least  mentally  to  make  allowance  for  un- 
stated conditions.    Such  a  condition  should  not 
exist,  and  manufacturers  and  sellers  of  equip- 
ment  will   do   much   to   restore   confidence   by 
carefully   stating   the   conditions   under   which 
the  rated  capacity  was,  and  may  be,  attained. 
Unless  this  is  done  the  purchaser  will  often  be 
disappointed    in    expecting    unwarranted    per- 
formance.    For  example,  when  a  prospective 
buyer    makes    inquiry    concerning    a    concrete 
mixer,   what   he   generally   wants   to   know   is 
what  type  and  size  of  machine  will  best  do  the 
work   which  he  will  demand   of  it— generally 
the  first  thing  which  the  manufacturer  tries  to 
impress   upon    him    is   that    this   mixer   has    a 
greater  capacity  than  any  similar  machine  on 
the  market.     By  the  rated  capacity  the  manu- 
facturer often  means  that  the  mixer  is  capa- 
ble of  turning  out   (and  there  is  a  difference 
between    "turning    out"    and     "mixing")     the 
stated    yardage,    provided    every    condition    is 
favorable — which    probably   is   never   the   case 
in  practice.    In  some  cases  the  buyer  is  largely 
at  fault  in  that  he  does  not  explain  his  prob- 
lems, but  merely  buys  capacity — not  knowing 
what  he  is  buying.     In  most  cases  the  maiiu- 
facturer  does  not  possess  sufficient  data  to  give 
authoritative  information   should  he  be   ques- 
tioned   as    to    performance    under    conditions 
likely  to  be  met  in  practice.     Instead  of  study- 
ing carefully  the  individual  needs  of  prospec- 
tive buyers  the  manufacturer  is  rather  inclined 
to  try  to  sell  a  mixer  of  large  rated  capacity — 
in  many  cases  larger  than  the  user  has  need  for. 
.\gain,  we  often  hear  it  said  that  a  certain 
I)lant   is  operating  at,   say,  7.5  per  cent  of  its 
capacity.     We   generally   accept   such   a   state- 
ment  without   ([uestion   and   without   realizing 
that  it  has  little  meaning  to  us.     In  most  cases 
the  person  making  the  statement  has  no  means 
of  determining  what  the  capacity  of  the  plant 
really  I'.r.     Possibly  he  knows  its  rated  capacity 
at  the  time  it  was  built — when  the  machinery 
was  new  and  was  supposed  to  be  operated  at 
its  highest  limit,  although  such  operating  con- 
ditions probably  never  did  exist,  due  to  unsat- 
isfactory labor  conditions.     But  what  knowl- 
edge has  he  of  its  present  capacity — when  the 
machinery  is  old  and  worn,  when  parts  of  it 
have  been  replaced,  and  when  operating  con- 
ditions are  entirely  different.     The  actual  ca- 
pacity of  a  plant  will  depend  upon  a  number 
of  uncertain   factors,  such  as  available  supply 
of  unfinished  materials,  labor  conditions,  prcs- 
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Testing  of  Materials  and  Inspection  of 

Pavement  Construction  and  the 

Consulting  Engineer. 

City  engineers,  as  a  rule,  do  not  avail  them- 
selves of  the  services  of  consulting  engineers 
to  advise  with  them  in  the  selection,  testing 
and  inspection  of  paving  materials  and  in 
pavement  construction  to  the  extent  that  is 
desirable  and  profitable  both  to  the  municipal- 
ity and  to  the  city  engineer.  It  is  only  fair 
to  the  city  engineers  as  a  class  to  say  that 
this  condition  is  not  due  to  any  holding  back 
on  their  part.  The  average  city  council  gen- 
erally takes  upon  itself  many  of  the  functions 
of  a  consulting  engineer — engineering  "vox 
populi"  as  it  were.  The  work  of  a  city  en- 
gineer is  usually  so  largely  of  an  executive 
nature  that  it  is  seldom  he  has  the  time  to 
make  studies  as  he  would  desire  of  some  of 
the  debatable  questions  that  arise.  Frequently 
also  the  assistants  furnished  him  are  not  suf- 
ficiently experienced  to  carry  out  studies  of 
this  nature. 

In  large  water  supply,  water  purification  or 
sanitation  projects  it  is  the  quite  general  prac- 
tice of  municipalities  to  employ  a  consulting 
engineer ;  but  upon  street  paving  work  that 
frequently  in  the  aggregate  involves  a  much 
larger  expenditure,  such  engineering  services 
are  deemed  unnecessary.  Upon  what  line  of 
reasoning  is  such  a  practice  based?  Failures 
in  pavements  certainly  occur  with  much  great- 
er frequency  than  failures  in  other  municipal 
works.  Is  this  fact  an  argument  for  the  em- 
ployment of  specialists  in  paving  work?  The 
iinswer  is  obvious. 

It  is  undoubtedly  true  that  the  practice  of 
employing  experts  on  paving  work  is  compar- 
atively new.  .'Mso.  in  past  years  the  services 
of  the  engineers  of  contracting  paving  com- 
panies were  at  the  disposal  of  municipalities. 
Of  late,  however,  except  for  concrete  paving, 
these  men  have  not  been  called  upon  as  in 
former  years.  But  even  under  the  most  ad- 
vantageous conditions  is  it  not  better  com- 
mon sense  to  employ  a  consulting  engineer  en- 
gaged in  a  private  practice  the  success  of 
which  is  dependent  upon  the  satisfactoriness 
of  the  work  he  supervises? 

In  the  field  of  bituminous  paving  there 
exists  a  great  need  at  the  present  time  for 
expert  advice.  Much  bituminous  paving  has 
been  unsuccessful  from  tlie  sole  cause  that  a 
proper  selection  of  material  was  not  made  and 
plant  and  surface  inspection  were  faulty.  The 
cost  of  the  services  of  a  consulting  paving  en- 
gineer is  small  when  compared  with  the  bene- 
fits derived. 

Also  such  men  are  usually  glad  to  instruct 
the  city  engineer  in  the  details  of  plant  in- 
spection and  surface  laying  to  an  extent  that 
paving  company  engineers  for  very  fair  busi- 
ness reasons  cannot  go.  For  example,  the 
comparative    merits   of    competing   brands    of 
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material  may  be  clearly  established  by  an  en- 
gineer engaged  in  a  private  practice. 

Under  existing  conditions  the  paving  com- 
panies deserve  the  thanks  of  city  officials  and 
the  profession  for  the  services  rendered  by 
their  stafTs  of  engineers.  These  engineering 
staffs  are  maintained  at  no  small  expense  to 
the  companies.  But  the  time  has  certainly  ar- 
rived when  engineers  engaged  in  private  prac- 
tice should  be  employed  for  such  work. 


The  Status  of   Scientific  Management 
in  the  War  and  Navy  Depart- 
ment Plants. 

During  the  last  session  of  Congress  labor 
union  interests  were  exceedingly  active  in  at- 
tempting to  secure  legislation  against  the  use 
of  so-called  scientitic  shop  management  meth- 
ods in  the  navy  yards,  arsenals  and  other 
pljmts  operated  under  the  direction  of  the 
War  and  Navy  Departments.  The  Taylor 
system  has  been  in  use  at  the  Watertown  ar- 
senal for  several  years,  during  which  time 
studies  had  been  made  of  practically  all  work 
done  at  the  arsenal.  Based  on  data  which 
have  appeared  from  time  to  time  in  The  Iron 
Age,  the  yearly  premium  paid  at  Watertown 
under  this  system  amounts  to  about  $45,000, 
and  the  management  has  accumulated  a  con- 
siderable number  of  data  on  the  general  run 
of  work  done  at  that  plant.  At  the  Frank- 
fort arsenal  time  studies  have  never  been 
made,  but  a  premium  system  has  been  in  op- 
eration, based  upon  what  was  considered  to 
be  a  fair  performance  for  one  day.  The 
recent  reports  of  Gen.  Crozier,  chief  of  the 
Ordnance  Bureau,  have  contained  data  which 
have  strengthened  the  impression  in  favor  of 
scientific  management,  and  it  was  believed 
that  the  recent  action  of  the  Federal  In- 
dustrial Relations  Commission  in  undertaking 
an  investigation  of  the  subject  would  deter 
legislation  at  least  until  the  commission  should 
make  its  report.  As  the  life  of  this  commis- 
sion terminates  Aug.  1,  1916,  it  would,  of 
course,  be  necessary  to  report  before  that  date. 
This  arrangement,  however,  was  not  satis- 
factory to  the  opponents  of  scientific  man- 
agement, and  during  the  last  session  of  Con- 
gress amendments  were  made  to  the  army  and 
navy  appropriation  bills  substantially  as  fol- 
lows; 

Provided,  That  no  part  of  the  appropriations 
made  in  this  bill  shall  be  available  tor  the 
salary  or  pay  of  any  officer,  manager,  super- 
intendent, foreman,  or  other  person  having 
charge  of  the  work  of  any  employe  of  the 
United  States  government  while  making  or 
causing  to  be  made,  with  a  stop  watch  or  other 
time-measuring  device,  a  time  study  of  any  job 
of  any  such  employe  between  the  starting  and 
completion  thereof  or  of  the  movements  of  any 
such  employe  while  engaged  upon  such  work; 
nor  shall  any  part  of  the  appropriations  made 
in  this  bill  be  available  to  pay  any  premium  or 
bonus  or  cash  reward  to  any  employe  in  addi- 
tion to  his  regular  wages,  except  for  sugges- 
tions resulting  in  improvements  or  economy  in 
the  operation  of  any  government  plant:  and  no 
claim  for  services  performed  by  any  person 
while  violating  this   proviso  shall  be  allowed. 

During  discussion  on  this  subject  at  that 
time  scientific  management  systems  were  sus- 
pended at  both  the  Watertown  and  Frankfort 
arsenals,  to  give  the  employes  an  opportunity 
to  judge  for  themselves  as  to  the  value  of 
such  systems.  On  March  2,  1915,  the  House 
voted  to  prohibit  the  use  of  the  so-called 
Taylor  system  in  the  navy  yards  of  the  coun- 
try" The  amendments  to  both  the  army  and 
navy  bills,  which  had  been  adopted  in  the 
House,  however,  were  stricken  out  by  the  Sen- 
ate, and  the  fate  of  the  provision  was  left  to 
the  conference  committees.  Later,  due  to  the 
fact  that  opposition  to  the  provision  might 
imperil  the  naval  bill,  the  Senate  at  the  clos- 
ing hours  of  Congress  yielded  to  the  House 
and  inserted  the  prohibition  into  the  law. 
Soon  after  the  conference  report  on  the  naval 
bill  was  adopted  by  both  houses  the  Senate 
conferees  on  the  army  bill  announced  that 
they   would   no   longer   stand   out   against   the 


bill,   and    that    bill,    carrying    the    House    pro- 
hibition, was  hastily  reported  and  passed. 

The  prohibition  in  the  army  bill  relates  only 
to  the  use  of  funds  carried  by  it,  and  as  this 
measure  does  not  become  operative  until 
July  1  one  of  the  first  acts  of  the  chief  of  ord- 
nance was  to  reinstate  the  time-study  and  pre- 
mium system  at  the  Watertown  arsenal,  which 
had  been  suspended  during  debate  on  the  bill 
in  Congress.  As  all  premiums  at  the  Water- 
town  arsenal  have  been  paid  from  funds  pro- 
vided by  the  annual  fortifications  appropria- 
tion bill,  and  due  to  the  fact  that  this  meas- 
ure, carrying  an  increased  sum  for  the  fiscal 
year  beginnmg  July  1,  was  passed  by  Con- 
gress without  any  restriction  as  to  the  pay- 
ment of  premiums,  it  will  be  noted  that  the 
passage  of  the  prohibition  contained  in  the 
army  bill  becomes  a  dead  letter,  and  it  will 
not  have  the  efifect  intended  by  its  exponents. 
It  is  believed  that  the  wording  of  the  prohi- 
bition provision  is  such  that  it  does  not  pre- 
vent the  "routing"  of  work  or  the  use  of 
numerous  other  methods  of  scientific  shop 
management.  It  does,  however,  prohibit  a 
time  study  of  a  job  "between  the  starting  and 
completion   thereof." 

It  is  interesting  to  note  that  the  Chamber 
of  Commerce  of  the  United  States  has  re- 
cently announced  that  it  will  undertake  a 
thorough  investigation  of  the  Taylor  system 
of  scientific  shop  management  as  operated  in 
the  plants  under  the  supervision  of  the  Ord- 
nance Bureau  at  the  Watertown  and  Frank- 
fort arsenals.  The  investigation  is  to  be  con- 
ducted from  the  business  man's  standpoint  and 
for  the  benefit  of  business  men.  The  Cham- 
ber of  Commerce  has  expressed  the  belief 
that  the  existin.g  situation  calls  for  prompt 
and  vigorous  action,  not  only  in  the  interest 
of  the  Government,  but  on  behalf  of  the  man- 
ufacturers of  the  country,  whose  interests  may 
be  seriously  afifected  should  Congress  enact  a 
law  forbidding  the  use  of  scientific  shop  sys- 
tems in  Government  establishments.  Efforts 
will  be  made  to  frame  a  report  well  in  ad- 
vance of  the  next  meeting  of  Congress. 

On  account  of  the  previous  activity  of  labor 
unions,  and  due  to  the  interest  now  being 
taken  in  scientific  management  by  business 
men,  it  is  probable  that  the  next  session  of 
Congress  will  bring  forth  some  important  ac- 
tion   on    this    subject. 


Ultra-Conservatism   and   How   to   Ex- 
pose It, 

Between  the  extremist  who  is  eager  to 
adopt  new  things  before  trial  has  proved  their 
defects  and  the  extremist  who  is  exceedingly 
loth  to  leave  "the  good  old  way,"  there  is  per- 
haps little  to  choose.  Each  acts  in  a  manner 
not  to  be  justified  where  economics  is  in- 
volved. 

Ultra-conservatism  is  probably  more  pre- 
dominant than  we  imagine,  even  in  these 
times  of  progress.  With  diiSculty  can  we 
now  believe  that  only  a  dozen  or  so  years  ago 
several  of  the  large  railway  systems  in  this 
country  had  no  concrete  masonry.  The  writer 
at  that  time  had  been  studying  the  designs 
and  methods  of  construction  on  the  Penn- 
sylvania Railway  between  Harrisburg  and 
Philadelphia,' where  some  $-50,000,000  was  be- 
ing expended  in  line  changes  and  other  im- 
provements. He  had  noted  with  surprise  the 
absence  of  concrete.  Stone  masonry  was 
everywhere  in  evidence,  from  small  culverts 
to  the  huge  arches  that  spanned  the  Susque- 
hanna. 

The  writer  asked  the  then  chief  engineer 
of  the  railway,  the  late  Mr.  Brown,  why  con- 
crete had  not  been  used. 

"Young  man,  when  you  have  reached  my 
age  you  will  have  learned  the  wisdom  of  not 
adopting  everj'  new  fad  that  springs  up.  We 
know  that  the  Lord  has  made  good  stone,  and 
we  doubt  man's  ability  to  equal   His." 

The  writer  was  prompted  to  suggest  that 
some  of  the  Lord's  stone  used  in  bridge  abut- 
ments and  walls  on  the  New  York  Central 
Ry.  had  proved  less  durable  than  some  of 
man's  artificial  stone  used  in  culverts  on  the 
Erie  Ry. 

"That   may   be,   but   it   only   shows  that   the 


New  York  Centra!  engineers  didn't  know  how 
to  distinguish  the  best  from  the  poorest  stone 
that  the  .\lmighty  has  provided." 

The  writer  then  asked  Mr.  Brown  whether 
he  would  consider  using  concrete  if  it  could 
be  shown  that  after  40  or  50  years  of  service 
it  still  remaiiied  in  sound  condition. 

"Yes,  I  might  then  consider  it,  but  certainly 
not  until  at  least  such  a  life  had  been  surely 
established." 

Without  now  refreshing  his  memory  by 
looking  up  the  date  of  the  first  use  of  con- 
crete in  -America,  the  writer  believes  that  it 
was  in  the  (jO's.  A  paper  long  ago  read  be- 
fore the  American  Society  of  Civil  Engineers, 
describes  the  lining  of  certain  stone  arch 
culverts  and  tunnels  with  "beton  coignet,"  or 
concrete.  This  concrete  lining,  the  writer  had 
found  out.  was  then  (1903)  still  sound  after 
thirty  odd  years  of  service.  In  the  tunnels 
it  had  been  exposed  to  the  severest  test  of 
acid  fumes  from  locomotives.  In  the  culverts 
it  had  been  exposed  to  frosts  and  temperature 
stresses.  Yet  in  both  places  it  had  resisted 
disintegration,  although  good  stone  masonry 
had  not. 

It  seemed  to'  the  writer  then,  and  it  still 
seems,  that  the  policy  of  the  Pennsylvania  and 
certain  other  railways  as  to  the  non-use  of 
concrete  was  ultraconservative.  Indeed  it 
looked  as  if  an  i;  ['riori  belief  had  actally  pre- 
vented investigation  of  the  age  of  concrete 
structures  and  their  condition  after  the  lapse 
of  a  long  time. 

Similarly,  although  not  to  such  a  pro- 
nounced degree,  was  the  ultraconservatism  of 
the  engineers  who  advised  the  traction  com- 
panies m  New  York  City  to  install  cable  rail- 
w-ays  instead  of  trolley  railways.  When,  in 
1888,  the  writer  saw  cable  railways  replacing 
horse-car  lines  in  New  York  City,  he  felt  that 
an  economic  blunder  was  being  made.  The 
writer  had  come  from  the  West,  -where,  in 
many  places,  trolley  lines  were  in  successful 
operation.  Upon  the  face  of  things  it  was 
evident  that  neither  the  first  cost  nor  the  op- 
erating expense  of  a  cable  line  could  be  as  low 
as  that  of  a  trolley  line.  Two  arguments, 
however,  were  urged  against  the  use  of  trolley 
lines  in  New  York  City.  First,  that  nowhere 
had  such  means  of  transportation  been  long 
in  use.  Second,  that  even  if  usable  in  New 
York  City  a  trolley  system  would  involve  un- 
derground conduits  and  not  the  overhead  con- 
struction  that  had  been  used  elsewhere. 

It  is  not  only  interesting  but  profitable  to 
review  errors  of  judgment.  Yet  there  are 
those  who  contend  that  from  reviewing  errors 
such  as  this  or  that,  no  profit  can  now  arise, 
because  the  same  conditions  will  never  again 
confront  engineers.  That  the  same  conditions 
will  never  exist,  we  may  grant,  but  we  may 
not  grant  that  similar  conditions  will  never 
exist.  Spilt  milk  may  be  unrecoverable,  but 
study  of  the  cause  of  the  spilling  may  lead  to 
reduction  of   future  spillings. 

Hardly  had  cable  railways  been  put  intcrop- 
eration  in  New  York  City  before  it  was  re- 
solved to  displace  the  cable  system  with  an 
underground  trolley  system.  Why,  we  may 
well  ask,  were  extensive  e-xperiments  not 
made  with  underground  trolleys  before  the 
cable  system  was  installed?  Had  they  been 
made,  all  the  visions  of  short-circuiting  due 
to  water  or  snow^  in  the  conduits  would  have 
proved  to  have  been  groundless   fears. 

Wh\-.  indeed,  was  an  underground  trolley 
ever  seriously  considered?  Overhead  trolleys 
were  clearly  cheaper,  and  they  had  been  used 
long  enough  to  prove  their  merit.  To  the  best 
of  the  writer's  recollection,  three  objections 
were  raised  against  overhead  trolleys  in  New 
York  City:  (1)  That  the  wires  would  inter- 
fere with  the  operations  of  the  fire  depart- 
ment— the  raising  of  ladders,  etc.  (2)  That 
broken  trolley  wires  would  endanger  life.  (3) 
That  wires  would  be   unsightly. 

We  see  now  how  worthless  each  of  these 
objections  was,  because  in  other  large  cities — 
Chicago,  Philadelphia,  etc.,  to  say  nothing  of 
Brooklyn  and  other  parts  of  New  York  City — 
it  has  been  shown  that  none  of  these  objec- 
tions is  at  all  serious. 

To  the  objection  as  to  unsightliness  it 
might   well    have   been   replied   that   the   signs 
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over  every  store  are  vastly  more  unsightly 
than  a  trolley  wire  and  its  span  wires.  As  for 
trolley  poles,  they  could  be  almost  entirely  dis- 
pensed with  by  anchoring  the  span  wires  to 
buildings.  And  where  poles  were  to  be  used, 
they  could  be  at  least  as  ornamental  as  the 
buildings  that  grace  or  disgrace  the  streets. 
To  the  objection  that  broken  wires  would 
endanger  life,  the  reply  should  have  been : 
How  many  lives  have  been  burned  out  in  all 
the  cities  where  trolleys  have  been  used?  And 
what  has  been  the  annual  per  cent  of  deaths 
from  this  cause?  At  once  the  quantitative 
answer  would  have  made  the  qualitative  ob- 
jection look  foolish.     "Pins,"  it  is  said,  "have 


saved  many  lives — by  not  swallowing  the^ii.  ' 
So,  trolley  wires  have  saved  all  the  lives"  that 
they  might  have  taken — by  not  breaking. 

As  for  the  interference  of  trolley  wires  with 
the  operations  of  a  fire  department,  the  most 
cursory  study  would  have  shown  that  even 
the  dense  masses  of  telephone  and  telegraph 
wires  on  poles  in  New  York  City  had  not 
appreciably  interfered  with  the  efficiency  of 
the  fire  department,  either  in  saving  life  or 
property.  How  much  less,  then,  would  be  the 
interference   from  trolley  wires. 

Summing  up,  we  see  that  qualitative  objec- 
tions were  not  met  by  quantitative  data.  And 
ill   the   failure   to  do  this  we  find  tlie   reason 


why  New  York  City  committed  the  colossal 
blunder  of  building,  first,  a  cable  railway  sys- 
tem, and,  second,  a  conduit  trolley  system. 

Similarly  many  railways  blundered  in  their 
failure  to  use  concrete  for  stone  masonry,  be- 
cause the  objections  to  concrete  were  mere 
opinions  unsupported  by  a  quantitative  analysis 
of   facts. 

Force  the  voice  of  the  objector  to  utter 
numbers  in  place  of  words,  and  usually  it  will 
become  dumb.  Where  it  still  remains  strident, 
at  least  the  objector's  voice  will  utter  things 
susceptible  of  some  test  of  truth  when  it 
talks  in  figures  rather  than  in  those  vaguer 
symbols  of  thought  called  qualitative  words. 
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Design,  Construction  and  Cost  of  New 

Sanitary  Sewer  System  at  Car- 

rollton,  111. 

Contiibutt-a    by  M.    C.    Poulsen,   Field    Engineer, 
Caldwell  Engineering  Co.,  Jacksonville,  111. 

About  Sept.  1,  1913,  the  Board  of  Local 
Improvements  of  Carrollton,  III.  after  being 
petitioned  by  the  property  owners,  decided  to 
start  the  proceedings  for  the  construction  of 
a  sanitary  sewer  system,  and  the  Caldwell 
Engineering  Co.  of  Jacksonville.  III.,  were  ap- 
pointed engineers. 

Carrollton  is  a  town  of  ■2,.30(l  population.  It 
has  no  manufacturing  industries  of  any  kind, 
and   is   largely   composed   of   retired    farmers. 


li.»-in.  pipe,  takes  care  of  the  west  part  of  the 
town.  The  main  sewer  commencing  at  the 
junction  of  the  two  main  laterals  is  a  16-in. 
pipe  running  into  the  south  part  of  the  town 
into  a  septic  tank  built  on  the  bank  of  a  small 
creek  into  which  the  tank  empties. 

Practically  every  street  in  town  has  a  sewer 
line  in  it,  ranging  in  size  from  16  ins.  to  6 
ins.,  the  majority  being  8  ins.  "Y"  connec- 
tions were  left,  one  each  way,  every  60  ft., 
and  where  the  cut  was  over  10.5  ft.  they  were 
brought  up  to  within  7.5  ft.  of  the  street  sur- 
face. Manholes  were  placed  at  every  street 
intersection  and  sometimes  oftener  where  the 
distance  was  too  great,  placing  them  on  an 
average  of  about  400  ft.  apart.  At  dead  ends 
where    the    grade    was    not    too    small    lamp 


of  the  10-in.  pipe  was  laid  at  an  average  depth 
of  18  ft.,  which  will  account  for  the  increase 
of  excavating  expense  on  the  10-in.  line,  given 
later  on  in  this  article. 

The  public  hearing  was  held  Feb.  2,  1914, 
and  as  there  were  no  serious  objections,  the 
matter  was  taken  through  court  without  much 
delay.  Bids  were  opened  July  22,  1914,  and 
the  contract  was  awarded  to  Driscoll  & 
O'Brien  of  Decatur,  111.,  the  same  day. 

Work  was  commenced  by  the  contractors  on 
Aug,  .5,  1914,  but  actual  excavating  was  start- 
ed on  Aug.  11  at  noon  with  a  "OO"  Austin 
Trench  Excavator  at  the-  outlet  of  the  sys- 
tem working  up  the  main  sewer.  On  Aug. 
19  a  model  "K''  Parsons  gasoline  trench  ma- 
chine started  on  the  work  and  from  that  time 


Fig.   1.     View  of   Model   "F"   Parsons  Steam  Excavator    Digging 
a  20-ft.    Sewer   Trench   at  Carrollton,   III. 


Fig.  2.     View  of  Carrollton  Sewer  Trench  as    Backfilled- 

Rolling. 


-Before 


It  has  had  about  the  same  population  for  the 
last  50  years;  therefore,  it  was  assumed  that 
there  would  not  be  any  marked  increase  in 
population  in  the  very  near  future. 

The  center  of  the  town  is  located  on  a  high 
point  from  which  the  topography  is  sloping 
to  all  sides.  Therefore,  it  was  decided,  be- 
cause most  economical,  to  divide  the  drain- 
age of  the  town  into  two  sections.  One  lateral, 
the  outlet  of  which  is  a  12-in.  pipe,  takes  care 
of  the  center  and  east  part  of  the  town;  the 
other    lateral,    the   outlet   pipe   of    which   is   a 


holes  were  constructed,  but  where  the  grade 
was  too  flat  a  lamp  hole  in  connection  with  a 
flush  tank  was  installed.  There  were  two 
kinds  of  flush  tanks  constructed,  a  shallow 
design  and  standard  design,  the  former  being 
built  of  concrete  and  the  latter  of  brick 
equipped  with  Miller  syphons,  and  automatic 
regulators.  The  gradient  of  the  sewer  varies 
from  3  per  cent  to  .1  per  cent;  the  average 
grade  is  about  .4  per  cent.  The  average  depth 
of  sewer  was  8.5  ft,  and  the  deepest  cut 
was  20  ft.     Two  thousand  three  hundred   feet 


on  ihere  were  two  machines  on  the  job  until 
the  work  was  completed.  Later  on  the  gas 
driven  Parsons  was  exchanged  for  a  model 
"F"  steam  Parsons  excavator,  which  was  able 
to  dig  a  trench  20  ft.  in  depth,  as  shown  in 
Fig.  I.  The  work  was  so  arranged  that  this 
machine  was  kept  on  all  the  deep  work.  Fig. 
2  shows  the  model  "F"  Parsons  excavator  on 
20  ft.  work  and  a  "OO"  .Austin  on  8  ft.  work. 
Grade  and  line  stakes  were  set  3  ft.  off 
center  and  25  ft.  apart.  They  were  driven 
far  enough  in  the  ground  so  that  they  were 


508 


Engineering  and    Contracting 


Vol.  XLIII.    No.  23. 


not  injured  in  any  way  by  the  wheels  of  the 
trench  machine  when  passing  over  them,  A 
small  tack  was  driven  into  these  stakes  in  a 
line  parallel  with  the  sewer  line,  thus  serv- 
ing two  purposes:  both  that  of  grade  and  line 
control.  Grade  stakes  were  not  set  over  one 
block  ahead  of  the  open  ditch,  thus  lessening 
their  chance  of  being  disturbed. 

The  grade  line  was  carried  directly  over  the 
center  line  of  the  sewer  supported  every  25 
ft.  by  a  movable  jack  arrangement  which  was 
set  at  right  angles  to  the  ditch  line  and  leveled 
on  top  of  grade  stakes.  This  jack  was  made 
out  of  a  yellow  pipe  4x4  in.  6  ft.  long  and  in 


A  septic  tank  was  also  built  at  the  outlet 
30  ft.,  by  ti.5  ft.  over  all,  consisting  of  inlet 
and  outlet  chambers  and  two  separate  cham- 
bers in  main  body  of  the  tank  supplied  with 
baffltes  and  crosswalls  covered  with  reinforced 
concrete   roof. 

COST    DATA. 

The   following   are   some  of   the  cost   data 

kept  by  the  writer  on  this  work: 
Item.  Unit  cost. 

16-in.   pipe — 

Cost  of  hauling,  per  ft J0.03 

Cost  of  digging:,  per  ft 0.17 

Cost  of  laying,  per  ft 0.07 

Cost  of  back  fill,   per  ft 0.07 


Fig.   3.     View  of  Parsons  "F"   Excavator  on      20-ft.  Sewer  Trench  and  Austin  "00"  on 

8-ft.   Trench  at  Carrollton,   III. 


the  center  of  which  was  nailed  an  upright  1x4- 
in.  X  4  ft.  long.  Care  was  used  to  get  this 
piece  placed  accurately  at  right  angles  to  the 
horizontal  4x4  in.  This  upright  was  braced 
by  means  of  a  1x4  in.  nailed  at  an  angle  of 
45°  from  4x4  in.  to  upright  on  one  side  only, 
the  other  side  being  used  to  carry  the  grade 
line  on.  A  tack  was  driven  in  4x4  in.  3  ft. 
from  grade  line  side  of  upright,  which  in  set- 
ting jack  was  placed  directly  over  tack  in  grade 
stake.  Three  jacks  were  always  left  stand- 
ing when  setting  a  new  one  thus  making  it 
feasible  to  detect  any  error  that  might  have 
occurred  in  setting  the  grade  line. 

Each  pipe  was  graded  with  a  grade  rod  and 
lined  by  letting  a  plumb  bob  down  by  the 
grade  line  over  the  top  of  the  pipe.  This 
method  was  found  to  give  very  good  results 
as  was  shown  at  final  inspection.  Every  joint 
was  cemented  very  carefully  with  a  mortar 
of  a  mixture  of  one  part  of  cement  and  two 
parts  of  sand,  water  proofed  with  Ceresit 
Water  Proofing  Compound  mixed  in  the  pro- 
portion of  12  parts  of  water  to  1  part  of  Cere- 
sit.  The  most  satisfactory  method  of  applying 
the  cement  to  the  joints  was  with  the  hands 
using  rubber  gloves.  Each  joint  was  care- 
fully wiped  by  drawing  a  swab  through  the 
pipe  as  each  successive  pipe  was  laid. 

The  waterproofing  of  mortar  together  with 
very  careful  joint  cementing  kept  the  infil- 
tration of  the  whole  system  of  8%  miles  down 
very  low.  At  the  time  of  completion  and  just 
after  a  rain  it  was  found  that  the  infiltration 
amounted  to  less  than  4,000  gals,  per  24  hours. 

The  backfilling  was  hand  tamped  for  1  ft, 
above  all  the  pipe  and  settled  with  water  tamp- 
ing after  being  filled  up  to  within  1  ft.  of 
street  surface,  except  in  work  over  10  ft.  in 
depth  in  which  case  it  was  water  tamped  twice. 
All  remaining  dirt  was  crowned  neatly  over 
top  of  trench  as  shown  in  Fig,  3,  and  then  a 
20  ton  steam  traction  engine  with  a  24-in, 
wheel  was  run  with  one  wheel  over  center  of 
trench.  The  engine  drew  a  road  grader  be- 
hind thus  putting  the  street  into  immediate 
shape  for  use  in  as  good  condition  as  it  was 
formerly  and  in  many  cases  better,  as  shown 
in  Fig.  4. 

About  one-half  mile  of  sewer  w-as  laid  in  a 
macadam  street.  The  rock  was  torn  up  along 
the  trench  line  by  means  of  a  rooter  drawn  by 
a  steam  traction  engine  and  then  scraped  to 
one  side.  The  sewer  was  then  laid  and  trench 
pr.operly  backfilled  and  settled  by  water  tamp- 
ing and  rolled  and  the  rock  was  replaced. 


Cost  of  mortar  joint,  per  ft 0.01 

Cost  of  Ceresit,  per  ft 0.006 

Cost  of  pipe,  per  ft 0.375 

Cost  of  "Y's,"  per  ft 0.06 

Total  cost  per  ft $0.79 

]2-in.  pipe — 

Cost  of  hauling,  per  ft $0,015 

Cost  of  digging,   per  ft 0.150 

Cost  of  laying,  per  ft 0.100 

Cost  of  back  fill,  per  ft 0.06 

Cost  of  mortar  joint,  per  ft 0.004 

Cost  of  Ceresit,  per  ft 0.005 

Cost  of  pipe,  per  ft 0.22 

Cost  of  "Y's,"   per  ft 0.03 

Total  cost  per  ft $0,584 

10-in.  pipe — 

Cost  of  hauling,   per  ft $0,015 

Cost  of  digging,  per  ft 0.26 

Cost  of  laying,   per  ft 0.07 

Cost  of  back  fill,  per  ft 0.14 

Cost  of  mortar  joint,   per  ft 0.003 

Cost  of  Ceresit,  per  ft 0.004 

Cost  of  pipe,  per  ft 0.175 

Cost  of  "Y's,"  per  ft 0.025 

Total   cost  per  ft $0,692 

S-in.  pipe — 

Cost  of  hauling,  per  ft $0.01 

Cost  of  digging,   per  ft 0.08 

Cost  of  laving,    per  ft. 0.06 

Cost  of  back  fill,  per  ft 0.04 

Cost  of  mortar  joint,  per  ft 0.002 

Cost  of  Ceresit,   per  ft 0.002 

Cost  of  pipe,   per  ft 0.135 

Cost  of  "Y's,"  per  ft 0.02 

Total   cost  per  ft $0,349 

tj-in.  pipe — 

Cost  of  hauling,  per  ft $0.01 

Cost  of  digging,  per  ft O.OS 

Cost  of  laying,   per  ft 0.065 

Cost  of  back  fill,  per  ft 0.04 

Cost  of  mortar  joint,   per  ft 0.001 

Cost  of  Ceresit.  per  ft 0.002 

Cost  of  pipe,  per  ft O.OS 

Cost  of  -Y's,"  per  ft 0.01 

Total  cost  per  ft $0,288 

All  excavating  was  machine  work  except 
about  700  ft,  averaging  about  0  ft,  in  depth 
which  was  excavated  by  hand  labor.  The 
work  was  rushed  from  the  start  to  finish  al- 
though very  carefully  done.  Everything  was 
completed  and  ready  for  final  inspection  just 
14  weeks  after  the  first  earth  was  excavated 
The  work  was  started  Aug.  11,  1914  and  fin- 
ished Nov,  25,  1914,  No  work  was  done  on 
Sunday  and  rain  stopped  work  about  two 
weeks  during  this  period,  thus  making  the 
actual  working  time  on  this  contract  12  w-eeks. 
Final  inspection  of  pipe  lines  was  made  Nov, 
19,  1914.  The  light  test  was  made  on  every 
stretch  of  sewer  line  and  was  plainly  seen  cir- 
cular in  appearance  through  every  line  of 
sewer  in  the  whole  system. 
The  construction  of  this  sewer  system  was 


superintended  by  the  writer   for  the  Caldwell 
Engineering  Co.,  Jacksonville,  Illinois. 


Devices  and  Methods  Used  in  Various 

Localities  in  Measuring  the 

Flow  of  Sewage. 

(Staff  Abstract.) 

Gaging  the  flow  of  sewage  is  becoming  more 
commonly  practiced  as  one  of  the  steps  pre- 
paratory to  the  design  of  new  relief  or  inter- 
cepting sewers  and  the  design  of  sewage  treat- 
ment works.  The  measures  adopted  in  sev- 
eral localities  in  sewer  gaging  are  here  de- 
scribed. 

Massachusetts  State  Board  of  Health. — The 
Massachusetts  State  Board  of  Health  uses  a 
comparatively  simple  and  inexpensive  type  of 
recording  gage.  It  is  described  substantially 
as  follows  by  Edward  Wright,  Jr. 

The  gage  is  used  mainly  for  measuring  sew- 
age at  disposal  works  where  the  sewage 
passes  over  a  weir,  although  it  has  been  used 
somewhat  in  the  measurement  of  stream  flow 
and  in  the  measurement  of  the  flow  of  trades 
wastes  where  it  is  possible  to  install  weirs. 

The  gage.  Fig.  1,  consists  of  a  copper  float 
to  which  a  rod  and  pencil  are  attached,  and  a 
cylindrical  drum,  which  is  caused  to  revolve 
by  an  ordinary  clock  mechanism.  The  float 
rod  engages  in  two  brackets  which  are  pro- 
vided with  roller  bearings.  The  paper  upon 
which  the  diagram  is  indicated  is  wrapped 
around  the  drum  and  held  in  place  by  pins  at 
the  top  and  bottom  and  by  rubber  bands,  and 
the  elevation  of  the  starting  point  in  relation 
to  the  crest  of  the  weir  is  obtained  by  means 
of  a  hook  gage.  The  actual  head  on  the  weir 
is  indicated. 

The  moving  parts  of  the  gage  are  con- 
structed of  brass,  and  while  corrosion  starts 
in  very  rapidly,  the  gage  is  so  constructed  that 
little  or  no  difficulty  ensues  from  this  cause  in 
its  operation.     The  clock  is  so  constructed  as 


Fig.  4.     View  of  Carrollton  Sewer  Trench  as 
Backfilled — After   Rolling. 

to  run  seven  or  eight  days,  and  except  when 
weather  conditions  interfere,  the  gage  will  run 
without  attention  for  this  length  of  time. 

Owing  to  the  great  amount  of  moisture 
which  at  times  rises  from  the  sewage  in  the 
tanks  where  the  gage  has  been  used,  it  has 
been  found  that  it  was  impossible  to  produce 
a  pen-and-ink  diagram,  and,  in  fact,  the  mois- 
ture rising  at  certain  sewage  disposal  works 
has  been  so  great  that  the  paper  would  be  torn 
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by  the  pencil,  and  to  overcome  this  the  very 
best  quality  of  paper  has  been  used. 

The  most  remarkable  feature  about  this 
gage  is  that  its  cost  e.xclusive  of  the  weir  is 
only  about  $25  or  $30,  which  includes  about 
$4  for  the  clock  mechanism. 

The  gage  is  very  sensitive  and,  in  fact,  the 
effect  of  matters  rising  with  gas  in  the  sewage 
in  the  measuring  tanks  under  the  float  has 
frequently  been  indicated.     The  greatest  cause 


Fig.  1.     Sketch  of  Automatic  Gage   Used  for 
Recording    Heads   on    Weirs,    by    Massa- 
chusetts State   Board   of   Health,  in 
Measuring   Flow   In   Sewers. 

for  inaccuracy  is  due  to  the  floating  matters 
in  the  sewage,  which  displace  the  float  and 
tend  to  clog  the  weir. 

Marlboro,  Mass. — The  flow  of  sewage  at  the 
sewage  disposal  works  at  Marlboro,  Mass.,  is 
measured  by  means  of  a  trapezoidal  or  Cippo- 
letti  weir,  placed  in  a  channel  leading  to  the 
sedimentation  tanks.  The  sewage  enters  the 
screen  chamber  through  a  long  cast-iron  pipe 
siphon,  passes  through  a  coarse  bar  screen, 
and  along  a  channel  7  ft.  wide,  to  the  trapezoi- 
dal weir,  as  shown  in  Fig.  2.  The  crest  of  this 
weir  is  2  ft.  long  and  the  sides  have  a  hatter 
of  1  in  4.  The  crest  of  the  weir  is  set  18  ins. 
above  the  floor  of  the  channel.  The  weir 
itself  is  made  up  of  6-in.  by  3%-in.  by  %-in. 
steel  angles  bolted  together  and  set  in  con- 
crete. The  inner  edge  or  crest  is  planed  to 
a  true,  sharp  edge.  The  depth  of  flow  over 
the  weir  is  measured  either  directly  by  hook 
gage  or  rule,  or  by  means  of  a  recording  gage 
of  the  Bristol  type.  This  description  is  by 
Frank  A.  Marston. 

The  original  plan  provided  a  cast-iron  pipe 
well,  with  connection  to  the  channel  a  few 
feet  above  the  weir,  in  which  the  diaphragm 
was  suspended.  The  recording  gage  was  fas- 
tened to  the  wall  of  the  screen  house.  After 
operating  the  plant  for  several  months  it  was 
found  that  considerable  sludge  and  scum  col- 
lected in  the  diaphragm  well  and  proved  to 
be  objectionable,  although  it  may  not  have  had 
any  serious  effect  on  the  diaphragm  or  on  the 
operation  of  the  recording  gage.  Because  of 
this  collection  of  scum  the  diaphragm  was  re- 
moved from  the  well  and  was  suspended  in 
the  channel  itself,  which  arrangement  has 
proved  more  satisfactory. 

The  average  depth  of  flow  is  obtained  from 
the  circular  chart  by  the  use  of  a  circular 
planimeter,  and  the  quantity  discharged  by  the 
trapezoidal  weir  is  computed  from  the  follow- 
ing formula : 

Q  =  3.366%  L  h'f. 
Q  =  quantity  in  cu.  ft.  per  second. 
L  =  length  of  crest  of  weir=  2  ft. 
/j^head  on  crest  in  feet. 

There  was  considered,  in  the  design  of  the 
plant,  the  possibility  of  using  a  Venturi  meter 
or  some  other  form  of  measuring  apparatus 
which  would  obviate  the  necessity  of  con- 
structing an  open  channel  with  its  attendant 
difficulties  due  to  the  deposition  of  solid  mat- 
ter, but  it  was  felt  that  the  city  would  not  be 
justified  in  going  to  additional  expense  for 
this  purpose. 

The  trapezoidal  form  of  weir  was  chosen 
because  of  the  great  variation  in  flow  to  be 
measured.  During  dry  weather  single  daily 
flows  have  been  recorded  as  low  as  150,000 
gallons  per  twenty-four  hours,  and  during  the 


spring  flow  has  reached  as  high  as  2,300,000 
gals,  per  twenty-four  hours  for  a  single  day. 

In  studying  the  operation  of  the  plant,  it 
was  found  desirable  to  know  the  number  of 
doses  discharged  by  the  automatic  siphon  from 
the  dosing  tank  each  day,  and  to  obtain  this 
information  Mr.  George  A.  Stacy,  the  super- 
intendent, installed  another  Bristol  gage  in  the 
dosing  tank.  This  new  gage  has  operated  in 
a  more  satisfactory  manner  than  the  other, 
perhaps  partly  due  to  the  fact  that  the  dia- 
phragm is  immersed  in  settled  sewage.  The 
charts  obtained  from  this  new  gage  have  been 
satisfactory   and   of   considerable   value. 

They  show  the  rise  and  fall  of  the  sewage 
level  in  the  dosing  tank,  and  are  used  not  only 
as  a  check  on  the  quantity  of  sewage,  but  es- 
pecially to  determine  the  quantity  applied  to 
the  various  filter  beds. 

After  about  one  year's  service,  a  new  rubber 
diaphragm  was  installed  in  the  screen  chamber 
gage.  The  old  diaphragm  appeared  to  have 
been  attacked  by  something  in  the  sewage, 
possibly  sulphides,  which  partially  rotted  the 
rubber. 

From  the  beginning  of  the  operation  of  the 
recording  gage  in  the  screen  chamber,  the  at- 
tendant has  kept  daily  readings  of  the  depth 
of  flow  over  the  weir,  measured  directly  at  a 
point  a  short  distance  above  the  weir.  The 
attendant  was  instructed  to  take  these  meas- 
urements at  approximately  4  o'clock  each  af- 
ternoon, and  from  the  data  thus  obtained  it 
has  been  possible  to  check  the  readings  of  the 
recording  gage  and  to  fill  in  the  records  for 
the  periods  that  the  gage  was  out  of  commis- 
sion. 

A  number  of  daily  records  were  selected  as 
being  representative  of  the  variations  in  flow, 
and  from  these  a  curve  was  plotted  showing 
approximately  the  percentage  which  the  4 
o'clock  p.  m.  rate  of  flow  is  of  the  average  for 
the  entire  day  for  varying  rates  of  flow.  By 
means  of  this  curve  the  average  daily  flow  was 
estimated,  having  as  a  basis  a  single  measure- 
ment made  at  4  o'clock  in  the  afternoon.  The 
results   ha'»e   been   reasonably   close   and    fur- 


it  is  very  important  that  the  gage  be  thor- 
oughly tested  at  the  factory  before  it  is  in- 
stalled, and  that  every  precaution  be  taken  to 
make  sure  that  the  tube  connecting  the  dia- 
phragm with  the  recording  gage  be  absolutely 
air  tight.  It  is  also  of  advantage  to  have  the 
diaphragm  immersed  in  as  nearly  clear  water 
as  possible,  although  the  gage  has  operated 
successfully  in  what  might  be  called  thick 
sludge.  Apparently  septic  sewage  has  some 
action  on  the  rubber  of  the  diaphragm,  requir- 
ing its  renewal  perhaps  once  a  year,  but  this 
can  be  easily  done  by  a  man  of  average  me- 
chanical ability  and  should  not  be  a  source  of 
serious  trouble.  Where  a  slight  leak  does  oc- 
cur in  the  pressure  tube  or  in  some  other  part 
of  the  mechanism,  it  is  exceedingly  hard  to 
locate  and  much  harder  to  remedy.  On  the 
whole,  the  records  obtained  in  Marlboro  have 
been  very  valuable,  and  experience  seems  to 
justify  this  type  of  instrument  as  against  a 
more  expensive  type,  under  the  conditions  at 
this  particular  plant. 

Providence,  R.  I. — Some  time  ago  Mr.  Frank 
B.  Sanborn  had  occasion  to  install  a  recording 
gage  for  measuring  the  flow  of  the  sewage  of 
the  city  of  Providence  and  some  features  of 
the  installation,  here  described,  are  somewhat 
unusual. 

The  flow  of  sewage  is  about  24,000,000  gals. 
per  day,  about  one-tenth  of  which  comes  from 
a  gravity  system,  the  remainder  being  lifted  27 
ft.  at  a  point  about  2,000  ft.  from  the  disposal 
works. 

The  pumping  plant  consists  of  three  Holly 
engines,  each  of  which  is  connected  with  two 
centrifugal  pumps,  whose  combined  capacity  is 
43  million  gallons  per  day. 

The  large  size  of  these  units  necessitates  a 
system  of  intermittent  pumping  during  periods 
of  small  flow,  as  at  night,  or  on  Sunday,  the 
sewage  at  such  times  being  allowed  to  rise  to 
a  certain  height  in  the  large  sewer  leading  to 
the  pumping  station,  when  the  pumps  are 
started,  and  operated  until  a  certain  low  level 
is  reached. 

The    discharge    from    the    pumps,    together 
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Fig.  2.     Design  for  Arrangement  of  Weir  and   Other  Apparatus  Used  in  Measuring  Flow  of 

Sewage  at  Marlboro,  Mass. 


nished  a  fair  check  on  the  working  of  the 
gate.  The  Marlboro  sewerage  system  is  largely 
on  the  separate  plan,  so  that  the  variation  in 
flow  of  sewage  through  the  day  is  quite  regu- 
lar for  certain  average  flows. 

The  experience  with  this  type  of  recording 
gage  at  Marlboro,  although  somewhat  adverse, 
is  not  of  a  sufficiently  serious  nature  to  pre- 
vent the  gage  being  used  in  other  places.  The 
experience  seems  to  point  out,  however,  that 


with  that  from  the  gravity  system,  flows 
through  an  88-in.  conduit  into  a  semi-circular 
open  mixing  channel,  150  ft.  long  and  16  ft. 
wide.  In  this  channel  are  placed  20  slate 
baiflflles,  set  6  ft.  apart  on  alternate  sides,  and 
projecting  6  ins.  beyond  the  center  line  of  the 
channel.  From  this  channel  the  sewage  flows 
directly  to  the  four  large  sedimentation  tanks. 
Briefly,  the  conditions  to  be  met  were  as 
follows :     . 
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The  location  of  the  weir  was  limited  to  the 
mixing  channel,  in  which  the  baffles  caused  a 
very  great  agitation  of  the  sewage. 

The  weir  must  be  higher  than  tlie  level  of 
the  sewage  in  the  tanks,  to  be  independent  of 
variations  in  the  method  of  operation. 

It  must  be  as  low  as  possible,  to  avoid  in- 
creasing the  work  of  the  pumps. 

The  opening  of  the  weir  must  be  suflicient 
to  accommodate  a  flow  of  1:20  million  gallons 
per   day. 

The  recording  device  must  give  an  accurate 
record  of  the  flow,  without  being  so  delicate 
as  to  be  disturbed  by  momentary  variations  in 
height,  due  to  currents  in  the  mi.xing  channel. 
Owing  to  the  sudden  fluctuations  caused  by 
starting  and  stopping  the  pumps,  the  chart 
must  be  in  terms  of  volume  rather  than  of 
height,  so  that  the  total  flow  per  day  could 
be  determined  by  the  use  of  the  planimeter. 

Since  the  weir  would  not  correspond  to  the 
requirements  of  any  formula,  the  actual  flow- 
must  be  determined  by  experiment. 

A  location  was  chosen  at  the  last  baffle  in 
the  mixing  channel,  and  a  10-ft.  rectangular 
weir  was  placed  at  this  point,  having  its  crest 
9  ins.  above  the  level  of  the  sewage  in  the 
tanks,  and  1  in.  above  the  top  of  the  baffle. 

This  greatly  reduced  the  agitation  in  the 
mixing  channel,  but  it  was  thought  that  the 
fall  over  the  weir  would  give  as  good  results 
as  the  former  flow  through  the  baffl'es. 

By  placing  the  weir  at  this  location  and 
height,  no  change  was  made  in  the  conditions 
at  the  mouth  of  the  88-in.  conduit  leading 
from  the  pumps. 

At  a  point  r2  ft.  up-stream  a  3-in.  pipe  was 
built  into  the  wall  of  the  channel,  3  ins.  lower 
than  the  crest  of  the  weir.  This  pipe  was  car- 
ried into  a  large  manhole,  and  another  pipe 
was  laid  from  the  manhole  to  a  12-in.  stand- 
pipe.  The  large  amount  of  water  in  the  man- 
hole prevented  the  making  of  a  wide  line  on 
the  chart,  due  to  momentary  fluctuations  in 
height. 

The  weir  was  then  calibrated  by  experiment, 
the  flow  being  measured  in  the  various  tanks 
of  the  plant,  while  observations  were  made 
of  the  height  at  the  weir. 

Points  were  thus  obtained  at  rates  varying 
from  two  million  to  75  million  gallons  per 
day,  and  a  curve  was  plotted  to  show  the 
flow  at  any  given  height. 

The  recording  instrument  selected  was  the 
weir-gage  made  by  the  Hydro  Manufacturing 
Company  of  Philadelphia.  This  instruiuent 
was  intended  to  record  height  directly,  and  in 
order  to  get  a  record  in  terms  of  volume,  the 
usual  device  was  employed,  of  introducing,  be- 
tween the  float  and  the  recording  pen,  a  cam 
or  spiral  which  should  be  designed  according 
to  the  formula  for  this  weir.  An  8-in.  float 
was  placed  in  the  standpipe,  and  connected  by 
a  cord  to  a  counter-weighted  drum,  having  a 
diameter  of  5  ins. 

On  one  end  of  this  drum  was  fastened  a 
sheet-iron  disk,  .30  ins.  in  diameter,  and  on 
the  surface  of  this  disk,  raised  on  lalocks  Vz 
in.  high,  was  placed  a  brass  track,  whose  curve 
was  such  that  the  distance  from  the  center 
increased  one-tenth  of  an  inch  for  each  mil- 
lion-gallon increase  in  the  rate  of  flow. 

On  this  track  was  made  to  travel  a  small 
wheel,  w-hose  axle  was  attached  to  the  lower 
end  of  a  vertical  rod,  on  the  upper  end  of 
which  was  fastened  the  pen-carriage  of  the 
recording  device.  By  this  means  a  chart  was 
obtained  which  could  be  reduced  to  gallons 
per  day  by  the  use  of  an  ordinary  planimeter. 
After  the  device  was  in  place  it  was  repeatedly 
checked  in  amounts  up  to  7,00i),000  gals.,  by 
actual  measurement  in  the  sedimentation  tanks. 

Newton,  Mass. — The  engineering  depart- 
ment of  Newton,  Mass.,  maintained  sewer 
gaging  apparatus  at  three  of  the  connections 
of  its  sanitary  sewer  system  with  the  Metrc- 
politan  trunk  sewer  near  the  Charles  River  for 
a  period  of  about  a  year  during  1902  and  1903. 
These  gages  are  described  as  follows  by  Edwin 
H.  Rogers : 

The  gages  were  in  the  form  of  a  weir,  with 
apparatus  to  measure  the  depth  of  flow,  con- 
sisting of  a  float  and  a  connection  therefrom 
which  registered  the  rise  and  fall  of  the  sew- 


age on  a  perpendicular  revolving  drum  op- 
erated by  clockwork.  No  reduction  gear  was 
used,  the  actual  rise  and  fall  being  recorded. 
The  drums  revolved  once  a  week,  requiring 
the  renewal  of  the  record  chart  every  seven 
days. 

The  weirs  were  located  in  manholes  of  the 
sanitary  sewers,  and  as  their  crests  were  raised 
from  1  to  2  ft.  above  the  invert  of  the  sewers, 
t-hey  proved  more  or  less  of  an  obstacle  to  the 
discharge  of  the  solid  matter  in  the  sewage, 
retaining  a  considerable  amount  of  sludge 
which  had   (o  be   frequently  removed. 

Considerable  difficulty  was  experienced  in 
the  maintenance  of  the  clocks,  principally  on 
account  of  the  dampness  which  rusted  out  the 
hair-springs  in  their  escapements  and  also 
tended  to  promote  the  growth  of  mildew  in 
the  works  in  such  quantities  as  to  stop  them 
within  a  month,  even  though  they  were  en- 
tirely enclosed  in  brass  boxes. 

The  results  obtained  were  in  the  main  satis- 
factory, owing  principally  to  the  care  exercised 
to  keep  the  apparatus  in  suitable  working  con- 
dition. 

In  1006  to  1908  attempts  were  made  by  the 
department  to  record  the  flow  in  three  of  the 
main  surface  drains  of  its  separate  sewer  sys- 
tem for  the  purpose  of  obtaining  data  relative 
to  the  run-off  of  storm  water.  In  one  drain 
a  weir  was  constructed  with  automatic  regis- 
tering apparatus,  but  was  a  failure,  owing  to 
the  sand  and  other  wash  from  the  streets  in- 
terfering with  the  operation  of  the  apparatus. 

In  another  instance  a  float  was  installed  in 
a  chamber  beside  the  drain  and  connected  with 
the  invert  of  the  drain  by  an  inverted  siphon. 

Owing  to  the  amount  of  rise  and  fall  of  the 
flow  it  was  necessary  to  use  reduction  appara- 
tus between  the  float  and  the  register  chart. 

This  method  of  measuring  the  flow  could 
not  be  considered  a  success,  partly  on  account 


Fig.  3.  Arrangement  of  Apparatus  for  Meas- 
uring Flow  in  Sewer  at  Brooklyn,  N.  Y. 

of  the  pipe  connection  between  the  drain  and 
the  chamber  being  clogged  with  sand  and 
other  materials,  and  partly  from  the  difficulty 
of  calibrating  the  chart  for  different  depths  of 
flow  in  the  drain.  The  drain  was  laid  on  a 
3  per  cent  grade  and  the  flow  through  it 
caused  apparent  fluctuations  in  the  float  cham- 
ber which  vitiated  the  attempts  to  obtain  ac- 
curate records. 

The  third  installation  consisted  of  a  float  in 
a  12-ft.  by  G-ft.  draiuy  connected  by  reduction 
gear  with  a  clockwork  recording  dial.  It  was 
found  advisable  to  use  a  boat-shaped  float  of 
4-in.  plank,  some  18  ins.  wide  and  8  ft.  long, 
hinged  by  a  10-ft.  rod  to  the  top  of  the  drain, 
which  floated  smoothly  and  did  not  collect 
rubbish  The  clockwork  was  housed  without 
the  drain  in  the  open  air,  thus  avoiding  diffi- 
culty in  its  maintenance.  This  apparatus  was 
in  operation  with  fairly  successful  results  for 
several  months. 

A  self-registering  rain  gage  was  maintained 
in  conjunction  with  these  gagings  of  the 
drains. 

The  element  of  time  being  an  important  fac- 
tor in  the  derivation  of  run-ofl  data,  it  is  im- 
portant that  the  clocks  in  the  apparatus  be 
closely  synchronized,  a  serious  problem,  owing 
to  environment  and  climatic  changes,  unless  a 
system  of  electric  clocks  is  employed. 

After  a  considerable  sum  of  money  had  been 
expended,  it  was  decided  that  the  results  ob- 
tained  did   not   appear   to   justify   the    further 


expense  of  maintenance  and  operation  and  thp 
gagings  were  discontinued. 

BRI)in<I.VX,    N.   v. 

Various  methods  have  been  emploved  for 
the  measurement  of  the  flow  in  Brooklyn 
sewers,  and  these  methods  are  here  described 
by  Edwin  J.  Fort. 

Of  the  several  methods  employed  at  Brook- 
Ixn  the  most  successful  have  been  the  use  of 
the  self-recording  water  stage  register  and  the 
knife-edge  weir. 

The  self-recording  water  stage  register  re- 
ferred to  may  be  used  in  all  sizes  of  sewers 
for  domestic  flow  or  storm  water  run-off.  In 
using  this  method  the  hydraulic  gradient  of 
the  flow  is  obtained  by  observation  and  meas- 
urement, as  is  also  the  cross-sectional  area  of 
the  sewer  for  the  depth  of  flow  observed. 
The  value  of  h,  in  Kutter"s  formula,  is  deter- 
mined mainly  by  the  exercise  of  judgment  oa 
the  part  of  an  experienced  observer,  in  the  ab- 
sence of  experimental  data.  Kutter's  formula 
for  velocity  is  then  applied  and  by  this  means 
the  quantity  of  flow  is  obtained. 

Weir  measurements  are  used  in  exceptional 
cases,  especially  where  the  entire  flow  of  a 
drainage  area  or  district  can  be  weired  in  the 
out- fall   trunk   sewer. 

The  gage  and  weir,  the  description  of  which 
followjs.  have  been  used  in  experimental  work 
of  this  character  in  a  number  of  drainage 
areas  in  this  borough,  and  the  results  have 
been  quite  satisfactory. 

Objection  may  be  made  that  such  an  estima- 
tion of  the  value  of  n  is  liable  to  considerable 
error  and  a  resulting  error  in  the  volume  of 
run-off,  but  even  if  this  were  true  (of  course 
the  greatest  care  should  be  taken  to  estimate 
the  value  of  n  as  correctly  as  our  available  in- 
formation permits),  the  same  value  is  also 
used  in  designing  sewers,  so  that  any  such 
error  would  be  compensated  in  the  final  result. 

Self-Recording  Seiver  Gages  ck  Brooklyn. — 
The  equipment  used  to  measure  the  flow  in 
sewers  from  the  run-oft'  produced  by  rainf,all, 
consists  of  two  Frieze  self-registering  water 
stage  registers,  and  one  vertical  drum  sewer 
gage  designed  by  this  bureau.  Vertical  flood 
sticks  or  maximum  depth  of  water  gages  are 
also  used  to  determine  the  luaximum  flood 
wave  for  a  given  storm. 

Figure  3  shows  diagrammatically :  fA)  A 
water  stage  register  placed  on  a  shelf  in  an 
indicated  manhole;  (B)  a  copper  ribbon  pass- 
ing over  the  transmission  gear  of  the  register; 
(C)  a  lead  counter-weight  attached  to  one  end 
of  the  ribbon  to  keep  it  in  tension  so  that  the 
motion  of  the  float  arm  will  be  transmitted  to 
the  recording  device;  (D)  an  adjustable  float 
arm  to  which  the  other  end  of  the  ribbon  is 
attached;  fE')  a  copper  ball  float;  (F)  repre- 
sents the  inner  bottom  of  a  42-in.  sewer;  (G) 
the  normal  flow  line;  ("H)  the  inner  top  of 
sewer;   (I)  the  manhole  and  (J")  the  head. 

The  gages  are  calibrated  by  raising  the  float 
0.5  ft.  at  a  time,  and  noting  the  value  of  the 
movement  on  the  recording  device.  In  this 
way  calibration  curves  and   scales  are  drawn. 

When  installing  a  gage,  the  sewer  in  which 
it  is  to  be  placed  is  carefully  measured,  and  a 
curve  plotted  showing  the  value  of  0  for  all 
depths  of  flow.  The  gage  is  then  placed  in 
position,  the  ribbon  attached  to  the  float  arrrV 
and  counter-weight,  a  blank  record  placed  on 
the  drum  and  the  pen  inked  and  pressed  down 
on  the  record  ready  for  recording.  The  ball 
float  is  then  placed  0.5  ft.  from  the  bottom  of 
the  sewer,  the  position  of  the  pen  and  the  ele- 
vation of  the  float  ball  being  recorded  on  the 
blank  record ;  the  float  ball  is  raised  0.5  ft. 
more  and  the  new  position  of  the  pen  and. 
elevation  of  the  float  recorded.  This  operation 
is  repeated  until  the  float  ball  has  reached  the 
inner  top  of  the  sewer.  The  elevations  are 
then  corrected  for  the  depth  of  water  required 
to  float  the  ball.  By  comparing  this  record 
with  the  Q  curve,  a  scale  is  made  so  that  it 
will  give  the  value  of  O  for  any  position  of 
the  pen  on  the  record. 

The  height  of  a  flood  wave  is  shown  on  a 
well  sanded  vertical  flood  stick  by  the  sand 
being  washed  oflF  as  high  as  the  water  rises. 
This  gives  a  very  sharp  line  for  the  height  of 
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the  wave  and  is  of  advantage  in  determining 
the  slope. 

l-Veir  Gaging  at  Brooklyn. — The  use  of  the 
weir  is  well  illustrated  by  a  concrete  example ; 
one  of  our  problems  was  to  determine  the  in- 
filtration and  the  maximum  and  minimum  flow 
of  sewage  for  a  large  district,  the  population 
of  which  was  about  177,671. 

To  obtain  the  desired  information  a  weir 
was  used,  and  the  flow  automatically  gaged 
during  the  entire  day  and  night  for  each  day 
of  the  week. 

The  weir  used  was  located  in  the  out-fall 
sewer,  or  outlet  flume,  and  belonged  to  the 
sharp-crested  type,  with  end  contractions  sup- 
pressed. The  crest  length  measured  25.84  ft. 
and  the  height  2.17  ft.  The  head  on  the  crest 
when   not  afifected   by   storm   or    snow    water 


varied  from  .362  ft.  at  4:30  a.  m.  on  Fri(la>s 
to  .543  ft.  at  3 :05  p.  m.  on  Tuesdays. 

The  device  for  recording  the  heads  consisted 
of  an  automatic  water  stage  register  placed 
over  a  "basin"  pit  located  just  outside  of  the 
channel  and  about  16  ft.  up-stream  from  the 
weir  crest.  The  pit  was  connected  with  the 
flume  by  means  of  a  3-in.  iron  pipe  3  ft.  long, 
laid  on  the  floor  and  perpendicular  to  the  side 
of  the  approaching  channel.  The  zero  for  the 
register  was  determined  by  means  of  a  hook 
gage  and  a  Y  level.  The  correction  for  slack 
motion  of  the  register  was  determined  by  the 
hook  gage  to  be  Vz  of  1  per  cent. 

Bazin's  formula,  Q^MLD^ 2GD,  for  sup- 
pressed weirs  with  velocity  of  approach,  was 
used  to  plot  the   results  of   the   investigation. 


It  is  suggested,  however,  that  Hamilton 
Smith's  formula,  Q  =  3.29  LWP,  for  weirs  of 
great  lengths,  may  give  more  accurate  results. 
The  total  mean  flow  for  24  hours  as  indi- 
dicated  by  the  gage  records  was  18.123,000 
gals.  The  total  amount  of  water  supplied  to 
the  district  gage  according  to  information  re- 
ceived from  the  Water  Department  was  17,- 
767,000  gals.  Total  amount  of  ground  water 
(infiltration)    per  day,  356,000  gals. 
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The  foregoing  description  of  methods  and 
apparatus  for  measuring  the  flow  of  sewage 
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Road    Maintenance    Costs    in    Monroe 

County;    New    York    State 

Highways. 

(Staft'    Abstract.) 

At  the  time  this  article  is  written  the  work 
of  the  New  York  State  Commission  of  High- 
ways is  carried  out  under  nine  divisions.  At 
the'  head  of  each  division  is  a  Division  En- 
gineer. Under  the  Division  Engineer  there 
are  two  departments,  i.  c,  construction  and 
maintenance,  in  charge  of  the  Resident  En- 
gineer and  Superintendent  of  Maintenance, 
respectively.  To  each  county,  or  part  of 
county,  where  the  mileage  of  improved  roads 
is  very  large,  the  maintenance  work  is  super- 
vised by  an  engineer  who  reports  to  the   Su- 


perintendent. Division  7  with  headquarters 
at  Rochester  is  composed  of  six  counties — 
Monroe,  Wyoming,  Livingston,  Orleans,  On- 
tario and  Genesee.  Monroe  County  with  its 
220.19  miles  of  completed  state  and  county 
highways  in  1914  was  divided  into  two  sec- 
tions, east  and  west  of  the  Genesee  River. 
This  article  has  to  do  only  with  the  costs 
of  a  portion  of  the  maintenance  work  done 
during  the  past  year  in  eastern  Monroe  Coun- 
ty. The  road  numbers  as  shown  in  tables 
are  arbitrary  and  have  no  connection  with 
those   given    by   the    Commission. 

In   this   territory   in   1914   there  were  99.303 
miles    of    completed    road    of    the    following 

types  of  construction : 

Miles. 

Waterbound    macadam    14.594 

Oiled  waterbound  macadam 41.3S0 


Bituminous   macadam    *27.149 

.\miesite    pavement    l.OOO 

Asphaltic    concrete    9.940 

Concrete-bituminous   top    ; 4.250 

Rock  asphalt   0.990 

Total    99.303 

•Includes  1.45  miles  of  mixing  method,  Type 
2,   N.   Y.   State  specifications. 

There  were  built  during  the  year  8.64  miles 
of  road,  all  of  which  will  come  under  main- 
tenance in  1915,  as  follows: 

Miles. 

\\'aterbound   macadam    *1.03 

Oiled    waterbound    macadam    6.30 

Brick     1.31 

Total    8.64 

'Accepted  and  turned  over  to  Maintenance 
Department  in  September,  1914.  Some  work 
done  upon  same  by  Maintenance  Department. 
Included  in  list  of  completed  roads  above. 


TABLE    I. 


boE 


.VFPLICATION    BY    CONTRACT    OF   HIGH    CARBON    TAR- 

,     I  'be 


c 


D3  ! 


.  <i) 


m 


4j 


$3.00 


2. SO 


U  c  >. 

— Bid  Prices — 

?o.ooi     .$0.10 


Oh  K'5 


$0.02 


S-5. 


=  rt"!  o  o 
C3.S  V  H 
, Cost  Per  Mile ^ 

$252. 4S       $453.57       $706.05 


-COLD  APPLICATION. 


.0  m 

3  ^ 


-Cost  Per  S(i, 
$0.0357       $0.06DG 


Yd. > 

$0.1031 


.001 


.095 


311.52 


548.57 


860.09 


.033C 


.or.so 


.0916 


40,534 


5S.5S2 


4.00 
4.00 


Kind  of  cover, 
f  Imported  lime- 
<  stone  dustless 
I  .screenings, 
r  Imported  lime- 
<.  stone  dustless 
I  screenings. 


•Item  includes  furnishing  and  applying  bituminous  material,  and  applying  cover. 


TABLE  ll.-APPLICATION  OF  LIGHT  COAT  OF  BITUMINOUS  MATERIAL  BY   ro.XTUACT.-COVEr.KD   BV  DEPARTMENT. 

o.  a 


3 


a 


3  r^ 

i.2 


Kind  of  cover. 


Kind   of  bit.    mat. 


=ii 


o 


-Cost  Per  Mile- 


C3.2 


-  d 
o3 


O 
-Cost  Per  Sq.  Yd.- 


o 


$220  01     $14.76  148.40     $282.17     $0.0220     $0.0014     $0.0052     $0.0286 
220.01       21.27       128.15       369.43         .0220         .0020         .0120         .0360 


220.01       21.61 


C6.17       307.79 


.0220 


.0028 


.0088 


.0336 


c  ts 

_; 

>  — 

■5s 

■Jl 

<£ 

Local   sand.                     1 

25 

33,844 

2.80 

Imported  plain 

25 

50,840 

1.90 

limestone     screen- 

Low 

carbon    tar 

ings. 

'cold 

ipplication. 

Imported  plam 

.25 

30, 8  SO 

1.45 

limestone    screen- 
ings                                J 

T^  (S  9-,«  19       9'ii9         -,0  75       33199  0275         .002.')         .0054         .0354         .25  9,371         1.66  Local  sand.  (High    carbon    tai^- 

"     \l  25s!l2         6!35         41^40       305!87         .0275         .0007         .0048         .0330         .25  8.738         1.00  Local  sand.  |  cold  application. 

•Item  mcludes  sweeping  road:  'urnishing  and  applying  bituminous  material. _^ 

TABLE  III.— APPLICATION  OF  BITUMINOUS  MATERIAL  AND  COVER  BY  DEPARTMENT. 

, Cover  X     . —  Bituminous   material — ^  , Cost  per  mile ,    , Cost   per   square   yard ^ 

iver  Tons  .\mt. 

Pna/1  haiii  oer       Total  per      Total    Bit.  Bit. 

No    Miles,    mi      Sq.  vd.        Kind.  mile.     tons.         Kind.  sq. yd.  gals.     mat.   Manip.  Cover.  Ineid.  Tot.       mat.    .\lamp.  Cover.    Incid.    Total. 

,0      3.165      2.00      29.760      dTs'tie'ss"scV°gl     135     429.85     "c'olS  rppUnUro";;     .30     9.124    $191         $6.7       $299  $7       $.564      $0,020     $0,008     $0,031     $0.00,     $0,060 

11  1030      3  25        9  650  "  49       50.00         "     and  cold  oil     .2d     2,541       li4'  d^       21.-)»  I         461  .018         .OO.s         .liii         U4J 

12  2^430      2^75      22;400     ^V^r^^      42     ,02.00     ^UlS  ^^^1     .25  5.711      155           68           96           10         32D          .017         .007         .0,1  .001         .036 

13  1800      3.00      16,670                      "                  40       71.00                      "                   .25  4,255      156           94'         93             .>         348          .01,         .Oil         .010         038 

Cost   of   labor-     Foreman.    50   cts.    per  hour.      Laborers,   25  cts.   per   hour.  Teams.  62'./.  els;.  ,iei   hour.     Auto  truck,  $2.5  per  (lay.  .     „   , 

'High  cost  due  to  use  of  maintenance  tar  costing  .096  cents  per  gal.  Cost  of  bituminous  m^.ier>al  f.  o.  h.  delivery  point,  per  gal. 

2nii   in  >v.ri*ii«  Iloan    10 JO. ORG 

'Cover  picked  up  from  Road   No.    10  and  hauled  by  auto  truck  onto  Road  Road  11 0.0668  (C.O.>  and  $0,096  (Tar). 

No.  11.     Average  haul   =   3 ■/,   mlle.s.  ^  ,  ,  ,  ^°Ia\1 All 

•High  cost  due  to  long,  hard  hauls  of  oil  distributor  from  tank  car  to  road.  Road  13 0.066 
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The  maintenance  work  in  the  field  is  done 
both  by  contract  and  by  payroll  system  di- 
rectly by  the  Department.  The  latter  includes 
minor  repairs  by  the  patrolmen  and  more 
extensive  repairs  by  organized  gangs.  Each 
patrolman  supplies  himself  with  a  horse  and 
cart  and  necessary  small  tools  and  is  provided 
with  bituminous  material  and  stone.  His 
duties  comprise  the  making  of  small  patch 
repairs  to  the  pavement;  the  cleaning  of 
ditches  and  culverts;  the  mowing  of  weeds 
and  grass  along  the  highways  and  around 
the  guard  rail  and  culverts;  and  the  general 
inspection   of  his   beat.     The  average  cost  of 


cost  becomes  large  as  shown  on  Roads  Nos. 
16  and  19.  However,  where  average  condi- 
tions prevail  and  all  the  material  may  be 
used  to  widen  out  the  shoulders  a  fair  av- 
erage cost  of  $2.5  per  mile  may  be  assumed. 

In  the  early  part  of  the  summer  all  the 
wooden  guard  rail  was  repainted  one  coat. 
Ready  mixed  paint  was  used,  costing  $1.50 
per  gallon  f.  o.  b.  points  near  Rochester,  and 
was  applied  by  the  Department's  own  forces. 
In  most  cases  a  gang  of  three  or  four  men, 
including  the  foreman,  was  employed.  These 
gangs  were  transported  from  road  to  road 
in  a  box  wagon  which  was  also  used  to  carry 


Road. 
14 
15 
16 
17 
18 
19 
20 
21 
22 


Miles. 

3.165 

3.306 

2.430 

1.S19 

4.019 

1.000 

1.576 

2.960 

1.800 


Total  22.075 
^Av.  haul 


Total 
cost. 
$  S8.03 

87.25 
137.50 

47.00 
157.50 

64.50 

35.25 
138.00 

79.25 

$834.28 

100% 

%   mi. 


TABLE  IV.— COST  OF  SCRAPING  SHOULDERS. 
-Total  cost. — ^    Av.  cost  per  mile. 


Labor. 
%  56.25 

62.25 
100.00 

42.00 
102.00 

40.00 

14.00 
103.00 

55.75 


Team.  Total.  Labor.  Team. 


$  31.78 
25.00 
37.50  " 
6.00 
55.50 
24.50 
21.25 
35.00 
23.50 


28 
26 
57 
26 
39 
65 
22 
47 
44 

38 


18 
19 
42 
23 
25 
40 
9 
35 
31 

26 


10 
7 
15 
3 
14 
25 
13 
12 
13 

12 


Remarks. 
No  material  hauled  away. 
No  material  hauled  away. 
All  material  hauled  away.^ 
No   material   hauled   away. 
30  per  cent  of  material  hauled  away. 
All  of  material  hauled  away." 
No  material  hauled  away. 
No  material  hauled  away. 
No  material  hauled  awaS'. 


$575.25         $259.03 
69%  31% 

■Av  haul  =   M  mile.     "Av.   haul  =  %  mile. 

Cost  of  labor — Foreman,  50  cts.   per  hour. 
Labor,  25  cts.  per  hour. 
Team,   62'^  cts.  per  hour. 


TABLE  v.— TRAFFIC  CENSUS— TIME  7  A.  M.    TO   T   P.    M.— FAIR  WEATHER. 

1-  1-          2-  2- 

Road              Type  of            Motor-Runa-Touring  Total    horse  horse    horse  horse  Total  Total 

No.          construction.       cycles,  bouts,  cars.  Trucks,  motors,  light,  heavy,  light,  heavy,  horse,  both. 

23  Bit.  macadam 127         257         993         74  1.451         102  S2           12  112  308  1,759 

24  Waterbound    119           89         462         77  747         197  128           36  153  514  1,261 

25  Waterbound    35           85         221         33  374           28  315            3  288  634  1  OOS 

26  Asphalt   135           80         277         44  536           24  72             0  817*  913  1449 

27  Waterbound    37           58         203         38  336           14  22             2  17  55  391 

28  Waterbound    22           33           92         27  174           96  82           57  126  361  535 

29  Bit.    macadam 25           38         150         22  235         108  103           26  48  285  520 

30  Bit.  macad.  and  cone.    63           63         303         52  481           29  42           17  63  151  632 
•Includes  385  loaded  2  cu.  yd.  sand  wagons. 


the  salaries  of  such  men  was  $67.00  per  mile 
in  1914. 

The  total  amount  of  money  spent  in  1914 
up  to  Dec.  1  was  $68,705.83,  divided  as  fol- 
lows : 

Average 
per  mile. 

Patrol     $6,589.00     $        67.00 

Repairing,       painting       and 

buildin?  guard   rail 2,550.48  26.00 

Maintenance  material,   stone 

and    oil    6,013.49  61.00 

Ordinary    repairs    5,963.16  60.00 

Oiling  40.669  miles   19,870.75  488.00 

Resurfacing    1.4.T    miles    bit. 

mac.  mixing  method,  Type 

2    23,007.77       15,867.00 

Engineering  and  expenses. . .     4,711.18  47.00 

Engineering  and  inspection,  4.94  per  cent. 

Of  the  oiling  work  done  during  the  year 
32.244  miles  were  done  by  contract  and  8,425 
miles  by  the  Department  directly.  The  cost 
of  this  class  of  work  is  itemized  under 
Tables  I   and   II   respectively. 

In  the  work  shown  in  Table  I  both  the 
cover  and  bituminous  material  were  applied 
by  contract.  The  cost  of  cover  as  shown  in 
this  table  is  excessive,  due  to  the  fact  that 
the  cost  as  given  covers  all  material  bought 
and  delivered  upon  the  shoulders  of  the  road. 
In  the  case  of  each  of  these  contracts  ap- 
proximately 100  tons  of  cover  per  mile  were 
applied. 

In  Table  II  the  bituminous  material  was 
applied  by  contract,  cover  being  furnished  and 
tapplied  by  the  Department.  •  The  amoimt 
of  cover  used  was  approximately  50  tons  to 
the   mile. 

Table  III  shows  the  cost  of  oiling  work 
done  entirely  by  the  forces  of  the  Depart- 
ment. 

During  the  season,  particularly  in  the  late 
fall,  the  shoulders  on  22.075  miles  of  road 
were  scraped  and  shaped  up,  an  ordinary  two- 
team  road  scraper  being  employed.  Tlie 
cost  of  this  work  is  shown  in  Table  IV.  It 
is  difficult  to  state  an  average  cost  upon  this 
class  of  work,  owing  to  the  great  variation 
in  conditions.  Where  it  is  necessary  to  pick 
up  and   haul   away   the   surplus   material   the 


paint,  brushes,  oils,  material  and  tools  for 
making  small  repairs,  etc.  The  cost  of  this 
labor  was  as  follows,  the  driver  of  the  wagon 
being  used  as  a  painter: 

Per  hr. 

Foreman     $0.50 

Labor     25 

Horse  and   wagon,   including   driver 37% 

Each  man  painted  approximately  300  lin. 
ft.  of  rail  per  day  on  the  average  and  used 
0.6  gallons  per  100  linear  feet.  The  itemized 
cost  of  this  work  was  as   follows: 

Total  No.  lin.  ft.,  49,998.  Cost  labor,  $478.50. 
Cost  material,  $475.77.  Total  cost,  $954.27. 
Average  cost  per  ft. — Labor,  $0.0096;  material. 
$0.0094;   total,  $0,019. 

Cost  of  paint  used    $450.00 

Cost  of  oil  and  turpentine 18.79 

Cost   of   brushes 6.98 

Cost  of  labor   478. 50 

Total    cost    $954.27 

Below  is  shown  the  cost  of  erecting  new 
concrete  guard  rail.  The  cost  of  hauling  2% 
miles  is  included  in  the  labor. 

COST  OF  CONCRETE  GUARD  IN  PLACE. 

No.  of  lin.  ft 1,440 

Total   cost  of  labor $  '237  00 

Cost  of  rail  and  frt 1,053.76 

Total     $1,290.76 

Av.  cost  of  labor  per  ft $0  164 

Av.  cost  of  rail  per  ft .'732 

Total     $0,896 

On  three  days  of  the  year  a  census  of 
traffic  was  taken  on  all  the  improved  roads 
in  the  state.  In  order  to  obtain  an  idea  of 
the  amount  of  travel  Table  V  is  given.  Roads 
Nos.  2.3,  24,  25,  26  are  highways  in  the  vicinitv 
of  the  city  of  Rochester,  while  Roads  Nos. 
27,  28,  29  and  30  are  farther  from  the  center 
of  traffic.  The  figures  are  those  taken  on 
one  of  the  average  days. 

Division  No.  7  is  under  the  charge  of 
Perry  Filkin,  Division  Engineer,  and  H.  G. 
Hotchkiss,  Jr.,  Acting  Superintendent  of 
Maintenance.  This  article  is  reprinted  from 
the  Cornell  Civil  Engineer  for  May,  1915,  the 
author  being  Paul  Macy,  Engineer  in  direct 
charge  of  the  work  described. 


Cost  of  Resurfacing  Macadam  Walks 

With  Asphalt,   Lincoln  Park, 

Chicago. 

Contributed  by  M.  D.  Blumberg,  Assistant  Engi- 
neer, Lincoln  Park. 

In  Lincoln  Park  proper  there  are  about  50,- 
000  sq.  yds.  of  walks  built  principally  of  cin- 
ders, limestone  macadam,  and  gravel  macadam. 
In  1913  the  attention  of  the  commissioners 
was  drawn  to  the  difficulty  of  keeping  these 
walks  in  condition  for  foot  travel.  In  wet 
weather  pools  of  water  would  stand  in  the 
walks,  in  dry  weather  the  protruding  large 
stones  caused  a  great  deal  of  discomforture 
to  the  pedestrians,  thereby  causing  many  01 
them  to  walk  on  the  grass,  while  in  winter  the 
removal  of  snow  was  unnecessarily  difficuh. 
In    deciding   upon    what    methods    to    use   to 


TABLE    I.— COST    OF   BASE    AND    WEARING 

SURFACE  FOR  26,657  SQ.  YDS.  OF  WALK, 

LINCOLN  PARK,  CHICAGO. 

BASE. 

T    V.  Per 

Labor:  gq.  j-^ 

Shaping   bed    of   walk $0  0231 

Mixing     080 

Spreading     o20 

Rolling    006 


Total    $0,129 

Material: 

Asphalt     $0,050 

Stone    051 

Coal    01" 

!002' 


Miscellaneous  supplies    

Total    $0.11.'. 

Teams: 
Hauling    (surplus    material    after    shaping 

walk)      $0,011 

Hauling    (binder)     yi:. 

Total    $0.03.3 

Overhead  charges: 

Plant    $0.015 1 

Superintendence   00 1 


Total    $0.01'i 

Total  cost  per  sq.  yd. : 

Labor     $0.12,' 

Material    ii.s 

Teams    033 

Overhead  charges   019 


Total    $0,296 

WEARING    SURFACE. 

Per 
Labor:  sq.  vd. 

Mixing     ' $0,054 

Spreading     021 

Rolling    006 


Total    $0,081 

Material: 

.A.sphalt    $0,105 

Screenings    (limestone)     02S 

Stone    dust    016 

Sand   (torpedo)    001 

Sand   (fine)    043 

Cement    001 

Miscellaneous     001 

Coal    013 


Total    $0,208 

Teams: 
Hauling     $0.01S 

Overhea'd   charges: 

.Plant    S0.019 

Superintendence   r 004 


Total     $0,023 

Total  cost  per  sq.  yd. : 

Labor     $0,081 

Material    20S 

Teams    018  1 

Overhead   charges    023 


Total     $0,330 

eliminate  the  above  difficulties  the  following 
considerations  were  born  in  mind:  (1)  Low 
first  cost  and  low  maintenance;  (2)  The 
walks  should  be  in  harmony  with  the  park 
surroundings;  (3)  The  utilization  of  the 
foundations  of  the  walks  as  they  stood;  (4) 
The  walks  should  be  of  such  a  nature  as  to 
induce  people  to  use  them  rather  than  the 
grass.  I 

With  these  considerations  in  view  the  choice  j 
was      narrowed      down      to      building     Port-   ) 
land    cement    concrete    walks    or    resurfacing   1 
with  an  asphaltic  mixture.     It  was  finally  de- 
cided to  build  some  experimental  sections  with 
an  asphaltic  top.    These  experiments  proved  so 
successful  in  1913  that  in  1914  enough  money 
was  appropriated  to  cover  nearly  40.000  sq.  yds. 
of  walks  with  an  asphaltic  wearing  surface. 

The   plant   used    for   this   job   consisted   of 
one   portable   asphalt   plant   of   1,600  cu.  yds. 
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TABLE    n.— COST    OF    WEARING    SURFACE 

FOR  13,329  SQ.   YDS.  OF  WALK,  LINCOLN 

PARK,   CHICAGO. 

Per 
Labor:  sq.  yd. 

Shaping  bed  of  walk J0.022 

Mixing     055 

Spreading    023 

Rolling    007 

Total    $0,107 

Material: 

Asphalt     $0,103 

Screenings  (limestone)    028 

Stone   dust    017 

Sand   ( torpedo)    001 

Sand   (fine)    044 

Cement    001 

Coal    012 

Miscellaneous   supplies    001 

Total     $0.20;i 

Teams: 
Hauling  (wearing  surface) $0,010 

Overhi;ad  charges:' 

Plant     $0,020 

Superintendence   004 

Total     $0,024 

Total  cost  per  sq.  yd.: 

Labor     $0,107 

Material    20n 

Teams     010 

Overhead  charges   024 

Total     $0,350 

capacity     (inch    thick)    manufactured    by    the 
.Link  Belt  Co.  and  a  combination  roller  which 
furnished  the  power  for  the  plant.     The  ma- 
terial was  wheeled  in  barrows  up  an  elevated 
platform  from  which  it  was  dumped  into  the 
hopper.     The  plant  was  centrally  located  and 
the  binder  and  top  were  hauled  to  the  job  in 
two  yard   dump   wagons.     The   wagons   were 
covered  with  canvas  to  retain  the  heat  in  the 
I    mi.xture.    The  average  haul  was  one-half  mile. 
I    Sufficient   teams    were   used   to   keep   up   with 
I   the  output  of  the  plant.     The  greatest  number 
used  per  day  was  five  teams. 

About  one-third  the  area,  or  13,.329  sq.  yds. 
of  walk,  were  sufficiently  compact  and  rough 
to  pave  with  a  wearing  surface  only.  The 
balance,  or  26,657  sq.  yds.,  required  a  binder 
and  top.  The  binder  used  was  composed  of 
%-in.  to  %-in.  stone  and  asphalt.  A  number 
of  tests  showed  that  the  percentage  of  asphalt 
used  by  weight  was  as  follows :  Minimum  3.8-") 
percent,  ma.ximum  5.15  per  cent,  average  4.25 
per  cent.  The  binder  was  laid  so  that  it  was 
%  in.  thick  after  being  rolled  with  a  5-ton 
roller.  The  wearing  surface  mi.x  consisted  of 
asphalt,  limestone  screenings,  stone  dust  and 
Iiink  sand  in  the  following  proportions: 

Per  cent. 

I ,   A.,phalt    lO.SO 

Passing  200-mesh    12.50 

Passing   £0-mesh    18.00 

Passing   40-mesIi    36.00 

Passing   10-mesh    13.00 

On    10-mesh    10.00 


100.00 
The  wearing  surface  was  laid  %  in.  thick 
after  being  rolled  with  a  5-ton  roller.  Im- 
mediately after  rolling  Portland  cement  was 
brushed  over  the  surface  and  then  rolled  with 
the  5-ton  roller.  The  cement  fills  the  minute 
voids  in  the  surface  and  also  improves  the 
appearance  of  the  walks. 

It  will  be  noticed  from  the  cost  report, 
Tables  I  to  III,  that  there  is  a  torpedo  sand 
charge.  At  the  beginning  of  the  work  it  was 
found  that  the  mix  contained  too  large  a 
percentage  of  coarse  material.  Limestone  dust 
was  substituted  in   place  of  the  torpedo  sand 


T.\BLE      IIL— SUMIMARY      OF      COSTS      AND 
QUANTITIES    OF   WALK   CONSTRUC- 
TION,   LINCOLN    PARK, 
CHICAGO. 

Base  and  wearing  surface 26,657  sq.  yds. 

Wearing  surface   only 13,329  sq.  yds. 

Total    39,986  sq.  yds. 

Averase  width  of  walks S'A  ft 

Amount  expended  on  paving  walks  with 

base  and  wearing  surface  cost   (ttl.).$16,908..^ j 

Cost  per  sq.  yd $0,633 

Amount  expended  on  paving  walks  with 

wearing  surface  only 4,466,31 

Cost   per   sq.    yd $0,350 

Total  amount  expended  on  walks. ..  .$21, 374. fs9 
Average  cost  per   sq.    yd $0.519 

and  the  mix  proved  very  successful.  No  forms 
of  any  kind  were  required  for  the  work. 

From  the  cost  report  it  can  be  seen  that  as- 
phalt walks  can  be  laid  at  appro.ximately  60 
per  cent  of  the  cost  of  concrete  walks  where 
both  binder  and  top  are  used,  and  at  about 
35  per  cent  of  the  cost  of  concrete  where  a 
wearing  surface  only  is  used. 

The  pavmg  was  done  under  the  supervision 


Fig.  1. — Two  Track  Concrete  Road  on  Curve 
on  Grade. 

of  Mr.  George  T.  Donoghue,  chief  engineer 
for  the  commissioners  of  Lincoln  Park.  Mr. 
W.  F.  Enault.  foreman  of  road  construction, 
was  in  immediate  charge  of  the  work. 


Method  and  Cost  of  Street  Oiling  in 
Carlisle,  Pennsylvania. 

Contributed    by    John    C.    Hiteshew,    City    Engi- 
neer,  Carlisle,   Pa. 

The  oiling  of  streets  is  done  by  the  Street 
Department  under  the  supervision  of  the 
writer.  An  increasing  number  of  streets  have 
been  oiled  each  year  beginning  in  1911  when 
the  Standard  Oil  Co.'s  crude  oil  was  used.  It 
was  fairly  satisfactory  for  the  price  but  was 
poorly  applied.  In  1912  the  Sun  Company's 
Emulsifying  Oil  was  used;  a  mixture  of  one 
part  oil  and  one  part  water  was  applied  with 
ordinary  street  sprinkler  with  oiling  attach- 
ment. In  1913  Dustoline  was  used  and  would 
have  been  satisfactory  had  not  an  unusually 
heavy  shower  washed  practically  all  the  oil 
from  the  streets  within  an  hour  or  two  after 


it  was  applied.  In  1914  Emulsifying  Oil  was 
again  selected  because  of  its  previous  suc- 
cess. It  had  very  little  odor  and  after  a  few 
hours  dried  sufficiently  not  to  track  onto  the 
sidewalks.  Also  the  price  played  a  large  part 
in  the  selection. 

The  manner  of  applying  the  oil  was  as  fol- 
lows: An  overhead  siding  was  used  from 
which  the  oil  was  run  from  tank  car  to  sprink- 
ler by  gravity.  An  ordinary  water  sprinkler 
of  500  gals,  capacity  was  used,  and  filled  about 
one-half  full,  the  sprinkler  was  then  taken  to 
the  block  to  be  oiled  and  the  other  half  filled 
with  water  at  the  nearest  fire  plug.  The  oil 
and  water  were  then  thoroughly  mixed  with 
a  hoe,  but  later  on  it  was  found  that  time 
was  saved  and  as  perfect  a  mixture  was  se- 
cured by  placing  the  hose  connected  with  the 
fire  plug  in  the  bottom  of  the  sprinkler  and 
turning  on  full  pressure  of  the  water,  which 
would  then  literally  "boil  up"  and  thoroughly 
emulsify. 

The  sprinkler  distributed  the  oil  so  uniform- 
ly that  no  brooming  was  required  after  oiling. 
The  streets  were  lightly  swept  before  oiling 
in  order  to  clean  them  but  to  leave  sufficient 
dust  for  the  oil  to  take  hold  or  penetrate. 

The  cost  of  oiling  approximately  160,000  sq. 
yds.  or  34  blocks,  or  eight  miles  of  street 
averaging  45  ft.  in  width,  giving  the  whole  two 
applications,  was  as   follows: 

Materials — 

26,509  gals,  emulsifying  oil  at  .0446c $1,182.31 

Demurrage 16.00 

Total     $1,198.31 

Labor — 

Foreman,  5  hrs.  at  20  cts $  1.00 

Labor,  65  hrs.  at  16  cts 10.40 

Labor,  97  hrs.  at  15  cts 14.55 

Labor,  5  hrs.  at  10  cts -50 

Team,  103  hrs.  at  15   cts 15.45 

Team,  25  hr.s.   at  10  cts 2.50 

Collector.    21    davs   at    $1.00 21.00 

Collector,    6   days   at   $1.50 9.0O 

Total    $      74.40 

Grand   total    ^^'F^XnJ 

Per  squai'e  yard $0,008 


Two   Part   Construction   for   Concrete 

Road    on   Curve   on   Grade. 

(Staff  .\bstract.) 
Two-track  construction  was  adopted  on 
curves  on  grade  in  building  the  Minnetonka 
Lake  shore  concrete  road  near  Minneapolis, 
Minn.  The  illustration  shows  this  construc- 
tion on  a  moderately  sharp  curve  on  a  5  per 
cent  grade.  The  main  approaching  roads  are 
16  ftr  wide,  8  ins.  thick  at  center  and  6  ins. 
thick  at  sides,  on  the  cure  the  road  slab  is 
split  into  two  8  ft.  wide  slabs  separated  by 
a  dirt  strip  as  illustrated.  The  idea  of  this 
construction  is  of  course  to  keep  separate  the 
traffic  in  opposite  directions  on  curves  on 
grade  where  it  has  a  tendency  to  swing  across 
road.  The  photograph  was  taken  before  dirt 
strip  and  shoulders  had  been  leveled  and  so 
does  not  indicate  the  neat  appearance  of  the 
finished  work.  Where  such  construction  is 
adopted  on  roads  in  suburban  and  resort  loca- 
tions the  dirt  strip  offers  opportunity  for 
planting  shrubs  and  flowers  and  thus  adding 
to  the  general  attractiveness  of  the  surround- 
ings. We  are  indebted  to  the  Universal  Port- 
land Cement  Co..  Chicago,  for  the  information 
given    in    this    note. 
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Design  and  Construction   Features   of 

the  Massachusetts  Institute  of 

Technology  Buildings. 

(Staff  .-Mstract.) 
The  construction  of  the  new  buildings  of 
the  Massachusetts  Institute  of  Technology 
represents  one  of  the  most  comprehensive 
schemes  for  an  educational  institution  that 
has  been  developed  in  this  country.  The  site 
includes  an  area  of  50  acres,  while  the  build- 


ings themselves  cover  an  area  of  3%  acres, 
and  if  placed  in  a  straight  line  would  extend 
for  a  distance  of  2,500  ft.  With  the  excep- 
tion of  the  stairways,  which  are  of  structural 
steel,  reinforced  concrete  is  used  throughout, 
the  buildings  requiring  about  40,000  cu.  yds. 
of  concrete  and  3,600  tons  of  reinforcing 
steel. 

This  article  will  deal  chiefly  with  the  struc- 
tural features  of  the  work,  and  especially 
with    the    engineering    studies    and    investiga- 


tions which  determined  tliem.  In  connection 
with  the  general  description  of  the  layout  of 
the  work,  however,  tlie  more  essential  con- 
struction  features  will  be  treated. 

ARR.ANCEMENT    .VNI)    TYPE   OI"    DUII.DINGS. 

The  complete  plan  provides  for  over  30 
buildings,  with  17  of  the  larger  and  more  im- 
portant ones  grouped  around  a  central  court 
so  arranged  and  constructed  as  to  form  one 
continuous  structure.  Figure  1  is  a  plat  of 
the  site,  showing  the  arrangement  of  buildings. 
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The    buildings    now    under    construction    arc 
shown  by  light  full  lines,  while  the  heavy  full 


cate    that    the    strength    was    increased    rather 
than    decreased    by    flowing    through    a    chute 


Fig.   1.     Construction   Plant   and    Building   Layout  for   IVlassachusetts   Institute  of 

Technology    Buildings. 


lines  indicate  the  arrangement  of  the  plant 
used  in  their  construction.  At  present  only 
13  of  the  buildings  are  being  erected,  but  the 
plans  for  those  shown  dotted  in  Fig.  1  are  well 
under  way. 

The  buildings  which  face  directly  on  the 
major  and  minor  courts  (see  Fig.  2)  and  on 
important  streets  are  faced  with  Indiana  lime- 
stone ;  those  facing  on  the  secondary  courts 
and  other  less  prominent  places  are  faced  with 
pressed  brick. 

The  buildings  facing  on  the  major  court 
are  four  stories  high,  while  those  on  the  minor 
courts  have  a  height  of  three  stories.  On 
the  latter,  however,  there  are  two  pavilions, 
one  on  each  side  of  the  main  entrance  from 
the  street,  which  run  up  to  the   fourth   story. 

CONSTRUCTION    PLANT. 

The  size  of  the  job  made  it  convenient  for 
construction  purposes  to  group  the  buildings 
into  seven  sections,  A  to  G  inclusive  (see 
Fig.  1),  each  section  having  its  own  organ- 
ization,  with   field   office,   mixing   plant,   etc. 

Materials  are  carried  direct,  by  means  of 
switch  tracks  laid  from  the  Boston  &  Albany 
R.  R.,  on  trestles  to  each  mixing  plant.  The 
sand  and  gravel  are  dumped  under  the  trestle 
into  pits  holding  300  and  400  cu.  yds.  respec- 
tively. Cement  is  stored  in  houses,  one  for 
each  plant.  The  %-cu.  yd.  mixers  are  located 
in  pits  so  that  all  material  can  be  fed  by  grav- 
ity. The  mixed  concrete  is  poured  into  cars 
which  are  run  up  inclined  tracks  to  the  hoist 
towers,  the  latter  being  located  in  a  central 
position  so  that  the  concrete  can  be  hoisted 
and  distributed  through  chutes  to  the  various 
sections.  The  concrete,  however,  is  not  chuted 
directly  to  place.  In  oirder  to  handle  it  \>\ 
chutes  and  at  the  same  time  maintain  tlie 
proper  consistency,  it  was  found  necessary 
to  limit  the  slope  of  the  chutes  to  30°  wiili 
the  horizontal.  This  slope  is  therefore  main- 
tained, and  the  concrete  flows  from  each  chute 
into  a  hopper,  from  which  it  is  poured  into 
two-wheeled  ''Ransome"  barrows,  and  wheckd 
to  place.  Tests  of  specimens  of  concrete 
taken   at   different   points   in   the   system    indi- 


in   tliis   manner.     Figure   3   is   a   view 
of   the  concrete  distributing   plants. 


of   one 


irATERl.\LS     ANU     CONCRETE    PROPORTIONS.    ' 

Although  Massachusetts  is  largely  covered 
with  glacial  deposits  of  sand  and  gravel,  it 
is  by  no  means  easy  to  lind  aggregates  which 
will  make  tirst-class  concrete.  Available 
sources  of  supply  were  sampled  and  tested  be- 
fore the  contract  for  construction  was  let.  } 
Finally  a  new  bank,  located  about  twelve  miles  I 
from  the  building  site,  was  opened,  and  a 
contract  was  let  for  excavating,  screening 
and   delivering  the  material. 

"Universal"  Portland  cement  is  being  used, 
the  cement  being  tested  regularly  at  the  mill 
and  also  at  the  author's  laboratory. 

As  sand  tests  are  fully  as  important  as 
cement  tests,  the  inspector  goes  to  the  bank  at 
regular  intervals  for  samples  of  sand,  which 
are  sent  to  the  author's  laboratory  for  test- 
ing. The  specifications  require  a  ratio  to 
standard  of  "0  per  cent  for  3  days  and  85 
per  cent  for  7  days.  Although  this  is  some- 
what lower  than  the  "Joint  Committee"  recom- 
mendations, it  was  found  that  the  aggregate 
produced  concrete  of  the  required  strength ; 
furthermore,  the  values  could  be  used  as  abso- 
lute minimums  on  short-time  tests.  As  a  mat- 
ter of  fact  the  tests  made  thus  far  have  aver- 
aged 91  per  cent  for  3  days,  100  per  cent  for 
7  davs,  and  102  per  cent  for  28  days— an  e.\- 
cellent  record,  especially  for  New  England 
sands. 

Immediately  after  deciding  upon  the  aggre- 
gates, compression  tests  of  cylinders  8  ins. 
in  diameter  by  10  ins.  long  were  made  to  de- 
termine the  best  proportions  and  allowable 
stresses.  As  a  result  of  these  tests  three  dif- 
ferent mixes  were  chosen,  a  1  :2  :4  mix  for  the 
footings  and  fovmdation  walls,  a  1:1%:3  mix 
for  the  superstructure,  and  a  1  :1  :2  mix  for  a 
few  important  columns  which  required  espe- 
cially high  stresses. 

FIELD    TESTS    OF    CONCRETE. 

Test  Sfiecimens. — Two  field  samples  of  con- 
crete were  taken  regularly  on  each  section 
of  the  job  at  least  four  times  a  week  for 
tests  at  U  and  28  days,  both  samples  from 
the  same  batch  in  order  to  arrive  at  the  true 
relative  value.  Wherever  possible  the  sam 
pies   were  taken   directly   from  place :   but   for 
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Fig.  2.     Arrangement  of  Buildings   Under    Construction  and  Framing   Plan  of  Second 
Floor — Massachusetts    Institute    of  Technology. 


Tune  9,  1Q15. 


bingincering   and    Contracting 


il5 


beams,  columns  and  girders  this  was  impos- 
sible, and  samples  were  taken  from  the  bar- 
row before  placing. 

The  concrete  was  shoveled  into  tw-o  14- 
quart  galvanized  iron  pails,  then  carried  to 
the  molding  yard,  remixed  to  eliminate  any 
segregation  of  materials  due  to  carrying  from 
the   work,    and    poured    into   iron    molds    em- 


sand,   where  they  remained   until  the  day   li- 
fore  they  were  tested. 

Results  of  Tests.- — The  average  results  of 
compression  tests  of  these  three  specimens 
were  as   follows : 

Compressive 
strength,  lbs. 
Concrete  mix.  Age,  days.  per  sq.  in. 

1:2     :4 14  1,640 

1:2     :4 2S  2,110 

1:1%  :3 14  2.008 

1:11^:3 28  2,.';20 

Each  value  is  an  average  of  about  90 
specimens,  and  the  percentage  of  variation 
from  the  mean  value  is  much  lower  than  is 
usual  on  construction  work,  due  to  the  care 
with  which  the  samples  were  taken  and 
molded. 

The  increase  in  strength  from  14  to  -8  days 
for  the  1 :2 :4  concrete  averaged  23  per  cent, 
and  for  the  l:IVi:3  concrete  it  averaged  25 
per  cent.  (The  series  of  laboratory  tests  con- 
ducted last  year  by  the  "Institute  Committee 
on  Aggregates"  showed  an  increase  in  strength 
of  19  per  cent  in  this  period.) 


Fig.  3.  Typical   Arrangement  of  Tower,    Chute   and    Hopper   Used    in   Concreting 
Massachusetts    Institute    of   Technology   Buildings. 


EIong.jtion  in  S  ins.  for  sizes  below  '/i-in.,  15 
per  cent. 

Reduction  in  area  for  larger  bars,  33  per  cent. 

Reduction  in  area  for  sizes  below  J/4-in.,  50 
per  cent. 

The  fracture  was  a  half  cup. 

Bending  tests  for  '/»-in.  and  larger  bars  were 
180°  around  their  own  diameters. 

Bending  tests  for  bars  below  i^-in.  were  ISO" 
flat. 

Phosphorus  ranged  from  0.01  to  0.02  per  cent. 

.Sulphur  ranged  from  0.03  to  0.04  per  cent. 

BEAM    TESTS. 

The  stresses  were  so  chosen  that  no  cracks 
would  be  visible  under  ordinary  working  loads. 
Before  reaching  a  decision  as  to  the  allow- 
able working  stresses  tests  were  made  of  full- 
size  T-beams. 
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bedded  in  moist  sand.  The  ma-ximum  and 
minimum  temperatures  were  recorded  every 
day.  For  mass  concrete  work,  where  the  size 
of  aggregate  runs  up  to  2  or  2%  ins.,  sam- 
ples were  cast  in  8.xl6-in.  cylinders  ;  but  for 
the  superstructure  concrete,  where  the  largest 
size  of  aggregate  is  not  over  1%  ins..  Ii-x6,xl2- 
in.  prisms  were  used  as  the  material  for  the 
larger  size  of  specimen  w-as  too  heavy  to  car- 
ry from  the  upper  stories.  The  bottom  of 
each  mold  was  formed  of  a  -Vi-in.  iron  plate. 
The  concrete  was  tamped  in  the  mold  with  a 
fi-in.  ice  chopper,  about  the  same  precautions 
being  taken  as  on  the  regular  work.  Each 
sample  was  .given  one  tamp  on  each   face  and 


Z-0- 


The  practical  value  of  this  system  of  sam- 
pling and  testing  was  shown  at  the  beginning 
of  the  job.  Some  of  the  test  specimens  of 
1 :2 :4  concrete  gave  low  values,  and  the 
method  of  handling  the  concrete  on  the  job 
was  changed  at  once,  with  the  result  that  sub- 
sequent specimens  gave  proper  strengths.  To 
be  sure  that  the  concrete  which  had  been 
previously  placed  was  satisfactory  three  or 
four  samples  were  cut  out  of  a  solid  footing 
three  or  four  weeks  old.  After  being  sawed 
to  the  standard  8x8xl6-in.  size,  compression 
tests  of  them  were  made,  the  average  value  be- 
ing 2.200  lbs.,  a  satisfactory  strength  for  this 
nortion  of  the  structure. 


As  a  result  of  the  tests  it  was  evident  that 
the  cracks  in  beams  reinforced  with  twisted 
steel  are  less  objectionable  under  a  steel  stress 
of  18.000  lbs.  per  square  inch  than  in  beams 
reinforced  with  plain  round  bars  under  a 
stress  of  only  16,000  lbs.  per  square  inch. 
Moreover,  so  much  of  the  tension  was  car- 
ried by  the  concrete  that  with  a  theoretical 
stress  "of  18,000  lbs.  the  actual  measured  stress 
was  only  8.000  lbs.  per  square  inch.  In  beams 
reinforced  with  twisted  steel  there  were  many 
more  cracks  than  in  beams  reinforced  with 
plain  round  bars,  but  these  cracks  were  small 
and  well  distributed,  and  therefore  unobjec- 
tionable; whereas  in  the  plain  round  bar  beams 
the    cracks    were    large    and    more    noticeable. 


Elevation  at  A' 
Fig.   4.  Typical    Beam   and    Column    Details  for  Three-Bay  Construction  on  Minor  Courts. 


z&c 


I  four  tamps  at  90°  in  the  center.  The  time  of 
I  the  operations  of  dumping  into  the  molds  and 
I  tamping  never  exceeded  five  minutes.  Just 
I  previous  to  the  initial  set  the  top  surfaces 
I  were  carefully  troweled  with  a  plasterer's 
!  trowel  in  order  to  obtain  a  uniform  bearing 
in  the  compression  machine,  .'\ftcr  48  liours 
!  the  blocks  were  removed  from  the  sand,  taken 
I  from    the   molds,    and    reburied    in    the    moist 


rUOPERTIES    OF    REINFORCING    STEEL. 

The  cold  twisted  steel  used  for  reinforce- 
ment was  tested  at  the  mill  with  the  follow- 
ing  results: 

Yield  point  v:uied  from  57,000  to  01,000  lbs. 
per  square  inch. 

Tensile  strength  varied  from  70,000  to  81,000 
lbs.   per  square  Inch. 

Elon.cration  in  8  Ins.  for  larger  bars,  tVz  to  10 
per  cent. 


The  stress  in  the  steel  at  failure  for  beams 
reinforced  with  twisted  steel  averaged  93,000 
lbs.  per  square  inch,  and  for  beams  rein- 
forced with  plain  round  bars  60,000  lbs.  per 
square   inch. 

Methods  of  Design. 

Complete    specifications,    following    substan- 
tially tiie  recommendations  of  the  "'Joint  Com- 
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Roof  Grade  7i60 


Zi-i' 


Third  Floor  Grade  61 60 
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Second  Floor  Grade  4610 


15-6' 


First  Floor  Grade  Z960 
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Fig.  6.    Typical  Cross  Section  of  Buildings  on   Minor  Courts — Three 
Bay  Construction. 

mittee  on  Concrete  and  Reinforced  Concrete,'' 
were  drawn  up  by  the  author,  but  only  special 
features  will  be  considered  in  this  article. 
UNIT  STRESSES. 

Stress,  In  lbs.  per  sq. 
The  following  unit  stresses  were  used  in  the 
design : 

in.    for  various   con- 
crete mixtures. 
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Fig.  7.     Typical  Cross  Section  of  Buildings  on    Major  and  West 
Secondary  Courts — Two-Bay  Construction. 


1:2:4 
mix. 


mix. 


1:1:2 
mix. 


2,000       2,500       3,300 


650 
750 
450 
120 
80 


810 
930 
560 
150 
100 
18,000 
12 


750 


13,000 
10 


Item. 
Compressive  strength  of  Sx 

16-in.    concrete  cylinders. 
Compressive  fiber  stress: 

At  center  of  beam 

At  support    

Compressive  stress 

Sliearing   stress    

Bond   stress    

Steel  tensile  stress 18,000 

Ratio  of  elasticities,   n 15 

TYPICAL  BENDING   MOMENTS. 

In  the  layout  of  beams  there  is  usually  one 
short  span  between  two  long  spans.  This 
arrangement  gives  a  series  of  class  rooms  on 
each  side  of  a  long  corridor,  with  most  of 
the  beams  in  the  partition.  Figure  4  is  a  de- 
tail drawing  illustrating  this  type  of  construc- 
tion. In  some  cases  the  center  span  is  10  ft. 
and  the  two  side  spans  each  25  ft. ;  in  others 
the  center  span  is  12  ft.  and  the  two  side  spans 
each  24   ft. 

Figure  5  shows  the  positions  of  live  and 
dead  loads  for  maximum  bending  moments  at 
various  points  in  the  three  spans  of  this  type 
of  construction.  Tbe  formulas  from  which 
the  bending  moments  were  derived  are  rather 
complicated.  Solutions  were  worked  out  for 
the  different  conditions  and  constants  obtained 
by  the  use  of  which  the  general  formulas  were 
reduced  to  the  two  following  formulas : 


bending  moment  coefficients  given  in  Table   I 
were  thus  obtained. 


TABLE  I.— BENDING  MOMENT  COEFFI- 
CIENTS FOR  CONSTRUCTION  CONSISTING 
OF  SHORT  SPAN  BETWEEN  TWO  LONG 
SPANS. 

•Max.  Ml.  r— *Max.  Mj — ,  , 'M,,- 


RELATIVE  ECONOMY   OF  DIFFERENT   ARRANGEMENTS 
OF  BEAMS  AND  GIRDERS. 

Before  deciding  on   a   flat   slab  layout  with 
no    intermediate     beams,     requiring     1.5x27-ft. 


Live-load. 


o  c 

■SI  1    i       1      i     "S    •= 

k2   q      J  0  J        c       B- 

0.3  0.084  0.085  —0.090  —0.101  —0,077  0,009 

0.4  0.087  0.089  —0,083  —0.096  —0.063  0,015 

0.5  0.087  0.092  — 0.0S2  —0.095  —0.049  0.022 
♦See  Fig.   5. 


a 
He 

a* 

% 

-0,086 
-0.078 
-0.072 


As   a  result  of  these   studies  the   foUowmg 
simple   formulas  were   used   in   the  design   of 
the   three-span  continuous  beam : 
End    spans : 

1 

Center  hU  =  • K'f 

11 
1 

Support  jV.-  = ?!'/" 

11 


2M-1  (/  +  nl)  +  Mini  -   -  6  [-j-  f'  m^^xdx  +  i-  j   "  m^-i  {nl  -  x)  dx^ (1). 

M^nl  +  2M»  (nl  +  I)  -   -  6  T-L  f  "',„^.,xdx  +  J  f   '"^■'  ^  "  ^)  ('■'^  1 (2)- 


Where 

M2  and  Mt  ==  bending  moments  at  center 
supports. 

(Hxi  and  mx3  =  static  bending  moment  at  any 
point  in  the  respective  end  spans  due  to  load 
in  that  span. 

»«x3^  static  bending  moment  at  any  point 
in  the  center  span  due  to  load  in  that  span. 

J  =:  ratio   of   end   span   to   center    span. 

These  formulas  were  solved,  and  constants 
were  derived  in  terms  of  dead  and  live  loads 
for  different  ratios  of  short  span  to  long  span 
and  for  different  positions  of  the  load.     The 


Center  spans : 
Support  A/;  =  - 


11 


■uf- 


Middle 


.1/3  =  - 


60 


M3  =  — - 


-  Zi'P 


18 


In  the  above  formulas  /  is  the  length  of  the 
end   span. 


Fig.  8.     Cross  Section  of  Baseme 
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slabs,  studies  were  made  of  the  relative  costs 
of  this  construction  compared  with  intermedi- 
ate beam  and  tile  construction.  The  long-span 
concrete  slab  construction  proved  most  eco- 
nomical, however,  when  the  total  cost  of  con- 
crete, steel,  and  making  of  forms  was  con- 
sidered. Designs  and  estimates  were  made  for 
the   following   cases : 

Case  I.  Panel  with  no  intermediate  beam  ; 
slab  15  ft.  6  ins.,  solid  concrete  construction. 

Case  II.  Panel  with  one  intermediate  beam; 
slab  7  ft.  9  ins. 

Case  III.  Panel  with  no  intermediate  beam  ; 
slab  15  ft.  6  ins.,  with  tile. 

In  Table  II  there  is  summed  up  the  rela- 
tive costs  for  the  three  cases.  It  is  evident 
that  the  cost  of  forms  is  the  important  factor, 
completely  upsetting  the  conclusioTis  that  would 
be  drawn  from  the  relative  costs  of  the  ma- 
terials  actually  used   in   the   slab. 

BEAM    REINFORCEMENT. 

.Ml  beams  are  continuous,  and  negative 
moments  were  provided  for  in  the  design. 
The    location    of    bends    in    steel    was    always 


Basement  Grade  1710 


T.A.BLE   !I.— RELATIVE   COSTS   OF   DIFFERENT  SLAB  DESIGNS. 


Concrete 
slab;  span, 
15  ft.  G  ins. 


Concrete 

slab:  span, 

7  ft.  9  ins;   1 

intormediate 

beam. 


Hollow  tile; 

span,  15  ft.  6 

ins. 


Item. 
Concrete,  per  panel: 

Slab,  cu.  yds 

Beam,  cu.   yds 

Girder,   cu.   yds... 

Total     

Steel,  per  panel: 

Slab,    lbs 

Beams,   lbs 

Girder,    lbs 


Unit  cost.       Amt.     Cost.       Amt.     Cost.       Amt.     Cost. 


a  9 

Cu  o 


10.7 
2.S 


G.l 
2.6 
0.G5 


6.6 


13.5     $78.50         9.35     $55.00 


1,080 
944 


435 

1,620 

690 


Total     J002" 

Tile,  per  panel: 

Slab,   pleci    *0.200 

Total   cost  of  materials 

Form   lumber: 

Slab,  iy4-;n.  stock,  ft.  B.  M 

Beam,   IH-in.   stock,   ft.  B.  M 

Girder    IVt-iU-  stock,  ft.  B.  M 


2,024     $55. GO       2.745     $75.00 


$134.10 


1,772 

496 


r~T       r 

HI 

4-3- 


.  3- 


-5"* 

_£«_- 


r~n 


I — !' 


4'-3- 


^Grade  14.50 

O,  oo-  Oi 

_l~-jf^  I  Grade  130 

'rPiles 

■i  E&C 


Total  cost  4  floors 

Cost  per  panel  per  floor. 


U- 8-6- ^ 

Fig,   9.      Elevation   of   Interior  Wall    Footing 
of   Massachusetts   Institute  of  Tech- 
nology   Buildings. 

selected  so  as  to  leave  as  much  steel  as  vvas 
required  for  both  tension  and  compressior 
stresses.  As  a  rule  about  three-eighths  of  the 
shear  was  considered  to  be  carried  by  the  beni 
bars  in  accordance  with  recent  German  tests. 
Typical  reinforced  beam  and  column  construc- 
tion is  shown  in  Fig.  4.  Figure  6  is  a  typical 
cross  section  of  the  three-panel  type  of  con- 
struction, and  Fig.  7  is  a  typical  cross  section 
of  the  two-panel  construction  (also  see  Fig. 
2). 

Unusually  long  beams  of  special  design  were 
used  in  the  construction  of  the  pavilions  in 
buildings  Nos.  1,  2,  5  and  6,  where  it  was  de- 
sirable to  have  class  rooms  over  40  ft.  square, 

with  no  inside  columns.     Four  beams  running 

at    right    angles    to    each    other,    two    in    each 

direction,    divided   the   floor   into    four   nearly 

square    panels.      The   beams    were    18x36   ins., 

and   the   reinforcement   consisted   of   six   1-in. 

and  six  ys-in.  bars  at  the  center,  and  five  1-in. 

and    two    %-'m.   bars   at   the    ends.     All   bars 

were  square  twisted  steel.     The  pavilion  roof 

beams  are  also  unusually  large  because  of  the 

architectural    treatment.      In    building    No.    17 

there   is   a  48-ft.   beam   24x60   ins.    in   section, 

reinforced    with    eighteen    1-in.    bars    at    the 

center   and   twelve   1-in.   bars   at   the   end.     In 

this   case   it   was   necessary  to   strengthen   the 

support  by   haunches. 

INTERIOR    COLUMNS. 

All    interior    columns    are    square,    and    are 
reinforced    with    vertical    steel    only.      Bands        |       \[Pl!^ 
were   placed    12    ins.    on    centers   to   keep    the        \,S' I,     5SpW6' 
steel    in    position    during    construction.      The        C-^^— 3'-E"---- 

eccentricity  of  interior  columns  was  neglected        \^ 

because  the  short  beams  were  designed  with 
sufficient  steel  to  prevent  bending  m  the 
column. 

WALL  COLUMNS. 

In  the  design  of  wall  columns  account  was 
taken  of  the  bending  moment  produced  by 
the  rigidity  of  the  connection  between  beam 
and  column.  The  eccentricity  in  this  case 
was  computed  carefully  and  enough  steel  pro- 
vided to  take  care  of  it.  To  provide  for  the 
bending  moment  in  the  top  story,  however,  it 
would  have  been  necessary  to  use  larger  col- 


Total  for  4  floors 

Total  per  floor  per  panel 

Form  labor: 
Slab: 

Make     C  -' 

Place  and  remove  first  floor gg 

Place  and  remove  second  floor 2j; 

Place  and  remove,   third  floor ^^ 

Place  and  remove,  fourth  floor 5  i> 

aa 

Total  cost  4  floors 

Cost  per  panel  per  floor 

Beams: 

Make     

Place   and   remove  first   floor ;   : 

Place  and  remove  second  floor •   ; 

Place  and  remove  third  floor :   ■ 

Place  and  remove  fourth  floor '-^C 

Total  cost  per  beam  4  floors JS'g 

Cost  per  panel  per  floor ,  ~ 

G:rders:  E  >, 

Make    c  a 

Place  and  remove  first  floor oj  ^ 

Place  and  remove  second  floor P-g 

.Place  and  remove  third  floor _a^ 

Place  and  remove  fourth  floor -J- 


$30.00 
per  M. 


2,2C8 
567     $17.00 


$49.19 


$3.00 
5.79 
5.20 
6.92 
6.92 

$27.83 


$12.30 


$6.95 


$130.00 

1,435 
680 
267 

2,382 
596     $17.86 


$3.78 

11.48 

8.57 

9.31 

9.31 

$42.45 


S.8 

$51.22 

670 
944 

1,551 

$41.88 

286 

$57.20 

$150.30 

1,772 
429 

$10.61 


2,201 
550 


$4.39 
12.88 
9.88 
11.02 
11.02 

$49.19 


$16.50 


«17 
613 
619 


644 


$12.30 


$2.10 
4.40 
3.90 
5.10 
5.10 

$20.  GO 


$2.30 
4.80 
4.10 
6.20 
6.20 

$23. GO 


$10.30 


$9.50t 


$2.70 
5.10 
4.60 
G.80 
6.80 

$26.00 


$6.40 


639 


G41 


$36.25 

f  170. 35 


$48.27 
$178.27 


$35.20 
$185.50 


Total   cost   forms 

Total   cost    

•Costs  are   from   "Concrete   Costs,"   by   Taylor  and  Thompson  as  per  page  number  noted. 

tMuItiply  cost  per  panel  per  floor  by  l.G  instead  of  2.0  to  allow  for  spandrel  beams. 

Notes.— Forms  assumed  to  be  used  four  times  and  remade  once  for  a  change  in  size  of  col- 
umns. Size  of  beam  below  slab,  12x19  Ins.;  size  of  girder  below  slab,  14x19  ins.  Note  that  cost  of 
forms  and  not  cost  of  materials  used  in  beams  and  slab  determines  relative  cost  of  the  tnree 
alternate   designs. 


umns  than  the  architectural  treatment  would 
permit.  Therefore  to  prevent  a  bending  mo- 
ment in  the  columns  it  was  decided  to  make  a 
joint  between  the  columns  and  roof  beams  and 
not  to  carry  the  outside  reinforcement  through 
the  beam.  Columns  were  then  designed  for 
the    superimposed   load   placed   on   the   coUimn 


the  support  and  the  same  moment  in  the  cen- 
ter of  the  span.  To  prevent,  as  far  as  pos- 
sible, cracks  in  the  building  short  bars  were 
placed  at  the  top  over  each  girder  whenever 
the  main  slab  reinforcement  ran  parallel  to 
the  girder,  and,  in  fact,  wherever  there  was 
danger    of    negative    stresses. 
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Fig.  10.     Typical  Bay  of  East  Wall  Footing  of   Massachusetts   Institute   of  Technology 

Buildings. 


with   an    eccentricity   of  0.4   the   width  of   the 
column, 

SLABS. 

The  floor  slabs  which  are  continuous  were 


WALLS 

Retaining  walls  were  cast  monolithic  with 
the  wall  columns,  except  on  the  outside  wall, 
in  the  minor  and  major  courts  separate  re- 
taining walls  were  built  about  3  f'.  9  ins.  from 


designed    for   a   bending   moment    of   at      the  building  line.     Figure  8  is  a  typical  cross 

12  section  of  the  basement  wall. 
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The  design  of  footings  varies  in  different 
parts  of  the  structure.  In  certain  buildings 
the  interior  footings  arc  continuous;  in  others 
individual  footings  are  used,  and  in  still  others 
two  interior  columns  arc  placed  on  one  foot- 
ing. All  outside  footings  are  continuous.  The 
footings  rest  on  wood  piles  of  spruce  or  oak, 
depending  upon  the  character  of  the  ground 
as  determined  by  thorough  tests.  Figures  9 
and  10  give  a  general  idea  of  the  design  and 
reinforcement    of    the    footings. 

FLOOR   SURFACES. 

Special  studies  of  floors  were  ma<le  and  sev- 
eral experimental  slabs  were  built  in  order  to 
find  the  method  of  placing  that  would  result 
in  minimum  dusting  and  a  satisfactory  bond 
for  the  slab.  The  scum  which  always  rises 
on  the  surface  of  base  concrete  was  removed 
by  brushing  the  slab  with  a  wire  brush  just  as 
it  began  to  harden.  The  tests  showed  that 
dusting  is  best  prevented  by  using  coarse  sand 
containing  scarcely  any  dust  and  broken  stone 
ranging  from  %  to  %'  in.  in  size,  these  ma- 
terials being  mixed  into  a  stiff  mortar  in  the 
proportions  1 :%:!%.  As  a  result  of  labora- 
tory tests  stiff  neat  cement  brushed  into  the 
set  concrete  was  selected  as  the  best  bonding 
material  between  the  base  concrete  and  the 
granolithic. 
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features  of  a  paper  by  Sanford  E.  Thomp- 
son presented  before  the  annual  meeting  of 
the  American  Concrete  Institute  at  Chicago. 
We  are  indebted  to  Mr.  Thompson  for  illus- 
trations and  data  contained  in  this  article. 


Comment  on  "Cost  of  Quantity   Sur- 
veys of  Buildings  and  a  Proposed 
Survey  Guarantee." 

To  THE  Editors  :  The  editorial  in  the  April 
'21,  1915,  issue  of  Engineering  and  Contract- 
ing on  the  subject  of  "Quantity  Surveys"  has 
attracted  the  writer's  attention.  As  he  has 
had  some  years  of  experience  in  formulating 
contracts  for  construction,  both  for  municipal 
and  other  improvements,  and  in  supervising 
construction  work  under  the  terms  of  such 
contracts,  in  the  course  of  which  he  has  ac- 
quired some  rather  definite  notions  and  fixed 
convictions  regarding  this  subject  (now  much 
discussed)  of  furnishing  bills  of  quantities 
with  plans  and  specifications  for  the  conve- 
nience of  prospective  bidders,  it  has  occurred 
to  him  that  some  points  of  this  experience 
might  be  of  interest  and  perhaps  assist  to 
some  slight  degree  in  the  settlement  of  this 
mooted  question. 

In  the  engineering  office  of  the  writer's  firm 
we  have  tried  probably  all  of  the  various 
plans  that  have  been  proposed  and  discussed 
for  construction  contracts.  We  have  come 
to  realize  from  actual  experience  throughout 
many  years  in  handling  the  bidding  for  im- 
portant constructions  that  this  question  of 
furnishing  the  prospective  contractor  with  a 
list  of  quantities  is  not  the  simple  one  it 
might  seem  to  be  if  viewed  without  the  light 
of  hard  experience.  We  have  all  sympathy 
with  the  contractor,  and  regret  as  much  as 
any  of  the  writers  on  the  subject  the  ap- 
parently wasteful  and  unnecessary  expense 
entailed  by  reason  of  all  of  the  contractors 
having  to  figure  the  same  quantities  on  a 
given  job.  We  also  would  like  to  find  a  plan 
that  would  actually  work  out  in  practice  by 
which  this  apparent  "lack  of  efficiency,"  now 
so  much  talked  of,  could  be  overcome,  but  it- 
has  not  been  proved  an  easy  thing  to  correct. 


First,  let  us  consider  that,  for  present  pur-' 
poses,  all  contracts  for  construction  ought  to 
be  classified  as :  (a)  Flat  Price  General  Con- 
tracts; and  (b)  Unit  Price  Contracts.  By 
the  first  is  meant  such  contracts  as,  for  ex- 
ample, a  municipal  waterworks  plant  and  sys- 
tem upon  which  it  is  desired  to  receive  a 
fixed  flat  jjrice  bid  for  the  entire  construction, 
to  be  completed  in  accordance  with  plans  and 
specifications  furnished.  By  the  second  is 
meant  such  a  contract  as,  for  example,  grad- 
ing of  more  or  less  indefinite  quantity,  to  be 
contracted  at  a  certain  price  per  yard,  or  a 
job  of  sewer  construction  upon  which  it  is 
desired  to  receive  bids  on  the  basis  of  so  much 
per  linear  foot  for  the  various  sizes. 

Whatever  the  objections  may  be  to  the  first 
form  of  contract,  it  is  one  which  can  scarcely 
be  avoided  in  the  case  of  certain  classes  of 
work;  and  it  is  found  to  be  really  best  for 
those  cases.  Such  cases  are  usually  those  of 
municipal  constructions,  such  as  when  a  city 
has  voted  a  definite  amount  of  bonds,  and  de- 
sires to  spend  the  full  amount  of  the  bond 
issue,  but  cannot  exceed  the  limits  of  the 
bond  issue.  In  such  cases,  it  is  practically  im- 
possible to  get  a  city  council  to  be  satisfied 
with  any  other  form  of  bidding  than  that  of 
the  fi.xed  flat  price,  or  form  (a)  above.  This 
form  of  contract  may  have  added  to  it  a 
schedule  of  unit  prices,  distinctly  specified  to 
be  solely  for  possible  additions  and  deductions, 
should  any  be  ordered  afterwards,  thus  making 
it  possible  for  minor  changes  to  be  arranged 
between  the  city  and  the  contractor,  through 
the  medium  of  the  engineer,  without  raising 
any  controversy  as  to  the  cost  of  such 
changes,  or  without  giving  the  contractor, 
when  once  he  has  secured  the  contract,  any 
opportunity  to  take  advantage  of  the  mu- 
nicipality, as  might  be  done  if  no  previous 
provision  had  been  made  concerning  the  terms 
for  possible  additions  and  deductions.  Such 
a  form  of  contract  has  been  used  many  times 
by  the  writer's  firm  for  this  class  of  business, 
with   entire  satisfaction. 

The  second  form  of  contract — the  "Unit 
Price  Contract" — is  frequently  employed  by 
those  larger  cities  which  have  their  own  en- 
gineering departments.  This  form  is  also 
sometimes  employed  by  the  smaller  cities  for 
extensions  and  betterments,  and  more  fre- 
quently by  private  concerns.  It  is  satisfactory 
to  the  engineer,  but  the  contract  fixes  no 
minimum  limit  for  the  expenditure,  and  there 
is  only  the  engineer's  estimate  as  a  .guide  for 
the  client  by  which  can  be  known  the  prob- 
able amount  of  expenditure.  Such  contract, 
while  it  may  be  more  convenient  for  the  en- 
gineer and  more  satisfactory  to  the  contractor, 
is  not  generally  acceptable  for  the  smaller 
municipalities  where  the  Council  is  always  de-  . 
termined  to  know  just  what  the  job  is  going 
to  cost. 

Now,  in  the  case  of  contracts  of  class  (a), 
it  may  be  argued  that  the  engineer  should  fur- 
nish complete  bills  of  materials,  and  this  is 
frequently  done :  it  has  been  tried  repeatedly 
by  the  writer's  firm.  It  has  been  found,  how- 
ever, that  to  furnish  any  kind  of  a  bill  of  ma- 
terials to  the  contractor,  in  connection  with 
such  a  contract,  is  almost  certain  to  cause 
some  kind  of  confusion  or  controversy.  It 
may  be  argued  that  this  should  not  be  so,  but 
as  a  matter  of  fact  experience  shows  that 
it  is. 

The  plan  has  been  tried  of  giving  a  bill  of 
materials,  carefully  itemized,  to  prospective 
bidders,  but  with  the  announcement  printed 
plainly  thereon  that  this  bill  of  material  is 
approximate  and  is  solely  for  the  information, 
convenience  and  guidance  of  prospective  bid- 
ders. It  is  stated  that  the  actual  bid  is  to  be 
based  upon  the  quantities  required  to  execute 
the  work,  as  shown  and  specified  by  the  plans 
and  specifications.  But  even  this  does  not 
prove  satisfactory  for  the  contractor,  as  it  is 
found  that  he  inevitably  will  bid  blindly  on 
the  quantity  listed,  and  will  pay  little  or  no 
attention  to  the  drawings  and  specifications, 
with  the  result  that  there  remain  innumerable 
small  items  of  materials  of  such  minor  char- 
acter that  they  cannot  well  be  listed,  for  which 
he  will  demand  extras,  thereby  causing  trouble 


all   out   of   proportion   to   the   value    of    the 
items,  both   for  the  engineer  and  his  client. 

It  may  be  argued  that  the  engineer  ought 
to  be  able  to  detail  and  itemize  a  bill  of  ma- 
terials as  thoroughly  and  carefully  as  a  con- 
tractor. The  answer  is :  Most  eiigineers  can 
do  so,  and  when  they  attempt  to  prepare  such 
a  bill  they  do  it  much  more  thoroughly  than 
the  average  bidder;  but  that  is  not  all  there 
is  to  the  matter. 

For  one  thing,  it  is  not  usual  that  an  engi- 
neer can  command  sufficient  fees  to  compen- 
sate him  for  working  out  a  bill  of  materials 
in  minute  detail.  He  can  prepare  his  esti- 
mate for  his  clients  with  suflScient  exactness 
by  his  own  methods  of  figuring,  without  item- 
izing every  little  article  required  to  make  the 
construction  complete.  Moreover,  ir  is  a  fact 
that  no  two  contractors  "work"  their  mate- 
rials in  the  same  way.  or  make  the  same  al- 
lowance for  loss,  breakage  and  shortage.  If 
the  engineer  gives  a  bill  of  materials,  based 
upon  the  actual  amount  of  material  which  the 
finished  work  will  figure,  there  are  bound  to 
he  shortages,  due  to  cutting  to  standard 
lengths,  sizes  and  shapes,  and  to  the  usual 
loss  and  breakage.  If  the  engineer  attempts 
to  make  allowance  for  this,  he  will  never 
make  the  allowance  which  any  two  contractors  - 
would  agree  is  right.  If  he  tells  them  plainly 
in  the  specifications  to  make  their  own  al- 
lowances they  never  do  it,  but  will  figure  on 
just  what  is  displayed  in  the  bill  of  mate- 
rials, and  will  then  complain  about  not  hav- 
ing materials  enough  to  finish  the  job. 

Another,  and  possibly  the  most  important 
consideration,  is  that  in  the  case  of  a  com- 
plete bid,  as,  for  example,  a  municipal  water 
and  lighting  plant  for  a  small  Western  city 
to  cost  about  $.50,000,  it  is  not  best  from  any 
standpoint  to  attempt  to  specify  details  of 
construction  with  too  great  a  degree  of  mi- 
nuteness. It  requires  a  great  deal  of  judg- 
ment and  much  experience  to  prepare  such 
specifications  so  as  to  express  the  engineer's 
ideas  concerning  essential  requirements,  and 
still  leave  the  bidding  open  to  various  stand- 
ard makes  of  machinery,  equipment  and  sup- 
plies. It  also  is  difficult  to  provide  means 
for  enabling  the  contractor  to  exercise  some 
judgment  as  to  the  manner  of  carrying  out 
the  construction.  If  the  specifications  an 
made  too  exclusive,  complaints  will  behearil 
that  the  engineer  is  favoring  some  certain 
make  of  engine  or  pump,  or  something  of  this 
kind,  or  the  contractor  will  complain  that  if 
he  were  allowed  to  carry  out  his  ideas  about 
handling  the  work  he  could  make  important 
savings.  Furthermore,  too  close  specifica- 
tions do  actually  limit  and  restrict  competi- 
tion greatly,  thus  afifecting  bids.  This  be- 
comes serious,  particularly  in  public  work, 
where  competition  must  be  more  open  than 
in  private  undertakings.  It  is  found  best  to 
specify  type,  size,  character,  performance,  etc., 
for  such  a  plant,  and  to  .show  a  sufficient  num- 
ber of  detail  drawings  to  fix  the  arrangement 
nf  equipment  in  the  station  (in  the  case  of 
a  power  plant,  for  example),  leaving  the  less 
unimportant  details  to  the  judgment,  decision 
and  experience  of  the  contractor.  Such  a 
course  will  mean  a  saving  to  the  client  and 
a  smoother  and  more  satisfactory  execution 
of  the  whole  work.  In  fact,  the  general  re- 
sults will  be  more  satisfactory. 

Granted  this,  it  is  apparent,  then,  that  the 
engineer  cannot  furnish  a  minutely  itemized 
bill  of  material,  for  in  no  case  would  it  be 
just  that  required  by  any  certain  bidder. 

Therefore,  after  much  experience  with  vari- 
ous forms  of  contracts,  it  has  been  definitely 
determined  in  the  office  of  the  writer's  com- 
pany that  for  contracts  of  the  form  (a), 
above  referred  to,  no  bills  of  materials  shall 
be  furnished.  This  may  appear  to  be  a  hard- 
ship on  the  contractor,  but  as  a  matter  of  fact 
it  is  not  nearly  so  much  so  as  some  writers 
would  have  us  believe.  These  contractors 
have  their  own  quick  ways  of  figuring  jobs, 
and  they  can  do  the  work  with  comparatively 
small  expense  to  themselves ;  in  fact,  they 
would  not  be  satisfied  with  anyone  else  figur- 
ing for  them.  Of  course,  in  many  instances, 
especially  on  such  municipal  work  as  has  been 
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referred  to,  contractors  get  together  and  com- 
pare notes  as  to  their  quantities,  and  possibly, 
as  it  is  sometimes  claimed,  "get  together"  too 
•much  for  the  good  of  the  job.  However,  it 
is  not  believed  that  the  average  bidder  cares 
to  have  anyone  else  figure  his  quantities,  his 
costs,  or  his  totals  for  him.  He  will  blindly 
bid  on  the  engineer's  bill  of  materials,  if  one 
is  given,  because  he  can  blame  the  engineer 
and  can  claim  that  that  is  what  he  was  asked 
to  bid  on.  On  the  other  hand,  if  no  bill  of 
material  is  furnished  by  the  engineer — only  a 
set  of  clear-cut  plans  and  specifications  with 
proper  "Instructions  to  Bidders" — the  con- 
tractor will  go  ahead  and  figure  out  his  pro- 
posal, and  there  will  be  no  unsatisfactory 
after-results.  It  costs  him  something  to  do 
it.  to  be  sure,  but  it  also  costs  something  to 
conduct  every  business,  and  this  is  the  con- 
tractor's unavoidable  burden. 

It  is  not  because  the  writer  has  desired  to 
escape  responsibility  or  blame  that  he  has 
become  settled  in  the  practice  above  outlined, 
but  because — in  spite  of  preconceived  ideas  to 
the  contrary — after  many  trials,  he  lias  found 
it  to  be  the  best  plan  in  every  way. 

.A.S  to  these  "Quantity  Survey"  concerns, 
referred  to  in  the  editorial  in  question,  the 
writer  thinks  they  will  liave  a  hard  time  of  it. 
-Where  will  there  be  found  a  Western  con- 
tractor (or  any  other)  who  will  pay  Wz  per 
cent  to  have  his  quantities  figured,  on,  say,  a 
$50,000  municipal  electric  light  and  water 
plant  and  system,  such  as  the  writer  has  had 
to  handle  through,  this  office  many  times. 
Furthermore,  if  such  concerns  undertake  to 
guarantee  these  quantities,  it  is  the  writer's 
belief  that  they  will  spend  most  of  their  time 
engaged  in  lawsuits,  and  ultimately  will  wind 
up  in  failure. 

We,  in  the  writer's  office,  shall  welcome 
any  plan  to  overcome  the  difficulty  under  dis- 


cussion, but  we  believe  that  it  is  not  so  much 
a  "lack  of  efficiency"  after  all,  nor  is  it  any- 
thing which  will  require  the  complete  over- 
hauling of  tried  engineering  practice. 

When  it  comes  to  contracts  of  the  form 
(b),  above  referred  to,  there  is  no  harm, 
and  it  may  be  useful  and  helpful  to  furnish 
approximate  lists  of  quantities;  but  in  the 
other  form  of  contract,  it  is  believed  to  be 
a  wholly  mistaken  idea  for  the  engineer  to 
attempt  to  furnish  bills  of  materials. 
Very  truly  yours. 

W.   K.   Palmer. 

The   W.   K.   Palmer   Company, 

919  Baltimore  Ave.,  Kansas  City,  Mo. 

April  23,   1915. 


Ventilation  Standards  for  Factories. 

(StafT  Abstract.) 

The  American  Society  of  Heating  and  Ven- 
tilating Engineers,  through  a  committee,  has 
prepared  a  set  of  minimum  ventilation  require- 
ments for  public  and  semi-public  buildings  as 
a  Iiasis  for  legislation  recommended  by  the 
Society.  The  committee  having  this  work  in 
charge  consisted  of:  James  D.  Hoffman,  pro- 
fessor of  mechanical  engineering,  University 
of  Nebraska;  E.  Vernon  Hill.  Department  of 
Health,  Chicago ;  and  Frank  T.  Chapman,  east- 
ern manager  Vento  Department,  American 
Radiator  Co.  The  standards  recommended 
for  factories  are  as  follows : 

A  minimum  floor  area  of  25  sq.  ft.,  and  a 
minimum  cubic  space  of  250  cu.  ft.  per  occu- 
pant shall  be  provided  in  all  work  rooms,  and 
no  work  room,  of  which  occupancy  is  taken 
after  the  date  of  issuance  of  this  provision, 
shall  have   less   than   a  clear  height   of   10   ft. 

A  positive  supply  of  outdoor  air  from  an 
uncontaminated  source  shall  be  provided  the 
work   room   at   all   times   during  working   hours. 


and  the  quantity  of  this  positive  supply  of  out- 
door air  shall  be  based  upon  a  minimum  re- 
quirement of  1.500  cu.  ft.  per  hour  per  occu- 
pant. 

The  distribution  of  the  supplied  outdoor  air 
shall  be  so  arranged  as  to  maintain  the  tem- 
perature requirement  without  uncomfortable 
drafts,  or  any  draft  lower  than  60"  F.  in  oc- 
cupied spaces.  A  test  of  proper  air  supply  and 
distribution  will  be  that  the  COo  content  in  any 
occupied  part  of  a  work  room  shall  not  at 
any  time  exceed  10  parts  in  10,000  'parts  of 
air,  based  upon  tests  taken  in  a  zone  from 
3  ft.   to   6  ft.  above  the  floor  line. 

The  temperature  of  the  air  in  the  work  room 
shall,  at  all  times  during  working  hours,  be 
maintained  throughout  the  actual  working 
spaces,  within  the  range  of  60°  to  72°  F.,  de- 
pending upon  the  class  of  work  and  workers^ 
except  when  the  outside  temperature  is  suf- 
ficiently high  that  artificial  heating  in  the 
building  is  not  required,  or  when  the  particu- 
lar class  of  manufacture  or  work  requires  or 
makes  desirabla  other  temperatures  that  may 
be  approved  by  the  department  of  health.  The 
temperature  of  the  air  in  offices  shall  be  main- 
tained during  occupancy  within  the  range  of 
65"  to  70"  F. :  in  wash,  dressing  and  locker 
rooms  during  working  hour.s.  GO"  to  70°  F.,  and 
in   toilet  rooms   55°   to   6S"   F. 

Accurate  thermometers,  properly  protected, 
by  open  wire  shields,  shall  be  provided,  set 
and  maintained  at  a  height  of  5  ft.  from  the 
floor  of  all  work  rooms,  at  least  one  thermome- 
ter for  every  2,000  sq.  ft.  of  floor  area.  In  ad- 
dition, there  shall  be  provided  one  such  ther- 
mometer in  each  office,  wash  room,  toilet  room 
and    locker   room. 

If  the  opinion  of  the  department  of  health 
the  air  supply  to  any  building  is  deemed  im- 
pure or  especially  dust  laden,  filters,  air  wash- 
ers or  other  appliances,  satisfactory  to  the  de- 
partment,   may    be    required. 
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Novel,    Simple    Method    of    Applying 
Liquid   Chlorine   Under   Pressure. 

Contributed    by   J.    W.    Ledoux,    Chief   Engineer, 

.\merican    Pipe   and   Construction   Co., 

Philadelphia,    Pa. 

There  are  a  number  of  water  plants  in  the 
United  States  using  pressure  filters  in  which 
it  would  be  desirable  to  use  chlorine  or  hypo- 
chlorite of  calcium  as  an  aid  to  render  the 
filtered  water  safe. 

As  there  has  been  no  very  satisfactory 
method  heretofore  for  thus  treating  the  fil- 
tered water  under  pressure  with  liquid  chlo- 
rine, engineers  have  resorted  to  the  plan  of 
applying  the  chlorine  solution  to  the  raw  water 
and,  by  using  a  considerable  amount  more  than 
would  lie  necessary  otherwise,  the  bacterial 
purification  of  the  filtered  water  can  be  main- 
tained at  the  desired  degree.  However,  this 
phase  of  water  purification  has  been  the  prin- 
cipal reason  why  many  engineers  prefer  open 
gravity  filters  to  pressure  filters,  because  with 
the  former  the  chlorine  solution  can  be  dis- 
charged directly  into  the  filtered  effluent  where 
it  does  the  most  effective  work. 

The  following  plan  would  seem  to  lie  sat- 
isfactory for  acomplishing  this  result  with 
pressure  filters. 

.'Vssuming  that  we  are  usin.g  liquid  chlorine 
instead  of  hypo-chlorite  of  calcium,  the  needle 
valve  connecting  the  top  of  the  liquid  clilorine 
tank  would  be  opened  a  sufficient  amount  to 
discharge  the  desired  amount  of  chlorine  gas 
per  unit  "f  time.  This  chlorine  gas  would  be 
conducted  up  through  5  or  G  ft.  of,  say,  8  in. 
vertical  )iipe  (concrete  or  terra  cotta),  filled 
with  broken  pumice  stone.  At  the  top  of  the 
tank  is  sprayed  the  purified  water,  which, 
passing  down  througli  the  broken  stone,  takes 
the  chlorine  gas  into  solution  and  discharges 
into  a  small  tank  of,  say,  '20  gals,  capacity. 
This  tank  is  maintained  at  a  constant  level  bv 


means  of  a  float  valve  which  controls  the 
sprayed  supply  of  purified  water.  The  solu- 
tion from  the  small  tank  is  then  pumped  into 
the  discharge  main  beyond  the  pressure  filters 
by  means  of  a  reciprocating  pump  operated 
by  either  a  water  motor,  electric  motor,  or  a 
link  connection  with  the  main  pumping  engine, 
where  this  handles  the  entire  supply,  and  thus 
the  solution  will  be  proportional  to  the  rate 
of  pumpage. 

In  most  cases  for  small  plants,  where  the 
amount  of  chlorine  is,  say,  from  1  to  4  lbs. 
per  1,000,000  gals.,  it  is  not  important  that  the 
supply  of  chlorine  be  in  direct  ratio  to  the 
pumpage.  It  is  only  necessary  that  there  be 
sufficient  chlorine  to  sterilize  properly  the 
supply,  so  therefore,  the  needle  valve  is  set 
so  that  a  given  amount  of  chlorine  can  be 
discharged  in  the  unit  of  time,  say  one  day, 
and  this  can  be  readily  effected  by  a  few- 
trials.  The  strength  of  the  solution  recom- 
mended should  be  so  weak,  say  1  part  in  10,- 
000  or  more,  that  the  chlorine  is  all  taken  into 
solution,  and  hence  will  not  materially  injure 
the  parts  of  the  small  pump. 


Design    Features    of    the    New    Water 
Works  at  South  Orange,  N.  J. 

(  Staff  Article. ) 
Tlie  new  water  works  plant  at  South 
Orange," N.  J.,  combines  utility  and  attractive- 
ness in  design.  For  a  period  of  20  years  this 
city  had  been  supplied  with  water  by  a  private 
company,  thou.gh  the  city  had  always  owned 
the  water  mains.  Owing  to  inadequate  pressure 
and  unsatisfactory  quality  of  the  original  sup- 
ply tlie  city  decided  to  install  the  new  mimi- 
cipally  owned  supply  works  here  described. 
Mr.  John  J.  Boyd,  consulting  engineer,  11 
Broadway,  New  York  City,  was  engaged  to 
find  the  new  supply  and  to  design  the  supply 
works.  The  supply  is  now  derived  from  wells 
and    is  pumped   to   a   distributing  reservoir   at 


a  high  elevation  wliich  gives  sufficient  pressure 
at  all  parts  of  the  city. 

THE  SUPPLY. 

Seven  wells  are  now  in  service.  .\\\  are  8 
ins.  in  internal  diameter  and  range  in  depth 
from  275  to  400  ft.  Three  of  the  wells  are 
275  ft.  deep,  three  300  ft.  and  one  400  ft. 
The  minimum  yield  is  from  the  400  ft.  well 
and  is  70,000  gals,  per  day  on  a  test.  The 
maximum  yield  of  a  single  well  on  test  was 
350,000  gals,  per  day.  The  combined  yield 
of  the  seven  wells  on  test  was  1,693,000  gals, 
per  day. 

The  wells  are  through  about  30  ft.  of  loam, 
clay  and  hardpan  and  then  through  230  to 
270  ft.  of  solid  rock  to  the  water  bearing  stra- 
tum. The  well  casings  are  sealed  into  the  rock 
at  the  bottom  of  the  well.  Around  the  top  of 
each  well  there  is  a  block  of  concrete  8  ft. 
square  and  15  ins.  thick  which  cuts  off  any 
surface  water  that  otherwise  might  follow 
down  the  casing.  The  wells  are  located  in  a 
tract  of  land  of  about  27  acres  belonging  to 
the  city  and  purchased  for  this  purpose.  The 
grounds  aroimd  the  pumping  station  and  wells 
form  a  fenced-in  public  park. 

Air  Lift  Puinpiug. — The  air  lift  pumping 
system  is  utilized  to  get  the  water  out  of  the 
wells.  A  5  in.  pipe  extends  down  into  the  8  in. 
well  casing  for  a  distance  of  about  110  ft.  .\ 
4  in.  pipe  extends  down  for  a  nearly  equal 
distance  inside  the  5  in.  pipe.  Air  from  the 
compressors  in  the  pumping  station  is  forced 
down  between  these  inner  tubes  and  the  al- 
ternate pistons  of  air  and  water  are  forced  up 
to  the  surface  through  the  inside  or  eduction 
pipe.  .'\t  the  top  of  each  eduction  pipe  a 
deflector  turns  the  water  into  pipes  through 
which  it  flows  by  gravity  to  a  basin  at  the 
pumping  station.  Here  the  water  is  picked 
up  by  the  high  lift  pumps  and  is  pumped  into 
the  distributing  reservoir  whence  it  flows  by 
.gravity  to  the  consumers. 

.\<hlitiiinal    wells    will    be    driven    when    the 
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demand  increases  sufficiently  to  warrant  ex- 
tending the  supply  works.  The  well  system 
can  readily  be  extended  to  long  distances  from 
the  power  house. 

The  per  capita  consumption  of  water  in- 
creased from  33  gals,  per  day  in  1894  to  65 
gals,  in  1912.  In  the  latter  year  the  total 
daily  consumption  was  396,800  gals. 

PUMPING     STATION     AND     EQUIPMENT. 

Building. — The  pumping  station  building  is 
a  substantial  tapestry  brick  structure  on  rein- 
forced concrete  foundations.  The  roof  is  cov- 
ered with  green  tile.  As  shown  in  Fig.  1  the 
station  building  harmonizes  well  with  the 
grounds  in  which  it  is  located.  The  walls  of 
the  engine  room  are  wainscoted,  to  a  height 
of  8  ft.,  with  w'hite  glazed  brick.  See  Fig.  2. 
The  interior  of  the  plant  is  designed  so  as  to 
invite  good  care  and  cleanliness  from  the  oper- 
ators. The  smoke  stack,  125  ft.  high  and  5  ft. 
in  diameter  at  the  top,  is  constructed  of  ma- 
terial matching  the  main  building.  A  railroad 
siding  brings  coal-  to  the  pockets  along  one 
side  of  the  boiler  room. 

About  one-third  of  the  floor  space  in  the 
pumping  station  was  left  vacant  to  provide 
space  for  an  electric  plant  for  lighting  the 
city  streets.  If  such  a  plant  is  installed  the 
generators  will  be  run  from  the  same  boilers 
as  the  pumps,  one  being  operated  chiefly  at 
night  and  the  other  in  the  daytime,  or  both 
together  if  necessary.  There  is  space  enough 
in  the  boiler  room  for  an  additional  boiler 
should  one  be  required. 

Equipment. — The  machinery  is  in  duplicate 
throughout.  Thus  there  are  two  boilers,  two 
air  compressors  and  two  pumps  so  that  there 
is  always  a  complete  reserve  equipment.  The 
water  tube  boilers  are  of  210  H.  P.  each.  They 
carry  a  normal  working  pressure  of  150  lbs., 
although    they   can   be   operated   at   pressures 


The  normal  capacity  of  each  pump  is  from 
800  to  9(10  gals,  per  minute,  but  in  emergency 
this  could  be  increased  to  1,000  gals,  per  min- 
ute or  1,440,000  gals,  per  24  hours.  Both 
pumps  and  compressors  will  operate  condens- 
ing the  water  for  this  purpose  being  taken 
from  the  Rahway  River  and  returned  thereto. 

The  boiler  room  is  well  fitted  out  with 
auxiliary  machinery.  There  are  two  inde- 
pendent jet  condensers,  each  of  sufficient  ca- 
pacity to  condense  the  steam  from  one  com- 
pressor and  one  pump.  These  are  of  the 
Blake  and  Knowles  manufacture.  There  are 
two  Henry  R.  Worthington  boiler  feed  pumps. 
The  single  feed  water  heater  is  so  propor- 
tioned as  to  take  the  exhaust  steam  from  the 
condenser  pump  and  the  boiler  feed  pump  to 
heat  the  water  fed  to  the  boilers  to  a  tem- 
perature of  190  to  210°  F. 

PLAN    OF   OPERATION. 

The  plant  is  designed  so  that  one  boiler  will 
operate  one  compressor  and  one  pump.  The 
units  can,  of  course,  both  be  operated  at  the 
same  time  if  desired,  as  long  as  the  rate  of 
supply  is  sufficient.  It  is  not  necessary  to 
pump  continuously  at  present.  That  would  re- 
quire extra  labor  and  add  to  the  operation 
charges.  The  capacity  of  wells  and  pumps  is 
such  that  enough  water  can  be  raised  in  an 
ordinary  working  day  to  supply  the  city  for 
24  hours.  The  reservoir  capacity  is  2,000,000 
gals,  and  the  ordinary  daily  requirement  is 
only  about  400,000  gals.  The  reservoir  is  filled 
and  after  the  daylight  run  of  the  pumps  will 
keep,  tire  supply  up  to  the  demand.  The  r2-in. 
main  from  the  pumps  to  the  reservoir  is  also 
connected  directly  to  the  distribution  system 
so  that  the  reservoir  acts  as  an  equalizer.  The 
system  is  valved  so  as  to  permit  cutting  out 
either  the  pumps  or  the  reservoir  when  de- 
sired. 


over  the  12  in.  main  connecting  the  main 
pumping  station  and  the  present  distribution 
reservoir.  The  present  reservoir  was  made  by 
excavating  rock  from  the  mountain  side  and 
by  lining  the  excavation  with  walls  and  floor 
of  reinforced  concrete.  The  reservoir  has  a 
reinforced  concrete  roof  supported  by  steel  col- 
umns encased  in  concrete.  The  roof  is  cov- 
ered with  earth  and  seeded  in  grass. 

COST. 

The  cost  of  the  works  here  described  was 
approximately  as   follows : 

Real  estate  (36  acres) %  70,369.84 

Wells 10.697.47 

Pumping  station,  machinery,  etc 65,465.89 

Reservoir    46,694.09 

Fipe    lines    9,111.93 

Engineering:,    inspection,    etc 9.223.96 

Interest    6.082.00 

Grading    roadway,    etc -.       2,284.30 

.Miscellaneous     1.820.02 

$221,749.50 
The   earnings   of   the   department   are   suffi- 
cient  to   meet   all   charges    for   operation,   in- 
terest and  sinking  fund. 

The  information  from  which  this  article  was 
prepared  was  furnished  by  Mr.  Edwin  S. 
-Mien,  75  Church  St.,  New  York  City.  Mr. 
.\llen  was  chairman  of  the  water  committee 
at  the  time  this  new  plant  was  constructed. 
We  are  also  indebted  to  him  for  the  photo- 
graphs of  the  pumping  station  shown  herewith. 


Fig.  1.  View  of  Water  Works  Pumping    Station   at   South 
Orange,    N.    J. 


Fig.  2.     View  of  Pump  Room  of  New  Water   Wcrl<s  at   South 
Orange,    N.   J. 


up  to  190  lbs.  if  desired.  These  boilers  were 
manufactured  by  the  Murray  Iron  Works  of 
Burlington,   la. 

The  air  compressors  are  of  Laidlow-Dunn- 
Gordon  manufacture  with  Meyer  valve  gear 
on  the  steam  ends.  They  are  of  the  cross 
compound,    two    stage    type.      Their    principal 

dimensions  are  as  follows : 

Ins. 

High  pressure  steam  cylinder,  diameter 11 

Low  pressure  steam  cylinder,   diameter 20 

Intake  air  cylinder,  diameter 20 

Compression  air   cylinder,   diameter \i 

.Stroke,  length  1- 

The  capacity  of  each  compressor,  with  the 
present  well  system,  is  about  1,300,000  gals, 
per  day. 

The  pumps  are  of  Epping  Carpenter  Co. 
manufacture.  Thev  are  of  the  triple  expansion 
type  of  guaranteed  duty  of  80,000,000  ft. -lbs. 
per  1,000  lbs.  of  commercially  dry  steam.  The 
principal  dimensions  are  as   follows : 

Ins. 
High   pressure   steam   cylinder,   diameter. . .     8 
Intermediate  pressure  steam  cylinder,  diam.  12 
Low  pressure  steam  cylinder,  diameter. ...  30 

Water  cylinder,  diameter 9'/2 

Length  of  stroke 16 


The  power  plant  includes  a  dynamo  for 
lighting  the  building  and  grounds  and  there 
is  a  storage  battery  for  lighting  when  the 
boilers  are  shut  down.  There  is  an  air  tank 
and  fire  whistle  for  sounding  alarms,  the  lat- 
ter being  connected  with  the  fire-alarm  sys- 
tem of  the  city  and  actuated  from  the  boxes, 
the  police  headquarters  or  the  fire  depart- 
ment building. 

THE  DISTRIBUTION    RESERVOIR. 

The  reservoir  is  trapezoidal  in  plan  being 
255  ft.  long,  90  ft.  wide  at  one  end  and  20  ft.  at 
the  other,  and  23  ft.  9  ins.  deep,  the  shape  con- 
forming to  the  topography  of  the  site.  It  is 
divided  into  two  sections  either  of  which  can  be 
cut  off  for  cleaning,  leaving  the  other  in  service. 
Its  elevation  gives  a  pressure  of  117  lbs.  at  the 
city  hall.  If  houses  should  be  built  near  the 
top  of  the  mountain,  too  high  to  be  served 
from  the  reservoir,  they  can  be  supplied  from 
a  small  standpipe  set  on  land  owned  by  the 
city,  at  a  higher  elevation  than  the  reservoir. 
This  small  standpipe  would  be  filled  by  an 
electrically  driven  pump  operated  from  the 
power  house.  A  conduit  for  electric  wires  for 
telephone,   lighting  and   power  has   been   laid 


Methods  and  Cost  of  Pneumatic  Calk- 
ing  of  Lead  Wool  Joints   in   Large 
Gas  Mains  in  Chicago. 

(Statf  Abstract.) 

The   present   article   describes   the    methods 

employed    in    pneumatic    calking      with      lead 

wool  the  joints  in  several  large  cast  iron  gas 

mains    in    Chicago    in    recent   years.      Special 


reference  is  made  to  a  36  in.  main  13.3  miles  I 
long.  Numerous  unit  cost  and  time  data  are  ! 
given  and  construction  plant  and  methods  are  j 
described.  j 

A   36-IN.    MAIN    13.3    MILES    LONG. 

Lead  wool  was  decided  upon  as  a  jointing 
material  for  this  36-in.  main  because  cast  lead 
and  cement  joints  had  made  a  poor  showing  ' 
in  the  past  in  preventing  joint  leaks.  A  series 
of  tests  were  made  of  lead  wool  joints  by  the 
engineers  of  the  People's  Gas  Light  and  Coke 
Co.,  for  whom  all  the  work  here  described  was 
performed,  and  these  laboratory  tests  distinctly 
indicated  the  superiority  of  lead  wool  over 
other  materials  for  jointing  purposes  in  gas 
mains,  both  from  the  mechanical  and  electro- 
lytic standpoint. 

PNEUM.\TIC    CALKING. 

Because  of  the  cost  of  hand  calking  on  lead 
wool  joints,  due  to  the  necessity  of  using  a 
full  set  of  tools  on  each  ring  of  lead,  this 
method  was  not  to  be  thought  of  in  connection 
with  the  13-mile  line  of  36-in.  pipe.  Pneumatic  . 
calking  was  adopted  as  the  only  available 
method  productive  of  economy. 
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DIRECTION    OF    WORK    AND    FORMATION    OF    GANGS. 

The  installation  of  this  main  was  done  un- 
der the  direction  of  the  General  Superintend- 
ent of  the  Street  Department,  tlie  Assistant 
General  Siiperintendent  and  the  Superintend- 
ent of  Mains  of  the  People's  Gas  Light  and 
Coke  Co.  of  Chicago.  In  actual  charge  of  the 
work  were  the  Superintendent  of  the  Division 
and  his  assistant  in  those  divisions  through 
which  the  main  was  laid.  An  engineer  was 
placed  in  charge  of  the  engineering  details  of 
the  whole  route  whose  duty  it  was  to  see  that 
proper  grades  were  maintained  and  that  ob- 
stacles in  the  lipe  were  removed  or  arrange- 
ments mnde  for  clearing  them.  In  addition,  it 
was  his  duty  to  keep  a  profile  and  location  of 
the  line  and  to  make  any  necessary  field 
sketches. 

Four  gangs  were  organized  to  accomplisli 
the  work,  estimated  to  take  from  .^pril  lb  to 
October,  liir2,  since  the  route  decided  upon 
traversed  thickly  settled  manufacturing  dis- 
tricts, residence  districts  and   prairie  land. 

The  organization  of  each  gang  was  as  fol- 
lows: forernan  in  charge  of  the  gang,  ap- 
prentice engineer,  foreman  of  calkers,  or  in- 
spector of  joints,  machinist  in  charge  of  the 
compressor,  time  keeper,  tool  keeper,  various 
straw  bosses  as  necessary,  each  gang  averaged 
1.30  men  and  had  about  ten  calkers. 

The  duty  of  the  foreman  was  to  direct  and 
be  responsible  for  each  gang.  The  apprentice 
engineer's  work  was  to  maintain  the  grades 
for  the  main,  keep  records  on  the  calking  and 
in  addition  was  to  make  himself  generally  use- 
ful. The  duty  of  the  foreman  of  calkers  or 
inspector  of  joints  was  to  see  that  the  calkers 
were  supplied  with  lead  wool  and  yarn  and 
that  the  proper  amounts  were  used.  He  also 
assigned  the  joints  to  the  calkers  and  was  held 
responsible  for  the  condition  of  the  joints  after 
they  were  made.  The  machinist  in  charge  of 
the  compressor,  in  addition  to  the  usual  duties 
of  the  position,  made  the  necessary  repairs, 
where  possible,  on  the  pneumatic  tools  to  main- 
tain them  in  good  c(mdition.  The  work  of  the 
timekeeper  and  the  toolkeeper  is  obvious,  but 
in  addition  to  their  regular  duties  they  were 
expected  to  roll  up  and  weigh  the  strands  of 
lead  wool  for  the  calkers  and  were  also  to 
arrange  the  yarn  for  introduction  into  the 
joint. 

INSTRUCTION    OF   CALKFRS. 

.\fter  deciding  upon  the  formation  of  the 
gangs,  it  became  necessary  to  provide  the 
means  for  instructing  those  men  who  would  be 
directly  in  charge  of  the  work  and  those  who 
were  actually  to  use  the  hammers.  For  this 
purpose,  a  "Course  of  Instruction  for  Street 
Men"  was  started  at  the  South  Shop  in  March. 
1012.  The  apparatus  for  this  purpose  was  the 
same  as  that  used  in  the  later  work  on  the 
street,  witii  this  exception,  that  instead  of  a 
gasoline  engine,  a  15  hp.  steam  engine  was 
used  to  drive  the  compressor.  (.Ml  apnaratus 
will  he  further  dealt  with  and  described.) 

In  order  to  provide  a  convenient  means  for 
conducting  this  training,  and  to  give  the  men 
involved  experience  as  nearly  approaching  act- 
ual conditions  as  possible,  a  3()-in.  joint  was 
used,  made  of  a  short  bell  and  a  short  spigot 
piece  of  pipe.  The  bell  piece  was  cut  into  two 
parts,  the  cuts  being  diametrically  opposite  to 
each  other,  and  the  two  halves  then  held  to- 
gether by  bands  running  around  tlie  pipe  and 
fastened  by  heavy  bolts.  When  a  joint  was 
calked,  the  bell  piece  was  then  separated,  thus 
exposing  the  yarn  and  lead  and  immediately 
disclosing  the  character  of  the  work.  Each 
pair  of  calkers  was  required  to  calk  two  or 
three  joints  in  one  visit  to  the  shop,  and  re- 
turned again  for  further  practice  in  two  or 
three  weeks.  From  March  11  until  .April  12,  53 
men  received  instruction  and  training  in  this 
method  of  calking,  during  wdiich  time  7li  joints 
were  calked  and  four  or  five  tons  of  lead  wool 
used.  A  close  record  was  maintained  of  the 
performance  of  each  man,  both  regarding  the 
lime  of  operation  and  the  material  used,  and 
by  this  method  a  fair  comparison  of  the 
relative  merits  of  the  operators  was  made 
])ossibIe.  To  determine  the  correct  amount  of 
calking  material  which  should  I)e  used,  other 
3fi-in.  joints  were  made  up  with  both  lead  wool 
and  cast  lead,  driven  up  with  pneumatic  tools 


and  also  by  hand.  .After  the  joints  were  com- 
pleted the  bells  were  broken,  the  quality  of  the 
joint  noted  and  samples  taken  in  order  that 
specific  gravity  tests  might  be  conducted.  From 
the  report  of  tlie  testing  laboratory  four  sam- 
ples thus  taken  showed  the  following : 


o  u 
5« 


x-^ 


ac 


he 
10.61  11.30 


Sample. 
Lead  wool,  hand  calked.    10.711 
Lead     wool,      pneumatic 

calked    11.11         11.26         11.3  1 

Cast  lead,  hand-calked..   10. SI         ll.l.'i         ll.:ji; 
Cast   leal,   pneumatic 

calked     ll.i;ii        ii.09        11.32 

As  will  be  noted  from  the  above  table,  the 
samples  of  joints  which  are  pneumatically 
calked  are  uniformly  more  dense  and  their 
specific  gravities  nearer  to  the  true  specific 
gravities  than  are  the  hand-calked  samples.  It 
is  also  to  be  commented  upon  that  the  gravity 
of  the  ring  of  lead  wool  back  of  the  recess  in 
the  bell  is  more  dense  and  its  specific  gravity 
nearer  to  the  true  specific  gravity  than  is  a  like 
sample  from  the  cast  lead  joint.  Therefore, 
this  test  tends  to  show  that  the  best  and  most 
uniform  results  are  obtained  from  lead  wool, 
calked  with  pneumatic  hammers.  Similar  tests, 
made  from  saiuples  taken  from  bells  which 
split  after  calking  during  the  installation  of 
the  main,  were  a  means  to  determine  whether 
this  standard  was  being  maintained. 

APPAR.\TUS    AND   MATERIALS    USED   IN    WORK. 

After  the  test  joints  at  the  South  Shoj)  had 
been_  carefully  examined,  it  was  decided  that 
the  ."i-in.  joint  on  3(j-in.  pipe  should  be  made 
as  follows :  Three  inches  of  yarn  was  to  be 
first  inserted  and  calked  by  the  pneumatic 
hammers,  the  weight  varying  as  the  size  of  the 
joint  varied,  averaging,  however,  about  (i  or  7 
Ills.  The  remainder  of  the  joint,  2  ins.,  was  to 
be  filled  with  lead  wool,  weighting  about  75 
lbs.,  this  weight  also  depending  upon  the  size 
of  the  joint.  The  equipment  of  each  gang 
working  on  the  3ii-in.  main  was  practically  the 
same,  so  that  a  description  of  one  will  sufiice. 
The  portable  compressor  outfit  consisted  of  a 
15  hp.  Otto  gasoline  engine,  225  rpm..  directly 
geared  to  an  N.  E.-l  Ingersoll-Rand  com- 
pressor, 170  rpm.,  with  a  cylinder  size  of  8  ins. 
by  8  ins.  and  delivering  7(3  cu.  ft.  of  free  air 
per  minute  at  a  pressure  of  80  to  10(1  lbs. 
Mounted  on  the  frame  with  the  engine  and 
compressor  w-as  an  auxiliary  compression  tank 
IS  ins.  by  (i  ft.,  and  all  other  accessories,  the 
whole  having  a  shipping  weight  of  7,200  lbs. 
In  connection  with  each  outfit  a  storage  tank 
3  ft.  by  6  ft.  was  provided,  so  that  from  i!  to  8 
pneumatic  hammers  could  be  used  at  the  same 
time  by  each  gang,  since  without  this  tank  only 
5  hammers  could  be  used  simultaneously. 

The  calkers  worked  in  pairs,  each  man  being 
equipped  with  a  15-53  H.  Ingersoll-Rand 
Crown  valve  pneiimatic  hammer,  having  a  1%- 
in.  liore  and  a  3-in.  stroke,  and  delivering  ap- 
proximately 1,800  blows  per  minute.  In  addi- 
tion to  the  8  hammers  used  on  each  gang 
there  were  seven  additional  ones  supplied  so 
that  a  defective  hamtuer  could  lie  replaced 
without  causing  any  time  to  be  lost.  In  addi- 
tion to  the  pneumatic  hammer,  each  calkcr  was 
given  a  set  of  8  calking  tools  and  each  pair 
of  calkers  was  provided  with  a  pail  containing 
a  hammer  wrench,  a  10-in.  Stillson  wrench, 
an  oil  can,  :!  cold  chisels  and  I  hand  calking 
hammer. 

The  air  was  carried  through  a  2-in.  steel  line 
laid  beside  the  trench  for  a  distance  of  about 
000  ft.  either  way  froin  the  compressor 
and  joined  by  Dart  unions  every  two  lengths. 
.At  every  20  ft.  a  branch  was  taken  off  this 
line,  this  branch  being  divided  to  supply  two 
air  hose.  Each  of  these  two  latter  branches 
was  equipped  with  a  valve  and  had  attached 
to  it  25  ft.  of  V?.-'m.  hose,  directly  connected 
to  the  hammers,  liy  this  means  it  was  possible 
to  calk  a  large  number  of  joints  without 
moving  the  compressor  and  no  appreciable  loss 
in  pressure  was  encountered  by  this  arrange-  ^' 

ment,   nor   did   it   require  long  leads   of   hose.  4! 


Each  gang  was  also  supplied  with  diamond 
points  and  half  rounds  for  cutting  and  tapping 
pipe  with  special  pneumatic  hammers,  some  of 
this  work  being  attempted,  in  the  latter  case 
with  somewdiat  indifferent  results. 

-At  the  beginning  of  the  work,  some  difficulty 
was  experienced  with  the  pneumatic  hammers, 
this  being  in  many  instances  due  to  lack  of  ex- 
perience on  the  part  of  the  operators.  -Among 
these  troubles  may  he  mentioned  the  loosening 
of  barrels,  handles  splitting  where  the  barrels 
were  screwed  into  them,  breaks  at  the  inlet 
of  the  air,  the  loosening  of  bolts,  etc.  Practi- 
cally all  of  these  troubles  were  directly  trace- 
able to  the  fault  of  not  holding  the  calking 
blank  tight  against  the  hammer.  This  allowed 
the  piston  to  hit  against  the  shoulder  of  the 
barrel,  the  force  of  the  blow  being  entirely 
taken  up  by  the  hammer  itself  instead  of  being 
received  by  the  calking  blank.  With  increased 
experience  serious  hammer  trouble  disap- 
peared, the  minor  repairs  and  the  replacement 
of  worn  out  parts  being  taken  care  of  by  the 
machinist  in  charge  of  the  compressor.  This 
man  was  provided  with  a  work  bench,  equipped 
with  soft  jawed  vise,  etc.,  and  was  supplied 
with  duplicate  parts,  so  that  the  hammers  were 
maintained  at  a  high  state  of  efficiency,  and  the 
cost  of  repairs  reduced  to  a  minimum.  .After 
each  day's  work  the  hammers  were  carefully 
cleaned  and  immersed  in  a  bath  of  kerosene. 
ill  which  they  remained  all  night.  The  com- 
pressor outfit  gave  practically  no  trouble,  so 
that  it  might  be  stated  that  the  whole  equip- 
ment gave  perfect  satisfaction  after  the  men 
became  familiar  with  its  operation. 

METHOD   FOLLOWED   IN    "LAVING    UP"   JOINTS. 

The  preliminary  work  in  connection  with 
the  calking  of  these  joints  was  conducted  thor- 
oughly, and  it  is  to  tliis  w-ork  that  some  credit 
should  he  given  for  the  success  of  the  under- 
taking. The  liell  and  spigot  of  the  pipe  was 
cleaned  before  laying  and  extreme  care  was 
used  to  carry  the  pipe  home.  The  centering 
and  blocking  were  carefully  done  so  that  an 
even  joint  would  be  insured  at  all  quarters  of 
the  pipe.  After  this  was  accomplished,  a  piece 
of  yarn  especially  prepared  for  the  purpose 
was  tucked  into  the  joint  to  exclude  dirt,  this 
yarn  remaining  in  place  until  the  calkers  were 
ready  to  begin  work  on  the  joint. 

The  yarn  used  in  calking  the  ioint  was  pre- 
pared at  the  "camp"  and  fastened  in  bundles  of 
various  weights,  this  weight  ranging  around  7 
lbs.  The  lead  wool  was  shipped  to  the  gang  in 
sacks  of  100  lbs.  each,  at  which  place  it  was 
rolled  into  suitable  lengths  for  inserting  into 
the  joint,  and  definite  amounts  weighecl  out. 
The  amount  weighed  out  varied  as  the  dia- 
metrical thickness  of  the  joints  varied,  and  it 
was  the  endeavor  to  provide  as  little  over  the 
actual  amount  of  lead  wool  needed  as  possible 
in  order  to  reduce  the  waste  to  a  minimum, 
therefore  if  the  joints  were  averaging  70  lbs., 
75  lbs.  was  provided:  if  they  were  averaging 
75  lbs.,  80  lbs.  was  provided,  etc.  This  definite 
amount  was  then  put  into  a  box,  especially  pro- 
vided for  this  purpose.  This  box  was  num- 
liered  and  the  weight  of  the  lead  wool  noted 
on  a  record  card.  When  the  calkers  were  ready 
to  work  on  the  joint,  they  indicated  to  the 
foreman  of  calkers  the  size  of  the  joint  and 
whether  a  small  or  a  large  amount  of  lead 
wool  and  yarn  was  required.  The  suitable  bun- 
dle of  yarn  and  the  bo.x  containing  the  nearly 
correct  amount  of  lead  w'ool,  was  then  taken  to 
the  joint,  the  number  of  the  ioint,  the  box  of 
lead  and  the  bundle  of  yarn  bein.g  credited  to 
the  pair  of  calkers. 

The  first  step  in  the  joint  work  consisted  in 
removing  the  yarn  which  was  tucked  into  the 
joint  at  the  time  it  was  laid,  .\fter  this  was 
done,  and  as  a  means  of  additional  precaution 
against  dirt  remaining  in  the  joint,  the  air  hose 
was  used  to  blow  out  any  which  mi.ght  have 
been  admitted  Iiefore  the  joint  was  protected 
by  the  yarn. 

The  thickness  of  the  c;ilking  tools  was  as 
follows : 


No.  or 
tool. 
1 


Thickness  No.  of 
ins.  tool. 

%        »■■■■ 

%         6.... 

7/16        -.... 

'i         S.... 


Thickness 

ins. 
9/16 


11/16 
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The  first  yarn,  consisting  of  about  six 
strands,  was  then  pushed  into  the  joint,  tool 
No.  1  being  used  for  this  purpose.  After  this 
was  in  place,  and  any  excess  length  cut  off, 
it  was  calked  by  tool  Nn.  :!  in  the  pneumatic 
hammers,  each  man  starting  at  the  bottom  and 
working  to  the  top  without  stopping  in  order 
to  insure  an  even  distance  being  maintained  on 
this  first,  and  the  subsequent  yarns.  After  this 
first  was  tightly  driven,  another  yarn  was  in- 
serted, which  con.sisted  of  8  or  9  strands. 
Tools  No.  3  and  o  were  used  to  calk  this  yarn, 
the  same  procedure  being  followed  as  in  the 
first  case.  This  method  was  carried  out  until 
the  yarn  came  to  within  the  required  2  ins.  of 
the  face  of  the  bell,  at  which  point  the  lead 
wool  was  to  be  started.  Slack  places  in  the 
yarning  were  taken  care  of  by  doubling  back 
any  extra  length  instead  of  cutting  it  off. 

Before  using  the  lead  wool  a  sliallow  gal- 
vanized iron  pan  was  placed  under  the  joint 
to  catch  any  waste  that  might  drop  during  the 
calking.  When  work  on  the  line  was  first 
started  it  was  customary  to  calk  separately  the 
first  two  strands  of  lead  wool  inserted  in  the 
joint.  It  was  found,  however,  that  this  method 
allowed  the  lead  to  crawl  around  the  joint,  so 
it  was  deemed  expedient  to  calk  the  first  two 
strands  together.  Consequently  two  strands 
were  introduced  all  around  the  joint,  the  calk- 
ers  working  from  the  bottom  upward  and  con- 
tinuing to  the  top.  When  these  strands  were 
driven  up  and  even,  a  third  strand  was  insert- 
ed, and  so  placed  as  to  break  joints  with  the 
first  rings  calked.  This  ring  was  calked  in  the 
same  manner  as  the  previous  ones ;  this  method 
being  carried  out  until  the  face  of  the  bell 
was  reached,  when  the  joint  was  finished  off'. 
A  full  set  of  tools  was  used  on  each  joint,  save 
possibly  No.  7,  the  larger  sizes  and  special  tools 
being  used  when  the  joint  was  especially  large. 
After  the  joint  was  finished,  the  lead  wool 
and  yarn  which  remained,  together  with  the 
waste  lead  in  the  tray  under  the  joint,  was 
gathered  up  and  returned  to  the  "camp''  where 
it  was  w-eighed.'  Thus  the  amount  of  material 
used  was  accurately  determined  and  charged  to 
the  pair  of  calkers  who  worked  on  the  joints. 
The  time  spent  in  yarning  and  calking  the 
joint  was  also  noted.  After  sufiicient  length  of 
main  to  warrant  testing  was  completed,  a  test 
was  made,  the  compressor  providin.g  the  air. 
After  15  lbs.  was  reached,  each  joint  was  care- 
fully gone  over  with  soap  and  water.  Since 
the  number  of  the  joint  was  recorded  in  the 
name  of  the  men  who  did  the  work,  it  was 
easily  seen  which  men  were  negligent  if  the 
joint  failed  to  hold.  As  a  matter  of  fact,  ex- 
cept for  the  first  joints  calked,  few  were  found 
leaking  under  the  test,  and  owing  to  the  new- 
ness of  the  work,  the  first  few  leaking  ones 
were  not  unexpected. 

Since  the  number  of  joints  possible  to  calk 
in  one  day  was  dependent  upon  the  number  of 
feet  of  pipe  laid,  and  since  this  latter  was 
directly  dependent  upon  the  character  of  the 
sub-soil  encountered  a  statement  of  the  num- 
ber of  ioints  daily  calked  would  be  of  no 
value.  It  was  necessary,  however,  that  eacli 
gang  calk  on  an  average  10  joints  per  day  in 
order  to  finish  the  work  on  schedule  time. 
There  w-ere  times,  however,  under  favorable 
conditions,  where  a  pair  of  calkers  finished  5 
or  6  joints  in  a  9-hour  day.  but  there  were  also 
times  when  it  was  possible  to  lay  only  three 
of  four  lengths  of  pine  in  one  day,  so  conse- 
quently only  one  joint  was  calked  by  each 
pair.  As  a  general  average  for  all  the  joints  in 
the  line,  calked  by  this  method,  the  time  nf 
yarning  was  43  minutes  and  that  of  calking  1 
hour  and  14  minutes. 

In  conducting  the  work  on  this  line,  it  was 
found  advisable  not  to  use  any  lead  wool  that 
had  become  wet,  therefore  a  canvas  cover  was 
provided  for  each  bell  hole  for  protecting  the 
men  and  the  lead  during  a  slight  fall  of  rain, 
and  also  to  provide  a  shelter  for  the  calkers 
from  the  sun  during  the  heat  of  the  day. 
Rainy  days  were  used  to  test  the  line  laid,  if 
this  were  possible,  and  on  this  phase  of  the 
work  some  interesting  figures  were  obtained. 
It  required  two  compressors  2  hours  and  45 
minutes  to  fill  2,568  ft.  of  main  and  one  com- 
pressor 4  hours  and  30  minutes  to  fill  2,028  ft. 
of  main  with  air  at  a  pressure  of  15  lbs. 


REPORTS   AND  FIGURES  ON   WORK. 

In  order  to  keep  accurate  records  for  this 
work  daily  reports  on  each  gang  were  filled 
out  by  the  apprentice  engineer.  These  reports 
were  two  in  number  and  consisted  of  a  "Re- 
port i)f  Calkers"  and  a  "Daily  Report"  contain- 
ing in  detail,  the  work  of  each  gang.  One  copy 
of  the  "Report  of  Calkers''  was  filled  out  for 
each  pair  of  calkers,  and  contained  all  the  in- 
formation pertinent  to  the  operations  connect- 
ed with  each  joint.  The  "Daily  Report"  pre- 
sented a  comprehensive  outline  of  the  daily 
work  of  each  job.  The  two  reports  were  then 
assembled  at  the  general  office,  and  an  assem- 
bled copy  given  to  the  General  Superintendent, 
who  then  had  an  accurate  indication  of  the 
whole  work.  In  addition  to  these  reports,  there 
was  compiled  a  "Daily  Average  of  Calkers" 
which  gave  the  cost  average  for  calking  and 
the  average  material  used  by  each  man  to  date, 
and  this  record,  coupled  with  that  maintained 
at  the  gang  concerning  the  holding  of  the 
joint  under  test,  determined  the  fitness  of  the 
man  for  an  increase  in  rate  of  pay.  On  this 
basis  this  determination  absolutely  rested.  A 
daily  blotter  was  maintained  showing  the  num- 
ber of  feet  of  pipe  laid  the  previous  day,  the 
total  laid  and  the  total  to  be  laid.  A  progress 
map  was  also  posted  daily  which  presented  in 
graphical  form  the  exact  amount  of  work  done 
and  also  the  amount  of  pipe  strung  on  the 
street.  Sketches  of  street  intersection,  etc., 
were  also  sent  in  by  the  engineer  to  form  part 
of  the  record.  The  total  number  of  joints 
calked  by  means  of  the  methods  above  de- 
scribed was  5,917.  The  average  cost  per  joint 
was  $7.4(1,  divided  into  $1.04  for  labor  and  $6.42 
for  material.  The  average  weight  of  the  ma- 
terial used  in  each  joint  was  6.2  lbs.  of  yarn 
and  72.4  lbs.  of  lead  wool.  The  total  number 
of  feet  of  pipe  laid  w'as  69,553,  at  an  average 
cost  of  $7.09  per  foot.  The  cost  figures  are 
actual  shop  costs  determined  from  the  daily 
reports  and  do  not  contain  any  overhead  ex- 
penses. 

After  this  main  was  finished  and  gas  at  5 
lbs.  pressure  put  into  it,  everyone  connected 
with  the  work  waited  with  an  air  of  expec- 
tancy for  complaints  of  leaking  joints.  Past 
experience  had  been  that  within  a  short  time 
after  installing  a  main  these  complaints  started, 
and  it  was  with  incredulity  and  finally  with 
amazement  that  it  was  seen  that  the  main  was 
holding  tight,  at  least  from  all  external  ap- 
pearances. One  break  developed,  but  beyond 
this,  no  other  trouble  was  reported  and  none 
has  been  experienced  up  to  November,  1914. 
Several  stretches  of  this  line  have  been  ex- 
posed through  other  main  operations:  in  all 
about  150  joints  have  been  uncovered  at  dif- 
ferent points,  and  they  are  without  a  fault. 
While  it  may  be  too  soon  for  congratulations 
on  this  line,  it  seems  at  least  an  indication  that 
the  work  was  well  done  and  that  the  material 
used  w\as  of  the  highest  quality  that  could  be 
obtained. 

METHOD   PURSUED   IN   FOLLOWING   VE.\RS. 

No  mention  has  previously  been  made  as  to 
the  kind  of  lead  wool  used  on  this  line  for 
the  reason  that  it  is  desired  to  make  this  the 
connecting  statement  between  the  description 
of  the  installation  of  the  36-in.  main,  and  the 
outline  of  later  work  since  a  change  in  this 
product  is  the  most  important  difference  be- 
tween the  work  of  1912  and  that  of  the  fol- 
lowing years. 

Practically  the  entire  .36-in.  main  was  laid 
with  lead  wool  furnished  by  the  New  York 
Lead  Wool  Co.,  only  enough  of  the  product 
of  the  Ignited  Lead  Co.  being  used  for  experi- 
ment. The  product  of  each  of  these  companies 
was  entirely  satisfactorv,  there  being  little 
choice  between  them.  Specific  gravity  tests 
showed  that  each  w-as  composed  of  lead  of  a 
high  grade  of  purity,  and  when  calked  closely 
approached  the  true  specific  gravity  of  the 
fused  metal.  The  change  from  the  use  of 
lead  wool  furnished  by  the  New  York  Lead 
Wool  Co.,  to  that  of  the  LTnited  Lead  Co.,  for 
the  later  work  was  entirely  due  to  the  fact  that 
the  product  of  the  latter  company  was  supplied 
in  continuous  strands,  coiled  on  reels.  This 
aided  in  eliminating  waste,  and  provided  an 
easier  means  for  transportation  and  handling 
at  the  gang. 


Except  for  the  above  change  subsequent 
work  has  been  conducted  along  the  same  lines 
as  it  was  during  1912.  A  minor  change  has 
been  made  in  the  compressor  outfit,  in  con- 
necting the  auxiliary  storage  tank  to  the  com- 
pressor by  means  of  a  metallic  hose,  thus  elim- 
inating the  transmission  of  vibration  from  the 
engine  to  the  tank.  Air  is  maintained  at  lOU 
lbs.  pressure  in  the  tank,  the  outlet  being 
equipped  with  a  reducing  valve,  which  cuts  this 
pressure  to  75  lbs.  By  this  means  it  has  been 
proven  that  a  more  uniform  supply  could  be 
provided  when  all  of  the  hammers  were  oper- 
ating, in  addition  to  obtaining  a  better  calked 
joint  with  the  latter  pressure  than  with  the 
former.  The  same  calking  tools  are  being  used 
on  this  year's  work  as  were  used  on  the  36-in. 
main,  the  arc  of  the  tools  having  been  changed 
to  fit  24-in.,  16-in.  and  12-in.  pipe. 

The  same  records  being  maintained,  it  is 
possible  to  give  some  results  on  the  pneumatic 
calking  of  lead  wool  on  smaller  sized  pipes. 
On  443  joints  of  12-in.  main,  the  total  cost  per 
joint  has  been  $1.76,  divided  into  $.27  for 
labor  and  $1.49  for  material.  On  1,922  joints 
of  16-in.  main  a  total  cost  per  joint  has  been 
$2..31,  $.32  for  labor  and  $1.99  for  material. 
On  400  joints  of  24-in.  main,  the  total  cost  per 
joint  has  been  $4.37,  $.78  for  labor  and  $3.59 
for  material. 

As  a  means  of  determining  the  time  con- 
sumed in  yarning  and  calking  joints  on  these 
sizes  of  mains,  and  also  to  find  out  the  weight 
of  the  lead  wool  and  yarn  used,  100  joints  were 
averaged,  the  results  showing  the  following. 
Time  of  Time  of  Weight  of  Weight 
yarning,  calking,  lead  wool,  of  yarn. 
Size.  min.  min.  lbs.  lbs. 

12-in 2.5  27  16.5  1.6 

Ifi-in 10  21  23.4  2.5 

21-in 22  33  42.7  6.3 

In  laying  the  12-in.  main  only  one  calker 
works  on  a  joint,  but  on  the  IC-in.  and  24-in. 
mains  there  are  two  men  on  each.  The  figures 
on  the  12-in.  main  are  those  made  by  men 
inexperienced  in  the  use  of  pneumatic  ham- 
mers, this  accounting  somewhat  for  the  slow 
time  as  indicated. 

.-^CKNOWLErCMENT. 

The  foregoing  matter  is  from  a  paper  before 
the  Illinois  Gas  Association  by  C.  E.  Reinicker 
of  the  engineering  department  of  the  People's 
Gas  Light  and  Coke  Co.,  of  Chicago. 


Standard  Fittings  for  'Water  Meters. 

(Staff  Abstract.) 

At  the  1913  annual  convention  of  the  .Amer- 
ican Water  Works  Association  a  committee 
on  standard  fittings  for  water  meters  was  ap- 
pointed, and  was  instructed  to  report  on  a 
revision  of  the  standards  of  meter  lengths  and 
meter  connections.  The  committee,  of  which 
Chester  R.  McFarland,  general  manager  of 
the  Tampa  Water  Works  Co.  of  Tampa,  Fla., 
is  chairman,  has  acted  in  conjunction  with 
representatives  of  the  meter  manufacturers  in 
its  deliberations.  Such  a  conference  was 
held  at  the  Cincinnati  meeting  recently  and 
we  publish  herewith  the  gist  of  the  conclusions 
reached. 

The  committee  did  not  arrive  at  a  stand- 
ard for  all  the  meters  but  did  so  for  the  small- 
er sizes.  It  was  thought  to  be  unnecessary  to 
fix  a  standard  for  V2,  %  or  1%  in.  meters 
although  some  of  the  latter  are  used. 

The  effort  made  was  to  find  some  standard 
that  would  not  interfere  with  present  condi- 
tions, either  of  the  manufacturers  or  the 
users  of  these  meters. 

LENGTH    OF    METERS. 

In  fixing  these  sizes  for  lengths,  w-hich  was 
the  first  matter  to  come  up  and  in  going  over 
the  different  lengths,  the  committee  concluded 
that  the  length  of  the  %  in.  meter  from  end 
of  spud  should  be  7%  ins.,  but  some  of  the 
manufacturers  objected  to  this,  and  one  man- 
ufacturer believed  that  it  would  be  necessary 
to  change  his  pattern  to  do  this.  This  mat- 
ter has  not  been  fully  investigated,  and  if  it 
would  be  necessary  for  him  to  change  his  pat- 
tern, then  7%  ins.  would  probably  be  the 
length   to  be   adopted. 

In  the  %  in.  meter,  they  universally  agreed 
that  9  ins.  was  the  proper  length. 
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On  the  1  in.  there  was  an  agreement 
reached  on  10%  ins. 

THREADS   FOR   METERS   A.\D  COUPLINGS. 

It  was  agreed  that  what  was  known  as  the 
"Briggs  Standard  Straight  Thread"  would 
probably  be  more  nearly  universal  than  any- 
thing that  the  committee  could  establish  to 
conform  with  what  is  being  used.  It  was  the 
j  opinion  of  the  committee  that  Briggs  Stand- 
ard Straight  Thread  should  be  used  in  the 
next  size  larger  than  the  size  of  the  meter. 
For  instance,  with  a  %  in.  meter,  it  is  neces- 
sary to  use  Briggs  1  in.  thread,  which  is 
practically  what  is  being  used  today.  That 
is  as  far  as  the  committee  went  into  thi<- 
matter. 

LARGER    METERS. 

In  regard  to  the  larger  meter,  the  question 
arose  as  to  whether  they  should  be  thread 
meters,  with  either  male  or  female  connec- 
tions, or  flange  connections. 

The  committee  found  in  discussing  the  mat- 
ter with  the  manufacturers  that  the  larger 
percentage  of  the  1%  in.,  and  the  2  in.  meters 
that  they  sell,  are  sold  with  female  threads, 
while  the  opinion  of  the  committee  was  that 
it  would  prefer  to  have  a  standard  flange 
coupling,    a   2-bolt   coupling. 

However,  it  is  not  the  intention  of  the  com- 
mittee to  interfere  with  the  present  conditions 
any  more  than  is  necessary,  but  to  arrive  at 
some  fixed  standard  on  which  all  can  agree 
to  operate  water  plants.  It  is  the  intention  of 
the  committee  to  proceed  further  with  this 
matter  and  to  prepare  a  standard  set  of  speci- 
fications for  these  meters,  or  to  adopt  two 
different  lengths,  one  for  male  connections  and 
the  other  for  flange  connections.  The  objec- 
tion raised  by  the  manufacturers  as  to  the 
adoption  of  the  flange  connections  was  that 
in  making  the  flange  on  a  meter  they  had  to 
make  it  so  heavy  that  it  might  be  a  burden 
on  the  producer  of  the  meter.  The  trouble 
is  that  if  these  flanges  are  brought  up  paral- 
lel to  each  other  a  like  flange  on  the  meter 
can  be  used,  but  if  the  meter  should  be  a  lit- 
tle out  of  line  the  workman  applies  a  wrench 
on  the  bolt  and  away  goes  the  flange  on  the 
meter,  and  the  bottom  of  that  meter  is  lost. 
Therefore,  the  reason  the  manufacturers  think 
it  would  be  better  to  use  on  the  1%  in.  and  2 
in.  meters  a  female  coupling  rather  than  a 
flange  coupling  is  clear. 

In  reference  to  the  lengths  of  the  larger 
meters  the  committee  has  not  changed  its  rec- 
ommendations made  last  year. 
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Notes  on  Water  Supplies  from  Wells 
in  Gravel. 

(Staff  Abstract.) 

Satisfactory  methods  of  drawing  water  from 
w^ells  in  gravel  were  described  by  several 
water  works  operators  in  a  discussion  at  the 
recent  convention  of  the  American  Water 
Works  Association.  In  connection  with  the 
article  in  our  issue  of  May  19,  on  tlie  gravel 
well  water  supply  at  Delaware,  O.,  the  ac- 
counts given  here  furnish  a  very  useful  group 
of  solutions  of  an  oftentimes  troublesome  op- 
eration prolilem. 

Mr.  W.  J.  Haddow  of  Frankfort,  Ontario, 
states  that  his  city  derives  its  water  supply 
from  a  gravel  bar  soil.  The  supply  works 
consist  of  a  long  collectin,g  gallery  made  of 
perforated  tile  pipe  laid  according  to  the  con- 
tour of  the  adjacent  river,  and  the  water 
flows  down  through  that  gallery  into  a  large 
concrete  well.  In  case  of  low  water,  water  is 
admitted  from  the  river  and  flows  to  the  cen- 
tral well  from  which  it  is  distributed  into  the 
different  sections  so  that  it  will  again  fall  into 
the  collecting  gallery.  The  low  water  diffi- 
culty is   thus  obviated. 

Mr.  W.  E.  Haseltine,  manager  of  the  Ripon, 
Wis.,  Water  Co.,  states  that  his  company  also 
derives  its  supply  from  gravel  wells.  The 
wells  are  not  over  15  to  18  ft.  deep.    An  ex- 


cavation was  dug  to  this  depth  and  a  collecting 
gallery  was  there  constructed.  The  gallery 
walls  are  laid  with  rock  and  are  reinforced 
with  a  concrete  cap.  The  gallery  leads  to  the 
collecting  well,  which  is  also  located  in  the 
gravel,  and  the  water  is  pumped  from  that. 

Mr.  John  W.  Moore,  Consulting  Engineer, 
Indianapolis,  Ind.,  describes  the  procedure  in 
vogue  in  Indiana  as  follows : 

In  Indiana  we  put  in  what  we  call  a  com- 
bination well.  We  get  the  water  from  the 
gravel  as  well  as  stone.  We  put  in  a  pipe  of 
a  size  larger  than  the  size  of  the  strainer  that 
we  are  going  to  use.  We  drive  pipe  to  the 
bottom  of  the  water  bearing  gravel  or  to  the 
stone,  then  pass  a  strainer,  smaller  pipe,  down 
after  drilling  in  it  five  holes  about  %  in.  in  di- 
ameter. The  outer  edge  of  the  holes  is  bev- 
eled to  about  1  in.  .A.round  this  pipe  there  is 
a  perforated  sheet  of  brass,  the  perforations 
being  cut  to  suit  the  size  of  gravel  traversed. 
The  entire  pipe  is  then  put  in,  which  brings 
the  strainer  opposite  the  water  bearing  gravel, 
when  the  outside  pipe  is  removed  by  a  hy- 
draulic jack.  If  more  water  is  desired,  or  if 
submergence  is  desired,  the  well  driller  goes 
down  into  the  rock  with  a  smaller  size  hole. 
In  this  way  we  get  water  from  the  gravel  as 
well  as  the  rock.  This  makes  a  very  good 
well  where  large  quantities  of  water  are  de- 
sired. 

Mr.  H.  Hymmen,  superintendent  of  water 
works  at  Berlin,  Ontario,  states  that  his  city 
has  a  system  of  about  15  wells  in  gravel.  Some 
of  them  are  pumped  by  compressed  air.  He 
has  started  to  use  turbine  pumps,  direct  con- 
nected, electric  drive,  and  they  are  giving  very 
good  results.  When  the  compressed  air  sys- 
tem of  pumping  was  installed  it  pumped  out 
sand  and  filled  up  the  conduits.  A  small  tur- 
bine pump,  3-in.,  was  then  installed.  The 
other  wells  are  being  changed  over  from  air 
h'ft  to  turbine  pumps. 
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Some    Experiences  in  Packing  Valves. 

(Staff  Al)stract.) 

On  Superintendents'  Day,  at  the  recent  an- 
nual meeting  of  the  American  Water  Works 
Association,  there  was  a  topical  discussion  on 
the  care  of  valves  with  special  reference  to 
the  methods  and  materials  used  in  packing 
them. 

Mr.  M.  L.  Worrell,  General  Manager  of  the 
Meridian,  Miss.,  water  works,  stated  that  he 
has  found  lead  wool  to  be  the  most  satisfac- 
tory material  for  packing  valves.  Once  the 
valve  is  properly  packed  with  this  material, 
present  indications  are  that  the  job  will  last 
"forever";  *failure  will  occur  at  some  point 
other  than  in  the  packing.  Mr.  Worrell  has 
used  lead  wool  for  this  purpose  ever  since  it 
has  been  on  the  market  and  has  never  had 
occasion  to  repack  a  valve  in  which  this  ma- 
terial was  used.  In  some  cases  he  has  used 
graphite  or  other  lubricant  in  connection  with 
the  lead  wool,  and  in  other  cases  the  lead 
wool  has  been  used  alone.  The  addition  of  the 
lubricant  does  not  seem  to  add  anything  of 
value.  Mr.  Worrell  has  not  tried  lead  wool 
on  fire  hydrants.  He  first  used  it  because,  on 
one  occasion,  it  w'as  necessary  to  pack  a  valve 
out  on  the  job  and  nothing  else  than  lead  wool 
was  handy,  so  he  decided  to  give  it  a  trial. 
At  the  present  time  his  engineer  at  the  pump- 
ing station  is  using  it  with  satisfactory  results. 
It  is  used  on  all  valves  at  Meridian,  both 
large  and  small. 

Mr.  A.  A.  Reimer,  Superintendent  of  Water 
Works  at  East  Orange,  N.  J.,  feels  that  a 
sufficiently  long  period  has  not  elapsed  since 
lead  wool  was  placed  on  the  market,  to  war- 
rant calling  its  durability  ''everlasting"  for 
the  purpose  here  under  consideration.  At 
East  Orange,  Mr.  Reimer  specifies  high  grade 
Italian  Iiemp  packing  laid  in  tallow.  He  has 
had  a  25-year  test  of  that  material  without 
repacking,    except    for    examination,    and    on 


examination  the  tallow  is  shown  still  to  pos- 
sess lubricating  value.  Recently  he  has  been 
using  a  little  graphite  mixed  with  the  tallow, 
but  regards  the  addition  of  the  graphite  as 
unnecessary. 

Mr.  H.  C.  Hodgkins,  civil  engineer,  Syra- 
cuse, N.  Y.,  stated  that  in  1907  he  took  out 
about  47.5  valves  from  6  to  12  ins.  in  size,  in 
which  the  box  packing  had  been  lubricated 
with  tallow  and  graphite.  He  has  examined 
the  valves  and  the  packing  occasionally  and  it 
seems  to  be  in  as  good  condition,  apparently, 
as  when  first  placed.  The  valves  have  been 
operated  only  at  intervals  as  necessary. 

Secretary  J.  M.  Diven,  of  Troy,  N.  Y., 
raised  a  question  as  to  whether  a  new  valve, 
as  received  from  the  factory,  is  packed  as  it 
should  be  with  a  durable  form  of  packing,  or 
whether  the  valve  should  be  repacked  before 
being  placed  in  service.  In  this  connection 
Mr.  Raymond  W.  Carlin  stated  that  in  one 
water  plant,  of  which  he  had  charge,  he  found 
it  necessary  to  repack  all  the  new  valves.  The 
quality  of  that  particular  water  supply  was 
'such  that  corrosion  took  place  on  all  the  valve 
stems  and  the  packing,  placed  by  the  valve 
manufacturer,  was  soon  eaten  up.  They  were 
repacked  with  graphite  and  a  few  were  packed 
with  lead  in  the  form  of  washers.  .A-S  re- 
packed the  valves  rendered  good  service. 


Another     Paying     Publicity     Measure 

Employed  by  the  Terre  Haute 

Water  Works  Co. 

(Staff  Abstract.) 

The  giving  of  souvenir  lead  pencils  to  those 
who  pay  water  bills  when  due  is  one  of  the 
paying  publicity  measures  employed  bj'  the 
Terre  Haute  Water  Works  Co.  The  proced- 
ure in  this  connection  is  here  described  by 
Mr.  Dow  R.  Gwinn,  President  and  Manager 
of   the  company. 

There  is  a  method  of  publicity  which  we 
use  that  I  think  brings  good  results :  Our  an- 
nual bills  are  payable  quarterly  and  at  the 
beginning  of  each  quarter,  for  a  period  of  ten 
days,  we  have  a  notice  in  the  paper  to  the 
effect  that  "Water  bills  are  now  due  and  pay- 
able. Pencils  to  First  Comers."  We  buy  50 
gross  of  lead  pencils  at  one  time  at  $3  per 
gross,  or  a  trifle  over  2  cts.  a  piece.  They 
are  first  class  lead  pencils,  coated  with  white 
enamel,  witli  gilt  top  and  rubber  and  in- 
scribed in  gilt  letters,  "Compliments  Terre 
Haute  Water  Works  Co."  "Pure  Filtered 
Water — Low  Rates."  These  pencils  are  dis- 
tinctive and  w'hen  one  takes  out  a  white  pen- 
cil, practically  everyone  present  knows  that 
it  is  one  of  the  Water  Works  pencils,  and  an 
expression  frequently  heard  is,  "I  see  you  have 
paid  your  water  bill."  The  beautiful  white  en- 
amel is  suggestive  of  the  purity  of  the  water, 
while  the  gilt  letters  suggest  that  the  water 
is  as  good  as  gold. 

As  these  pencils  are  given  out  from  the 
1st  to  the  11th  of  the  month,  at  the  time  the 
quarterly  payments  are  due,  the  people  have 
learned  that  it  is  better  to  pay  their  bills 
promptly  and  get  a  pencil.  When  bills  are  not 
paid  promptly,  we  must  send  a  notice  by  mail 
with  a  2  ct.  stamp  and  envelope,  making  the 
cost  equal  to  the  cost  of  a  lead  pencil.  Hence, 
we  believe  that  outside  of  the  value  as  an 
advertising  medium,  we  are  getting  a  good  re- 
turn on  the  investment. 


Notes  on  the  Use  of  Lead  Wool  Joints 
in  Cast  Iron  Mains. 

(Staff  Abstract. ) 

The  conijiarative  merits  of  lead  wool  and 
cast  lead  joints  in  cast  iron  mains,  particu- 
larly on  small  jobs  and  on  dry  as  well  as 
wet  joints,  were  discussed  on  Superintendents' 
Day  at  the  recent  annual  meeting  of  the 
American  Water  Works  Association.  The 
advantages  of  lead  wool  where  only  a  few 
joints  are  to  be  made  are  especially  pro- 
nounced. 

Mr,  John  M.  Diven,  superintendent  of  water 
works  at  Troy,  N.  Y.,  stated  that  he  has 
found  the  use  of  lead  wool  so  satisfactory 
that,  in  small  jobs,  such  as  in  setting  fire  hy- 
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drants  where  there  are  only  four  or  five  joints 
to  make,  he  has  not  used  a  lire  for  years.  He 
called  attention  to  the  fact  that  the  time  re- 
([uircd  to  get  the  fire  started  and  to  get  the 
melting  apparatus  in  position,  in  the  case  of  a 
small  job,  is  a  large  percentage  of  the  time 
required  for  the  entire  job,  and  is  correspond- 
ingly expensive.  On  one  large  job  he  stipu- 
lated with  the  contractor  that  a  half  mile  of 
pipe  be  laid  with  lead  wool  and  hand  caulked 
joints  and  a  mile  with  air  pressure  joints.  A 
careful  record  of  the  leaks  in  both  types  of 
joints  was  to  have  been  kept,  but  the  con- 
tractor's caulkers  refused  to  do  the  work  and 
the  test  was  given  up. 

On  another  occasion  ^[r.  Diven  states  that 
he  had  laid  an  8-in.  cast  iron  pipe  line  through 
swampy  land.  One-half  of  this  line  was 
caulked  with  lead  wool  and  the  other  half 
with  cast  lead  joints.  Seven  or  eight  months 
after  the  work  was  done  there  had  been  no 
leaks  in  the  lead  wool  joints  but  all  of  the 
cast  lead  joints  had  developed  leaks.  The 
joints  were  all  very  deep  and  were  frcm  V4  to 


%  in.  thick,  and  the  lead  wool  held  where  the 
cast  lead  did  not. 

Mr.  Oscar  Bulkcley,  engineer  of  the  Rock- 
ford,  111.,  water  department,  stated  that  in 
his  department  lead  wool  was  used  on  a  line 
of  pipe  ):<  and  lu  ins.  in  diameter,  but  the  use 
f)f  the  materia!  was  abandoned  because  the 
caulkers  refused  to  do  the  work.  When 
caulked  by  hand  it  is  a  long  and  tedious  job. 
The  only  way  lead  wool  can  be  used  to  ad- 
vantage, on  big  jobs,  is  in  connection  with 
pneumatic  caulking. 

Michigan  County  Surveyors  Aided  by 
New  Legislation. — An  act  of  the  last  Michi- 
gan Legislature  put  the  office  of  county  sur- 
veyor in  that  State  on  a  higher  level  than  it 
has  been  heretofore.  Formerly  the  county  sur- 
veyor received  $4  a  day  for  his  services  and  he 
was  not  allowed  his  expenses.  The  chief  pro- 
visions of  the  new  law  are  as  follows:  Coun- 
ty surveyors  are  elected,  at  the  general  elec- 
tion, for  a  term  of  two  years.  To  be  eligible 
to  the  office  one  must  be  either  a  graduate 
from  an  engineering  course  in  the  University 


of  Michigan,  the  -Michigan  Agricultural  Col- 
lege or  the  Michigan  College  of  Mines;  or  a 
graduate  from  an  engineering  course  of  some 
other  college  or  university  of  equal  standard 
with  those  named ;  or  a  person  who  has  com- 
pleted all  the  prescribed  courses  in  surveying 
of  an  engineering  course  in  some  reputable 
college  or.  university,  and  has  had  at  least  two 
years'  experience  in  the  active  practice  of  sur- 
veying or  engineering;  or  a  person  who  has 
had  at  least  five  years'  experience  in  active 
practice  of  civil  engineering  or  surveying  with- 
in the  State  of  Michigan. 

The  county  surveyor  and  his  deputies  are 
entitled,  under  the  provisions  of  the  new  law,  to 
receive  a  compensation  of  not  more  t!ian  $6  a 
day  for  their  respective  services.  This  includes 
the  time  of  traveling  to  and  from  the  place  of 
making  the  survey.  .\11  necessary  expenses 
incurred  in  the  discharge  of  duty  are  allowed. 
Provision  is  also  made  for  the  payment,  by  the 
person  for  whom  the  services  are  rendered,  of 
a  fee  of  2-5  cts.  for  recording  each  description, 
and  2-5  cts.  for  each  certificate  or  copy  of  de- 
scription. 
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An  Electrically   Controlled   Automatic 

Sewage  Ejector  System. 

In  the  sewerage  of  buildings  with  deep  base- 
ments and  of  cities  of  flat  topography,  at  a 
small  elevation  above  the  natural  water  course 
into  which  all  drainage  must  ultimately  dis- 
charge, it  is  frequently  desirable  to  install 
some    form   of   sewage   ejector   system    which 


handling  any  liquid  accumulated  in  tanks  at 
low  levels  and  which  must  be  lifted  to  higher 
levels.  Figure  1  shows  the  arrangement  and 
essentials  of  a  complete  installation  which  is 
made   up   as   follows : 

.  (1)  A  receiving  tank  into  which  the  sew- 
age gravitates  from  the  drain  pipes,  and 
which  is  designed  to  leave  a  space  above  the 
sewage   in   which   compressed  air   is   admitted 


Fig.    1.   Arrangement    of    Essential    Features 

of  a  Complete  Installation  of  the  Beggs 

Sewage  Ejector  System. 

will  operate  automatically.  These  ejectors  lift 
the  collected  matter  to  sewers  draining  by 
gravity  to  the  main  sewer  outfall.  The  pres- 
ent article  describes  and  illustrates  the  design 
of  the  Beggs  Sewage  Ejector  System  which 
is  manufactured  by  James  Beggs  &  Co.,  30 
Warren  St.,  New  York  City.  This  system, 
■with  or  without  modification,  can  be  used  for 


fur  the  purpose  of  forcing  the  sewage,  by  dis- 
placement, through  an  outlet  connected  with 
the  sewer.  Check  valves  placed  in  the  tank 
outlet  prevent  the  return  of  sewage  into  the 
drain  pipes,  and  those  placed  in  the  tank  out- 
let prevent  backing  up  of  the  sewage  into 
the  tank. 

(2)  A  special  double-acting  air  valve,  shown 
at  A  in  Fig.  L  electrically  controlled  to 
admit  compressed  air  to  displace  and  expel 
the  desired  amount  of  liquid  from  the  tank. 
The  supply  of  compressed  air  may  be  taken 
from  a  general  system  or  tnay  be  maintained 
by  a  suitable  compressor  and  receiver  installed 
to  serve  the  sewage  ejector  exclusively.  One 
pipe  connection  between  this  valve  and  the 
tank  described  above  alternately  serves  the 
purpc5se  of  an  inlet  to  the  tank  for  compressed 
air,  and  an  outlet  for  the  exhaust  of  the  air  to 
the  atmosphere  after  the  sewage  has  been 
ejected  and  the  tank  is  refilling. 

(3)  A  float,  rising  and  falling  between 
stops  according  to  the  level  of  the  sewage 
in  the  tank,  automatically  operates  the  con- 
trol switch,  shown  at  B  in  Fig.  L  mounted 
on  the  top  of  the  tank.  This  control  switch 
opens   and  closes   the   electric  circuit   through 


a  solenoid  mounted  on  the  same  base  as  the 
air  valve,   described  above. 

The  solenoid,  by  which  the  air  valve  is 
operated,  is  designed  for  any  voltage  which 
may  be  required  to  meet  local  conditions,  and 
IS  mounted  on  the  same  basis  as  the  air-con- 
trol valve  and  cut-out  switch  for  throwing 
the  entire  system  in  or  out  of  operation. 

In  operation  the  vertical  rod  connecting  at 
its  top  to  the  switch  lever,  passes  through  the 
float,  is  guided  near  its  upper  end  by  a  stuffing 
bo.x  in  the  cover  of  the  tank,  at  its  lower  end 
by  a  suitable  bearing,  and  is  provided  with  two 
limiting   stops. 

The  float,  rising  with  the  level  of  the  liquid, 
strikes  the  upper  stop  and  lifts  the  rod,  which 
closes  the  switch,  completes  the  electric  cir- 
cuit to  the  solenoid,  which  through  its  plunger 
and  lever,  closes  the  upper  valve,  admitting 
compressed  air  for  the  discharge  of  the 
sewage.  Then  the  float  descending  with  the 
level  of  the  sewage  in  the  tank  strikes  the 
lower  stop,  carries  the  rod  down,  opens  the 
control  switch,  breaks  the  circuit  to  the 
solenoid,  thus  permitting  the  spring  to  close 
the  lower  valve  and  open  the  upper,  relieving 
the  air  pressure  through  the  vent  to  the  at- 
mosphere. This  completes  the  cycle,  and 
sewage  then  collects  for  the  next  discharging 
operation. 

There  are  very  few  parts  in  the  system  and 
those  are  of  simple  nature.  The  operation  of 
each  part  is  distinct  in  itself,  and  if  any  dif- 
ficulties should  arise  they  can  be  readily 
traced  and  remedied. 

This  ejector  is  claimed  by  its  makers  to  be 
sewage,  gas  and  air  tight.  The  sewage  inlet 
and  outlet  are  always  sealed.  Piping  con- 
nections are  reduced  to  a  minimum.  Prac- 
tically no  oiling  or  cleaning  is  required. 


An     Air    Compressor    of    High    Effi- 
ciency. 

I  Contributed.) 

The  constant  demand  for  higher  efficienc> 
and  greater  economy,  and  the  increasing  tend- 
ency towards  the  use  of  higher  steam 
pressures  has  led  to  the  development  by  the 
Ingersoll-Rand  Co.  of  the  small  steam-driven 
high-speed  air  compressor  illutrated  here. 
This  machine  is  designed  along  the  same  lines 
as  the  company's  former  small  steam-driven 
type,  but  embodies  improvements  which  give 
it  a  higher  efficiency  in  the  air  end  and  a  con- 
siderably lower  steam  consumption.  These 
improvements   are : 

ingersoU-Rogter  Air  I'alves. — These  valves 
allow  of  high  speeds,  give  high  compression 
efficiency,   are   almost   silent   in   operation   and 
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are  independent  of  any  operating  mechanism. 
Before  adopting  this  valve  a  thorough  test 
was  conducted  to  determine  the  life.  This 
test  consisted  in  running  a  ^'i-in.  stroke  com- 
pressor 40(1  revolutions  per  minute  over  a 
period  of  one  year,  during  which  time  no 
valves  were  hroken  nor  any  adjustments  re- 
quired,   and    in    the   two   years    in   which   this 


direction.  The  circular  bottom  of  the  frame 
rests  with  a  machine  fit  upon  two  circular 
shoulders,  which  are  a  part  of  the  large,  well 
proportioned  base.  In  this  way  the  base  takes 
the  load  and  the  steel  pin  acts  to  hold  the 
frame  in  position.  The  rack  bar  and  cap  are 
heavy  drop  forgings.  The  top  of  the  cap  is 
recessed  for  the  chain,  which  is  a  part  of  the 
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type  of  valve  has  been  on  the  nuuket  prac- 
tically  no   breakage   has   resulted. 

Balanced  Piston  Steam  Valves. — This  type 
of  valve  was  adopted  after  extensive  research. 
It  is  designed  after  the  most  successful  Euro- 
pean practice,  permits  of  higher  speeds,  high 
steam  pressures  and  the  use  of  superheated 
steam,  at  the  same  time  giving  a  higher  effi- 
ciency under  ordinary  low  pressure  steam 
conditions. 

Automatic  Cut-Off  Control. — Tliis  control 
skives  steam  economy  under  conditions  of 
\  arying  load  or  varying  steam  pressures.  It 
IS  regulated  by  a  centrifugal  fly  wheel  gov- 
ernor w'hich  acts  to  shorten  or  lengthen  the 
stroke  of  the  piston  valve,  thus  changing  the 
cut-off. 

The  machine  as  a  whole  is  designed  and 
constructed  with  great  thoroughneess  of  de- 
tail. Materials  are  disposed  with  special  at- 
tention to  great  rigidity  without  excess 
weight ;  bearing  surfaces  are  large  and  care- 
fully finished.  Special  provision  has  been 
made  for  ready  adjustment  of  all  parts,  with- 
out loss  of  time. 


A  Lifting  Jack  With  Wide   Range  of 
Action. 

The  emergency  jack  shown  in  the  accom- 
panying illustration  should  prove  a  very  use- 
ful tool  for  contractors.  It  combines  the 
qualities  of  a  crane  and  a  jack  and  the  wide 
range  of  its  effective  working  angle  enables 
It  to  be  operated  in  difficult  positions  and  un- 


Emergency    Lifting   Jack. 

der  conditions  which  preclude  the  use  of 
jacks  of  ordinary  type.  Equipped  with  an 
auxiliary  shoe  it  may  be  operated  at  an 
angle  of  G0°  from  the  vertical;  with  a  chain 
the  angle  of  operation  may  be  increased  to 
f)0°. 

The   standard   or    frame    is   a   heavy   malle- 
able  iron   casting,   ribbed    for   stress   in   every 


equipment.  The  double  socket  of  crucible 
steel  makes  it  possible  to  handle  a  load  with 
the  jack  at  any  angle.  A  very  heavy  trun- 
nion bearing  supports  the  socket.  The  trip 
at  the  back  of  the  base  either  holds  the 
frame  in  a  rigid  vertical  position  or  releases 
it  to  pivot  on  the  base.  Five  feet  of  chain 
and  a  five  foot  steel  lever  bar  comprise  the 
accessory   equipment. 

This  jack  is  manufactured  by  Templeton, 
Kenly  &  Co.,  Ltd.,  1028  So.  Central  Avenue, 
Chicago,    111. 


A  New  Bit  for  Rotary  Drilling. 

A  new  bit  which  is  claimed  to  broaden  the 
field  of  rotary  drilling  and  to  possess  unusual 
efficiency  is  illustrated  here.  This  bit  is  in- 
tended to  replace  the  older  fish-tail  form  of 
bit.  Its  cutting  parts  are  two  toothed  rotat- 
ing cones  of  hard  steel  and  the  cutting  action 
is  a  process  of  chipping.  Except  for  the  bit 
the  drilling  operations  conform  to  usual  prac- 
tice. A  record  of  cone  bit  work  is  given  by 
H.  R.  Hughes  in  the  March  Bulletin  of  the 
American  Institute  of  Mining  Engineers  as 
follows: 
Day  crew — 

4  men,  S3  per  clay,  6  days ?  72.0(1 

1  driller,  $200  per  month.  (!  days 40.00 


A   Compound   Water   Meter    for    Ac- 
curate Measurement  of  Large 
and  Small  Flows. 
There  are  many  situations,  m   water  works 
practice,    in    which    the    flow    of    water    varies 
between  such  wide  limits  that  neither  a  large 
nor   a   small   meter,   alone,   is   satisfactory   for 


Cone   Bit  for  Rotary   Drilling. 

measuring  it.  This  condition  prompted  the 
Union  Water  Meter  Co.  of  Worcester,  Mass., 
to  bring  out  its  Nilo  Compound  meter  which 
is  arranged  so  that  it  measures  both  large  and 
small  flows,  it  is  claimed,  with  equal  ac- 
curacy. The  new  compound  meter  is  a  com- 
bination of  the  Nilo  meter,  a  high  duty  meter 
of  large  capacity,  and  the  King  small  flow  disk 
meter,  together  with  an  automatic  doulile  dif- 
ferential vertical  valve,  guided  and  united  by 
a  central  stem.  The  compound  meter  is  illus- 
trated  herewith. 

The  combined  valve  area  is  equal  to  twice 
the  capacity  of  the  inlet  pipe  and  gives  an  un- 
restricted passage  for  the  flow  of  water.  The 
valves  and  seats  are  made  of  bronze  com- 
position, ground  to  a  watertight  joint  to  elimi- 
nate leakage.  The  lower  valve  is  adjustable 
and  is  easily  removed  from  the  chamber  when 
desired. 

The  Nilo  Compound  is  so  constructed  that 
it   can   be   attached   to   any   Nilo  meter  of   its 


The    "Nilo"    Compound    Water    Meter   for   Accurati    Ktyistration  of  Large  and  Small   Flows. 

Night  crew—  size,  or  to  any  other  meter.  -The  operation  is 

4  men,  $.■)  per  (lay,  0  days 72.00  gu;-],    ti,at   t|,c   valve   opens   or   closes   accord- 

1  night  drillir,  $.i  per  day,  6  days aO.OO  •         ,      wlmrbcr  tli,-  •mioiint   nf   w-iter  drawn  is 

Steam  and  water,  e,  days,  at  $10 fiO.OO  "S  '"  w  ucllKrtiK   amount  ot   water  urawa  i!> 

Rental  of  bit  for  30  days so.OO  large    or    small.      When    water    is    drawn    in 

3  sets  of  cones,  at  $45 135.00  quantities,    such    as    the   high   duty   meter   can 

Total  cost  of  72  ft.  of  9-ln.  hole $li^  correctly    register,    the    water   passes    through 

Average  cost  per  foot G.38  both  the  Nile  and  the  King  disk  meter,  though 
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on  large  flows  the  amount  passing  through  the 
low  duty  meter  is  small,  each  meter  registering 
separately  the  amount  of  water  passing  through 
it.  When  the  flow  is  such  that  the  high 
duty  meter  cannot  correctly  record  the 
amount,  the  automatic  differential  valve  closes 
and  the  water  passes  through  and  is  registered 
by  the  low  duty  meter  only.  The  combined 
reading  of  the  two  meters  is  the  amount  of 
water  drawn.  In  no  case  is  the  water  regis- 
tered twice. 


A    Large    Capacity    Sand    and    Gravel 
Washing  Plant. 

(Contributed.) 

The  large  sand  and  gravel  washing  plant  of 
the  Akron  Gravel  &  Sand  Co.,  Akron,  O.,  has 
recently  been  completed  and  put  in  operation. 
The  size  and  capacity  of  this  plant  exceed  any 
other  land  operated  plant  so  far  constructed. 
The  daily  10-hour  capacity  is  100  cars  of 
washed  material. 

The  material  is  excavated  by  Marion  steam 
shovels  and  brought  to  the  plant  by  two  loco- 
motives each  handling  two  30-yd.  dump  cars. 
One  car  of  each  set  dumps  from  the  bottom 
and  the  other  cars  dump  from  both  sides.  The 
tracks  from  the  pit  are  elevated  and  pass  over 
a  large  concrete  hopper  holding  about  seven 
carloads. 

The  material  is  drawn  from  the  hopper 
through  an  opening  in  the  bottom  onto  an 
apron  feeder  48  ins.  wide.  This  feeder  is  op- 
erated by  a  variable  speed  motor,  geared 
direct  to  an  oil  immersed  worm  gear  drive. 
This  construction  is  novel  and  is  arranged  in 
this   manner   to   govern   the   capacity    of    the 


arated  by  eight  T:i-in.  conical  sand  separators 
with  provision  for  four  more.  These  tanks 
work  automatically  and  present  a  very  inter- 
esting sight  to  anyone  who  can  observe  the  op- 
eration of  four  tanks  working  in  unison. 

The  screens  and  tanks  make  five  grades  of 
material  which  are  delivered  into  seven  large 
bins.  The  sand  bins  are  arranged  at  both 
ends  of  the  plant  and  contain  fine  sand  for 
plastering  and  brick  laying  and  coarse  sand 
for  concrete  work.  The  bins  are  144  ft.  long 
and  26  ft.  wide  and  the  height  of  the  plant  at 
the  center  is  90  ft. 

Loading  tracks  go  on  both  sides  of  the  plant 
and  segmental  type  gates  are  used  for  gravel 
and  slide  gates  of  a  special  design  for  the 
sand  bins.  The  bins  are  built  by  cribbing  the 
plank  and  are  stiffened  by  steel  rails  verti- 
cally with  the  rods  running  through  the  bins. 
This  construction  is  unusual  but  very  satis- 
factory. 

A  center  tunnel  runs  through  the  center  of 
the  plant  in  order  to  facilitate  getting  from 
one  side  to  the  other. 

The  washing  water  is  pumped  to  the  plant 
by  an  8-in.  American,  two-stage  centrifugal 
pump  direct  connected  to  a  100  HP.  motor. 
The  water  distribution  is  novel  and  very  elab- 
orate and  quite  effective.  The  material  is 
given  a  preliminary  washing  in  a  stone  box 
and  the  water  jets  do  the  distributing  for  the 
four  ditiferent  sets  of  washing  screens.  By- 
passes for  taking  out  the  great  volume  of  sand 
are  also  provided  as  well  as  a  rinsing  system 
while  loading  and  when  delivering  from 
screens. 

The   plant  is   electrically   driven   throughout 
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plant.  The  speed  of  the  feeder  regulates  the 
output  of  the  plant. 

The  material  from  the  feeder  is  delivered 
into  a  large  stone  screen  60  ins.  in  diameter, 
W'hich  separates  the  stone  to  be  crushed  from 
the  aggregate.  The  material  which  passes 
through  the  stone  screen  is  delivered  direct  to 
the  main  elevating  lielt  and  the  over-size  from 
the  screen  goes  to  the  large  steel  crusher  ele- 
vator. This  elevator  is  not  an  ordinary  eleva- 
tor by  any  means.  The  chains  are  built  up 
of  4%x%-in.  open  hearth  steel  bars  and  the 
chain  pins  and  bushin,gs  are  chrome  nickel 
steel.  The  chain  rollers  are  steel  and  the 
sprocket  wheels  on  the  head  and  foot  shafts 
have  renewable  manganese  steel  teeth.  The 
buckets  are  of  the  continuous  type  36  ins.  wide 
and  reinforced  by  heavy  steel  lips. 

The  material  from  the  elevator  is  dis- 
charged onto  a  bar  grizzly  which  divides  the 
large  stone  for  a  No.  6  Gates  gj'ratory  crusher 
and  the  remainder  goes  to  a  48-in.  .Symons 
Brothers'  disc  crusher.  The  product  from 
each  crusher  is  delivered  onto  a  30-in.  belt  con- 
veyor which  carries  the  crushed  stone  back 
to  the  stone  screen  for  rescreening. 

The  main  belt  is  36  ins.  wide  and  has  a 
Goodrich  six-ply  rubber  conveyor  belt  with 
%-in.  extra  rubber  cover  on  the  carrying  side. 
The  troughin,g  idlers  are  of  the  Link-Belt  Co. 
type,  with  five  pulleys  each.  The  main  con- 
veyor is  270  ft.  king  and  the  conveyor  .gallery 
is  enclosed  for  protection  from  wind  and 
storm. 

The  gravel  washing  equipment  consists  of 
16  Dull  type  inclined  washing  screens  mounted 
four  in  ?.  row  with  provision  for  two  more 
rows  or  2t  screens  in  all.     The  sand  is  sep- 


by  individual  motors  and  each  half  of  the 
plant  can  be  run  independent  of  the  other. 
Westinghouse  motors  are  used  and  power  is 
furnished  by  the  Northern  Ohio  Light  & 
Traction  Co. 

This  plant  on  account  of  its  large  capacity 
is  designed  for  low  cost  of  production,  yet 
nothing  was  spared  to  insure  against  liability 
of  breakdown.  The  machinery  is  designed  un- 
usually heavy  and  strong  and  all  supports  are 
also  very  heavy.  The  plant  was  designed  and 
engineered  by  The  Raymond  W.  Dull  Co., 
1010  Conway  Building,   Chicago,  111. 


Device  for  Detecting  Imperfections  in 
Steel. — An  instrument  for  testing  steel  has 
been  invented  by  Ethan  I.  Dodds,  director 
and  chief  engineer  of  the  American  Flexible 
Bolt  Co.  of  Pittsburgh,  v\'hich  is  said  to  ac- 
curately test  the  internal  structure  of  iron 
and  steel.  It  is  of  simple  construction,  con- 
sisting of  two  small  magnets  and  ordinary 
telephone  apparatus.  The  hand  piece  is 
moved  over  the  surface  and  a  light 
magnetic  current  is  driven  throu.gh  the  steel  to 
be  tested.  So  long  as  the  metal  is  of  uni- 
form character  and  density,  the  current  passes 
through  at  a  uniform  rate  of  resistance.  When 
the  current  strikes  an  air  space,  however,  the 
resistance  is  increased,  and  the  consequent 
fluctuation  in  the  current  easily  records  it- 
self. Telephone  receivers  are  strapped  on 
each  ear  of  the  operator  and  the  uniform 
flow  of  the  magnetic  current  through  the 
solid  and  perfect  steel  is  recorded  bv  the 
constant  and  imiform  sound  of  a  buzzer.  The 
fluctuation  of  the  magnetic  current,  when  it 
strikes   an   imperfect   place,   is   recorded   by   a 
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fluctuation  in  the  sound  of  the  buzzer.  At 
the  same  time  an  indicating  apparatus  points 
out  with  a  hand  the  extent  of  the  current 
variation,  hence  the  extent  of  the  flaw 
causing  the  variation.  The  device  for  mark- 
ing down  on  paper  the  extent  of  the  flaw  and 
its  location  is  not  yet  a  part  of  the  machine 
that  is  now  in  use,  the  patent  for  this  feature 
still  pending.  The -machine  with  the  other 
parts,  however,  is  being  used  in  a  series  of 
tests  by  the  union  Switch  and  Signal  Com- 
pany. 


Engineering  Meetings  in  San  Francisco. — 

The  twenty-eighth  general  meeting  of  the 
American  Electrochemical  Society  will  be 
held  in  San  Francisco  Sept.  16-  to  18.  The 
.American  Society  of  Civil  Engineers,  the 
American  Society  of  Mechanical  Engineers, 
the  American  Institute  of  Electrical  Engi- 
neers and  the  American  Institute  of  Mining 
Engineers  expect  to  hold  their  meetings  at  the 
same  time  and  arrangements  are  under  way 
for  joint  sessions  with  some  of  these  societies. 
The  holding  of  this  meetin.g  immediately  be- 
fore the  date  for  the  International  Engineer- 
ing Congress,  Sept.  20  to  25,  will  also  enable 
the  members  to  attend  the  sessions  of  the 
Congress.  All  inquiries  in  regard  to  trans- 
portation should  be  addressed  to  J.  M.  Muir, 
239  West  39th  St.,  New  York,  chairman  of  the 
transportation  committee. 


Business  made  progress 
I         „.       -p.    .  during  tlie  past  week.     The 

ine  UOings  possibility  of  international 
I  of  complications,     of       course, 

I  th     \A/      t-        caused  considerable  caution 

tne  WeCK.  j^  commercial  affairs,  but 
I  there    was    nevertheless    an 

I      improvement  in  the  industrial  situation.     The 

I      outstanding  development  of  the  week  as  con- 
cerns industry  and  finance  was  the  decision  in 
the  Steel  Corporation  case.     The  ruling  of  the 
1      District   Court  that  the   Corporation   is   not   a 
trust   and  not  amenable  to   the   Sherman   law 
will  have  a  wide  spread  effect  on  many  lines 
of  trade.    The  effect  on  financial  sentiment  will 
be   decidedly   favorable.   The   peaceable   settle- 
ment of  the  threatened  labor  troubles  in  Chi- 
cago now  seems  probable.     Building  construc- 
tion   shows    an    improvement.      According    to 
Eradstreet's   Review  there  will  be  an  increase 
of  national  building  construction  for  June  over 
the  same  month  of  last  year.    Based  on  incom- 
plete reports  received  to  date,  the  figures  show 
a  net  gain  of  more  than  $10,000,000   for  large 
cities.    In  the  general  construction  field  activities 
I       have    been    well    sustained.      Municipal    work, 
especially  water  works  and  sewerage  improve- 
ments, are  not  quite  ud  to  the  mark,  but  in  other 
lines  there  are  a  considerable  number  of  contracts 
ready  to  be  figured  on.     Highway  construction, 
street  paving  and  bridge  building  continue   to 
furnish      many      construction        opportunities. 
Kansas  City,  Mo.,  authorized  a  $4.-JGn,O00  bond 
issue    for   municipal    improvements,   and    New 
York   City   shortly  w-ill   offer    for   public    sub- 
scription $oO.OOO,000  of  4%  per  cent  bonds.  In 
the   Iron  and   Steel  markets  the  bar  situation 
is  stronger  and  there  is  more  buying  of  basic 
iron.     It  is  stated  that  the  recent  meeting  of 
the  American  Iron  and   Steel   Institute  was  a 
clearing  house   for   more   favorable   sentiment 
than  has  come  out  at  a  similar  meeting  in  two 
years.     Rail  orders  placed  recently  have  been 
for  small  tonnages.     The   Pennsylvania  R.  R. 
has    issued    new   specifications   for   its    138,000 
tons    of    rails    and    it    probably    will    be    some 
weeks  before  the  order  is  given  out.     The  Iron 
Age  prices  for  finished  iron  and  steel  and  for 
sheets,    nails    and    wire    for   the    week   endin.g 
June  2  were  as  follows : 

Finished    Iron   and   Steel.  .lune  1.  May  26. 

Per  lb.  to  large  buyer.s.  Cts.  Cts. 

Bess,   rails,  heavy,  at  mill....  1.2.")  1.2.5 

Iron   bars,   Philadelphia I.IT'A  1.17V, 

Iron  bars,  Pittsburgh 1.25  "  1.20 

Iron  bars,  Chicago 1.20  1.15 

Steel   bars.   Pittsburgh 1.20  1.20 

Steel  bars.    New  York 1.369  1.369 

Tank  plates.   Pittsburgh 1.1.'.  l.l'i 

Tank   plates.    New  York 1.31!)  1.319 

Beams,    etc.,    Pittsburgh 1.20  1.20 

Beams,  etc..  New  York 1.369  1.369 

SkelD.  irrooved  steel,   P'gh....  1.15  1.15 

Skelp,  sheared  steel.  P'.gh 1.20  1.20 

.Steel  hoop.'!.  Pittsburgh 1.25  1.25 

Sheets,   Nails  and  Wire. 
Per  lb.  to  large  buyers. 

.Sheet",  black.  No.  2S.   P'gh...  1.75  1.75 

Galv.  sheets.  No.   2S.   P'gh 4.23  3.75 

Wir-e  nails.   Pittsburgh 1.55  1.55 

Cut  nails.  Pittsburgh 1.55  1.55 

Fence  wire.  base.  P'gh 1.35  1.35 

Barb  wire,  galv.,  P'gh 2.20  2.10 

For  structural  material  f.  o.  b.  Pittsburgh  the 
Iron  Age  prices  were  as  follows:  I-ljeams, 
?<  to  1-5  in. ;  channels,  .3  to  15  in. :  angles,  3  to 
C  in.  on  one  or  both  legs,  %  in.  thick  and  over, 
and  tees,  3  in.  and  over,  1.20  cts. 

Railways. — There  have  been  no  construc- 
tion developments  in  the  railway  field  during 
the  past  week.  No  one  expected  there  would 
be  for  that  matter.  Progress  is  being  made 
with  the  preliminary  work  for  the  Philadelphia 
subways  and  there  arc  prospects  that  some 
contracts  will  be  let  this  summer.  The  Union 
Depot  Co.  of  St.  Paul,  Minn.,  it  is  now  an- 
nounced, will  award  contracts  about  June  14 
for  the  river  changes  at  St.  Paul,  the  first 
work  in  connection  with  the  $1.3,000.000  union 
terminal  in  that  city.  Bids  on  the  changes, 
which  involve  dredge  and  steam  shovel  work 
and  retaining  wall  construction,  were  opened 
several  weeks  ago. 

Roads  and  Streets. — A  considerable  num- 
ber fif  street  paving  contracts  reached  the  call 
for   bids   stage   during   the   past    week.      State 


and  county  highway  improvements  also  are 
numerous.  Illinois  is  calling  for  bids  on  sev- 
eral sections  of  state  highway ;  Maryland  opens 
bids  June  22  on  four  contracts.  Volusia  Coun- 
ty. Florida,  is  asking  proposals  for  the  con- 
struction of  53  miles  of  highway.  Street  pav- 
ing work  advertised  bv  smaller  cities  includes 
.38,000  sq.  yds.  for  Wellington,  Kan.;  .34.(:00 
sq.  yds.  for  Elma,  Wash. ;  24,000  sq.  yds.  for 
Atlantic,  la.;  22,000  sq.  yds.  for  Clarksville, 
Tex.  Grinnell,  Iowa,  has  awarded  a  $213,000 
paving  contract;  Macon,  Ga.,  opened  bids  on 
paving  work  to  cost  $120,000;  Indianapolis, 
Ind.,  awarded  a  good  sized  contract  for  sur- 
facing Parkway  Blvd. ;  Corpus  Christi,  Tex., 
let  a  $259,000  paving  job.  California  and 
New  York  opened  bids  on  large  state  and 
higlnvay   lettings. 

Bridges. — Quite  a  few  smaller  brid.ge  op- 
portunities are  being  advertised.  Larger 
structures  include  a  Strauss  trunnion  bascule 
bridge  for  San  Francisco,  bids  for  which  will 
be  opened  June  23.  Toronto,  Ont.,  is  asking 
tenders  for  concrete  substructure  and  =tcel 
superstructure  of  Strachan  Ave.  brid.ge.  The 
Union  Station  Co.,  Chicago,  awarded  contracts 
for  trunnion  bascule  bridge  to  be  erected  over 
Chicago  River  at  West  Monroe  St.,  Chicago. 
Calcasieu  Parisli,  Louisiana,  let  the  contract 
for  a  $72,000  reinforced  concrete  bridge ;  con- 
tract for  concrete  viaduct  approach  to  the 
bridge  was  let  at  $52,000.  Board  of  Public 
L^tilities  of  Los  Angeles,  Cal..  will  submit  plans 
to  City  Council  for  four  viaducts  to  span  the 
Los  .\ngeles  River  and  to  cost  about  $3,- 
500,000.  Buflfalo,  N.  Y..  probably  will  let  con- 
tract to  American  Bridge  Co.  at  $185,000  for 
reconstruction  of  Chicago  St.  viaduct.  City 
Council  of  New  Haven,  Conn.,  has  taken 
steps  to  provide  $250,000  toward  the  proposed 
$400,000  reinforced  concrete  bridge  to  be  erect- 
ed over  the  Quinnipoc  River. 

Drainage  and  Irrigation. — Xo  particularly 
large  jobs  in  either  the  drainage  or  irrigation 
fields  appear  to  have  come  up  for  advertising 
during  the  past  week.  The  Seadrift  Drainage 
District  No.  3  of  Port  Lavaca,  Tex,,  opens 
bids  June  22  for  construction  of  45  miles  of 
ditches  requiring  325,000  cu.  yds.  earth  exca- 
vation. The  U.  S.  Reclamation  Service  is  ask- 
ing bids  for  construction  of  canals  and  struc- 
tures for  the  Sun  River  Project,  Montana,  in- 
volving about  455,000  cu.  yds.  of  excavation 
and  about  4.290  cu.  yds.  of  reinforced  con- 
crete. 4,560  lin.  ft.  of  concrete  pipe  and  205 
M   ft.  B.  M.  of  lumber. 

Waterworks. — No  especialv  lar.ge  water 
works  projects  reached  the  call  for  bids  stage 
during  the  past  week.  Cincinnati,  O.,  opens 
proposals  June  16  for  layin.g  36-in.  water 
main :  Board  of  Water  Supply  of  New  York 
City  is  calling  for  proposals  for  construction 
of  a  coagulating  plant  at  Mt.  Pleasant,  N.  Y. ; 
Hydro-Electric  Commission  of  Ontario,  is  ask- 
ing tenders  on  a  500,000-gal.  elevated  water 
tower  to  be  erected  at  .Stratford,  Ont.  Bids 
are  being  asked  for  furnishing  a  considerable 
amount  of  pipe,  pumps  and  water  meters. 

Sewerage.  —  A  considerable  amount  of 
sewerage  work  came  up  for  advertising  during 
the  past  week.  Winston-Salem,  N.  C.  is  ask- 
ing bids  on  reinforced  concrete  sewage  dis- 
posal plant  and  2-'/2  miles  24-in.  and  30-in. 
sewers;  Btndington,  Ont.,  is  calling  for  ten- 
ders on  storm  sewers  and  sewage  disposal 
v/orks ;  Greenwich,  Conn.,  opens  bids  June  14 
on  constructin.g  22.5nO  ft.  of  sewers;  Lake 
Mills,  Ta.,  is  asking  bids  for  sanitary  sewers 
and  disposal  plant;  the  Sanitary  District  of 
Chicago  is  calling  for  proposals  for  contract 
No.  3  of  the  Calumet  intercepting  sewer: 
Washington.  D.  C,  opens  bids  June  10  on  3.- 
000  ft.  of  414  ft.  by  5  ft.  trunk  sewer. 


nance  providing  that  contractors  must  pay  not 
less  than  the  city's  scale  to  workmen  employed 
on  contracts  for  the  city.  This  meant  that  a 
minimum  wage  of  $3  must  be  paid.  It  is 
claimed  this  requirement,  instead  of  providing 
a  $3  a  day  wage,  has  resulted  in  many  laborers 
being  thrown  out  of  work  entirely.  This  has 
been  due  to  the  entrance  of  Syrians  and 
Italians  into  the  contracting  field.  These  aliens 
have  formed  co-operative  firms  whereby  each 
laborer  is  a  party  to  the  contract,  or  in  other 
words  is  a  contractor.  No  workmen  are  em- 
ployed as  the  contractors  do  the  work  them- 
selves and  divide  the  profits.  As  a  conse- 
quence the  foreigners  have  no  minimum  wage 
scale  of  $3  to  pay  and  naturally  can  underbid 
the  regular  contractors.  The  wage  scale  went 
into  effect  on  March  26  and  since  that  time 
all  but  two  or  three  of  the  small  sewer  con- 
tracts let  by  the  city  have  been  secured  by 
these  co-operative  concerns.  That  no  regular 
contractor  had  a  chance  in  competing  for  this 
work  is  shown  by  the  statement  that  on  some 
of  the  jobs  the  Syrians  have  netted  less  than 
75  cts.  per  day  per  man.  An  ordinance  is  now 
before  the  City  Council  of  Portland,  propos- 
ing to  exempt  from  the  minimum  wage  act 
the  men  engaged  in  street  and  sewer  work.  It 
is  probable  also  that  a  court  decision  w'ill  be 
obtained  on  the  validity  of  last  winter's  ordi- 
nance. This  action  will  be  taken  on  the 
grounds  that  the  City  Council  is  merely  acting 
as  the  agent  for  the  property  ow-ners  and  has 
no  right  to  make  a  contractor  pay  more  than 
the  going  wage  to  his  workmen.  This  con- 
tention opens  up  an  interesting  point.  If  a  city 
increases  the  cost  of  an  improvement  by  re- 
quiring the  payment  of  high  wages  will  it  have 
to  pay  back  'the  difference  to  the  property 
owners? 


Market 


A   large   number   of   con- 
struction undertakings  pro- 
posed  for  this   snring  have 
for  Municipal   been  held    in    abeyance   be- 

■RnnHc  cause  the     interested     cities 

Doiiu:,.  ^^^^1^   j^^j.   ^,igpQj.g   of  their 

securities.  The  demand  for 
municipal  bonds  during  the  first  five  months 
of  the  year  has  been  disappointing.  There  is 
good  reason  to  believe,  however,  that  there 
will  soon  be  an  improvement  in  the  bond  situa- 
tion. In  fact  the  municipal  bond  sales  for 
Mav.  including  state  and  county  issues, 
amounted  to  $36,467,000,  an  increase  of  over 
$4  000,000  over  the  sales  during  ,^nril.  In 
Mav  last  year,  the  sales  totaled  $30,000,000. 
Evidence  of  a  better  demand  for  the  securities 
of  cities  also  is  indicated  hv  the  fact  that  New 
York  Citv  shortly  will  offer  probably  $50,000.- 
000  4%s  to  public  subscription.  So  large  an 
offering  would  not  be  made  without  first 
sounding  out  the  market.  It  is  understood  the 
city  oflficials  were  advised  bv  bankers  that 
there  was  a  large  amount  of  idle  capital  seek- 
ing investment  and  that  city  bonds  could  he 
marketed  advantageously  at  this  time.  A  better 
demand  for  bonds  means  the  taking  up  of  a 
lot   of   improvements. 


The  minimum  wage  law 
at  Portland,  Ore.,  for  mnnic- 
Minimum  '''^'  contracts  does  not  ap- 
pear to  be  working  out  the 
Wage  Law.  way  its  sponsors  intended  it 
should.  Last  winter  the  City 
Council     passed     an     ordi- 
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There     is     nothing    slow 

Pr.ar1  \A/nrW     =>'"""*   Multnomah     County, 
Koad  work     q^^^^^      ^  ,(.„,  ^.geks  ago 

in  Multno-     it   voted   a   $1,2,50,000   bond 

msli  rnnntv     ''sue      for      improving     its 
man  county,    ^^^j^.  ^^^^^,  .^  ^^^^^  ,,i^,j. 

on  the  work.  This  improve- 
ment, one  of  the  lar.gest  city  or  county  paving 
contracts  that  has  come  up  for  letting  so  far 
this  year,  provides  for  the  surfacing  of  73 
miles  of  highway,  the  total  yardage  being 
742,000.  An  undertaking  of  this  size  usually 
is  in  the  preliminary  stages  for  months. 
Law  suits  cn-er  the  bond  issue  and  wrangles 
over  the  roads  to  be  improved  and  the  kinds 
of  improvement  commonly  delay  matters.  The 
dispatch  with  which  the  project  of  this  Oregon 
Conntv  has  been  advanced  to  the  construction 
stage  is  worthy  of  note. 
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Engineering   and    Contracting 


\'ol.  XLIII.     X, 


The  Lighter  Side  of  Engineering  and  Contracting 


UNCLE  HENRY  COOLEY,  for  many 
years  walking  boss  for  S.  R.  Carter, 
can  catch  a  fish  more  skillfully  and  lie  more 
gracefully  about  its  weight  than  any  known 
disciple  of  Izaak  Walton,  now  out  of  cap- 
tivity. All  of  his  stories,  however,  are  not 
about  the  fish  that  escaped.  For  instance, 
there  is  the  fainous  tale  of  the  big  trout. 
This  is  the  way  Uncle  Henry  tells  it ; 
"Once  I  caught  a  trout,  a  regular  hell  bust- 
er, mor'n  2  ft.  long  he 
was.  When  I  got  him 
up  I  in  the  bank  he  looked 
at  me  so  beseeching  like 
that  I  didn't  have  the 
heart  to  break  his  back. 
So  1  took  him  home  and 
put  Iiim  in  the  watering 
trough.  That  was  one  grateful  trout.  My 
wife  named  him  Henery.  That  fish  became 
the  pet  of  the  family.  He  was  so  darn 
bright  that  he  could  tell  my  step  and  when 
I  came  near  the  trough  he  would  hop  right 
out  of  it,  knowing  of  course  that  I  would 
put  him  back  again.  This  little  trick  of  his 
set  me  to  thinking.  'By  Jing,'  I  said  to 
myself,  'fishes  always  live  in  water  because 
they  never  tried  living  on  land.  'It's  just 
a  habit  with  them.'  So  I  began  to  experi- 
ment on  Henery.  Each  day  I'd  let  out  a 
bit  of  water  from  the  trough,  and  I'd  ob- 
serve how  the.  fish  acted.  He  didn't  seem 
to  notice  at  all.  Finally  there  was  just 
water  enough  so  the  trout's  back  fin  showed. 
Next  day  I  lowered  it 
a  bit  more,  and  so  on 
until  the  basin  was  dry. 
.\nd  that  fish  never 
minded  it  a  bit.  I'd 
,    ,      ,  just     got     him     accus- 

->yjl_J  tomed    to    going    with- 

out water,  .\fter  the 
fish  had  got  used  to  it,  1  took  him  out.  and 
would  you  believe  it  he  followed  me  around 
just  as  though  he  was  a  dog.  He  would 
flop  along  on  his  fins  and  kick  away  with 
his  tail  so  that  he  got  along  quite  rapidly. 
He  used  to  come  into  the  kitchen  and  get 
under  the  stove.  If  the  old  dog  or  cat  was 
there  he  would  slap  them  in  the  face  with 
his  tail  and  if  that  didn't  start  them  he 
would  snap  at  them.  Then  he  would  coil 
up  and  go  to  sleep.  Henery  was  some 
fighter,  you  bet ;  he  would  pitch  into  the 
old  rooster  and  he'd  even  pull  the  feathers 
out  of  the  turkey.  A  remarkable  animal 
was  Henery,  a  remarkable  animal."  Here 
Uncle  Henry  always  paused,  wiped  away 
an  imaginary  tear  and  reached  for  your 
tobacco  pouch.  While  he  filled  his  pipe  you 
were  supposed  to  ask,  "And  what  became 
of  Henery?"  Uncle  Henry  would  wait  un- 
til he  had  smoke  coming  out  of  his  nose 
and  mouth  and  then  he  would  again  take 
up  his  narrative.  "What  became  of  that 
trout?  Why,  one  day  Henery  came  tag- 
ging after  me.  I  told  him  to  go  home,  but 
he  insisted  on  following.  I  had  to  cross  a 
bridge  and  Henery  plugging  along  after 
me  stubbed  his  tail  on  a  loose  board  and 
fell  into  the  creek  and  got  drowned." 


Strike!    Strike!    Strike! 

Wlicn  the   world  is  growing  .steady. 
When  we've  met  the  staggering  blow. 

When  the  panic  is  averted. 
And  the  wheels  begin  to  go; 

When  1)ankers  cease  from  trembling 
.\nd  business  tries  to  grow — 

Then  diith  the  festive  Union. call  a  strike  ! 

When  the  contract  is  awarded 
.\nd  you   find  your  bid   is   "low"; 

When  you  figure  up  your  profits — 
You  will  make  it  now,  you  know. 

When  plant  and  men  are  busy 

-And  W'ith  hope  your  heart's  aglow — 

O,  then  the  pesky  Union  calls  a  strike. 

When  "full  time"  is  recorded 

.\nd  you  hear  the  whistles  blow. 
When  the  dinner  pail  is  heavy 
.\nd     you     think     you'll     save     some 
dough, 
When   wife  and   kiddies   get   new   shoes 

and  see  the  jitney  show — 
Why   then   the   dad-blamed   Union   calls 
a  strike. 


COL.  GEORGE  B.  INMAN,  who  for 
several  years  was  actively  engaged  in 
educating  the  people  of  various  small  west- 
ern cities  on  the  advantages  of  sewerage 
systems  and  disposal  plants,  used  to  tell 
this  story  when  recounting  his  experiences : 
"I  had  addressed  a  mass  meeting  of  the 
citizens  of  one  of  these  municipalities  with 
respect  to  the  aid  and  comfort  thev  might 
reasonably  expect  to  derive  from  a  public 
sewerage  system.  I  told  of 
the  requisite  character  of  the 
projected  construction,  gave 
an  idea  of  its  probable  cost 
and  explained  clearly,  as  I 
thought,  the  modus  operandi 
of  the  sewerage  .system.  I 
then  called  for  questions 
which  were  answered  concisely  and  in  sim- 
ple language.  Everything  seemed  to  be 
progressing  nicely  until  one  of  the  leading 
business  men  of  the  community  arose  in 
his  place  and  spoke  as  follows :  'I  am  much 
interested  in  the  gentleman's  statement. 
There  is  just  one  thing  that  bothers  me 
about  it  all.  Y^ou  know  our  young  women 
have  all  been  trained  to  do  their  work  as 
their  mothers  did  before  them.  After  they 
wash  the  dishes  they  open  the  back  door 
and  throw  the  dish-water  out  into  the  back 
yard.  Now  it  is  going  to  come  hard  to 
these  girls  to  have  to  go  out  into  the  street, 
take  oflf  the  cover  of  the  sewer  manhole 
and  pour  the  dish-water  into  the  sewer." 

® 

LITTLE  drops  of  water,  little  grains  of 
sand. 

Make  the  contractor  swear  to  beat  the  band. 


IN  THE  good  old  days  before  the  war 
(the  Yanko-Spanko  one),  when  there 
was  some  real  railroad  building,  John  Hen- 
ry was  the  butcher  for  the  commissary  de- 
partment of  a  construction  outfit  working 
on  a  contract  in  the  Indian  Territory.  One 
day  when  the  fresh  meat  was  running  low, 
John  Henry  went  out  to  round  up  a  new 
supply.  Little  Big  Foot,  an  Indian,  liad 
some  stock,  so  the  butcher  drove  out  to  his 
place.  Here  he,  found 
a  fat  steer  that  just 
filled  the  bill.  "How 
much?"  inquired  John 
Henry.  The  noble  red 
man  held  up  b  o  t  h 
hands.  "Ten  ?"  inquired 
the  butcher,  and  he 
counted  out  ten  silver  dollars.  Little  Big 
Foot  carried  the  money  into  the  house,  and 
then  came  out  again  and  gravely  watched 
John  Henry  kill  and  dress  the  animal. 
When  the  steer  was  neatly  quartered,  the 
Indian  came  over  and  pointing  a  finger  at 
one  of  the  hind  quarters,  grunted,  "How 
much?"  "Eleven  dollars,"  said  the  butcher 
promptly.  Little  Big  Foot  fished  up  a  buck- 
skin bag  and  handed  out  eleven  coins.  John 
Henry  loaded  the  remainder  of  the  beef 
into  the  wagon  and  drcrve  away  rejoicing. 

® 

HAT'S  in  a  name?    Luck  and  wealth 


w 


seemingly  for  the  contractor.  1  f 
this  is  not  so  the  newspapers  are  base  pre- 
varicators. And  the  great  general  public 
that  obtains  its  ideas,  opinions  and  infor- 
mation from  the  press  has  been  given  the 
wrong  impression  of  a  very  useful  profes- 
sion. For  it  is  seldom  indeed  that  a  con- 
tractor has  his  name  in  print  without  the 
qualifying  words  lucky  or  wealthy.  It  is 
always  the  "lucky"  bidder  that  gets  the  con- 
tract or  the  "wealthy"  builder  that  gains  an 
unexpected  son-in-law  by  way  of  the  elope- 
ment route.  Why,  no  contractor  can  get  a 
divorce  or  even  die  without  being  classed 
with  the  undesirable  rich.  The  aver- 
age reporter  looks  upon  a  letting  as  some- 
thing of  a  lottery.  The  bidders  write  their 
guesses  on  slips  of  paper  and  the  man  whose 
total  is  the  least  gets  the  job.  He  is  the 
"lucky"  bidder;  fortunate  in  guessing  a 
lower  number  than  his  competitors,  doubly 
fortunate  in  securing  a  chance  to  make  a 
bit  of  money.  Some  contractors  are  lucky, 
and  some  are  wealthy,  but  the  press  makes 
no  distinction.  To  it  all  contractors  are 
blessed  with  luck  or  wealth. 

-® 

Skinner  Mulvey 
says;  There's  al- 
.  wus  two  sides  to 
every  dispute — 
your  own  side  and 
the  wrong  side. 
Johnny  Conners 
got  a  contract  for 
puttin'  down  sub- 
marine piles;  he's 
goin'  to  drive  'em 
with  a  flock  of 
hammerh  e  a  d  e  d 
sharks. 


|unc  9,  iyi5. 
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FLOOD     PREVENTION     UNDER- 
TAKINGS IN  OHIO. 

Proceedings  Under  New  Conservancy 
Law. 

Present   Status  of   Miami   Valley   Project. 


of  the  district,  and  by  the  appraisers.  Both 
the  directors  and  appraisers  are  appointed  by 
the  court  and  their  principal  acts  are  subject 
to  the  approval  of  the  court. 


A  vast  amount  of  construction  work  will 
be  undertaken  in  Ohio  under  the  provisions 
of  the  new  conservancy  law  of  this  State.  One 
of  the  largest  of  these  projects  is  the  Miami 
Flood  Prevention  works  for  Dayton  and  other 
cities  in  the  Miami  valley.  This  project  is  now 
waiting  on  the  organization  of  a  conservancy 
(Hstrict  to  carry  out  the  work.  Progress  at 
present  is  pending  a  decision  from  the  Su- 
preme Court  of  the  State  of  Ohio  on  a  tech- 
nical question  as  to  whether  the  legal  pro- 
edure  towards  organizing  the  district  has 
-I'  far  been  correct.  The  engineering  plans 
,ire  progressing  rapidly  and  satisfactorily  and 
Ihis  w'ork  is  now  several  months  in  advance  of 
Ki^al  developments. 


Wharf  and  Sea  Wall  Construction  at 
Woods  Hole,  Mass. 

A  small  wharf  and  sea  wall  job  for  the  V. 
S.  War  Department  is  being  advertised  by  the 
U.  S.  Engineer  at  Newport,  R.  1.  Tlie  work 
provides  for  rebuilding  wharves  and  building 
new  sea  wall  and  coal  house  at  U.  S.  Bureau 
of  Fisheries  Statibn  at  Woods  Hole,  Mass. 
The  main  works  at  the  station  were  built  be- 
tween 1879  and  1887  and  have  been  e.xten- 
sively  repaired  since  the  latter  date,  but  the 
wliarves  are  in  a  dilapidated  condition,  badly 
decayed  and  are  in  need  of  reconstruction. 

The  work  to  be  done  under  this  contract  in- 
volves the  following  items:  (1)  removal  of 
present  east,  south,  west  and  cross  wharves, 
including  the  pile  foundations;  (2)  removal  of 
the  coal  wharf,  coal  wharf  extension  and  all 
its  foundations;    (-3)   reconstruction  of  timber 
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OPERATION   OF   THE 

CONSERVANCY  LAW  OF  OHIO 

Properfy  Owners  file  Petition  for  Orgamzafion  of  District^  (Sec    5) 


Property  Owners  file  Bond  to  cover  Expenses     (Sec    4) 


Court  publishes  Notice  of  Hearing  on  Petition   (Sec    5) 


Property  Owners    may  file  Objections  to  Organization  of  District    (Sec    6) 


Court  tJOlds  Hearing  and  Decides  to  organize  or  not  fo  organize  District    (Sec    6) 


Court  appoints  3  Directors  (Sec    8}  and  5  Appraisers    (Sec    26) 
Directors  publisti  Notice  of  tlearmg    on 


Officio/  Plan    (Sec  IB) 
_  Property  Owners  may  file  Objections  to 


Adoption    of  Official  Plan      (Sec   IB) 
Directors    hold   Hearing  and    adopt 


DIRECTORS 

£'mploy 
Secretary 
Attorney 
Engineers 

eZ-c 

and  prepare 

OFFiaAL  PLAN 


Official    Plan    (Sec    12) 
Property  Owners   may  file  Objections  to  Approval  of  Official  Plan    (Sec  IE) 


Court  hears  and  passes  on   Objections  fo  Official  Plan     (5ec    12) 


APPRAISERS 

Appraise 

Benefits  and  Damages 

(Sees-  27-29) 


^Appraisers   file  Appraisal  of 


Ben&fits  and  Damages  (Sec. 
Court  publishes  Notice  of  Hearing  on  Appraisals     (Sec  SI) 


30) 


Land  Owners  may  file  Exceptions   to  Appraisals      (Sec   32) 


Court  holds  Hearing  and  issues  Decree  on  Appraisals    (Sees    32-35J 


Property  Owners  may   appeal  on  Appraisals  fo  Court  in 


County    where  Property  js  located    (Sec   54) 
Directors  issue  Bonds  and  have   Works    constructed 

Method  of   Procedure    Under  the   Conservancy  Law  of  Ohio. 
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Tn  view  of  the  many  Hood  protection 
projects  in  Ohio  that  will  be  carried  out  in 
the  next  few  years  under  the  new  conservancy 
act  the  accompanying  diagram  is  of  particular 
interest.  It  was  prepared  by  the  Morgan  En- 
gineering Co.,  Dayton,  O.,  the  engineers  for 
the  Miami  Flood  Protection  Project.  It 
shows  the  successive  steps  taken  under  this 
hiw  from  the  time  the  petition  for  the  or- 
tjanization  of  the  district  is  filed  until  the  con- 
struction  of   the   work  is   liegun. 

In  the  diagram  the  arrows  in  each  case  start 
at  the  party  taking  the  action  and  point  to 
the  party  with  whom  the  action  is  taken.  For 
example — beginning  at  the  upper  left  hand 
part  of  the  diagram,  and  following  the  first 
two  arrows  from  left  to  right,  it  will  be  seen 
that  action  under  the  law  is  started  by  the 
l)ropcrty  owners  filing  a  petition  and  bond 
with  the  court.  Following  the  tliird  arrow 
from  right  to  left  it  will  be  seen  that  the 
court  then  publishes  notice  of  a  liearing  on 
the  petition.  Thereupon,  following  tlie  fourth 
arrow  from  left  to  right,  the  property  owners 
may  file  objections  with  the  court  to  the  or- 
ganization  of  the   district,  and   so  on. 

.\  brief  inspection  of  a  diagram  will  show 
that  the  fundamental  principles  involved  in  the 
law  are  few  and  simple.  The  Court  of  Com- 
mcm  Pleas  exercises  the  most  important  func- 
tions in  the  proceeding.  Certain  matters  of 
procedure  are  handled  for  the  court  by  the 
directors   who    act    as   the   business   managers 


wharves  around  the  east,  south  and  west  sides 
of  the  granite  basin,  also  the  coal  wharf  and 
foundation  for  coal  house;  (4)  construction 
of  about  314  lin.  ft.  of  coursed  masonry  sea 
wall  on  riprap  foundation,  including  removal 
of  existing  walls  where  necessary;  (.5)  re- 
moval of  present  coal  house  and  construction 
of  new  coal  house  upon  the  pile  and  timber 
foundation;  (Ol  construction  of  a  new  coal 
tipple.  The  approximate  quantities  required 
for  the  new  wharves  include  the  following ; 

.^)39  pile.s.  North  Carolina  pine,  creosote*!. 
:'.2.000  ft.  13.  M.  North  Carolina  pine  timber,  ere- 

osoted. 
Tfi.ooo  ft.  B.   M.  Georgia  heart  pine  tlmljer. 
.'1,21111  ft.   B.   M.  Georsla  heart  pine  planklns. 
lll.Sdi;   Ids.   wrought    iron. 

The  approximate  quantifies   for  the  sea  wall 
arc : 
.14.')   tons  rlpi-ap  in  pieces  of  from   20   lbs.    to   1.''0 

lbs.    '^ach. 
2*:(i  eu.  >*fls.  coursed  rubble  masoni-y. 
."..''  cu.    \'(ls.    coping. 

Bids  for  the  above  work  will  lie  received  mi- 
til  noon,  June  12,  by  Col  John  Willie,  V .  S. 
Engineer.  Newport,  R.  I. 


The  steamship  H.  C.  Henry,  passing  through 
the  canal  on  April  20,  carried  a  cargo  of  ."i.OOfl 
Inns  of  creosote,  shipped  at  London  and  Mid- 
dlesboro  for  discharge  at  lumber  yards  at 
Seattle  and  along  the  Columbia  River.  This  is 
the  first  wdiole  cargo  of  this  preservative  to 
have  passed  through  the  canal. 


Water  Works   and   Sewerage  to   Cost 

$240,000  for  Small  Cities  in 

New  York. 

.\  considerable  amount  of  water  works  and 
sewerage  construction  for  smaller  cities  in 
New  York  state  will  be  advertised  for  bids  in 
the  ne.xt  two  or  three  months,  .\mong  the 
projects  that  will  be  ready  for  proposals  the 
latter  part  of  this  month  or  early  in  July  are 
public  improvements  for  Brockport.  Ilion, 
Manchester  and  Wellsville,  four  small  places 
in  the  northern  part  of  the  state  and  all  with- 
in a  radius  of  perhaps  200  miles  of  each 
other. 

The  development  at  Brockport  calls  for  a 
sewage  disposal  plant.  This  will  consist  of  a 
2-story  settling  tank  and  sprinkling  filters.  It 
w-ill  have  a  daily  capacity  of  .51.5,000  gals.  The 
estimated  cost  is  $27.0U0.  Contracts  probably 
will  be  let  in  July. 

At  Ilion,  N.  Y.,  a  filtration  system  will  be 
installed  and  a  pipe  line  laid.  This  latter  will 
consist  of  3%  miles  of  10  in.  cast  iron  mains, 
the  average  depth  of  trench  being  .5  ft.  There 
will  be  a  reinforced  concrete  reservoir  of 
1,000,1100  gals,  capacity,  and  a  slow  sand  filtra- 
tion plant,  %  acre  in  size,  of  reinforced  con- 
crete construction.  The  total  estimated  cost  is 
$76,500.  Contract  probablv  will  be  let  on 
June  20. 

The  water  works  development  at  Manchester 
is  estimated  to  cost  $:^3,000.  It  will  include  3% 
miles  4  in.  to  10  in.  cast  iron  mains,  a  pump 
well  40  ft.  in  diameter,  a  stand  pipe,  and 
electric  driven  pumps.  Contract  will  be  let 
jirobably  ne.xt  month. 

-\t  Wellsville  water  works  to  cost  $104,000 
will  be  constructed.  This  improvement  will  in- 
clude ti  to  7  miles  of  4  in.  to  14  in.  cast  iron 
mains  and  %  mile  of  16  in.  wood  stave  intake 
pipe  line.  There  will  be  one  pump  well,  10  ft. 
in  diameter,  a  3.0(MMlO0-gal  reinforced  concrete 
reservoir,  and  n  .50ii,llOO-gal.  roofed  reinforced 
concrete  reservoir.  There  also  will  be  a  slow 
sand  filtration  plant  of  7oO,00(l  gals,  daily  ca- 
pacity, an  intake  dam  and  an  intake.  Con- 
tracts may  be  let  in  July. 

Charles  G.  Hopkins,  Rochester.  N.  Y.,  is 
consulting  engineer  for  the  improvements  at 
Brockport,  Manchester  and  Wellsville.  and  for 
the  filtration  plant  at  Ilion. 


$1,600,000  Proposed  for    Water     Stor- 
age Project  in  Pennsylvania. 

The  Pymatuning  Swamp  water  storage  proj- 
ect, described  in  our  issue  of  Nov.  4,  1014,  has 
been  brought  a  step  nearer  the  actual  con- 
struction stage  by  the  recent  action  of  the 
legislature  of  Pennsylvania  in  passing  a  bill 
providing  $l,600,OiiO  for  the  work.  This 
project  in  general  provides  for  the  conversion 
of  a  portion  of  the  swamp  and  adjacent  areas 
into  a  storage  reservoir  the  main  object  of 
which  will  be  to  regulate  the  flow  of  the 
Beaver  and  Shenango  Rivers. 

The  main  feature  of  the  development  will 
be  an  earthen  dam  constructed  across  the 
vallev  of  the  Shenango  near  Turnerville  alxjut 
3  miles  north  of  the  Crawford-Mercer  county 
line.  This  structure  will  have  a  length  of 
about  2,910  ft.  and  an  average  height  of  27  ft. 
It  will  have  a  concrete  spillway,  2-50  ft.  in 
length,  founded  on  rock,  with  its  crest 
about  10  ft.  below-  the  top  of  tlie  dam. 
There  also  will  be  two  regulating  gates  each 
20  ft.  wide  and  a  96  in.  blow  off  and  regulat- 
ing pipe.  The  estimated  cost  of  the  earthen 
dam  is  $36li,000;  the  spillwav  and  regulating 
works  will  cost  about  $150,000,  according  to 
the  preliminary  estimate. 

The  work,  if  carried  out  as  originally 
planned,  will  involve  the  relocation  or  eleva- 
tion of  about  11  miles  of  highway  and  the 
elevation  of  the  tracks  of  the  Erie  and  Pitts- 
burgh division  of  the  Pennsylvania  R.  R..  for 
a  distance  of  about  9,000  ft.  These  features 
of  the  development  were  estimated  to  cost  in 
the  neighborhood  of  $3.52.000. 

The  construction  will  be  in  charge  of  the. 
Water  Supnly  Commission  of  Pcnnsvlvania, 
of  which  Farley  Gannett  is  engineer.  The 
commission  has  its  headquarters  in  the  Tele- 
grapli   Rldg..  Harrisburg,   Pa. 
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A  $683,000  SEWER  CONTRACT. 


Bids  Asked   for   Constructing    14   Miles   of 
Brick  Sewers. 


System     for    Norwood     Park    and     Edison     Park 
Sections   of   Chicago. 

A  $683,000  sewer  undertaking  is  being  ad- 
vertised for  bids  by  the  Board  of  Local  Im- 
provements of  Chicago,  111.  The  official  name 
of  this  improvement  is  the  Argyle  Street 
Sewer  System.  It  is  designed  to  drain  all 
that  part  of  the  city  of  Chicago  lying  north  of 
Wilson  Ave.  and  south  of  the  Cliicago  River. 
Within  this  territory  are  the  communities 
known  as  Jefferson'  iPark,  Norwood  Park  and 
Edison   Park. 

Edison  Park  for  some  years  has  had  a 
sewer  system  which  terminated  in  a  ditch  at 
the  city  limits  at  T2nd  Ave.,  just  north  of 
Ibsen  Ave.  From  this  point  the  sewage  flowed 
in  an  open  ditch  across  coftntry  to  the  village 
of  Niles  into  the  north  branch  of  the  Chicago 
River.  The  Norwood  Park  sewer  system 
terminated  in  a  ditch  located  at  the  southerly 
side  of  the  Chicago  &  Northwestern  Ry. 
tracks  near  Ardmore  Ave.  and  thence  flowed 
across  the  country  about  1%  miles  to  the  Chi- 
cago River.  These  open  ditches  containing 
sewage  were  a  source  of  a  good  deal  of  com- 
plaint from  the  people  living  and  driving 
through  this  section  of  the  city.  In  addition, 
the  village  of  Edison  Park,  before  annexation, 
had  been  served  with  a  notice  by  the  village  of 
Niles  to  alleviate  the  nuisance  and  to  stop  the 
flow  of  sewage  through  this  village.  This  fact 
brought  about  the  annexation  of  Edison  Park 
to  Chicago.  This  newly  annexed  territory  will 
be  served  by  the  new  sewer  system. 

The  area  of  the  territory  drained  by  this 
sewer  system  is  approximately  .5,000  acres.  The 
length  of  the  system  is  14  miles  and  it  varies 
in  size  from  a  2%-ft.  brick  sewer  to  a  9-ft. 
brick  sewer.  Several  special  features  in  con- 
nection with  the  system  are  of  interest. 
These  include  the  overflow  chambers  at  Forest 
Glen  Ave.  and  Catalpa  Ave.  and  at  Foster  Ave. 
and  Tripp  Ave.  The  sewer  discharging  into 
the  chamber  has  an  internal  diameter  of  9  ft. 
and  at  these  points  it  is  enlarged  to  an  internal 
diameter  of  10  ft.  Across  the  chamber  in  the 
plan  in  the  shape  of  a  Z  there  is  a  weir.  On 
the  upstream  side  of  the  weir  is  a  channel  by 
means  of  which  the  dry  weather  flow  is  di- 
verted to  a  dry  weather  flow  sewer  leading  from 
the  overflow  chamber.  These  connec'ed  pipes 
were  computed  as  acting  as  short  tubes,  and 
in  one  case  the  internal  diameter  is  24  ins.  and 
in   the   other   it   is   27    ins. 

The  crest  of  the  weir  in  each  case  is  3  ft. 
above  the  bottom  of  the  chamber.  On  the 
downstream  side  of  the  weir  the  sewer  de- 
creases in  size  by  means  of  16-ft.  sections  to 
the  proper  size  of  the  outlet  sewer,  which  in 
the  case  of  the  Forest  Glen  sewer  is  6  ft.,  and 
in  the  case  of  the  Foster  .^.ve.  sewer  is  6% 
ft.  The  paramount  principle  in  this  design 
has  been  to  eliminate  as  far  as  possible  all 
pollution  from  the  North  Branch  of  the  Chi- 
cago River.  The  dry  weather  flow  will  in  all 
cases,  except  in  the  case  of  excessive  storms, 
flow  through  the  connecting  pipes  into  the 
overflow  chamber  and  in  the  dry  weather 
overflow  chambers,  eventually  emptying  in  the 
North  Shore  Channel  of  the  Sanitary  Dis- 
trict located  at  .-Vrgv'le  St.  and  the  Sanitary 
Canal. 

The  work  is  divided  into  two  sections.  The 
first  section  comprises  the  portion  of  the  sys- 
tem between  the  outfall  and  Argyle  St.  and 
the  overflow  chamber  at  Forest  Glen  .\ve.  and 
Catalpa  Ave.  Section  1  covers  the  construc- 
tion of  sewers  in  the  follow-ins  streets  and 
avenues,  the  approximate  lengths,  diameters 
and  average  depths  being  as  indicated : 

Int.  Av. 

Length,  diameter,     depth. 

Laid    in.  ft.  ft.  ft. 

Argvle    Sit 2,030  6»  18 

.Arsvie    St Tin  6«  13% 

Argvle    St 3,3fi0  5%*  I814 

Argvle    ,St 1,670  5»  21% 

Tripp   Ave 1,330  .5*  21% 

Foster  Ave 940  6%t  9 


Foster  Ave 3,690  9t  21 

Foster  Ave 1,030  7a4t  22 

Foster  Ave 2,980  5%*  14 

Foster  Ave 1,140  5*  15 

.MilvvMui<ee  Ave 170  5*  19 

Milwaukee  Ave 1,100  3*  15% 

Norwood    Park    Ave 910  5*  16 

Foster  Ave 2,440  fj*  16 

N.   Cicero  Ave 2,660  4*  18 

N.   Cicero  Ave 680  3*  16 

N.  Cicero  Ave 680  2%  15% 

N.  Cicero  Ave 680  2*  12 

Maynard  Ave 9S0  5*  IS 

Blston  Ave 6S0  4%»  21% 

Elston  Ave 400  1  12% 

N.   Lawler  Ave 1,290  4%»  18% 

N.  Catalpa  Ave 450  4%*  18% 

♦2-ring.      fS-rlng. 

The  other  work  in  Section  1  includes  121 
manholes,  286  standard  catch  basins,  2  large 
catch  basins,  and  a  concrete  bulkhead  at  Foster 
Ave.  and  Chicago  River,  and  a  similar  struc- 
ture at  Argyle  St.  and  the  North  Shore  Chan- 
nel. There  also  will  be  the  special  brick  over- 
flow  at    Foster   Ave.   and   Tripp    Ave. 

Section  2  covers  the  portion  of  the  sewer 
lying  westerly  of  the  Forest  Glen  outfall.     It 

includes    the    construction    of    sewers  in    the 
following  streets : 

Int.  Av. 

Length,  diameter,  depth, 

Laid    in.                                  ft.               ft.  ft. 

Forest  Glen  Ave 1,430             6*  22 

Forest  Gltn  Ave 1,100             1  12 

N.   Leclaire  Ave 950             9t  17 

Elston  Ave 2,130              91  15 

Lynch  Ave 200             8%t  14 

Catalpa  Ave 3,060             8%t  16% 

Milwaukee  Ave 850             8i4t  22 

Bryn  Mawr  Ave 1,040             S^At  21% 

Bryn  Mawr  Ave 1,160             Sf  21 

Norwood  Park  Ave 1,850             .St  21% 

Norwood  Park  Ave 1,340             4*  17% 

Nagle  Ave 2,130             6%t  19 

Naples  .\ve 1,290             6»  I6V2 

Raven    &t 100             6*  15% 

Natoma  Ave 1,340              6*  15 

Nieman  .'\ve 1,770             4%'  12 

Newark  Ave 710             4%»  12 

Imlav  Ave 1,130              4%»  14 

Isham    Ave 1,080             4%*  19 

Harlem   Ave 3,140             41/2*  16% 

Harlem   Ave 2,840             4»  16 

Harlem   Ave 1,520            3%*  16 

Peterson  Ave 850             2%*  13 

Ibsen   Ave 1,910             4»  13% 

Olcott  Ave 680             3%»  13% 

Pratt    Ave 220             3%*  13% 

Oliphant  Ave 1,000            3%*  16% 

.A.rdmore  Ave 1,460             3*  13 

Newark  Ave 660             3»  14 

Mavnard  Ave 1.330             3%*  19 

Maynard  Ave 1,330             3»  1S% 

»2-ring,     fS-rlng. 

The  other  work  in  Section  2  includes  184 
manholes.  342  standard  catch  basins,  8  large 
catch  basins,  two  concrete  bulkheads  and  the 
special  brick  overflow  at  Forest  Glen  Ave.  and 
Catalpa  Ave. 

The  sewers  will  be  laid  on  the  center  line 
of  the  streets  except  for  comparatively  short 
distances.  Some  of  the  streets  in  which  the 
sewers  are  to  be  laid  are  paved  with  country 
road  macadam  or  country  road  macadam 
surfaced  with  asphalt.  There  are  also  street 
car  tracks  in  Milwaukee  Ave.  between  Ed- 
munds St.  and  Foster  Ave.,  a  distance  of 
about  1,270  ft.  These  tracks  will  be  removed 
wherever  necessary.  The  through  street  car 
track  in  Milwaukee  .\ve.,  between  Bryn  Mawr, 
Ave.  and  Catalpa  Ave.,  will  be  left  in  place. 
Sewers  will  be  constructed  under  steam  rail- 
road tracks  near  eight  intersections.  At  three 
of  these  the  tracks  will  be  timbered  at  the  ex- 
pense of  the  railroads ;  at  the  others  they  will 
be  tunnelled  at  the  expense  of  the  contractor. 

The  system  will  cross  or  run  along  several 
important  paved  thoroughfares,  such  as  Cicero 
Ave.,  Elston  Ave.,  Leclaire  Ave.,  Forest  Glen 
Ave,,  Milwaukee  Ave.,  Raven  St.,  and  Nor- 
wood Park  Ave.  The  contractor  must  use 
special  effort  to  maintain  traffic  in  such 
streets,  and  must  in  each  case  refill  the  trench 
and  restore  the  street  surface  so  that  it  is 
usable  for  traffic  as  soon  as  possible,  and  in 
any  event  before  the  next  important  thorough- 
fare is  opened. 

The  order  of  procedure  will  be  as  follows : 
The  contractor  will  begin  work  on  the  Argyle 
St.  portion  of  Section  1  within  20  days  after 
the  award  of  the  contract.  The  masonry  east 
of  Central  Park  Ave.  must  be  completed  be- 
fore Sept.  15,  1915,  and  the  inasonry  in  Argyle 
St.  and  Tripp  Ave.  completed  before  Nov.  15, 
1915.  The  mascmry  of  all  that  portion  of  Sec- 
tion 1  between   the  overflow  chamber   at   Le- 


claire Ave.  and  Catalpa  Ave.  and  the  outfall  in 
Foster  Ave.  (except  Cicero  Ave.)  must  be 
completed  before  Aug.  1,  1916.  The  sewer  in 
Cicero  Ave.,  including  the  restoration  of  the 
street,  must  be  completed  before  Oct,  15,  1916, 
and  the  entire  work  completed  before  Dec.  1, 
1916.  For  Section  2  work  must  be  started  on 
the  Forest  Glen  portion  within  20  days  after 
the  award  of  the  contract.  The  sewer,  in- 
cluding the  restoration  of  the  street,  east  of 
Milwaukee  Ave.,  must  be  completed  before 
Dec.  15,  1915.  The  sewer  connecting  the  ex- 
isting sewer  at  Heyden  Ave.  and  Newark  Ave. 
with  the  proposed  sewer  in  Norwood  Park 
Ave.  at  Nagle  Ave.  will  be  constructed  before 
or  concurrently  with  the  construction  of  the 
sew-er  in  Nagle  Ave.  north  of  Norwood  Park 
Ave.  This  connecting  sewer  must  be  com- 
pleted before  Aug.  1,  1916.  The  existing  sewer 
at  Isben  Ave.  and  Olcott  .Ave.  must  be  con- 
nected with  the  proposed  sewer  before  Dec.  1, 
1916.  All  of  the  work  included  in  Section  2 
must  be  completed  before  Aug.  1,  1917. 

The  engineer's  estimate  of  the  cost  of  this 
sewer  system  is  $683,000.  The  work  is  in  a 
territory  which  makes  the  use  of  excavating 
machinery  the  ideal  method  of  construction. 
The  soil  is  almost  entirely  of  blue  glacial  clay 
and  it  is  believed  that  steam  shovels  are  the 
economical  method  for  handling  the  work. 

Contractors  may  bid  either  on  the  contract 
as  a  whole,  or  upon  separate  sections.  The 
bids  will  be  received  by  the  Board  of  Local 
Improvements,  City  Hall,  Chicago,  111.,  until 
11  a.  m.,  June  18.  C.  D.  Hill  is  Chief  Engineer 
and  Geo.  C.  D.  Lenth  is  Ass- slant  Chief  En- 
gineer of  Sewers. 


Power  House  for  Dam  29,  Ohio  River. 

The  LI.  S.  War  Department  is  asking  bids 
for  the  construction  of  a  power  house  at 
Dam  No.  29,  Ohio  River.  The  site  is  in  front 
of  Clyffeside.  near  Ashland,  Boyd  County, 
Kentucky.  The  lock  grounds  are  about  %  mile 
distant  from  the  Chesapeake  &  Ohio  Ry.,  and 
a  switch  track  owned  by  the  Ashland  Coal  & 
Iron  Ry.  extends  to  the  LT.  S.  property  on 
which  the  building  is  to  be  built.  An  electric 
car  line  adjoining  the  Chesapeake  &  Ohio  Ry. 
provides  regular  and  frequent  communication 
with  .Ashland,  Ky.,  and  Huntington,  W.  Va. 
The  principal  items  of  a  permanent  character 
include  the  following :  brickwork,  terra  cotta 
trimmings,  reinforced  and  other  concrete  floors, 
iron  or  steel  roof  trusses,  beams,  struts  or 
purlins,  tile  roof  covering,  coffee  gutters,  flash- 
ings and  downspouts,  chimney  stack,  iron  and 
concrete  stairways,  iron  and  wood  doors,  etc. 

The  foundation  w^alls  in  general  with  their 
footing  courses  will  be  plain  concrete.  This 
material  also  will  be  used  for  the  foundation 
for  front  steps,  rear  area  walls,  air  com- 
pressors and  boiler  foundation  and  chimney 
stack  foundation.  The  terra  cotta  trimmings 
will  include  the  lower  and  upper  plinths,  out- 
side flat  arches  for  exterior  doors,  and  for 
w-indows  in  main  and  second  story.  The  out- 
side facing  brick  will  be  of  the  variety  usually 
designated  as  "iron   spot"  or  "fire  flashed." 

Bids  for  building  the  power  house  will  be 
received  until  2  p.  m.,  June  15,  by  Lt.  Col.  H. 
Jervey,  U.  S.  Engineer,  Cincinanti.  O. 

$442,000   for  Water   System   Improve- 
ment at  Philadelphia. 

An  ordinance  has  been  reported  favorably 
to  the  Councils  of  Philadelphia,  Pa,,  appro- 
priating .$442,000  for  equipment,  improvements 
and  alterations  to  the  water  supply  system. 
The  items  provided  for  are  as  follows: 

Cold  storage,  stoker  equipment  and  ap- 
pliances for  Queen  Lane  pumping  sta- 
tion  %  80.000 

Renewal    and     replacement    of    pumping 

station  equipment  and  motor  truck....    195,000 

Locomotive  crane  and  improvements  at 
Lardner's   Point  pumping  station 17,000 

Protecting  water  main  under  tracks  of 
P.   R.   R. 25.000 

Improvements  at  Torresdale  filters 20,000 

Replacing   wooden    trestles    under    water 

mains   with    permanent   structures 15,000 

Laying  mains  in  Tenth  and  other  streets     75,000 

Retaining   wall  at  Torresdale 5,000 
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Progress  on  New  Union  Station,  Chi- 
cago. 

A  considerable  amount  of  construction  \vorl< 
is  now  underway  on  the  $65,000,000  Union  de- 
pot and  terminal  in  Chicago,  which  is  being 
built  for  the  Pennsylvania  R.  R.  and  other 
lines.  Contracts  already  have  been  let  for  the 
foundations  of  the  new  freight  house  and 
work  is  now  well  advanced.  The  Blome-Sinek 
Co.,  Chicago,  has  the  contract,  which  involves 
'  some  45,000  cu.  yds.  of  concrete.  The  con- 
I  tract  for  sewer  construction  in  Canal,  Monroe 
I  and  Clinton  Sts.  and  for  retaining  walls  and 
I  curb  walls  was  awarded  early  last  month  to 
I  the  W.  J.  Newman  Co.,  Chicago.  Work  on 
this  also  is  underway.  Contracts  for  the  trun- 
nion bascule  bridge  to  be  erected  over  the 
south  branch  of  the  Chicago  River  at  West 
Monroe  St.  were  awarded  on  June  1  to  the 
following  Chicago  firms :  Dredging,  pile  driv- 
ing and  substructure,  Fitzsimons  &  Connell 
Dredge  &  Dock  Co. :  steel  work  and  erection, 
Kettler-Elliott  Erection  Co. ;  electrical  work. 
Pierce  Electrical  Co. 

A  small  grading  contract  involving  about 
8.000  to  10,000  cu.  yds.  of  fill  for  streets  in 
the  vicinity  of  the  station  will  be  let  in  a  few 
days.  Practically  all  of  the  architect's  plans 
for  the  passenger  terminal  are  stated  to  be 
now  completed.  It  probably  will  be  several 
months,  however,  before  some  of  the  details 
are  worked  out. 


Kansas  City,  Mo.,  Will  Spend  $4,560,- 

000  for  Municipal  Improvements. 

Bond  issues  amounting  to  $4,500,000  were 
authorized  by  a  vote  of  9  to  1  by  the  citizens 
of  Kansas  City,  Mo.,  at  an  election  on  June  1. 
Practically  all  kinds  of  public  improvements, 
except  water  works  developments,  are  pro- 
vided for  by  the  issues.  Of  the  total  amount 
voted  $900,000  will  be  applied  for  sewer  con- 
struction, $.300,000  for  garbage  disposal,  $700,- 
000  for  traffic  approaches  to  the  I'nion  Station 
and  $450,000  for  bridges  and  viaducts.  The 
remainder  will  go  for  traffic  ways,  buildings 
and  other  municipal  improvements.  The  19 
projects  and  the  amounts  authorized  for  each 
are  as   follows  : 

Grading  Station  Hill   Park $100,000 

Fire  stations  and  Are  equipment 125,000 

General    hospital    improvements 12.5,000 

Municipal   farm   improvements 125,000 

Si.xth   St.   traffic  way 450.000 

Sewer    system    extension 400,000 

Bridges    and    viaducts 450,000 

Traffic  approaches  to  Union  Station 700,000 

Garbage   disposal   300,000 

Police   stations    125,000 

Traffic  approaches  to  12th  St.  viaduct. . .  200,000 
Improving  Swope  Park  and  other  public 

parks     450,000 

Public   comfort   stations 40,000 

Constructing  23rd  St.  traffic  way 300,000 

Constructing  Chestnut  Ave.  traffic  way.  25,000 
23rd    St.    subwav    under    Robert    Gilham 

Road     16,000 

Widening  New   Brook  St 30,000 

Constructing  Blue  Valley  sewer 500,000 

Improving    channel    and    banks    of    Blue 

River    100,000 

Curtis  Hill  is  city  engineer  of  Kansas  City. 


Merger  of  New  York,  Westchester  & 

Boston  Ry. 

A  railway  merger  that  makes  probable  the 
undertaking  of  a  considerable  amount  of  con- 
struction work  was  approved  last  week  by  the 
New  York  upstate  Public  Service  Commission. 
The  commission  gave  its  approval  to  the  cor- 
porate merger  of  the  New  York,  Westchester 
&  Boston  Ry.  and  the  Westchester  Northern 
R.  R.  The  first  mentioned  railroad  at  present 
operates  over  the  Harlem  River  &  Port  Ches- 
ter tracks  from  Harlem  River  to  174th  St., 
New  York  City,  and  thence  over  its  own 
tracks  to  North  Ave.,  New  Rochclle.  It  also 
operates  its  own  branch  from  Mount  Vernon 
to  White  Plains  and  is  to  construct  its  road 
to  Port  Chester.  The  Westchester  Northern 
is  to  be  built  from  the  terminus  of  the  New 
York,  Westchester  &  Boston  at  White  Plains, 
forming  a  continuous  line  of  road  through 
Westchester  County  to  Danbury,  Conn.,  with 
a  branch   to   Brewster,   Putnam   Countv.     The 


consolidated  road  will  connect  with  the  New 
York,  New  Haven  &  Hartford  lines  at  vari- 
ous points,  including  a  connection  with  the 
Poughkeepsie  bridge  route,  thus  affording  the 
New  Haven  &  New  Y'ork  tidewater  point  for 
coal,  and  will  open  up  for  commutation  travel 
new  sections  of  northern  Westchester  County. 
The  consolidation  proceedings  were  started  in 
IPl-J. 


PERSONALS 


A  $250,000   Dredging  Job  in   Florida.— .\ 

good  sized  contract  for  dredging  in  the  St. 
Johns  River,  Florida,  will  be  advertised  dur- 
ing the  coming  season  by  the  U.  S.  Engineer, 
Masonic  Temple,  Jacksonville,  Fla.  The  work 
calls  for  dredging  and  rock  removal  in  the 
St.  Johns  River  between  Jacksonville  and  the 
ocean.  The  material  will  be  disposed  of  in 
river  parallel  to  cut  or  on  prescribed  dumping 
ground.  The  probable  consideration  of  con- 
tract is  $250,000,  and  the  approximate  date  of 
opening  bids  is  July  15. 


Organization  of  the  Engineering  Founda- 
tion.— There  was  held  on  ?ilay  25  the  first 
regular  meeting  of  the  Engineering  Founda- 
tion, at  which  rules  of  administration  were 
adopted  and  the  following  officers  elected : 
Chairman,  Gano  Dimn ;  vice-chairman,  Ed- 
ward D.  .^dams ;  secretary,  F.  R.  Hutton ; 
treasurer,  Joseph  Struthers.  This  is  a  pro- 
fessional engineering  trust  organized  along  the 
lines  of  the  Cleveland,  Carnegie,  Rockefeller 
and  Sage  Foundation  liy  the  United  Engineer- 
ing Society  representing  jointly  the  national 
organizations  of  electrical,  mining  and  mechan- 
ical engineers,  with  the  co-operation  of  the 
national  organization  of  civil  engineers,  com- 
bining about  .30,000  members.  The  Foundation 
is  the  first  of  its  kind  devoted  to  engineering 
interests. 

The  Engineering  Foundation  was  made  pos- 
sible through  the  generosity  of  a  distin- 
guished engineer,  Ambrose  Swasey,  of  Cleve- 
land, who  made  the  initial  gift  of  a  quarter 
of  a  million  dollars  to  be  devoted  to  the  bene- 
fit of  mankind  through  fostering  engineering 
research.  The  board  administering  this  trust 
consists  of  Mr,  Edward  D.  Adams,  banker; 
Mr.  Gano  Dunn,  president  The  J.  G.  White 
Engineering  Corporation ;  Mr.  Howard  Elliott, 
president  New  York,  New  Haven  &  Hartford 
R.  R. :  Dr.  ."Mexander  C.  Humphreys,  presi- 
dent Stevens  Institute  of  Technology ;  Dr. 
Charles  Warren  Hunt,  secretary  American 
Society  of  Civil  Engineers;  Dr.  A.  R.  Lednux, 
past  president  .(American  Institute  of  Mining 
Engineers;  Dr.  M.  I,  Pupin,  professor  electro- 
mechanics,  Columbia  University;  Mr.  Charles 
E.  Scribner,  chief  engineer  Western  Electric 
Co.;  Mr.  J.  Waldo  Smith,  chief  engineer. 
Board  of  Water  Supply,  Gas  and  Electricity, 
city  of  New  York;  Mr.  Jesse  M.  Smith,  past 
president  .American  Society  of  Mechanical 
Engineers,  and  Mr.  Benjamin  B.  Thayer,  pres- 
ident Anaconda  Copper  Co. 

.Applications  for  the  use  of  funds  were  re- 
ceived in  large  numbers  and  a  committee  was 
appointed  to  consider  them,  consisting  of  Dr. 
A.  R.  Ledoux,  chairman;  Mr.  J.  Waldo  .Smith, 
Dr.  M.  I.  Pupin  and  Dr.  Alexander  C.  Hum- 
phreys, Most  of  the  applications  were  in 
such  form  that  they  could  not  be  considered, 
and  the  committee  is  preparing  a  schedule  of 
requirements  with  which  applications  will  have 
to  comply. 


"Good    Roads    Day"    in    Pennsylvania. — 

Preliminary  reports  received  at  the  State 
Highway  Department,  at  Harrisburg,  indicate 
that  despite  im favorable  u'eather  conditions 
generallv  throughont  the  State,  the  Pennsyl- 
vania ".State-wide  Good  'Roads  Day"  was  a 
success.  With  1.5  counties  to  hear  from,  re- 
ports showed  that  41,000  men  worked  on  3,900 
miles  of  roads.  There  were  8,804  teams  at 
work  and  1,22.3  drags  in  the  49  counties  in- 
cluded in  this  preliminary  report.  Nearly  every 
county  in  the  nortlicastern  part  of  the  state 
reported  rainy  conditions.  In  Blair  county  50 
carloads  of  cinders  were  used  on  tlie  roads 
and  3  carloads  of  stone. 


Mr.  I.  A.  Baum  has  been  elected  city  engi- 
neer of  Texarkana,  Ark.-Tex. 

Mr.  Henry  A.  Varney  has  been  appointed 
town  engineer  of  Brookline,  Mass.,  succeeding 
the  late  A.  H.  French.  Mr.  Varney  has  been 
first  assistant  enginer  since  1901  and  has  been 
acting  town  engineer  during  the  illness  of 
Mr.  French. 

Mr.  D.  L.  Struthers  has  been  appointed  city 
engineer  of  Wilmington,  N.  C.  Mr.  Struthers 
was  formerly  superintendent  of  construction 
in  the  Chadbourn,  N.  C,  Drainage  District. 
During  the  year  1911  he  was  in  general  engi- 
'  neering  practice  and  since  1911  has  been  as- 
sistant  city   engineer   of   Wilmington. 

Mr.  William  T.  Crowley  has  opened  an 
office  at  31  W.  Alain  St.,  Lock  Haven,  Pa.,  for 
private  civil  engineering  practice.  Mr.  Crow- 
ley was  engaged  in  railway  work  for  several 
years  prior  to  1911,  when  he  became  connected 
with  the  Pennsylvania  State  Highway  Depart- 
ment, with  which  he  has  held  various  posi- 
tions. He  was  also  for  a  time  in  the  city  en- 
gineering department  of  Lock  Haven. 

Mr.  C.  W.  .Anderson  has  been  appointed  city 
engineer  of  Centralia,  Wash.,  succeeding  Mr. 
Stanley  Macomber,  resigned.  Mr.  .Anderson 
graduated  in  civil  engineering  from  the  Uni- 
versity of  Washington  in  19-12.  Prior  to  grad- 
uation he  had  spent  one  summer  with  the  U. 
S.  Geological  Survey  on  topographical  work; 
one  in  charge  of  construction  of  irrigating 
plant  at  Wenatchee,  Wash.,  and  the  summer 
of  1911  in  surveys  at  Vancouver,  B.  C.  Since 
graduation  he  has  been  assistant  city  engineer 
of  Centralia. 

Mr.  S.  D.  Clinton  has  been  appointed  assist- 
ant field  engineer  of  the  Interstate  Commerce 
Commission,  Division  of  Valuation,  with  head- 
quarters in  the  Wells  Fargo  building,  San 
Francisco,  Cal.  Mr.  Clinton  will  be  in  charge 
of  Party  No.  7,  engaged  on  valuation  w'ork 
in  northern  Montana.  He  has  been  assistant 
engineer  for  the  Idaho  State  Highway  Com- 
mission since  1912.  Mr.  Clinton  is  a  graduate 
of  the  L'niversity  of  Nebraska,  class  of  1902. 
His  first  engineering  work  was  in  the  railway 
field,  first  as  resident  engineer  for  the  Western 
Maryland  Railway  at  Cumberland,  Md.,  and 
then  for  the  Tidewater  Railway  at  Norfolk, 
Va.,  in  1905-6.  In  1907  he  opened  an  office  in 
Twin  Falls,  Idaho,  for  private  practice,  which 
he  maintained  until  receiving  his  appointment 
to  the  State  Highway  Commission  in  1918. 
During  1909-;10-n  he  was  chief  engineer  on  a 
large  irrigation  project  at  Downey,  Idaho. 

Messrs.  Joseph  W.  Ellm.s,  George  P.  Smith 
and  Clifford  N.  Miller  have  organized  the 
firm  of  Smith,  Ellms  &  Miller,  consulting 
civil,  hydraulic  and  sanitary  engineers,  28i)7 
Union  Central  Building,  Cincinnati,  Ohio. 
Mr.  Smith  was  in  the  engineerin.g  de- 
partment of  the  Burlington  .&  Missouri  from 
1886  to  1896.  For  six  months  following  he 
was  with  the  Lassig  Bridge  &  Iron  Works, 
Chicago.  He  then  became  chief  engineer  for 
the  St.  Joseph  &  Grand  Island  Railway,  St. 
Joseph,  Mo.,  where  he  remained  until  No- 
vember, 1900,  when  he  was  appointed  first  as- 
sistant engineer  for  the  Lake  Shore  &  Michi- 
gan Southern.  In  .April,  1902,  Mr.  Smith  was 
appointed  engineer  maintenance  of  way  for  the 
Indiana.  Illinois  &  Iowa  Railway  at  Kankakee, 
111.,  and  from  1905  to  1909  was  chief  engineer 
for  the  Lake  Erie  &  Western.  In  January, 
1909,  he  became  chief  engineer  for  the  Big 
Four,  and  retained  that  position  until  Feb- 
ruary last.  He  is  now  consulting  engineer  for 
that  company. 

Mr.  Joseph  Ellms  has  been  superintendent 
of  the  Cincinnati  filtration  plant  since  it  was 
started  in  1907.  He  has  also  for  the  past  two 
years  carried  on  a  consulting  engineering 
practice  along  lines  of  water  works  improve- 
ment, specializing  in  problems  relating  to 
water  purification,  sewage  disposal,  trade 
wastes,  refuse  and  garbage  disposal  and 
general  engineering.  He  is  a  member  of  the 
.American  Society  of  Civil  Engineers,  .Ameri- 
can  Chemical   Society,   New   England    Water 
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Works  Associaton,  the  Indiana  Water  Sup- 
ply and  Sanitary  Association  and  the  Ameri- 
can Public  Health  Association.  Mr.  Ellms  is 
widely  known,  and  has  been  called  in  as  con- 
sultant by  many  large  cities  in  connection  with 
water  supply  or  sewerage  problems. 

Mr.  Clifford  N.  Miller  has  been  associated 
with  Mr.  Ellms  since  December,  li)13.  He  is 
a  graduate  of  the  University  of  Cincinnati,  a 
member  of  the  American  Water  Works  Asso- 
ciation, and  an  associate  member  of  the  Amer- 
ican Society  of  Civil  Iingineers.  For  a  short 
time  he  was  connected  with  the  U.  S.  Engineer 
Office  at  Cincinnati.  From  1897  to  190!)  he 
was  assistant  engineer  in  charge  of  the  engi- 
neering office  of  the  Commissioners  of  Water 
Works,  Cincinnati.  From  October,  1909,  to 
July,  1911,  he  was  assistant  engineer  on  water 
works  design  with  Mr.  Wynkoop  Kierstad  of 
Kansas  City,  Mo.  During  year  following  he 
was  for  a  time  assistant  engineer  in  the  Kan- 
sas City  water  department,  and  from  Septem- 
ber, 1912,  to  May,  1913,  he  was  chief  engineer 
of  that  department. 

Mr.  David  R.  Cooper  announces  tliat  he  has 
reopened  his  office  at  39  Cortlandt  St.,  New 
York  City,  for  the  practice  of  hydraulic  engi- 
neering, specializing  in  stream  flow  studies 
and  reports  on  hydro-electric  power  projects. 
Mr.  Cooper's  early  experience  was  attained  in 
Ohio,  where  he  was  connected  with  the  engi- 
neering department  of  the  Springfield.  Troy  & 
Piqua  Railway  Co.,  Central  Construction  Co. 
of  Toledo,  the  Cincinnati,  Dayton  &  Ft.  W'ayne 
Railroad,  the  Cincinnati  Northern  Railroad, 
and  the  Toledo  &  Ohio  Central  Extension 
Railroad.  He  was  city  engineer  of  Sprin.g- 
field,  Ohio,  and  later  of  Dayton,  Ohio.  For  one 
year  he  was  eniployed  on  design  of  the  Cin- 
cinnati filtration  plant,  and  one  year  was  in 
the  office  of  the  chief  engineer  of  the  New 
York  Central.  He  entered  his  present  line  of 
work  when  he  was  employed  by  the  New  York 
State  Water  Supply  Commission,  for  3% 
years,  investigating  ilow  of  stream  and  water 
power  possibilities  of  the  state.  For  one  year 
he  was  engineer-secretary  to  the  commission. 
Since  that  time  Mr.  Cooper  has  been  employed 
on  many  large  water-power  projects,  includ- 
ing that  of  the  Salmon  River  Power  Co.,  in 
New  York  state,  on  which  he  was  assistant  to 
the  chief  engineer;  the  Columbia  Mills  plant 
at  Minetto,  N.  Y.,  as  chief  engineer :  the  40,- 
000-H.  P.  plant  at  Grace.  Idaho,  and  a  30,000 
H.  P.  plant  at  Oneida,  Idaho.  He  has  been 
frequently  retained  as  hydraulic  e.xpert  to 
make  reports  and  give  testimony  in  stream 
flow  litigations  in  New  York  state. 

Contractors. 

The  John  F.  Casey  Co.,  Oliver  Building, 
Pittsburgh,  Pa.,  was  recently  awarded  the  con- 
tract for  six  miles  of  main  sewer  for  the  city 
of  Canton,  Ohio.  This  firm  is  composed  of 
John  F.  Casey  and  Ottomar  Stange,  and  has 
handled  some  of  the  largest  contracts  in  their 
line,  through  Ohio  and  Pennsylvania.  Among 
these  were  the  Cleveland  Filtration  plant. 
West  Side,  for  $1,000,000;  the  Cleveland 
pumping  station  and  chemical  house,  $400,000, 
lioth  in  1914 ;  raising  the  Pennsylvania  main 
line  tracks  from  Pittsburgh,  Pa.,  to  Braddock, 
Pa.,  and  a  700,000,000-gal  reservoir  at  Pitts- 
burgh, $70.5,000,  in  1913-14.  The  present  con- 
tract at  Canton  calls  for  4,500  lin.  ft.  of 
double  30-in.  Lock  Joint  Pipe  Company's  con- 
crete pipe,  the  rest  of  the  sewer  being  39-in. 
segment  block.  The  firm  was  also  awarded  the 
contract  for  the  construction  of  the  two  inter- 
cepting sewers  at  Milwaukee.  The  company's 
hid  was  $.305,30.5  for  the  sewer  on  the  east  side 
of  the  river  and  $19.3,423  for  the  west  side  job. 
The  two  contracts  call  for  the  following  ap- 
proximate quantities :  7,927  ft.  brick  and  con- 
crete sewer,  .30  in.  to  51  in.  in  diameter,  in  open 
cut ;  3.092  ft.  brick  and  concrete  sewer,  30  in. 
to  51  in.  in  diameter,  in  tunnel ;  3,884  ft.  terra 
cotta  pipe  sewer,  10  in.  to  24  in.  in  diameter; 
1,762  ft.  of  manholes  and  pile  and  timber 
foundations;  8,480  ft.  brick  and  concrete  sew- 
er. 30  in.  to  48  in.  in  diameter,  in  open  cut; 
2,340  ft.  terra  cotta  pipe  sewer,  10  in.  to  18  in. 
diameter,  and  1,105  ft.  of  manholes  and  pile 
and  timber  foundations. 


OBITUARIES 

Josepli  .S.  Mundy,  mechanical  engineer  and 
inventor  and  manufacturer  of  the  friction 
drum  hoisting  engine,  died  at  his  home  in 
Newark,  .\.  J.,  May  26,  aged  68. 

William  P.  Adams,  contractor  of  Louisville, 
Ky.,  died  in  that  city  May  24,  aged  70.  Mr. 
Adams  built  the  Shcll)yville  railroad  extension, 
the  old  trotting  track  at  Douglas  Park,  and  the 
Jacob    Park   boulevard,   in    Louisville. 


ally  find  it  an  attratcive  and  unusually  well- 
arranged  catalogue,  typographically  excellent 
in  all  particulars.  One  feature  we  like  well 
is  the  insertion  of  blank  pages  headed  "Data" 
after  each  section.  We  believe  that  the  ar- 
rangement and  this  convenience  for  inserting 
notes  will  induce  the  recipient  to  keep  this 
catalogue  on  file,  which  after  all  is  the  object 
of  a  catalogue. 


NEW  CATALOGUES 

Slope  Chart. —  Paper,  0x9  ins.;  4  pp.  Keuffel 
&  Esser  Co.,  127  Fulton  St.,  New  York  City. 
Describes  the  Brunton  Slope  chart,  and  gives 

directions  for  its  use.     Illustrated. 

LE.'iniTF..— Paper,   2    folders.   The   Leadite   Co., 
Land  Title  Bldg.,   Philadelphia,  Pa. 
Describes  the  use  of  "Leadite"   for  jointing 
cast  iron  water  mains  without  caulking.  Illus- 
trated. 

Standpipe  Paints.— Paper,  5%x8%  ins. ;  16 
pp.  Joseph  Dixon  Crucible  Co.,  Jersey  City, 
N.  J. 

Consists  of  views  of  standpipes  painted  with 
Dixon's  Silica  Graphite  Paint,  and  giving 
details  as  to  conditions,  service,  etc. 

Valves.— Paper,  6%xl0  ins.;  32  pp.  H.  Muel- 
ler Mfg.  Co.,  Decatur,  111. 
Catalogue  No.  5,  describing  Mueller  reduc- 
ing and  regulating  valves.  Gives  details  of 
construction,  installation  and  operation,  proper 
sizes,  etc.,  and  shows  half-tone  views  and  sec- 
tional diagrams. 

Graphite  Products. — Paper,  6x9  ins. ;   104  pp. 

Joseph  Dixon  Crucible  Co.,  Jersey  City,  N.  J. 

Catalogue  of  Dixon's  graphite  productions 
from  air  brake  and  triple  valve  grease  to 
yacht  plumbago,  and  including  crucibles,  noz- 
zles, many  kinds  of  lubricants,  paints,  elec- 
trical specialties,  pencils,  etc.    Illustrated. 

Coagulant     and     Sterilizing    Apparatus. — 
Paper,    6x9    ins.;    14    pp.     Pittsburgh    Filter 
Manufacturing  Co.,  Pittsburgh,   Pa. 
Bulletin    C.   &    S.   6,   describing   coagulation 
and  sterilization  methods,  and  illustrating  dif- 
ferent arrangements  and   design  of  apparatus 
for  feeding  coagulant  to  the  water,  treating  of 
chloride  of  lime  solution,  and  the  liquid  chlor- 
ine gas. 

Lead  Wool. — Paper,  3%x6  ins.;  two  12-page 
pamphlets.  United  Lead  Co.,  Ill  Broadway, 
New   York. 

Ulco  lead  rope,  an  emergency  material  for 
plurnbers,  gas  fitters,  steam  fitters,  etc.,  to 
repair  leaks  in  pipes  or  masonry,  is  described 
in  one  of  these  pamphlets.  The  other  is  de- 
voted to  "Ulcoloy."  a  copper-lead  metal  for 
bearings,  bushings,  metallic  packing,  etc.  Both 
illustrated. 


CATALOGUE  REVIEWS 

Pumping  Machinery. — Paper,  6x9  ins.;  104 
pp.  The  Hill  Machine  Co.,  .Anderson,  Ind. 
The  1915  catalogue,  "A,"  describing  Hill 
pumping  machinery,  shows  a  number  of  im- 
provements and  additions  to  the  line,  and  is  in 
addition  a  useful  hand-book  of  data  and  gen- 
eral information  on  pumping  machinery. 

The  first  few  pages  are  devoted  to  pumping 
data  and  engineering  information.  These  are 
followed  by  a  section  on  Hill  deep  well  steam 
pumping  engines.  Section  "D,''  describes  Hill 
power  and  electric  deep  well  pumping  heads; 
Section  "E,"  power  and  electric  house  pumps ; 
Section  "F,''  double-acting  power  and  electric 
pumps;  Section  "G,"  single  and  double-acting 
cylinders,  valves  and  well  parts. 

Photographs,  drawings  and  dimensional 
tables  supplement  the  text  and  altogether  com- 
prise a  complete  and  convenient  reference 
book  for  users  of  pumping  equipment. 

Though  the  preface  states  that  the  publish- 
ers have  "somewhat  sacrificed  the  beauty  of 
the  book  by  inserting  drawings  and  dimensions 
for  prompt  reference  and  study,"  we  person- 

( 


INDUSTRIAL  NOTES 

Mac-\rthur  Concrete  Pile  and  Foundation 
Co.,  1 1  Pine  Street,  New  York  City,  has  been 
awarded  a  contract  for  the  pile  foundations 
of  the  Y.  W.  C.  .\.  building,  San  Jose,  Cal. 
Morrison  Bros.,  Santa  Clara,  general  con- 
tractors.    Julia  Morgan,  architect.     , 

The  Sterling  Wheelbarrow  Co.,  West  Alli^. 
Milwaukee.  Wis.,  report  a  record  month's 
business  in  May.  This  company  last  fall  com- 
pleted a  7,.50o-sq.  ft.  enlargement  to  its  plant, 
and  the  increase  of  business  since  then  has 
been  such  as  to  necessitate  a  second  enlarge- 
ment of  the  same  size.  This  will  be  started 
at  once. 


FOREIGN  TRADE  NOTES 

The  following  foreign  trade  opportunities 
are  listed  by  the  Bureau  of  Foreign  and 
Domestic  Commerce.  Where  addresses  are 
omitted  in  the  items  they  may  be  obtained 
from  the  office  of  the  Bureau  at  Washing- 
ton, D.  C,  or  from  the  following  branch 
offices:  New  York,  Room  409  U.  S.  Cus- 
tomhouse; Boston,  752  Oliver  Bldg.;  Chi- 
cago, 629  Federal  Bldg.;  St.  Louis,  402 
Third  National  Bank  bldg.;  Atlanta.  521 
Post  Office  Bldg.;  Newr  Orleans,  1020  Hi- 
bernia  Bank  Bldg.;  San  Francisco,  306-7  L. 
S.  Customhouse;  Seattle,  922  Alaska  Bldg. 
In  applying  for  addresses  reference  should 
be  made  to  the  file  numbers. 

Concrete  Mi.xers,  Etc, — Business  man  in 
Chile  desires  catalogues  of  small  concrete 
mixers.  He  also  desires  to  receive  plans  and 
specifications  for  small  concrete  buildings,  to- 
gether w'ith  catalogues,  etc.,  of  materials  and 
forms  to  be  used;  also  catalogues  and  full  in- 
formation relative  to  metal  ceilings  and  fac- 
ings for  walls.  No.  17045.  [For  address  see 
first  paragraph.] 

Portable  Houses. — .-Xn  .\merican  consular 
oflicer  in  Greece  desires  catalogues,  specifica- 
tions, and  full  information  relative  to  portable 
houses,  especially  those  which  may  be  used  as 
isolation  hospitals.  No.  17093.  [For  address 
see  first  paragraph.] 

Dynamos. — Firm  in  Greece  is  in  market  for 
dynamos  and  electrical  supplies.  No.  17094. 
[For  address  see  first  paragraph.] 

Pipe.  Pumps,  Etc. — Firm  in  Greece  may  be 
induced  to  purchase  iron  beams  or  girders,  iron 
pipe  and  pumps.  No.  17098.  [For  address 
sec  first  paragraph.] 

Machinery,  Etc. — .-Kmerican  firm  contem- 
plates installing  marble  plant  in  Italy  and  one 
of  the  directors  wishes  to  obtain  catalogues 
from  American  manufacturers  of  marble  ma- 
chinery and  power  equipment.  This  firm  may 
also  be  interested  in  purchasing  patented  win- 
dow sashes  and  skylights  as  well  as  other 
modern  devices  for  concrete  buildings.  No. 
17124.      [For  address  see  first  paragraph.] 

Building  Timber. — Firm  in  Greece  desires  to 
place  an  order  for  pine  and  fir  building  timber, 
saw'n  or  hewed,  also  hewed  satin  walnut.  No. 
17136.     [For  address  see  first  paragraph.] 

Mining  and  Pumping  Machinery. — Repre- 
sentative of  a  Russian  society  is  in  New  York- 
City  for  the  purpose  of  establishing  commer- 
cial relations  with  .American  manufacturers  of 
mining,  pumping,  printing,  and  refrigerating 
machinery,  and  exporters  of  paints,  fertilizers, 
and  various  other  lines.  No.  17090.  [For 
address   see  first  paragraph.] 

^lotor  Trucks. — Company  in  Honduras 
wishes  to  purchase  two  5-ton  trucks  for 
freighting  purposes.  The  motors  should  be 
geared  to  fore  as  well  as  rear  wheels.  No. 
17072.     [For  address  see  first  paragraph.] 
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Engineering    Research    and    Progress. 

The  Mazda  lamp — that  remarkable  product 
of  the  research  laboratories  of  the  General 
Electric  Co. — will  form  the  te.xt  of  many  a 
sermon  on  the  profitableness  of  scientific  re- 
search. In  this  issue  we  reprint  a  splendid 
paper  on  research  by  Mr.  W.  R.  Whitney,  and 
we  ask  our  readers  to  note  particularly  his 
arguments  in  favor  of  investigations  in  the 
realm  of  pure  science. 

Engineering  is  applied  science,  but  we  should 
not  forget  that  it  is  the  principles  of  pure 
science  that  we  apply.  A  chemical  engineer 
said  to  the  writer  not  long  ago : 

"Few  business  men  seem  to  realize  that 
almost  every  process  of  industrial  chemistry 
was  once  a  laboratory  experiment." 

Much  the  same  criticism  may  be  leveled  at 
the  business  heads  of  railways  and  other  public 
utility  plants.  They  usually  fail  to  understand 
the  true  value  of  scientific  tests  and  studies, 
unless  they  can  see  an  immediate  and  profit- 
able application.  Consider  for  a  moment  the 
possibilities  of  reducing  the  resistance  of 
trains,  and  then  review  the  meager  array  of 
test  data  on  rolling  friction,  air  friction,  etc. 
Is  it  too  much  to  say  that  train  resistances 
might  be  reduced  20  per  cent  without  greatly 
adding  to  the  investment  in  railway  plant?  We 
think  not. 

It  is  well  known  that  at  high  velocities  more 
than  half  the  resistance  that  a  train  encounters 
is  "head  resistance."  Who  has  ever  conducted 
experiments  to  reduce  this  "head  resistance"? 
May  it  not  be  that  a  light  car  in  advance  of 
the  locomotive  could  be  so  designed  as  to 
eliminate,  say,  half  the  head  resistance?  There 
is  certainly  nothing  fantastic  in  the  idea,  for  it 
is  known  that  an  elongated  pear-shaped  body 
offers  but  a  fraction  of  the  resistance  to  the 
air  offered  by  a  cubical  body. 

Take  the  whole  subject  of  frictional  re- 
sistance, a  subject  that  daily  concerns  engi- 
neers in  their  designs,  and  attempt  to  harmon- 
ize the  pulilished  facts  about  it.  Instead  of  any 
apparent  harmony,  one  seems  to  see  infinite 
varieties  of  discord.  Here  we  find  coefficients 
of  sliding  friction  decreasing  with  increased 
unit  pressure;  there  we  find  the  converse,  but 
for  no  apparent  reason.  Rolling  friction  shows 
equally  perplexing  inconsistencies.  Yet  we  are 
certain  that  experiment  can  be  made  to  dis- 
close all  the  laws  of  friction,  and  thus  enable 
us  to  overcome  or  utilize  friction  in  the  most 
economic  manner. 

There  is  a  tendency  to  regard  civil  engineer- 
ing as  being  far  less  susceptible  of  improve- 
ment than  electrical  engineering,  for  example. 
May  it  not  be  that  this  tacit  belief  has  sprung 
from  the  comparative  lack  of  experimental 
research  in  the  civil  engineering  field?  May  it 
not  be  that  we  civil  engineers  have,  in  a  meas- 
ure, failed  to  realize  our  own  opportunities  to 
hasten  progress  by  research  ?  Employed  by 
municipalities  and  states  whose  executives  are 
not  spurred  by  the  hope  of  profit,  have  we  not 
also  fallen  somewhat  into  a  lethargic  state? 
Do  we  habitually  regard  our  designs  as  merelv 
crude  attempts  to  achieve  economic  results? 
Does  it  occur  frequently  to  us  that  these  cities 
for  whom  we  work  are  themselves  woefully 
designed  as  economic  plants?  .^re  we  not 
habituated  to  accept  things  as  they  are,  making 
slight  improvements  here  and  there,  when  the 
real  need  is  for  entire  abandonment  of  much 
that  now  seems  as  established  as  the  tides? 

Recently  the  writer  stated  that  he  would  not 
be  surprised  to  see  railways  almost  entirely 
superseded  as  carriers  of   freight.    By  what? 
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By  automobiles?  By  flying  machines?  By 
water  ways?  By  pneumatic  tubes?  Such  were 
the  questions  to  which  the  writer  replied  that 
he  did  not  know,  but  that  he  fancied  that 
something  quite  different  from  these  devices 
would  eventually  displace  railways  as  freight 
carriers. 

"But  if  the  freight  carrier  is  to  travel 
neither  on  roads,  nor  on  rails,  nor  on  water, 
nor  on  air,  what  is  left  to  travel  upon?" 

"On  swings  or  pendulums  perhaps." 

Let  the  engineer  reflect  that  in  the  pendulum 
he  has  a  transporting  device  unequalled  for 
mechanical  efficiency,  at  fair  high  velocities, 
and  he  may  well  hesitate  to  believe  that  the 
wheel  and  axle  will  always  remain  supreme  as 
an  instrument  of  over  land  transportation  of 
freight.  A  series  of  towers  with  mechanism 
for  synchronizing  the  swinging  of  dependent 
cars,  and  for  the  automatic  gripping  of  a  car 
by  a  "pendulum"  an  instant  before  it  is  re- 
leased at  the  end  of  its  swing  by  flie  preceding 
"pendulum,"  forms  a  combination  not  only 
conceivable  but  calculable  with  considerable 
accuracy.  It  can  turn  cun'es,  or  rather  cor- 
ners, without  shock.  It  can  surmount  grades. 
It  can  be  operated  like  a  conveyor  but  without 
the  wear  and  tear  of  a  conveyor.  Bridges  and 
culverts  it  would  eliminate,  and  noise  would 
be  unknown  in  its  operation.  It  might  enter  a 
city  over  the  tops  of  buildings,  and  it  certainly 
would  cross  farms  without  measurable  injury 
to  the  land. 

."Ml  this  may  be  a  dream,  but  rest  assured 
that  progress,  as  well  as  men,  is  "of  such  stuff 
as  dreams  are  made  of." 

We  shall  move  on  to  new  wonders  in  the 
world  of  engineering,  but  our  rate  of  progress 
will  depend  largely  upon  our  ability  to  con- 
ceive achievements  that  border  on  the  fan- 
tastic. Research  will  give  us  the  data  in  such 
co-ordinated  form  that  we  may  design  more 
marvellous  things  than  the  talking  towers  of 
Marconi  that  whisper  across  the  sea  and  are 
heard. 


The  Widest  Tunnel  in  the  World. 

The  first  tunnels  for  commercial  transpor- 
tation were  canal  tunnels.  In  the  eighteenth 
century  canal  tunnels  multiplied  rapidly  in 
France  and  England  and  the  United  States. 
In  France  alofie  in  1850  there  were  over  twen- 
ty canal  tunnels  with  an  aggregate  length  of 
some  18  miles  and  in  England  in  1856  there 
were  45  canal  tunnels  with  an  aggregate 
length  of  some  45  miles.  America's  record 
was  much  smaller,  scarcely  over  a  round  half- 
dozen  tunnels  were  built  on  canals  and  these 
were  all  quite  short.  Of  the  three  countries 
named,    which    led    in    the   early   construction 
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uf  canal  tunnels,  only  France  continued  to 
develop  her  canals  and  canal  tunnel  work 
after  the  advent  of  the  steam  railway.  France 
has  in  recent  years  enlarged,  rebuilt  and  oth- 
erwise improved  many  of  her  old  cjinal  tun- 
nels and  as  noted  on  another  page  r  ranee  is 
building  now  a  canal  tunnel  which  has,  we 
believe,  the  largest  section  of  any  tunnel  in 
the  world. 

The  early  canal  tunnels  were  not  of  large 
section.  .A  modern  double  track  railway  tun- 
nel is  considerably  wider  and  higher.  In  fact 
the  first  direct  influence  of  the  railway  on 
tunnel  construction  was  to  increase  sectional 
profiles.  Tunnels  for  two  tracks  were  built 
as  wide  as  .30  ft.  and  generally  ranged  from 
25  to  28  ft.  in  width.  The  widest  of  the  early 
canal  tunnels  was  about  20  ft.  and  some  were 
as  narrow  as  9  ft.  The  next  step  in  the  in- 
crease of  tunnel  sections  generally,  came  with 
the  building  of  urban  underground  railways 
and   of   street   tunnels. 

The  three-track  New  York  City  tunnels 
built  a  few  years  ago  for  the  Pennsylvania 
R.  R.  had  in  places  a  clear  width  of  39  ft. 
At  stations  some  of  the  Paris  underground 
railways  had  widths  of  45  ft.  Greatest  tunnel 
widths  have,  however,  to  be  credited  to  street 
tunnels.  One  of  the  Roman  boulevards  was 
carried  under  the  Quirinal  a  few  years  ago, 
as  we  recall,  by  means  of  a  tunnel  15  m. 
(49  ft.)  wide,  and  in  our  issue  of  Feb.  3, 
1915,  full  description  was  published  of  the 
.Stockton  St.  tunnel  in  San  Francisco  having 
a  clear  span  of  50  ft.  and  a  length  of  911  ft. 
.■\11  of  these  sections  appear  nearly  insignifi- 
cant beside  the  section  72  ft.  wide  and  47 
ft.  high  of  the  new  tunnel  of  the  Marseilles- 
Rhone  Canal  in  France.  This  tunnel,  too,  is 
long  enough — 3%  miles — to  rank  among  the 
great  tunnels  of  the  world  were  it  of  only  or- 
dinary   sectional    dimensions. 

Information  available  concerning  the  new 
French  canal  tunnel  is  yet  rather  meager  in 
detail,  but  the  article  in  another  column  gives 
the  main  structural  and  construction  details. 
Roughly  the  excavation  amounts  to  about  285 
cu.  m.  per  meter  of  tunnel  or  say  95  cu.  yds. 
per  lineal  foot.  This  figure  gives  the  tunnel 
engineer  most  clearly  of  all  perhaps  the  size 
of  the  excavation  task  that  confronts  the 
contractor,  Mr.  Leon  Chagnaud,  of  the  Rove 
Tunnel. 


The   Isolation  of  the  Average   Water 
Department. 

The  average  water  works  operator  isolates 
himself  from  his  contemporaries  and  thereby 
imposes  a  severe  handicap  upon  his  efforts. 
The  truth  of  this  statement  is  very  well  borne 
out  by  a  brief  consideration  of  Wisconsin  con- 
ditions relative  to  membership  by  water  works 
operators  in  the  two  large  associations  of 
water  works  men. 

In  1914  only  ti  of  the  2tj  privately  owned 
water  works  in  Wisconsin  were  represented  by 
membership  in  the  .'\merican  Water  Works 
.Association:  of  the  103  municipally  owned 
plants  only  9  were  so  represented.  There  are 
only  si.x  members  of  the  New  England  Water 
Works  Association  in  Wisconsin  and  of  these 
only  one  is  connected  with  water  works  opera- 
tion.  These  figures  are  truly  remarkable. 

While  the  short  tenure  of  office  of  officials  in 
municipally  owned  plants  no  doubt  accounts, 
in  part,  for  the  failure  of  such  officials  to  take 
advantage  of  the  privilege  of  membership  in 
the  organizations  named,  what  can  be  said  in 
extenuation  of  the  failure  of  officers  of  pri- 
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vately  owned  water  works  to  identify  them- 
selves with  these  associations?  The  figures 
above  quoted  are  distinctly  favorable  to  the 
alertness  of  the  latter  class,  comparatively 
speaking,  but  their  23  per  cent  is  a  pretty  poor 
showing  when  one  considers  the  general  cn- 
liffhtcnment  of  Wisconsin  citizens.  Wherein 
lies  the  difficulty? 

We  are  convinced  that  the  point  has  been 
reached  in  the  development  of  the  American 
Water  Works  Association  at  which  it  must  do 
more  missionary  work  among  prospective 
members.  Tho^e  who  are  slow  to  seek  mem- 
bership arc  the  ones  most  likely  to  benefit 
from  it.  Inertia,  alone,  probably  stands  in  the 
way  of  extending  the  sphere  of  the  associa- 
tion's influence — inertia  on  the  part  of  individ- 
ual operators.  For  this  reason,  or  in  this 
belief,  we  have  urged  and  shall  probably  urge 
again  that  the  association  take  up  some  form 
of  publicity  work  which  will  attract  the  atten- 
tion of  the  large  number  of  water  works 
operators  who  are  now  ignorant  of  or  indiffer- 
ent to  the  association. 

This  is  a  matter  of  first  importance  to  the 
water  works  interests  of  the  country,  to  water 
consumers  and  to  tax  payers.  Many  cities  need 
better  service,  and  a  much  larger  number  need 
more  economical  water  works  operation  than 
they  now  have.  Operators  need  the  knowledge 
and  the  stimulus  that  membership  in  the  asso- 
ciation will  give  and  we  hope  the  association 
and  its  members  will  make  every  efifort  finan- 
cially possible  to  secure  new  members  among 
water  works  operators. 


Water  Meterage  and  Human  Rights. 

As  long  ago  as  the  first  of  January,  1913, 
we  published  an  article  which  demonstrated 
conclusively  that  the  general  introduction  of 
water  meters  in  Chicago  would  work  to  the 
economic  advantage  of  the  individual  house- 
holder. The  article  was  the  result  of  long 
and  close  study  by  one  of  the  city's  engineers 
and  in  speaking  in  favor  of  a  meter  on  every 
service  he  voiced  the  opinion  of  his  profes- 
sional colleagues  in  the  city's  service.  Near 
the  end  of  his  fifth  term  former  Mayor  Har- 
rison began  to  see  virtue  in  a  limited  exten- 
sion of  the  meterage  system  in  this  city  for 
the  curtailment  of  the  excessive  water  waste. 
The  new  mayor,  how-ever,  who  has  a  tend- 
ency to  protest  overmuch  his  passion  for 
the  weal  of  the  plain  people,  admits  that  he 
is  glad  Chicago  has  lots  of  water  to  waste, 
for  this  makes  for  a  cleaner  and  more  health- 
ful city.  We  are  wondering  how  many  terms 
I\Iayor  Thompson  will  have  to  serve  before 
he  sees  the  fallacy  in  his  present  views  on 
the  subjects   of  water   waste  and  meterage. 

The  city  council  has  long  halted  between 
two  opinions  on  the  meterage  problem.  The 
individual  alderman  is  inclined  to  favor  the 
installation  of  meters  in  every  ward  but  his 
own.  Now  that  women  are  voting  here  the 
council  will  be  less  likely  than  formerly  to 
pass  a  meter  ordinance,  for  women  in'  or- 
ganizations and  as  individuals  are  opposed 
to  meterage  on  the  grounds  of  the  classic 
fallacy  which  always  springs  into  renewed 
life   when   this   subject   is   under   discussion 

A  few  days  ago  at  a  meeting  of  the  City 
Club  City  Engineer  John  Ericson  and  Prof. 
E.  W.  Bemis  recommended  the  installation  of 
meters  as  the  best  solution  of  the  water  waste 
problem.  Mr.^  Ericson  asserted  that  75  per 
cent   of   the   city's   pumpage   is   wasted. 

The  zeal  with  which  some  of  the  women's 
organizations  are  opposing  meterage  is  well 
illustrated  by  the  following  quotation  from 
the  statement  of  the  spokeswoman  for  the 
Human   Rights    Party  of   Cook   County: 

Seventy-flve  per  cent  ot  the  water  wasted!  It 
is  my  opinion  and  the  opinion  of  most  of  the 
women  in  Chicago  that  water  is  never  wasted. 
There  cannot  be  too  much  used.  There  is  a  big 
lalte,  plenty  of  water  and  if  poor  women,  in  the 
more  congested  districts,  are  forced  to  use  less 
water — well,  there  will  be  more  disease  and 
more  horrible  conditions  than  now  exist.  Two 
years  ago  the  aldermen  of  the  city  tried  to  pass 
such  an  ordinance,  but  it  was  defeated,  largely 
through  the  work  of  Mary  Miller,  then  presi- 
dent   of    the    Human    Rights     Party     of     Cook 


County.  She  is  dead  now,  but  her  work  will  go 
on  Just  the  same.  I  will  take  the  matter  up 
with  the  Woman's  Rights  Club  and  the  Chi- 
cago Woman's  Club. 

There  you  have  it,  men !  The  women  are 
down  on  the  water  meter  in  Chicago,  and 
in  view  of  this  fact  the  fear  of  meterage  will 
be  put  into  the  hearts  of  the  new  city  coun- 
cil. While,  in  the  premises,  we  naturally  sym- 
pathize with  the  new  aldermen,  we  hope  they 
will  speedily  enact  a  meter  ordinance.  Expe- 
rience in  Chicago  indicates  that  women  vot- 
ers are,  after  all,  very  much  like  old-style 
voters,  and  soon  forget.  By  the  time  an- 
other aldermanic  election  comes  they  may 
be  bent  on  safeguarding  the  freedom  of  our 
institutions  from  some  other  line  of  attack 
than    the   intrusion   of   the   water   meter. 


The   Economic   Elements   Involved   in 
Transportation    and    Communica- 
tion Problems  on  Country  Roads. 

There  are  three  generally  used  means  of 
transportation  and  communication :  railway, 
highway  and  river  or  canal.  These  are  to 
a  greater  or  less  degree  competitive.  Intensity 
of  competition  varies  w'ith  the  relative  cost, 
rapidity  and  convenience.  Highways  serve  as 
branches  or  feeders  for  railroads  in  the  trans- 
portation of  goods  to  be  shipped  beyond  a  cer- 
tain distance.  The  proportion  of  highway 
tonnage  eventually  hauled  by  the  railroads 
varies  with  the  character  of  goods  and  the  in- 
tensity of  settlement  of  the  region.  Hence  it 
seems  a  feasible  proposition  that  adequate 
data  having  been  secured,  by  plotting  the  year- 
ly tonnage  passing  over  a  road  against  the 
distance  hauled  a  set  of  curves  may  be  derived 
of  the  nature  shown  in  the  figure  that  will 
indicate  the  economic  hauling  distance  from 
the  standpoint  of  cost.  By  careful  observa- 
tion convenience  and  speed — important  factors 
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not  considered — may  be  evaluated  and  used 
to  modify  these  curves. 

Vehicles  generally  have  their  power  sup- 
plied by  horses,  or  gasoline  or  steam  motors. 
Relative  economy  depends  upon  the  cost  of 
transportation,  the  type  of  road  surface,  dis- 
tance, convenience  and  speed  of  transporta- 
tion. The  tonnage  per  vehicle  or  wagon  train 
is  affected  by  the  capacity  of  the  vehicles,  the 
resistance  to  traction  due  to  the  road  surface 
and  friction  grades  and  is  indirectly  influ- 
enced by  the  distance  and  type  of  goods  trans- 
ported. The  average  tonnage  per  vehicle  may 
be  determined  directly  by  observation. 

Transportation  over  country  roads  may  be 
roughly  divided  into :  transportation  of  farm 
produce  and  farm  supplies,  goods  trans- 
portation between  towns,  and  pas- 
senger transportation.  Farm  produce 
and  farm  supplies  are  hauled  from  or  to  nu- 
merous scattered  points  included  within  a 
freight  area,  or  trafl^c  area.  Such  an  area  is 
frequently  triangular  in  shape,  the  total  freight 
tonnage  and  passenger  traffic  passing  through 
one  apex  of  the  triangle.  Goods  hauling  be- 
tween towns  varies  with  the  occupations  of 
the  people,  and  hence  the  type  of  freight 
hauled,  railway  and  water  competition,  dis- 
tance, economic  types  of  vehicles  for  existing 
road  surfaces  and  grades.  Passenger  traffic 
is  divided  into  pleasure  traffic,  social  inter- 
course and  business  communication.  Pleasure 
traffic  involves  personal  comfort,  the  value  of 
which  varies  with  the  individual.  Social  in- 
tercourse involves  health  considerations,  com- 


munication with  schools  and  churches  and  the 
control  of  labor.  Business  communication 
concerns  stage  lines,  the  transportation  of 
farm  labor  and  commercial  representatives 
and  business  matters  relative  to  marketing  and 
purchasing. 

From  an  economic  standpoint  distance  is  a 
function  of  time  as  well  as  length.  Speed  of 
travel  is  affected  by  traffic  intensity  and  direc- 
tion, road  surface,  grades  and  curvature  and 
by  the  economic  speed  of  the  vehicle.  The 
economic  speed  of  the  vehicle  varies  with  the 
power  and  size  of  loads  hauled. 

Convenience  of  travel  is  affected  by  eco- 
nomic conditions  peculiar  to  each  road  user. 
In  general,  nearness  to  main  roads,  vehicles 
used  for  general  purposes  other  than  road 
hauling  and  the  type  of  freight  hauled -are  im- 
portant factors. 

Reliability  and  safety  of  travel  are  affected 
by  the  permanence  of  waterways,  railroad 
grade  crossings,  condition  of  the  road  location 
and  surface,  involving  maintenance,  curves, 
grades  and  crown. 

It  is  concluded,  therefore,  that  the  degree 
of  importance  of  country  roads  is  but  a  single 
factor  in  determining  the  profitable  expend- 
iture for  hauling.  Country  roads  are  essen- 
tially a  monopoly  when  beyond  the  influence 
of  railway  and  water  competition.  It  is  held 
that  in  determining  the  profitable  e.xpenditure 
for  transportation  and  communication  in  a 
community  it  is  necessary  to  determine  (a) 
the  type  of  vehicle  economical  under  existing 
conditions;  (b)  the  type  of  vehicle  operated 
at  minimum  cost  of  various  grades  and  road 
surfaces;  and  (c)  the  type  of  road  surface 
adapted  to  the  economic  type  of  vehicle. 


The  Pacific  Highway  Interstate  Bridge 
Over  the  Columbia  River. 

The  building  of  a  number  of  trunk-line 
railroads  to  the  Pacific  coast  has  necessitated 
the  construction  of  many  important  railroad 
bridges  over  our  Western  rivers.  In  general, 
the  engineering  problems  connected  with  the 
design  and  construction  of  these  bridges  have 
been  trying,  due  mainly  to  the  difficulty  of 
securing  adequate  foundations  at  a  reason- 
able cost.  With  the  development  of  our  West- 
ern cities,  creating  in  turn  a  demand  for  main 
highways  connecting  them,  engineers  have 
again  been  confronted  with  the  difficult  prob- 
lem of  bridging  these  rivers.  The  obstacles 
presented  in  the  case  of  highway  bridges  are 
even  greater  than  those  met  in  the  construc- 
tion of  railways,  due  mainly  to  the  difficulty 
of  raising  adequate  funds — the  problem  of 
financing  generally  being  a  local  one.  Of  the 
four  great  Western  rivers  of  North  .America, 
namely,  the  Yukon,  the  Eraser,  the  Columbia 
and  the  Colorado,  only  one  of  them  has  its 
lower  portion  spanned  by  a  bridge  devoted 
exclusively  to  highway  traffic.  The  Frazer 
River  constitutes  this  exception,  this  Canadian 
river  being  spanned,  at  New  Westminster,  B. 
C,  by  an  important  highway  structure.  It  is 
of  interest  to  note  that  construction  is  under 
way  on  the  second  important  highway  bridge 
over  the  low'er  portion  of  one  of  these  rivers. 
This  bridge,  which  is  to  span  the  Columbia 
River  between  Vancouver,  Wash.,  and  Port- 
land, Ore.,  will  form  a  part  of  the  "Pacific 
Highway,"  which  soon  will  extend  from  Van- 
couver, B.  C,  to  San  Diego,  Cal.  In  addi- 
tion to  the  general  highway  traffic  this  struc- 
ture will  provide  for  street  car  traffic,  and 
in  this  respect  it  differs  from  the  bridge  at 
New   Westminster. 

The  Pacific  Highway  Interstate  Bridge,  as 
the  latest  structure  is  commonly  termed,  will, 
with  its  approaches,  extend  from  the  city 
limits  of  Vancouver  to  those  of  Portland,  a 
distance  of  about  3^/4  miles.  The  project  in- 
cludes embankment  approaches  and  two  small- 
er bridges  in  addition  to  the  main  bridge  over 
the  Columbia  River.  The  entire  improve- 
ment, the  cost  of  which  will  be  about  $1,7-50,- 
000,  was  financed  by  the  two  counties  in  which 
its  termini  lie,  Multnomah  County  issuing 
$1,2.50,000  of  bonds  and  Clarke  County 
$■500,000.  The  main  structure,  which  is  of 
the  riveted  through  type  with  curved  upper 
chords,   includes   three  275-ft.   spans,   ten  265- 
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ft.  spans,  and  one  small  girder  span  at  the 
Vancouver  end,  giving  a  total  length  of  about 
3,531  ft.  Navigation  on  the  Columbia  River 
is  provided  for  by  making  the  central  2T3-ft. 
span  a  vertical  lift  span,  thus  providing  a  250- 
ft.  channel  with  a  vertical  clearance  above 
ordinary  high  water  of  150   ft. 

This  important  structure  embodies  certain 
original  features  which  merit  special  atten- 
tion. Investigations  made  at  the  bridge  site 
disclosed  the  fact  that  the  main  part  of  the 
river  bed  consists  of  sand,  with  only  a  small 
amount  of  gravel,  to  a  depth  of  over  100  ft. 
A  satisfactory  and  economical  solution  of  the 
foundation  problem  was  secured  by  a 
scheme  which  includes  the  placing  of  the  piers 
on  timber  cribs  filled  with  concrete,  in  the 
lower  portions  of  wh'ich  are  to  be  embedded 
exceptionally  long  wood  piles,  which  will  be 
driven   deeply   into   the    subsoil.     These   piles. 


which  will  have  a  length  of  about  120  ft.,  are 
to  be  embedded  in  the  concrete  within  the  cribs 
to  a  depth  of  20  ft.,  and  thus  will  be  made 
integral  parts  of  the  piers.  The  great  pene- 
tration of  the  niles — about  105  ft.  below  low 
water — and  the  rigidity  of  their  upper  con- 
nection, will  result  in  safe  construction  even 
though  there  should  be  some  scour  at  the 
bases  of  the  cribs.  To  decrease  the  weight 
and  cost  of  the  substructures  each  concrete 
pier  is  to  be  built  in  the  form  of  two  cylin- 
drical shafts  connected  by  a  vertical  reinforced 
concrete  diaphragm  and  by  an  oval  reinforced 
concrete  coping.  The  arrangement  of  the 
beams  in  the  floor  system  and  of  the  concrete 
floor  slab  is  original  with  the  designers.  The 
floor  system,  as  designed,  contains  longtiudinal 
stringers  between  the  usual  floorbeams,  the 
spacing  of  stringers  being  about  9  ft.  on  cen- 


ters. On  top  of  the  stringers,  however,  ex- 
tending across  the  roadway,  there  are  8-in.  I- 
beams  spaced  about  33  ins.  apart.  These  cross 
beams  are  bent  to  conform  to  the  crown  of 
the  roadway  and  support  the  reinforced  con- 
crete floor  slab.  The  rails  of  the  street  car 
tracks  rest  directly  on  the  cross  beams,  being 
fastened  to  them  by  clips.  By  means  of  a 
special  arrangement  of  rail  heading  it  is  pos- 
sible for  the  tracks  to  be  removed  w-ithout 
damage  to  the  roadway  slab.  Other  details 
of  this  important  structure  are  given  in  the 
"Bridges"  section  of  this  issue.  Due  to  the 
rapid  development  of  trunk-line  highways  in 
this  country  we  may  expect  a  commensurate 
improvement  in  long-span  highway  bridges ; 
we  have  already  seen  rapid  advances  made 
in  the  construction  of  highway  spans  of  ordi- 
nary lengths. 
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Design  Details  of  the  Cincinnati  High 

Pressure  Fire  System. 

(,  Staft'  Article.) 
Construction  work  on  the  higli  pressure  fire 
system  for  Cincinnati  was  begun  in  1914  and 
will  be  finished,  according  to  the  present  out- 
look, in  1916.  The  present  article  describes  and 
illustrates  the  design  details  of  this  system. 

THE     SUPPLY. 

When  the  study  of  the  design  was  taken  up 
consideration  was  given  to  the  relative 
economic  advantages  of  pumping  raw  water 
from  the  Ohio  River  and   the  use  of   filtered 
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TABLE    11. 

—DIMENSIONS   OP 

FLANGE 

PIPE 

SHOWN  IN 

FIG.  2. 

0 

<u 

J 

■3 
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H 
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z^ 

p.^ 
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H 
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0 

^i 

i>  etc 

s 

80 

15.50 

13.50 

12 

% 

10,63 

10.69 

.25 

.19 

1% 

54.51 

69.11 

10 

92 

IS.OO 

15.75 

16 

% 

12.75 

12.81 

.25 

.19 

1% 

72.11 

98.62 

12 

....    1.04 

20.25 

18.00 

16 

1 

15.25 

15.31 

.25 

.19 

1% 

94.37 

133.14 

16 

....    1.27 

25.00 

22.50 

20 

1 

18.50 

18.56 

.25 

.19 

2 

139.28 

215.31 

20 

. ...    1.51 

30.25 

27.50 

24 

lVi 

23.00 

23.06 

.25 

.19 

2% 

217.00 

31S.Sd 

24 

.  .  .  .    1  S8 

35.50 

32.50 

28 

1% 

27.80 

27.86 

.25 

.19 

2% 

311.33 

477.64 

spigot  joints  shown  in  Fig.  1,  or  with  flanges. 
Table  I  gives  the  dimensions  of  the  joint  parts 
for  the  various  sizes  of  pipe  having  bell  and 
spigot  ends.   The  details  of  the  flange  pipe  are 


Fig.   1 — Detail   of  Standard   Hub   and   Spigot  Joint,    Cincinnati    High    Pressure    Fire 

System.     See  Table  I. 


Fig.  3 — Detail   of  Quarter   Bends,  Cincinnati 
H.  P.  F.  S.    See  Table   III. 


TABLE  I.— DIMENSIONS  OF  HUB  AND  SPIGOT   JOINT   SHOWN   IN   FIG.   1. 


U  2 

■A    .  H 

c  i-  I  . 

^"  H.S 

10 0.92 

12 1.04 

16 1.27 

20 1.51 

24 1.8S 


"m  .- 

O  ^ 

11.84 

14.08 

18.54 

23.02 

27.76 


P  S 

12.64 

14.88 

19.34 

23.82 

28.36 


1.75 
1.75 
2.00 
2.25 
2.25 


m 

2.05 
2.20 
2.55 
2.b.i 
3.15 


I 

1.05 
1.20 
1.45 
1.75 
1.95 


I 

Ci 

2.00 
2.00 
2.00 
2.00 
2.00 


1.45 
1.60 
1.85 
2.15 
2.35 


to 
J^ 

106 
138 
226 
329 
404 


2  o 

.So. 

98.62 
133.14 
215.31 
318,85 
477.64 


r  ? 

1,289 

1,736 

2.810 

4.153 

6.136 


TABLE    III.— DIMENSIONS    OF   QUARTER 
BEND  SHOWN  IN  FIG.  3. 
-Dimensions  in  inches. 


D. 

8.  . 
10.. 
12.. 
16.. 
20.. 
24.. 


R. 
16 

u; 

16 
24 
24 
30 


L. 
16 
16 
16 
24 
24 
30 


F. 

1.373 

1.50 

1.75 

2.00 

2.375 

2.75 


A. 

23.13 
25.13 
25.13 
37.70 
37.70 
47.12 


T. 
.80 
.92 
1.04 
1.27 
1.51 
1.88 


Weight 

in  lbs. 

269.6 

375.4 

506.4 

1.026.8 

1.561.9 

2,717.1 


water.  The  cliicf  argument  in  favor  of  using 
raw  water  was  the  avoidance  of  using  ex- 
pensive filtered  water  for  fire  protection  pur- 
poses. On  the  other  hand,  the  use  of  raw 
water  would  have  required  the  construction  of 
a  river  pumping  station.  The  river  has  a  varia- 
tion in  stage  of  70  ft.  and  during  times  of 
flood  the  river  pumping  station  could  have 
been  reached  'only  by  boats.  Moreover,  such  a 
station  would  have  had  to  pump  against  a  head 
exceeding  by  GO  ft.  the  head  pumped  against  in 
using  filtered  water  for  fire  fighting  purposes. 
The  choice  finally  rested  with  the  filtered 
supply  which  reaches  the  high  pressure  pump- 
ing station  at  an  initial  pressure  of  55  lbs., 
while  a  suction  lift  would  have  been  necessary 
using  the  raw  water  supply. 


shown  in  Fig.  2  and  Table  II.  The  special  cast- 
ings, shown  herewith,  are  of  semi-steel  with 
flange  ends  machined  for  tongue  and  groove 
joints. 

i~; 


Fig.    2 — Detail    of    Flange    Pipe,    Cincinnati  H 

PIPES    AND    HYriRANTS. 

.'\11  the  pipe  employed  as  street  mains  is  cast 
iron  with  the  special   form  of  grooved  bell  and 


E.&C 


P.   F.  S.    See  Table  II. 

The  hydrants  are  of  the  flush  type  with  port- 
able heads  of  Ross  manufacture.  In  general 
the  hydrants  arc  placed  between  the  street  car 


530 


Engineering  and    Contracting 


Vol.  XLIII.     No.  24. 


tracks.  This  location  was  decided  upon  for 
two  reasons:  (1)  The  space  between  the  car 
tracks  is  always  the  first  portion  of  the  street 
from  which  snow  is  removed.  This,  of  course, 
is  done  by  the  street  railway  forces.  (2)  Hy- 
drants in  the  middle  of  the  streets  are  less 
likely   to   be   broken   or   rendered    inaccessible 


VE«C. 


Fig.  4 — Detail    of   Eighth    Bends,   Cincinnati 
H.  P.  F.  S.    See  Table  IV. 

TABLE  IV.— DIMENSIONS  OF  EIGHTH  BEND 
SHOWN  IN  FIG.  4. 
Dimensions  in  inches. 


10. 
12. 
16. 
20. 
24. 


R. 
24 
24 
24 
36 
4S 
60 


L,. 

9.94 

9.94 

9.94 

14.91 

19.S8 

24.85 


F. 

1.375 

1.50 

1.75 

2.00 

2.375 

2.75 


A. 

18.85 
18.85 
18.85 
28.27 
37.70 
47.12 


.92 
1.04 
1.27 
1.51 
1.88 


Weight 

in  lbs. 

233.4 

323.8 

436.7 

8.-,7.6 

1.561,11 

2,717.1 


by  falling  walls  than  they  would  be  if  located 
at  or  inside  of  the  curb  line. 

MATERIALS. 

In  the  manufacture  of  the  semi-steel  select- 
ed new  pig  iron  is  used,  and  the  mild  steel  is 
added  tliereto  so  as  to  make  the  castings 
tough,  even-grained,  and  suitable  for  machin- 
ing. It  is  required  to  develop  a  tensile  strength 
of  .SO.OOO  lbs.  per  square  inch.  Nickel  steel 
must  be  annealed  and  have  from  21  to  24  per 
cent  of  pure  nickel,  and  not  over  .04  of  1  per 
cent  of  sulphur  or  phosphorus.  Tensile 
strength  70,000  lbs.,  yield  point  35.000  lbs.  and 
elongation  20  per  cent  in  2  ins.  Manganese 
bronze  must  satisfy  the  same  strength  tests 
as  nickel  steel.  The  requirements  for  rolled 
Tobin  bronze  are :  tensile  strength,  60.000  lbs. ; 
yield  point,  30,000  lbs. ;  elongation,  not  less 
than  20  per  cent  in  2  ins.  All  alloys  are  made 
from  new  metals  of  the  purest  commercial 
quality.  All  bronze  must  show  a  tensile 
strength  of  30,000  lbs.  or  over.  Wrought  iron 
must  be  genuine  and  show  tensile  strength  of 

TABLE    V,— DIMENSIONS    OF    SIXTEENTH 
BEND  SHOWN  IN  PIG.  5. 
Dimensions  in  inches 


D. 

8.. 
10.. 
12.. 
16.. 
20.. 
24.. 


R. 
48 
48 
48 
72 
96 

120 


L, 

9.55 

9.55 

9.55 

14,32 

19.09 

23.87 


F. 

1,375 

1.50 

1.75 

2.00 

2,375 

2.75 


A. 

18.85 
18.85 
18.85 
28.27 
37.70 
47.12 


T. 

.80 
.92 
1.04 
1.27 
1.51 
1.88 


Weight 

in  lbs. 

233,4 

323. S 

436.7 

857,6 

1,561.9 

2,717.1 
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Fig.    5 — Detail    of   Sixteenth    Bends,    Cincin- 
nati   H.   P.   F.   S.    See   Table   V. 

48,000  lbs.  or  over  and  a  yield  point  of  24,000 
lbs.  or  over.  Phosphorus  and  sulphur  content 
of  steel  must  not  exceed  0.04  of  1  per  cent. 
Tensile  strength  of  steel  must  lie  between 
60,000  and  68,000  lbs.,   a  yield  point  not  less 


than  half  the  ultimate  strength  and  elongation 
of  not  less  than  25  per  cent  in  2  ins.  Babbitt 
metal  is  made  of  the  following  composition  by 
weight:  lead  70  per  cent  +  or  —  2  per  cent; 
antimony,  20  per  cent  +  or —  1  per  cent ;  tin,  10 
per  cent  +  or  —  1  per  cent.  The  cast  iron  pipe 
is  delivered  by  manufacturer  to  city  pipe  yard. 
All  cast  pipe  is  marked  in  2  in.  raised  letters  to 
show  manufacturer's  name,  year  of  manufac- 
ture, serial  number  of  casting,  and  distinctive 

TABLE  VI.— DIMENSIONS  OF  TEES  AND 
CROSSES  SHOWN   IN  FIG.   7. 

Weight  Weight 

Diam.      ^-Dimensions  in  inches.— ^          of  of 

A.      B.      Ti.         Ta.         H.             I.            tee.  cross. 

10         8       0.92       0.80       12.00       12,00           443  545 

10       10       0.92       0.92       12.00       12.00  .        463  584 

12        8       1.04       0.80       13.00       13.00          579  681 

12       10       1.04       0.92       13.00       13.00           599  720 

12      12       1.04       1.04       13.00       13.00           638  799 

16         8       1.27       0.80       15.00       15.00           918  1,020 

16       10       1.27       0.92       15.00       15.00           938  1,059 

16       12       1.27       1.04       16,00       16.00       1,024  1,195 

16      10       1.27       1.27       16.00       16.00       1,109  1,366 

20         8       1.51       0.80       17.00       17.00       1,440  1,541 

20       10       1.51       0.92        17.00       17.00       1,459  1,580 

20       12       1.51       1.04       18,50       18.50       1,591  1.766 

20      16       1,51       1.27       18.50       18.50       1,686  1.955 

20       20       1.51       1.51       18.50       18.50       1,826  2.234 


initial  marking  for  Cincinnati  high  pressure 
fire  system.  The  pipe  is  coated  inside  and  out 
with  coal-tar  pitch  varnish.  Both  pipe  and 
varnish  are  heated  to  300°  F.  before  dipping. 
The  coated  pipe  is  subjected  to  a  hammer  in- 


StyleB 

Fig.    6 — Detail    of    Standard    20x16    In. 
ducers,  Cincinnati   H.  P.   F.  S. 


Re- 


spection  and  to  a  hvdrostatic  test  pressure  of 
(100  lbs. 

Special  Castings. — The  special  castings  con- 
sist chiefly  of  bends,  reducers,  tees  and  crosses, 
hydrant  tees,  sleeves,  and  filler  pieces.  The 
quarter,  eighth  and  sixteenth  bends  are  shown 
in  Figs.  3,  4  and  5  and  Tables  III,  IV  and  V. 
Two  styles  of  the  standard  20x10  in,  reducers 
are  shown  in  Fig.  6.  The  standard  tees  and 
crosses  are  shown  in  Fig.  7  and  Table  VI,  The 
standard  hydrant  tee  is  shown  in  Fig.  8  and 
Table  VII,  Standard  sleeves  are  shown  in  Fig. 
!)  and  Table  VIII.  Standard  filler  pieces  are 
shown  in  Fig.  10  and  Table  IX.  Squarely  cut 
filler  pieces  are  used  where  sleeves  are  placed. 
Tlie  pipe  in  these  cases  is  laid  so  as  to  make 
;i  tight  fit  when  the  filler  pieces  are  inserted. 
.\11  special  castings  are  of  semi-steel. 

Miscellaneous  Castings. — The  miscellaneous 
castings  are  of  cast  iron  and  consist  of  valve 
cliamber  curbs  and  covers.  Figure  11  shows 
the  curb  for  16  in.  valve  chambers ;  Fig.  12  the 
curb  for  hydrant  and  valve  chambers ;  Fig.  13 
the  hydrant  chamber  cover,  and  Fig.  14  the 
valve  chamber  cover. 


High  Pressure  Valves. — All  valves  used  are 
of  the  solid  wedge  type.  All  except  those  on' 
by-passes  are  of  the  inside  screw  type.  Designs 
are  for  a  working  pressure  of  300  lbs.  Valves 
oyer  12  ins.  are  geared.  Valves  of  16  in. 
diameter  or  under  are  vertical  with  spur 
gears ;   those   over   16  in.   are   horizontal   with 


Rod/us  of  Fillet^ 


7 — Detail      of      Standard      Tees 

Crosses,  Cincinnati   H.   P.   F.   S. 

See   Table   VI. 


and 


bevel  gears.  All  valves  over  12  in.  have  3  in. 
by-passes.  The  valves  open  by  turning  to  the 
right.  The  power  required  to  open  the  valves 
with  .300  lbs.  pressure  on  one  side  and  atmos- 
pheric pressure  on  the  other  side  is  as  follows: 
8  and  12-in.  valves — 1  man  on  20-in.   lever. 

16  and  20-in.   valves — 2  men  on  20-in.  lever. 

24-in.  valves — 2  men  on  24-in.  lever. 

The  valve  stems  are  packed  with  lead  or 
lead  wool.  Valves  are  given  a  shop  hydrostatic 
test  of  600  lbs.  After  installation  there  is  a 
field  test  of  400  lbs.  Valves  are  given  two 
shop  coats  of  the  best  asphaltum  paint. 

PIPE  LAYING. 

All  materials  needed  in  the  construction  are 
furnished  by  the  city  and  stored  in  the  city 
pipe  yard.  From  there  they  are  taken  to  the 
trench  by  the  construction  contractors.  Ma- 
terial is  delivered  as  much  as  two  blocks  in 
advance  of  where  pipe  is  being  laid.  Suitable 
buffers  or  runners  are  used  to  protect  the  coat- 
ing on  pipe  and  specials  during  unloading.  The 
location  in  which  the  trench  is  dug,  the  pipe 
laid  and  the  appurtenances  installed  is  any- 
where within  the  street  lines  as  directed  by  the 
city  official  in  charge  as  the  work  proceeds. 
When  the  directing  city  official  requires  addi- 
tional information  relative  to  existing  sub- 
surface structures,  over  that  on  record,  the 
contractor  excavates  test  pits,  for  exploratory 
purposes,  which  are  paid  for  according  to  the 
contract  price  for  additional  excavation.    It  is 


TABLE 

VII.— 

DIMENSIONS  OF  HYDRANT 

TEE 

SHOWN 

IN 

FIG. 

8. 

Weight 

DiaiTi. 

^ Dimensions 

in  inches. 

^ 

of 

A.         B. 

T,. 

To. 

H. 

I. 

.1. 

tee. 

10          S 

0.92 

0.80 

12 

12 

26 

520 

12           8 

1.04 

O.SO 

13 

13 

27 

685 

16           8 

1.27 

0.80 

15 

15 

29 

1,117 

20           8 

1.51 

0.80 

17 

17 

31 

1,707 

E&C  

Fig.    8 — Detail    of    Standard    Hydrant    Tees, 
Cincinnati  H.  P.  F.  S.    See  Table  VII. 

interesting  to  note  that  the  specifications  and 
contract  do  not  classify  materials  encountered 
in  excavating.  The  contractor  bases  his  bid- 
ding prices  on  the  character  of  formation  he 
expects  to  encounter  and  his  prices  stand  re- 
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gardless  of  the  relative  amounts  of  hard  and 
easy  work  eventually  required. 

At  the  elevation  of  the  center  line  of  the 
pipe  the  trcncli  is  at  least  18  ins.  wider  than 
the  nominal  diameter  of  the  pipe.  Bell  hole 
excavations  are  at  least  1  ft.  deeper  than  the 
bottom  of  bell  on  flange,  at  least  2  ft.  wider 


sub-surface  structures  the  work  is  paid  for  at 
cost  plus  15  per  cent.  The  same  provisions,  in 
general,  apply  to  service  connections  to  private 
property. 

Pipe  is  laid  to  line  and  grade.  It  is  rolled  to 
the  trench  and  carefully  lowered  by  a  suitable 
derrick.    Each  12  ft.  length  of  pipe  is  laid  on 


All  completed  sections  are  given  a  test  at 
400  lbs.  pressure.  The  tests  are  made  between 
adiacent  valves  on  the  mains,  and  between 
valves  and  temporary  caps  or  plugs,  and  in- 
clude the  hydrant  branches  either  up  to  the  8 
in.  valve  or  to  the  independent  valves  of  the 
hvdrant  as  directed.   When  the  main  line  test 


-^  A    U-  ■ 
_.  I8-- J  E.&C. 

Fig.  9 — Detail   of   Standard    Sleeves,   Cincin- 
nati   H.   P.  F.  S.    See  Table   VIM. 


TABLE    VIII.— DIMENSIONS 

OF 

SLEEVE 

SHOWN    IN 

FIG. 

9. 

, T>i 

mensions    in    inches. 

^Weight 

Diam.     D. 

Di. 

A. 

B. 

T. 

R.    in  lbs. 

S       10.40 

14.30 

2 

1.95 

0.95 

2       212 

10       12.64 

16.74 

2 

2.05 

1.03 

2       232 

12       14.SS 

19.28 

2% 

2.20 

1.20 

2       366 

16       19.34 

24.44 

■2% 

2.55 

1.45 

3       569 

20       23.82 

29.52 

2V2 

2.85 

1.75 

3       SOS 

than  the  diameter  of  the  pipe  and  at  least  3  ft. 
long._  When  the  street  pavement  becomes  un- 
dermined and  unsupported,  along  the  trench 
sides,  it  is  broken  down  and  removed. 
Trenches  are  bridged  in  front  of  existing  fire 
hydrants  and  in  front  of  driveways  leading  to 
private  business  properties. 

Pavement  is  removed  for  a  ma.ximum  dis- 
tance of  lUO  ft.  in  advance  of  excavation  and 
paving  materials  are  laid  to  one  side  of  'he 
trench.  All  other  matter  is  piled  along  the 
other  side  of  and  at  least  2  ft.  from  the  trench. 
The  temporary  repavement  is  kept  within  100 
ft.  of  the  open  trench.  At  least  100  ft.  of  open 
trench  to  grade  is  kept  in  advance  of  laid  pipe. 
The  total  running  length  of  trench  open  over 
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Fig.    12 — Detail    of    Curb    for    Hydrant    and       Valve  Chamber,  Cincinnati    H.  P.  F.  S. 


two  blocks  and  four  wedges  of  sound  oak. 
The  wedges  rest  on  the  blocks  and  the  pipe  on 
the  wedges.  The  24  and  20  in.  pipes  are  laid 
on  blocks  24  ins.  by  8  ins.  by  4  ins.  thick ;  the 
111  and  12  in,  pipe  is  laid  on  blocks  18-x6x4  ins. 
thick.   All  wedges  are  6x4  ins.  and  taper  from 


extends  only  to  the  8  in.  valve  on  a  hydrant 
branch  the  portion  of  the  8  in.  pipe  between 
the  valve  and  the  hydrant  is  tested  separately. 
The  leakage  from  the  mains  and  hydrant 
connections     for     each     section     listed     at     a 


TABLE    IX.- 


0) 


^  x-u 

S 15.50 

10 18.00 

12 20.25 

16 25.00 

20 30.25 

24 35.50 


DIMENSIONS 

o 

GJ 

3j  oi 

•o 

S  o 

C3.= 

V 

i5" 

.a    . 

^■? 

r'^ 

13.50 

12 

15.75 

16 

IS.OO 

16 

22.50 

20 

27.50 

24 

32.50 

28 

OF    FILLER    PIECES  SHOWN  IN  FIG.   10. 


o  o 


% 
% 

1 

1 

ly* 
1% 


CO 
10.63 
12.75 
15.25 
18.50 
23.00 
27.80 


10.69 
12.81 
15.31 
18.56 
23.06 
37. S6 


E 
0.25 
0.25 
0.25 
0.25 
0.25 
0.25 


0.19 
0.19 
0.19 
0.19 
0.19 
0.19 


•f  .2  . 

"Ha 

52.2 
63.5 
84.3 

11S.5 
160.1 


J=  II   . 

Ill 
32.1 
40.8 
47.4 
68.6 
95.1 
124.4 


w. 


-H/" 


■»l  /• 


i  !    I 

Q  o  3: 


...»   1 
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X 
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Fig.  10 — Detail  of  Standard  Filler  Pieces  for 

Use   With   Sleeves,   Cincinnati    H.   P. 

F.  S.    See  Table  IX. 

which  the  permanent  or  temporary  pavement  is 
not  in  place  does  not  exceed  1,000  ft. 

When  necessary  the  pipe  line  is  deflected 
downwards,  or  to  cither  side,  under  or  along- 
side such  existing  sub-surface  structures  as 
culverts,  sewers,  pipe  or  conduits.  Extra  exca- 
vation for  this  purpose  is  paid  for  at  bid  prices. 
Where  it  is  necessary  to  move  or  reconstruct 


y  ins.  to  %  in.  thick.  Pipe  interiors  and  joint 
surfaces  are  cleaned  before  laying  and  are  so 
maintained. 

The  joints  are  made  with  the  best  quality 
of  hcmpcd  yarn  or  jute,  closely  twisted  in  one 
piece  for  each  joint,  well  caulked  into  the 
socket.  Cast  lead  joints  are  used.  The  joints 
are  filled  full  with  solid  lead.  Second  pourings 
of  melted  lead  and  the  calking  in  of  cold  lead 
are  both  prohibited.  The  joints  for  all  pipes 
are  at  least  -i/K!  in.  thick  at  all  points  and 
have  a  length  after  calking  of  at  least  3^4  ins. 

Flanged  joints  are  made  with  ten  ounce 
canvas  gaskets  placed  between  two  sheet  lead 
gaskets,  each  1/32  in.  in  thickness.  The  canvas 
is  soaked  in  pure  linseed  oil  and  is  given  a 
coating  on  both  sides  with  red  lead  paste 
ground  in  oil  immediately  before  it  is  applied. 
The  sides  of  these  composite  gaskets  are  coat- 
ed with  red  lead  paste  before  they  are  placed 
in  the  joints.  Each  joint  bolt  is  dipped  in 
asphalt  paint  before  it  is  used.  After  joints  are 
completed  damaged  spots  in  the  coating  are 
retouched  with  a  heavy  coat  of  asphalt  paint. 


Fig.    11 — Detail     of    Curb    for    16     In.    Valve 
Chamber.  Cincinnati   H.  P.  F.  S. 

pressure  of  400  lbs.  must  not  exceed  %  gal. 
per  lineal  foot  of  pipe  joint  per  24  hours.  The 
length  of  pipe  joint  is  figured  on  the  nominal 
interior  diameter  of  the  pipe.  The  test  pressure 
is  applied  by  means  of  a  portable  pressure  pump 
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equipped  with  a  pressure  gage.  The  water 
used  in  testing  is  metered  by  a  meter  whose 
accuracy  is  known  by  test.  The  test  pressure 
is  maintained  for  one  hour.  The  amount  of 
water  forced  into  the  main  during  the  last  20 
minutes  of  this  hour  is  determined  and  taken 
as  a  basis  for  the  computation  of  leakage  per 
24  hours. 

The  pump  and  testing  apparatus  are  connect- 
ed to  the  mains  by  attaching  them  either  to  a 
hydrant  or  to  the  air  cocks  which  are  placed  at 
all  high  points  along  the  main  and  one  on  each 


Fig.   13— Detail  of  Hydrant  Chamber  Cover, 
Cincinnati    H.   P.   F.   S. 


side  of  every  valve  in  the  main.  The  air  cocks 
consist  of  1%  in.  brass  gate  valves  connected 
to  the  main  by  a  1%  in.  extra  heavy  brass 
nipple.  These  valves  are  water  tight  under  a 
pressure  of  700  lbs.  per  square  inch.  Water 
for  testing  purposes  is  taken  from  the  existing 
hydrants.  Generally  mains  are  tested  imme- 
diately after  being  laid  and  before  the  trench 
is  backfilled. 

Throughout  the  system  all  bends,  reducers, 
blowoffs.  caps  and  other  parts  likely  to  draw 
are  firmly  secured  by  steel  clamps,  bolts  and 
rods.  All  valves  are  placed  in  brick  chambers 
with  cast  iron  curbs  and  covers. 

In  backfilling  the  bell-holes  they  are  filled 
with  selected  material  carefully  rammed  under 
the  pipes.  The  backfilling  af  the  bottom  of 
trenches  is  of  fine  material  and  is  tamped  with 
special  tools  to  insure  the  complete  filling  of 
the  wedge-shaped  space  at  the  bottoms  of  the 
pipes  and  special  castings.  The  material  used 
for  backfilling  up  to  6  ins.  above  the  top  of  the 
pipes,  and  up  to  and  around  any  suspended 
culverts,  pipes,  drains,  or  conduits  is  free  from 
rock  and  is  thoroughlv  tamped  in  4  in.  lavers. 
The  remainder  of  the  backfilling  is  tamped  in 
6  in.  layers  to  within  0  ins.  of  the  street  sur- 
face, and  the  trench  is  then  thoroughlv  flushed 
with  water  and  the  filling  is  completed  with 
dry  material  thoroughly  rammed. 

Mr.  Philip  Fosdick  is  Director  of  Public 
Service.  Mr.  J.  A.  Hiller  is  General  Superin- 
tendent of  Water  Works.  Mr.  D.  G.  Hatmaker 
is  in  charge  of  the  engineering  and  drafting 
department  under  Mr.  Hiller.  We  are  indebted 
to    Mr.    Hatmaker    for   the    information    here 


It  is  stated  that  the  municipal  autliorities 
of  Guayaquil,  Ecuador,  have  recently  passed 
an  ordinance  requiring  wire  mesh  or  metal 
sheets  to  be  used  for  building  purposes  in 
the  city  in  place  of  split  bamboo  laths.  This 
ordinance  will  doubtless  create  a  demand  for 
wire  mesh,  stamped  metal  sheets,  etc.,  de- 
signed to  take  a  coating  of  plaster  or  cement. 


A  Discussion  of  the  Question  of  Allow- 
ance for  Paving  Over  Mains  in 
Valuation  Work. 

(Staff   Abstract.) 

With  reference  to  paving  over  mains 
there  seem  to  be  vital  economic  and  engi- 
neering considerations  which  the  Court  of 
Appeals  of  the  state  of  New  York  overlooked 
in  its  decision  in  the  case  of  New  York  Pub- 
lic Service  Commission  vs.  KJngs  County 
Lighting  Co.,  handed  down  on  March  24,  1914. 

In  estimating  the  reproduction  of  a  utility 
property  the  question  has  been  often  raised 
whether  the  cost  of  cutting  through  and  re- 
placing paving  over  mains  should  be  includ- 
ed. It  is  not  a  new  question  and  it  is  sub- 
rnitted,  first  of  all,  that  it  is  not  a  legal  ques- 
tion,  but  one   involving   engineering   fact. 

Is  it  physically  possible  to  reduplicate  a 
plant  as  of  today,  having  a  pipe  distribution 
system  in  the  streets  in  a  modern  city  zvilh 
pavements  all  as  of  today,  tuithout  cutting 
through  and  replacing  the  paving^  A  straight- 
forward, honest  answer  to  this  simple  ques- 
tion will  relieve  us  of  much  trouble  and  will 
clear  up  many  difficulties.  It  is  a  question 
which  not  only  the  engineer  but  the  courts  can 
answer  promptly  and  tlie  answer  must  of 
necessity  be  tliat  in  all  normal  cases  a  hu- 
manly possible  reduplication  of  a  property 
cannot  be  accomplished  without  incurring 
those  expenses. 

Why.  then,  should  this  matter  trouble  val- 
uers? The  answer  is,  first,  that  nearly  every- 
one unacquainted  with  the  fundamental  prin- 
ciples of  valuation,  but  charged  with  its  re- 
sponsibility, is  confronted  with  an  uncon- 
trollable desire  to  reason  about  value  before 
all  the  evidence  of  fact  is  fully  complete  and 
before  him  ;  and,  second,  that  there  is  always 
a  tendency  on  the  part  of  inexperienced  valu- 
ators to  mix  up  evidence  on  past  or  invest- 
ment cost  with  evidence  on  reproduction  or 
present-day  cost  before  either  are  complete. 

SOME    FUNDAMENTAL    PRINCIPLES. 

Before  proceeding  to  analyze  the  opinion  of 
the  court  we  may  first  of  all  define  the  fol- 
lowing economic  principles,  which  it  is  be- 
lieved are  fundamental,  and  should  constantly 
be    kept    in   mind. 

Proposition  1.  "Property"  is  seldom  the 
same  thing  as  "investment." 

Proposition  2.  Cost  is  seldom  the  same 
thing  as  value. 

Proposition  3.  Past  cost  or  investment  is 
seldom  the  same  thing  as  reproduction  cost, 
or  cost  new  as  of  today,   less  depreciation. 

In  valuation  work  one  should  be  careful 
not  to  use  the  words  "Property"  and  "In- 
vestment" interchangeably.  They  may  on  rare 
occasions  be  identical,  but  usually  they  are 
applied  to   quite   different   things. 

The  past  cost  of  a  plant  and  the  present 
reproduction  cost,  less  depreciation,  can  only 
be  identical :  usually  first,  when  property  has 
been  recently  purchased  under  conditions  of 
market  stability  and  permanency;  or,  second, 
when  the  appreciations  and  depreciations  of 
the  past  investment  happen  to  chance  to  pro- 
duce a  surn  which  equals  reproduction  cost 
less    depreciation. 

WHAT    IS    IT    THAT    WE    VALUE? 

In  valuation  work  it  is  important  to  know, 
first  of  all,  what  it  is  that  we  are  to  value. 
Are  we  to  retrace  the  actual  cash  expend- 
iture that  has  gone  into  a  property,  or  are 
we  to  value  the  plant  and  business  of  the  util- 
ity as  a  property  and  as  of  today?  This  is 
not  an  engineering  question.  It  is  the  func- 
tion of  the  law  and  the  courts  to  guide  us  on 
this  important  point,  and  the  courts  would 
perform  a  notable  service  if  they  would  con- 
strue the  law  on  this  point  for  us  in  a  manner 
so  clear  and  decisive  that  further  discussion 
of  it  or  dispute  about  it  would  be  needless. 
As  it  is,  about  one-half  the  time  of  courts 
and  commissions  is  now  wasted  in  hearing  op- 
posing views  on  this  particular  question  from 
parties  who,  for  the  sake  of  temporary  ad- 
vantage, desire  the  one  or  the  other  of 'these 
views  to  prevail  in  their  particular  case  and 
for  their  particular  side. 


So  far  as  engineers  can  gather  the  law 
from  a  review  of  court  decisions  and  opin- 
ions, the  courts  are  generally  holding  firmly 
to  the  view  that  it  is  the  value  of  the  prop- 
erty (not  the  past  cost)  and  as  of  today  (not 
as  of  yesterday  or  last  year)  that  we  are  to 
find,  but  occasionally  a  court  will  wander 
back  to  the  past  investment  theory,  as  the 
Appellate  Court  has  in  part  done  in  this  in- 
stance, and  thus  confuse  appraisers,  engi- 
neers and  commissions  engaged  or  about  to 
engage   in  valuation  work. 

THE    FUNCTION    OF    THE    COURT    IX    REPRODUCTION 
EVIDENCE. 

The  court  has  two  functions  to  perform  in 
receiving  and  reviewing  introduction  evi- 
dence : 

First,  it  should  scrutinize  the  reproduction 
estimates  in  the  light  of  reason  and  common 
sense  aided  by  the  engineering  evidence  to 
see  that  they  are  made  on  a  basis  that  is  hu- 
manly possible  and  practically  feasible  and 
workable:  that  nothing  is  left  out  of  them 
that  would  ordinarily  be  encountered  in  real 
life  and  real  work,  and  that  nothing  is  in- 
cluded in  them  that  is  not  necessary  in  fact 
or  in  good  engineering  practice;  that  they 
are  neither  padded  out  nor  skimped;  in  a 
word,  that  they  are  a  fair  and  honest  picture 
of  7fliat  zvnuld  rcallv  happen. 

This  is  the  engineer's  particular  domain, 
and  the  views  of  the  experienced  and  practi- 
cal engineering  expert  should  here  receive 
weight,  especially  when  he  shows  maturity, 
experience  and  fairness  in  his  testimony.  The 
engineer  is  in  effect  a  court  all  by  himself 
on  this  subject,  but  his  decisions  must  have 
a  reason  back  of  them  and  must  be  subject 
to   review. 

Second:  When  reproduction,  less  deprecia- 
tion, estimates  have  been  fully  completed,  so 
that  enough  cost  has  been^  allow'ed  to  re- 
produce the  entire  property,  including  the  re- 
production of  tlie  business,  then  it  is  the 
function  of  the  court,  aided  bv  the  evidence, 
to  reason  out  the  question :  "Is  reproduction 
less  depreciation  in  tliis  case  a  proper  meas- 
ure of  value  or  a  fair  measure  of  value:  and 
if  not,  why  not.  and  to  what  extent  not?" 

It  is  here  that  the  Appellate  Court  has  mis- 
conceived its  problem.  It  has  taken  under 
consideration  one  of  the  items  belonging 
strictly   to   the   reproduction   estimate  and  en- 
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Fig    14 — Detail     of    Valve    Chamber    Cover, 
Cincinnati   H.  P.  F.  S. 

deavored  to  reason  out  of  existence  an  engi- 
neering fact  that  cannot  honestly  be  eliminat- 
ed, and  then  with  this  item  alone  in  mind  the 
court  has  endeavored  to  determine  whether 
it  is  or  is  not  value  as  applied  to  the  prop- 
erty as  a  whole. 

What  the  court  should  have  done  was  first 
to  reason  out  whether  this  item  was  properly 
a    part    of    the    reproduction    estimate;    and, 
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secondly,  has  it  fairly  and  properly  estimated; 
and,  thirdly,  it  should  have  asked  itself :  "Is 
reproduction  estimate  itself  as  a  whole  a  fair 
and  proper  measure  of  value  in  this  particular 
casef" 

A  method  of  approach  such  as  is  above 
described  would  have  placed  the  court  deci- 
sion on  firm  and  dignified  ground  and  avoid- 
ed an  unfortunate  attempt  to  controvert  a 
fact  in  the  evidence  before  it  which  is  ordi- 
narily undisputable. 

THE    OPINION. 

To  understand  fully  the  application  of  these 
economic  suggestions  it  will  be  desirable  here 
to  quote  all  of  that  portion  of  the  opinion  in 
the  case  referred  to  relating  to  the  question 
(  of  paving  cost,  bold  faced  type  marking  sen- 
tences that  will  be  particularly  discussed: 

In  determining  the  cost  of  reproduction  the 
commission  allowed  $12,717  as  the  cost  of  re- 
storing the  pavement  as  it  existed  when  the 
mains  and  service  pipes  were  laid  in  the  streets. 
The  relator  claimed  an  allowance  of  at  least 
$200,000  for  the  cost  of  restoring  pavements  sub- 
sequently laid  on  the  theory  that  that  cost 
would  have  to  be  incurred  if  the  mains  were  to 
be  laid  today.  But  the  new  pavements  in  fact 
added  nothing  to  the  property  of  the  relator. 
Its  mains  were  as  serviceable  and  intrinsically 
as  valuable  before  as  after  the  new  pavements 
were  laid.  The  controlling  considerations  under 
the  preceding  point  also  determine  this.  The 
rights  of  the  public  are  not  to  be  ignored.  The 
question  has  a  double  aspect.  What  will  be  fair 
to  the  public  as  well  as  to  the  relator?  (Smyth 
v.  Ames,  Supra.)  Should  the  public  pay  more 
for  gas  simply  because  improved  pavements 
have  been  laid  at  public  expense?  It  is  no 
answer  to  say  that  the  new  expensive  pave- 
ments suggest  improved  conditions  which, 
though  adding  to  the  value  of  the  plant,  will 
not,  by  reason  of  the  greater  consumption,  add 
to  the  expense  per  thousand  feet  of  the  gas 
consumed.  The  public  are  entitled  to  the  bene- 
fit of  the  improved  conditions,  if  tliereby  the 
relator  is  enabled  to  supply  gas  at  a  less  rate. 
The  relator  is  entitled  to  a  fair  return  on  its 
Investment,  not  on  improvements  made  at  pub- 
lic expense.  It  is  said  that  the  mains  will  have 
to  be  relaid.  So  will  the  new  pavements,  aiid 
much  oftener.  Both  might  possibly  be  relaid  at 
the  same  time.  The  case  is  not  at  all  parallel 
to  the  so-called  unearned  increment  of  land, 
that  the  compan.v  owns.  It  does  not  own  the 
pavements  and  the  laying  of  them  does  not  add 
to  its  investment  or  increase  the  cost  to  it  of 
producing  gas.  The  cost  of  reproduction  less 
accrued  depreciation  rule  seems  to  be  the  one 
generally  employed  in  rate  cases.  But  it  Is 
merely  a  rule  of  convenience,  and  must  be  ap- 
plied with  reason.  On  the  one  hand  it  should 
not  be  so  applied  as  to  deprive  the  corporation 
of  a  fair  return  at  all  times  on  the  reasonable, 
proper,  and  necessary  investment  made  by  it  to 
serve  the  public,  and  on  the  other  hand  it 
should  not  be  so  applied  as  to  give  the  cor- 
poration a  return  on  improvements  made  at 
public  expense  which  in  no  way  increase  the 
cost  to  It  of  performing  that  service. 

The  Appellate  Division  felt  bound  by  the  de- 
cision of  the  United  States  Circuit  Court  in  the 
Consolidated  Gas  case  (157  Fed.  Rep.  S49),  and 
it  is  true  that  such  an  allowance  was  made  in 
that  case.  But  the  United  States  Supreme  Court 
held  in  that  case  (212  U.  S.  19)  that  the  rate 
established  was  not  confiscatory,  and  did  not 
pass  on  the  propriety  of  that  allowance.  What 
was  said  in  the  opinion  on  the  subject  of  pres- 
ent value  was  merely  a  general  statement  hav- 
ing no  necessary  relation  to  the  question  now 
under   consideration. 

Reviewing  the  opinion  as  above  quoted  it 
must  be  apparent — 

1st.  The  reasoning  of  the  court  does  not 
seem  to  show  a  clear  distinction  between  in- 
vestment or  actual  past  expenditure  and  the 
reproduction  cost  as  of  today,  which  latter  it 
is  in  reality  discussing. 

2d.  The  court  alters  engineering  facts  to 
fit  its  reasoning,  rather  than  attempts  to  fit 
its   reasoning  to  the   engineering   facts. 

3d.  The  court  needlessly  increases  its  di- 
lemma by  reasoning  about  the  value  of  the 
property  as  a  whole,  with  only  one  of  the 
items  of  reproduction  estimate  in  mind. 


THE     NATURE    AND    USE    OF    REPRODUCTION    ESTI- 
MATES. 

A  little  thinking  on  the  nature  and  pur- 
pose of  "reproduction  cost  less  depreciation" 
as  a  line  of  cost  evidence,  useful  in  arriving 
at  the  value  of  public  utilities,  will  convince 
almost  anyone  not  prejudiced  in  the  matter 
that  if  this  kind  of  cost  evidence  is  worth 
anything  at  all  as  an  aid  to  valuation  it  is 
because  it  produces  something  concrete  and 
tangible ;  something  which  can  be  checked  by 
experience  and  common  sense ;  something 
which  is  so  commonly  done  and  so  often  re- 
peated that  engineers  at  least  know  fairly  well 
what  would  happen  under  a  given  set  of  con- 
ditions. 

A  competent  engineer  with  the  proper  ex- 
perience can  tell  what  it  would  cost  today 
to  reproduce  a  property  because  he  is,  and  has 
been  for  many  years,  reproducing  properties. 
It  seems  an  entirely  practicable  proposition 
to  him  at  least,  if  not  to  the  layman  or  the 
court.  Once  the  engineer  is  directed  to  esti- 
mate a  reproduction  he  embarks  upon  a  pro- 
gram to  him  not  susceptible  of  violent  ex- 
pansion or  curtailment;  his  reason  and  ex- 
perience insist  upon  the  inclusion  of  every 
item  that  must  reasonably  be  encountered 
each   step  of  the  way. 

When  a  court  in  its  opinion  deliberately  ad- 
vises the  engineer,  therefore,  that  reproduc- 
tion is  "merely  a  rule  of  convenience,"  appar- 
ently it  says  to  him  :  "We,  at  least,  are  not 
bound  down  to  reproduce  this  property  in  a 
way  that  is  humanly  possible  if  the  final  costs 
incurred  do  not  seem  to  our  lay  minds  rea- 
sonable." You  must  not,  for  instance,  buy 
land  that  is  now  held  at  very  much  higher 
prices  than  formerly,  nor  must  you  compute 
the  excessive  cost  of  laying  pipe  in  congested 
streets  if  once,  long  ago  perhaps,  you  could 
have  operated  in  grass-grown  and  deserted 
thoroughfares  only  just  opened  up  from  adja- 
cent farm  lands.  Continuing  this  logic  it 
says,  in  effect,  you  must  seriously  consider 
the  laying  down  of  pipe  in  paved  streets  with- 
out cutting  through  the  pavements  or  re- 
placing them,  because  it  does  not  seem  to  us 
that  the  public  should  pay  rates  on  this  kind 
of  expense. 

Certainly  engineers  cannot  acquiesce  in  any 
such  loose  ideas  of  "Reproduction"  as  an 
engineering    estimating    process. 

WHAT    IS    REPRODUCTION? 

To  the  engineer  the  reproduction  of  a 
property  as  of  today  can  mean  one  thing,  and 
one  thing  only,  and  that  is  the  entire  elim- 
ination of  all  methods  whicli  are  not  humanly 
possible. 

To  reproduce  a  property  from  an  engineer- 
ing point  of  view  is  to  proceed  in  a  manner 
which  engineers  commonly  use  to  overcome 
the  obvious  obstacles  that  all  new  con- 
struction encounters.  It  must  be  done  under 
conditions  as  they  exist  today,  or  will 
exist  in  the  near  future  during  a  reason- 
ably rapid  period  of  construction.  The  life 
work  of  the  engineer  is  to  estimate  in  ad- 
vance what  the  obstacles  to  such  a  process 
will  be.  and  what  it  will  cost  to  overcome 
them,  and  what  will  be  humanly  practicable  to 
accomplish,  and  to  advise  the  engineer  that 
certain  obstacles  to  a  reproduction  which  he 
can  clearly  see  must  exist  should  not  be  esti- 
mated because  the  result  w'ill  be  too  high  or 
too  low  is  as  great  a  fallacy  as  to  direct  him 
in  his  estimate  to  use  three  as  the  product  of 
two  times   two. 

To  compute  the  cost  of  only  a  part  of  a 
structure  and  call  it  "reproduction"  is  worse 
than  a  misnomer,  for  if  the  facts  on  which 
valuation  reasoning  are  based  are  incorrect 
the   valuation    reasoning   itself   is   vitiated. 

Some  courts  and  commissions  confuse 
themselves  at  times  by  calling  this  item  "the 
value  of  pavements  over  mains."  This  is  not 
a  correct  designation.  The  engineer  in  fig- 
uring the  cost  of  reproducing  a  phnt  docs 
not  compute  the  value  of  pavements  over 
mains  at  all.  He  computes  the  cost  of  the 
excavation  work  of  cutting  through  pave- 
ments as  an  obstacle,  laying  his  pipes  there- 
under, and  the  cost  of  the  work  of  replacing 
the  pavement  in  as  good  condition  as  it  was 


before,  and  this  is  a  very  different  thing  from 
valuing  a  pavement,  for  it  has  no  connection 
with  the  cost  or  "value  of  a  pavement  it- 
self." 

HOW  "reproduction"  works  out. 

Now  it  is  quite  idle  to  argue  that  a  pres- 
ent day  plant  can  be  reproduced  without  ordi- 
narily Hicurring  such  an  item  as  we  are  here 
discussing,  and  the  court  fortunately  has  not 
attempted   such   an   argument. 

Where,    then,    arises   its    difficulty? 

Obviously  because  it  has  lost  sight  of  the 
true  nature,  limitations  and  use  of  that  line 
of  cost  evidence  known  as  "reproduction  cost" 
and  is  dwelUng  on  past  cost  or  investment, 
-cvhich   is  entirely  a   different   thing. 

Let  us  inquire  first  how  reproduction  as 
of  today  should  be  worked  as  a  practical 
matter. 

Losses  to  the  Utility.  Gains  to  the  Public. 
— Reproduction  should  present  a  faithful  and 
practical  picture  of  what  the  city  or  utility 
company  would  face  if  they  had  to  build  a 
new  plant  now,  but  like  the  existing  plant  in 
all  respects.  Reproduction  less  depreciation, 
therefore,  shears  away  and  casts  aside  from 
the  original  investment  the   following  losses: 

(1)  Obsolete  structures  which,  although 
they  have  served  their  day,  are  now  useless. 

(2)  E.xpenditures  and  investments  which 
perhaps  seemed  wise  at  the  time  they  were 
made,  but  had  since  proved  to  be  unwise. 

(3)  The  higher  prices  for  materials  and 
machines  which  may  have  prevailed  in  the 
past. 

(4)  Investments  made  for  population  which 
may  not  have  developed,  or  developed  in 
other   directions   than   was   expected. 

(5)  Cost  of  appliances  rendered  valueless 
by   reason  of  improvements  in  the   arts. 

(6)  The  wear  and  tear  of  the  plant. 

(7)  Changes  in  public  demand,  producing 
obsolescence. 

(8)  Inadequacy  of  original  plant  due  to 
rapidly   increasing  population. 

(9)  All  other  depreciations  and  losses  from 
whatever   cause   they   may   have   occurred. 

Cains  to  the  Utility.  Losses  to  the  Public. 
— Now  it  must  be  argued  in  all  fairness  and 
justice  if  we  are  thus  to  wipe  out,  by  the  re- 
production of  the  plant  as  of  today,  all  this 
kind  of  past  investment  which  may  have  been 
made  honestly  and  in  good  faith,  every  con- 
sideration of  fairness  and  justice  requires  us 
to  face  the  fact  that  utility  properties  when 
considered  as  being  now  recreated  must  take 
fully  into  account  all  the  obstacles  which 
they  did  not  originally  have  to  confront. 
Among  these  obstacles  may  be  mentioned : 

(n    Increased    cost    of    land. 

(2)  Increased  prices  for  labor  and  certain 
materials  and  often  the  high  cost  of  living. 

(3)  Difficulties  connected  with  installing  a 
plant  amid  a  more  dense  and  exacting  popu- 
lation. 

(1)  The  necessity  of  conforming  to  police 
regulations  and  city  ordinances  made  neces- 
sary by  increased  traffic  and  the  public  con- 
venience. 

(.5)  The  necessity  in  underground  distribu- 
tion systems  of  meeting  and  avoiding  an  in- 
creased number  of  other  utility  conduits,  such 
as  sewers,  gas  or  water,  telephone  or  tele- 
graph conduits,  service  pipes,  heating  mains 
and  the  numerous  pipes  which  in  a  more  de- 
veloped   city    crowd    the    subsurface    area. 

(6)  The  necessity  of  cutting  through  and 
replacing  pavements. 

(7)  The  necessity  of  passing  under  steam 
railroad  tracks,  street  car  tracks,  bridges, 
viaducts  and  ctlier  improvements  not  now 
possible  to  avoid,  but  perhaps  non-existent 
at   the   time   of   original   construction. 

Clearly,  if  we  must,  by  the  force  of  cor- 
rectly reasoned  and  carried  out  reproduction, 
eliminate  all  the  obsolete  expenditures,  the 
mistakes  of  the  past,  the  depreciation  which 
property  has  suffered,  we  must  as  well  find 
the  cost  of  reproducing  the  property  under 
the  present  conditions,  with  full  allowance  for 
such  obstacles  as  the  present  conditions  im- 
pose upon  us.  In  reproduction  we  cannot  be 
just  and  neglect,  on  the  one  hand,  the  things 
which  favor  the  properly,  and  on  the  other 
hand  include  those  things  which  arc  unfavor- 
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alile  to  the  property.  If  vvc  are  going  to  dis- 
)ii-iisc  with  the  obstacles  which  a  present  day 
rei)r(idiiction  must  meet  by  some  process  of 
"rubbing  an  .Maddin's  lamp,"  then  to  be  fair 
and  just  we  must  also  include  in  our  cost 
estimate  the  past  obsolescence — that  is,  ex- 
penditures for  structures  which  have  disap- 
I)eared,  and  iinmediately  we  do  this  wc  arc 
luit  rel'roduciny  the  property  at  all,  but  are 
inzcstigating  its  past  history  from  the  invest- 
ment point   of  view. 

REPRODUCTION   IS   A    SEPAHATION    FROM   THE   PAS'?. 

The  reproduction  method  has  nothing  what- 
ever to  do  with  the  past. 

It  is  true  that  recent  past  experience  is  our 
guide  in  deciding  what  proper  costs  are  to 
be  used  in  a  reproduction,  but  such  recent 
past  costs  are  considered  only  as  they  aid  the 
judgment  in  arriving  at  what  the  present  and 
near  future  cost  conditions  will  be.  Repro- 
duction, if  it  means  anything  at  all,  means 
that  the  engineer  is  to  estimate  the  cost  of  a 
theoretical  new  work  just  as  he  estimates  the 
cost  of  any  actual  new  work  he  may  be 
charged  with.  To  mix  actual  past  costs  into 
reproduction  costs,  without  a  review  as  to 
whether  they  are  similar  to  present  costs,  is 
a  fatal  state  of  mind  and  opens  the  door, 
especially  with  laymen,  to  all  kinds  of  con- 
fusion and  unreason.  Past  cost  data  are 
only  data,  and  as  data  they  are  only  of  value 
as  they  help  us  to  determine  what  the  pres- 
ent or  near  futiire  cost  would  be  if  the  prop- 
erty had  to  be  built  new  beginning  today. 
The  nearer  to  the  present,  therefore,  that 
we  have  data  on  past  cost,  the  more  useful 
such  dal^  usually  are  in  helping  us  to  formu- 
late the  future  cost  of  reproduction  estimat- 
ing. 

REPRODUCTION     A     COMPLETE     ENTITY. 

Reproduction  when  complete  is  an  entity,  a 
coinplete  whole.  Unless  it  is  complete  it  is 
dangerously  deceptive  as  a  line  of  evidence. 
To  estimate  what  it  would  cost  in  part  to 
rebuild  a  property,  and  then  stop  and  try  to 
reason  from  that  incomplete  reproduction  the 
full  value  of  such  a  property,  is  to  produce 
something  more  dangerous  than  useful.  Such 
partial  estimates  are  especially  dangerous 
when  the  court  or  the  appraiser  does  not  ob- 
serve that  they  are  not  complete.  If  one  esti- 
mates the  cost  to  rebuild  a  house  up  to  the 
top  of  the  first  story,  how  will  that  very  much 
help  him  to  find  the  value  of  the  two-story 
house  he  is  reproducing  and  wishes  to  value? 
He  must  reproduce  the  cost  to  complete  the 
whole  house,  and  then  reason  whether  the 
house  is  worth  that  much  or  not. 

The  besetting  sin  of  valuators  new  to  the 
art  is  to  estimate  reproduction  part  way 
tnrough,  and  then  stop  and  try  to  reason 
about  the  value  of  the  whole  property.  They 
do  this  often  because  they  think  of  reproduc- 
tion as  a  final  summing  and  they  get  afraid 
they  will  be  led  to  some  conclusion  by  the 
reproduction  formula  to  which  they  do  not 
want  to  come,  so  they  stop  in  the  middle  of 
thmgs  and  wrestle  with  value  of  the  property 
as  a  whole  when  they  have  no  business  to  be 
thinking  of  anything  but  the  reasonableness 
of  the   reproduction   items. 

There  can  be  no  formula  for  reasoning  out 
v'ilue. 

Some  of  the  mental  difficulties  which  the 
court  encountered  in  trying  to  reason  value 
ot  the  property  as  a  whole  from  partial  re- 
production items  can  be  well  observed  in  the 
following   quotation  : 

tSut  the  new  pavements,  in  fact,  added  noth- 
ing to  the  property  of  the  relator. 

Is  this  or  is  this  not  true?  Some  simple 
questions  can  be  asked  which  will  apparently 
throw  light  on  the  question : 

If  a  city  desired  to  build  its  own  municipal 
gas  plant  in  this  instance,  would  the  fact  that 
the  utility  company's  pipes  were  already  under 
the  pavements  give  them  any  special  value 
in   its  eyes? 

Would  a  utility  distribution  system  be  likely 
to  have  as  much  value  for  sale  or  as  a  basis 
for  an  issue  of  bonds  in  an  unpaved  city  as 
a   paved   city? 


Do  pavements  over  mains  facilitate  the  in- 
stallation of  competitive  conditions,  or  do 
they   deter   them  ?  * 

If  a  city  which  never  had  a  gas  or  water 
plant,  but  which  was  well  paved,  should  de- 
cide lo  install  one,  would  it  cost  more  or 
would  it  cost  less  because  the  streets  were 
paved? 

I  f  a  city  had  a  new  gas  or  water  plant  in- 
stalled and  great  expense  was  incurred  in 
cutting  through  and  replacing  pavements, 
should  the  public  properly  pay  rates  on  this 
expense  or  should  they  escape  making  a  fair 
return  on  this  portion  of  the  cost  thereafter? 

An  honest  answer  to  these  questions  would 
appear  to  destroy  the  conclusion  of  the  court 
on   this   question. 

FAIRNESS    TO    THE    PUHLIC. 

The  writer  has  been  asked  several  times 
on  the  witness  stand  by  commissions  or  coun- 
sel ; 

J)o  yuu  think  it  Ls  right  that  the  public  should 
pay  return  on  the   value  of  paving  over  mains? 

And  he  is  accustomed  to  reply : 

Yes,  if  reproduction  is  found,  to  be  a  proper 
measure  of  the  present  value  ot  the  jwoperty, 
and  no.  if  reproduction  is  not  such  a  measure. 

This  kind  of  an  answer  is  necessary  be- 
cause the  question  presupposes  that  repro- 
duction less  depreciation  is  a  final  formula 
for  the  value  of  the  property  as  a  whole.  It 
is  in  reality  only  one  of  the  facts  helpful  to 
a   determination  of   such   value. 

Continuing  our  analysis,  we  find  the  court 
further  says: 

The  I  ight.s  of  the  public  are  not  to  be  ignored. 
The  question  has  a  double  aspect.  What  will 
be  fair  to  the  public  hs  well  as  to  the  relator? 

Setting  aside  an  objection  to  this  sentence 
that  there  is  no  time  in  valuation  matters 
when  one  should  forget  the  double  aspect  of 
the  question  and  what  will  be  fair  to  the 
public  as  well  as  to  the  utility,  let  us  inquire 
how  the  allowance  for  paving,  so-called,  is 
unfair  to  the  public.  It  is  granted  in  repro- 
duction estimate  that  the  public  ordinarily 
paid  for  the  paving  and  it  is  conceded  that 
the  company  ordinarily  does  not  own  it. 

The  key  to  this  doubt  about  fairness  lies 
entirely  in  the  misconception  of  what  the 
item  is  estimated  for,  and  how  it  is  to  be 
used,  as  has  been  shown.  It  is  not  for  the 
"value  of  the  pavements"  at  all,  but  it  is  part 
of  the  natural  cost  of  reduplicating  the  prop- 
erty under  present  conditions,  and  it  has 
been  shown  that  in  a  logical  reproduction  as 
of  today  this  increased  difficulty  of  pipe  lay- 
ing cannot  be  avoided. 

If,  then,  there  is  any  unfairness  about  this 
item  at  all  to  anybody  it  is  because  the  en- 
tire reproduction  less  depreciation  method  of 
fixing  value  is  unfair,  and  not  because  any 
one  necessary  item  of  it  is  unfair. 

Now  the  question  as  to  whether  the  en- 
tire reproduction  method  is  a  fair  or  unfair 
method  to  apply  in  any  given  case  is  an  en- 
tirely proper  one  to  raise ;  in  fact,  no  valua- 
tion is  properly  made  and  completed  unless 
this  question  of  the  fairness  of  the  whole 
reproduction  method  to  any  particular  case  is 
thoroughly    investigated. 

WHEN    REPRODUCTION    IS    UNFAIR    TO    USE. 

It  very  frequently  happens  that  reproduc- 
tion less  depreciation  is  entirely  unfair  to 
one  side  or  the  other.  It  is  at  times  unfair 
to  the  public  in  the   following  instances; 

1.  When  a  utility  company  has  installed 
in  construction  far  greater,  more  costly  or 
more  numerous  structures  than  it  needed  rea- 
sonably to  have  installed. 

2.  When  the  population  and  demand  have 
diminished  in  the  course  of  years  so  that  there 
is  no  longer  any  need   for  so  large  a  works. 

3.  When  the  existing  works  do  not  ade- 
quately meet  the  changed  conditions  of  the 
public  need,  but  still  are  efficient  for  the  pur- 
pose for  which  they  were  originally  designed. 

4.  When  the  builders  were  guilty  of  ex- 
travagance, wastefulness  or  misjudgment,  dis- 
honesty or  graft  resulting  in  too  unreason- 
ably expensive  structures  or  machines. 

5.  When  the  prices  for  labor  and  material 
at   the   time   the  reproduction   estimate   is   be- 


ing made  are  all  abnormally  high,  due  to 
boom  periods  or  acute  market  scarcity  of 
materials. 

Other  situations  in  which  reproduction  less 
depreciation  are  unfair  to  the  public  might 
be   added   to   this  list. 

Again,  it  is  unfair  to  the  utility  company — 

1.  Where  it  owns  and  controls  valuable 
processes  not  generally  available,  or,  say,  the 
sole  source  of  supply,  as,  for  instance,  in 
water  supplies  from  a  limited  number  of  de- 
sirable springs,  or  a  peculiarly  favorable  geo- 
logical or  pliysical  opportunity  not  readily 
duplicated. 

2.  Where  skillful  designers  and  experi- 
enced builders  have  accurately  forecasted  the 
changing  needs  of  the  public  or  of  the  future 
and  economically  provided  properly  for  them 
with   wisdom,   skill  and  good  judgment. 

3.  Where  conditions  of  great  hazard  and 
risk  have  arisen  and  have  been  successfully 
overcome  by  ingenious  and  skillful  engineer- 
ing design  costing  but  little  to  introduce. 

4.  Where  careful  study  and  prudent  in- 
investigation  have  produced  an  engineering 
work  that  results  in  special  savings  in  opera- 
tion  not   ordinarily   available. 

5.  Where  the  prices  for  labor  and  material 
at  the  time  the  reproduction  estimate  is  being 
made  are  largely  depressed,  due  to  panics  or 
periods    of    temporary    depression. 

WHEN     IS    REPROIIUCTION     A     FAIR     MEASURE    OF 
VALUE  ? 

In  valuation  work  it  may  be  said  to  be  a 
fundamental  principle  that  the  cost  of  repro- 
duction as  of  today,  in  a  manner  that  is  hu- 
manly possible  and  practicable  to  the  engi- 
neer, less  the  depreciation  of  the  property, 
must  be  the  least  value  whicli  can  be  put  upon 
the  property  ■when  the  follovAng  conditions 
obtain : 

1.  That  the  utility's  product  is  needed  by 
the   public. 

2.  That   the    service   is    satisfactory. 

3.  That  the  city  is  prosperous  and  grow- 
ing. 

4.  That  no  serious  mistakes  of  engineer- 
ing or  finance  have  developed  in  the  past 
history   of  the   plant. 

.5.  That  the  cost  of  the  service  to  the  con- 
sumer is  less  than  any  substitute  service. 

Under  the  above  conditions  it  is  ^bvious 
that  if  the  public  utility  property,  whether 
owned  by  the  city  or  the  company,  were  sud- 
denly wiped  out  of  existence  its  value  to  the 
community  would  be  the  cost  of  restoring  it 
under  existing  conditions — i.  e.,  in  the  near 
future — including  the  losses  in  revenue  sus- 
tained while  so  doing,  and.  of  course,  all  in 
a  manner  humanly  possible  as  an  engineering 
problem.  When  so  estimated  and  restored  its 
cost  would  be  the  least  possible  value  that 
could  lie  put  upon  the  property.  The  great- 
est value  which  the  property  could  then 
have  would  be  the  cost  to  the  consumers  of 
installing  a  supply  in  the  next  most  available 
way — in  other  words,  the  worth  of  the  serv- 
ice  to   the   consumer   demonstrated. 

SHALL    WE    RETRACE    AN    INVESTMENT    OR    VALUE 
A     PROPERTY  ? 

It  is  to  be  regretted  that  the  .Appellate 
Court,  after  making  so  clear  an  argument 
for  the  inclusion  of  going  value,  and  after 
showing  in  that  argument  that  it  considers 
that  reproduction  was  the  upbuilding  of  a 
new  similar  property  as  of  today,  should  so 
reverse  its  reasoning  when  taking  up  the  mat- 
ter of  pavement  costs,  for  in  the  latter  argu- 
ment its  mind  was  clearly  on  the  past  cost  and 
history  of  the  property  rather  than  on  the  re- 
production  which   it   is   discussing. 

Three  times  in  the  opinion  quoted  it  uses 
the  term  "investment,"  while  only  once  near 
the  beginning  does  it  use  the  word  "prop- 
erty." "The  relator  is  entitled  to  a  fair  re- 
turn   on    the    investment." 

And  again :  "It  does  not  own  the  pave- 
ments, and  the  laying  of  them  does  not  add 
to  its  investment  or  increase  the  cost  to  it  of 
producing   gas." 

"It  (reproduction)  should  not  be  so  applied 
as  to  deprive  the  corporation  of  a  fair  re- 
turn at  all  times  on  the  reasonable,  proper 
and  necessary  investment  made  on  it  to  serve 
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the  public."  Now  the  term  "investment,"  as 
has  been  shown,  is  used  to  describe  the  cash 
which  is  usually  put  into  an  undertaking  or 
has  been  put  into  such  an  undertaking  in  the 
past. 

It  is  obvious  that  the  term  investment  is 
not  synonymous  with  value.  An  investment 
in  a  property  may  produce  a  value  as  time 
goes  by  much  greater  than  the  actual  rnoney 
expended,  or  it  may  become  a  total  loss.  The 
term  "investment,"  therefore,  as  applied  to  a 
utility  being  valued,  must  necessarily  relate 
to  the  money  actually  expended  in  the  past  to 
build  up  the  property. 

Now  it  is  quite  evident  not  only  from  the 
use  of  the  term  "investment"  but  by  the  en- 
tire method  of  expression  and  argument,  that 
the  court  in  writing  its  opinion  was  thinking 
of  the  actual  money  that  had  been  expended 
in  the  past.  But  the  subject  under  discus- 
sion is  reproduction  in  the  present — an  en- 
tirely   different   thing. 

If  the  court  had  decided,  on  reviewing  this 
case,  that  investment  or  actual  past  cost  was 
the  best  way  to  measure  value  of  the  prop- 
erty as  a  whole  in  this  particular  instance, 
then  it  is  under  no  necessity  to  discuss  repro- 
duction   at    all,    because    reproduction    has    no 


bearing  at  all  on  past  cost  or  investment,  and 
if  the  court  wished  to  use  the  basis  of  i-s 
past  investment  as  a  measure  with  which  to 
value  the  property,  then  it  can  properly  reject 
the  item  of  paving  if  it  were  presented  to  it, 
because  the  cost  of  cutting  through  and  vi-- 
placing  paving  does  not  enter  into  past  or 
investment  cost  unless  the  pavement  actually 
existed  at  the  time  the  pipes  were  originall 
laid. 

But  the  court  in  this  case  is  actually  re- 
viewing evidence  presented  to  the  commis- 
sion to  show  reproduction  estimates  as 
of  today,  and  in  reviewing  this  evidence 
conies  upon  the  stubborn  fact  that  a  repro- 
duction as  of  today  must  include  overcoming 
certain  obstructions  which  did  not  originally 
exist,  and  it  proceeds  to  utilize  arguments 
against  these  obstructions  proper  enough  in 
discussing  past  cost,  but  entirely  improper 
in    discussing   present    reproduction    cost. 

This  is  creating  an  entirely  useless  and 
needless  dilemma,  because  of  the  lack  of 
clear  distinction  between  past  or  investment 
cost    and   reproduction   cost. 

DO    PAVEMENTS    INCREASE    THE    COST    OF    CAS.' 

Incidentally  it  may  well  be  pointed  out  that 
the  pavements  over  mains,  as  an  engineering 


fact,  do  increase  the  cost  of  delivering  gas,  if 
not  producing  it.  In  the  city  of  Chicago,  for 
example,  maintenance  and  operating  repair 
work  is  seriously  increased  because  the  equiv- 
alent of  from  six  to  eight  miles  of  full-width 
pavement  are  necessarily  torn  up  and  re- 
placed every  year  in  the  ordinary  course  of 
repair  and  maintenance  work  to  the  gas  pipe 
system,  and  it  is  indeed  hard  to  see  how  this 
necessary  expenditure  does  not  increase  the 
cost  at  least   of   delivering  gas. 

Much  more  might  be  said  here  upon  the 
legal  status  of  past  cost  and  reproduction  cost 
as  two  distinct  lines  of  inquiry  from  which  to 
reason  value,  but  such  line  of  thought  is  not 
entirely  proper  in  this  review,  which  seeks  to 
confine  the  question  to  its  economic  and  engi- 
neering aspects. 
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The    New    Austin    Dam    and    Power 
Plant. 

Contributed    by  Frank   S.    Taylor,    Resident  and 
Directing    Engineer,    Austin,    Texas. 

III. 

POWER    HOUSE. 

The  power  house  is  built  of  yellow,  pressed 
brick  and  measures  118  ft.  long  by  .50  ft.  wide, 
inside  measurement.  The  sides  of  the  build- 
ing are  guarded  by  an  elaborate  railing  of 
nickel-plated   iron   pipe. 

The  equipment  comprises  three  vertical,  or 
"umbrella  type"  generators,  each  of  1,800  KW. 
capacity,  built  by  the  Crocker-Wheeler  Co. 
They  are  three-phase,  star  wound,  revolving- 
field  machines  and  generate  current  at  6,600 
volts,  which  is  the  voltage  of  transmission,  no 
step-up  transformers  being  used.  Each  of 
these  generators  is  driven  by  a  pair  of  36-in. 
turbines,  built  by  the  Piatt  Iron  Works  Co. 
ICach  pair  of  wheels  is  mounted  on  the  same 
vertical  shaft,  with  the  generator  rotor,  and 
is  set  in  a  cylindrical  chamber  of  reinforced 
concrete. 

The  generator  rotor,  the  shaft  and  the  wa- 
ter wheels  attached  thereto,  are  all  suspended 
from  a  thrust  bearing  placed  on  top  of  gen- 
erator frame.  This  bearing,  together  with 
the  heavy  box  girders  underneath  that  support 
it  and  form  part  of  the  upper  cover  of  the 
generators,  is  clearly  visible  in  the  picture. 
Fig.  1,  showing  the  interior  of  the  power  sta- 
tion. The  turbine  and  generators  run  at  a 
speed  of  300  revolutions  per  minute.  The 
weight  of  the  rotating  parts,  supported  by  the 
top  thrust  bearing,  is  44,000  lbs.  The  water 
wheels  are,  however,  designed  to  [)roduce  an 
upward  thrust,  when  in  operation,  using  the 
pressure  of  the  water  in  the  turbine  cases  to 
produce  this  upward  pressure,  which  amounts 
to  about  24,000  lbs.,  leaving  only  20,000  lbs. 
as  the  net  weight  to  be  carried  by  the  thrust 
bearings.  The  bearings  are,  however,  de- 
signed to  carry  44,000  lbs.  at  300  revolutions 
per  minute.  Each  of  these  thrust  bearings 
comprises  34  2-in.  hardened  steel  Iialls,  run- 
ning in  tool  steel  grooves,  there  being  two 
tracks  concentric  with  each  other,  one  carry- 
ing l-'i,  the  other  19  balls.  They  were  made  in 
.Sweden  by  the  S.  K.  F.  Co.,  and  were 
mounted  in  place  by  the  builders  of  the  gen- 
erators. 

The  reinforced  concrete  casings  for  the 
turbines,  their  dimensions,  form  and  method 
of  reinforcement  are  all  shown  in  Fig.  2.  It 
is  believed  that  this  is  the  first  time  that  tur- 
bines of  comparatively  small  size,  and  adapted 


for  setting  in  cylindrical  steel  casing,  have 
been  placed  in  a  cylindrical  casing  of  rein- 
forced concrete.  The  question  of  a  cylin- 
drical chamber  as  compared  with  the  usual 
spiral  form,  resolved  itself  in  favor  of  the 
cylindrical  casing,  because  it  was  believed  that 
if  the  latter  were  made  of  sufficiently  great 
diameter,  the  efficiency  obtained  would  be 
nearly  equal  to  that  which  could  be  obtained 
from  the  spiral  form  of  casing,  and,  owing  to 
the  labor  conditions  on  form  work,  it  cost 
considerably  less  to  make  a  large  cylindrical 
casing  than  a  smaller  spiral  shaped  one.     The 


tion  unless  heavy  masses  surrounding  them 
were  provided  of  sufficient  inertia  to  prevent 
any  vibration.  The  top  of  each  turbine  cham- 
ber is  closed  in  by  a  heavy,  cast-iron  cover, 
which  is  ribbed  to  give  a  sufficient  strength  to 
resist  the  upward  thrust  of  the  water  and 
which  is  split  to  facilitate  erection  and  dis- 
mantling. A  cast-iron  ring  of  approximately 
Z-section,  and  carrying  a  number  of  ribs  from 
one  flange  to  the  web  of  the  Z,  is  sunk  into 
the  concrete  to  the  upper  end  of  the  casing, 
and  anchored  into  the  concrete  by  means  of 
32    1%-in.    bolts.      One    flange    of    this    ring 


Fig.    1  —  Interior    of    Power    House.    New    Austin,   Tex.,    Power   Plant. 


tests  of  the  completed  plant  have  amply  dem- 
onstrated that  this  view  was  correct,  an  effi- 
ciency of  87  per  cent  for  the  turbines  having 
been  reached  under  actual  operating  condi- 
tions. 

It  will  be  observed  that  the  reinforcement 
of  the  casings  comprise  both  cantilever  and 
hoop  tension  reinforcement.  Also,  in  view 
of  the  possibility  of  cracking  of  the  concrete, 
the  amount  of  steel  used  was  considerably 
greater  than  that  customarily  employed  for 
ordinary,  reinforced  concrete  work,  the 
stresses  being  limited  to  10,000  lbs.  per  square 
inch,  in  the  steel.  Where  the  penstocks  enter 
the  turbine  cases,  and  where  the  draft  tubes 
pass  through  them,  angles  are  riveted  around 
the  outer  surface  of  the  pipes  so  that  ample 
contact  with  the  surrounding  concrete  is  pro- 
vided. These  cases  have  now  been  in  service 
nearly  four  months,  and  have  not  shown  any 
cracks  or  defects. 

The  cases  were  made  of  concrete  instead  of 
sleel,  principally  because  of  the  height  of  the 
vertical  turbines  and  the  possibility  of  vibra- 


projects  slightly  above  the  upper  surface  of 
the  concrete  and  to  it  is  bolted  the  cast-iron 
cover. 

The  draft  tubes  leave  the  turbine  casings  at 
an  elevation  half  way  between  the  top  and 
bottom  of  the  case,  the  elevation  of  the  cen- 
ter of  the  draft-tube  opening  being  119..38  ft. 
The  opening  in  the  draft  chest  is  7  ft.  in 
diameter  and  to  this  opening,  is  attached  a 
short  length  of  straight  pipe  7  ft.  in  diameter, 
which  passes  out  through  the  turbine  case. 
Just  outside  the  turbine  case  is  attached  a 
short  piece  of  pipe,  which  is  in  the  form  of  a 
truncated  cone,  being  7  ft.  in  diameter  in  one 
end  and  flared  to  7  ft.  6  ins.  at  the  other  end. 
Attached  to  this  piece  of  pipe  is  an  elbow 
making  n  downward  bend  of  ().5°.  This  elbow 
increases  in  diameter  continuously  from  the 
7  ft.  6  ins.  end  to  the  lower  end,  which  is  !> 
ft.  in  diameter,  so  that  there  is  a  gradual  in- 
crease in  the  diameter  of  the  draft  tube  from 
7  to  9  ft.  To  the  lower  end  of  this  elbow  is 
attached  a  straight  piece  of  plate  pipe  9  ft.  in 
diameter   and   this   makes   an   angle   with    the 
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vertical  of  2-5°.  The  lower  end  of  this  last 
tangent  section  is  at  an  elevation  of  98.5,  and, 
therefore,  is  submerged  18  ins.  below  mini- 
murn  low  water.  The  lower  ends  of  these 
draft  tnbes  are  supported  by  concrete  saddles, 
which  are  carried  down  to  rock  foundation 
and  nearly  surround  the  bottom  of  the  pen- 
stock. 

These  saddles  are  so  formed  as  to  give  a 
gradual  change  in  the  direction  of  the  water 
as  it  passes  the  end  of  the  draft  tubes  so  that 
it  emerges  in  a  practically  horizontal  direc- 
tion. A  draft  tube  pit  for  the  lower  ends  of 
these  draft  tubes  to  dip  into  is  excavated  in 
the  rock,  and  of  such  dimensions  that  there 
is  ample  area  for  discharge  of  maximum 
amount  of  water  that  will  ever  be  required 
through  any  of  the  draft  tubes,  or  all  of  them 
simultaneously,  and  so  that  in  no  part  of  the 
pit  will  the  velocity  of  the  water  exceed  3  ft. 
per  second.  The  draft  tubes,  vent  pipes  and 
all  steel  plate  work  were  made  by  the  Payne 
&  Joubert  Company  of  New  Orleans. 

In  order  to  make  an  efficiency  test  of  the 
complete  equipment,  a  weir  was'  built  in  the 
tail  race,  which  was  provided  with  a  notch  3 
ft.  in  dept  and  20  ft.  in  length,  so  that  with 
the  full  load  of  l,8(i0  K\V.  on  one  machine 
and  full  head  of  65  ft.,  the  quantity  of  water 
required,  gave  a  height  of  about  3:3  ins.  over 
the  crest  of  the  weir.  A  six-hour  test  was 
conducted  on  each  of  the  units.  Calbirated 
instruments  from  the  Electrical  Testing  Lab- 
oratories of  New  York  were  used. 

The  total  efficiencies,  from  the  gross  energy 
in  the  water  to  the  electrical  eneregy  delivered 
at  the  switchboard  varied  but  little,  among  the 


The  Rove  Tunnel  on  the   Canal  from 
Marseilles  to  the  Rhone. 

(Staff  .\bstract.) 
A  rock  tunnel  72  ft.  wide  is  being  driven 
through  the  headland  which  separates  the  bay 
and  city  of  Marseilles  from  the  little  inland 
sea  known  as  L'etang  de  Berre.  This  tunnel 
is  the  predominant  engineering  feature  of  the 
new  French  canal  to  connect  the  great  Medi- 
terranean port  with  the  River  Rhone  at  Aries. 
The-  information  at  hand  does  not  give  the 
tunnel  length  exactly  but  it  scales  about  six 
kilometers.  A  sectional  profile  showing  all 
dimensions  is  given  in  Fig.  1.  Other  French 
tunnel  sections  are  shown  in  Fig.  2  super- 
iniji.iscd  on  the  section  of  Fig.  1.  This  com- 
parative arrangement  of  sections  indicates 
clearly  the  great  size  of  the  new  French  canal 
tunnel. 

The  Rove  .Tunnel  is  wide  enough  to  pass 
tw-o  canal  barges  such  as  ply  the  River  Rhone 
and  also  to  provide  for  a  side  path  2  m.  (0.56 
ft.)  wide  on  each  side.  It  penetrates  rock 
and  construction  on  the  bore  proper  was  be- 
gun in  1910.  The  construction  procedure  is 
indicated  by  Fig.  3.  An  annular  e.xcavation 
conforming  to  the  roof  curve  is  completed 
and  in  it  the  roof  arch  is  built.  Ne.xt  the 
core  is  excavated  and  the  invert  is  completed. 
The  processes   in  detail   are   as    follows : 

Excavation  of  drift  No.  1  precedes  and  is 
kept  in  advance  of  all  other  drifts.  This  pri- 
mary drift  is  kept  to  line  and  grade  and  to 
cated  by  dotted  lines  in  Fig.  3  are  driven  up- 
ward to  the  crown  of  the  section.     Drift  No.  3 


1--.  then  excavated,  the  spoil  being  chuted  down 
the  mchned  drifts  into  cars  operating  on  thi- 
tracks  in  the  two  side  drifts.  The  crown  drift 
IS  then  enlarged  by  side  cuts  Nos.  4  and  1 
and  by  the  bottom  cut.  No.  5,  all  spoil  being 
disposed  of  down  the  inclined  drifts. 
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Fig.     1.       Dimensional     Sectional     Profile    of 
Rove  Tunnel,   Marseilles-Rhone  Canal. 


The  next  process  is  the  excavation  of  the 
large  haunch  cuts.  Nos.  6  and  6.  These  are 
excavated  in  sections  6  m.  ( 19.68  ft. )  long 
alon.g  tunnel  and  only  one  section  of  any  three 
contiguous  sections  is  opened  at  a  time.  Thus 
the  6  m.  section  embracing  the  top  of  an  in- 
clined drift  is  first  excavated  and  completely 
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Fig-    2 — Details    of    Reinforced    Concrete    Turbine    Casinn,    Austin.    Tex.,    Power    Plant. 


three  units,  the  maximum  difference  being  not 
over  1%  per  cent.  The  average,  over-all  etfi- 
ciency  at  full  load  was  83%  per  cent,  which 
showed  the  average  efficiency  of  the  water 
wheels  to  be  87  per  cent. 

PERSONNEL. 

The  contractor  for  the  complete  develop- 
ment was  the  Wm.  P.  Carmichael  Co.  of  St. 
Louis.  Mr.  Lamr.r  Lyndon  of  New  York  was 
consulting  engineer,  and  Mr.  Frank  S.  Tay- 
lor of  Austin,  Texas,  was  resident  engineer. 


it  all  other  drifts  are  referenced.  Drift  No. 
2  is  next  driven  and  at  intervals  of  100  m. 
(328  ft.)  is  connected  by  cross  galleries  with 
drift  No.  1.  These  cross  galleries  serve  for 
communication  and  storage,  aid  in  ventilation 
and  are  essential  in  keeping  drift  No.  2  in  line 
and  grade  with  drift  No.  1.  Both  side  drifts 
are  timbered  and  carry  spoil  tracks  on  which 
run  3  cu.  m.  cars  hauled  by  compressed  air 
locomotives.  At  intervals  of  18  m.  (59  ft.) 
from   each   side   drift   inclined   drifts   as   indi- 


lined,  then  the  second  adjacent  section  is  op- 
ened and  lined  and  finally  the  third  section. 
Open  joints  are  left  in  the  lining  between  sec- 
tions so  that  each  is  separate  and  independent. 
All  spoil  from  the  haunch  cuts  is  chuted  down 
the  inclined  drifts  to  the  cars  in  the  side 
drifts. 

The  lining  is  stone  masonry  in  hydraulic 
lime  mortar.  It  is  built  on  centers  made  of 
steel  ribs  spaced  1.5  m.  (4.9  ft.)  apart  and 
supported  on  radial  posts  resting  on  the  rock 
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core.  Material  for  lining  work  is  brought  in 
on  the  track  in  drift  No.  2  and  by  switch 
tracks  on  inclines  is  taken  to  the  top  level 
of  the  rock  core.  The  inclines  are  located 
about  every  300  m.  (984  ft.)  along  tunnel.  By 
this  arrangement  the  placing  of  all  lining  ex- 
cept at  the  crown  is  downward. 

The  rock  core,  No.  7  in  Fig.  3,  is  ne.xt  ex- 
cavated by  ordinary  open  cut  procedures  in 
blasting  and  the  spoil  is  handled  by  the  cars 
in  the  side  drifts.  The  disposition  of  the 
bulk  of  the  rock  core  spoil  is,  as  the  diagram 
Fig.  3   indicates,   downward. 

The  problems  of  ventilation  and  drainage 
have  been  simple  and  call  for  no  particular 
mention.  The  drilling  is  done  with  com- 
pressed air  hand  drills  and  practically  all 
mucking  is  by  hand.  Haulage  is  by  com- 
pressed air  locomotives.     The  power  plant  and 
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2.      Large    Tunnel    Sections    Compa 
With    Rove    Tunnel    Section. 


buildings  for  various  purposes  are  located  at 
the  south  end  of  the  tunnel.  All  plant  is  op- 
crated  by  electric  power  furnished  by  the 
I'.lectric  Co.  of  Marseilles. 

This  account  is  taken  from  an  article  on  the 
Marseilles-Rhone  Canal  by  Mr.  Bourgougnon, 
the  engineer,  in  "Annales  des  Fonts  et 
Chaussees"  for   Nov. -Dec,   1914. 


The  Relation  of  Research  to  Progress. 

We  humans  can  never  quite  appreciate  the 
incredible  applicability  and  utility  of  new  facts 
of  nature.  We  are  repeatedly  >liown  by  our 
experience,  but  each  new  example  only  aug- 
ments our  stock  of  wonderment  or  bewilder- 
ment. .\  very  few  months  ago  a  certain  well- 
known  scientific  investigator  (Lord  Rayleigh) 
found  a  slight  difference  in  the  density  of 
nitrogen  taken  from  air  and  nitrogen  derived 
from  other  sources.  He  felt  obliged  to  know 
about  this  liltle  difference.  In  co-operation 
with  Sir  William  Ramsay,  he  discovered 
argon.  This  was  present  in  the  atmospheric 
nitrogen  and  had  always  escaped  detection. 
It  formed  less  than  one  per  cent  of  the  air. 
It  was  discovered  to  be  entirely  inert  and 
chemically  inactive.  This  was  an  apparent 
promise  of  great  chemical  uselessness.  At 
that  time  it  was  also  exceedingly  difficult  to 
separate  it  from  the  air,  and  except  for  its 
scientific  interest,  it  seemed  destined  to  be  left 
inactive.  Newly  discovered  methods  of  lique- 
fying air  and  of  combining  nitrogen  for  fer- 
tilizer, as  in  the  cyanamid  process,  have  just 
made  the  argon  available  commercially.  Other 
pure  scientific  research  had  shown  the  taliie 
of  such  a  gas  in  incandescent  lamps,  and  it  is 
just  at  this  time  being  used  to  produce  the 
most  efficient  incandescent  lamps  of  our 
knowledge.  It  was  the  recently  discovered 
differences  between  this  gas  and  other  gases 
which  made  this  lamp  possible.  When  its  ex- 
istence and  properties  were  known,  its  appli- 
cation   was    relatively    siinple    and    easy. 

Our  American  people  are  quick  to  see  the 
value  of  new  things  where  value  exists.  They 
are  given,  in  this  era,  to  actively  utilizing 
every  scheme  which  means  better  health, 
greater  safety,  greater  pleasures,  greater  prof- 
its, and  greater  economies.  We  can  hardly 
conceive   of   a   people   devoting   their   lives  to 


inactivity  and  idleness.  To  better  living  con- 
ditions, to  improve  and  extend  manufactur- 
ing industries,  and  to  conserve  resources  is 
quite  generally  the  life  aim  of  our  ablest  men. 
A  nation  or  a  race  does  not  stand  still.  It 
either  advances  or  falls  behind  its  neighbor's. 
Knowing  more  has  been  the  means  of  every 
nation's  advance. 

Research  is  a  convenient  word  which  covers 
the  pioneer  work  upon  which  advances  are 
founded.  It  is  significant  that  as  life  becomes 
more  and  more  complex,  it  is  ever  less  pos- 
sible for  advances  to  be  made  by  accident 
or  by  the  designs  of  an  individual  working 
for  short  periods  on  different  subjects.  The 
day  of  that  inventor  is  past  who  discovers  an 
animal  carrying  a  new  hide,  who  modifies 
the  shoe  machinery  or  devises  a  new  button 
or  buttonhole.  Each  of  these  and  a  thousand 
other  such  details  are  now  the  fertile  fields 
in  which  groups  of  trained  experts  are  at 
work.  We  want  shoes  badly  and  there  are 
many  of  us.  We  want  them  to  wear  well, 
even  to  the  enamel  on  the  brass  eyelets.  The 
fact  that  we  are  collectively  willing  to  pay 
liundreds  of  thousands,  or  even  millions  of 
dollars  for  some  slight  improvement  in  a 
shoe  or  additional  economy  in  the  manufac- 
ture, indicates  not  only  that  we  are  many. 
but  that  we  want  actively  every  possible  im- 
provement and  economy. 

A  Benvenuto  Cellini  lived  and  left  the  im- 
pression that  he  did  all  the  work  of  an  army 
of  artists,  inventors,  soldiers,  politicians,  mur- 
derers, and — I  may  as  well  add — biographers. 
Besides  his  autobiography,  he  wrote  books  on 
the  goldsmith  art.  sculpture  and  bronze,  foun- 
dry practice,  architecture,  and  poetry.  There 
are  none  e.xtant  like  him. 

A  Franklin  wrote  equally  advanced  dis- 
courses on  electricity,  on  coal  stoves,  on  the 
recently  united  states  of  America  which  he 
represented,  on  economy,  on  philosophy,  and 
many  other  subjects.  We  have  few  Frank- 
lins   and    Cellinis    today. 

Today  the  research  chemist.  with  his 
analytical  methods,  the  metallographist.  with 
his  microscope,  the  physicist  with  his  pyrom- 
eter, the  mechanical  engineer  with  his  tensile 
strength  apparatus,  and  the  coke,  gas.  oil 
and  electric  furnace  experts  are  each  separate- 
ly working  on  the  still  wonderfully  complex 
cast  iron  of  which  a  stove  is  made.  Cer- 
tainly they  will  not  be  satisfied,  nor  will  we. 
the  people,  be  satisfied,  with  any  final  state, 
so  long  as  we  can  conceive  of  a  better  one. 
Iron  must  cast  better,  must  rust  less,  .  be 
stronger,  be  permanent  in  the  grate  bar,  be 
cheaper,  keep  an   unaltered  color,  and   so  on. 

The  entire  work  involved  in  developing 
such  new  devices  and  processes  may  be  called 
research,  but  there  is  a  part  of  it  which  de- 
serves more  careful  attention  than  the  rest. 
This  part  is  sometimes  called  pure  research. 
Most  people  mean  by  this  term  the  search 
after  new  knowledge,  without  reference  to 
its  utility.  Others  mean  the  search  for  new 
and  useless  knowledge.  There  certainly  are 
searchers  after  new  truth  who  do  not  wish 
to  see  the  usefulness  of  their  disclosures. 
Hut  facts  of  nature  or  true  principles  of 
science  live  forever  and  are  sure  to  be  use- 
ful. The  attempt  at  worship  of  pure  research, 
for  its  own  sake,  as  is  often  done,  is  merely 
the  tipping  backward  of  those  who  wisli  to 
stand  erect,  unbent  by  sordid  aims  in  their 
search   after  truth. 

Rergson  points  out  that  the  essential  object 
of  science  is  to  enlarge  our  inllnence  over 
things.     He    says: 

Scienn,!  may  be  speculative  in  its  form,  dis- 
interested in  its  Immediate  ends;  In  other  words, 
we  may  give  it  as  lont;  credit  as  it  wants.  But 
however  long  the  day  of  reclionInK  may  be  put 
off,  some  time  or  other  payment  must  be  made. 
It  Is  always  then.  In  short,  practical  utility  th:it 
science  has  in  view. 

.-\  fair  example  of  scientific  research  lies  in 
the  history  of  our  talking  at  a  distance,  h'irst, 
we  called  out  as  loudly  as  we  could  and  the 
strongest  voice  was  the  best  telephone.  The 
use  of  some  new  knowledge  which  was  not 
immediately   or  obviously   connected   with   the 


voice  was  later  put  to  use.  and  a  tin  or  iron 
pipe  was  used  for  short  distances  as  a  speak- 
ing tube.     After   this     idea     was     disclosed, 
plumbers,   tinsmiths,   or   pipe   fitters   could   do 
the  rest.     Then,  later,  the  possible  application 
of    formerly    entirely    undreamt    of    principles 
to  the  increase  of  the  speaking   distance  was 
tried.     Those  to  which  I  refer  were  the  elec- 
tromagnetic   principles    which,    in    short,    pro- 
duced the  telephone  transmitter  and  receiver. 
These    changed    the    short,    thick   pipe    into    a 
long,    thin    w-ire.      I    regret    that    I    cannot    go 
into  detail  to  point  out  the  extended  researches 
which,    without    the    slightest    premonition    of 
telephony,  had  to  be  made  liefore  the  knowl- 
edge was  at  hand  to  enable  Bell  to  contribute 
his  part.     Joseph   Henry,  for  example,  study- 
ing in  the  basement  of  an  .Albany  school,  had 
to   wind  wires  with   insulation   and   study   the 
properties  of  the  magnet,  and  this  had  to  be 
followed  by  the   studies   of   many   others   for 
half  a  century.     To  the  early  art.  in  the  pipe 
stage,    the    telephone    wire    may    have    looked 
merely  like  a  more   refined  pipe  of  the  same 
material,    but    it    was    not.      There    were    en- 
tirely new.  and  what  I  may  call  remote,  prin- 
ciples,   brought    into    play    and    added    to    the 
metal  of  the  pipe.     These  were  discovered  by 
patient  scientific  research  of  the  highest  order. 
The   outcome    could    not    have   been    foreseen 
from   any   knowledge   of  pipes  or  piping.     In 
a    practical    treatment    of   the   subject    of   Re- 
search and   the   Industries,   this   point   must  be 
made  clear.     The  final  gathering  of  the  fruits 
of  the  labor  of  research  often  seems  as  little 
anticipated    by    the    real     planting      done      by 
search   for  new  knowledge,  as  the  picking  of 
the  fruit  of  a  tree  seems  anticipated  by  bury- 
ing a   seed  in  the  ground.     Nevertheless,  the 
developments  are  the   same   in   the  two  cases. 
It  may  he   for  this  reason  that  the   President 
of    the    Carnegie    Institution,   in    his    1914    re- 
port, referred  to  the  work  of  the   Institution 
in   the  words : 

The  general  reader  must  take  it  for  granted 
(provisionally,  at  least)  that  these  investigations 
are  in  the  main  worth  uiidertaking  .  .  .  for  in 
proportion  as  such  investigations  are  funda- 
mental, and  hence  worth  carrying  on.  they  will 
he  dilficiilt  of  exposition  and  more  difticult  of 
comprehension. 

Of  the  lines  of  activity  of  that  institution, 
the  farmer  sees  value  in  the  studies  in  hered- 
ity in  cattle,  but  wonders  why  anyone  should 
want  to  synthesize  rocks;  the  glass  maker  who 
sees  value  in  the  geophysics  work,  wonders 
why  the  sun  spot  work  is  of  use,  while  the 
naturalist*  says:  "The  sublime  ideas  of  in- 
finity of  space  and  time,  and  the  beauty  of 
the  simple  laws  of  planetary  motion,  have 
had  a  value  to  mankind  far  transcending  that 
of  any  so-called  practical  application  of  stel- 


Fig.  3.      Diagram    Showing   Sequence   of   Ex- 
cavation  of   Rove   Tunnel. 

lar  science."  Thus,  those  who  have  had  the 
broadest  comprehension  have  generally  most 
highly  valued   pure  research. 

So  we  are  now  in  our  day  apparently  see- 
ing our  telephone  wire  grow  finer  and  longer. 
Talking  from  New  York  to  San  l-'rancisco  is 
a  thing  of  every  day  commercial  experience. 
This,  in  turn,  was  due  not  alone  to  the  use 
of  longer  wire  or  lower  resistance  or  more 
delicate  instruments  (what  Bacon  calls  an 
increase  in  the  efficient),  but  involved  new, 
remote    ideas,    the    result   of    research.      Such 

♦R  tJ  Harrison,  i'resldent  of  the  American 
Society    of   Naturalists.    Philadelphia,    1913. 
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is  the  Pupin  loading  coil,  for  example,  which' 
has  made  long  distance  telephony  possible. 
We  are  also  aware  that  to  all  appearances 
the  telephone  wire  is  now  being  drawn  so 
fine  that  it  is  altogether  disappearing,  and 
wireless  telephony  is  an  accomplished  fact. 
This  becomes  possible  not  through  finer  wire 
drawing,  but  by  the  application  of  newly  dis- 
covered laws  or  principles  of  nature.  It  was 
not  even  done  by  those  who  were  most  in- 
du'strious  in  construction  of  telephones,  any 
more  than  the  tin  speaking  tube  was  really 
displaced  by  the  tinsmith.  The  work  was 
done  by  those  already  trained  scientific  inves- 
tigators, who  were  learning  new  facts  of 
physics  or  electricity  which,  at  some  stage  of 
their  work  seetned  applicable  to  telephonic 
use.  This  new  work,  this  pioneer  obtaining 
of  facts  which  never  revert  to  the  undis- 
covered state,  constitutes  research. 

Our  government,  among  others.  has 
schemes  for  the  promotion  of  research.  One 
of  them  is  the  patent  law.  If  a  discoverer 
will  disclose  his  discovery  to  the  public,  he 
may  exercise  a  monopoly  of  it  for  seventeen 
years.  In  some  cases  this  is  very  encourag- 
ing, but  it  seems  to  have  at  least  one  serious 
defect.  The  discovery,  besides  being  new, 
must  be,  at  the  same  time,  useful.  With  many 
great  discoveries  this  is  not  the  case.  It  may 
seem  ridiculous  to  favor  useless  discoveries, 
but  it  is  quite  the  reverse.  The  thing  to  en- 
courage is  the  search  and  finding  of  new 
facts,  principles,  laws,  and  habits  of  nature; 
i.  e.,  additions  to  our  knowledge  without 
reference  to  immediate  value.  These  are  the 
surest  guarantees  of  ultimate  utility.  The 
process  of  making  knowledge  useful  is  not 
half  so  difficult  nor  so  rare  as  is  the  produc- 
tion of  the  knowledge  itself.  But  the  re- 
wards usually  go  to  the  man  who  shows  us 
the  utility.  For  this  reason  we  must  plan 
better  ways  of  encouraging  scientific  research. 
To  emphasize  this  is  the  only  object  of  this 
paper.  It  is  being  done  to  some  extent. 
Many  of  those,  living  and  succeeding  under 
our  system  of  advance,  have  realized  the  way 
the  seeds  have  first  to  be  sown.  They  have 
usually  selected  some  special  field  where  the 
utility  to  be  expected  from  newly  disclosed 
facts  would  be  of  greatest  public  good.  In 
this  spirit  have  been  established  many  of 
those  research  institutions  which  are  devoted 
to  the  health  of  the  people,  the  cure  of  disease, 
etc.  These  are  starts  in  the  right  direction 
and  are  naturally  made  where  the  need  is 
most  painful. 

Of  a  little  more  remote  benefit  is  such  re- 
search work  as  is  being  carried  out  by  the 
Research  Corporation,  from  whose  minutes 
the    following    abstract    was    made : 

This  far-sighted  and  patriotic  conception 
found  its  realization  tlirousli  the  Research  Cor- 
poration which  for  administrative  reasons  was 
substituted  for  tlie  Smitlisonian  Institution  as 
the  custodian  of  Dr.  Cottrell's  endowment.  Tlie 
objects  of  tlie  Research  Corporation  as  stated  in 
its  charter  are: 

"To  provide  means  for  the  advancement  and 
extension  of  technical  and  scientitic  investiga- 
tion, research  and  experimentation  by  contrib- 
uting the  net  earnings  of  the  corporation,  over 
and  above  such  sum  or  sums  as  may  be  re- 
served or  retained  and  held  as  an  endowment 
fund  or  working  capital,  to  the  Smithsonian  In- 
stitution, and  such  other  scientific  and  educa- 
tional institutions  and  societies  as  the  board  of 
directors  may  from  time  to  time  select  in  order 
to  enal.l°  such  institutions  and  societies  to  con- 
duct such  investigations,  research  and  experi- 
mentation." 

Organized  in  1912  as  a  stock  corporation,  but 
precluded  by  its  charter  from  paying  dividends, 
and  capiialized  by  a  group  of  gentlemen  desir- 
ous of  furthering  Dr.  Cottrell's  objects,  without 
personal  profit,  the  Research  Corporation  under- 
took and  successfully  accomplished  the  instal- 
lation of  the  Cottrell  processes  in  various  indus- 
tries throughout  the  country,  with  the  result 
that  in  two  years'  operation  its  surplus  has 
provided  the  capital  of  twenty  thousand  dol- 
lars required  by  its  charter,  and  a  fund  of  over 
one  hundred  thousand  dollars  for  scientific  re- 
search. 


A  few  such  steps  as  this  one  would  soon 
build  up  a  fund  of  new  knowledge.  I  think 
it  is  safe  to  say  that  most  of  our  new  knowl- 
edge of  physical,  chemical,  and  electrical 
phenomena  has  come  to  us  through  the  pub- 
lications of  various  scientific  societies.  The 
work  was  largely  done  as  a  by-product  of 
poorly  paid  services  in  colleges  and  uni- 
versities of  the  world.  Let  me  illustrate  this 
point.  The  general  field  of  colloid  chemistry 
is  open  for  investigation.  There  is  surely  no 
more  fertile  field.  It  touches  all  the  reactions 
of  living  organisms  and  most  of  those  of 
organic  and  inorganic  chemistry,  from  the 
growth  of  cells  through  immunity  to  disease 
in  animals,  to  the  decay  of  metals,  from  the 
coloring  of  glass  and  dyeing  of  fabrics,  to 
the  production  of  a  river  delta  or  the  manu- 
facture of  an  automobile  tire.  It  is  being 
largely  done  as  the  by-product  or  hobby  of  a 
few  teachers  in  their  spare  time.  As  the  prin- 
ciples governing  this  part  of  chemistry  are 
made  known,  the  applications  in  useful  proc- 
esses will  be  rapid,  but  there  are  many  men 
ready  to  perform  the  latter  operation  com- 
pared to  the  few  who  are  making  known  the 
laws  involved.  For  every  investigator  who 
might  point  out  from  his  experiments  the 
possibility  that  the  antitoxic  action  of  immu- 
nized blood  serum  might  lie  in  the  magnitude 
of  the  electric  charges  on  the  colloids  con- 
cerned in  the  reactions,  there  are  hundreds 
of  others  who  will  ably  test  the  hynothesis 
when  it  is  advanced.  For  every  chemist  whose 
experiments  go  to  clarify  the  laws  of  tensile 
strength  and  the  wear  and  friction  of  colloidal 
materials,  for  example,  there  are  hundreds 
who  will  test  his  conclusions  in  new  aero- 
metals  and  automobile  tires.  We  in  this 
country  are  particularly  active  in  putting  the 
"useful"  into  the  invention,  but  we  are  less 
active  in  the  study  for  the  "new."  For  this 
reason  it  is  necessary  to  encourage  research 
of  the  advanced  tyoe.  Anyone  who  has  fol- 
lowed the  subject  knows  that  during  the  past 
ten  or  more  years,  the  amount  of  research 
work  in  connection  with  the  industries  has 
greatly  increased.  Large  manufacturing  com- 
panies in  many  lines  have  groups  of  men  who 
devote  all  their  time  to  advancing  the  meth- 
ods of  manufacture  by  more  or  less  pure  re- 
search. They  are  never  expected  to  become 
part  of  the  production  department,  but  are 
always  kept  on  tlie  exploring  line  in  labora- 
tories. There  are  now  research  laboratories 
connected  with  almost  every  art  and  profes- 
sion. The  .American  canners  and  the  Ameri- 
can dentists  have  them,  as  well  as  the  com- 
panies making  powder  and  shot,  and  those 
making  armor  plates.  There  are  laboratories 
devoted  to  research  on  paper  and  others  on 
paint,  some  working  on  cements  and  others 
on  soils,  some  on  gas  lights  and  others  on 
electric  lights,  some  on  fertilizers,  others  on 
sterilizers,  and  some  on  almost  everything. 
They  could  all  use  more  knowledge  to  ad- 
vantage if  they  could  get  it.  If  there  were  no 
way  to  increase  the  rate  of  our  acquisition  of 
knowledge,  then  this  argument  would  be  use- 
less, but  we  have  had  a  lesson  from  Germany 
during  the  past  forty  years  which  shows  one 
way  of  increasing  the  world's  stock  of  knowl- 
edge. It  is  by  encouraged  or  endowed  re- 
search. Germany  did  it  through  her  uni- 
versities. Every  year  there  were  turned  out 
one  or  two  thousand  men  with  the  degree  of 
doctor  of  philosophy.  This  meant  that  each 
one  had  done  a  couple  of  years  research  work 
and,  in  most  cases,  freely  published  it.  The 
stock  of  investigators  in  the  country  was  rap- 
idly increased.  The  industries  and  the  arts 
felt  the  efifects.  In  1912  there  were  1,703  of 
these  doctorates  conferred  there,  705  were  on 
science  and  355  in  chemistry.  How  could 
such  a  country  stand  still  in  industry?  Last 
March,  Lord  Haldane,  addressing  a  teachers' 
meeting  in  London,  said : 

We  are  behind  the  level  which  has  been 
reached  by  several  of  our  competitors,  a  level 
which  will  put  us  in  peril.  We  cannot  dis- 
sociate national  progress  from  the  basis  of 
knowledge,  even  when  it  comes  to  the  question 
of  making  money. 


This  conclusion  is  only  a  year  old,  but  it  is 
being  proved. 

In  addition  to  the  very  helpful  and  im- 
portant university  methods  of  Germany,  there 
should  continue  in  America,  beyond  what  is 
done  by  government  laboratories  and  bureaus, 
the  natural  extension  of  the  ideas  exemplified 
by  the  cancer  research  laboratories  and  hos- 
pitals, the  Rockefeller  Institute  for  Medical 
Research,  the  Carnegie  Institution,  the  Smith- 
sonian  undertakings   and   others. 

Here  also  a  start  has  been  made  in  such 
work  as  Dr.  Duncan  inaugurated  in  the  Mel- 
lon Research  Laboratory  at  Pittsburgh  and 
at  the  University  of  Kansas,  in  the  very  re- 
cent Brush  endowed  fellowships  at  the  Nela 
Park  laboratories,  and  in  the  Mayo  brothers 
endowment  at  the  University  of   Minnesota. 

Dr.  Woodward,  President  of  the  Carnegie 
Institution,  has  recently  said,  "Successful  re- 
search requires  neither  any  peculiar  conform- 
ity nor  any  peculiar  deformity  of  mind.  It 
requires  rather  peculiar  normality  and  un- 
usual patience  and  industry."  This  certainly 
applies  as  well  to  the  researches  of  an  Edi- 
son, devoting  his  life  to  the  immediate  util- 
ities, as  to  the  abstract  researches  of  the 
mathematician.  It  is  for  this  reason  that  re- 
search ought  to  and  does  succeed  in  its  appli- 
cations in  the  case  of  many  industries.  In 
the  industrial  research  laboratories,  normal- 
ity, patience  and  industry  are  apt  to  be  en- 
couraged. Interruptions  are  there  at  a  min- 
imum. Equipment,  power,  facilities  and  the 
rest  are  made  a  matter  of  some  one's  busi- 
ness. On  the  other  hand  the  universities  and 
colleges,  which  are  forced  to  combine  with 
short  hours  and  short  years  the  teaching  of 
science  and  the  methods  and  habits  of  re- 
search, are  still  our  foremost  organized  re- 
search institutions.  It  seems  possible  that 
manufacturing  companies  may  offer  in  the 
future  nearly  as  great  assistance  to  the  in- 
crease of  useful  knowledge.  Co-operation  be- 
tween laboratories  of  research  in  universities 
and  industries  has  already  been  the  subject 
of  considerable  study.  There  is  a  committee 
of  one  hundred  of  the  American  Association 
for  the  .advancement  of  Science  which  was 
appointed  to  encourage  it.  Naturally,  with 
so  great  an  undertaking,  the  progress  may  be 
slow.  It  is  certainly  possible  for  industrial 
research  laboratories  to  economically  add  to 
scientific  knowledge  and  to  grow  in  the  proc- 
ess.    This    fact   is   being  ,  recognized. 

It  is  unfortunately  true  that  most  of  what 
we  may  call  the  new  knowledge  in  physical 
science  of  the  past  decade  has  had  to_  cross 
the  Atlantic  for  us.  No  one  knows  this  bet- 
ter than  those  Americans  who  make  the  mOst 
use  of  it.  The  fundamental  knowledge  behind 
almost  every  utility  which  Yankee  ingenuity 
has  assisted,  grew  on  older  soil  than  ours. 
The  list  is  almost  discouraging  to  an  Ameri- 
can. The  encouraging  view  to  take  is  that 
we  have  it  within  our  power  to  force  the  fu- 
ture to  write  different  history.  It  is  unfortu- 
nately quite  safe  to  predict,  for  example,  that 
just  as  most  of  our  technical  advances  of  the 
past  can  be  traced  to  early  fundamental  dis- 
coveries in  academic  fields  in  Europe,  so  also 
we  will  have  to  see  here  future  applications 
of  still  more  modern  European  scientific 
thought.  A  wonderful  list  of  useful  results, 
processes,  products,  conveniences,  cures  and 
economies  are  sure  to  be  produced  by  appli- 
cations of  the  new  knowledge  of  such  things 
as  radium,  X-Rays,  wireless  waves,  electrons, 
crystal  structure,  atomic  numbers,  canal  rays, 
none  of  which  were  "made  in  U.  S.  A." 

In  physical  science  there  is  but  little  chance 
that  our  country  will  do  its  full  share  for 
years  to  come.  If  the  wisdom  of  attempting 
It,  rather  than  confining  attention  to  short- 
sighted application  of  research  to  pressing 
commercial  problems  can  be  gradually  recog- 
nized, the  future  is  assured.  It  is  surely  the 
duty  of  our  American  research  laboratories 
to  contribute  effectively  in  the  advance  of 
knowledge,  and  particularly  is  this  true  of 
those  richly  endowed  with  men,  new  materials 
and  appliances. 

And  so  I  return  to  the  cardinal  point  in 
any  suitable  consideration  of   research  in  its 


June  16,  1915. 


Engineering   and    Contra    ting 


539 


relation  to  our  industries.  Search  for  new 
knowledge  is  the  insurance  for  the  future  of 
the  industries.  Many  of  them  will  later  be 
manufacturing  things  not  even  conceivable 
today.  The  past  has  proved  it.  Most  of  the 
present  products  will,  like  the  ox-yoke  and 
flail  of  our  grandfathers,  be  replaced  in  our 
factories  by  utihties  more  fitting  to  our  new 
needs  and  less  exhaustive  of  our  energies 
and  assets.  This  change  is  practically  con- 
tinuous. Technical  complacency  is  like  the 
mercuric  chloride  tablet  taken  internally — it 
means  a  lingering  suicide.  The  incandescent 
lamp  business  will  serve  me  for  illustration, 
because  I  am  more  familiar  with  it  than  with 
others.  I  have  seen  whole  factories  entirely 
overhauled  a  number  of  times  in  the  past 
few  yer^s,  in  order  to  make  the  newest 
lamps.  Not  only  have  entire  floors  of  com- 
plicated and  expensive  machines  for  making 
carbon  lamps  been  thrown  out  and  new  ma- 
chinery  for  making  metal   filament  lamps  in- 


stalled, but  before  packing  cases  contain;:.-.^ 
new  machines  could  be  opened  and  unpacked 
in  the  factory  they  have  been  thrown  out  as 
useless,  as  the  advance  from  squirted  mota! 
filaments  to  drawn  wire  filaments  pro'.cd 
the  better  way.  Before  the  limit  of  factory 
efficiency  on  vacuum  lamps  could  be  reached. 
the  introduction  of  nitrogen  into  the  lamps 
brought  the  factories  an  entirely  new  factor, 
and  now,  before  the  consumers  have  more 
than  commenced  to  feel  the  effects  of  the 
nitrogen-tungsten  lamps,  the  manufacture  of 
argon  and  its  introduction  into  the  incandes- 
cent lamp  becomes  a  reality.  If  the  researcli 
laboratories  which  discovered  the  means  for 
bringing  about  these  changes,  with  their  corre- 
sponding economies,  could  tax  the  consuming 
public  a  cent  for  every  dollar  thus  saved  to 
the  public,  the  laboratories  would  receive  over 
a  million  dollars  a  year  to  spend  for  further 
research.  This  is  not  written  in  a  spirit  of 
dissatisfaction  at  all,  but  rather  to  point  out 


what  is  probably  true  in  many  fields.  The 
people  are  the  ones  most  interested  in  re- 
search, though  they  may  not  know  it.  It  is 
easier  seen  in  therapeutic  and  curative  re- 
search, but  even  there  the  more  ignorant  fail 
to  realize  the  great  lasting  value  of  such 
work. 

Bacon  wrote : 

For  man,  being  the  minister  and  interpreter 
of  nature,  acts  and  understands  so  far  as  he  has 
observed  of  the  order,  the  works  and  mind  of 
nature,  and  can  proceed  no  further;  for  no  pow- 
er is  able  to  loose  or  breali  the  chain  of  causes, 
nor  is  na.ture  to  be  conquered  by  submission: 
whence  those  twin  intentions,  liuman  Itnowl- 
edge  and  human  power,  are  really  coincident; 
and  the  greatest  hindrance  to  workers  is  the 
ignorance  of  causes. 
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Methods     and     Equipment     Used     in 
Erecting  Girder  Spans  of  Pennsyl- 
vania   Ave.    Viaduct,    Kansas 
City,  Mo. 

Contributed  by  Wm.  F.  Wynne,  Kansas  City, 
Missouri. 
The  construction  of  the  Pennsylvania  Ave. 
Viaduct,  which  spans  the  tracks  of  the  Kansas 
City  Terminal  Railway  Co.,  Kansas  City, 
Mo.,  involved  difficulties  which  were  over- 
come by  the  contractors  in  a  novel  manner. 
The  track  layout  would  not  permit  of  any 
considerable  changing,  and  there  were  build- 
ings facing  on  Pennsylvania  Ave.  in  such  po- 
sitions as  to  interfere  seriously  with  the 
handling  of  the  long-span  girders  required. 
The  operations  of  a  constant  stream  of  work 
trains  and  switch  engines,  together  with  a 
number  of  regular  freight  and  passenger 
trains,  also  complicated  construction  work.  In 
addition  there  was  other  construction  work 
along  the  right-of-way  which  could  not  be 
obstructed.  Figure  1  is  a  sketch  plan  show- 
ing the  locations  of  the  various  girder  spans 
of    this    viaduct. 

ERECTION    OF    SPAN    NO.    9. 

The  first  diflSculty  arose  during  the  erec- 
tion of  the  end  span.  No.  9,  the  conditions 
existing  at  its  site  being  shown  in  Fig.  1.  The 
distance  between  the  two  three-story  build- 
ings on  opposite  sides  of  the  street  is  80  ft., 
while  the  width  of  the  viaduct  is  79  ft.,  leav- 
ing only  6  ins.  clearance  at  each  side.  As  the 
girders  in  this  span  have  a  length  of  87  ft. 
it  was  impossible  to  turn  them  in  the  space 
existing  between  the  buildings.  The  erection 
was  accomplished,  in  the  case  of  the  three 
west  girders,  by  laying  temporary  tracks  (see 
Fig.  1),  and  mounting  one  end  of  a  girder 
on  an  ordinary  car  truck.     A  cable  was  made 


girder  and  following  it  and  the  switch  en- 
gine (which  was  backing  away),  the  girder 
was  drawn  up  into  the  space  between  the 
buildings.  A  gin-pole  was  then  set  up  at  "A," 
with  which  that  end  of  the  girder  was  raised, 
using  the  switch  engine  for  power,  while  the 


that  is,  first  it  was  carried  a  distance  of 
about  10  ft.  on  the  truck,  as  with  the  other 
girders ;  then  the  truck  was  blocked  and  the 
next  blocked  up  in  the  center  and  the  front 
end  swung  in  toward  the  building  as  far  as 
possible ;   the   track   with   the   truck   was   then 


Fig.   2.  View   Showing    Manner  of   Erecting    127-Ft.   Girders   In   Span   11    of   Pennsylvania 

Ave.    Viaduct,    Kansas    City,    Mo. 


derrick-car  raised  the  other  end.  As  the  col- 
umns of  bent  9  were  set,  each  girder  was 
raided  with  the  south  end  about  midway  be- 
tween the  column  on  which  that  girder  was 
to  set  and  the  column  to  the  east.  The  der- 
rick-car was  then  pulled  forward  to  the  posi- 
tion required,  this  movement  pushing  the 
north   end   into  place. 

The  fourtli.  or  last,  girder  in  this  span  had 
to   be   handled    in    an   entirely   different    man- 
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fast  to  this  truck  and  passed  through  a  block 
fastened  to  the  pier  at  "A"  (see  Fig.  1).  It 
was  then  carried  hack  through  another  block 
fastened  to  the  permanent  track  at  "B"  and 
hitched  to  a  switch  engine.  Then  with  the 
derrick-car    supporting    the    rear    end    of    the 


ncr,  due  both  to  its  nearness  to  the  building 
on  the  east  side  of  the  street  and  to  the  fact 
that  operations  could  be  carried  on  in  only 
one  direction  (to  the  east)  on  the  permanent 
track.  This  girder  was  "walked  around," 
rear    end    swung    forward.     The   girder   was 


swung  in  to  this  new  position,  and  the  op- 
erations repeated.  In  this  manner  the  girder 
was  finally  worked  up  to  its  position  and 
hoisted  into  place  in  the  same  manner  as  the 
other  girders  in  this  span.  These  girders 
were  comparatively  light,  weighing  about  20 
tons    each. 

ERECTION     OF    SPAN     NO.     16. 

Similar  difficulties  were  encountered  in 
erecting  span  lij,  the  main  point  of  diflfer- 
cnce  being  tliat  the  track,  instead  of  being 
in  the  span  in  which  the  girders  were  erected, 
was  in  the  next  span  to  the  north  (see  Fig.  1). 
Moreover,  the  ground  to  the  south  of  pier  15 
is  about  3  ft.  higher  than  the  track,  and  there 
is  an  ascending  grade  of  about  3%  per  cent; 
while  at  span  9  the  ground  is  even  with  the 
track,  and  the  street  is  practically  level. 
There  are  no  l)uildings  near  span  16,  but  the 
obstruction  here  consists  of  a  small  bridge. 
This  bridge  is  40  ft.  wide  between  the  con- 
crete hand-rails,  the  latter  being  4  ft.  high. 
These  conditions  made  it  necessary  to  raise 
the  front  end  of  the  girder  in  order  to  place 
the  truck  beneath  it,  the  entire  operation  of 
moving  the  girders  into  place  being  carried 
out  on  an  upgrade.  Due  to  the  position  of 
the  obstructing  bridge,  each  girder  in  this 
span  had  to  be  "walked  around"  to  some  ex- 
tent. .'Vs  in  span  9,  a  considerable  part  of 
the  work  of  pulling  the  girders  into  place  and 
of  raising  the  south  end  was  done  by  a  switch 
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engine,  the  north  end  being  raised  by  a  trav- 
eler "on  top."  These  girders  are  Hi>  ft.  long 
and   weigh   about  21)   tons  each. 

ERECTION    OF    SPAN    NO.    11. 

Great  as  were  these  difficulties,  they  ap- 
peared insignificant  in  cmnparison  with  those 
encountered  in  erecting  span  II.  Tlie  girders 
in  this  span  have  a  length  of  slightly  over  1:27 
ft.,  and  they  are  above  the  eight  main  line 
tracks  shown  in  l-'ig.  1.  The  five  girders  in 
this  span  each  weigh  about  70  tons,  and  they 
had  to  be  erected  in  such  a  manner,  and  at 
such  a  time,  as  to  interfere  as  little  as  pos- 
sible with  the  operation  of  trains — in  fact  it 
was  specified  that  there  should  be  no  inter- 
ference with  passenger  trains.  The  north  two 
tracks  could  not  be  blocked  with  a  derrick  as 
these  were  used  both  for  passenger  and  for 
regular  freight  traffic.  This  problem  was 
solved  by  the  contractor  for  the  erection,  in 
the  novel   manner   illustrated  in  Fig.  2. 

The  gaHows  bent  used  for  this  erection 
was  designed  by  tlie  contractor  and  was 
checked  by  the  Bridge  Department  of  the 
Kansas  City  Terminal  Ry.  Co.  It  was  con- 
structed of  8xl6-in.  yellow  pine  timbers,  with 
two  24-in.  80-lb.  I-beams  at  the  top.  Three 
4-sheave  blocks  were  used  at  the  top  and 
three  at  the  bottom,  making  twelve  complete 
turns  of  the  ^-in.  cable.  The  power  required 
was  supplied  by  a  switch  engine.  Both  ends 
of  the   cable  were   brought   down   and   passed 


The  Pacific  Highway  Interstate  Bridge 
Over  the  Columbia  River  and  Its 
Approaches     Between      Van- 
couvei.  Wash.,  and  Port- 
land, Ore. 

(Stafif  .Article.) 
The  Interstate  Bridge  over  the  Columbia 
River  and  its  approaches  will  extend  across 
the  Columbia  River  Valley  from  the  city 
limits  of  Vancouver,  Wash.,  to  the  city  limits 
of  Portland,  Ore.,  a  distance  of  about  SM 
miles.  The  structure  will  include  about  .5,0U0 
ft.  of  steel  bridge  and  12,oiMi  ft.  of  embank- 
ment, with  a  secondary  approach  on  the  Ore- 
gon side,  for  which,  at  the  present  time,  an 
embankment  about  0,000  ft.  long  will  be  built. 
The  liridge  and  its  approaches  will  provide  a 
roadway  for  street  traffic  and  for  street  cars, 
together  with  a  sidewalk  over  the  steel  struc- 
tures. This  improvement  forms  one  of  the 
most  important  and  most  expensive  sections 
of  the  series  of  highways  included  under  the 
"Pacific  Highway,"  which  shortly  will  extend 
from  Vancouver,  B.  C,  to  San  Diego,  Cal. 
The  Interstate  Bridge  over  the  Columbia 
River  is  the  first  bridge  built  exclusively  for 
highway  and  street  car  traffic  over  the  lower 
portions  of  any  of  the  four  great  Western 
rivers,  viz.,  the  Yukon,  Fraser,  Columbia  and 
Colorado,  although  the  Fraser  River  is  crossed 


ditions.  It  is  about  1,(M10  ft.  wide  and  2-5  ft. 
deep,  and  is  separated  from  the  main  river- 
by  an  island  about  1,-50U  ft.  wide.  The  Gov- 
ernment has  built  a  dike  some  distance  above 
the  bridge  site  and  island  to  divert  practically 
all  of  the  low  water  flow  down  the  main 
channel,  the  top  of  this  dike  being  about  fj 
ft.  above  low  water.  The  bed  of  this  slough 
is    principally    sand. 

Tlie  Columbia  Slough,  which  provides  some 
drainage  near  the  Oregon  side  of  the  valley, 
is  about  (iOO  ft.  wide  and  20  ft.  deep  at  low 
water.  The  bottom  of  this  slough  consists 
of  clay  and  sand,  while  hard  and  compact 
gravel  is  found  about  8u  ft.  below  the  low 
water   stage. 

The  average  elevation  of  the  ground  across 
the  river  valley  is  from  12  to  lo  ft.  above  low 
water,  and  much  of  this  ground  is  inundated 
at   very   high   water   stages. 

SUPERSTRUCTURE. 

The  bridge  consists  of  a  series  of  through 
riveted  truss  spans  with  curved  top  chords, 
including  three  27-Vft.  spans,  ten  2(i.j-ft.  spans, 
and  one  small  deck  girder  span  at  the  Van- 
couver end.  making  a  total  length  of  3,.jl-il  ft. 
■5%  ins.  between  end  shoes  (see  Fig.  1).  Pro- 
vision for  navigation  on  the  river  is  made  liy 
a  vertical  lift  span.  The  central  span  of  the 
three  27-5- ft.  spans  is  arranged  to  lift  between 
towers  supported  by  the  other  two  spans,  giv- 
ing a  channel  2oO   ft.  wide  at  right  angles  to 
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Fig.    1 — General    Elevation   of   Interstate    Bridge   Over    Columbia    River, 


through  blocks  at  the  foot  of  the  gallows 
bent  and  then  hitched  to  the  switch  engine. 
The  gallows  bent  was  set  up  over  a  track, 
which  happened  to  be  at  about  the  center  of 
the  span,  at  an  angle  of  45°  with  the  center 
line  of  the  track.  This  left  the  track  clear 
for  use.  and  placed  the  bent  in  such  a  position 
that  tlie  girder  could  l)e  swung  into  the  re- 
quired position.  The  girder  was  run  in,  on 
flat  cars  (see  Fig.  2),  under  the  bent  in  a  po- 
sition approximately  at  right  angles  to  its 
final  position. 

The  first  girder  set,  the  one  shown  in  Fig. 
2,  required  about  two  hours,  owing  to  the  un- 
certaintv  of  everybody  concerned  as  to  wha*" 
would  happen  and  to  the  desire  of  the  su- 
perintendent to  make  a  good  showing  before 
the  crowd  of  critical  engineers  present.  How- 
ever, every  thing  worked  as  planned,  and  a 
record  of  twelve  minutes,  from  the  time  the 
girder  was  picked  up  to  the  time  it  was  set 
in  place,  was  made  on  two  of  the  other  gird- 
ers  in   this   span. 

The  moving  of  the  .gallows  bent  was  nearly 
as  interesting  as  the  raising  of  the  girders. 
A  chain  was  hitched  to  the  slings  (shown  just 
above  the  girder- in  Fig.  2),  and  the  bent  w'as 
raised  by  means  of  the  derrick  shown  on  the 
adjacent  track.  These  slings  were  so  placed 
that  v\'hen  the  bent  was  turned  at  right  angles 
to  the  girder,  and  was  freed,  it  would  swing 
into  a  horizontal  position,  in  which  position 
it  could  be  pulled  back  and  set  up  for  the 
next  girder. 

The  five  girders  in  span  11  were  set  in  three 
days.  Despite  the  difficulties  encountered  the 
job  was  finished  without  injury  to  anyone. 

PERSONNEL. 

The  viaduct  was  designed  by  the  Engineer- 
ing Department  of  the  Kansas  City  Terminal 
Railway  Co.  The  contractor  for  the  erection 
was  the  Kansas  City  Bridge  Co.,  J.  B.  Neely, 
chief   engineer. 


by  a   bridge  carrying  highway  traffic  only,  at 
Xew   Westminster,   B.   C. 

The  bridge  is  being  constructed  under  the 
direction  of  the  Columbia  River  Interstate 
Bridge  Commission,  comprising  the  commis- 
sioners of  Clarke  County,  Wash.,  and  those 
of  Multnomah  County,  Ore.,  with  the  Gov- 
ernor of  Oregon  acting  as  a  commissioner  of 
Multnomah  County,  for  certain  purposes.  The 
construction  of  the  bridge  is  the  result  of  a 
popular  movement  originated  by  the  commer- 
cial clubs  of  Vancouver  and  Portland,  and 
supported  by  the  people  of  Washington  and 
Oregon.  .An  attempt  was  made  to  have  the 
structure  built  bv  the  two  states,  but  when 
this  was  not  successful  the  two  counties,  in- 
cluding the  above  two  communities,  provided 
funds  by  issuing  general  county  bonds, 
Multnomah  Countv  issuing  $1,2.50,000  ot 
bonds  and   Clarke   County  $-jO0,O00. 

TOP0GR.\PHIC.^I.     FEATURES     AT     BRirGE     SITE. 

The  main  channel  of  the  Columbia  River, 
at  the  bridge  site,  is  3,,500  ft.  wide,  with  a 
ma.ximum  depth  of  30  ft.  at  extreme  low 
water  and  with  variations  from  extreme  low 
to  extreme  high  water  of  33  ft.  The  water 
rises  each  spring  to  about  20  ft.  and  about 
once  in  four  years  to  about  25  ft.  It  has 
reached  a  stage  of  33  ft.  only  once  in  known 
history.  At  times  of  extra  high  water  the 
Columbia  River  covers  the  entire  three-mile 
width  of  the  valley.  The  bed  of  the  river  con- 
sists of  sand  with  small  quantities  of  gravel, 
extending  to  great  depths.  .-\t  tlie  north  shore 
very  compact  cemented  gravel  is  found  a  few- 
feet  below  the  surface,  dropping  to  a  depth 
of  100  ft.  at  a  distance  of  about  700  ft.  from 
this  shore.  Only  sand  with  some  gravel  was 
found  over  the  remainder  of  the  river  bed, 
up  to  depths  of  over   100   ft. 

The  Oregon  Slough  forms  an  important 
secondary  channel,  particularly   for  flood  con- 


the  current  of  the  river,  with  a  clearance  of 
l-">u  ft.  above  ordinary  high  water.  For  en- 
trance features  there  are  placed  at  each  end 
of  the  bridge  heavy  concrete  railings  ter- 
minating in  ornamental  concrete  columns 
aboiU  22  ft.  high,  supporting  lamps  and  form- 
ing  the  beginning  of  the  steel  hand   rails. 

Livi:  Loads  and  Specifications. — The  fol- 
lowing live  loads  were  used  in  designing  the 
floor    system   of   this   bridges 

On  street  car  tracks:  .50 -ton  cars  on  both  tracks. 

On  roadways:  12-ton  motor  truck.  Class  A  uni- 
form load,  with  special  provi.5ions  for  24-ton 
machinery  trucks. 

On  side"alK:  ]::0  lbs.  per  square  foot. 

For  impact  allowance  .50  per  cent  is  added  to 
all  except  sidewalk  load.s. 

The  live  loads  used  for  trusses  and  girders 
were : 
On    street    car    tracks:        40-ton    cars    on    both 

tracks. 
On  roadways:     Class  B  uniform  load. 
For  imp.rct  allowance  the   percentages  given  by 

the  following  formulas  are  to  be  added: 

230 
For    street    car    loading,    I  = .    but    not 


greater  than  50  per  cent. 
For    roadway    loading,     I 


N  L  -I-  300 
180 


but    not 


N  L  -I-  300 
greater  than  "lO  per  cent. 
Where  I  -  impact  percentage:  L  =  loaded  length 
of  brid.ge  producing  maximum  stresses,  and  N 
=  numjjer  of  loaded  tracks  for  street  car  load- 
ing, or  number  of  lines  of  traffic  for  highway 
loading. 

The  working  stresses  used  in  the  design 
are  those  allowed  by  the  Harrington,  How- 
:ird   and   .•\sh   specifications. 

Fixed  Spans. — The  riveted  truss  spans  have 
a  vertical  clearance  of  21  ft.  6  ins.,  and  are 
spaced  41  ft.  on  centers,  with  the  roadway 
between  them  and  the  sidewalk  cantilever  be- 
yond one  of  the  trusses.  The  roadway  has  a 
"width  between  curbs  of  38  ft.,  with  steel  hand 
rails    where    required.      The    sidewalk    has    a 
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dear  width  of  4  ft.  U  ins.  The  floor  consists 
of  a  reinforced  concrete  slab  having  a  thick- 
ness of  0%  ins.;  the  sidewalk  is  also  of  rein- 
forced concrete,  4  ins.  thick.  The  arrange- 
ment of  the  beams  and  of  the  concrete  slab 
for  the  floor  is  original  with  the  designers. 
As  will  be  noted  by  referring  to  Fig.  2,  there 
are  longitudinal  stringers  lietween  the  usual 
floorbeams,    tlie   stringers   being    spaced   about 

9  ft.  on  centers.  On  top  of  the  stringers, 
extending  entirely  across  the  roadway,  there 
are  8-in.  I-beams  spaced  about  33  ins.  apart. 
These  roadway  cross  beams  are  bent  to  con- 
form to  tlie  crown  of  the  roadway,  and  the 
concrete  slab  rests  directly  on  top  of  them. 
The  six  rails  required  for  the  two-gage,  dou- 
ble-track  street  car  tracks    (which  are  spaced 

10  ft.  8'/^  ins.  on  centers)  rest  directly  on  the 
roadway  crossfloorbeams,  and  are  fastened 
to  them  with  standard  Carnegie  steel  tie  clips. 
As  the  rails  are  7  ins.  high,  there  remains  a 
space  of  2  ins.  from  the  top  of  the  rails  to 
the  top  of  the  concrete  slabs  for  the  2-in.  spe- 
cial bituminous  concrete  surfacing  wliich 
forms  the  pavement.  To  form  a  rail  heading 
which  can  be  moved,  if  necessary,  without 
damage  to  the  roadway  slab,  the  space  for  a 
width  of  about  5  ins.  on  each  side  of  the  rails 
is  tilled  with  concrete  to  the  top  of  the  rails, 
and  a  flangeway  is  provided  as  shown  in 
Fig.  2. 

The  type  of  floor  used  has  the  advantage 
of    providing   a   concrete   slab   whose  greatest 


A  drainage  intake,  with  a  down-spout,  is 
placed  at  intervals  of  50  ft.  along  each  curb. 

Toivcrs,  Lift  Span  and  Operating  Mechan- 
ism.— The  towers  for  the  lift  span  are  of 
riveted  construction  throughout,  and  are  so 
arranged  that  the  front  columns  of  the  towers 
support  all  the  load  of  the  lift  span  and  its 
counterweights,  the  rear  columns  being  merely 
Iiracing  members. 

The  lift  span  is  suspended  from  each  of  its 
four  corners  by  lU  plow-steel  wire  ropes,  each 
2  ins.  in  diameter,  which  pass  up  and  over 
cast-steel  sheaves,  12  ft.  in  diameter,  and  are 
attaclied  by  a  group  of  equalizing  levers  to 
concrete  counterweights  built  around  a  steel 
frame.  These  counterweiglits  are  of  the  same 
weight  as  the  span,  so  that  the  work  to  be 
done  in  operation  consists  of  overcoming  the 
friction  and  inertia,  and  of  lifting  the  un- 
I)alanced  portion  of  the  ropes.  The  span  is 
guided  in  its  ascent  and  descent  by  cast-steel 
jaws  which  engage  upon  tracks  on  the  tow- 
ers. At  one  end  of  the  lift  span  these  jaws 
guide  both  laterally  and  longitudinally,  but  at 
the  other  end  the  span  is  guided  only  later- 
ally, thus  allowing  for  the  expansion  and  con- 
traction of  the  span  and  for  slight  variations 
in  the  positions  of  the  towers.  The  span  is 
operated  by  means  of  cables,  of  which  there 
are  two  pairs  at  each  comer.  The  operating 
machinery,  which  is  placed  on  the  span  at  its 
center,  just  above  the  roadway  clearance  line, 
consists  of   four  spirally  grooved  drums  con- 


pair  of  reduction  gears  in  a  frame  inside  of 
the  house,  and  the  back  gears  on  the  motor. 
An  indicator  and  limit  switch  are  provided 
by  which  the  current  is  automatically  cut  off 
and  the  solenoid  brakes  applied  to  the  motors 
at  points  near  the  upper  and  lower  limits  of 
the  run  of  the  span.  For  ordinary  operation 
there  is  a  hand  band  brake  which  is  equipped 
with  a  push-button  switch  so  that  when  the 
span  is  under  control  the  operator  can  hold 
off  the  emergency  brake  and  bring  the  span 
to  rest  under  the  control  of  the  hand  brake. 
To  provide  for  emergency  operation  (in- 
stead of  the  usual  hand  operating  capstan  ).  the 
span  is  equipped  with  a  small  gasoline  en- 
gine connected  through  a  speed  reducer  to 
the  machinery,  so  that  in  case  of  failure  of 
electric  current  the  operator  will  be  able  to 
move  the  span  at  slow  speed  without  having 
to  seek  outside  assistance.  There  is  a  man- 
ually operated  lock  at  each  end  of  the  span 
in  connection  with  a  centering  device  by  which 
the  span  may  be  locked  down.  The  solenoid 
brakes,  together  with  the  down-haul  ropes, 
also  serve  as  a  lock.  Buss-bar  trolleys  are 
attached  to  the  tower,  and  a  sliding  contact 
shoe  is  placed  on  the  lift  span  to  supply  cur- 
rent to  the  motors  during  operation.  The 
operating  cables  are  attached  at  the  tops  of 
the  towers  to  small  drums  with  worm-gear 
connections  in  order  that  adjustment  for  the 
stretch    of    the    operating   cables    may    readily 
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dimensiun  is  in  the  direction  of  travel.  It  al.so 
provides  comparatively  short  spans  and  in- 
sures simple  shop  work  on  the  supporting 
steel  beams.  It  is  expected  that  the  cross 
floorbeams  will  be  formed  to  their  curve  by 
shimming  up  the  hot  beds  to  the  proper  curve 
in  order  that  the  beams  may  form  while 
cooling.  Due  to  the  lateral  stiffness  of  the 
floor,  as  constructed,  the  lower  laterals  of 
the  spans  are  somewhat  lighter  than  would  be 


nccted  by  a  train  of  gears  to  an  electric 
motor.  Each  of  these  drums  controls  the 
operating  ropes  for  one  corner  of  the  span : 
one  pair  of  operating  ropes,  leading  from  the 
top  of  the  drums,  passes  over  a  deflecting 
sheave  at  the  corner  of  the  span,  thence  down- 
ward, and  is  connected  near  the  bottom  of 
the  tower ;  while  the  corresponding  pair,  which 
leads  from  the  bottom  of  the  drum,  passes 
under  a  deflecting  sheave  at  the  corner  of  the 


be  made.  When  the  span  is  at  its  upper  limit 
the  counterweights  are  2  ft.  above  the  floor 
level,  and  a  special  arrangement  of  the  trolley 
wires  under  the  counterweight  is  made.  This 
consists  of  a  swinging  frame  upon  which  the 
trolley  wires  are  fastened,  this  frame  being 
pushed  down  by  the  counterweights  and  re- 
turned to  position  by  means  of  a  small  coun- 
terbalance. 

The  rail  connections  at  the  ends  of  the  mov- 
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Fig.   2 — Cross   Section    of    Floor   System   of    Interstate    Bridge   Over   Columbia    River— Note    Unusual   Type    of  Construction. 


required  for  an  open  deck  bridge.  To  reduce 
the  number  of  expansion  joints  to  a  minimum 
two  fixed  ends  and  two  expansinn  ends  of 
the  spans  are  placed  adjacent.  The  expan- 
sion joints  are  made  with  checkered  plates, 
supported  by  and  sliding  on  metal  supports. 
The  corresponding  expansion  joints  for  the 
rails  at  the  ends  of  the  spans  consist  of  man- 
ganese steel  castings  placed  beside  the  webs 
of  the  rails,  for  wliich  one  side  of  the  rail 
heads    is    planed    off. 


span,  thence  upward,  and  is  connected  near  the 
top  of  the  tower.  All  of  the  drums  are  sim- 
ilarlv  connected,  so  that  when  they  are  operat- 
ed in  one  direction  the  ropes  leading  to  the 
tops  of  the  towers  are  wound  onto  drums 
and  those  leading  to  the  bottom  of  the  tow- 
ers are  paid  off,  thus  lifting  the  span  by  the 
force    exerted    upon    the   corner    sheaves. 

The  machinery  for  operating  the  lift  span 
is  exceedingly  simple,  consisting  of  one  trans- 
verse   shaft    extending    across    the    span,    one 


able  span  are  scarf-jointed  so  that  the  span 
lifts  away  from  the  fixed  rails  and  returns 
to   them   without   any   movable   devices. 

The  machinery  is  designed  with  great  care 
and  nicety.  Gears  and  pinions  which  operate 
together  are  set  in  cast  steel  frames  in  order 
that  they  may  be  adjusted  and  built  com- 
plete in  the  shops,  the  adjustment  of  parts  of 
the  machinery  in  the  lield  being  thus  reduced 
to  a  luininuuii.  All  of  the  gears  arc  cast  steel 
with  cut  teeth.     .A  duplicate  motor  equipment 
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with  either  motor  of  sufficient  size  to  operate 
the  bridge  is  provided. 

At  the  ends  of  the  fixed  span  adjacent  to 
the  movable  span  there  arc  provided  roadway 
gates  which  form  an  effective  barrier  across 
the  roadway.  These  gates  are  connected  to 
derailing  switches  in  the  street  car  tracks 
so  that  the  derail  is  thrown  when  the  gate  is 
closed  across  the  roadway.  The  gates  will 
be  manually  operated,  and  a  small  steel  and 
concrete  cabin  is  provided  at  each  for  the 
gatctenders. 


t  Base  Casting; 


by  transverse  trusses  and  forming  permanent 
parts  of  the  pier  bases  will  be  sunk  to  a  depth 
of  about  20  to  25  ft.  below  the  river  bed,  and 
the  piles  will  be  jetted  inside  of  the  cribs. 
An  average  of  one  pile  for  each  10  sq.  ft.  of 
crib  area  will  be  driven.  Concrete  will  then 
be  deposited  through  the  water  in  sufficient 
quantities  to  seal  the  bottom  of  the  crib,  and 
after  this  concrete  has  hardened  the  crib 
will  be  pumped  out,  the  piles  will  be  cut  off 
a  short  distance  below  low  water,  and  the 
remainder  of  the  concrete  for  the  pier  placed 
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SUBSTRUCTURE. 

At  the  bridge  site  the  river  is  subject  to 
some  scour,  but  an  inspection  of  the  sound- 
ings taken  for  many  years  failed  to  show  any 
indication  of  scour  to  extreme  or  unusual 
depths,  even  though  the  river  is  shallower 
at  the  bridge  site  than  it  is  for  a  considerable 
distance  both  upstream  and  downstream.  The 
exceptional  facility  for  securing  piles  of 
great  length  at  a  very  reasonable  cost  was 
an  important  factor  in  determining  the  type 
of  pier  to  be  used. 

The  piers  are  to  be  constructed  of  concrete, 
containing  and  resting  on  piles  sunk  by  means 
of  w^ater  jets  to  a  depth  of  about  105  ft.  be- 
low low  water.     Open  cribs  of  timber  braced 


in  the  open.  A  certain  amount  of  heavy  stone 
riprapping  will  be  placed  about  the  piers, 
which  will  be  replenished,  if  necessary,  dur- 
ing the  first  two  years  after  the  completion 
of  the  structure.  The  piles  will  thus  be  about 
120  ft.  long,  with  a  diameter  at  the  top  of  10 
or  12  ins.  and  a  diameter  at  the  butt  of  22 
ins.  No  followers  will  be  used  in  driving 
the  piles,  but  the  necessary  cut-offs  will  be 
wasted.  (Piles  of  this  length  can  be  pur- 
chased at  the  bridge  site  for  about  12  cts.  per 
linear    foot.) 

Figure  3  shows  details  of  the  timber  crib 
and  pile  foundations  for  the  piers  which  sup- 
port the  265-ft.  spans.  It  will  be  noted,  by 
referring   to   Fig.  3,   that   the   upper   ends  of 


the  piles  are  embedded  in  the  concrete  of  the 
pier  bases  from  15  to  20  ft.,  thus  forming 
an  integral  part  of  the  pier.  It  is  evident 
that  the  pier  would  be  stable,  even  though 
there  should  be  scour  below  the  base  of  the 
crib,  due  to  the  great  depth  of  penetration 
of  the  piles  and  to  the  rigidity  of  the  upper 
support. 

The  occurrence  of  ice  in  the  Columbia 
River  in  floes  of  large  size  is  very  rare,  and 
it  was  therefore  unnecessary  to  provide  steel 
or   stone   facings    for   the   concrete   piers. 

As  shown  in  Fig.  3,  the  concrete  pier  shafts 
consist  of  two  cylindrical  battered  columns, 
one  under  each  pair  of  shoes,  joined  together 
by  a  vertical  diaphragm  and  by  a  horizontal 
coping  at  the  top.  The  diaphragm  has  a  thick- 
ness of  2  ft.  6  ins.  and  the  coping  a  thick- 
ness of  2  ft.:  both  are  reinforced  with  steel, 
as  shown  in  Fig.  3.  The  use  of  this  type  of 
pier  shaft  effects  a  considerable  saving  in 
weight  and  eliminates  a  large  amount  of 
concrete  which  otherwise  would  have  been  ' 
required,  but  which  does  not  serve  any  struc- 
tural purpose. 

PRELIMINARY   DESIGNS. 

Several  types  of  movable  span,  designed  to 
provide  the  channel  openings  required  for 
navigation,  were  originally  considered,  but 
the  selection  finally  lay  between  a  swing  span 
and  a  vertical  lift  span.  As  the  commission 
desired  to  receive  bids  on  both  types  of  mov- 
able span,  plans  were  prepared  for  bridges 
containing  both  types.  These  designs  were 
made  under  the  same  specifications  and  were 
as  nearly  duplicates  as  was  possible. 

Application  was  made  to  the  War  Depart- 
.ment  and  tentative  approval  was  received  for 
either  type  of  movable  span,  provided  the 
swing  span  should  have  two  200-ft.  channels 
and  the  lift  span  should  provide  a  250-ft. 
channel  with  a  vertical  clearance  above  nor- 
mdl  high  water  of  150  ft.  Bids  were  received 
on  both  types  of  bridge,  with  the  result  that 
the  lowest  bid  for  the  structure  which  includ- 
ed a  vertical  lift  span  was  $70,000  less  than 
that  received  on  the  structure  which  included 
a  swing  span.  The  lift  span  type  was  adopt- 
ed after  a  consideration  of  width  of  channel, 
first  cost,  and  cost  of  operation  and  main- 
tenance. 

APPROACHES. 

The  approaches  to  the  Interstate  Bridge  in- 
clude bridges  over  the  Columbia  and  Oregon 
sloughs,  and  embankments.  The  bridges  over 
the  sloughs  consist  of  deck  plate  girder  spans, 
which  provide  a  roadway  and  floor  of  the 
same  general  type  as  that  used  in  the  main 
structure.  In  these  spans,  however,  a  portion 
of  the  roadway  and  the  sidewalk  is  carried 
on  cantilever  beams;  there  are  also  other 
minor  differences  in  details.  These  spans 
rest  on  concrete  piers  supported  by  piles  ar- 
ranged in  similar  manner  to  those  used  in  the 
main  bridge.  The  piles  will  be  sunk  to  about 
the  same  depths,  but  the  bases  will  not  be 
carried  so  far  below  the  river  bed,  as  the 
probability  of  scour  is  much  less  in  the 
sloughs. 

Oregon  Slough  Bridge. — The  bridge  over 
Oregon  Slough  is  on  a  3  per  cent  grade 
and  consists  of  ten  100-ft.  deck  plate  girder 
spans  and  one  115-ft.  deck  plate  girder  span, 
giving  a  total  length  between  end  bearings 
of  1,137  ft.  G  ins.  At  the  present  time  there 
is  no  navigation  in  this  slough  above  the 
bridge  site,  but,  as  there  is  possibility  of 
navigation  being  developed  above  the  site,  it 
was  necessary  to  make  provision  for  some 
type  of  movable  span.  Permission  was  se- 
cured from  the  engineers  of  the  War  De- 
partment to  build  the  structure  with  all  fixed 
spans  at  the  present  time,  with  the  provision 
that  one  span  be  so  arranged  that  at  any  time 
in  the  future  it  can  be  converted  into  a  mov- 
able span  by  providing  towers  at  each  end 
and  by  equipping  the  span  with  machinery, 
counterweights,  etc.,  for  operation  as  a  ver- 
tical lift  span.  The  115-ft.  span,  which  is 
centrally  located,  is  arranged  for  possible 
use  as  a  movable  span,  and  it  will  provide 
a  100-ft.  channel.  This  arrangement  resulted 
in  a  saving  of  about  $30,000,  and  it  will  per- 
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mit  a  change  to  a  movable  span  without  in- 
terrupting traffic. 

Columbia  Slough  Bridge. — The  bridge  over 
Columbia  Slough  consists  of  four  7o-ft.  deck 
plate  girder  spans  of  the  same  type  as  those 
adopted  for  the  bridge  over  Oregon  Slough. 
After  the  first  tentative  approval  of  the  plan 
for  this  bridge  was  given  by  the  engineers  of 
the  War  Department  the  status  of  this  slough 
was  so  changed  that  there  is  a  remote  pos- 
sibility that  it  may  at  some  future  tirne  be 
made  navigable.  It  has  therefore  been  agreed 
that,  should  such  development  occur,  one  of 
the  7o-ft.  spans  will  be  made  a  vertical  lift 
span  to  provide  a  60-ft.  channel. 

Embankments. — The  main  approach  on  the 
Oregon  side  will  contain  about  931,000  cu. 
yds.  of  embankment,  while  the  secondary  ap- 
proach will  contain  about  .500,000  cu.  yds. 
The  embankment  will  be  constructed  of  sand, 
which  probably  will  be  dredged  with  suction 
dredges  from  Oregon  Slough.  For  the  main 
lill  there  is  being  installed  a  24-in.  suction 
dredge  equipped  with  electrically  operated 
pumps,  which  will  deliver  the  sand  a  distance 
'if  about  .5,000  ft.  At  this  point  a  booster  pump 
will  be  installed,  also  electrically  operated, 
so  that  for  the  extreme  end  of  the  approach 
the  material  will  will  be  carried  through  about 
10,000  ft.  of  pipe. 

The  embankments  are  to  be  22  ft.  wide  on 
top,  with  side  slopes  of  2  to  1,  and  with  an 
average  height  of  between  20  and  2-5  ft.  The 
upstream  side  of  the  embankment  will  be  pro- 
tected to  an  elevation  of  about  20  ft.  above 
low  water  by  concrete  slabs  laid  on  the  slope 
of  the  finished  embankment.  These  slabs 
are  to  be  4  ins.  thick,  in  strips  about  8  ft. 
wide,  extending  continuously  up  and  down 
the  slope,  and  reinforced  with  wire  mesh. 
The  overflow,  which  at  times  inundates  most 
of  the  river  valley,  is  largely  back  water  with 
little  current,  except  at  the  time  when  the 
water  is  just  rising  above  the  surface  of  the 
ground  and  at  the  time  when  it  is  falling  to 
its  lowest  point.  The  concrete  protection  ex- 
tending part  way  up  the  slope  will  therefore 
guard  against  erosion  during  these  periods. 
It  is  planned  to  sow  the  remainder  of  the 
slopes  with  grass  seed  in  an  attempt  to  de- 
velop a  compact  sod.  At  the  foot  of  the 
slopes  there  probably  will  be  planted  a  row 
of  evergreen  blackberries,  a  hardy  indigenous 
shrub,  which  will  be  of  considerable  value  in 
preventing  erosition.  Around  the  ends  of 
the  embankments  at  the  buried  piers  the  con- 
crete slope  protection  extends  entirely  over 
the  slope  of  the  embankment  to  its  upper 
edge.  The  embankment  across  Hayden  Island 
is  more  exposed  than  the  other  embankments, 
and  the  engineers  of  the  War  Department  re- 
quired that  some  form  of  revetment  extend 
over  both  sides  up  to  .5  ft.  above  normal  high 
water. 

The  embankments  are  to  be  provided  with 
wooden  railings,  and  they  will  be  paved  with 
some  form  of  hard-surface  paving.  As  the 
embankments  will  consist  principally  of  sand 
pumped  into  position,  it  is  expected  that  there 
will  be  practically  no  settlement,  which  will 
permit  the  pavements  to  be  constructed  in 
time  for  the  completion  of  the  remainder  of 
the   structure. 

DIVISION    OF    CONTR.^CT    .\Nn    BIDS. 

The  consulting  engineers  prepared  complete 
detailed  plans  and  specifications  covering 
every  feature  of  the  structure.  Bids  were 
called  for  on  the  unit  basis,  based  on  the 
approximate  quantities  of  materials  given  in 
the  specifications.  To  insure  competition  the 
total  contract  was  divided  into  twelve  units 
— into  what  seemed  to  be  natural  divisions. 
Of  these  twelve  divisions  eight  of  them  re- 
fer to  the  types  of  construction  actually  used : 
the  others  refer  to  alternate  designs  calling 
for  a  swing  span.  The  contracts  for  the  light- 
ing system  and  for  the  pavement  on  the  em- 
bankments have  not  yet  been  let.  Rids  were 
received  Feb.  23,  191.5,  and  contracts  were 
let  soon  afterw.Tfds  to  six  liidders.  The 
l;irge  number  of  duplicate  spans  and  the  care- 
ful manner  in  which  the  spans  were  detailed, 
warranted  exceedinglv  low  bids  on  the  steel- 
work and  on  its  erection. 

The    erectors    are    planning   to    erect,    rivet 


and  paint  the  spans  on  a  dock  at  the  shiM-; 
to  transfer  them  to  barges,  and  to  float  ti.;'in 
to  position  on  the  piers  without  the  use  of 
falsework.  As  the  total  contract  price  of 
the  structure  is  about  $230,000  less  than  tile 
appropriation  made  for  it  the  commission 
was  able  immediately  to  arrange  for  the  con- 
struction of  a  secondary  approach  previously 
mentioned,  which  will  accommodate  a  portioi; 
of  the  city  not  directly  adjacent  to  the  main 
approach. 

The  work  of  the  various  contractors  has 
been  arranged  in  order  of  time  to  permit  co- 
operation, in  order  that  the  various  opera- 
tions may  proceed  consecutively  and  without 
interruption.  It  is  expected  that  the  bridge, 
which  is  fireproof  in  every  particular,  will  be 
in  service  late  in  the  fall  of  1916. 

CONTRACTS,     QUA.NTITIES     OF     MATERIALS     AND 
SUCCESSFUL    BIDDING    PRICES. 

The  following  data  give  the  division  of  con- 
tracts awarded,  the  names  of  the  successful 
contractors,  the  quantities  of  materials,  the 
unit  bidding  prices,  and  the  total  bid  for 
each  item  of  each  contract : 

Contract  No.  i. — This  contract,  which  in- 
cludes the  manufacture  and  delivery  of  the 
'Superstructure  steelwork  of  the  main  bridge 
over  the  Columbia  River,  was  let  to  the  U. 
S.  Steel  Products  Co.  The  following  data 
applv  to  it : 

Unit        Total, 
Weight,         pi'ice,        each 

Item.  lbs.       cts.  per  lb.  item. 

Trues  apans,   etc 12,934,000       2.C9     $334,731.00 

Towers    822,000       3.43         28,194.00 

Railing.-!,    etc fi20,000       2.75,5       17,O.S1.00 

.Sheaves,    etc 318,000     10.00         31.800.00 

Motors    (Iwo) 4,32.'>.00 

.Switcliboards     4S6.00 

(Jasoline  engine 728.00 

Total  bid    $417,316.20 

Contract  No.  2. — This  contract,  which  in- 
cludes the  erection  of  the  superstructure 
steelwork  for  the  main  bridge  over  the  Co- 
lumbia River,  was  let  to  Porter  Brothers  of 
Portland,  Ore.  The  following  data  apply 
to    it : 

Unit        Total, 
Weight,         price.        each 

Item.  lbs.       cts.  per  lb.   itein. 

Truss  spans,   etc 12,924.000       0.55       S71,0S2.00 

Towers    822,000       0.90  7,398.00 

Railings,  etc 020,000       0,40  2.480.00 

Sheaves,  etc 318,000       1.25  3.975.00 

Motors     vtwo) 200.00 

Ga.soline  engine 200.00 

Electric    wiring 3.100.00 

Operator's  house 2,100.00 

Gate  tender's  house 700.00 

Cu.  yds.   Per  on,  yd. 
Counterweights    621  $14.00  8,694.00 

Total  bid $99,S2S.0O 

Contract  No.  5. — Contract  No.  .5  is  for  the 
manufacture  and  delivery  of  the  superstruc- 
ture steelwork  of  the  bridges  over  Oregon 
and  Columbia  sloughs.  It  was  let  to  the 
Northwest  Steel  Co.  of  Portland,  Ore.,  and 
includes  the   following  items : 

Unit        Total, 

Weight.         price,        each 

U»m.  lbs.       cts.  per  lb,  item. 

Metal     3.191.000       ».55       $81,370.50 

Rails    259,000       3.00  7,770.00 

Total    $89,140.00 

Contract  No.  6. — Contract  No.  G  is  for  the 
erection  of  the  superstructure  steelwork  of 
the  bridges  over  Oregon  and  Columbia 
sloughs.  It  was  let  to  Porter  Brothers  and 
includes  the   following  items: 

Unit       Total, 
Weight,        price,       each 

Item.  lbs.       cts,  per  lb,  item. 

Metal    3,191,000       0,55       $17,550,50 

Kails    259,000       0,10  1,036,00 

Total    $18,586.0(1 

Contract  No.  7. — In  contract  No.  7  there  is 
inchidcd  all  work  in  connection  with  the  sub- 
structure of  the  main  bridge  over  the  Colum- 
bia River.  This  contract  was  let  to  the  Pacific 
P.ridge  Co.  of  Portland,  Ore.,  and  the  follow- 
ing data  applv  to  it: 

Unit  Total, 

Item  and   quantity.  nrice,        each  item. 

Pier  shai'ts,  5.3.50  cu.  vds $  9.00         $  48,150,00 

Reinforcing  steel,  109,000  lbs.     0.03  3,270.00 

Bases,  15,810  en.   yds 12.00  189,720.00 

Bases,  burled   piers,   418  cu. 

vds      12.00  5.016.00 

Piles.   77.900  Iln.   ft 0.46  35,834,00 

Dolphins,  5,900  lin.  ft 0.25  1,475.00 


Timber   ferry,   105   M    ft.   B. 

„M 30.00  3,150.00 

Rip-rap,  16,000  cu.  yds 2.05  32,800.00 

Mattress,   34,600  sq.  yds 0.70  24,220.00 

Total  r  $319,415.00« 

L   310,835.00t 
♦Rip-rap.      tMattress. 

Contract  No.  p.— Contract  No.  9  includes 
all  substructure  work  in  connection  with  the 
bridge  over  Oregon  and  Columbia  sloughs. 
This  contract  was  let  to  the  Pacific  Bridge 
Co.,  and  it  includes  the   following  items: 

Unit  Total, 

Item  and  quantity.               price.  each  item. 

Pier  shafts.  2,480  cu.  yds. ..  .$10.00  $  24,800.00 

Reinforcing  steel,  34,000  lbs.     0.04  1,360.00 

Bases.  2  310  cu.  yds 16.00  36.960.00 

Bases,    buried   piers,   894   cu. 

r.-V'''^-  -;•,•«•„•■,; i^-""         14,304.00 

Piles.  08,100  l:n.  ft 0.35  20.335.00 

Kip- lap.  11,000  cu.  yds 2.00  22  000  00 

Mattress,  21,000  sq.   yds 0.50  10,500'.00 

Total    r$119.759,00» 

.„,  ^^,   ^  L    108,259.00t 

♦Rip-rap.     tMattress. 

Contract  No.  70.— In  contract  No.  10  there 
is  included  the  main  embankment  of  the  ap- 
proaches. This  contract  was  let  to  the  Ta- 
coma  Dredging  Co.  of  Tacoma,  Wash.,  and  it 
includes  the  following  items : 

,»               ,                                    Unit  Total, 

Item  and   quantity.               price.  each  item. 
Embankment  m  place,  931  - 

poo  cu.  yds $0.1324  $123,264.40 

Ditches,  3  000  cu.  yds 0.25  750  00 

Slabs,  38,000  sq.  yds 0.80  30,40o!oo 

Rock  fill,  1.900  cu.  yds 2.00  3,800.00 

Total    $158,214.40 

Contract  No.  //.—Contract  No.  11  is  for  the 
reinforced  concrete  floor  and  pavement  on  the 
bridge  over  the  Columbia  River  and  on  those 
over  the  Oregon  and  Columbia  sloughs.  This 
contract  was  let  to  the  Warren  Construction 
Co.  of  Portland,  Ore.,  and  it  includes  the  fol- 
lowing items: 

T^              .,               ,.                   Unit  Total, 

Item   and   quantity.                price.  each  item 

Bitulithlc,    21  624  sq.    yds ....  $  3.48  $75  25I.T2 

Sidewalk  slabs,  3,254  sq.  yds.     2.10  6,833  40 

Hand  rails,  21  cu.  yds. 30.00  630  00 

Bronze  lamp  standards,   2..  44.00  88.00 

Total    $82,802,93 

The  contract  for  the  secondary  embank- 
ment, which  was  not  included  in  the. original 
project,  was  let  to  the  Standard  American 
Dredging    Co,    of    Oakland,    Cal. 

PERSONNEL. 

The  plans  and  specifications  for  the  Inter- 
state Bridge  and  its  approaches  were  pre- 
pared by  Harrington,  Howard  &  Ash,  con- 
sulting engineers,  of  Kansas  Citv,  Mo.  We 
are  indebted  to  E.  E.  Howard  of  that  firm 
for  the  data  upon  which  this  article  is  based. 

Some  Data  on  Oxy-Acetylene  Welding 
and   Cutting   Equipment. 

(Staff   Abstract.) 

The  ordinary  method  of  welding,  and  the 
one  tliat  has  been  in  common  use  for  many 
years,  is  that  known  as  the  compression 
process.  By  this  method  the  pieces  to  be 
welded  are  heated  in  a  forge  to  a  temperature 
slightly  above  the  proper  degree  for  welding. 
The  two  ends,  after  being  treated  with  a  suit- 
;ble  flux  to  decrease  scale  and  shut  out  air, 
are  placed  together  and  a  compressive  force, 
usually  created  by  hammering,  is  dcpnded  on 
to  form  a  junction.  The  smith  must  be  able 
to  judge  the  proper  temperature  for  welding, 
make  sure  that  the  flux  is  properly  applied, 
and  then  hammer  the  adjoining  ends  so  that 
slag,  scale  and  air  are  forced  out.  It  is  evi- 
dent then  that  the  efficiency  of  the  weld  is 
very  much  dependent  on  the  skill  of  the 
operator  and  the  thoroughness  with  which  he 
performs  his  work.  This  process,  when  prop- 
erly carried  out,  is  satisfactory  for  small 
operations,  such  as  the  ordinary  work  in  a 
blacksmith's  shop,  but  it  is  entirely  unsuited 
for  the  demands  of  modern,  up-to-date  repair 
shops,  where  lar.gc  sections  of  boilers,  engines, 
and  other  heavy  parts  of  metal  are  to  be 
joined,  because  of  the  uncertainty  of  the  weld 
and  the  time  and  labor  involved. 

From  time  to  time  attempts  have  been  made 
to  weld  metals  by  using  oxygen  in  combina- 
tion    with     a     combustible     gas.      Hydrogen, 


344 


Engineering  and    Contracting 


Vol.  XLIII.     No.  24. 


"Pintsch,"  and  "Blau"  gas  have  been  tried,  but 
were  not  found  satisfactory  liecause  of  tem- 
perature limitations.  If  sufficiently  confined, 
the  flame  from  any  one  of  these  would  be  hot 
enough  to  melt  most  of  tlie  common  metals; 
but  experience  shows  that  these  gases  cannot 
be  well  enough  regulated  or  localized,  in  com- 
mercial work,  to  give  wholly  satisfactory  re- 
sults. 

The  introduction  of  the  electric  furnace  has 
made  possible  the  production  of  calcium  car- 
bide in  large  quantities,  and  from  this  acety- 
lene gas  is  made.  The  combination  of  oxy- 
gen and  acetylene,  when  ignited,  produces  the 
oxy-acetylene  flame,  which  is  hotter  than  the 
oxy-hydrogen  flame  by  over  2,000°  F.  The 
extra  heat  generated  by  the  oxy-acetylene 
flame  not  only  melts  the  metals  to  be  joined, 
but  also  fuses  them  so  completely  that  they 
automatically  run  together,  thus  forming  a 
weld.  In  addition  to  the  50  per  cent  increase 
in  intensity  of  heat  in  the  oxy-acetylene  flame 
over  other  oxygen  flames,  there  is  about  500 
per  cent  increase  in  the  amount  of  heat.  An- 
other valuable  feature  of  the  oxy-acetylene 
flame  is  its  concentration  into  a  small  volume 
at  the  working  point,  as  compared  with  other 
flames, — a  condition  especially  suited  for 
rapid  and  thorough  welding  and  cutting. 

METHODS  OF  GENERATING  ACETYLENE. 

There  are  two  methods  for  generating  the 
supply  of  acetylene  for  welding  and  cutting 
operations,  one  generally  called  the  carbide-to- 
water  plan,  and  the  other  the  water-to-carbide 
plan.  The  first  makes  use  of  a  cylinder  partly 
filled  with  water  into  wdiich  calcium  carbide  is 
dropped  by  a  mechanism  controlled  by  the 
pressure  of  the  gas  in  the  cylinder.  This  has 
the  double  advantage  of  producin.g  the  largest 
volume  of  gas  per  unit  of  carbide,  while  the 
gas  is  also  separated  from  certain  of  its  im- 
purities by  bubbling  up  through  the  lime  water. 

On  the  other  hand,  the  water-to-carbide 
method  is  very  apt  to  reduce  the  calorific  value 
and  the  amount  of  acetylene  produced  per  unit 
of  calcium  carbide,  and  at  the  same  time  form 
a  tar  product  which  will  clog  up  the  pipes, 
valves,  and  torches.  For  these  reasons,  among 
others,  the  superiority  of  generators  of  the 
carbide-to-water  type  is  generally  acknowl- 
edged. 

STORING    ACETYLENE. 

It  is  not  safe  to  store  gaseous  acetylene  in 
tanks  under  a  pressure  approaching  two  at- 
mospheres; and  to  overcome  this  difficulty 
storage  tanks  are  provided,  containing  a 
porous  substance  such  as  brick  or  asbestos, 
and  filled  with  acetone.  .Acetvlene  gas  is  then 
pumped  into  the  tanks  and  this  combines  with 
the  acetone,  which  has  the  property  of  ab- 
sorbing appro-ximately  twenty-five  times  its 
volume  of  acetylene  for  each  atmosphere  of 
pressure,  at  60°  F.  By  this  process  acetylene 
may  be  safely  stored  under  a  pressure  of  150 
lbs.  per  square  inch. 

ACETYLENE   TORCHES. 

A  great  deal  of  the  success  of  oxy-acetylene 


welding  depends  on  tlic  torch.  The  low-pres- 
sure, or  injector-action  torch,  is  used  in  con- 
nection with  acetylene  under  a  pressure  of  a 
few  ounces.  .\  chamber  in  the  torch  permits 
the  accumulation  of  a  small  quantity  of  acety- 
lene, and  the  o.xygen  passing  through  this 
chamber,  under  pressure,  carries  along  a  cer- 
tain amount  of  acetylene,  usually  in  quantities 
of  1  part  of  acetylene  to  1.0  to  1.8  parts  of 
oxygen.  This  excess  of  oxygen,  besides  being 
wasteful  of  the  o.xygen  itself  and  increasing 
the  length  of  time  required  for  making  the 
weld,  tends  to  oxidize  the  metal,  thus  forming 
a   brittle,  unsatisfactory  joint. 

To  overcome  this  defect  the  high-pressure 
or  positive-mixture  torch  was  designed.  Irf 
this  torch  both  the  acetylene  and  the  oxygen 
are  admitted  under  pressure,  the  ratio  being  1 
part  of  acetylene  to  1.13  to  1.15  of  oxygen. 
Since  both  the  acetylene  and  oxygen  are  under 
a  pressure  of  several  atmospheres,  reducing 
valves  and  pressure  gages  are  employed  to 
regulate  the  flow  of  the  gases  in  the  correct 
proportion  to  produce  rapid  and  satisfactory 
welding  and  cutting. 

GENERATING   OXYGEN. 

The  quality  of  the  oxygen  has  an  important 
bearing  on  the  efficiency  of  the  welds,  and  for 
this  reason  it  is  essential  to  see  that  the  im- 
purities, incident  to  the  generation  of  o.xygen, 
are  eliminated.  This  is  practically  impossible 
in  a  portable  .pressure-generator,  since  some 
of  the  deleterious  impurities,  such  as  chlorine, 
must  pass  through  nearly  KlO  ft.  of  washing 
fluid  before  they  are  removed.  In  a  stationary 
oxygen-generating  outfit,  however,  it  is  quite 
easy  to  provide  the  necessary  amount  of  wash- 
ing fluid,  and  to  store  the  oxygen  in  tanks. 
This  increases  the  cost  of  the  oxygen,  but, 
since  better  results  are  obtained,  the  ultimate 
cost  of  the  weld  is  no  doubt  less  than  with  a 
portable  generator. 

If  portability  is  essential,  it  is  recommended 
that  both  the  oxygen  and  acetylene  be  oljtained 
from  storage  cylinders.  .\  portable  acetylene 
generator  has  the  disadvantage  of  requiring 
the  removal  either  of  the  water  or  the  calcium 
carbide  before  the  generator  can  be  taken 
safely  from  one  place  to  another.  If  neither 
the  water  nor  the  calcium  carbide  is  removed, 
and  the  generator  tips  over,  the  mixture  of  all 
the  water  and  carbide  will  generate  large 
quantities  of  gas,  causing  an  explosion  ;  or  in 
case  of  a  small  leak  the  escaping  gas  may  be- 
come ignited,  thus  causing  severe  burns. 

PRECAUTIONS  TO  AVOID  ACCIDENTS. 

.A  number  of  accidents  have  occurred  due 
to  the  practice  of  using  an  open-flame  light 
when  cleaning  out  an  acetylene  generator.  It 
is  customary  to  wait  until  the  pressure  gage 
indicates  no  gas  in  the  generator  before  clean- 
ing operations  are  started.  Sometimes  a  small 
pocket  of  the  gas  remains,  however,  and  burns 
the  workman  wdien  ignition  takes  place  from 
the  open  flame.  Calcium  carbide  will  occa- 
sionally  cake   on   the    sides   of   the   generator 


tank,  and  unless  the  water  is  removed  at  once 
the  caked  carbide  will  generate  gas  as  it  is' 
knocked  from  the  tank,  and  will  ignite  and 
burn  the  workman.  .A  portable  incandescent 
electric  lamp  should  be  used  instead  of  an  open 
light,  and  the  lamp  bulb  should  be  protected 
against  breakage  by  a  fiber  or  wire  guard. 

The  tubes  or  hose  connecting  the  torch  with 
the  acetylene  and  oxygen  supply  are  constantly 
subjected  to  twists,  turns,  and  abrasive  action, 
and  are  apt  to  be  so  weakened  that  minor  leaks 
occur,  or  the  fastenings  may  become  loosened 
and  permit  gas  to  escape.  The  torch  itself 
provides  a  flame  that  will  ignite  the  escaping 
gas,  or  the  sparks  from  the  welding  or  cutting 
operation  may  also  light  it.  Occasionally  gas 
escapes  from  loosened  fastenings  and  gathers 
about  the  clothing  of  the  man  wielding  the 
torch.  Sparks  from  the  burning  metal  then 
cause  the  gas  to  ignite,  severely  burning  the 
workman.  This  indicates  that  the  hose  fasten- 
ings and  the  hose  itself  should  be  frequently 
inspected  to  see  that  no  leaks  exist  or  are 
likely  to  occur  during  an  operation. 

It  is  essential  that  colored  glasses  be  worn 
by  every  one  connected  with  oxy-acetylene 
welding  or  cutting  work.  Not  only  should  the 
eyes  be  protected  from  the  intense  light  of  the 
oxy-acetylene  flame,  but  also  from  the  very 
fine,  slag-like  substance  that  occurs  during  the 
welding  operations,  and  that  is  decidedly  harm- 
ful to  such  sensitive  organs  as  the  eyes. 

Very  little,  if  any,  attention  has  been  given 
to  the  subject  of  the  effect  of  oxy-acetylene 
welding  upon  the  health  of  the  workers.  The 
amount  and  intensity  of  the  heat  from  the 
flame  is  sufficient  to  cause  vaporization  of  the 
metals,  and  since  the  workman's  head  must  be 
within  a  foot  or  two  of  the  flame,  lie  cannot 
avoid  breathing  the  products  of  combustion 
unless  some  protection  is  provided.  It  would 
seem  that  a  helmet,  with  a  colored-glass  front, 
would  afford  the  necessary  protection  in  this 
way,  as  well  as  protect  the  eyes  from  the  in- 
tense light. 

The  economy  and  efficiency  of  this  method 
of  making  welds  and  cutting  metals  has  led  to 
its  adoption  in  many  of  our  manufacturing 
plants,  and  this  in  turn  has  created  an  oxygen- 
generating  industry.  The  cost  of  transporta- 
tion is  such,  however,  that  the  oxygen  is 
usually  sold  in  cylinders  in  which  it  is  stored 
under  pressures  up  to  1,800  lbs.  per  square 
inch.  Should  one  of  the  cylinders  be  defective 
a  destructive  e.xplosion  is  apt  to  result.  To 
guard  against  accidents  to  the  workmen  from 
this  cause,  the  cylinders  should  never  be  stored 
in  the  working  room,  but  should  be  kept  in  a 
soecial  storage  room  having  substantia!  walls. 
Care  should  also  be  taken  to  avoid  leaving  full 
tanks  in  places  where  the  direct  rays  of  the 
sun  may  strike  them,  or  in  close  proximity  to 
heating  apparatus  or  any  other  sources  of  heat. 
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Cost  of  Macadam  Object  Lesson  Roads 
in  North  Carolina. 

(Staff  Abstract.) 

Methods  and  cost  of  constructing  three 
short  sections  of  macadam  road  in  1912  in 
North   Carolina  are  given  as  follows ; 

Jerusalem,  N.  C. — Surfacing  was  started  on 
a  road  leading  from  Jerusalem  southeast  to- 
ward South  Yadkin  River  on  Oct.  15,  1912, 
and  completed  on  Dec.  2,  1912.  No  data  con- 
cerning the  cost  of  grading  could  be  obtained. 
The  land  adjacent  to  the  road  is  rolling,  and 
the  soil  is  sandy  loam  from  station  0.00  to 
station  1.3.00  and  red  clay  from  station  1-3.00 
to  station  20.00.  The  macadam  surface  is 
2,210  ft.  long  and  12  ft.  wide,  making  a  total 
area  of  2,950  sq.  yds.  The  stone  consisted  of 
coarse-grained  light  granite  for  the  founda- 
tion   course   and   trap   or   field    stone    for   the 


wearing  surface.  The  compacted  depth  of 
the  foundation  course  was  3%  ins.,  and  of 
the  top  course,  including  the  screenings,  2V4 
ins.  Surfacing  material  to  the  amount  of 
655  cu.  yds.  was  used,  and  of  this  364  cu. 
yds.    "were    purchased. 

Concrete  gutters  1  ft.  wide,  3  ins.  thick, 
and  dished  from  1  in.  to  2  ins.,  were  con- 
structed on  each  side  of  the  road  throughout 
its  length.  Cross  drains  14  ft.  long,  of  bell- 
joint  pipe,  were  constructed  at  stations  3.00, 
5.50.  10.75,  13.00  and  18.50.  The  diameter  of 
the  first  four  drains  was  4  ins.  and  of  the 
last  6  ins.  The  ditches  for  the  cross  drains 
in  each  case  were  filled  with  broken  stone. 
Underdrains  of  6-in.  bell-joint  pipe  12  ft.,  33 
ft.,  411  ft.,  and  16  ft.  long  were  constructed 
at  stations  3.00,  5.50,  10.T5  and  13.00,  respec- 
tively. Concrete  drop  inlets  10  ins.  square  and 
2   ft.   deep,   having  3-in.  walls,   were  provided 


for  these  drains.  Three  hundred  and  sev- 
enty-four sacks  of  cement  were  used  in  con- 
structing the   gutters   and  drop  inlets. 

The  equipment  consisted  of  a  crusher  hav- 
ing an  average  capacity  of  50  cu.  yds.  per 
10-hour  day,  a  10-ton  roller,  a  sprinkling  cart, 
and  slat-bottom  road  wagons.  The  crusher 
and  roller  were  both  borrowed,  and  the  only 
cost  in  connection  with  their  use  was  the  op- 
erating and  maintenance  expense.  The  av- 
erage haul  from  quarry  to  crusher  was  one- 
half  mile  and  from  crusher  to  road  500  ft. 
The  water  for  the  crusher,  roller,  and  sprink- 
ler was  pumped.  Prices  were:  labor.  $1.4<» 
per  day ;  teams,  $3  ner  day,  and  fuel,  $6 
per  ton.  The  cost  items  were : 
Item.  Per  sq.  yd. 

Materials  for  gutters  and  inlets $0.06.i 

Labor  for  gutters  and  inlets 0.041 

Diain    pipe    0.006 

Labor  for  drain  pipe 0.002 

Surfacing  material  0.092 
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Quarrying    0.0S3 

Hauling  to  crusher 0.0S5 

Crushing   0.046 

Hauling  crusher  to   road 0.052 

Spreading     0.047 

Sprinliling    0.00,") 

f tolling   0.004 

Hire   of  sprinltlei- 0.008 

Explosives    • 0.034 

Crusher   repairs    O.OOS 

Drill  steel    0.009 

Sharpening  drills    0.006 

Fuel    0.022 

Lubricating  oil    0.004 

Loosening  old  macadam 0.005 

Screening    0.001 

Clearing    O.OOS 

General  expenses   0.067 


Total    $0,700 

Monroe,  .V.  C. — A  macadam  road  leading 
southeast  from  Monroe  toward  Wingate, 
known  as  the  Lee  Mill  road,  was  started  on 
Oct.  1-.',  lOli.  and  completed  on  Nov.  -22.  1912. 
and  during  this  time  3%  days  were  lost  on 
account  of  unfavorable  weather.  This  road 
had  been  graded  before  the  arrival  of  the 
office  representative,  and  no  data  relative  to 
the  cost  of  grading  were  available.  The 
grade  varies  from  a  ma.ximum  of  3  per  cent 
to  level.  The  adjacent  land  varies  from 
rolling  to  hilly,  and  the  soil  is  red  clay  and 
clay  shale.  Local  sandstone  was  used  for 
surfacing.  This  stone  possesses  good  wear- 
ing qualities,  but  poor  binding  qualities,  mak- 
ing it  a  good  material  for  the  foundation 
course,  but  not  well  suited  for  the  top  course. 
The  total  length  surfaced  was  "2,.51ll  ft.  and 
the  width  10  ft.,  giving  a  surfaced  area  of 
2,789  sq.  yds.  The  stone  was  laid  in  three 
courses — the  bottom  course  consisting  of  stone 
varying  in  size  from  1%  ins.  to  4  ins.,  the  sec- 
ond course  from  1  in.  to  1%  ins.,  and  the 
top  course  from  dust  to  1  in.  The  total  com- 
pacted depth  of  the  surface  was  from  7%  ins. 
to  9  ins.  The  crown  of  the  finished  roadway 
was  %  in.  to  1  ft.  Stone  to  the  amount  of 
1,1.33  cu.  yds.  was  crushed,  but  only  997  cu. 
yds.  was  used.  The  stone  was  hauled  from 
the  quarry  to  the  crusher  for  an  average  dis- 
tance of  17-5  ft.  in  wheelbarrows,  and  from 
the  crusher  to  the  road  for  an  average  dis- 
tance of  2,000  ft.  in  slat-bottom  wagons,  with 
a  capacity  of  appro.ximately  1  cu.  yd.  The 
stone  was  loaded  directly  from  the  bins  into 
the  wagons.  Water  for  the  crusher  engine 
was  carried  200  ft.  by  hand,  and  hauled  30O 
ft.  for  the  roller.  Four  tons  of  fuel  were 
used  at  tlie  crusher  and  ')V2  tons  by  the  roller. 
The  equipment  consisted  of  a  stone  crusher 
having  73  cu.  yds.  capacity  per  9-liour  day.  an 
engine,  a  10-ton  roller,  slat-bottom  wagons, 
and  hand  tools.  Convict  labor  and  teams 
owned  by  the  county  were  used.  The  cost  to 
the  county  per  day  per  convict  and  per  mule 
was  $0.4."i.  The  total  cost  of  the  road  was 
$f)47.1."i,  making  a  rate  of  $0,232  per  square 
yard.  The  principal  items  of  cost  were : 
Item.  Per  sq.  yd. 

Preparing  subgrade    $0.00S 

Quarrying    0.043 

Hauling   to  crusher 0.024 

Crushing    O.OIS 

Hauling  crusher  to  road 0.042 

Spreading  stone    O.OOS 

Sprinkling     0.003 

Kolling    0.026 

Stacking  and  loading  screenings 0.012 

Shaping  shoulders   0.004 

Loss  of  time  due  to  bad  weather 0.021 

Incid.ental    expenses    0.023 


Total    $0,232 

North  ll'ilkesboro,  A'.  C. — Work  was  begun 
on  a  m,-\cadam  road  leading  from  North 
Wilkesboro  toward  Wilkesboro  on  Oct.  2, 
1912,  and  was  discontinued  on  Dec.  21,  1912. 
Thirteen  and  one-half  days  were  lost  on  ac- 
count of  bad  weather.  A  section  of  road 
SOO  ft.  in  length  was  entirely  completed  and 
an  additional  length  of  491  ft.  was  partially 
completed.  The  section  completed  follows 
the  Yadkin  River,  and  the  entire  road  is  sub- 
ject to  overflow  at  flood  seasons.  To  remed^v 
this  condition  the  grade  of  the  road  was 
raised  and  the  macadam  was  laid  on  a  Telford 
base. 

The  natural  soil  is  clay  and  silt  and  the  ad- 
jacent land  is  level.  There  was  no  cut,  and 
the  maximum  fill  was  3.9  ft.  and  the  average 
fill  2.1  ft.  The  maximum  grade  of  .'i.S.")  per 
cent  was  reduced  to  2.5  per  cent. 

A   total  length   of   1,294    ft.   was  graded  3ii 


ft.  wide.  .Ml  the  material  for  the  embank- 
ment was  taken  from  pits  located  at  an  aver- 
age distance  of  three-eighths  mile  from  the 
road  and  in  no  case  more  than  one-half  mile. 
It  was  loosened  with  a  plow,  loaded  with 
shovels  on  slat-bottom  wagons,  and  spread 
by   hand. 

A  subgrade  16  ft.  wide  was  prepared  for  a 
distance  of  1,294  ft.  and  a  Telford  base  12 
ins.  thick  was  laid  upon  it  for  the  same  dis- 
tance. A  macadam  surface  was  laid  upon 
this  base  to  the  same  width  for  a  distance  of 
800  ft.  The  surface  was  laid  in  two  courses, 
each  3  ins.  thick  compacted,  and  each  course 
was  bonded  with  screenings.  The  stone  used 
on  the  bottom  course  consisted  of  pieces  from 
l'^  to  3  ins.  in  size,  and  the  stone  used  in 
the  second  course  ranged  from  V2  in.  to  iy2 
ins.  The  screenings  consisted  of  material 
ranging   from   dust   to    particles   V2    in.   in    size. 

The  Telford  base  and  the  macadam  surface 
were  both  made  from  mica  gneiss  obtained 
from  the  same  quarry.  This  material  pos- 
sesses excellent  binding  and  wearing  qualities. 
It  w'a;  quarried  at  an  everage  distance  of  1% 
miles  from  the  road,  crushed  at  the  quarry, 
loaded  into  dump  wagons  by  means  of  a  chute 
from  the  bins,  and  hauled  to  the  road,  where 
it  was   spread   with    forks. 

The  following  drainage  structures  were 
constructed :  One  reinforced  concrete  culvert 
2x4  ft.  by  29  ft.  long;  one  reinforced  con- 
crete culvert  2x0  ft.  by  30  ft.  long:  one  rein- 
forced concrete  culvert  2x(!  ft.  x  28.5  ft.  long ; 
and  one  wooden-box  culvert  2x8  ft.  at  an  in- 
tersection road. 

The  equipment  consisted  of  one  stone 
crusher  with  a  capacity  of  25  cu.  yds.  per  day, 
elevator,   bins,   one    10-ton   roller,    six    1%   cii. 

Asphalt  .li-- 1  liWeanng  Surface. ^  ^    ^,^if 
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Fig.    1 — Cross-Section    of    Concrete    Header 
Along   Car  Tracks. 

yd.    dump    vvagnns,    slat-bottom    wagons,    one 
turn    plow,    and    hand   tools. 

The  labor  cost  for  men  was  $0.12y2,  $0.13i/&, 
and  $0.15  per  hour,  and  double  teams  cost 
$0.30  per  hour.  The  working  day  was  10 
hours  long.     The  principal  items  of  cost  were  r 

Item.  Unit. 

OiS  ou.   yds.  excavation  and  embankment  .$0,400 

2.300.4  sq.   yds.  clearing  and  grading 0.0017 

2,300.4   sq.    yds.   shaping  subgrade 0.066 

2,300.4  sq.   yds.  Telford  foundation 0.489 

3S0  cu.   yes.  quarrying  and  crushing 1.525 

3S0  cu.   yds.   hauling 0.645 

3.S0    cu.    vds.    spreading 0  lOS 

1,422.2    st|.    yds.    rolling 0.150 

Reinforced      concrete      drainage      struc- 
tures      $473.00 

(Jeneral   expenses    40.63 

The  above  costs  do  not  include  any  cliarge 
for  the  use  of  the  stone  crusher,  elevator  and 
bins. 

The  preceding  information  has  been  partly 
quoted  apd  partly  rewritten  from  the  Report 
of  the   North   Carolina   Geological   Survey. 


Cost  of  Concrete  Header  Along  Rails. 

Cunti  il)iitcil   by    11.    K.    i'-cii  Ls.   Viitoii:i,    ll.   C. 

The  sketch  shows  concrete  header  laid 
along  the  rails  of  a  car  line  in  asphalt  pave- 
ment in  a  fairly  light  trafiic  residential  street. 
The  track  is  all  on  curve  as  it  follows  the 
inside  of  a  circular  "place"  where  four  streets 
come  together.  The  headers  have  been  down 
nearly  two  years  and  are  still  in  good  con- 
dition, although  several  lateral  cracks  have 
occurred  between  expansion  joints.  This  is 
possibly  due  to  the  jarring  of  cars  passing 
around  the  Circle,  as,  where  similar  headers 
have  been  laid  on  straight  tracks,  no  diffi- 
culty has  arisen.     It  has  been  suggested  by  the 


engineers  of  the  street  car  company  that  this 
defect  could  be  avoided  by  the  use  of  rein- 
forcement laid  longitudinally  with  the  rails. 
The  concrete  was  machine  mi.xed ;  it  would 
probably  have  been  cheaper  to  lay  by  hand. 

The   costs   of   constructing  2,2ii0   lin.    ft.   of 
header   were   as   follows: 

Cost  per 

Labor:  loO  lin.  ft. 

Foreman.  33  hrs.  at  55  cts $0,825 

Mixer  eng.,  9  hrs.  at  45  cts 0.1S4 

Mixer  helper,   14  hrs.  at  35  cts :.     0.222 

Cement  man,  4  hrs.  at  30  cts 0.055 

Common  labor,  170  hrs.  at  30  cts 2.318 

Form  setter,  11  hrs.  at  50  cts 0.250 

Form    setter   and    helper,    30   hrs.    at    40 

cts 0.545 

Form   setter  and   helper,    10   hrs.    at   35 

cts 0.159 

Finisher,  40  hrs.  at  60  cts 1.091 

Finisher  helper,  30  hrs.  at  40  cts 0,545 

Finisher  helper,   2  hrs.  at  30  cts 0.027 

Labor  mixing  surface,  40  hrs.  at  30  cts..     0.545 


Total  labor   $3,766 

Cartage  on  tools,  etc.  ( $2) 0.091 

Materials    delivered: 

Cement,  51.25  bbls.  at  $2.60 $6,057 

Sand.  13.6  cu.  yds.  at  $1.70 1.050 

Gravel.  JS  cu.  yds.  at  $1.60 2.036 

Lumber  for  forms 0.273 


Total  materials $9  416 

Grand  total  $13,273 


Comparative  Cost  of  Asphalt  and  Brick 
Pavement. 

To  THE  EiiToRs: — In  vour  issue  of  June  2, 
Page  504  appears  a  "challenge"  of  a  state- 
ment made  by  me  in  an  article  on  the  "De- 
sign of  Pavements"  of  which  you  made  an 
extract   in   the   issue   of   May    12,   page  433. 

The  statement,  "There  are  three  pave- 
ments :  brick,  asphalt  and  asphaltic  concrete 
that  cost  about  the  same,"  relates  to  a  rational 
interpretation  of  Table  I  accompanying  said 
article.  I\Ir.  Draney  is  correct  in  that  the 
prices  bid  on  first  cost  of  these  pavements 
range  from  30  to  fiO  cents  higher  for  brick 
than  for  asphalt  or  asphaltic  concrete.  This 
is  correctly  shown  on  Table  I  in  column  4. 
Apparently  the  complete  analysis  of  the  table 
is  not  understood. 

Unfortunately,  promoters  and  others  not 
fully  conversant  with  the  factors  entering 
into  an  economic  comparison  of  pavements 
consider  first  cost  the  sole  value  bv  which 
a  pavement  should  be  judged.  Municipalities 
are  generally  beginning  to  realize  that  first 
cost  is  really  a  minor  matter.  Economic  cost 
based  on  such  factors,  as  first  cost,  repairs, 
life  under  various  traffic  requirements,  ease 
of  repairs,  cleaning,  etc.,  while  giving  a  ra- 
tional comparison,  is  often  over  shadowed 
by  other  factors  such  as  noiselessness,  sani- 
tation, good  foothold,  acceptability  and  local 
conditions.  .Xs  may  be  seen  bv  referring  to 
column  9  of  Table  I  the  total  annual  cost  or 
comparative  value  of  the  three  types  men- 
tioned, brick,  asphalt  and  asplialtic  concrete 
is  19,  18  and  17  cents,  respectively.  Therefore 
it  seems  permissible  to  make  the  statement 
that  tliese  three  types  "cost  about  the  same." 
Of  course,  this  table  represents  only  average 
conditions  in  but  one  locality  and  the  rela- 
tive costs  are  based  on  prices  which  even  mv 
critic  will  agree  are  right  and  on  other  fac- 
tors which  experience  and  observation  in  other 
cities  all  appear  to  confirm.  It  should  be 
fully  understood  that  first  cost  is  a  poor  cri- 
terion liy  wdiich  to  judge  any  product,  and 
people  everywhere  tire  becoming  ftraduallv 
convinced  that  value  (or  true  cost')  means 
more  than   this. 

\'erv  truly  yours, 

H.    J.    FiXMER, 

Eugiiucr.  Hoard  of  Local  Improvements. 
Chicago,   111. 

Chicago,    111.,   June   3,    191.5. 

P.  S.— On  p.  433  (May  12  issue)  in  first 
column  of  Table  1  on  line  five  appears,  ".As- 
phalt, concrete  or  Type  8  asphalt."  It  should 
read,  ".Asphaltic-concrete  or  Tyne  R  asphalt." 
Type  "P."  asphalt  as  used  in  Chicago  differ. 
from  the  standard  sheet  asphalt  in  that  th< 
concrete  base  may  be  5  ins.  or  (i  ins.  thick 
and  the  two  top  courses  arc  binder  1  in.  ami 
lop  \V2  ins.,  whereas  in  the  standard  sheet 
asuhalt  the  binder  is  1V4  ins.  and  top  2  ins. 
thick.  H.  T.  F. 
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Brick  Pavement  on  Old  Gravel  Road 

Foundation    for    Portion    of    the 

Lincoln  Highway. 

Contributed  by  F.  A.  Churchill,  Dunn  Wire  Cut 
Lug   Brick    Co.,    Conneaut,    O. 

That  portion  of  the  Goshen-Fort  Wayne 
section  of  the  main  hne  of  the  Lincoln  High- 
way which  is  in  Elkhart  county,  Indiana,  is 
being  paved  with  wire-cut  lug-brick  at  the  re- 
quest of  the  County  Commissioners  and  with 
the  approval  of  tlie  local  branch  of  the  Lin- 
coln liighw.iy  Association.  The  section  is 
five   miles   long. 

The  highway  is  to  be  66  ft.  wide,  with  an 
8-ft.  dirt  road  running  along  either  side  of 
a  16-ft.  brick  roadway.  A  somewhat  unusual 
type  of  construction  has  been  adopted.  The 
brick  surface  is  to  be  laid  upon  a  sand  bed 
superimposed  upon  an  old  gravel  roadway, 
and  without  a  concrete  foundation.  The 
road  to  be  improved  is  an  old  gravel  road 
which  is  to  be  carefully  dressed  down  to  the 
desired  grade  and  cross  section  by  hand,  so 
as  not  to  disturb  the  solidity  and  foundation 
function  of  the  old  compressed  gravel  and 
subsoil.  On  this  is  spread  the  sand  cushion, 
thoroughly  compacted,  and  then  the  brick, 
with  a  first-class  1  to  1  grout  filler,  are  to  be 
laid. 

The  extremely  low  price  at  which  this 
method  of  construction  is  had  is  a  revelation 
in  brick  highway  construction.  The  contract 
price  of  $63,465  is  more  than  $9,000  below 
the  engineer's  estimate,  and  it  brings  the 
cost  to  $800  per  foot  mile ;  that  is  to  say,  the 
16-ft.  roadway  will  cost  $12,700  per  mile.  The 
contract  price  includes  46,933.34  sq.  yds.  of 
brick  pavement,  grout  filled ;  46.9.33.34  sq.  yds. 
of  sand  bed  1%  ins.  deep;  52,836  lin.  ft.  of 
6xr2-in.  concrete  curb  (1-2-4  mix)  ;  3,380 
cu.  yds.  of  embankment ;  10,930  cu.  yds.  of 
excavation ;  two  complete  culverts,  and  the 
grading  of  the  dirt  roadway.  Neese  &  Sea- 
man, of  Frankfort,  Ind.,  are  the  contractors, 
and  wire-cut-lug  brick  will  be  furnished  by 
the  Terre  Haute  Vitrified  Brick  Co.  of  Terre 
Haute,  Ind.,  and  the  Veedersburg  Paver  Co. 
of  Veedersburg,  Ind. 

The  method  of  construction,  on  an  old 
gravel  roadbed,  is  something  new  in  northern 
latitudes,  but  County  Engineer  A.  A.  Rieth 
of  Elkhart  County  is  confident  that  results 
will  justify  the  e.xperiment,  both  in  durabil- 
ity of  pavement  and  economy  of  construc- 
tion. Resurfacing  scarified  macadam  with 
brick  has  been  done  in  many  places,  and,  in 
instances  in  which  the  macadam  was  not  worn 
through  in  spots,  the  results  have  been  sat- 
isfactory so  far:  but  this  is  believed  to  be  the 
first  instance  of  using  an  old  gravel  road- 
way for  a  foundation  for  a  brick  pavement. 
The  theory  of  Mr.  Rieth,  and  of  the  County 
Commissioners  and  of  the  Elkhart  County 
branch  of  the  Lincoln  Highway  Association, 
is  that  with  a  smooth  monolithic  surface  such 
as  grouted  wire-cut  lug-brick  gives,  the  com- 
pacted gravel  will  furnish  a  sufiiciently  solid 
foundation  to  assure  a  durable  roadway  that 
will  give  satisfactory  service  for  many  years. 
Theoretically,  at  least,  the  only  element  of 
uncertainty  in  that  method  of  construction  is 
the  possible  action  of  frost  upon  the  grave! 
foundation.  It  is  believed,  however,  that  this 
element  of  possible  danger  is  minimized  bv 
the  solidity  of  the  foundation  and  subsoil 
resulting  from  years  of  compacting  by  traffic. 
The  three  features  of  this  road  which 
challenge  attention  are :  First,  the  approval  of 
brick  by  the  local  branch  of  the  Lincoln 
Highway  Association ;  second,  the  use  of  an 
old  gravel  roadbed  for  a  foundation ;  third, 
the  extremely  low  cost  of  construction. 

If  this  method  of  construction  proves  as 
satisfactory  in  northern  latitudes  as"  grouted 
brick  pavements  laid  on  natural  soil  are  prov- 
ing to  be  in  the  South,  the  cost  of  brick  high- 
ways will  be  materially  reduced.  If  brick 
highways  can  be  constructed  at  an  approxi- 
mate cost  of  $800  per  foot  mile,  this  type  of 
improved  road  will  come  into  favor  generally 
in  communities  in  which  the  expense  of  im- 
proving highways  is  a  matter  of  serious 
concern,  and  in  which  the  expense  of  stand- 


ard type  of  brick  pavement  is  not  justified  by 
traffic  requirements  or  by  the  financial  re- 
sources of   the   district. 

The  laying  of  brick  on  a  natural  grave! 
foundation  has  been  practiced,  here  and  there 
for  some  years,  and  where  the  construction 
has  been  good  the  results  have  been  satis- 
factory. Main  St.,  Conneaut,  O.,  from  Buf- 
falo St.  to  Liberty  St.,  a  distance  of  several 
blocks,  was  paved  with  brick  laid  on  a  natural 
gravel  foundation  15  years  ago,  at  a  cost  of 
$1.11  per  square  yard,  and  it  still  is  in  good 
condition  generally — some  of  it  not  showing 
a  flaw.  Several  other  brick  pavements  in  the 
same  city  were  laid  on  gravel  foundation 
more  than  a  dozen  years  ago,  and  in  every  in- 
stance in  which  care  was  taken  in  construc- 
tion, the  pavements  show  comparatively  few 
defects.  Some  of  the  pavements  of  this  type 
are  in  better  condition  than  some  of  the  pave- 
ments laid  upon  a  concrete  foundation,  and 
some  of  the  former  are  showing  up  poorly. 
In  each  case,  however,  the  defects  obviously 
arise  from  the  use  of  poor  grouting  material 
or  from  negligence  in  construction.  Malvern, 
O.,  is  about  to  pave  several  streets  with 
grouted  brick  on  natural  gravel  soil,  about 
.30,000  yards  in   all. 

Of  course,  the  success  of  this  type  of  con- 
struction depends  upon  good  drainage,  a  well- 
compacted  foundation  brought  to  a  true  cross- 
section,  and  the  best  grout  filler  properly  ap- 
plied. Naturally,  one  of  the  most  essential 
things  is  a  surface  firmly  bonded.  Wire-cut- 
lug  brick  has  proven  to  have  greater  bond- 
ing strength  than  any  other  type  of  brick,  and 
it  is  now  being  used  on  highways  constructed 
on  natural  soil  foundations  wherever  its  su- 
periority  is  known. 


Split  Float  for  Finishing  Joints  in  Con- 
crete Road  Work. 

(Staff  Article.) 
\  split  float  used  in  finishing  the  joints  on 
some  60,000  sq.  yds.  of  concrete  pavement  in 
Jefferson,  O.,  is  illustrated  in  the  accompany- 
ing sketch.  The  joints  were  unarmored  but 
had  a  filler  of  %  in.  thick  asphaltic  felt.  This 
felt  was  sufficiently  wide  to  extend  not  only 
through  the  entire  thickness  of  concrete  but 
well   above  the  finished  surface.     By  the  use 


Fig.    1 — Split   Float   for   Finishing    Joints    in 
Concrete    Roads. 

of  split  floats  the  finishers  were  able  to  bring 
the  concrete  to  the  same  elevation  on  each 
side  of  the  joint.  After  the  concrete  had  har- 
dened the  protruding  portion  of  the  filler  was 
cut  off  by  a  sharp  shovel  or  adz  to  a  height 
of  about  %  in.  above  the  concrete,  the  re- 
mainder being  ironed  down  by  traffic.  In  this 
manner  crushing  and  spalling  of  the  concrete 
at  the  edges  of  joints,  which  is  often  ex- 
perienced when  the  filler  does  not  come  to  the 
top  of  the  concrete,  is  eliminated.  This  meth- 
od of  constructing  unarmored  joints  is  in- 
cluded in  the  new  specifications  of  the 
American  Concrete  Institute.  The  contrac- 
tors for  the  pavement  were  Appenzeller,  Dil- 
hoff  &  Karsch,  Greenville,  O.,  and  the  en- 
gineer in  charge  was  R.  N.  Case,  county  en- 
gineer, .\shtabula  county,  O.  We  are  in- 
debted to  the  Universal  Portland  Cement  Co., 
Chicago,   for  information. 
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made  for  holding  its  annual  meeting  Octo- 
ber 11-12  at  Dayton,  Ohio.  During  this  week, 
namely  October  12,  1.3,  14,  will  be  held  the 
annual  meeting  of  the  American  Society  of 
Municipal  Improvements.  This  arrangement 
will  not  only  enable  the  members  of  the  Na- 
tional Paving  Brick  Manufacturers'  Associa- 
tion to  attend  the  meeting  of  the  American 
Society,  but  it  will  also  give  the  engineers  of 
Ohio,  Indiana  and  Kentucky,  and  other  states 
who  have  not  heretofore  been  members  of  the 
American  Society  of  Municipal  Improvements 
an  opportunity  to  attend  that  meeting  and 
become   enlisted   in   its  roll   of  membership. 


Paving  Brick  Manufacturers'  Convention. 

— The  board  of  directors  of  the  National 
Paving  Brick  Manufacturers'  .Association  at 
their  quarterly  meeting  held  in  Cleveland 
May     27     affirmed     arrangements     tentatively 


Things   a   Lump   of   Coal   Can   Do. — The 

exhibit  of  the  Barrett  Manufacturing  Co.  in 
the  Mines  and  Metallurgy  Building  at  the 
San  Francisco  Exposition,  illustrates  the  vari- 
ety of  uses  which  science  has  found  for  soft 
coal.  An  enormous  block  of  coal  is  shown 
surrounded  by  its  products.  The  first  "gen- 
eration" consists  of  ammonia,  illuminating 
gas,  crude  benzol,  coal  tar,  and  coke.  The 
derivatives  of  each  of  these  substances  are 
in  turn  grouped  around  it.  Coal  tar,  for  in- 
stance, is  the  parent  of  Tarvia  and  other 
bituminous  road  binders,  numerous  ready- 
roofings,  creosote  oil.  etc.  The  exhibit  is  a 
graphic  illustration  of  the  possibilities  of  coal 
products. 
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Business      continued      to 
The   Doings     fji°^    improvement    during 
°       the  past  week.     The  pubn- 
01  cation     of     President    Wil- 

the  Week  son's  note  relieved  the  anx- 
iety regarding  the  interna- 
tional situation  and  there 
now  is  a  general  belief  that  a  peaceful  solu- 
tion of  the  difficulties  with  Germany  will  re- 
sult. There  was  some  disturbance  in  the  stock 
market  immediately  following  the  resignation 
of  Mr.  Bryan,  but  this  was  followed  by  a  vig- 
orous forward  movement  that  took  in  nearly 
the  entire  list  of  stocks.  Bank  clearings  for 
the  week  ending  June  10  were  nearly  $100,000,- 
000  over  those  of  the  previous  week  and  $130,- 
000,000  more  than  those  for  the  corresponding 
week  of  last  year.  There  is  no  question  but 
that  business  circles  are  more  cheerful  than 
they  have  been  for  some  time,  and  this  cheer- 
fulness is  based  on  facts  not  hopes.  Even-  up 
in  New  England  the  cotton  business  is  now 
90  per  cent  normal.  The  government  crop  re- 
ports made  public  last  week  indicated  a  possi- 
bility of  a  wheat  crop  exceeding  even  that  of 
last  year  and  a  record  oat  crop.  Many  large 
war  orders  were  placed  last  week.  The  lum- 
ber and  copper  industries  continued  to  show 
gains.  In  the  construction  field  a  fair  amount 
of  new  work  made  its  appearance.  Some  good- 
sized  jobs  were  placed  under  contract,  while 
others  reached  the  call  for  bids  stage.  Munici- 
pal work,  especially  water  and  sewerage  un- 
dertakings in  the  eastern  states,  are  now  offer- 
ing many  construction  opportunities.  State 
highway  construction,  as  regards  new  work 
coming  up  for  bids,  showed  a  falling  otT  dur- 
mg  the  past  week.  No  particularly  large  jobs 
in  this  field  were  advertised.  County  road 
work,  however,  makes  a  good  showing,  and 
in  the  municipal  street  paving  field  many  jobs 
are  being  advertised.  In  the  iron  and  steel 
trade  increased  activity  was  a  feature  of  the 
week.  Mills  in  the  Pittsburgh  district  are  now 
operating  at  better  than  80  per  cent  capacity. 
Pig  iron  production  by  the  blast  furnaces  of 
steel  companies  was  110,000  tons  greater  in 
May  than  in  the  previous  month.  A.  1.25  ct. 
price  on  bars  is  now  being  confidently  pre- 
dicted by  the  mills.  The  Iron  Age  prices  for 
finished  iron  and  steel  and  for  sheets,  nail  and 
wire  for  the  week  ending  June  9  were  as  fol- 
lows : 

Finished   iron  and  Steel.  June  9.       June  2. 

Per  lb.  to  large  buyers:  Cts.  Cts. 

Bess,  rails,  heavy,  at  mill.  . . .     1.25  1.2r> 

Iron  bars,  Philadelphia l.nVa         l-HVz 

Iron  bars,  Pittsburgh 1.25  1.25 

Iron  bars,  Chicago 1.20  1.20 

Steel  bars,   Pittsburgh 1.20  1.20 

Steel  bars.  New  York 1.369  l.Sfig 

Tank  plates,   Pittsburgh 1.15  1.15 

Tank  plates,  New  York l..'!19  1.319 

Beams,   etc.,    Pittsburgh 1.20  1.20 

Bearnp,  etc.,  New  York 1.369  1.369 

Skelp,  irrooved  steel,  P'gh 1.15  1.15 

Skelp,  sheared  steel,   P'gh 1.20  1.20 

Steel  hoops,  Pittsburgh 1.30  1.25 

Sheets,   Nails  and  Wire. 
Per  lb    to  large  buyers. 
Sheets,  black.  No.  28,  P'gh.  ...     1.75  1.75 

Galv.  sheets.   No.  28,   P'gh 4.50  4.2.-> 

Wire  nails,  Pittsburgh 1.55  1.55 

Cut  nailss,  Pittsburgh 1.55  1.6o 

Fence  wire,  base,  P'gh 1.3;)  1.35 

Barb  wire,  galv.,  P'gh 2.40  2.20 

For  structural  material  f.  o.  b.  Pittsburgh  the 
Iron  Age  prices  were  as  follows :  I-beams, 
:;  to  15  in.;  channels,  3  to  15  in.;  angles,  3  to 
C,  in.  on  one  or  both  legs,  Vi  in.  thick  and  over, 
and  tees,  3  in.  and  over,  1.20  cts. 

Railways. — No  developments  of  import- 
ance in  the  railway  construction  field  have 
taken  place  during  the  past  week.  Some  of 
the  larger  contractors  believe  that  work  of 
considerable  magnitude  will  come  up  for  let- 
ting early  this  summer,  but  this  inference 
seems  to  be  based  more  on  hopes  than  on 
definite  facts.  One  feature  of  interest  is  the 
incorporation  of  new  companies.  In  the  last 
two  or  three  weeks  many  new  projects  have 
reached  the  corporate  stage.  Engineering  work 
on  several  of  these  prospects  is  now  under 
wav. 

Roads  and  Streets. — Most  of  the  work  m 
these  fields  that  came  up  for  advertising  dur- 


ing the  past  week  is  for  street  paving.  Xow 
York,  California,  Illinois,  Massachusetts, 
Maine  and  other  states  have  a  large  amount 
of  state  highway  construction  yet  to  be  placed 
under  contract  this  season,  and  bids  on  iiait 
of  this  will  be  asked  in  a  few  days.  Phikuli  i- 
phia.  Pa.,  is  asking  bids  on  street  improve- 
ments to  cost  about  $175,000 ;  New  Boston,  O., 
is  calling  for  proposals  for  60,000  sq.  yds. 
brick  pavement;  Malvern,  O.,  opens  bids  June 
29  on  30,000  sq.  yds  brick  pavement ;  Scars- 
dale,  N.  Y.,  is  asking  proposals  on  24,00u  sq. 
yds.  bituminous  macadam;  Fort  Dodge,  la., 
opens  bids  June  18  on  17,400  sq.  yds.  asphaltic 
concrete ;  Fairmont,  Minn.,  is  advertising  a 
letting  covering  12  blocks  of  streets;  Pipe- 
stone, Minn.,  asks  proposals  on  40.000  sq.  yds. 
concrete  or  asphaltic  concrete.  County  road 
jobs  include  10  miles  of  concrete  for  Lake 
County,  O.,  and  a  good-sized  job  for  a  Minne- 
sota county.  Watonwan  County,  Minnesota, 
awarded  contracts  for  grading  22-'/4  miles  of 
road ;  Spokane  County,  Washington,  let  a 
$165,500  road  job,  the  work  involving  l.Sii.OOd 
cu.  yds.  excavation  and  108,000  sq.  yds.  War- 
renite :  Wilmington,  Del.,  awarded  contracts 
for  100.000  sq.  yds.  street  paving  and  will  call 
for  bids  shortly  on  110,000  sq.  yds.  additional. 

Bridges. — Bids  have  been  taken  on  sev- 
eral large  bridge  jobs,  and  other  work  of 
considerable  magnitude  came  up  for  advertis- 
ing. The  Pennsylvania  R.  R.  opens  bids  June 
23  on  a  1,600  ft.  reinforced  concrete  and  steel 
bridge  over  Schuylkill  River  to  cost  $300,000. 
The  city  of  Buffalo,  N.  Y.,  will  readvertise 
the  work  of  reconstnicting  the  Chicago  St. 
viaduct,  a  $185,000  job;  .A..  J.  Yawger  Co., 
Indianapolis,  Ind.,  at  $89,200,  was  low  bidder 
on  county  concrete  bridge  at  Wood  St.,  Ham- 
ilton, O. ;  bridge  contracts  amounting  to 
$210,000  were  awarded  bv  Floyd  County, 
Georgia;  grade  crossing  elimination  work  at 
Buffalo,  N.  Y.,  totaling  $155,000,  was  let; 
contract  for  $79,800  bridge  over  Millica  Creek 
was  let  by  the  freeholders  of  Atlantic  County, 
New  Jersey.  The  new  work  advertised  in- 
cludes two  bridges  for  the  citv  of  Seattle, 
Wash.,  to  cost  about  $910,000,  "and  a  $150,000 
bridge  for  the  city  of  Indianapolis,  Ind. 

Drainage  and  Irrigation. — No  particularly 
large  jobs  in  either  the  drainage  or  irrigation 
fields  appear  to  have  reached  the  call  for  bids 
stage  during  the  past  week.  Several  small 
drainage  undertakings  in  Minnesota  are  being 
advertised,  and  in  North  Carolina  the  drain- 
age commissioners  at  Salisbury  are  asking 
bids  on  a  331,000  cu.  yd.  project.  The  Trustees 
of  the  Sanitary  District  of  Chicago  are  asking 
proposals  on  two  contracts,  one  calling  for 
175,000  cu.  yds.  of  excavation  on  the  main 
channel,  the  other  for  improvements  in  the 
shore  channel. 

Waterworks. — Covington,  Ky.,  is  calling 
for  bids  on  furnishing  3,600  tons  cast  iron 
pipe;  Gloucester  City,  N.  J.,  is  asking  bids 
on  waterworks  equipment ;  Le  Roy,  N.  Y., 
opens  proposals  June  25  on  waterworks  im- 
provements to  inckide  earth  dam,  fivtration 
plant  and  25,00ri  ft.  of  mains;  Oakfield,  N.  Y., 
is  asking  bids  for  waterworks  to  include  4 
miles  of  mains;  Rittman,  O.,  opens  proposals 
June  29  for  waterworks;  Moorhead,  Minn.,  is 
advertising  for  300,000  gal.  elevated  tank, 
pumps  and  water  mains. 

Sewerage. — Sewerage  undertakings  reach- 
ing the  call  for  bids  stage  this  week  arc  fewer 
than  usual.  Scarsdale.  N.  Y.,  is  asking  bids 
on  sewerage  extension  totaling  22,900  ft.;  Cle- 
burne, Tex.,  awarded  a  $111,000  contract  for 
scwf  construction ;  San  P'rancisco,  Cal.,  let 
a   $65,000   job. 

Rivers  and  Harbors. — The  commissioners 
of  the  Port  of  New  Orleans  arc  asking  bids 
on  2-story  wharf-house,  120  ft.  bv  2,000  ft., 
and  Warehouse  D,  150  ft.  by  580  ft.,  both 
reinforced  concrete  construction,  for  the  cot- 
ton warehouse  and  terminals.  Walter  H.  Den- 
ison.  Memnhis.  Tenn.,  was  awarded  contract 
at  $94,842  for  660,000  cu.  yds.  of  levee  work  in 
Third  District. 
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Building    contracting      is 
Some  becoming       more      compli- 

cated every  day.     At  a  re- 
Union  cent    letting    for   a   school- 

1  house    in    an    eastern     city, 

uirements.  ^ff^j.    t|,e    yds    had    been 

opened  and  canvassed, 
labor  leaders  announced  that  their  unions 
would  insist  that  certain  materials  to  be  used 
in  the  construction  must  come  from  union 
shops.  Unless  this  was  done  the  workmen 
would  refuse  to  handle  the  material.  No  no- 
tice of  this  requirement  was  made  by  the 
unions  prior  to  the  opening  of  the  bids.  As  a 
consequence  the  contractors  had  neglected  to 
provide  for  the  increased  cost  in  their  esti- 
mates. In  this  particular  instance  the  suc- 
cessful bidder,  in  order  to  avoid  labor  troubles, 
will  have  to  pay  $4,000  more  for  his  materials 
than  he  had  figured  on  paying.  Had  the 
contractor  been  notified  in  advance  he  could 
have  allowed  for  this  contingency  in  his  bid. 
.As  it  is,  his  profits  will  be  reduced  by  the  dif- 
ference in  the  cost  of  the  materials  he  had 
intended  using,  and  the  ones  he  will  have  to 
use. 


The    Pennsylvania    R.    R. 
Two    Pros-      and   the    city    of     Philadel- 
phia are   doing  their   share 
penty  towards    bringing   about    a 

Promoters;  return  of  prosperity.  The 
railway  company  last  week 
placed  orders  for  155,500 
tons  of  rails ;  a  few  weeks  ago  it  gave  out 
contracts  for  cars  and  other  equipment  call- 
ing for  an  expenditure  of  perhaps  $20,000,000. 
In  addition  it  is  going  ahead  with  the  build- 
ing of  its  great  terminal  in  Chicago,  and  it 
also  has  many  other  construction  projects 
under  wav  or  planned  for  the  immediate 
future.  Philadelphia  probably  is  undertaking 
more  construction  work  this  season  than  any 
other  .'American  city.  It  already  has  let  numer- 
ous large  contracts  and  has  many  more  in 
contemplation.  If  more  railroads  would  do 
as  the  Pennsylvania  is  doing  and  more  cities 
would  imitate  Philadelphia,  there  would  be 
better  times  for  evervbody. 


Flood      prevention     work 
Flood  in  Ohio  will   furnish    some 

.  big  construction  jobs — some 

Prevention      time.  And  this  sometime  is 
•^TT      ,  not    so    far    distant    cither. 

.Already  formal  action  has 
been  taken  by  two  districts, 
and  on  June  4  the  Ohio  Supreme  Court 
handed  down  a  decision  removing  thhe  prin- 
cipal le.gal  objections  to  beginning  the  work. 
The  court  held  that  the  Conservancy  Law. 
under  which  the  improvements  will  be  carried 
out,  was  constitutional.  This  settles  the  great 
fundamental  questions  involved  in  the  law  it- 
self. The  organization  of  the  Conservancy 
Districts  can  no  wgo  ahead.  In  the  Miami 
Vallev  District  the  engineering  is  now  several 
months  in  advance  of  legal  developments,  so 
unless  something  unforeseen  develops  it  is 
likely  that  some  of  the  lar.gest  earth-moving 
i)|)erations  ever  undertaken  in  this  country 
soon  will  be  readv  for  contractors. 


9-Ct. 
Levee 
Work. 


Unusual  disturbances 
were  noticed  on  May  26 
in  the  cemeteries  along  the 
Mississippi  River.  The  old- 
time  contractors  were  turn- 
ing over  in  their  graves  as 
a  result  of  the  prices  ob- 
tained at  the  levee  letting  at  Memphis.  Ex- 
ceotionally  low  bids  were  secured  on  the 
3.866.000  cu.  vds.  of  earth  work  offered  at 
this  letting.  On  certain  sections  prices  as  low 
as  9  cts.  and  10  cts.  per  cubi';  yard  were  sub- 
mitted. On  other  sections  bids  of  11  cts.  and  12 
cts.  were  received.  The  low  figures  were  based 
on  the  use  of  machines  for  constructing  the 
levee,  but  even  on  the  team  and  scraper  work 
the  prices  were  unusually  low. 
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The  Lighter  Side  of  Engineering  and  Contracting 


DURING  the  construction  of  the  new 
Rock  Island  hne  in  Arkansas  nuiner- 
uus  rattlesnakes  were  encountered.  One  of 
the  gangs  on  the  work  was  <5omposed  of 
Italians  from  the  north  and  they  had  never 
seen  a  rattler.  They  naturally  were  quite 
alarmed  at  the  possibilities  of  being  bitten. 
Their  foreman  reassured  them  by  telling 
them  that  a  rattlesnake  never  struck  with- 
out first  giving  warning,  by  sounding  his 
rattle.  One  day  one  of 
the  Italians  seated  him- 
self on  a  log.  A  big 
rattlesnake  with  o  u  t 
wasting  time  for  any 
preliminaries  promptly 
struck  at  him.  The 
man  glanced  down  and 
by  a  quick  jump  saved  himself  from  being 
hit.  When  he  had  put  about  a  100  yards 
between  himself  and  the  reptile  the  Italian 
paused  and  shouted  indignantly:  "Hey  you, 
why  you  no  ringa  da  gong?" 

® 


MIKE  CARROLL,  the  grading  con- 
tractor, was  showing  a  friend  over 
his  camp,  when  the  cook  sounded  the  call 
for  dinner.  Immediately  there  was  a  grand 
rush  for  the  tent.  One  of  the  skinners  who 
was  well  in  front  stubbed  his  toe  on  a  root 
and  fell  flat  on  his  face.  He  made  no 
attempt  to  get  up  and  Mike's  friend  think- 
ing that  the  man  was  seriously  injured  ran 
over  to  assist  him. 
"Are  you  hurt?"  he 
inquired  anxiously. 
The  man  rolled  over 
on  his  back.  "No,  I 
a  i  n't  h  u  r  t."  "Why 
don't  you  get  up  then 
and  get  something  to 

eat?"  The  skinner  sat  up  and  pulled  out 
his  pipe.  "What's  the  use"  he  replied, 
"they've  eat  it  all  up  by  this  time." 

® 

IRA  CROSBY,  one  of  the  biggest  of 
them  in  his  day,  made  his  stake  and 
retired  from  the  contracting  game  some 
years  ago.  He  now  spends  most  of  his 
time  on  his  stock  farm  back  in  New  Eng- 
land. He  has  several  horses  that  show  well 
in  the  races,  hut  his  especial  favorite  is  a 
driving  mare.  To  hear  him  tell  it  you 
would  think  this  animal  was  the  original 
breaker  of  all  records.  As  an  illustration 
of  the  prowess  of  his  favorite  he  recounts 
this  "true"  happening:  "Last  sumtner  I  was 
out  driving  in  a  light  buggy.  My  dog 
trotted  along  behind.  I  saw  a  thunder 
storm  coming  down  the  valley  so  I  turned 
the  mare  and  headed 
for  home.  Just  as  I 
reached  the  edge  of 
the  dry  bridge,  (i  miles 
from  the  farm,  the 
storm  broke  and  it 
began  to  rain.  I  gave 
the  mare  a  free  rein  and  we  raced  down  the 
road  ahead  of  the  storm,  and  do  you  know 
we  went  so  blamed  fast  that  not  a  drop  of 


ram  fell  in  the  wagon,  but  the  dog  keeping 
along  :i  ft.  in  the  rear,  why  he  swum  all 
the  way." 

Here  Is  a  Game  We'd  Like  to  See. 

WINNING  the  world's  baseball  cham- 
pionship has  rejuvenated  the  vener- 
able national  pastime  down  Boston  way. 
.•\n  evidence  of  this  comes  in  the  announce- 
ment of  a  baseball  game  between  teams 
representing  the  New  England  Water 
Works  Association  and  the  Boston  Society 
of  Civil  Engineers.  The  game  will  be 
played  June  16,  the  occasion  being  the  joint 
annual  field  day  and  excursion  of  these 
societies. 

It  is  reported  that  tlie  Boston  society  has 
a  very  strong  nine  and  expects  to  win.  On 
the  other  hand, 
the  New  Eng- 
land Associa- 
tion has  among 
its  members 
men  who  have  played  ball  since  Sebastian 
Cabot  was  cruising  around  in  the  offing. 
The  water  works  men  threaten  to  ring  in 
Bill  James  and  Hank  Gowdy  to  do  the 
battery  work.  The  further  threat  is  made 
that  if  these  worthies  do  not  show  up  there 
will  be  an  equally  capable  substitute  battery 
present. 

We  dare  anyone  who  sees  the  game  to 
write  it  up  for  publication  in  this  depart- 
ment. 

® 


ML'RPHY  had  begun  with  a  pick  and 
Mrs.  Murphy  had  "rassled"  the  pots 
for  Tim  and  "the  boys"  who  boarded  with 
the  "ould  man."  But  Tim  was  of  the  old 
Fenian  stock.  In  a  few  years  he  v\as  a 
boss  and  then  in  a  few  more  years  a  con- 
tractor and  a  power  in  the  ward.  ."Vs  Mur- 
phy gained  in  prosperity  and  position  Mrs 
Murphy  also  came  up  in  the  world,  and  set 
about  resolutely  not  only  to  forget  the  old 
days  herself,  but  to  discourage  their  recol- 
lection by  others.  Be- 
ing a  lady  with  a  re- 
sou  r  c  e  f  u  1  vocabulary 
and  a  sharp  tongue 
there  were  few  who 
had  the  temerity  to 
refer  to  the  time  when 
she  knew  more  about 
Irish  stews  than  she  did  about 
stewards.  In  his  prime  Murphy  passed 
away  and  his  iriany  friends  sincerely 
mourned  and  bore  flowers'  to  his  bier. 
There  were  the  "gates  ajar"  and  the  cross, 
and  the  wreath,  and  pillows  and,  al)Ove  all, 
the  glorious  anchor  of  hope.  And  when  all 
was  ready  the  widow  came  to  give  her 
word  whether  all  was  as  she  would  have  it. 
"Ochone  !  Ochone  !  It  is  a  bad  day  for  me, 
Tim,  me  man,  the  day  that  you  are  gone ; 
But  it  is  a  proud  day  it  would  be  to  you 
could  you  see  the  remembrances  of  your 
friends.  The  "gates  ajar"  ready  to  your 
feet,  the  wreath  of  eternity,  the  cross  of 
salvation,   the   pillow   of   eternal    rest,    and 


En.glish 


here,    above    all— who    the    di\il    sent    that 
|)ick"? 


-- ®- 


night' 
at   the 


IN  the  good  old  days  of  the  nine-million 
dollar  improvement  of  the  Erie  Canal 
"Pliny"  McNaughton  of  lively  fame  had 
many  contracts  between  Buffalo  and  Lock- 
port.  This  work  called  for  cofferdaniming 
several  lock  sites.  Elimination  of  water 
was  one  of  the  tasks  at  which  "Pliny"  al- 
ways worked  earnestly  and  with  prevailing 
success,  but  these  cofferdams  developed  a 
much  becursed  ability  to  develop  leaks  and 
the  genial  "Pliny"  devoted  many  night 
hours  to  watchful  waiting  for  the  next  break 
in  his  sheeting.  When,  therefore,  the  rare 
occasion  happened  that  the  good  fellow 
could  sleep  on  a  sheet  and  rrot  on  a  sheet 
pile,  he  felt  small  pa- 
tience  at  interrup- 
Y^^  X.,.-^^     tions.     One    night 

®  "Pliny,"    who    had 

gone  home  for  a 
sleep,  showed  up  three  hours  later 
"Iroquois"  and  deinanded  a  room 
tvitlwut  a  Iiath.  The  boys  in  the  lobby 
were  curious.  "Thought  you  went  home 
to  sleep,"  ventured  one  of  them.  "Couldn't 
sleep,"  said  "Pliny,"  wife's  got  lumbago  or 
something  and  has  to  keep  on  cloths  soaked 
in  water.  Every  time  she  got  up  to  change 
the  cloth  and  let  the  water  run  I  thought 
I  heard  another  cofferdam  leak  and  woke 
up  with  a  scream.  I'm  going  to  get  a  room 
here  and  get  some  sleep.  Say,  clerk,  if  this 
room's  got  a  bath  or  any  water  in  it  out- 
side a  pitcher,  I'll  put  you  out  of  business. 
Good  night !" 

® — 

THE  late  William  H.  Brown,  for  many 
years  chief  engineer  of  the  Pennsyl- 
vania railroad,  took  especial  pride  in  the 
many  notable  bridges  that  had  been  con- 
structed under  his  direction.  One  time  Mr. 
Brown  was  introduced  to  a  clergyman  as 
the  greatest  bridge  builder  in  the  world. 
The  minister,  thinking  to  show  the  futility 
of  human  effort,  said:  "Mr.  Brown,  could 
you  construct  a  bridge  from  here  to 
heaven  ?"  Without  a  moment's  hesitation 
the  engineer  replied  :  "Yes,  if  you  will  fur- 
nish the  abutments." 

. ® 


Skinner  Miilvey  says:  "I'm  goin'  up  to 
Chicago  to  see  them  invisible  skirts  they  say 
women  folks  be  wearin'  this  year.  Mike  Con- 
way £,ays  13"s  an  unlucky  number.  He  bid 
13  ctG.    on  a  job  and    it  cost   him  27." 


June  16,  1915. 
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DEVELOPMENT  OF  PORT  OF 
BOSTON. 


Plan    for    Future    Improvement    of    Harbor 
Facilities. 


Pier    Construction — Warehouses — Industrial 
Faciiities — Railway    Connections. 


A  comprehensive  plan  for  the  future  devel- 
opment of  the  harbor  facilities  of  Boston, 
Mass.,  has  been  submitted  to  the  General 
Court  by  the  directors  of  the  Port  of  Boston. 
The  plan  requires  modifications  of  the  United 
States  pier  and  bulkhead  lines  and  a  corre- 
sponding revision  of  the  existing  harbor 
lines  of  Massachusetts.  This  latter  feature 
has  been  provided  for  by  an  enabling  act 
passed  by  tlie  state  legislature.  The  proposed 
changes  also  have  been  submitted  for  ap- 
proval to  the  Secretary  of  War  and  a  hear- 
ing in  the  matter  was  held  by  the  U.  S.  En- 
gineer on  May  2.5.  The  suggested  develop- 
ment is  shown  in  the  accompanying  map. 
It  is  expected  that  the  plan  outlined  will  pro- 
ceed upon  a  unit  basis,  by  the  construction  of 
piers  at  such  times  as  they  may  be  leased  or 
otherwise  disposed  of  for  a  return  that  will 
cover   an    amortizing   interest   on   the   cost. 

The  main  features  of  the  plan  provide  for 
developments  at  South  Boston  and  East  Bos- 
ton. At  the  first  mentioned  locality  the  fill- 
ing of  the  Commonwealth  flats  has  been  in 
progress  since  1874  and  the  state  now  owns 
an  area  of  lti3  acres  at  this  point.  The  sug- 
gested development  here  provides  for  a  whole- 
sale provision  market  to  be  located  north  of 
Summer  St.,  an  industrial  development  south 
nf  Summer  St.,  distributing  warehouses  along 
the  Reserved  Channel,  and  a  dry  dock  at  the 
easterly  end  of  the  Commonwealth  flats.  The 
dry  dock  contemplated  is  l,2(iii  ft.  in  length. 
In  addition  it  is  proposed  to  fill  80  acres  ot 
flats  south  of  the  Reserved  Channel  and  use 
this    area    for    industrial   purposes. 

The  South  Boston  development  also  pro- 
poses the  filling  in  of  another  area  south  of 
the  Reserved  Channel  and  its  use  as  an  exten- 
sion of  tlie  park  system  now  extending  along 
the  southerly  side  of  South  Boston  around 
Pleasure  Bay  to  Dorchester.  Railway  con- 
nections would  be  supplied  by  the  electrifica- 
tion of  the  Union  Freight  R.  R.  and  the  ex- 
tension of  its  tracks  from  Atlantic  Ave.  across 
Xorthern  .-\ve.  bridge  to  a  connection  with 
the  yards  of  the  N.  Y..  N.  H.  &  H.  R.  R. 
and  the  yards  of  the  Commonwealth  at  South 
Boston.  In  addition  the  plan  contemplates 
an  extension  of  tracks  from  the  Boston  & 
\lbany  line  at  Cottage  Farm  to  connect  with 
the  Xew  Haven  line  at  the  Soutli  Bay.  This 
extension  would  be  partly  on  filled  land  and 
partly  by  subway.  A  railway  tunnel  connect- 
ing the  yards  at  South  Boston  with  the  rail- 
way .system  in  East  Boston  also  is  shown  on 
the  map.  The  tunnel  connection,  however, 
would  be  very  expensive  to  build  and  it  prob- 
ably will  be  luany  years  before  its  construc- 
tion  is   started. 

The  proposed  development  for  East  Boston 
includes  steamship  piers,  warehouses  for 
steamships,  a  central  power  plant  and  other  im- 
provements. Between  Jeffries  Point  and  Gov- 
ernor'^ Island  there  is  a  frontage  of  nearly 
a  mile  availa1)le  for  the  construction  of  mod- 
ern steamship  terminals  along  similar  lines 
as  estal)lished  hv  the  state  in  its  development 
of  its  fiats  at  .South  Boston.  The  pier  head 
lines  at  South  and  West  Boston  would  be 
over  8,2fiO  ft.  apart.  This  frontage  is  adja- 
cent to  the  main  ship  channel  dredged  and 
maintained  by  the  United  States  government. 
The  piers  would  be  l,fiOO  ft.  in  length,  with 
dockage  space  of  3.")0  ft.  To  the  north  of  the 
proposed  piers  an  area  of  l,.50O  ft.  in  width 
wotdd  funiish  locations  for  the  necessary 
warehouses,  grain  elevators  and  other  struc- 
tures. To  the  north  of  the  warehouses  there 
would  lie  a  dock  1..500  ft.  in  width.  This 
would  serve  as  an  inner  anchorage  basin. 
At  the  head  of  this  basin  a  site  has  been  re- 
served   for    a    central    power    plant.      A    car 


storage  and  switching  yards  of  sufficient  ?ize 
to  accommodate  all  cars  designed  for  East 
Boston  would  be  located  to  the  west  of  the 
power  plant. 

Under  the  proposed  plan  a  filled  area  east 
of  Wood  Island  Park  would  be  devoted  to 
factory  sites.  This  would  give  about  oOO 
acres  for  the  location  of  plants.  Wood  Island 
Park  would  be  extended  southerly  from  its 
present  location  and  a  large  swimming  and 
iwating  basin  added.  .\n  anchorage  basin 
dredged  to  a  depth  of  3U  ft.,  now  exists  be- 
tween the  main  ship  channel  and  the  proposed 
location  for  the  piers  in  East  Boston.  This 
liasin  would  serve  as  the  approach  to  the 
pier.  The  Grand  Junction  branch  of  the 
Boston  &  .Mbany  R.  R.  would  be  extended 
along  the  East  Boston  water  front,  turning 
northerly  along  the  proposed  railroad  yard 
and  running  to  the  west  at  the  northerly  side 
of  Wood  Island  Park,  making  a  connection 
with  the  present  line  of  the  Boston  &  Maine 
R.  R.  near  Chelsea  River.  Provision  also 
has  been  made  for  the  extension  of  the  met- 
ropolitan park  system  by  a  boulevard  from 
Beachmont  across  Breeds  Island  to  Wood 
Island    Park. 


Development    of    Port    of    Boston. 


In  submitting  its  plan  to  the  General  Court 
the  Port  Directors  slate  that  tliey  do  not 
contemplate  or  expect  at  this  time,  or  even 
in  the  immediate  future,  that  appropriations 
^uflicient  to  carry  out  the  entire  plan  will  be 
made. 


A  $25,000   Dam  Job   Near  Akron,   O. 

An  excavation  and  concrete  joli  of  interest 
to  smaller  contractors  is  being  advertised  by 
the  State  Superintendent  of  Public  Works  at 
Columbus,  O.  The  work  calls  for  the  con- 
struction of  a  dam,  waste  weir  and  flood  regu- 
lation gates  at  East  Reservoir,  Portage  Lakes, 
near  Akron,  O.  The  legislature  appropriated 
$2-j,iMiu  for  this  improvement.  Tliere  will  be 
an  carthlill  dam  o'lil  ft.  in  length  witli  a  maxi- 
mum height  of  22  ft.,  a  8(1  ft.  top  width  and  a 
112  ft.  base.  The  dam  will  have  a  reinforced 
concrete  cutoff  wall  resting  cm  interlocking 
steel  piling.  The  waste  weir  wdll  be  construct- 
ed of  reinforced  concrete  and  will  be  crescent 
shaped.  .At  the  foot  of  tlie  ajiron,  which  ex- 
tends nearly  100  ft.  downstream,  there  will 
be  steps  to  serve  as  a  public  landing  for  the 
users  of  water  crafts.  There  will  be  two 
regulating  gates,  circular  in  shape  and  -'lo  in. 
in  size.  The  dam  will  carry  a  23  ft.  roadway. 
The  crossing  at  the  apron  will  be  made  by 
a  28   ft.  reinforced  concrete  arch. 

Bids  for  the  work  will  be  received  until  2 
p.  m..  July  1,  by  John  I.  Miller.  .Superintendent 
Public  Works,  Columbus,  O. 


The  head(|uarters  of  the  .American  KU-ctric 
Railway  Association  arc  now  located  at  8 
West  -fOth  street.  New  York  City,  instead  of 
2!)  West  Milth  street,  as  formcrlv. 


ST.    MAURICE    RIVER    STORAGE 
PROJECT,  QUEBEC. 

Bids  Taken  on  Reservoir  to  Have  Capacity 
of   160  Billion   Gallons. 

Concrete    Dam   1,720   Ft.   Long   and   80   Ft.    Maxi- 
mum   Height. 

The  Quebec  Streams  Commission  is  about 
to  start  construction  on  a  storage  reservoir 
having  a  capacity  of  100,000,000,000  cu.  ft.  of 
water.  This  project,  one  of  the  first  to  be 
taken  up  by  the  Commission,  has  for  its  object 
the  regulation  of  the  flow  of  the  St.  Maurice 
by  means  of  a  storage  dam  to  be  erected 
above  La  Loutre  rapids. 

The  minimum  flow  of  the  river,  according 
to  records  of  dailv  observations  at  Shawmi- 
gan  from  1900  to'  1912.  is  0.000  cu.  ft.  per 
second.  This  is  the  figure  for  the  average  low- 
est da^-  for  the  period.  The  average  lowest 
week  was  0,907  cu.  ft.  per  second,  and  for 
the  average  lowest  three  months  the  flow  was 
8,477  cu.  ft.  per  second.  It  is  estimated  that 
the  minimum  flow  available  after  the  storage 
reservoir  at  La  Loutre  is  built  will  be  as  fol- 
lows : 

Cu.  ft. 

Days.  ■      per  second. 

For  150 12,345 

For  200 !i,317 

For  230   7.407 

For  300    0.172 

The  carrying  out  of  this  development  in- 
volves a  number  of  interesting  and  somewhat 
imusual  features.  The  work  is  located  in  the 
wilderness,  40  miles  from  the  nearest  railroad. 
The  temperature  at  the  site  of  the  dam  varies 
from  80°  F.  in  summer  to  00°  below'  zero  in 
winter.  Ice  begins  to  form  in  the  fall  and 
reaches   a    thickness    of   20    ft.    in    midwinter. 

The  dam  will  be  located  2%  miles  above 
La  Loutre  rapids,  or  4  miles  above  the 
mouth  of  the  Wabano  River  and  will  be 
al)out  •")(!  miles  from  Weymontachingue,  Que., 
and  about  4u  miles  from  Parent,  Que.,  the 
latter  being  a  divisional  point  on  the  Trans- 
continental Ry.  The  main  features  of  the 
work  will  include  the  following:  .\  storage 
dam  about  1,720  ft.  in  length,  the  plan  of 
which  is  a  broken  line,  formed  of  four 
straight  lines  intersecting  under  an  obtuse 
angle;  a  measuring  weir  of  reinforced  con- 
crete, 37.5  ft.  in  length  and  its  abutments  and 
wing  walls ;  a  power  house,  two  gate  houses 
and  gauge  house,  a  sluice  for  logs  and  rub- 
bish; ten  gates  7%  ft.  by  10  ft.,  capable  of 
discharging  18,000  cu.  ft.  of  water  per  second ; 
generators  driven  by  two  turbines,  and  a  heat- 
ing system   for  the  gates. 

The  storage  dam  will  be  of  the  gravity  type 
and  will  have  a  maximum  height  yf  80  ft. 
above  the  foundation.  It  will  have  a  width 
of  2(1  ft.  at  the  crest.  The  spillway  portion  of 
the  dam  will  have  a  total  length  of  80-5  ft. 
and  its  top  will  be  10  ft.  below  the  crest  of 
the  remaining  part  of  the  dam.  The  bulkhead 
portion  of  the  dam  will  be  about  43.5  ft.  in 
length,  and  the  section  containing  sluice  gates 
and  power  plant  will  be  about  30.5  ft.  in  length. 
The  bulkhead  section  will  have  a  base  width 
cif  about  (ID  ft.:  the  base  width  of  the  sijilhvay 
will  be  about  48%  ft.  The  dam  will  be  con- 
structed of  Cyclopean  masonry  laid  on  con- 
crete of  a   1  :2',4  :5  mix. 

Investigations  at  the  dam  site  indicated  that 
on  the  east  side  and  on  the  island  bed  rock 
was  covered  with  a  layer  of  earth  and  moss 
from  1  ft.  to  3  ft.  deep.  On  the  west  bank 
1-5  ft.  test  pits  were  dug  to  an  average  depth 
"f  14  ft.  before  reaching  rock.  A  bed  of  sand 
from  0  ft.  to  8  ft.  deep  was  found,  and  this 
can  be  used  in  making  the  concrete.  The  dam 
will  be  founded  on  Laurentian  gneiss,  rough 
with  erosion,  but  free  from  seams  and  fis- 
sures. 

One  of  the  principal  difliculties  for  the  con- 
tractors will  be  the  transportation  of  material 
and  supplies.  Various  romes  have  been  in- 
vestigated. One  of  these  begins  at  Weymon- 
tachingue, and  runs  along  the  cast  bank  to 
the  bead  of  the  Chaudierc  falls.  There  it 
crosses  the  St.  Maurice  by  means  of  a  bridge 
and  nms  along  the  western  bank  to  the  dam. 


30 


Engineering   and    Contracting 


Vol.  XLIII.     No.  24. 


i  he  estimated  distance  by  this  route  is  45 
miles.  It  would  involve  the  building  of  ^a 
bridge  at  a  point  where  the  river  is  about  70 
ft.  wide  with  rock  banks.  Investigation  also 
has  been  made  for  a  route  from  Parent  to  the 
dam  site,  and  for  a  line  suitable  for  laying 
out  a  wagon  road  or  railway  from  Weymonta- 
chingue  to  La  Loutrc  rapids.  This  latter  route 
would  be  about  40  miles  in  length.  In  some 
of  the  engineering  work  a  canoe  route  by 
way  of  the  St.  Maurice  was  employed.  The 
total  distance  by  this  for  canoes  was  52  miles, 
of  which  2V4  miles  were  for  7  portages.  It 
took  two  good  men  three  days  to  transport 
1,200  lbs.  of  provisions  by  this  route.  The 
return  trip  was  made  in  a  day  and  a  half. 

The  bids  for  the  construction  of  the  La 
Loutre  storage  dam  were  opened  on  June  15, 
at  the  office  of  the  Quebec  Streams  Commis- 
sion, Parliament  Bl'dg.,  Quebec,  Que.  O. 
Lefclure  is  chief  engineer  of  the  Commission. 


NINE  CENT  LEVEE  WORK. 


Low    Prices   Obtained  at   May   26   Letting. 


Bids    Received    at    Memphis,    Tenn.,    on   3,866,000 
Cl'.  Yds.  Earth  Work. 


Nine  cent  levee  work  was  a  feature  of  the 
letting  at  Memphis,  Tenn.,  on  May  26.  Bids 
were  opened  on  this  date  by  Maj.  E.  M. 
Markham,  U.  S.  Engineer,  on  3,866,300  cu.  yds. 
of  earthwork  in  the  Upper  St.  Francis,  Lower 
St.  Francis  and  White  River  Levee  Districts. 
In  all  31  different  contractors  submitted 
bids,  and  some  exceptionally  low  prices  were 
obtained.  The  letting  attracted  much  atten- 
tion and  earth  moving  contractors  from  many 
sections    of    the   country   were    in    attendance. 

The  levee  will  be  put  up  to  grade  with  8 
ft.  crown  and  3  to  1  slopes.  One  foot  topping 
will  be  added  on  the  8  ft.  crown.  The  banquet 
will  have  40  ft.  crown,  20  to  1  crown  slopes 
and  4  to   1   back   slopes. 

The  work  in  the  Upper  St.  Francis  Levee 
District,  amounting  to  about  1,920,000  cu.  yds. 
was  divided  into  14  sections.  On  all  of  these 
sections  Roach,  Stansell  &  Lowrence  Bros., 
Memphis,  bid  13.9  cts.  This  bid  was  based  on 
securing  all  of  the  work  in  the  district.  Yale 
&  Regan,  Chicago,  submitted  a  bid  of  13^A  cts. 
on-  several  of  the  sections,  and  Rodgers  Bros, 
put  in  bids  of  12.8  cts.  It  is  understood  tliat 
the  low  bid  of  Yale  &  Regan  was  based  on 
the  use  of  a  tower  cableway  excavator.  The 
Oglesby  Construction  Co.,  Memphis,  Tenn., 
bid  10  cts.  a  cu.  yd.  on  two  sections  and  9 
cts.  a  cu.  yd.  on  seven  sections.  The  bids  of 
this  compam-  for  all  of  the  work  in  the  Upper 
St.  Francis  District,  was  recommended  for 
acceptance.  The  Oglesby  Co.  has  been  work- 
ing on  a  240,000  cu.  yd.  levee  enlargement  job 
near  Waverly,  Ark.  On  this  work  it  has  been 
using  the  tower  dragline  excavator  described 
in  our  issue  of  May  12,  1915.  The  bids  on  the 
work  in  the  Upper  St.  Francis  District  pre- 
sumably are  based  on  the  use  of  this  machine. 
The  yardages,  average  height  and  high  and 
low  bids  on  each  section  of  the  work  in  the 
Upper  St.  Francis  District  were  as  follows: 
Cu.  yds.,   Av'ge 

ihou-    height.     No.  High  bid.     Low 
Section,    sands.        ft.         bids.        cts.      bids.  cts. 

1  170  IS  16  35  13. 91 

2  115  17.5  16  30  13.9= 

3  140  15.9  16  26.5  13. 9-' 

4  ino  15.9  17  26.5  12.8* 

5  103  14.6  17  26.5  12.0* 
C            102            14,5           17           26.5            11. 0» 

7  ion  14  17  26.5  10.0* 

8  100  14  17  26.5  10.0» 

9  158  17  15  26.5  15.755 

10  120  17  16  26.5  9.0» 

11  110  14.8  16  26.5  9.0* 

12  100  14.8  16  26.5  9.0* 

13  112  14.7  16  26.5  9.0* 

14  112  14.5  16  26.5  9.0» 

15  142  17  16  30  9.0» 

16  341  17  16  26.5  9.0* 
•Recommended  for  acceptance. 

^Bid  recommended  for  acceptance  was  20  cts. 
=Bid  recommended  for  acceptance  was  18  cts. 
'Bid  recommended  for  acceptance  was  16  cts. 
*Bid  recommended  for  acceptance  was  13.6  cts. 
'Bid  recommended  for  acceptance  was  16.56  cts. 

The  construction  in  this  district  is  all  new 
work  and  banquette.  It  comprises  about  8 
miles  of  new  levee  with  a  standard  40  ft.  ban- 
quette,   beginning    at    a    point    about    3    miles 


below  Dcn-ena  berry  Landing,  opposite  Hick- 
man, Ky.  All  of  the  work  is  riverside  brim. 
The  work  in  the  Lower  St.  Francis  District 
amounted  to  1,333,000  cu.  yds.  and  was  divided 
into  9  sections.  Sections  1  to  4  form  a  con- 
tinuous stretch  beginning  3  miles  above  Golden 
Lake,  Ark.  The  first  six  sections  call  for 
enlargement  and  are  riverside  work.  Sections 
7  and  9  arc  landside  work  with  banquette.  A 
portion  of  Section  8  (.sta.  145/11  to  146/15) 
is  presumably  steam  shovel  and  car  work. 
The  high  and  low  bids  on  the  various  sections 
in  this  district  were  as  follows : 
Cu.  yds.,   Av'ge 

thou-    height.     No.  High  bid.     Low 
bectioii,    sands.        ft.         bids.        cts.      bids,  cts 
1  73  19.6  9  20  15.65 

-  50  17.5  9  18.5  15.65 

3  90.5       16.S  s  23.9'  15.65 

4  126.5       20.8  9  25  15.65 

5  110.0       26.3  10  29  1S.0« 

6  100  27.1  9  29  IS  SI 

7  124  26.1  8  30  19.5* 
S  440  29.S  5  36  21.8* 
9             218.7       26.5            11            29  17.0= 

'Recommended   for   acceptance. 

^Bid     recommended    for    acceptance    19.5    cts. 

=Bid  recommended  for  acceptance  17.5  cts. 

There  were  not  so  many  bidders  on  the 
work  in  the  Lower  St.  Francis  District,  nor 
was  there  so  great  a  range  of  prices,  as  in  the 
upper  district.  M.  C.  Connors,  Chicago,  III, 
at  15.65  cts.  respectively,  was  low  bidder  on 
Sections  1  to  4  inclusive.  The  other  low  bids 
on  these  sections  were  10  cts.  on  sections  1,  2 
and  3  and  15.75  cts.  on  section  4,  and  17.4  cts. 
on  the  four  sections.  Roach,  Stansell  &  Low- 
rence Bros.  &  Co.  bid  18  cts.,  19.5  cts.  and 
19.5  cts.  on  sections  5,  6  and  7,  and  these  bids 
were  recommended  for  acceptance.  The  bid 
of  21.8  cts.  on  Section  8,  of  Yale  &  Reagan. 
Chicago,  111.,  was  recommended  for  accept- 
ance. M.  C.  Connors  bid  21.9  cts.  on  this  sec- 
tion. On  section  9  Roach,  Stansell  &  Low- 
rence Bros.  &  Co.  bid  17.5  cts.  and  this  was 
recommended  for  acceptance. 

The  work  in  the  White  River  Levee  Dis- 
trict is  divided  into  four  sections,  the  total 
yardage  being  623,000.  It  begins  2  miles  below 
Fair  Oak,  and  runs  continuously  for  4  miles 
to  a  point  \Vz  miles  below  Dawson's  Landing, 
Ark.  It  is  all  enlargement  work.  The  high 
bids,  low  bids,  and  number  of  bidders  on  each 
of  these  sections  were  as  follows: 
Cu.  yds.,    Av'ge 

Ihou-    height.     No.  High  bid.     Low 
Section,    tands.        ft.         bids.        cts.      bids,  cts 

1  158  5  13  25  18  2» 

2  146  5.1  13  24  18.2* 

3  144  5.3  13  22.5  IS  0' 

4  175  5.7  13  28  18.2* 
♦Recommended    for    acceptance. 

^Bid  recommended  for  acceptance  1S.2  cts. 

The  18.2  ct.  bid  of  Rodgers  Bros.,  Mem- 
phis, Term.,  on  all  of  the  work  in  the  White 
River  District  was  recommended  for  accept- 
ance. It  was  provided  in  this  bid  that  if 
awarded  all  of  the  work  in  the  district  they 
would  do  it  for  0.1  ct.  less  per  cubic  yard 
than  the  prices  bid  on  the  individual  sections. 


A   $120,000   Bascule   Bridge   Contract. 

The  Board  of  Public  Works  of  San  Fran- 
cisco, Cal.,  is  calling  for  bids  on  a  bridge 
undertaking  that  will  cost  in  the  neighborhood 
of  $120,000.  This  work  provides  for  the  con- 
struction of  a  bascule  bridge  over  the  Channel 
St.  Waterway  at  Fourth  street.  The  bridge 
will  be  a  double  track,  pony  truss,  highwav 
Strauss  trunnion  bascule  with  a  40  ft.  clear 
roadway  and  two  6-ft.  sidewalks.  The  length 
of  the  moving  leaf  will  be  94  ft.,  and  it  will 
be  carried  on  trunnions  resting  on  trunnion 
bearings  supported  on  structural  steel  posts. 

This  leaf  will  be  counterbalanced  by  a  rein- 
forced concrete  counterweight,  pin  connected 
to  the  tail  ends  of  the  bascule  trusses,  and 
maintained  in  a  vertical  position  during 
the  operation  of  the  bridge  by  means  of  struc- 
tural steel  links.  The  operating  machinery  will 
consist  of  two  trains  of  gears  operated  by  two 
motors.  The  equipment  will  include  an  operat- 
ing pinion  which  engages  cast  steel  racks  bolted 
to  the  tail  ends  of  the  trusses.  The  motors 
will  be  of  the  series  wound  direct  circuit, 
heavy  duty,  Crane  type  K,  Westinghouse,  or 
equal.  The  current  will  be  furnished  at  240 
volts. 

The  improvement  also  requires  the  removal 


of  all  piles,  fenders,  foundations,  masonry  and 
steel  superstructure  of  the  present  Fourth 
street  draw  bridge,  and  the  construction  of  a 
new  reinforced  concrete  substructure,  sup- 
ported on  concrete  cylinders.  In  addition 
there  will  be  a  section  of  sea  wall  supported 
on  piles  and  a  paved  reinforced  concrete  dock 
approach  supported  on  reinforced  concrete 
piles.  This  will  connect  the  foundations  with 
the   sea   wall. 

Bids  for  the  construction  of  the  bascule, 
the  substructure  and  approaches  will  be  re- 
ceived by  the  Board  of  Public  Works,  San 
Francisco,  Cal.,  until  2  p.  m.,  June  23.  M.  M. 
O'Shaughnessy  is  city  engineer. 

Los  Angeles  Can  Sell  $6,500,000  Power 

Bond   Issue. 

The  last  legal  obstacle  to  the  sale  of  the 
$6,500,000  power  bonds  authorized  by  the 
electors  of  the  city  of  Los  Angeles,  Cal.,  on 
May  8,  1914,  has  been  removed.  The  State 
Supreme  Court  has  handed  down  a  decision 
holding  that  the  bond  issue  is  valid.  Bonds 
to  the  amount  of  $1,482,000  have  been  printed 
and  when  sold  the  proceeds  will  be  used  in 
completing  the  San  Francisquito  Canyon 
power  plant  and  in  providing  for  the  trans- 
mission of  the  power  to  some  central  point 
in  the  city  and  its  distribution.  The  remain- 
der of  the  proceeds  of  the  bond  issue  will  be 
used  in  acquiring  the  property  of  the  Edison 
Co.   now   in   process   of  condemnation. 


Water  Works   Improvements  to  Cost 

$1,600,000  for  St.  Paul,  Minn. 

Improvements  to  the  waterworks  of  St. 
Paul,  Minn.,  requiring  an  estimated  expendi- 
ture of  nearly  $1,600,000,  are  recommended 
by  Allen  Hazen,  Consulting  Engineer,  New 
York  City,  in  a  report  submitted  last  month 
to  the  Water  Board  of  the  city.  The  improve- 
ments and  their  estimated  costs  are  as  fol- 
lows : 

Storage  reservoir  on  Rice  Creek $489,000 

New  high  service  reservoir 260  OOo 

Filtration  plant  475,'oOO 

Pure  water  reservoir 30000 

Aerator,  pump  and  connections 25^000 

Low  service  reservoir 25,000 

Pumping  station  equipment 7o!o00 

Piping   Jrom   low   service   pumps   to   low 

service  reservoir  10,000 

Engineering  and  contingencies 207^000 

About  60  per  cent  of  the  city  of  St.  Paul  is 
supplied  by  the  Water  Department,  the  re- 
maining 40  per  cent  obtaining  its  supply  from 
wells.  The  artesian  wells  in  the  central  part 
of  the  city  have  been  worked  nearly  to  their 
economical  limit  and  deep  well  pumps  are  now 
being  employed  in  many  of  the  downtown 
wells  to  obtain  a  supply.  The  report  states 
that  the  municipality  cannot  hope  to  get  an 
additional  supply  by  sinking  wells  in  the  city. 
-As  an  emergency  measure  wells  could  be  sunk 
outside  the  city  and  the  water  piped  in,  but  in 
this  event  the  city  might  be  liable  for  damages 
by  destroying  the  value  of  wells  in  the  vicin- 
ity of  its  municipal  wells. 

The  report  asserts  that  the  city  can  best 
increase  its  supply  by  adding  to  the  capacity 
of  its  surface  sources.  By  building  a  dam  on 
Rice  Creek  and  raising  the  level  of  the  Rice 
Lake  system  and  other  lakes  in  that  vicinity, 
it  is  believed  the  city  would  be  assured  of  a 
daily  supply  of  30.000.000  gals.,  which  is  double 
the  present  supply.  To  improve  the  quality  of 
the  water  the  construction  of  a  filtration  plant 
at  McCarron  station  is  recommended.  This 
would  have  a  daily  capacity  of  35,000,000  gals. 
There  also  would  be  a  covered  pure  water 
reservoir  of  3,000,000  gals,  capacity,  costing 
.$30,000.  The  other  recommended  improve- 
ments include  a  new  high  service  reservoir 
with  a  capacity  of  30,000.000  gals.,  as  a  part 
of  a  60,000,000  reservoir;  a  covered  low  service 
reservoir:  a  15,000,000  gal.  high  service  pump 
and  two  6,000,000  gal.  low  service  pumps. 

To  temporarily  improve  the  quality  of  the 
water,  the  installation  of  a  testing  laboratory 
on  the  lake  system,  the  use  of  copper  sulphate, 
an  aerator  at  the  high  service  reservoir  and 
the  use  of  screens  are  recommended.  The  plan 
provides  that  when  the  city  outgrows  the  in- 
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creased  supply  to  be  secured  from  the  out- 
lined improvements,  it  can  obtain  unlimited 
water  from  the  Mississippi  River.  The  water- 
works of  St.  Paul  are  in  charge  of  the  Bureau 
of  Water  of  the  Department  of  Public  Utili- 
ties. Garrett  O.  House  is  General  Superin- 
tendent. 


i      15   Bridges   and    Culverts   for    Bureau 

j  Township,  Illinois. 

I  A    bridge    and    culvert    letting     in    Bureau 

I       County,  Illinois,  of  interest  to  contractors  spe- 

j       cializing  in  smaller  undertakings  of  this  kind, 

is  now  being  advertised.     The  work  on  which 

j       bids  are  being  taken  calls  for  the  construction 

I        in  Bureau  Township  of  four  bridges  and  two 

I        culverts,  all  of  reinforced    concrete    construc- 

i        tion.     In  addition,  however,  Bureau  Township 

'        has  si-M  smaller  bridges  and  culverts  in  the  vi- 

I        cinity  of  the  advertised  work  which  will  be  let 

by  private  contract,  and  may  be  advantageous- 

'        ly  taken  by  the  contractor  for  the  rest  of  the 

work.    There  are  also  three  county  aid  bridges 

in  this  township,  two  30-ft.  spans  and  one  a 

16-ft.  span,  that  will  be  let  soon  by  the  County 

Road  and  Bridge  Committee. 

The   work   on   which   bids   will    be   received 

until  1  p.  m.,  June  27,  by  the  Town  Clerk,  at 

his  office  1  mile  west  of  Wyonet,  is  as  follows : 

Height       Reinf.         Reinf. 

Span,  over  all  concrete,        steel. 

Name.  ft.  ft.         cu.  yds.  lbs. 

Wallace    16  13  61.4  5,3S9 

Young    14  13  o2.3  4,160 

Dravman  Xo.   1 . . .   16  9.4         36.2  4,535 

Dravman  No.  2...   16  9  34  4.393 

Harrington     10  5%*       35.2  3.732 

Croasing    10  6*  45.8  4,514 

All   above   except   last   have   20-ft.   roadways: 
Crossing  culvert  has  24-ft.  roadway. 
♦Culvert;  inside  height. 

The  nearest  railroad  is  the  C.  B.  &  Q.,  at 
Kasbeer  and  at  Walnut.  The  distance  from 
each  structure  to  Kasbeer  is  about  as  follows: 
Drayman  Nos.  1  and  '2,  7  miles ;  Young,  7% 
miles ;  Wallace,  8%  miles :  Harrington,  10% 
miles;  Crossing,  11  miles.  From  Walnut, 
Young,  .5%  miles ;  Drayman  Nos.  1  and  2,  6 ; 
Wallace.  6%  ;  Harrington,  8%  ;  Crossing,  8%. 

Quotations  have  been  received  offering 
screened  and  washed  stone  and  sand  delivered 
at  Kasbeer  for  90  cts.  per  ton ;  delivered  at 
Walnut  price  might  be  -5  cts.  higher  freight. 
Local  material  is  scarce  and  of  poor  quality, 
and  its  use  will  not  be  permitted  unless  it  is 
brought  up  to  specification  requirements  in 
every  respect.  The  present  wooden  bridges  are 
to  be  removed.  Test  borings  indicate  sound 
bottom  of  clay  basis  at  a  depth  of  1  ft.  to  .H  ft. 
at  all  bridges  except  Drayman  No.  1  and  Dray- 
man No.  2.  where  black  soil  extends  at  least 
■S  ft.  but  probably  will  give  a  foundation.  Work 
is  to  be  completed  on  or  before  Oct.  1,  191."). 
Plans  and  specifications  were  prepared  by  the 
Countv  Superintendent  of  Highways,  Prince- 
ton, III 


NEWS  LETTERS 

St.  Louis  Items. 

Miss  Elizabeth  Smith,  an  attractive  and 
pretty  young  lady  of  Danville,  Va..  becaine 
the  bride  of  Mike  Costello  on  June  1st.  The 
wedding  was  solemnized  at  the  residence  of 
Rev.  A,' J.  Halbleib  in  Danville,  Va.  After  the 
ceremony  Mr.  and  Mrs.  Costello  departed  for 
an  extended  trip  through  the  west  and  are 
going  to  take  in  both  expositions  on  the  coast 
before  their  return  east.  The  bride  and  groom 
are  expected  to  arrive  here  on  their  return 
about  July  1st.  and  a  noisy  welcome  is  await- 
ing their  arrival  in  St.  Louis,  where  Mike 
was  born  and  raised.  We  wish  to  extend  our 
heartiest  congratulations  to  the  newlyweds. 

Costello  Bros,  have  finished  their  work  on 
the  Southern  R.  R.  at  Danville,  Va. 

Judge  Sanborn  of  the  Federal  Court  has 
i.'isued  an  order  authorizing  the  Frisco  receiv- 
ers to  purchase  27,000  tons  of  90-lb.  steel  rails 
for  replacement  on  various  portions  of  the 
Frisco  main  lines,  equivalent  to  loO  miles. 
The  amoimt  involved  is  $800,000  and  the  con- 
tract will  be  awarded  at  once.  This  will  place 
the  main  line  system  in  fine  physical  condition 
fo'-  the  heavy  crop  traffic  movement  in  the  fall. 


H.  W.  Nelson  Co.  has  moved  its  office 
from  14  S.  Canal  St.  to  210  S.  La  Salle  St., 
Chicago.  .At  the  present  time  the  H.  W.  Nel- 
son Co.  has  between  400,000  to  500,000  yds.  of 
bridge  filling  on  the  Illinois  Central  R.  R.  and 
is  working  double  shift  to  good  advantage. 
It  also  has  a  job  at  Benton,  111.,  on  the  Illi- 
nois Central  R.  R.  of  15.000  yds.  of  shovel 
work  and  30,000  yds.  of  team  work.  The  team 
work  was  done  by  M.  L.  Windham  and  they 
expect  to  finish  the  shovel  work  there  in  a 
few  days.  They  also  have  another  job  at 
Memphis  of  150,000  yds.  of  levee  work  which 
they  expect  to  finish  by  the  first  of  the  year. 

Bids  will  be  received  by  the  city  of  St. 
Louis,  Room  S15,  New  City  Hall,  until  12  m., 
June  22,  1915,  for  furnishing  and  delivering  at 
the  City  Pipe  Yard  2,595  tons,  more  or  less, 
of  3-in.,  6-in.,  8-in.,  r2-in.,  20-in.,  30-in.  and 
36-in.  cast  iron  coated  water  pipe.  Specifica- 
tions, form  of  contract  and  other  information 
can  be  had  at  the  offices  of  the  Board  of  Pub- 
lic Serv-ice  and  the  Director  of  Public  Utilities. 

List  &  Gifford  Construction  Co.  are  increas- 
ing forces  on  their  M.  K.  &  T.  R.  R.  contract 
in  Oklahoma.  Jack  O'Callahan  is  head  pusher 
on  this  job  and  Jack  has  a  reputation  of  being 
some  pusher  on  shovel  work. 

P.  J.  Hannon,  Boatman  Bank  Bldg.,  St. 
Louis,  Mo.,  would  like  to  know  the  present 
whereabouts  of  John  Lowrey,  a  colored  camp 
cook  who  worked  for  him  some  years  ago. 

Geo.  C.  Smith  &  Sons  are  going  to  do  the 
drag  line  work  on  Hickev  Bros.'  dam  and 
reservoir  job  at  Paris,  111.  They  are  going 
to  send  one  machine  over  there  and  still  have 
another  one  idle  at  Valmeyer,  111,,  which  they 
would  like  to  place  on  any  kind  of  a  job  suit- 
able for  drag  line, 

M,  L.  Windham  has  been  in  several  times 
from  Centralia,  111.,  looking  up  work  for  his 
team  outfit. 

The  McCarthy  Construction  Co.  of  St.  touis 
was  awarded  the  contract  for  constructing  two 
villas  by  the  Board  of  Managers  of  the  Mis- 
souri Sanitarium  for  the  treatment  of  Incipi- 
ent Tuberculosis  at  Mount  Vernon,  Mo.  One 
building  for  adults  will  cost  $24,245,  and  the 
other  for  children  will  cost  $36,325.  The 
money  was  appropriated  at  the  last  session  of 
the  Legislature. 

The  Fruin-Colnon  Co,  were  awarded  the 
contract  by  the  St,  Louis  Basket  &  Box  Co. 
to  build  a  new  two-story  first-class  warehouse 
at  the  foot  of  Arsenal  St.  here. 

T.  E.  Brogan,  the  new  sales  agent  of  the 
Hercules  Powder  Co.  here,  has  been  busy 
since  his  arrival  getting  old  matters  and  con- 
tracts fixed  up.  Says  he  has  caught  up  with 
his  work  now  and  will  be  pleased  to  meet  all 
of  his  friends  when  here  in  Room  1024  Pierce 
Bldg, 

The  Davis  Commissary  &  Supply  Co.  se- 
cured the  contract  for  boarding  Owslev  Sz 
Mann's  men  on  their  clearing  inb  in  the  Little 
River  Drainage  District  near  Kennett.  Mo. 
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PERSONALS 

Mr.  Joseph  W.  Hunter  has  been  re-appomt- 
ed  as  first  deputy  state  highway  commissioner 
of   Pennsylvania, 

Mr.  Charles  Saville  has  been  appointed  di- 
rector of  sanitation  of  the  city  of  Dallas, 
Texas,  under  the  recently  organized  Depart- 
ment of  Health  of  that  city. 

Mr.  Paul  Lindholm,  Engineer  of  Highways, 
Copenh;igen.  Denmark,  has  been  awarded  the 
Traveling  Fellowship  of  the  .American  Scan- 
dinavian Foundation  for  1915-1910.  He  will 
devote  the  year  to  graduate  work  in  highway 
engineering  at   Coluinbia  University. 

Mr.  T.  D.  Kilkenny  has  been  appointed  city 
engineer  of  Vallejo,  Cal.,  where  a  large 
amount  of  street  paving  is  under  way  or  pro- 
posed. Mr.  Kilkenny  graduated  in  civil  engi- 
neering from  the  University  of  California  in 
1900.  and  for  a  year  was  employed  as  struc- 
tural draftsman  by  the  Southern  Pacific.  For 
two  years  he  was  assistant  engineer  for  the 
Mt.  Whitney  Power  Co.,  and  then  for  a  time 
was  structural  draftsman  for  the  State  Board 
nf    Harbor    Commissioners,       Since    1911     he 


has  been  assistant  engineer  with  Haviland  & 
Tibbetts,  consulting  engineers  of  San  Fran- 
cisco. 

Mr.  Claude  L.  James  has  been  appointed  su- 
perintendent of  water  works  for  the  city  of 
Mattoon,  111.  Mr.  James  has  been  city  engi- 
neer of  Mattoon  for  the  past  14  years,  and 
has  also  been  retained  as  consulting  engineer 
iiy  a  number  of  neighboring  towns  and  vil- 
lages. He  was  construction  engineer  on  the 
Mattoon  municipal  water  works,  and  will  now 
be  general  manager  of  the  plant.  He  also 
continues   his  consulting  engineering  practice. 

Mr.  Charles  R.  Pratt  has  opened  an  office 
at  55  Liberty  street.  New  York  City,  as  con- 
sulting engineer.  Mr.  Pratt  will  specialize  in 
electrical  operation  of  hydraulic  and  steam 
elevators.  He  has  devised  and  perfected  a 
system  for  applying  electric  drive  to  hydraulic 
or  steam  elevators  and  is  prepared  to  under- 
take the  design,  construction  and  installation 
of  all  types  of  elevators,  and  to  advise  as  to 
special  requirements  under  varying  conditions 
in  plants. 

Mr.  J.  W.  Mavity  of  Lyndon,  Kan.,  has 
been  appointed  city  engineer  of  Wellington, 
Kan.,  and  will  have  charge  of  a  large  amount 
of  paving  and  sewer  work  which  is  to  be 
done  there  this  summer.  Mr.  Mavity  has  had 
twelve  years  of  general  engineering  practice, 
including  railroad,  municipal,  highway  and 
irrigation  work.  For  si.x  years  he  was  en- 
gaged in  the  design  and  supervision  of  con- 
struction of  municipal  work,  including  com- 
plete water  purification  plants  and  sewage 
disposal  systems.  For  the  past  year  he  has 
been  county  highway  engineer  for  Osage 
County,  Kansas. 

Mr.  John  A.  Goetz  has  been  appointed  city 
engineer  of  Mattoon,  111,,  succeeding  Mr,  C,  L. 
James,  who  has  been  appointed  superintendent 
of  water  works,  Mr.  Goetz  has  been  in  the 
engineering  contracting  business  since  1908, 
and  has  been  employed  as  construction  engi- 
neer or  superintendent  on  bridge  work,  pave- 
ments, etc.  He  was  assistant  superintendent 
of  construction  of  the  Grand  avenue  viaduct 
in  Milwaukee,  1909-10.  From  1910  to  1914  he 
was  with  the  Goggin  Construction  Co.  of 
-Areola,  111.,  as  construction  engineer,  and 
since  that  tiine  has  been  in  business  in  Mat- 
toon as   engineering  contractor. 

Professor  Robert  L.  Sackett  has  resigned 
his  position  at  Purdue  University  to  accept 
the  position  of  Dean  of  Engineering  at  Penn- 
sylvania State  College.  Prof.  Sackett  re- 
ceived his  degree  in  civil  engineering  from  the 
I'niversity  of  Michigan  in  1896.  He  is  a 
member  of  the  American  Water  Works  Asso- 
ciation and  the  New  England  Water  Works 
.Association,  and  an  associate  member  of  the 
.American  Society  of  Civil  Engineers.  He  has 
been  professor  of  sanitary  and  hydraulic  engi- 
neering at  Purdue  University  since  1907.  Prof. 
Sackett  has  also  served  as  consulting  sanitary 
engineer  for  the  Indiana  State  Board  of 
Health,  and  for  various  state  institutions  and 
corporations. 

Mr.  Sydney  B.  Williamson,  Chief  of  Con- 
struction of  the  U.  S.  Reclamation  Service, 
has  been  placed  in  charge  of  the  executive 
offices  of  the  Service  which  have  been  estab- 
lished at  Denver.  Mr.  Williamson  is  the  engi- 
neer who  under  Colonel  Goethals  built  the 
Pacific  end  of  the  Panama  Canal.  Mr.  Wil- 
liamson is  to  be  the  executive  arm  of  the 
service  in  the  field.  All  matters  are  to  go 
through  him  to  the  Reclamation  Service  in 
Washington,  where  an  ollicc  will  be  main- 
tained in  charge  of  Director  and  Chief  Engi- 
neer Davis,  Chief  Counsel  King,  and  Comp- 
troller Ryan,  by  whom  all  matters  of  policy 
will  be  determined.  Their  orders  will  be  car- 
ried out  by  Mr.  Williamson.  Secretarv  Lane 
has  felt  for  a  long  time  that  the  executive 
offices  were  too  far  removed  from  the  projects 
themselves  to  have  the  work  carried  on  with 
the  greatest  efficiency,  the  least  friction,  and 
the  least  expense.  Mr.  I.  D.  O'Donnell,  super- 
visor of  irrigation,  will  be  retained  in  the  field 
as  expert  on  irrigation,  cultivation  of  irri- 
t'ated  lands,  development  of  markets,  and  all 


Z2 


Engineering   and    Contracting 


\'A.  XLIIl.     Xu.  24. 


questions  affecting  the  welfare  of  settlers  and 
water  users. 

Mr.  F.  M.  Billings  has  entered  into  part- 
nership with  Mr.  L.  R.  Johnson  for  the  prac- 
tice of  civil  engineering  under  the  firm  name 
of  the  Billings-Johnson  Engineering  Co.,  with 
offices  at  6.52  Spreckels  building,  San  Diego, 
Cal.  Mr.  Billings  is  a  graduate  of  the  Uni- 
versity of  Arkansas,  class  of  1903.  In  19(1-5 
he  was  connected  with  the  Quartermaster's 
Uepartment,  and  later  with  the  U.  S.  Engi- 
neering Department  at  Fort  Washington,  .Md. 
Following  this  he  was  engaged  in  railroad 
work  in  the  west  and  in  the  latter  part  ot 
191  Ki  entered  the  U.  S.  Reclamation  Service, 
in  connection  with  the  building  of  the  Huntley 
project.  After  some  months  he  resigned  and 
became  chief  engineer  and  general  superin- 
tendent for  the  contracting  firm  of  Hughe.s 
&  Olsen,  who  were  building  the  main  canal 
and  tunnels  for  this  project.  From  there 
he  went  to  Manzanillo,  Cuba,  where  he  had 
charge  of  the  location  of  extensive  higliways 
for  the  Cuban  government ;  and  later  of  con- 
struction work  for  the  Oliver  Cuban  Con- 
struction Co.  For  the  past  two  and  one-half 
years  Mr.  Billings  has  been  in  Spain  for  the 
Pearscjn  Engineering  Corporation,  on  its  Ebro 
irrigation    and    power    development   project. 

Mr.  Johnson  is  a  graduate  of  the  Cincin- 
nati Technical  School  and  of  the  civil  engi- 
neering department  of  Cooper  Union  Institute. 
He  was  connected  \\\Xh  the  engineering  de- 
partment of  the  Central  Railroad  of  New  Jer- 
sey for  a  time,  and  later  in  the  estimating 
department,  New  York  Central  Railroad.  For 
two  years  he  was  with  J.  G.  White  &  Co..  at 
lloilo,  P.  I.,  as  assistant  and  office  engineer 
on  construction  of  the  Philippine  Railwav.  In 
1911  he  went  to  Spain  for  the  Pearson  Engi- 
neering Corporation,  where  he  established  and 
was  the  responsible  head  of  the  Hydrographic 
Department.  Cia.  Riegos  y  Fuerza  del  Ebro, 
S.  .\.,  until  the  suspension  of  operations  in 
September  last. 

Mr.  Herbert  M.  Wilson,  engineer  in  charge 
of  the  Pittsburgh  Experiment  Station  of  the 
United  States  Bureau  of  Mines,  has  resigned 
from  the  government  service  to  become  the 
director  of  a  newly  formed  organization  to 
be  known  as  the  Coal  Mine  Insurance  .Asso- 
ciation. Mr.  Wilson  was  closely  associated 
with  Director  Joseph  A.  Holmes  in  the  incep- 
tion and  development  of  the  Bureau  of  Mines. 
Early  in  1907,  when  Secretary  James  R.  Gar- 
field added  a  technologic  branch  to  the  United 
States  Geological  Survey,  Director  Charles  D. 
Walcott  of  the  Survey  selected  Joseph  A. 
Holmes  as  chief  of  the  new  division  and  .Mr. 
Wilson  was  appointed  as  his  principal  assist- 
ant. With  the  creation  of  the  Bureau  of 
Mines,  Mr.  Wilson  became  engineer  in  charge 
of  the  Pittsburgh  station,  a  position  which  he 
has  held  ever  since.  Mr.  Wilson  was  edu- 
cated in  mining  as  well  as  in  civil  engineering, 
graduating  from  the  School  of  Mines,  Colum- 
bia University,  New^  York.  He  has  spent  the 
last  eight  years  in  developing  mining  experi- 
ments, including  the  use  of  explosives,  experi- 
mental investigations  in  electricity  and  light- 
ing, and  especially  in  the  mine-safety,  mine- 
rescue  and  first-aid  operations  of  the'  Federal 
Bureau  of  Mines.  He  is  on  the  advisory  coun- 
cil of  the  Underwriters'  Laboratory,  Chicago; 
is  one  of  the  organizers  and  is  on  the  execu- 
tive committee  of  the  National  Safety  Council, 
and  was  the  first  president  and  is  now  the 
secretary-treasurer  of  the  .American  Mine 
Safety  .Association.  The  Coal  Mine  Insur- 
ance .Association,  of  which  Mr.  Wilson  is  to 
be  the  director,  is  a  combination  of  ten  .Ameri- 
can and  British  insurance  companies  that  have 
associated  themselves  for  the  joint  underwrit- 
ing of  coal-mine  accident  insurance. 

Mr.  George  H.  Biles,  engineer  of  mainte- 
nance of  the  Pennsylvania  State  Highway 
Department,  has  been  promoted  to  the  posi- 
tion of  second  deputy  state  highway  commis- 
sioner, made  vacant  by  the  resignation  of  Mr. 
E.  A.  Jones.  Mr.  Biles  will  also  continue  in 
charge  of  the  maintenance  division.  George 
H.  Biles  was  born  in  Philadelphia  in  1879  and 
educated  in  the  public  schools  of  that  citv.    In 


li"<97  he  took  a  technical  course  in  engineering 
under  I.  W.  Hubbard  and  Allan  W.  Fuller, 
covering  a  period  of  two  years,  at  the  same 
time  being  engaged  as  apprentice  in  the  Fifth 
Survey  District,  under  Walter  Brinton,  and 
working  on  other  public  and  private  engineer- 
ing and  surveying  enterprises  to  pay  tuition. 
He  entered  competitive  civil  service  exam- 
ination and  was  appointed  chainman  on  a 
special  corps  of  the  Department  nf  Public 
Works  of  Philadelphia,  advancing  to  rodman, 
transitinan,  draftsman,  and,  in  1904,  quali- 
fying   for   principal   assistant    engineer. 

In  June,  190.5,  he  was  appointed  chief 
draftsman  in  the  State  Highway  Depart- 
ment, revising  the  system  in  the  construction 
and  drafting  divisions,  taking  advanced 
steps  in  modern  concrete  reinforcing,  applica- 
ble to  bridge  design,  and  establi.shing  new 
methods  of  calculation  and  other  features 
which  are  still  in  force.  He  was  made  divi- 
sion engineer  in  charge  of  the  central  and  a 
portion  of  the  eastern  counties  of  the  state 
in  1906,  taking  up  the  early  experiments  for 
the  state  in  bituminous  road  materials  and 
reporting    the    results    of    certain    methods   of 


conferences  on  the  various  phases  of  this  sub- 
ject. 


George  H.  Biles.  Second  Deputy  State   High- 
way  Commissioner   of    Pennsylvania. 


construction  to  the  Committee  on  Bituminous 
Materials  of  the  .American  Society  of  Civil 
Engiheers.  As  division  engineer  he  laid  out 
and  supervised  the  construction  of  many  miles 
of  the  state's  finest  highways,  designing  and 
constructing  the  famous  Lewistown  Narrows' 
Model  Road,  the  first  built  under  the  Sproul 
.Main  Highway  .Act,  and  the  River  Drive  out 
of  the  city  of  Harrisburg. 

In  December,  1912,  he  was  assigned  assistant 
to  the  chief  engineer  and  in  .April,  li)1.3.  was 
appointed  engineer  of  maintenance  in  charge 
of  all  the  state  highways  and  state-aid  roads, 
approximating  ten  thousand  miles.  He  or- 
ganized the  Division  of  Maintenance,  stand- 
ardizing and  systematizing  all  the  maintenance 
operations,  purchasing  machinery  and  equip- 
ment to  meet  the  requirements  of  the  divi- 
sion's forces  and  introducing  scientific  cost 
accounting  and  advanced  business  methods  in 
all  this  work.  In  May.  1913,  he  passed  civil 
service,  with  honors,  for  the  position  of  assist- 
ant engineer  to  the  Cliief  of  the  Bureau  of 
Highways  of  Philadelphia.  Being  a  close  stu- 
dent of  highway  work,  Mr.  Biles  has  written 
and  compiled,  in  book  form,  valuable  informa- 
tion for  use  of  road  builders,  with  detailed 
instructions  to  the  employes  of  the  depart- 
ment in  the  construction,  repair  and  mainte- 
nance of  the  various  classes  of  highways.  In 
addition  to  this  he  has  prepared  manv  techni- 
cal papers  and   addressed   highway  and   other 


OBITUARIES 

John  Simpson  Gibson,  secretary  and  treas- 
urer of  the  Passaic  Valley  Sewerage  Commis- 
sion, died  June  h  at  his  home  in  Newark,  N.  J. 

.Angus  McCallum,  a  retired  contractor  of 
Grand  Forks,  N.  D.,  who  built  the  first  rail- 
road bridge  across  the  Red  River  of  the  .\orth 
for  the  Great  Northern,  died  June  8,  aged  83. 

John  Grant,  paving  contractor  of  Omaha, 
Neb.,  died  June  .5,  aged  7.5.  Mr.  Grant  has 
been  a  resident  of  Omaha  since  1882,  and  was 
for  many  years  the  representative  of  the  Ear- 
lier .Asphalt  Co.  When  that  compaiiv  with- 
drew from  Omaha,  Mr.  Grant  organized  the 
Grant  Paving  Co.,  continuing  in  the  'asphalt 
business   and   adding   cement   stone   work. 

CIVIL  servicYnews 

The  U.  S.  Civil  Service  Commission  an- 
nounces an  examination  as  follows : 

Illuminating  Engineer:  $l,-2u0  per  annum; 
not  less  than  three  years'  drafting  experience 
in  connection  with  illnniinating  engineering 
and  electrical  work,  or  graduation  from  tech- 
nical school  and  six  months'  practical  experi- 
ence.    July  7-8. 


NEW  CATALOGUES 

Rii.Mj   Oiler.— Paper,   0x8   ins. ;   8   pp.      Stude- 
baker,  South   Bend,  Ind. 
Catalogue   No.    1007,   describing   the    Stude- 
baker   Gravity    Road   Oiler.     Gives   details   of 
construction  and  operation,  price  list  and   list 
of  extra  attachments.     Illustrated. 
C.KST  Iron   Pipe   and   Specials.— Paper.   SVzx 
11   ins.;  48  pp.     R.  D.  Wood  &  Co.,  Phila- 
delphia, Pa. 

Sections  and  tables  of  standard  cast  iron  pipe 
and  special  castings,  based  on  specifications 
of  .American  Society  for  Testing  Materials  and 
American  Water  Works  .Association.  De- 
scribes briefly  several  especial  devices,  with 
half-tone  illustrations. 

.Air  Pumps.— Paper,  (j.x9  ins.;   22  pp.  and  in- 
serts.    Harris   Air   Pump   Co.,  224   W.   Mc- 
Carty  St.,  Indianapolis,  Ind. 
Form  14,  loose  leaf  bulletin,  describing  20th 
Century     pneumatic     pumping     system,     and 
Harris     air     lift     pumps.       Points     out     the 
advantages    of    the    air    lift    system,  and  the 
special  features  of  the  Harris  pump,  increased 
yield   of   well,   method  of  cleaning   wells,   etc. 
Tables  and   data  relating  to  pipe  dimensions, 
friction  of  water,  flow  of  air,  etc.,  are  also  in- 
cluded.    Illustrated. 


CATALOGUE  REVIEWS 

Blast  Hole  Drills.— Paper,  8xloy2  ins.;  64 
pp.  .Armstrong  Manufacturing  Co.,  Water- 
loo, Iowa. 

"Special  Blast  Hole  Drills"  is  the  title  of 
the  new  .Armstrong  catalogue,  Bl,  fresh  from 
the  press.  The  book  comprises  a  great  deal  of 
data  and  general  information  on  the  subject 
and  explains  in  detail  the  application  and 
qualification  of  Armstrong  equipment.  Ex- 
haustive cost  and  operating  data  are  given 
and  the  cumulative  profits  resulting  from  the 
adoption  of  special  blast  cable  drills  bv  quarry 
operators  are  pointed  out.  Comparative  costs 
of  piston  and  cable  drills  are  shown. 

The  requirements  of  the  special  equipment 
necessary  for  blast  hole  purposes  are  ex- 
plained, and  important  operating  features  of 
Armstrong  traction  drill  fully  described  and 
shown  by  photograph.  Specifications  for  the 
tractor,  tool  and  cable  equipment  and  stand- 
ard taper  joints,  drill  operator  reports,  price 
list  of  necessary  tools,  description  of  special 
operating  engine  and  its  parts,  letters  of 
reference  from  users  of  the  drills  and  photo- 
graphs of  actual  operations  are  all  included. 

The  book  contains  a  mass  of  information 
and  interesting  illustrations.  It  is  typograph- 
ically well  done,  presenting  a  somewhat  "color- 
ful appearance  owing  to  the  frequent  use  of 
the  distinctive  Armstrong  trade  mark,  which 
tops  each  page. 
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An  Interesting  Example  of  Reinforced 
Concrete  Construction. 

If  well  designed  and  properly  built,  rein- 
forced concrete  can  be  used  efficiently  in 
much  the  same  manner  as  is  steel  construc- 
tion tireproofed,  although  when  under  direct 
tension  it  is  used  to  greatest  disadvantage. 
In  building  construction,  unless  the  architect 
has  a  thorough  knowledge  of  reinforced  con- 
crete, the  structural  engineer  is  likely  to  find 
his  problem  of  designing  the  framework  to 
conform  to  the  architectural  design  a  very 
difficult  one.  In  many  cases  reinforced  con- 
crete can  successfully  compete  with  hre- 
proofed  steel  construction,  even  when  low 
cost  is  the  governing  factor,  although  con- 
siderations other  than  cost  should  be  con- 
sidered by  the  owner. 

In  the  "Buildings"  section  of  this  issue  we 
are  publishing  an  article  on  the  design  and 
construction  of  the  Chicago  Hebrew  Insti- 
tute, an  interesting  example  of  reinforced  con- 
crete construction,  and  one  built  in  compe- 
tition with  fireproofed  steel  construction.  In 
this  structure  there  are  used:  Both  beam-and- 
slab  and  flat-slab  floors;  a  concrete  girder 
curved  in  two  planes ;  a  running  track  canti- 
levered  from  the  columns;  columns  which  end 
in  cantilever  brackets ;  thin  girders  which 
serve  both  as  girders  and  partitions ;  curved 
roof  girders  which  terminate  in  long  sup- 
porting legs,  or  columns  ;  and  practically  every 
form  of  construction  possible  with  the  use  of 
structural  steel. 

It  is  true  that  some  of  the  intricate  con- 
structions used  are  due  entirely  to  the  re- 
quirements of  the  architeets,  but  it  is  also 
true  that  these  problems  were  solved  efficiently 
with  reinforced  concrete  constructions.  The 
erection  of  this  building  also  involved  a  num- 
ber of  interesting  construction  problems,  espe- 
cially in  the  economic  use  of  forms  and  false- 
work. A  careful  study  of  the  design  and 
construction  features  of  this  building  may 
profitably  be  made  by  engineers  and  archi- 
tects, as  the  structure  offers  more  than  ordi- 
nary problems  in  the  use  of  reinforced  con- 
crete. 


More  Sewer  Gagings  Needed  for  Small 
Cities. 

The  volume  of  published  data  recording  the 
results  of  actual  measurement  of  flowing  sew- 
age is  not  large  and  such  gagings  are,  as  a 
rule,  from  the  larger  and  the  secondary  cities. 
Such  data  pertaining  to  cities  of  "2.5,000  popu- 
lation and  under  are  meager.  For  villages 
there  are  very  few  sewage  flow  records  in  a 
form  readily  available  to  engineers. 

The  old  method  of  predicating  the  design 
of  sewer  sizes  upon  the  assumption  that  the 
flow  of  sewage  will  ecpuil  the  water  con- 
sumption is  falling  into  disrepute,  and  a  more 
dependable  guide  is  not  yet  generally  avail- 
able. In  this  issue  we  publish  an  account  of 
the  gagings  made  at  Berkeley,  Calif.  It  is 
interesting  to  note  that  in  the  residential  dis- 
trict there  gaged  the  water  consumption  was 
.50  gals,  per  day,  while  the  sewage  flow  was 
only  .34  gals,  per  day.  Since  it  is  desirable 
to  keep  sewer  sizes  as  small  as  possible  con- 
sistent with  the  requisite  carrying  capacity 
and  freedom  from  clogging,  both  for  eco- 
nomic and  sanitary  reasons,  we  urge  the 
making  of  more  gagings  in  sewers  in  small 
cities  and  towns. 

Consulting     engineers     employed     by     small 


The  editors  solicit  short  descriptions  of 
novel  and  useful  methods  and  devices  em- 
ployed in  engineering  construction.  Arti- 
cles not  to  exceed  a  column  (about  seven 
hundred  words)  are  preferred.  Pho- 
tographs or  sketches  should  be  includ- 
ed if  they  add  interest  and  aid  explanation. 
Utility  and  not  careful  writing  will  be. 
the  chief  factor  in  determining  acceptabil- 
ity.    Accepted    articles    will    be    paid    for. 


cities  to  design  sewage  treatment  plants  sel- 
dom gage  the  flow  of  sewage  accurately  even 
when  the  town  is  and  has  been  well  sewered 
for  a  long  time.  The  flow  is  generally  esti- 
mated from  the  population  and  water  con- 
sumption. We  believe  sewage  plant  efficiency 
in  such  places  would  be  increased  by  more 
care  in  design  with  reference  to  the  actual 
flow  to  be  handled.  Many  disposal  plants  are 
made  too  small  from  lack  of  funds  or  from 
underestimating  the  total  sewer  discharge,  in- 
cluding infiltration,  and  other  plants  are 
made  needlessly  large  from  overestimating 
the  flow.  In  many  cases  the  city  engineer 
would  doubtless  be  willing  to  gage  the  sewers 
in  co-operation  with  the  consultant,  prepar- 
atory to  the  design  of  the  treatment  plant. 
The  requisite  apparatus  need  not  be  expensive 
and  the  taking  of  records  is  not  necessarily 
burdensome. 

The  major  portion  of  the  sewage  collecting 
system  is  usually  constructed  in  a  single  sea- 
son in  small  cities.  This  usually  renders  im-. 
practicable  the  gaging  of  district  sewers  for 
data  to  use  in  designing  other  district  sewers 
in  the  same  city.  For  this  reason  gagings  of 
existing  systems  will  have  to  be  applied  in 
the  designing  of  new  systems  in  other  lo- 
calities. 

In  thinking  of  agencies  available  for  the 
making  of  such  gagings  one's  thought  readily 
turns  to  the  student  investigator.  About  130 
educational  instiutions  in  this  country  are  of- 
fering a  degree  in  civil  engineering.  If  two 
students  in  each  institution  work  on  sewer 
gagings  each  year  for  two  or  three  years 
engineers  will  have  available  a  large  number 
of  data  on  this  subject.  Senior  engineering 
students  are  well  qualified  to  make  the  neces- 
sary installations  of  measuring  devices,  to 
take  off  the  readings  and  to  compile  the 
records.  We  suggest  that  thesis  work  along 
this  line  be  undertaken  in  all  parts  of  the 
countrv. 


A  Co-operative  Organization  of  Engi- 
neers. 

Any  profession,  to  be  most  successful,  not 
only  must  consist  of  men  highly  trained  in 
the  principles  and  practice  of  that  profession, 
but  its  organization  must  be  such  that  the 
general  public  is  made  conversant  with  its  • 
aims  and  accomplishments.  Until  principles 
arc  well  established  and  arc  generally  un- 
derstood by  the  members  of  a  profession,  it 
is  only  natural  that  societies  should  be  formed 
— both  local  and  national — which  are  essen- 
tially technical  in  character.  Even  after  prin- 
ciples and  rules  of  practice  have  been  estab- 
lished it  is  generally  desirable  that  a  national 
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society — with  entrance  requirements  purely 
technical  in  character — be  maintained  in  order 
to  furnish  a  convenient  means  of  classifying 
the  membership  and  of  disseminating  knowl- 
edge. These  technical  societies,  however, 
from  the  very  nature  of  their  organization, 
are  not  well  fitted  to  do  the  general  publicity 
work  which  is  so  essential  if  the  profession 
IS  to  secure  quick  recognition  by  the  general 
public.  Some  professions — like  medicine  and 
law — require  little  publicity  work  except  that 
given  by  individual  members  in  the  regular 
conduct  of  their  business,  as  the  members  of 
such  professions  generally  deal  directly  with 
those  engaged  in  other  lines  of  work.  It  is 
mteresting  to  note,  however,  that  even  these 
professions  are  constantly  being  given  free 
advertising  in  one  form  or  another  by  our 
newspapers. 

In  general,  engineers  in  the  regular  con- 
duct of  their  business  deal  either  with  other 
eiigineers  or  with  an  extremely  limited  class 
of  men  engaged  in  other  lines  of  work.  In 
this  respect  they  are  particularly  unfortunate, 
as  they  miss  the  opportunity  to  secure  recog- 
nition from  others  and  also  fail  to  secure  the 
benefits  of  close  intercourse  with  other  men. 
."Mthough  these  natural  handicaps  are  evident,  ■• 
engineers  have  been  exceedingly  slow  to  rec- 
ognize tlie  need  for  educating  the  public  to  a 
realization  of  the  aims  and  accomplishments 
of  the  engineering  profession.  Part  of  this 
inaction  was  to  be  expected,  because  it  is  only 
within  recent  years  that  the  principles  and 
rules  of  engineering  practice  warranted  its 
recognition  as  a  leading  profession.  Such  is 
no  longer  the  case,  and  we  believe  the  time 
is  ripe  for  co-operative  action  on  the  part  of 
engineers.  This  action  can  probably  best  be 
secured  by  the  formation  of  a  society  of  engi- 
neers— national  in  scope — whose  main  object 
will  be  the  consideration  of  matters  not  es- 
sentially technical.  We  believe  the  formation 
of  a  new  .society  is  advisable  as  the  form  of 
organization  adopted  by  our  existing  socie- 
ties is  such  as  to  promise  little  action  along 
co-operative  lines  in  the  immediate  future. 
It  is  highly  desirable  that  existing  societies 
co-operate  with  the  new  society,  but  from  the 
nature  of  the  work  to  be  done  a  different 
form  of  organization  is  needed,  .''is  the  main 
purpose  of  all  engineering  societies  is  to  ad- 
vance the  interests  of  engineers,  the  new  so- 
ciety should  include  in  its  membership  those 
belonging  to  existing  engineering  societies, 
engineers  who  have  no  society  affiliations,  and 
anyone  interested  in  engineering  work. 

.\  call  has  been  issued  by  F.  H.  Newell, 
formerly  director  of  the  U.  S.  Reclamation 
Service  and  now  head  of  the  civil  engineering 
department  of  the  University  of  Illinois  for 
engineers,  to  take  part  in  a  preliminary 
meeting,  the  purpose  of  which  is  to 
consider  the  organization  of  a  co-oper- 
ative movement  among  engineers.  It  is 
proposed  to  hold  this  preliminary  meeting 
at  Buffalo  on  June  23  or  24,  11)1.5,  ,it  the  time 
of  the  annual  meeting  of  the  .American  So- 
ciety of  Mechanical  Engineers.  .-\s  it  is  de- 
sirable that  a  representative  body  of  engineers 
take  part  in  this  meeting  it  is  requested  that 
as  many  as  possible  attend  it  and  be  prepared 
to  offer  discussion.  Even  though  it  may  be 
impossible  to  attend  this  preliminary  meeting 
it  is  hoped  that  engineers  and  others  inter- 
ested in  engineering  will  give  the  matter  of 
organization  and  procedure  careful  thought, 
in  order  that  quick  and  effective  action  may 
be  possible. 
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Reinforced  Concrete  Floating  Caissons 
for  Marine  Construction. 

The  mu!ti))lication  of  designs  of  reinforced 
concrete  submersible  caissons  and  the  present 
extensive  construction  of  such  caissons  are 
among  the  most  notable  developments  in  the 
use  of  reinforced  concrete.  American  engi- 
neers moreover  may  justly  credit  themselves 
with  an  important  part  in  this  development,  and 
this  with  more  pritle  than  usual,  since  in  mag- 
nitude and  boldness  of  marine  construction 
European  engineers  have  much  greater  oppor- 
tunities for  leadership.  The  first  patent 
for  reinforced  concrete  caissons  was  granted 
to  an  officer  of  the  U.  S.  Engineer  Corps, 
Lieut.  Col.  W.  V.  Judson,  in  1901,  and  no 
engineer,  perhaps,  through  technical  articles 
and  by  actual  employment  of  reinforced  con- 
crete caissons  has  done  more  to  establish  this 
utility  as  a  means  of  marine  construction. 
It  was  in  Europe  and  not  in  America,  how- 
ever, that  first  use  was  made  of  caissons  of 
reinforced  concrete  floated  to  position  and 
sunk  to  sea  bottom. 

The  place  that  the  reinforced  concrete  cais- 
sons has  occupied  in  marine  construction  is 
best  demonstrated  by  citation  of  examples. 
Because  they  have  not  been  extensively  writ- 
ten about  and  because  the  Algoma,  Mani- 
towoc and  Milwaukee  reinforced  concrete 
caisson  breakwaters  were  most  thoroughly 
written  about  by  their  designers,  other  ex- 
amples of  submersible  caisson  work  in  the 
United  States  have  become  subordinated  in 
recollection.  The  caisson  structures  named 
were  constructed  in  or  prior  to  1909.  Since 
then  such  caissons  have  been  employed  by 
United  States  engineers  for  breakwaters  for 
Racine  and  Sheboygan  harbors  on  Lake 
Michigan,  for  light  house  structures  on  the 
Panama  Canal,  Lake  Michigan,  Detroit  River 
and  other  places,  and  are  planned  for  the  new 
Chicago  breakwater.  Canadian  engineers  have 
also  built  or  are  building  caisson  structures 
at  Goodrich  Harbor,  on  the  Welland  Canal, 
and  at  Vancouver  Harbor.  The  new  Mil- 
waukee water  supply  tunnel  intake  is  sub- 
stantially a  caisson  floated  to  place  and  sunk. 
Doubtless  a  careful  inventory  would  bring 
other  examples  to  the  credit  of  this  list,  but 
the  examples  named  establish  the  fact  of 
prevalent  and  successful  use  of  reinforced 
concrete  caissons  for  marine  construction  in 
America. 


In  Europe,  as  stated  above,  actual  con- 
struction of  reinforced  concrete  caissons  pre- 
ceded their  construction  in  America.  They 
were  used  at  Barcelona  in  1905  and  previ- 
ously at  Balboa  and  also  at  Rotterdam  in 
1905.  Then  follow  records  of  their  use  in 
Denmark,  at  Toulon,  Paris  and  Havre  in 
France ;  in  Egypt,  at  Alexandria ;  at  Genoa, 
Italy ;  at  Taupse,  in  Russia,  and,  finally,  on 
the  very  greatest  scale  anywhere  except  possi- 
bly at  Rotterdam,  in  the  new  harbor  works 
at  Kobe,  Japan.  Again  it  may  be  noted  that 
this  list  would  doubtless  be  lengthened  were 
exhaustive  search  made  for  all  examples. 

One  of  the  curious  features  of  the  devel- 
opment of  the  concrete  caisson  in  m.arine 
work  is  that  there  seems  to  be  evident  no 
progressive  increase  in  size.  About  as  large 
caissons  were  built  at  Rotterdam  in  1905  as 
have  since  been  built  anywhere.  These  facts 
can,  perhaps,  best  be  observed  from  the  ac- 
companying tabulation.  The  chronology  is 
only  approximate,  but  is  close  enough  to  ac- 
curacy to  demonstrate  the  facts.  Another 
fact  to  be  observed  is  that  while  the  pioneer 
invention  of  the  reinforced  concrete  caisson 
belongs  apparently  to  the  United  States,  the 
most  extensive  use  of  such  caissons  has  been 
in  other  countries.  Canadian  engineers  in 
particular,  have  lately  been  doing  some  extra- 
ordinarily heavy  caisson  construction  in  their 
canal  and  harbor  works.  In  a  measure  this 
Canadian  work  owes  its  inception  to  the  suc- 
cess of  Col.  Judson  with  his  breakwaters 
at  Algoma  and  Milwaukee,  but  its  latest  de- 
velopments are  the  work  of    native  engineers. 

Compared  with  practice  abroad  reinforced 
concrete  caisson  construction  in  the  States 
and  in  Canada  shows  a  distinctive  peculiarity. 
While  the  European  builders  have  sought 
lightness  of  structure  by  thin  walls  those  of 
America  have  favored  as  heavy  a  construc- 
tion as  the  required  condition  of  buoyancy 
permitted.  Few  and  thick  walls  and  parti- 
tions are  the  practice  in  America :  thus  re- 
ducing the  amount  of  form  work  and  the 
amount  of  filling  concrete  to  be  deposited 
under  more  adverse  conditions  after  the 
caisson   has   been   sunk. 

The  success  with  which  reinforced  concrete 
caissons  have  been  used  in  marine  construc- 
tion raises  the  question  why  progress  in  their 
use  has  not  been  made  rapid.  Col.  Judson  at- 
tributes this  slow  progress  to  the  following 
circumstances : 


(1;  Engineers  have  been  hesitating  very 
generally  to  use  reinforced  concrete  in  sea 
water. 

(2)  In  fresh  water  timber  always  covered 
is  everlasting,  and  in  some  cases  timber  is 
still  cheaper  than  concrete. 

(.3)  For  breakwaters  caissons  can  not  com- 
pete with  rubblemound  work  where  stone  is 
cheap. 

(4)  The  use  of  caissons  makes  necessary 
a  great  deal  of  careful  and  laborious  prelim- 
inary study  and  work  in  the  office,  whereas 
the  pigeon  holes  are  full  of  plans  for  other 
kinds  of  structure. 

(5)  While  a  concrete  caisson  pier  or  break- 
water may  in  the  end  be  cheaper  and  better  in 
a  given  locality  than  one  of  another,  type,  yet 
for  caisson  work  the  initial  expense  and  trou- 
ble for  special  plant  are  great,  and  this  fact 
acts  as  a  deterrent. 

(6)  Finally,  there  is  the  general  objection 
to  adopting  anything  new.  Civil  engineering 
is  largely  a  matter  of  following  precedents, 
and  perhaps  there  are  not  yet  enough  prece- 
dents afforded  by  existing  caisson  structures 
to  attract  the  average  engineer  to  the  use  of 
them. 

It  is  the  concluding  reason  that  has  led  us 
here  to  summarize  briefly  the  "precedents" 
already  afforded  marine  engineers.  In  this 
one  respect  the  reasons  given  for  the  tardy 
adoption  generally  of  reinforced  concrete 
caissons    for   harbor   lack   much    force. 

Location.               Length.  Width.  Hfight.     Date. 

Barcelona    46  20  23  1905 

Rotterdam   120  30  4Vz  1905 

Rotterdam    120  21  30  190C 

Rotterdam   134i^  33%  315/6  1911 

Denmark    32%  ...  25 

Toulon    77  48»/4  5111/12  1909 

Paris   34%  14%  14  1911 

Havre    82  19.7  18.9         

Alexand"ia  (Poly- 
gonal)         41  37  24             

Genoa    17M  13  11/12    36  1911 

Taupse 86  21  22             

Kobe    119  35-40  24-30            

Goodrich    100  35  26  1911 

Welland   Canal...   Ill  38  34  1914 

Algonia   24  15  12H  190S 

Manitowoc    24  14  IIH  190S 

Milwaukee    54  15  15  1910 

Huntingdon  Har- 
bor       30  26  16  1910 

Colon.     Panama..     45  4.">  ...  1912 

Detroit    River 35  22  ...              

Brandy  shoal  cir- 
cular          45  45  ft.  diameter 

Chicago    20  16  8  1915 
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The  Steam-Turbine-Driven  Centrifugal 

Pumps  of  the  Toronto  Water 

Works. 

(Contributed.) 
The  first  large  DeLaval  steam-turbine- 
driven  centrifugal  pump  for  municipal  water 
works  service  was  installed  three  years  ago 
in  the  Ross  Pumping  Station  of  the  Pittsburgh 
water  works.  The  adoption  of  this  form  of 
pumping  unit  has  proceeded  so  rapidly  in 
these  three  years  that  the  total  capacity  of 
municipal  water  works  pumps  built  or  con- 
tracted for  by  the  DeLaval  Co.  now  exceeds 
600,000,000  gals,  per  day.  In  response  to  the 
editor's  request  for  a  description  of  a  recent 
installation  of  this  type  the  following  descrip- 
tion of  the  Toronto  pumps  has  been  pre- 
pared for  this  journal  by  The  Geo.  H.  Gibson 
Co.,  Advertising  Engineers,  New  York  City, 
as  agent  for  the  DeLaval  Steam  Turbine  Co. 

THE   JOHN    STREET    PUMPING    ST.^TION. 

The  two  pumping  stations  of  the  Toronto 
Water  Works  epitomize,  it  might  be  said,  the 
development  of  water  works  pumping  ma- 
chinery in  America,  although  at  the  present 
time  some  of  the  oldest  units  are  being  dis- 
carded in  favor  of  more  modern  and  more 
economical  units.  The  John  Street  Pumping 
Station,  which  is  the  main  station,  supplies  all 
sections  south  of  College  and  Gerard  Sts.,  and 
delivers  water  to  two  large  mains,  one  going 


to  the  reservoir  in  the  northern  part  of  the 
city  at  a  pressure  of  20  lbs.,  and  the  other 
to  the  centrifugal  pumps  in  the  High  Level 
Pumping  Station,  about  three  miles  north.  It 
contains  two  10,000,000-gal.  horizontal  com- 
pound Worthington  duplex  pumps  which, 
though  installed   about  25  years  ago,  are   still 


head  of  110  lbs.  and  driven  at  750  r.  p.  ni. 
by  Canadian-Westinghouse  1,500-HP.  motors. 
The  latter  pumps  were  installed  about  two 
years  ago  and  are  operated  with  Niagara 
Falls  power.  There  are  also  two  5,000,000- 
gal.  centrifugal  pumps  directly  connected  to 
steam   turbines,   and  two  other  pumps  of  the 


Fig.   1 — View  of   De   Laval  Centrifugal   Pumps  Driven  by  De   Laval  Geared   Multi-stage  Tur- 
bine at  Toronto  Water  Works. 

(Capacity    15.000.000    gals,    per   day— head    26S    ft.) 


used  at  certain  periods.  There  are  also  two 
15,000,00fl-gal.  vertical  triple-expansion  high 
duty  reciprocating  pumping  engines  built  after 
AUis-Chalmers  designs  by  the  John  Inglis  Co., 
of  Toronto,  installed  eight  and  six  years  ago, 
respectively,  and  four  13,500,000-gal.  single- 
stage   centrifugal   pumps,   operating   against   a 


same  capacity  and  make,  directly  connected  to 
Westinghouse  motors,  all  intended  for  high 
pressure   fire   service. 

With  a  view  to  increasing  the  capacity  and 
economy  of  this  station  specifications  were 
issued  in  October,  1912,  for  machines  of  three 
different  types:     (a)   a  self-contained  vertical 
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triple-expansion  fly-wheel  plunger  pumping 
engine  with  jacketed  steam  cylinders:  (b)  a 
centrifugal  pump  driven  by  a  triple-expansion  . 
condensing  engine,  running  at  a  speed  of 
not  over  350  r.  p.  m.,  and  (c)  a  centrifugal 
pump  driven  by  steam  turbine,  the  pump 
<;peed  not  to  exceed  750  revolutions ;  the  ca- 
pacity in  each  case  to  be  not  less  than  15,000- 
iioO  Imp.  gals,  of  water  for  24  hours  against 
a  pressure  difference  of  105  lbs.  per  square 
inch  between  the  suction  and  discharge  mains. 
It  was  provided  in  the  specification  that  a 
duty  in  excess  of  100.000.000  ft.-lbs.  per  1,000 
lbs.  of  saturated  steam   should  be  guaranteed 


Fig.   2 — View   of   One   of   Two   24,000,000-gal. 
De    Laval    Geared   Turbine-Driven   Centrif- 
ugal   Pumping    Units,    Toronto    Water 
Works— Head  268  Ft. 

with  a  bonus  of  $1,500  for  each  1.000,000  ft.- 
lbs.  in  excess  of  the  guarantee,  the  total 
bonus  not  to  exceed  $10,000,  and  a  penalty  of 
$2,000  for  each  1,000,000  ft.-lbs.  less  than  the 
guarantee,  a  deficiency  of  more  than  5,000,000 
ft.-lbs.  below  the  guaranteed  duty  to  render 
the  pump  subject  to  rejection.  It  was  further 
provided  that  the  steam  pressure  should  be 
150  lbs.  gage  at  the  boiler,  and  that  the  steam 
should  not  contain  more  than  iy2  per  cent 
entrained  water,  also  that  the  steam  consumed 
by  the  auxiliary  pumps,  jackets,  reheaters,  .^ir 
pumps,  air  compressors,  boiler  feed  pumps, 
all  of  which  were  to  be  supplied  by  the  con- 
tractor, w'as  to  be  included  in  figuring  the 
duty. 

The  decision  as  to  the  type  and  make  of 
pump  was  made  on  the  basis  of  net  economy. 
or  lowest  cost  per  gallon  of  water  handled, 
that  is,  interest  and  depreciation  charges  on 
the  cost  of  machinery,  foundations  and  build- 
ings and  expenses  for  labor  and  supplies  were 
taken  into  consideration  as  well  as  steam  con- 
sumption. By  requiring  the  contractor  to  sup- 
ply the  condensing  equipment  and  by  charg- 
ing him  with  the  head  consumed  in  friction  in 
the  condenser  and  with  the  steam  required 
for  operating  the  condenser  pumps,  full  oppor- 
tunity was  given  to  the  turbine  manufacturer 
to  take  advantage  of  the  better  use  which 
the  steam  turbine  can  make  of  high  vacuums 
as  compared  with  the  reciprocating  engine. 

The  contract  was  awarded  to  the  Turbine 
Equipment  Co.,  Ltd.,  of  Toronto,  represent- 
ing the  DeLaval  Steam  Turbine  Co.,  of  Tren- 
ton, New  Jersey,  for  a  1,400-HP.  steam  tur- 
bine designed  for  a  speed  of  3.600  r.  p.  m, 
driving,  by  means  of  double  helical  speed- 
reducing  gears,  two  24-in.  centrifugal  pumps 
to  operate  at  600  r.  p.  m.  The  turbine  is  of 
the  impulse  pressure-stage  type  and  contains 
14  stages.  The  gear  is  of  the  three-pinion 
bearing  type  and  is  connected  to  the  turbine 
and  to  the  pump  shaft  by  flexible  coi.iplings. 
Both  turbine  and  gear  are  lubricated  by  a 
gravity  system,  an  oil  pump  attached  to  the 
governor  shaft  forcing  the  oil  through  a 
cooler  to  an  overhead  tank  from  which  it  run.i 
to  the  bearings.  The  larger  gear  bearings 
and  the  pump  bearings  arc  ring  oiled. 

The  two  pumps  are  of  the  single-stage 
double-suction  type,  and  are  operated  in  scries. 
that  is.  the  discharge  from  the  first  pump  is 
carried  to  the  suction  of  the  second  pump. 
The  pumps  are  primed  by  a  single  steam 
ejector  connected  to  the  top  of  each  pump 
casing. 

The  condenser,  built  by  the  C.  H.  Wheeler 


Mfg.  Co.,  is  of  the  water  works  type,  in 
which  the  steam  is  inside  the  tubes  and  the 
water  outside,  and  contains  1,500  sq.  ft.  made 
up  of  1-in.  brass  tubes  each  7  ft.  x2  ins.  long. 
.'Ml  of  the  water  handled  by  the  main  pump 
passes  through  the  condenser.  The  air  pump 
is  of  the  wet  vacuum  type,  the  steam  end 
being  of  the  ordinary  slide-valve  type,  con- 
trolled by  a  throttling  governor.  The  steam 
for  driving  the  air  pump  is  taken  from  the 
main  supply  pipe  between  the  separator  and 
the  steam  turbine.  As  no  oil  is  allowed  to 
reach  the  inside  of  the  turbine,  the  condensed 
steam  is  passed  into  the  hot  well  and  deliv- 
ered to  the  boilers  by  a  triplex,  single-acting 
boiler  feed  pump  driven  by  chains  from  the 
main   pumping  unit. 

ACCEPT.^NCE  TEST. 

The  acceptance  test  on  this  pump  was  run 
on  Nov.  30  and  Dec.  1,  1914,  under  the  su- 
pervision of  Prof.  Robert  W.  Angus,  of  the 
University  of  Toronto,  assisted  by  senior 
students  from  that  institution.  The  contractor 
was  represented  by  Mr.  C.  R.  Waller,  Chief 
Engineer  of  the  DeLaval  Steam  Turbine  Co., 
and  the  purchaser  by  Mr.  McRae.  Chief  En- 
gineer of  the  pumping  station.  Throughout 
the  test,  which  was  of  24  hours'  duration,  suc- 
tion and  discharge  pressures.  Venturi  meter 
and  condensate  weight  readings  were  taken 
every  7%  minutes,  while  the  steam  main  and 
nozzle  pressures,  vacuum,  speed,  and  calor- 
imeter readings  were  taken  every  15  minutes. 
.\11  gages  were  calibrated  both  before  and 
after  the  trial  and  the  scales  examined  and 
certified  by  a  Government  inspector,  The 
barometric  pressure  during  the  test  was  ob- 
tained from  the  records  of  the  Meteorological 
Office.  The  principal  final  results  were  as 
follows : 

Steam  pressure  in  main — 14S  lbs.   per  sq.   in. 
Steam  pressure  at  turbine  nozzles — 137.4  lbs.  per 
sq.    in. 

Absolute  condenser  pressure — 1.06  ins.  of  mer- 
cury. 

Pressure  difference  on  pump — 114.1  lbs.  per  sq. 
in. 

Moisture  in  steam — 1.05  per  cent. 

Water  delivered,  imperial  gals,  per  21  hours — 
18,373,000. 

Water  horse  power — 1,016.4. 

Steam  per  water  horsepower  per  hour — Lbs., 
15.18. 

Duty  developed  per  1,000  lbs.  of  steam  used — 
130,499.000. 

Duty   sjuaranteed— 118,500,000. 

Since  placing  the  first  contract  two  more 
units,    each    capable    of    delivering    24.000.000 


history  of  pumping  engines,  as  it  contains  a 
Holly  vertical  triple-expansion  pumping  en- 
gine, having  a  capacity  of  6,000,000  gals.,  and 
a  similar  pump  built  by  the  Jolin  Inglis  Co., 
of  Toronto.  There  are  also  two  Blake- 
Knowles  horizontal  cross-compound  pumps 
having  a  capacity  of  about  4,000,000  gals.  All 
of  these  pumps  were  installed  about  eight  or 
ten  years  ago,  and  two  years  ago  eight  elec- 
trically-driven centrifugal  pumps  were  in- 
stalled. An  extension  is  being  made  to  this 
station  for  housing  the  two  turbine-driven 
centrifugal  pumps,  also  two  centrifugal  pumps 
directly  connected  to  Bellis-Morcom  steam 
engines. 

The  DeLaval  turbine-driven  centrifugal 
pumps  installed  or  under  ccmtract  for  the  City 
of  Toronto  alone  aggregate  90,500,000  gals, 
per  day  capacity  and  4,390  water  horsepower. 


Developments  in  the  Marshall,  Texas, 
Water  Works  in  Recent  Years. 

(Staff  Abstract.) 

During  the  past  15  years  the  w-ater  system 
of  Marshall,  Texas,  has  experienced  a  great 
development.  The  population  of  the  city,  as 
given  bv  the  federal  census,  was  for  the  years 
1890,  1900  and  1910,  7,200,  7,850  and  11,450 
respectively.  An  account  of  the  growth  of 
this  system  is  of  general  interest  as  showing 
the  point  of  completeness  to  which  water  sys- 
tems can  be  brought  in  towns  of  this  size. 
It  is  especially  worthy  of  note  that  all  services 
are  now  inetered. 

The  first  system,  costing  $62,000,  was  placed 
in  operation  in  1889.  Little  or  no  improve- 
ment was  made  until  1900.  The  original  in- 
stallation consisted  of  20  miles  of  mains  of 
4  to  10-in.  diameter,  65  fire  hydrants,  400 
services,  18  or  20  meters,  a  15xl25-ft.  stand- 
pipe,  a  28x50-ft.  frame  pumping  station  build- 
ing, two  54-in.  X  14-ft.  tubular  boilers  of  60 
HP.,  two  Dean  of  Holyoke  compound  duplex 
pumps  12  and  18-in.  x  7-in.  x  10-in.  of  plunger 
and  ring  pattern,  rated  at  500,000  cu.  ft.  per 
day.  and  28  4  and  6-in.  wells.  There  was  an 
8-in.  main  from  the  pumping  station  to  the 
standpipe  and  a  10-in.  main  from  the  stand- 
pipe  to  the  city. 

The  suction  was  connected  direct  to  wells 
8  ft.  below  ground  level.  These  wells  when 
first  drilled  w-ould  flow,  making  it  necessary 
to  put   a  valve   in   the   suction  line  to   relieve 


Fig.  1 — View  of  Old  Frame  Pumping  Station    at   Marshall,  Tex. 


Imp.  gals,  per  day  against  260  ft.  head  have 
since  been  ordered  for  the  same  station,  from 
the  Turbine  Equipment  Co..  Ltd..  also  two 
DeLaval  pumps,  one  of  20,000,000  gals,  capac- 
ity against  106-ft.  head  and  one  of  7,500.000 
gals,  capacity  against  266-ft.  head,  have  been 
ordered  for  the  High  Level  Pumping  Station. 

HIGH     LE\'EL    PUMPING    ST.^TION. 

The  High  Level  Pumping  Station  is  sit- 
uated in  the  northern  part  of  the  city,  about 
three  miles  in  a  straight  line  from  the  m.tin 
pumping  station,  and  supplies  the  district 
north  of  College  St.  to  the  Canadian  Pacific 
R.  R.  tracks,  and  north  of  Gerard  St.,  in  the 
cast  of  the  city.  This  pumping  station,  like 
the   main    station,    exhibits   more   or   less   the 


the  pressure  when  not  pumping,  to  avoid  in- 
juring the  wells.  The  valve  was  located  in 
the  bed  of  a  creek  where  the  excess  well 
water  could  get  away.  In  1902,  to  save  this 
water  in  the  event  of  fire,  a  reservoir  was 
constructed. 

In  1900  the  water  consumption  amounted 
to  about  50,000  gals,  per  24  hours.  In  1903  it 
was  necessary  to  drill  20  additional  wells. 
These  were  4-in.  gage  wells,  and  the  same 
year  a  steel  water  tower  of  the  same  height 
as  the  standpipe,  125  ft.,  was  erected.  Its 
capacity  is   160,000  gals. 

In  1007  the  city  constructed  a  sanitary  sew- 
erage system,  inaking  it  necessary  to  increase 
the    water    supply.      Five    10-in.     wells     were 
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drilled,  ranging  in  depth  from  348  to  610  ft. 
These  wells  are  pumped  by  air  furnished  by 
a  Rand  two-stage  cross  compound  condensing 
engine  of  a  capacity  of  535  cu.  ft.  per  minute. 

The  size  of  the  suction  line  has  been  in- 
creased and  shallow  wells  have  been  added 
until  now  there  is  about  l'/4  miles  of  suction 
line  pumping  direct  from  73  wells. 

In  1907  the  pumping  capacity  of  the  plant 
was  increased  by  the  installation  of  two  Henry 


the  pumps  were  stopped  at  a  point  consider- 
ably below  full  standpipe  the  engineer  could 
never  be  sure  that  he  was  not  running  it  oyer. 
(3)  On  account  of  the  topography  of  the  city, 
it  was  quite  necessary  to  fill  the  standpipe  al- 
most to  the  top  at  every  pumping  to  avoid  an 
unnecessary  amount  of  stopping  and  starting 
of  the  pumps  and  an  increased  pumping  ex- 
pense. 
Many  schemes  were  tried  for  correcting  this 


Fig.  2 — View  of  New  Reinforced  Concrete,  Fi 

R.  Worthington  vertical  compound  duplex 
condensing  engines  with  surface  condenser 
rated  at  a  capacity  of  1,000,000  gals,  per  24 
hours. 

Within  the  last  ten  years  the  two  old  boilers 
have  been  replaced  with  three  new  boilers  of 
200  HP.  capacity.  In  the  year  1910  the  old 
power  building,  shown  in  Fig.  1,  was  replaced 
with  the  concrete  building  shown  in  Fig.  2. 
The  boiler  room  is  32x34  ft.,  the  engine  room 
and  machine  shop  28x70  ft.  Under  the  same 
contract  a  10-in.  main  was  laid  parallel  with 
the  8-in.  main  between  the  station  and  tower 
and  the  standpipe,  which  greatly  reduces  fric- 
tion. 

To  show  the  growth  of  the  water  works 
the  following  comparative  figures  for  the 
years  1900  and  1915  are  given: 

In  1900.      In  1915. 

Miles  of  main 20  35 

Fire  hydrants 65  185 

Services    400  1.000 

Meters    20  1,000 

Standpipe   capacity,    gals 160.000  'SiO.OOO 

Pumping   capacity,   gals 1,000.000         3,000,000 

Boiler  power,  hp 120  200 

Revenue    $S.00O       $22..5.SS.5!I 

Value  of  plant $02,000     $183,734.97 

Water       consumption,       gals 

per  24  hours 50,000  500,000 

•Tower  and   Standpipe. 
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reproof    Pumping    Station    at    Marshall,   Texas. 

condition,  but  with  little  success.  A  float 
making  an  electric  contact  was  found  imprac- 
ticable on  account  of  trouble  with  ice  and  ex- 
cessive maintenance  difficulties  in  other  ways. 
A   spring  pressure   gage   making    an     electric 


The  idea  of  a  mercury  column  alarm  then 
suggested  itself,  and  after  several  attempts 
the  manager  succeeded  in  constructing  one 
which  has  been  in  continuous  service  for  al- 
most nine  years,  and  it  has  never  failed  to 
operate  unless  a  wire  to  the  pumping  station 
has  in  some  way  been  broken. 

The  accompanying  drawing  shows  the  gen- 
eral principle  upon  which  this  gage  is  made 
and  how  it  operates.  A  tap  is  made  in  the 
pipe  leading  into  the  standpipe  on  the  stand- 
pipe  side  of  the  valve  controlling  same,  so 
that  the  gage  will  never  be  subjected  to  ex- 
cessive fire  pressures. 

This  tap  is  connected  by  means  of  a  regular 
corporation  connection  to  the  top  of  the  mer- 
cury chamber  "A."  Extending  down  into  the 
mercury  chamber  is  a  small  iron' pipe  "B" 
reaching  nearly  to  the  bottom,  and  this  pipe 
extends  vertically  to  a  pre-determined  height, 
and  about  6  ins.  of  glass  tubing  is  connected 
to  the  top  thereof  by  means  of  a  stuffing 
box  "C." 

This  glass  tubing  is  placed  at  such  a  height 
above  the  mercury  chamber  that  at  the  time 
the  standpipe  is  full  the  mercury  column  will 
stand  at  about  the  center  of  the  glass  tube.  A 
metal  contact  "D''  is  arranged  to  slide  up  and 
down  in  this  tube  and  this  is  connected  to  the 
wire  leading  to  the  pumping  station,  and  the 
electrical  circuit  completed  by  the  bell  "E," 
the  set  of  batteries  or  bell  ringing  transform- 
er "F'  and  the  wire  "G"  attached  to  the  water 
main  at  the  station,  this  main  making  the  re- 
turn circuit. 

The    operation    of    the    alarm    is    simplicity 
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A  Mercury  Column  Alarm  for  Stand- 
pipes  Successfully  Employed 
at  Ripon,  Wis. 

(Staff  Abstract.) 

The  Ripon  Light  and  Water  Co.,  of  Ripon, 
Wis.,  was  greatly  troubled  for  years  by  the 
overflowing  of  its  water  standpipe.  Since  the 
standpipe  is  located  in  the  residential  district 
its  overflow  caused  a  great  deal  of  complaint 
from  nearby  property  owners  who  sometimes 
threatened  damage  suits.  The  company  was 
also  annoyed  by  the  freezing  of  the  overflow 
on  the  exterior  of  the  standpipe. 

There  were  three  major  reasons  why  this 
overflow  occurred  in  the  manner  described 
and  why  it  continued  so  long.  (1)  The  stand- 
pipe  is  located  nearly  a  mile  from  and  out  of 
sight  of  the  pumping  station.  (2)  The  only 
means  of  telling  when  the  standpipe  was  full 
was  by  the  pressure  gage  at  the  pumipng  sta- 
tion, and  the  indications  of  this  gage  would 
vary  so  greatly  with  the  speed  at  which  the 
pumps  were  running,  the  amount  of  water 
being  used  from  the  mains,  etc.,  that  it  was 
not   very  reliable  as  an  indicator   and   unless 
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Diagram    of    Elements    of    Mercury    Column  Alarm   for    Prevention    of   Standpipe 

Overflows  at   Ripon,  Wis. 


contact  was  also  tried  but  on  account  of  dan- 
ger from  freezing  this  gage  had  to  be  located 
in  a  damp  valve  pit  underneath  the  standpipe, 
and  the  contacts  consequently  corroded  and 
went  out  of  business,  and  the  gage  was  also 
continually  getting  out  of  calibration. 


itself,  the  weight  of  the  water  column  in  the 
standpipe  raising  the  column  of  mercury  in 
proportion  to  its  specific  gravity  until  the  mer- 
cury touches  the  contact  "D,"  when  the  bell 
rings  at  the  station.  The  specific  gravity  of 
mercury  being  about  13.6,  a  100-ft.  standpipe 
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would  require  a  mercury  column  something 
over  7   ft.  high. 

This  alarm  has  a  number  of  advantages 
over  others.  It  is  almost  infallible,  provided 
that  the  joints  are  made  perfectly  tight.  It 
never  has  to  be  calibrated  and  is  independent 
of  barometer  and  practically  so  of  tempera- 
ture. The  latter  statement  is  not  strictly  true, 
but  it  has  been  found  that  the  gage  operates 
perfectly  at  all  temperatures  from  100°  above 
zero   to   40°   below. 

The  fact  that  1  in.  of  mercury  is  practically 
equivalent  to  1  ft.  of  water  makes  it  easy  to 
set  this  gage  so  that  the  point  of  ringing  the 
bell  at  the  pump  house  will  not  vary  1  in.  in 
the  standpipe,  which  cannot  be  said  of  an 
alarm  based  on  any  other  principle. 

The  entire  outfit  can  be  made  by  anyone  at 
an  e.xpense  not  to  exceed  $20  or  $25  outside 
of  the  line  wire. 

About  the  only  precautions  recommended 
are :  Be  sure  to  use  an  iron  mercury  chamber 
and  iron  pipe.  Ignorance  of  the  fact  that 
mercury  would  attack  brass  was  the  cause  of 
much  grief  at  Ripon,  and  led  to  the  loss  of 
large  quantities  of  mercury.  The  final  mer- 
cury chamber  was  made  out  of  a  short  sec- 
tion of  2-in.  pipe  and  a  riser  pipe  out  of  %-in. 
ordinary  black  pipe. 

ACKNOWLEIGMENT. 

This  description  of  the  mercury  column 
alarm  for  the  Ripon  standpipe  is  from  a  paper 
on  the  subject  before  the  American  Water 
Works  Association  by  W.  E.  Haseltine,  man- 
ager of  the  Ripon  Light  and  Water  Co. 


Some   Suggestions  on  Accounting  for 
Municipally  Owned  Water  Works. 

(Stafif  Abstract.) 

Probably  the  majority  of  private  water  com- 
panies have  some  sort  of  accounting  system 
which  enables  them  to  obtain  information 
relative  to  the  cost  of  operation  and  mainte- 
nance, their  assets  and  liabilities,  their  profits 
and  losses,  and  other  information  of  a  like 
character.  While  their  accounting  methods 
are  not  always  modern,  in  fact  many  of  t'lem 
are  not,  they  are  of  a  much  higher  average 
standard  of  completeness  than  the  methods 
employed    by   municipal   water   departments. 

While  private  water  companies  usually  en- 
deavor to  show  the  operating  and  mainte- 
nance costs,  assets  and  liabilities,  profits  and 
losses,  and  similar  information  to  inform  the 
officers  of  the  actual  financial  condition  of 
their  business,  municipal  works  usually  show 
nothing  more  than  records  of  receipts  and 
disbursements  supplemented  by  a  few  aux- 
iliary records.  The  latter  are  begun  when  it 
becomes  impossible  for  the  superintendent  to 
keep  the  necessary  information  in  his  head. 
Municipal  plants  seldom  make  a  balance  sheet 
or  a  statement  of  assets  and  liabilities,  but 
follow  the  old  methods  and  imagine  that  mod- 
ern methods  are  not  applicable  to  municipal 
affairs.  Expert  accountants  agree,  however, 
that  methods  employed  by  private  corporations 
are  applicable  to  municipal  plants  and  that 
revenues  accrued  and  expenses  incurred  are 
no  more  fictitious  in  a  municipal  business 
than  in  a  private  corporation.  If  city  offi- 
cials can  be  made  to  realize  the  truth  of  this 
and  the  necessity  of  applying  modern  ac- 
counting systems  to  municipal  works,  and 
learn  the  advantages  to  be  secured  therefrom, 
very  little  difficulty  will  be  experienced  in 
keeping  comprehensive  accounts  for  municipal 
utilities  like  a  water  works. 

It  would  be  impracticable  to  give  here  in 
detail  a  method  of  accounting  that  would  ap- 
ply to  all  water  works,  so  only  a  general  out- 
line of  a  system  will  be  atteinpted  which  can 
be  modified  to  meet  the  peculiar  conditions  of 
each  individual  concern. 

Every  water  works  should  keep  a  clear  and 
concise  record  of  its  mains,  taps,  services, 
meter  locations,  etc.,  showing  dates  installed, 
sizes,  material  and  other  information  to  facili- 
tate the  work  of  the  department  and  to  give 
a  permanent  record  that  will  be  serviceable 
to  the  public  and  to  subsequent  city  officials 
and    superintendents. 

A    meter    record    should    be   adopted    which 


will  contain  a  general  description  of  each 
meter,  stating  its  manufacturer,  date  pur- 
chased, size,  type,  cost,  etc.,  and  giving  a 
record  of  tests  made  from  time  to  time,  re- 
pairs made  and  costs  of  same,  together  with 
the  service  rendered.  These  data  will  com- 
prise a  complete  history  of  and  show  the  life 
and  cost  of  maintenance  of  each  meter  and 
give  information  for  comparison  as  to  the 
durability,  accuracy,  etc.,  of  the  different 
makes  of  meters.  This  enables  officials  to 
make  future  purchases  intelligently  and  to  the 
best   possible   advantage. 

For  individual  accounts  the  self-proving 
ledger  is  usually  the  most  satisfactory,  espe- 
cially where  meters  are  used,  and  should  con- 
tain special  columns  for  readings  of  meters 
connected,  meters  disconnected,  present  read- 
ings, quantity  consumed,  amount  billed,  cash 
payments,  other  credits,  advance  payments 
and  delinquents  and  any  other  special  col- 
umns desired.  By  this  method  all  meter 
readings  can  be  proved  as  one  reading  and 
loss  or  gain  from  erroneous  readings  are 
made  impossible.  A  check  of  collections  with 
the  amount  billed  is  obtained  and  advance 
payments  and  delinquents  are  carried  forward 
into  their  respective  columns.  The  totals  of 
all  the  columns  should  be  summarized  into 
a  statement  from  which  necessary  totals  may 
be  taken  to  the  general  ledger. 

In  this  way  the  financial  statement  will  be 
supported  by  the  summary  statement  and  the 
summary  statement  is  likewise  supported  by 
the   individual   accounts. 

Receipts  for  water  rates  would  better  be 
kept  in  a  special  cash  book  and  the  totals  each 
day  posted  in  the  general  cash  book.  Much 
time  can  be  saved  by  using  a  special  split 
adding  machine  and  a  loose  leaf  cash  book. 
A  good  method  is  as  follows :  All  water  bills 
should  be  mailed  on  postal  cards  with  a  stub 
to  be  clipped  when  bill  is  paid.  These  stubs 
contain  the  name  of  the  consumer  and  the 
amount  of  his  bill  together  with  the  folio  and 
line  of  the  water  ledger  on  which  the  ac- 
count is  kept.  The  stubs  are  sorted  and  ar- 
ranged in  the  order  in  which  they  come  in  the 
water  ledger.  They  are  then  run  on  the  cash 
book  with  the  adding  machine,  only  the  refer- 
ence numbers  and  amounts  being  listed,  and 
from  this  reference  the  posting  is  done  to 
the  ledger.  Each  year,  or  as  often  as  is  de- 
sired, the  cash  book  sheets  can  be  taken  to  a 
bindery  and  made  into  a  permanent  record  of 
cash  collected  from  water  rates  covering  the 
period. 

For  tlie  purpose  of  distribution  of  expendi- 
tures a  voucher  or  claim  register  is  necessary 
and  should  be  arranged  in  special  order  for 
the  general  division  of  expenditures  under 
which  heads  may  be  grouped  the  various  sub- 
divisions of  same.  The  following  general  di- 
visions or  subdivisions  can  be  modified  to  suit 
an  ordinary  plant:  (a)  Pump  and  filter  house, 
under  which  are  grouped  such  expenditures 
as  plant  wages,  equipment:  repairs  and  re- 
newals, building  repairs  and  renewals,  filter 
supplies,  electric  power  for  pumping,  electric 
power  for  agitators,  light  and  heat,  telephones 
and  miscellaneous.  (b)  Distribution  and 
maintenance  under  which  are  grouped  :  Mains, 
meters,  tools,  feed  and  maintenance  of  teams 
and  wagons  and  supplies.  (c)  General  ex- 
penses under  which  are  grouped  office  sala- 
ries, wages,  printing,  stationery  and  postage, 
extra  e.xpense  cleaning  river,  etc.  (d)  Fixed 
charges  under  which  are  placed :  Interest  on 
bontled  debt  and  sinking  fund  if  these  are 
paid  out  of  revenues  from  earnings,  (e)  Ex- 
penditures not  chargeable  to  operation  under 
which  are  placed  any  expenditures  for  addi- 
tions and  betterments  of  a  capital  nature 
which  are  not  properly  chargeable  to  opera- 
tion. By  segregating  operating  disbursements 
from  capital  disbursements  the  public  can 
readily  see  what  amount  of  revenue  is  used 
for  operation  and  maintenance  and  what  for 
fixed  charges  and  capital   investments. 

The  general  ledger  should  be  such  as  will 
enable  the  department  to  show  at  all  times  in 
a  clear  and  comprehensive  manner  the  true 
financial  condition  of  the  business  including 
operating    and    maintenance    accounts,    capital 


accounts,  etc.,  the  same  as  would  be  required 
by  a  private  concern  douig  a  similar  service. 

If  collections  are  deposited  direct  with  the 
city  treasurer  it  will  probably  be  necessary 
to  show  on  the  credit  side  of  the  cash  book 
the  deposits  to  the  treasurer  and  if  the  water 
department  desires  to  have  a  record  of  the 
balance  of  cash  in  the  water  fund  at  any  time, 
it  can  easily  be  done  by  a  special  record  show- 
ing on  one  side  totals  of  deposits  with  the 
city  treasurer  for  a  given  period  and  on  the 
other  side  a  total  of  warrants  issued  for 
claims  approved  for  the  same  period.  If  the 
city  clerk  has  a  clear  record  of  this  it  may 
not  be  necessary  for  the  water  department  t6 
keep  It.  In  fact,  if  a  municipality  has  a 
modern  system  of  accounting  the  water  de- 
partment will  be  relieved  of  a  great  deal  of 
worry  in  regard  to  the  actual  labor  of  keep- 
ing the  accounts,  but  the  superintendent 
should  familiarize  himself  with  the  methods 
used  and  the  results  obtained  if  he  expects 
to  operate  his  department  economically  and 
efficiently.  He  should  know  what  it  costs  for 
treating  and  filtering  water,  and  for  pumping 
the  same.  If  the  cost  is  greater  than  it 
should  be  in  comparison  with  other  plants 
and  approved  standards  of  efficiency,  he 
should  know  where  the  trouble  is,  whether  it 
is  due  to  unscientific  treating  and  filtering, 
or  in  the  firing  of  boilers,  or  from  low  pump 
efficiency,  or  from  any  other  of  the  numerous 
causes,  and  this  should  be  a  matter  of  record 
in  order  that  the  errors  may  be  corrected 
as  soon  as  possible.  It  is  only  by  reports 
compiled  and  supported  by  positive  records 
that  he  can  expect  to  convince  the  proper 
authorities  of  his  needs  to  remedy  the  de- 
fects. The  writer  once  heard  a  water  super- 
intendent remark  that  he  had  the  best  water 
system  and  most  economical  plant  in  the 
state  and  upon  being  asked  the  cost  of  water 
delivered  to  the  consumer,  had  no  idea  what 
it  was,  and  did  not  know  even  the  approxi- 
mate cost  of  operation  and  maintenance  of  a 
single  department  of  his  system.  This  may  be 
an  unusual  case  but  it  serves  to  illustrate  the 
necessity  of  accurate  records. 

To  install  an  adequate  accounting  system 
where  one  does  not  exist,  it  will  be  necessary 
of  course  to  take  an  inventory  of  all  lands, 
buildings,  machinery,  equipment,  mains, 
meters,  tools,  etc.,  cash  on  hand,  accounts  re- 
ceivable, bonded  debt,  unpaid  warrants,  bills 
payable  and  surplus  and  enter  them  upon  the 
general   ledger. 

If  the  water  used  for  fire  hydrants,  street 
sprinkling  and  other  departments  of  the  city 
government  is  not  paid  for  out  of  their  re- 
spective funds,  a  reasonable  rate  can  be  fixed 
and  credit  taken  on  the  books  and  where 
sinking  and  interest  is  not  paid  out  of  reve- 
nues but  by  tax  levy  this  should  be  charged 
against  the  business,  and  by  a  comparison  of 
these  various  debits  and  credits  or  by  results 
as  shown  by  the  balance  sheet,  information 
cari  be  secured  which  will  be  beneficial  in 
fixing  a  just  and  equitable  rate  to  charge  the 
water  users.  Such  a  rate  should  always  be 
based  on  the  actual  cost  of  running  the  plant 
after  all  things  are  considered  in  connection 
therewith.  The  (ptestion  of  depreciation 
should  also  be  considered  but  the  basis  for 
(letcrniining  depreciation  will  not  be  consid- 
ered here.  However,  if  accounting  methods 
are  improved,  the  information  to  be  obtained 
therefrom  will  greatly  facilitiate  the  work  of 
determining,  in  the  future,  the  life  of  the 
different  departments  of  a  water  works  sys- 
tem and  constitute  a  basis  for  fixing  deprecia- 
tion. 

The  system  of  accounting  should  not  be 
too  complex  but  should  be  so  siiu]ilc  that  the 
ordinary  bookkeeper  can  comprehend  it  and 
keep  it  going  after  it  is  once  started.  This 
caution  should  be  especially  observed  in  the 
smaller  towns  where  expert  help  cannot  be 
obtained   on   account  of  limited   funds. 

.^CKNOWLEIX^MENT. 

The  foregoing  discussion  is  from  a  paper 
on  this  subject,  before  the  recent  annual  meet- 
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ciation, by  Mr.  C.  C.  Clothier,  Commissioner 
of   Public  Utilities  of  Guthrie,  Okla. 
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An   Efficiency  System  for  Road   Con- 
tractors. 

(Contributed    by    John    H.    Hammond,    Rich- 
mond  Hill,    N,    Y.) 
The   troubles   of   the   road    contractoi-     are 
many.     Not  the  least  of  these  is  "How  to  ob- 
tain and  keep  a  satisfied  force  working  in  an 


making  a  cross  section  of  the  surface,  leaving 
in  place  numbered  station  stakes  100  ft.  apart 
for  the  whole  length  of  the  road,  with  plus 
stakes  to  locate  culverts,  cross-roads,  etc. 
These  station  stakes  are  made  the  base  of 
measurements  for  cards,  and  before  begin- 
ning work  we  carefully  find  out  their  location 
and  see  that  their  marks  are  legible.     As  our 
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isli   of    the   road   with   its   gutters   and   shoul- 
ders banked  to  hold  the  stone-work  in  place. 

During  the  above  outlined  progression, 
stone  must  be  gathered  for  the  telford  base, 
either  from  adjacent  fields  or  by  opening  a 
quarry.  Teams  will  be  required  on  each  of 
the  activities  and  water  must  be  obtained  and 
carted  to  the  work  for  finishing  the  road,  and 
for  the  use  of  the  rollers  and  traction-engines 
which  will  be  used  to  haul  the  crushed  stone 
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efficient  manner  in  a  far  out  of  the  way  coun- 
try place  where  conditions  are,  at  best,  not 
what  they  should  be."  The  following  set  of 
cards  was  worked  out  in  the  first  instance  for 


forms  follow  the  usual  activities  of  the  work, 
it  seems  necessary  to  review,  briefly,  the  gen- 
eral way  in  which  they  are  carried  on  and 
then  show  how  our  cards  fit  into  the  work  and 


Card   3. 


use  in  constructing  roads  for  the  state  of 
Pennsylvania,  and  proved  so  successful  in  ac- 
complishing the  object  sought  that  it  may  be 
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of  use  to  others  engaged  in  similar  work 
where  conditions  are  nearly  like  those  present 
in  this  work.  The  state  engineer's  survey  of 
roads   consists   of    running   a   center   line   and 


what  we  have  realized  by  their  use  on  several 
contracts. 

The  activities  in  road  work  are  usually  con- 
ducted in  about  the  following  manner,  vary- 
ing in  the  different  works  in  accordance  with 
the  conditions.  H  the  excavation  is  heavy  it 
controls  all  the  following  work,  and  a  gang 
or  gangs  of  laborers  large  enough  to  clear  the 
way  to  rough  grade  is  started  and  made  to 
contain  men  and  machinery  enough  to  keep 
ahead  of  the  actual  building  work.  The  next 
activity  is  making  shoulders  and  close  grading 
the  roadbed  to  sub-grade.  This  gang,  like  all 
the  gangs,  should  contain  only  so  many  men 
as  can  keep  their  work  up  to  the  controlling 
activity.  After  the  close  grading  gang  the 
roadbed  must  be  rolled  with  a  steam  roller, 
then  the  telford  layers  and  nappers,  and  the 
steam-roller  after  them  to  consolidate  their 
work,  followed  by  the  hauling,  spreading,  roll- 
ing, and  watering  of  the  top  course,  its  usual 
coat  of  useless  stone  screenings,  the  final  fin- 


from  the  nearest  railroad  station  if  the  stone 
is  brought  from  a  distance.  A  gang  will  now 
be  necessary  to  unload  stone  from  the  rail- 
way cars  into  the  contractor's  wagons  or  cars, 
and  the  foreman  of  this  gang  must  keep  strict 
account  of  the  arrival  and  departure  of  all 
cars  and  what  material  they  were  loaded  with. 
Where  larg:e  culverts  are  to  be  built  in  suffi- 
cient quantity,  a  foreman  and  gang  are  usu- 
ally assigned  to  this  work;  and,  wherever 
practicable,  it  should  be  completed  before  or 
during  the  excavation  period,  so  that  the  banks 
over  the  structure  may  have  time  to  settle  be- 
fore the  road  is  built  over  them.  The  office 
force  necessary  for  such  work  is  usually  the 
contractor  who  may  act  as  superintendent,  a 
bookkeeper  who  has  charge  of  all  supplies, 
and  a  timekeeper. 

In  forming  any  kind  of  an  efficiency  system 
many  things  must  be  taken  into  account,  as 
opposition  is  to  be  expected  from  the  em- 
ployes as  soon  as  any  way  is  devised  to  force 
an  account  at  the  close  of  each  day  of  the 
amount  of  work  done  on  that  day  and  the 
men  are  made  to  perform  a  full  day's  work. 
The  location  of  the  work  must  be  considered, 
as  it  will  hardly  pay  to  bring  men  to  your 
work  at  considerable  expense  from  a  long 
distance  and  have  to  fight  a  contractor  on  a 
nearby  contract  to  keep  them,  and  then  force 
them  away  from  you  by  an  efficiency  system 
which  they  hate  and  do  not  have  to  put  up 
with.  After  a  considerable  amount  of  study 
of  average  conditions,  the  eleven  report  cards 
which  are  offered  with  this  article  were  de- 
signed. The  object  sought  by  these  cards  was 
to  give   the   contractor   each    morning  an   ac- 
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curate  account  of  the  work  done  each  day,  to 
show  the  progress  made  at  each  point,  weak 
spots  that  require  attention,  and  the  efficiency 
of  each    foreman   and  gang  of  workmen.     It 
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was  not  expected  that  the  men  would  become 
mere  machines  whose  every  motion  could  be 
studied  and  corrected  until  the  maximum  of 
work  was  obtained.  The  object  sought  was  a 
steady  average  output  fair  to  the  contractor 
and  the  men  which  could  be  maintained  with- 
out exhaustion  or  friction,  and  was  certain 
to    show    satisfactory    results.      Foremen    en- 
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gaged  in  this  class  of  work  are  not  generally 
men  of  educational  attainments,  although  not 
by  any  means  lacking  in  general  intelligence, 
yet  any  cards  made  for  their  use  must  be  as 
simple  as  they  can  be  and  retain  the  essential 
features  of  a  direct  statement  of  facts  in  ac- 
cordance with  the  conditions  on  their  work 
at  the  close  of  a  day.  There  should  be  as  lit- 
tle writing  as  possible,  figures,  and  measures 
which   are    recorded    in    figures,     seem     to   be 
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Card    7. 

much  easier  for  them,  and  more  likely  to  be 
done  accurately.  The  principal  thing  to  be  at- 
tained is  to  make  the  cards  or  other  records 
in  such  a  manner  that  no  false  statement  is 
possible  without  its  being  discovered  and  com- 
ing back  to  the  maker  for  correction,  thus  in- 
volving a  certain  amoimt  of  disgrace,  and,  if 
repeated,  dismissal  from  the  w-ork. 


The  foreman  using  card  No.  1  of  this  set 
of  cards,  who  attempts  to  show  more  work 
done  at  the  close  of  the  day  than  was  actually 
the  case,  must  show  less  work  the  next  day 
or  be  caught  by  the  stationing  on  the  cards  of 
the  other  foremen  who  are  all  working  alonj 
the  same  line  on  different  activities,  which,  on 
being  reviewed  in  the  office  the  next  morning, 
would  at  once  show  that  an  error  had  been 
made  and  cause  an  investigation  by  the  con- 
tractor   or   his    superintendent.     There   seems 


tion  and  gives  a  fair  account  of  the  cost  of 
the  work  and  its  condition ;  also  the  amount 
of  reserve  materials  on  hand  and  supplies 
'needed.  The  cost  of  operation  is  given  to 
the  foreman  each  day  from  the  office. 

Card  4  is  used  by  quarry  foremen  when 
stone  is  being  hauled  from  the  quarry  to  the 
road  by  hired  teams,  or  by  any  foremen. 
When  iiauling  stone  to  the  work  it  is  checked 
by  report  on  card  1  as  to  position  of  materials, 
quantity,  and  time  of  teams. 


No.  8 

\                     HAMMONDS^&  i.SLOANE.UlNC. 

TIME    CARD. 

Nair.e  S  '     t.- 

Time 

Name 

Time 
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Card   8. 


to  be  little  or  no  incentive  to  collusion  among 
the  various  units  to  lower  the  efficiency  of  the 
whole  force  as  each  one  knows  that  his  in- 
dividual effort  is  being  judged  by  his  own  re- 
port card  on  which  is  shown  all  that  he  has 
done  and  on  which  the  cost  of  his  force  is 
being  figured  and  compared  with  other  gangs, 
and  if  the  comparison  is  unfavorable,  he  will 
soon  lose  his  position.  There  is  also  an  ele- 
ment of   mystery   which   we    foster  about   the 


Card  5. — This  card  was  used  by  sub-con- 
tractor hauling  screenings  and  by  foremen 
doing  like  work,  and  with  the  weight  of  cars 
given  in  the  bills  of  lading  shows  the  cost  per 
ton  for  hauling  this  material  and  the  amount 
on  the  work  at  all  times  if  taken  with  cara  1. 

Card  C  is  used  by  the  driver  of  water  wagon 
to  show  the  cost  of  that  work,  and  check  re- 
ports from  foremen  and  engineers  made  on 
other  cards,  and  is  of  great  importance  in  a 


No.  9 


From  J.   E.  BAKER  CO.,  York.  Penna. 


Date. 


The  following  car  loads  of  materials  have  been  shipped  to  you  this[day[frcm  our  quarry  at  Hellam  via  P.  R.  R. 


Initial 


Number 


32-432 


Materials 


2"  C.  S. 


Destination 


New  Park,   Pa. 


Remarks 


Railroad  way  bills  show  weights. 
Inspect  cars  before  unloading. 


J.   E.  BAKER  CO..  per. 


Card   9. 


matter  which  often  leads  the  more  ignorant  to 
imagine  that  much  more  knowledge  is  ob- 
tained from  the  cards  and  their  cross  reports 
than  is  really  the  case. 

Card  1  is  used  by  the  foreman  on  all  kinds 
of  excavation,  taJford  laying,  napping,  rolling 
sub-grade  and  telford  base ;  also  grading, 
making  shoulders,  spreading  stone  and  screen- 
ings, finishing  the  road  top  and  gutters,  and 
for  reporting  the  teams,  water-wagon,  and  use 
of  rollers  between  stations  named. 

Card  2  is  used  by  the  engineers  of  traction 
engines  and  rollers,  and  shows  the  supplies 
and  repairs  required  and  used  by  them  and  in 
the  case  of  the  rollers  the  kind  of  work  done 
and  its  location.  On  this  card  the  traction 
engineer  reports  the  amount  of  materials 
hauled,  the  position  of  which  is  shown  in  the 
stationing ;  also  to  report  delays  and  their 
cause,  the  condition  of  the  road  and  the 
weather.  This  card  also  shows  the  manager 
how  far  ahead  of  the  working  gangs  the  ma- 
terials are  in  place,  also  when  repairs  are 
needed  in  advance  of  the  time  when  they  are 
called  for  by  an  actual  breakdown  of  the  ma- 
chine, thus  allowing  him  to  keep  these  im- 
portant machines  constantly  at  work  and 
avoid  a  stoppage  of  the  gangs  dependent  on 
its  operation  for  materials.  The  back  of  this 
card  is  used  to  give  in  detail  the  repairs 
wanted  or  any  memorandum  for  which  there 
is  lack  of  space  on  the  front.  The  cost  col- 
umns are  figured  up  daily,  and  shown  to  the 
engineer,  enabling  him  to  keep  a  fair  average 
cost,  putting  plainly  before  him  the  cost  of  any 
delay  on  the  road  or  at  the  terminus  of  his  runs. 
This  was  found  to  be  a  very  good  feature  and 
much  delay  in  taking  on  coal,  water,  oiling 
the  machinery,  cars,  etc.,  was  shortened,  and  a 
daily  average  run  good  for  each  distance  and 
road  was  established. 

Card  3  is  used  where  a  quarry  is  in  opera- 


district  where  water  is  scarce  and  expensive, 
as  it  usually  is  in  midsummer  season  where 
any  waste  is  going  on  or  unusual  quantity  of 
water  is  being  used.  The  gallons  pumped,  as 
referred  to  on  this  card,  are  for  full  tanks 
of  600  or  450  gals,  and  are  checked  by  the 
receiving  foreman,  who  is  charged  with  the 
water  on  his  portion  of  the  work. 
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.,    191 

LABORERS  ON  CARS , 

HOU 

ts 

RS 

FOREMEN  ON  CARS HOUl 

TAR.'^  .\KKI\Kli                                                       OARS  !M.(i.\l>t,n                                           1 

NumboT 

Lcltera 

Time 

Number             LcKcr* 
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1 

1 

FOREMAN 

Card   10. 

Card  7  is  the  time  card  used  for  all  em- 
ployes working  by  the  hour  or  day,  and  is 
made  to  suit  the  conditions  of  the  locality 
where  work  is  being  done.  This  card  is  made 
in  weekly,  bi-weekly  or  monthly  size,  accord- 
ing to  the  length  of  pay  period  in  each.  The 
ticket  shows  the  rate  of  wage  and  the  hours 
worked.  Twenty-one  and  a  half  hours  may 
be  punched  on  it  on  each  day,  and  the  figures 
are   so   contrived   that   any   number  of   hours 
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less  than  the  sum  named  may  be  allowed. 
The  double  set  of  numbers  under  the  word 
rate  prevents  the  difficulty  which  would 
arise  when  a  rate  of  23  or  32  cts.  per  hour 
was  used,  23  being  punched  on  the  light 
and  32  on  the  heavy-faced  figures;  or  if  it 
is  desired  to  punch  a  rate  of  22  or  33  cts.  per 


change  without  referring  the  matter  to  the 
office.  As  these  sheets  from  the  timekeeper 
come  to  the  office  daily,  they  are  compared 
with  the  reports  of  the  foremen  and  entered 
in  the  office  time  book,  and  at  the  end  of  the 
month,  when  the  men's  tickets  are  returned, 
the    bookkeeper    is    ready    to    check    over    his 


furnish,  in  addition,  the  amount  of  stone 
which  will  be  necessary  to  construct  this  im- 
proved highway. 

The  proposition  was  made  that  the  State 
Highway  Department  do  the  necessary  grad- 
ing and  pay  the  expenses  of  such  engineering 
changes  as  might  be  necessary  and  build  the 
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hour,  one  figure  must  be  punched  from  each 
set.  The  lower  part  of  the  ticket  is  detach- 
able along  a  perforated  line,  the  purpose  of 
which  will  appear  in  the  description  of  the 
use  of  the  ticket.  This  ticket  is  given  to  each 
employe  at  the  beginning  of  his  work,  stamped 
on  ticket  and  stub  with  his  name  or  number, 
and  with  the  date  of  the  ending  of  the  pay 
period ;  his  rate  is  punched  out  on  the  ticket, 
and  the  ticket  is  punched  at  the  close  of  each 
day  for  the  number  of  hours  made  that  day, 
the  amount  entered  in  the  timekeeper's  book. 
Payment  will  be  made  only  for  the  hours 
punched  from  the  ticket,  and  advances  of  cash 
or  commissary  supplies  must  be  entered  on 
the  back  of  the  ticket  in  order  that  they  may 
be  deducted  from  the  man's  pay.  The  ticket 
is  a  voucher  and  shows  the  amount  due  at  any 
time.  On  the  close  of  the  last  day  of  a  pay 
period  the  time  and  money  due,  represented 
by  punches  on  these  tickets,  is  figured  up  by 
the  timekeeper  and  entered  on  the  stub  in 
the  presence  of  the  workman  and  his  foreman, 
and  the  stub  detached  and  given  to  him,  while 
the  ticket  is  turned  in  to  the  bookkeeper  to 
use  in  making  up  his  pay  roll,  and  is  checked 
over  with  the  timekeeper's  book.  The  stub 
in  the  hands  of  the  man  is  his  voucher  for 
pay  and  must  be  handed  to  the  paymaster  on 
pay  day.  When  pay  periods  are  monthly 
they  are  made  to  run  from  the  1st  to  the  81st 
of  each  month,  and  pay  day  is  on  the  .5th  of  the 
following  month,  giving  five  days  to  check  over 
tickets  and  make  the  necessary  accounts.  This 
ticket  became  very  popular  with  the  workmen, 
and  an  attempt  to  return  to  the  brass  check 
system  on  account  of  running  out  of  tickets 
nearly  caused  a  riot. 

Form  8  is  the  timekeeper's  field  book,  which 
makes  a  duplicate  record  by  using  a  carbon 
sheet.  The  white  sheet  is  detached  and  sent 
to  the  office  each  day  and  the  yellow  sheet, 
as  copy,  remains  with  the  timekeeper,  so  that 
he  may  at  any  time  compare  the  men's  tickets 
with    his    book,    yet    he    may    not    make    any 


Card   11. 

book  with  them  and  eliminate  any  errors.  It 
may  be  asked  what  is  to  prevent  the  time- 
keeper from  honest  errors  or  punching  e.xtra 
hours  on  the  cards  for  a  gift,  but  against  these 
possibilities  we  have  the  daily  report  of  the 
foreman,  who  will  not  permit  any  extra  time 
or  allow  errors  that  act  against  his  economical 
conduct  of  the  work  on  which  he  is,  in  a  way, 
on  trial  to  keep  and  better  his  position. 

Card  9  is  a  postal  card  used  by  the  quarry 
man  furnishing  top-course  stone,  and  enables 
the  contractor  to  know  what  material  is  on 
the  road. 

Card  10  is  used  by  the  foremen  in  charge  of 
unloading  cars  at  the  railroad  depot,  and  shows 
the  arrival  and  departure  of  full  and  empty 
cars  and  is  used  in  connection  with  form  11, 
the  general  car  report  card  or  book. 

Form  11. — This  form  is  compiled  from 
cards  9  and  10  and  from  railroad  and  stone 
contractors'  bills.  It  gives  the  contractor  a 
quick  view  of  the  stone  situation  and  its  cost. 

The  cards  have  been  gotten  up  with  regard 
to  cost  by  putting  as  little  printing  on  them  as 
would  answer  the  purpose,  and  in  use  have 
proved  quite  simple  and  easily  handled.  It  is 
not  claimed  that  they  are  perfect,  but  they 
make  for  an  orderly  way  of  doing  work  and 
promoting  efficiency. 


AUentown-Bethlehem-Easton  Road. — The 

cement  industries  of  Eastern  Pennsylvania 
and  public-spirited  citizens  in  Lehigh  and 
Northampton  counties  have  entered  into  an 
agreement  with  the  State  Highway  Depart- 
ment of  Pennsylvania  to  furnish  sufficient 
cement  to  build  a  road  twelve  miles  in  length, 
running  from  the  borough  line  of  Allentown 
to  the  borough  line  of  Bethlehem  and  con- 
tinuing from  the  borough  line  of  Bethlehem 
to  Easton.  According  to  the  estimates  of  the 
State  Highway  Department,  this  will  require 
upwards  of  40,000  barrels  of  cement.  Plans 
are    under    wav    also    to    have    these    citizens 


road.  A  letter  was  drawn  up  to  the  Commis- 
sioner pledging  the  cement  industries  to  fur- 
nish 40,000  barrels  of  cement,  or  such  part 
thereof  as  might  be  needed  for  use  on  the 
road.  -Another  letter  was  drawn  up  pledging 
the  Lehigh  Valley  Transit  Company  to  fur- 
nish $1,000  worth  of  transportation  for  the 
freighting  of  the  cement.  The  members  of 
the  delegation  agreed  to  take  up  the  project  of 
furnishing  the  necessary  stone  and  promised 
to  advise  Commissioner  Cunningham  of  this 
at  an  early  date. 


Cost  of  Building  a  Rod  of  Fence  in  North 
Dakota. — The  cost  of  building  fence  on  the 
ordinary  farm  in  North  Dakota  is  relatively 
high,  as  all  materials,  including  posts,  must 
be  imported.  The  figures  given  in  the  fol- 
lowing table  are  averages  secured  from  in- 
vestigational work  on  many  North  Dakota 
farms : 

Number 
of  barbed  Cost 

Distance  between  posts.          wires.  per  rod. 

1   rod    2  $0,322 

1  rod    3  .369 

1%   rods    3  .290 

IVs   rods    4  .335 

2  rods    3  .254 

2  rods    4  .297 

2y,   rods      ' 3  .2.'!0 

21/2   rods    4  .274 

3  rods    3  .215 

3   rods    4  .257 

3   rods    5  .300 

This  table  shows  cost  of  construction,  and 
includes  all  expenses  for  material  and  labor. 
No  data  are  available  at  present  to  show  rela- 
tive depreciation  and  cost  of  upkeep,  but  wire 
undoubtedly  lasts  much  longer  than  ordinary 
posts. 

It  will  be  observed  that  it  costs  less  to  use 
four  wires  with  posts  two  rods  apart  than  to 
use  two  wires  with  posts  one  rod  apart.  In 
fact,  the  entire  table  shows  the  low  cost  of 
wire  as  compared  with  posts.  The  question 
as  to  which  type  is  best  must  be  determined 
largely  by  the  use  to  be  made  of  the  fence. 


AMAGE  AND 
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Construction  Methods  and  Costs  Sacra- 
mento Valley  Irrigation  Project. 

Contributed  by  P.  A.  Welty,  Supervising  Engi- 
neer, now  of  Paso  Robles,  Cat. 

I. 

The  lands  (Fig.  1)  of  the  Sacramento 
Valley  Irrigation  Co.  consist  of  about  180,000 
acres  on  the  west  side  of  the  Sacramento 
Valley  from  Hamilton  City  to  "Williams,  a 
distance  along  the  main  canal  of  about  60 
miles.  This  canal  runs  about  parallel  to  the 
river  approximately  12  miles  from  it,  and 
crosses  the  drainage  of  the  foothill  country  to 
the  west.  Many  kinds  of  soil  are  found — clay, 
sand,  gravel,  silt,  adobe,  etc. — most  are  rather 
hard,  resist  erosion,  and  excavations  stand  up 
well  without  shoring  or  sloping  except  in  new 


fills  or  in  the  sandy  soils  along  the  river  front. 
The  slope  of  the  country  is  about  5  ft.  to  the 
mile.  Floods  during  the  rainy  season  cause 
damage  unless  ample  openings  are  provided, 
the  runoiT  being  considerable  but  of  low 
velocity. 

Six  inch  contours  were  taken  over  the  com- 
pany holdings  and  \,  well  designed  system 
of  irrigation  and  drainage  was  constructed. 
Every  20-acre  or  40-acre  tract  has  water 
delivery  on  the  basis  of  5  cu.  ft.  per  second  to 
40  acres,  also  every  40  acres  is  provided  with 
a  drainage  outlet.  The  entire  lands  of  the 
company  were  not  contiguous  and  this  condi- 
tion caused  many  complications  and  litigation 
with  the  adjoining  land  owners  in  the  con- 
struction of  the  system.  It  being  in  an  old 
settled  community  the  laws  of  the  land  and 
customs  of  the  people  required  more  thorough 


and  detailed  work  than  is  necessary  in  a  new 
country  on  a  tract  entirely  under  one  owner- 
ship. 

CENER.^L    PLAN    OF   CONSTRUCTION. 

The  portion  of  the  valley  operated  in  was 
divided  for  construction  work  into  several 
units  of  acreages  varying  from  8,000  to  40,000. 
The  numbering  system  applied  to  structures  is 
explained  by  Figs.  2  and  3.  The  sections,  or 
square  miles,  of  the  valley  west  of  the  river 
beginning  far  enough  north  to  cover  the 
company's  operations,  were  numbered  from 
the  river,  westward  toward  the  foothills;  then 
drop  a  row  and  back  towards  the  river  and  so 
continued  until  the  entire  territory  was  num- 
bered. This  number,  of  any  particular  square 
mile,  is  then  the  first  or  prefix  number  of  the 
structure  number,  thus  188-252,  i.  e.,  Headgate 
252   on    square   mile   188,   or   map    188.  in   the 
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company's  office.  The  system  was  of  great 
convenience  and  utility  in  construction,  main- 
tenance, and  operation.  The  different  units,  or 
parts  of  units,  were  each  in  charge  of  an  as- 
sistant or  division  engineer  who  had  charge 
of  the  surveys  and  subdivision,  design  of  the 
canal  and  drainage  system,  and  earthwork  and 


^Hamilfon  City 


Fig.   1 — Map  of   Land   of  Sacramento   Valley 
Irrigation    Company. 

road  construction.  As  this  earthwork  prog- 
ressed over  any  part  of  a  division  or  along 
several  miles  of  canal,  etc.,  and  the  earthwork 
became  completed,  this  area  would  be  turned 
over  to  the  structure  department  for  structure 
installation.  About  64  structures  per  square 
mile  were  required. 

The  assistant  engineer  furnished  a  com- 
petent instrument  man  acquainted  with  the 
lines  and  grades  on  his  division  to  stake  out 
the  structures  in  the  order  directed  by  the 
writer.  When  the  instrument  man  staked  the 
structure  he  "flagged"  the  site  with  a  lath  with 
the  structure  number  on  it.  If  any  concrete 
work  was  to  be  done  he  also  noted  on  the 
back  of  the  lath  the  cubic  yards  of  gravel 
wanted.  The  hauling  of  materials  was  thus 
greatly  facilitated ;  the  teamsters,  whether 
force  account  or  contract,  were  given  a  sketch 
of  a  certain  country  "flagged"  as  described, 
and  practically  none  of  the  material  had  to  be 
rchauled  on  account  of  error  in  delivery. 

Timber  structures  framed  and  bundled  in 
the  yard  were  labeled  and  so  hauled ;  corru- 
gated iron  in  car  load  lots  of  various  diameters 
and  lengths  were  numbered  with  stencil  by  the 
factory  per  requisition.  This  assisted  in  check- 
ing invoices  and  the  material  was  ready  to  haul 
direct.  Appliances  for  head-gates,  etc.,  were 
ordered  marked  per  lists  of  structure  numbers 
When  a  structure  was  built  the  foreman  tacked 
the  structure-number-lath  to  the  structure 
which  later  served  the  workman  as  a  guide 
to  the  proper  number  and  name  to  be  painted 
on  in  black  over  a  white  background. 
The  road,  lateral  or  drain,  name  was 
also  placed  on  the  structure.  Many  of  the 
concrete  structures  were  marked  by  casting 
the  name  and  number  in  the  concrete.  Per- 
manent bench  marks  were  set  on  structures  at 
least  every  f)ne-fourth  mile.  The  marker  was 
an  aluminum  disc  2%  ins.  in  diameter  with  a 
round  headed  copper  nail,  the  head  being  the 
point  on  which  the  elevation  was  taken.  The 
copper  nail  was  either  set  in  the  concrete  or 
driven  into  the  larger   frame  structures.    The 


discs  were  stamped  "Sacramento  Valley  Irri- 
gation Project" — "Bench  mark"  and  a  space 
was  provided  for  the  elevation  which  was 
stamped  thereon  with  a  steel  die  after  it  was 
read  and  checked  by  the  levelman.  The  larger 
checks  had  gage  rods  set  and  all  were  marked 
with  an  elevation  of  "Water  Service"  or 
"Checked  Water  Service"  which  was  the  maxi- 
mum height  water  was  designed  to  be  raised 
in  order  to  irrigate'  the  adjacent  land. 

ORC.\NIZATI0N    FOR    STRUCTURE    WORK. 

Most  of  the  structure  work  was  done  by 
company  force  account.  Bids  were  frequently 
asked  but  on  account  of  the  small  average  size 
of  the  structures,  excessive  and  difficult  ex- 
cavation and  scattered  locations,  the  bids  were 
usually  quite  high.  The  contract  work  which 
was  done  was  usually  as  high  as  or  higher 
than  the  force  account  work.  ,'\nother  reason 
for  high  bids  was  the  California  state  law  re- 
quiring 2.5  per  cent  holdback  for  31  days  on 
all  contracts.  The  company  did  not  e.xpect  a 
contractor  to  make  2-')  per  cent  so  he  had  to 
have  considerable  capital  when  his  contract 
was  of  long  duration. 

The  foremen  were  practical  men,  most  of 
whom  were  developed  on  the  job  and  remained 
for  some  time.  With  the  data  given  on  the 
structure  card  the  foremen  needed  few  stakes ; 
usually  a  top  of  wall  grade,  weir  grade  and 
length  of  wing  and  angle  of  wing-wall  with 
levee  were  about  all  that  were  required  for  ir- 
rigation structures.  Bridges  required  even 
fewer  stakes.  Grade  stakes  were  set  off  to 
one  side  and  the  foremen  carried  the  grade 
over  to  the  work  with  spirit  level  and  straight 
edge.  Line  stakes  for  walls  were  set  by  agree- 
ment 24  ins.  outside  worklines  so  that  they 
might  be  preserved. 

TIMBER    STRUCTURES. 

The  usual  crew  was  6  men  as  follows :  1 
foreman  at  $3.75  per  day,  2  muckers  at  $2.50 
per  day,  2  helpers  at  $2.50  per  day,  1  teamster, 
wagon  and  team  at  $4.26  per  day.  The  crew 
was  easily  moved  about  the  country.  It  usually 
did  all  dimensioning  in  the  field.  The  teamster 
hauled  out  the  material  and  assisted  at  the 
work  when  not  otherwise  busy.  The  crew 
could  complete  10  single  span  bridges,  17 
ordinary  box  culverts  or  5  of  the  double  wall 


In  addition  to  a  carpenter's  essential  tools 
such  as  saws,  level,  hammers,  square,  brace 
and  bits ;  a  cross  cut  saw,  a  stake  maul,  8-lb. 
sledge,  chopping  ax,  hand  ax,  spike  maul, 
crowbar,  16-ft.  straightedge.  50-ft.  tape,  2 
picks,   2   mattocks,   4   round   point,   long   han- 
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Fig.   3 — Diagrams   Showing   Standard    Struc- 
ture  Symbols,   Sacramento  Valley 
Irrigation    Co. 

died  shovels,  50  chalk  line,  1  mason  bob,  water 
can. 

In   the   beginning  of   the   work   some   small 
tools  had  to  be  furnished  as  none  of  the  "Bo" 


Fig.  2 — Square   Mile   Map  of  Sacramento   Valley    Irrigation    Co. 

(This  square  mile  Is  fairly  typical  of  llie  country  dcvoluped.  It  happens  Iheie  are  no  laterals 
on  ridge  locations  on  this  section — all  arc  land-line  locations.  The  percenlUKe  of  non-company 
lands  shown  on  this  sheet  Is  not  typic.Tl;  it  is  too  great  a  proportion.  This  map  is  a  photo  of  the 
maps  on  file  in  the  otBces,  which  were  1:00  ft.  to  the  1  in.  and  were  bound  in  books  3i'>  ins.  square. 
The   structures    and    numbers    were    shown    thereon  in  red.) 


delivery  gates  in  one  week.  The  crew  did  not 
grade  bridge  approaches  as  a  small  scraper 
outfit  followed  and  did  this  work  This  crew 
needed  the   following  equipment ; 


laborers,  which  were  the  only  laborers  obtain- 
able in  the  Valley  then,  had  tools  or  would 
buy  any.  As  the  work  progressed  a  few  men 
were  gradually  developed  who  were  not  "Short 
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Stake"  men  but  remained  and  became  straw- 
bosses  and  acquired  some  tools. 

Another  method  tried  by  contractors  was 
to  have  several  small  crews  doing  but  one  class 
of  work.  In  the  material  yard  a  crew  sawed 
out  and  framed  the  structures  into  wings, 
sides,  and  bottoms  so  they  could  be  hauled  to 
the  field  on  deck  wagons.  The  yard  gang  did 
this  work  at  $2  per  structure  for  any  delivery 
date  or  check  for  a  canal  of  (i  ft.  or  less  bottom 
width.  The  excavation  crew,  two  men,  made 
the  excavation  for  the  structure  at  from  $3  to 
$5  each  according  to  the  soil.  The  installing 
crew  of  three  or  four  men  and  the  backfilling 
crew  of  four  to  eight  men  usually  worked  by 
the  day.  The  installing  crew  could  place  five 
or  six  gates  per  day.  One  contractor  had  a 
gasoline  sawrig  for  cutting  his  timber.  This 
would  have  been  very  successful  if  the  equip- 
ment had  been  in  good  repair. 

One  fault  on  the  special  crew  method, 
whether  contract  or  force  account,  was  that 
the  crews  did  not  answer  to  one  head  and 
were  inclined  to  slight  their  work  when  making 


work  at  pouring  they  averaged  1.75  cu.  yds. 
per  man  per  day,  but  the  average  per  man 
per  day  for  the  entire  crew,  usually  15  men, 
was  about  O.G  cu.  yd.  Mixers  were  used  only 
on  the  larger  structures;  a  comparatively  large 
force  was  required  in  the  numerous  operations 
and  there  being  no  roads  passable  for  mixers 
along  the  work,  they  did  not  pay.  Most  of  the 
structures  run  from  1  cu.  yd.  to  25  cu.  yds., 
the  main  canal  works  being  larger.  With  good 
roads  a  portable  mixer  can  be  moved  one  mile 
to  pour  3  cu.  yds.  and  three  miles  to  pour  5 
cu.  yds.  of  concrete  economically.  As  soon  as 
the  concrete  had  set  the  form  setters  dropped 
back  and  wrecked  forms  which  the  teamster 
hauled  ahead.  One  man  remained  behind  and 
pointed  up  edges  and  any  "faults"  which  had 
developed.  None  of  the  walls  were  plaster 
coated,  they  were  rubbed  down  with  a  car- 
borundum brick  or  block  of  concrete  and 
painted  with  a  wash  of  thin  neat  cement.  Some 
walls  were  finished  with  so-called  "sand  wipe." 
The  concreting  crew  needed  the  following 
equipment : 
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Fig.   4 — Structure    Report   Card,   Sacramento    Valley    Irrigation   Co. 


a  "run"  and  hold  up  the  following  crew.  The 
multiple  crew  is  favored  when  work  lays  con- 
tiguous, the  small  crew  for  scattered  work. 
Operating  messes  was  expensive  and  worri- 
some to  small  contractors  and  if  the  contractor 
had  no  mess  on  the  work  it  frequently  meant 
lost  time  going  to  and  from  work. 

CONCRETE  WORKERS. 

Observations  over  two  years  of  both  con- 
tract and  force  account  work  proved  that  the 
best  sized  crew  was  from  10  to  15  men ;  the 
foreman  got  $1  to  $4.-50  per  day,  the  straw- 
boss  $2.75  and  three  or  four  men  at  $2.50  per 
day  did  all  excavations  from  the  stakes ;  the 
form  setters  usually  two  or  three  men  at  $2.50 
per  day  followed  under  a  carpenter  ($2.75  to 
$3.50  per  day"!  who  set  all  forms,  placed  rein- 
forcement and  runways,  etc.  The  concreters, 
usually  six  men,  at  $2.50  per  day,  followed 
and  mixed  and  poured  the  concrete.  Where 
the  six  or  seven  concreters  had   fairly  steady 


3  gravel  or  muck  barrows,  3  scoop  or  con- 
crete barrows,  8  long  handled,  round  point 
shovels,  8  long  handled,  square  point  shovels, 

1  tiling  spade,  2  mattocks  and  handles,  8  picks 
and   handles,   1   8-lb.   sledge,  2   chopping  axes, 

2  hand-axes,  2  2-lb.  claw-hammers,  2  14-in. 
pipe  wrenches,  1  10-in.  monkey-wrench,  2  pair 
wire-cutting  pliers.  1  No.  7  cut-ofT  saw,  1  No. 
5%  rip-saw,  1  brace  and  2  bits  (1  in.  and  V2 
in.),  1  30-in.  spirit  level,  1  16-ft.  straight- 
edge, 1  mason  bob.  2  lbs.  chalk  line,  50-ft. 
steel  tape,  1  square.  1  9-in.  trowel,  1  pointer 
trowel,  1  edger,  1  float  or  plasterer's  trowel. 
2  whitewash  brushes,  1  carborundum  brick,  1 
barrel,  1  flat  10-in.  file,  1  6-in.  three-square 
file,  1  6-ft.  zig-zag  rule,  6  3-gal.  galvanized 
iron  buckets  (heavy),  2  6-ga!  water  cans  (milk 
cans),  1  Gould  force  pump  and  assorted 
lengths  of  suction  pipe  extensions  with  50  ft. 
1-in.  cotton  hose,  1  4-in.  post  augur  with  8 
pieces   pipe   cut   and   threaded    for   handle   ex- 


tensions, tampers  and  rammers.  I  wagon  and 
team,  1  plow  No.  5,  1  slip,  and  in  dry  areas 
a  tank  wagon  and  force  pump. 

Concrete  work  in  the  Valley  required  much 
water.  The  tops  of  walls  were  covered  with 
burlap  sacks  or  earth  and  wetted  down  several 
times  per  day.  Forms  in  summer  could  be 
removed  in  24  hours  except  for  slabs  and 
arches.  The  dry  wind  and  heat,  frequently 
115°,  necessitated  that  walls  be  kept  wet  down 
for  seven  days.  This  was  rather  expensive 
where  water  had  to  be  hauled.  All  the  above 
described  work  was  immediately  under  one 
foreman,  having  separate  crews  to  do  each 
step.  The  crews  became  proficient  at  their 
parts  but  would  slight  something  frequently  in 
making  a  record  and  be  on  ahead  and  the  next 
crew  would  have  to  do  some  of  their  work 
before  proceeding.  The  personnel  of  the 
crews  changed  so  rapidly  that  with  the  excep- 
tion of  foremen  and  carpenters  one  could 
seldom  place  any  responsibility.  New  men 
hired  were  put  mucking  and  if  they  showed 
any  ability  and  desire  to  "stick"  they  soon 
got  better  work.  As  a  rule  a  mucker  was  a 
mucker  and  wanted  nothing  better.  .\  good 
teamster  was  the  most  valuable  common  la- 
borer on  the  crew.  He  could  be  busy  every 
minute  and  at  longer  hours  than  the  rest  of 
the  crew,  hauling  the  men,  water,  materials, 
forms,  grading  and  going  after  material  orders 
without  the  foreman  leaving  the  work.  When 
a  foreman's  workmen  get  scattered  over  a 
considerable  area  he  may  be  unable  to  be  on 
every  part  of  the  work  enough  unless  a  horse 
and  cart  is  provided.  This  with  some  foremen 
is  a  good  arrangement,  others  will  "joy-ride." 

WATER. 

For  the  northern  part  of  the  area  worked 
over  water  for  concrete  and  puddling  was 
obtained  very  cheaply  by  boring  wells  with 
a  4-in.  post  augur  fitted  with  extensions  cut 
30  ins.  long  and  threaded.  Water  was  hit  in 
a  gravel  stratum  underlying  the  valley  floor  at 
from  6  ft.  to  30  ft.  Each  crew  had  a  Douglas 
pump  and  some  crews  had  a  force  pump,  with 
suction  pipes  in  varied  lengths  which  they 
lowered  into  these  wells  and  pumped  their 
water  on  each  job.  No  casing  was  needed  as 
the  bored  hole  stood  up  in  some  cases  for 
months;  no  well  or  sand  strainer  was  needed 
as  the  water  was  clean  and  pure.  On  about 
half  of  the  work  one  could  get  water  this 
way  much  cheaper  than  by  hauling,  even  if 
the  yardage  of  concrete  in  the  structure  was  as 
low  as  5  cu.  yds.  To  bore  these  wells  cost 
less  than  25  cts.  per  foot.  When  crews  work- 
ing in  territory  in  which  one  could  not  bore 
the  wells  water  had  to  be  hauled  ;  frequently 
water  could  be  got  from  a  canal  or  a  drain  and 
in  the  winter  from  standing  surface  water. 

PUDDLING. 

Where  plenty  of  water  was  had  the  back  fill 
was  puddled  against  the  structure  as  soon  as  it 
was  safe  to  put  the  weight  against  the  wall, 
usually  five  to  ten  days  after  the  forms  were 
removed.  The  concrete  crews  did  this  work 
under  the  foremen's  directions.  The  puddle 
must  be  brought  up  evenly  in  layers  around  the 
walls.  If  the  soil  at  the  site  had  no  gravel 
in  it  an  excess  of  gravel  was  "spotted"  when 
it  was  ordered  for  the  concrete.  This  gravel 
was  mixed  in  the  top-most  layer  of  the  puddle; 
it  would  prevent  soil  cracks  when  sunbaked 
and  help  prevent  the  backfill  from  pulling  away 
from  the  wall  and  allowing  seepage  along  or 
around  it.  This  trouble  is  found  more  with 
timber  structure  than  concrete.  Backfill  and 
puddle  will  set  up  to  the  concrete,  not  to  wood. 
Where  water  was  scarce  the  puddling  was 
let  go  to  be  done  later  when  water  was  let  into 
the  system  or  when  the  winter  rains  came  on. 
A  great  many  structures  were  backfilled  and 
puddled  in  the  rainy  season  this  way  by 
diverting  rain  or  runof?  water,  out  over  the 
system  from  the  main  canal  and  puddling 
structures  as  work  proceeded  downstream. 
Two  large  areas  were  left  awaiting  the  com- 
pletion of  the  canal  system  to  puddle  with 
canal  water  in  a  careful  manner,  but  it  so 
happened  that  water  had  to  be  rushed  down 
early  the   following  season   on  account  of  no 
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late  rainfall  and  in  the  "hurrying  up"  which 
ensued  a  few  structures  were  quickly  and 
poorly  puddled  and  went  out.  Some  structures 
were  puddled  by  leaving  the  e.xcavated  ma- 
terial in  such  a  manner  that  any  of  the  rain 
and  surface  water  would  pool  about  it.  After 
a  few  rains  and  trips  to  the  structures  by  the 
men  they  \yould  get  them  puddled  piecemeal. 
The  men  did  this  work  rainy  (lays  proceeding 
along  the  levees.  With  a  cla>-  soil  type  some 
structures  were  backliUed  with  the  earth  pul- 
verized to  a  dust  and  it  proved  satisfactory, 
preventing  seepage  and  soil  cracks  and  squirrels 
burrowing.  This  would  not  do  with  sandy 
soil  as  it  would  not  pack,  or  with  an  adobe 
soil  as  it  could  not  be  pulverized  properly  or 
economically.  It  is  very  essential  that  a  good 
job  be  done  backfilling  structures,  especially 
around  mudsills,  curtains,  aprons  and  seep 
walls,  which  are  to  resist  water,  if  loss  and 
damage  are  to  be  prevented. 

FORMS. 

Forms  were  of  1-in.  stuff  with  •2.x4-in.  studs 
properly  spaced.  Redwood  rough  is  good  form 
lumber,  comes  sized  but  costs  $fi  more  per  M. 
than  fir,  at  $22,  which  was  very  poor  for 
forms.  Redwood  worked  into  panel  forms 
could  be  used  five  to  seven  times,  the  fir  was 
not  worth  working  into  panels  unless  it  was 
covered  with  galvanized  iron.  .Nearly  all 
structures  were  built  per  drawing,  and 
many  others  were  built  with  forms  covered 
with  26-gage  galvanized  iron.  These  "^orms 
were  built  2,  3,  4  and  5  ft.  high  and  6,  f  and 
10  ft.  long.  They  were  fitted  with  eye  boiis  of 
%-in.  round  iron  to  act  as  cross  ties,  endgates 
for  plumb  or  battered  walls,  gate  groove 
forms,  and  wing  forms ;  they  could  be  length- 
ened or  shortened  or  stood  on  top  of  each 
other  for  increased  height.  These  forms  were 
very  handy  for  single  structures  or  for  group 
arrangements.  The  cost  of  the  form  for 
material  and  labor  was  14  cts.  per 
square  foot  area.  The  carpenters  got  $3.50  per 
day  of  eight  hours,  as  they  worked  but  eight 
hours  in  the  town  where  these  were  made 
Their  life  was  good  for  at  least  50  times. 
They  were  scraped  clean  after  each  job. 
Forms  for  casting  gate  grooves  were  usually 
soaked  in  water  previous  to  using  and  were 
sometimes  soaped.  Some  collapsible  forms 
were  constructed  on  the  work  for  syphons  and 
arch  culverts  20  ft.  to  28  ft.  long,  sized  iy2.x2 
ft.,  2x3  ft.,  2.x4  ft.  They  were  of  1-in. 
material  covered  with  galvanized  iron  and 
while  they  were  successful  there  are  forms  on 
the  market  of  metal  for  this  very  purpose  that 
are  far  more  economical.  Forms  on  this  arch 
about  six  times  used.  In  place  of  this  type  of 
work  would  become  warped  and  wrecked  in 
construction  later  concrete  pipe  and  corrugated 
iron  pipe  were  used.  The  excavations  as  a  rule 
stood  up  so  well  in  the  valley  that  all  footings 
were  cast  direct  in  the  trench.  The  usual 
method  was  to  excavate  roughly  down  to  weir 
grade  an  opening  wide  and  long  enough  to 
allow  a  man  to  walk  and  work  around  the 
forms  to  be  set,  below  weir  grade  an  exact 
excavation  for  footing  was  made  as  called  for 
by  the  engineer  or  by  the  plans — across  this 
footing  trench  the  forms  were  supported  on 
redwood  2x2-in.  sticks.  The  forms  were  se- 
curely set  up,  with  "spreaders"  and  eye-bolt 
cross  ties,  to  proper  dimensions  at  one  side 
where  the  men  had  plenty  of  room  and  were 
carried  to  the  footing  trench  and  there  lined 
and  trued  up  with  the  other  forms  making 
the  rest  of  the  structure  or  group.  The  bank 
was  frequently  used  to  cast  against  and  so 
saved  one  form  in  the  larger  excavations, 
especially  the  Main  Canal  work.  This  only  re- 
quired a  little  more  care  in  the  excavation  lines 
to  get  them  true.  It  saved  forms,  also  was 
better  than  any  job  of  backfill  one  could  get. 

EXCAVATIONS     FOR     STRUCTURF.S. 

For  the  smaller  structures  pick  and  shovel 
work  was  found  cheaper  than  stock,  any  cut 
to  be  opened  6  ft.  or  more  bottom  width  and 
20  ft.  or  more  long,  through  levee,  or  on  the 
flat  can  better  be  opened  with  stock.  Take 
the  ordinary  5  cu.  sec.  gate  of  Redwood,  the 
excavations  were  usually  made  in  the  shape  of 
an  H  and  the  muckers  moved  in  all  about  14  cu. 


yds.  at  50  cts.  or  $7.  If  stock  were  used  they 
would  usually  move  about  25  cu.  yds.  counting 
the  side  slopes  which  at  30  cts.  would  more  than 
equal  the  shovel  work  and  the  dressing  up  and 
digging  of  footings  remained  to  be  done.  In 
backfilling  there  was  this  extra  dirt  to  replace 
also.  There  are  unusual  soil  and  weather  con- 
ditions however,  where  stock  and  slips  will  pay 
even  on  small  structures. 

GRADING    CREW. 

At  the  large  messes  a  small  grading  crew  was 
kept  of  about  10  head  of  well  broken  stock,  not 
old  'jugheads."  It  requires  A-1  stock  for  this 
work,  turning  and  twisting  around  and  yet 
not  defacing  any  part  of  the  structure  while 
doing  close  dumping.  The  outfit  was  kept  busy, 
backfilling,  excavating  for  larger  structures, 
connecting  up  drains  and  levees  to  structures 
and  closing  gaps  left  open  in  road  until  struc- 
tures were  placed  on  bridge  approaches,  etc.  A 
crew  like  the  above  could  do  this  class  of 
work  for  two  timber  crews  and  three  concrete 


$125  to  erect,  grade  approaches,  put  up  corral 
for  40  head  of  stock  and  set  up  mess  car,  bunk 
cars  or  tents.  About  2,4ii0  ft.  B.  M.  are  re- 
quired which  can  be  reused  and  is  salvage  on 
the  above  expense.  This  $125  spread  over  the 
gravel  hauled  out  grows  less  as  the  yardage 
increases.  Where  it  was  not  economical  to 
erect  a  trap  dump  and  hand  loading  was  re- 
sorted to  a  man  was  furnished  to  assist  at 
loading  or  on  short  hauls  allowed  25  cts.  per 
load  extra. 

The  approaches  should  not  be  over  10  per 
cent  grade,  six  stock  and  three  2-horse  fresnos 
will  be  required  to  load  wagons,  also  it  may 
be  necessary  to  have  one  "snap"  team  to 
assist  loaded  wagons  out  of  the  pit.  This  ar- 
rangement should  have  15  or  more  wagons 
equipped  with  gravel  racks  hauling  out  of  the 
pit  or  it  will  not  pav.  The  straw-boss  in  charge 
got  $3.25  or  $3.50  and  labor  $2.50.  Gravel  cost 
35  to  50  cts.  per  cubic  yard  mile.  The  wagons 
held  1  cu.  yd.  or  1%  cu.  yds.    Some  gravel  was 
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Fig.   5 — Labor    Efficiency   Curve,   Sacramento   Valley    Irrigation   Co. 


crews.  They  needed  the  following  equipment : 
1  No.  5  Western  plow,  1  No.  2  slip  scraper, 
1  4-horse  Fresno  scraper,  2  2-horse  Fresno 
scrapers,  1  low  wheeled  iron  farm  wagon, 
necessary  spreaders  and  fifth  chains,  4  earth 
shovels,  1  clod  maul,  2  picks  and  handles,  10 
head  stock,  2  mattocks  and  handles,  tool  box 
and  lanterns.  Crews  like  this  moved  dirt  scat- 
tered in  small  quantities  from  6  cu.  yds.  to  300 
cu.  yds.  and  as  far  from  camp  as  four  miles  at 
an  average  cost  of  27  cts.  per  cubic  yard. 
Bridge  approaches  were  so  figured.  Stock  with 
harness  cost  $11  per  head  per  month.  It  cost 
about  80  cts.  a  day  to  feed,  shoe,  stable,  repair 
harness  and  pay  veterinary's  fee  on  a  mule. 
The  feed  for  a  mule  per  day  being  30  lbs.  wild 
oat  hay  and  I2V2  lbs.  rolled  barley.  The  fore- 
man of  this  crew  would  get  from  $3  to  $3.50 
and  the  men  $2.50. 

HAULING  GRAVEL. 

In  some  areas  where  500  cu.  yds.  or  more 
of  concrete  work  was  in  sight  and  was  within 
3V4-mile  haul  of  a  gravel  bed  or  bar  a  pit  and 
trap  dump  was  put  in  which  would  cost  about 


hauled  long  distances  where  few  turns  were  to 
he  encountered  by  using  six-up  with  "long-line 
skinner"  ($2.75)  and  one  wagon  and  one  or 
two  trailer  wagons.  This  saved  a  driver. 
Gravel  haulers  should  be  camped  at  the  pit 
if  possible  to  save  time  going  empty  at  the 
ends  of  the   day. 

HAULING    M.\TERIAL. 

-■Ml  construction  materials  were  bought  by 
the  carload  and  stored  in  warehouses  or  yard 
from  which  they  were  hauled  out  on  requisi- 
tion. Redwood  and  fir  bought  at  the  mill  were 
sap  heavy,  the  work  not  requiring  cured  lum- 
ber. The  redwood  weighed  3  lbs.  to  the  board 
foot  and  the  dimension  stuff  was  quite  heavy. 
Contract  hauling  on  cement,  lumber,  iron  and 
concrete  pipe  was  found  to  be  the  most  eco- 
nomical as  many  of  the  "skinners"  were  not 
reliable  or  sober  and  broken  reaches,  tongues, 
harness,  lost  time,  etc.,  proved  quite  an  item 
with  our  force  account  hauling.  If  a  string  of 
wagons  was  had  that  warranted  a  boss  to 
oversee,  the  force  account  hauling  proved 
practical.    Hauling  lumber  by  contract  cost  40 
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cts.  per  M.  per  mile.  Hauling  cement  and 
similar  material  25  cts.  per  ton  per  mile,  pay- 
ment made  per  pound  to  nearest  M  mile  and  a 
10  per  cent  reduction  being  made  if  the  haul 
was  over  10  miles.  The  roads  were  usually 
good,  the  average  load  on  3Vz  wagon  being 
2%  tons  or  1,500  ft.  B.  M. ;  stock  usually 
weighed  1,250  lbs.  If  the  haul  was  over  new 
roads,  or  ungravelled  ones  or  in  the  rainy 
season,  the  loads  were  reduced  50  per  cent  or 
four-up  put  on  the  wagon.  Miscellaneous  sup- 
plies not  covered  fairly  by  the  above  terms 
were  agreed  upon  at  some  lump  sum  rate. 
Hauling    corrugated     iron    pipe     proved     ex- 


pensive as  it  is  bulky  and  unwieldy  and  if 
soldered  care  had  to  be  taken  in  hauling  and 
handling  not  to  spring  the  joints.  In  a  few 
cases  where  the  several  diameters  were  desired 
in  a  certain  vicinity  one  could  telescope  them. 
.'\n  average  cost  was  5  cts.  per  pound  any 
diameter,  and  distance  up  to  12  miles. 

Unloading  materials  from  cars  cost  as  fol- 
lows per  M.  ft.  B.  M. :  Lumber  off  flat  cars, 
30  cts.;  lumber  out  of  furniture  cars,  45  cts.; 
lumber  out  of  gondolas,  70  cts.  Trucking 
mixed  lumber  100  ft.  by  two  men,  sorting  and 
piling  in  yard,  per  M.  ft.  B.  M. :  Dimension 
stuff,  4,\4-in.  and  larger,  40  cts. ;  all  other,  60 


cts.  For  same  work,  200  ft.,  add  10  cts.  per  M. 
ft.  B.  M.  Trucking  cement  50  ft.  from  furni- 
ture car  into  warehouse  and  piling  6  ft.  high' 
cost  Vz  ct.  per  sack.  Trucking  and  piling 
groceries,  crates,  canned  goods,  cost  40  cts. 
per  ton.  To  unload,  roll  60  ft.  and  pile  an 
average  flat  car  of  corrugated  iron  pipe  all 
diameters  to  60  ins.  and  lengths  from  10  to  30 
ft.,  some  telescoped,  cost  $3.50  per  car  of 
12,000  lbs.  or  450  lin.  ft.  Reinforcing  iron, 
%-in.  to  %-in.  round  bars,  16  to  25  ft.  long  to 
move  60  ft.  and  stack  ofT  the  ground  assorted 
cost  $7.50  per  car  of  2,500  pieces.  Deformed 
bars  cost  30  per  cent  more. 


BUIILDM( 


Design  and   Construction  of  the   Chi- 
cago   Hebrew    Institute — A    Rein- 
forced Concrete  Structure  Pos- 
sessing Unusual  Features. 

(Staff  Article.) 

The  Chicago  Hebrew  Institute,  at  Taylor 
and  Sibley  Sts.,  Chicago,  presents  an  inter- 
esting study  of  reinforced  concrete  construc- 
tion. The  building  is  96  ft.  wide  by  231  ft. 
long  with  a  height,  from  ground  floor  to  roof, 
of  52  ft.  The  reinforced  concrete  column 
footings    and    the    outside    wall    footings    ex- 


"Dennison"  tile  walls,  with  a  cement  plaster 
finish  on  the  outside  and  lined  on  the  inside 
with  yellow  pressed  brick  laid  with  y2-in. 
joints  of  w'hite  cement  and  lime  mortar.  The 
pressed  bricks  have  a  rough  surface,  to  pre- 
vent their  being  easily  defaced.  Below  grade, 
the  outside  walls  are  concrete.  Most  of  the 
partitions  are  made  of  4-in.,  yellow,  double- 
faced,  pressed  brick,  laid  in  cement  and  lime 
mortar  and  reinforced  every  five  joints  with 
two  M-in.  rods.  The  second  floor  of  the 
front  portion  of  the  building  is  occupied  by  the 
main  gymnasium,  this  portion  being  open  from 
the  gymnasium  floor  to  the  roof,  with  the 
exception  of  a  running  track  which  circles  the 


forced  concrete  framework  of  the  building 
presents  a  number  of  interesting  features,  the 
architectural  requirements  being  such  as  to 
make  the  structural  design  somewhat  intricate. 
Design  of  Roof  Arches  and  Supports. — 
Chief  among  the  structural  features  are  the 
reinforced  concrete  arches  which  form  a  part 
of  the  curved  roof  over  the  main  portion  of 
the  building.  The  legs  of  these  arches  are  con- 
tinued to  form  the  columns  between  the  high 
portion  of  the  building  and  the  two-story 
wings.  The  arches  and  columns  are  poured 
monolithic,  thus  forming  reinforced  concrete 
bents.    The  arches  have  a  clear  span  of  62  ft. 
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Fig.  1 — Cross  Section  Through   Main  Gymnasium  of  Chicago  Hebrew  Institute,  Showing  Details  of  Arches  and  of  Supporting  Columns. 


tend  5  ft.  1  in.  below  the  level  of  the  ground 
floor.  The  main  portion  of  the  structure, 
which  has  a  curved  roof,  rising  to  the  height 
of  52  ft.,  is  flanked  on  each  side  by  a  two- 
story  portion,  one  bent  wide,  which  extends 
to  a  height  of  21  ft.  6  ins.  above  the  ground 
floor  level.  At  the  rear  of  the  high  portion 
of  the  building  there  extends  for  the  full 
width  of  the  structure,  for  a  distance  of  64  ft., 
a  section  having  the  same  height  as  the  wings. 
The  outside  walls  of  the  two-story  section, 
above   grade,    are    self-bearing,    12    to    16-in., 


gymnasium  and  is  cantilcvered  from  the  re- 
inforced concrete  columns.  This  track  is 
about  15  ft.  above  the  gymnasium  floor  level. 
The  rear  portion  of  the  building  contains  two 
swimming  pools,  a  small  gymnasium,  dressing 
rooms,  etc.  The  total  cost  of  the  structure, 
including  equipment,  is  about  $120,000,  of 
which  the  cost  of  the  equipment  is  only  a  few 
thousand   dollars. 

STRUCTUR.-\L     DESIGN     FEATURES. 

From   an   engineering  standpoint,  the   rein- 


8  ins.,  and  a  rise  of  15  ft.  11  ins.  The  length 
of  the  supporting  legs,  or  columns,  from 
spring  line  to  bottom  of  footings,  is  37  ft.  7 
ins.  At  the  crown,  the  arches  have  a  width 
of  1  ft.  6  ins.  and  a  depth,  including  the  roof 
slab,  of  3  ft.  0  in. ;  at  the  spring  line,  and  con- 
tinuing to  the  roof  of  the  two-story  wings,  the 
width  is  increased  to  1  ft.  11  ins.  and  the  depth 
to  3  ft.  5%  ins. ;  below  the  roof  of  the  two- 
story  wings  the  columns  are  1  ft.  11  ins.  x 
3  ft.  0  in. 
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Figure  1  is  a  cross  section  of  the  building 
through  tlie  main  gymnasium.  This  drawing 
illustrates  the  type  of  construction  used,  and 
gives  details  of   the  arches  and  columns. 

In  designing  the  arches,  they  were  con- 
sidered to  be  fixed  at  the  gy-mnasium  floor 
level,  elevation  24  ft.  4  ins.  (see  Fig.  1),  the 
legs    of    each    arch    being   tied    together    with 


Constant  moment 

of    inertia. 

M,  =  0.05    p  P 
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Variable   moment 

of    inertia. 

M,  =  0.04      p  12 

Mh  =  0.0562  p  1= 

Mo  =  0.0207  p  1» 

pl= 
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The  arches  were  computed  for  a  roof  load, 
.  of  2,200  lbs.  per  linear  foot.     The  stresses 


in  each  direction,  a  total  of  40  %-in.  round 
rods,  8  ft.  3  ins.  long  being  used.  For  the 
7  ft.  G  in.  footings  the  reinforcement  consists 
of  24  %-in.  round  rods,  7  ft.  .3  ins.  long.  Stubs 
rods,  bent  into  the  footings,  are  used  to  con- 
nect the  footings  to  the  columns. 

The  details  of  the  wall  footings  are  shown 
in  Fig.  2. 
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Fig.  2 — Footing   Plan  of  Chicago   Hebrew  Institute. 


four  1-in.  round  rods  placed  in  the  floor  slab 
at  this  level.  The  design  was  lirst  based  on 
formulas  for  this  type  of  construction  given  in 
Mensch's  "Reinforced  Concrete  Pocket  Book." 
These  formulas  are  based  on  a  constant  mo- 
ment of  inertia,  which  did  not  obtain  in  this 
arch  and  its  supports.  It  will  be  noted  that 
the  arch  legs  above  the  roof  of  the  two-story 
portion,   elevation  34    ft.   4   ins.    (see   Fig.   1), 


due  to  wind  were  taken  into  account,  but  they 
were  not  sufficiently  large  to  affect  the  de- 
sign. On  account  of  the  high  stresses  occur- 
ring in  the  arch  legs  a  1:1:2  concrete  was 
used  for  their  construction ;  for  the  arch 
proper  a  1:2:4  concrete  was  used.  The  effect 
of  the  brackets,  which  support  the  running 
track,  was  to  decrease  rather  than  increase  the 
stresses  in  the  arches. 


Roof  Girders  and  Slab. — The  curved  roof 
over  the  main  portion  of  the  building  is  of  the 
girder-and-slab  type  of  construction.  Figure 
3  is  a  roof  plan  of  this  part  of  the  structure. 
The  roof  slab  has  a  thickness  of  4  ins.,  and  is 
reinforced  in  both  directions  with  7/16-in. 
round  rods,  spaced  as  shown  in  Fig.  3.  The 
girders  have  a  width  of  11%  ins.  and  a  depth, 
including  the  4-in.  roof  slab,  of  12%,  ins.  Each 


Fig.  3 — Plan   of  Curved   Roof  Over   High   Portion   of   Chicago    Hebrew   Institute. 


are  larger  than  below  this  level,  for  architectu- 
ral effect.  The  accompanying  table  gives 
the  values  of  the  moments  at  various 
points  and  of  the  thrust  of  the  arch 
(both  e.xpressed  in  terms  of  pP)  for 
the  two  conditions:  (1)  that  the  moment 
of  inertia  is  constant;  and  (2)  that  it  varies 
according  to  the  shape  of  arch  ring  and  legs, 
as  shown  in  Fig.  1  : 


Column  and  Wall  Footings. — Figure  2  is  a 
footing  plan  of  the  columns  and  walls.  These 
footings  rest  on  clay,  and  were  computed  for 
an  allowable  pressure  of  3,500  lbs.  per  square 
foot.  In  general,  the  reinforced  concrete  foot- 
ings of  those  columns  which  support  the 
arches  are  8  ft.  C  ins.  square,  although  a  few 
of  them  are  7  ft.  6  ins.  square.  Each  8-ft. 
0-in.   footing  is  reinforced  with  rods  running 


girder  is  reinforced  with  two  %-in.  square 
rods  and  two  %-in.  square  rods,  and  with  15 
stirrups  composed  of  %-in.  round  bars.  The 
front  cornice  girder  shown  at  the  left  of  Fig. 
3  is  curved  botli  in  a  vertical  and  in  a  hori- 
zontal plane. 

The  roof  over  the  two-story  portion  of  the 
building  is  also  of  the  girder-and-slab  type  of 
construction,   the   thickness  of   the   reinforced 
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concrete  slab  being  (J  ins.  Figure  4  is  the 
third  floor  and  roof  framing  plan;  elevation 
34  ft.  4  ins.,  the  roof  of  the  two-story  wings 
and  that  of  the  second  floor  being  at  the  same 
level.  The  elevation  of  the  running  track, 
shown  in  this  drawing,  is  indicated  in  Fig.  1. 


the  double  cantilever  brackets  used  at  columns 
Nos.  35  and  48. 

First  Floor  Framing. — Figure  5  shows  the 
framing  at  the  second,  floor  and  natatorium 
floor  levels.  By  referring  to  this  drawing  it 
will  be  noted  tliat  both  flat  slab  and  beam-and- 


CONSTRUCTION    FE-\TURES. 

Forms. — On  account  of  the  careful  design- 
ing of  the  framework  and  staging,  the  quan- 
tity of  lumber  used  for  this  work  was  excep- 
tionally small.  Even  though  the  crown  of  the 
curved  roof  of  the  main  gymnasium  is  about 
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Fig.    A — Ceiling    of    Second    Story,    Roof   of    Two-Story    Portion   and   Details  of   Brackets    Supporting   Running   Tracks. 


Running  Track. — In  general,  the  running 
track  is  supported  on  reinforced  concrete  can- 
tilever brackets  attached  to  the  columns.  At 
the  north  end  of  the  track,  however,  some  un- 
usual design  features  are  employed.  By  re- 
ferring to  Fig.  4,  it  will  be  noted  that  the 
cantilever  brackets  attached  to  column  Nos.  6 
and  23  each  carries  (at  its  end)  one  end  of  a 
girder,  the  other  end  of  which  rests  on  a 
column;  this  girder,  in  turn  supports  a  part 
of  the  track.  Columns  Nos.  3.5  and  48  do  not 
extend  above  the  running  track.  A  double 
cantilever  bracket  at  the  top  of  each  of  these 


girder  constructions  are  used  at  this  Idvel.  By 
referring  to  section  B-B,  Fig.  5,  it  will  be 
noted  that,  due  to  changes  in  the  floor  level, 
thin,  deep  girders  are  used  at  these  changes  in 
grade.  At  the  line  in  which  column  No.  34  is 
located  the  girders  have  a  length,  center  to 
center  of  columns,  of  16  ft.,  a  depth  of  4  ft.  8 
ins.,  and  a  width  of  6  ins. ;  while  at  the  line  in 
which  column  No.  57  is  located  the  girders  are 
32  ft.  long,  6  ft.  8V2  ins.  deep,  and  9  ins.  wide. 
Swimming  Pools. — .\t  the  north  end  of  the 
building  there  are   two   swimming  pools    (for 


42  ft.  above  the  ground  floor,  the  quantity  of 
lumber  used  in  stagings  for  the  arches  and 
roof  slabs  was  only  4%  ft.  B.  -M.  per  square 
foot  of  horizontal  projection. 

The  staging  under  each  arch  consisted  of 
four  towers,  each  tower  being  composed  of 
four  4x6-in.  timbers,  in  the  form  of  a  6-ft. 
square,  laced  with  lx4-in.  members  to  form 
T-ft.  panels.  A  6-ft.  space-  was  left  between 
each  of  the  four  towers.  The  various  towers 
were  then  braced  together  to  form  a  rigid 
system  of  falsework. 

The  arch  forms  were  constructed  on  a  40.x 
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Fig.  5 — Ceilings  of   First  Story   and   Natatorium  Floors  of  Chicago   Hebrew   Institute. 


columns  supports  the  track  at  these  points. 
Column  No.  52  also  extends  only  to  the  run- 
ning track  level ;  it  carries  at  its  top  a  canti- 
lever bracket,  which  in  turn  supports  a  large 
section  of  the  running  track. 

Figure  4  (b)  is  an  elevation  of  a  typical 
cantilever  bracket,  the  width  of  this  bracket 
being  14  ins.     Figure  4   (c)  is  an  elevation  of 


location  see  Fig.  5),  each  pool  having  a  width, 
between  concrete  walls,  of  25  ft.  4  ins.  and  a 
length  of  60  ft.  4  ins.  Figure  6  is  a  plan  and 
side  elevation  of  one  of  these  pools.  These 
drawings,  together  with  sections  1-1,  2-2  and 
3-3,  illustrate  the  construction  features  and 
the  manner  of  reinforcing  the  sides  and  bot- 
tom   of    the   pools. 


40-ft.  platform,  built  on  the  ground  at  one 
side  of  the  building.  Each  form  was  built  in 
four  parts,  and  hoisted  into  place.  When  in 
place  it  rested,  by  means  of  wedges,  on  2x6-in. 
timbers  rough  nailed  to  both  sides  of  the 
4x6-in.  tower  posts.  Great  care  was  used  in 
constructing  the  arch  fornas  to  insure  that  they 
conform  closely  to  the  lines  of  the  arches.  For 
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the  central  slightly-curved  portions  of  these 
forms  the  bottoms  were  formed  of  two  layers 
of  1-in.  boards;  while  for  the  sharply-curved 
end  portions  four  layers  of  %-in.  boards  were 
used.     By  using  thin  boards  it  was  possible  to 


a  5x5-in.  fillet  was  formed,  using  sheet  metal 
forms  for  this  purpose. 

It  was  necessary  to  tie  together  the  column 
forms  at  each  arch  to  prevent  their  being 
forced  out  of  line  by  the  lateral  pressure  of 


sary  to  hold  the  wet  concrete  in  place.  This 
part  of  the  arch  form  was  built  in  6x8-ft. 
panels,  held  in  place  by  spreaders,  and  wired 
to  the  joists. 

For   architecural    effect,   the    front    (Taylor 
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Section  3-3 


construct  these  forms  both  rapidly  and  eco- 
nomically. The  sides  of  the  arch  forms  were 
constructed  of  lx8-in.  boards,  placed  hori- 
zontally, and  braced  with  2x4-in.  vertical  pieces 
spaced  about  2  ft.  on  centers.  Figure  7  is  a 
view  of  the  structure  showing  a  part  of  the 
staging  and  forms  for  the  arches  and  roof. 
The  forms  for  the  4-in.  roof  slab  between 
arches  were  supported  on  joists  cut  from  2x10- 


the  wet  concrete  on  the  steep  slopes  of  the 
arch  ribs.  It  was  also  necessary  to  provide 
against  the  tendency  of  the  wet  concrete  to 
flow  in  the  sloping  cornice  forms.  These 
forms  were  braced  with  long  4-xC-in.  timbers, 
set  with  their  bases  at  the  34-ft.  level.  To 
lessen  the  pressure  caused  by  the  tendency  of 
the  wet  concrete  to  flow  toward  the  ends  of 
the    arch    ribs,    each    arch    was    concreted    in 


St.)  wall  of  the  gymnasium  follows  the  line 
of  the  running  track.  At  the  intersection  of 
this  wall  with  the  curved  roof  (as  has  been 
noted)  an  ornamental  concrete  cornice  is  pro- 
vided, which  follows  the  compound  curve  of 
the  intersection  of  wall  and  roof.  The  con- 
struction of  the  forms  for  this  cornice  re- 
quired very  careful  computations,  but  by  using 
thin  boards  which  could  be  readily  sprung,  it 
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Fig.  7 — East  Elevation  of  Chicago  Hebrew  Institute  Showing    Arch    and    Roof-slab    Forms   and    Staging — View  Also  Shows 

Material  Carriage  Hoist. 


in.  rough  tamarack  timljcr.  These  joists  were 
placed  perpendicular  to  the  arches  and  were 
.spaced  about  2  ft.  on  centers.  They  rested  on 
2xlO-in.  ledges  nailed  to  the  tops  of  the  4x6-in. 
posts,  these  ledges  thus  having  a  span  of  6  ft. 
At  the  junction  of  the  arch  ribs  and  roof  slab 


three  sections,  on  three  consecutive  days.  To 
insure  a  firm  bond  between  tlicsc  sections  a 
high  percentage  of  reinforcement  was  used 
at  the  junctions  between  sections.  The  lower 
portion  of  each  arch,  for  a  length  of  18  ft., 
was  so  steep  that  an  upper   form  was  neces- 


was  possible  to  construct  these  forms  with 
little  difficulty.  The  forms  were  built  on  the 
40x40-ft.  platform  at  the  ground  level  and 
then  hoisted  into  place  and  braced. 

In  constructing  the  forms  for  the  brackets 
supporting  the  running  track,  sheet  metal  was 
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used  for  their  bottoms,  to  insure  a  smooth, 
even  surface. 

In  building  the  forms  for  columns  and  gird- 
ers 1-in.  quarter  rounds  were  used  at  the  cor- 
ners to  give  a  finished  appearance. 

Bending  and  Placing  Reinforcement. — The 
main  reinforcing  bars  for  the  arches  were 
bent  on  an  ordinary  bending  bench,  by  means 


twice  the  live  load  used  in  its  design.  This 
loading  test  was  quickly  and  economically  con- 
ducted by  suspending,  at  three  points  along  the 
half  span  (7  ft.  8  ins.  apart),  a  cradle  on 
which  was  piled  the  required  load,  consisting 
of  2  X  10-in.  X  14-ft.  planks.  This  cradle  was 
swung  from  the  arch  a  few  feet  above  the 
ground  floor  by  means  of  a  %-in.  cable  about 


pipes  for  the  gymnasium  apparatus  and  elec- 
tric light  fixtures  were  installed  and  until  after 
the  ceiling  was  painted. 

The  painting  of  the  ceiling  consisted  of  ap- 
plying three  coats  of  white  cement  paint.    All 
floors  have  a  granitoid  finish,  the  surface  of  ■ 
which  was  covered  with  sand  and  kept  wet  for 
a  week  after  being  l.iid.     Figure   0  is  an  in- 


Fig.   8 — Front   and    West    Elevations    of   Chicago    Hebrew     Institute,    Showing    Concrete 

Plant   and    Forms    in    Place. 


of  gas-pipes,  to  templets  made  of  ^^-in  round 
bars.  These  were  placed  in  the  forms  singly, 
and  the  %-in.  round  ties  then  fastened  to  the 
bars  by  a  man  working  inside  of  the  forms 
while  another  man  stood  at  the  top  of  the 
form  and  held  the  bars  in  the  correct  posi- 
tion. The  position  and  size  of  the  arch  re- 
inforcement are  shown  in  Fig.  1. 

Hoist  for  Elevating  Materials. — The  lum- 
ber and  reinforcing  steel  for  the  arches  and 
roof  were  elevated  in  the  special  carriage  hoist 
shown  in  Fig.  7.  This  hoist  had  a  width  of 
10  ft.  and  a  capacity  of  one  ton.  It  moved 
along  two  parallel  tracks,  and  automatically 
dumped  its  load  of  lumber  or  steel  on  a  plat- 
form at  the  roof  level.  The  hoist  was  raised 
or  lowered  by  means  of  a  cable,  operated  from 
the  concrete  hoisting  engine  located  on  the 
opposite  side  of  the  building. 

Concreting  Plant  and  Procedure. — The  con- 
creting plant  consisted  of  a  %-cu.  yd.  batch 
mixer,  equipped  vi'ith  a  side  loader,  dischar.g- 
ing  into  a  20-cu.  ft.  hoisting  bucket,  which  in 
turn  emptied  into  a  1%-cu.  yd.  hopper  sus- 
pended from  the  hoisting  tower. 

In  concreting  the  main  arches,  a  staging  was 
built  adjacent  to  the  hoisting  tower,  and  ex- 
tended from  the  34-ft.  level  to  the  66-ft.  level, 
the  latter  being  about  1  ft.  above  the  crown  of 
the  arches.  This  staging  supported  a  runway. 
about  12  ft.  wide  (see  Fig.  8).  The  concrete 
for  the  arches  and  roof  slab  was  dumped  from 
the  hopper  into  4-cu.  ft.  wheelbarrows,  and 
wheeled  to  the  highest  point  of  the  roof  and 
along  the  comparatively  level  crown  portion. 
From  this  position,  it  was  .spouted  to  the  lower 
parts  by  means  of  small  chutes  laid  directly 
on  the  roof.  For  all  other  parts  of  the  struc- 
ture, the  concrete  was  hauled  in  carts  having 
a  capacity  of  6  cu.  ft. 

The  concreting  of  the  arches  was  done  dur- 


300  ft.  long,  the  cable  being  passed  successive- 
ly around  the  timbers  of  the  cradle  and  the 
loading  points  of  the  arch,  through  holes  cut 
in  the  roof  slab.  "Crosby"  clips  were  used  .at 
connection  points,  to  prevent  an  unequal  dis- 
tribution of  the  applied  load. 

The  test  was  made  while  the  staging  was 
still  in  place  so  that  measurements  to  deter- 
mine possible  deflections  could  be  made  quite 
accurately.  Although  careful  measurements 
were  made,  there  was  no  appreciable  defor- 
mation of  the  arch  or  change  in  the  distance 
between  columns  at  the  springing  lines.     The 


Fig.  9 — Interior   View  of    Portion    of    Main 
Gymnasium  of  Chicago   Hebrew   Institute. 

terior  view  showing  the  surface  finish  of  the 
concrete,  and  the  interior  brick  finish  of  the 
tile  walls.  The  view  also  shows  a  portion  of 
the  arches  and  running  track.  Figure  10  shows 
an  exterior  view  of  the  finished  building. 

Swimming  Pools. — The  two  swimming  pools 
(for  details  see  Fig.  6)  were  built  in  four 
working  days,  each  pool  being  completely  con- 
creted in  one  day.  They  were  constructed  of 
1:1%  :3  concrete,  heavily  reinforced,  and  were 
waterproofed  with  three  coats  of  "Ironite." 
The  pools  were  lined  with  white  mosaic  tile, 
and   gutters  were  constructed  of  cement. 


ing    the    period    Nov.    2-N'ov.    6,    1914. 


Al- 


9   ^ 


t 


"■A 

tMh. 


though  the  temperature  was  around  50°  F.,  a 
number  of  salamanders  were  supported  at  a 
distance  of  about  6  ft.  below  the  roof  sur- 
facing and  kept  in  operation  both  day  and 
night  to  hasten  the  setting  of  the  concrete. 
The  arch  forms  were  removed  about  the  mid- 
dle of  December. 

Testing  of  Arch. — In  February,  1915.  one 
arch  was  tested,  by  order  of  the  city  building 
department,    by    loading    the    half    span    with 


Fig.    10 — View    of    Taylor   Street     Front   of   Chicago    Hebrew    Institute,    Showing    Archi- 
tectural   Treatment   of    Exterior. 


difference  in  temperature  between  that  ex- 
isting in  the  morning  and  afternoon  caused 
a  rise  and  fall  of  the  crown  of  about  1/16  in. 
Removal  of  Forms  and  Finishing. — The  set- 
tlement of  the  crown  when  the  arch  forms 
were  removed  was  between  Vg  and  3/16  in. 
The  staging  was  left   in   place  until   the  3-in. 


Stairs. — The  reinforced  concrete  stairs  were 
constructed  after  the  building  was  enclosed, 
and  finished  immediately  after  being  con- 
creted. Some  of  the  stairs,  which  have  4-in. 
brick  walls  for  railings,  were  built  by  first 
concreting  the  inclined  slabs,  then  construct- 
ing   the    4-in.    walls,    and    finally    placing   the 
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ready-made  steps  in  position.     The  remaining 
stairs   were  built   in   the   usual   manner. 

Railing  Posts  for  Running  Track. — The  rail- 
ing posts  along  the  outer  edge  of  the  running 
track  were  cast  in  advance  of  the  construction 
of  the  7-in.  track  slab.     The  reinforcing  bars 
in  tliese  posts  were  extended  beyond  the  bases 
I        and  bent  into  the  plane  of  the  slab.    The  posts 
j        were  then  set  in  place  and  the  running  track 
j        slab  concreted. 

I  PERSONNEL. 

L.  J.  Mensch,  of  Chicago,  was  engineer  and 

contractor  for  this  building.    The  architectural 

\        design  was  executed  by  Ottenheimer,  Stern  & 

j        Reichert,   also   of   Chicago.     We  are  indebted 

to  Mr.  Mensch  for  the  data  upon  which  this 

article  is  based. 


The  Need  for  Treating  Timber  Used  in 
Flactory   Construction    With   Sug- 
gestions  as   to   Methods   of 
Treatment. 

(Staff  Abstract. ) 

It  is  becoming  difficult  to  get  timber  for 
mill  construction  of  uniform  quality  with  suffi- 
cient natural  resistance  to  withstand  fungus 
unaided  in  the  moist  atmposhtre  of  textile  and 
paper  mills.  Longleaf  pine  of  high  natural 
resistance  can  be  obtained,  but  by  present  sell- 
ing and  grading  methods  there  frequently  is 
mixed  with  it  enough  light  porous  material  to 
destroy  the  reliablity  of  the  lot  for  important 
uses.  Figure  1  illustrates  the  wide  range  of 
densities  which  is  now  being  sold  as  good 
longleaf  pine.  As  a  result  of  the  poor  quality 
of  timber  practically  obtainable  and  the  higher 
factory  humidities  in  common  use  antiseptic 
treatment  of  mill  timber  and  planking  is  be- 
coming a  necessity. 

Little  experience  is  available  to  guide  the 
pioneer  in  the  preservation  of  mill  timber. 
That  which  has  been  treated  in  the  past  has 
been  used  for  basement  floors,  bridges,  and 
other  construction  near  or  in  contact  with 
the  earth,  where  the  conditions  are  somewhat 
similar  to  those  which  have  been  successfully 
met  in  treating  railroad  ties.  The  problem  of 
mill  frames  and  floors  is  dift'erent  in  several 
respects.  Leaching  is  of  little  importance. 
Fire  hazard  with  enclosed  rooms  containing 
large  values  demands  the  most  careful  con- 
sideration. The  strength  of  the  frame  sup- 
porting a  high  building  filled  with  processes 
involving  wide  variations  in  temperature  and 
dryness,  and  subject  to  the  constant  shock 
and  vibration  of  moving  machinery  must  be 
safe-guarded  against  deterioration  over  long 
periods  of  time. 

CAUSES    OF    DEC.^Y. 

Fewer  botanical  varieties  of  timber  are  prac- 
tically available  for  mill'  construction  than  for 
railroad  ties.  This  simplifies  the  problem  as 
each  variety  of  tree  has  its  own  fungus  de- 
stroyers. Moreover  the  varieties  of  fungi 
which  attack  a  given  variety  of  wood  are 
further  limited  by  moisture  and  temperature 
requirements,  in  which  most  of  them  are  very 
exacting.  It  is,  therefore,  to  be  expected  that 
only  a  few  varieties  of  fungi  will  be  found  in 
mill  buildings. 

The  railroad  tie  in  contact  with  the  earth 
is  subject  to  continuous  attack  by  mycelium, 
as  well  as  by  spores  from  fungi  which  flour- 
ish on  nearby  decaying  vegetation.  Such 
sources  of  infection  exist  to  a  much  less  de- 
gree in  a  building  with  smoothly  painted  ceil- 
ings and  clean  floors.  .A,s  a  result,  timbers 
of  moderate  natural  resistance,  such  as  good 
quality  longleaf  pine,  heart-wood,  without  an- 
tiseptic treatment,  have  proved  entirely  satis- 
factory for  mill  construction  in  the  past.  It 
is,  therefore,  to  be  expected  that  much  less 
elaborate  preservative  treatments  from  those 
in  use  for  railroad  ties  will  satisfy  the  re- 
quirements of   mill   timber. 

Members  of  the  f>olyporous  family  cause 
much  damage  to  mill  roofs  and  basement 
floors  where  excessive  moisture  is  prevalent. 
A  reduction  of  the  moisture  will  generally  ar- 
rest them,  but  this  is  not  often  possible,  owing 
to.  the  necessities  of  manufacturies  processes. 

Dry  rot  funi/i  are  able  to  carry  on  their 
work  of  destruction  where  little  moisture  is 
present.    They  have  a  treacherous  resting  state 


and  are  frequently  brought  into  a  building 
with  the  lumber.  Their  rapid  growth,  and  the 
rapidity  with  which  they  destroy  both  new  and 
old  buildings,  make  them  particularly  danger- 
ous. 

Mcrulius  tachrymans  has  not  been  consid- 
ered common  in  this  country,  but  from  the 
many  widely  separated  places  in  which  it  has 
been  found  it  cannot  be  disregarded  as  a  de- 
stroyer of  structural  timber.  It  is  probable 
that  the  chief  reason  for  its  infrequent  men- 
tion in  the  past  is  that  the  timber  then  in  use 
liad  a  high  natural  resistance  to  it.  Plants  of 
the  merulius  lachrymans  and  coniophora  cere- 
bclla  have  been  found  associated  with  some  of 
the  most  serious  cases  of  rot  investigated. 

Mcrulius  lachrymans  must  have  the  wood 
prepared  for  it  by  coniophora  cerebella  or 
some  other  acid  producing  fungus,  is  the  con- 
clusion of  Dr.  Falck.  A  regular  sequence  of 
fungi  on  a  rotting  stump  is  frequently  ob- 
served. The  study  of  wood  treating  processes 
should  be  further  simplified  by  this  peculiarity 
as  it  may  be  necessary  to  stop  only  the  pri- 
mary invaders  to  arrest  their  followers. 

INFECTION     OF     TIMBER. 

The  present  methods  of  handling  loblolly 
and  shortleaf  pine  timber  are  disastrous,  not 
only  to  the  purchasers  but  also  to  the  lumber 
industry.  The  timber  is  generally  of  reason- 
able strength,  and  would  make  excellent  ma- 
terial for  many  purposes  if  kept  sound,  but 
the  high  susceptibility  of  its  broad  sap  wood 
to  fungus  attack  makes  it  an  ideal  cultivating 
ground  to  destructive  fungi,  with  the  result 
that  it  is  not  only  rapidly  destroyed  itself,  but 
frequently  carries  dangerous  wood  destroyers 
into  buildings  previously  sound.  In  one  case  a 
mill  25  years  old,   with  oak  posts  and   white 


of  vessels  for  a  voyage  of  several  weeks,  later 
being  placed  in  lumber  yards  where  destruc- 
tive fungi  are  almost  always  present.  In  one 
very  serious  case  investigated,  there  is  little 
doubt  but  that  the  disease  spread  from  timber 
to  timber  while  piled  in  the  mill  yard  awaiting 
erection.  This  would  undoubtedly  have  been 
prevented  by  a  suitable  superficial  antiseptic 
treatment  of  this  material  at  the  saw  mill. 

The  combustibility  of  heavy  timber  construc- 
tion with  automatic  sprinkler  protection  has 
not  been  found  to  be  a  serious  objection  in 
buildings  in  which  this  form  of  construction 
has  advantages  from  cheapness,  convenience 
in  hanging  shafting  or  comfort  of  employees. 
A  useful  property  of  importance  in  paper 
mills  and  weaving  mills,  where  there  is  high 
atmospheric  humidity,  is  the  heat  insulating 
power  of  heavy  plank  roofs.  It  would  un- 
doubtedly be  advisable  in  many  cases  to  make 
the  roof  an  inch  or  two  thicker  than  strength 
alone  requires,  with  this  object  in  view,  as 
sweating  roofs  damage  goods  and  are  other- 
wise troublesome.  With  thick  roofs  it  is  ab- 
solutely necessary  to  have  lumber  which  is 
immune  to  fungus  under  the  conditions  which 
prevail.  If  material  of  sufficient  natural  re- 
sistance cannot  be  obtained  at  a  reasonable 
price,  antiseptic  treatment  is  imperative. 

METHODS    OF    TREATMENT. 

Coal  tar  compounds,  which  are  extensively 
and  successfully  being  used  for  railroad  ties 
and  other  timber  in  exposed  situations,  are  not 
generally  adapted  to  factory  construction,  ow- 
ing to  the  black,  greasy  surface  which  they 
leave,  their  somewhat  disagreeable  odor,  and 
chiefly  to  the  increased  fire  hazard. 

Railroad  ties  and  telegraph  poles  that  have 
been    creosoted    are    rather    less    combustible 
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Fig.    1. 


Specimens     Showing     Variation     in   Density  of  Timber  Sold  as  Good  Long- 
leaf   Pine. 


pine  beams,  was  found  in  a  dangerous  condi- 
tion from  dry  rot,  brought  in  apparently  in 
boards  used  for  making  a  temporary  floor  in 
the  basement.  Such  timber  should  be  given  a 
suitable  antiseptic  treatment  as  soon  as  pos- 
sible after  it  leaves  the  saw. 

The  facility  with  which  new  lumber  can 
pick  up  infection,  even  when  handled  with 
unusual  care,  is  almost  incredible.  The  writer 
recently  received  from  a  Southern  lumber 
manufacturer  four  samples  of  shortleaf  and 
loblolly  pine  which  were  sawed  from  the  logs 
in  the  woods  and  placed  directly  on  the  cars, 
not  associated  with  other  lumber.  They  were 
received  within  a  week  after  they  were  ship- 
ped, and  were  bright,  with  no  signs  whatever 
of  any  form  of  fungus  growth.  They  were 
placed  in  a  cellar  at  an  average  humidity  of 
about  90  per  cent.  In  the  course  of  a  few 
weeks  a  fungus  growth  appeared  on  the  sap- 
wood.  This  continued  to  increase  during  the 
summer  months,  the  samples  having  been  re- 
ceived in  the  late  spring.  In  the  early  autumn 
fruiting  plants  appeared.  The  increasing  dry- 
ness of  the  atmosphere  arrested  them,  so  that 
it  was  not  possible  to  determine  the  variety 
with  certainty.  If  logs  can  be  infected  under 
such  conditions,  there  is  little  hope  for  sap- 
wood,  which,  after  being  sawed  fresh  from  the 
forest,  is  closely  piled  on  cars  or  in  the  holds 


than  those  wliich  have  not.  A  part  at  least 
of  this  apparent  fire  resistance  can  be  ac- 
counted for  by  the  fact  that  the  sound  wood 
of  the  preserved  material  is  considerably  less 
combustible  than  the  punky  wood  of  that 
which  has  been  attacked  by  fungus.  The 
rapid  escape  of  the  heated  gases  from  the 
immediate  neighborhood  of  the  burning  ma- 
terial is  also  a  factor  with  fires  in  the  open 
air.  -  Conditions  in  mill  buildings  are  quite 
different.  The  closed  rooms  can  retain  the 
heat  generated  by  the  burning  oil,  rapidly  rais- 
ing the  temperature  to  the  ignition  point  of 
the  wood,  extending  the  fire,  and  increasing 
the  water  and  smoke  damage  to  the  contents. 

Chloride  of  zinc,  which  is  extensively  used 
on  railroad  ties,  has,  so  far  as  the  writer  is 
aware,  been  used  in  mills  only  to  a  very 
limited  extent  and  practically  no  data  are 
available  as  to  its  value.  The  suspicion  that 
it  may  gradually  decrease  the  strength  of  the 
timber  over  long  periods  of  service,  or  when 
subjected  to  high  temperatures,  would  cause 
it  to  be  regarded  with  disfavor  until  further 
proof  of  its  harmlessncss  is   forthcoming. 

Corrosive  sublimate  has  been  used  somewhat 
in  the  past  with  good  results.  Little  experience 
is  available  as  to  its  scrviccableness  when  ap- 
plied to  mill  timbers,  although  basement 
floor  planks,  fence  posts,  parts  of  bridges,  etc., 
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are  in  use  about  the  Lowell  mills  which  have 
been  treated  with  it  at  various  times  within 
the  past  60  years  and  which  are  reported  to 
have  given  satisfactory  service.  One  author- 
ity states  that  wood  treated  with  corrosive 
sublimate  is  in  extensive  and  successful  use 
in  Germany  and  Austria.  Another  authority 
regards  corrosive  sublimate  as  an  effective 
wood  preservative  when  applied  in  an  open 
tank  with  comparatively  little  penetration,  ow- 
ing to  its  high  toxic  power  and  to  the  fact 
that  it  forms  an  insoluble  compound  in  the 
wood  cells,  which  make  them  permanent. 

For  treatment  of  mill  timber  an  inexpensive 
process  which  can  be  applied  on  the  job  after 
the  timber  is  cut  to  final  shape  has  many  ad- 
vantages. In  several  cases  where  timber  has 
recently  been  so  treated  with  corrosive  sub- 
limate the  cost  and  convenience  have  been 
very  satisfactory. 

From  the  limited  information  thus  far  avail- 
able the  corrosive  sublimate  process  appears 
to  be  best  adapted  to  the  general  requirements 
of  mill  timber.  Fluorine  compounds  have 
shown  good  results  in  laboratory  experiments, 
but  no  practical  experience  with  them  is  avail- 
able. The  cheapness  of  chloride  of  zinc  or 
sodium  fluoride  would  not  give  them  a  great 
advantage  over  corrosive  sublimate,  as  the  cost 
of  the  chemicals  is  a  comparatively  small  item 
in  either  case,  when  used  in  open  tanks,  and 


the  cost  would  be  easily  compensated  for  by 
the  greater  toxic  power  of  the  mercury  salt. 
In  conclusion,  there  is  no  doubt  that  the 
value  of  the  mill  timbers  which  rot  each  year 
is  a  sufficiently  large  sum  to  make  preservative 
treatments  well  worth  while.  When  the  prob- 
lem is  narrowed  down  to  the  conditions  of 
moderate  exposure  in  the  mills,  the  few  woods 
available  for  mill  construction,  and  the  few 
fungi  that  commonly  destroy  them,  it  is  prob- 
able that  a  reasonably  cheap  and  convenient 
process  such  as  corrosive  sublimate  in  an  open 
tank  will  satisfy  all  requirements  if  applied 
soon  enough.  Probably  a  light  treatment  at  the 
saw  mill  and  another  after  being  cut  to  final 
shape  and  ready  to  be  put  in  place  in  the  mill 
frame   will   be    found   most   serviceable. 
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Concerning  the  Relative  Cost  of  Using 
Steel  and  Wood  Forms. 

(Staff  Article.) 
According  to   data   furnished   by  the   Aber- 
thaw  Construction  Co.,  of  Boston,  steel  forms. 


when  leased  and  returned,  cost  30  cts.  per 
square  foot.  The  average  cost  of  wood  forms,- 
when  used  four  times,  is  about  3  cts.  per  su- 
perficial foot  of  contact.  It  is  thus  necessary 
to  use  steel  forms  ten  times  to  bring  the 
average  material  cost  down  to  that  of  wood. 
Wood  forms,  however,  are  so  shaken  and 
damaged  that,  after  being  used  three  or  four 
times,  they  are  practically  worn  out  and  must 
be  replaced. 

The  Aberthaw  Company  has  used  steel 
forms  an  average  of  13  times  on  one  job, 
with  the  result  that  the  forms  are  still  in 
good  condition.  This  company  has  never  used 
steel  forms  to  destruction,  although  it  has 
sometimes  used  them  30  times.  Probably  4-5 
usages  is  a  conservative  estimate  of  the  life 
of  steel  forms.  During  the  life  of  such  forms 
probably  3  cts.  per  square  foot  will  have  been' 
spent  for  upkeep,  but  when  they  are  worn  out 
the  metal  is  worth  about  that  amount  as 
junk. 

If  the  steel  forms  are  bought  at  45  cts.  per 
square  foot,  instead  of  being  leased  at  30  cts. 
per  square  foot,  the  ultimate  cost  for  each 
time  used  would  be  1  ct.  per  square  foot,  to 
which  should  be  added  0.5  ct.  per  square  foot 
for  wedges  and  keys.  This  makes  their  ulti- 
mate cost  about  one-half  that  of  wood  forms. 


EWERA( 


;amitation 


Results    of    An    Efficiency    Test    of    a 
Shone  Ejector  Plant. 

(Staff  Abstract.) 

The  Shone  sewage  ejector,  actuated  from 
a  central  station  by  compressed  air  power, 
may  be  used  in  any  of  the  following  cases : 

(1)  Where  there  is  no  natural  outlet.  (2) 
Where  the  natural  surface  is  so  level  as  to 
render  impracticable  the  construction  of  self- 
cleansing  sewers  at  grades  above  the  natural 
outlet.  (3)  Where  sewers,  proportional  to  the 
normal  flows  through  them,  and  laid  at  self- 
cleansing  grades  would  be  so  deep  as  to  be 
prohibitive  in  point  of  cost.  (4)  In  undu- 
lating districts  containing  several  natural 
drainage  areas,  where  natural  gravitation 
would. necessitate  deep  and  expensive  cut- 
tings or  tunnels.  (5)  In  low-lying  basins  on 
flat  districts  from  which  it  is  not  practicable 
to  convey  the  sewage  to  the  main  gravitation 
system  employed,  (6)  In  large  buildings  from 
which  liquid  wastes  cannot  be  discharged  by 
gravitation.  (7)  For  discharging  sewage 
sludge. 

THE   EJECTOR. 

A  Shone  ejector  is  shown  in  sectional  view- 
herewith.  The  sewage  is  admitted  through 
the  inlet  pipe.  A,  gradually  rising  in  the 
ejector  till  it  reaches  the  under  side  of  the 
bell,  D,  thus  enclosing  the  air  therein  at  at- 
mospheric pressure.  As  the  sewage  continues 
to  rise  above  the  edges  of  the  bell  this  air  is 
compressed  sufficiently  to  raise  the  bell  with 
its  attached  spindle,  thus  opening  the  com- 
pressed air  admission  valve,  E.  The  com- 
pressed air  thus,  admitted  presses  on  the  top 
of  the  sewage,  the  check  valve  in  the  inlet 
pipe.  A,  closes,  that  in  the  outlet  pipe,  B, 
opens,  and  the  sewage  is  forced  out  of  the 
bell-mouthed  bottom  opening  through  the  out- 
let valve  and  the  raising  main  up  to  the  out- 
let pipe,  B,  which  communicates  directly  with 
the  gravitating  sewer.  As  the  sewage  passes 
out,  its  level  falls  till  the  cup,  C,  is  left  full 
of  water,  unsupported  by  the  liquid  pressure, 
whose  weight  causes  the  cup  to  descend,  pull- 
ing down  the  bell  and  spindle  and  thereby  re- 
versing the  compressed  air  admission  valve, 
which  first  cuts  off  the  supply  of  compressed 
air,  and  then  opens  the  exhaust  valve  through 
which  the  air  in  the  ejector  exhausts  down 
to  atmospheric  pressure.  The  outlet  valve 
falls  on  its  seat,  the  inlet  valve  opens,  and 
the  sewage  fills  the  ejector  again,  driving  the 
air  out   through   the   air  exhaust  valve  as  it 


rises.  The  positions  of  the  bell  and  cup  are 
so  adjusted  that  the  compressed  air  is  not  ad- 
mitted till  the  ejector  is  filled  with  sewage, 
and  is  not  allowed  to  exhaust  till  the  sewage 
has  fallen  to  the  discharge  level.  The  spindle 
is  attached  at  the  top  to  a  lever  provided  with 
an  adjustable  counterweight,  which,  acting  as 
a  balance  to  the  weight  of  the  cup,  C,  permits 
a  range  of  adjustment  of  the  discharge  level 


Sectional   Elevation  of  the  Shone  Ejector. 

from  a  level  where  the  falling  sewage  first 
leaves  an  appreciable  weight  in  the  cup,  to  a 
level  which  clears  the  cup  entirely.  The 
ejectors  are  made  in  sizes  of  the  following 
capacities,  50,  100,  150,  200,  250,  300,  400  and 
500  gals. 

THE    TEST. 

The  plant  tested  is  a  portion  of  the  sew- 
erage system  of  Ithaca,  N.  Y.,  whose  popula- 
tion is  about  14,000.  The  separate  system  is 
used  and  the  collection  is  according  to  the 
Fan  system.  The  sewage  of  the  city  is  col- 
lected by  four  mains,  two  of  which  flow  di- 
rectly to  the  pumping  station,  and  the  other 
two  are  brought  to  the  ejector  station,  where 
the  sewage  is  lifted  8  ft.  to  the  gravitating 
main,   which   carries   it   to   the    pumping   sta- 


tion. Two  500-gaI.  Shone  ejectors  are  placed 
in  a  circular  chamber  13.3  ft.  in  diameter, 
the  floor  of  which  is  22  ft.  below  the  street. 
The  south   ejector  was  used   for  the  test. 

Compressed  air  is  supplied  through  a  main 
4,018  ft,  long,  of  6-in.  cast  iron  pipe,  from 
an  air  compressing  plant  at  the  pumping  sta- 
tion. The  air  plant  consists  of  two  Rand 
Drill  Co.'s  Class  B  steam  air  compressors, 
A  receiving  tank  is  used  on  which  the  pressure 
is  kept  between  13  and  15  lbs. 

To  be  complete,  the  test  required:  (1)  An 
efficiency  test  of  the  compressor;  (2)  an  effi- 
ciency test  of  the  air  main;  (3)  an  efficiency 
test  of  the  ejector. 

Compressor. — Since  the  ejector  plant  had  to 
be  kept  in  operation  more  or  less  continuously 
a  number  of  half  hour  runs  for  the  com- 
pressor test  with  15-minute  intervals  was 
adopted,  and  seven  such  runs  were  made  with 
the  compressor  pumping  through  the  nozzle. 
Steam  and  air  cards  were  taken  from  each 
side  of  the  compressor  every  five  minutes,  as 
were  also  readings  of  the  continuous  ccmnter, 
air-tank  and  air-nozzle  gages,  with  corre- 
sponding temperatures,  weight,  and  initial  and 
final  temperatures,  weight  and  initial  and  final 
temperatures  of  jacket  water,  and  tempera- 
tures of  the  room  and  of  the  outside  air. 
Seven  runs  were  made  and  the  average  effi- 
ciency of  the  air  cylinder  was  found  to  be 
77.87  per  cent. 

Air  Main. — For  the  efficiency  test  of  the 
air  main,  the  same  method  was  adopft^d  and 
the  same  readings  taken,  except  that  the  air 
nozzle  with  its  gage  and  thermometer  was 
removed  from  the  receiving  tank  and  at- 
tached to  the  end  of  the  air  main  in  the 
ejector  chamber,  where  the  atmospheric  tem- 
perature was  noted.  Five  runs  were  made  and 
the  results  were  as  follows:  Averages  of 
mechanical  efficiency  both  runs,  83.05  per  cent, 
run  number  two,  48.94  per  cent  efficiency  for 
air  delivered.  Efficiency  from  steam  cvlinder 
to  nozzle  on  ejector  =  83.05  X  .4894=40.04 
per  cent.  Efficiencv  of  transmission  =^  .4894 
-=-  77.87  =  62.85  per  'cent. 

Ejector. — For  the  efficiency  test  of  the 
ejector,  a  three-hour  continuous  run  was 
made  with  the  ejectors  performing  their  regu- 
lar duty,  the  southern  ejector  discharging  at 
intervals  of  3-2  minutes  and  the  northern  at 
intervals  of  45  minutes.  Steam  cards  and 
readings  of  the  continuous  counter  and  of  the 
tank  gage  were  taken  at  the  compressor  at 
intervals  of  ten  minutes,  while  at  the  ejector 
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were  taken  the  number  of  ejections  and  time 
of  discharge  and  gage  readings  just  before, 
at  the  minimum  pressure  during,  and  just 
after  discharge.  Barometer  readings  were  ob- 
tained. The  results  of  the  19  runs  were  as 
follows:  Average  efficiency  of  actual  lift 
16.39  per  cent;  of  effective  Uft  7.39  per  cent; 
and  of  the  pump  lift,  14.01  per  cent.  Actual 
lift,  17.96  ft.;  effective  lift,  8.17  ft.;  pump 
lift,   15.37   ft. 

The  average,  for  Runs  I  and  II,  of  the 
ratios  between  the  respective  totals,  gave  for 
the  mechanical  efficiency  of  the  compressor 
83. U5  per  cent. 

The  number  of  cubic  feet  of  air  pumped 
per  minute,  from  the  nozzle  during  Run  No.  1 
was  found  from  the  nozzle  calibration  curve 
and  the  energy  stored  therein  was  computed. 
The  average  percentage  of  these  results  to  the 
I.  H.  P.  of  the  air  cylinders  is  77.87  per  cent, 
which  represents  the  efficiency  of  the  air  cyl- 
inder, taking  into  account  the  loss  due  to  heat- 
ing and  compressing  the  air. 

For  Run  No.  II,  the  same  method  of  find- 
ing the  horsepower  of  the  air  delivered  was 
adopted,  the  efficiency  referred  to  the  air 
cylinder  being  found  as  48.94  per  cent,  where 
the  efficiency  of  transmission  through  the  air 
main  becomes  48.94  -^  77.87  —  62.8.5  per  cent. 
From  the  data  of  the  Run  No.  Ill  were  com- 
puted the  efficiencies  of  the  entire  plant  from 
the  I.  H.  P.  of  the  steam  cylinder  and  the 
horsepower  of  the  ejector  computed  on  the 
basis  of  4,810  lbs.  of  water  lifted  per  each 
ejection    through: 

(1)  An  efficiency  lift  of  8.17  ft.  from  the 
inflow  pipe  to  the  end  of  the  discharge  pipe 
one   block   distant. 

(2)  A  pump  lift  of  15.37  ft.,  being  the  above 
lift  plus  the  friction  head  due  to  forcing  the 
sewage  through  451  ft.  of  r2-in.  iron  outlet 
pipe,  which  flows  full  during  the  time  of  the 
ejector  discharge  (about  14  seconds).  This 
corresponds  to  a  velocity  of  7  ft.  per  second, 
for  which  the  friction  head  is  7.2  ft. 

(3)  The  actual  lift  of  17.96  ft.  being  the 
pump  lift  plus  the  lift  due  to  the  fall  of  the 
sewage  from  the  entering  main  to  the  top  of 
the  ejector  dome  (0.59  ft.)  plus  the  addi- 
tional lift  due  to  the  center  of  gravity  of  ihe 
ejector  contents  being  about  mid-depth  of  the 
mass   (2  ft.)   below  the  top  of  the  dome. 

From  "these  efficiencies  and  tlie  efficiency  be- 
tween the  steam  cylinder  and  the  nozzle  in  the 
Run  No.  II  (i.  e.,  48.94  per  cent  of  83.05  per 
cent  =  40.04  per  cent)  the  corresponding  effi- 
ciencies of  the  ejector  proper  were  deter- 
mined, as  follows : 

Efficiency  of  ejector  =  efficiency  of  total 
plant  -:-  efficiency  from  steam  cylinder  to  noz- 
zle in  Run  II. 

The  efficiency  of  the  ejector  for  the  actual 
lift  (40.33  per  cent)  may  be  considered  very 
satisfactory.  The  efficiency  of  the  total  plant 
is  low  on  account  of  the  low  efficiency  of 
transmission,    as    well    as   on    account    of    the 

t       efficiency  of  the  ejector. 
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Method  and  Results  of  Making  Sewage 
Gagings  at  Berkeley,  Calif. 

(Siaff   Abstract.) 

Where  possible  the  correct  method  of  ob- 
taining the  data  necessary  for  the  design  of 
a  comprehensive  system  of  sewers,  intercept- 
ing sewers  or  sewage  treatment  works  is  to 
measure  the  flow  of  sewage  in  a  district  al- 
ready sewered  and  of  known  population  and 
characteristics.  Thus  the  city  of  Berkeley, 
Calif.,  in  the  fall  of  1911  approved  the  plan 
of  its  city  engineer,  Mr.  J.  J.  Jessup,  to  in- 
stall a  weir  at  one  of  the  sewer  outfalls  to 
obtain  data  on  local  sewage  flow  for  use  in 
designing  the  new  system  of  sewers  installed 
in  1914.  The  sewage  flow  was  found  to  differ 
widely  from  the  water  consumption,  a  signifi- 
cant fact  since  the  sewage  flow  is  commonly 
assumed  to  equal  the  total  consumption  of 
water  in  designing  new  sewer  systems. 

A   16-in.   sewer   outfall    was   chosen   as   the 


best  site  for  the  weir.  The  district  tributary 
to  this  outfall  is  residential,  the  character  of 
the  population  varying  from  factory  workers 
in  the  western  part  to  those  in  better  circum- 
stances in  the  eastern  part,  the  latter  includ- 
ing some  of  the  finest  residences  in  the  city. 

The  measuring  device  consisted  of  a  box  4 
by  5  ft.  by  8  ft.  6  ins.  built  of  2-in.  redwood  and 
placed  perpendicular  to  the  sewer  outfall.  At  the 
south  end  of  the  bo.K  was  a  2-ft.  suppressed 
weir  with  a  sharp  steel  crest  3  ft.  above  the 
bottom  of  the  channel  of  approach,  which  was 
3  ft.  long  and  2  ft.  wide.  The  sewer  entered 
the  box  at  the  north  end,  the  center  of  the 
pipe  being  13  ins.  from  the  end  and  28  ins. 
above  the  bottom.  The  sewage  passed  through 
three  baffles  to  reach  the  weir,  two  horizontal 
and  one  vertical.  The  float  chamber,  2  ft. 
square,  and  the  still  bo.x  were  on  the  east  side 
of  the  channel  of  approach.  A  flush  gate  at 
the  north  end  opposite  the  sewer  inlet  was 
used  two  or  three  times  a  week  to  flush  the 
sludge  out  of  the  box.  The  16-in.  sewer 
along  Folger  avenue  was  constructed  on  a  1 
per  cent  grade,  which  gives  a  maximum  dis- 


Diagram      of      Recording      Device      Used      in 

Measuring    Flow   of    Sewage   at 

Berkeley,  Calif. 

charge  of  8.5  cu.  ft.  per  second,  so  the  weir 
was  built  for  a  capacity  of  9  cu.  ft.  per  sec- 
ond. 

The  automatic  recording  device  used  is 
shown  herewith.  The  vertical  drum  is  24  ins. 
in  length  and  22  ins.  in  circumference,  and  is 
so  geared  to  the  clock  that  it  revolves  at  a 
rate  of  %  in.  per  hour.  The  complete  revo- 
lution was  made  in  about  seven  days,  the  rec- 
ord sheet  being  changed  every  week.  The 
pencil  carried  by  the  float  rod  is  held  against 
ihe  drum  by  a  spring,  .so  that  a  curve  is  drawn 
upon  the  record  she"et.  By  reference  to  a 
datum  line  drawn  on  the  sheet  when  it  is 
placed  on  the  drum  the  curve  gives  the  head 
on  the  weir  at  any  time.  This  datum  line  is 
drawn  by  revolving  the  drum  with  the  pen- 
cil bearing  on  the  paper  and  the  clock  mech- 
anism disconnected.  The  height  of  the  datum 
line  above  the  weir  crest  is  determined  by  a 
hook  gage. 

The  records  obtained  cover  the  period  ex- 
tending from  March,  1912  (the  date  of  com- 
pletion of  the  weir),  to  March,  1913.  During 
this  time  all  conditions  of  flow  were  experi- 
enced, from  the  extreme  dry  weather  flow  to 
the  high  rate  during  and  immediately  follow- 
ing rainstorms,  at  which  times  the  sewer  was 
taxed  to  its  capacity. 

The  rags  and  paper  in  the  sewage  caused 
considerable  annoyance  by  clogging  the  baf- 
fles. It  was  thought  that  this  clogging  could 
be  prevented  by  placing  a  screen  in  front  of 


the  baffles.  A  vertical  bar  screen  was  con- 
structed and  placed  in  the  box,  but  was  re- 
moved in  a  short  time,  since  it  was  seen  that 
the  clogging  of  the  screen  caused  more  trou- 
ble than  had  before  been  experienced  with  the 
clogging  of  the  baffles.  Frequent  cleaning  of 
the  baffles  with  a  rake  was  the  only  method 
of  doing  away  with  this  annoyance.  The 
sludge  which  collected  in  the  box  was  re- 
moved by  pushing  it  out  thrcmgh  tlie  flush  gate 
with  a  squeegee.  The  clock  mechanism  used 
to  revolve  the  drum  bearing  the  record  sheet 
was  a  constant  source  of  trouble.  The  ex- 
posure to  the  salt  air  caused  the  works,  and 
especially  the  steel  springs,  to  corrode,  and 
it  was  necessary  to  clean  the  works  often  and 
to  keep  them  well  oiled.  A  duplicate  clock 
was  provided  to  avoid  interruptions  of  the  rec- 
ord. 

In  computing  the  discharge  over  rectangular 
weirs  it  has  been  found  that  for  heads  varying 
from  0.07  to  0.50  ft.  the  formula  of  Fteley 
and  Stearns  gives  the  most  accurate  results, 
while  for  heads  above  0.50  ft.  the  Francis 
formula  should  be  applied.  For  the  case  in 
hand  these  two  formulas  were  applied  in  the 
computations  for  discharge.  It  was  neces- 
sary to  correct  for  velocity  of  approach.  Al- 
though the  weir  crest  was  3  ft.  above  the 
floor  of  the  box,  the  channel  of  approach 
was  taken  as  2  ft.  deep,  to  allow  for  sludge 
to  a  depth  of  1  ft.  under  the  crest. 

The  sewers  of  this  district  were  designed 
to  carry  house  sewage  alone,  and  no  rain 
water  was  supposed  to  enter  them  except 
through  manholes  or  by  seepage.  Neverthe- 
less, every  rain  immediately  increased  the 
discharge  of  the  sewer,  showing  that  rain 
water  found  its  way  to  the  sewer  by  a  more 
direct  route  than  either  of  the  above.  _  This 
was  accounted  for  by  the  connections  of  roof 
drains  to  the  sewer  which  had  been  made  in 
many  places  contrary  to  the  city  ordinance 
prohibiting   such   connections. 

The  similarity  of  the  record  diagrams  was 
very  noticeable.  For  days  with  flow  uninter- 
rupted by  rainfall  the  fluctuation  of  flow  dur- 
ing the  twenty-four  hours  follows  the  same 
cycle  each  day.  The  flow  is  a  minimum  early 
in  the  morning — about  4  a.  m.  to  6  a.  m.  There 
comes  then  a  sudden  increase  to  the  maximum 
for  the  day,  which  occurs  between  8  a.  m.  and 
10  a.  m.  The  flow  then  decreases  slowly  un- 
til about  5  p.  m.,  when  it  begins  to  increase 
again,  reaching  a  maximum  at  8  p.  m.,  after 
vvhich  it  decreases  to  the  early  morning  min- 
imum. An  examination  of  the  records  for 
various  days  shows  a  maximum  flow  on  Sun- 
day with  very  constant  daily  flow  for  other 
days  of  the  week. 

By  taking  off  the  maximum  ordinate  and 
minimum  ordinate  from  each  day's  record  dia- 
gram the  maximum  and  minimum  flows  for 
that  particular  day  were  determined  by  means 
of  a  head  discharge  diagram.  From  the  area 
under  the  curve  the  average  ordinate  was 
computed,  and  from  this  the  average  flow  for 
the  day  was  determined.  The  following  re- 
sults were  obtained  by  omitting  all  rainy  day 
records,  of  which  there  were  47.  The  follow- 
ing figures  were  found : 

Gals,  per 
24  hours. 

Average  flow  tor  year S^?'S52 

Maximum  flow   '^?'5?5 

Minimum  flow   •  ■  ■   472,000 

Percentage  of  max.  over  average. .  .42.8 
Percentage  of  mln.  under  average.  .26.6 

Cubic  feet 
per  second. 

Maximum  rate  for  any  day 2.1 

Minimum  rate  for  any  da-y 0.2 

Average  rate  for  all  days 0.99 

Percentage  of  m.ix.  over  average. 112 
Percentage  of  mln.  under  average  80 

The  population  of  the  district  was  deter- 
mined by  a  thorough  canvass,  in  which  all 
dwellings,  stores,  schools,  industrial  estab- 
lishments, etc.,  were  counted.  The  "persons 
per  dwelling"  factor  for  Berkeley  was  taken 
from  the  13th  .U.  S.  census  and  the  population 
was   found  to  be  19,000.     From  this  and  the 

above  results  we  have : 

Gals,  per 
24  hours. 

Average  flow  per  capita 33.7 

Maximum  flow  per  capita 48.0 

Minimum  flow  per  capita 24.S 
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The  total  number  of  connections  in  the  dis- 
trict was   found  to  be  4,844. 

Gals,  per 
24  hours. 

Average  flow  per  connection 132.0 

Maximum  flow  per  connection 188.5 

Minimum    flow   per  connection 97.5 

The  average  consumption  of  water  for  the 
city  of  Berkeley  as  determined  by  the  Peo- 
ples Water  Company  was  50  gals,  per  capita 
per  day.  Average  sewage  flow  per  capita 
equaled  ti7.5  per  cent  water  consumption. 

The  following  tabulation  gives  the  lengths 
of  the  various  sized  sewers  as  scaled  from 
the   Berkeley   sewer   map ; 

Miles. 

G-in.  sewer  22.2 

S-in.  sewer  13.6 

lO-in.   sewer   2.5 

12-in.  sewer   0.8 

14-in.  iewer   1.2 

16-in.  sewer   0.7 

Total    -iLO 

Average  flow  per  mile  of  sewer  equaled 
15.600  gals,   per   24   hours. 

Since  there  is  little  water  used  about  4  a. 
m.,  the  minimum  daily  flow,  which  occurred 
at  this  time,  was  accounted  for  by  water 
reaching  the  sewer  from  leaky  fixtures  and 
seepage  through  joints  in  the  sewer  pipe. 
During  the  dry  season  the  amount  reaching 
the  sewer  by  the  latter  means  is  so  small  that 
it  can  be  neglected,  and  the  minimum  flow 
can  be  considered  to  be  all  leakage.  So  the 
amount  of  seepage  can  approximately  be  de- 
termined by  taking  the  difference  between 
the  minimum  wet  weather  flow  and  the  min- 
imum dry  weather  flow : 
Minimum   wet   weather   flow,    cu.    ft.   per 

second    0.8 

Minimum    dry    weather    flow,    cu.    ft.    per 

second    0.2 

Ground  water  seepage,  cu.  ft.  per  second.  0.6 
Ground  .vater  seepage,  gals,  per  24  hours. 388,000 
Ground  water  seepage,   gals,   per  mile  per 

2i  hours   9,500 

Samples  of  sewage  were  taken  at  different 
times  from  which  the  total  solids,  suspended 
solids,  character  and  amount  of  sludge  were 
determined : 

Total  solids,  parts  per  million 1,160 

Total  solids,  grams  per  capita  per  day....      120 

Suspended  solids,  parts  per  million 272 

Suspend:id  solids,  grams  per  capita  per  day  35 
Amount    of   sludge,    cubic   centimetres    per 

litre    8.8 

The  sludge  was  composed  of  fecal  mat- 
ter, rags,  pieces  of  paper,  sticks,  fruit,  veg- 
etables, peelings,  foul  entrails,  matches,  worms, 
pieces  of  rubber,  coffee  grounds  and  dead 
rats. 
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Some  Costs  of  the  Fitchburg  Sewage 
Treatment  Works — Early  Op- 
eration Results. 

(Staff    Abstract.) 

A  bonus  of  $5,000  was  paid  the  contractor 
on  the  completion  of  the  construction  of  the 
Fitchburg,  Mass.,  sewage  treatment  works  be- 
fore the  specified  time  of  completion.  The 
contract  was  awarded  on  May  15,  1913,  to  the 
R.  H.  Newell  Company  and  N.  S.  Brock.  The 
payment  of  the  bonus  was  conditioned  on  fin- 
ishing the  work  before  Oct.  31,  1914.  Some 
cost  figures  relating  'to  this  construction  are 
here   given. 

An  article  describing  and  illustrating  the 
features  of  the  design  was  published  in  this 
journal  for  June  2-5,  1913.  Briefly,  the  works 
consist  of  a  Venturi  meter  in  a  concrete 
chamber,  five  rectangular  Imhoff  tanks  each 
30x90  ft.  in  plan  and  about  27  ft.  deep,  a  dos- 
ing tank  48x74  ft.  in  plan,  a  sprink- 
ling filter  covering  an  area  of  223x 
405  ft.,  four  secondary  settling  tanks  each 
30  ft.  in  diameter  and  25  ft.  deep,  and  a  sludge 
drying  bed  about  0.4  acre  in  area.  There  is 
also  a  two-story  brick  laboratory  building 
34x44  ft.  in  plan. 


The  total  amount  of  excavation  was  75,.500 
cu.  yds.  and  the  prices  ranged  from  29  cts.  to 
35  cts.  per  cu.  yd.  About  two-thirds  of  the 
excavation  was  at  29  cts.  The  amount  of  re- 
inforced concrete  was  3,488  cu.  yds.,  and  the 
unit  price  for  nearly  all  was  $11.00  and  $11.50 
per  cu.  yd.  The  number  of  square  yards  of 
cement  plaster  partition  walls  was  5,900  and 
the  price  was  $1.70  in  the  Imhoff  tanks  and 
$1.8U  in  the  sprinkling  filter.  The  amount  of 
bars  and  structural  steel  used  for  reinforc- 
ing was  387,000  lbs.  and  the  price  in  place  was 
4  and  4%  cts.  per  lb.  The  amount  of  broken 
stone  in  the  filter  was  34,052  cu.  yds.,  and 
the  contract  price  was  $1.95  per  cu.  yd  Cast- 
iron  pipe,  gates,  valves,  special  and  other  ma- 
terial were  furnished  by  the  city  and  placed 
by  the  contractor.  The  total  amount  of  work 
done  by  the  contractor  by  the  final  estimate 
was  $233,511,  which  includes  considerable 
additional  work  not  contemplated  when  the 
contract  was  awarded. 

COSTS. 

To  any  engineer  designing  a  disposal  works 
along  similar  lines  and  desiring  to  make  an 
estimate  of  costs  a  brief "  statement  of  costs 
of  this  plant  may  be  of  interest.  As  the  mat- 
ter of  excavation  depends  upon  the  location 
and  condition,  and  would  vary  widely,  all  such 
costs  in  these  figures  are  eliminated.  The  cost 
of  the  Imhoff  tanks  was  $52,224,  which,  based 
on  a  population  of  55,000,  would  be  about  96 
cts.  per  capita.  The  cost  of  the  sprinkling 
filter  was  $122,990,  or  $58,847  per  acre.  Based 
on  a  population  of  40,000  the  cost  was  $2.94 
per  capita.  The  cost  of  the  sludge  drying  beds 
when  completed  will  be  about  5  cts.  per  cap- 
ita. The  cost  of  the  secondary  tanks  was 
$8,426,  or  about  15  cts.  per  capita  for  a  popu- 
lation of  55,000.  The  cost  of  the  dosing  tank 
was  $9,436,  or  17  cts.  per  capita.  When  com- 
pleted the  disposal  works  will  cost  about 
$320,000,  including  cost  of  land,  buildings, 
roadways  and  incidental  work,  but  not  includ- 
ing engineering  and  inspection.  The  cost  of 
engineering  and  inspection  for  all  the  Fitch- 
burg work  has  been  8V2  per  cent,  which  would 
add  $27,200  to  the  cost,  making  the  total 
$347,200,  or  $6.31  per  capita  for  a  population 
of  55,000. 

OPERATION    OF    WORKS. 

While  the  interceptmg  sewer  will  not  be 
completed  and  all  connections  of  present  out- 
lets made  therewith  until  July  or  August, 
1915,  the  works  have  been  in  continuous  opera- 
tion since  Oct.  15,  1914,  with  such  a  flow  of 
sewage  as  came  from  connections  thus  far 
made.  The  average  daily  flow  from  Oct.  15 
to  Dec.  31,  1914,  was  1,742,000  gals.;  during 
the  month  of  January  it  was  3,761,000  gals. 
Of  this  average  for  January  about  2,865,000 
gals,  passed  through  the  filter.  The  detention 
period  in  the  Imhoff  tanks  has  been  longer 
than  desirable,  being  5.8  hours  to  12.6  hours 
ever  since  beginning  operation,  and  practically 
all  the  matter  in  the  sewage  which  is  capable 
of  being  settled  has  been  settled. 

The  average  purification  during  January  as 
indicated  by  nitrogen  as  total  albuminoid  am- 
monia was  62.75  per  cent,  and  as  indicated 
by  total  suspended  solids  was  87.12  per  cent. 
The  per  cent  of  suspended  solids  removed  by 
the  Imhoff  tanks  during  January  was  68.6. 
Of  the  daily  24-hour  samples  of  final  efflu- 
ent taken  for  January,  60  per  cent  were  stable 
for  14  days.  The  nitrates  in  the  final  effluent 
for  January  averaged  3.85  p.  p.  m. 

The  effect  of  climatic  conditions  on  the 
eflSciency  of  disposal  works  of  this  nature  has 
led  some  to  consider  it  inadvisable  to  con- 
struct them  in  a  locality  having  at  times  so 
low  a  temperature  as  central  and  northern 
New  England.  During  the  past  winter  there 
has  not  been  the  usual  amount  of  cold  weather 
so  nothing  positive  can  be  stated  relative  to 
temperature  effects.  The  temperature  on  the 
mornings  of  Dec.  26  and  27,  1914,  was  about 
8°  below  zero,  which  is  fairly  cold  for  Fitch- 
burg, the  coldest  for  the  last  20  years  being 
17°  below  zero.  On  Dec.  28  there  was  consid- 
erable ice  on  the  sprinkling  filter,  covering  per- 
haps nearly  one-half  of  the  surface  of  the 
bed,  and  the  secondary  settling  tanks  were 
frozen  over  thick  enough  to  sustain  a  man's 
weight.      A    few    days    afterward    nearly    all 


Engineering  euid  Contracting 

Published  every  Wednesday  by 

The  Myron  C.  Clark  Publishing  Company 

608  So.  Dearborn  Street,  Chicago 

Entered  as  second-class  matter.  April  17,  !907.  at  the  Post 
Office  at  Chicago.  Illinois,  under  Act  of  March  3.  1879. 

Copyright.  1915,  by  The  Myron  C.  Clark  Publishing  Co. 

EDITORS:  H.  P.  Gillette,    C.S.Hill.    C.T.  Murray 

S.  C.  Hadden.    C.  W.  Malcolm,    C.R.Thomas. 

MANAGER:  F.P.Burt. 

SUBSCRIPTIONS  (payable  in  advance) :  $2.00  a  year  (52 
issues)  in  the  United  States.  Cuba,  Mexico,  Alaska,  Hawaii, 
Guam,  Porto  Rico.  Philippine  Islands,  Republic  of  Panama, 
Canal  Zone  and  Island  of  Tutuila.  $3.00  a  year  in  the 
Domimon  of  Canada.    $4.00  a  year  in  all  other  countries. 


Vol.    XLII.      No.   25. 


June  23,   1915. 


Index  to  Technical   Articles. 

Page 

An  Interesting  Example  of  Reinforced  Con- 
crete  Construction    547 

More  Sewer  Gaglngs  Needed  for  Small  Cities  547 

A  Co-operative  Organization  of  Engineers...   547 

Reinforced  Concrete  Floating  Caissons  for 
Marine  Construction   543 

The  steam  -  Turbine  -  Driven  Centrifugal 
Pumps  of  ttie  Toronto  Water  Works 548 

Developments  in  the  Marsiiall,  Texas,  Water 
Works  in   Recent  Years 549 

A  Mercury  Column  Alarm  for  Standplpes 
Successfully   Employed   at   Ripon,   Wis 550 

Some  Sutigestlons  on  Accounting  for  Mu- 
nicipally Owned  Water  Works 551 

An   Efficiency  System  for   Road   Contractors.   552 

Construction  Methods  and  Costs,  Sacramen- 
to Valley   Irrigation   Project 554 

Design  and  Construction  of  the  Chicago  He- 
brew Institute  —  A  Reinforced  Concrete 
Structure    Possessing   Unusual    Features...   558 

The  Need  for  Treating  Timber  Used  In  Fac- 
tory Construction  With  Suggestions  as  to 
Methods  of  Treatment 563 

Concerning  the  Relative  Cost  of  Using  Steel 
and  Wood   Forms 565 

Results  of  An  Efficiency  Test  of  a  Shone 
Ejector   Plant   564 

Method  and  Results  of  Making  Sewage  Gag- 
lngs  at   Berkeley,    Calif 565 

Some  Costs  of  the  Fitchburg  Sewage  Treat- 
ment Works — Early   Operation    Results....   566 


trace  of  the  ice  had  disappeared.  During  this 
cold  period  there  was  a  marked  decrease  in 
the  degree  of  purification  obtained. 
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gineers.— The  Spring  meeting  of  the  society 
will  be  held  at  Buffalo,  N.  Y.,  June  22-25, 
with  headquarters  at  Hotel  Statler.  The 
program  includes  a  trip  to  Niagara  Falls, 
visits  to  various  manufacturing  plants  in  Buf- 
falo, a  reception  and  dance,  business  meetings 
and  professional  sessions  at  which  the  fol- 
lowing papers  will  be  discussed : 

"The  Engineer  as  a  Citizen,"  Dr.  F.  H. 
Newell  of  Illinois  University,  formerly  chief 
of  the  United  States  Reclamation  Service. 

"Rational  Design  and  Analysis  of  Heat 
Transfer  Apparatus,"  E.  E.  Wilson. 

"Influence  of  Disk  Friction  on  Turbine 
Pump  Design,"  F.   zur   Nedden. 

"Surface  Condensers,"  C.  F.  Braun. 

"Some  Mechanical  Features  of  the  Hydra- 
tion of  Portland  Cement  and  the  Making  of 
Concrete  as  Revealed  by  Microscopic  Study," 
Nathan   C.  Johnson. 

"Design  of  Rectangular  Concrete  Beams," 
Howard  Harding. 

"Model  Experiments  and  the  Forms  of 
Empirical   Equators,"   Edgar   Buckingham. 

"The  Effect  of  Relative  Humidity  on  an 
Oak  Tanned  Leather  Belt."  W.  W.  Bird  and 
F.  W.  Roys. 


(I>-I'i-V\ 


Business   in  general   con- 

The  Doings     tinned  to  gain     during     the 

past  week.     Steel  mills  are 

of  now   operating  at   about  90 

thp  \A/pf.W  P^*"  '^^"'  capacity;  copper 
iiic  vv  cci\.  nietal  production  i:.  now 
around  eighty-four  per 
cent;  lumber  and  cotton  are  now  about 
7-j  per  cent  of  normal.  War  orders 
continued  large  and  it  is  expected  that 
these  expenditures  for  the  current  vear  will 
reach  $1,500,000,000.  Bank  clearings  for  the 
week  ending  June  17  showed  a  small  increase 
iiver  the  previous  week  and  a  substantial  gain 
uver  the  corresponding  period  in  1914.  In  the 
I  onstruction  field  there  are  plenty  of  small 
undertakings  ready  for  bids.  The  larger 
jobs,  however,  are  not  as  abundant  as 
niuld  be  wished.  Difficulty  in  financing  the  big 
projects  is  holding  back  many  large  improve- 
ments. Eastern  municipalities  are  beginning 
to  offer  many  construction  opportunities  and 
prospects  are  good  that  a  considerable  amount 
of  work  in  the  East  will  be  placed  under  con- 
tract soon.  State  and  county  highway  work 
and  bridge  building  made  a  good  showing  dur- 
ing the  past  week.  A  considerable  number 
of  street  paving  jobs  also  reached  the  call  for 
bids  stage.  In  the  other  municipal  fields,  such 
as  sewerage  and  waterworks,  with  a  few  ex- 
ceptions, no  particularly  large  jobs  came  up  for 
advertising.  The  Governor  of  Illinois  has 
signed  the  8-ft.  waterway  bill,  and  this  $5,000,- 
000  project  probably  will  be  started  this  sum- 
mer. Several  other  big  jobs  also  are  likely 
to  be  ready  for  bids  in  a  few  days.  In  the 
steel  market  there  were  betterments  both  in 
sentiment  and  orders.  Perhaps  the  most  en- 
couraging feature  of  the  week  was  the  heavy 
buying  of  railroad  equipment  for  e.xport. 
Russia  placed  orders  for  450  Ijcomotives,  and 
France  and  Servia  for  64  and  20  locomotives. 
France  also  placed  contracts  for  50,000  tons 
of  rails  and  3,745  cars.  Domestic  orders  in- 
cluded 40,000  tons  of  rails,  12  locomotives  and 
4.000  cars.  The  steel  mills  have  made  a  furtlier 
advance  of  $1  per  ton  on  bars,  plates  and 
shapes.  The  Iron  Age  prices  for  finished 
iron  and  steel  and  for  sheets,  nails  and  wire 
for  the  week  ending  June  10  were  as  follows : 
Finished   lion  and  Steel.  June  16.     Junes). 

Per  lb.   to  large  buyers.  Cts.  Cts. 

Bess,  rails,  heavy,  at  mill....     1.25  1.25 

Iron  bars,  Philadelphia 1.17V4         1.17V2 

Iron  bars.   Pittsburgh 1.25  1.25 

Iron  bars,  Chicago 1.20  1.20 

Steel  bars,   Pittsburgh 1.20  1.20 

Steel  bars.  New  York l.-SOS  1.369 

Tank  plates,    Pittsburgh 1.15  1.13 

Tank  nlates,   New  York 1.319  1.319 

Beams,    etc.,    Pittsburgh 1.20  1.20 

Beams,  etc.,  New  York 1.369  1.369 

Skelp,  grooved  steel,  P'gh....     1.15  1.15 

Skelp,  siieared  steel,  P'gh 1.20  1.20 

Steel    hoops,    Pittsburgh 1.30  1.30 

Sheets,   Nails  and  Wire. 
Per  lb.  to  large  buyers. 
Sheets,    black.    No.    2S,    P'gh..     1.75  1.75 

Galv.  sheets,  No.  28,  P'gh 5.00  4.50 

Wire   nails,    Pittsburgh 1.55  1.55 

Cut  na'Is,   Pittsburgh 1.55  1.55 

Fence  wire,  base,  P'gh 1.35  1.35 

Barb  wire,  galv.,  P'gh 2.40  2.40 

For  structural  material  f.  o.  b.  Pittsburgh  the 
Iron  Age  prices  were  as  follows:  I-beams. 
'■'  to  15  in. ;  channels,  3  to  15  in. ;  angles,  3  to 
(I  in.  on  one  or  both  legs,  Vi  in.  thick  ard  over, 
and  tees,  3  in.  and  over,  1.20  cts. 

Railways. — One  encouraging  feature  of 
the  past  week  in  the  railway  situation  has  been 
the  appearance  of  numerous  newspaper  re- 
ports of  prospective  construction  undertakings. 
It  has  been  some  months  since  promoters  and 
railway  officials  would  even  talk  of  what  they 
intended  to  do.  There  is  a  report  that  the 
Lake  Huron  &  Northern  Ontaria  R.  R.  has 
awarded  a  contract  to  the  National  Engineer- 
ing Co.,  Marshall  BIdg.,  Cleveland,  O.,  for  a 
300-inile  line  in  Canada.  Contract  for  the 
Tucson,  Cornelia  &  Gila  Bend  R.  R.,  bids  on 
which  were  opened  a  few  days  ago,  has  not 
been  closed  at  this  writing.  The  U.  S.  War 
department  failed  to  approve  of  the  plans  for 
the  river  changes  at  St.  Paul  for  the  new 
Union  Depot  and  the  contract  for  the  work 
was  not  let  last  week. 


Roads  and  Streets. — Several  State  High- 
way Commissions  are  advertising  work.  New 
York  is  taking  bids  on  33  repair  contracts; 
Ohio  opens  proposals  June  29  on  10  contracts 
estimated  to  cost  $200,000 ;  Massachusetts, 
California,  Washington  and  several  other 
states  also  are  taking  bids  on  state  aid  road 
work.  A  considerable  amount  of  work  for 
coimties  and  road  districts  is  being  advertised. 
In  Indiana  alone  35  county  road  iobs  are 
ready  for  bids.  Most  of  these,  however,  are 
small.  In  Mississippi,  Madison  County  and 
Capiah  County  are  asking  bids  on  two  good 
sized  gravel  road  improvements.  Street'  pav- 
ing advertised  includes  a  $118,000  job  for 
Philadelphia,  Pa. ;  30,000  sq.  yds.  bituminous 
concrete  for  Trenton,  N.  J.;  24,700  sq.  yds. 
paving  at  Lebanon,  Pa. ;  and  25,500  sq.  yds. 
for  Stamford,  Conn.  Lake  County,  Florida, 
awarded  contract  for  112,000  sq.  yds.  modified 
asphalt.  Allegheny  County,  Pennsylvania,  let 
road  contracts  amounting  to  $110,000 ;  New 
Boston,  O.,  awarded  a  $93,000  paving  job; 
Elma,  Wash.,  let  a  $49,000  asphalt  paving  con- 
tract; Wallace,  Manitoba,  awarded  contract  for 
grading  71  miles  of  road;  Pipestone,  Minn., 
let  contract  for  40,000  sq.  yds.  concrete  pave- 
ment, and  Marshalltown,  la.,  awarded  con- 
tract for  25  blocks  of  concrete  pavemeiit. 

Bridges. — Bids  are  now  being  asked  on 
two  large  bridge  imdertakings  for  the  city  of 
Seattle,  Wash.  Both  structures  will  be  erected 
over  the  Lake  Washington  Canal.  They  are 
estimated  to  cost  $880,000.  A  considerable 
number  of  smaller  bridge  projects  reached  the 
call  for  bids  stage  during  the  past  week.  The 
Tibbitts  Pacific  Co.  was  low  bidder  at  $71,490 
for  a  bridge  for  Contra  Costa  County,  Cali- 
fornia; Hunter  Construction  Co.,  Youngs- 
town,  O,  was  awarded  contract  at  $32,t>7o  for 
steel  bridge  over  Mahoning  River  at  Youngs - 
town;  C.  W.  Requarth  Co.,  Charlotte,  N.  C, 
has  been  awarded  contract  for  $88,000  bridge 
dam  at  Appalachin,  Ga. 
near    Bryson   City,   and   for   $120,000   concrete 

Drainage  and  Irrigation. — No  particularly 
large  contracts  in  either  the  drainage  or  irri- 
gation fields  came  up  Tor  bids  during  the  past 
week.  The  U.  S.  Reclamation  Service  is  ask- 
ing proposals  on  50,000  cu.  yds.  of  canal  ex- 
cavation, 950  cu.  yds.  of  reinforced  concrete 
and  525,000  sq.  ft.  of  canal  lining.  Two  good 
sized  drainage  projects  will  be  advertised  in 
the  near  future.  One  of  these  provides  for 
about  $260,000  worth  of  work  for  the  Burt- 
Washington  County  Drainage  District  in  Ne- 
braska; the  other  calls  for  a  24-mile  ditch  in 
Case  and  Bates  Counties,  Missouri. 

Waterworks. — A  fair  amount  of  water- 
works construction  is  ready  for  bids.  Cheyenne, 
Wyo.,  is  asking  proposals  on  developments  to 
cost  $70,000;  Media,  Pa.,  is  calling  for  bids 
on  2,000,000-gal.  settling  basin;  Pratt.  Kan., 
opens  bids  June  30,  for  waterworks  improve- 
ments ;  Covington,  Va.,  is  asking  proposals  on 
a  2,000,000-gal.  concrete  lined  reservoir ;  Bal- 
timore, Md.,  opens  bids  June  30  for  furnish- 
ing a  20,000,000-gal.  centrifugal  pump  and  elec- 
tric power  equipment.  The  Great  Lakes 
Dredge  &  Dock  Co.,  Chicago,  111.,  at  $157,000 
was  low  bidder   for  new  intake   for  Kenosha. 

Sewerage. — Columbus,  O.,  is  asking  bids 
on  two  storm  sewers,  one  estimated  to  cost 
$250,000,  the  other  $100,000.  Peoria,  111.,  will 
ask  bids  in  a  few  days  on  the  east  section  of 
the  .South  End  sewer.  Michael  P'jntarelli, 
2349  (irei-nleaf  Ave.,  Chicago,  and  Henry  J. 
McNichols,  209  South  La  Salle  St.,  Chicago, 
were  low  bidders  on  the  $700,000  .\rcyle  St. 
sewer   at   Chicago. 

Buildings  and  Rivers  and  Harbors. — One 
of  the  largest  public  building  undertakings  in 
the  country  will  soon  be  ready  for  bids.  Plans 
have  been  approved  for  the  new  $10,000,000 
court  house  at  New  York  City,  and  it  is  stated 
that  the  work  will  be  advertised  about  July 
27,  the  bids  to  be  opened  .^ug.  9.  The  George 
.'\.  F'uller  Co.  has  been  awarded  the  contract 
for  the  $2,500,000  Frick  Arcade  building  at 
Pittsburgh,  Pa.  The  Great  Lakes  Dredge  & 
Dock   Co.,   Chicago,  was   the  onlv  bidder   for 
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excavating  for  the  tail  race  of  the  U.  S.  Power 
Plant  at  Sauk  Ste.  Marie,  Mich.  Th^e  bid 
was  on  five  plans  and  ranged  from  $129,700  to 
$182,255. 


New 
Laws  in 
Illinois. 


Considerable  construction 
work  is  provided  for  in  the 
laws  enacted  by  the  49th 
general  assembly  of  Illinois, 
which  ended  its  session  last 
week.  Much  legislation  of 
direct  interest  to  engineers 
and  contractors  was  passed.  The  workmen's 
compensation  act  was  extended  to  include  ad- 
ditional employments,  the  minimum  compensa- 
tion for  death  and  of  weekly  indemnity  was 
raised,  the  powers  of  the  arbitrators  were 
broadened  and  the  circuit  court  authorized  to 
review  arbitrators'  findings.  Another  law  of 
interest  to  contractors  makes  bondsmen  liable 
for  labor  as  well  as  material  furnished  under 
state  contracts.  The  structural  engineers  bill 
was  enacted  into  a  law.  This  provides  for  the 
creation  of  a  state  board  of  examiners  for  the 
licensing  of  structural  engineers.  The  prin- 
cipal construction  undertaking  authorized  was 
the  8-ft.  waterway  from  the  power  plant  of 
the  Sanitary  District  near  Lockport  to  the 
Illinois  River  near  Utica.  Another  law  ap- 
propriates $'250,000  for  the  payment  of  interest 
on  the  bonds  to  be  issued  by  the  state  for 
building  this  waterway.  This  is  a  $5,000,000 
project.  It  will  be  carried  out  under  the  di- 
rection of  a  board  of  five  commissioners 
named  by  the  Governor.  The  new  laws  re- 
garding highways  included  the  following : 
$1,000,000  appropriation  a  year  for  the  next 
two  years,  from  the  road  fund  for  the  build- 
ing and  maintenance  of  state  aid  roads;  ap- 
propriation of  the  unexpended  balance  of  the 
funds  provided  by  the  previous  assembly  for 
road  building;  appropriated  $500,000  for  the 
use  of  the  State  Highway  Commission  in 
building  state  aid  roads ;  provided  for  the  oil 
treatment  of  state  aid  roads ;  gives  county 
boards  a  right  by  majority  vote  to  specify  the 
type  of  state  aid  road  to  be  constructed  in 
the  county.  Other  legislative  acts  atTecting  high- 
way construction  include  laws,  allowing  coun- 
ties to  accept  voluntary  contributions  for  build- 
ing state  aid  roads;  enabling  counties  to  vote 
bonds  for  road  building;  authorizing  the  use 
of  one-half  the  poll  tax  collected  in  towns  and 
villages  for  road  purposes;  provides  for  lay- 
ing out,  widening  and  vacating  of  roads  upon 
petition  of  not  less  than  12  interested  land- 
owners. A.  law  that  will  facilitate  the  carry- 
ing out  of  drainage  projects  was  enacted.  This 
permits  the  construction  of  drains,  ditches  and 
levees  across  the  land  of  another  for  agricul- 
tural, sanitary  or  mining  purposes.  Cities 
wishing  to  change  from  the  commission  form 
of  government  were  given  the  right  to  do  so. 
A  law  also  was  passed  authorizing  the  con- 
struction of  municipally  operated  utilities.  The 
Lincoln  Park  Commissioners  and  West  Park 
Commissioners  of  Chicago  are  authorized  to 
issue  bonds  not  exceeding  $1,000,000  each  for 
enlarging  and  improving  their  respective  parks. 
Another  bill  enacted  into  a  law  enables  Park 
Commissioners  to  issue  bonds  for  the  comple- 
tion, improvement  and  maintenance  of  parks, 
boulevards  and  plcasureways.  Legislation  was 
passed  requiring  the  erection  of  bridges  over 
the  Chicago  drainage  canal  at  Crawford, 
Cicero  and  72nd  Avcs..  Chicago.  .Appropria- 
tions provided  for,  other  than  those  noted 
above,  included  the  following :  $50,000  for  a 
site  and  armory  at  Monmouth,  and  a  like 
sum  for  an  armory  at  Peoria ;  $'25,000  to  the 
Rivers  and  Lakes  Commission  for  levee  work 
at  Cairo ;  $10,000  for  similar  work  at  Mound 
City  and  $10,000  for  levee  work  at  Shawnee- 
town ;  $140,000  for  equipment  for  state  heat, 
light  and  power  plant  at  Springfield;  $1'25,000 
for  sites  for  additional  state  buildings  at 
Springfield ;  $95,000  for  new  buildings  at 
Macomb  normal  school :  $135,000  for  normal 
school  at  Carbondale;  $95,000  for  school  at 
Normal;  $10,000  for  school  at  De  Kalb,  and 
$15,000  for  the  Charleston  school. 
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The  Lighter  Side  of  Engineering  and  Contracting 


To  THE  EDITORS: 
The  following  clipping,  taken  from 
a   recent  issue   of   the   Boston   Transcript, 
may  be  of  interest  as  suggesting  the  latest 
method  of  digging  post  holes. 
Verj-  truly  yours, 

Metcalf  &  Eddy, 
14  Beacon  St.,  Boston,  Mass. 

June  4,  1915. 

Hiram  Johnson,  a  well-known  farmer 
livmg  near  Waterville,  south  of  Rome,  N. 
y..  like  all  tillers  of  the  soil,  has  been 
greatly  annoyed  by  the  promiscuous  digging 
activities  of  woodchucks.  This  little  pest 
attains  its  greatest  happiness  in  puncturing 
for  its  abode  holes  in  the  farmers'  best 
meadows,  in  which  horses  are  in  danger  of 
breaking  their  legs  in  haying  time. 

Mr.  Johnson,  however,  says  he  has 
learned  to  utilize  the  digging  propensities 
of  the  little  ground  animals.  He  captured 
three  alive  last  fall  and  has  trained  them 
to  dig  straight  post  holes  any  depth  and 
size  required. 

He  asserts  that  by  attaching  a  strong 
cord  to  one  of  the  animal's  hind  legs  he 
merely  has  to  indicate  where  the  hole  is  to 
be  dug,  and  when  it  is  sufficiently  deep  he 
pulls  the  cord  and  the  'chuck  scrambles  up 
for  its  reward  of  a  small  bunch  of  dried 
alfalfa,  after  which  it  is  ready  to  begin 
work  on  the  next  fence  post  hole. 
® 

AFE'W  week  ago  Andy  Koenig  and  sev- 
eral friends  went  on  a  fishing  trip. 
They  brought  back  a  tremendous  cat  fish 
and  a  still  larger  tale  regarding  its  capture. 
It  seems  that  one  of  the  party,  history  is 
silent  as  to  his  name,  had  fished  and  fished 
and  never  got  a  bite.  Much  disgusted,  he 
had,  at  last,  started  to  still  fish,  using  a 
heavy  line  and  a  strong  hook.  He  got  a 
bite  at  once,  and  started  to  land  his  catch ; 
nothing  doing;  he  could 
not  stir  it.  At  first  he 
thought  he  was  trying  to 
pull  up  the  bottom  of  the 
river,  but  the  tugging  at 
his  line  showed  him  that 
he  had  something  on  the 
hook.  He  shouted  for  help  and  the  rest  of 
the  party  rushed  to  the  rescue.  Three  men 
took  hold  of  the  tackle  and  after  a  des- 
perate struggle  succeeded  in  bringing  to 
the  bank — an  old  whisky  barrel,  securely 
hooked  through  the  bung  hole.  The  fisher- 
man tried  to  extricate  his  hook  and  finally 
in  anger  smashed  open  the  barrel.  Inside 
with  the  hook  fast  in  its  mouth  was  a 
75-pound  cat  fish.  After  due  deliberation 
the  natural  historian  of  the  party  reached 
the  conclusion  that  the  fish  when  quite 
small  had  swam  through  the  hole  in  the 
top  of  the  barrel  and  then  had  outgrown 
the  entrance.  It  had  lived  there  ever  since, 
safe  from  molestation  and  growing  fat  on 
food  washed  in  through  the  bung  hole. 
When  the  hook  dropped  down  through  the 
hole  it  grabbed  the  bait  and  thus  formed 
the  basis  of  an  excellent  fish  chowder  and 
a  still  more  excellent  fish  story. 


An    Ex-Contractor's    Lament    in 
1915. 

Backward,    turn    backward,    O    Time    in 

your  flight, 
Make  me  a  Contractor  just  for  tonight; 
Let   me   a   letting,   pretend   "I've   things 

cinched!" 
My  hunger  would  be  appeased  and  my 

thirst  would  be  quenched. 

For  then  Scraper  salesmen,  and  Powder 

men,  too. 
The   Grocers   and   Feed  man,   would   be 

"in  a  stew", 
To   give    me    a   good    time,    'twould    be 

kind,  to  be  sure, 
As   they   did    back    in    the   nineties,    my 

trade  to  secure. 

Can  imagine  myself  at  the  Southern,  if 

in   St.  Louis  I  should  be. 
Or  the   Auditorium,  if   in   Chicago,   it's 

no  difference  to  me. 
Often  I've  been  there,  and  "full  plenty" 

I've  had, 
At  the  expense  of  the  boys,  who,  when 

I  left,  were  real  glad. 

How   we'd   walk   up    to   the   bar,   order 

good  old  rye ; 
Or    in    the    cafe    'twould    be    "Mumni's 

Extra  Dry" ; 
Get  behind  a  sweet  scented  Stachelberg 

cigar. 
Forget  I'm  a  Contractor,  and  thmk  I'm 

a  Czar. 

We'd  take  dinner  at  the  Planters;  at  the 
Standard  get  a  box, 

Watch  the  ballet  girls  dance  in  abbre- 
viated frocks ; 

We'd  have  supper  at  Faust's  in  Me- 
phistopheles  style. 

Say  "good-night"  (?)  at  the  Southern, 
with  an  inebriate  smile. 

And  then  the  next  day — but  why  carry 

it  on? 
I've  asked   for  one  night,   for  no  more 

do  I  long. 
The   results   of   the   "time,"   we   can   all 

plainly   see, 
But  I   long  just   the   same   for  a  grand 

letting  spree. 


A  LITTLE  Irishman,  from  the  East, 
foot-sore  and  weary,  drifted  into  a 
Western  construction  camp  late  at  night. 
He  applied  to  the  foreman  for  a  job.  The 
latter  asked  him  if  he  was  a  teamster.  The 
Irishman  promptly  replied  that  he  was.  He 
had  driven  a  one-horse  cart  in 'the  street 
cleaning  department  of  Boston,  Mass.  The 
foreman  hired  him.  In  the  morning  Pat 
went  out  to  the  stable  tent  and  watched 
the  boys  wrestle  with  the  horses.  When 
they  had  a  six-horse  team  harnessed  up, 
the  foreman  told  the  new  man  to  take  it 
and  drive  to  town  for  supplies.    The  Irish- 


man took  one  look  at  the  tangle  of  reins 
and  shouted:  "I  resign;  how  many  hands 
do  ye  think  I've  got?     I  ain't  no  octopus." 

AT  THE  recent  meeting  of  the  Indiana 
Engineering  Society,  "an  old  survey- 
or" gave  some  pertinent  advice  for  the 
benefit  of  the  "young  surveyor."  Some  of 
the  suggestions  were  as  follows : 

Be  sure  to  have  a  flagman  50  pounds 
heavier  than  yourself.  If  the  ice  bears 
him,  you  can  safely  venture. 

If  in  summer  you  find  a  swamp  beyond 
your  depth,  face  about  and  wade  back.  That 
would  be  prudence,  and  not  cowardice. 

If  you  mire  in  quicksand,  or  any  other 
treacherous  substance,  and  find  It  utterly 
impossible  to  ex- 
tricate yourself, 
call  for  help.  Al- 
most any  patriotic 
citizen  is  willing, 
under  such  cir- 
cumstances, to  as- 
sist the  profession 
by  giving  science  a  boost. 

When  you  are  given  great  credit  for  ac- 
cidentally striking  a  corner,  pocket  it  (the 
credit,  not  the  corner),  for  you  will  surely 
get  censure  for  missing  one  when  you  are 
not  in  the  least  to  blame. 


AT  A  recent  banquet  of  one  of  the  engi- 
neering societies  a  prominent  engineer 
was  called  upon  to  respond  to  a  toast.  It 
was  his  first  attempt  at  after-dinner  speak- 
ing and  he  was  very  much  em- 
barrassed. After  an  interval 
of  several  hours  he  found  his 
voice  and  began :  "Mr.  Toast- 
master  and  Mr.  Gentlemen.  I 
knew  I  would  be  called  upon 
tonight  and  so  I  prejiared  a 
speech.  It  was  a  fine  speech. 
It  contained  oratory  that  would  have  made 
Bob  IngersoU  jealous  and  wit  that  would 
have  made  Bill  Nye  green  with  envy.  It 
was  an  effort,  a  great  effort.  Only  God 
Almighty  and  myself  knew  that  speech — 
and  now,  God  alone  knows  what  I  was 
going  to  say.'    Then  he  sat  down. 


Skinner  Mulvey  says: 

Bob  Connors  ordered  three  eggs  boiled 
four  minutes;  cook  didn't  have  but  one, 
so  he  boiled  it  12  minutes.  Pat  Rooney 
says  damn  water.  When  he  wants  it,  it 
is  never  there;  when  he  don't  want  It, 
there  it  is. 


June  23,  1915. 
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EARTHWORK    AND    STRUC- 
TURES, SUN   RIVER  PROJECT. 


Bids  Asked   by   U.  S.   Reclamation  Service 
on   Laterals. 

455,000  Cu.   Yds.   Excavation;  4,290  Cu.   Yds.   Re- 
inforced Concrete. 


Bids  for  the  earthwork  and  structures  of 
the  first  unit  of  laterals  on  Greenfields  distri- 
bution system  will  be  received  at  the  oflSce  of 
the  U.  S.  Reclamation  Service.  Fort  Shaw, 
Mont.,  until  2  p.  m.,  July  1. 


WANAQUE  RIVER  WATER  SUP- 
PLY PROJECT. 


A  fair  sized  excavation  and  concrete  job 
is  being  advertised  for  bids  b\-  the  U.  S.  Re- 
clamation Service.  The  work  calls  for  the 
construction  of  canals  and  structures  on  the 
Sun  River  Project,  Alontana,  and  is  situated 
about  2-i)  miles  northwest  of  Great  Falls, 
Mont.,  and  about  3  miles  south  of  the  towns 
of  Bole,  Sloan  and  Cordova,  Mont.,  stations 
on  the  Choteau  Branch  of  the  Great  Nortli- 
ern  Ry.  The  location  is  shown  on  the  ac- 
companying map.  The  work  involves  about 
455,000  cu.  yds.  of  excavation,  about  4,290  cu. 
yds.  of  reinforced  concrete,  the  manufacture 
and  laying  of  about  4,5ti0  lin.  ft.  of  concrete 
pipe,  and  the  placing  in  wooden  structures  of 
about  265,000  ft.  B.  M.  of  lumber.  The 
earthwork  and  structures  are  to  be  construct- 
ed for  the  first  unit  of  laterals  on  the  Green- 
fields distribution  system  of  the  Sun  River 
Project. 

The  improvement  is  divided  into  10  sched- 
ules. Schedules  1  to  5  inclusive  covering  the 
earthwork,     Schedules    6    to    9    inclusive    the 


Plan  for  Supplying  Municipalities  in  North- 
ern New  Jersey. 


Involves  Storage  Reservoir  and   Long   Pipe   Line. 


A  water  supply  development  involving  an 
expenditure  of  several  million  dollars  is  pro- 
posed for  the  cities  of  Northern  New  Jersey 
by  the  State  Water  Supply  Commission.  The 
plans  provide  for  the  development  of  a  supply 
from  the  Wanaque  River.  The  cities  of  New- 
ark, Passaic  and  Montclair  already  have  sig- 
nified their  intention  of  participating  in  the 
undertaking.  The  other  municipalities  which 
are  expected  to  benefit  by  the  supply  in- 
clude Paterson,  East  Orange,  Glen  Ridge, 
Elizabeth,   Totowa  and  Nutley. 

Two  plans  for  developing  the  Wanaque 
water  level  have  been  proposed  by  Morris  R. 
Sherrerd,  Newark,  N.  J.,  consulting  engineer 
to  the  State  Water  Supply  Commission.  These 
plans  can  be  worked  out  either  concurrently 
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Location   of  First   Unit  of   Laterals  of  Greenfields  Distribution  System. 


structures  except  bridges,  and  Schedule  10  the 
bridges.  The  approximate  quantities  in  the 
eartliwork   schedules  are  as   follows : 

,. Excavation ^ 

Class  1,  Class  2,      Class  3, 

cu.  yds.  cu.  yds.     cu.  yds. 

.Schedule  1 84.000  900  50 

Schedules 99,000  1,000  50 

Schedules 93,000  900  50 

Schedule  4 78.500  800  40 

Schedules 57,500  1,000  60 

The  approximate  main  quantities  in  Sched- 
ules 6  to  9  inclusive  are  as  follows : 

Exoav.,  Placing 

Class  1.  Concrete,  reinforcing 

cu  yds.  cu.  yds.       steel,  lbs. 

Schedule  6 11.400  1,570             107,000 

Schedule  7 5,500  720               52,000 

Schedule  8 7,000  800               56,000 

Schedule  9 6,500  810              57,000 

The  work  under  Schedule  10  calls  for  the 
construction  of  highway  bridges.  This  re- 
quires 5,000  cu.  yds.  of  excavation,  325  cu. 
yds.  concrete  and  erection  of  205M  ft.  B.  M. 
of   lumber. 

The  sections  range  from  22  ft.  bottom  width 
for  the  canal  to  a  5-ft.  bottom  width  for  the 
laterals.  The  banks,  in  general,  will  have  a 
4-ft.  top  width.  The  water  dcptli  ranges  from 
0.5  ft.  to  2.3  ft.  There  also  will  be  an  earth 
dike  with  top  width  of  8  ft.  and  sire  slopes  of 
2%  to  1  on  the  water  side  and  2  to  1  on  the 
other  side.  The  structures  include  inclined 
drops,  controlling  works,  turn-outs,  stilling 
basins,  intakes  and  chutes,  and  wasteways. 
There  also  will  be  concrete  pipe  cross  drain- 
age culverts,  combined  drop  and  corrugated 
metal  road  crossings,  metal  flume  inclined 
wasteway  drops  and  measuring  weirs. 


or  independently  as  best  suits  the  needs  of 
the  communities  which  finally  decide  to  join 
in  the  state  conservation  project. 

One  plan  is  the  construction  of  a  reservoir 
on  the  Wanaque  River  near  Midvale,  having 
an  elevation  of  flow  line  of  275  ft.  above  sea 
level,  and  a  capacity  of  approximately  11,000,- 
000,000  gals.  This  reservoir,  together  with 
Greenwood  Lake,  would  make  available  prac- 
ticallv  the  entire  vield  of  the  Wanaque  River, 
being  about  75,000.000  to  80,000,000  gals,  per 
day.  The  proposed  pipe  lines  to  be  constructed 
at  first,  however,  are  only  calculated  for  a 
delivery  of  65,000,000  gals,  per  day.  From 
this  reservoir  would  extend  a  pipe  line, 
starting  at  the  size  of  72  in.,  continuing  with 
that  diameter  to  Paterson,  then  reducing  to 
60  in.  until  Newark  is  reached,  where  a  further 
reduction  to  48  in.  is  made  for  a  final  de- 
livery to  Elizabeth.  This  pipe  line  has  been 
designed  for  a  delivery  of  50,000,000  gals,  per 
day  as  far  as  Paterson  and  30,000,000  gals, 
per  day  to  Newark,  East  Orange  and  Bloom- 
field,  and  15,000,000  gals,  per  day  to  Elizabeth. 

The  other  plan  contemplates  a  high  level 
supply  from  a  point  just  below  the  outlet  of 
Greenwood  Lake,  where  a  small  intake  reser- 
voir would  be  constructed  far  enough  below 
the  lake  to  obtain  the  advantage  of  the 
aeration  of  the  water  which  might  be  drawn 
from  the  lake.  By  a  48-in.  pipe  line  from 
this  reservoir  a  supply  of  15,000,000  gals,  per 
day  could  be  made  available  for  a  height  of 
delivery  at  Little  Falls,  or  510  ft.  above  sea 
level.  This  height  of  delivery  would  enable 
the  distribution  of  water  within  the  limit  of 


the  capacity  of  the  pipe  line  to  nearly  all  the 
towns  in  the  Passaic  Valicy  at  as  high  an  ele- 
vation as  they  are  now  obtaining  their  water 
supplies  without  pumping. 

The  estimated  cost  of  the  water  supply  from 
Wanaque  River  with  dam  at  Midvale  is  as 
follows : 

Reservoir — Main    dam $    464.000 

2  wing  tlHras S,50n 

Pipe  line  to  main  road 70.000 

Railroad  changes    100,000 

Removing  cemeteries   2,500 

Land,  clearing,   road  changes,  etc 200,000 

Land  damages   150.000 

Intercepting  sewer  and  disposal  plant..        50,000 

Total $1,045,000 

Engineering,  etc.,  10  per  cent 104,500 

Total    for   reservoir $1,149,500 

Diversion  rights   1.000,000 

Total  with  water  rights $2,149,500 

The   estimated   cost   of   the   pipe   line    from 
Midvale   Reservoir  on  Wanaque  River  eleva- 
tion for  hydraulic  grade  240  ft.  is  as  follows : 
For  50.000.000  gals,    capacity   as   far  as 
Paterson,   90.000   ft.    72-in.   steel   pipe 

at  $20   $1,800,000 

For  .'!0.0no,000   gals,    capacity  as   far  as 
Newark,  75,000  ft.  60-in.  steel  pipe  at 

$16    1,200,000 

For   l.''i, 000.000  gals,   capacity  as  far  as 
Elizabeth.   20,000   ft.    48-in.   steel   pipe 

at  $13   260,000 

Right  of  way ^Q'SS" 

Appurtenances,    meters,    etc 75,000 

Total     $3,375,000 

Engineering,  etc.,  10  per  cent 337,500 

Total    for  pipe   line $3,712,500 

Total   for   reservoir 2,149,500 

Total  for  low  level  supply $5,862,000 

As  previously  mentioned  the  high  level  sup- 
ply w-ould  be  taken  from  an  intake  just  be- 
low the  outlet  of  Greenwood  Lake  at  eleva- 
tion of  .572.5  ft.  The  quantity  available  would 
be  15,000,000  gals,  daily.  The  rate  of  flow 
assumed  for  pipe  line  is  20,000,000  gals.,  and 
the  loss  of  head  ¥2  ft.  per  1,000  ft.  of  pipe 
length.  The  lengths  of  _  pipe  line  and  ap- 
proximate   heights    to    which    deliveries   could 

he  made  are  as  follows : 

Elevation, 
ft. 
125.000  ft.  to  Little  Falls,  with  branch  to 

Paterson    and    Totowa 510 

134.000  ft.  to  Cedar  Grove 505.5 

147,000    ft.    to  Montclair 499.5 

162.000  ft.  to  Glen  Ridge 491.5 

165,000  ft.  to  Bloomfield  and  Nutley 490 

170.000  ft.  to  East  Orange 487.5 

The  estimated  cost  of  the  high  level  supply 
is  as  follows : 

Intake  dam    $      50.000 

Right   of  way 5.000 

Land   for  intal^e 5.000 

Change   of  railroad 2,500 

170,000  ft.  4S-in.  steel  pipe  at  $15 2.5.50.000 

Appurtenances,  meters,  etc 50,000 

Total     $2,662,500 

Engineering,  etc.,  10  per  cent 266,500 

Total     *2.928.7r.O 

Diversion   rights    500,000 

Total  for  high  level  supply $3,428,750 

If  the  two  plans  are  combined  the  total  es- 
timated cost  would  be  $9,290,750— $5,862,000 
for  the  low  level  supply  and  $3,428,750  for 
the  high  level  supply.  Based  on  these  figures 
it  15  estimated  that  water  can  be  delivered  at 
from  $43  to  $25  per  1,000,000  gals.  The  un- 
dertaking of  the  development  by  the  State 
Water  Suppiv  Commission  is  dependent  upon 
the  municipalities  interested  entering  into  con- 
tracts for  a  water  supply.  As  noted  else- 
where in  this  article  several  of  the  larger  cities 
already  have  joined  the  plan,  so  that  it_  is 
possible  that  definite  action  towards  carrying 
out  the  project  may  be  undertaken  soon. 

New  Vessel  for  U.  S.    Coast    Survey.— 

Tlie  U.  S.  Coast  and  Geodetic  Survey  is  to 
have  a  much  needed  new  vessel  for  use  in 
surveying  and  charting  coasts.  Plans  and  speci" 
fications  for  tlie  new  boat  will  be  sent  out 
about  Julv  1.  The  new  vessel  will  be  named 
the  "Surveyor"  and  its  first  use  will  be  in  the 
waters  of  .Alaska.  It  will  be  a  Iwo-deck,  single 
screw  steamer  with  triple  expansion  engine 
and  two  Scotch  boilers,  using  crude  oil  as  fuel 
The  sum  of  $220,000  is  available  for  tlie  com- 
plete construction  and  equipment  of  the  "Sur- 
veyor." 
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Bids  Asked  on  $200,000  Road  Letting 

in  Ohio. 

The  first  state  road  letting  in  Ohio  for  the 
past  two  months  is  now  being  advertised. 
Bids  will  be  received  on  10  contracts  cover- 
ing an  aggregate  of  about  2.")  miles  and  in- 
volving an  estimated  expenditure  of  appro.x- 
imately  $200,000.  Three  contracts  provide  for 
new  construction,  while  the  remaining  seven 
cover  work  for  the  Bureau  of  Maintenance 
and  Repairs.  This  calls  for  reshaping  the  old 
roads  and  surfacing.  Table  I  gives  some  de- 
tails of  the  improvements.  Bids  will  be  re- 
ceived until  2  p.  m.,  June  29,  by  Clinton 
Cowen,  State  Highway  Commissioner,  Colum- 
bus, O. 


HIGHWAY  TUNNEL  FOR  ALLE- 
GHENY COUNTY,  PA. 


Bids   to   Be   Opened   July    12   on  $2,000,000 
Contract. 


Total   Length,   Including  Approaches,   Is  5,800   Ft. 


A  $2,000,000  tunnel  contract  is  being  ad- 
vertised for  bids  by  the  Commissioners  of 
Allegheny  County.  Pennsylvania.  The  work 
calls  for  the  construction  of  County  Highway 
Tunnel  No.  1,  a  twin  tube  bore,  about  5,800  ft. 
in  length,  with  approaches.  It  will  extend 
from  tlie  southerly  side  of  East  Carson  St., 
near  Third  St.,  Pittsburgh,  in  a  southerly  di- 


T.ABLE  I.— DETAILS  OF  ROAD  COXTR.A.CTS  TO  BE  LET  JUNE  29  AT  COLUMBUS,  O. 


Type. 
Road 
County.  section.  Road.  Township. 

Licking    Sec.    J     Summit  Station  Extension      Lima  W.  B.  mac. 

Muskingum    Sec.  N     Zanesville-McConnellsville      Wayne  Bricl; 

Sandusky    Sec.  B     Sandusky-Clyde  Townsend      Concrete 

Franklin    Sec.  L     Columbus- Newark  Truro  Bit,  mac' 

Franklin     Sec.  K     Columbus-Marysville  Perry  Bit.  mac. 

Lake    Sec.  A     Painesville-Warren  Concord         Bit.  mac. 

Licking     Sec.  A     Columbus-Newark  Lima  W.  B.  mac. 

Lucas     Sec.  G     Toledo-W'auseon  Swanton         Bit.  mac. 

Medina    Sec.  N     Cleveland-Wooster  Medina  W.  B.  mac. 

Union    Sec.  F     M&rysville-Karion  Paris  Bit.  mac. 

'Bituminous  macadam  and  waterbound  macadam.  ■-26-tt.,  20-ft..  and  16-ft. 
26-ft.  ^Alternate  bids  will  be  received  for  surfacing  with  bituminous  macadam, 
adam  and  macadam  treated  with  lignin  liquor;  estimated  cost,   $69,661. 
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Pier  Construction  at  Philadelphia. 

The  city  of  Philadelpliia  is  about  to  com- 
mence construction  on  its  port  development 
in  the  southern  section  of  the  city,  which  will 
involve  an  ultimate  expenditure  of  about  $25,- 
000,000.  This  probably  will  be  the  largest 
single  concentrated  expenditure  ever  under- 
taken by  the  city.  The  complete  development 
calls  for  ten  piers,  and  the  establishment  of 
car  storage  yards  and  other  facilities. 

The  ordinance  authorizing  the  acquisition  of 
the  necessary  property  at  the  foot  of  McKean 
street  for  the  first  pier  was  signed  by  the 
mayor  on  June  14.  Bids  were  at  once  asked 
for  dredging  at  the  site  of  the  pier  prepara- 
tory to  the  construction  of  the  substructure. 
This  pier  will  be  the  largest  so  far  built  by 
the  city  and  will  cost  approximately  $1,500,000. 
The  work  will  be  in  charge  of  the  Department 
of  Wharves,  Docks  and  Ferries,  of  which 
John    Meigs   is    the    director. 


rection  to  a  point  on  Warrington  .\ve.,  near 
Boggs  Ave.,  Pittsburgh.  The  tunnel  proper 
will  be  approximately  4,875  ft.  long.  The 
north  approach  will  have  a  length  of  about 
100  ft.,  and  the  southerly  approach  a  length 
of  about  825  ft.    The  main  dimensions  of  one 

h  Cement  Plaster 
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State    Road    Construction    Letting    in 

New   York. 

Bids  were  opened  June  10  by  the  New  York 
State  Highway  Commission  on  21  construction 
contracts  covering  about  76  miles  of  highway. 
There  was  a  large  number  of  bidders  on  each 
job,  and  the  figuring  was  very  close  as  is  in- 
dicated by  the  fact  that  on  most  of  the  con- 
tracts there  was  a  difference  of  only  about  20 
per  cent  between  the  high  bid  and  the  low 
bid.  The  following  tabulation  shows  the  high 
and  low  bids  and  the  number  of  bidders  on 
each  contract. 

Length,  High  Low  No. 

Road  No.  miles.  bid.  bid.         bidders. 

1239 68  $12,523  $10,739  12 

1241 2.32  26,273  20,760  11 

1273 2.50  26,330  23,650  5 

5554 4.58  49,462  42.030  12 

1098 4.22  52,093  38,258  15 

1100 4.54  48,042  43,720  6 

5532B 6.86  82.229  72,552  15 

1283 4.54  37,503  33,561  16 

1284 6.05  42,316  35,274  17 

5560 1.32  32,849  29,719  7 

55C1 4.42  59,993  53,855  12 

5562......     2.38  53.592  41,121  10 

5563 5  07  79,876  74,706  6 

5559 8.89  79,803  67,990  13 

1072 2.06  63,928  53,321  13 

1073 7.23  101,225  85,389  25 

1074 1.91  47,958  40,978  18 

582 i,.46  24,845  20.123  10 

1893 i.80  18,533  17,005  6 

1120 34  16,908  15,055  11 

1154 88  8,932  7,976  7 


''■\6' Porous  Tile 

Half  Section  Half  Section 

Concrete  Block  Brick 

Section   of  One   of  Twin  Tunnels. 

of  the  tubes  are  sliown  on  the  accompanying 
illustration. 

The  approximate  estimate  of  quantities  in- 
cludes the  following: 

Complet'>d  tunnel,   lin.    ft 4,873 

Membrane    waterproofing   over   monolithic 

concrete  arch  rings  in  tunnel,  sq.  ft 120,000 

Excavation      in      north     approach     under 

Penn.sylvania  R.  R.,  cu.  yds 9,300 

Concrete  masonry  in  north  approach,  cu. 

yds 3,400 

Waterproofing    over    arch    rings    in    north 

approach,    sq.    ft 8,600 

Excavation   in   south  approach,   cu.    yds...   19,600 
Concrete   masonry  in  south  portal  and  in 

retaining   walls    in    south   approach,    cu. 

yds 6,300 

Steel  reinforcing  bars,  lbs 200.000 

Brick  paving  in  approaches,   sq.   yds 3,600 

Steel     protected     concrete     curb     in     ap- 
proaches,  lin.    ft 1,750 

Concrete  sidewalks  in  approaches,  sq.  ft..     7.100 

Rebuilding  6  ft.   city  sewer,   lin.   ft 1,050 

Terra  cotta  pipe  sewers  in  approaches,  15- 

in..    lin.    ft 1,000 

Terra  cotta  pipe  sewers  in  approaches,  9- 

in.  and  less,  lin.   ft 200 

Porous    drain    tile,    6-in.    and    less,    in   ap- 
proaches,  lin.    ft 2,600 

Cast  iron  water  pipe  in  approaches,  6-in., 

lin.   ft 1,000 

Cast  iron  water  pipe  in  approaches,  4-in., 

lin.   ft 100 

Sewer  manholes   in   approaches 6 

Sewer  inlets   in  approaches 5 

Terra    cotta    pipe    sewer    connecting    with 


0-ft.   city  sewer,  lin.   ft gQQ 

Special  manholes  on  6-ft.  sewer .3 

Standard  manholes  in  15-in.  T.  C.  sewer.  3 

Fences  in  southern  approach,  lin.   ft 1,600 

Bids  will  be  received  on  either  brick,  con- 
crete or  concrete  block  construction  for  the 
arch  rings  of  the  tunnel.  The  foundations 
and  side  walls  below  the  springing  line  will 
be  of  monolithic  concrete  or  concrete  block 
masonry  consisting  of  1  part  cement,  2  parts 
sand  and  4  parts  gravel  or  broken  stone.  A 
1  :2 :4  gravel  mix  is  specified  for  the  mon- 
olithic concrete  or  concrete  block  masonry 
above  the  springing  line.  The  concrete  pack- 
ing back  of  the  arch  ring  and  side  walls  will 
be  a  1  :2%  :5  mix.  It  also  is  specified  that 
wherever  directed  bv  the  engineer  the  space 
back  of  the  masonry  arch  rings  and  bench 
walls  shall  be  filled  with  dry  packing  consist- 
ing of  hard,  durable  stone,  none  to  exceed  6 
in.  in  size.  This  dry  packing  will  be  grouted 
after  tlie  masonry  lining  is  in  place. 

If  brick  or  concrete  masonry  is  used  in  the 
arch  rings  a  coating  of  mortar  1^  thick 
consisting  of  1  part  cement  and  2  parts  sand 
will  be  plastered  over  the  back  of  the  arch. 
If  monolithic  concrete  masonry  is  used  in 
the  arch  rings  the  contractor  will  place  a 
water  proofing  membrane  in  each  tube  over 
the  arch  rings  for  a  distance  of  about  GOO  ft. 
from  the  portal  at  each  end  of  the  tunnel. 
This  membrane  will  consist  of  two  plies  of 
cotton  duck  or  burlap  saturated  with  pure 
bitumen  or  straight  run  American  coal  tar 
pitch  and  three  plies  of  water  proofing  ce- 
ment  of   pure   bitumen   or   pitch. 

The  north  approach  passes  under  eight 
tracks  of  tlie  Pennsylvania  R.  R.  The  bid  on 
the  construction  for  the  approach  will  in- 
clude the  cost  of  carrying  these  tracks  during 
construction.  The  concrete  masonry  in  the 
north  approach  will  be  a  l:2i/2:5  mix,  and 
similar  proportions  will  be  used  in  the  work 
at  the  other  portal.  The  south  approach  will 
require  the  construction  of  a  considerable 
amount  of  concrete  retaining  wall.  There 
also  will  be  quite  a  bit  of  open  cut  excavation, 
fill  and  embankment. 

The  tunnels  will  have  20  ft.  roadways,  and, 
with  the  approaches,  will  be  paved  with  brick 
on  a  6-in.  concrete  base  in  the  approaches 
and  a  6  in.  to  9  in.  concrete  base  in  the  tun- 
nel. The  sidewalks,  2  ft.  9  in.  in  width,  in 
each  tunnel,  with  the  steel  protected  con- 
crete arch,  will  form  a  conduit  for  electric 
wires.  The  sidewalks  in  the  tunnels  will  con- 
sist of  concrete  slabs  3  in.  deep,  with  a  1  in. 
wearing  surface,  reinforced  with  expanded 
metal.  In  the  tunnel  there  will  be  a  6-in.  terra 
cotta  drain  placed  every  300  ft.  and  man- 
holes and  inlets  about  every  600  ft. 

Bids  for  the  construction  of  County  High- 
way Tunnel  No.  1  will  be  received  by  Hyatt 
M.  Cribbs.  County  Controller,  Pittsburgh,  Pa., 
until  1  :.30  p.  m.,  July  12.  A.  D.  Neeld,  237 
Fourth  .\ve.,  Pittsburgh,  Pa.,  is  the  consulting 
engineer. 


Buildings  for  Naval  Radio  Station,  San 
Diego,  Cal. 

The  Bureau  of  Yards  and  Docks  is  calling 
for  bids  for  the  construction  of  buildings  for 
the  naval  radio  station  near  San  Diego,  Cal. 
This  station  is  approximately  8  miles  from 
San  Diego  and  21-4  miles  from  Lemon  Grove. 
The  structures  to  be  erected  under  the  con- 
tract are  a  power  house,  one  operating  build- 
ing, one  storehouse,  one  pump  house,  one 
quarters  for  commanding  officer,  one  double 
quarters  for  chief  operators,  and  one  quarters 
for   operators. 

The  power  house,  operating  building,  and 
storehouse  will  be  of  brick  construction,  stuc- 
coed, with  concrete  bases  and  foundations, 
steel  and  concrete  roof  construction,  except 
where  tile  roof  covering  is  indicated.  All 
quarters  and  pump  house  will  be  of  wood 
frame  construction  on  concrete  bases  and 
foundations,  stuccoed  exteriors,  and  tile  roof 
covering.  All  walls  and  ceilings  will  be  plas- 
tered except  walls  and  ceilings  of  storehouse 
and  walls  of  power  house.  The  general  di- 
mensions of  the  buildings  are  at  fol- 
lows, excluding  porches :  Power  house, 
40     ft.     2     ins.    wide,     72     ft.     2     ins.     long; 
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operating  buildings,  26  ft.  2  ins.  wide,  47 
ft.  8  ins.  long;  storehoust,  22  ft.  wide,  41  ft. 
6  ins.  long:  pump  house,  1.5  ft.  10  ins.  wide,  16 
ft.  10  ins.  long;  quarters  for  commanding  offi- 
cer. 51  ft.  10  ins.  wide,  46  ft.  4  ins.  long;  quar- 
ters for  chief  operator,  27  ft.  4  ins.  wide,  62  ft. 
4  ins.  long;  quarters  for  operators,  18  ft.  wide, 
64  ft.  long.  _  - 

Bids  on  the  above  work  will  be  received 
until  II  a.  m.,  July  24,  by  the  Bureau  of  Yard; 
and  Docks,  Navy  Department,  Washington, 
D.  C. 


A  $130,000  Road  Letting  in  Allegheny 

County,  Pa. 

A  $130,000  road  letting  will  be  held  soon 
by  the  commissioners  of  Allegheny  county, 
Pennsylvania.  Authorization  has  been  re- 
ceived for  calling  for  bids  for  the  improve- 
ment of  the  following  roads: 

Type  of  Est 

Road.                                                 surfacing.  cost. 

W'ilmeiding   and   Monroeville.  .Macadam  $30,348 

Noblesville  "O"    Brick  2,407 

Kewtown  and  Rodi Bricl?  31.592 

McCoy  Extension   Macadam  19,271 

Braddock  and  Ardmore Macadam  6,254 

]\Iillers   Run    Extension Macadam  31,119 

Millers  Run  Extension Brick  61,210 

Bids  will  be  received  by  Hyatt  M.  Cribbs, 
County  Controller,  Pittsburgh,  Pa.  John  Gil- 
lespie  is    County    Road   Commissioner. 


PERSONALS 

Mr.  Robert  Leslie  Pettigrew  of  Great  Falls, 
Mont.,  who  graduated  this  year  from  the 
civil  engineering  class  of  Montana  State  Col- 
lege, has  received  an  appointment  to  the  post 
of  assistant  engineer  in  the  national  forest 
products    laboratory    at    Madison,    Wis. 

Mr.  H.  A.  Keller  has  been  appointed  super- 
intendent of  city  water  works  for  Niagara 
Falls,  N.  Y.  Mr.  Keller  held  the  same  posi- 
tion from  May,  1889,  to  June,  1891.  He  has 
been  in  various  outside  lines  since  that  time 
and  has  received  his  present  appointment  upon 
passing  the  civil  service  examination  for  the 
place. 

Mr.  F.  M.  Lockwood  has  been  appointed 
■'manager  of  operation"  for  San  Diego,  Calif., 
and  will  have  charge  of  all  city  departments 
except  fire  and  police  and  purchasing.  Mr. 
Lockwood  is  a  civil  engineer  and  was  assist- 
ant superintendent  of  the  sewer  department 
in  1912  and  assistant  superintendent  of  the 
department  of  sewers,  buildings  and  electricity 
since    1913. 

Due  to  the  reorganization  in  the  Depart- 
ment of  Agriculture,  the  Baltimore  local  ofiice 
of  Drainage  Investigations,  recently  maintained 
at  319  Custom  House,  Baltimore,  Md.,  with 
John  R.  Hasw'ell,  drainage  engineer,  in  charge, 
has  been  discontinued,  but  the  work  will  still 
be  conducted  by  Mr.  Haswcll  through  the 
Office  of  Public  Roads  and  Rural  Engineering 
located  in  the  Willard  Building,  'Ah  Four- 
teenth  street   N.   W.,   Washington,   D.   C. 

Mr.  George  Cromwell  has*  been  appointed 
city  engineer  of  San  Diego,  Calif.,  succeed- 
ing Mr.  W.  M,  Rumsey.  Mr.  Cromwell  was 
superintendent  of  construction  for  the  Na- 
tional Wood  Pipe  Company  for  a  time,  and 
later  was  resident  engineer  for  the  Stone  & 
Webster  Engineering  Corporation  on  hydro- 
electric development  at  Verdi.  Ncv.  He  was 
also  for  a  time  field  engineer  for  the  Oro  De- 
velopment Corporation  on  Feather  River  water 
power  development.  Mr.  Cromwell  is  an  asso- 
ciate member  of  the  American  Society  of  Civil 
Engineers. 

Mr.  Wilbur  F.  Reed  has  been  appointed 
superintendent  of  the  Kalamazoo,  Mich., 
water  plant,  succeeding  Mr.  Herman  A.  Wat- 
son, who  resigned.  The  water  department  of 
Kalamazoo  operates  under  civil  service  and 
^Ir.  Reed  was  selected  from  a  list  of  six 
applicants  who  took  the  examination.  He  has 
already  served  about  twenty  years  in  this 
capacity,  and  was  succeeded  by  Mr.  Watson 
four  years  ago,  at  which  time  the  water  de- 
partment was  not  under  civil  service  regu- 
lations. Mr.  George  Houston  is  water  com- 
missioner of  Kalamazoo. 


Andrew  Swickard,  Hydraulic  Engineer. 

Mr.  Andrew  Swickard,  author  of  the 
notable  series  of  articles  on  "The  Use,  De- 
sign, Construction,  Cost  and  Durability  of 
Wooden  Stave  Pipe,"  which  has  been  pub- 
lished at  intervals  in  Engineering  and  Con- 
tracting during  the  past  eight  months,  is  in 
general  practice  as  hydraulic  engineer  with 
oflSces  at  216  Fulton  street,  Palo  Alto,  Cal. 
Mr.  Swickard  began  his  engineering  career 
in  1890  on  railroad,  county  and  municipal  sur- 
veying in  Seattle  and  vicinity.  From  1892  to 
1898  he  w-as  engaged  in  general  engineering 
work  in  various  parts  of  California,  includ- 
ing the  design  of  a  number  of  county  road 
bridges,  water  works  plants  and  sewer  svs- 
tems.  From  1898  to  1900  Mr.  Swickard  was 
with  the  United  States  army  engineers  at 
Manila  as  chief  draftsman  in  the  chief  en- 
gineer's office.  The  following  year  he  spent 
in  recovering  his  health  which  had  been 
seriously  impaired  during  his  Philippine  serv- 
ice. He  then  completed  his  course  in  civil 
engineering  at  Stanford  Universiity,  leaving 
in  1903  to  become  assistant  engineer  with  the 
Bay  Cities  Water  Co.,  San  Francisco.  From 
1904  to  1908  he  was  with  the  Excelsior  Wood 


Pipe  Co.,  of  San  Francisco,  as  engineer  and 
assistant  manager.  During  this  time  Mr. 
Swickard  designed  and  directed  construction 
of  large  wooden  pipe  in  most  of  the  Pacific 
coast  and  Rocky  Mountain  states,  .Alaska  and 
Mexico.  It  was  during  this  period  that  he 
gained  most  of  the  experience  and  collected 
the  data  which  enabled  him  to  put  forth  his 
valuable  series  of  articles  on  wooden  stave 
pipe. 

During  1908-1910  he  was  engaged  \n  gen- 
eral practice  in  San  Jose,  Cal.,  and  from  1910 
to  1913  he  was  resident  engineer  in  the  South 
San  Joaquin  irrigation  district  which  com- 
prises 70,000  acres  in  the  southern  part  of  San 
Joaquin  County,  California.  From  1913  to 
1914  he  was  chief  engineer  on  this  project. 
While  chief  engineer  Mr.  Swickard  was  in 
charge  of  the  design  of  all  structures  of  the 
distribution  system  and  also  of  the  details  of 
an  earthen  dam  60  ft.  high.  Tlic  total  cost 
of  this'  system  was  approximately  $.'!,.300,000. 
Since  1914  Mr.  Swickard  has  been  in  general 
practice  at  Palo  Alto,  and  has  also  carried 
on  some  experimental  work  at  Stanford  Uni- 
versity which  consumed  a  considerable  amount 
of  his  time. 

At  the  present  time  Mr.  Swickard  is  en- 
gaged on  an  irrigation  project  which  will 
eventually  serve  16,000  acres  of  land  in  a 
fruit  growing  region  where  the  natural  rain- 
fall is  variable  and  seldom  sufficient  to  secure 
maximum  yields.  Water  will  have  to  be 
stored,  and  because  of  occasional  dry  years, 
two  years'  sunplv  must  be  stored.  .\n  earthen 
dam   110  ft.  hii:h  is  the  main   feature  of  this 


work,  which  is  still  in  the  preliminary  stages. 
Mr.  Swickard  estimates  the  total  cost  at  $1,- 
200,000. 

Mr.^  A.  T.  North,  associate  member  of  the 
American  Society  of  Civil  Engineers,  is  now 
associated  with  the  Abraham  Lund  Company, 
general  contractors,  1117-18  Association  Build- 
itig,  Chicago,  and  will  be  in  charge  of  the  en- 
gineering and  estimating  departments. 

Mr.  Frederick  E.  Everett  has  been  appointed 
acting  state  highway  commissioner  of  the 
state  of  New  Hampshire,  to  succeed  the  late 
S.  P.  Hooker.  Mr.  Everett  was  assistant  en- 
gineer for  the  New  Hampshire  state  highway 
department  from  1906  to  1909,  and  division 
engineer  from  1910  until  receiving  his  pres- 
ent appointment.  Prior  to  1906  he  was  for 
a  time  assistant  engineer  for  the  park  de- 
partment,  Cambridge,  Mass. 

Mr.  Karl  M.  Mitchell,  former  village  man- 
ager of  River  Forest,  111.,  has  been  appointed 
city  manager  of  Sherman,  Texas.  Mr.  Mitchell 
occupied  the  position  at  River  Forest  for  two 
years  past.  Prior  to  that  he  was  manager  of 
an  electric  fixture  business,  of  which  he  was 
also  part  owner.  He  received  his  training  in 
electrical  engineering  at  Chicago  and  North- 
western Universities,  and  from  1896  to  1912 
was  in  the  employ  of  various  public  utility 
companies,  for  the  last  six  years  of  that  time 
as  manager  and  efficiency  expert. 

Mr.  Robert  S.  Brown,  who  recently  opened 
an  office  at  Asheville,  N.  C,  for  civil  engi- 
neering practice,  is  a  graduate  of  Trinitv  Col- 
lege, Durham,  N.  C,  class  of  1908.  For  one 
year  after  graduation  he  was  on  railroad  loca- 
tion and  construction  in  Montana  and  Idaho 
with  the  Gilmore  &  Pittsburgh  Railroad,  and 
later  was  for  a  time  on  location  and  construc- 
tion work  for  the  Chicago,  Milwaukee  &  St. 
Paul  in  Montana.  During  the  year  1911  he 
was  engaged  on  reconstruction  work  or  in  the 
division  engineer's  office  of  the  San  Pedro, 
Los  Angeles  &  Salt  Lake  in  Nevada.  The 
following  year  he  was  engaged  on  electric 
railroad  location  in  Alabama  and  last  year 
on  general  work  in  Georgia  and  North  Caro- 
lina. 

Mr.  L.  L.  Robbins,  who  has  been  the  assist- 
ant engineer  for  the  Pennsylvania  State  High- 
way Department,  in  charge  of  the  district 
comprising  Beaver,  Westmoreland  and  Alle- 
gheny counties,  has  been  removed,  and  Mr. 
S.  W.  Jackson,  who  has  been  in  charge  of 
the  district  comprising  Bradford,  Cameron, 
Lycoming,  Sullivan,  Potter  and  Tioga  coun- 
ties, has  been  placed  in  charge.  The  vacancy 
thus  created  has  been  filled  by  the  promotion 
of  Mr.  J.  S.  Ritchey,  who  has  been  county 
superintendent  of  Sullivan  county.  Mr.  W. 
R.  Mason  has  been  appointed  county  superin- 
tendent. The  district  comprising  Berks,  Car- 
bon, Schuylkill,  Lehigh  and  Northampton 
counties  is  now  in  charge  of  Mr.  John  T. 
Gephart,  Jr.,  who  succeeds  Mr.  G.  C.  Lan- 
genheim. 

.'\nother  important  change  in  the  Pennsyl- 
vania State  Highway  Department  is  the  re- 
moval of  Mr,  Thomas  C.  Boyd  of  Pittsburgh 
from  the  post  of  registrar  of  the  automobile 
division,  and  tlie  appointment  of  Mr.  George 
M.   Bruester  of   Philadelphia  to  succeed   him. 

Mr.  George  W.  Deavcs  of  Delaware  county, 
Pennsylvania,  has  been  appointed  superintend- 
ent of  that  county,  to  fill  the  vacancy  caused 
by  the  resignation  of  Mr.  A.  A.  Sellers.  Mr. 
H.  F.  Dively  has  been  named  to  succeed  Mr. 
E.  L.  Coveney  as  superintendent  of  Bedford 
county.  Mr.  C.  E.  Myers  succeeds  Mr.  Rob- 
ert Black  as  superintendent  of  Westmoreland 
county.  Mr.  W.  G.  Dick  is  the  new  superin- 
tendent of  .Allegheny  county,  and  Mr.  W.  A. 
Dilzer  has  been  named  as  superintendent  of 
Berks  county. 

Mr.  Charles  A.  Kyle  has  been  appointed 
bridge  engineer  for  the  state  highway  com- 
mission of  Montana,  a  new  office  in  that  state. 
Hereafter  all  highway  bridges  in  Montana 
must  be  built  from  standard  plans  of  the  com- 
mission and  approved  by  it  after  erection  be- 
fore being  paid  for.  Mr.  Kyle  is  well  quali- 
fied to  take  char.ge  of  the  designing  of  stand- 
ard plans  and  supervision  of  construction.    lie 
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was  with  the  Chicago  Bridge  &  Iron  Works 
about  ten  years  as.  draftsman  and  chief 
draftsman,  and  was  engaged  principally  on 
highway  bridges.  From  1900  to  1915  he  was 
with  the  American  Bridge  Company,  and  dur- 
ing the  past  six  months  has  had  an  office  at 
Salt  Lake  City  as  structural  engineer.  While 
with  the  American  Bridge  Company  Mr.  Kyle 
was  engineer  and  manager  of  the  plant  at 
Lafayette,  Ind.,  for  four  years.  For  three 
vears  he  was  checker  and  squad  boss  in  the 
drafting  room  at  Chicago.  For  the  last  seven 
years  he  was  structural  engineer  and  designer 
on  several  large  jobs,  including  the  Steptoe 
Valley  Smelting  Company's  plant  at  McGill, 
Nev. :  steel  structures  for  the  International 
Smelting  &  Refining  Company  at  Salt  Lake 
City ;  concrete  and  steel  viaduct  at  Des  Moines, 
etc.  He  also  worked  on  valuation  of  bridges 
for  the  Chicago  Great  Western,  and  was 
structural  engineer  on  the  great  Tooele  smel- 
ter in  Utah. 


CIVIL  SERVICE  NEWS 

The  United  States  Civil  Service  Commis- 
sion announces  an  examination  for  the  fol- 
lowing position : 

Associate  chemist,  qualified  in  chemistry  of 
metals;  Bureau  of  Standards.  Salary  $2,000 
to  $2,500  per  annum.  Graduation  with  bach- 
elor's degree  in  chemistry  from  four  years" 
course  at  college  or  university  of  recognized 
standing,  and  at  least  three  years"  subsequent 
research  work  in  chemistry  of  metals  and 
alloys  are  prerequisites. 

OBITUARIES 

John  Dey,  aged  55,  for  many  years  city  en- 
gineer of  Waukesha,  Wis.,  died  recently  at 
his  home  in  Pewaukee. 

Thomas  H.  Verner,  superintendent  for 
years  of  the  city  water  bureau  at  McKeesport, 
Pa.,  died  suddenly  at  his  home  in  that  city 
June  13,  aged  50. 

NEW  CATALOGUES 

RAiLW.i\Y  .A-PPLL^NCES. — Paper,  Leaflets.  Walter 
A.  Zelnicker  Supply  Co.,  St.  Louis. 
Zelnicker  Bulletins  Nos.  171  and  174,  listing 
bargains  in  tool  steel,  spike  mauls,  locomo- 
tives and  cars,  car  parts,  engines,  steel  piling 
and  miscellaneous  items  now  on  hand. 

Truck  Trailers.— Paper,  5x7  ins. ;  20  pp.  The 
Trov  Wagon  Works  Co.,  Troy,  Ohio. 
Book  Two,  describing  Troy  Truck  Trailers 
and  showing  by  illustration  and  figures  the 
economy  and  added  efficiency  gained  by  using 
trailers  with  motor  trucks.  Shows  the  trailers 
in  use  and  gives  specifications. 

Tunnel  Waterproofing. — Paper,  3%x6%  ins. ; 

4  pp.  Cement-Gun  Company,  Inc.,  30  Church 

St.,  New  York  City. 

Bulletin  91,  a  reprint  of  an  article  on  "Tun- 
nel Waterproofing  with  Cement-and-Clay  Mor- 
tar," fifty  feet  below  sea  level  using  a  cement- 
gun.   Illustrated. 

Cement-Gun  Process. — Paper,  6x9  ins. ;  4  pp. ; 

1-p.  insert.    Cement-Gun   Company,  Inc.,  30 

Church  St.,  New  York  City. 

Bulletin  No.  101.  describing  the  Cement-Gun 
Process  of  permanently  repairing  coke  ovens. 
Describes  apparatus,  with  cut,  and  operation, 
and  contains  fac-simile  letter  from  the  com- 
pany for  which  the  work  was  done. 

Tractors. — Paper,  12x9  ins. :  16  pp. ;  Knox 
Motors  Company,  Springfield,  Mass. 
The  Knox  Tractor  is  described  with  illus- 
trations and  specifications.  The  arguments  in 
favor  of  tractor  haulage  are  summarized  and 
details  of  construction  of  Knox  tractor  are 
explained  with  special  reference  to  the  double 
spring  suspension  feature. 

Venturi  Meter. — Paper,     6x9     ins. ;     36     pp. 

Builders'  Iron  Foundry,  Providence,  R.  I. 

Bulletin  No.  84,  consists  of  a  brief  history 
of  the  invention  and  introduction  of  the  Ven- 
turi meter,  descriptions  of  applications,  spe- 
cial   meters,    recording    devices,    etc.,    instruc- 


tions as  to  installing,  and  tables  of  standard 
meter  tubes.    Illustrated. 

Water  Drill. — Paper,  6x9  ins. ;  4  pp. ;  Inger- 

soll-Rand    Co.,    11    Broadway,    New    York 

City. 

Form  4034,  descriptive  of  Type  No.  ii6 
Leyner-Ingersoll  water  drill.  Resembles  the 
larger  No.  18  Leyner-Ingersoll  drill,  but  is 
lighter  in  weight  and  intended  for  smaller 
diameter  and  shorter  depth  holes.  Illustrated. 
Water    Filters,    and     Coolers. — Paper,     6x9 

ins. ;  Everson  Filter  Co.,  70  West  Lake  St., 

Chicago. 

Catalogue  No.  6  describing  Everson  water 
filters  and  coolers.  Shows  various  sizes  and 
styles  and  typical  installations  of  systems  in 
office  and  factory  buildings.  Gives  general 
specifications  and  describes  methods  of  in- 
stalling  and   cleaning. 


CATALOGUE  REVIEWS 

Gas  and  Gasoline  Engines. — 6x9  ins.  Chicago 
Pneumatic  Tool  Co.,  Fisher  Building,  Chi- 
cago, and  52  Vanderbilt  St.,  New  York  City. 
Bulletin  34-X,  dated  May,  1915,  relating  to 
Chicago  Pneumatic  Class  A-G  "Giant"'  Gas 
and  Gasoline  Engines.  The  bulletin  illustrates 
these  engines  in  si.x  sizes,  ranging  in  horse- 
power from  16  to  130.  The  engines  are  similar 
in  general  design  to  the  well  known  Giant 
fuel  oil  driven  engines  manufactured  by  the 
same  company  with  the  exception  that  they 
are  designed  for  operation  with  manufactured 
or  natural  gas.  Their  enclosed  self-oiling 
features,  extreme  simplicity  and  perfect  auto- 
matic regulation  should  recommend  them  in 
the  field  where  manufactured  or  natural  gas 
is  available  for  power  purposes. 

Copies  of  this  bulletin  and  further  informa- 
tion relative  to  these  engines  may  be  obtained 
by  applying  to  the  Chicago  Pneumatic  Tool 
Company,  at  either  of  the  offices  above  men- 
tioned, or  any  of  its  branches  in  all  principal 
cities. 

Hy-Rib  Handbook. — Paper,  5%x7i/^  j^g  .  J44 
pp. ;  Trussed  Concrete  Steel  Company. 
The  13th  edition  of  the  handbook  of  Hy-Rib 
and  metal  lath  products  is  a  very  compre- 
hensive reference  book  on  the  subject  of  roof, 
floor,  wall  and  ceiling  construction,  without 
forms.  Hy-Rib  is  a  steel  sheathing,  stifTened 
by  rigid  deep  ribs,  manufactured  from  a  single 
plate  of  steel.  It  is  a  combined  unit  of  forms, 
reinforcement,  lath  and  channels  for  concrete, 
stucco  and  plaster. 

All  the  various  types  of  Hy-Rib  are  shown 
with  their  applications  to  all  types  of  construc- 
tions. Specifications  and  reading  matter  have 
been  completely  revised  and  include  the  most 
recent  developments  and  improvements.  Many 
new  details  and  discussions  have  been  added. 
The  photographs  of  installations  are  particu- 
larly comprehensive,  including  many  new  ap- 
plications. Illustrations  and  information  on 
Pressed  Steel  Studs  and  Kahn  Pressed  Steel 
Construction,  as  well  as  the  floretyle  construc- 
tion, have  been  added. 


INDUSTRIAL  NOTES 

The  Panama  -  Pacific  Exposition  an- 
nounces the  award  of  two  grand  prizes,  five 
medals  of  honor  and  two  gold  medals  on 
farm  machinery  to  the  Holt  Manufacturing 
Co.,  of  Stockton,  Cal.  All  these  awards  in- 
dicate scorings  of  95  per  cent  or  better. 

The  Ingersoll-Rand  Co.  on  June  1  opened 
a  branch  office  at  139  Townsend  St.,  San 
Francisco.  Arrangements  have  been  made 
with  Harron,  Rickard  &  McCone,  former 
agents,  whereby  they  co-operate  with  the 
Ingersoll-Rand  Co.  in  the  sale  of  its  ma- 
chinery after  the  expiration  of  their  agency 
contract  on  July  22  next.  Mr.  H.  L.  Ter- 
williger  is  district  manager  for  the  territory- 
handled  by  the  San  Francisco  and  Los  An- 
geles offices,  with  headquarters  in  San 
Francisco. 

The  Universal  Portland  Cement  Co. 
makes  the  following  announcements:  R.  F. 
Atkins,  formerly  assistant  credit  manager 
at  Chicago,  has  been  appointed  Eastern 
credit    manager    at    Pittsburgh,    vice    L.    S. 


Fuqua,  deceased.  Ray  S.  Huey,  formerly 
assistant  general  superintendent,  Buffington 
Plant,  Buffington,  Ind.,  has  been  appointed 
superintendent  of  the  Duluth  Plant,  Duluth, 
Minn.  Fred  Robinson  has  been  appointed 
assistant  superintendent  of  that  plant.  C. 
O.  Soderquist,  formerly  superintendent  of 
Mill  No.  6  at  Buffington  Plant,  has  been 
appointed  assistant  general  superintendent, 
Buffington  Plant.  J.  H.  Kempster,  former- 
ly chief  chemist,  Buffington  Plant,  is  now 
superintendent  of  Mills  3  and  4  of  the  Buf- 
fington Plant.  M.  S.  Humphreys,  formerly 
chief  draftsman,  has  been  appointed  super- 
intendent of  Mill  No.  6  at  Buffington,  Ind. 


FOREIGN  TRADE  NOTES 

The  following  foreign  trade  opportunities 
are  listed  by  the  Bureau  of  Foreign  and 
Domestic  Commerce.  Where  addresses  are 
omitted  in  the  items  they  may  be  obtained 
from  the  office  of  the  Bureau  at  Washing- 
ton, D.  C,  or  from  the  following  branch 
offices:  New  York,  Room  409  U.  S.  Cus- 
tomhouse; Boston,  752  Oliver  Bldg.;  Chi- 
cago, 629  Federal  Bldg.;  St.  Louis,  402 
Third  National  Bank  bldg.;  Atlanta,  521 
Post  Office  Bldg.;  New  Orleans,  1020  Hi- 
bernia  Bank  Bldg.;  San  Francisco,  306-7  L. 
S.  Customhouse;  Seattle,  922  Alaska  Bldg. 
In  applying  for  addresses  reference  should 
be  made  to  the  file  numbers. 

Concrete  Pipe  Machinery. — Business  man 
in  Chile  wishes  to  secure  catalogues  and 
prices  of  forms  and  machinery  for  making 
small  concrete  sewer  pipe.  No.  17275.  [For 
address  see  first  paragraph.] 

Bridges — Siamese. — Royal  Railway  De- 
partment is  asking  bids  for  supply  of  3  steel 
viaducts  for  the  Northern  Line.  The  ten- 
ders must  reach  the  head  office  in  Bangkok 
not  later  than  Oct.  29,  1915.  Specifications 
and  drawings  may  be  examined  at  the  Bu- 
reau of  Foreign  and  Domestic  Commerce  or 
its  branch  offices.  The  bids  should  be  for- 
warded to  L.  Weiler,  director  general  of 
the  Siamese  Royal  Railway  Department, 
Bangkok,  Siam.  Correspondence  may  be  in 
English. 

Grain  Elevator. — Canadian  company  con- 
templates expending  $100,000  for  erection 
reinforced  concrete  grain  elevator.  No.  17,- 
205.     [For  address  see  first  paragraph.] 

Fire  Alarms. — Tenders  are  asked  by  Sec- 
retary Rangoon  Municipality,  until  Aug.  11, 
for  a  proposed  installation  of  fire  alarms  for 
the  town  of  Rangoon.  A  copy  of  the  general 
specifications  and  schedule  of  prices  may 
be  obtained  from  Ogilvy  Gillanders  &  Co., 
67  Cornhill,  London,  E.  C,  England. 

Pipe. — Bids  will  be  received  until  July  14, 
by  President  Corporation  of  Madras,  India, 
for  supply  and  delivery  of  cast-iron  pipes, 
special  castings,  sluice  valves,  hydrants,  etc. 
The  total  weight  of  the  pipes  and  special 
castings  is  about  4,700  tons,  the  diameters 
varying  from  2i/2  in.  to  42  in.  Forms  of  ten- 
der may  be  obtained  from  James  Mansergh 
&  Sons,  5  Victoria  St.,  W'estminster,  Madras. 

Turbines. — Tenders  will  be  received  until 
July  12,  by  Metropolitan  Board  of  Water 
Supply  and  Sewerage  for  the  supply  and  de- 
livery at  the  pumping  station  at  Ryde,  New 
South  Wales,  of  two  steam  turbines,  with 
condensers,  air  pumps,  etc.,  and  spares. 
Copies  of  the  specifications  and  form  of  ten- 
der may  be  obtained  from  the  offices  of  the 
Metropolitan  Board  of  W'ater  Supply  and 
Sewerage,  341  Pitt  St.,  Sydney,  .A.ustralia. 

Dredger. — Tenders  will  be  received  at  the 
office  of  the  South  Australian  Harbors 
Board,  Adelaide,  Australia,  until  Aug.  24, 
1915,  for  supply  and  delivery  of  a  steel  self- 
propelling  barge-loading  bucket  dredger. 
Further  information  may  be  had  on  appli- 
cation to  the  office  of  the  South  Australian 
Harbors  Board,  Victoria  Square,  Adelaide, 
Australia. 

Structural  Steel  and  Cement. — Contractor 
in  Italy  wishes  to  enter  into  business  rela- 
tions with  American  manufacturers  of  struc- 
tural iron  and  steel.  He  also  desires  to  re- 
ceive quotations  on  Portland  cement.  No. 
17262.     [For  address  see  first  paragraph.] 
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Tangled   Theories   of   Railway  Valua- 
tion. 

A  three-day  hearing  on  valuation  questions 
was  recently  held  by  Director  Prouty  of  the 
Valuation  Board  of  the  Interstate  Commerce 
Commission.  Representatives  of  the  railways 
and  of  the  state  railway  commissions  replied 
to  a  list  of  questions  on  disputed  points  in- 
volved in  appraisals.  It  is  significant  that  the 
railways  and  the  commissions  rarely  agreed, 
the  former  adhering  quite  closely  to  the 
"competitive  theory,"  and  the  latter  adhering 
to  the  "agency  theory." 

It  may  be  questioned  whether  the  two  dis- 
putants realized  that  there  are  two  funda- 
mentally different  theories  of  valuation,  for 
neither  of  the  disputants  was  wholly  consist- 
ent. In  our  issue  of  Dec.  11,  1912,  we  pub- 
lished an  article  entitled,  "Two  Conflicting 
Theories  of  Valuation,"  by  Halbert  P.  Gil- 
lette, which  was  perhaps  the  first  published 
analysis  of  the  fundamental  cause  of  the 
many  diametrically  opposed  ideas  as  to  ap- 
praisals. Briefly  stated,  Mr.  Gillette  holds 
that  nearly  all  differences  of  opinion  may  be 
thrown  into  two  general  classes,  based  on 
two  tacit,  although  not  usually  avowed, 
theories:  (1)  The  Agency  Theory,  and  (2) 
the   Competitive   Theory. 

According  to  the  agency  theory  a  public 
utility  company  is  conceived  not  only  as  be- 
ing, but  as  having  always  been,  a  public 
agent  in  the  full  sense  of  the  term  agent.  As 
such  agent  a  utility  company  would  be  en- 
titled to  a  fair  return  on  its  actual  invest- 
ment from  beginning  to  date.  The  rate- 
making  value  of  its  property  would  be  the 
actual  cost  of  its  physical  plant  plus  any  ac- 
cumulated deficits  in  fair  return  on  its  invest- 
ment. Hence  in  appraising  its  plant,  the  at- 
tempt would  be  to  estimate  what  it  had  ac- 
tually cost  under  the  conditions  that  existed 
when  it  was  built.  If  there  were  trees  to  be 
cleared  and  grubbed  at  the  time  of  construc- 
tion, then  the  cost  of  such  clearing  and  grub- 
bing would  appear  in  an  appraisal,  even 
though  not  a  single  tree  might  now  exist 
within  a  mile  of  the  property.  If  construc- 
tion were  done  piece-meal,  then  piece-meal 
prices  would  be  applied.  If  prices  of  ma- 
terials had  varied,  then  weighted  average 
prices  over  a  period  of  years  would  be  used. 

The  "agency  theory"  has  never  been  fol- 
lowed to  its  logical  limit,  but  it  has  been  quite 
closely  adhered  to  by  some  state  railway  com- 
missions, notably  that  of  Wisconsin,  most  of 
whose  decisions  on  disputed  points  can  be 
seen  to  fall  under  the  "agency  theory."  Thus, 
the  deficit  method  of  calculating  "going 
value,"  or  the  Wisconsin  method  as  it  is 
often  called,  clearly  implied  adherence  to  an 
"agency    theory." 

The  "competitive  theory"  is  the  one  that 
may  be  said  to  have  been  adopted  by  the 
U.  S.  .Supreme  Court,  at  least  in  large  meas- 
ure According  to  this  theory  the  appraiser 
is  not  concerned  with  past  conditions  or  past 
costs.  He  must  assume  that  his  first  task  is 
to  estimate  the  cost  of  reproducing  the  plant 
tmder  present  conditions,  much  as  if  he  were 
called  upon  to  estimate  the  cost  of  a  pro- 
posed plant  intended  to  render  the  same  ser- 
vice as  the  existing  plant.  The  "competitive 
theory"  implies  the  possibility  of  building  an 
aUcrnative  plant,  and  of  setting  up  its  cost 
as  a  criterion  by  which  to  judge  the  value 
of   the  existing  plant. 

.According  to  the  "competitive  theory," 
present  unit  prices  for  wholesale  construction 
are  to  be  applied.     If  all  the  land  adjacent  to 
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there  are  two  distinct  theories  that  must  be 
understood  before  attempt  is  made  to  pass 
upon  the  Hundred  and  one  questions  of  de- 
tail that  arise  in  the  course  of  an  appraisal. 


the  right  of  wav  is  now  cleared,  then  no 
clearing  is  to  be  estimated  in  the  appraisal. 
But  if  buildings  and  other  improvements  now 
exist  on  adjacent  land  available  for  right 
of  way,  then  the  cost  of  acquiring  and  remov- 
ing those  improvements  must  be  included  in 
the  appraisal.  Carried  to  its  logical  con- 
clusion, the  "competitive  theory"  involves  es- 
timating the  cost  of  building  up  a  business 
equal  to  that  of  the  existing  plant  under 
competition  with  that  plant.  In  short,  the 
"competitive  theory"  involves  estimating  the 
cost  of  building  an  alternative  plant  and  ac- 
quiring an  alternative  income  equal  to  that 
of   the   existing  plant. 

These  are  the  two  theories  stated  briefly. 
But,  as  not  many  appraisers,  commissions  or 
courts  have  realized  that  any  definite  theory, 
other  than  the  vague  theory  of  "justice," 
could  be  applied  at  all,  there  has  been  a  woe- 
ful muddle  of  inconsistencies.  The  tendency 
of  each  extreme  partisan  has  been  to  spring 
nimbly  from  one  position  to  another  in  an 
effort  always  to  gain  as  much  as  possible  for 
his  client.  This  tendency  was  not  without 
some  exemplification  in  the  recent  hearing 
before   Director   Prouty. 

Probably  there  must  be  some  measu'-e  of 
compromise  between  the  "agency  theory"  and 
the  "competitive  theory,"  but  let  no  one 
imagine  that  there  can  be  any  real  logic  in 
the  compromise. 

Certainly  an  appeal  to  facts  will  show  that 
railways  and  other  public  utilities  have  not 
been  regarded  as  agents,  in  the  full  sense, 
until  very  recently,  and  even  now  they  are 
not  treated  as  agents  by  the  public.  Rail- 
ways, for  example,  are  compelled  to  compete, 
and  often  with  disasterous  results.  Surely 
this  is  not  an  application  of  any  real  agency 
theory   of   relationship. 

Before  there  can  be  consistency  in  de- 
cisions on  rate-making  values,  the  commis- 
sions and  courts  must  realize  that  two  theories 
of  rate  control  exist,  and  that  the  two  theories 
are  incompatible.  The  "competitive  theory" 
has  nothing  in  common  with  the  "agency 
theory,"  yet  somehow  we  must  pass  from  a 
regime  under  the  former  to  a  regime  under 
the  latter.  It  will  be  unfair  to  attempt  to 
make  the  "agency  theory"  retroactive,  to  any 
great  extent,  and  the  courts  have  thus  far 
resisted  the  attempt.  Doubtless  the  most 
just  solution  of  the  problem  would  be  to 
start  with  a  clean  slate  by  appraising  all  pub- 
lic utilities  at  their  fair  market  value,  based 
on  capitalized  net  earnings;  and  thereafter 
apply  the  "agency  theory"  as  fully  as  pos- 
sible. Whatever  the  ultimate  rulings  of  the 
courts  may  be,  this  much  is  certain:  Neither 
appraisers  nor  courts  can  approach  the  prob- 
lem   intelligently    until    it    is    recognized    that 
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Some  Comments  and  Queries  on  Water 
Works  Superintendence. 

The  problems  of  the  water  works  operator 
of  a  quarter  century  ago  appear  simple  in 
comparison  with  the  complex  character  of 
present  day  water  works  superintendence. 
Twenty-five  years  ago  the  water  superintend- 
ent was  chiefly  concerned  in  the  physical 
problem  of  keeping  the  system  in  passably 
good  running  order — in  getting  water  to  the 
consumers  at  all  times  under  fairly  adequate 
pressure.  The  operator  of  that  period  was 
but  little  troubled  by  such  considerations  as 
quality  of  supply  and  economy  of  operation. 

Now  the  physical  problems  are  either  suc- 
cessfully disposed  of  or  are  solved  with  pre- 
cision and  properly,  as  fast  as  they  arise.  The 
great  majority  of  towns  of  1,000  and  over 
have  water  systems  installed  and  in  running 
order.  The  operator  finds  little  difficulty  with 
physical  problems,  but  in  maintaining  the  pur- 
ity of  the  supply  and  in  increasing  economy  of 
operation  he  has  engrossing  problems.  Then, 
too,  the  modern  operator  is  largely  concerned 
in  such  matters  as  water  waste  prevention, 
meterage,  fuel  consumption,  valuation,  rates 
and  rate  making,  the  proper  selection  of  new 
machinery  and  supplies,  the  introduction  of  new 
and  improved  methods  in  field  and  office,  the 
installation  of  reinforcing  or  feeder  mains,  the 
proper  location  of  new  distribution  reservoirs, 
construction  methods  and  costs,  provision  and 
charges  for  fire  protection,  the  prevention  or 
mitigation  of  electrolytic  corrosion,  etc.  While 
attention  to  all  these  matters  was  as  import- 
ant then  as  now  this  importance  was  not  as 
generally  appreciated  as  it  is  today.  The 
old  time  operator  was  excusable  in  overlook- 
ing these  and  other  fine  points  which  might 
be  mentioned  but  equal  charity  cannot  be  ex- 
tended to  present  day  managers.  More  is 
known  now  about  proper  operation  procedure 
and  therefore  more  may  fairly  be  expected 
from  the   water  works  operator  of  today. 

We  are  well  aware  that  the  handling  of 
many  of  the  matters  mentioned  is  frequently, 
perhaps  generally,  delegated  to  outside  ex- 
perts or  to  the  specialists  within  the  larger 
departments.  However,  the  chief  water  works 
operator,  whatever  his  title  and  whatever  the 
extent  of  the  works  in  his  charge,  should  have 
a  good  grasp  of  all  these  subjects  and  should 
be  the  leader  of  thought  in  his  community  in 
all  matters  pertaining  to  water  supply.  If 
this  assertion  is  true  it  follows  that  the  chief 
operator  who,  in  municipally  owned  systems, 
is  usually  called  the  superintendent  of  water 
works,  should  be  chosen  because  of  his  knowl- 
edge of  the  duties  and  responsibilities  of  the 
office.  How  many  superintendents  of  water 
works  are  chosen  on  this  basis?  How  gen- 
erally is  the  oflice  used  as  a  political  plum? 
Docs  knowledge  gained  in  office  tend  to  pro- 
long the  tenure  of  office?  What  is  the  average 
tenure  of  this  office?  How  much  longer  can 
the  water  works  associations  continue  their 
present  apathy  as  to  the  rise  and  fall  of  the 
individual  superintendent?  .Are  the  associa- 
tions morally  obligated  to  safeguard  the  gen- 
eral public's  interest  in  water  supply  matters? 
.\re  they  faithfully  discharging  this  obligation 
while  failing  to  take  official  action  calculated 
to  discourage  the  appointment  of  incompetents 
or  the  removal  of  competcnts  for  considera- 
tions of  political  expediency? 
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Data  and  Discussion  on  Leakage  from 
Cast  Iron  Water  Mains. 

Many  published  data  show  the  large  volume 
of  leakage  from  the  cast  iron  water  mains  in 
the  larger  and  secondary  cities,  including  New- 
York,  Chicago,  Milwaukee,  Minneapolis,  etc., 
and  it  should  be  noted  that  the  same  condition 
exists  in  the  smaller  cities  and  towns.  Thiis 
the  village  of  Westerville,  Ohio,  where  this 
form  of  leakage  amounts  to  50  pei;  cent  of  all 
the  water  pumped,  is  a  good  illustration.  Per- 
haps the  towns  and  villages  suffer  even  more 
than  the  cities  in  this  particular  because  small 
water  systems  are  not  infrequently  poorly 
constructed  by  untrained  and  inexperienced 
workmen.  The  caulking  is  often  carelessly 
done.  It  is  unfortunate  that  so  few  of  the 
smaller  municipalities  are  in  a  position  to  make 
the  proper  tests  for  loss  because  such  data 
would  be  of  great  value. 

Water  leakage  and  waste  may  properly  be 
divided  into  the  follow-ing  classes:  (1)  House 
or  inside  leakage  due  to  defective  plumbing. 
(2)  Over-consumption,  especially  in  summer. 
(S)  Water  stolen  from  the  mains,  and  waste 
due  to  flat  rates.  (4)  Underground  leakage 
from  services  and  mains.  The  first  three 
sources  of  waste  can  and  should  be  regulated 
by  the  installation  of  meters.  This  leaves  only 
the  underground  leakage  from  services  and 
mains  for  special  consideration  and  serious 
study.  During  recent  years  several  large  cities 
have  made  exhaustive  studies  of  the  w-hole 
subject  of  w-ater  waste.  The  data  here  given 
will  be  confined  to  those  pertaining  to  under- 
ground losses. 

At  Baltimore  60  per  cent  of  the  leakage  is 
charged  to  defective  house  connections,  20  per 
cent  to  broken  supplies,  services  and  private 
pipes  and  20  per  cent  to  mains,  valves  and 
water  used  in  street  construction.  These  fig- 
ures pertain  to  the  high  sections  of  the  city 
and  it  was  thought  very  likely  that  leakage 
from  the  mains  direct  would  be  found  much 
higher  in  the  lower  parts  of  town.  In  New 
York  City,  in  Manhattan  and  the  Bronx,  the 
waste  detected  and  stopped  from  the  fall  of 
1910  to  .^pril,  1913,  was  approximatelv  40,000.- 
000  gals,  per  day.  The  underground  leakage 
detected  and  stopped  was  about  2-5  per  cent  of 
the  total. 

Very  complete  and  thorough  tests,  extend- 
ing over  seven  or  eight  years,  have  been  made 
in  the  citv  of  Washington.  The  data  on  un- 
derground leakage  are  so  itemized  as  to  show 
exactly  the  amount  of  loss  from  the  different 
sources.  During  the  seven  years  from  July  1, 
1907,  to  -Julv  1,  1914,  the  underground  leakage 
detected  and  prevented  averaged  .5,759.200  gals, 
per  day.     This  was  distributed  as  follows; 

Average  daily 
Sources  leakage  detected 

of  and  prevented, 

leakage.  Gallons. 

1.  .\handoned  taps  and  services 140. 84.'! 

2.  Iron  services    1,702,643 

5.  Lead   services    611,600 

4.  Wiped  joints   380.171 

.T.  Couplings     825,871 

6.  Stopcocks    33,0.57 

7.  Street  washers    8,371 

5.  Joints  on  mains 1,183,943 

9.  Broken  mains   262,486 

10.  Valves     47,514 

11.  Elow-ofts    142,986 

12.  Fire  hvdrants   51.100 

13.  Public  hvdrants   23,914 

14.  Unclassified 346,200 

Totals    5,759,143 

The  foregoing  tabulation  shows  the  two 
principal  sources  of  leakage  to  be  from  iron 
services  and  joints  on  mains.  The  former 
comprises  approximately  29  per  cent  and  the 
latter  21  per  cent  of  the  total  loss,  or  in  other 
words  the  two  combined  represent  one-half 
of  the  entire  leakage.  The  loss  shown  in  the 
case  of  couplings  Cwhich  is  the  next  largest') 
practically  all  occur  in  one  year  (1908-19091. 
Hence  it  is  hardly  fair  to  give  this  much 
weight.  The  loss  from  such  a  source  should 
never  be  excessive.  In  most  cases  it  is  almost 
negligible.     The  losses  both  from  lead  services 


and  wiped  joints,  while  varying  to  quite  an 
extent  for  the  different  years,  are  seen  to  be 
sufficiently  large  to  warrant  serious  consider- 
ation. The  other  losses  are  rather  variable 
and  are  not  of  so  much  importance. 

The  cases  of  Baltimore,  New  York  and 
Washington  may  be  taken  as  typical.  The  re- 
sults obtained  indicate  that  the  underground 
leakage  represents  anywhere  from  25  per  cent 
to  51  per  cent  of  the  total  waste,  but  it  must 
be  borne  in  mind  that  the  figures  quoted  rep- 
resent only  the  amount  of  waste  that  was  de- 
tected and  stopped.  Just  what  proportion  of 
the  waste  was  not  detected  or  prevented  we 
are  not  told,  except  in  the  case  of  New  York. 
Mr.  De  Varona  states  that  this  represents  only 
15  per  cent  to  20  per  cent  of  the  total  pumpagc 
unaccounted  for.  Now  in  making  such  sur- 
veys as  this  it  is  much  easier  to  detect  leak- 
ages from  services  and  house  fixtures  and 
w-aste  occurring  inside  buildings  than  it  is  to 
detect  leakages  from  the  mains  proper.  As  a 
matter  of  fact  there  is  no  reason  why  all  in- 
side loss  could  not  be  absolutely  determined 
and  this  at  a  low  cost.  It  would  be  a  little 
more  expensive  to  make  such  an  investigation 
of  the  underground  services,  but  this  could 
also  be  done  and  the  leakage  from  such  a 
source  determined.  Then  it  is  only  reasonable 
to  suppose — say  in  the  case  of  New  York  for 
instance — where  only  15  per  cent  to  20  ner  cent 
of  the  waste  was  actually  accounted  for,  that 
a  much  larger  percentage  comparatively  of 
the  inside  loss  w-ould  be  located  and  stopped 
than  that  of  the  leakage  occuring  underground, 
particularly  from  the  mains  themselves.  As 
previously  stated,  if  a  water  works  system  is 
properly  metered,  the  inside  waste  ceases  to 
enter  into  the  problem.  Where  a  consumer  is 
paying  so  much  per  thousand  gallons  for  the 
water  he  uses,  he  will  see  that  the  plumbing  is 
in  good  shape  and  that  over-consiimption  is 
stopped. 

It  is  a  very  difficult  matter  and  in  many 
cases  practically  impossible  to  make  a  close  ex- 
amination of  the  mains  underground.  This 
would  necessitate  the  tearing  up  of  paving,  as 
well  as  otherwise  seriously  disturbing  street 
traffic.  Such  a  condition  would  not  be  toler- 
ated in  a  large  city,  and  even  if  they  were  will- 
ing to  suffer  the  inconvenience,  the  work  itself 
would  be  too  expensive.  This  leads  the  writer 
to  conclude  that  in  most  cases  the  leakage 
from  mains  greatly  exceeds  the  amounts  which 
the  surveys  indicate.  Where  the  soil  is  porous 
and  the  street  well  paved,  particularly  with 
certain  substances  like  concrete  or  asphalt,  a 
leak  even  of  considerable  size  from  the  main 
would  not  be  detected  on  the  surface.  The 
water  could  easily  find  its  way  to  a  sewer  and 
would  remain  undiscovered  indefinitely.  There 
might  be  numberless  leaky  joints  that  would 
thus  pass  unnoticed.  Even  a  careful  examina- 
tion of  the  system,  unless  the  pipe  were  actu- 
ally uncovered  and  examined,  would  fail  to 
disclose  the  location  of  these,  except  in  a  gen- 
eral way.  Hence  it  is  almost  impossible  to 
determine  the  exact  underground  leakage  from 
mains  and  the  rather  low  percentage  of  loss 
from  this  source  as  shown  in  the  report  cited 
is  probably  accounted  for  in  this  way. 

Recently  Walnut  Street,  one  of  the  princi- 
pal thoroughfares  of  Kansas  City,  was  re- 
paved  in  the  heart  of  the  business  section. 
There  is  a  large  supply  main  down  this  street 
and  the  writer  observed  that  the  city  was  go- 
ing to  the  expense  of  uncovering  the  joints  in 
this  main  and  recaulking  them.  Unfortunately 
the  writer  has  been  unable  to  learn  iust  the 
extent  of  leakage  that  was  found  and  does  not 
believe  the  city  could  furnish  these  data,  but, 
since  they  went  to  considerable  expense  to  re- 
pair the  main,  it  is  only  natural  to  conclude 
that  they  felt  the  loss  fully  justified  the  cost 
of  the  work.  The  few  joints  that  the  writer 
examined  showed  that  leakage  did  exist. 

No  matter  how  carefully  joints  are  made, 
even  by  skilled  workmen,  a  certain  amount  of 
leakage  will   always  be   found  to  exist.     In   a 


paper  read  before  the  New  England  Water 
Works  Association  Sept.  9,  1914,  Mr.  E.  G. 
Bradbury  presents  some  very  interesting  data 
on  the  subject  "Allowable  Leakage  from 
Water  Mains."  From  a  series  of  tests  made 
by  Mr.  Bradbury  on  a  large  quantitv  of  pipe 
laid  under  his  supervision  at  Akron,  Ohio,  and 
also  at  some  other  points,  he  proposes  as  a 
standard  of  allowable  leakage  in  newly  laid 
cast  iron  water  pipe  en  average  of  100  gals. 
daily  per  mile  per  inch  of  diameter  of  each 
cornplete  contract  or  district  with  a  maximum 
limit  of  200  gals,  daily  per  mile  per  mch  of 
diameter.  Mr.  John  H.  Gregory  specified  at 
Columbus.  Ohio,  a  permissible  leakage  equal- 
ing approximately  520  gals,  daily  per  mile  per 
inch  of  diameter,  and  justified  this  allowance 
with  the  statement  that  "the  limits  of  allow- 
able leakage  specified  were  not  guessed  at,  but 
were  determined  after  careful  study  of  the 
measured  leakage  in  pipe  lines  with  which  the 
writer  was  familiar."  The  New  York  Aque- 
duct specifications  allow  a  loss  of  2  gals,  per 
foot  of  lead  joint,  which  is  equivalent  to  ap- 
proximately 240  gals,  per  mile  per  inch  of 
diameter.  Burns  &  McDonnell  of  Kansas 
City,  who  have  supervised  the  construction  of 
some  three  or  four  hundred  water  works  sys- 
tems throughout  the  Middle  West,  in  their 
tests  allow  a  leakage  of  80  gals,  per  mile  per 
inch  of  diameter. 

Now  if  we  make  an  average  of  the  allow- 
ances as  prescribed  by  the  authorities  cited 
above,  we  find  this  to  be  235  gals,  per  mile  per 
inch  of  diameter.  This,  it  must  be  borne  jn 
mind,  takes  into  consideration  only  the  actual 
leakage  from  the  joints  of  the  mains  them- 
selves where  these  mains  are  freshly  laid  and, 
therefore,  at  their  best.  Pipe  systems  neces- 
sarily become  less  eflRcient  with  age  and  the 
natural  tendency  would  be  for  this  joint  leak- 
age to  increase  with  age.  Just  what  the 
amount  of  this  increase  would  be,  it  is  almost 
impossible  to  determine,  for  as  already  ex- 
plained, main  joint  leakage  is  so  distributed 
as  to  make  examinations,  tests  and  repairs 
practically  out  of  the  question.  However,  this 
does  not  lessen  the  serious  losses  that  now 
occur. 

Unless  applied  to  some  concrete  example, 
figures  such  as  the  above  do  not  mean  a 
great  deal.  Hence  for  the  sake  of  illustration 
the  writer  will  apply  these  to  a  city  of,  say. 
100,000  population.  In  such  a  town  the  aver- 
age diameter  of  the  pipe  would  probably  be 
about  10  ins.  The  amount  of  mains,  say,  about 
200  miles.  The  loss  per  day  would  be  470,000 
gals.  Figuring  the  production  cost  of  the 
water  at  $-50  per  1,000,000  gals.,  this  would  rep- 
resent a  loss  of  $23.50  per  day,  or  $8,577.50 
per  year.  Allowing  (5  per  cent  for  interest  and 
sinking  fund,  this  would  capitalize  at  $142,958. 

This,  now,  represents  only  the  iiiinimumloss 
from  joints  alone  in  a  newly  constructed  sys- 
tem, which  is  supposed  to  be  built  in  the  best 
manner  possible.  With  age,  even  in  a  properly 
constructed  system,  joint  leakage  undoubtedly 
increases.  The  writer  believes  that  during  the 
life  of  the  ordinary  system,  it  would  be  only 
fair  to  average  the  loss  at  double  the  mini- 
mum when  first  tested,  or  say  place  the  total 
joint  leakage  at  500  gals,  per  inch  mile  per  day. 
,\pply  this  to  the  foregoing  case,  we  find  the 
vearlv  loss  to  be  $18,2.50.00,  or  at  6  per  cent,  an 
investment  of  $304,166.66. 

Now  in  addition  to  the  joint  leakage  we 
must  take  into  consideration  the  following 
sources  of  underground  loss  :  1.  Hydants  and 
valves.  2.  Service  connections.  3.  Leaks, 
defective  mains,  dead  ends,  and  "sweating." 

In  a  paper  read  before  the  American  Society 
of  Civil  Engineers,  the  late  Emil  Kuichling 
(Trans.  Vol.  38'),  set  the  well  known  standard 
of  one  drop  per  second  from  each  joint  on  a 
main:  five  drops  from  each  hydrant  or  valve; 
and  three  drops  from  each  service  pipe,  as  a 
fair  average  in  a  properly  constructed  system 
Now  whether  or  not  we  may  differ  with  Mr. 
Kuichling  as  to  the  actual  loss  per  second,  the 
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ratio  assigned  by  him  seems  to  be  well  taken 
and  tests  tend  to  verify  this.  Hence  the  writer 
feels  justified  in  making  use  of  it  here. 

Most  pipe  in  use  at  the  present  time  is  made 
in  r2-ft.  lengths.  In  the  case  of  the  city  pre- 
viously cited  with  200  miles  of  mains,  this 
would  mean  88,000  joints.  Figuring  a  service 
connection  every  65  ft.  would  give  us  a  total 
of  16,240  connections.  Estimating  a  hydrant 
or  valve  every  300  ft.  gives  us  a  total  of  3520. 
By  applying  the  ratio  of  leakage  suggested  by 
Kuichling,  and  reducing  to  the  same  unit,  we 
have : 

Pipe  joints    8S,000  x  1  =  88,000  units 

Service    connections 16,240  x  3  =  48,620  units 

Hydrants    and   valves. . . .  3,520  x  5  =  17,600  units 

Or,  letting  100  per  cent  represent  the  three 
sources  of  leakage,  we  find  same  to  be  divided 
appro.ximately  as  follows : 

Pipe   joints 56  per  cent 

Service    connections 33  per  cent 

Hydrants    and    valves 11  per  cent 

Taking  the  value  of  500  gals,  previously  de- 
termined in  the  case  of  pipe  joints,  we  arrive 
at  the  following  results : 

Gals,  per 

inch  mile 

per  day. 

Loss  from  joints  on  mains 500 

Loss  from  service  connections 300 

Loss  from  hydrants  and  valves 100 

This  brings  us  to  the  question  of  leaks  by 
reason  of  defective  or  cracked  mains,  dead 
ends  and  "sweating" — a  very  hard  thing  to  de- 
termine exactly  in  a  general  way  because  what 
is  true  in  the  case  of  one  system  might  not  be 
true  of  another — hence  any  loss  that  is  as- 
signed to  such  sources  is  much  in  the  nature 
of  an  expression  of  opinion.  There  is  little  to 
substantiate  or  prove  what  might  be  said. 
However,  as  to  defective  mains,  experience 
has  shown  that  this  need  not  be  considered  in 
the  case  of  cast  iron,  once  they  are  thoroughly 
tested  and  accepted  for  there  does  not  seem  to 
be  any  case  on  record  where  they  have  rusted 
out  under  ordinary  conditions,  even  after  a 
century  or  two  of  service.  There  is  doubtless 
in  many  cases  considerable  leakage  at  times 
because  of  cracked  or  broken  mains,  but  such 
losses  are  only  temporary  in  most  instances 
as  they  are  easily  discovered  and  repaired, 
therefore  the  loss  is  not  serious.  The  writer 
can  find  no  reason  for  believing  that  dead 
ends  are  a  source  of  much  waste,  yet  some 
authorities  seem  to  think  so — just  why  it  is 
hard  to  understand,  provided  the  system  is 
properly  inspected.  The  question  of  "sweat- 
ing" seems  to  be  a  debatable  one ;  certain  tests 
made  at  Philadelphia  several  years  ago  on  a 
24-in.  main  under  a  pressure  of  200  lbs.  indi- 
cate that  this  is  rather  large.  The  writer  has 
been  unable  to  find  any  other  tests  to  bear  this 
out  in  the  case  of  ordinary  pressures.  Under 
high  pressures — say  1,.500  to  2,000  lbs.  to  the 
square  inch,  there  is  quite  a  noticeable  ten- 
dency for  the  water  to  be  forced  through  the 
walls  of  the  mains,  even  in  the  case  of  cast 
iron  where  the  metal  is  an  inch  and  a  quarter 
or  more  in  thickness. 

Now,  as  previously  stated,  the  loss  from  the 
causes  enumerated  and  discussed  in  the  fore- 
going paragraph  is  largely  a  matter  of  local 
conditions  and,  at  best,  only  the  expression  of 
a  personal  opinion  of  what  the  loss  should  be. 
In  the  case  of  a  well  built  system,  properly 
kept  up,  the  writer  considers  a  loss  of  100 
.gals,  per  inch  mile  per  day  as  a  liberal  allow- 
ance from  such  sources.  Assuming  this,  then, 
as  being  a  fair  estimate,  we  have  losses  from 
legitimate  sources  Cno  account  is  here  taken 
of  "steals"  from  mains,  because  it  is  a  ques- 
tion that  cannot  be  properly  dealt  with  as  ap- 
plying generally)  determined  as  follows: 

Gals,  per 
inch  mile 
per  day. 

Loss  from  joints  on  mains 500 

Loss    from   service   connections 300 

Lioss  from  hydrants  and  valves 100 

Loss  from  other  sources 100 

Total    1.000 

Applying  the  above  results  to  the  concrete 
example  previously  cited,  i.  e.,  to  a  city  of 
100,000  inhabitantswith  an  estimated  length  of 
200  miles  of  mains,  average  diameter  10  in., 
water  cost  of  $50  per  1,000,000  gals,  and  money 


figured  at  5  per  cent  for  sinking  fund  and  in- 
terest: 

Value     Represent 
at  $50  at  6% 
Loss  for      per  rail-  an  invest- 
Source  of  loss.      yr.  in  gals,  lion  gals,    ment  of — 
Joints  on  mains.  .365,000,000  $18,250.00  $304,166.66 
Service       connec- 
tions     219,000,000     10,950.00     182,500.00 

Hydrants  and 

valves    73,000,000       3,650.00       60.833.33 

Other  causes    73,000,000       3,650.00       60,833.33 


Totals    730,000,000  $36,500.00  $608,333.32 

In  other  words,  the  city  would  be  justified 
in  spending  $608,333.32  to  save  the  leakage 
from  the  mains,  and  a  proportionate  amount 
to  reduce  it.  Of  course  it  is  almost  a  physical 
impossibility  to  make  the  mains  "bottle  tight," 
but  it  is  possible  to  reduce  the  leakage  ma- 
terially. 

The  writer  understands  that  several  manu- 
facturers are  either  making  at  the  present 
time,  or  preparing  to  make,  pipe  in  16-ft. 
lengths.  Under  the  circumstances  it  would  not 
be  amiss  to  call  attention  to  the  fact  that  the 
use  of  16-ft.  pipe  would  necessarily  reduce  the 
loss  from  joint  leakage  25  per  cent.  The  ex- 
ercise of  more  care  in  caulking  and  alignment, 
and  the  testing  in  open  trench  where  practical 
would  also  tend  to  reduce  loss  from  this 
source.  More  stringent  regulations  regarding 
the  making  of  service  connections  and  proper 
care  in  doing  the  work  and  examination  of 
frequent  intervals  thereafter  would  unques- 
tionablv  eliminate  much  of  the  waste.  The 
same  thing,  of  course,  applies  to  other  causes 
rif  loss.  The  writer  believes  that  fully  two- 
thirds  of  the  leakage  as  determined  in  this 
article  is  entirely  unnecessary  and  might  be 
prevented  at  a  cost  which  would  undoubtedly 
represent  a  saving  to  the  city. 
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Suggestions  Pertaining  to  the  Improve- 
ment and  Standardization  of  Pro- 
cedure in  Water  Works  Man- 
agement. 

(Staff   Abstract.) 

The  following  suggestions  pertaining  to  the 
improvement  and  standardization  of  pro- 
cedure in  the  operation  and  management  of 
water  works  properties  are  quoted  from  the 
presidential  address  of  George  G.  Earl,  Gen- 
eral Superintendent  New  Orleans  Sewer  and 
Water  Board,  at  the  recent  annual  meeting  of 
the  American   Water  Works'   Association. 

GOOD    CONDITION     OF    PHYSICAL     SIDE. 

The  progress  which  the  physical  side  of 
water  works  problems  has  made,  and  is  mak- 
ing, speaks  loudly  and  truly  of  the  unselfish 
co-operation  which  has  always  existed  and 
still  exists  between  the  allied  professions 
whose  efforts  are  responsible  for  the  advance 
which   by  its  very  momentum   must  continue. 

CHAOTIC    CONDITIONS    AS     TO    HEST     PRACTICE    IN 
MANAGEMENT. 

The  end  which  lags  and  which  should  be 
given  the  best  efforts  of  your  best  minds,  how- 
ever, has  reference  more  to  the  matter  of 
water  rates  and  accounts  and  to  the  means 
and  relations  which  exist  in  the  matter  of 
connections  from  the  main  to  the  property 
line,  and  in  the  matter  of  the  maintenance  of 
such  connection  and  of  the  meter  which  should 
exist  on  each  connection.  The  monumental 
work  which  the  committee  on  the  tabulation 
of  water  rates  and  allied  comparative  data 
submitted  to  the  convention  in  1!M1  reflects 
the  greatest  credit  upon  the  persistence  and 
industry  of  the  chairman  and  those  members 
of  the  committee  who  may  have  been  able  to 
co-operate  with  him  in  its  preparation.  It  in- 
cludes over  100  pages  of  comparative  sta- 
tistics, applying  to  over  300  cities,  and  has 
been  prepared  with  the  greatest  care  with  a 
view  of  assembling  together  an  intelligible 
and  comparable  resume  of  certain  features  of 


water  works  practice.  The  data  include  in- 
formation as  to  water  rates,  distribution  sys- 
tems, electrolysis,  metered  services,  source  of 
supply,  pumpage,  treatment  and  consumption, 
public  nre  service,  private  fire  service,  and 
private  service  lines.  While  it  represents  in- 
formation of  the  highest  value,  as  a  matter  of 
reference  as  far  as  it  goes,  it  tends  mainly  to 
emphasize  the  very  wide  divergence  of  prac- 
tice and  the  almost  chaotic  condition  as  to 
what  may  be  considered  the  best  practice  in 
many  of  these  matters. 

When  we  examine  in  detail  the  annual  re- 
ports of  water  works  plants  all  over  the  coun- 
try we  find  even  more  strongly  marked  this 
divergence  of  practice,  and  we  find  ourselves 
absolutely  unable  by  comparative  study  of  ac- 
counts to  formulate  any  satisfactorj-  compari- 
son in  almost  any  matter  pertaining  to  them. 
The  divergence  of  conditions  and  interests,  as 
between  publicly  and  privately  owned  plants, 
is  one  cause  of  this  trouble.  The  gradual 
growth  of  plants  and  the  cumulative  effect  and 
inherent  inertia  of  outgrown  conditions,  and 
of  accumulated  mistakes,  are  in  part  responsi- 
ble. The  persistent  survival  of  flat  rates  for 
water  and  illogical  conditions  as  to  payment 
or  non-payment  for  fire  protection,  based  on 
every  conceivable  measure  of  probable  use  or 
relative  influence,  are  the  main  obstacles  to 
any  approach  to  better  conditions,  and  the 
inherent  and  obvious  inadaptability  of  exist- 
ing meter  rate  schemes  to  deal  fairly,  as  be- 
tween dififerent  classes  of  consumers,  is  the 
real  stumbling  block  in  the  way  of  the  uni- 
versal introduction  of  meters  and  the  general 
reconstruction  of  water  and  fire  service  rates. 

The  officials  of  many  cities  see  the  neces- 
sity of  universal  metering  to  save  unnecessary 
expenditures  in  extensions  and  operation,  but 
they  do  not  see  how  they  can  curtail  consump- 
tion and  maintain  the  necessary  revenue  with- 
out resorting  to  some  one  of  the  numerous 
expedients  which  are  variously  used  to  create 
an  unfair  diff^erence  in  favor  of  one  or  the 
other  of  their  various  classes  of  consumers, 
because  in  existing  rates  one  or  another  class 
of  consumer  has  been  paying  too  little  and 
will  strenuously  oppose  an  increase. 

The  committee's  tabulation  shows  a  range 
of  meter  rates  of  from  5  to  50  cts.  per  1,000 
gals,  charged  to  small  consumers,  and  from  2 
to  20  cts.  per  1,000  gals,  charged  to  large 
consumers :  and  even  at  50  cts.  it  is  quite 
possible  that  some  of  the  small  consumers 
are  getting  more  service  than  they  are  paying 
for,  and  certain  that  others  are  getting  very 
much  less.  Meantime,  every  flagrant  over- 
charge of  one  class  of  consumer  in  one  place 
is  breeding  discontent,  and  every  flagrant  un» 
dercharge  of  the  same  class  of  consumer  in 
another  place  is  encoura.ging  that  discontent, 
and  the  water  works  interests  are  being 
ground  between  the  mill  stones  of  those  dis- 
contents. 

It  is  fully  recognized  that  existing  laws, 
contracts,  customs  and  conditions  complicate 
every  consideration  of  a  rapid  revolutionary 
change  in  any  given  case,  and  not  only  that 
each  class  of  consumer  whose  pocket  never 
would  be  touched  will  constitute  an  obstacle 
but  also  that  those  who  would  be  benefited 
will  be  suspicious  and  slow  to  recognize  the 
benefit  and  to  lend  their  co-operation.  For 
this  reason,  great  educational  work  will  be 
necessary,  and  the  approach  to  better  condi- 
tions will  be  slow. 

The  greatest  opportunity  for  co-operation 
today,  which  is  before  the  various  water 
works  associations,  lies  in  the  commanding 
position  which  a  short,  clear,  comprehensible 
dedication  of  the  general  principles  which 
should  govern  a  proper  division  of  the  neces- 
sary total  water  revenue,  as  between  the  tax- 
payer and  the  water  rate  payer,  and  as  be- 
tween the  various  rate  payers,  would  hold. 
Such  a  dedication  could  not  bring  all  rates 
suddenly  to  the  recommended  basis,  but  it 
would  tend  to  bring  the  co-operation  of  gen- 
eral public  sentiment  into  plav,  and  thereby 
cause  all  movement  to  be  toward  the  general 
system  recommended.  It  would  act  as  a 
buffer  in  the  meantime  for  the  company  or 
city  where  some  particular  phase  of  its  rate 
system    is    under   fire,   and    really   may   be  in- 
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equitable,  to  show  exactly  why  such  rate  has 
to  be  charged,  leaving  the  burden  of  defense 
of  the  too  low  charges  which  compose  it  and 
which  may  be  enjoyed  by  the  small  consumer, 
or  the  large  consumer,  or  the  taxpayer  as  the 
case  may  be.  to  their  beneficiary.  There 
have  been  many  papers  and  discussions  be- 
fore this  Association  that  bear  upon  various 
phases  of  this  question,  and  there  is  a  well 
established  practice  as  to  the  determination 
of  what  constitutes  an  efficient  service,  and 
as  to  how  to  arrive  at  a  reasonable  value. 
There  is  no  great  divergence  of  opinion  as  to 
what  constitutes  operation  and  maintenance 
expense,  or  fixed  capital  and  depreciation 
charges,  or  a  reasonable  profit  over  and  above 
these,  and  public  service  corporations  nearly 
everywhere  have  to  stand  ready  to  show  and 
defend  their  status  in  these  respects,  and  are 
prepared  with  expert  help  to  establish  all  of 
the  things. 

It  is  not,  therefore,  the  question  as  to  the 
total  revenue  which  should  be  allowed,  but 
rather  the  question  as  to  how  the  payment 
of  such  revenue  should  be  divided  between 
the  various  classes  of  consumers,  including 
the  taxpayer,  which  needs  to  be  illuminated, 
regarding  which,  so  long  as  the  total  profit 
is  not  reduced,  the  business  departments  of 
the  water  works  fraternity  will  be  in  the 
strongest  position  if  they  lean  toward  a  fair 
deal  for  every  interest  in  its  adjustment, 
leaving  the  parties  who  have  the  bills  to  pay 
to  do  a  large  part  of  the  worrying. 


Some   Examples   of  Stadia   Surveying 
and  Its  Broader  Uses  With  Spe- 
cial Reference  to  Preliminary 
Hydraulic  Surveys. 

(Staff  Abstract.) 

While  it  is  a  well  known  precept  that  the 
degree  of  accuracy  of  a  survey  should  be 
consistent  only  with  the  purpose  for  which 
the  survey  is  being  made,  experience  indicates 
that,  especially  in  reconnaissance  and  pre- 
liminary work,  engineers  are  prone  to  lay  too 
great  stress  on  accuracy  and  thereby  greatly 
reduce  the  amount  of  work  which  it  is  pos- 
sible to  do  in  a  given  time. 

For  a  number  of  years  the  engineers  of  the 
United  States  Geological  Survey  and  the 
Reclamation  Service  have  been  using  the 
stadia  method  for  practically  all  preliminary 
work,  and  it  was  in  the  latter  service  that  the 
writer  first  learned  the  great  economic  ad- 
vantages of  this  method. 

GOVERNMENT    IRRIGATION     WORK. 

The  writer's  first  practical  experience  with 
the  stadia  was  in  making  surveys  of  the 
irrigable  areas  on  a  reclamation  project.  The 
land  on  this  project  was  of  a  rolling  char- 
acter, and  there  were  many  knobs  and  points 
of  land  contained  within  an  irrigable  area 
but  too  high  to  be  reached  by  the  water.  To 
traverse  these  small  pieces  of  land  and  tie 
them  in  as  is  ordinarily  done  by  the  transit 
and  chain  method  would  have  entailed  a  great 
amount  of  work,  but  by  the  stadia  method  it 
proved  to  be  easily  accomplished  in  a  very 
short  time.  As  fractional  acres  were  not 
■considered  in  this  survey,  the  stadia  method 
gave  as  good  results  as  were  desired. 

A  short  time  later  the  writer  was  sent  to 
make  a  preliminary  survey  of  a  proposed 
irrigation  project.  Funds  for  the  purpose  were 
rather  limited  and  the  project  was  fairly 
large,  so  it  was  necessary  to  do  the  work  in 
as  cheap  a  manner  as  possible.  With  this 
object  in  view  two  parties  were  put  on  the 
work,  equipped  for  making  surveys  by  the 
stadia  and  transit  method.  All  the  data  re- 
quired on  the  project  to  make  up  preliminary 
estimates  of  the  cost  were  secured  in  four 
rnonths.  These  data  included  tentative  loca- 
tion for  all  necessary  canals  and  laterals,  plats 
of  all  the  irrigable  land,  hydrographic  surveys 
of  water  _  supply  and  storage  sites  and  data 
from  which  to  figure  approximate  cost  on 
the  whole  works. 

STUDY    OF    PRACTICAL    USE    OF     STADIA     METHOD. 

This  government  work  completed,  the  writer 
had  a  fair  insight  into  the  possibilities  of  the 


use  of  the  stadia  method  and  started  to  make 
a  study  to  determine  the  e.xtent  of  its  prac- 
tical use.  My  experience  had  taught  me  sev- 
eral things  about  the  method,  the  first  in  im- 
jiurtance  being  that  the  distances  measured 
could  be  made  accurate  to  about  half  of  one 
per  cent  by  using  reasonable  care,  and  that 
errors  in  distance,  in  a  line  of  considerable 
length,  were  compensating;  while  errors  in 
chained  distances  are  usually  cumulative.  Sec- 
ond, the  bearings  taken  were  as  accurate  as 
by  any  method  with  reasonable  care.  Third, 
the  elevations  taken  were  compensating  and 
when  carried  to  distances  of  two  or  three 
miles  very  often  checked  to  the  nearest  tenth 
of  a  foot  and  were  seldom  over  three  or  four- 
tenths  out.  The  conclusions  I  arrived  at, 
and  still  maintain,  were  that  the  method  is 
sufficiently  accurate  for  practically  all  pre- 
liminary purposes  where  the  preliminary  sur- 
vey is  not  actually  to  be  used  for  construction 
purposes.  It  is  of  course,  the  only  logical 
method  of  taking  topography  for  the  pur- 
poses of  computing  storage  capacities  of 
reservoirs  and  for  figuring  large  volumes  of 
earthwork. 

FURTHER    E.XAMPLES    OF    STADIA    SURVEYS. 

The  next  piece  of  work  I  undertook  to  do 
by  stadia  was  the  survey  of  the  Cannon  Falls, 
Minn.,  dam-site.  At  the  time  this  work  came 
up  I  was  busily  engaged  making  property 
surveys  and  was  requested  to  make  the  dam- 
site  survey  and  get  the  data  into  the  office 
as  quickly  as  possible;  I  had,  among  my 
equipment,  a  plane  table  that  was  not  in  use 
and  as  the  data  required  needed  to  be  quite 
accurate,  the  procedure  of  taking  stadia 
topography  was  varied  by  using  an  equipment 
consisting  of  this  plane  table  combined  with 
a  level.  The  plane  table  was  set  up  at  an 
advantageous  point  and  the  rodmen  were 
placed  upon  each  contour  with  the  level.  The 
distances  were  measured  from  the  plane 
table  by  means  of  the  stadia  wires  in  an 
alidade  and  the  contour  sketched  on  the  plane 
table  sheet.  This  gave  very  accurate  topo- 
graphical details  of  the  site,  fully  as  accurate 
as  were  required  for  the  preliminary  lay  out 
of  the  dam  structure.  This  topography  was 
taken  and  plotted  in  one  day's  time  by  this 
method  and  gave  results  almost  equal  to  a 
cross  sectioning  of  the  site. 

A  short  time  after  this  I  received  an  as- 
signment for  a  large  amount  of  preliminary 
work  in  the  Sierra  Nevada  Mountains  in 
California.  This  work  consisted  of  making 
studies  and  a  report  on  the  storage  possi- 
bilities and  feasible  power  sites  above  a  hydro- 
electric plant  that  was  then  owned  and  op- 
erated by  the  company  on  the  American 
River.  On  investigation,  I  found  that  sur- 
veys to  determine  the  facts  which  were  re- 
quired would  be  long  and  tedious,  so  I 
again  put  the  stadia  method  into  use  with 
other  variations  than  those  I  had  used  be- 
fore. 

The  topography  of  the  country  in  the 
Sierras  is  exceedingly  rough,  difficult  of  ac- 
cess in  some  parts,  and  required  fairly  ac- 
curate work  to  determine,  as  the  company 
wished,  the  probable  cost  of  any  developments 
which  might  be  made.  The  work  to  be  done 
was  the  preliminary  locating  of  about  75  miles 
of  canal  and  flume  lines  and  the  survey  of  si.x 
or  eight  reservoir  sites  to  determine  storage 
capacity  and  feasibility  of  construction.  I 
put  five  stadia  parties  on  this  work.  On  the 
canal  location,  I  made  my  instrument  sta- 
tions a  traverse  located  on  a  grade  contour 
which  followed  the  approximate  grade  the 
flume  or  canal  would  require  to  carry  the 
desired  amount  of  water.  From  this  traverse 
I  took  topography  above  and  below  the  lines 
for  a  distance  sufficient  to  vary  the  location 
of  the  canal  or  flume  by  100  ft.  above  or  be- 
low as  the  case  might  require.  In  traversing 
these  lines,  in  addition  to  the  -topography, 
slope  angles  of  the  hillsides  were  turned  with 
the  instrument  at  each  station  and  notes  were 
made  of  the  character  of  material  through 
which  the  canal  or  flume  would  have  to  be 
constructed.  Bench  levels  were  run  over  the 
lines  to  check  elevations  at  approximately 
each  mile.  Section  ties  were  made  on  each 
intersecting    section     line    by    stadia    method 


and  azimuth  of  the  line  was  checked  at  least 
once  a  day  by  direct  observation  on  the  sun.  ' 
As  a  result  of  this  plan  of  surveying,  I  ob- 
tained: 1st,  a  good  preliminary  location  of 
my  canal  and  flume  line ;  2nd,  that  by  being 
checked  with  a  level,  the  elevations  were  suf- 
ficiently accurate  to  be  relied  upon  for  any 
future  work ;  3rd,  the  line  was  tied  to  the 
section  corners  in  a  manner  that  showed  ex- 
actly what  property  had  been  traversed,  and, 
4th,  the  slope  angles  of  the  hills  had  been  ob- 
tained to  determine  the  feasibility  of  the  con-  I, 
struction  of  either  canal  or  flume  section  and  ll 
the  material  had  been  noted  to  an  e.xtent  that 
gave  data  from  which  to  make  a  fairly  ac- 
curate estimate  of  the  cost. 

In  making  surveys  of  the  reservoirs  on  this 
work,  practically  the  same  scheme  wag  used, 
except  that  a  flat  contour  was  used  instead  of 
a  grade  contour.  This  contour  was  run  en- 
tirely around  the  reservoir  and  used  as  a  base 
line  from  which  to  take  topography  above 
and  below.  Then  such  additional  base  lines 
were  run  through  the  reservoir  as  were  neces- 
sary to  cover  the  entire  area.  On  these  sur- 
veys notes  were  made  of  the  character  of 
the  standing  timber  and  the  course  of  the 
stream  was  definitely  mapped.  Section  ties 
were  made  in  the  same  manner  as  those  made 
in  the  canal  line. 

Dam  site  topography  was  taken  over  the 
area  of  the  dam  site  with  the  transit  and 
stadia  method.  This  topography  was  taken 
very  carefully  with  points  located  very  close 
together  so  as  to  show  a  great  deal  of  detail 
of  the   sites. 

The  unit  cost  of  making  these  surveys  were 
as  follows:  Canal  location,  $36.40  per  mile; 
levels,  $10.42  per  mile;  topography,  42  cts.  per 
acre.  It  must  be  remembered  that  this  sur- 
vey was  made  through  a  very  difficult  country 
where  the  timber  was  heavy  and  the  under- 
brush  very  thick  and  requiring  much  cutting. 

DETAIL    OF    PROCEDURE. 

.\t  this  point  it  may  be  well  to  state  the 
method  which  had  now  been  worked  up. 
To  begin  with,  I  have  found  the  best  in- 
strument for  this  work  to  be  a  Berger  transit 
with  a  6-in.  plate  and  equipped  with  a  full 
vertical  circle  and  level _  bubble  on  the  tele- 
scope. Graduations  on  'both  the  horizontal 
and  vertical  scales  should  read  to  one  minute. 
(A  finer  division  of  the  scales  than  this 
makes  the  verniers  more  difficult  to  read  and 
gives  an  accuracy  beyond  that  which  is  re- 
quired). Rods  of  any  good  stadia  marking 
may  be  used  and  I  use  one  rod  for  back- 
rod  equipped  with  two  targets.  One  target 
sites,  that  is  the  ordinary  13  ft.  Philadelphia 
is  set  and  clamped  at  5  ft.,  the  second  target 
is  clamped  at  the  top  of  the  rod.  This  rod 
is  used  for  checking  roughly  the  distance  be- 
tween stations  on  the  traverse,  by  setting  each 
target  on  a  stadia  hair  and  reading  the  in- 
terval on  the  back  of  the  rod.  This  check 
is  mainly  for  catching  100-ft.  errors  in  read- 
ing. The  most  successful  transitman  is  a 
two-eyed,  two-handed  man  who  can  sight  with 
either  eye  and  work  both  hands  on  his  in- 
strument at  once. 

The  party  consists  of  one  transitman,  one 
recorder,  one  head  rodman,  two  or  more  side 
rodmen,  one  back  rodman  and  as  many  ax- 
men  as  the  work  may  require.  I  have  always 
found  it  very  convenient  to  figure  my  azi- 
muth from  the  north  point  and  to  read  my 
verniers  clockwise  through  360°.  In  starting 
work  on  a  line,  the  elevation  of  an  initial 
point  must  be  known  and  the  azimuth  of  a 
line  from  that  point  to  some  other  point  must 
have  been  previously  determined.  The  instru- 
ment is  set  up  on  this  point  and  the  height 
of  the  instrument  measured  from  the  point 
to  the  axis  of  the  telescope  by  means  of  a 
rod  or  a  tape.  This  gives  the  actual  eleva- 
tion of  the  axis  of  the  instrument.  The 
transit  telescope  is  then  sighted  along  the 
line  of  known  azimuth  with  the  vernier  set 
to  that  azimuth.  The  lower  motion  of  the 
instrument  is  then  clamped  and  the  upper 
motion  set  free  turned  to  any  desired  azi- 
muth for  the  next  sight.  The  required  num- 
ber of  side  shots  are  then  taken  after  which 
the  next  point  on  the  traverse  line  is  set  and 
the   upper  motion   of  the   instrument   clamped 
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on  the  azimuth  to  the  next  traverse  point,  at 
the  same  time  an  elevation  reading  is  taken 
to  this  point  preferably  making  it  a  level 
sight  with  the  telescope  leveled.  As  these 
various  operations  are  carried  out,  the  in- 
strument man  calls  his  readings  to  the  re- 
corder. When  this  proceeding  is  all  com- 
pleted, the  instrument  is  ready  to  move.  It 
is  then  set  up  on  the  ne.xt  traverse  station,  a 
level  shot  taken  to  the  station  just  vacated, 
measurement  taken  from  the  present  station 
to  the  axis  of  the  instrument,  the  instrument 
transited  and  a  back  sight  taken  on  the 
previous  station  and  set  by  the  lower  motion 
with  the  telescope  reversed.  This  process 
carries  the  true  azimuth  of  this  line  ahead 
on  the  instrument  and  if  the  instrument  does 
not  slip,  it  is,  when  back  sighted,  ready  to 
go  ahead  on  the  true  azimuth  for  the  next 
side  shots  and  traverse  stations.  This  makes 
a  mechanical  check  on  the  recorder's  notes 
and  produces  little  error  if  much  care  is 
taken  in  the  adjustment  of  the  instrument's 
line  of  sight. 

The  elevations  carried,  as  may  be  seen,  are 
equal  to  two  independent  lines  of  peg  levels, 
as  the  instrument  is  set  on  every  station  and 
shots  taken  forward  and  back.  A  check  is 
made  at  each  station  between  the  two  lines 
by  measuring  the  height  of  the  axis  of  the 
instrument  above  the  point  set  upon.  Where 
vertical  angles  are  read  on  the  traverse  sta- 
tions, considerable  care  must  be  used,  and 
both  foresight  and  back-sight  angles  read  for 
check.  The  notes  that  are  taken  must  be 
complete  and  therefore  are  taken  under  the 
following  headings  ruled  out  in  the  note- 
book. These  headings  arc :  Station  from, 
Station  to,  Distance,  Azimuth,  Magnetic  Bear- 
ing, Back  Sight  Rod.  Fore  Sight  Rod,  Height 
of  Instrument  Above  Station,  Vertical  Angle, 
Elevation,  and  Remarks.  In  the  "remark" 
column  is  noted  any  feature  of  the  topography 
such  as  fence  corner,  road  intersection,  edge 
nf  timber,  top  of  hill,  water  edge,  etc.  I  have 
found  that  for  this  work,  a  loose  leat  note 
book  is  quite  advantageous  as  the  notes  may 
be  removed  from  the  book  and  turned  over 
to  the  draftsman  for  plotting  and  later  filed 
in  consecutive  order  along  the  line  being  sur- 
veyed. I  have  also  found  it  advantageous  to 
have  the  draftsman  merely  plot  the  points  and 
to  have  the  instrument  man  sketch  in  the 
contours  as  his  memory  of  the  country 
traversed  is  quite  advantageous  in  filling  in 
details. 

ST.^DIA    ON    RAILWAY    SURVEY. 

Following  this  work  in  California,  T  was 
called  upon  to  make  surveys  for  a  short  rail- 
way line  that  ran  through  a  broken  pot-hole 
country  where  the  best  location  was  rather 
difficult  to  determine  by  the  ordinary  methods. 
The  country  was  open  so  that  long  sights 
could  be  taken.  I  ran  a  stadia  traverse 
through  the  country  on  what  would  ordin- 
arily be  a  preliminary  location  line  and  took 
topography  for  a  distance  of  about  a  quarter 
of  a  mile  on  each  side  of  the  line,  giving  me 
a  strip  of  topography  a  half  mile  wide.  This 
work  went  very  rapidly,  the  party  of  six  men 
averaging  almost  five  miles  a  day.  I  ran  in 
all  cases  two  of  these  preliminary  lines  and 
in  some  of  the  most  difficult  places,  three 
lines,  paralleling  one  another  so  that  the 
plotted  topography  would  overlap.  _  This  gave 
me  accurate  topography  over  a  strip  of  coun- 
try a  mile  or  a  mile  and  a  half  wide  from 
which  the  best  location  was  laid  out  on  paper 
and  later  run  in  the  field  in  the  usual  man- 
ner. 

RESERVOIR     SITE     SURVEY. 

My  next  experience  with  stadia  topography 
was  that  of  making  surveys  of  a  reservoir 
site  in  the  Cumberland  mountains  in  Ten- 
nessee, and  on  this  survey  1  think  the  method 
reached  the  highest  degree  of  perfection  that 
it  has  yet  reached  in  my  hands.  The  reser- 
voir was  a  large  one  and  was  to  be  contained 
within  a  stream  valley  and  four  large  tribu- 
taries that  spread  out  very  much  in  the  shape 
of  a  hand.  The  total  length  of  the  flowage 
line  of  this  reservoir  was  about  275  miles 
running  up  the  stream  and  its  branches  a  dis- 
tance  of   some   40   miles    from    the    dam    site. 


Together  with  the  topographic  survey,  it  was 
necessary  to  make  property  surveys  from 
which  could  be  taken  the  description  of  prop- 
erty that  had  to  be  acquired.  The  work  was 
so  large  that  I  did  not  wish  to  traverse  the 
ground  with  my  survey  parties  more  than 
once,  so  I  endeavored,  and  succeeded,  in  de- 
vising a  scheme  by  which  the  work  could  be 
done  at  one  operation.  My  method  was  as 
follows:  Level  parties  were  sent  over  the 
ground  to  establish  bench  marks  about  every 
half-mile  along  the  line,  which  bench  marks 
were  set  on  the  elevation  of  the  flowage  line 
traverse.  I  then  started  a  survey  party  on 
each  side  of  the  stream,  working  opposite 
one  another.  Instead  of  using  a  level  rod 
with  targets  for  taking  back  sight  distances 
on  my  traverse  line,  I  had  my  rear  rodmen 
and  one  of  the  side  rodmen  check  this  dis- 
tance with  a  chain  thereby  getting  absolute 
distances  between  traverse  points.  The  rest 
of  the  procedure  was  the  same  as  I  had  be- 
fore used,  taking  the  topography  above  and 
below  the  traverse  line  by  means  of  side 
shots  and  my  fore  sight  distsances  by  stadia 
as  usual,  but  in  plotting  the  traverses,  the 
chain  distances  were  used  and  these  dis- 
tances were  also  used  in  writing  descriptions. 
.■Kbout  every  half  a  mile,  the  two  parties 
working  opposite  one  another  on  the  stream 
would  check  with  one  another  across  the 
stream,  making  the  closure  by  distances  and 
angles,  thereby  checking  azimuth  as  well  as 
distances  on  the  traverse.  By  tliis  procedure, 
I  succeeded  in  one  operation  in  getting  the 
necessary  topography  of  this  large  reservoir 
site  so  that  storage  quantities  could  be  com- 
puted and  all  details  of  the  reservoir  mapped. 
In  addition,  I  obtained  in  a  legal  rnanner, 
the  description  of  all  property  that  it  was 
necessary  to  purchase.  The  results  of  this 
work  were  satisfactory  and  the  work  was 
done  in  a  comparatively  short  time  consider- 
ing the  magnitude  of  it. 

The  character  of  the  country  was  very 
precipitous  and  mostly  covered  wHth  under- 
brush and  timber  with  perhaps  as  much  as 
25  per  cent  in  open  fields.  Rock  bluffs  were 
encountered  which  required  the  field  parties 
to  leave  the  reservoir  contour  and  go,  in 
some  cases,  as  much  as  60  ft.  above  the  re- 
quired elevation  and  this  caused  some  delay 
in  making  the  surveys.  Outside  of  the 
reservoir  proper  were  a  number  of  pot-holes 
some  of  which  were  below  the  flowa.ge  line  of 
the  reservoir  and  consequent!'-  required  sur- 
veys to  show  the  part  of  them  that  would  be 
flooded  when  the   water  was  raised. 

Two  axmen  were  required  on  each  party. 
The  work  was  done  from  Nov.  15,  1911.  to 
March  15,  1912,  being  the  worst  port'on  of 
the  year  in  that  section  to  do  field  work.  The 
work  was  done  in  378  working  party  days.  A 
total  of  275  miles  of  flowage  line  contour 
was  run,  costing  $26.70  per  mile;  5,423  acres 
of  topography  were  taken  at  a  cost  of  22  cts. 
per  acre ;  9,464  stations  were  set  and  36,828 
side  shots  were  taken.  The  average  run  of  a 
party  for  each  day  was  0.84  mile  and  17  acres 
of  topography.  The  organization  on  the  work 
proved  very  satisfactory  as  by  the  arrange- 
ment used,  two  parties  were  working  oppo- 
site one  another  on  the  streams  and  a  conse- 
quent rivalry  arose  between  them  as  to  which 
would  accomplish  the  most  work,  each  party 
trying  to  get  ahead  of  the  other  one.  This 
situation,  no  doubt,  increased  the  speed  of 
the  parties  to  a  very  large  extent. 

The  region  was  inaccessible  and  each  party 
had  to  carry  a  full  camping  outfit.  Each  party 
also  had  a  team  and  a  teamster  for  hauling 
supplies,  taking  the  parties  to  and  from  work 
where  possible  and  doing  other  things  that  the 
occasion  required.  The  first  of  each  week 
each  party  vvouU!  send  their  team  to  head- 
quarters with  orders  for  supplies  and  at  the 
same  time  would  send  in  the  notes  of  the 
work  that  had  been  done  the  previous  week. 
In  the  hcadquarter's  office,  two  draftsmen  did 
all  the  plotting  for  six  full  parties  and  made 
tracings  of  the  maps  as  they  were  completed, 
keeping  the  work  up  to  date  in  every  \yay, 
including  the  figuring  of  reservoir  capacities 
and  the  writing  of  land  descriptions.  When 
the   field   work  was   finally   finished,   there   re- 


mained only  one  week's  work  to  be  done  in 
the  office. 

HIGHWAY,    TRANSMISSION     UNE    AND    DRAINAGE 
SURVEYS. 

These  instances  are  given  to  demonstrate 
some  of  the  uses  this  method  may  be  put 
to  and  I  have  since  used  the  same  methods 
for  other  purposes  such  as  location  of  roads, 
transmission  hues  and  drainage  ditches.  It 
is  apparent  that  in  the  drainage  work  this 
method  should  prove  very  practical  as  it  is 
the  easiest  method  by  which  the  best  location 
for  farm  laterals  and  ditches  can  be  deter- 
mined. A  comprehensive  drainage  scheme 
must  drain  as  much  land  as  possible  with  the 
least  possible  length  of  ditches.  To  arrive 
at  this  result,  a  study  of  the  w-hole  must  be 
made  at  one  time  rather  than  a  study  of  the 
separate  parts.  The  ordinary  case  is  that 
some  data  must  be  acquired  trom  which  the 
land  may  be  roughly  plotted  and  the  ditches 
first  laid  out  on  paper  to  show  the  most 
feasible  location.  This  certainly  can  be  done 
more  quickly  and  with  fully  as  good  results,, 
by  taking  the  preliminary  notes  by  the  stadia 
niethod  and  later  running  a  paper  location  in 
on  the  ground  in  the  usual  manner.  For  road 
work,  the  stadia  is  fitted  only  for  preliminary 
survey.  By  this  method  a  base  line  may  be 
run  along  "the  appro.ximate  center  line  of  the 
road  and  the  side  shots  taken  in  the  ditches 
on  either  side  at  culverts  and  road  crossings 
and  any  other  features  that  it  is  desirable  to- 
show,  such  as  pole  lines,  fences,  cuts  and 
fills.  This  work  may  be  done  very  rapidly  as 
there  is  practically  no  hindrance  to  it  along 
the  road  and  data  may  be  secured  from  which 
a  rough  profile  may  be  plotted  of  the  crown 
of  the  road  and  the  bottom  of  the  ditches  on 
both   sides. 

From  this  may  be  laid  out  the  road  profile 
and  the  best  method  of  draining,  thereby 
working  out  a  comprehensive  scheme  of  the 
whole  rather  than  of  the  separate  parts.  It 
has  been  my  experience  that  in  almost  any 
engineering  work,  a  study  in  a  general  way 
of" the  whole  work  will  usually  give  entirely 
different  rc-iults  than  if  the  work  is  taken 
piece-meal,  and  the  results  are  usually  a  great 
deal  more  satisfactory  than  by  the  other  plan. 
In  my  experience  a  great  many  instances 
have  occurred  where  data  of  an  approxirnate 
nature  were  required  to  determine  only  in  a 
general  way  certain  features  of  a  oroject.  For 
instance  in  1914  I  was  making  a  recon- 
naisance  for  a  railway  in  the  South.  One 
terminal  of  this  railway  was  located  on  the 
edge  of  the  Mississippi  delta  and  it  was  to 
extend  a  number  of  miles  back  through  the 
hill  country  and  away  from  the  delta.  I  was 
requested  to  keep  my  gradient  down,  if  pos- 
sible, to  a  half  of  one  per  cent  and  I  found 
that  some  difficulty  would  be  experienced  in 
maintaining  this  .grade  in  the  first  line  of 
hills  through  which  it  would  be  necessary  to 
construct.  There  were  four  or  five  locations 
where  this  might  possibly  be  done,  but  it  was 
difficult  to  determine  which  of  these  locations 
would  prove  to  be  the  bettor.  With  the 
aid  of  two  rodmen  and  about  three  days' 
work,  by  the  stadia  method,  I  was  able  to 
run  lines  over  these  various  locations  and 
secure  data  enough  to  determine  the  distance 
and  elevation  on  each  one  and  from  those 
data  it  did  not  take  long  to  determine  which 
was  the  most  advantageous  route.  By  the 
ordinary  methods,  considerable  time  would 
have  been  lost  with  a  full  survey  crew  in 
reaching  a  conclusion  at  this  particular  point. 
Of  course,  it  was  necessary  to  follow  the 
chosen  line  up  with  preliminary  lines  and 
location  lines,  but  this  was  only  necessary  for 
the  most  fcasilile  route. 

The  result  of  all  this  stadia  work  is  to  con- 
vince me  that  it  is  the  best  and  cheapest 
method  for  most  preliminary  work.  .\  great 
deal  of  time  has  been  saved  by  me  and  a  large 
amoNnt  of  money  has  been  saved  for  my  em- 
ployers by  the  use  of  this  method,  and  I 
therefore  commend  it  as  being  worthy  of  a 
thorough  consideration  when  preliminary  sur- 
veys are  contemplated  or  general  data  are  re- 
quired. 
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Prevention  of  Weed  Growth  in  Water 
Supply  Reservoir  by  "Coppering." 

(Staff   Abstract.) 

Weeds  which  formerly  created  an  offensive 
odor  and  which  imparted  an  objectionable 
color  to  the  water  supply  of  Gloucester,  Eng- 
land, have  been  combated  successfully  by 
means  of  copper  sulphate.  The  weed  growths 
occurred  in  the  city's  reservoirs  of  potable 
water. 

.\t  one  time  it  was  necessary  to  reduce 
the  growth  of  the  weeds  by  the  use  of  rakes. 
This  involved  a  considerable  annual  expense. 
After  e.xperiments  it  was  found  that  the  use 
of  copper  sulphate  in  quantities  of  1  to  1,000,- 
000  was  sufficient  to  destroy  the  lower  forms 
of  plant  life  without  injuring  fish  life  and 
without  rendering  the  water  toxic  to  man. 

One  of  the  methods  employed  in  applying 
the  copper  sulphate  was  to  place  the  crystals 
in  a  canvas  bag  which  was  then  trailed  over 
the  surface  of  the  water  from  the  stern  of  a 
rowboat.  Another  method  was  to  scatter  the 
fine  crystals  over  the  surface  of  the  w'ater  as 
in  sowing  seed.  By  this  method  the  crystals 
fall  rapidly  to  the  bottom  of  the  reservoir 
before  dissolving.  This  method  has  an  ad- 
vantage over  the  other  one  mentioned  in 
which  the  solution  is  much  diluted  before 
reaching  the  bottom. 


The  three  reservoirs  of  the  Gloucester  cor- 
poration have  a  total  capacity  of  120,000,000 
gals.,  and  the  quantity  of  sulphate  used  is 
■100  lbs.  on  each  yearly  application,  or  1  to 
:!,0"0,0<I0,  which  is  found  to  be  adequate  to 
keep  down  the  weeds.  Each  reservoir  so 
treated  is  allowed  to  stand  at  least  three  days, 
and  where  possible  a  week,  after  the  appli- 
cation, at  the  end  of  which  period  it  is  fit  for 
domestic  use  and  no  trace  of  sulphur  can  be 
found  in  the  water.  The  treatment,  it  has 
been  found,  is  best  carried  out  in  tlie  month 
of  February. 
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Household  Water    Sterilization    With 
Hypochlorite  of  Lime. 

(Staff    Abstract.) 

For  the  household  sterilization  of  water 
in  small  quantities,  by  means  of  hypochlorite 
of  lime,  the  following  formula  will  prove  use- 
ful  and   easy  of  application : 

To  make  stock  solution  of  chloride  of  lime 
take  %  lb.  of  chloride  of  lime  and  mi.x  it 
thoroughly  with  1  gal.  of  water.  The  bottle 
used  should  have  a  closely  fitting  glass  stop- 
per. Shake  thoroughly  for  some  time.  Allow 
this  stock  solution  to  stand  for  about  eight 
hours,  or  preferably  over  night,  in  order  to 
allow  the  undissolved  portion  to  settle. 


From  the  clear  solution  at  the  top  of  the 
bottle  take  two  drops  and  place  in  each  gal- 
lon of  water  to  be  sterilized,  thoroughly  mix- 
ing same  by  agitating  the  mixture  with  a 
clean  paddle  or  stick  for  about  three  minutes. 
This  shaking  or  mixing  is  absolutely  neces- 
sary to  insure  complete  sterilization.  If  the 
water  is  muddy  or  has  been  condemned,  use 
a  greater  quantity,  not  to  exceed  three  drops 
to  a  gallon.  If  the  water  has  a  taste  or  odor 
from  the  solution,  the  quantity  may  be  re- 
duced until  such  taste  or  odor  disappears. 

Do  not  buy  a  can  that  has  stood  on  the 
shelf  of  the  store  for  some  time.  The  chlo- 
ride should  be  in  a  powder  and  if  found 
caked  in  the  can  it  is  worthless  as  a  steril- 
izer. Be  sure  the  can  contains  a  loose  pow- 
der, and  insist  upon  having  what  is -known 
as  "•35%  Commercial  Chloride."  If  only  a 
portion  of  the  can  is  used,  the  can  must  be 
closed  and  made  air-tight  by  replacing  the 
top  as  it  was  when  purchased.  As  soon  as 
the  powder  cakes  or  solidifies  it  should  be 
thrown  away,  as  it  is  no  longer  of  any  value 
as  a  sterilizer. 

In  keeping  and  storing  chloride  of  lime  the 
factors  to  be  guarded  against  are  carbonic 
acid,  moisture,  heat  and  light.  Therefore,  it 
should  be  kept  in  closed  vessels  in  a  dry, 
cool  place. 
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Some     Important     Considerations     in 
Right  of  Way  Valuation. 

By   Halbert   P.    Gillette. 
I. 

Ever  since  the  decision  in  the  "Minnesota 
rate  case"  there  has  been  worry  among  rail- 
way officials  and  appraisers  over  the  apparent 
exclusion  of  "right  of  way  multiples."  For 
the  purpose  of  this  discussion  we  may  define 
a  "right  of  way  multiple"  as  being  the  factor 
by  which  the  ordinary  selling  price  per  acre 
of  land  must  be  multipled  to  get  the  acreage 
price  paid  for  it  when  taken  for  public  use 
under  the  e.xercise  of  the  right  of  eminent 
domain.  The  use  of  a  "right  of  way  multiple," 
therefore,  is  a  convenient  method  of  estimat- 
ing severance  damages,  special  value  for  rail- 
way purposes,  etc.,  and  it  may  even  be  taken 
to  include  overhead  costs  involved  in  secur- 
ing  the    right   of   way. 

The  testimony  in  favor  of  "right  of  way 
multiples"  failed  to  convince  Justice  Hughes, 
and  I  believe  it  failed  for  two  reasons;  First, 
because  a  "right  of  way  multiple"  was  treat- 
ed, and  even  spoken  of,  as  a  "hold  up  factor" 
— a  sort  of  piratical  tax  which,  as  Justice 
Hughes  said,  should  not  be  recognized  in  a 
court  even  though  it  may  exist  as  a  fact. 
Second,  because  the  whole  theory  of  repro- 
duction cost  of  right  of  way  was  based  on 
an  untenable  hypothesis,  involving  the  ab- 
surdity of  assuming  the  existing  railway  to 
be  non-e.xistent  in  order  to  conceive  the  cost 
of  buying  the  existing  right  of  way. 

My  object  in  this  paper  is  briefly  to  out- 
line a  tenable  theory  of  right  of  way  valua- 
tion that  can  not  be  criticised  adversely 
without  abandoning  all  existing  theories  of 
commercial  valuation.  To  do  this  I  will  first 
discuss  the  fundamental  theory  of  land  values. 
Then  I  will  show  how  the  general  theory 
can  be  simplified  for  ordinary  application  to 
railway  right  of  way  valuation.  Finally  I 
will  outline  the  elements  of  value  that  go  to 
make  a  "right   of  way  multiple." 

The  value  of  land  is  the  capitalized  pros- 
pective ground  rental  derivable  from  it. 
Ground  rental  is  measured  by  the  economic 
advantage    in    position    and    in    mineral    and 


other  marketable  content  of  the  given  land, 
contrasted  with  land  that  barely  pays  operat- 
ing expenses.  Since  the  days  of  Ricardo 
there  has  been  no  serious  dispute  on  this 
economic  generalization.  .\11  land  and  all 
land  entitles,  such  as  coal,  natural  gas,  water, 
etc.,  can  be  valued  in  no  other  way  than  by 
capitalizing  the  excess  of  their  income  over 
that  obtainable  from  land  that  yields  nothing 
in  excess  of  actual  operating  expense  plus 
fixed  charges  on  the  buildings  and  plant.  Once 
this  fact  is  clearly  grasped,  the  proper  meth- 
ods of  determining  the  value  of  land  and  land 
entitles   become   evident. 

It  may  be  said  that  the  best  test  of  land 
value  is  the  price  at  which  it  sells  in  an 
open  market.  This  is  ordinarily  true  where 
there  are  frequent  sales  in  a  market  and 
where  the  land  is  sold  for  the  use  under  con- 
sideration. But  even  in  such  a  case  the  sales 
are  based  on  capitalized  prospective  rental, 
so  that,  in  the  final  analysis,  we  come  back 
to  land  income  as  the  basis  of  land   vfalue. 

In  a  very  interesting  pamphlet  entitled, 
"The  Valuation  of  Railroad  Right  of  Way," 
Mr.  Frank  W.  Stevens,  special  counsel  for 
the  New  York  Central  Railway,  offers  some 
suggestive  thoughts  as  to  the  special  value 
that  attaches  to  right  of  way.  He  also  cites 
many  court  decisions  showing  that  land 
taken  by  condemnation  must  be  valued  upon 
its  most  advantageous  prospective  use.  Two 
facts  seem  to  be  legally  established:  (1)  That 
land  may  have  a  special  value  for  particular 
purposes  (such  as  reservoir  sites,  rights  of 
way,  etc.)  and  that  this  special  value  is  re- 
coverable by  the  owner  where  condemnation 
occurs.  (2)  That  consequential  damages  to 
the  owner  are  also  recoverable. 

Let  me  first  indicate  how  the  value  of 
land  for  special  purposes  is  ascertainable.  The 
following  rules  are  perfectly  general,  and 
apply  equally  to  a  reservoir  site,  a  railway 
right  of  way,  a  farm,  or  a  city  lot : 

(1)  For  a  given  use  the  value  of  a  given 
piece  of  land.  A,  exceeds  that  of  the  next 
available  piece  of  land,  B,  by  the  capitalized 
difference  in  their  respective  net  earnings 
after  deducting  therefrom  the  interest,  de- 
preciation   and    ta.xes    on    the    buildings    and 


plant   used   in   production,   as   applied   to   that 
use. 

Expressed   algebraically  this   rule   is: 

(G-E)-(g-e)-(F  +  f) 
I'  — v^ 

r 

In  which  K  and  v  =  values  of  the  two  land 
parcels. 

G  and  g  =  gross  earnings  of  same. 

E  and   e  ^  operating  expense. 

F  and  /  =  fixed  charges  (interest,  depre- 
ciation and  taxes)   on  buildings. 

r  :=  interest  rate  suitable  to  express  normal 
return. 

(2)  If  the  gross  earnings  of  the  two  pieces 
of  land,  A  and  B,  are  identical,  then  the 
value  of  A  exceeds  B  by  the  capitalized  dif- 
ference in  their  respective  operating  expenses 
after  deducting  therefrom  the  interest,  de- 
preciation and  taxes  on  the  buildings  and 
plant  used  in  production ;  or 

e-E-iF  +  f) 

V  —  v  = 

r 

(3)  If  the  gross  earnings  and  investment 
in  buildings  and  plants  are  identical  for  A 
and  B,  then  the  value  of  A  exceeds  B  by  the 
capitalized  difference  in  their  respective  op- 
erating expenses ;   or 

e  —  E 

V  —  v= 

r 

(4)  If  the  gross  earnings,  the  investment 
in  buildings  and  plants,  and  the  operating  ex- 
penses for  A  and  B  are  identical,  then  the 
value  of  A  equals  the  value  of  B,  or  the 
value  of  an  owned  piece  of  land.  A,  is  ascer- 
tainable by  determining  the  cost  of  securing 
an  alternative  piece  of  land,  B;  or  V  =  v. 

As  I  conceive  it,  this  last  rule  (4)  is  the 
one  that  a  railway  should  ordinarily  seek  to 
apply  in  measuring  the  value  of  the  right 
of  way  that  it  owns.  Yet  no  such  rule  was 
presented  to  the  Supreme  Court  in  the 
"Minnesota  rate  cases."  Instead,  the  court 
was  asked  to  conceive  the  existing  railway 
plant  as  non-existent,  and  then  to  conceive 
what  it  would  cost  to  reproduce  the  existing 
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right  of  way.     Confronted   with  such  an  im- 
possible   hypothesis   Justice    Hughes    said: 

Moreover,  it  is  manifest  that  an  attempt  to 
estimate  what  would  be  the  actual  cost  of  ac- 
quiring the  right  of  way,  if  the  railroad  were 
not  there,  is  to  indulge  in  mere  speculation.  • 
•  ♦  The  values  of  property  along  its  line  large- 
ly depend  on  its  existence.  It  is  an  integral 
part  of  the  communal  life.  The  assumption  o( 
Its  non-existence,  and  at  the  same  time  that  the 
Vcdues  that  rest  upon  it  remain  unchanged,  is 
impossible  and  cannot  be  entertained. 

Here  we  have  an  admirable  illustration  of 
the  losing  of  an  important  point  in  a  case 
almost  entirely  as  a  result  of  an  incorrect 
theory  of  valuation.  Suppose,  instead  of  pre- 
senting to  the  court  the  hypothesis  of  non- 
existence of  the  railway,  the  court  had  been 
asked  to  consider  the  probable  cost  of  secur- 
ing right  of  way  for  a  railway  parallel  to  the 
existing  railway,  could  the  court  have  rejected 
such  a  proposition  as  "mere  speculation"  or 
"impossible"?  The  facts  are  that  many  a 
right  of  way  has  been  purchased  under  just 
such  conditions,  hence  the  assumption  is  not 
speculative  or  impossible.  Moreover  the  test 
of  value  of  A  that  is  had  by  ascertaining 
the  cost  of  securing  an  alternative,  B,  is  a 
test  that  every  man  is  accustomed  to  apply. 
The  man  who  is  intending  to  buy  a  city  house 
and  lot  applies  such  a  test  repeatedly.  Our 
rule  (4)  above  given,  is  precisely  such  a  test 
•of  value,  as,  in  fact,  are  also  the  more  general 
rules    (1),    (-2)    and    (3). 

11  we  approach  the  question  of  right  of 
way  value  from  this  logical  point  of  view, 
we  can  show  at  once  that  not  only  must 
there  be  paid  the  farm  acreage  price  for  farm 
land  contiguous  to  the  e.xisting  railway  but  a 
considerable  sum  in  addition  to  cover  con- 
sequential damages.  Also  it  can  be  then 
shown  that  land  purchased  at  "retail,"  in 
small  parcels  such  as  are  bought  for  right 
of  way,  costs  more  per  acre  than  land  pur- 
chased "wholesale,"  as  in  buying  an  entire 
farm.  Picturing,  then,  the  process  of  buy- 
ing a  right  of  way  approximately  parallel  to 
the  existing  right  of  way,  we  see  at  once  that 
the  following  elements  affect  the  purchase 
price : 

(1)  Severance  damages  resulting  from  the 
severance  of  associated  parcels  of  land  that 
•can  be  more  economically  operated  as  a  whole 
than    in    segments. 

(2)  Incidental  damages  resulting  from 
4loise,  smoke,   shutting  off  of  view,  etc.,  as  a 

result   of   building    a    railway   near   places   of 
habitation    and    business. 

(.S)  Loss  of  income  to  the  land  owner 
during  the  period  required  for  him  to  move  to 
a  new  site  and  to  establish  a  business  equal 
to  that  lost  a?  a  result  of  being  compelled  to 
move. 

After  tlie  purchase  of  the  right  of  way  is 
effected  tliere  comes  not  only  the  cost  of  re- 
moving existing  buildings  but  the  loss  of 
value  of  those  buildings  which  were  paid  for 
by  the  railway.  Where  right  of  way  is  pur- 
chased through  urban  and  suburban  property, 
it  is  not  merely  the  value  of  bare  land  that 
is  involved  but  also  that  of  buildings  and 
improvements.  Although  this  is  quite  evi- 
dent the  moment  we  adopt  the  theory  of 
testing  the  value  of  an  existing  right  of  way, 
A,  by  estimating  the  probable  cost  of  a 
parallel  right  of  way,  B,  it  is  not  evident 
when  the  theory  of  wiping  out  the  e.xisting 
railway  is   adopted. 

To  sum  up,  a  proper  "right  of  way  multiple" 
must  provide  not  only  for  all  consequential 
damages  to  the  owner  of  the  property  but 
must  also  provide  for  the  value  of  buildings 
•and  improvements  and  the  cost  of  removing 
them   from  the   right  of  way. 

I  agree  with  Mr.  Stevens  that  a  railway 
right  of  way  possesses  value  because  of  its 
superior  economic  location.  There  really 
can  be  no  question  on  this  point.  Welling- 
ton's entire  book  on  the  economics  of  rail- 
way location  is  an  exposition  of  the  value  of 
a  given  location  as  determined  by  capitaliz- 
ing the  profits  securable  from  it.  Part  of 
the  differences  in  value  between  different 
locations    is    attributable    to    the    skill    of   the 


locating  engineer,  but  the  largest  part  is  in- 
herent in  the  topography  and  the  productive 
character  of  the  country.  The  question  for 
the  courts  to  decide  is  this:  To  whom  be- 
longs the  right  of  way  value  due  to  its  su- 
perior economic  location?  Is  it  the  property 
of  the  public  or  the  property  of  the  railway? 
The  value  of  the  right  of  way  is  deducible 
by  the  rules  above  given. 

Right  of  way  values  are  analogous  to  water 
right  values,  particularly  in  that  both  depend 
largely  upon  topography.  In  deciding  ad- 
versely to  the  contention  that  water  rights 
possessed  value  for  ratemaking,  it  was  held 
by  the  lower  courts  in  California  that  capital- 
izing profits  to  ascertain  value  of  water  rights 
constituted  circular  reasoning,  and  water  right 
values  thus  ascertained  were  therefore  re- 
jected. But  the  United  States  Supreme  Court 
has  recently  reversed  this  decision,  holding 
that  water  rights  must  be  valued  and  includ- 
ed in  the  total  value  used  as  a  rate  making 
base.  I  see  no  cardinal  difference  between 
such  a  decision  and  one  that  would  affirm 
that  a  railway  is  entitled  to  all  the  special 
value  that  inheres  in  its  right  of  way  by 
virtue  of  its  economic  location.  Water  rights 
possess  value  because  of  their  economic  loca- 
tion, and  if  this  value  is  to  be  considered  as 
part  of  a  rate  making  value,  wherein  does  it 
differ  in  principle  from  allowing  a  similar 
value  due  to  the  economic  location  of  a  rail- 
way right  of  way?  If  there  is  a  difference, 
and  if  an  economic  railway  location  of  right 
of  way  has  no  special  value  to  be  allowed  in 
ratemaking,  what  becomes  of  the  logic  of  the 
decisions  relating  to  special  value  cited  by 
Justice  Hughes  in  his  Minnesota  decision?  In 
fact  what  real  meaning  is  there  in  his  own 
language  when  he   says  ; 

If,  in  the  case  of  any  such  owner,  his  prop- 
erty had  a  peculiar  value  or  special  adaptation 
for  railroad  purposes,  that  would  be  an  element 
to  be  considered. 

There  can  be  no  "peculiar  value  or  special 
adaptation  for  railroad  purposes"  except  a 
value  based  on  the  capitalized  excess  net  in- 
come securable  with  the  given  right  of  way 
as  compared  with  some  alternative  right  of 
way.  Therefore,  if  we  properly  interpret  the 
decisions  of  the  Supreme  Court  itself,  we 
find  ample  justiiication  for  applying  rules  (1) 
to   (4)   above  given. 

When  railway  and  public  service  commis- 
sions assert  that  it  is  always  untenable  to 
establish  any  sort  of  value  for  ratemaking 
by  capitalizing  any  sort  of  income,  they  go 
directly  counter  not  only  to  court  decisions 
but  to  their  own  decisions  in  every  case  where 
land  value  is  involved.  What,  indeed,  is  the 
acreage  value  of  a  farm  if  it  is  not  capital- 
ized income?  Yet  the  same  commission  that 
unhesitatingly  allows  a  right  of  way  value 
based  on  farm  acreage  price,  will  contend  that 
it  never  capitalizes  any  income  in  establishing 
a  ratemaking  value,  because  that  would  in- 
volve circular   reasoning!    , 

Mr.  Brooks  Adams,  in  the  "Spokane  Rate 
Case,"  unsuccessfully  attempted  to  prove  that 
every  railway  company  has  been  a  trustee 
or  agent,  and,  as  such,  should  be  held  ac- 
countable for  all  past  transactions.  Not  only 
has  the  Interstate  Commerce  Commission  re- 
jected this  theory  of  past  agency  relationship, 
but  so  has  the  Supreme  Court.  Justice 
Hughes  was  particularly  emphatic  on  the 
point   when  he   said : 

As  the  company  may  not  be  protected  in  Its 
actual  investment,  if  the  value  of  Its  property 
be  plainly  less,  so  the  making  of  a  Just  return 
for  the  use  of  the  property  involves  recognition 
of  its  fair  value  if  it  be  more  than  its  cost.  The 
[railroad]  property  is  held  in  private  ownership 
and  it  is  that  property,  and  not  the  original  cost 
of  it,  of  which  the  owner  may  not  be  deprived 
without  due  process  of  law. 

Had  tlie  agency  theory  been  sustained,  the 
actual  cost  of  right  of  way  and  not  its  pres- 
ent value  would  have  been  prescribed.  The 
instant  the  agency  tlieory  as  to  past  relations 
is  thrown  out,  there  remains  no  other  way  to 
appraise  right  of  way  than  as  private  prop- 
erty owned  by  the  railway.  This  would  in- 
evitably   result    in    giving    to    a    railway    the 


full  special  value  inherent  in  its  lands  as  es- 
sential parts  of  an  economic  transportation 
plant. 


Cost    of    Hydraulic    Sand    and    Gravel 
Mining. 

Contributed    by    E.    J.    Borhek,    Tacoma,    Wash. 

Costs  of  hydraulic  sand  and  gravel  mining 
are  extremely  variable.  The  geological  and 
physical  characteristics  of  the  deposit,  source 
of  water  supply  and  output  determine  the 
ultimate  cost. 

A  glacial  deposit  well  balanced  in  sand  and 
gravel,  free  from  clay  or  cementing  materi- 
als ;  bank  of  sufficient  height :  little  over- 
burden ;  low  lift  for  water,  and  proper  inclina- 
tion of  flumes  will  assure  a  low  cost  of  han- 
dling. Should  the  deposit  contain  an  excess 
of  oversize,  much  foreign  matter  apd  a  re- 
stricted height  of  bank,  then  the  cost  of  pro- 
duction will  naturally  be  higher.  This  may 
be  reduced  by  proper  methods  of  handling 
oversize  and  economic  method  of  washing 
and  screenings.  Should  the  bank  be  too  low 
for  economic  sluicing,  this  difficulty  may  be 
overcome  by  stepping  dcnvn,  provided  the  ma- 
terial is  of  such  character  to  be  reclaimed. 
This  will  mean  an  additional  cost  of  3  cts. 
to  5  cts.  per  cubic  yard. 

The  amount  of  water  to  be  used  is  de- 
pendent upon  the  character  of  the  material, 
size  and  cleanliness,  and  the  inclination  of  the 
flumes,  which  may  vary  from  G  per  cent  to 
15   per  cent   for  economic   reclamation. 

For  any  given  quantity  of  water,  grade  of 
flume  and  material  of  similar  character  and 
disposition,  the  maximum  output  of  any  bank 
is  dependent  upon  the  proper  mixture  ad- 
mitted to  the  flumes.  Flume  transportation 
of  sand  and  gravel  are  vastly  dissimilar  in 
character  and  must  be  treated  as  such.  In 
the  one  case,  for  a  given  inclination  of  flume 
it  would  require  si.x  volumes  of  water  to  one 
of  sand,  against  five  volumes  of  water  to  one 
of  gravel.  Sand  and  gravel  mixed  in  the 
proper  proportion  would  require  four  volumes 
of  water  to  one  of  solids,  and  in  some  in- 
stances, even  less  water  for  economic  reclama- 
tion  of    the   bank  material. 

For  economic  operation  the  proper  mix- 
ture should  be  admitted  to  the  flumes  and 
sufficient  working  faces  and  sufficient  laterals 
and  pipe  outlets  should  at  all  times  be  avail- 
able. 

Source  and  cost  of  power  for  pumping  are 
all  factors  in  the  ultimate  cost  and  can  only 
"he  fixed  dependent  upon  local  conditions. 
Washing  and  screening  costs  are  fixed  for  any 
given  material  and  vary  only  according  to  the 
disposition  of  the  means  at  hand  and  char- 
acter  of  the   material. 

Deposits  containing  from  20  to  2,")  per  cent 
waste  material  have  been  handled  at  a  cost 
of  15  cts.  per  cubic  yard,  where  the  condi- 
tions were  favorable  for  the  disposal  of  the 
waste  and  crushing  of  oversize  was  not  war- 
ranted. 

An  instance  is  recorded  where  150  ft.  of 
clay  had  to  be  penetrated  by  a  tunnel  before 
the  gravel  and  sand  could  be  reached :  the 
material  was  handled  at  a  cost  of  12  cts. 
per  cubic  yard,  with  an  output  of  700  cu. 
yds.  per  day.  .'\nother  instance  of  flume 
transportation  of  one-quarter  mile,  wdiere  the 
output,  screened  and  washed  in  bunkers  cost 
13  cts.  per  cubic  yard. 

Probably  nowhere  in  the  country  has  the 
sand  and  gravel  industry  been  more  widely 
studied  or  a  diversity  of  means  employed  or 
such  strides  made  in  the  economic  reclamation 
of  sand  and  gravel,  correct  washing,  sizing 
and  grading  than  on  the  Pacific  coast.  There 
are  used  hydraulic  and  mechanically  operated 
plants,  steam,  electric,  gas  driven  piston 
pumps,  centrifugal  and  power  pumps,  steam 
shovels,  drag  line,  cableway,  power  scraper, 
and  scraper  buckets  operated  with  and  with- 
out tower,  belt  and  bucket  conveyors,  steam 
and  electric  hoists,  mechanical  and  hydraulic 
screening  and  washing  plants,  crushers  and 
crushing  rolls,  sand  separators,  washers  and 
dryers:    almost    every   conceivable    means   of 
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reclaiming  the  material  dependent  upon  the 
supply  and  economy  of  operation. 

Hydraulic  plants  having  capacities  ranging 
from  300  to  2,500  cu.  yds.  per  day  are  op- 
erated at  costs  of  15  cts.  down  to  8  cts.  per 
cubic  yard,  including  all  labor,  material,  pow- 
er, renewals,  depreciation,  interest,  taxes  and 
fixed  charges  of  every  kind  incidental  to  plac- 
ing the  material  in  bunkers  washed  and  sized 
ready  for  marketing. 

The  economy  of  this  method  is  at  once  ap- 
parent when  we  take  into  consideration  the 
little  machinery  employed  and  the  decreased 
wear  and  tear  on  plant.  Plants  having  an 
output  of: 

500    cu.    yds.    per   day   can    be   built,    averaging 

$6,000. 
800    cu.    yds.    per   day    can    be    built,    averaging 

$10,000  to  $12,000. 
2,000   cu.    yds.    per   day   can   be    built,   averaging 

$15,000  to  $20,000. 

with  inore  than  corresponding  economies  in 
operation.  Should  there  be  an  available  sup- 
ply of  gravity  water,  the  operating  cost  may 
be  reduced  several  cents  a  yard.  Mechan- 
ically operated  methods  of  reclaiming  the  ma- 
terials, either  by  steam  shovel,  drag  line, 
bucket,  cable-way  or  drag  scraper,  etc.,  have 
to  take  into  consideration  besides  first  cost, 
the  upkeep,  which,  for  the  wearing  parts,  is 
generally  very  high,  when  based  on  consid- 
erable output.  Transportation  charges,  cable 
renewals,  pumps,  motors  engines,  fuel,  oil, 
track,  elevators,  screens  and  auxiliary  appli- 
ances all  contribute  to  the  cost  of  output. 

Dredging  and  dredging  methods  are  eco- 
nomic in  reclaiming,  but  the  limited  storage 
and  necessity  of  scows  and  extra  unloading 
cost  at  storage  end  all  contribute  a  propor- 
tionate share  of  cost.  The  costs  of  a  mechan- 
ically operated  plant  having  capacity  500  to 
2,000  cu.  yds.  per  day  will  rarely  fall  below 
25  cts.  in  first  instance  and  15  cts.  for  larger 
output.  The  washing  and  screening  would 
alone  contribute  one-third  to  one-half  of  this 
cost. 

Washing  and  separating  into  respective 
sizes,  for  the  Pacific  coast  plants  is  generally 
made  by  a  novel  means :  by  "Acme"  washing 
and  separating  device,  which  has  the  added 
advantage  of  screening,  washing  and  separat- 
ing the  material  in  respective  grades  in  one 
operation. 

The  cost  of  the  above  process  is  astonish- 
ingly low.  For  a  300-cu.  yd.  output  the  cost 
covering  a  two-year  period  for  one  plant  was 
1.5  cts.  per  cubic  yard,  including  installation, 
labor,  power,  repairs  and  renewals.  Here 
the  separation  was  adapted  to  a  bucket  cable- 
way ;  total  output  136,000  cu.  yds.  For  a  600- 
cu.  yd.  capacity  plant  the  cost  of  washing, 
screening  and  separating  was  1.1  cts.  per 
cubic  yard  for  one-year  period.  For  a  1,000- 
cu.  yd.  capacity  plant,  hydraulically  operated, 
the  cost  for  a  two-year  period,  in  which  the 
total  output  was  410,000  cubic  yards,  the  cost 
was  8/10  cts.  per  cubic  yard.  The  itemized 
cost  of  operation  of  this  plant,  the  material, 
sand  and  gravel,  in  almost  equal  proportions, 
was  as  follows : 
_,   .  Per  cu.  yd. 

Sluicmg.  labor,  renewals  and   repairs $0,042 

Screening,  washing  and  separating 0.008 

Loading  scows   0.010 

Power   (steam)    0  018 

Plant  depreciation,  interest,  overhead 0.023 

In  the  operation  of  the  above  plant  a  close 
check  was  made  in  the  oerformance  of  the 
separator  and  washer.  The  gravel  was  graded 
in  three  sizes:  2%  in.  to  %  in..  1%  in.  to  % 
in.,  %  in.  to  %  in.;  sand  into  coarse  for  con- 
crete and  fine  for  building  purposes.  Sam- 
ples of  graded  material  were  checked  for 
voidage  from  time  to  time,  covering  two 
years'   operation.     Samples  thoroughly   dried : 

Silt 
2%-in  or  heavy  grade  ran  30,  31  and  32  per 

cent  0.0 

IJ^-in.  medium  grade  ran  33  and  34  per  cent  0.0 
^4-in.  fine  grade  ran  35.  36  and  37  per  cent..  0.0 
Coarse  sand,  more  variable.  29  to  S3  per  cent  0.0 
Fine  sand,   36  to  40  per  cent 0.0 

The  efficiency  and  economy  of  the  separa- 
tor were  well  demonstrated,  as  it  requires  but 
one  man  in  attendance  to  operate  to  a  capacity 
of  1,000  cu.  yds.  per  day,  and  it  can  be 
erected   at   most   any   where    for  $2,000,   with 


an  annual  upkeep  of  $300  to  $600,  dependent 
upon  the  amount  of  material  handled. 

New  Street  Line  Monuments  at  Pitts- 
burgh, Pa. 

(Staff  Abstract.) 
Permanent  concrete  monuments,  of  the  type 
here  illustrated,  are  used  in  marking  the 
street  lines  as  relocated  by  the  Bureau  of 
Surveys  of  the  city  of  Pittsburgh.  A  l-ton 
Lippert  Stewart  automobile  truck  is  used  in 
distributing  the  materials  used  for  the  monu- 
inents  and  cover  bo.xes.  In  cases  where  the 
old  stone  monuments  were  found  buried, 
sometimes  to  a  depth  of  7  or  8  ft.,  they  were 
built  up  to  the  present  grade  with  concrete 
and  centered.  The  placing  of  new  cover  boxes 
over  the  old  stones  buried  slightly  beneath 
the  sidewalks  is  another  important  part  of  the 
work  of  the  Bureau.  Under  the  old  condi- 
tions the  sidewalks  were  constantly  being  torn 
up,  by  the  city's  engineers  and  by  those  en- 
gaged in  private  practice,  to  get  at  the  monu- 
ments. Sometimes  these  walks  would  be  re- 
placed in  a  fair  condition,  but  often  were  left 
unsightly  and  dangerous  to  pedestrians.  The 
new  arrangement  provides  a  uniform,  smooth 
sidewalk  and  at  the  same  time  enables  the 
engineer  having  occasion  to  use  the  monu- 
ments to  open  the  cover  on  the  boxes,  thereby 


A  record  is  made  showing  the  location  of 
all  monuments  set,  date  of  setting  and  en- 
gineer in  charge,  with  references  to  the  field 
note  books,  the  elevation  of  the  bench  marks 
etc. 
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-*  Section  Thru  Center 

Details    of    New    Form    of    Standard    Street 
Line  Monuments  Used  in  Pittsburgh,  Pa. 

e.xposing  the  monument  for  purposes  for 
which  they  were  intended. 

The  new  concrete  monuments  are  all  cen- 
tered with  a  bronze  plug  projecting  above  the 
top  of  the  concrete  about  %  in.  These  plugs 
are  also  used  for  recentering  the  old  stone 
monuments  where  the  original  center  has 
become  obliterated.  These  plugs  not  only 
furnish  an  accurate  center  for  transit  w-ork,  but 
they  are  probably  the  best  type  of  bench 
marks  for  city  use.  The  bench  mark  tatalets 
placed  in  belt  courses,  etc.,  of  permanent 
buildings  are  perfectly  satisfactory  for  the 
purpose  intended,  so  long  as  they  are  left  un- 
disturbed, but  experience  has  shown  that  own- 
ers are  constantly  remodeling  the  buildings, 
which  necessitates  the  removing  of  the  tablets 
and  the  resulting  loss  of  the  established  ele- 
vation. While  many  of  the  street  line  monu- 
ments become  destroyed  the  case  is  not  as 
general  as  with  the  tablets  placed  in  the 
buildings,  and  as  it  is  possible  to  establish 
elevations  on  the  monuments  much  closer  to- 
gether than  on  the  other  type  of  tablets  the 
resulting  loss  of  one  monument  in  a  section 
is  not  felt  so  keenly  as  when  tablets  were 
used  exclusively. 

The  form  of  the  monument  boxes  now  in 
use  appears  to  meet  the  conditions  satisfac- 
torily. The  cut  shows  the  boxes  as  now  con- 
structed. The  concrete  monuments  as  now 
built  are  about  2%  ft.  deep,  set  so  that  the 
top  is  approximately  6  ins.  below  the  finished 
surface  of  the  pavement.  The  base  of  these 
monuments  is  from  2  to  2%  ft.  square,  with  a 
finished  top  about  9  ins.  deep.  This  top  por- 
tion is  molded  in  a  sheet-iron  form  built  for 
this  purpose  and  under  usual  conditions  is 
the  only  portion  of  the  monument  requiring 
a  form  of  any  kind  for  its  construction. 


Results  of  Some  Tests  to  Determine 

the  Effect  of  Various  Elements  in 

Steel  on  Its   Resistance  to 

Corrosion. 

(Staff  Abstract.; 
In  an  effort  to  combat  the  tendency  of  iron 
and  steel  to  corrode  when  exposed  to  the 
action  of  air  and  water  there  has  been  much 
serious  thought  given  to  this  problem  by  met- 
allurgists and  others.  It  is  generally  agreed 
that  the  best  solution  is  so  to  protect  the  sur- 
face of  ferrous  materials  as  to  exclude  all 
corrosive  elements.  As  film  coatings  do  not 
offer  permanent  protection,  however,  much 
study  has  been  given  to  the  possibility  of  pro- 
ducing steel  or  iron  which  in  itself  possesses 
corrosion-resisting  properties. 

REASONS    FOR    DIFFERENCE  OF   OPINION. 

After  years  of  research,  investigation  and 
practical  experience,  there  is  unfortunately  at 
the  present  time  not  a  complete  unanimity  of 
opinion  on  this  subject.  "This  difference  of 
opinion  is  the  result  of  several  causes,  some 
of  which  are  avoidable.  These  may  be  grouped 
as: 

(a)  ."Xn  undue  adherence  to  theory  without 
practical  demonstration  of  the  value  of  the 
theory. 

(b;  An  undue  and  reprehensible  adherence 
to  a  particular  class  of  product  in  which  the 
investigator  may  be  interested  financially  or 
otherwise. 

(c)  Placing  too  much  confidence  in  accel- 
erated tests. 

(d)  Losing  sight  of  the  fact  that  under  the 
best  practices  heats  below  the  average  are  man- 
ufactured in  all  classes  of  products,  and  the 
consequent  drawing  of  conclusions  from  com- 
paring a  good  heat  of  one  type  with  a  poor 
heat  of  another  type. 

(e)  Drawing  general  conclusion  from  re- 
sults obtained  under  peculiar  conditions,  which 
may  or  may  not  be  in  any  way  representative. 

The  adherents  of  the  different  schools  are 
divided  into  four  main  classes  as  follows : 

(1)  Those  who  believe  in  genuine  iron,  the 
product  of  the  puddling  furnace. 

(2)  Those  who  believe  in  normal  mild 
steels,  the  product  of  the  open-hearth  and 
Bessemer   furnaces. 

1 3)  Those  who  believe  in  so-called  pure 
irons,  the  product  of  the  open-hearth  fur- 
nace, in  which  the  carbon  and  manganese 
are  reduced  to  a  minimum,  and  to  which 
copper  may  or  may  not  be  added. 

(4)  Those  who  believe  in  normal  open- 
hearth  and  Bessemer  steels  with  which  have 
been  alloyed  a  small  amount  of  pure  copper. 
Attempts  have  also  been  made  to  use  nickel 
as   the   alloying  element. 

After  many  years  of  careful  study  and  in- 
vestigation, the  writer  is  one  of  the  firm  be- 
lievers in  the  fourth  class  mentioned — copper 
alloy  steels.  Our  investigations  have  dealt 
principally  with  the  exposure  and  observation 
of  full-sized  sheets,  unprotected  in  any  way, 
under  service  conditions.  Many  different 
heats  have  been  used,  thus  eliminating  the 
chance  of  accidental  results.  The  majority  of 
our  tests  have  been  made  under  atmospheric 
influences.  We  realize  that  it  is  impracticable 
to  make  tests  under  all  of  the  many  varying 
conditions,  and  we  believe  that  atmospheric 
corrosion  is  the  most  important,  especially 
when  considering  structural  material  in  gen- 
eral and  sheets  and  plates  in  particular. 

RESULTS    OF    TESTS. 

.\bout  five  years  ago,  in  testing  the  corro- 
sion resistance  properties  of  sheets  made  from 
electric  furnace  steel,  it  was  noticed  that  one 
heat  of   steel  which  contained  about  0.07  per 
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cent  of  copper  was  markedly  superior  to  the 
others  in  its  resistance  to  corrosion.  Some 
further  work  indicated  that  the  results  ob- 
tained were  not  accidental,  and  that  the  cop- 
per was  probably  the  controlling  factor.  To 
remove  the  last  element  of  doubt  several 
heats  of  both  Bessemer  and  open-hearth  steel 
were  used  and  coiJper  added  in  varying  amounts 
to  some  of  the  ingots  as  they  were  poured, 
while  to  other  ingots  of  the  same  heat  no 
additions  were  made.     Careful  surveys  of  both 


two  different  localities.  In  this  test  are  in- 
cluded 700  full-sized  sheets  of  44  different 
characters  of  steel.  This  test  should  be  com- 
pleted in  appro.ximately  six  months  from  the 
present  date,  and  it  will  no  doubt  give  us 
some  additional  valuable  information  which 
will  be  made  the  basis  of  a  subsequent  paper. 
In  this  series  we  have  included  copper  addi- 
tions in  amounts  from  approximately  0.04  to 
2  per  cent,  and  we  have  also  made  additions 
of   sulphur,     phosphorus,    aluminum,     silicon. 


TABLE  I.- 


-COMPOSITION  AND  RELATIVE  LOSSES  OF  2X4-IN. 
COKE  REGIONS. 


TEST   PIECES    EXPOSED  IN 


Grade.  Ref. 
No. 

Bessemer   1 

Bessemer   2 

Bessemer    i; 

Open    hearth 4 

Open    hearth 5 

Open    hearth G 

Open   hearth 7 

Bessemer   S 

Open    hearth S 

Open   hearth 10 

Open   hearth 11 

Open   hearth 12 

Low      carbon      and      low 

manganese    material 13 

Low      carbon      and      low 

manganese    material....  14 

Open    hearth 15 

Open    hearth 16 

Bessemer   17 

Bessemer    IS 

Open   hearth 19 

Open   hearth 20 


Gage. 

27 
27 
16 
27 
27 
27 
27 
16 
16 
16 
16 
16 


16 
16 


16 

27 
16 


Carbon. 

0.05 
0.05 
0.07 
0.10 
0.07 
0.06 
0.06 
0.08 
0.14 
0.13 
0.10 
0.10 

0.02 

0.03 
0.13 
0.09 
O.OS 
0.05 
0.10 
0.06 


Man- 
ganese. 
0.44 
0.44 
0.46 
0.46 
0.47 
0.33 
0.35 
0.45 
0.46 
0.44 
0.35 
0.34 

0.03 

0.03 
0.45 
0.47 
0.46 
0.45 
0.34 
0.35 


-Analysis.- 

Sulphur. 
0.082 
0.075 
0.069 
0.035 
0.038 
0.035 
0.036 
0.070 
0.038 
0.035 
0.033 
0.035 

0.036 

0.034 
0.035 
0.037 
0.070 
0.076 
0.034 
0.033 


Phos- 
phorus. 
0.101 
0.099 
0.095 
0.043 
0.043 
0.018 
0.018 
0.094 
0.043 
0.042 
0.019 
0.020 

0.003 

0.003 
0.042 
0.043 
0.09S 
0.100 
0.019 
0.018 


Copper. 
0.23 
0.34 
0.33 
0.17 
0.25 
0.25 
0.16 
0.21 
0.27 
0.18 
0.23 
0.16 

0.07 

0.06 
0.00 
0.00 
O.OO 
0.00 
0.00 
0.00 


Relative 
losses, 
100  equals 
greatest 
corrosion. 

39.09 

39.61 

41.57 

42.09 

42.22 

43.27 

43.92 

44.05 

46.67 

46.67 

47.32 

48.36 

50.19 

53.20 
74.64 
78.16 
91.64 
96.86 
98  82 
100.00 


the  bars  and  sheets  rolled  from  these  ingots 
proved  that  the  diffusion  of  the  copper  under 
these  conditions  was  practically  perfect.  These 
ingots  were  rolled  into  16-gage  and  27-gage 
sheets  and  exposed  to  the  atmosphere  in  the 
Pennsylvania  coke  regions,  at  Atlantic  City, 
N.  J.,  and  along  the  Allegheny  River  above 
Kittanning,  Pa.,  thus  obtaining  widely  vary- 
ing conditions  of  atmosphere. 

After  about  one  year's  exposure,  the  steel 
without  copper  had  entirely  corroded  away, 
while  the  copper-bearing  sheets  from  the  same 
heats  were  in  excellent  condition,  .^fter  a 
little  more  than  three  years'  exposure,  two  of 
the  Itl-gage  sheets  of  plain  steels  have  ab- 
solutely failed,  while  the  third,  which  is  re- 
prosphorized  basic  open-hearth,  is  in  poor 
condition.  The  copper-bearing  panels  are, 
after  three  years'  exposure,  nearly  as  good 
as  when  first  installed,  and,  so  far  as  we  are 
able  to  determine  by  observation,  have  not 
changed  in  any  way  in  the  past  two  years. 
Similar  results  were  obtained  at  the  other  two 
test    stations. 

Table  I  gives  the  results  of  exposure  tests 
in  the  coke  regions.  The  tabular  data  show 
the  composition  and  relative  losses  of  the 
2x4-in.  pieces,  these  pieces  being  exposed 
Nov.  21,  liUl,  and  taken  down  Aug.  14,  1912. 
Each  loss  value  is  the  average  of  si.x  pieces. 
The  mill  scale  was  removed  from  all  test 
pieces  before  exposure,  and  all  pieces  were 
cleaned  with  ammonium  citrate  solution  be- 
fore final  weighing. 

On  JVIarch  4,  1013,  a  second  series  of  sheets 
was  exposed  in  the  Pennsylvania  coke  re- 
gions, which  shows  the  remarkable  inhibitive 
power  of  the  copper  content.  Table  II  gives 
the  analysis  of  the  sheets  used  in  this  series 
of  tests.  Panels  D,  E,  V,  Z,  and  ZZ  are  cop- 
per-bearing steels;  panels  Y  and  YY  are  plain 
open-hearth  steels,  without  copper  additions ; 
panel  F  is  reworked  muck  iron  ;  and  panel  I 
IS  a  genuine  cliarcoal  iron.  The  test  pieces 
were  of  27-gage  sheet  steel,  2x4  ins. 
in  size.  They  were  exposed  to  the 
weather  for  eight  months  at  Scottdale, 
Pa.  The  results  are  the  average  of  eight  tests 
of  each  grade.  The  mill  scale  was  removed 
'before  the  samples  were  exposed,  and  all 
pieces  were  cleaned  with  ammonium  citrate  so- 
lution before  final  weighing. 

By  referring  to  Table  II  it  will  be  noted 
that  the  copper  alloy  steels  have  given  better 
service   than   the   genuine   iron   sheets. 

The  writer,  collaborating  with  J.  O.  Handy, 
is   at   present   conducting   a   corrosion   test   in 


mill  scale  and  steel  turnings.  .Although  the 
sheets  have  been  exposed  only  about  ten 
months,  and  we  have  not  yet  completed  our 
observations,  we  are  already  able  to  draw 
some   interesting  conclusions. 

.A.fter  nine  months'  exposure  the  sheets  of 
plain  steel  containing  a  high  percentage  of 
sulphur  have  corroded  much  faster  than  those 
containing  a  normal  percentage  of  sulphur. 
Up  to  the  present  time  the  sheets  with  high 
copper  content,  up  to  2  per  cent,  are  not  show- 
ing any  better  resistance  to  corrosion  than 
those  containing  only  0.25  per  cent  of  copper. 
From  present  indications  the  beneficial  effect 
of  the  copper  content  is  quite  marked  down 
to  as  low  as  0.04  per  cent.  .\  sheet  of  steel 
to    which    silicon    had   been    added    is    failing 


hearth  and  Bessemer  steels  carbon  has  little 
influence. 

Manganese. — Although  the  writer  is  aware 
that  some  metallurgists  advance  the  theory 
that  manganese  is  detrimental  to  steel  in  its 
resistance  to  corrosion  we  neither  agree  with 
the  theories  advanced  nor  have  we  observed 
the  slightest  evidence  or  proof  that  such 
claims   are   justified. 

Much  the  greater  part  of  the  manganese 
present  in  steel  exists  alloyed  w-ith  the  iron, 
in  which  form  we  w'ould  not  expect  it  to  in- 
fluence corrosion  as  far  as  the  electrolytic 
theory  is  concerned,  since  two  materials  dif- 
fering chemically  or  mechanically  are  re- 
quired to  start  electrolysis,  and  these  condi- 
tions are  not  obtained  by  simple  alloying. 
Some  of  the  manganese  unites  with  sulphur, 
forming  manganese  sulphide,  which  exists  in 
isolated  patches  and  which  is  at  best  only  a 
feeble  conductor  of  electricity,  and  as  such 
should  stimulate  corrosion  to  only  a  slight 
extent,  if  at  all.  It  is  possible  that  these 
patches  of  manganese  sulphide,  when  they 
occur  at  the  surface  of  the  steel,  or  as  they 
become  exposed  by  the  wasting  of  the  steel, 
become  oxidized  to  sulphates,  in  which  form 
the  efficiency  of  the  moisture  as  an  electrolyte 
would  be  increased.  This  action,  however,  is 
due  to  the  presence  of  sulphur  and  not  to  the 
presence  of  manganese.  Sulphur  in  steel  must 
exist  in  combination,  and  if  there  is  not  suffi- 
cient manganese  present  it  will  unite  with  the 
iron,  forming  iron  sulphide,  in  which  form  it 
will  be  at  least  as  harmful  as  in  the  form  of 
manganese  sulphide.  Tests  made  by  Burgess 
and  .^ston  indicate  that  manganese  alone  in 
steel  lessens  rather  than  hastens  corrosion. 

Sulphur. — We  are  convinced  that,  of  all  the 
metalloids  commonly  present  in  steel,  sulphur, 
especially  when  present  in  abnormal  amounts, 
is  the  most  harmful  from  a  corrosion  stand- 
point. Our  experiments  show  that  in  non- 
copper  steels  as  the  sulphur  increases  up  to 
0.18  per  cent  corrosion  is  hastened. 

Phosphorus. — Although  it  is  undoubtedly 
true  that  by  increasing  the  phosphorus  con- 
tent of  steel  the  resistance  to  sulphuric  acid 
is  lowered,  yet  our  work  indicates  that  what- 
ever slight  influence  it  may  have  in  atmos- 
pheric corrosion  is  rather  beneficial  than  other- 
wise, especially  when  the  phosphorus  has  been 
added  to  the  steel. 

Sil'con. — Silicon  in  the  small  amounts  nor- 


TABLE    II.— COMPOSITION    AND    RELATIVE    LOSSES    OF    27-GAGB, 
POSED  FOR  EIGHT  MONTHS  AT  SCOTTSDALE, 


2X4-IN. 
PA. 


Analysis. 


Grade.  S 

..:  "S 

— ■                                                                       S  « 

■=                                               ■£  5 

IX                                                                                    O  S 

V      Bessemer    0.04  0.39 

E      Open-hearth     04  .30 

ZZ  Open-hearth,    unannealed       .11  .45 
Z      Open-hearth,    annealed. 

Same  heat  as  ZZ 01  .43 

H      042  .16 

D      Open-hearth    06  .50 

C      Open-hearth    06  .33 

0       027  .07 

W     049  05 

1  Charcoal    Iron 03  .06 

J       022  .03 

F     Reworked  muck  bar 04  .07 

YY  Open-hearth,    unannealed        .11  .45 
y      Open-hearth,    annealed. 

Same  heats  as  Z  and  ZZ        .01  .45 

•Trace. 


03 

0.078 

043 

.049 

.049 
.024 
.037 
.035 
.033 
.043 
.013 
.031 
.023 
.048 


0.114 
.065 
.099 

.099 
.003 
.016 
.018 
.007 
.005 
.052 
.006 
.134 
.090 


.011 


.011 


.039 


.162 
.007 


u 

0.31 
.31 

.25 

.25 
.21 
.26 
.25 
.09 
.10 
.07 


5d 

3.15 
3.24 

3.32 

3.33 
3.39 
3.50 
3.51 
3.69 
3.88 
4.04 


.034  4.12 

•  4.66 

•  5.11 


4 

5 

6 

7 

8 

9 

10 

11 

12 

13 


4)   ^  4-» 

>  :3  (n 

—  CO 

'S'^'S 

>;o  (- 

42.63 
43.84 
44.93 

45.06 
45.87 
47.36 
47.50 
49.93 
52.50 
54.67 
55.75 
63.06 
69.15 


SHEETS     EX- 


Condition    of 
test   pieces 

after 
exposure. 


No  holes 
No  holes 
No  holes 

No  holes 

No  holes 

Xo  holes 

No  holes 

.\'o  holes 

Holes  in  2  pieces 

H<ileK  in  3  pieces 

Holes  in  1  piece 

Few  holes  in  all 

.Many  holes  in  all 


.046       .099     .006 


.39     14  100.00 


Onlv 
left 


lace     work 


badly,  as  are   also  sheets  to  which  aluminum 
and    sulphur   liave   been   added   separately. 
(:k.ver.\l  conclusions. 

From  our  work  to  date  we  are  prepared  to 
draw  the  following  conclusions  as  to  the  in- 
fluence of  the  various  metalloids  in  steel 
sheets   when   exposed   to   the  atmosphere: 

Carbon. — .•\lthough  there  has  been  no  at- 
tempt to  <lctermine  directly  the  influence  of 
carbon  it  seems  that  in  the  low  ranges  pres- 
ent— 0.02    to    0.14    per    cent — in     mild     open- 


mally  present  in  open-hearth  and  Bessemer 
steels  is  innocuous.  However,  experiments 
made  by  adding  silicon  in  the  amount  of  0.15 
per  cent  and  0.30  per  cent  show  that  the  cor- 
rosion rate  is  distinctly  increased  by  silicon  in 
these  amounts. 

Copper. — It  is  quite  generally  conceded  that 
if  copper  is  properly  added  to  molten  steel  to 
the  amount  of  approximately  O.2.")  per  cent, 
the  life  of  the  steel  under  atmospheric  con- 
ditions   is    greatly    increased.      While    definite 
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figures  from  actual  losses  on  weighed  test 
pieces  indicate  that  this  increased  life  is  ap- 
pro.Kiniately  100  per  cent,  we  are  of  the  opin- 
ion that  this  figure  is  low.  We  have  reached 
this  conclusion  from  observations  of  copper- 
bearing  steels  after  several  years'  exposure. 
It  appears  that  the  rate  of  corrosion  of  cop- 
per-hearing sheets  lessens  as  the  time  of  ex- 
posure increases,  and  that  the  loss  during  the 
■first  six  months'  exposure  is  greater  than 
during  subsequent  periods. 

Any  unprotected  iron  or  steel  will  develop 
to  a  thin  film  of  rust  in  a  few  minutes  when 
exposed  to  moisture  and  oxygen.  This  oxide 
film  is  electro-negative  to  the  underlying 
metal  and  will  stimulate  further  corrosion. 
Moreover,  the  physical  characteristics  and 
texture  of  this  rust  film  are  very  important 
factors  in  governing  the  rate  of  corrosion  of 
the  metal.  The  rust  formed  on  copper-bear- 
ing steel  is  dark  brown,  closely  adherent  and 
smooth,  and  if  it  does  not  really  act  as  a  pro- 
tector to  the  underlying  metal  it  is  at  least 
much  less  an  accelerator  than  is  the  rust  on  a 
normal  steel  or  iron,  which  is  a  limonite  red 
in  color,  rough,  loose  and  spongy  in  charac- 
ter.    That  the  latter  holds  water  to  a  greater 


extent  is  strikingly  demonstrated  by  examin- 
ing sheets  which  have  been  exposed  for  sev- 
eral months,  both  with  and  without  copper, 
immediately  after  a  rain.  Copper-bearing 
sheets  dry  very  quickly,  while  the  loose, 
spongy  rust  on  the  sheets  without  copper 
holds  the  moisture  for  a  considerable  time, 
allowing  corrosion  to  proceed  for  several 
hours  after  it  has  ceased  on  the  copper  alloy 
sheets. 

While  the  beneficial  influence  of  copper  in 
steel  and  iron  is  most  marked  under  atmos- 
pheric conditions,  investigations  under  soil, 
water  and  other  natural  conditions  are  indi- 
cating superiority  under  these  latter  influences 
as  well. 

SUMM.\RV. 

To  summarize  conclusions  from  our  work 
up  to  the  present  time :  The  influence  on  cor- 
rosion of  carbon,  manganese,  phosphorus  and 
silicon  in  the  amounts  normally  present  in 
properly  made  steels  and  irons  is  practically 
negligible.  In  a  steel  without  copper,  high 
sulphur  content  stimulates  corrosion.  A  cop- 
per content  of  0.2.5  per  cent  materially  in- 
creases the  life  of  steel  and  iron,  and  the 
harmful   eft'ect   of   sulphur   up   to  at   least   0.14 


per  cent  is  neutralized  by  0.25  per  cent  cop- 
per. More  copper,  up  to  2  per  cent,  gives 
little,  if  any,  additional  benefit.  Lesser 
amounts  than  0.25  per  cent  have  great  influ- 
ence in  lowering  the  corrosion  rate.  A  con- 
tent of  0.15  per  cent  is  in  most  cases  quite  as 
good  as  0.2-5  per  cent,  and  tests  now  under 
way  prove  that  much  lower  amounts,  down 
to  as  little  as  0.04  per  cent  and  0.06  per  cent, 
while  not  giving  the  bests  results,  are  remark- 
ably superior  to  normal  steels  carrying  only 
the  usual  traces  of  copper. 

Careful  study  is  being  made  to  determine 
definitely,  if  possible,  the  mechanism  of  the 
reactions  which  take  place  by  alloying  copper 
with  steel  and  iron,  and  which  will  explain 
the  remarkable  beneficial  influence  of  the  cop- 
per content.  We  hope  that  this  inforination 
will  be  available  for  a  subsequent  paper. 
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A  Correction. 

Interstate   Bridge  Over  the  Columbia 

River  Between  Vancouver,  Wash., 

and  Portland,  Ore. 

Mr.  Howard  requests  us  to  correct  an  in- 
advertent error  in  the  article  concerning  the 
above  bridge,  which  begins  on  page  .540  of 
our  issue  of  June  16,  1915.  The  last  para- 
graph is  not  correct  for  the  engineering  work 
of  this  structure  is  being  handled  in  the  name 
Waddell  and  Harrington,  E.  E.  Howard  and 
L.  R.  .Ash,  Associate  Engineers,  Consulting 
Engineers. 


ment  of  the  ti-acks,  which  has  been  marked, 
has  been  adjusted  by  placing  additional  ma- 
terial  from  time  to  time. 


The  Design  of  Retaining  Walls  Found- 
ed on  Soft  Materials. 

(Staff  Austract.) 
The  following  data  and  discussion  deal  with 
retaining  walls  founded  on  soft  materials.  For 
such  walls  the  ordinary  rules  of  design  are  of 
little  value,  and  the  well-known  theoretical 
treatments  present  definite  limitations.  -  The 
solutions  of  the  problems  presented  lead  to 
some  novel  designs.  The  studies  were  oc- 
casioned   by    some    track    elevation    work    on 


Fig.   1       Types  of  Concrete   Retaining   Walls 
on  Soft  Foundations — (a)    Mass  Wall  on 
Piles;    (b)    Mass   Wall    with    Spread 
Footings;     (c)    Reinforced   Con- 
crete Type. 

which  the  Chicago,  Milwaukee  and  St.  Paul 
Ry.  is  now  engaged  in  Milwaukee,  Wis.,  the 
work  being  located  on  the  "South  Side,"  be- 
tween the  Kinnickinnic  and  Menomonee  rivers. 
When  this  portion  of  the  railroad  (about  1% 
miles  in  length)  was  built  in  1871  about  two- 
thirds  of  the  stretch  now  to  be  elevated  was 
placed  on  a  pile  bridge  as  the  ground  surface 
at  that  time  was  but  little  above  the  level 
of  the  lake  and  was  virtually  a  marsh.  The 
trestle  has  been  entirely  filled  in,  as  has  also 
the  surrounding  ground,  much  of  which  has 
been  improved  with   buildings.       The     settle- 
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Because  of  the  uncertain  conditions  existing 
at  the  site,  foundation  investigations  were 
made  at  various  points,  including  test  piles 
driven  to  a  depth   of  SO   ft.   and  test   borings 


they  gave  too  great  a  variation  in  the  toe  and 
heel  pressure  under  the  various  cases  of  load- 
ing, or  were  not  capable  of  the  large  settle- 
ment anticipated  without  possibility  of  serious 
damage  to  them.  The  only  common  design 
that  seemed  to  approach  the  solution  was  the 
mass  wall  in  Fig.  1  (.b),  or  its  equivalent  in 
reinforced  concrete  in  Fig.  1(c),  the  advan- 
tage in  cost  apparently  being  with  the  former. 


Fig.   2.     Various   Schemes  for  Applying   Dry   Wall    Idea  to   Concrete   Block    Re- 
taining   Walls. 


carried  to  a  depth  of  over  100  ft.  The  results 
of  these  investigations  may  be  summed  up  as 
follows:  Directly  below  the  surface  to  a  depth 
of  10  to  15  ft.  there  is  a  deposit  of  filled  ma- 
terial varying  from  gravel  and  sand  under 
the  main  tracks  to  refuse  of  various  kinds  un- 
der side  tracks  and  unoccupied  portions  of  tlie 
right-of-way.  Below  this  to  a  depth  approacn- 
ing  80  ft.  below  the  ground  surface  there  are 
numerous,  though  rather  ooorly  defined,  strata 
of  wet,  slimy  clay  and  fine  sand,  the  several 
strata  varying  in  position  and  thickness  at 
various  points  along  the  line.  Below  this  soft 
material  there  is  a  bed  of  coarse  sand  and 
gravel  of  an  unknown  depth.  The  pile  driving 
and  loading  tests  proved  beyond  any  question 
that  piles  would  have  to  be  driven  into  this 
gravelly  material  to  be  at  all  reliable.  Owing  to 
a  lack  of  a  sufficient  number  of  drivers  with 
leads  long  enough  to  handle  75  ft.  and  80  ft. 
piles  it  was  evident  that  many  piles  would  have 
to  be  driven  in  two  sections,  connected  by  a 
splice;  and  taking  into  consideration  the  re- 
sults of  the  pile  tests,  the  great  length  of  the 
piles,  and  the  presence  of  a  splice,  it  was  con- 
cluded to  limit  the  load  per  pile  to  15  tons. 

SUGGESTED   DESIGNS. 

A  wall  on  pile  foundations  such  as  is  shown 
in  Fig.  1  (a)  would  prove  very  expensive  un- 
der such  conditions,  so  much  so  as  to  lead 
naturally  to  speculation  as  to  the  possible  use 
of  walls  on  natural  foundation.  Many  types 
of  wall  in  mass  and  reinforced  concrete  were 
investigated,  but  most  of  them  offered  little 
encouragement,  being  eliminated  either  because 


As  a  possible  source  of  a  solution,  Mr. 
Loweth,  chief  engineer,  suggested  that  studies 
be  made  as  to  the  feasibility  of  adapting  either 
the  timber  crib  or  dry  stone  wall  to  plain  or 
reinforced  concrete.  The  dry  wall  was  the 
first  to  be  studied,  and  a  number  of  different 
forms  suggested  themselves,  as  shown  in  Fig. 
2.  The  idea  of  the  dry  wall  is  to  incline  the 
wall  at  such  a  slope  that  the  resistance  line 
will  at  all  points  in  the  height  of  the  wall  fall 
at  the  center  line  of  the  wall  or  behind  it.  If 
this  was  carried  out  exactly  the  analysis  would 
result  in  an  ideal  design  which  consists  of  a 
slab  of  concrete  with  a  curved  front  face  simi- 
lar to  that  obtained  on  a  high  gravity  type 
masonry   dam. 

Naturally,  the  most  primitive  design  for  such 
a  wall  would  be  as  shown  by  Fig.  2  (a).  This 
imitates  the  dry  stone  wall  very  closely  and 
has  the  joints  placed  very  nearly  at  right 
angles  to  the  resistance  line.  Obviously  such  a 
wall  would  involve  difliculties  in  construction 
which  would  make  it  prohibitive. 

A  modification  of  this  design  is  the  wall 
shown  in  Fig.  2  (b),  simply  a  slab  of  concrete 
leaning  against  the  embankment.  This  slab 
could  be  built  m  place  or  cast  in  short  sections 
and  erected  when  convenient.  In  either  case  it 
would  be  necessary  to  provide  struts  of  lim- 
ber or  concrete  to  support  the  wall  until  the 
embankment  could  be  placed. 

In  the  wall  of  Fig.  2  (c)  we  have  a  design 
which  is  intended  primarily  to  get  cheap  con- 
struction. It  consists  simply  of  a  tier  of  blocks 
with  horizontal  beds  stepped  back  to  give  the 
desired   slope.     To   avoid   the     necessity     for 
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erecting  these  walls  piece-meal  during  the 
placing  of  the  embankment,  they  are  provided 
at  intervals  of  about  9  ft.  with  ribs  extending 
back  into  the  fill,  composed  of  headers  inter- 
spaced with  small  blocks.  This  portion  of  the 
wall  serves  simply  as  a  support  until  the  em- 
bankment has  been  placed,  and  is  not  intended 
in  any  way  to  add  to  the  stability  of  the  wall 
against  lateral  pressures.  The  weakness  of  the 
design  is  that  the  resultant  at  each  joint  is  in- 


consideration  of  the  strength,  economy  and 
ease  of  construction.  Concrete  cribs  have  been 
used  for  some  time  by  the  War  Department  in 
the  construction  of  breakwaters  on  the  Great 
Lakes.  In  this  adaptation  they  do  not  act  as 
retaining  walls  but  as  receptables  for  stone.  A 
concrete  crib  for  use  as  a  retaining  wall  is 
shown  in  Fig.  3.  It  is  simply  a  bottomless 
box,  which  depends  for  its  stability  upon  its 
own  weight  and  the  weight  of  embankment  su- 
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Fig.  3,     Cellular   Retaining   Walls — (a)    Unsymmetrical    Type;     (b)    Symmetrical 

Type, 


dined  at  rather  an  oblique  angle  with  the  hori- 
zontal beds  of  the  blocks,  an  angle  which  ap- 
proaches much  too  closely  to  the  angle  of  fric- 
tion of  concrete  upon  concrete.  This  naturally 
suggests  the  use  of  a  mechanical  lock  or  bond 
between  the  various  blocks ;  for  example,  the 
surfaces  of  the  blocks  may  be  corrugated  by 
casting  them  in  forms  lined  with  corrugated 
iron,  or  a  lug  may  be  cast  on  the  bottom  of 
each  block  as  shown  in  Fig.  2  (d). 

The  type  shown  in  Fig.  2  (e)  is  a  composite 
of  that  shown  in  (a)  and  (e),  in  that  part  of 
the  joint  is  horizontal,  while  the  forward  por- 
tion is  inclined  at  an  angle  even  greater  than 
that  of  a  plane  perpendicular  to  the  resistance 
line.  By  this  means  the  desired  resistance  tc 
sliding  is  obtained  without  sacrificing  anything 
as  to  the  ease  of  erection.  The  forms  are 
somewhat  more  complicated,  but  this  is  not  of 
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Fig.  4      Positions  of  Resultant   Pressure   on 

Each    Joint   for   Three    Loading 

Assumptions. 


perimposed  on  the  portion  buried  in  the  rill. 
and  it  is  not  hard  to  analyze.  This  type  of 
wall  has  a  large  factor  of  safety  in  the  passive 
resistance  of  the  earth  on  the  inside  face  of  the 
rear  wall,  which  becomes  effective  as  soon  as 
the  wall  starts  to  move  forward.  The  wall 
also  afifords  great  frictional  resistance  to  over- 
turning. Neither  of  these  elements,  however, 
ought  to  be  considered  in  making  an  analysis 
for  design. 

For  a  narrow  right-of-way  a  natural  modi- 
fication from  the  crib  wall  described  above  is 
that  shown  in  Fig.  4.  This  is  in  reality  an 
application  of  the  reinforced  concrete  filled  U 
abutment.  The  lateral  forces  are  taken  care 
of  entirely  within  the  structure  •♦•^elf  and  only 
the  vertical  loads  are  transmitted  to  the  foun- 
dation. 

GENERAL    THEORY. 

Before  attempting  to  analvze  any  of  the 
types  of  walls  described  above,  it  was  necessary 
to   investigate   the   applicability   of   the   theory 
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Theory   Modified,"   the   formulas, 
k^jk  sec  (^— ^i) 

;■=(/ — cot   Q  tan.  <{))',  cos  <t>  sec  \,  cos  (© — \) 
Cain's  application   of   Coulomb's   theory   re- 
sults in  the  formula, 

sin  (6—0)        \'         1 


where  n 


(sin  (6^^)  \' 

{,n  +  l)sme  / 

Vsin  (0+0')  sin   (0 — S) 
sin 


sin  (0'-|-e) 


I  sin  (<!>' +Q)  sin  (0 — S) 

The  formulas  seem  rather  elaborate  but  are 
readily  represented  in  workable  diagrams,  and 
for  such  cases  as  occur  in  common  practices 
the  results  obtained  by  the  two  methods  agree 
very  closely. 

In  the  case  of  a  wall  with  an  appreciable 
backward  inclination  the  above  formulas  give 
a  considerable  reduction  of  the  value  of  k. 
For  a  wall  with  a  level  top  embankment,  and 
a  value  of  0  (the  angle  of  repose)  taken  at 
33°  42',  we  find  that, 

when  e=81°,  ^=0.2; 
and   when   0=70°,  A=0.12. 

The  effect  of  a  live  load  upon  an  embankment 
is  generally  represented  by  a  surcharge  of  addi- 
tional embankment  of  equal  weight.  The  prac- 
tice of  the  ungineering  Department  of  the 
C,  M.  &  St.  P.  Ry.  is  to  make  use  of  the 
theory  of  the  live  load  spread.  Referring  to 
Fig.  4,  a  live  load  of  11,000  lbs.  per  lineal  foot 
of  track  is  considered  as  distributed  over  a 
width  of  8  ft.  at  the  level  of  the  base  of  rail, 
and  as  spreading  through  the  embankment  in 
such  a  manner  that  at  any  given  level  the  live 
load  would  be  uniformly  distributed  over  a 
width  defined  by  two  planes  spreading  sym- 
metrically from  the  center  line  of  track.  This 
is,  of  course,  at  variance  with  the  actual  con- 
ditions, but  it  is  surely  much  closer  to  the 
truth  than  the  equivalent  earth  surcharge. 

The  formula  for  live  load  spread  is  simple, 

11,000 

P= 

&+2hx 

where  P=vertical  live  load  pressure  at  a  depth 
of  h  feet,  and  .v=the  inclination  ot  the  spread 
planes,  in  fractions  of  a  foot  per  foot  of  depth. 
Upon  analyzing  trial  designs  of  the  block 
wall  it  was  discovered  that  small  variations  in 
the  factors  explained  above  resulted  in  great 
variations  in  the  position  of  the  resistance  line. 
This  is  shown  in  Fig.  4,  where  widely  different 
positions  of  the  resultants  are  shown  for  dif- 
ferent assumptions  as  to  live  load  spread. 
From  this  it  was  clear  that  more  definite 
knowledge  concerning  the  questioned  points 
were  necessary  before  a  really  intelligent 
analysis  was  possible.  To  this  end,  authority 
was  obtained  to  build  and  test  a  model  wall  of 
the  concrete  block  type. 
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great  importance   if   any  considerable  number 
of  blocks  arc  to  be  cast. 

The  reinforced  concrete  equivalent  of  a  tim- 
ber crib  is  not,  as  might  seem  at  first  thought, 
a  combination  of  various  shaped  concrete 
sticks  dove-tailed  or  dowellcd  together.  In- 
stead it  is  a  box,  or  a  scries  of  boxes,  of  re- 
inforced concrete  built  with  not  less  than  one 
cell  complete  in  one  piece.  The  walls  are 
made  of  such  a  thickness  as  will  compromise 


and  constants  commonly  used  in  dealing  with 
the  lateral  pressure  of  earth.  A  question  arose 
in  particular  as  to  the  proper  value  for  the 
ratio  k  of  lateral  to  vertical  pressures,  and  the 
correct  application  of  the  surcharged  live  load. 
Considering  the  first  of  these,  we  find  that 
two  solutions  are  given  for  the  value  of  k  for 
a  wall  which  overhangs  the  embankment,  as 
in  Fig,  4,  where  angle  9  is  less  than  90". 
Ketchum  gives  under  what  he  calls,  "Rankine's 


TEST    WALL. 

The  wall  as  shown  in  Fig.  5  was  one-fourth 
as  high  as  a  full  size  wall  for  a  17-ft.  embank- 
ment ;  it  was  made  12  ft.  long  between  bulk- 
heads, and  was  backed  with  a  sand  embank- 
ment. The  live  load  was  pig  iron  piled  on 
wooden  cross  ties  2  ft.  long. 

The  question  arises  as  to  the  correctness  of 
results  obtained  with  a  small  sized  model,  par- 
ticularly  when   dealing   with   earth   pressures. 
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A  very  simple  demonstration  (which  cannot 
be  given  space  here)  will  prove  that  the  ratio 
of  the  weight  of  wall  to  the  total  lateral 
earth  pressure  will  be  the  same  in  the  model 
as  in  the  full  size  wall ;  hence,  since  the  walls 
are  similar,  the  factors  of  safety  against  over- 
turning and  sliding  will  be  the  same.  To 
maintain  this  relation  for  the  live  loading  the 
load  per  square  foot  must  be  one-fourth  as 
much,  and  therefore,  ince  the  ties  are  one- 
fourth  as  long,  the  load  per  lineal  foot  must 
be  one-si.xteenth  as  much.  Actually  the  load 
in  the  test  was  just  double  this,  1,375  lbs.  per 
lineal  foot. 

When  we  come  to  foundation  bearing 
pressure  the  value  of  the  test  wall  is  nil.  The 
pressures  are  just  one-fourth  those  for  the 
full  size  wall  and  therefore  of  no  value. 

TESTING    PROCEDURE. 

The  program  for  making  the  test  was  as  fol- 
lows : 

After  the  wall  is  erected,  take  levels  in  the 
planes  BB,  CC,  and  DD  (Fig.  5)  on  the  toe  of 
the  front  wall  footing  and  on  the  front  edge 
of  each  course  of  blocks.  With  a  transit  set 
on  the  base  line  and  a  level  rod  held  hori- 
zontally in  the  above  planes  against  the  front 
top  and  bottom  edge  of  each  course  of  blocks 
measure  the  distances  from  the  plane  of  the 
base  line. 

Place  fill  behind  the  wall,  the  fill  to  be  well 
tamped,  using  plenty  of  water,  and  to  be  level 
with  the  top  of  the  wall  for  a  distance  back 
of  6  ft. 

Take  levels  and  base  line  measurements 
twice  at  intervals  of  four  days  at  each  point 
where  they  were  originally  taken  before  the 
wall  was  filled. 

After  completion  of  the  eight-day  test  of 
the  wall  under  earth  load  only,  lay  2.x4-in.  ties 
2  ft.  long  and  5  ins.  center  to  center,  the  ends 
of  the  ties  to  be  2  ft.  from  back  of  top  block. 
Load  the  middle  10  ft.  of  the  wall  with  a 
uniformly  distributed  load  on  the  ties  of  1,375 
lbs.  per  lineal  foot  of  wall.  Take  levels  and 
base  line  measurements  twice  at  intervals  of 
two  days  at  all  points  where  they  were  pre- 
viously  taken. 

."Vfter  completion  of  this  step  move  the  live 
load  to  the  second  position,  1  ft.  nearer  to  the 
wall,  and  repeat  all  measurements  in  the  same 
manner.  Then  move  the  load  to  the  third  po- 
sition 6  ins.  closer  to  the  wall,  and  repeat  meas- 
urements. Then  increase  the  live  load  by  50 
per  cent  in  the  same  position,  and  repeat 
measurements. 

The  blocks  were  made  with  a  rough  sanded 
surface  without   any  mechanical  bond.     Thus 

Vertical  Li^  Load  R-esBure   ^5*7  ft 
/Og       BOO       300      400      500      600 


ter  of  no  consequence.  The  test  was  discon- 
tinued after  placing  the  50  per  cent  additional 
load  in  position,  as  a  sudden  and  general  slid- 
ing caused  a  settlement  of  the  embankment 
which  tipped  over  the  live  load. 

RESULTS   OF  TEST  AND  ANALYSIS   OF  SAME. 

A  careful  study  was  made  of  the  results  of 
this  test  to   determine   at  what  stages   of  the 


joint  necessary  to  cause  sliding.  This,  then, 
may  be  compared  with  curves  representing 
the  theoretical  pressure  as  obtained  according 
to  various  assumptions. 

First,  let  us  consider  Fig.  6,  which  illus- 
trates the  effect  of  modifying  the  assumption 
as  to  the  live  load  spread.  The  portion  of  the 
diagram  on  the  right  shows  the  outline  of  the 


Fig.    7.     Curves     Representing    Total     Pres  sures   for  Three    Positions   of  the 

Live    Load. 


Fig.  6. 


test  the  slips  took  place,  and  the  amount  of 
each.  This  is  shown,  for  an  average  for  the 
three  planes  of  measurement,  in  Taole  I.  The 
figures  show  the  amount  of  slip,  in  decimals 
of  a  foot,  which  has  taken  place  since  the  last 
preceding  measurement  no  entry  being  made 
unless  the  slip  was  more  than  6.001  ft.  Thus 
the  load  applied  previous  to  measurement  No. 
4  caused  sliding  at  joints  10-11,  and  possibly 
at  12-13;  that  the  load  applied  previous  to 
measurement  No.  6  caused  sliding  at  joints 
8-9,  10-11,  12-13  and  14-15. 

If  we  assume  a  value  for  the  coefficient  of 
friction  between  the  blocks  at  0.63,  by  com- 
puting the  weights  of  all  the  blocks  above  any 
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Dio^rem  shows   infensify  of  lii/s  loed  pressures  on  e  horizonfal  plane,  for  various 
dcpihs  of  fill  and  various  assumpfions  as  to  spread.    Figure  shows  relation  betiveen 
the  model  wall  and  lines  representing  live  load  spread 

Diagram  Showing   Intensity  of   Live  Load    Pressures   on    a    Horizontal   Plane 
For    Various    Assumptions. 


model  wall  in  relation  to  spread  of  the  live 
loading  according  to  various  inclinations  of 
the  limiting  planes.  The  portion  of  the  figure 
to  the  left  is  a  diagram  which  shows  the  in- 
tensity of  the  vertical  live  load  pressures  for 
the  various  spreads  at  various   depths,  in  re- 
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the  wall  was  weaker  in  resistance  to  sliding 
than  overturning;  this  resistance  to  sliding 
was  then  used  as  a  measure  of  the  lateral 
pressures  obtained,  as  will  be  shown.  As  a 
check  on  the  sliding  resistance  tests  were  made 
to  determine  the  coefficient  of  friction  for  con- 
crete surfaces  like  those  on  the  blocks,  which 
gave  values  varying  from  0.53  to  0.75  with  a 
mean  for  dry  surfaces  of  about  0.66  and  for 
wet  surfaces  about  0.63. 

.'\s  anticipated,  the  test  wall  failed  by  sliding 
on  the  several  joints  between  the  blocks.  Com- 
plete destruction  was  dispensed  with  as  a  mat- 


given  joint,  we  can  determine  the  sliding  re- 
sistance of  the  joint  and  thus  have  a  measure 
of  the  pressure  behind  the  blocks  above  this 


TABLE    I. 

—AVERAGE    SLIP    OF 
OF    BLOCKS. 

EACH 

TIEH 

Joints. 

1.               2.               4. 

6. 

8,    ' 

2-3 

4-  5 

6-  7 

0.0013 

0.0017 

S-  9 

0.0023 

0.0013 

10-11 

7 

0.0020 

12-13 

O.0O20 

0.0030 

9 

14-15 

9 

0.0030 

9 

lation  to  the  blocks  making  up  the  wall.  By 
applying  the  proper  coefficient  k  we  obtain 
from  these  the  lateral  pressures,  which  (when 
combined  with  the  lateral  pressures  due  to 
the  weight  of  the  embankment  alone)  give  us 
the  total  unit  pressures,  it  being  understood, 
of  course,  that  there  is  no  live  load  pressure 
on  the  wall  above  the  point  where  the  given 
live  load  spread  line  intersects  the  back  of  the 
wall. 

From  Fig.  6  we  have  constructed  the  dia- 
grams of  Fig.  7,  one  for  each  position  of  the 
live    load    during   the    test.     The   curves    give 
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values  of  P,  the  total  lateral  pressure  obtained 
between  the  given  ordinate  and  the  top  of  the 
wall.  Ordinates  indicate  distance  from  top 
of  the  wall  by  blocks. 

On  these  same  diagrams  have  been  shown 
the  values  of  the  sliding  resistance  for  each 
joint  in  the  wall  based  on  the  weight  of  the 
blocks  above  each  joint  and  a  coefficient  of 
friction  of  0.63.  The  joints  at  which  slipping 
was  recorded  under  the  particular  loading 
have  been  marked  with  an  arrowhead. 

If  our  assumptions  as  to  live  load  spread 
and  coefficient  k  are  correct  (accepting  ordi- 
nary theory  as  to  earth  pressure),  the  curve  for 
values  of  P  should  intersect  the  heavy  black 
lines  of  the  sliding  resistance  for  all  joints 
where  no  slipping  occurred,  and  should  fail  to 
intersect,  i.  e.,  pass  to  the  right  of  ends  of 
all  the  black  lines  for  joints  where  slipping 
did  occur. 

The  curves  for  P  given  in  Fig.  7  were  se- 
lected after  a  number  of  trials;  the  value  k 
is  0.29,  while  curves  for  live  load  spread  are 
given  for  values  carrying  from  6  ins.  to  1  ft. 
0  in.,  to  18  ins.  to  1  ft.  0  in.  .\n  e.xamination 
of  the  diagrams  will  show  that  the  curves  for 
spreads  of  12  ins.  to  1  ft.  0  in.  and  for  18  ins. 
to  1  ft.  0  in.  seem  to  conform  best  to  the  propo- 
sition outlined  above.  The  absence  of  any 
sliding  at  joint  No.  7  for  loads  in  positions 
No.  1  and  No.  3  is  contradictory,  and  no  sat- 
isfactory explanation  has  been  suggested.  No 
data  on  sliding  at  joint  No.  8  were  taken. 

CONCLUSIONS. 

Conclusions  to  be  drawn  from  this  test  must 
be  made  with  a  knowledge  of  a  somewhat 
unfortunate  circumstance.  Through  a  mis- 
understanding of  instructions  the  amount  of 
water  applied  to  the  filling  after  the  placing 
of  each  load  was  excessive,  so  much  so  as  to 
make  conditions  much  more  severe  than  could 
be  obtained  under  ordinary  actual  conditions. 
This  has  been  compensated  for,  in  part,  by 
taking  the  weight  of  the  hlling  at  124  lbs.  per 
cubic  foot,  determined  by  test.  According  to 
Ketchum  and  Cain,  the  value  for  k  should 
have  been  about  0.12  for  an  assumed  value  of 
the  coefficient  of  internal  friction  of  the  ma- 
terial of  0.67  (iy2  to  1  slope).  The  fact  that 
the  test  points  to  a  much  higher  value  does  not 
conflict  with  the  theoretical  results,  but  indi- 
cates that  the  material  had  a  much  lower  co- 
efficient of  internal  friction  due  to  the  use  of 
too  much  water. 

Owing  to  these  circumstances,  the  results 
of  the  test  are  rather  disappointing.  They  in- 
dicate that  the  live  load  spread  is  much  greater 
than  had  been  supposed.  Beyond  this,  the  re- 
sults are  qualitative  rather  than  quantitative. 
It  is  believed  that  the  test  will  prove  of  value 
in  pointing  out  a  field  for  extension  investiga- 
tion and  in  suggesting  a  simple  means  for 
making  a  test. 

As  to  the  design  of  a  block  wall  the  test 
proves  clearly  that  horizontal  beds  without  a 
form  of  bond  or  lock  give  the  wall  a  low  effi- 
ciency, as  failure  by  sliding  will  take  place  at 
loads  much  below  those  required  to  cause  over- 
turning. With  a  properly  designed  joint  such 
as  is  shown  in  Fig.  2  (e)  the  block  wall  pre- 
sents advantages  under  certain  circumstances 
that  justify  its  serious  consideration. 

In   Fig.   8  are   shown   diagrammatically  the 


relative  cost  of  the  heavy  front  batter  mass 
wall  on  natural  foundation,  the  block  wall, 
the  cellular  wall,  and  the  mass  wall  on  piles. 
This  comparison  is  based  on  the  assumption 
of  very  expensive  .piles,  such  as  are  required 
on  the  work  at  Milwaukee.  The  relative 
economy  of  the  several  types,  excluding  all 
other  considerations,  is  directly  in  the  order 
named  above. 

In  conclusion,  the  following  advantages  and 
disadvantages  are  listed  for  the  several  types; 

Advantages  of  the  block  wall:  It  is  eco- 
nomical ;  settlement  in  an  irregular  manner 
will  not  be  conspicuous;  it  may  be  constructed 
in  several  stages ;  it  does  not  occupy  much 
space  before  filling.  Disadvantages :  The  heavy 
front  batter  causes  a  waste  of  property  which 
will  encourage  encroachments,  and  unless  built 
with  a  smooth  front  batter  will  encourage 
trespassing.  Because  of  its  loose-jointed  na- 
ture the  block  wall  does  not,  under  some 
circumstances,  possess  as  much  of  a  potential 


have  been  built  at  Milwaukee.     Plans 
use  of  the  cell  wall  at  a  number  of  oth' 
on  the  work  have  been  made.     The 
has    been    favored    on    account    of 
utilization  of  the  right-of-way,  anf 
number  of  cases  because  of  the  r 
driving  a  pile  trestle  for  an  adja 
track  directly  over  the  wall. 
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A  Bridge  With  Cul- 

Contiibuted  by  L.  R.  W. 
A  novel  type  of  pier 
is    shown    in    Fig.    1, 
bridge  built  in  Tular 
piers    required    for 
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vert  pipe  filled  w" 
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Fig.    1.  View    of    Bridge    With    Corrugated 


factor  of  safety  against   the  unforeseen  cor 
tingency  as  a  monolithic  structure. 

The  heavy   batter  mass  wall  is  econom' 
but  it  will  cause  criticism  if  it  settles  or 
appreciably,  and  is  subject  to  the  same  < 
tions  as  the  block  wall  on  account  of  the 
front  batter. 

Advantages  of  the  cellular  wall:    It 
the  right-of-way  in   such  a  way  as 
little   opportunity    for   encroachment 
settle  considerably,  but  it   offers  g' 
ance  to  overturning  or  sliding.     I' 
ready  driving  of  a  pile  trestle  dir 
Disadvantages:  It  occupies  cons' 
before  filling,  and  may  thus  intf 
use  of  tracks.     Settlement  ma 
unpleasing  appearance. 

The  mass  wall  on  piles  gi' 
curity,   but   it    is   expensive 
difficulties  because  of  possi 
the  pile  driving  may  do  t' 
on  insecure  foundation,  a 
was   given   much   weight 
substitute  for  the  struc' 
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Culvert    Pipe    Piers    in    Tulare    County,   Cal 

on  reinforced  concrete  foundations  4  ft.  wii 
4  ft.  thick  and  22  ft.  long.  The  concrete 
the  piers  is  reinforced  with  steel,  the  latt 
being  wrapped  around  the  corrugations, 
side  of  the  pipe,  to  provide  a  rieid  supportil 
cylinder.  These  piers  are  15  ft.  high,  fr^ 
low  water  level  to  the  bottom  of  the  tloo 
beams. 

The   bridge    consists    of     two    40-ft.     bea 
spans  and  an  approach  span  at  each  end,  t 
latter   being  of   wood   construction,   whil 
two  main  spans  have  steel  stringers  and 
beams.    The  structure  has  a  clear  road 
18    ft.   and   is   provided   with   a   lattic 
railing.    The  floorbeams  are  embeddeil 
are  flush  with,  the  tops  of  the  piers,  th 
faces    of    the    culvert    pipe    being   cut    t 
ceive  the  ends  of  these  I-beams. 

These  culvert  pipe  piers  have  proved 
very   effective,   affording  simplicity  and 
omy    in    construction,    and    offering    littll 
sistance  to  high  floods.  Since  the  constr 
of   the   bridge   there  have  been   floods   s^ 
enough    to    damage    the    superstructure ; 
have,  however,  had  no  effect  on  the  pi- 
bridge   was   designed   and   erected   In 
llorhach,  supervisor  of  Tulare  County 
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'Oil   Geared"   Construction  Loco- 
motive. 

(Contributed.) 
This  class  of  locomotive  is  of  original  de- 
sign and  construction.  It  contains  nearly  all 
of  the  advantages  claimed  for  the  gasoline 
and  electric  locomotives,  without  including 
their  objectionable  features.  .'\ny  liquid  fuel 
may  be  used ;  the  exhaust  is  free  from  smoke 
and  sparks ;   tlie  operation   is  extremely   sim- 


ple ;    the   CO' 
is  quiet  in 
it   rides   sr 
possible   i 
which,  w 
erate  fir 
thing  t' 
live. 

Th' 
a  gf 
hor' 


PL 


1 


u-il:..^ 


MATERIALS 


.nplcte    locomotive    is   compact;    it 

operation,  is  well  balanced,  so  that 

noothly,   and   develops   the   greatest 

Iravvbar   pull    for   its    weight,   all   of 

hen  coupled  with  low  fuel  cost,  niod- 

st  cost,  and  long  life,  make  for  every- 

nat  means  satisfaction  from  a  locomo- 

<s  new  design   includes   such   features  as 

•ared   unit   engine,   a   cylindcrical   type   of 

izontal    boiler    with    firebox    and    smokebox 
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the  use  of  roller  bearings,  oil  bath  lubrication, 
and  ground  finish  cylinders,  pistons,  etc.,  that 
it  will  run  sufficiently  fast  to  give  as  much 
speed  to  the  locomotive  as  our  direct-con- 
nected machines  designed  for  similar  service. 
It  is  light  and  small,  and  permits  of  low  head 
and  side  clearance.  The  fact  that  it  is  geared 
makes  possible  a  much  more  even  torque  on 
the  driving  wheels,  which  gives  these  locomo- 
tives very  much  greater  traction  qualities  than 


steam  than  the  locomotive  can  use  under  the 
worst  conditions. 

The  frame  is  another  feature  worthy  of 
note.  It  consists  of  two  members,  which  are 
called  sub  and  main  frames.  The  sub-frame 
has  rigid  side  members  to  which  the  driv- 
ing boxes  are  bolted,  but  these  members  have 
loosely  fitted  tie  cross  rods  at  each  end  and 
which  permit  them  to  travel  vertically  and 
separately    with    the   wheels    on    rough    track. 


Porter  "Oil   Geared"   Locomotive. 


the  direct-connected  engines.  When  running 
fast  there  is  no  tendency  for  the  engine  to 
"nose"  or  sway  from  side  to  side,  and  the 
acceleration  possible  is  very  great.  Further- 
more, this  engine  is  more  efficient  and  conse- 
quently uses  less  steam  and  fuel. 

The  boiler  perhaps  is  the  ne.xt  most  im- 
portant feature.  It  is  made  of  a  straight  shell 
long  enough  to  include  fire  and  smoke  boxes. 

The  heads  are  of  the  usual  flanged  type, 
riveted  in.  The  tubes  are  copper  and  bushed 
at  both  ends  with  steel.  A  large  number  is 
used  but  they  are  very  small  and  short,  in 
most  cases  being  only  a  half  inch  in  diameter 
by    si.xteen    inches    long.      This    design   makes 


There  are  four  full  elliptic  springs  secured 
to  the  sub-frames,  on  which  the  main  frame 
rests.  The  main  frame  is  constructed  of 
channel  steel  and  is  carried  by  the  four  sub- 
frames  springs.  The  drive  is  taken  through 
these  springs  and  a  set  of  angle  bars  mounted 
between  the  side  members  of  the  two  frames. 
The  advantages  include  strength,  flexibility, 
elimination  of  wedges  and  wearing  parts, 
and  that  even  after  a  severe  accident  any 
blacksmith  can  readily  straighten  and  repair 
any   damaged   parts. 

The  makers  are  prepared  to  furnish  this 
locomotive  in  sizes  from  2  to  12  tons,  any 
gage,  and  in  minimum  heights  from  40  ins. 
up.  Any  liquid  fuel  can  be  used,  but  we 
recommend  kerosene  or  fuel  oil  for  outside 
haults,  and  gasoline  for  tunnel  or  mine  work. 

The  makers  are  the  H.  K.  Porter  Co., 
Pittsburg,   Pa. 


Fig.   1.   Bucket   Dumping   on   the   Swing. 

a   compact,    powerful,    quick-firing    boiler,     is 
easily   cleaned   and  absolutely   safe. 

Of  course,  boiler  sizes  vary;  but  to  illus- 
trate how  compact  they  are,  on  the  five-ton 
locomotive  the  complete  boiler  with  firebox 
and  smokebo.x  only  measures  34  ins.  in  di- 
ameter by  37  ins.  in  length.  It  may  be  fired 
up    in    fifteen    minutes,    and    will    make   more 


A  New  Form  of  Dragline  Bucket. 

(Contributed.) 

The  Brownhoist  Shnable  Patent  Drag-line 
r.ucket  as  illustrated  here  has  been  given  a 
5-year  try-out  on  the  Calumet-Sag  and  North 
Shore  channels,  which  are  additions  to  the 
system  of  the  Chicago  Drainage  Canal.  The 
material  at  dififerent  sections  consists  of  a 
thin  soil  covering  over  a  glacial  conglomerate 
of  sand,  gravel  and  boulders  cemented  with 
clay  and  very  tightly  packed ;  below  this  is 
what  is  termed  "Marl,"  hardpan  which  has 
the  color  of  bluish  clay,  and  is  full  of  p'eces 
and  ledges  of  limestone;  and  at  the  bottom  is 
solid  limestone  rock  which  has  to  be  blasted. 
The  bucket  successfully  dug  this  material,  and 
stood  up  under  the  hard  work.  The  illustra- 
tions show  the  bucket  in  actual  service,  and 
indicate  the  nature  of  the  material. 

The  bucket  is  back-dumping.  Fig.  1.  It 
consists  of  a  shell  a  pulling  bail,  and  a  com- 
bination hoisting  bail  and  liack-gate.  In  its 
digging  position  the  pulling  bail  is  connected 
to  the  shell  at  points  which  are  located  above 
the  center  of  gravity  of  the  shell.  The  pull- 
ing bail  is  also  connected  by  means  of  links 
to  the  hoisting  bail  and  back  gate  in  such  a 
way  that  tension  on  the  drag-line  forces  the 
gate  to  close  and  remain  so.  When  the 
bucket  is  suspended  on  the  hoisting  bail  and 
the  tension  on  the  drag-line  is  released,  the 
back  of  the  shell  tips  down  away  from  the 
back-gate  allowing  the  load  to  slide  and  drop 
out.  The  pulling  bail  is  corlnected  to  the  shell 
by  means  of  bronze  sliding  blocks  carried  in 
slots  in  the  shell.  These  slots  give  to  the 
link  connections  between  the  pulling  bail  and 
the  back-gate,  the   required   motion  to  permit 


the  bucket  to  dump  when  the  tension  on  the 
drag-line  is  released.  Special  attention  is 
given  to  flexibility  of  the  bucket  and  to  the 
prevention  of  binding  in  any  of  the  parts,  by 
providing   loose-fitting   connections. 

All  standard  buckets  are  equipped  with 
teeth  bolted  to  the  digging  edge  at  an  angle 
to  give  the  proper  "suck."  For  e.xtra  heavy 
digging  in  rock,  the  bucket  is  furnished  with 
rock    teeth    set   at   the   proper   angle    for   this 


Fig.    2.   Bucket    in    First    Loading    Position. 

service.  The  teeth  are  tipped  with  removable 
manganese  steel  points  so  that  only  the  points 
need  be  replaced  when  worn. 

The  bucket  is  operated  with  two  single-part 
lines,  the  drag-line  and  the  hoist-line.  The 
bucket  is  placed  in  different  positions  by  the 
manipulation  of  these  two  lines.  Figure  2 
shows  the  bucket  as  it  starts  to  dig.  The  pull 
is  being  applied  through  the  drag-line  and  at 
the  same  time,  the  hoist-line  is  being  played 
out.  The  bucket  may  be  made  to  dig  at  any 
desired  slope  by  varying  the  tension  on  the 
hoist-line  while  paying  it  out.  Figure  3  shows 
the  bucket  filling  with  large  pieces  of  blasted 
rocks.  When  the  bucket  is  filled,  it  is  raised 
to  the  dumping  position  at  the  end  of  the 
boom  by  pulling  in  on  the  hoist-line  at  the 
same  time  keeping  a  tension  on  the  drag-line. 
When  the  tension  on  the  drag-line  is  released, 
the  bucket  is  dumped.  After  the  load  has 
been  dumped,  the  shell  automatically  resumes 
its  closed  position  and  the  bucket  is  again 
ready   to   dig. 


Fig.   3.   Bucket    Loading    in    Blasted    Rock. 

As  shown  in  the  illustrations,  the  bucket 
has  been  working  in  rock  handling  very  large 
pieces.  It  has  picked  up  rocks  as  big  as  an 
ordinary  office-desk.  The  operator  with  prop- 
er manipulation  of  the  line  can  pick  up  a 
rock  larger  than  the  bucket  itself,  by  clamp- 
ing the  rock  as  in  tongs,  between  the  pulling 
ba^l  and  the  digging  edge,  and  this  rock  then 
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is  dumped  front-wise.  Another  remarkable 
service  of  the  bucket  is  in  digging  or  break- 
ing into  rock  which  has  just  been  blasted  and 
which  serves  as  a  lever  in  separating  the 
mass. 

The  bucket  is  of  simple  construction  so  that 
repairs  can  be  made  in  the  field  with  the  aver- 
age contractor's  tool  or  shop  equipment.  This 
is  an  important  factor  because  if  the  bucket 
has  to  be  sent  to  a  shop,  it  means  a  serious 
delay.  All  bashings  are  made  from  bronze 
and  steel  tubing.  This  makes  it  very  con- 
venient and  ine.xpensive  for  the  contractor  as 


Fig.   1.   Mold   With   Bottom,  Sides  and   Parti- 
tions   Placed. 

the  tubing  may  be  kept  on  hand  and  when  a 
new  bushing  is  required,  a  piece  can  be  cut 
to  the  proper  length. 

The  front  section  of  the  bucket  is  remov- 
able so  that  it  can  be  replaced  without  the 
necessity  of  replacing  the  entire  shell.  To 
this  front  section  is  attached  a  manganese 
steel  cutting  plate,  which  is  also  removable 
for  repairs.  The  teeth  are  bolted  to  the  cut- 
ting plate  and  have  removable  points.  Thus 
it  will  be  seen  that  the  part  of  the  bucket  sub- 
jected to  the  greatest  wear  is  constructed  of 
four  separate  removable  parts  any  of  which 
can  be  quickly  renewed,  namely,  the  front  sec- 
tion of  the  shell,  the  cutting  plate,  the  teeth 
and  the  teeth  points. 

As  seen  in  the  illustrations  the  Brownhoist 
Shnable  Bucket  has  no  locking  or  tripping  de- 
vice on  the  gate.  The  necessity  of  the  locking 
device  is  eliminated  by  the  patented  construc- 
tion whereby  the  gate  is  closed  and  kept 
closed  by  the  pulling  on  the  drag-line. 

Because  the  load  is  dropped  out  at  the  back, 
it  does  not  strike  any  part  of  the  bucket  or 
lines. 

A  big  advantage  in  using  the  bucket  is  that 
it  can  be  worked  down  a  slope  opposite  the 
machine  without  changing  the  location  of  the 
connection  of  the  pulling-bail  to  the  shell. 
The  relative  location  of  the  digging  edge  and 
the  points  at  which  the  two  balls  are  attached, 
gives  a  resulting  force  by  which  it  is  possible 
to  dig  down  a  slope  though  the  drag-line  is 
pulling  up  at  an  angle.  This  same  feature 
makes  it  possible  to  take  any  depth  cut  de- 
sired. Therefore,  by  varying  the  pull  on  the 
hoist  line,  a  thin  slice  can  be  taken  which 
serves  as  a  finish  to  a  grade.  The  operator 
has  perfect  control  of  this  operation,  because 
the  hoisting  bail  is  attached  in  front  of  the 
center  of  gravity  of  the  bucket   and  load. 

The  bucket  can  be  placed  on  its  bottom  and 
the  gate  opened  by  slacking  the  drag-line  and 
going  ahead  on  the  hoist  line.  This  raises  the 
bucket  away  from  the  load  depositing  the 
same  as  from  a  clam  shell  bucket.  This  fea- 
ture permits  the  loading  of  cars  without  dam- 
age to  them,  as  it  eliminates  any  swinging 
of  the  bucket  against  the  side  of  the  car, 
and  also  the  dropping  of  the  load  into  the 
car.  Figure  1  illustrates  how  the  load  is 
dumped  at  a  greater  radius  than  the  radius 
of  the  machine.  Being  a  back-dumping 
bucket,  the  load  is  always  thrown  away  from 
the  machine,  and  the  centrifugal  force  ac- 
quired while  the  machine  is  rotating  assists 
the  bucket  lO  dump  its  load  and  also  throws 
it  farther  out.  It  will  be  noticed  that  both 
bails  are  very  short.  This  permits  the  bucket 
to  dig  right  up  to  the  machine  and  also  per- 
mits the  bucket  to  be  dumped  close  under 
the  end  of  the  boom,  giving  the  operator  the 
maximum  radius  of  action  and  maximum 
heieht  of  spoil  bank. 

The  new  bucket  is  manufactured  by  the 
Brown  Hoisting  Machinery  Co.,  of  Cleveland, 
Ohio. 


Armored  Wire  Rope. 

(.Contributed.) 

The  tensile  strength  of  wire  rope  of  stand- 
ard construction  begins  to  decrease  imme- 
diately it  is  put  into  service.  This  deteriora- 
tion is  frequently  quite  rapid,  especially  when 
the  ropes  are  used  on  outdoor  work  where 
they  are  subjected  to  sudden  changes  in  at- 
mospheric conditions  and  to  the  abrasive  ac- 
tion of  gritty  substances,  such  as  sand,  pul- 
verized rock,  coal  dust,  etc. 

VVaterbury  Armored  Rope  (Gore  Patent) 
embodies  a  radical  and  important  improve- 
ment in  wire  rope  construction.  Each  strand 
of  the  rope  is  wound  with  flat  steel  wire  hav- 
ing convex  edges  and  this  forms  a  protective 
armor  which  relieves  the  tensile  strength 
wires  of  all  abrasive  wear  and  retains  intact 
the  strength  of  the  rope  until  after  these 
flat  wires  have  been  worn  completely  through. 
The  new  rope  in  various  lines  of  work  has 
demonstrated  that  its  life  is  from  two  to 
three  times  that  of  similar  quality  rope  of 
standard  construction,  It  is  composed  of  6 
strands,  19  wires  to  the  strand ;  6  strands,  37 
wires  to  each  strand  or  6  strands,  61  wires  to 
each  strand,  with  hemp  center  or  wire  center 
as  the  conditions  may  demand.  This  rope  is 
produced  by  the  Waterbury  Co.,  80  South 
St.,   New  York,   N.  Y. 


blocks  are  separated  and  stored  for  curing. 
Figure  3  shows  the  method  of  assembling  the 
blocks  into  the  completed  culvert.  Separate 
molds  are  employed  for  forming  the  end 
blocks.  The  inventor  is  B.  S.  Hall  and  the 
eastern  distributors  of  the  mold  are  Schulz  & 
Hodgson,  918  Association  Building,  Chicago, 
111. 


New  Portable  Asphalt  Mixing  Plant. 

(Contributed.) 
A  new  portable  asphalt  mixing  plant  having 
a    number    of    distinctive    features    has    just 
been    put    on    the    market    by    the    Iroquois 


Mold  for  Precast  Concrete  Block 
Culverts. 

The  illustrations  show  a  mold  for  casting 
concrete  blocks,  which  interlock  and  form  the 
barrel  of  a  culvert.     Referring  to  Fig.  1,  the 


Fig.   2.   Mold   With    Haunch    Boards    in    Posi- 
tion. 

bottom  board  is  placed  first  and  the  iron  par- 
titions are  set  into,  suitably  placed  slots.  Con- 
crete is  then  filled  into  the  bottom  to  the  level 
of  the  top  edge  of  the  bottom  transverses  of 


Fig.    3.  Completed    Culvert    of    Interlocking 
Blocks. 

Works  of  the  Barber  .\sphalt  Paving  Co., 
Buffalo.  .  For  a  plant  of  its  size  and  cost  it 
is  unusual  in  having  a  minimum  capacity  of 
800  sq.  yds.  of  2-in.  sheet  asphalt  topping  per 
day  of  ten  hours.  The  capacity  for  asphaltic 
concrete,  Topeka  mix,  or  asphalt  macadam  is 
much  larger. 

The  mixing  platform  of  the  plant  is  so  ele- 
vated that  a  wagon  can  be  driven  under  it  to 
receive  the  load  from  the  mixer  without  ele- 
vating the  plant  on  its  wheels  or  excavating 
for  this  purpose.  The  platform  is  arranged 
for  one-man  operation,  the  levers  for  con- 
trolling clutches  and  plant  being  within  easy 
reach.  The  mixer  is  a  two-shaft,  pugmill 
type,  with  removable  side  and  end  liners ;  pro- 
vided with  two  full  sets  of  blades,  the  binder 
blades  being  solid  manganese.  The  sand- 
measuring  box  and  asphalt  bucket  are  sup- 
ported on  scales.  A  drying  drum  of  special 
construction  has  been  designed  for  this  plant 
to  obviate  the  difficulties  so  often  encountered 
in  heating  a  sufficient  amount  of  sand  and 
stone.  Features  that  count  in  the  economical 
upkeep  of  such  plants  as  this  are  the  remov- 


Portable    Asphalt    Mixing    Plant. 


the  partitions.  The  side  boards  and  the  core 
are  then  placed  and  the  filling  continued  to 
the  tops  of  the  side  boards.  Next  the 
haunch  boards,  Fig.  2,  are  placed  and  the 
filling  is  completed.  After  hardening,  the 
parts  of   the  mold   are  taken   down,   and   the 


able  steel  wearing  plates  in  the  material 
chutes,  and  chilled  rims  for  all  chain  sprock- 
ets. 

.As  illustrated,  the  plant  would  be  operated 
as  two  units,  the  second  unit  being  the  as- 
phalt  kettle.     The  mi,xing  plant   is   also   sup- 
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plied,  however,  without  boiler  and  engine.  In 
other  words,  the  contractor  or  municipahty 
already  provided  with  portable  boiler,  engine 
and  kettles,  can  secure  the  mi.xing  plant  with- 
out making  an  additional  investment  for  these 
units. 

The  plant  is  designed  especially  to  meet  the 
requirements  of  contractors  and  municipali- 
ties having  new  construction  and  maintenance 
work  to  perform  in  scattered  territory,  or  in 
an  amount  insufficient  to  make  a  stationary 
plant  economical. 


Apparatus     for     Making     Accelerated 

Comparative    Durability   Tests   of 

Small  Pipe. 

(Contributed.) 
On    the    corrosion    testing    apparatus,    illus- 
trated   herewith,    it    is    possible    to    run    com- 
parative durability  tests  in   from  si.x  to  eight 
months.      Such    tests    are    now    being    run    on 


for  use  as  water  conductors.  It  is  then  highly 
flcsirable  that  a  reliable  method  oi  making 
comparative  corrosion  tests  of  pipe  materials 
lie  used,  a  method  whereby  the  merits  of  the 
materials  may  be  ascertained  in  a  reasonable 
length  of  time. 

It  is  the  purpose  of  this  apparatus  to  fur- 
nish such  a  test  as  is  needed  for  comparing 
pipe  materials.  This  purpose  is  attained  by 
circulating  air  and  hot  water  through  a  test 
coil,  made  up  of  materials  which  are  to  be 
compared.  .'\s  the  pipes  which  are  to  be  com- 
pared are  alternated  in  the  coil,  and  the  same 
air  and  water  at  the  same  temperature  and 
pressure  are  forced  through  each  pipe,  each 
has  an  equal  chance  to  corrode,  thus  making 
the  test  one  of  actual  service  conditions.  But 
as  the  circulation  of  water  is  constant  and 
the  water  is  kept  constantly  saturated  with 
o.xygen  from  the  air,  corrosion  proceeds  at 
such  a  rate  that  it  has  been  found  one  month 
of  this  test  is  equivalent  to  one  year  in  the 
average    hot    water    line. 


Illustration  of  Apparatus  for  Making   Accelerated  Corrosion  Tests  of   Metal 


the  coast.  The  apparatus  illustrated  is  a 
part  of  the  e.xhibit  of  the  National  Tube  Co., 
Pittsburgh,  Pa.,  as  a  part  of  the  United 
States  Steel  Corporation  exhibit  at  the 
Panama-Pacific    International    Exposition. 

This  apparatus  consists  of  a  hot  water  tank, 
a  water  heater  with  thermostat,  an  air  pump, 
and  several  coils  of  pipe  made  of  alternate 
lengths  of  wrought  iron,  ordinary  steel  pipe 
and  "National"  pipe.  Air  is  injected  into  the 
hot  water  which  is  forced  up  through  these 
coils  into  the  tank.  The  corrosion  is  rapid 
as  the  service  is  very  severe.  The  object  of 
this  test  is  to  obtain  a  comparative  result  on 
the  life  of  the  kinds  of  pipe  tested. 

A  great  deal  has  been  said  concerning  tlu- 
relative  merits  of  various  materials  from  a 
corrosion  resistance  standpoint.  Many  schemes 
for  comparative  tests  of  materials  have  been 
proposed,  including  various  laboratory  tests 
of  short  duration  using  rather  small  samples 
of  materials.  Unfortunately,  in  these  tests, 
conditions  of  actual  service  have  not  been 
maintained  and  it  has  often  been  found  that 
the  results  of  laboratory  tests  are  not  borne 
out  by  actual  service  tests.  Also  a  test  that 
might  be  useful  as  a  method  of  judging  the 
relative  merits  of  sheet  metal,  or  structural 
materials,  etc.,  might  not  be  useful  in  judging 
the  relative  merits  of  materials  made  into  pipe 


More  particularly,  the  apparatus,  as  shown, 
consists  of:  (1)  a  tank  made  out  of  piece 
of  Matheson  Joint  pipe  in  which  a  bottom  has 
been  welded;  (2)  a  Lawson  heater  for  keep- 
ing the  water  hot  in  the  tank ;  (3)  a  blower 
or  other  source  of  air  supply,  and  (4)  the 
test  coil,  made  up  of  alternate  pieces  of  the 
various  pipes  under  test,  with  auxiliary  fit- 
tings and  a  glass  observation  tube.  The  water 
is  kept  at  a  constant  temperature  by  means 
of  a  thermostat  controlling  the  gas  supply. 
A  thermometer  is  attached  to  the  side  for 
the  purpose  of  observing  the  temperature.  The 
water  is  kept  at  a  constant  level  by  means  of 
a  ball  cock  attached  to  the  outlet  from  a 
service    line. 

Tests  are  made  by  circulating  the  hot 
water  from  the  tank  through  the  coil  by 
means  of  the  air  which  is  brought  in  at  the 
bottom  of  the  coil  through  an  injector,  which 
acts  as  an  air  lift  for  the  water.  By  proper 
control  of  the  air  supply,  the  water  may  be 
made  to  flow  from  the  bottom  of  the  tank 
through  the  coil  and  spill  over  the  top  into 
the  tank  at  such  a  rate  that  there  is  just  a 
gentle  surging  in  the  pipes,  and  the  products 
of  the  corrosion  are  not  stirred  up  with  re- 
sultant coloration  of  the  water.  Under  these 
conditions,  circulation  of  the  water  will  be 
at  the  rate  of  about   1%  gals,  per  minute. 
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(Contributed.) 

.An  unusual  feature  of  the  Koehring  mixer 
line,  is  a  platform-controlled,  power-driven 
distributing  spout  20  ft.  long,  which  swings 
on  an  angle  of  180°.  The  purpose  of  this 
arrangement  is  to  do  away  with  the  labor  of 
pushing  the  spout  into  position  by  hand,  and 
to  bring  its  control  into  the  hands  of  the 
mixer  operator,  who  also  controls  the  loading 
skip,  water  tank,  etc.  Control  levers  for  the 
spout  are  all  within  reach  of  this  operator, 
who  lengthens  and  shortens,  and  swings  the 
spout  to  any  position. 

Besides  the  platform-control,  the  new  spout 
has  two  especially  important  automatic  ac- 
tions, both  of  which  overcome  objections  to 
the  spout  methods.  When  the  spout  is  short- 
ened, and  the  un-used  sections  elevated  out 
of  the  way,  the  point  of  discharge  of  the  sec- 
tions in  use,  automatically  lowers.  This 
maintains  the  point  of  delivery  at  a  low  uni- 
form distance  from  the  ground,  regardless  of 
how  few  sections  are  in  use,  and  prevents  the 
separation  of  aggregates  occasioned  by  a  high 
drop.  The  other  feature  is  an  automatic 
lock  which  prevents  the  swinging  of  the  spout 
by  gravity,  when  the  mixer  is  not  standing 
on  a  perfect  level. 

The  advantages  of  the  new  spout  are :  The 
elimination  of  the  extra  man  to  swing  the 
spout,  other  than  the  regular  mixer  operator, 
and  its  more  positive,  faster  action,  which  is 
practically  equal  to  the  boom  and  bucket 
method.  The  Koehring  Machine  Co.  of  Mil- 
waukee, Wis.,  make  the  Koehring  line  of 
mixers. 


/^ 


Many     developments     fa- 
_,       p^    .  vorable   to   the   finance   and 

Ine   Doings     industry     of    this      country 
of  occurred    during     the    past 

,  ...  ,  week.  General  business  con- 
tne  WeeK.  ditions  reflected  well  sus- 
tained activity.  The  lum- 
ber and  copper  industries  secured  substantial 
increases  in  demand ;  steel  orders  of  the  U.  S. 
Corporation  showed  a  daily  average  in  excess 
of  maximum  production.  A  statement  issued 
Thursday  by  the  U.  S.  Controller  of  Cur- 
rency indicated  that  business  conditions 
throughout  the  country  are  steadily  improv- 
ing. Governmnt  statistics  of  trade  for  the 
fiscal  vear  ending  July  1  will  show  the  largest 
trade  balance  for  this  countrv  in  its  history. 
The  balance  will  be  about  $1,000,000,000,  a 
gain  of  almost  $300,000,0(10  over  the  figures 
for  the  previous  year.  In  the  construction 
field,  judging  from  the  new  work  coming  up 
for  bids,  there  has  been  no  slowing  up  of 
activity  from  previous  weeks.  State  and  coun- 
ty highway  building  and  street  paving  con- 
tinue to  offer  many  construction  opportunities 
and  there  is  no  indication  that  work  in  these 
lines  will  fall  off  for  some  months.  Several 
states  have  hardly  made  a  beginning  as  yet 
on  their  road  construction  programs  for  the 
present  year.  Bridge  building  is  offering 
many  contracts,  and  municipal  sewerage 
and  waterworks  developments  also  made  a 
good  showing  the  past  week.  A  number  of 
good-sized  contracts  in  the  municipal  field 
were  let  and  several  big  jobs  were  brought 
nearer  the  call  for  bids  stage.  Even  in  the 
railway  field  there  were  some  signs  of  activ- 
ity and  several  small  contracts  were  award- 
ed. In  the  iron  and  steel  trade  considerable 
advance  was  made  during  the  past  week. 
The  plants  of  the  U.  S.  Steel  Corporacion 
are  now  operating  at  over  90  per  cent  ca- 
pacity. There  was  larger  production  of  coke 
and  an  increased  pig  iron  output.  Several 
steel  plants  which  have  been  idle  for  more 
than  two  years  have  now  been  started.  Euro- 
pean inquiries  for  200,000  tons  of  rails  have 
been  received.  Domestic  rail  business,  how- 
ever, was  light,  although  railway  inquiry  for 
tie  plates,  spikes  and  bolts  was  larger.  Some 
makers  have  advanced  spikes  and  bolts  $1 
per  ton.  The  Iron  Age  prices  for  finished 
iron  and  steel  and  for  sheets,  nails  and  wire 
for  the  week  ending  June  2.3  were  as  follows : 

Finished  Iron  and  Steel.               June  23.  June  16. 

Per  lb.  to  large  buyer.?.  Cts.  Cts. 

Bess,  rails,  heavy,  at  mill 1.25  1.25 

Iron    bars,     Pliiladelphia 1.22V4  1.17>/4 

Iron    bars.    Pittsburgh 1.25  1.25 

Iron  bars.  Chicago 1.20  1.20 

Steel  bars,    Pittsburgh 1.20  120 

Steel  bars.  New  York 1.369  1.369 

Tank  plates,   Pittsburgh 1.15  1.15 

Tank  plates.  New  York 1.319  1.319 

Beams,   etc..   Pittsburgh 1.20  1.20 

Beams,  etc..  New  York 1.369  1.369 

Skelp,  grooved  steel,  P'gh 1.15  1.15 

Skelp,  sheared  steel,  P'gh 1.20  1.20 

Steel  hoops,  Pittsburgh 1.30  1.30 

Sheets,  Nails  and  Wire. 
Per  lb.  to  large  buyers. 

Sheets,  black.  No.  28,   P'gh...  1.75  1.75 

Galv.  sheets.  No.  28,  P'gh 5.00  5.00 

"Wire  nails,  Pittsburgh 1.55  1.55 

Cut  nails,  Pittsburgh 1.65  1.55 

Pence   wire,   base.    P'gh 1.35  1.35 

Barb  wire,  galv.,  P'gh 2.40  2.40 

For  structural  material  f.  o.  b.  Pittsburgh  the 
Iron  Age  prices  were  as  follows :  I-beams, 
3  to  lo  in.;  channels,  .3  to  15  in.;  angles,  3  to 
6  in.  on  one  or  both  legs,  V4  in.  thick  and  over, 
and  tees,  3  in.  and  over,  1.20  cts. 

Railways. — There  have  been  some  signs 
of  coming  activity  in  the  railway  field  dur- 
ing the  past  week.  Nothing,  however,  has 
taken  place  that  would  lead  to  the  conclusion 
that  any  big  construction  jobs  were  to  come 
up  in  the  immediate  future.  A  few  contracts 
have  been  let  in  the  last  few  days.  J.  N.  Gillis 
&  Son  secured  some  work  on  the  Gulf,  Flor- 
ida &  .Mabama  R.  R.,  which  has  resumed 
construction;  P.  T.  Clifford  &  Son  were 
awarded  contract  for  filling  at  Chicago  for 
track  elevation  work ;  Twohy  Bros,  were 
awarded  the   Pilot   Rock    Junction,   Ore.,   ter- 


minal by  the  Oregon-Washington  R.  R.  & 
Navigation  Co. ;  C.  G.  Kershaw,  Birmingham, 
Ala.,  secured  about  200,000  cu.  yds.  earth 
work  from  Meridian  &  Memphis  R.  R.  The 
contract  for  erection  of  structural  steel  for 
the  freight  station  at  Chicago  for  the  Union 
Station  Co.  was  let  to  Thompson-Starrett  Co. ; 
steel  will  be  furnished  by  McClintock-Mar- 
shall  Co. 

Roads  and  Streets. — A  considerable 
amount  of  state,  county  and  district  highway 
work  came  up  for  advertising  last  week.  Cali- 
fornia is  calling  for  bids  on  36  miles  of  state 
highway;  New  York  is  asking  proposals  on 
two  lettings  covering  an  aggregate  mileage  of 
146;  Connecticut  is  taking  bids  on  several 
contracts.  The  county  commissioners  at  Clear- 
w  ater,  Fla.,  open  bids  July  8  on  50  miles  of 
brick  road ;  County  Freeholders  at  Hacken- 
sack,  N.  J.,  are  asking  bids  on  several  large 
jobs;  Allegheny  County,  Pennsylvania,  is  ad- 
vertising work  to  cost  about  $130,000 ;  Kauf- 
man County,  Texas,  is  ready  for  bids  on 
$150,000  worth  of  bridge  and  road  construc- 
tion. New  Orleans,  La.,  is  asking  proposals 
on  a  large  highway  undertaking  calling  for 
esceral  hundred  cubic  yards  of  earth  embank- 
ment. The  contracts  let  include  $92,000  worth 
of  asphalt  pavement  at  Milwaukee,  Wis. ;  a 
$155,209  bituminous  gravel  job  at  Baton  Rouge, 
la.;  an  $83,000  brick  paving  contract  for  Beloit, 
Kan. ;  a  $700,000  road  contract  for  Collin 
county,  Te.xas;  $200,00u  of  street  paving  for 
.'\lbany,  N.  Y. ;  and  $52,000  contract  at  Clarks- 
ville,  Tex. 

Bridges. — Many  small  bridge  and  culvert 
undertakings  reached  the  call  for  bids  stage 
during  the  past  week.  Illinois  and  Minne- 
sota are  offering  a  number  of  opportunities 
in  this  line.  Two  Minnesota  counties  are  ad- 
vertising bridge  and  culvert  work  calling  for 
expendiUires  of  $14,000  and  $20,000  respec- 
tively. Philadelphia  is  calling  for  bids  on 
three  good-sized  bridge  contracts,  and  Spring- 
field, Mass.,  is  advertising  a  structure  esti- 
mated to  cost  $40,000.  Tibbits-Pacific  Co., 
San  Francisco,  Cal.,  secured  contracts  for 
two  steel  drawbridges  to  cost  about  $280,000; 
A.  J.  Yawger  Co.,  Indianapolis,  Ind..  was 
awarded  a  $96,000  contract  for  a  bridge  at 
Wood  St.,  Hamilton  O. ;  County  Commis- 
sioners at  Wilkesbarre,  Pa.,  have  authorized 
construction  of  a  $500,000  reinforced  concrete 
arch   at   Market    St.,   Wilkesbarre. 

Drainage    and    Irrigation. — One     of      the 

largest  irrigation  developments  to  come  up 
for  bids  so  far  this  year  is  now  being  adver- 
tised. The  county  commissioners  of  Okano- 
gan county,  Washington,  are  asking  bids  on 
a  $600,000  project.  The  Big  Snake  Creek 
Drainage  District  of  Selmer,  Ten.,  is  asking 
bids  on  250,000  cu.  yds.  of  ditch  work.  Aside 
from  these,  no  large  undertakings  either  in 
the  drainage  of  irrigation  fields  appear  to 
have  reached  the  advertising  stage.  Winston 
Bros..  Minneapolis,  Minn.,  were  low  bidders 
June  24  for  main  channel  excavation  for  Sani- 
tary District  of  Chicago. 

Waterworks. — Several  good-sized  water- 
works undertakings  are  being  advertised.  An 
Improvement  District  at  Malvern,  Ark.,  is 
asking  bids  on  waterworks  to  cost  $90,000. 
Paris,  111.,  opens  bids  July  2  2on  a  1,500,000- 
gal.  rapid  sand  filter  plant.  Port  Henry,  N.  Y., 
opens  bids  July  7  on  a  1,000,000  concrete- 
lined  storage  reservoir  and  slow  sand  filter; 
Maryville,  Tenn.,  is  asking  bids  on  water- 
works  to  include   10  miles  of  mains. 

Sewerage. — Peoria,  111.,  is  calling  for  bids 
on  sewer  construction  estimated  to  cost  $221,- 
OUO ;  Evelcth,  Minn.,  is  asking  bids  on  a  sew- 
age disposal  plant ;  Philadelphia,  Pa.,  opens 
l)ids  July  13  on  a  good-sized  contract  calling 
for  enlarging  and  relocating  sewers  in  But- 
tonwood  St.  The  Sanitary  District  of  Chicago 
opened  bids  June  24  on  Contracts  Nos.  2 
and  3  of  the  Calumet  intercepting  sewer;  low 
bids  were  $195,583.  and  $331,882  respectively. 
Indianapolis,   Ind.,  opened  bids  on  a  $157,000 
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sewer  job,  J.  H.  Cahill,  Lx)uisville,  Ky.,  being 
the  low  bidder.  F.  H.  Goddard,  Detroit, 
Mich,,  was  awarded  the  contract  for  a  reduc- 
tion  plant   for  Detroit. 

Rivers  and  Harbors. — East  Side  Levee 
at  Sanitary  District,  East  St.  Louis,  111.,  is 
calling  for  bids  on  800,000  cu.  yds.  of  levee 
work ;  the  Third  Mississippi  River  District, 
Vicksburg,  Miss.,  opens  proposals  July  12  on 
1,415,000  cu.  yds.  of  levee  work.  H.  S.  Ker- 
baugh.  Inc.,  Buffalo,  N.  Y.,  at  $78,606,  was 
low  bidder  for  government  breakwater  at 
Buffalo,   X.  Y. 


A  Few 


There  are  some  bright 
spots  in  the  construction 
situation.  In  fact  a  con- 
siderable amount  of  work 
Big  Jobs.  is  being  undertaken  these 
days.  The  railways,  to  be 
sure,  are  not  doing  any- 
thing, and  this  has  forced  many  contractors 
into  other  lines  of  construction.  This  in  a 
measure  accounts  for  the  number  of  bidders 
and  close  competition,  especially  on  earth- 
moving  jobs.  Many  big  contracts  have  been 
let  this  spring,  and  many  big  jobs  are  slated 
to  come  up  for  bids  in  the  near  future.  A 
couple  of  weeks  ago  Multnomah  County.  Ore- 
gon, awarded  contracts  for  one  of  the  largest 
road  improvement  programs  ever  undertaken 
by  a  county.  Allegheny  County,  Pennsyl- 
vania, opens  bids  in  a  few  days  on  a  $2,000,- 
000  highway  tunnel,  perhaps  the  biggest  un- 
dertaking of  its  kind  attempted  for  years 
in  that  section  of  the  country.  Then  there 
is  the  new  circular  court  house  at  New  York 
City,  bids  on  which  probably  will  be  taken 
in  August.  This  will  represent  a  possible  e.x- 
penditure  of  $8,000,000  to  $10,000,00;  owing 
to  the  cost  and  to  its  design  it  will  be  one  of 
the  'notable  structures  of  the  countrv. 


An      Eastern      contractor 

Why   He        after     bidding    on    about    a 

Didn't  dozen      jobs      this      season 

without      landing      a      con- 


Secure 


tract,  began  to  look  around 


Contracts.  for  the  reason  for  his  con- 
tinued ill-luck.  He  finally, 
half  jestingly,  ascribed  it  to  his  cost-keep- 
ing system.  He  has  a  very  excellent 
system  and  has  accumulated  a  large 
amount  of  valuable  data.  He  conse- 
quently has  a  definite  idea  of  what  it  will 
cost  him  to  do  certain  work.  He  has  used 
this  knowledge  in  preparing  his  estimates  and 
there  has  been  no  guess  work  in  his  bids. 
On  several  jobs  he  lost  out  by  a  narrow  mar- 
gin; but  on  others  the  contracts  went  at  prices 
that  indicated  the  low  bidders  had  no  con- 
ception of  the  cost  of  the  work.  The  Eastern 
contractor,  thanks  to  his  e.xperience  and  cost- 
keeping  system,  had  a  pretty  good  idea  of 
what  the  work  could  be  done  for  at  a  reason- 
able profit ;  the  other  fellows  didn't,  and  as 
a  result  they  now  have  something  to  worry 
about. 


An    encouraging  sign   of 

Contracts    for ''f^er   ''"!«,  >."   V'*'   '^o"' 
struction   held   is   the   num- 

Power  ber    of     contracts    awarded 

Developments,  ■'eccntly   for   work   for   pri- 
'^  vate     companies.      In     the 

last  two  or  three  weeks 
several  good-sized  hydro  electric  development 
jobs  have  been  placed  under  contract;  one 
or  two  irrigation  projects  also  have  been  up 
for  bids,  and  a  number  of  manufacturing 
concerns  have  let  dam  construction  jobs. 
During  tlie  past  two  years  very  little  work 
in  these  lines  has  been  undertaken.  There  has 
been  practically  no  market  for  the  securities 
of  public  utility  companies  and  irrigation 
companies,  and  as  a  consequence  their  im- 
provements have  been  held  in  abeyance.  That 
some  of  this  work  is  now  being  let  is  a  most 
encouraging   indication. 
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The  Lighter  Side  of  Engineering  and  Contracting 

U/ATpp    WnPK^    TFAM  Battery  signals  were  not  stolen  by  either  sat   down   on   a   box.     After  he  had   been 
fiUlillO     I  Lnlrl  5i(jg      Official    coaching    megaphones    were  there    for    a    couple    of    hours,    the    white 
nCTC    QflAKpn  vocalized  by  Col.  "Teddy  Roosevelt"  Keyes  man  asked  hira  what  he  was  waiting  for. 
UU  ■  O    OUrlRLU  Qf  Concord  and  John  M.  Diven,  secretary  "You  no  pay  me,"  said  the  Indian.  "Pay 
of  the  American  Water  Works  Association,  you !     Pay  you !"  inquired  the  helper,  "for 
Boston  Soc.  C.  E.  Wins  Close  Game  by  who  motored  over  from  Troy,  N.   Y.,   for  what?"     "I   turn  grindstone,"   was  the  re- 
Narrow  Margin  of  13  Runs.  ,hc  game.  The  contest  from  start  to  finish  ply,    "that    worth    1.5    cts." 

was  witnessed  by  more  than  200  members  ~II~~T7Z®1               ' 

Pitchers  of  N.  E.  W.  w.  Association  Display  ^nd    guests    who    attended    the    excursion.  T  OHNNY  CLAUSSEN,  the  ditch  digger. 

Great  Skill  In  Hitting  Bats  of  Opponents.  ^^^    ^^^   ^.^^   p^^^^^^   ^^^    ^^^   ^^^^   ^^^  J    overheard  an  argument  between  two  of 

Br><Tfiv    MA^r~r         „•      T^      T   ■   .  P'='y<=d    °"e    hour    after    a    clam    chowder-  !"'.  '^''^^^f,":"";,    Th<:y  were  discussing  re- 

r    ,  H    A          f .;  ^T  /J      /"'"  broiled    live    lobster-fried    chicken    dinner,  ''S'""-     "Why,"  said  one  of  the  men,  "yon 

Field   Day  of   the  Boston   Society   of  ^^^^^^    .^    inimitable    style   by    George    A.  ^°" '  1^"°^  ^"^^^  >-°"  ■■«  '^"^'"^  ^bont.  You 

C.vi      Engineers    and     the     New     England  ^^^^^_   proprietor   of   Pemberton    Inn   and  t°"''  ""''"  '^'"°^  '^'  ^°"^''  ^'^'"'■'     "^'" 

Waterworks  Association,  held  at  Pember-  p^             p^^^.    Several  pails  of  iced  drinks  ^''   y°"    t^°   b»<^ks   you   can't    repeat    the 

ton    Mass.,  today,  was   featured  by  a  bril-  ^^^^^^^   ^^.^.,^   ^^^^   ^^.^^   ^^^^   ^^^   ^^^^^  first   line  of   it."    "You're   on,"   replied  the 

l.ant  victory   for  the   Engineers,  who  won  ^^^^^^^^^                   ^,^^    reached    that    ad-  ^^^JSiy                   other  man,  "I'll  take  your 

a    hard    fought    hve-innmg    baseball    game  ,          .^.              ,     ,    .      ^  .      ,         ,.  ,  i^-^i                   bet"     Thev  asked  Tohn- 

,       ,,                                •         r   OA   .      r,    %,  vanced   position,    and    their    friends,   which  \ii.'                                     ^               ■' 

by    the   narrow    margin   of   20   to   7.     The  j   •   ,        ■..     .  •                •            J  AS;*^                  nv   to    hold    the    monev 

^          ,             ,    ,          ,         ,     ■                   ,      r  caused  intermittent  interruptions  of  a  verv  )^^<J,                 ^                             money, 

score  does  not  show  the  relative  strength  of  quaffable  nature                                                 '  nTW                   "Now,   what  is  the   first 

the  two  tens  as  each  nine  had  its  own  duly            .     ..       r'                  r   ,,  ^Lyi=^             line,"   inquired   the   chal- 

I     I  J                    u               I       J       J      L       1  Among   the    features   of   the  game   were  "^-irTTVi            .                 .^, 

elected  umpire  who  was  placed  under  bonds  tt          ,       ■    .,,.               ,      ,              ,    .        ,  (kjf  I  /  rJl_,         enger       The   man   hesi- 

c  sinAAn           ■      ■               r.-       j                i.  Hersey's    thrilling    steal    of    second    in    the  M   H  ^^        ieu,er.       iiie   man   ncsi 

of  $10,000  per  mning  conditioned  upon  all  ^„^„„  j  .   ^   u       ^        j-               u     j            ■  J&>  J^  &-&>       tated     and     then     said: 

......         ,    .               »•  r     .       ^     »i  second     a  heart-rending  one-hand   running  ©^  (g?  ^=^^         „     .      ^    ,    , 

of  his  decisions  being  unsatisfactory  to  the  ^^.,      ,      ,.                   °              v     cu  "Praise  God,  from  Whom 

TT11  T               J  TT     1    r-  catch  of  a  high  Texas  leaguer  by  Sherman  ,,  ,  ,      .         ^       „    „■„     ^                        .    „ 

opposing  team.    Bill  James  and  Hank  Gow-  .      ,               .             .     ^-      •        j     1,      ,     ,,  all  blessings  flow.'     "By  George,  yon  wm, ' 

,,■,,.       ,                ,      ^11,-^      „•     1  '"  "^ep  center,  and  stinging  doubles  to  the  ...       -                   „^  ■'            ^     -        ,.  ,  ' 

dy  failed  to  show  up  for  the  Water  Works  ,„,.„,.,        ,       ^^     r-     ■          ^   r-     ^,       ■       i.  said  the  first  man,  "I  was  sure  you  didn  t 

J        u   ■      lu-      u                            n  waters  edge  by  Craig  and   Coghlan  in  the  ,            .   „     „..  ,,         „       .,    ,  , 

team     and     when     this     became     generally  c„„,..i,      .<c  •.     „    ,„         ,        ,                  ,  know  it."       Hold   on,"   said  Johnny    "you 

1                »u       1     ^-            jj                        •  .1  lourth.       Spider     Allen  played  an  errorless  ,     ,     ,            ^,       ,.        ,.           ■'       ,./■     f. 

known     the     betting     odds     were     quietlv  ^^^^  ^^     u   ^      uu            u'              ..-^  ,.l-  ••  both   lose.     The    first   line   goes   like   this: 

. -(^    ,      Ti                     .        u           .■           <■  game  at  short   with  no  chances.     "Rabbit  ,.^,        ^  ,               ,                 ,        .. 

shitted.      Ihere  were  two  box  artisans  for       p^ „        c  .u     t?     •             i   j   •     u      •  Now  I  lav  me  down  to  sleep. 

„.,,.,      c                     A  -D         .  1      r        r  ijammage,  of  the  Engineers,  led  m  batting  •                                  ^ 

each  side,  Sampson  and  Brvant  hurhng  tor  ...                             ,    °>„    ^,     .           ,   ^  .                                  S. 

.u     T-     ■               ui     TT       ■         J   c-           J  ^^''"  an  average  of  ./,iO,  Glavin  and  John-  .     r-t7t>-r\TxT         ^            ..      ..          u 

the  Engineers  while   Hersev   and  Svmonds  ,    ^..        ,       o^-        j    ,     j                ,    .  A     CERTAIN    paving  contractor,   whom 

,   ,.    °    ,    ,       „.„    T         ■          1    '  -..r  son  batting  for  M(,  and  Andrews  and  Am-  A               -.i      u  r-.i        *     j-  ^-       •  u  u- 

substituted    tor    Bill   Jaines   on    the    Water  t,           r       ,,„„  •*  »■     we  will  call  Olson  to  distinguish  his 

,,r    ,         .          ^,    .  brose  for  .600.  ■       ,■                                .         ,            , 

Works    nine.      Their    control    of    parobolic  -c-     i,            u         j-    ,  nationality,  came  out  to  view  the  work  on 

curves    and    empirical    in-shoots    was    the  ,        '^.  "'^"'''"  °^  ^^^  "'""'"=  Engineers'  a„  3,1,^  ^^  ,,3^  jj,,  .^ntract  to  pave.     Not 

more  remarkable  when  noting  that  the 'cold  ^^=""    "^    '°    ^"^    presented    with    a    special  b^j^g   satisfied   with   the   apparent   rate   of 

weather  of   the  past   spring  has   prevented  °^0"^:=    m^^al    engraved    to    commemorate  progress  he  "called"  his  foreman  and  said: 

lu         r              i-u     X-       ^.1    ■     T       1      ,  t"e   victorv.      The   box   score   of   the   game  "\r              t            r     -j            -h 

them  from  calibrating  their  Lombard  gov-  '  11     •   .                                                     o<""e  Yonson,  I  am  afraid  we  will              vr-j 

ernors  and  adjusting  their  lines  of  collima-  '  BOSTON   SOCIETY  C    E  ^^^  '°  ^^^  ""''""^''  foreman."      ,_^     ^J^ 

tion.     The  big  green  Dartmouth  varsity  let-  '        R.     h.      p.      a     e  "That  bane  all  right,  Meester 

ters    on    Sampson's    shirt    may    also    partlv        S^f.!jIIV^"'„^'' 2        1        1        0        6  Olson."      replied      the      man,            '^l 

•^             •               -'^O  d-lll,     SS.,    p 4             1              0             6              1  /V*    t 

account  for  the  batting  slump  of  the  Water       Andrews,   c 3        3      11        0        4  "there  bane  work  enough  here 

Tir     ■        ,                                                                                 Ambrose,    cf 1         3         n         0         0  r       4                  •> 

W  orks  sluggers.                                                              Sarnpson.  p.,  ss 2        2        0        6        0  for  ta'o  men. 

At  the  receiving  ends  were  Jack  Andrews        Cog'hl'an.^'if.';! 3        2        0        0        0  On  another  occasion  a  pav- 

for  the  Engineers  and  "Wild  Charlie"  Gla-        Gammage.  3b 3        3        0        1        0  ing  inspector  came  upon  the 

vin  for  the  Water  Works  Association,  and                    _Z  job  and  saw  the  foreman  standing  against 

it   is   only  necessarj-  to   state   that  both   of           Totals^ 20      17      14*    13        7  the   fence  with  no  interest  in  the  work  in 

these   sterling   catchers  were  signed  up   by  ^''   ^'   ^'  ^'   "^r^^  h'^''"''p^^'  ,  hand.      "Well,    Mike,"    said    the    inspector, 

one  of  Hughey  Jenning's  scouts  immediate-        Conley.   3b 1        0        2        1'       i  "what's  the  matter?"     "Oh!"  replied  Mike, 

ly    after    the    game.      Glavin's    work    was  Glavf™^"' lb.'.?.'.'.'.'.'.'."    1        2        7        0        I  "I  quit  on  account  of  a  remark  Mr.  Fowler 

unusually     brilliant,     especially     when     he        u'erse  ^^ 'o       ]        n       '^        ^  made."    Mr.  Fowler  not  being  a  man  given 

pulled  a  red  hot  low  spinning  foul  out  of       Johnson,  If .'     1        2        1        0        0  to    excess    verbal    emphasis    the    inspector 

the   ether   with   his   ungloved   hand    in   the  shermiri,  'cf. '.'!!!!.'.'.'.' !    0        13        0        0  "'^^    rather    surprised    and    said:      "Well, 

second.     We  believe  it  was  intentional.                 Svm'^^d  "'' n        0        "        "        ^  "°^'   ^   '^°"''  helieve  he  would  insult  you. 

James  W.  Rollins,  of  Holbrook,  Cabot  &        Simmons,   3b .'.'.     0        0       0        0        0  You  must  have  misunderstood.''     "No,  per- 

Rollins,  and   William   S.  Johnson,  of  Bos-  Totals                             ^      '~s      li      ~9      14  sisted   Mike.     "Well,  what  was   it?"     "AH 

ton,    were    the    official    umpires    and    their  •Allen  hit  by  batted  ball.  he  said."  replied  Mike,  "was — vou're  fired'" 

,         ,      ,            ,         ,                    .  i-      r   -^   J    r-i  Time   of  game— 1:4.5.      Umpires— James  W.                                 1 (it — 

bonds  (see  above)  were  not  forfeited.  Class  Rollins  and  W.  S.  Johnson.                                                   

is  no  name  for  the  majority  of  their  deci-                             (S) f          A                  Skinner  IVIulvey  says: 

sions.     They  were  given  martial  powers.  QOME  years  ago  when  the  Santa  Fe  was  %  ^y/B        It's      mighty      easy      to 

The   official    scorers   were   Robert    Spurr  O  building  a  new  line  in  Oklahoma  one  h'-"-^k\ 

Weston  and  S.  G.  Taylor  and  not  a  play,  of   the    construction    outfits    had   its   camp  /Ti^'^        '"'^     ^""'"'^     °^ 

even   the    most   complicated,    escaped   their  near    an    Indian    settlement.      One   day    an  /  -      t    ^'P\       smoking    habit:    why,    I 

pencil  points,  as  the  box  score,  given  below,  Indian  came  into  camp  carrying  an  ax  with  1  .^  "y^       done     it     myself    three 

will  indicate.  a  broken  handle.     The  blacksmith's  helper  ^0^.-^^] 

The   Water   Works   team   was  organized  thinking  to  do  a  kindly   act  fitted  out  the  fe-i'~    1/                                "" 

and  managed  by  Henry  A.  Svmonds  of  the  tool    with    a    new    handle    from    his    own  V|f=^>^           Powers      says      there's 

Hanscom  Construction  Co.  of  Boston.  Ed-  stock.     The  ax  had  an  edge  like  a  saw  so  ^^=sA            big    money   in   contract- 

mund  M,  Blake  of  the  State  Department  of  the  helper  decided  to  sharpen  it,  and  asked  ,J^S^                                    h  •        nut 

Health   drafted    and   managed   the   players  the  noble  red  man  to  turn  the  grindstone.  (^^^^           '"^'      ^^^^ 

of  the  Engineers'  nine  and  also  had  gen-  The    Indian    was    much    pleased    with    the  ^2TV V^          $300,000  into  it  himself, 

eral  charge  of  the  Field  Day  events.  j^b.   "Heap  much   sharp."  he  grunted,   and  f^^>^^ 
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HARBOR    DEVELOPMENT    FOR 
PROVIDENCE,  R.  I. 

Suggested  Plan  for  Complete  Improvement 
of  Water  Terminal  Facilities. 


Piers— Quay      Walls — Railway       Tunnels — Street 
Changes. 


A  general  plan  and  suggestions  for  the 
development  of  the  harbor  of  Providence,  R. 
I.,  have  been  submitted  to  the  sub-committee 
of  the  Metropolitan  Terminal  Commission  by 
O.  Perry  Sarle,  Engineer  of  the  State  Harbor 
Commission.  This  plan  is  preliminary  to  the 
development  of  the  harbor  and  there  is  no 
prospect  of  any  construction  activity  under  it 
this  season.  The  plan  has  been  developed 
with  the  idea  of  laying  out  an  ultimate  ar- 
rangement of  facilities  for  the  port,  and  it 
is  possible  that  construction  will  be  carried 
out  along  the  lines  laid  down. 

The  development  of  the  Providence  side  of 
the  harbor  in  the  area  along  Allen's  Ave.  was 
started  many  years  ago  by  the  State  Harbor 
Commission  on  the  basis  of  requiring  slips 
600  ft.  long  measured  from  harbor  line  to 
bulkhead  line.  The  state  and  United  States 
harbor  lines  make  the  width  of  the  harbor  at 
Kettle  Point  about  1,340  ft. ;  at  the  angle  in 
the  harbor  line  on  the  west  side  of  the  harbor, 
just  above  Harbor  Junction  pier,  about   1,830 


moved  at  Bold  Point.  The  harbor  front  is 
reached  in  part  by  the  New  York,  New  Haven 
&  Hartford  R.  R.  and  some  parts  of  the  west 
frontage  are  to  be  reached  by  the  Southern 
New  England  R.  R.  This  latter  line  will  have 
its  freight  terminals  at  the  city  quay  at  Field's 
Point,  and  also  will  reach  the  major  part  of 
the  western  harbor  front  along  Allen  Ave. 
by  tracks  already  laid.  It  is  suggested  that 
a  sufficient  width  should  be  set  off  on  the 
easterly  side  of  Allen  Ave.  to  accommodate 
all  railroad  tracks  and  that  all  rails  e.xcept 
crossings  should  be  removed  to  this  location, 
leaving  the  avenue  for  use  as  a  highway.  It 
is  suggested  that  on  the  East  Providence  side 
of  the  harbor  the  railroad  should  be  carried 
through  tunnels  under  Fort  Hill,  leaving  the 
present  tracks  near  the  East  Providence  sta- 
tion and  joining  them  again  near  the  souther- 
ly end  of  Railroad  Pond.  In  order  to  divert 
freight  so  that  it  need  not  pass  through  the 
Union  Station,  it  is  suggested  that  a  tunnel 
be  constructed  under  the  harbor.  The  tracks 
through  this  would  connect  with  the  present 
tracks  near  Providence  and  about  opposite 
the  tunnel  entrance  in  East  Providence.  The 
roof  of  this  tunnel  should  be  about  40  ft. 
below  mean  low  tide  between  the  harbor  lines 
and  the  grade  out  at  either  end  will  not  ex- 
ceed about  1'4  per  cent. 

A  freight  storage  yard  is  proposed  at  India 
Point  on  the  Providence  side  of  the  river, 
sufficiently  large  to  support  the  harbor   front 


Proposed   Plan   for   Development  of   Harbor    Facilities  ,it   Pro/idence. 


ft.;  between  the  end  of  Wilkesbarre  Pier  and 
the  west  side  about  1,3-50  ft.  The  harbor  area 
is  largely  dredged  to  a  depth  of  25  ft.  at  mean 
low  tide,  with  prospect  of  being  increased  to 
30  ft.  in  the  near  future. 

The  new  plan  provides  for  securing  a  great- 
er widtli  between  pier  heads  and  for  increas- 
ing the  facilities  for  turning  vessels  in  the 
upper  harbor.  The  lines  adopted  call  for 
cutting  400  ft.  off  of  Wilkesbarre  Pier  and 
making  the  harbor  line  in  that  locality  paral- 
lel with  the  line  on  the  westerly  side  of  the 
harbor,  thus  giving  a  width  of  about  1,750  ft. 
for  a  distance  of  over  4,000  ft,  from  Fox 
Point.  The  line  is  prolonged  about  250  ft. 
beyond  Wilkesbarre  Pier,  and  it  is  suggested 
that  from  that  point  it  shall  run  northeasterly 
to  meet  the  curve  in  the  established  harbor 
line  a  few  hundred  feet  southwesterly  of  the 
railroad  bridge.  This  line  would  cut  off  and 
leave  in  the  harbor  area  the  dry  dock  and 
fJold  Point  and  would  form  the  southerly 
boundary  of  an  approach  to  the  Seekonk 
River.  The  plan  provides  for  developing  the 
west  front  by  means  of  piers  and  slips.  A 
combination  of  piers  and  slips,  together  with 
about  1,000  ft.  of  quay  wall  is  suggested  for 
the  westerly  front  of  the  railroad  property 
in  the  vicinity  of  Wilkesbarre  Point.  This 
quay  wall  might  be  located  a  short  distance 
inshore  of  the  harbor  line  and  a  wooden 
^yharf  built  out  to  the  line.  Similar  construc- 
tion might  be  undertaken  at  the  other  (piay 
walls.  A  location  has  been  indicated  for  a 
dry  dock  and  marine  railway  on  tlie  westerly 
side  of  the  harbor  which  should  be  built  to 
take  the  place  of  the  one  which  would  be  re- 


between  Fox  and  India  Points.  Supporting 
yards  also  are  proposed  on  the  East  Provi- 
dence side  for  the  harbor  front  in  that  lo- 
cality. One  of  these  would  be  in  the  location 
of  Railroad  Pond  and  one  on  the  harbor 
front  property  owned  by  the  railroad.  It  also 
is  suggested  that  a  supporting  yard  be  in- 
stalled on  railroad  property  on  the  west  side 
of  the  harbor  near  Harbor  Junction   Pier. 

On  the  easterly  side  of  the  harbor  line  the 
highway  approaches  could  be  improved  by 
wideniiig  South  Water  St.  to  60  ft.,  from 
Crawford  St.  bridge  to  Transit  St.,  to  70  ft. 
from  the  latter  street  to  Point  St.,  and  to  80 
ft.  from  Point  St.  to  India  St.  All  tracks 
should  be  removed  from  India  St.  and  this 
street  widened  to  80  ft.  as  far  as  Ives  St.  The 
plan  provides  for  a  new  Marginal  street  100 
ft.  wide  from  Watchemoket  Square.  This 
would  be  formed  by  widening  First  St.  It 
would  pass  over  the  tunnels,  make  a  turn  to 
the  south  and  follow  the  railroad  to  Kettle 
Point,  where  it  would  have  an  outlet  on  a 
bridge  over  the  tracks.  Morgan  St.,  under 
the  plan,  would  be  closed  at  the  railroad 
crossing  and  a  new  street  built  at  wharf  level 
to  connect  with  the  100-ft.  marginal  street  to 
afford  an  outlet  for  the  harbor  front  above 
the  bridges. 


grades  on  Blue  Ave.  and  the  Missouri  Pacific 
Ry.  tracks,  about  2%  miles  east  of  the  cor- 
porate limits  of  Kansas  City.  This  work 
involves  33,000  cu.  yds.  of  earth  excavation,  a 
reinforced  concrete  retaining  wall  containing 
950  cu.  yds.  of  concrete,  a  plain  concrete  arch 
culvert  containing  250  cu.  yds.,  and  8,880  sq. 
yds.  of  asphaltic  macadam. 

The  other  job  provides  for  the  construction 
of  a  reinforced  concrete  viaduct  at  the  separa- 
tion of  grades  on  Blue  .\ve.  and  the  Chicago 
&  Alton"  R.  R.,  about  2  miles  east  of  the  cor- 
porate limits  of  Kansas  City.  This  improve- 
ment requires  1,146  cu.  yds.  of  concrete,  ex- 
clusive of  that  in  the  910  lin.  ft.  of  hand  rails, 
139,000  lbs.  reinforcing  steel,  8,700  cu.  yds.  of 
embankment  and  1,400  sq.  yds.  of  macadam. 

Plans  were  prepared  by  Allen  C.  Southern, 
county  surveyor,  Kansas  City,  Mo.,  and  bids 
will  be  received  by  him  until  10  a.  m.,  July  7. 


Grade  Crossing  Elimination  Near  Kan- 
sas City,  Mo. 

Two  grade  crossing  elimination  jobs  near 
Kansas  City,  Mo.,  are  now  ready  for  bids. 
One  of  these  calls  for  the  construction  of  ap- 
proaches to  the  subway  at  the  separation  of 


Brndges  and  Culverts  in  Kansas 
Damaged  by  Floods. 

Recent  floods  in  Kansas  have  caused  much 
damage  to  bridges.  It  is  estimated  that  coun- 
ties in  the  valley  of  the  Kaw  River  alone  will 
have  to  expend  nearly  $1,000,000  for  replac- 
ing and  repairing  structures.  Some  counties 
in  this  locality  are  stated  to  have  lost  more 
than  half  of  their  small  bridges.  In  Pottawat- 
omie County  it  is  estimated  that  60  bridges 
have  been  washed  out.  The  following  tabula- 
tion is  an  estimate  of  the  approximate  bridge 
damage  in  counties  in  the  Kaw  Valley  water- 
shed : 

Est. 

Countv.  County  seat.  damage. 

Clay ' Clay    Center $100,000 

Cloud Concordia    150,000 

Douglas Lawrence    20,000 

Geary Junction  City.' 125,000 

Jackson Holton     10,000 

Jefferson Oskaloosa    "5'5S? 

Leavenworth Leavenworth    60,000 

Marshall Marysville    '''^'■""S 

Mitchell Beloit    -5-2S2 

Ottawa Minneapolis    10,000 

Pottawatomie Westmoreland    100  000 

Republic Belleville    ^D!!-"!!2 

Rilev Manhattan    ''  'Snn 

Wabaunsee Alma    ??'?SS 

Washington Washington    25,000 

These  estimates  do  not  include  the  losses 
along  the  Neosho,  Marais  des  Cygnes  and  Cot- 
tonwood Rivers,  nor  do  they  take  into  account 
the  cost  of  repairing  roads  or  new  work  nec- 
essary for  channel  changes.  In  Clay  and 
Cloud  Counties  the  Republican  River  is  re- 
ported to  have  cut  several  new  channels  which 
will  have  to  be  bridged.  Much  damage  also 
was  caused  to  the  trackage  and  bridges  of 
railroads. 


Well   Filtration  System  Proposed  for 
Wheeling,  W.  Va. 

Another  plan  for  improving  the  water  sup- 
ply of  Wheeling,  W.  Va.,  is  now  being  con- 
sidered by  the  city  council.  On  June  21  a 
report  was  submitted  on  the  installation  of  a 
well  system  of  filtration.  This  report  was 
prepared  by  Citv  Engineer  C.  B.  Cooke  and 
C  C  Smith,  C'  E.  It  provides  for  an  esti- 
mated expenditure  of  $2.58,265,  of  which  $189,- 
350  is  for  the  plant,  $45,436  for  the  wells  and 
$23,478  for  engineering  and  contingencies. 

The  installation  proposed  in  this  report  con- 
sists of  three  groups  of  wells  placed  in  the 
gravel  bar,  below  the  Sister's  Islands  and  off 
the  east  shore  of  the  Ohio  River,  opposite 
Warwood,  W.  Va.  These  wells  will  be  10  ins. 
in  size  and  there  will  be  102  of  them.  From 
the  wells  four  16-in.  mains  will  lead  to  a  dry 
pumn  well  located  on  the  east  shore  of  the 
Ohio  River  east  of  the  harbor  line  and  be- 
tween 8th  and  9th  sts.  in  Warwood. 

The  dry  well  will  be  constructed  of  brick, 
its  design  being  similar  to  the  present  well. 
There  will  be  three  10,000,000-gal.  motor-driv- 
en centrifugal  pumps  for  lifting  the  water 
into  the  clear  water  reservoir.  This  will  have 
a  capacity  of  5,000,000  gals.,  will  be  construct- 
ed of  reinforced  concrete,  and  will  be  located 
between  8th  and  9th  Sts.  A  42-in.  cast  iron 
gravity  main  will  lead  from  the  reservoir  to 
the  present  pumping  station  of  the  city. 
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Bridge    and    Culvert    Construction    in 
Iowa. 

Several  million  dollars  are  being  expended 
for  bridge  and  culvert  construction  in  Iowa. 
The  Service  Bulletin  of  the  Iowa  Highway 
Commission  estimates  that  more  than  $:3,000,- 
000  worth  of  this  kind  of  work  is  now  in 
progress  or  in  prospect  for  1915.  Since  Jan.  1 
contracts  for  $405,000  worth  of  bridges  and 
culverts  have  come  into  the  office  of  the  State 
Highway  Commission  for  approval.  These 
contracts  have  come  from  38  counties  only.  In 
many  of  these  counties  there  is  a  large  amount 
of  work  being  done  by  day  labor  and  under 
contracts  not  requiring  the  approval  of  the 
commission.  In  the  61  other  counties  of  the 
state  there  also  is  much  work  under  wav  or 
soon  coming  up.  The  following  list  includes 
practically  all  the  bridge  contracts  that  have 
come  into  the  commission  office  since  Jan.  1, 
and  which  have  been  approved  : 

County.  Total. 

Benton     $     4,23S 

Black    Hawk    19  568 

Bremer    10,97.t 

Calhoun    16..S31 

Carroll     6,4S1 

Cass    5.726 

Cedar     13,200 

Cherokee    19,524 

Chickasaw     13200 

Clark    3. IS? 

Cay     33,701 

Cayton     7,14S 

Crawford    g.555 

Dallas     4,387 

Decatur    2^537 

Fayette     ll]sS9 

Floyd    l[748 

Greene     9,302 

Harrison     17'4.S0 

Howard    lO.'llO 

Ida    21.125 

Jefferson     7,913 

Johnson    5,099 

Jones    5,513 

Lee    : 10,640 

Linn     22,367 

Madison 5,610 

Marion     31,028 

Marshall     14.550 

Mitchell     10,806 

O'Brien   13,119 

Osceola  6,475 

Palo  Alto  9,4SS 

Plymouth     9,000 

Story    34,822 

Tama     39,980 

Warren 9,250 

Winneshiek     18,100 

Total    5494,672 

Details  of  some  of  the  recent  contracts  let 
by  Iowa  counties  are  given  in   Tablel ; 


bridges.  It  also  has  been  determined  that  the 
contract  of  the  city  with  Gephart  &  Kline  for 
the  straightening  of  the  river  can  now  be 
e.xecuted.  All  other  local  channel  improve- 
ments, however,  must  be  deferred  until  the 
official  plan  is  approved  by  the  Causeway 
Court. 

The  present  status  of  the  flood  prevention 
work  was  outlined  in  a  report  submitted  a 
few  days  ago  by  the  Miami  Valley  Flood 
Prevention  Committee.  The  preparation  of 
construction  plans  is  now  in  progress,  21  en- 
gineers, assistants,  draftsmen  and  computors, 
being  engaged  on  this  work.  Sufficient  prog- 
ress has  been  made  to  determine  the  general 
character  of  the  work,  but  there  remains  a 
tremendous  amount  of  detail  yet  to  be  done 
before  actual  construction  can  proceed.  Bonds 
cannot  be  sold  and  construction  proceed  until 
the  appraisal  roll  has  been  approved  by  the 
court.  These  appraisers  are  not  appointed 
until  the  Causeway  District  is  organized.  In 
the  meanwhile,  however,  to  facilitate  the  work 
of  the  appraisers,  everything  possible  is  being 
prepared  in  advance  for  them  in  the  form  of 
maps  and  data.  A  small  map  has  been  made 
of  every  piece  of  property  in  the  six  proposed 
reservoir  sites,  showing  location  of  buildings. 

As  a  result  of  completing  the  surveys  and 
balancing  the  reservoirs  the  reservoir  pro- 
posed at  Port  Jefferson  has  been  eliminated 
from  the  plan,  and  this  will  save  over  $500,000 
without  changing  the  efficiency  of  the  system. 
The  survey  of  this  reservoir  site  had  not  been 
completed  at  the  time  the  preliminary  report 
was  made.  The  survey  later  developed  the 
reservoir's  inefficiency.  Its  loss  is  more  than 
compensated  for  by  the  increased  efficiency 
of  the  other  si-x  reservoirs  as  developed  by 
the  final  calculations  based  on  the  completed 
surveys. 

Some  idea  of  the  engineering  that  has  been 
accomplished  is  given  by  the  following  fig- 
ures: A  topographical  survey  covering  240 
square  miles  has  been  made  with  an  average 
of  5  ft.  contours.  Local  surveys  have  been 
made  in  Piqua,  Troy,  Tippecanoe  City,  Os- 
born,  Fairfield,  Dayton,  West  Carrollton, 
Miamisburg,  Franklin,  Middletown  and  Ham- 
ilton. A  property  survey  has  been  made  of 
every  piece  of  property  in  the  proposed  reser- 
voir sites.  Relocation  surveys  have  been 
made  for  all  railroads  and  electric  lines  af- 
fected by  the  proposed  reservoirs.  Test  bor- 
ings amounting  to  1-2,000   ft.  have  been  made 


After  this  has  been  accomplished  the  work 
will  proceed  in  the  manner  laid  down  in  the 
law.  It  is  probable,  however,  that  there  will 
be  many  months  of  legal  process  before  con- 
struction  work   can   be   started. 


TABLE   I. 

Extra      Piling  in     Structural 
Contract  Number       Total  concrete    place,  per        steel 

County.  SLsned.  structure,     price,     per  cu.  yd.       lin.  ft.     per  lb.,  cts. 

Carroll    May  12  2'  $6,482  $15  $0.50  2% 

Cass    7  2,026  ..  ...  .. 

Cayton    May  20  2=  3,460  15  .80 

Clayton     May  20  1'  3,684  13  .65 

Jaa May     7  11  21,125  14  .40 

Mitche      May  25  2'  7,415  9  .50  3.17^ 

Mjtche      May  25  P  1,657  14  .45  4 

Mitchell     IV  1,734  12  .50  3Vz 

Plymouth    Apr.  30  9  9,000s  10 

Tama    May  17  53  39,980  15  ;50 

Warren     May  17  5  3,250  15»  .45  4 

'60xl6-£t.  pony  truss  with  concrete  floor  and  abutments  and  30xl8-ft.  concrete  deck  girder.  =40- 
ft.  concrete  girders;  unit  price  concrete.  $10.  =38x6-ft.  steel  girder:  24-ft.  roadway.  nOO-ft  trusse.s. 
^2-mile  haul:  contract  price  concrete,  $12.90.  «50xlfi-ft.  pony  truss  with  concrete  floor  and  abut- 
ment:^ county  furnishes  cement,  but  contractor  hauls  it;  haul  4  miles;  contract  price  concrete, 
$11.  •50xl6-ft.  pony  truss;  haul  5  miles;  contract  prices  for  concrete,  $11.90.  sCounty  furnishes 
cement  and   reinforcing  steel  at  railroad  station.     "Contract  price,  $12  for  concrete 


FLOOD  PREVENTION  WORK  IN 
OHIO. 


Prestnt   Status   of   Miami   Valley   Conserv- 
ancy District. 


Progress      Made 


In      Engineering      and      Legal 
Features. 


Progress  is  being  made  looking  to  the  be- 
ginning of  actual  construction  on  the  flood 
prevention  works  for  the  Miami  Valley,  Ohio. 
The  Supreme  Court  has  rendered  a  decision 
upholding  the  constitutionality  of  the  Conserv- 
ancy Act  under  which  the  developments  will 
be  carried  out.  Engineering  work  for  the 
complete  plan  for  the  valley  has  now  reached 
such  a  stage  that  certain  construction  in  the 
city  of  Dayton  can  be  undertaken.  This 
includes  the  railroad  bridge  at  6th  St.,  the  5th 
St.   bridge  and  the  Webster  and  Keowee   St. 


on  the  dam  sites  to  determine  preliminary 
foundations.  Several  test  pits  have  been 
opened  to  determine  the  character  of  the 
materials  available.  A  rainfall  investigation 
has  been  made  of  every  storm  of  any  size 
which  has  occurred  east  of  the  Rocky  Moun- 
tains since  the  weather  bureau  was  estab- 
lished. An  accurate  measurement  of  the  flood 
flow  of  the  1913  flow  has  been  made.  A  com- 
plete investigation  also  has  been  conducted 
of  the  flow  of  streams  around  bends  and 
through  rough  channels.  Studies  have  been 
made  of  earth  dams,  and  conclusions  reached 
as  to  the  proper  cross  section,  type  of  spill- 
ways and  shape  of  the  outlet  tunnels. 

The  legal  foundation  for  the  Miami  Cause- 
way District  was  established  by  the  recent 
decision  of  the  Supreme  Court.  After  the  dis- 
posal of  a  few  minor  questions,  the  next  step 
will  be  the  convening  of  the  Conservancy 
Court    and    the    organization    of    the    district. 


Bids  Asked  for  New  Immigration  Sta-       X 
tion,  Baltimore,  Md.  \ 

Bids  are  now  being  asked  for  the  construc- 
tion of  the  new  government  immigration  sta- 
tion at  Baltimore,  Md.  About  $550,000  has 
been  appropriated  for  this  structure,  but  only 
$350,000  will  be  available  this  year.  The  sta'- 
tion  will  be  erected  at  Fort  McHenry,  near 
the  city. 

The  work  on  which  bids  are  now  being 
taken  calls  for  the  construction  (except  me- 
chanical equipment,  elevator,  lifts  and  dumb 
waiter)  of  the  station,  including  pipe  tunnels, 
approaches  and  wharf.  The  structures  include 
one    4-story,    one    3-story    and    two    2-story  j 

buildings  of  fireproof  construction,  with  slate, 
tile    and    composition    roofs.      They    will    be 
faced  with  brick,  will  have  a  stone  base,  and 
stone   and   terra   cotta   trimmings.     They   will 
occupy  approximately  43,000  sq.  ft.  of  ground 
area.     The  wharf  w'ill  be  25  ft.  by  260   ft.  in         1 
size  and  of  wood  construction.     The  bids  will         I 
be  received  until  3  p.  m.,  Aug.  16,  by  Jas.  A.         ' 
Wetmore,       Acting      Supervising      Architect, 
Washington,  D.   C. 


Contract  for  300  Mile  Railway  in 
Canada. 

The  National  Engineering  Co.,  Marshall 
BIdg.,  Cleveland,  O.,  has  been  awarded  a  con- 
tract by  the  Lake  Huron  &  Northern  Ontario 
Ry.  Co.  for  the  construction  of  300  miles  of 
railroad,  including  telegraph  lines,  stations, 
repair  shops,  engine  houses,  and  office  build- 
ings. The  railroad  will  begin  at  Bruce  Mines 
on  the  Soo  branch  of  the  Canadian  Pacific 
Ry.,  and  will  run  northeasterly  along  the 
Missisaga  River  through  the  Missisaga  For- 
est Reserve  through  the  district  of  Sudbury 
crossing  the  main  line  of  the  Canadian  Pa- 
cific, thence  across  the  Canadian  &  Northern 
Ontario  Ry  Co.,  terminating  at  its  junction 
with  the  Grand  Trunk  Pacific  at  Alexandria 
in  the  district  of  Timiskaming,  whence  it  is 
proposed  to  continue  northeasterly  to  the 
outlet  on  salt  water  on  James  Bay.  Present 
project  from  Bruce  Mines  to  Alexandria  com- 
prises about  300  miles.  The  National  En- 
gineering Co.  has  the  general  contract  for  all 
engineering  and  all  construction  of  this  road. 
There  are  about  14  bridges  to  be  built  on 
this  route,  one  of  which  will  be  in  the  neigh- 
borhood of  TOO  feet  long. 

The  chief  revenue  derivatives  of  the  rail- 
road will  be  timber,  iron  ore,  copper  ore,  pulp 
wood,   wheat  and  coal. 


$8,300,000  for  State  Highway  Depart- 
ment of  Pennsylvania. 

The  Governor  of  Pennsylvania  has  ap- 
proved the  legislative  appropriations  to  the 
State  Highway  Department  almost  in  full. 
As  passed  by  the  Legislature,  $8,400,000  was 
appropriated  to  the  State  Highway  Depart- 
ment ;  as  approved  by  the  Governor,  the  sum 
is  $8,300,000.  He  cut  $100,000  from  the  High- 
way Department  appropriation  bill  by  reduc- 
ing the  item  appropriating  $300,000  for  the 
payment  of  the  expenses,  costs  and  awards 
in  the  purchase  or  condemnation  of  turn- 
pikes forming  part  nf  State  Highway  Routes 
to  $250,000.  The  other  $50,000  he  "deducted 
from  the  $100,000  appropriation  for  the  pur- 
pose of  rebuilding,  repair  and  maintenance 
of  the  National,  or  Cumberland  Road.  In  the 
general  appropriation  bill  the  sum  set  aside 
for  engineers,  clerks,  etc.,  was  cut  from  $358,- 
800  to  $350,000.  The  item  for  traveling  ex- 
penses for  engineers,  superintendents,  pay- 
masters, etc.,  was  cut  from  $120,000  to  $110,- 
000.  The  salaries  and  expense  item  of  the 
Automobile  Division,  which  includes  the 
money  paid  for  the  purchase  of  automobile 
tags  and  plates,  was  cut  from  $200,000  to 
$180,000,  and  the  item  for  completing  the  sur- 
veys and  plotting  of  county  and  township 
roads  was  cut  from  $50,000  to  $40,000. 


liine  30,  1915. 


Engineering  and    Contracting 


23 


BRIDGE      CONSTRUCTION      AT 
PHILADELPHIA  PA. 


Bids  Asked  on  Fisher  Ave.,  3d  St.,  and  5th 
St.  Structures. 


steel  Su,3erstructures;  Concrete  Substructures. 


Bids  are  being  asked  by  tlie  city  of  Philadel- 
phia, Pa.,  on  three  interesting  bridge  jobs.  One 
of  these  calls  for  the  construction  of  a  bridge 
on  the  line  of  Fisher  Ave.  under  the  North 
Pennsylvania  R.  R.  The  second  provides  for 
a  bridge  on  the  line  of  Third  St.  under  the 
Pliiladelphia  &  Newtown  Connecting  R.  R., 
and  the  third  involves  the  building  of  a  bridge 
on  the  line  of  oth  St.  over  the  North  Penn- 
sylvania  R.   R. 

"  This  latter  structure  will  be  a  highway 
bridge  replacing  a  light  girder  bridge  with  a 
wooden  floor.  It  will  cross  the  tracks  on  a 
skew,  the  angle  included  between  the  axis 
of  the  tracks  and  that  of  the  bridge  being 
27°  57'.  The  bridge  will  span  two  railroad 
tracks  and  will  carry  a  50-ft.  1%  in.  road- 
way and  two  13-ft.  sidewalks.  It  will  consist 
of  two  outside  latticed  girders,  encased  in  con- 
crete, and  a  floor  system  consisting  of 
I-beams,  spaced  6  ft.  centers,  between  which 
there  will  be  concrete  jack  arches.  These 
beams  are  supported  also  at  the  curb  line  by 
rows  of  columns.  The  bridge  will  have  a 
3-in.  asphalt  pavement.  On  account  of  the 
skew  the  beds  of  part  of  the  beams  will  rest 
on  the  girders,  while  others  will  rest  on  con- 
crete   abutments. 

The  work  at  5th  St.  requires  the  construc- 
tion of  a  detour  to  divert  travel  from  the  site 
of  the  bridge.  This  will  carry  electric  rail- 
way passenger  cars  and  commercial  vehicles. 
The  contract  comprises  removing  the  old 
bridge,  excavation  for  and  furnishing  and 
constructing  complete  the  bridge  substruc- 
ture and  superstructure,  grading,  paving,  wa;er 
pipes,  ducts,  the  dtour,  adjusting  railroad 
siding  connection  and  excavating  the  cores 
between  piers  and  abutments  for  future 
tracks.     The  contract  time  is  10  months. 

The  bridge  on  Fisher  Ave.  will  be  a 
through  plate  girder  structure  with  a  buckle 
plate  floor,  concreted  and  waterproofed.  It 
will  be  a  double-track  railway  bridge  with  a 
central  girder  of  65  ft.  span  c  to  c  of  bear- 
ings, and  two  side  girders  each  of  64  ft.  10  in. 
span.  The  girders  will  be  spaced  14%ft.  on 
centers  and  will  rest  on  U-shaped  concrete 
abutments   having  19   ft.   wing  walls. 

On  this  contract  the  railroad  tracks  will  be 
detoured  around  the  site  with  short  trestles 
at  the  wings,  .^n  alternate  approved  method 
may  be  employed  which  permits  the  building 
of  the  masonry  complete  in  one  operation,  and 
the  erection  of  the  superstructure  and  its 
waterproofing  in  the  final  location.  The  con- 
tract comprises  the  excavation,  masonry, 
superstructure,  waterproofing,  drainage,  inlet, 
sidewalks,  curbs,  sodding,  temporary  road 
and  appurtenances.  The  time  for  completion 
is    5    months. 

The  bridge  on  Third  St.  will  he  a  through 
plate  girder  structure  with  a  concrete  and 
I-beam  floor.  The  I-beams  will  be  embedded 
in  the  concrete,  the  upper  part  of  which  will 
be  reinforced  with  wire  cloth.  The  floor  will 
be  waterproofed  with  five  layers  of  tar  felt. 
The  bridge  will  carry  two  tracks  and  will 
consist  of  a  central  girder  of  57  ft.  10  in. 
over  all  length  and  two  side  girders  of  the 
same  length.  The  girders  will  be  spaced  14''/4 
ft.  on  centers.  The  bridge  will  provide  a 
clearance  of  16  ft.  2  in.  The  girders  will  rest 
on  concrete  abutments,  which  will  have 
curved  ornamental  wingwalls,  inclosing  plats 
which  will  be   sodded  and  planted. 

The  order  of  operation  on  this  contract  will 
be  as  follows  :  The  contractor  will  construct 
the  south  wing  walls  complete  except  the  por- 
tion of  the  pylous  above  bridge  rests.  The 
Philadelphia  &  Reading  Ry.  will  at  the  same 
time  fill  for  the  temporary  detour  embank- 
ment, and  when  the  contractor  has  the  wines 
conipleted  and  protected  against  injury  the 
railway  company  will  fill  over  them,  lay  tem- 
porary  tracks   and   transfer   traffic    to     them. 


The  contractor  will  then  complete  masonry, 
shoring  the  detour  fill  as  may  be  required 
for  his  excavation,  and  will  erect  and  water- 
proof the  superstructure.  The  railway  com- 
pany will  lay  its  permanent  tracks  and  trans- 
fer traffic  and  ;emove  track  materials  from 
the  detour.    The  contract  time  is  6  months. 

Bids  for  the  construction  of  three  bridges 
will  be  received  until  noon  July  8  by  Morris 
L.  Cooke,  Director  Department  of  Public 
Works,  Philadelphia,  Pa.  George  S.  Webster 
is  Chief  Engineer,  Bureau  of  Surveys  of  the 
Department. 


Bids  Asked  for  37  Miles  of  State  High- 
way in  California. 

The  California  Highway  Commission  is 
calling  for  bids  on  its  first  road  letting  the 
present  month.  Proopsals  are  asked  on  five 
contracts  covering  a  total  of  36.9  miles  of 
highway.  The  estimated  quantities  in  each 
of  these  contracts  is  given  in  Table  I. 


Excavation   without   classification,   cu.   yds 

Excavation  ordinary,  cu.  yds 

Barrow  excavation,  cu.   yds 

Corrugated  iron  pipe,  12-in.,  lin.  ft 

Corrugated  iron  pipe,  18-in.,  lin.   ft 

Corrugated  iron  pipe,  24-in.,  lin.  ft 

Concrete  (Class  B)    culverts  and  monuments,   cu. 

Concrete    (Class  B)   pavement,    cu.   yds 

Guard  rail,  lin.  ft 

Monuments,    haul   and   place 

'Also  120  cu.  yds.  Class  B  concrete  for  retaining 
30-in. 

Contract  II— Teh-3-C  is  located  in  Tehama 
county  and  extends  from  Red  Blufif  to  the 
northerly  boundary,  a  distance  of  about  12.7. 
This  section  is  to  be  graded.  Contract  III — 
Gle-7-B  is  in  Glenn  county  and  covers  about 
9.4  miles  of  highway  extending  from  Willows 
to  Grapit.  This  is  to  be  paved  with  Portland 
cement  concrete.  Contract  IV — c.c.-14-B — 
calls  for  the  grading  of  about  SV2  miles  of 
highway  in  Contra  Costa  county  from  El 
(Zieroo  (Tormey)  to  Eckley.  The  other  two 
contracts  are  in  Tulare  county,  and  both  call 
for  paving  with  Portland  cement  concrete. 
Contract  VI— Tul-4-D  and  10-B  is  about  6.4 
miles  in  length  and  extends  from  Goshen  to 
Visalia.  Contract  VI— Tul-lO-A  extends 
from  the  western  boundary  of  the  county  to 
the  Southern  Pacific  R.  R. ;  it  is  about  3.9 
miles   in   length. 

Bids  on  the  above  work  will  be  received  at 
the  office  of  the  California  Highway  Commis- 
sion, 515  Forum  Bldg.,  Sacramento,  until  2 
p.   m.,  July   6. 


The  Mississippi  River  Commission,  which 
has  been  in  session  in  the  International  Life 
Bldg.  for  several  days,  preparing  its  annual 
report  on  the  condition  of  the  river  and  levees 
in  this  district,  adjourned  at  noon,  June  23, 
and  the  signed  report  was  sent  to  Washington. 
J.  C.  Ockerson,  chairman  of  several  of  the 
standing  committees  said  the  report  pointed 
out  where  much  money  could  be  spent  to  ad- 
vantage in  the  improvement  of  banks  and 
general  river  work.  Ockerson  would  not  state 
the  amount  asked  by  appropriation.  The 
commission  will  meet  again  in  November, 
when  the  annual  low-water  inspection  trip  to 
New    Orleans    will    be   made. 

Gist  Bros.  Construction  Co.,  Oak  Park,  III., 
have  a  standard  gage  steam-shovel  outfit  in 
West  Virginia  and  another  narrow  gage 
steam-shovel  outfit  near  Chicago  idle.  In 
addition  to  this  they  have  15  teams  on  pasture 
that  they  can  place  on  grading  on  a  moment's 
notice. 

II-     III-     IV-  VI-     VI- 
Teh-3-C  Gle-7-B  C.C-14-B  Tul-4-D  Tul-lO-A 

..  S3, 400    14,700    65,000    

14,350     2,970 

2.000     2,220 

2/lis              300      640=  210      210 

670      210      470  130      174 

■■;"...    2S8      120      370      195    

yds...    700t     176      555  248       U 

^         .     9,190    6,350     3,840 

....  440         1,500         

236                 62               147  51                 16 

walls.    =Also  680  ft.  15-in.,  92  ft.  21-in.  and  72  ft. 


NEWS  LETTERS 

St.  Louis  Items. 

The  "Newlyweds,"  Mr.  and  Mrs.  Mike  Cos- 
tello,  spent  a  couple  of  days  here  with  Mike's 
relatives,  on  their  return  from  the  Frisco  and 
San  Diego  fairs.  Left  here  for  Indianapolis, 
Ind.,  where  they  expect  to  go  to  housekeeping. 

Plans  for  a  concrete  municipal  dock  and 
steel  warehouse  at  the  Chain  of  Rocks  have 
almost  been  completed  by  the  Director  of 
Public  Works  Hooke.  The  construction  of  this 
dock,  equipped  with  automatic  machinery  for 
loading  freight,  is  designed  as  the  first  definite 
step  in  municipal  control  of  the  wharves  and 
river   terminals. 

Morris  &  Walker  of  Dcrmott,  .A.rk.,  se- 
cured the  contract  from  McWilliam  Bros.,  in 
southeast  Missouri,  for  clearing  500  acres  of 
right   of   way. 

The  Illinois  Board  of  Public  Utilities  has 
granted  permission  to  the  .'\.  J.  &  P.  R.  R. 
at  Alton  to  issue  $694,000  in  bonds  and  stock 
in  equal  amounts  to  he  used  in  extending  the 
road  and  making  needed  improvements.  More 
than  a  year  ago  the  reorganizcrs  of  the  A.  J. 
&  P.,  who  bought  in  the  property  at  a  sale, 
asked  the  Board  of  Public  Utilities  to  give 
consent  to  the  issuing  of  $1,250,000  in  addi- 
tional securities,  a  half  million  in  bonds  and 
three-quarters  of  a  million  in  stocks.  The 
request  has  been  held  up  a  year. 

John  Kenney  has  moved  his  outfit  on  to  a 
grading  job  at  Paducah,  Ky. 


M.  C.  Connors  &  Co.  secured  the  contract 
for  putting  in  a  switch  from  the  Vandalia  R. 
R.  into  the  St.  Louis  Smelting  &  Refining  Co.'s 
plant  at  CoUinsville,  111.  Richard  Watson  is 
engineer  on  this  job,. 

The  high  water  in  the  Mississippi  and  Mis- 
souri rivers  put  Mclnerney  &  Kelly  out  of 
business  temporarily  on  their  levee  work  near 
Apex,  Mo. 

Wreckers  began  last  Friday  to  tear  out  the 
back  and  side  walls  of  office  of  Koenig's 
Labor  Agency  preparatory  to  enlarging  this 
office,  which  is  going  to  be  extended  8  ft. 
further  west  and  50  ft.  south.  The  second 
floor  is  going  to  be  remodeled  and  the  con- 
tract calls  for  three  rooms  to  be  used  for  the 
sole  and  exclusive  use  of  contractors,  as  read- 
ing and  writing  rooms.  Also  a  convenient 
place  for  contractors  to  display  and  show- 
profiles  and  sublet  work.  When  completed 
Koenig  says  that  he  is  going  to  have  the  most 
up-to-date  labor  office  and  contractors'  head- 
quarters in  the  United  States. 

Chester  H.  Krum,  special  master  appointed 
by  the  United  States  District  Court  to  sell  the 
Wabash  R.  R.  under  foreclosure  proceedings, 
states  that  the  sale  will  take  place  July  21. 
The  date  had  been  announced  as  July  8  by 
E.  B.  Pryor,  one  of  the  Wabash  receivers,  but 
Attornev  Krum  said  he  had  been  requested  to 
postpone  it.  The  sale  is  one  step  in  the  reor- 
ganization of  the  Wabash,  and  the  postpone- 
ment does  not  indicate  any  hitch  in  the  reor- 
ganization plans. 

Wells  Lasswell  Dredging  Co.  secured  70 
miles  of  laterals  from  R.  H.  &  G.  A.  McWil- 
liam? on  their  big  ditch  work  near  Kirk,  Mo. 

J.  W.  Woodward  is  in  charge  of  R.  H.  & 
G.  .'\.  McWilliams'  big  ditch  job  between  Kirk, 
Mo.,  and  the  .'Arkansas  line.  There  is  over 
3,000.000  vds.  of  earth  to  be  moved  on  this  job. 
'  The  Mississippi  River  Commission  here 
opened  bids  on  June  17  for  construction  of 
about  175.000  cu.  yds.  of  levee  work  in  the 
East  Side  Levee  aiid  Sanitary  District.  There 
were  only  three  bids.  List  &  Gifford  Con- 
struction Co.  of  Kansas  City  bid  48  cts.  per 
cu.  vd  ;  Kinser  Construction  Co.,  40  cts.,  with 
shriiikish  and  .33  cts.  without  shrinkish ;  Gist 
Bros.  Construction  Co.  bid  55  cts. 

Marsch,  Cleary,  White  Construction  Co. 
have  100,000  yds.  of  embankment  of  good 
sand  and  gravel  drag  line  work,  together  with 
gravel  roadway,  vitrified  pipe  and  about  15,000 
sq.  yds.  of  concrete  rip-rap  to  let  on  their 
levee  job  at  Indianapolis.  Contractors  inter- 
ested in  this  work  write  or  wire  them  to  their 
Indianpolis   office.  A.   B.   KoENiC. 
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PERSONALS 

Mr.  Walter  VV.  Kraft  has  been  appointed 
superintendent  of  streets  of  Evanston,  111. 
Mr.  Kraft  is  a  graduate  of  Northwestern 
University,  civil  engineering  class  of  1915. 

Mr.  Frank  Le  Cocq  has  been  appointed  city 
engineer  of  Aberdeen,  S.  D.,  serving  also  as 
superintendent  of  water  works  and  sewers. 
Mr.  Lc  Cocq  has  been  assistant  city  engineer 
since  1911.  Prior  to  that  he  was  draftsman 
for  a  time  with  the  Chicago,  Milwaukee  & 
St.    Paul    Railway. 

Mr.  Louis  P.  Wolff,  consulting  engineer, 
1000  Germania  Life  Building,  St.  Paul,  Minn., 
has  been  appointed  a  member  of  the  Minne- 
sota State  Board  of  Public  Health,  succeeding 
Dr.  C.  L.  Green,  resigned.  Mr.  Wolf?  is  a 
member  of  the  American  Society  of  Civil 
Engineers  and  in  his  practice  specializes  in 
water  works,  sewerage,  water  power,  concrete 
and  steel  structures. 

Mr.  Frank  O.  Lee  has  been  appointed  city 
engineer  and  superintendent  of  the  water  de- 
partment at  Barre,  Vt.  Mr.  Lee  was  assist- 
ant engineer  with  Mcintosh  &  Crandall,  civil 
engineers,  from  1910  to  1912.  For  a  time  he 
was  designer  for  the  Vermont  Construction 
Co.,  and  for  the  past  three  years  he  has  been 
assistant  engineer  with  F.  O.  Sinclair,  consult- 
ing engineer  of  Burlington,  Vt. 

Mr.  Henry  Welles  Durham,  C.  E.,  recently 
chief  engineer  of  highways,  Manhattan  Bor- 
ough of  New  York,  and  formerly  resident 
engineer  on  Panama  municipal  improvements 
and  on  the  Cape  Cod  Canal,  announced  his 
association  with  Mr.  Percival  Robert  Moses, 
consulting  electrical  and  mechanical  engineer, 
366  Fifth  avenue.  New  York  city,  for  high- 
way and  municipal  engineering  work. 

Edmund  T.  Perkins  Engineering  Co.  an- 
nounces the  opening  of  a  branch  office  in  the 
Illinois  State  Bank  Building,  Quincy,  111., 
under  the  supervision  of  Mr.  A.  H.  Beitmann. 
The  Chicago  office  remains  in  the  First  Na- 
tional Bank  Building,  but  has  been  removed 
from  room  1110  to  room  1211.  The  extension 
of  the  office  facilities  is  due  to  the  large 
amount  of  drainage  work,  involving  many 
thousand  acres  of  land  in  i\Iissouri  and  Illi- 
nois, which  has  recently  been  placed  with  the 
firm. 

Mr.  George  A.  Reed  has  been  appointed 
city  engineer  of  Montpelier,  Vt.  Mr.  Reed 
has  been  city  engineer  of  Barre,  Vt.,  for  the 
past  eight  years.  He  was  engineer  for  Gilley 
&  Bidwell  on  real  estate  development  in  New 
England  in  1904.  The  following  year  he  was 
assistant  city  engineer  of  Barre,  and  in  1906 
was  engineering  aid  in  the  U.  S.  Reclamation 
Service  at  Klamath  Falls,  Ore.,  where  he  was 
in  charge  of  construction  on  a  portion  of  the 
main  canal.  He  was  appointed  city  engineer 
of  Barre  in  1907. 

Mr.  H.  B.  Emerson  has  been  appointed  as 
chief  engineer  for  the  Curtis-Ward  Co.,  gen- 
eral contractors  of  Chicago,  with  headquarters 
in  the  Law  &  Commerce  Building,  Bluefield, 
W.  Va.  Mr.  Emerson  has  been  superintend- 
ent of  construction  for  the  company  for  some 
time  past,  and  has  had  ten  years  of  experi- 
ence in  engineering  and  construction  work. 
The  Curtis-Ward  Co.  has  county  road  work, 
including  macadam  and  grade  work  in  Mercer 
county,  W.  Va.,  and  Greene  county,  Ten- 
nessee, and  railroad  work  in  Ohio. 

Mr.  Walter  H.  Oliver  has  been  appointed 
division  engineer  at  San  Bernardino,  Cal.,  for 
the  Santa  Fe.  Mr.  Oliver  has  been  division 
engineer  at  Needles,  Cal.,  for  some  time  past, 
and  has  been  in  the  service  of  the  Santa  Fe 
since  1902  as  transitman,  assistant  engineer 
and  division  engineer.  Prior  to  that  he  was 
for  two  years  in  Mexico  as  draftsman  and 
transitman  for  the  Mexico  Central.  He  also 
spent  several  years  in  hydraulic  and  dam  and 
tunnel  work  as  assistant  engineer  with  the 
Arrowhead   Reservoir   Co.   of   California. 

Mr.  Sutton  Van  Pelt,  consulting  engineer, 
has  opened  anoiBce  at  La  Porte,  Ind.,  where 
he  will  specialize  in  municipal  and  hydraulic 


engineering.  Mr.  Van  Pelt  is  a  member  of 
the  .\merican  Society  of  Civil  Engineers  and 
has  had  long  and  varied  experience  in  engi- 
neering work,  his  career  covering  twenty 
years  of  active  practice.  He  has  done  con- 
siderable paving  and  municipal  work  in  In- 
.diana  and  was  for  a  time  in  United  States 
service  on  river  and  canal  work.  He  was 
one  of  the  contractor's  engineers  on  the  Chi- 
cago Drainage  Canal ;  as  manager  and  engi- 
neer in  the  contractor's  service  has  super- 
intended the  construction  of  paving,  sewers, 
curbing,  paving  plants,  stone  crushing  plants, 
docks,  bridge  foundations,  dredging  and  har- 
bor work  in  many  states.  He  was  at  one 
time  engineer  in  the  Chicago  Parks. 

Contractors. 

Mr.  M.  J.  Cole,  Jr.,  contractor  for  28..3  miles 
of  gravel  roads  in  Grant  county,  Arkansas,  at  a 
cost  of  about  $150,000,  has  been  in  the  road 
building  work  as  contractor  for  the  past 
twenty  j-ears.  His  headquarters  are  at  2416 
W.  13th  street,  Little  Rock,  Ark. 

Mr.  H.  L.  Tilley  has  been  appointed  super- 
intendent for  Thomas  Kelley  &  Sons  of  Win- 
nipeg, on  construction  of  the  Brokenhead  sec- 
tion of  the  Winnipeg  Aqueduct.  This  section  is 
17.75  miles  in  length  and  will  involve  steam 
shovel  excavation  and  the  building  of  a  con- 
crete conduit,  including  Brokenhead  river 
pressure  pipe  and  muskeg  bog  crossings. 
Mr.  Tilley  was  formerly  with  the  U.  S.  Recla- 
mation Service  on  the  Roosevelt  project  in 
.Arizona  and  North  Platte,  Wyo.  From  1906 
to  the  outbreak  of  the  Mexican  revolution,  he 
was  superintendent  under  L.  H.  Taylor,  chief 
engineer  on  construction  of  a  400,000-acre  ir- 
rigation project  in  Sonora.  From  there  he 
went  to  Los  Angeles  as  superintendent  of  con- 
struction on  the  Olanche  and  Lone  Pine  di- 
visions of  the  .'\queduct.  He  remained  there  un- 
til the  completion  of  the  project  in  1913  and 
the  following  season  built  the  Rolling  Hills 
headgates  and  the  Lake  Newell  Reservoir  dam 
for  the  Canadian  Pacific  Railroad  in  the  Al- 
berta irrigation  system.  From  February,  1914, 
until  accepting  his  present  position,.  Mr.  Til- 
ley has  been  superintendent  of  construction 
for  Threet  Bros.  &  Jolley,  on  the  J\Iilk  River 
irrigation  project  in   Montana. 


INDUSTRIAL  NOTES 

A  charter  has  been  issued  under  the  laws 
of  Maine  incorporating  the  Hager  Portland 
Cement  Co.,  projected  by  Edward  M.  Hagar, 
who  lately  resigned  the  oresidency  of  the  Uni- 
versal Portland  Cement  Co.  for  the  purpose 
of  organizing  a  company  to  acquire  and  oper- 
ate a  chain  of  cement  plants  to  cover  the  terri- 
tory between  the  Atlantic  seaboard  and  the 
Rocky  Mountains.  The  capital  stock  is  $20,- 
000,000.  all  common.  Mr.  Hagar  announces 
the  election  and  an^ointment  of  the  following 
list  of  officers  and  assistants:  Edward  M. 
Hagar,  President;  Morris  Metcalf,  Vice  Pres- 
ident ;  B.  H.  Radow.  Vice  President  and  Sales 
Manager ;  Gordon  Wilson,  Secretarv  and  in 
charge  of  cost  accounting :  Leonard  Wasson, 
Assistant  to  President  in  Operation  and  Con- 
struction :  J.  P.  Beck.  Assistant  to  President 
in  E.xtension  Work  ;  C.  W.  Lyon,  Engineer  of 
Economies ;  J.  H.  Barbazette,  Superintendent 
of  Construction.  Pending  the  election  of  a 
permanent  Treasurer,  the  office  will  be  filled 
by  Gordon  Wilson.  The  general  offices  of 
the  company  are  located  at  208  South  La  Salle 
St.,  Chicago. 


CIVIL  SERVICE  NEWS 

The    L'.    S.    Civil    Service    Commission    an- 
nounces the  following  examinations : 

Metallurgical    Chemist,    $1,800    per    annum; 
July   27. 

Instrument    Maker,    Qualified    as    Mechan- 
ician ;  $900  to  $1,020  per  annum ;  July  27. 

The  New  York  State  Civil  Service  Com- 
mission announces  an  examination  for  the 
position  of  Assistant  Engineer  on  Water 
Power,  Storage,  Drainage  and  Conservation 
Commission,  July  31 ;  salarj-  $3,000.  Appli- 
cations from  residents  of  New  York  State 
only  and  must  be  made  before  July  19. 
0 


NEW  CATALOGUES 

In  the  review  of  the  "Hy-Rib"  Handbook, 
published  in  this  column  June  23,  the  address 
of  the  Trussed  Concrete  Steel  Co.,  Youngs- 
town,  Ohio,  was  omitted.  A  copy  of  the  hand- 
book can  be  obtained  by  addressing  the  com- 
pany at  Detroit,  Mich. 

Culverts.— Paper,  4x6  ins.;  24  pp.  Schulz  & 
Hodgson,  agents,  918  Association  Building, 
Chicago. 

Handbook  explaining  and  illustrating  the 
manufacture  of  Hall  Interlocking  Concrete 
Culverts,  patented  by  O.  S.  Hall.  Gives  ex- 
plicit directions  as  to  materials,  quantities, 
molding,   placing,   removing  of  forms,   etc. 

Wagons. — Paper,  5x7  ins. ;  30  pp. ;  The  Troy 

Wagon  Works  Co.,  Troy,  Ohio. 

"Income   Facts"   is  the  title  of  this  booklet 
which    gives   data    on   the    economy    of   using 
Troy   reversible   hauling  wagons.  ^  Shows  the       i 
wagons    in    service    and    the   various     models.       I 
Gives  specifications  and  calls  special  attention       1 
to  the   Troy  winding  and  closing  device  and 
to  the  Troy  drawhead  and  coupler. 

Industrial  Equipment  and  Quarry  Supplies. 
— Paper,  6x3%  ins. ;  2  booklets.  16  pp.  each. 
H.  B.  Sackett  Screen  &  Chute  Co.,  1679  Els- 
ton  .\ve.,   Chicago. 

Catalogues  and  price  lists  of  Sackett  indus- 
trial supplies,  including  portable  track  switches, 
turntables,  frogs,  wheels,  axles,  dump,  gable 
bottom  and  quarry  cars,  hoppers,  revolving 
screens,  elevating  and  conveying  machinery, 
etc.     Illustrated. 

Air  Compressors. — Paper.  6x9  ins. ;  24  pp. : 
Ingersoll-Rand  Co.,  11  Broadway,  New 
York   City. 

Form  No.  3031,  descriptive  of  the  new  "In- 
gersoII-Rogler,"  class  "F  R-1,"  steam-driven 
single-stage,  straight  line  air  compressors. 
Special  features  of  construction  are  the  "In- 
gersoll-Rogler"  air  valves  and  the  balanced 
piston  steam  valve,  with  automatic  cut-ofi 
control.     Illustrated. 

Adding  Machines. — Paper  circulars.  Auto- 
matic Adding  Machine  Co.,  115  N.  Broad- 
w-ay,   New  York. 

The  "Golden  Gem"  adding  machine  and 
"Gaucher"  hand-tally  are  described  in  these 
circulars.  The  "Golden  Gem''  is  a  low-priced 
portable  machine  of  simple  construction  and 
easily  operated.  The  hand-tally  is  small 
enough  to  be  concealed  in  the  hand  and  is  a 
new  type  of  counter.     Illustrated. 


CATALOGUE  REVIEWS 

"National"  Products. — Cloth,  5x7%  ins.;  450 

pp.      National    Tube    Co.,    Frick    Building, 

Pittsburgh,   Pa. 

The  National  Tube  Co.  has  recently  issued 
Catalogue  J-1915,  embracing  in  detail  the 
complete  line  of  pipe  fittings,  valves  and 
specialties  manufactured  at  the  Kewanee 
Works,  and  in  general  other  products  manu- 
factured by  the  company. 

The  vast  list  of  "National"  products  is  very 
carefully  classified  and  indexed,  the  first  45 
pages  of  the  book  being  devoted  to  an  elab- 
orate inde.x  and  a  summary  of  other  "Nation- 
al" publications  descriptive  of  special  prod- 
ucts. It  is  said  that  the  index  alone  com- 
prises approximately  1,800  entries,  which 
gives  an  idea  of  the  scope  of  the  book. 

The  major  divisions  of  the  book  are  head- 
ed as  follows:  National  Pipe  for  Steam, 
Gas.  Water  and  Air,  Drive  Well  Points  and 
Well  Supplies;  "N.  T.  C."  Malleable  Iron 
Fittings ;  "Kewanee"  Unions  and  "Kewanee" 
Specialties;  "N.  T.  C."  Cast  Iron  Fittings; 
Standard  Brass  Valves;  Radiator  Valves; 
Brass  Cocks  and  Fittings;  Blast  Furnace  Fit- 
tings; Standard  Iron  Bodv  Valves;  Iron 
Body  Gate  or  Straight-Way  Valves ;  Wrought 
Tube  Radiators. 

The  Products  are  well  illustrated  with  half- 
tone and  duotone  cuts.  Details  of  construc- 
tion are  plainly  shown  and  all  the  requisite 
data  are  given  in  conveniently  arranged  ta- 
bles. The  book  is  compiled  for  serviceable- 
ness,  with  strong  binding  and  printed  oi> 
heavy  coated   stock. 
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